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Abstract

This paper investigates comparison between Austria and Czech Republic in CHP (Combine Heat and Power) technology base of wood Biomass technology, Forest, Optimal Location and Considering Heat Distriction. Utilization of biomass was very important in last years. Biomass play main role in climate change mitigation. CHP plants fired by forest wood can significantly contribute to attaining the target of increasing the share of renewable energy production. However, the spatial distribution of biomass supply and of heat demand limit the potentials of CHP production. Optimal location for plants base of biomass are mainly concentrated around bigger cities. If there are several input, such as Wood chips and district heat in Input Combine Heat and Power System, we have more Flexibility in system, which allows the conversion and storage of multiple energy carriers.  In this Paper present a Model of wood Biomass fired CHP plants.
In this paper we want to consider literature in this issues and comparing and analys CHP and Heat Distriction base of biomass technology in Austria and Czech.
Introduction
Decreasing dependency on imported fossil oil and climate change mitigation are the main motives for European renewable energy policies. The European Commission set the target to reach 20% of renewable energy consumption by 2020 [1]. The Commission emphasizes that a significant increase in the utilization of biomass is necessary to reach this target. The Austrian  government aims at increasing the share of renewable energy production from currently around 23% to 34% by 2020 [1]. Wood is an important feed stock for biomass based energy production in Austria. Over the last five years substantial subsidies have stimulated the installation of additional heat plants and power plants fired by biomass [2, 3]. However, a further increase in power production is necessary to achieve the energy production targets. In the context of increasing shares of volatile power production in the electricity grid, i.e. power production from wind and solar plants, biomass plants offer the opportunity to compensate those variations as their production does not depend on climatic conditions. Increases in forestry based power production are possible because the annual growth in wood stocks is currently not fully explored [4]. Combined heat and power (CHP) production is a favorable form of power production because heat that would otherwise be lost can be used in district heating. However, the geo- spatial distribution of biomass supply and heat demand has significant impacts on total system costs [5, 6] and is therefore a factor that limits CHP potentials. Temporal distribution of heat demand matters too [7]. There are numerous geo-spatial explicit bioenergy models available which can be used to assess optimal locations of bioenergy systems. They are based on geographic information systems and/or linear programming methodology and mainly assess CHP and biofuel technologies. Several models concentrate on single parts of the supply chain – either on the biomass supply logistics and energy production [8-10] or on the energy distribution– without considering the whole bioenergy system. In Fig.1 is shown CHP plants with biomass technology.
Figure 1: Model of biomass fired CHP plants
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The model optimizes the locations of bioenergy plants considering the spatial distribution of biomass supply and costs resulting from biomass transportation. Technical and economic restrictions implied by the spatial distribution of heat demand are considered in the assessment of potentials. Model parameters, which are based on a literature review, can vary substantially. Monte-Carlo simulations are therefore performed to account for model parameter uncertainties. Furthermore, an extended sensitivity analysis allows identifying the parameters which have the strongest influence on the total potentials. Parameter influence on model output is expressed by elasticity estimations. The Median Absolute Percentage Error is calculated to measure the contribution of parameters to model uncertainty. Today CHP is mainly applied in three areas: district heating, industrial processes and small-scale CHP solutions. CHP is a mature technology and in most cases the same type of basic equipment such as boilers, steam turbines, combined cycles and gas engines are used for the separate production of electricity and heat. CHP systems are attractive because they can deliver a variety of energy, environmental and economic benefits. These benefits stem from the fact that these applications produce energy where it is needed, avoid wasted heat, and reduce T&D network and other energy losses[9,10,11,12,13,14].
Other benefits cited by policy makers and industry include: 
· Cost savings for the energy consumer; 
● Lower CO2 emissions;
●Reduced reliance on imported fossil fuels; 

● Reduced investment in energy system infrastructure; 

