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1 SOLAR THERMAL  

1.1.1 State of the art of solar thermal technology 

Solar thermal systems are based on a simple principle known for centuries: the sun heats up 

water contained in a dark vessel: solar radiation is transformed into useful heat. In the 1970s, 

boosted by the first oil crisis, solar thermal systems started to be used more frequently. After 

more than thirty years of technological and market development, solar thermal technologies on 

the market now are efficient and highly reliable providing solar energy for a wide range of 

applications like domestic hot water and space heating in residential and commercial buildings, 

support to district heating, solar assisted cooling, industrial process heat, desalination, swim-

ming pools. 

The solar thermal technologies replace conventional sources of heat, mainly fossil fuels or 

electricity. The enormous growth potential of solar thermal is key to move the heating  and 

cooling sector towards sustainability and to reduce the impact of the growing demand for energy 

imports on the economy and on the environment. 

1.1.2 Solar Thermal benefits 

 reduces the dependency on imported fuels  

 improves the diversity of energy supply  

 saves scarce natural resources  

 saves CO
2 
emissions at very low costs  

 curbs urban air pollution  

 is proven and reliable  

 is immediately available - all over Europe  

 owners of systems substantially save on their heating bills  

 creates local jobs and stimulates the local economy  

 inexhaustible 

 

Solar collectors are designed to concentrate sunlight on a thermal medium flowing in small 

pipes within the collector and to release as little heat as possible into the atmosphere. In some 

cases, the collector directly heats the water that is to be used. Flat-plate collectors, are the 
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most common in Europe, though more expensive evacuated tube collectors can produce 

higher temperatures and  often have a higher annual energy yield. 

 

Solar collectors convert 25%ï50% of the solar radiation they receive into useful heat. Unglazed 

collectors are mainly used for heating the water in swimming pools. The solar system is part of 

the circuit used to filter the pool water that is directly heated when flowing through the collector. 

Therefore, no heat exchanger is needed. These systems are cheap, easy to install and very 

effective. 

 

Domestic hot water is the most common application of solar thermal technology. Such systems 

consist of a solar thermal collector, a water tank and a ósolar loopô connecting all the compo-

nents. Normally, the solar heat is stored directly in the domestic hot water tank, but there are 

also systems that store the heat in a buffer tank. 

 

The solar loop, which removes the heat from the collector via water, works either by using a 

thermosiphon (natural circulation) mechanism, or by óforced circulationô using a pump. In most 

cases, solar thermal energy must be backed up by other sources of energy (such as heat from 

biomass, gas or electricity). The back-up heater is normally integrated into the upper part of the 

water tank. The collectors on the roof heat up the transfer medium (a fluid). The control unit 

monitors the temperature difference between the collector and lower part of the tank, and, when 

appropriate, a pump is activated to bring fluid into the tank. Through a heat exchanger, the solar 

heat is released into the water in the tank. From this point, the system is the same as a normal 

domestic hot water system. Solar thermal can be used in a similar way to support space 

heating. As long as there is enough demand, the full solar yield is used, thus reducing or 

eliminating the need for the back-up heat unit(whether biomass, gas, electricity or oil). 

1.1.3 Solar Thermal applications 

Domestic hot water and space heating 

 

Most of the energy consumption of households is linked to two basic needs: hot water, and 

warm rooms in winter. To meet them we need low temperatures in the range of 40ï60°C that 

can be easily supplied from the sun avoiding an unnecessary waste of oil, gas or electricity. 
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Even the simplest solar thermal systems can provide a large part of the domestic hot water 

needs. With some more initial investment, nearly 100 % of the hot water demand and a 

substantial share of the space heating can be covered with solar energy. Natural flow systems 

work without any need for pumps or control stations. They are widely used in Southern Europe. 

Forced circulation systems are more complex, and can also cover space heating. These so 

called Solar Combi systems are more common in Central and Northern Europe. 

 

Solar assisted cooling 

 

A growing number of cooling projects shows the huge potential for solar assisted cooling. 

Thermally driven chillers use thermal energy to produce cold and/or dehumidified air. When 

backed up by biomass boilers, 100 % renewable cooling systems are possible. Solar cooling is 

on the edge of wide market introduction and substantial cost reductions are expected in the next 

few years, through technological development and economies of scale. A typical solar cooling 

system also provides space heating and hot water ï which is why they are often called Solar 

Combi+ systems. For hot water, the demand is relatively stable throughout the year and can be 

covered completely by solar energy. The demand for space heating is higher in winter when 

solar energy is less available. Ordinary solar thermal systems cover only a part of the space 

heating demand, with the remainder covered by a back-up system. 

 

Cooling demand in summer typically correlates with high solar irradiation. Then, solar energy 

can easily provide more than half of the energy required for cooling, the remainder being 

provided by the same back-up system used in winter for heating. This will be a key answer to 

the problems created by the growth of cooling demand in many European countries. 

 

Industrial process heat 

 

Solar thermal can also provide the heat needed in many industrial processes. Ordinary solar 

collectors typically provide temperatures around 60ï100°C, that are suitable for many applica-

tions like food processing, water desalination, industrial washing processes etc. These uses 

cause a significant share of the industrial heat demand. Medium temperature collectors for 

higher temperatures have been demonstrated but further research and development is needed 

to standardize them and to reduce their costs. Process heat applications are still very rare, but 
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there is a large potential for growth in this area, as solar thermal becomes more cost competi-

tive and awareness of decision makers increases in this area as well. 

 

Swimming pools 

 

Inexpensive unglazed collectors are an ideal solution to achieve a longer bathing season 

without energy consumption. With glazed collectors, high solar fractions can also be achieved 

beyond the summer, and solar energy can be used for both spaces heating and clean, hot 

water. 

1.1.4 Cost and prices 

 

Current  and expected costs and prices 

The table below shows a range of prices for heat generated by a solar thermal system, com-

pared to the current price of gas and electricity for the end user, and the price projected for 

2030. Inflation is not taken into consideration. 

 Cost in ú-cent per kWh 

 Today 2030 

 Central Europe Southern Europe Central Europe Southern Europe 

Solar thermal 7 - 16 5 - 12 3 ï 6 2 - 4 

Natural gas 

8,5 ï29 

 

17-58 

Electricity 7-33 14-66 

 

The costs of solar heat include all taxes, installation and maintenance. The spread is wide, 

because the total costs vary strongly, depending on factors such as: 

ω quality of products and installation; 
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ω ease of installation; 

ω available solar radiation (latitude, number of sunny hours, orientation and tilting of the 

collectors); 

ω ambient temperature; and 

ω patterns of use determining the heat load.  

By 2030, it is assumed that technological progress and economies of scale will lead to around a 

60% reduction in costs. 

Over the last decade, investment cost reductions of around 20% have been observed for each 

50% increase in the total installed capacity of solar water heaters. Combi-systems in particular 

have benefited from these cost reductions, and have increased their market share. Further 

RD&D investment can help to drive these costs down further. 

Cost reductions are expected to stem from: 

ω direct building integration (façade and roof) of collectors;  

ω improved manufacturing processes; and  

ω new advanced materials, such as polymers for collectors.  

Furthermore, cost reduction potential can be seen in increasing productivity by the mass 

production of standardised (kit) systems, which reduce the need for on-site installation and 

maintenance works. 



