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Introduction 

The presented Guideline should be an Introduction for combined solar thermal and wood pellet 

heating systems and has been prepared within the scope of the EU project Sollet (European 

network strategy for combined solar and wood pellet heating systems for decentralised 

applications). The aim of Sollet is to prepare the market with the demonstration of 100% reliable  

realised plants for different applications and to explore and optimize synergetic effects between 

combined solar thermal heating systems and wood pellet heating systems for domestic hot water 

and space heating. 

 

Combined solar and wood pellet heating systems are a comfortable, environmental friendly and 

cost efficient solution for the heating of one-family houses and apartment buildings. The systems 

are already market competitive against heating systems that use fossil fuels. However, the 

implementation of modern environmentally friendly heating systems, such as combined solar 

thermal and wood pellet heating systems, often fails due to the lack of knowledge of energy 

users about the planning, implementation, maintenance and operation of these types of heating 

systems. An additional challenge for the implementation of combined solar thermal and wood 

pellet systems is the higher initial financial investment in comparison to fossil fuel heating 

systems. 

 

Therefore, this introduction gives an outline into the technology of solar thermal systems, pellet 

heating systems and the combination of both. Furthermore, it gives an overview of the 

economical and environmental aspects of the combined solar thermal and wood pellet heating 

systems. 

 

The first chapter gives a statement in support of a renewable heat generation. The second 

chapter provides information about solar energy and pellets: Energy sources that are used by 

the combined solar thermal and pellet heating systems. Chapter 3 specifies the installation types 

of combined solar thermal and pellet heating systems. Thereby a distinction is drawn between 

systems for domestic hot water heating and systems for space heating assistance.  In chapter 4 

the technology of wood pellet heating is presented, by providing information on the types, design 

and the infrastructure of pellet heating units. Chapter 5 provides information on the functional 

principle of solar thermal systems by focusing on forced circulation. This chapter also presents 

the most commonly used solar collector types. Chapter 6 gives an overview of heat storage 

systems that are used in combined solar thermal and pellet heating systems. Control systems 
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used in solar thermal systems, pellet-heating systems and in the combination of both are 

presented in chapter 7. Chapter 8 gives an introduction into the planning of combined solar 

thermal and wood pellet heating systems. This chapter focuses on the technical aspects of the 

planning and dimensioning of basic system components and of the system infrastructure. The 

chapter 9 presents the economical aspects of these systems through regional economic factors 

for the implementation of combined solar thermal and wood pellet heating systems.  This 

chapter also provides a cost comparison of combined solar pellet heating systems with other 

heating systems. Chapter 10 provides an environmental view on combined solar thermal and 

pellet heating system by addressing the environmental advantages, such as carbon dioxide 

emissions in comparison to traditional heating systems. Chapter 11 gives an overview about 

national and international subsidy programs and describe an EnergyServiceCompany (ESCo) 

model for the Solar/pellet application. In chapter 12 a description of demonstration plants that 

have been explored within the scope of the Sollet project is provided 
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1 For a renewable heat generation 

Regardless of the steady development of modern and efficient energy technologies, the energy 

consumption in industrialised countries is increasing continuously. This energy demand is 

covered predominantly by fossil fuels like oil, gas and coal. The increasing shortage of fossil 

fuels along with an increasing energy demand makes the increase of fossil fuels prices 

unavoidable. That development has had an especially negative impact on energy supply costs of 

private energy consumers, like house owners, tenants and small trade enterprises.  

In response to these developments and changes renewable energy sources are a cost- effective 

alternative. Renewable energy sources are not limited in their amount and therefore the price of 

renewable energy is independent of shortages. 

 

The environmental consequences of the use of fossil fuels are also threatening. The combustion 

of fossil fuels and their respective carbon dioxide emissions foster climate change. Contrary to 

fossil fuels, the energy and heat generation from renewable energy sources does not cause any 

additional carbon dioxide emissions. For a long-term reduction of green house gas emissions 

and the progression of sustainable development, the transition to a renewable energy generation 

is necessary. 

 

The transition to renewable energies like sun energy, wind energy and biomass is also 

indispensable for political reasons. Renewable energy is generally generated where it is 

consumed. Therefore it ensures the security of supply by providing independence from energy 

imports from foreign countries. Independence from energy imports generates innovative 

technical jobs and promotes domestic knowledge on renewable energy systems. 

 

In private households in Europe the majority of primary energy consumption is required for 

space and water heating. The costs caused by heat generation make the biggest part of the total 

energy costs of households. Renewable energy has a huge potential to substitute fossil fuels, 

especially in terms of heat generation in living spaces and in terms of domestic hot water 

heating. 

 

Building owners should consider the transition to renewable heating systems to save heating 

costs, to be independent of the shortening fossil fuels and for their environmental friendliness. 

Combined solar thermal and pellet heating system serve as a possibility. Combined solar 

thermal and pellet heating systems generate heat from renewable energy sources, biomass 

(pellets) and solar energy. These systems are perfectly suitable for the heating of one-family 
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houses and even apartment buildings. Certainly pellet heating systems and solar thermal 

heating systems can be used for heating of buildings independently, without being combined. 

However, pellets are a limited available source of energy due to their limited production and the 

combination of pellet and solar heating systems allows saving a lot of that fuel. Combined solar 

thermal and pellet heating systems already serve as cost efficient and environmental friendly 

heating systems that can compete with heating systems using fossil energy sources. 
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2 Energy sources 

2.1 Solar energy 

Solar energy is the term for the energy produced by the sun through nuclear fusion. A part of the 

energy arrives at the earth as electromagnetic radiation (radiation energy). Solar power has 

been constant over centuries. The rate at which energy from the Sun reaches a unit of area in 

the region of the Earth's orbit is approximately 1,367 kW/m² 1, as measured upon a surface kept 

normal (at a right angle) to the Sun. This number is referred to as the solar constant. A part of 

the energy received is absorbed by the atmosphere and transformed into heat and kinetic 

energy. A further part of the received radiant energy escapes as emission from the earth into the 

space. The reflection on airborne particles i.e. ice crystals and dust in the air causes a further 

reduction of the energy absorbed. The energy losses depend on the condition of the 

atmosphere. Thereby air humidity, clouds and the distance to pass by the rays through the 

atmosphere have a key role. When there is clear sky at the earth’s surface arriving radiation on 

a vertical thereto directed surface is about 1 kW/m².  

 

Fig. 1: Picture of the sun 
Source: NASA, http://sse.jpl.nasa.gov/multimedia/gallery/PIA03149.jpg, 04.01.2006 

 

The largest part of the irradiated energy on earth consists of visible light and invisible heat 

radiation (infrared radiation) as well as a small part of invisible light in the ultraviolet array. The 

                                                 
1
  WMO 1982. Commission for Instruments and Methods of Observation, Abridged Final Report of the 8th 

Session, Mexico, October 1981. WMO Pub. No. 590, World Meteorological Organization, Geneva, 
Switzerland. 
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warming effect of the sunrays does mainly not result from direct thermal radiation. It is more the 

result of the ability of surfaces to absorb visible light. The more light a surface is able to absorb 

the darker it seems to the human eyes. That effect is used in the technical conversion of solar 

energy into thermal energy. 

2.1.1 Potential 

As the worlds largest source of energy, the sun delivers per year an energy amount of about  

3.9 · 1024 J, i.e. 1.08 · 1018 kWh to the earth’s surface. That amount of energy is equal to about 

ten to fifteen thousand fold of the world’s primary energy demand. 

The composition of the solar spectrum, sunshine duration and the angle of the sunrays reaching 

the earth’s surface depend on the time of day, season of year, geographical latitude, cloud 

obstruction, and atmospheric absorption and scattering. Thus, irradiated energy differs around 

the globe. For example, irradiated energy in central Europe averages 1000 kWh/m2 per year and 

2350 kWh/m2 per year at the Sahara. 

The following charts show the yearly sum of horizontal global irradiation and horizontal global 

irradiation in areas around Europe. 

 

Fig. 2: Yearly sum of horizontal global irradiation 
Source: PVGIS, http://re.jrc.cec.eu.int/pvgis/pv/solres/solreseurope.htm#Fig6 
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2.1.2 Solar radiation 

Not only when there is a clear sky does solar radiation reach the earth’s surface. Solar radiation 

arriving at the earth can be divided into two categories: direct irradiation or beam-and-diffuse 

irradiation, which is also known as indirect irradiation. Direct irradiation is partially absorbed by 

the atmosphere as unscattered extraterrestrial radiation and reaches a certain point as parallel 

beam radiation. However the locus of the point of source does vary depending on solar 

geometry e.g. time of day, season and latitude. These variations are of high relevance to solar 

energy applications, since collectable energy varies as the cosine of the radiation’s angle of 

incidence. As the second type of solar radiation, diffuse irradiation is scattered extraterrestrial 

radiation at the extended source power density that emanates from the sky and impinges on a 

horizontal plane at the earth’s surface. 2  

For instance, diffuse irradiation cannot be redirected to a certain point through a mirror. The 

scattering results from reflections on airborne particles, atmosphere, clouds etc.  

The total solar radiation reaching the horizontal ground, or global irradiance, is the sum of direct 

and diffuse irradiance that is appropriately weighted by solar geometry. 

 

Fig. 3: Yearly sum of global irradiation on a horizontal surface in built-up areas 
Source: PVGIS, http://re.jrc.cec.eu.int/pvgis/pv/solres/solreseurope.htm#Fig5 

                                                 
2
. R. Perez et al., Solar resource assessment: A review in J. Gordon (editor) Solar Energy, The State of the Art, 

ISES Position Papers, London 2001. 
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2.1.3 Solar energy recovery 

Solar thermal energy can be recovered in an active and in a passive way. For passive solar 

thermal recovery no technical equipment is needed. Solar thermal energy is passively recovered 

through architectural building components e.g. special window insulation. Active solar thermal 

energy recovery is done through solar thermal collectors and other technical building equipment 

systems. Therefore solar thermal installations work according to the principle of active heat 

generation. 

 

The active and passive methods of solar thermal recovery are defined as direct uses of solar 

energy. Solar energy can also be used indirectly. Plants use solar energy for photosynthesis to 

build up biomass and to power their vital functions. The burning of wood for heat generation, for 

example, is an indirect use of solar energy. Thereby the solar energy already generated by trees 

is recovered indirectly. 

2.1.4 The solar thermal market- a European overview  

Until now solar thermal energy has often been ignored in national and international energy 

statistics. One of the key reasons was the lack of energy related data: solar thermal has always 

been counted in square meters of collector area, which can not be easily compared to other 

energy statistics. Therefore, solar thermal was often the only energy technology measured in a 

non energy unit, or not included at all.  

The Solar Thermal Markets in Europe (Trends and Market Statistics) published by ESTIF 

(European Solar Thermal Industry Federation) in June 2005 offer new perspectives. For the first 

time the market size of solar thermal is given primarily in kWth (kilowatt-thermal) to allow for 

easy comparison with the installed capacities of other energy sources. 

The conversion factor used to calculate the capacity from the collector area of 0,7 kWth/m2 has 

been agreed by experts of the IEA Solar Heating and Cooling Programme and major solar 

thermal trade associations from Europe and North America. The “Solar Thermal Markets in 

Europe (Trends and Market Statistics)” shows the following significant market growth key figures 

of the European market. 

In 2004, the European market (EU-25 + Switzerland) grew by 12% compared to 2003. The 

same growth rate is forecasted for 2005.3  

                                                 
3
  ESTIF, Solar Thermal Markets in Europe (Trends and Market Statistics 2004), June 2005. 
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Fig. 4: Solar Thermal Market in the EU 
Source: ESTIF 

 

1.110 MWth (1.586.184 m2) of new capacity was installed in Europe in 2004, compared with 

991 MWth (1.415.598 m2) in 2003.Germany is still the leader in terms of market volume, with 

47% of the European market. It is followed by Greece (14%), Austria (12%) and Spain (6%). 

 

Fig. 5: Share of the solar thermal market 
Source: ESTIF 

In terms of capacity in operation per capita, the European master is Cyprus, with 431 

kWth/1.000 inhabitants, followed by Austria and Greece, both at 179 kWth/1.000 inhabitants. 

The EU average is only 21 kWth/1000 inhabitants, because in many countries the solar thermal 
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market has just started to develop. 

 

Fig. 6: Solar thermal capacity in operation 
Source: ESTIF 

 

Europe is leading in technology, but represents only 9% of the global market. China alone holds 

78% of the world market.4 

2.1.4.1 Germany 

Germany is the traditional lead market for solar thermal in Europe, where nearly 50% of the EU’s 

new solar thermal capacity is installed. However, solar thermal development in Germany has 

recently receded to a slower growth rate.  

With 525 MWth, the 2004 total sales exceeded those of the previous year by 4%. However, after 

the strong growth in 2003 this was less than expected and was partly explained by an increased 

feed-in tariff for photovoltaic electricity, which may have lured some customers away from solar 

thermal. As applications in the national solar thermal incentive program are on the rise again, 

overall 2005 sales in Germany are expected to reach 10-15% more than in 2004.5 

                                                 
4
  ESTIF, Solar Thermal Markets in Europe (Trends and Market Statistics 2004), June 2005. 

5
  ESTIF, Solar Thermal Markets in Europe (Trends and Market Statistics 2004), June 2005. 
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Fig. 7: Installed solar thermal capacity in Germany 
Source: ESTIF 

2.1.4.2 Greece 

 

Propelled by an exceptional year in the replacement market, Greece has edged Austria for 

second place in the EU‘s solar thermal market. 151 MWth of new solar thermal capacity was 

installed in 2004 - an increase of 34% compared to 2003. For 2005, a continuation of the pre-

2004 trend is expected, with sales in the area of 119 MWth.6 

 

Fig. 8: Installed solar thermal capacity in Greece 
Source: ESTIF 

                                                 
6
  ESTIF, Solar Thermal Markets in Europe (Trends and Market Statistics 2004), June 2005. 
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2.1.4.3 Austria 

 

Steady growth continues to be the trademark of the Austrian solar thermal market. In 2004, 9% 

more solar thermal capacity was built onto Austrian roofs than in the previous year. With 128 

MWth, Austria remained behind Greece in absolute terms but drew equal in terms of solar 

thermal capacity in operation per inhabitant: In both countries 179 kWth/1.000 capita were in 

operation at the end of 2004. The first months of 2005 showed no change in pace: Austria could 

reach 140 MWth of new installations by the end of the year.7 

 

 

Fig. 9: Installed solar thermal capacity in Austria 
Source:ESTIF 

 

2.1.4.4 Luxemburg 

 
In 2004 the total installed solar thermal capacity in Luxemburg reached 8.050 kWth. The 

installed new capacity was equal to 1.190 kWth. In comparison to 2003 that was an increase of 

13%. For the year 2005 the market forecast predicts that 1.400 kWth will be installed.8 

2.1.4.5 Sweden 

In 2004 the total installed solar thermal capacity in Sweden reached 130.038 kWth. The installed 

new capacity was equal to 14.041 kWth. In comparison to 2003 that was an increase of 4%. For 

the year 2005 the market forecast predicts that 17.500 kWth will be installed.9 

 

                                                 
7  ESTIF, Solar Thermal Markets in Europe (Trends and Market Statistics 2004), June 2005. 
8  ESTIF, Solar Thermal Markets in Europe (Trends and Market Statistics 2004), June 2005. 
9  ESTIF, Solar Thermal Markets in Europe (Trends and Market Statistics 2004), June 2005. 
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2.2 Fuel Wood Pellets 

 

 

Fig. 10: Wood Pellets  
Source: Deutscher Energie-Pellet-Verband e.V. 