● Enhanced electricity network stability through reduction in congestion and ‘peak-shaving’; and  Beneficial use of local and surplus energy resources (particularly through the use of waste, biomass, and geothermal resources in district heating/cooling systems).[15,16,17,18,19,20,21]
The article structure as follow: the model of optimal location, biomass technology in Austria and Czech, biomass heating technologies, forest resource, optimal location, CHP plants base of biomass.
1. Optimal localization model
For finding Optimal Location for plant base of biomass technology can be use Monte Carlo Simulation. Possible plant locations are deterministically spread at a vertical and horizontal distance of 0.41 degrees over Austria. In total, 89 possible positions are evaluated by counting the number of times a location was selected in the 1000 Monte-Carlo simulations. In this manner an indication of favorable locations considering all parameter variations can be given. Locations selected by the model are compared to locations of real biomass fired CHP plants. However, CHP plants of a capacity of 130 MWbiomass, which is the plant size assumed in the model, are currently not being built in Austria. Therefore, the biggest Austrian CHP plants (capacities of 20 to 66 MW biomass) are chosen as reference. Optimal locations selected by the model and the locations of the four real CHP plants. The locations of real installations and positions favored by the model correspond. Generally speaking, Monte Carlo methods make use of techniques that use probability distributions and the corresponding random numbers to solve problems. Monte Carlo methods represent a class of stochastic algorithms which are often used when a deterministic problem formulation is not appropriate or when the problem cannot be solved analytically. A common application of Monte Carlo methods is the pricing of derivatives such as options. For such an application, prices of equities in an efficient market are modeled as random variables. Although these prices show causal relationships with fundamental economic processes, they exhibit random characteristics, which makes them very difficult to predict. The same is true for energy prices. They are essentially causal and depend on the balance between supply and demand, but precisely measuring and analyzing the various factors influencing the price formation process is too difficult a task.
2. Biomass Technology in Austria and Czech Republic
2.1 Austria
Bioenergy is the main source for renewable energy in Austria. A sustainable utilization of the Austrian biomass potential of currently 200 PJ (peta joule) allows an increase up to 256 PJ in the year 2020 as indicated in the this chart (Austrian Energy Agency, “Vorstudie für einen nationalen Biomasseaktionsplan für Österreich”, 2006). In Fig.2 was shown Austrian biomass potential.
Fig 2.Austrian Biomass Potential
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The climate and energy package of the European Union and the energy strategy allows an increase of the share of renewables in Austria up to 34% of the final energy consumption until 2020, to stabilize the final energy consumption at the value of 2005 and to reduce greenhouse gas emissions for 16 % compared to 2005.
During the last years the absolute and relative contributions of renewable energy sources are raised based on national consumption.
In order to stabilize the final energy consumption and thus create the precondition for achieving the climate goals for 2020, a package of measures is necessary. Therefore necessary steps are legal measures, the increase of costs for fossil fuels, the promotion of renewable energy sources and in particular the promotion of energy efficiency measures.
In order to achieve and support environmental objectives at regional, national and European level, it was tried to elaborate a regional action plan for the ecoEnergyland with various short-, middle- and long term measures (RESP - Renewable Energy Strategy Planning) in the course of the project Coach Bioenergy. The basis goal is to become independent from fossil fuels and to seek the way of decentralized energy supply.
The main result of the study shows the advantage of concentrating the planning and implementation work regarding renewable energy on a regional level. This strategy brings more flexibility. Step by step, municipalities respectively districts should be encouraged to approve environmental–political topics to achieve goals in respect to the decision 20-20-20 (20% less greenhouse gas emissions, 20% share of renewable energy, 20% more energy efficiency by the year 2020). Generally, energy self-sufficiency requires a strong involvement of the regions. In future, regional lugs have to grow together into larger units and as well as urban regions and also large companies should be included in the considerations.
As already mentioned, the communities should get an important role and so a master plan for the energy and climate sector should be mandatory for every municipality. Based on such master plan it should be created the right "mix of energy'' and the ''right way" for the community. The master plan itself should represent a general overview of the current energy situation, the weaknesses and strengths, advantages or disadvantages, energy potential respectively energy demand in each municipality. This should strengthen the regional economy of each region, creating jobs and regional added value, and mainly obtaining the quality of life. By all these activities the local energy supply is in the foreground. Also the sector of private households has an important role in the future by establishing "house power plants". The grid provider itself should support this system by smart grids and smart meters.
Of course another important point is the procurement and protection of natural resources. An important point of sustainable management in agriculture and forestry is to be in harmony with nature and to meet the needs of the people. Therefore, funding instruments are in great demand for these purposes which should undoubtedly be improved. The idea of a local feedstock association could be an alternative to existing facilities in the water and wastewater sector and to break existing problems in the supply of raw materials [23].
2.2 Czech Republic
Biomass use in the Czech Republic is developing. This is given as well due to the obligations given by the 2001/77/ES EU directive with the indicative goal of renewables rate in electric energy consumption of 8 % in 2010 and 13 % in 2020 by the 2009/28/ES directive. [29] The Gross electricity production from renewable energy sources (RES) in 2008 made up 5.2 % of domestic gross consumption of electricity. The share is in this way far below the goal for 2010. Gross electricity production from renewable energy sources made up 4.47 % of total domestic gross production of electricity (including exports). The energy use in the Czech Republic is based on the use of brown coal, which makes for over the half of the electricity sources, combined with black coal it sums to almost 60 %. Considering, that the nuclear power makes over 30 % of the energy production, there is only a small part left for RES. [35]
Despite this market situation, there is very well developed CHP production in Czech Republic. In large and medium sources the share of CHP on gross heat production is almost 70 %, with decentralized sources included (without households) it´s below 50 %. CHP also produce 13 % of gross electricity production. [35] According to Table 1, average value of biomass potential is 214,7 PJ. Highest rate of potential is located in agricultural biomass, although production have large number of limitations. Forest dendromass represents relatively stable production, even though potentially represents only 13,2 % of overall biomass potential. [31] Range illustrated in Table 1 is taking account divergent states of weather and different level of technology.

Table 1: Biomass potential in Czech Republic
	
	Potential value [PJ]
	Average value [PJ]
	[%]

	Agriculture Biomass
	133,9-186,8
	161,4
	75,1

	Forest Dendromass
	26,3-30,4
	28,3
	13,2

	Biodegredable waste
	25
	25
	11,7

	Total
	185,2-242,2
	214,7
	100


Source: APB, 2011, [35]
Along with the fact, that biomass production has local character, prevailing form of biomass usage in Czech Republic is decentralized energy production in households. [32] According to Table 2, 67 % heat production is produced in households. On the other hand almost no electricity production in households is produced, due to high expenses to obtain biomass electricity production unit. [29] Figures in Table 2 are supported by statistics of Heat distribution Czech Republic. [35] Heat deliver to households is, according to data, partly realized by central (1,7 mil. Households – 42 %) and partly by local sources (2,4 mil. Households – 58 %). 

Table 2: Total biomass energy production in Czech Republic 2010
	
	Energy for heat production [PJ]
	Energy for electricity production [PJ]
	Total Energy [PJ]

	Biomass (without households)
	21
	13,4
	34,4

	Biomass (households)
	48,5
	0
	48,5

	Biogas
	2,8
	4,6
	7,4

	Total
	72,3
	18
	90,3


Source: MZ, 2012, [35]
3. Biomass heating in Austria and Upper Austria 

Biomass is a sustainable and carbon-neutral fuel that is well-suited for heating homes, businesses and public buildings. There has been significant innovation in the field of biomass technology during the past two decades, and modern systems are fully automatic with ultra-low emissions. The use of biomass for heating ensures energy independence, supports the forest products economy and is environmentally friendly. Modern biomass heating applications include:
 • automatic wood pellet heating systems, mostly in single-family homes with bulk delivery 

• automatic wood chip heating systems for commercial and public buildings •low-emissions firewood boilers, mainly in rural areas 