8 
 

 

Development of specific costs and installed capacity for small solar thermal systems (forced 

circulation) in central Europe. Source: ITW, University Stuttgart 

Advanced applications, such as solar cooling and air conditioning, industrial applications and 

desalination/water treatment, are in the early stages of development, with only a few hundred of 

first generation systems in operation. Considerable cost reductions can be achieved if  R&D 

efforts are increased over the next few years. 

 

Reaching the critical mass for economies of scale 

Today solar thermal is one of the most cost effective sources of renewable energy. People in 

the leading solar thermal countries benefit from higher solar value for money because reaching 

a critical mass of the market allows for high quality at better prices.  

The potential for further economies of scale is substantial. At local and national level in the 

areas of marketing, distribution, design and installation of the systems. At European and global 

level in the production of hardware, where automation for large volumes is still in its beginnings 

 

Example: Solar Keymark Quality certification of solar thermal systems 
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Modern solar thermal technologies are reliable, efficient and absolutely safe. The solar 

thermal industry has a high interest in delivering high quality products, to further en-

hance the positive image of the technology.  

 

Public authorities that support solar thermal want to make sure that the products comply 

with the relevant norms. The Keymark for solar thermal products is assisting users to se-

lect quality solar collectors and systems. This "Solar Keymark" is the result of a voluntary 

certification scheme supported by the European Solar Thermal Industry Federation. 

The Solar Keymark certifies reliable quality and performance information based on 

European standards. The user can be ensured that the products sold are equal to those 

tested, as the latter is taken randomly from the production line by inspectors coming 

from accredited test institutes. Furthermore, the Keymark requires the existence of a 

quality management system comparable to ISO 9000.  

 

1.2 Solar Thermal Market 

1.2.1 Installed capacity and Market Development in EU and Market Segments 

The European solar thermal market is developing dynamically. At the end of 2007, the total 

capacity in operation in the EU+27 + CH reached 15.4 GW th (22 Million m2 of collector area).  In 

2007 more than 1.9 GWth of solar thermal capacity (2.7 million m2 of collector area) was newly 

installed in Europe. And the outlook for 2008 is very positive. Europeôs solar thermal lead 

market, Germany, is expected to increase by 40% compared with 2007. 

Around 2 million European families already directly benefit from solar thermal energy, as do 

other frequent users such as hotels, sport centres, office buildings etc. 

 

Beyond policy support, which is discussed in other parts of this document, the main drivers of 

these high growth rates are: 

 

Å Growing awareness for solar energy, at least in some countries 

Å Increasing prices of conventional energies 

Å Growing concern over the security of supply with imported fuels 
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Å The unmistakable and visible signs of climate change 

 

At the same time, the solar thermal industry has improved its products and services and is 

widening its distribution networks. 

However, this growth is driven by a few leading countries, whereas most countries still have to 

start a serious market development. 80% of the EU market is concentrated in just six countries: 

Germany, Greece, Austria, Spain, France and Italy. The capacity in operation per capita 

(kWth /1000 inhabitants) ranges from 562 in Cyprus to 244 in Austria, to less than 20 in high-

potential countries like Italy, France and Spain. If the whole EU had the same level per head as 

Austria today, the annual market would be over 10 millions m
2 
with a capacity in operation of 82 

GWth. This would provide more than 70 TW hours of solar thermal energy, replacing substantial 

amounts of oil, gas and electricity. And even Austria has by far not exploited its technical 

potential for solar thermal. 

 

 

Source: ESTIF, Solar Thermal Markets in Europe, Trends and Market Statistics 2007, June 

2008 
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Source: ESTIF,  Solar Thermal Markets in Europe, Trends and Market Statistics 2007, June 

2008 

 

Market segments 

Small residential 

Roughly 90 % of the solar thermal market volume in the EU has so far been in the small 

residential sector. In Austria, 15 % of detached houses are already equipped with a solar 

system. The market share of Solar Combi systems, providing both domestic hot water and 

space heating, has recently grown to almost 40 %. In this segment solar thermal has meanwhile 

become a standard product, installed millions of times in Europe, but most of them in three 

countries only (Austria, Germany, Greece). 

 

Large residential, tertiary and industrial buildings 

Solar thermal can be particularly convenient for larger central heating systems, and especially 

where there is a relatively constant heat demand. This is often the case in large residential 

buildings, hotels, elderly or student houses, hospitals, sport centres, shopping centres etc. 

These kinds of buildings usually offer optimal conditions for the use of solar thermal energy, 

including cooling. There is already a broad technical experience with these larger systems, and 

in Spain they are the dominant system type. In many other countries, however, the level of 

market penetration is still very low, mainly due to social, legal and economic factors. 
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1.2.2 Solar Thermal Industry 

Building up a dynamic industry 

What started in the 1970s as garage businesses is now an established international industry. 

With an annual turnover of around 2 billion ú, the sector employs more than 30.000 people in 

Europe. 

 

 A number of major players from ñneighbouringò sectors entered the market. At the same time, 

several solar thermal companies are diversifying into other renewable energies such as 

biomass heating or solar photovoltaics. The large majority of the systems sold in Europe are 

manufactured within the EU or its Mediterranean neighbours. Imports from Asia are limited 

mainly to components such as evacuated glass tubes. For European manufacturers, exports 

outside the EU are becoming a growing market. The main selling point is their high quality and 

reliability. 

 

The industry is in a phase of dynamic growth. Production lines are constantly being expanded. 

Employment in the European solar thermal sector has reached already 30.000 full time jobs. As 

in all industrial sectors, manufacturing will be more exposed to global competition as the market 

develops. However, for solar thermal, nearly half of the jobs are in retail, installation and 

maintenance. 

 

Innovation and jobs 

This work is necessarily local, and creates jobs mainly in small and medium sized enterprises, 

directly in the regions where the solar thermal market is developing. For the time being, solar 

thermal is used together with a source of back-up heating. Therefore, solar thermal does not 

replace another industryôs products, but really adds new demand and jobs. This higher initial 

investment pays off for the investor by reducing the conventional fuel bill over the lifetime of the 

system. For society it is even better: Solar thermal replaces imported oil and gas with local 

labour! 

 

With solar thermal going into the mainstream, employment in the sector at EU level will reach 

half a million full time jobs within the next few decades. 
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Training & education 

Training and education are key to achieving a wider adoption of solar thermal energy. 

Of course, it is necessary to increase the awareness of end consumers of solar thermal. 

However, a decisive role in the market is played by professional groups such as architects, 

planners and installers, who are the interface between end consumers and industry. These 

professionals often determine, or have a strong influence on, the end consumersô choice about 

heating systems. 

 

Usually, the standard education and training of these professionals does not include solar 

thermal technologies. Unfortunately, this is still the case for the current training patterns in many 

countries. 

 

Example: Qualisol Scheme in France 

 

For the example the Qualisol Scheme in France. Qualisol is a professional qualification 

scheme required for the installation of solar systems. Many regional support pro-

grammes have linked their financial incentives to the installation of solar thermal sys-

tems by certified Qualisol installers. 