 

Wood Pellets are standardized cylindrical mouldings of the diameter of approx. 4-10 mm and 

length of approx. 20-50 mm made from dried, untreated wood waste i.e. sawdust, plane 

chipping, forestall wood waste.  They are produced under high pressure without addition of a 

chemical binder. Wood pellets have the heating value of minimum 4.7 kWh/kg. In comparison to 

the energy content of heating oil and natural gas the energy content of 2 kg pellets is equal to 

the energy content of 1 litre heating oil and approx. 1 m3 of natural gas.  

2.2.1 Pellets market- a European overview 

2.2.1.1 Austria 

Since the market launch of pellet heating units in Austria in the year 1996 the sales of pellet 

heating units has been steadily growing. Except during the year 2002 the sales numbers of the 

prior year have not been reached. Since than the sales is growing every year by 16 to 17%. The 

following diagram shows the sales numbers of pellet heating units since the market launch. 



  SOLLET Guide, Combined Systems 

14 

 

0

1000

2000

3000

4000

5000

6000

7000

1997 1998 1999 2000 2001 2002 2003 2004

 

Fig. 11: Sales numbers of pellets heating units in Austria 
Source: according to Ing. Karl Furtner, Dipl.-Ing. Herbert Haneder, NÖ Landes-Landwirtschaftskammer 

 
The average power of pellet heating units in Austria is 18 kW. About 93 % of pellet heating units 

are bought together with automatic pellet conveyor systems and 7% with weekly or monthly 

pellet storage. 

During 2004 about 220,000 tons pellets were sold in Austria. That corresponds to the cumulative 

installed capacity of 550,000 kW and an average pellet consumption of 0.4 t/kW nominal power 

of the boiler. The production capacity of pellets in Austria is approx. 135,000 tons per year.10 

 

2.2.1.2 Germany 

The boom of the pellets market in Germany started at the end of the last millennium, during 

1999 and 2000. In comparison to Austria, the boom in Germany occurred quite late. The market 

boom was caused in Germany by the significant price increase of heating oil and gas. During 

winter 1999/2000 the conditions for the market launch of a new fuel and heating technology 

were advantageous. Since then, the number of sales of pellet heating systems has been 

                                                 
10  Ing. Karl Furtner, Dipl.-Ing. Herbert Haneder, Biomasse-Heizungserhebung 2004, NÖ Landes-

Landwirtschaftskammer. 
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constantly growing. Simultaneously there has been a decrease in the number of sold oil and gas 

heating systems. 

The year 2002 was an exception to the market growth of the pellet heating system. The number 

of sold pellet heating systems stagnated at the level of the previous year. This was due to the 

weak economic situation of the building industry. Despite the situation of the building industry the 

market could recover during the years 2003 and 2004. The reason was the implementation of a 

funding program for pellet heating systems by the Federal Ministry for the Environment, Nature 

Conservation and Nuclear Safety. By the first of December 2004, 6600 pellet heating systems 

had been granted. This is an increase of 12 % compared to the previous year. In 2005 was a 

boom with approx. 17.000 new plans which was overtrump in 2006 with approx. 25.000 new 

plants. Due to this extreme market development the supply with the wood pellet fuel break down 

in the winter 2005/2006 in Germany. In 2006 most of the pellet production plant were extend and 

new ones were build. In the following diagram the sales numbers of pellet heating units in 

Germany are presented. 

 

Pellet heating systems in Germany + forecast of the trade (2006)
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Fig. 12: Sales numbers of pellets heating units in Germany 

Source: market study, Sunsys 2006 
An special characteristic of the German market are its regional differences. The market is 

concentrating in the western and 2 southern federal states. Here 64 % of the pellet boilers are 

sold. The northern and eastern federal states have just a small market share. 
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The pellet heating market offers a wide range of pellet stoves, boilers and central heating. The 

units have a range of performance from ca. 5 kW to 1,000 kW. There are over 80 manufacturers 

selling their products on the German market, but most of the products are imported from Austria. 

Small private household heating applications dominates the demand for wood pellets. This 

market segment is characterized by disproportionately higher growth over the recent years. On 

the other hand, the requirement for the fuel is quite low (3-5 t). This is linked with high efforts on 

transport and distribution and also with high quality requirements of the pellets. According to 

predictions, the production capacity of pellets in Germany should have reached 300,000 tons 

during the year 2005.11 

2.2.1.3 Greece 

At present no market for wood pellets exists in Greece.  

However, in Greece, renewable energy sources contributed 5.2 % to the total primary energy 

supply in 2000. Biomass accounted for 67% of this renewable energy sources contribution. 

Domestic use of wood for cooking, domestic hot water and space heating contributes about 74% 

of the total biomass energy production.12 

The most consumed fuel types for the generation of heat in households are oil (59.7%), followed 

by electricity (21.6%), biomass (15.1%), natural and liquid gas (2%) and other solid fuels (lignite 

1.6 %).13 

Due to the fact that wood is already used for domestic water and space heating and the fact that 

heating systems which can be substituted by pellet heating already exist in Greece, a market for 

wood pellet heating systems could easily develop. 

2.2.1.4 Luxemburg 

At present there is no statistical data available regarding the installation numbers of pellet 

heating units in Luxemburg. However it is known from the governmental grant programmes that 

until the year 2004 about 55 private wood heating systems have been granted. Into that number 

pellet heating units are also included. In Luxemburg no pellet production plant exists and all 

required pellets are mainly imported from Germany.14  

However the implementation of governmental granting for wood heating systems and the close 

proximity to the German market leaves the certainty that the pellets market in Luxemburg will 

develop very rapidly. 

                                                 
11

  Dr.-Ing. Joachim Fischer, Trend 2005 vom Pelletsmarkt Deutschland – Fortsetzung des dynamischen 
Wachstums, Deutscher Energie Pellet-Verband e.V. 

12
  CRES, market report, Analysis of the market for combined solar biomass heating systems in Greece, p. 2. 

13
  CRES, market report, Analysis of the market for combined solar biomass heating systems in Greece, p. 8.  

14
  e-mail on 02.02.06 from Mr. Jeannot BEHM, Ing. Ind., AGENCE DE L'ENERGIE, Luxemburg 
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2.2.1.5 Sweden 

The development of the Swedish pellet market was contrary to the German and Austrian pellets 

market development. First, large heating plants started using wood pellets. The market for small 

residential wood pellet heating application developed after that. In the eighties, when the prices 

of fossil fuels were increasing, Sweden concentrated on national energy sources and converted 

its district heating plants from fossil fuels to wood. Due to the transport difficulties of wood from 

the northern regions of the country to the urban agglomerations in the southern part of the 

country, wood pellets have been chosen as a fuel that is easy to transport. The private market 

for small residential applications started to develop in the late nineties. By 2000 domestic use 

represented about 10 % of Swedish consumption. Today about 50,000 wood pellets heating 

systems are installed in Swedish private households and about 8,000 new pellet heating 

systems are installed every year. In Sweden, no governmental support programmes for pellet 

heating system exist. However pellet heating systems can easily compete with other heating 

systems due to high fossil energy prices. At present about 60 % of Swedish households are 

heated by electricity. The main heating system, which is able to compete with pellet heating 

systems, is the heat pump. That is due to the fact that lots of family houses have been 

previously heated by electric heating systems and are not equipped with exhaust systems and 

water conducting heat distribution systems. Specific to the Swedish pellet boiler market, existing 

oil heating boilers can be converted into pellet boilers by simple exchanging of the burner. 

Therefore, Swedish producers focus on the production of burners.15 

Sweden is the biggest producer of pellets in Europe and also the biggest pellets consumer. The 

consumption of pellets in Sweden during 2005 has reached 1.5 million tons.16 

2.2.2 Quality Standards of Pellets 

At present few European countries like Austria, Germany and Sweden have official standards 

specifically for pellets. The quality standard for fuel wood pellets is defined in Germany in the 

DIN 51731 and in Austria in the ÖNORM M 7135. The certificate “DINplus” of the DIN CERTCO 

association for evaluation of conformity Ltd. unifies the DIN 51731 and ÖNORM M 7135 and 

also defines the requirements for the abrasion resistance and testing methods. Thereby the 

compliance with standards and advanced demands on quality are approved to the buyer by an 

independent/neutral centre on the basis of wood pellet samples and visits to the manufacturing 

plants. In Sweden the standard for wood pellets is defined in the SS 187120. 

To create a common European pellet standard comprehensive work has been done to define 

standard methods for analysing and classifying pellets. This work can be found in the report of 

                                                 
15

  Bernward Janzig, Fernwärme als Wegbereiter in Pellets- Markt und Technik,  February 2005, p.32. 
16

  Data based on Statistics of PiR - Association of Swedish Pellet Producers. 
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CEN/TC 14961. In the table below the most commonly used standards are listed together with 

the new CEN classification system of pellets. 

 

 

Fig. 13: National pellets standards for Autria, Sweden and Germany and the final draft for the European standard for 
pellets.  

Source: Table 1 of the publication : « Existing Guidelines and Quality Assurance for Fuel Pellents » 
http://www.pelletcentre.info/CMS/webedit/images/cmsdoc__19/Guidelines_Deliveralbe29.pdf 



  SOLLET Guide, Combined Systems 

19 

2.2.3 Production process of wood pellets 

Wood pellets are produced from untreated wood waste i.e. sawdust, plane chipping, forestall 

wood waste. After the delivery to the pellet production plant, the raw material is conditioned and 

prepared for pressing. The sawdust and strands are ground to the right size. Afterwards they are 

dried, if necessary, so that the water content is less then 10 %. The production of wood pellets 

begins in the long term conditioner, where the saw dust is heated up by steam.  

The pellets are formed in the moulding press. There the substance lignin contained in the wood 

is heated up to 150° C until it becomes fluid. This is the gluing process of the wood particles and 

allows a flat and dust-free surface of wood pellets to form. Afterwards the pellets are cooled so 

that the lignin becomes hard and provides dimensional stability to the pellets. 

 

Fig. 14: Production process of wood pellets in a pellet factory  
Source: Schmidmeier Umwelttechnologie AG (translation of inscription own) 
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2.2.4 Buying and delivery of pellets 

Pellets are available in several packaging methods. They can be packed in bags, large bags or 

delivered as loose ware in bulk. 

Loose pellets in bulk are delivered with tank vehicles. From the tank vehicle the pellets are 

blown into the storage room via a flexible hose line. The dust particles that appear during the 

filling are evacuated via a second house line. Pellets in bulk are especially suitable for central 

heating boilers. The price consists of the fuel price, the transport costs and the feeding lump 

sum. 

 

Fig. 15: Tank vehicle feeding the storage room  
Source: Fachagentur für Nachwachsende Rohstoffe e.V. (FNR) 

 
Packed pellets are available in 5 kg to 50 kg stackable bags. These can be delivered on pallets 

or bought separately. Pellets in bags are especially suitable for the feeding of pellet stoves.  

Furthermore pellets can also be packed in big bags. These contain about 1000 kg of pellets. 

 

Fig. 16: Filling of the pellets from a bag into a stove  
Source: Wodtke GmbH 
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3 Combined Pellet and Solar Thermal heating systems for 

residential applications 

Combined pellet and solar thermal heating systems are composed of the components of solar 

thermal heating systems and pellet heating systems. The main components of these systems 

are: 

• Pellet boiler including its infrastructure (fuel storage, pellets delivery system etc.) 

• Solar thermal system (solar thermal collectors, solar circuit etc.) 

• Heat storage 

• and control systems 

 

 

Fig. 17: Combined solar thermal and pellet heating system  
Source: Fachagentur für Nachwachsende Rohstoffe e.V. (FNR) – Publication: „Holzpellets – komfortabel, effizient, 

zukunftssicher“; http://www.depv.de/uploads/media/Holzpellets_2005.pdf 

 
There are two system types that are used for the combination of the solar thermal and pellet 

heating system, the domestic hot water system and the solar thermal assisted system for space 

and domestic hot water heating. The difference between both systems is that the domestic hot 

water system is using the solar thermal component just for the heating of the domestic hot water 

and the space heating is supplied completely by the boiler. In the solar thermal assisted system 

for space and domestic hot water heating the solar thermal generated heat is also used for the 

space heating. 
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In the domestic hot water systems the solar thermal system is designed to supply the heat for 

the domestic hot water during the summer months. The pellet boiler can stay off during that time 

period. Due to that no fuel (pellets) is required during summer. During winter months the solar 

thermal system is preheating the domestic hot water. Therefore the domestic hot water system 

is able to save up to 80 %17 of fuel required by not combined heating systems for the domestic 

hot water heating. 

Combined solar thermal and pellet heating systems that use the solar thermal system for space 

and domestic hot water assistance allow saving of up to 30% of the yearly required fuel for 

space and domestic hot water heating. Basically all given rough figures are depending of the 

individual consumption and type of building. 

There are several system types of the domestic hot water system and the solar thermal assisted 

heating system for the space and domestic hot water system. 

3.1 Domestic Hot Water System 

3.1.1 Standard system 

Almost every manufacturer offers the standard system for small residential applications. It is a 

double cyclic system with two integrated internal heat exchangers. The first heat exchanger 

serves as the supply of the solar thermal generated heat. The second heat exchanger transfers 

the heat generated by the pellet boiler. The heat storage tank contains water. For a comfortable 

tapping temperature, a three-way mixer can modulate the maximal temperature of the water. 

The circuitry of the system is relatively simple. Established control principles are applied. The 

solar circuit pump is switched on when the temperature of the collector exceeds the temperature 

in the lowest part of the storage over approx. 5-8°C. When the temperature of the storage unit is 

lower than the stand-by range temperature that is set up at the boiler controller, the boiler then 

heats the storage unit instead. During that process the circuit pump stays off. When two storage 

tanks are connected together in a cascade connection they can be heated both by the solar 

thermal component. The tap storage is heated in first priority, or just the preheat storage tank is 

heated solar thermally and the tap storage is heated when required. 