• district heating systems supplied by biomass thermal plants 
•large-scale combined heat and power plants supplied by biomass The state of Upper Austria has a leading position in biomass heating: not only are more than 25% of all modern biomass boilers installed in the European Union manufactured in the state, but it has one of the highest densities of small-scale automatic heating systems in the world. 
Stringent emission standards and cutting-edge technologies have contributed to rapid market development. Biomass energy has emerged as an important economic driver for the state, and the biomass heating industry employs more than 4,500 people Currently, advanced biomass technologies provide about 17% of the total primary energy supply in Upper Austria and 31% of thermal energy. Renewables supply 34.9% of total primary energy in Upper Austria and 45% of thermal energy.
There are about 23,100 wood chip-fuelled and 27,200 pellet-fuelled heating systems installed in the region. This represents more than a quarter of Austria's installed small automatic heating plants (central heating, < 100 kW), making Upper Austria the leading region in Austria for this modern heating technology.
In addition, about 15,000 modern automatic firewood systems are installed in Upper Austria. As for large scale biomass systems (> 100 kW and communal facilities), there are over 2,200 projects including more than 345 local district heating projects in the region. Several existing plants were expanded.
In 2014, 60% of the newly installed automatic biomass boiler capacity was below 100 kW, 30% was between 100 kW - 1 MW and 10% was larger than 1 MW. In total, 170 MW were installed.
The regional government has adopted a target to reach 100% space heating and electricity from renewable energy by 2030. In-state biomass will play a key role in achieving this target, in combination with significantly strengthened energy efficiency programs.
Upper Austria is one of Austria’s nine federal states and is located in the northern part of the country, bordering Germany and the Czech Republic. The region is highly  industrialized and accounts for more than 25% of national exports. Upper Austria’s primary industrial sectors include machinery, automotive industries, metal production, wood processing, information/communication technologies, and renewable energy. In Fig.3 was shown Upper Austria. 

                     Fig3. Upper Austria
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Upper Austria has enjoyed steady economic prosperity, and has had the lowest unemployment rate of all Austrian states during the past 10 years (at consistently below 

5%). Upper Austria’s Gross Domestic Product (GDP) is 46.3 billion Euro / 60.5 billion US$ which ranks it second in Austria behind the state of Vienna [22].
3.1 Wood chips and wood pellet in Austria and Upper Austria
Wood chips have been burned to produce heat for decades. However, modern equipment allows for fully automatic operation and low-emission, CO2 -neutral combustion. Compared to wood pellets, wood chips require more storage capacity (the volume is about four-times that of wood pellets) and somewhat more operations and maintenance efforts. A modern 50 kW wood chip system, for example, requires about 20 minutes of operations and maintenance work per week, whereas a 500 kW system requires about 45 minutes. Wood chips have a significant cost advantage over wood pellets, however. Wood chips are primarily used in larger buildings where space requirements are not a limiting factor. For homeowners that have extra space and are willing to invest more time in operations and maintenance, however, wood chips can be a very economic heating solution. If a local supply chain can be established, wood chips can create new income for local forest owners. In Upper Austria, hundreds of local farmers and forest owners have become “heat entrepreneurs“ by developing local district heating networks which use forest residues from their woods and also by establishing “biomass ESCOs“ which heat non-residential buildings. In Upper Austria, more than 10,000 automatic wood chip heating systems were installed in the last 10 years[ 22].
Due to its wide variety of sources, wood chip quality can vary widely. Important quality characteristics are bulk density (weight), size and water content. Depending on the size and the technical features, wood chip heating systems can be operated with wood chips of different sizes and moisture contents. In general, higher moisture content results in lower boiler efficiency and higher emissions. The ability of wood chips to be stored is determined by several factors: chip size, weight (usually expressed in bulk density (kg/loose m3 ) and moisture content. Moisture content at harvest is about 50%. The price of quality wood chips is determined by the weight and the moisture content. The price for forest wood chips (W20-35) ranges from 70 - 100 Euro | 90 - 130 US$ per ton.
In Table 3. We can see different requirements for wood chips in Austria.

Table3. Requirment for wood chips according to Austria
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In Fig.4 was shown pellets market development in Austria.
                    Fig.4 pellets market development in Austria.
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Pellet central heating system  in Upper Austria is shown in Fig.5.
                     Fig5. Pellet Central Heating System in Upper Austria
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Biomass fuel resources the potential in Upper Austria is shown in Fig6.
        Fig6. Biomass feul resources the potential in Upper Austria
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Fuel selection - pellets or wood chips? Both wood pellets and wood chips have advantages and disadvantages when being used as a fuel for a heating system. The following table provides guidance on when one fuel is preferable to the other. In Upper Austria, homeowners usually prefer pellet heating systems, while owners of systems larger than 100 kW usually use wood chips. For system sizes between these two applications, space availability, delivery intervals, staff availability and the possibility of a local supplier are often decisive factors in determining fuel choice[ 22]. In Fig7 is shown different biomass technology in upper Austria.
              Fig7. Biomass technologies used in Upper Austria
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In Table4. Is shown Advantage and disadvantage wood pellet and wood chips.
                             Tabl 4. Advantage and Disadvantage wood pellet and wood chipd
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In Fig.8 is shown Installed biomass heating systems in Austria.
                           Fig8. Installed biomass heating in Austria
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Wood Energy Contracting  

· A group of farmers build the heating system and the woodchips storage room for a big building or a group of buildings.  

· They rent a cellar and install the heating central in the cellar of the building.  They operate the installations and sell the heat to the user of the building.  

· Heat rate is index-linked and a heat supply contract is signed for 15 years. 

The installation varies in size between 50 and 250 kW [22]
3.2 Wood chips and wood pellet in Czech

Wood pallets are, as was mentioned earlier, one of the solid fuels with highest potential of extension in its usage. Although in the beginning of 21. century had been the domestic production of this commodity zero, as can be seen in Table 5, 163 000 tons wooden pallets was produced and 68 000 tons was consumed in 2013. [33] This dramatic expansion is a result from increasing biomass consumption in Austria and Germany. 

Majority of production is exported and as a reason of different price levels [35] between countries, some, according to the chart, is imported from Slovakia, Poland, Belarus and Ukraine. Preliminary data analysis is showing increase for biomass in whole central Europe.
Table 5: Wooden Pallets Production/ Import/ Export (thousands of tons) in CZ
	