 

European industrial leadership 

The European industry is the worldwide technological leader in solar thermal. High efficiency 

collectors use highly selective absorber coating, which absorb more solar irradiation and emit 

less infrared radiation. This increases the overall solar thermal energy production. These 

coatings are available mainly from a small number of European manufacturers who export their 

coated material to collector manufacturers worldwide.  

Europe is also leading in research and manufacturing of high quality heat tanks. In solar cooling, 

European researchers and companies have a clear technological lead. Beyond system design 

and high quality collectors, the key challenge for wide market introduction of solar cooling lies in 

the development of smaller and more cost effective thermally driven cooling machines. More 

recently, products have been developed that can also be used in small residential buildings, 

opening new market segments for solar cooling. Most of these new machines have been 
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developed in Europe, and various new companies have been founded here to bring them into 

the market 

 

Preparing for global competition 

A glance at the growing competition for scarce resources on the global energy markets is 

enough to understand that solar thermal will be used almost everywhere possible during the 

21st century. 

 

Europe is in a good position and has the chance to be the main beneficiary of this new global 

business field. In most renewables, Europe is leading both in technology and in the market 

volumes. However, the latter is not the case for solar thermal, where the Chinese market alone 

is seven times bigger than the EU market. Given the price levels, European manufacturers 

cannot easily compete in markets like China, India and Turkey. If the EU does not catch up 

soon with a substantial growth in the domestic market, the European industry will face a hard 

task in maintaining its technological leadership. 

 

Beyond market growth, maintaining the technological lead requires a joint effort to define and 

implement the research strategy to answer the energy needs of tomorrowôs world. Industry and 

research, private investors and public authorities co-operate in the European Solar Thermal 

Technology Platform (ESTTP) to pave the way for solar energy to be the sole source of 

domestic hot water, space heating and cooling, and a major contributor to low temperature 

industrial heating in the next decades: The goal is to identify the research issues and lay the 

foundations to solve them. 

 

As in all industrial sectors, manufacturing will be more exposed to global competition as the 

market develops. However, for solar thermal, nearly half of the jobs are in retail, installation and 

maintenance. This work is necessarily local, and creates jobs mainly in small and medium sized 

enterprises, directly in the regions where the solar thermal market is developing. 

 

1.2.3 Policy Instruments to support Solar thermal 

A positive and stable support framework should be designed to reach ST ambitious target: 

 



 

15 
 

 Binding regulations requiring the use of solar thermal are recommended for new build-

ings and major refurbishments 

 

 Financial incentives can speed up the introduction of solar thermal in existing build-

ings. 

 

 Flanking measures, such as awareness raising, training of professionals and R&D 

funding are important for the long-term success of the solar thermal markets 

 

 

Solar obligations 

The current trend in several European countries and regions is well justified by the manifold 

benefits of this instrument, which allows for the gradual preparation of the building stock in 

anticipation of the inevitable future scarcity of fossil fuels. Among other benefits, solar obliga-

tions create a minimal critical mass in the solar market and bring about economies of scale that 

also benefit the voluntary market in the majority of buildings that is not subject to the obligation.  

 

Moreover, solar obligations help solve the owner-tenant dilemma and send a strong signal to 

the users and to all professionals involved in the construction and heating sectors. However, 

solar obligations fundamentally change the way the solar thermal market functions. Within a 

solar obligation, proper quality assurance measures must be foreseen, including quality 

parameters for the products, installation and maintenance, as well as a clear inspection and 

sanctioning regime. Without these measures, it is likely that some construction companies will 

install the cheapest products, thus producing less solar yield than desired. This could reduce the 

acceptance of the regulation and possibly of the solar technology in general. 

 

Solar obligations are regulations requiring a minimum share of the heating demand be covered 

by solar energy. Most refer only to the domestic hot water demand and prescribe a minimal 

solar share ranging from 30% to 70%. They usually apply to new buildings, those undergoing 

major renovation and sometimes in the case of replacement of the heating system. Often, they 

are in fact renewable heat obligations, as the legal requirement can be fulfilled also with other 

renewable heating sources. In June 2008, Germany has enacted a renewable heating law, 

which prescribes a minimal share of 15-50% of the total heating consumption of new buildings 
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(including space heating) to be covered by renewable energies. A decade ago, the idea of 

making the use of solar or renewable energy compulsory sounded radical and politically 

unfeasible in most parts of the world. Currently, solar obligations have been adopted or are 

being discussed in a number of countries, regions and municipalities in Europe and beyond. 

Security of energy supply and climate change have become top political priorities. Together with 

energy efficiency, renewables are the only sustainable answer to both problems. Within the 

renewable energy policy debate, the heating and cooling sector are now fully integrated in the 

European agenda, after having been neglected for over a decade. The solar industry has grown 

and a new generation of highly reliable products is on the market. 

 

Solar obligations are probably the single most powerful instrument for promoting the use of 

renewables in new buildings. However, they do not cover a large part of the potential uses of 

solar thermal, like space heating and cooling, industrial processes, water desalination, as well 

as existing buildings that are not undergoing major renovation.  

 

 

Fiscal incentives 

Financial Incentive Schemes (FIS) include any public policy giving a financial advantage to 

those who install a solar thermal system or that use solar thermal energy. For example: 

 

 

 Direct grants (e.g. German Market Stimulation Programme, MSP) 

 Tax reductions (e.g. income tax break in France) 

 Loans at reduced rates 

 Green heat or energy efficiency certificates 

 

Financial Incentive Schemes (FIS) in the form of direct grants have played an important role in 

the development of the leading solar thermal markets in Europe (Germany, Austria and 

Greece). And in the fastest growing solar thermal market (France), a reduction of the income tax 

has significantly accelerated the existing market growth since 2005. 

 

The analysis of case studies from different EU Member States has clearly shown that it is not so 

much the type of incentive but the concrete design and implementation ï including flanking 
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measures such as awareness raising, training of professionals ï that makes a FIS succeed or 

fail. 

 

The single most important success factor for the long-term stimulation of a solar thermal market 

through a FIS has been continuity: With short-term programmes or insufficient budgets, FIS 

have failed to create healthy market structures, which are the basis for continuous growth. 

 

Reducing Administrative Barriers 

Concerning administrative barriers: the general principle should be established that the use of 

solar collectors is allowed without the need of any special authorisation, except for a precisely 

defined and limited number of buildings of special historical interest. Moreover, it is necessary to 

make solar friendly the rules concerning the right of use of the roofs in large buildings with many 

residential or tertiary units.  

 

 

Flanking measures 

Such as awareness raising, training of professionals and R&D funding are important for the 

long-term success of the solar thermal markets 

 

In Austria, 2006 was the year of the consolidation of solar campaigns in some Austrian prov-

inces), which definitely pushed awareness on solar thermal in the population. These campaigns 

were backed by the national solar programme ñklima:aktiv solarwªrmeò. Solar brochures for 

home owners, housing associations and hotels were distributed in high circulations, a highly 

frequented solar hotline and website as well as hundreds of press items helped to bring 

information on solar thermal to many people.  