                                                 
17

 Öko-Institut e.V. (Hrsg.): Thermische Solaranlagen. Marktübersicht; Staufen bei Freiburg: Ökobuch, 
1997 
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Fig. 18: Domestic hot water system combined with a pellet boiler 
Source: Wagner & Co Solartechnik GmbH 

 
When a stratified storage tank is used as a domestic hot water or buffer storage tank, the heat 

from the collector is directed to the adequate temperature layer in the storage tank. In these 

types of installations the stratified storage is filled only with drinkable water for hygienic reasons. 

In comparison to other storage tanks the clear reduced mixing of the water leads to a faster 

usable temperature level. When a storage tank works with buffer water, an external direct-flow 

heat exchanger heats the domestic hot water (drinkable water). The capability of the system is 

determined by a good adjustment of the heat discharging control from the storage tank in 

relation to different kinds of tapping.18
 

3.1.2 Two Tank Installations 

In domestic hot water systems equipped with two heat storage tanks the solar circuit charges 

over an internal or external heat exchanger with the buffer storage tank. The domestic hot water 

storage is heated by the downstream-connected buffer storage. The pellet boiler circuit heats 

the top of the domestic hot water storage unit. The temperature of the buffer heat storage tank 

is exclusively dependent on the supply of solar energy. The energy losses are lower in 

comparison to systems where the buffer storage is heated by the boiler. The domestic hot water 

storage unit and buffer storage is partitioned in large systems for water hygienic reasons and for 

energy conservation. 

. 

                                                 
18

  Cf. Kasper/Remmers/Spitzmüller/Weyres-Borchert, Solarthermische Anlagen, DGS, Deutsche Gesellschaft 
für Sonnenenergie e.V. p. 3-7 et sqq. 
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3.2 Solar thermal assisted system for space and domestic water 

heating 

When the heating system is just in planning stages it is most important to consider the 

application of a solar thermal system. The decreasing heating demand in modern low emission 

houses and the superior performance of modern solar thermal systems favour the trend to apply 

solar thermal systems for heating assistance. Despite the low solar coverage on space heat (10-

30 %), solar thermal assisted heating systems have a higher primary energy substitution in 

comparison to domestic hot water systems. 

The heating assistance is technically implemented in two ways. Either the boiler charges the 

storage unit and the storage feeds the heating circle or the solar thermal system raises the boiler 

heat return temperature. Through this assistance, the boiler has to supply less or no heat.19 

 

Fig. 19: Solar thermal system for domestic hot water and heating assistance 
Source: Wagner & Co Solartechnik GmbH 

 

3.2.1 Combined storage system (tank-in-tank system) 

In a combined storage system a small domestic water storage unit is built into the buffer storage 

tank. The solar thermal circuit flows over an internal heat exchanger in the lower part of the 

boiler. The boiler feeds the storage unit in the top part. The heating circuit discharges the heat 

from the storage in its middle section and flows back at the lower part of the storage. This type of 

system does not require any complex control systems. The domestic hot water is discharged 

                                                 
19

  Kasper/Remmers/Spitzmüller/Weyres-Borchert, Solarthermische Anlagen, DGS, Deutsche Gesellschaft für 
Sonnenenergie e.V. p. 4-9 et sqq.   
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from the internal domestic storage tank. The tank is refilled with cold water. Frequent refilling of 

the tank with cold water may have a negative influence on the temperature layering. 

 

 

Fig. 20: Tank-in-tank system combined with a pellet boiler 
Source: Wagner & Co Solartechnik GmbH 

3.2.2 Systems with buffer storage, internal discharge heat exchanger and 

flow off pipe 

The buffer storage tank is charged by the solar thermal system over an external heat exchanger 

in two sections. The temperature level decides which section is charged. The discharging of hot 

water for domestic use is carried out over an internal heat exchanger mounted above the flow off 

pipe. When the heat exchanger cools down due to the inflow of cold water, a downstream of 

water inside of the off-flow pipe occurs. Within the storage tank the flow rises, making the heat 

exchanger sufficiently flown through. The boiler heat is charged into the storage at its top part. 

The boiler heat return either raises the solar heat return by flowing through the storage tank or 

feeds directly over a bypass into the boiler when the storage unit becomes too cold. The control 

complexity of this type of system is quite simple, but the temperature layering is not optimal. 

 

3.2.3 Layering Storage Tank with domestic water heating in direct flow 

and heating assistance 

Layering storage tanks that are used in domestic hot water systems and work only with drinkable 

water are actually designed for heating assisting systems. They are equipped with a layer 
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charger. The layer charger ensures that the solar thermal heat and the heat from the return are 

fed into the accurate layer. The boiler heat is charged into the top part of the storage tank. An 

external heat exchanger equipped with a speed controlled circuit pump extracts the domestic hot 

water. The system works very efficiently. The control of the discharging pump is very complex 

but this does not cause any practical constraints since manufacturers offer lots of prefabricated 

systems. 

 

 
Fig. 21: Layering Storage Tank 

Source: Fa. Solvis Germany with English translations 

3.2.4 Two-Tank System 

In the two tank system the domestic hot water (drinkable) buffer storage tank is traditionally 

separated from the buffer heating storage tank. The solar thermal circuit charges both tanks in 

their lower parts, but the domestic hot water tank takes heating priority. Every storage tank 

supplies its downstream system. This type of system can be used for a re-fitting of the heating 

system with the assistance of solar thermal heating. The already installed solar thermal storage 

tank can be adapted into the system. 
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In comparison to the systems described above, the two tank system requires more space, has a 

higher piping complexity and higher heat losses from the storage unit. 

 

 

 

Fig. 22: Two Tank System  
Source: Wagner & Co Solartechnik GmbH
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4 Technology of wood pellet heating 

Single stoves and central heating boilers are available for the combustion of wood pellets. 

Pellet stoves are suitable to heat rooms, compact flats and applicable in some low energy 

houses. The heat emission is carried out by radiation and convection (fan). In some stoves 

there are additionally integrated liquid heat exchangers. These can transfer the heat directly 

into the heat distribution system. The pellet stoves have a heat output range up to 12 kW20. 

The flame is usually visible behind a glass panel. The heat output is regulated manually or is 

thermostatic dependent on the required room temperature. 

 

 

Fig. 23: Picture of a Pellet Stove 
Source: Calimax Entwicklungs- und Vertriebs-GmbH,A-6830 Rankweil, Austria 

 

Central heating boilers are used to heat one family houses, apartment buildings or other mid-

range applications as schools, hotels, offices etc.. The heat output is transferred to the heat 

distribution systems by liquid heat exchangers like in conventional oil and gas boilers. The 

heat output of pellet boilers has usually the range of application from 10 to 50 kW21, but there 

are also bigger ones up to 1,000 kWth available. It is regulated fully automatic depending on 

the outside temperature and the required room temperature.22  

                                                 
20

  Biomasse Info-Zentrum (ed.), Pellet-Zentralheizungen & Pellet-Einzelöfen,-Markübersicht-,FNR, 
Stuttgart/Gülzow 2002. 

21
  Biomasse Info-Zentrum (ed.), Pellet-Zentralheizungen & Pellet-Einzelöfen,-Markübersicht-,FNR, 

Stuttgart/Gülzow 2002. 
22

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.20.  
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Fig. 24: Pellet Heating Boiler 
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H., A-4132 Lembach i. M., Austria 

4.1.1 Combustion of Wood Pellets 

In general combustion is a term for a spontaneous chemical reaction of burnable elements 

with a fuel and oxygen, whereby heat is generated. In a complete combustion process, the 

burnable elements of wood pellets (cellulose, polyose and lignin) basically become carbon 

dioxide and steam. The chemical by photosynthesis-stored energy in the wood is converted 

into heat through the combustion process.  

Every burnable material requires a certain amount of oxygen and an according amount of air 

(theoretic air requirement) for its completely combustion. For the complete combustion of 

wood theoretically 1, 39 kg of oxygen is required, according to 0, 97 m3 (at 0O C and 1013 

hPa). Thus air containing 21% oxygen requires 4, 62 m3 of air for the combustion of 1 kg of 

wood.23 

4.1.1.1 The requirement for air 

 

The proportion of the supplied air for the combustion and the theoretical air requirement is 

termed as �–value. According to this proportion the complete combustion supplied with the 

theoretical air requirement has the �–value = 1. In this case the flue gas has the highest 

content of carbon dioxide. The carbon dioxide content depends on the fuel. Wood contains 

approx. 20% of carbon dioxide. To ensure that enough oxygen is fed into the firing chamber 

and the combustion can proceed optimally, a higher amount of air is theoretically necessary 

                                                 
23

  R. Marutzky/ K. Seeger, Energie aus Holz und anderer Biomasse, 1999, DRW-Verlag, Leinfelden-
Echterdingen. 
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to feed into the firing chamber. That means that a surplus of air is provided for combustion 

according to � = 1.4 up to 2.0. The higher the surplus on air the higher the oxygen content of 

the exhaust gases. For the measurement of the oxygen content in the exhaust gases a 

lambda (�) probe is used. The measured value is used as the control signal for the regulation 

of the secondary air intake. Incomplete combustion (air deficiency) has a �–value < 1. The 

case of air deficiency in the combustion process leads to the formation of malodorous smoke 

and therefore harmful exhaust gases which contain a lot of carbon dioxide, carbon monoxide, 

unburned hydrocarbons, nitrogen oxides and solid particles (soot). Carbon monoxide content 

is an important indicator for exhaust gas quality.24 

4.1.1.2 The combustion efficiency factor 

In the process of combustion it is not possible to transfer the whole heat provided by the fuel 

to the heating medium. Losses occur. The quantity of the losses is described with the 

efficiency factor �. The efficiency factor of the energy conversion is generally defined as the 

proportion of the useful energy to the whole energy input. In heating units it is distinguished 

between fuelling affected efficiency factor and the unit-specific efficiency factor. 

The fuelling affected efficiency factor provides information about the performance of 

combustion. It takes into consideration the energy losses that are discharged by exhaust 

gases. Improved quality in the design of the burner, combustion chamber and heat 

exchanging surfaces yields a higher fuel affected efficiency factor.  

The unit-specific efficiency factor measures the utilization of the generated heat. It is 

dependent on the design of the boiler insulation and the design of the heat exchangers. 

The overall efficiency factor results from the multiplication of the unit- specific and the fuelling 

–specific efficiency factor. In pellet heating units the overall efficiency reaches 92%.  

Naturally there is also a difference between the efficiency factor in full and partial power 

operation of the boiler. A partial power efficiency factor is usually worse than the efficiency 

factor during a full power operation of the boiler.  

Furthermore the annual use efficiency is of importance to the user of a wood pellet heating 

system. The annual efficiency factor is the proportion of the annually generated usable heat 

and the yearly fed energy in the form of fuel. High quality pellet boilers reach an annual use 

efficiency of up to 90%.25 

4.1.2 Emissions  

                                                 
24

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.15. 
 
25

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.16.  
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The exhaust gases resulting from the combustion of wood or wood pellets contains elements 

that are partly avoidable and unavoidable. Steam, carbon dioxide, and nitrogen as well as 

ash and dust are unavoidable by-products of the combustion process.  Carbon monoxide, 

unburned hydrocarbon, nitrogen oxides and solid particles (soot) are unavoidable 

components because their formation is avoidable through the correct design of the heating 

unit and through an adequate combustion process. 

It has already been mentioned that the combustion within well-adjusted pellet stoves is linked 

with low emissions. In reference to carbon dioxide emissions, a comparison with 

conventional oil heating systems follows. 

Within the combustion of 1 litre heating oil (equal to 10 kWh) about 3.13 kg of carbon dioxide 

is emitted. Assumed we have a heating oil consumption of 2000 l/a (i.e.20.000 kWh) that is 

equal to 6260 kg of carbon dioxide emissions per annum. 

For the generation of the same amount of energy with wood pellets as the fuel about 4000 kg 

pellets are required. The combustion of 1 kg pellets emits 1.83 kg carbon dioxide. Therefore 

7320 kg of carbon dioxide is emitted per annum.  

Indeed, the carbon dioxide emissions of pellets are higher in comparison to oil. Yet, this 

carbon dioxide was previously used by trees in the recent past, balancing the amount 

emitted during combustion. This carbon dioxide will be even further used by trees and enter 

a carbon cycle with no additional carbon dioxide being generated. Therefore, no additional 

carbon dioxide enters the atmosphere. That is not the case during the combustion of fossil 

fuels.26 

Another relevant emission is the fine-dust of pellet boiler. The values are between 5 – 20 

mg/Nm³ and comparable to existing oil boilers. Furthermore in different researches was 

analysed that the emitted fine-dust of pellet boilers is due to the main parts of inorganic salts 

less toxic than other fine-dust like soot of diesel car-engines or old-fashioned wood-log 

stoves. Nevertheless there are nowadays different fine-dust filters for all kind of wood 

combustions in development or at the market available. 

4.2 Types of boilers for the utilization of wood pellets 

There exist 2 types of pellet boilers that are useful for the combination with solar thermal 

systems. Pellet boilers and pellet stoves with water and air heat exchangers. Pellet stoves 

equipped just with air heat exchangers are not suitable for the combination with solar thermal 

heating systems. 

                                                 
26

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.18.  
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4.2.1 Air and water heating pellet stoves 

As a result of the launch of the standardised wood pellets new types of single stoves 

expanded with the pellet stove. The advantages of the automatic fuel feeding system have 

also had a positive effect on the low range of performance in the field of living space heating. 

Through the application of pellets with constant fuel attributes and a low humidity ratio the 

variations of the firing process are minimized. 

In pellet stoves the pellets are filled into a storage tank on the back side of the stove. In 

single stoves this usually occurs manually. Due to the high bulk density of pellets a large bulk 

of pellets can be filled in (approx. 20-50 kg). Dependent on the charge state that amount 

lasts for about 1-4 days. The pellets are transported over a screw conveyor in a riser to the 

opening of a drop. Over the drop the pellets fall into the burner. The initial ignition of the 

pellets in the burner is either done manually or by an electronic ignition (hot-air blower or a 

glow bar). The primary air is fed by air nozzles into the burner. The secondary air flows 

sidewise above the fuel, or rather the fire bed, over annular air nozzles and into the burner 

through its walls. Normally a slight air flow is fed over the drop to prevent reverse 

combustion. Purge air has to be fed downwards along the viewing glass to prevent dust and 

soot disposal on it. In terms of optimal combustion the feeding of the purge air for the 

mentioned visual improvement is disadvantageous. The fed purge air is not used as 

secondary air and as the surplus on air it has a negative impact on the emissions and the 

efficiency of the stove. In general, the pellet stove is ranked higher in low emissions and 

efficiency in comparison to other stoves. The carbon dioxide emissions of the pellet stove are 

far lower than in other single units and efficiency reaches even more than 90%. 