	Production
	Import
	Export
	Domestic consumption

	2003
	4
	0
	3
	1

	2004
	11
	0
	9
	2

	2005
	16
	0
	12
	4

	2006
	27
	0
	20
	7

	2007
	60
	0
	46
	14

	2008
	135
	0
	112
	23

	2009
	158
	4
	134
	28

	2010
	145
	13
	111
	50

	2011
	148
	19
	111
	56

	2012
	157
	18
	128
	47

	2013
	163
	36
	131
	68


Source: MPO, 2013, [41]
Wooden pallets are in Czech Republic certified by system ENplus, which is based on European EN 14961-2 and from beginning of year 2015 by standard ISO 17225-2. [37] The highest certified pallets percentage production is in Austria and Germany. In the Czech Republic, there is 75 % of pallet production certified by ENplus. [34]
Production of wooden briquettes is well established in CZ. Many domestic producers, from local to international coverage, are producing significant number of wooden briquettes. Majority of this production ends, as wooden pallets, in export. [35] Consumption of briquettes in CZ is highly sensitive on price, since many competitive sources are available (coal and firewood). On the other hand with higher demand for stoves in households will attach higher demand for its complement – wooden briquettes. In Table 6 can be seen soaring domestic consumption.
Table 6: Wooden Briquettes Production/ Import/ Export (thousands of tons)
	
	Production
	Import
	Export
	Domestic consumption

	2003
	90
	0
	65
	25

	2004
	110
	1
	82
	29

	2005
	103
	1
	80
	24

	2006
	111
	3
	82
	32

	2007
	113
	6
	67
	52

	2008
	96
	8
	69
	35

	2009
	106
	22
	65
	63

	2010
	120
	27
	62
	85

	2011
	116
	46
	74
	88

	2012
	120
	38
	60
	98

	2013
	120
	37
	59
	98

	
	
	
	
	


Source: MPO, 2013, [41]
Production of these shaped types of fuel is realized by special pressing machines. Technological solution of the source, deliveries, storage and transport of these types of goods need to be carefully done. Exact calculations of cost are commonly based on very detailed studies. Generally, production in large amounts is economically more effective thanks to economies of scale. Both Tables 5 and 6 show relatively high demand from abroad of CZ.

Following Figure 9 illustrates average consumption of heat by households using different types of source (family house with energy consumption 46 234 KWh/ y in prices of 2012).
Fig 9: Comparison of heating cost by different sources in family house
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Source: TZB-info 2012, [30]
Results of this comparison indicates, that the cheapest source of heating in 2012 was still brown coal. However, pellets were close second and if we calculate negative externalities from brown coal pollution, the socially most effective source are the pellets. [29] Production model example of shaped types of biomass Pellet production in agriculture cooperative in Březovice. 106 tons of pellets are yearly made from residual biomass. These pellets are certified by ENplus and are mostly delivered into energetic companies like ČEZ, a.s., Dalkia ČR, a.s. and Ško-energo, s.r.o. Mladá Boleslav. [37]
3.3 Success factors for biomass heating programs and action plans

• “policy packages“ (consisting of a mix of regulatory, financial and training/awareness programs) are likely to deliver the fastest market growth by stimulating demand for biomass heating systems, while simultaneously supporting the development of cost-effective and good-quality products 

• clearly defined quantitative targets, supported by well-developed action plans, give confidence to biomass heating businesses 

• regular market intelligence is necessary to understand progress, communicate success, and take corrective action when necessary 

• high efficiency equipment that meets stringent emissions and quality standards is crucial for market transformation 

•fuel standardization will support consumer confidence 

• heating systems must offer user convenience levels similar to oil and gas
 • biomass heating will only gain public acceptance if the fuel is sourced from forests where sustainable forest management practices are in place

• understanding and effectively communicating the benefits of biomass market growth beyond climate and environment protection is critical (e.g. energy independence through local fuels, income for the farming community, local employment in rural areas, innovation, etc.) 

•involving farmers and forest owners in the biomass business can help to develop biomass fuel supply chains and provide important support for policy development •typically, the most promising markets for biomass heating are in areas where oil heating dominates and there is no connection to the natural gas grid. Conversion from oil-based heating to biomass is technically easier (because both require fuel storage) and usually more financially viable. Hydronic heat distribution systems in a building also make conversion to biomass more economically attractive.

 •for larger buildings, it might be easier for programs to initially target new construction, and then to move to renovation after an initial learning period. Biomass heating in new buildings is usually simpler to implement and often less expensive to install than it is in existing buildings.

 • demonstration programs (e.g. the first 10/100/1000 biomass heating systems in a specific market segment) are very useful, especially if the findings are used to design training and funding programs 

• training needs to be proactively offered to all actors along the value chain as a part of any policy package; it should target producers, installers and users of larger systems •local biomass information campaigns can be very helpful to kick-start markets, especially for private homes or public buildings 
a longer term perspective on market development, which takes into account the learning curves of different market actors and the expansion of production and installation capacities, is important for developing a healthy industry. In the long run, it is better to have only a few installations in the first years that work well than it is to risk having faulty installations during rapid market growth. This includes getting funding programs right by taking a longer term perspective and avoiding boom-and-bust markets. 
3.1 Heat District 
A district heating scheme comprises a network of insulated pipes used to deliver heat, in the form of hot water or steam, from the point of generation to an end user.
District heating networks provide the means to transport heat efficiently. They can currently be built up to around 30km from generating plant and distribution networks can be hundreds of kilometres long. This is sufficient to carry heat across our cities, smaller communities and industrial areas. The distance a network can reach is also easily extended by simply adding more providers of heat, or ‘heat sources’, along the way. industrial heat demands. A heat exchanger serves as interface between the district heating network and the building’s own radiator and hot tap water system. District cooling takes advantage of natural cooling from deep water resources as well as the conversion of waste heat via absorption chillers.
District Heating and Cooling systems include:
-Surplus heat and cold