 

1.2.4 Key countries and success stories 

 

Germany 

Germany is in leading position in total ST installed capacity in Europe. To date, about 5 % of 

German households use solar thermal energy, and over one million solar thermal systems are 

already installed on German roofs. The total installed solar energy output in Germany at the end 
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of 2007 amounted to some 6,295 MW th, 8,944,000 m2. Over the course of the next five years 

the German Solar Industry Association (BSW-Solar) expects over EUR 10 billion to be invested 

in new solar energy systems in Germany for the generation of hot water. Medium-sized 

enterprises and craftsmen in particular will benefit from this market development. There are 

approximately 5,000 German solar thermal energy companies and craftsmen, employing around 

20,000 people. In 2006 sales of EUR 1.2 billion were recorded. Solar thermal energy plants are 

technically advanced, environmentally friendly and protect the climate. In addition, they improve 

supply security because they reduce dependency upon oil and gas imports. In comparison to 

current oil and gas prices, for this reason the German government encourages their use through 

a grant under the so-called Market Incentive Programme. In order to accelerate distribution in 

future, further systematic expansion programmes are to be set up in the near term. In addition to 

smaller, decentralised plants, new opportunities are presented by district heating networks, into 

which large-scale solar collector arrays can feed solar thermal energy. In Germany a great deal 

of work is already being done on projects of this type. Some of these are also capable of using 

large seasonal heat tanks, storing the solar thermal energy generated in the summer for use 

during the winter months. 

The German Market Stimulation Programme 

 

Germany has became one of the EU leaders on Solar thermal thanks to its  ñProgramme to 

stimulate measures for using renewable energy sourcesò, in short ñMarket Stimulation Pro-

gramme (MSP)ò. 

 

In the MSP, solar thermal systems are supported through a financial incentive of 60 ú per mĮ of 

collector area for systems, which are used for heating domestic hot water and 105 ú per mĮ of 

collector area for systems, which also support space heating (so called combisystems), or which 

are issued to heat industrial processes or thermally driven cooling machines. Additional 

incentives are offered for enlargements of existing systems, and to specially ñinnovativeò 

systems. Those entitled to apply include amongst others, private individuals, small and medium-

sized companies, municipalities and registered associations. Over 90% of the solar thermal 

systems installed in Germany receive incentives through the MSP. 

 

Austria 



 

19 
 

Austria remains the Continental-European leader in solar thermal. In Europe, only Cyprus has a 

higher capacity in operation, than the 244 kWth per 1.000 capita of Austria. A new and very 

positive trend is the number of larger collective systems increasing substantially. While in the 

past demand was almost exclusively in the one- to two-family house sector, nowadays more 

and more multi-family houses are equipped with solar thermal systems. 15% of detached 

houses in Austria already use Solar Thermal. 

The annual turnover generated in connection with solar thermal systems in Austria amounted to 

EUR 400 million in 2006 (EUR 232 million in 2005) including swimming pool absorbers and 

export activities. The 2006 growth of 25% was reached in Austria. Overall, 204 MWth of new 

capacity was added in 2005 (292.669 m²). In 2006 around 6,500 people were employed in the 

solar thermal sector in Austria (around 3,300 in 2005) including producers, and installers. Of  

843.560 m2 produced in 2006 in Austria 3 out of 4 are exported to more than 20 countries. 2/3 

to Germany, 10% to Italy and less than 10% to France and Spain. 

 

Success story: Solar Thermal In Upper Austria 

 

Upper Austria is the most successful region in solar thermal penetration in Austria. One out of 

four solar thermal systems in Austria have been installed in this province so far. For almost 30 

years, solar systems have benefited from financial incentives without any interruption, based on 

a balanced network of long term thinking regional politicians, active solar companies and the 

regional energy agency ñO¥ Energiesparverbandò as driving force and mediator. Subsidies 

have been given for new houses market as well as for renovation houses market. 

 

The financing scheme is enacted and administered by the regional government of Upper 

Austria. The regional energy agency ñO¥ Energiesparverbandò is in charge of energy consulting 

for private and commercial customers and of monitoring the financing scheme. Based on this 

monitoring changes of the financing scheme (subsidy level) always have been suggested by the 

energy agency to the government. Private house owners, housing associations, installers and 

solar companies have been the beneficiaries of the financing scheme, as it has led to the only 

continuously growing solar market over decades in Austrian provinces so far. The official aim of 

the government of Upper Austria is to double the total installed collector area up to 1M m² until 

2010. By then the province should have 0,72 m² collector area per inhabitant (or 720m2 per 

1000 capita). 
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For sure a lesson to be learned of Upper Austria is that long term establishment of a conti-

nuously growing solar market needs stable conditions in terms of uninterrupted subsidy, 

awareness campaigns and training activities for installers and a stable communication network 

of public authority and private companies to secure stable conditions 

 

France 

The French Metropolitain market increased another 16% in 2007. 178.500 new kW th were 

installed, reaching 609,420 kWth in operation at the end of 2007. The simplicity of the tax rebate 

introduced in 2005 has significantly contributed to the success of this incentive scheme. 

Investment in a Solar Thermal system can be made deductible from income tax or corporate 

tax. This type of scheme has been used in France since 2005 with excellent results, and led to 

an acceleration of the already significant market growth. In 2005 the market more than doubled 

compared with the previous year. In the past, tax reductions were also successfully applied in 

Greece. 

 

The successful Support through Tax Incentives in France 

 

The very successful French example, introduced in 2005, shows that the positive effects of a tax 

reduction can be substantial and outweigh any disadvantage: The tax reduction/return removes 

the need to apply for a grant before purchasing a solar thermal system. This drastically reduces 

the procedure for receiving the FIS and removes the waiting period between the application for 

a grant and the approval of it. 

 

Incentive programmes like the French "plan soleil" can mark the beginning of the boom for 

national industries, when accompanied by qualification programmes to educate craftsmen in the 

professional installation of solar thermal systems like the French "Qualisol" qualification 

programme, to train fitters for the installation of solar thermal systems. This programme was 

started by the French governmental energy agency, ADEME, in January 2006. According to the 

French Solar Industry Association Enerplan, the sector has during this time developed into a 



 

21 
 

professional economic sector ñwith over 10 000 qualified fittersò. In 2007 the sector is planning 

to install the same number of solar collectors as in the six preceding years. 

 

Spain 

The total ST capacity in operation at the end of 2007 in Spain was of 675 MW th, and Spain is 

one of the most dynamic markets in Europe, In 2007, the market for newly installed systems 

increased by 50% to reach 183 MWth. 

Spanish Technical Buildings Code: advance solar legislation 

In March 2006: Spain has become one of the countries with the most advanced solar legislation 

in the world. On 17th March 2006, the Spanish government approved the new Technical 

Buildings Code (CTE, Codigo Tecnico de la Edificacion), the most significant reform of the 

Spanish building sector for decades. The new CTE built on the success of the municipal solar 

ordinances. The CET includes the following main areas: security of the buildings structure, fire 

safety, other safety and health issues, sustainability and energy efficiency of the buildings. The 

latter part ("Documento Basico HE - Ahorro de Energia") goes far beyond the minimal level of 

implementation of the EC Directive on the Energy Performance of Buildings and includes an 

obligation to cover 30-70% of the Domestic Hot Water (DHW) demand with solar thermal 

energy. The solar thermal part applies to all new buildings and to those undergoing a renova-

tion. It applies to any kind of buildings, independent of their use. Some exceptions are defined in 

the law; mainly in the case of buildings that either satisfy their DHW demand by other rene-

wables or by cogeneration or for shaded buildings. 