The air supply is induced by a speed regulated blower. The air intake is carried out over a 

central aspiration port so that pellet stoves with external air feeding can be operated 

autonomously of the compartment air. This kind of operating method is relevant for the 

controlled ventilation of the housing space. Little compartment air is taken in from the 

housing space for the cooling of the drop shaft and the purge air. 

The appearance of the firing flame is alike a gas flame. The heat output is carried out 

partially by radiation but mostly through convection. The accrued ash has to be taken out 

from the burner and the ashbin from manually and periodically. Due to their power variability, 

pellet stoves are also suitable for continuous operation. Pellet stoves are available with 

nominal heating power up to 12 kW and can be modulated to approx. 30% of their nominal 

power. 27  

                                                 
27

  H. Hartmann (ed.), Handbuch Bioenergie-Kleinanlagen, FNR, 1. Auflage, Februar 2003, p. 76.  
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In air and water heating pellet stoves the generated heat is mostly discharged into the 

heating circuit through water heat exchangers and just a small part of the heat output is 

carried out partially by radiation and convection.  

The automatic fuel application in pellet stoves enables a wide range of performance between 

approx. 30 and 100 % of the nominal output. Thus the heat output of pellet stoves can be 

well adjusted to the current requirement for heat of the heated housing space. This 

advantage has the biggest effect especially in pellet stoves with water heat exchangers for 

the supply of domestic hot water. These types of stoves are increasingly used in combination 

with other renewable energies (e.g. solar thermal energy) as main heating units in low-

energy houses. About 50 to 85 % of the heat discharge is carried out by the water heat 

exchangers and provided into the heating circuit. The rest of the heat is transferred through 

convection and radiation to the room heating.28  

 

 

Fig. 25: Cross illustration of a water and air heating pellet stove  
Source: Calimax Entwicklungs- und Vertriebs- GmbH 

 

4.2.2 Pellets central heating boiler 

Modern pellets central heating boilers are fully automatic regulated central heating boilers 

designed for the purpose of the heat supply for one-family houses and apartment buildings. 

Their usual power application ranges between 15 and 50 kW.  The overall efficiency of 

pellets boilers can reach up to 92%. 
                                                 
28

  H. Hartmann (ed.), Handbuch Bioenergie-Kleinanlagen, FNR, 1. Auflage, Februar 2003, p. 78. 

Water Heat Exchanger 

Burner and Ignition 

Forced Draught 

Ashbin 

Control Unit 

Heat Return and 
Supply 

Exhaust 

Firing 

Firing Chamber 



 SOLLET Guide, Technology of wood pellet heating 

34 

Other than in single stoves like air and water heating pellet stoves the main objective in 

central heating pellets boilers is to avoid any heat emissions to the ambient air. This is due to 

the fact that the installation place usually does not have to be heated and thus the maximum 

of the generated heat has to be transferred to the heating-circuit water. Over the heating 

circuit the heat is regulated to the heating devices in the desired rooms of destination. 

When speaking about pellet central heating boilers, the whole system infrastructure is worthy 

of mention. Pellets are delivered to the consumer by silo tank vehicles. From the lorry they 

are blown via flexible hose lines into the storage facilities. The storage facilities are either 

storage rooms inside of the house, textile material tanks or ground tanks. The storage 

facilities should be large enough to cover at least a yearly requirement for pellets. From the 

storage facilities the pellets are conveyed via screw or vacuum conveyors to the boiler where 

the combustion occurs. Such designed pellet central heating boiler systems work completely 

automatically and offer a comparable reliability and comfort compared to modern oil heating 

systems. The only difference is that the ashbin has to be emptied from time to time.  

A general composition of a pellets boiler including the infrastructure is shown in the figure 

below. 

 

Fig. 26: Pellets boiler with a screw conveyor 
Source: Agence de l´Energie Luxembourg  

Explanation: 1-Burner; 2-Flame shaft; 3-Ashbin; 4-Heat exchanger with cleaning spring; 5-Cleaning engine; 6-
Blower; 7-Boiler insulation; 8-Control device; 9-Electronic ignition; 10- Burner screw; 11-Main drive and gearing; 

12-Fire shutter; 13- Screw duct in the pellet storage; 14-Screw;15-Drive motor; 16-Aspirator. 
 

However, next to the pellet boilers with external storage and conveying infrastructure there 

are also pellet boilers with internal storage in a lower range of power. These are designed 

especially for applications in houses where no space for storage is available. They have 

integrated pellet storage within or attached to the boiler body. The pellets storage in these 

types of boilers has enough volume to cover about a weekly requirement for fuel. These 
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boiler systems are cheaper in comparison to boiler systems with external storage, since this 

extra capacity is not required. However, pellet boilers with internal storage do not provide as 

much comfort as the pellets have to be manually and often refilled.  
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Fig. 27: Cut view of a pellet central heating boiler with integrated pellet storage 
Source: Windhager Zentralheizung AG, A 5201 Seekirchen, Austria 

 
Pellet central heating boilers are very suitable for the combination with solar thermal heating. 
 

4.3 Pellet stove and pellet boiler design 

The body of the stove or boiler is generally a welded sheet steel construction. Inside of it is 

the heat exchanger, the firing chamber and the exhaust gas outlets. The heat exchanger 

surrounds the firing chamber and provides the heat transfer to the heating medium (air or 

water). In stoves a fan can assist the heat transfer to the ambient air. In central heating 

boilers there is a circulation pump to provide water circulation in the heating circuit. The 

burner is located in the firing chamber. The size of the firing chamber has to be aligned to the 

heating output, so that the combustion can proceed optimally over the entire range of 

performance. Thereby a full burning of the pellets is provided. The heat generated by the 

flame has to be absorbed each time by the face of the firing chamber and transferred to the 

heating medium. The firing chamber usually has the shape of a high rectangular shaft as the 

flame from the pellet burner always burns from the bottom to the top. 

Some manufacturers provide additional fire clay or ceramic coating for the firing chamber. 

The coating provides consistent heat distribution and high temperatures in the firing chamber 

in order to ensure a good burnout of the pellets. However such coatings have a higher 

abrasion compared to steel. The coatings also need a longer time to heat up until they evolve 

their positive effect. 

For further heat utilization the flue gas outlets are disposed behind the firing chamber. 

Through these outlets the heat from the over passing flue gases is detracted (absorbed).  

There are always several flue gas outlets installed in order to enlarge the heat dissipating 
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surface. Certainly the flue gas can just be cooled down, as long as it will still be able to 

dissipate through a chimney without condensation or steam. 

The stoves and boilers respectively have sheet metal covering on the outside. The stoves 

and boilers are covered around the outside with sheet metal. Compared to a stove, where 

the heat transfer to the heated room through radiation and convection is intentional, the 

boiler for a wood pellet system is covered with insulation to keep the heat radiation losses 

into the installation room at a minimum. The objective is to transfer a maximum of heat to the 

liquid heat exchanger and further to the heating circuit.29 

 

 
Fig. 28: Cross illustration of a pellet boiler  

Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 
Explanation: 1-Burner; 2-Flame shaft (firing chamber); 3-Ashbin; 4-Heat exchanger with cleaning spring; 5-

Cleaning engine; 6-Blower; 7-Boiler insulation; 8-Control device; 9-Electronic ignition; 10- Burner screw; 11-Main 
drive and gearing; 12-Fire shutter; 14-Screw;15-Drive motor; 16-Fire shutter. 

                                                 
29

  Cf. T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.21. 
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4.4 Technology of pellets central heating boilers and stoves 

The general design of air and water heating pellet stoves and pellet central heating boilers is 

shown in the figures 24 and 27. In comparison to other heating boilers using fossil fuels 

especial for pellet stoves and boilers are the following components: 

• the burners 

• the ignition 

• the blower 

• the firing  

• operation and maintaince 

• fuel storage 

• pellet feed system 

• exhaust system 

All these technical aspects are described in the following subchapters. 

4.4.1 Pellet burner types  

The most common used burner types in pellet stoves and central heating boilers are the 

burner bowl and the burner plate. 

4.4.1.1 Bowl Burner  

The burner bowl is used in pellet stoves with a heating power of up to 10 kW and in central 

heating boilers with maximal power of 30 kW. It is made up of a double walled bowl made 

from high temperature resistant stainless steel. On the bottom of the bowl is an opening 

covered with a grate plate. The primary air inlet line is connected to the bottom of the bowl. 

The air is conducted to the bowl through a primary air mandrel. The mandrel is inserted in 

the grate plate and in the primary air inlet line. The air of the electrically heated hot air blower 

that is used for ignition is also conducted through the primary air inlet line. The feeding of the 

pellets happens by gravitation (drop firing). An appropriate dosed portion of pellets falls 

continuously from the incline-mounted chamfer on the grate plate. The combustion takes 

place on the grate plate with a small fire bed. Therefore besides the ignition, the re-ignition 

also has to take place through the hot air blower. The secondary air is fed through the 

outside coating, where it heats up. This has a positive effect on the complete burnout of the 

pellets. During the secondary burning process the air escapes through several openings on 

the top of the inside coating. The grate plate can be turned so that the covered bottom 
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openings can be opened by a motor drive to feed the ash and unburned pellets into the 

ashbin. The drive of the grate plate is carried out cyclically.30 

 

 

 

Fig. 29: The bowl burner  
Source: Windhager Zentralheizung AG 

 

Advantages of the bowl burner: The bowl burner has been developed especially for the 

combustion of pellets. The combustion process is very adjustable and produces low 

emissions as an effect of the small fire-bed. Due to pellets entering the burner from the top 

there is little danger for reverse combustion. Cleaning of the burner bowl is very easy.31 

 

Disadvantages of the bowl burner: Because of the pellets falling from the top down into 

the burner there is a disturbance in the fire-bed and thus the burnout. Furthermore there is a 

mechanical device necessary for ash removal. The maximal power is ca. 30 kW. Slagging on 

the grate plate and primary air mandrel is possible and necessitates more frequent cleaning 

especially when using lower quality pellets. Stoves and boilers equipped with a bowl burner 

are only qualified for pellets.32 

 

4.4.1.2 Plate Burner  

The plate burner is usually used in larger heating boilers. The burner consists of a round 

plate made of high temperature stainless steel, known as the burner plate. The plate has 

several openings. The pellets are continuously fed from underneath the burner plate with an 

in-pipe revolving screw conveyor (so called Stoker-Screw) and pushed up on the burner 

                                                 
30

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.22 et sqq.  
31

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.22 et sqq. 
32

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.22 et sqq. 
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plate. There the primary combustion (degasification) takes place with a large fire-bed. The 

primary air is fed through the openings of the burner plate. The secondary combustion and 

therefore the burnout take place in a fire tube. The fire tube is located over the burner plate 

and made from stainless steel or ceramic. The preheated secondary air is fed in by several 

openings. The hot air for the ignition arrives on the pellets fed through a side pipe. The 

disposal of the ash and unburned pellets does not require any additional mechanic device. It 

results from the displacement caused by conveyance of further pellets. The ash and 

unburned pellets are pushed over the burner plate edge into the ashbin situated 

underneath.33 

 

 

Fig. 30: Picture of a plate burner  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 

 
Advantages of the plate burner: That burner technology was basically developed for wood 

chip heating boilers but is also perfectly suitable for the combustion of pellets. Further 

positive attributes are the symmetrical creation of the fire-bed and that a mechanical device 

for the removal of ash from the burner is unneeded.  

 

Disadvantages of the plate burner: The possibility for reverse combustion is higher in 

comparison to burner bowls, due to the fact that the pellets are fed from underneath and that 

unburned pellets can encounter the fire-bed. Therefore additional safety devices are 

necessary.  Furthermore, controlling the process is more complicated due to the larger fire 

bed and the adjustment of several screw feeders.34 
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  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.23 et sqq. 
34

  T. Holz, Holzpellet-Heizungen, 1.Auflage, Ökobuch Verlag, Staufen bei Freiburg 2003, p.24 et sqq. 
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4.4.2 Automatic ignition 

The majority of pellet boilers and stoves have an automatic ignition. The firing can be 

operated when required and ignited every time it is necessary. However applications exist 

without automatic ignition. In these applications the fire is ignited once by hand and a 

complete burnout of the fuel is avoided, making re-ignition unnecessary. This principle 

causes more emissions in comparison to automatic ignition and can cause an incomplete 

oxidation of the smoulder products. This mitigates the quality of the exhaust gas. Domestic 

hot water heating during summer is barely possible without an automatic ignition, thus the 

burning of the fire bed is limited to a couple of hours. A frequent ignition by hand during that 

time of the year would be unavoidable. In applications that are equipped with automatic 

ignition, the type of ignition (hot air blower, electric glow bar, photocell) is less significant.35 

The burning process starts with the switch on of the screw feeder and the combustion air and 

suction air blower. A moment later the ignition is also switched on and after the first pellets 

catch fire the ignition is switched off again. To avoid too many starts it is recommendable to 

equip the whole system with a storage tank. 

4.4.3 Blower type 

Compared to simple wood stoves, pellet boilers and stoves do not work on the principle of 

natural draft. Instead, a blower provides the required draft. Therefore, compression blowers, 

suction blowers or the combination of both are used. The advantages of the compression 

blower provide favourable air proportioning and adequate stirring of the secondary air.  

Advantages of the suction blower include the optimal reverse combustion safety and a back 

pressure free operation mode. A reverse combustion from the firing chamber to the storage 

facility is theoretically possible. A reverse combustion safety is standard in all pellet boilers 

and stoves. It differs in design depending on the manufacturer.36 

4.4.4 Types of pellets firing 

Pellets conveyed by the conveyor systems are not directly fed into the firing chamber. They 

are first fed into a small intermediate storage container or a metering unit. From there the 

pellets are transferred to the firing chamber by a screw feeder integrated in the firing unit. 
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  Biomasse Info-Zentrum (ed.), Pellet-Zentralheizungen &Pellet-Einzelöfen, Marktübersicht, FNR. Oktober 
2002, p 12.  

36
  Biomasse Info-Zentrum (ed.), Pellet-Zentralheizungen &Pellet-Einzelöfen, Marktübersicht, FNR. Oktober 

2002 p.13 
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Dependent on the firing type it can be distinguished between three types of pellets firing: 

Bottom-up batch firing, cross batch firing and drop firing. 