Waste management

Fossil fuel CHP

Biofuel refining

Combustible renewable resources heat only boiler or in chp

Ntural heat/cold resource 
In most cases, the decision to install a CHP plant as part of a DHC system will hinge on the same factors as for an industrial installation, including: the timing and nature of the thermal load, fuel availability, and opportunities for the economic use of the electricity. However, population density is also a key consideration, because DHC systems rely on a concentrated demand for space heating/conditioning. This is important because of the need to minimise the distances that heat can be transported, and due to the high costs of installing heat distribution systems.
Countries with the largest number of heating degree days tend to have the greatest penetration of district heating. Moreover, due to the highly capital-intensive nature of these systems, DHC supports a greater level of local government involvement in providing services. As a result, DHC systems may be communally owned, but funded by public and/or municipal authorities. District cooling is being increasingly pursued as an alternative to conventional electricity- or gas-driven air conditioning systems. Due to the use of resources that would otherwise be wasted or difficult to use, district cooling systems reach efficiencies that are between 5 and 10 times higher than with traditional electricity-driven equipment (Euroheat and Power, 2008). They can contribute to avoid electricity peak loads during cooling season, offering cost savings and reliability benefits.
3.4.1 District Heating Development in Austria 
The use of forest biomass for heat generation has a long tradition in Austria 43% afforestation As a natural raw material, wood has been used to produce local and district heat since the early 1980s. 
In the mid-1980s, local biomass heating networks began to be developed and constructed in rural areas of Austria Fundings: 60% 50% 40% 30% 25% ? ? ? [22].
District heating systems in Austria 1,544 plants with 1,380 MW. In Fig10. Was shown district system heating in Austria.
                           Fig10. District Heating system in Austria
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District heating systems in Austria Average size in categories in Fig 11 is shown.
                Fig11. District Heating System in Austria Average Size
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District Heating Plants and CHP plants in Austria in Fig 12 is shown.
Fig12.District Heating Plants and CHP plants in Austria
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Decentralized thermal use of biomass is of great importance in Austria. In addition to small and large scale plants in the paper making and cellulose industries as well as in wood processing plants, biomass district heating installations with a rated output of 0.5 to 10 MWth constitute an important factor in the supply of energy. During the past ten years, the sector of biomass  district heating systems experienced annual increases of more tha 10 per cent. By the end of 1997, 359 plants were already in operation.However, electricity from biomass is generated at only about ten locations in Austria in major plants operated by the paper making and cellulose industries (with bark and waste lye as fuel) and in about 10 small and medium plants of the wood processing industry, at present. Biomass district heating plants currently produce only heat. On account of the abundance of forest in Austria and a highly decentralized demography, energy supply concepts based on decentralized biomass CHP plants seem to be particularly advantageous. Some of the reasons for the slack implementation of such concepts are:  
· The lack of technologies for an economical electricity generation in the low power range and in plants with a low annual portion of full load operation.Lacking economic incentives for decentralized electricity generation in biomass CHP plants and, partly, supply tariffs to the public grid below the cost price of the thermal energy involved.
· Information deficits as to the state of the art technology of decentralized CHP plants using biomass. 
In Table.7 was shown comparsion between EU and Austria in use of biomass for heat and electricity generation.
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However, electricity from biomass is
generated at only about ten locations
in Austria in major plants operated by
the paper making and cellulose indu-
stries (with bark and waste lye as fuel)

CHP plants using biomass.

During the past few years, there was an
emphasis on the development and the
further improvement of technologies
for electricity generation in the 2 MW,

USE OF BIOMASS FOR HEAT AND ELECTRICITY GENERATION
IN THE EU AND IN AUSTRIA

@ Value for 1996

and in about 10 small and medium
plants of the wood processing industry,
at present. Biomass district heating
plants currently produce only heat.

On account of the abundance of forest
in Austria and a highly decentralized

EU 1995 EU Goal 2010 Austria 1995
Use of biomass for heat generation  1597.7 PJia 3,150.0PJia 90.0 PJia
(LHV value)
Use of biomass in electricity 2839PJa 25200PJia 200PJa
generation (LHV value)
Electricity generation from biomass 81.0PJ,/a 828.0 PJ,/a )55P),/a
Total use of biomass 1,881.6PJ/a 5,670.0 PJ/a 110.0PJ/a
(LHV value)

Sources: (AEBIOM, 1998: OSTAT, 1998; values for biomass adjusted according to OBERNBERGER, 1, 1997)

power range, which seem to be pro-
mising for the use of biomass in CHP
plants. Plants of this type should be
operated predominantly on a thermal
basis in order to achieve a high total
rate of efficiency. As potential ope-

aw @ b < 0M

be marketable has been conducted.

At present, there are two marketable
technologies for electricity generation
from solid biomass: the steam turbine
and the steam piston process. Three
other technologies, i.e. the steam screw
engine, the Stirling engine process, and
the ORC-process have already reached
a high state of development and are on
the verge of marketability. Solid bed
and fluidized bed combustion with gas
engine or gas turbine can also reach
this state of development as soon as
the problem of process gas purification
will be solved efficiently on the basis of
practicable concepts. In addition, two
other innovative technologies are in
the process of development: the direct
(inverse) gas turbine process and the
indirect gas turbine process (hot air
turbine process).

All the technologies that have been
evaluated still show a great potential





Table 7. Biomass for Heat and Electricity Generation in The Eu and in Austria
3.4.2 District Heating in Czech Republic
District heating system is also widespread in Czech Republic. In 2011, 1,49 mil households (38,1 % of all households) were heated by these systems and around 2/3 of these households are heated by CHP technology. From all heat delivery 57 % is coming from large sources with power over 300 MWt, share of small sources with power up to 30 MWt is 21 %. [37]
Analysis CODE2 shows, that 70 % of provided heat is produced by CHP technology.
District heat plants with CHP technology are representing the most efficient use of biomass in production of heat with acceptable level of pollution. In heat production is biomass required only by 5 %. [29] Since biomass in forms of woodchips is used in large heat/ electricity plants, where electricity production is prevailing, more coal consumption is required. Important aspect of higher usage of coal rather than biomass is fact that in summer heat consumption plummeted and heat plants producing only electricity with technique of condensation with efficiency only 24 – 30 %. [26] In this context is worth mentioning future need for restructure energetic and economically ineffective system of heat delivery. Priority of this system should be limitation of ineffective production of electricity in district heat plants by condensation method. [35]
Fig13. Heat production in Czech Republic (without household production)
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Source: MPO, 2014, [40]
During last decade, shown in Figure 13, can be observed relatively stable trend of biomass usage in central heating. Chart also shows positive correlation between gross heat production and fuel consumption, which leads to assumption, that no significant technology progress in biomass heat production efficiency was achieved.
Model example of central biomass usage in heat plant Heat plant Pilsen is the largest heat plant, which is using biomass, in Czech Republic. Its energy production is characterized by large consumption of biomass (>200 000 t/year) and dependability on permanent availability of this source. [35] Mainly the long term availability and price acceptability are main issues in Czech Republic. Optimally, the production of biomass should be located near the plant, where there are minimal transportation costs. However, this demand for central usage of biomass is competing with local usage in country municipalities, where only alternative for heating is coal (with assumption of absence of gas). [32]
Model situation analysis In radius of 30 km around the plant is enough sources of biomass to fulfill local consumption demand with increasing tendency to crowd out coal consumption in 18 000 households. Main potential sources of biomass for heat plant, according to study, are wood chips, straw and energy hay. [34].
4. Forest resources, management and ownership
Austria is one of the most experienced countries in the world in terms of forest management. This is because of the importance of forests to nation’s economy, 

particularly the tourism industry and the country’s export-oriented timber industry. 