Example: Barcelona: the pioneer of solar regulation in Europe 

The City of Barcelona has been the pioneer for Solar Regulations in Europe. The first Solar 

Ordinance entered into force in 2000 and required that a certain share of the domestic hot water 

demand in larger residential buildings was covered by solar thermal - in new buildings and those 

undergoing major renovation.  

The implementation led to a strong increase in the use of solar thermal, thereby also stimulating 

the voluntary market in non-obliged buildings. The regulation enjoyed wide support in the public 

opinion and decision makers. Therefore, the revision approved in 2006 broadened the definition 



22 
 

of obliged buildings and improved the procedures, architectural integration as well as quality 

requirements.  

Greece 

For over 30 years now, the Greek solar thermal market has been dominated by thermosiphon 

systems. But that could well change in the future: the local solar suppliers have begun to market 

combi-systems. A few companies have been successful with large-scale installations for hotels. 

And the first solar-based air-conditioning systems have been manufactured.  

In 2007 there were in Greece: 2 500 MWth (3 570 000 m2) solar thermal capacity in operation 

with 198 000 kWth (283 000m2). Newly installed in 2007, representing a Market growth 

2006/2007 of 17%. More than 3000 people are employed in the Greek Solar Thermal Sector 

with a turnover of more than 250 M Euros. 

 

A mature market but with still high potential 

 

Greece is an excellent example, because it was the first EU country to reach a significant ST 

sales volume. In the 1980s, market development was boosted by public support in the form of 

strong awareness raising campaigns, including television advertisements and through financial 

incentives. The latter was gradually phased out. Since 2003 there have been no financial 

incentive schemes in Greece except for very small ones targeted at special market niches. In 

spite of the withdrawal of financial incentives, in 2004 Greece had a level of sales per capita 

around 30 times higher than Portugal and Southern Italy, and yet all three of these countries 

have similar climatic and economic conditions. The Greek example shows the true result of a 

long term, well implemented FIS for ST: once a certain critical mass is reached, the market 

continues to grow without further public support. Nevertheless, the potential for solar thermal 

energy in Greece is a long way from being fully exploited. Within a positive framework of 

support for the full exploitation of solar potential, the Greek market should grow by a factor of 5 

to 10 times over the next two decades. 

 

1.3 Solar thermal tomorrow 
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The solar thermal industry and research institutions - motivated by their large success - have 

developed a common vision for the use of solar thermal until 2030 and have launched in 2006 

the European Solar Thermal Technology Platform (ESTTP), in order to discuss the necessary 

technological developments. This platform is elaborating a Strategic Research Agenda for the 

sector, detailing the sectorôs needs in terms of research and development as well as in support 

policies and other positive framework conditions.  

The platformôs goal is to define a vision for the comprehensive use of solar thermal energy in 

Europe until 2030 and to develop a corresponding research strategy for the upcoming years. In 

the first edition of the solar thermal vision for 2030 the ESTTP set the goal of firmly establishing 

solar thermal energy as the standard technology for heating buildings. According to the 

scientists and companies, the standards in 2030 will see the majority of new buildings being 

heated exclusively using solar thermal energy and existing buildings being modernised with 

solar elements, thus allowing more than 50% of the heating requirements to be covered using 

solar energy. The costs for heating buildings using solar energy will continue to fall in the 

coming years and the proportion of solar thermal energy will considerably increase. Great 

potential is also seen in solar cooling, which employs refrigerating systems powered by solar 

thermal energy, and the industrial use of solar thermal energy. 

At the ESTTP general assembly in June 2008, a draft of the first edition of the Strategic 

Research Agenda was presented. 12 working groups have contributed to the document, which 

will be finalised in the second half of 2008.  

The SRA describes the research that is essential to expand the application field of solar thermal 

technologies, so that in the long-term 50% of the thermal heat demand in the EU can be met. To 

reach this goal, a new generation of solar thermal technologies need to be developed for new 

application areas. The main new applications are: solar combi-systems using compact seasonal 

storage, higher temperature collectors for industrial applications and solar cooling. The main 

research challenges are to develop compact long-term efficient heat storage and to develop 

cheaper materials for solar systems. The storage technology should make it possible to store 

heat from the summer for use in winter in a cost-effective manner. The new materials are 

needed because the current materials in use have a limited supply and could potentially be 

replaced with cheaper options.  
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1.3.1 Solar Thermal Targets by 2020 and beyond 

The European Solar Thermal Industry Federation (ESTIF) published early in 2007 a Solar 

Thermal Action Plan for Europe. The document spells out the benefits of solar heating and a 

clear target for 2020. ESTIF proposes an ambitious target: By 2020, there shall 1 m2 of solar 

thermal collector area in operation for every European, a total of 320 GW th . More than 19 

million tons of oil equivalent would be produced annually by this capacity, thus replacing 

precious oil, gas and electricity. 

 

Source: ESTIF, Solar Thermal Action Plan For Europe, January 2007 

 

With a suitable support framework it will be possible to reach 1 m2 of collector area (0,7 kWth) for 

every European in 2020, equivalent to a total capacity in operation of 320 GW th in the EU. In the 

residential sector alone about 2 million EU families have already installed this amount of solar 

capacity. To reach this target, solar will be widely used for both cooling and process heat, 

though the majority of this capacity will still supply domestic hot water and space heating. The 

average yearly growth rate of the EU market necessary to reach this target is 31 % ï less than 

the rate achieved in 2006 and only 7 percentage points above the 2002ï2006 average. 

 



 

25 
 

1.3.2 Solar Thermal Long term potential 

By overcoming a series of technological barriers which are analyzed in detail in the Strategic 

Research Agenda, it will be possible to achieve a wide market introduction at competitive costs 

of advanced ST applications like: 

Å Solar Active Building, covering at least 100% of their thermal energy with solar, and in some 

cases providing heat to neighbours  

Å High solar fraction space heating for building renovations 

Å Wide use of solar for space cooling 

Å Wide use of solar for heat intensive services and industrial process heat, including desalina-

tion and water treatment 

These are the key elements of the ESTTP Vision, Deployment Roadmap and Strategic Re-

search Agenda. By implementing them, the potential for economically viable ST usage can be 

substantially expanded. This expansion is reflected in the following, simplified diagram. 

The long-term potential of solar thermal is to provide for about 50% of the EU´s heat demand. In 

order to achieve this goal an installed capacity of 2576 GW th or 8 m² per inhabitant would be 

necessary. 
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2 BIOMASS - Heat 

 

Different conversion paths exist to transform biomass to heat, electricity, liquid fuels or biogas. 

The most important are shown in the following table: 

Raw 

Material Conversion process End product 

B
io

m
a

s
s
 

Combustion Heat 

Combustion and steam process 

Electricity and 

heat 

ORC process (donôt use water but another 

organic material)  

Stirling Engine 

Thermal gasification and gas engine 

Electricity and 

heat 

Thermal gasification and Fischer-Tropsch 

process 

Electricity and 

heat 

Alcoholic fermentation Ethanol 

Transesterification Biodiesel 

Anaerobic fermentation Biogas 

 

 

As biomass for heating and for electricity are often interconnected, many of the general 

considerations that follow concern both technologies.   