 

4.4.4.1 Bottom-up batch firing 

In a bottom-up batch firing system the pellets are fed from the bottom via a stoker screw and 

pushed into a burner plate. The fill level of the pellets can be controlled over a simple level 

sensor. A part of the combustion air is blown as primary air into the retort. There the drying, 

pyrolysis, gasification and the burnout of the char from the fuel occur. To oxidise the 

burnable gases completely, the secondary air is mixed with the gases before it gets to the 

hot afterburning chamber. Then the gases transfer their heat to the heat exchangers and 

enter the atmosphere via the exhaust system. The pellets in the stoker screw always have a 

direct contact to the fire bed; hence after the shutdown the firing can cause smouldering of 

the remaining pellets in the last section of the stoker screw. This can cause a low emission 

quality of the exhaust gases.37 

 

Fig. 31: Bottom up batch firing  
Source: I.D.E.E. eV 

4.4.4.2 Cross batch firing 

In the cross batch firing systems the pellets are fed from the side via a stoker screw into the 

firing chamber, which can be equipped with a burner plate. The fill level of the pellets can 

also be controlled over a simple level sensor. Primary air for the combustion is fed over air 

nozzles installed in the side of the burner plate. The secondary air is fed above the fire-bed. 

The accruing ash is pushed into the ashbin which has to be emptied manually or can be 

emptied via a screw conveyor into a larger ash container. Analogical to the bottom-up batch 
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  Biomasse Info-Zentrum (ed.), Pellet-Zentralheizungen &Pellet-Einzelöfen, Marktübersicht, FNR. Oktober 
2002, p. 12 
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firing in the cross batch firing system, the pellets within the stoker screw also have direct 

contact to the fire-bed, and can appear after smouldering.38 

 

 

Fig. 32: Cross batch firing  
Source: I.D.E.E eV 

4.4.4.3 Drop firing 

The drop firing has been especially developed for the firing of pellets. In that system the 

pellets are conveyed upwards over the stoker screw. Next, they are pushed over a layer into 

the drop shaft and fall into the burner. There primary and secondary air for the combustion is 

fed from the bottom or side over air nozzles. The pellets in the stoker screw do not have 

direct contact to the fire-bed. Therefore the shutdown of the firing can be done without 

problems. The fill level cannot be controlled mechanically. It has to be controlled optically or 

with the use of the lambda-probe.39 

 

 

Fig. 33: Drop firing  
Source: I.D.E.E eV 
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  Biomasse Info-Zentrum (ed.), Pellet-Zentralheizungen &Pellet-Einzelöfen, Marktübersicht, FNR. Oktober 
2002, p.12.  



 SOLLET Guide, Technology of wood pellet heating 

44 

4.4.5 Operation and maintenance of pellet heating units 

4.4.5.1 Cleaning of the exhaust heat exchangers 

During the combustion of pellets little ash arises and deposits on the surfaces of the heat 

exchangers. A regular cleaning of the heat exchangers is necessary for the operation of the 

boiler at an optimal degree of efficiency. In modern pellet boilers a mechanical cleaning 

device carries out the cleaning of the heat exchangers automatically. Most commonly used 

for this device are springs or knifes driven by an engine that move along the surface of the 

heat exchangers. The automatic cleaning device offers high comfort and operation safety. In 

pellet boilers equipped with the automatic cleaning device a complete manual cleaning of the 

boiler has to be carried out only once a year.40 

4.4.5.2 Ash removal 

In pellet boilers relatively very little ash accrues (0.5% of the burned fuels weight). In average 

one family houses equipped with a 15 kW pellet boiler a quantity of about 20 kg of ash is 

produced. In modern pellet boilers the ash removal from the burner is carried out 

automatically. Dependent on the system and the size of the ashbin it has to be emptied each 

combusted ton of pellets. Some pellet boilers are equipped with an ash-compressing device. 

In these kinds of boilers the ash has to be emptied only once a year. 

The ash resulting from the pellets combustion can be used as a very good organic fertiliser. 

4.5 Fuel storage 

At present there are several applications on the market for the storage of pellets. The main 

well-established applications are the walled storage space, the silo tank and the ground tank. 

On the CD-Rom to this guideline you could find an e-learning unit to teach yourself about the 

different types of fuel storage, the planning of fuel storage and the possibilities of the 

connection to the boiler. 

4.5.1 Walled storage room 

The walled storage room is an interior space mostly located in the basement. Usually the 

storage room has a sloping floor so that the pellets slide to the bottom during extraction. Due 

to the sloping floor a part of the storage room volume is unusable. At the bottom of the 

storage tank there is a transport auger (screw conveyor), which transfers the pellets further 

to the boiler. In houses where the heating system is changed to a pellet heating system, 
                                                 
40

  Biomasse Info-Zentrum (ed.), Pellet-Zentralheizungen &Pellet-Einzelöfen, Marktübersicht, FNR. Oktober 
2002, p.14. 
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interior spaces can be converted into a storage space. In newly built houses where an 

installation of a pellet heating system is intended, an interior space can be designed for the 

storage of pellets during the planning period. Prior to the planning or conversion of an interior 

space to a storage room, the conditions of the location, dimensions and the equipment of a 

storage room have to be considered. 

 

Fig. 34: Cross view of a pellet storage room  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 

 

4.5.2 Silo Tank  

The silo tank is a simple solution for the storage of pellets. It is an elevated tank composed of 

steel or wooden framework and a bag made from an antistatic textile material (crimpline, also 

called trevira). The bag is a square sewed material with a conical outlet and is hung into the 

framework of the tank. Instead of a bag the framework can be fitted with a steel container. 

The framework also has a quadratic shape and can be mounted on the location of the 

desired storage space. The outlet of the tank is closed by a slide valve. It empties the pellets 

into a screw hopper or an air lock, from where these are transported mechanically or 

pneumatically onward to the pellet heating unit. For small residential applications silo tanks 

are available in different sizes up to approx. 2.9 x 2.9 m and a height up to 2.2 m and a 

maximum capacity to 5.4 tonnes of pellets. Silo tanks may be installed inside of a building 

and also outside. For outside application the silo tanks should have a protection against rain. 
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Fig. 35: Textile Material Tank  
Source: A.B.S. Silo- und Förderanlagen GmbH 

 
The main advantage of a textile material tank is its breathable barriers, since there is no 

additional rear extraction of the transport airflow needed during the pneumatic filling of the 

tank. The material of the cloth tank functions as a filter and the dust particles from the 

transportation air remain in the tank. The second advantage of the textile material tank is that 

fuel gaps can be easily loosen through thrusts on the material. In general the fuel gaps in 

pellets occur very seldom. 

4.5.3 Ground tank 

In buildings where the storage of pellets is impossible the pellets can be stored underground 

in ball-shaped or cylindrical ground tanks. The tanks are made from reinforced concrete or 

fiber polyester resin. The tanks are buried in a depth of approx. 0.8 m underground, except 

for the manhole pit, which reaches the surface. The filling of the tank is carried out as in the 

interior storage room’s pneumatic over two hose-connecting nipples. The extraction lines are 

passed underground. The transportation airflow is conveyed over a pipe to the extraction 

sluice on the bottom of the tank. From there it is pumped over a parallel return line to the 

boiler. 
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Fig. 36: Ground Tank  
Source: Biotech Energietechnik GmbH 

 

4.6 Pellets feed systems 

Pellet feeding systems have to ensure continuous operation. At first, the pellets have to be 

delivered from the storage space to the stove or boiler. This is called space delivery. In 

stoves this normally has to be done by hand, by filling the pellets from bags into the pellet 

storage tank. 50 kg of pellets generally fit in the storage tank. 50 kg gives a firing time of ca. 

20 hours in a 10 kW stove running at maximal power. It is also possible to fill the storage 

tank in boilers per hand and to put a side the investment of an automatic feed system. On the 

other hand the storage tank should have the capacity of a weekly supply of pellets (300-400 

kg pellets correspondent to 500-600 l volume in boilers with15 kW capacity). This requires an 

adequate space for the boiler. Furthermore, the regular refill requires physical work. 

Therefore, the fully automatic fuel supply is most practical by screw conveyors, pneumatic 

suction conveyors or a combination of those systems. Which kind of feeding system is the 

most suitable depends on the location of the pellets storage facility. Electrically driven screw 

conveyors are the most used solution. 
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4.6.1 Screw conveyors 

Screw conveyors for the delivery of the pellets from the storage room to the boiler are used 

when the storage room is directly beside the installation space of the boiler. An aslant 

mounted conveyor screw conveys the pellets from the storage room to the boiler. There the 

pellets are fed into the intermediate storage tank and from there are transferred over a stoker 

screw into the burner. The stoker screw is equipped with a reverse combustion safety device. 

In systems without an intermediate storage tank the pellets are directly fed over a stoker 

screw into the burner. The incline of the screw conveyor is necessary to fill the intermediate 

storage tank or to provide height to the step prior the stoker screw. 

 

Fig. 37: Illustration of an Auger Delivery System (screw conveyor)  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 

 
In the storage room the screw runs through an open channel where the pellets slip in.  An 

intermediate tank integrated in the boiler is advantageous because the conveyor does not 

have to run continuously. A disadvantage of the sloped screw is that a complete emptying of 

the storage room is impossible with the screw alone. That is why mostly buckled screws with 

swivel joint connections or flexible wire screws without hinges are used. These are mounted 

horizontally on the ground and leave the storage room bevel at the top. For complete 

emptying, the storage room should have sufficient incline to the screw channel. 
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Fig. 38: Picture of a screw conveyor  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 

 

Advantages and disadvantages of the screw conveyors: 

An advantage of screw conveyors is their simple and robust design. The operational 

reliability is very high and the noise emissions are very low. During installation, no structure-

born noise should be transferred to the walls. Otherwise this could lead to a noise impact 

inside the house. The disadvantage of screw conveyors is their restricted flexibility. 

4.6.2 Vacuum suction system 

If some other rooms have to be crossed, or if it is impossible to install a screw conveyor, a 

vacuum conveyor can be a suitable substitution. The advantage of vacuum suction system is 

their flexibility. Those can convey the pellets over a distance of 25 m and a difference of 

elevation of 5 m. Pneumatic conveyors work in principle like a vacuum cleaner. The electric 

driven suction turbine is connected over two hose lines (a conveying line and a venting hose) 

and a shifting device to the pellet storage room. The shifting device can be situated into the 

wall. In the pellet storage room there are several intake probes mounted at the bottom, so 

that a complete emptying of the storage room is possible. For complete emptying, the 

storage room bottom should be inclined towards the middle. Every probe is connected to the 

shifting device by two tubes. The conveying of the pellets is done by only one probe. Which 

tubeline is used can be chosen from outside of the boiler. Due to this the shifting device is 
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pivotable. For reverse combustion safety there are two wristbands mounted. The suction line 

has to be ascending; otherwise pockets can form and disturb the conveying of the pellets. 

 

Fig. 39: Vacuum Suction System  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 

 
An electronic control makes a fully automatic operation of the pneumatic suction conveyors 

possible. The following parameters should be considered: disengaging time, blocking time 

and runtime of the suction engine. During the disengaging time the filling of the storage tank 

can take place if required, and during the blocking time the filling is stopped. The runtime of 

the suction engine depends on the distance between the probe and the tank. The greater the 

distance is, the longer the running time must be. The tank is completely filled before the end 

of the disengaging time. The fill level is controlled over a light barrier. For safety reasons the 

burner switches off during filling. The suction systems are available in two types: Integrated 

systems, which are mounted on the holding tank (common capacity of ca. 100 kg for 24 

hours full power run at boilers with 15 kW nominal power) and independent systems 

connected to a separate tank.  

 

Advantages and disadvantages of suction conveyors: 

 

Flexibility is clearly an advantage of the suction conveyors. A disadvantage is the louder 

operation noise. Yet, the suction turbine switches on once or twice during disengagement. In 

addition, dust can damage the turbine. Therefore, a regular proper cleaning of the storage 

room is required before filling. 

 

A combined conveying system consists of a screw conveyor in the storage room and a 

vacuum suction system outside. 
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A general disadvantage of both above described conveyor systems is that a combination 

does not completely empty the storage room. The rest of the pellets have to be pushed into 

the conveyors manually. 

4.6.3 Sonnen-Pellet-Maulwurf® conveyor system 

((in German: Maulwurf, englisch translation: mole) 

Schellinger KG developed the Sonnen-

Pellet-Maulwurf conveyor system specific for 

the conveying of pellets. This application 

makes the storage and extraction of pellets 

from the ground storage tank possible. 

Compared to the above-described conveyor 

systems that extract the pellets from the 

bottom of the storage room, the Maulwurf 

conveyor extracts pellets from the top of the 

tank. It is connected to a conveying tube line 

and moves independently, powered by an 

electric engine on the surface of the pellet 

heap. When the mole gets to the bottom of 

the tank it extracts the pellet slopes. The 

mole is able to extract pellets even from 

corners difficult to access. The reverse air in 

circulating air suction systems is fed directly 

to the storage tank. Therefore, the mole is 

always on top and can be easily accessed 

for maintenance. 

 

                                                                            

 

Fig. 40: Picture of the mole in the ground storage tank 
Source: Mall GmbH, Germany
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Advantages and disadvantages of the Pellet-Maulwurf conveyor system: 

 

The mole conveyor system requires just little electric energy for its engine. The noise 

emissions are comparable to other vacuum suction systems. This system causes low 

breakage of the pellets, and therefore avoids the creation and nuisance of fine dusts and 

particles. It is the only application that empties the storage tank almost completely and is 

easily accessible for maintenance. On the other hand the mole must be on the top of the 

storage during filling. If not, the complete fuel storage must be emptied by hand. 

 

4.6.4 Agitator conveyor system 

Another opportunity to empty fuel storage rooms is an agitator. The agitator system is flat on 

the ground of the fuel storage and works with flexible spring-arms. The best empty-rate 

results could reach in fuel storage rooms with a quadrate square ground. 

 

 
Fig. 41: Agitator system with oven 

Source: KWB Austria 
 

Fig. 42: Agitator 
Source: KWB Austria 

 

 

Advantages and disadvantages of the agitator conveyor system: 

 

A big advantage is that with a flexible spring-arm agitator fuel storage rooms with big 

amounts of pellets could be empty very simple and cost-effective. The disadvantage is that in 

case of broken spring-arm or other disturbances on the system the complete storage room 

must be emptied. 
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4.6.5 Gravitation 

Pellets can also be transported from the storage room to the boiler with the involvement of 

gravitation. Therefore, the storage facility has to be placed above the installation room of the 

boiler. With all kind of tanks and fuel storage empty systems could be used for this kind of 

application. The conveying of pellets between the storage room and the boiler is carried out 

by down pipes. The feeding of the storage facility is done via self piping usually installed 

within the funnel of the installation or under the roof. The pellets are blown from the ground 

floor through the pipes to the storage facility. In general, gravitational conveying is the best of 

all conveyor types, due to the fact that it is simple and requires no energy for conveying. 