The management, protection and sustainable development of Austrian forests is based on a well established legal and institutional framework. For more than 100 years, Austrian forestry practices have emphasized sustainability. The underlying principle 

is that forestry activity must respect biodiversity and ensure a stable and functioning ecosystem. The national forestry laws strictly regulate forest management with policies such as mandated reforestation and strong clear-cutting restrictions. To maintain the nutrient cycle, especially in sensitive areas, needles and branches (especially those thinner than 4 cm | 1.6 inches) must remain in the forests. Comprehensive forest practitioner training has a long tradition in Austria. Specialized sustainable forestry 

schools provide up-to-date know-how and skills. An important factor in sustainable forestry is familyownership: not only is forestry know-how passed on within families but there is also the strong motivation to keep forests intact and productive for future 

generations [22].One of the forest resource in Austria in Fig 14 is shown.
                                           Fig14. Forest Resource in Austria
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5. Optimal Locations for biomass CHP plants
5.1 Austria
Optimal locations for plants are mainly concentrated around bigger cities because heat distribution in district heating networks is cheap there. The distance to the biomass supply and resulting biomass transportation costs are less important for the choice of the optimal location. The East of Austria is better suited for CHP production due to sufficient forest wood supply and higher heat demand densities of bigger cities. The existing CHP plants around Vienna and Linz confirm this result. Possible plant locations are deterministically spread at a vertical and horizontal distance of 0.41 degrees over Austria. In total, 89 possible positions are evaluated by counting the number of times a location was selected in the 1000 Monte-Carlo simulations. In this manner an indication of favorable locations considering all parameter variations can be given. Locations selected by the model are compared to locations of real biomass fired CHP plants. However, CHP plants of a capacity of 130 MWbiomass, which is the plant size assumed in the model, are currently not being built in Austria. [24] In Fig 14 was shown number of times plant locations were selected in 1000 model runs.
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Figure 14: Number of times plant locations were selected in 1000 model runs
5.2 Optimal location in Czech 
There are several conditions for optimal locations of biomass sourced CHP plant in Czech Republic. These three conditions are part of gradual localization decision. 
1) Demand for heat in relatively short distance
2) Supply of biomass, which is sufficiently stable
3) Market prices of biomass and heat
First condition is basically met at every larger city with functioning heat pipeline infrastructure. More potential consumers for heat and electricity in the city and more advanced pipeline infrastructure are making better conditions for settling CHP plant and lower average costs. Competition in this network industry is preserved by Bureau of Energetic Regulation (ERÚ), as well as price, which is composed from average costs, value added tax and adequate profit. However biomass prices are varying throw Czech Republic. [38]
On the other hand, the larger the consumer base is, more volatile is the amount of consumption.  In this case, heat suppliers are facing to limitations of biomass production, which is low level of flexibility. [32] For that reasons, as it can be seen in Figure 15, there is no consumption of biomass in Prague. In contrast, biomass is widespread in Highlands with majority of medium sized towns and villages. Situation will probably change after new law, about stop subsidizing non high efficient CHP from 2016, coming to effectiveness. Subsidies will be granted to sources with efficiency higher than 70 %. This will result to stop using biomass alongside with coal in low efficient units and cause biomass supply surplus and possibly reduction of prices or transfer to local projects. [36]
Fig15. Fuels portions of heat production in Czech regions 2012
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                                            Source: ERÚ, 2012 [38]
For estimation of optimal CHP plant running on biomass is need to analyze biomass sources locations. Goal of this estimation is finding locations with high potential of dendromass. [34] Table 8 represents forests area in each region of Czech Republic and its total and average potential. Highest total potential is located in South Bohemian Region with 61 167 Potential t of dendromass. South Bohemian Region is favored for several reasons, firstly it is the largest region and secondly vast woods are located near German borders. On the other hand highest average potential is in Zlin Region with 34,4 t/ km2, which means potentially better effectivity of biomass usage.
Table 8. Biomass energy potential from forestry in the Czech Republic
	Region
	Total Potential [t]
	Total Area [km2]
	Forest Area [km2]
	Average Potential [t/ km2]

	Pardubice Region
	27607
	4519
	1305
	21,15

	Usti Region
	18733
	5335
	1568
	11,95

	South Bohemian Region
	61167
	10056
	3709
	16,49

	Moravian Silesian Region
	47667
	5427
	1865
	25,56

	Pilsen Region
	47901
	7561
	2941
	16,29

	Hradec Kralove Region
	22819
	4759
	1450
	15,74

	Carlsbad Region
	22065
	3314
	1398
	15,78

	Central Bohemian Region
	50729
	11015
	3004
	16,89

	Olomouc Region
	46571
	5267
	1792
	25,99

	Zlin Region
	53219
	3963
	1547
	34,40

	Prague
	563
	496
	46
	12,24

	Highlands
	47829
	6796
	2030
	23,56

	South Moravian Region
	52061
	7195
	1967
	26,47

	Liberec Region
	20301
	3163
	1355
	14,98

	Czech Republic
	519232
	78866
	25977
	19,99


Source: Havlíčková, 2010, [34]
Following Table 9 illustrates potential of forest areas for wood chips production. Low potential level represents appropriate areas for production, although production will suffer with lesser efficiency due to scattered sources. Maximal amount of biomass production is estimated in these areas as 0,5 t/ ha/ year. Medium level of potential represents standard rate of production between 0,5 t/ ha/ year and 1 t/ ha/ year. [34] 
Table 9: Biomass energy potential from forestry in the Czech Republic

	Region
	Potential useable Area [km2]
	Low Potential [km2]
	Medium Potential[km2]
	High Potential [km2]
	Overall Potential