 

2.1 State of the art of the technology 

 

Biomass includes a broad variety of raw materials such as wood, agricultural crops, by-products 

of wood processing, agricultural and forest industries, manure and the organic matter of waste 

streams. Bioenergy is a final energy in the form of heat, electricity and biofuels produced from 
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biomass using various technologies and technological systems.  RES represent 9% of the final 

energy consumption in Europe (2006) and biomass represents two thirds of the whole RES 

production ï 89Mtoe. Biomass represents 2/3 of RES, the distribution of RES in 2006. 

 

Source: Eurostat 

 

The main biomass production route is heat as 97.6% (61 Mtoe) of renewable heat comes from 

biomass.  

RES Heat ï 61 Mtoe (2006) 

 

Source: Eurostat 

 

 

 

Source: Eurostat 

 

The Biomass resources can be classified according to the supply sector as shown in the table:  

 

Supply 

sector 

Type Example 

Forestry 

Wood from forest 

Wood logs, wood chips, wood chips from residues 

including those coming from fellings, thinning 

operations (tops, branches, stumps) 
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Dedicated forestry  
Short rotation plantations (e.g. willow, poplar, 

eucalyptus) 

Forestry by-products  

Wood processing industry by-products such as 

chips, bark, sawdust, shavings, black liquor and 

refined wood such as pellets, brickets, wood 

powder, charcoal, etc. 

Agriculture Dry lignocellulosic energy 

crops 

Fast growing crops (e.g. miscanthus, reed canary 

grass, giant reed) 

Oil, sugar and starch 

energy crops 

Oil seeds for biodiesel (e.g. rape seed, sunflower) 

Sugar crops for ethanol (e.g. sugar cane, sweet 

sorghum) 

Starch crops for ethanol (e.g. maize, wheat) 

Agricultural by-products 
Straw, prunings from vineyards and fruit trees, rice 

husks, crushed grape, olive kernels etc. 

Livestock waste Wet and dry manure 

Waste 
Dry lignocellulosic 

Residues from parks, roadside and gardens (e.g. 

prunings, grass) 

Contaminated waste 

Demolition wood 

Organic fraction of municipal solid waste 

Biodegradable landfilled waste, landfill gas 

Sewage sludge 

Source: AEBIOM&EUBIA 

 

The energy available in biomass may be used either by direct use as in combustion, or by initial 

upgrading into more valuable and useful fuels such as charcoal, liquid fuels, producer gas or 

biogas. Thus, biomass conversion technologies can be separated into four basic categories:  

ü direct combustion,  

ü thermo-chemical conversion processes (pyrolysis, gasification),  

ü bio-chemical processes (anaerobic digestion, fermentation),  
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ü physico-chemical (the route to biodiesel). 

 

Biomass fuels conversion to bioenergy 

 

Source: EUBIA 

 

2.1.1 Technology benefits 

Biomass is widely available and represents a local, clean and renewable resource. Biomass 

needs to be produced, recovered, and supplied to the plant which adds an additional cost to this 

renewable energy as compared to other RES.  Nevertheless, biomass can be stored in large 

quantities and, therefore, produced on demand. Furthermore, biomass use has many additional 

advantages: 

 Political and economic advantages: 

 Guarantees local energy supply and therefore economic and political independency   

 Creates jobs, especially in rural areas thus strengthening local economy 

 Modern competitive biomass technologies and know-how offer opportunities for tech-

nology transfer and exports  

 Provides marginal agricultural areas or surplus areas with new development oppor-

tunities 

 Biomass fuels related advantages: 

 Widespread availability in Europe  

 Biomass has the capacity to penetrate every energy sector: heating, power and 

transport 
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 Biomass resources show a considerable potential in the long term, if residues are 

properly used and dedicated energy crops are grown 

 Generally low fuel cost relative to fossil fuels  

 Can create and promote markets for refined biomass that can be easily stored, trans-

ported and used for heating 

 Environmental 

 Carbon dioxide mitigation and other emission reductions (SOx, etc.) 

 Make valuable use of agro-industrial and forestry residues, avoiding the cost of their 

disposal as waste 

 Bioenergy makes valuable use of some wastes, avoiding their pollution and cost of 

disposal 

 Biomass fuels are generally bio-degradable and non toxic, which is important when 

accidents occur. 

 

Some barriers exist which impede bioenergy expansion:  

 Physical characteristics of biomass are quite different 

 Lack of small capacity efficient units for cogeneration using solid biomass 

 Costs of bioenergy technologies and resources and especially cost from changing 

fossil fuel based systems to renewable ones 

 Competitiveness strongly depends on the amount of externalities included in the cost 

calculations  

 Resource potentials and distributions  

 Difficulties to mobilize biomass resources 

 Local land-use and environmental aspects in the developing countries  

 Administrative and legislative bottlenecks 

 Biomass if not refined (pellets/briquettes) is biologically unstable 

 

To overcome these barriers it would be needed to: 

 Improving support mechanisms and removing existing legislative and administrative 

barriers 

 Ensuring that the biomass sources are mobilized 

 Improving the cost-effectiveness of conversion/utilisation technologies;  

 Developing and implementing modern, integrated bioenergy systems (multicrops-

multiproducts) 

 Developing dedicated energy crops productivity  

 Establishing bioenergy markets and developing bioenergy logistics (transport and 

delivery bioenergy resources and products) 

 Valuing of the environmental benefits for society e.g. on carbon balance. 
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2.1.2 Technology applications 

Biomass to bioheat 

The different forms in which biomass is available, such as solid or wet biomass, vegetable oil or 

sugar can be transformed into bioheat (other than renewable electricity and biofuels) through a 

range of conversion routes ï thermal, chemical or biological ïand been used for various 

purposes. 

Combustion of wood for heat production is the main route for bioenergy. However, several 

systems can be considered depending on size. Small-scale heating systems for households 

would typically use wood logs or pellets; medium-scale appliances would typically involve 

burning woodchips in grate boilers, while large-scale boilers will be able to burn a larger variety 

of fuels including wood waste and refused-derived fuels.  

Wood 

logs

Wood 

pellets/chips

Wood by-

products

Crops and 

by-products

like straw

Wet

biomass/ 

wastes

Stoves

Automatic

boilers

Cogeneration

plant

Methanisation

plant

Cogeneration

engine

Space

heating for 

houses

District 

heating

Bioelectricity

Heat for 

industrial process

Forest

Agriculture

BioHeatBiomass for Heat technologies

Wastes

Heat

 

Biomass fuels 

Wood logs 

The traditional wood logs are mainly used by households (in stoves and boilers) in rural 

areas. Production technology of the wood logs remained the same over the decades ï trees 

are manually cut into logs using a chainsaw. The wood harvester technology, however, has 

developed further. The harvesters cut the timber together with firewood in one operation. 

Also integrated machines for cross-cutting, splitting and loading logs can be seen as an 

innovation. Nevertheless, they are only cost-efficient for industrial wood logs production. The 
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accumulative felling head is adapted for forest thinnings to cut and bundle several young 

trees at once in a standing position without having to lay them on the ground. This increases 

the harvesting capacity as well as harvesting efficiency due to a lesser manoeuvre moves.  