However, in practice, gravitational piping is not suitable for most buildings and often has to 

be combined with other conveyor types. 

 

Fig. 43: Storage box at the attic  
Source: Geoplast Kunststofftechnik GmbH 

4.7 Exhaust Systems 

The chimney has the function of conducting the exhaust gases and emissions out from the 

firing unit and over the roof to the ambient air outdoors. Therefore, the chimney must be 

stable and fire resistant. Where compartment air dependent firing is installed, the chimney 

has to generate negative pressure through which the combustion air is sucked into the firing 

unit. 

The construction rules of chimneys and of the whole exhaust system infrastructure differs 

regionally. Different construction rules are dependent on many technical aspects of the 

building and the surroundings of the building site. Before the construction of the exhaust 

system it is necessary to contact the local chimneysweeper or building authority. They can 

supply all the local and technical requirements for the chimneys and the exhaust system. 
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Due to the fact that the design and construction of the exhaust system differs regionally, this 

chapter just gives an overview on chimney design. 

A distinction is drawn between 3 component groups of chimneys: 
 

• Group 1: Threefold shelled insulated chimneys. These are suitable for solid fuel 

combustion and the combustion of pellets and also for gas or oil firing. 

 

• Group 2: Twice shelled insulated chimneys. These chimneys have no integrated acid-

proof internal casing and are not susceptible to moisture. 

 

• Group 3: Single shelled chimneys. Modern heating boilers often cannot be connected 

to single chimneys due to the low temperature of their flue gases and because 

perspiration water and acidification can cause soot. A refurbishment and a 

reclassification into Group 1 are possible through cross-section constriction by 

permeating a stainless steel pipe or chamotte inside of the chimney. 

 

The connection between the firing unit and the chimney takes place over an upward pipe 

made of sheet steel, aluminium or stainless steel. Impermeability is provided by mural chuck. 

Cleaning apertures must be mounted on the baffle of the connecting pipe as well as at the 

bottom of the chimney. 

Preceding pipes can cause negative pressure disturbances through cross-section 

constriction inside of the chimney. This leads to soot and ash fouling, which can block the 

access path for the chimneysweeper. Facing exhaust pipe muzzles with several connections 

to the chimney causes similar effects. Therefore, these types of constructional mistakes 

should be avoided. 

As in gas and oil firing as well as in solid fuel firing, the installation of a side air regulator is 

suggested. Automatic negative pressure controllers are usually installed where the chimney 

throttle can be changed by adjustable counter ballast.41   

  

                                                 
41

  H. Hartmann/P. Rossman, Handbuch Bioenergie-Kleinanlagen, 1. Auflage, Februar 2003, p. 98. 
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5 Solar thermal systems 

5.1 Functional principle of solar thermal systems 

In solar thermal systems a solar-thermal collector carries out the generation of heat. The 

solar thermal collector is usually installed on the roof. It converts the light (short wave 

radiation) into heat. Therefore the collector is the link between the energy from the sun and 

the energy user. The absorber generates the heat. It is a dark-coated metal plate, which 

absorbs solar radiation and is an essential part of the collector. On the inside of the absorber 

a pipe system is filled with a heat transfer medium, which absorbs the heat. The heat transfer 

medium flows over a pipe to the warm water storage. There the heat is transferred to the 

water by a heat exchanger. The cooled medium flows over a second pipe back to the 

collector. The heated water rises in the storage tank. The density of the water causes 

layering in the storage tank. The hottest water remains on the top of the heat storage tank. 

From there it is tapped for use. The coldest water remains on the bottom of the heat storage 

tank. There fresh water is refilled. 

Most of solar thermal systems in central Europe are filled with an antifreeze heat transfer 

fluid. Usually it is a mixture of water and glycol. It circulates in a closed forced system. The 

solar thermal system is separated from the domestic water cycle. Therefore the system is 

called a double-cycle system. 

The control unit of the solar thermal system turns on a pump, when the temperature in the 

collector exceeds the temperature of the lowest part of the heat storage tank over a few 

degrees Celsius. Thus the hot heat transfer medium flows from the collector to the heat 

exchanger in the lower part of the heat storage tank. There it transfers its heat to the water 

inside the tank for domestic hot water use.42 

5.2 Forced circulation 

Forced circulation systems are most common in Central and Northern Europe. These 

systems are normally designed to cover 100% of the hot water demand in summertime and 

50-80% of the total annual hot water demand. Forced circulation makes it possible to 

separate the tank and the collector since the heat transfer medium (fluid) is pumped between 

the tank and the collector. This means that the tank can be placed inside the building or even 

                                                 
42

  Kasper/Remmers/Spitzmüller/Weyres-Borchert, Solarthermische Anlagen, DGS, Deutsche Gesellschaft 
für Sonnenenergie e.V. p. 3-5. 
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in the cellar, which often makes it easier to integrate the solar system with a heating system. 

Avoiding placing a tank on the roof of a building is also an aesthetical advantage in 

comparison to a siphon system.43 

 

A forced circulation system is a flexible but also complex system, because it requires both a 

pump and a controller. A forced circulation system can be operated as a pre-heater or cover 

the whole domestic hot water demand if it is equipped with a supplementary heater (e.g. an 

integrated pellet heater). 

Fig. 44: Illustration of a forced circulation system, 
Source: Solarpraxis AG 

 

 

1. Collector  

2. Storage tank 

3. Heat exchanger  

4 Control unit  

5. Expansion Tank 

6. Back-up heater 

7. Consumer 
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  ESTIF, http://www.estif.org/126.0.html, Download on 22.12.2005 at 12:45. 
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5.3 Solar collectors 

5.3.1 Flat-plate collectors  

Flat-plate solar collectors are energy conversion devices that absorb solar radiation and 

transfer energy to a working fluid that passes through the collector. Flat-plate collectors are 

able to directly collect and diffuse components of radiation.44 

A flat-plate collector consists of an absorber, a transparent cover, a frame, and insulation. 

Usually an iron-poor solar safety glass is used as a transparent cover, because it transmits a 

greater amount of the short-wave light spectrum.  

 

Fig. 45: Sketch of a flat-plate collector  
Source: www.solarserver.de 

 

Simultaneously, only very little of the heat emitted by the absorber escapes the cover 

(greenhouse effect). In addition, the transparent cover prevents wind and breezes from 

carrying the collected heat away (convection). Together with the frame, the cover protects 

the absorber from adverse weather conditions. Typical frame materials include aluminium 

and galvanized steel and sometimes fiberglass-reinforced plastic is used.  

The insulation on the back of the absorber and on the sidewalls lessens the heat loss 

through conduction. Insulation is usually of polyurethane foam or mineral wool, although 

mineral fiber insulating materials, such as glass wool, rock wool, glass fiber or fiberglass are 

sometimes used. 

Flat collectors demonstrate a good price-performance ratio, as well as a broad range of 

mounting possibilities (on the roof, in the roof itself, or unattached).  

Compared with other types of solar collectors, flat-plate collectors have the largest heat 

absorbing area but they also have the highest amount of heat loss of all solar collectors.  
                                                 
44

   Jeffrey Gordon (ed.), Solar Energy, The state of the art, ISES position papers, London 2001, p. 145 et 
sqq. 
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5.3.2 Vacuum tube collectors 

In vacuum tube collectors, the absorber strip is located in an evacuated and pressure proof 

glass tube. The heat transfer fluid flows through the absorber directly in a U-tube or in 

counter current in a tube-in-tube system. Several single tubes, serially interconnected, or 

tubes connected to each other via manifold, make up the solar collector. A heat pipe collector 

incorporates a special fluid, which begins to vaporize even at low temperatures. The steam 

rises in the individual heat pipes and warms up the carrier fluid in the main pipe by means of 

a heat exchanger. The condensed liquid then flows back into the base of the heat pipe.  

 

 

Fig. 46: Sketch of a heat pipe collector  
Source: www.solarserver.de 

 

The pipes must be angled at a specific degree above horizontal so that the processes of 

vaporization and condensation function correctly. There are two types of collector connection 

to the solar circulation system. Either the heat exchanger extends directly into the manifold 

("wet connection") or it is connected to the manifold by a heat-conducting material ("dry 

connection"). A "dry connection" allows exchanging individual tubes without emptying the 

entire system of its fluid. Evacuated tubes offer the advantage of working efficiently with high 

absorber temperatures and with low radiation. Higher temperatures may also be obtained for 

applications such as hot water heating, steam production, and air conditioning.45  

 

                                                 
45

  The Solarserver, http://www.solarserver.de/wissen/sonnenkollektoren-e.html#vak, Download on 
22.11.2005 at 8:55. 
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5.3.3 Solar collector efficiency 

Solar thermal collectors have a different efficiency factor. Flat plate collectors are more 

suitable for the domestic hot water heating and pipe collectors are more suitable for the 

space heating assistance. The following chart shows the efficiency factor characteristics and 

the application suitability of several types of collectors at a irradiation of 1000 W/m2. 

 

Fig. 47: Efficiency factor characteristics of solar collectors at an irradiation of 1000 W/m2  
Source: Öko Institut 1997 
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6 Heat storage systems 

The heat storage tank is the heart-component of the pellet heating system combined with a 

solar plant.  It is the hydraulic connection and dependent on the size and type the basis for a 

good functional system. There exists lots of different possibilities how to combine these two 

renewable heat suppliers.  

The heat storage container is usually an all-insulated water tank made of steel. During 

charging and discharging the circulating heating medium (i.e. water in general) flows through 

the water tank. The hot inlet on the top of the storage tank is designed in a way that 

turbulences are avoided and a consistent undisturbed thermal layering arranges. High boiler 

flow temperatures have an additional positive impact on thermal layering and storage 

capacity. For the extraction of heat from the heat storage container, either the flow direction 

is inverted or separated extraction return pipes are installed.  

In solar heating systems the installation of a heat storage unit is necessary because the 

periods of solar energy supply are seldom correspondent to the periods when heat is 

required. With a storage system the heat can be stored when it is generated for times when it 

is later required.  

In pellet heating systems the installation of heat storage is recommended. It is needed when 

the requirement for heat is lower than the lowest power of a boiler in continuous operation. 

When this occurs, and no heat storage is installed, the firing has to be shut down 

immediately by the control unit through interruption of the air or fuel supply. When heat 

storage is installed the pellet boiler does not have to be switch off immediately and the 

surplus heat can be stored in the heat storage unit. After the pellets boiler is switch off, the 

heat can be extracted from the heat storage when required and the pellets boiler does not 

have to switch on. In general, heat storage in pellet boiler heating systems ensures a 

continuous operation of the boiler and less switch-on and -off intervals (clockings!) of the 

boiler are necessary. Due to this, a longer durableness of the boiler is ensured.  

Different types of heat storage tanks are available depending on whether the domestic hot 

water heating is separated or integrated within the heat storage tank or whether a 

combination of solar thermal and pellet heating systems has to be applied. It can be 

distinguished between domestic hot water storage, buffer storage and a combination of both, 

which is called combined heat storage. 
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6.1 Domestic hot-water storage 

Domestic hot-water storage tanks are filled with drinkable water for domestic usage. This 

water is heated by integrated heat exchangers that are connected to the heating circuits of 

the heating units. Standard domestic hot water storage tanks usually have two integrated 

heat exchangers for two heat sources (combined systems). One heat exchanger is 

responsible for the charging of heat from the heating circuit of the solar thermal system and 

the other is responsible for the charging of heat from the boiler heating system into the 

storage tank. For hot water extraction the tank usually has an integrated hot water outlet and 

a cold-water inlet for water refilling. The usual operating pressure of this type of heat storage 

tank is between 4 and 6 bar.��

 

Fig. 48: Standard domestic hot-water storage tank  
Source: Deutsche Gesellschaft für Solarenergie e.V. 

 
Pressurised hot-water tanks are made from stainless steel, enamelled or plastic coated steel. 

Stainless steel tanks are light and maintenance-free in comparison to other tanks. On the 

other hand they are more expensive in comparison to enamelled tanks. Stainless steel is 

also damageable by chlorine-water. Enamelled tanks have to be equipped with a magnesium 

or external electric anode against corrosion. There are also inexpensive plastic enamel-

coated tanks. Their coating is sensitive to temperatures above 80°C. Most of the plastic 

coatings are not suitable for usage in hot water storage tanks. Un-pressurized plastic tanks 

are also not suitable for high temperatures.46  

                                                 
46

  Kasper/Remmers/Spitzmüller/Weyres-Borchert, Solarthermische Anlagen, DGS, Deutsche Gesellschaft 
für Sonnenenergie e.V. p. 3-40 et sqq. 
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6.2 Buffer heat storage 

Buffer heat storage tanks are all-isolated pressurised steel tanks or un-pressurised synthetic 

material tanks filled with heating circuit water. The heat stored in buffer storage tanks can be 

alternatively fed directly into the heating system (for heating assistance) or transferred to the 

domestic hot-water supply by a heat exchanger.  Pellet boiler central heating systems gather 

the surplus boiler heat, which is not needed for interior space heating at that moment when it 

is produced. The buffer heat storage tank serves as the heating of the housing space after 

the burnout of the heat generator. In pellet boiler heating systems an installation of the buffer 

heat storage tank is recommended to reduce the clocking of the boiler, particularly when a 

non-power modulated pellet boiler is installed. First, the boiler charges the storage tank to 

induce a longer runtime of the boiler. After the burnout of the pellets, the heat distribution is 

supplied from the buffer storage tank.47 

 

 

 

Fig. 49: Buffer storage tank integrated in a combined pellet and solar system  
Source: Buschbeck Solartechnik 
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  Kasper/Remmers/Spitzmüller/Weyres-Borchert, Solarthermische Anlagen, DGS, Deutsche Gesellschaft 
für Sonnenenergie e.V. p. 3-40 et sqq.  
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6.3 Combined Heat Storage Tank 

The combined tank is a combination of a domestic hot-water tank and a buffer storage tank. 

In the hotter top area of a buffer storage tank there is an integrated small domestic hot-water 

tank. The surface of the domestic hot-water tank serves as a heat exchanger. 

The combined heat storage tank is suitable for application in solar thermal systems with and 

without boiler heating assistance. Due to the fact that this is a one-tank system, the piping 

can be clearly arranged and the control is simple. All heating units like the solar thermal 

collectors and the pellets boiler as well as all heat consumer appliances like domestic hot-

water preparation and the heat circuit’s work on the same buffer. The heating system is 

connected at the top of the tank where it heats the domestic hot water. The middle part of the 

tank can be used for the lifting of the heating return. In the lower part of the tank the heat 

exchanger is integrated for the charging of the solar thermal energy. The interior domestic-

hot water tank is heated up by its surface.  