	South Bohemian Region
	2033
	1621
	285
	126
	1 347,50

	Central Bohemian Region
	1757
	1430
	220
	107
	1 149,00

	Pilsen Region
	1733
	1404
	222
	106
	1 136,00

	Highlands
	1428
	1080
	241
	107
	995,00

	South Moravian Region
	1369
	1036
	197
	136
	987,00

	Zlin Region
	1221
	876
	194
	150
	932,00

	Moravian Silesian Region
	1280
	973
	188
	120
	914,50

	Olomouc Region
	1223
	921
	185
	117
	879,50

	Pardubice Region
	817
	624
	127
	66
	571,00

	Hradec Kralove Region
	7780
	613
	105
	60
	531,50

	Liberec Region
	813
	673
	99
	41
	517,50

	Carlsbad Region
	816
	613
	98
	49
	502,50

	Usti Region
	722
	603
	78
	41
	461,50

	Prague
	20
	17
	1,38
	1
	11,88

	Czech Republic
	16010
	12542
	2240
	1228
	10 967,00


Source: UHUL, 2009, [39]
Overall potential is sum of all areas, which were weighted by following indexes. For low potential was created index 0,5, for medium potential index 1 and for high level of potential index 2.
According to results, optimal allocation of CHP plants, which are using wood biomass are in South Bohemian Region, Central Bohemian Region and Pilsen Region.
Optimal location in South Bohemian region is near České Budějovice, due to large number of potential customers and already developed heat distribution infrastructure. Optimal solution would by transformation existing heat plant in the city by government subsidy into biomass heating plant. Secondary location chosen to be optimal is near town Tábor, where new industrial zone is developing.
Central Bohemia region is whole optimal for CHP plants, because of large number of widespread settlements. Despite that, better localization is on the north near town Kladno, where large number of towns with developed industry are present. Potential of demand from near capital is also need to be calculated, although risk, which were mentioned earlier, are present.
Optimal location in Pilsen region is near town Nýřany, due to its locality near Pilsen and good infrastructure for biomass supply from vast woods on the west (railway and highway). [34]
Price criterion is difficult to observe or measure, since prices are in time relatively unstable. For the final location is applied assumption of constant price level of biomass throw Czech Republic.
5. CHP Plants base of Biomass

CHP Technologyies based on biomass combustion descripton of technology include
· Steam Turbine Process

· Steam Piston engine process

· Screw-type engine process

· ORC process

· Stirling engine process

· Gas turbine process
CHP technologies technologies based on biomass on biomass combustion combustion - description description of technologies technologies II

These technologies are applicable for the following power ranges: ¾ Small-scale applications (up to 100 kWel): 

Stirling engines 

· Medium-scale applications (from 200 – 2,000 kWel): ORC processes, steam engines, steam turbines 

· Large-scale applications (larger than 2,000 kWel): steam turbines
6.1Examples of commercially available CHP  Biomass units today  in Austria
6.1.1 Biomass Kraftwerk Guessing
Güssing is the European centre for renewable energy. One of the largest district-heating networks based on biomass and a RME plant for the production of organic diesel have also been set up and emphasize the importance of this form of energy for Güssing.A new type of power station has recently been developed in Güssing in order to facilitate the production of electricit from biomass by small decentralised power stations. This utilizes a gasification process whichhas advantages over combustion processes particularly in the combined production of power and heating. The Güssing biomass power station produces 2,000 kW electric current and 4,500 kW heating from 1,760 kg. wood per hour. In order to develop this project from the original concept to the finished result, a team consisting of the plant builder, Austrian Energy, scientists from the Vienna Technical University, the EVN and Güssing district heating joined forces in the expert network RENET and developed and developed this new, efficient and technically advanced system for the combined production of power and heating based on the gasification of biomass. Biomass Kraftwerk GUssing GmbH& Co KG, Burgerland, Austria is shown in Fig.16.
Fig 16.Biomass Kraftwerk GUssing GmbH& Co KG, Burgerland, Austria

produces 2,000 kW electric current and  4,500 kW heating from 1,760 kg. wood per hour.
The electrical efficiency is 25-28%, the overall efficiency
(electricity and warmth) is even more than 85%.
FUEL SUPPLY
Solid biomass (chips). The capacity is 4.5 MW heat and 2 kW electricity production.
Reasons for your choice as an examplar project (or bad case).
· Strong leadership
· Innovative partnership
· Environmental excellence (positive land use, minimal emissions etc.)
· Technology or technical excellence
· Appropriate siting and scale
· Community involvement/ social benefits provided (e.g. addresses fuel poverty)
6.1.2 Biomass CHP plant based on an ORC cycle
BACKGROUND

District Heating Plant of the Stadtgemeinde Lienz

Start of operation: October 2001

Owner: Stadtwärme Lienz Produktions- und VertriebsGmbH

Investment costs: CHP plant 7.7 Mio €; District heating grid:15.4 Mio €
In Fig.17 is shown Biomass Kraftwerk Guessing GmbH& Co KG, Burgerland.
Fig17.Biomass CHP plant based on an ORCcycle and a newly developed Fuzzy Logic Control Ssytem Tyrol, AUSTRIA (Lienz)
[image: image18.emf]
Nominal electric capacity: 1.000 Kw
Nominal thermal capacities: 6.5 MW (thermal oil boiler + ECO) + 7.0 MW (hot water boiler) + 1.5 MW (heat recuperation in economiser)
6.1.3 Biomass CHPplant,Reuthe,Voralberg, AUSTRI
The plant in Reuthe, which is the first cogeneration system of this kind in Austria, is a model for other similar projects. The biomass CHP plant in Reuthe was built in 1995 and put into operation in 1996. It is designed to
· utilize the fuel with an optimal efficiency,
· reach a significant reduction of emissions in comparison to the previous system,
· ensure operation at reasonable costs,
· enable the combustion of waste wood nearly without a need for processing and
· to cover the heat demand of the local district heating net and the process heat demand of the local industry
In Fig. 18 is shown Biomass CHP plants Reuthe
Fig 18. Biomass CHPplant,Reuthe,Voralberg,AUSTRI

solid biomass (chips) 10 000 t/yr, capacity of 6.3MW heat / 1.3MW el. Investment costs: 4.5 Mio 
6.1.4 Biomass chp plants base of steam
The CHP plant is constructed next to the big wood processing plant of Stora Enso Timber AG. A special feature of the plant is the interconnection of mass- and energy-flows. On the one hand the sawmill residues of the wood processing plant are used as a fuel for the combustion process and on the other hand the generated thermal energy of the CHP plant can be supplied to the sawmill plant and the very close located pellets plant for drying processes. The close location of the three plants results in an enormous relief of traffic congestion. Further high capacity utilisations of the CHP plant is given all year around due a constant process heat demand of the pellet- and sawmill plant 