Briquettes 

Briquettes are refined raw material for bioenergy production. Residues, such as sawdust and 

shavings, ram and screw extrudes are used to produce briquettes. After the additional grind-

ing and drying of the raw material (moisture content has to be less than 12-14%), these 

technologies press the residues into 30-100 mm size briquettes. The density of briquettes 

made by screw press is higher and this technology makes less noise than the ram extruder, 

although, energy cost of pressing is also higher.  

Wood chips 

Wood chips can be made from a broad variety of raw material such as wood residues - log-

ging residues, small trees from forest thinning operations, stumps and roots, wood waste (old 

furniture) or dedicated energy crops such as miscanthus, willow, poplar, reed canary grass 

etc. Wood chips are mainly used in the large scale plant for this. Depending on the size of 

the chipping operations, the harvesting and transporting the chips to the plants (usually to 

produce heat for the district heating plants or combined heat and electricity) can be done in 

several ways.  

Chips production can be divided into several procedures which are harvesting, chipping, 

crashing and transportation. Efficient transportation is a key element as this is connected to 

the highest cost of the process (especially if forest residues are harvested). For this reason it 

is very important to ensure a good logistical planning and high technology navigation sys-

tems.  

Pellets 

Wood pellets are a convenient and clean fuel produced from saw dust and wood shavings 

compressed under high pressure. In recent years in some places also log wood from thinning 

is used to produce pellets. At present pellets are successfully used for heat production at 

small scale (stoves and boilers) but also in a large scale for district heating or in co-

generation plants. The large heating plants usually use pellets together with wood chips, 

bricks etc. However, pellets are especially suitable in small heating systems (stoves and 

boilers) due to their automatic heating process, easy storage as they do not degrade, rela-

tively low cost and a very low amount of ash and other emissions released. Domestic house-

holds cover about 27% of total energy consumption. The heat market related to domestic 

households can be best addressed by using pellets as this fuel is as convenient to use as 

fossil fuels.  

Due to their high energy content and the convenient delivery and storage feature, pellets are 

an ideal fuel for replacing heating oil or gas. They are, besides biomass district heating, a key 

technology for increasing biomass use in Europe and thus replacing fossil fuel, natural gas or 

electricity in the heating sector. 
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  Key characteristics of pellets  

Heating value 4.8 kWh/kg pellets  

or 0.41 toe/t pellets 

or 2 t pellets = 1000 l heating oil 

Water content below 10% 

Ash content below 0.5% 

Density 0.65 t/m³ 

 

The production of pellets from solid biomass is a technology which transforms biomass to an 

energy carrier efficiently. Biomass is milled, dried, and densified. The result is a homogenous 

solid fuel with a much higher energy density. State of the art technology of pellet production 

can achieve overall conversion losses both for drying, milling and densification that are lower 

than 10 %.  Excess heat from the production is recycled and used for drying the raw material 

for new pellets.  

By products from wood processing industries (sawdust, shavings and grindings) go through 

three main stages of pellet production: storing and pretreatment of raw materials, drying the 

raw material and actual pellet production process.  

In order to make a pellet plant economically viable, most pellets are produced in the large-

scale industrial pellet manufacture with integrated large sawmill and/or heat user. If there is a 

supply of sawdust that is already dry, small-scale pellet machines are capable to produce 

pellets with an output of around 200-300 kg per hour. It is also sometimes possible to convert 

an existing animal grass-feed mill to produce wood pellets, as the equipment needed is 

similar and many feed factories have facilities to dry the feedstock. Such arrangement could 

bring economic benefits to the feed mill enabling the production to continue throughout the 

year especially in winter when grass is not growing. The production of pellets with feed mills 

is considerably lower than with a dedicated pellet plant but doesnôt require high capital cost.  

The tendency nowadays is to produce pellets in an efficient way in the combined pellet plants 

that simultaneously produces pellets, electricity and heat. These plants, however, require a 

higher investment cost and more attention has to be paid to the plant management as all the 

parts of the plant are interconnected.  

Biogas 

Biogas is produced from organic matter under anaerobic conditions in nature (swamps), in 

landfills or in anaerobic digestion facilities (fermenters). In an airtight digester, various anae-

robic micro-organisms produce biogas from silage, liquid manure, leftover food, waste or 

other fuels in a four-stage process. The bacteria break down complex fatty acids, carbohy-
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drates and protein chains until only methane, carbon dioxide and water remain. The raw 

biogas generated during this process is composed of between 50% and 60% of methane 

(CH4), which can be used for energy production. Raw materials that cannot be digested or 

converted by micro-organisms remain in the form of fermentation residues and are used as 

fertilizers in agriculture. Biogas can either be used to fuel a gas engine, which is coupled with 

a generator to produce electricity and heat or - after upgrading to pure biomethane - in natu-

ral gas grids or in filling stations as transportation fuel for gas vehicles.  

 

Straw and other agricultural by-products 

Crop residues (cobs, stems, leaves, in particularly straw and other plant matter) left in agri-

cultural fields after harvest could potentially be used for solid biofuels production. 

Due to high energy content, straw is one of the best crop residues for solid biofuels. Its ener-

gy content is of 17-18 MJ per kg dry matter. However, straw has several disadvantages. The 

first one is that it has a higher ash content, which results in lower calorific value. In order to 

improve its bulk density, straw is generally baled before transportation. Straw burning re-

quires a specific technology. There are four basic types of straw burners: those that accept 

shredded, loose straw; burners that use densified straw products such as pellets, briquettes 

or cubes and straw logs; small, square bale burners and round bale burners. To be suitable 

for heat and electricity production straw should not have a large content of moisture, prefera-

bly no more than 20% as the moisture reduces the boiler efficiency. Also straw colour as well 
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as straw chemistry should be considered before burning as it indicates the quality of the 

straw. 

Other types of agricultural by-products can also be used to produce heat such as pruning 

from vineyards and fruit trees, rice husks, crushed grape, olive kernels etc. Nevertheless, this 

fuel is more difficult to use and therefore there is a need for improving such technologies.  

Waste 

Waste for energy can take several forms such as the biodegradable fraction of Municipal 

Solid Waste (MSW), sewage sludge, and other forms of organic material especially from food 

industry. In some publications typical by-products of agriculture or forestry such as straw, 

bark or chips are considered as waste. These products are not waste but typical by-products 

of the normal production chains. 

Waste is an increasing source for energy production. The determination of the renewable 

fraction of MSW creates difficulties. In some countries this renewable fraction is estimated, in 

others the total incineration of waste is seen as renewable. Renewable organic waste is the 

term used to describe those wastes that are readily biodegradable or easily broken-down 

with the assistance of micro-organisms. Organic wastes consist of materials that contain 

molecules based on carbon coming from the atmosphere via the green plants. This includes 

food waste and green waste. 

The European Committee of Standardisation (CEN) has prepared 30 technical specifications 

on solid biofuels.1 The standards can be used as tools to enable both efficient trading of 

biofuels and good understanding between sellers and buyers, as well as in communication 

with equipment manufacturers. These technical specifications are pre-standards, which are 

in force for 3 years after publishing. At the moment, they do not invalidate national standards. 