 

 

Fig. 50: Cut view of a combined heat storage tank  
Source: Wagner & Co Solartechnik GmbH 
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7 Control Systems 

7.1 Control technology in pellet boilers 

Automatic fed combustion units, such as pellet boilers, are suitable for partial load operation 

and have to be equipped with power control. The combustion process is also often regulated 

by additional parameters of the flue gases, i.e. optimised on the condition of the flue gases 

(flue gas regulated combustion air control). 48 Generally, microprocessor units with the 

appropriate software provide the need for power control. 

The descriptions of the control concepts are as follows. 

7.1.1 Power control 

The automatic power control in pellet boilers is responsible for almost continuously variable 

operation. In pellet boilers the operating power can be regulated between 30 and 100% of 

the rated power output. The fuel and the feeding of combustion air are regulated on the basis 

of the information of the actual operation power of the boiler. The difference between the 

actual temperature of the boiler and the desired temperature serves as the control variable. 

The feeding of the fuel is regulated by the control of the conveyors and thus the quantity of 

the fuel supply. The combustion air supply is regulated by the rotation speed control of the 

induced draught fan.  

Continuous operation pellet boilers work in the on-and-off mode beneath the lowest heating 

power output. For completely automatic operation, the firing can be turned on from the off 

mode, if necessary. The automatic ignition unit serves this purpose. In pellet boilers it is 

usually a hot air blower that runs while the stoker screw fills the burner with pellets. Also the 

induced draught fan must be running. The hot air blower runs until the pellets ignite. The 

further supply of pellets stabilizes the combustion. The temperature sensor inside of the firing 

chamber shows if flames are generated. When an ignition does not occur the stoker screw is 

stopped immediately and an error report is sent. 

The operation of pellet boilers in the on-and-off mode leads to higher emissions and a higher 

fuel consumption in comparison to continuous operation. Therefore, the installation of a 

buffer storage tank is recommended. 

Like in all heating systems the living space temperature has to be kept constant even if the 

outside temperature changes. When the outside temperature decreases, the heating power 
                                                 
48

   H. Hartmann (ed.), Handbuch Bioenergie-Kleinanlagen, FNR, 1. Auflage, Februar 2003, p. 96. 
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of the boiler has to increase through increased fuel feeding. This causes higher boiler water 

and flow temperatures. An interference valve controlled over the heating control can adjust 

the heating flow temperature. It can be adjusted independent from the boiler temperature. 

Colder return water is admixed to the hot boiler water.  

7.1.2 Combustion Control 

The combustion control is an additional function of the heating power control. It is 

responsible for a high combustion quality and for high efficiency. It adjusts the right 

proportions of fuel to the combustion air supply. The most often used control type for this 

application is the lambda-control. It measures the surplus on air in the flue gases using a 

lambda probe. The surplus on air is controlled by fuel feeding and combustion air (primary 

and secondary) quantity, where the desired value of the air surplus is dependent on the 

power. 

7.1.3 Combined power and combustion control 

To ensure safe operation during combustion, a clear division of tasks between the power and 

combustion control should be designed. The interaction of both control circuits is carried out 

as a cascade where the power control acts as the superior, but slower control cycle. It 

influences the amount of power and simultaneously sends default values to the combustion 

control. The combustion control acts as the faster inner control circuit. The power control 

alleges either the fuel quantity or the air quantity and provides the value to the subordinated 

combustion control. The combustion control is then responsible for the fine adjustment of the 

fuel or the air quantity. 

7.2 Control technology in solar thermal systems 

The control unit of a solar thermal system is basically responsible for the control of the 

circulation pump and thus to provide the optimal output of solar thermal energy. A majority of 

the time the control unit is a simple electronic temperature difference control. Recently there 

are also increasing amounts of control units available that can control the individual 

components of different system circuits. These models are equipped with additional features 

as heat flow volume measurement, data logging and malfunction diagnosis. 
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7.2.1 Connection principle of the temperature difference control  

The standard temperature difference control is composed of two temperature sensors. One 

measures the temperature of the hottest area within the solar circuit in front of the collector 

output. The second measures the temperature within the heat storage in the area of the heat 

exchanger of the solar thermal cycle. The temperature signals of the sensors are compared 

within the control unit. The pump is switched on by a relay when the start-up temperature 

difference is reached. 

The start-up temperature difference is dependent on several factors. The longer the pipes 

between the collector and the heat storage are the higher the temperature difference is. 

A third sensor can be installed in the top of the heat storage tank to measure the output 

temperature. A second role of the sensor is to turn off the system when the maximum heat 

storage temperature is reached. 

7.2.2 Digital Control with special features 

Operation time and heat flow volume logging, malfunction diagnosis and a pc-port are 

benefits of modern control units. 

The measurement and the logging of the solar-circuit-pump operation time serve as the 

function control and as an indicator for defects in the system. 

The operation and the heat output of the solar power system can be monitored and 

visualised with heat flow volume logging. The heat flow volume counter is composed of a 

volume flow-measuring device, two temperature sensors (one in the flow and one in the 

return of the heating) and of the electronics for the calculation of the heat volume. 

Presetting the mixing proportions of water and glycol at the heat volume logger is important 

for proper heat volume logging. Heat volume logging serves as the performance inspection 

of the solar thermal systems and as the calculation of saved carbon dioxide emissions. 

7.2.3 Temperature Sensors 

The effectiveness of the control depends considerably on the right installation and operation 

of the temperature sensors. The collector sensor is either attached on the flow-collecting pipe 

of the absorber or directly attached to the absorber before the collector outlet. The measuring 

point of the collector sensor should not be shadowed.  All positions of the sensors should be 
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in a good condition and installed with care. Bad installed sensors could cause high system 

inefficiencies. 

In the case of a bypass connection the radiation of the sun and the flow temperature is 

measured pre the three-way valve, rather then the collector temperature. The solar heat 

storage sensor should be mounted in the lower part of the solar circuit heat exchanger. 

 

7.2.4 Overheating Safety 

When the heat storage tank has reached its maximal temperature the controller switches off 

the solar circuit pump. If there still is constant solar irradiation, the collector heats up to its 

maximum temperature, which is known as the stand-still temperature. The heating medium 

liquid then volatilises in that process at its temperature of ebullition, which is dependent on 

the pressure. 

The extension vessel has to be large enough to gather the volume of liquid that has been 

displaced from the collector through vaporization. If the vessel is too small, the system can 

blow off over the safety valve and both the surplus volume of the liquid and the pressure of 

the system can be too low after it cools down. The reaction pressure of the safety valve 

should be at about 4 to 6 bar. The extension vessel should be approved for that pressure.
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7.3 Further recommendations for controller of combined wood 

pellet / solar systems 

There exist several controller systems which could be used for the combination. But all 

systems do not take into the consideration the experiences of the complete system 

requirements and opportunities. The standard controller only reacts on temperature signals 

which are defined with fixed values. A typical phenomenon in the transitional periods is that 

the boiler starts although the solar-thermal plant could deliver enough heat input for the 

required demand. The “unintelligent” controller is responsible for it, because it does not exist 

a weather depending controlling system or a self-learning controller which realise that there 

is over the daytime enough solar heat input. That is the reason for avoidable starts of the 

pellet boiler. Some controller producer started to optimize their controller but these are still 

not available. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 51: daily function overview of a combined system  
Source: own measurement data, IZES gGmbH 
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8 Planning of the supply solution 

8.1 Planning of the Domestic Hot Water System 

8.1.1 Objective of the dimensioning 

The objective of the dimensioning of a domestic hot water system for residential buildings is 

to cover 100% of the energy demand of domestic water heating by the solar thermal 

installation during the summer months (May till September). The pellet boiler can stay off 

during this period reducing the fuel costs and the abrasion of the boiler. 

During the rest of months, when the pellet boiler is working anyway, it has to supply the 

missing heat dependent on the solar radiation. 

8.1.2 First step: Determination of the warm water consumption 

The hot water consumption of the occupants is a key figure for planning the installation of the 

heating system and should be well estimated when the consumption measurement is not 

available or not possible. During the calculation of the hot water demand it must be proven 

that all possibilities for saving water are strictly used (e.g. by using water and energy saving 

bathroom fittings). Low water consumption requires a smaller solar thermal system and 

therefore a lower investment. 

The knowledge and the technical measurement of the hot water consumption are very 

important in large applications. 

During the dimensioning of domestic hot water systems for small residential applications the 

following approximate average values may be used for the estimation of the warm water 

demand: 

• 1x washing hands (40°C) =3 litres of water 

• 1x shower (40°C) =35 litres 

• 1x bathing (40°C) =120 litres 

• 1x hair wash   = 9 litres 

• washing per person a day =3 litres 

• Cooking   =2 litres  

• 1x dish washing (50°C) =20 litres 
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• 1x laundry (50°C) =30 litres 

Dependent on the equipment of the household the following approximate consumption 

values (warm water, approx. 45°C) arise per person and day: 

 

• low consumption 25-35 litres 

• average consumption 35-55 litres 

• high consumption 55-75 litres 

 

The dimensioning of the main components of a domestic hot water system for a four person 

household is as follows: collector surface area, domestic water storage tank (drinkable), solar 

thermal system piping, heat exchanger, circuit pump, expansion tank and safety valve.49 

 

Assuming there is an average water consumption of 50 litres per person per day (45°C) there 

is also the possibility to supply the dishwasher and the washing machine with solar thermal 

heated water. For this application a special device has to be integrated into the solar thermal 

system. The dishwasher and the washing machine will be used on an average of twice a 

week. 

The daily water consumption in consideration with the corresponding hot water temperatures 

can be calculated as follows: 

 

Chw= 4 persons x 50 l (45°C) + 16 l (45°C) 50 = 216 l (45°C) per day 

 

8.1.3 Second step: Heat requirement for hot water 

Based on the water consumption the requirement for heat can be calculated with the 

following equation: 

 

Qhw=Chw x Cw x �V 

 

Chw = average hot water requirement in litres or kilogram  

Cw = specific heat capacity of water (1.16 Wh/kg K) 

�V = temperature difference between the tap water and hot water (K) 
                                                 
49

  Kasper/Remmers/Spitzmüller/Weyres-Borchert, Solarthermische Anlagen, DGS, Deutsche Gesellschaft 
für Sonnenenergie e.V. p. 4-15 et sqq. 

50
  Consumption of the dishwasher and washing machine = (2 x 20 l (50°C) + 2 x 30 l (50°C))/7 days= 16 l 

(45°) 
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In the proposed example 216 litres water have to be heated. The temperature of the cold tap 

water is 10°C. It has to be heated up to 45°C. Referring to the temperature difference is 35 K: 

 

Qhw= 216 kg x 1,16 Wh/kgK x 35K =8,770 Wh = 8,77 kWh per day 

8.1.4 Third step: Dimensioning of the system components 

The dimensioning and design of the system can be carried out with four methods: 

• Rough estimation with empirical formulas 

• Detailed calculation of individual components 

• Graphical design using alignment charts 

• Computer-assisted design using simulation software 

 

To keep it simple, some empirical formulas are presented. For the final planning it is strictly 

recommended to get in contact with experts. 

8.1.5 Rough estimation with empirical formulas 

Based on a long experience with solar thermal systems in central Europe, estimations for the 

dimensioning of the main components of a solar thermal system can be given under the 

following premises: 

• Average consumption of hot water Chw = 35 – 65 litres (45°C) per person a day 

• Convenient conditions of solar radiation (1000 kWh/m2a +/- 10%) 

• Roof direction towards south-east and south-west, roof incline up to 50° 

• No or low shadowing on the collectors 

The premises ensure that the domestic hot water system will have a solar thermal coverage 

of 60 %. The solar thermal coverage is the proportion of the solar thermal heat yield to the 

total energy demand for the heating of the water for domestic use. The higher the solar 

thermal coverage is the lower the fuel consumption of the pellet boiler must be. 

8.1.5.1 Collector surface area 

The necessary collector surface area depends on the collector type and the region. Some 

typical rough data for first estimations are in Middle Europe: 
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• 1,5 m2 of collector surface area per person have to be installed when it is intended to 

use a flat plate collector and 

• 1 m2 of collector surface area per person is needed when evacuated pipe collectors 

will be used 

This results from higher efficiency of the evacuated heat pipe collectors in comparison to flat 

plate collectors. These empiric formula results from the long-term experience of solar thermal 

installers, but manufacturers offering prefabricated systems also use these dimensions. 

 

For the proposed example a collector surface area of 6 m2 (4 persons x 1.5 m2) is required 

when a flat plate collector will be used. 

8.1.5.2 Volume of the heat storage tank 

The volume of the heat storage tank should be dimensioned large enough to cover at least 

1.5 – 2 times the daily requirement for domestic hot water. This ensures that a couple of 

sunless days during the summer months can still be supplied without it being necessary to 

start the boiler. When slight reductions of water consumption (e.g. water flow limiter) are 

implemented the 1.5 factor may be used. 

For the proposed example a heat storage tank of approx. 300 litre volume should be 

installed: 

 

� 216 litres x 1.5 = 324 litres 

 

If it is intended to cover 100% of the hot water demand during the summer months by the 

solar thermal system, the volume of the heat storage unit should be large enough to cover at 

least a two day requirement of hot water: 

 

� 216 litres x 2 = 434 litres 

 

When the heat storage tank is dimensioned large enough the hot water surplus may be used 

for the washing machine and the dishwasher. For the proposed example the larger heat 

storage tank would be the better solution. 
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8.2 Planning of the solar thermal assisted system for space and 

domestic water heating 

Especially in the transitional periods between the summer and the winter months the solar- 

thermal system can provide a significant contribution for space heating. The possible 

coverage is dependent on the used heating requirements (low-temperature heating circuits) 

and the heat demand of the building. Solar thermal systems could reach solar thermal 

coverage up to 35 % of the total space heating demand of a building. The main focus of this 

chapter is the detailed description of these types of systems. Installations with a high solar 

thermal coverage can supply even more than 70 % of the total space heating demand. For 

that type of system a specific long term or seasonal heat storage is necessary. It has to store 

the solar thermal energy collected during the summer months and is discharged during the 

winter.51 

8.2.1 Requirements 

For a useful installation assistance of solar thermal systems for space heating several 

requirements on the characteristics of the building and heating system have to be fulfilled. 

8.2.1.1 Low space heat demand 

Old buildings generally have a high demand on space heating energy due to a low standard 

of insulation. The energy consumption of older buildings can even reach 200 kWh/m2a. In 

these types of buildings a larger dimensioned solar thermal system may reduce the energy 

consumption significantly but will not have a high contribution to the solar thermal coverage 

of the space heating demand. Therefore, prior to the planning of the replacement of the 

heating system in old poorly insulated buildings, improvement actions should be 

implemented to fulfil a high insulation standard. Well-insulated buildings require smaller 

dimensioned heating systems. Improvement insulation may increase the initial cost of 

investment but will reduce long-term costs of operation. 