[ 25].
The biomass-fired combined heat and power (CHP) plant located in Ybbs, Lower Austria started operation in 2004. The biomass CHP plants base of steam was shown in Fig19.
                                       Fig19. Biomass CHP plants base of steam
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Fig.|: view of the CHP plant with drying conveyor and chimney and adjacent pellet production plant RZ Pellets GmbH
(source: Riegler & Zechmeister)

The biomass-fired combined heat and power (CHP) plant located in Ybbs, Lower Austria started operation in 2004,
The CHP plant is constructed next to the big wood processing plant of Stora Enso Timber AG. A special feature of
the plant is the interconnection of mass- and energy-flows. On the one hand the sawmill residues of the wood
processing plant are used as a fuel for the combustion process and on the other hand the generated thermal energy of
the CHP plant can be supplied to the sawmill plant and the very close located pellets plant for drying processes. The i
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Fig.3: view of the CHP plant Ybbs with fuel conveying
belt storage- and boiler house (source: Urbas GmbH)

The generated thermal energy of the CHP plant
amounts to 140 GWh per year. Is used for drying
sawdust and log wood as well as supplied to the local
district heating network. The local district heating
network is owned and operated by EVN AG -
Energie-Versorgung-Niederdsterreich.

The total annual output of ash amounts to 20,000 m?,
which has to be landfilled.

Financials

oil, 47,866 tonnes CO, equivalent can be saved per
year.

Technology at a glance

e Annual biomass demand: bark — 330,000
bulk cubic meter with 50 % water content
and wood chips — 85,000 bulk cubic meter
with 25 % water content

o Nominal thermal capacity: 30 MW — 3 x
10 MW moving step grate boilers (Urbas
GmbH)

o Back pressure steam turbine (MAN Diesel
& Turbo SE) - electrical nominal power of
5MW, heat displacement of 18.5 MW
thermal

o Electrical efficiency - 30 %

Plant operator

Biomasse Heizkraftwerk Ybbs GmbH

Gerhard ~ Gruber - head of CHP Ybbs
BahnhofstraBe 32a, A 3370 Ybbs ad. Donau
Tel.:+43-7412-54588-0

Hkw.ybbs@aon.at, www.rz-pellets.at

WA





6.2Examples of commercially available CHP  Biomass units today  in Czech

6.2.1 CHP plant Hodonín
Installed electricity power 
- 105 MW
Production of Heat/ y

- 630 000 GJ
From 2010 one block of plant with installed power 30 MW is using only biomass (wooden chips)
Consumption of Biomass 
- 1 600 tons per day
In Fig.20 is shown CHP plants base of biomass in Czech.
                                                                    Fig 20.CHP IN czech
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ČEZ, 2012
Conclusion
This paper investigates comparison between Austria and Czech Republic in CHP (Combine Heat and Power) technology base of wood Biomass technology, Forest, Economical Conditionals, Optimal Location and Considering Heat Distriction.

Austria is one of the most experienced countries in the world in terms of forest management. This is because of the importance of forests to nation’s economy, particularly the tourism industry and the country’s export-oriented timber industry. Biomass. The state of Upper Austria has a leading position in biomass heating: not only are more than 25% of all modern biomass boilers installed in the European Union manufactured in the state, but it has one of the highest densities of small-scale automatic heating systems in the world. In Upper Austria, more than 10,000 automatic wood chip heating systems were installed in the last 10 years. 
The use of forest biomass for heat generation has a long tradition in Austria 43% afforestation as a natural raw material, wood has been used to produce local and district heat since the early 1980s. 
In the mid-1980s, local biomass heating networks began to be developed and constructed in rural areas of Austria Fundings: 60% 50% 40% 30% 25%
Güssing is the European centre for renewable energy. One of the largest district-heating networks based on biomass and a RME plant for the production of organic diesel have also been set up and emphasize the importance of this form of energy for Güssing. The plant in Reuthe, which is the first cogeneration system of this kind in Austria, is a model for other similar projects and in Liens use Biomass CHP base of ORC.
Optimal locations in Austria for plants are mainly concentrated around bigger cities because heat distribution in district heating networks is cheap there. The distance to the biomass supply and resulting biomass transportation costs are less important for the choice of the optimal location. The East of Austria is better suited for CHP production due to sufficient forest wood supply and higher heat demand densities of bigger cities. The existing CHP plants around Vienna and Linz confirm this result.
 In total, 89 possible positions are evaluated by counting the number of times a location was selected in the 1000 Monte-Carlo simulations.
Optimal locations in Czech Republic are around medium sized cities, where low fluctuation of heat consumption and moderate level of heat infrastructure is developed. This situation is supported by fact, that largest heat district system in Czech Republic, located is in Prague, uses no portion of biomass.

Forestry data maps are showing large potential in almost whole country. Potentially the most usable areas for biomass usage are South Bohemian, Central Bohemian and Pilsen regions. Despite the fact, that largest area with highest potential is in Zlin Region (150 km2), low level of overall evaluation is preventing from effective allocations without crowding effect of others subjects. Largest area for biomass production is in South Bohemia Region, where 2033 km2 are potentially available. For this reason, there are many suitable locations for CHP plants using biomass. Disadvantage of this region is its relative heterogeneity, which may cause problems to supply chain fluency. Central Bohemian and Pilsen regions are, on the other hand, perfectly suited for biomass production and consumption in district heating. Large number of medium sized cities, relatively homogeneity environment and high level of infrastructure are determining future success in examined field. Central Bohemian locations are enhanced with opportunity to deliver heat to peripheral parts of Prague.
Although biomass potential in Czech Republic is increasing, as its consumption to fulfill European norms, near future development is still seeing in export of this commodity to Austria and Germany and, from the other side, import from Slovakia and Poland. International trade is worth to take account in more accurate estimation of optimal locations, since improved transportation technologies are allowing to increase supply radius of biomass.
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