After a three- year-period it will be decided whether these technical specifications will be 

updated to European Norms. The upgrading work has started in the autumn of 2006 and will 

be carried out until 2010. In the meantime, there are various possibilities (via international 

biomass conferences, articles etc.) for standard users to give their comments and further 

improve the European standards.  

Combustion  

Combustion is the main process to produce heat from biomass. It is a CO2 neutral process as 

the carbon in biomass is captured by the plant via photosynthesis from the atmosphere and is 

delivered back to the atmosphere anyway ï by combustion or organic decay.  

                                                      

1
 More details can be found at www.eubionet.net 

http://www.eubionet.net/
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Energy carrier NCV  

 

C02 emissions  in 

relation 

to the NCV  (kg/kWh) 

Hard coal 7.43 

kWh/kg 

0.338 

Brown coal  5.28 

kWh/kg 

0.382 

Heating oil 9.79 kWh/l 0.269 

Natural gas 10.00 

kWh/m³ 

0.199 

Wood at 20% 

m.c. 

4.00 

kWh/kg 

0 kg /kWh 

NCV: Net Calorific Value 

 

Two general technologies for biomass combustion are mainly used in Europe. Particle size, ash 

and water contents of the fuel are of high importance in order to determine the right technology. 

Large plants are usually able to handle multiple fuels and quality variations. This helps to secure 

continuous fuel availability, but also requires a more complex combustion process. 

The combustion in fixed-bed is the traditional and rather inexpensive technology applied to 

small scales (<20 MW) and it generally requires a certain fuel (e.g. dry wood chips).  The 

construction period and costs can be reduced due to a standardised design. The fluidised bed 

boiler (stationary or circulating) is a more sophisticated approach suitable for the 10-600 MW 

capacity range. It offers the advantage of handling various fuels with different water contents 

simultaneously and accomplishes a more complete combustion than a fixed bed which results in 

higher yields and lower exhaust emissions. The downsides are high investment and operating 

costs. 

Biomass is also used in co-firing in order to make existing plants (normally coal) more environ-

mentally friendly. 

Direct biomass heat supply can be provided by simple stoves or boilers for (multi)family homes 

or heating plants especially designed for the needs of big heat consumers like public buildings 

or energy-intensive industries. Family homes have an advantage from recent developments in 

small scale combustion technologies such as wood chip or pellet fired heating systems that 

nowadays offer the same user friendliness as comparable systems based on oil or gas. 

Economically ideal burnouts and a high degree of efficiency lead to lower emissions (especially 

particulate matter) and energy costs. Even the handling of boilers using wood logs can be 
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simplified by bigger loading chambers or larger water storages allowing a continuous heat 

supply throughout the day. 

Besides the wood-processing industry also other industries can satisfy their energy needs by 

using biomass residues from their production. Modern biomass plants are not limited to wood 

and are able to process sludge or even chicken manure. 

Stoves 

In rural and densely wooded areas stoves fuelled by wood logs have long been the main 

mean of heating for family homes. Due to their limitation concerning heat distribution 

throughout the house as well as supply of warm water stoves usually got replaced by boiler 

systems using wood logs, split logs, briquettes or even pellets as fuel. 

Nevertheless, in Europe there are still ovens in use and many people tend to place a stove 

(normally with a glass front) in their living room in order to create a special atmosphere. Used 

as a supplementary heat source ovens can also significantly reduce heating costs, if wood is 

cheap (e.g. own production) and prices for non-renewables like oil and gas are high. Wood 

stoves typically offer a performance from 2 to 10kW. 

Boilers 

Boiler technology is available for a wide capacity range and different forms of biomass. The 

thermal energy created by the burning process heats up water that is either distributed via 

pipes to customers in district heating networks or directly used for heating and warm water in 

a single family home. Boilers generally start at 10 kW for small family homes and reach 300 

kW to 5 MW for district heating. Bigger plants (>5MW) usually co-generate both heat and 

electricity (combined heat and power, CHP) and reach up to several hundred MW. 

Small boilers are stocked manually if using log wood or sticky wood residues (for family or 

multi-family houses) and automatically if wood pellets or wood chips are used. Heating plants 

run on wood chips, briquettes, various residues from the wood industry (bark, saw dust cutter 

chips), straw or miscanthus. 

District Heating 

 ñDistrict heating or cooling" can be defined as the distribution of thermal energy in the form 

of steam, hot water or chilled liquids from a central source of production through a network to 

multiple buildings, for the use of space or process heating or cooling (European Commission, 

2008).  

The core element of a district heating system is usually a cogeneration plant (also called 

combined heat and power, CHP) or a heat-only boiler station. The difference between the 

two systems is that, in a cogeneration plant, heat and electricity are generated simultaneous-

ly, whereas in heat-only boiler stations - as the name suggests - only heat is generated.  

http://en.wikipedia.org/wiki/Cogeneration
http://en.wikipedia.org/wiki/Combined_heat_and_power
http://en.wikipedia.org/wiki/Heat-only_boiler_station
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A district heating system works like a domestic central heating system, only on a larger scale. 

Water is heated at the schemeôs energy centre and circulated through an underground pipe 

network to customers. A heating pipe will run from the energy centre into a building/ home 

where it is connected to the internal circulation system. District heating supply is reliable due 

to professional operation and continuous monitoring of heat production and distribution. 

Solid biomass used for district heating includes wood chips, residues from forests or wood 

processing, purpose-grown energy crops (poplar, willow, eucalyptus etc.), agricultural crop 

and animal residues, and the biogenic fraction of MSW (IEA, 2007).  

New technology - pellet condensing boiler 

The principle is the same as a gas condensing boiler. The combustion gases comprise ener-

gy which is recovered in the form of steam. The vapour existing in those gases is condensed 

and allows to recover energy, usually 10-15% of the lower calorific value. The temperature of 

the smoke varies between 130°C and 145 °C in the standard pellet boiler without a condens-

ing system and is around 70 °C in a boiler with a condensing system. The efficiency of such 

a boiler can reach more than 100%.  

 

2.1.3 Cost and prices 

Bioenergy cost mainly depends on biomass fuel costs. Biomass fuelsô costs vary greatly 

between EU Member States but the price remains stable as compared to fossil fuels.  

Reported retail prices in June 2005 without VAT, source: EUBIONETII  project 
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2.2 Market 

2.2.1 Installed capacity and Market Development in EU and Market Segments 

Pellet use in Europe is currently focussed on a small number of Member States including 

Sweden, Denmark, the Netherlands, Belgium, Germany, Austria and Italy. Only in these 

countries pellets have been able to achieve a significant market penetration so far. In a number 

of other Member States markets are still in an early stage of development with very low market 

penetration but signs of dynamic growth.  Experiences in existing markets show that pellet 

utilisation can grow extremely fast, if the proper frame conditions exist. In Italy for example the 

market of pellet stoves grew within 10 years from virtually zero to over 250.000 stoves sold per 

year. In Austria the market share of pellet heating systems grew within 10 years to over 12 % of 

all new sold boilers for residential heating.  

 

 

 

 

 

 

 

Source: AEBIOM, Pellets Roadmap for Europe 

European markets for residential heating systems Source: proPellets Austria 

 

 

 

 

 

 

 

 

 