In connection with the dimensioning of solar thermal systems for space heating assistance 

the term “heating load” is often used. The heating load is a parameter of performance applied 

to the living space area and quoted in Watt/m2. In Germany the heating load is specified in 

the standard DIN EN 12831.The heating load is also dependent on the insulation standard of 

                                                 
51

  Kasper/Remmers/Spitzmüller/Weyres-Borchert, Solarthermische Anlagen, DGS, Deutsche Gesellschaft 
für Sonnenenergie e.V. p. 4-32 et sqq.   
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buildings and on meteorological conditions. It can be calculated on the basis of the yearly 

heating demand, the living space area and on the amount of full load heating hours per year. 

 

Example: 

Primary heat demand 200 kWh/m2a 

Living space area 200 m2 

Heating time 1800 h/a 

Heating load =200 kWh/m2a x 200 m2 / 1800 h/a= 22 kW 

 

In buildings with a high insulation standard, such as in low energy houses (heating demand 

approx. < 50 kWh/m2a), the heating load is in the range of the heating demand for domestic 

hot water. In well-insulated houses the solar thermal system can have a significant 

contribution to the heating assistance especially during the transitional months of the spring 

and autumn. 

8.2.1.2 Low heat supply and return temperatures 

Most conventional heating systems work with high heat supply temperatures between 

approx. 50°-70°C. Solar thermal collectors can reach this high temperature level very seldom 

in periods when solar radiation is low. However when houses are equipped with large area 

heat distribution devices (floor and wall heating) the necessary low temperatures of the heat 

supply (50°C) and return (30°C) can be generated by the solar thermal system. Due to this, 

solar thermal coverage increases and reduces the demand by about 20-30% of fuel pellets. 

8.2.1.3 Advantageous direction of the collectors 

For domestic hot water systems the orientation and the incline of the roof where solar 

collectors are mounted can be advantageous. This differs for the solar thermal assisted 

heating system. These have to gather the solar thermal energy during the transition periods 

of the summer months when the daytime is shorter and the attitude of the sun is lower. 

Therefore the solar collectors of the heating assisted systems should be mounted on 

surfaces with an incline of at least 45° and should be directed preferably to the south. 

8.2.2 Empirical formulas 

For a rough dimensioning of the solar thermal assisted heating systems the following 

empirical formulas can be given based on the experience of system installers and 

manufacturers. 
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8.2.2.1 Systems with a average solar thermal coverage 

In systems with a low solar thermal coverage the collector surface area of 0.8 to 1.1 m2 per 

10 m2 heated living space is necessary when flat plate collectors will be installed. When it is 

intended to use tubular evacuated collectors a collector surface area of 0.5 – 0.8 m2 per 10 

m2 of living area is necessary. 

The storage volume should contain at least 50 (60) litres per m2 of the flat-(vacuum-)collector 

area or at least 20 - 40 litres real buffer storage volume for the boiler per kW heat load. 

 

8.3 Dimensioning of the boiler 

The dimension of the boiler depends on the heat load of the building. As already mentioned 

the heat load can be calculated multiplying the heat demand of the building by the heated 

living space area divided by the full load heating time. The nominal power output of a boiler 

should be at least equal to the heat load. The boiler should not be oversized. The dimension 

of the boiler is not dependent on the size of the solar thermal system since the boiler should 

be able to heat the house and domestic water also in periods when no heat is generated by 

the solar thermal systems. As already mentioned a refitting of old poorly insulated houses 

with new heating systems should be implemented to fulfil a high insulation standard. Newly 

built or renovated old houses that fulfil the insulation standards of low energy houses require 

even less then 50 kWh per m2 per year of primary energy for heating of the living space area 

and domestic hot water in Middle Europe. The full load heating time depends on the nominal 

power of the boiler, the volume of the heat storage and of course on the heat consumption 

habits of the house occupants. Also, the heat supply of the solar thermal system may lower 

the full load heating time. An assumption of 1500 h full load heating time of boilers in low 

energy houses is realistic. In the following example, the heat load of a low energy house with 

a living space area of 120 m2 is calculated. 

 

Example: 

Heat demand 50 kWh/m2a 

Living space area 120 m2 

Heating time 1500 h/a 

Heating load = 50 kWh/m2a x 120 m2 / 1500 h/a= 4 kW 

 

Referring to the example, the boiler for the house should have a nominal rated power 

extending 4 kW. However this figure seems to be very low. This is due to the low heat 

demand of a low energy house. At present there are very few pellet central heating boilers 
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available with such a low range of performance. Therefore there is a tendency to use 

oversized pellet boilers. However, as already mentioned, over sizing should be avoided 

where possible.  

 

Another simple way to calculate the approximate nominal power of the pellet boiler is the 

multiplication of the specific heat demand of the heated building by the living space area and 

the efficiency factor for central heating. 

The specific heat demand is dependent on the type of building (freestanding, row house, 

apartment building), its location, any existing weather conditions (such as wind and the 

lowest outside temperature), the required inside temperature, and other technical aspects 

such as insulation standard and number of walls. 

In low energy houses the specific energy demand may even be less than 50 W/m2. The 

assumed factor for central heating is 0.8. An example calculation is as follows: 

 

Heat demand 50 W/m2 

Living space area 120 m2 

Efficiency factor 0.8 

            Heating load = 50 W/m2 x 120 m2 x 0.8 = 4800 W = 4.8 kW 

 

Some installers just multiply the specific heat demand by the living space area without taking 

the factor for central heating into consideration. This leads to large over sizing. 

When refitting a house with pellet heating without changes on the insulation of the house, 

some installers calculate the heating load based on the heating value of the required fuel. 

Installers analyse the fuel consumption of recent years prior to the refitting of the building and 

calculate the heating value of the average fuel consumption per year. Then they calculate the 

equivalent of required pellets (4.9 kWh/kg).  

 

Requirements for detailed calculations of the heat load are carried out in the DIN EN 12831. 

Since exact calculations of the heat load are very complex, some central heating boiler 

manufacturers provide software for the calculation. 
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8.4 Planning of the pellets central heating system infrastructure 

8.4.1 Location and fitting of the pellets storage 

As already described in chapter 4.5 there are several types of pellets storage. Depending on 

the size of the space of the building and its configuration the pellet storage facility can be 

placed on the inside and outside of the building and also under ground.  

While looking for a suitable place for the installation of the storage facility the following 

aspects should be considered. 

Referring to the location the following aspects of the delivery and filling of the pellets have to 

be considered. The pellets are delivered by a tanker and blown into the storage room. The 

tanker has normally a hose of maximum length 30 metres (each: filling and air/dust removal-

vacuum). The storage room or the filler of the storage room must therefore be within 30 m of 

the parking area of the tank vehicle. Where possible the way of the filling pipe from the 

tankers parking area to the filler nozzle should be in a straight line.  

 

Fig. 52: Drawing of the location of the pellet storage room  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 

 
The filler and venting nozzles should be accessible from outside. They should be easily 

accessible and placed at a reasonable height. The access road should be large enough for 

the tank vehicle to pass. Pellet storage rooms should be placed on the outside walls of 

buildings where possible. If that is not the case, filler and venting pipes must be conducted to 

the outside walls and fire protection requirements should be applied.52 

                                                 
52

           ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H., A-4132 Lembach i. M., Austria, 
www.pelletsheizung.at, download 18.01.06 at 16:44 
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The storage room must be dry, as any dampness can deteriorate the pellets and cause them 

to expand. For safety reasons, the doors, walls and ceiling of the pellet storage room have to 

be fire resistant. 

8.4.1.1 Filler nozzles 

The pellets are blown through the filling pipes directly into the storage room while the air is 

automatically removed. During that process the filling pipes are directly connected to the 

filling nozzles. Therefore the filler nozzles should be easily accessible from outside of the 

building and placed at a reasonable height. Additionally, the nozzles should be earthed to 

avoid electrostatic charging during filling. Since the filling nozzle has the same function of the 

inlet pipe on the inside of the pellets storage room, it should be mounted in the middle of the 

narrow wall approx. 20 cm beyond the ceiling. The extraction nozzles should be mounted at 

the same height at a minimum distance of 50 cm to the filling nozzle. 

 

Fig. 53: Drawing of filler nozzle and pipe 
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 

8.4.1.2 Electrical installation 

For safety reasons no light switches, sockets, lamps etc. should be fitted within the storage 

room. Next to the filler nozzles a power outlet (230 V/16 Ampere) should be installed. This is 

necessary for the exhaust fan to extract the dust particles during the filling of pellets. 

8.4.1.3 Filling pipes 

Filling pipes conduct the pellets from the filling nozzles into the storage tank. The pipes 

should be made of flat metal and can be connected by flanges. Plastic pipes are not suitable 

for filling pipes because they cannot be earthed. Folded spiral-seam-pipes are also not 

suitable because the spirals project into the pipe and can damage the pellets during filling. In 
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general no objects should project into the pipes since the passing pellets could hit against 

the projections and be damaged. Also, connections of pipes should be flat.  

The inlet end of the pipe should be at least straight for 0.5 m so that the pellets can be blown 

in a straight line into the storage room. If that is not possible, the end of the pipe may have 

an angle of max. 45° over a radius of 20 cm. Due to this the flight direction of the blown in 

pellets stays predictable and the pellets will not miss the deflector plate. 

The inlet pipe should be installed in a storage room on the narrow wall at least 15-20 cm 

below the ceiling. Otherwise the blown in pellets can damage the ceiling and break into 

pieces. When pellets break dust particles arise. Also the pieces of the broken ceiling can fall 

into the pellets and further damage the boiler. Also no objects should be built into the flight 

path of the pellets as these may be damaged and could break the pellets. 

. 

8.4.1.4 Deflector plate 

The deflector plate is mounted in the flight path of the pellets in front of the inlet of the filling 

pipe. It prevents the pellets from hitting against the opposite wall and directs them towards 

the ground. It should be made of a hard 1 mm thick high density polyethylene film or of a 1-3 

mm thick rubber plate. The deflector plate should have the size of 1.5 m x 1.5 m. 

8.4.2 Size and shape of the pellets storage 

The ideal volume of the pellet storage unit depends on the yearly consumption of pellets. 

Pellet delivery occurs once a year. The dimensioning can be carried out on the basis of the 

heat load. The heat load results from the annual heat demand multiplied by the heated area. 

For the estimations on the heat load please compare also chapter 8.3.  In older buildings the 

required amount of pellets can be assumed on the basis of the fuel consumption during the 

recent years. 

The empirical formula for the estimation of the heat load says that for 1kW heat load approx. 

400 kg pellets are required. The weight of pellets is 650 kg/m3. Therefore 1kW heat load 

requires approx. 0.7 m3 of storage volume per year.  

 

Regarding the dimensions of the storage room it can be said in general that the pellet 

storage room should be rectangular and of width not more than 2 metres (for example, 2 x 3 

m or 1.8 x 3.2 m and so on). The storage room should have a sloping floor to allow a 

complete discharge of the pellets by the transport auger (screw conveyor). Due to the sloping 

floor a part of the storage room volume is unusable. Narrow rooms are more suitable, as 
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there is less wasted space as in wide spaces. Furthermore, the storage room cannot be filled 

completely because some air space has to be left for the filler nozzle and extraction nozzle. 

In general about 1/3 of the storage room volume is unusable. Therefore 1 kW heat load 

requires 0.9 m3 storage room volume. 

 

 

Fig. 54: Dimension of the pellet storage room  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H.�

 

An example for the calculation of the storage room dimensions is given in the figure below. 
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Fig. 55: Example for the calculation of the storage room dimensions  
Source: ÖkoFEN Forschungs- und Entwicklungs Ges.m.b.H. 
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8.4.3 Location of the pellets central heating boiler room  

The location of the pellet boiler room depends on the type of the installed conveyor system. 

When a screw conveyor system is installed the pellets boiler room should be adjoining to the 

pellet storage room. The pneumatic suction conveyor system is able to convey the pellets 

over a maximum distance of 20 m. Therefore the pellets storage room should be within the 

20 m range.  

Sometimes when small heating boilers are installed a silo tank stands next to the pellets 

boiler in one room. In that case the distance between the boiler and the silo storage tank 

should be at least 1 m. Depending on the chosen location the conveyor system is fixed, see 

also chapter 4.6. 

8.4.4 Technical protection requirements for the pellet boiler and 

storage room 

Country and state specific fire protection regulations are the basic requirements for fire 

protection for the pellet boiler room and the storage room. In some countries, like in Germany 

for example, no fire protection regulations apply for heating units with a nominal power less 

than 50 kW and for a storage unit of less than 15 t of pellets. However, even if fire protection 

regulations do not apply, it is recommended to design the pellet storage and boiler rooms 

according to strict principles. 

The following article describes technical construction requirements based on Austrian 

regulations. These requirements are stringent and recommended. 

While planning or converting a pellet boiler or storage room, the walls and the ceiling should 

meet a high fire resistant standard (F 90). Also the doors should fulfil a high fire resistant 

standard (at least T 30 or T 90), open to the outside and be equipped with sealing. The 

inside of the door of the pellet storage room should be protected with 3 cm thick wooden 

boards to prevent the push of the pellets against the door. 

In the pellet storage room no electric installations such as light switches, sockets, lamps, 

junction boxes etc. should be installed. When lighting is required for the storage room an 

explosion-proof lamp can be installed. Additionally an emergency stop button for the boiler 

has to be installed readily available and close to the storage room door. 

The best solution is the conveyor system that uses gravity, but in practice this type usually 

has to be combined with another conveyor type. 
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8.4.5 Dimensioning of the chimney 

As already mentioned, the dimensioning of the chimney depends on many technical aspects 

of the building and the building surroundings. Therefore this chapter will just give an overview 

of chimney dimensioning. Local chimneysweepers and building authorities can supply the 

local requirements regarding the dimensioning of the chimney.  

In single occupancy houses chimneys for gas and oil heating systems have an inner 

diameter of 12 to 14 cm, while wood heating systems have a larger diameter from 18 to 20 

cm (e.g. in the range between 25 to 50 kW nominal heat power). This is related to the flue 

gas volume that rises during combustion. The adaptation of the cross-section of the chimney 

reaches the minimum requirements of the flue gas speed and the static negative pressure in 

the chimney. A low flue gas speed (e.g. under 0.5 m/s) makes an incursion of cold air with 

the possible creation of a condensate in the aperture area. Large scaled flue cross-sections 

can cause a lower flue gas speed. 

The wind passing the freestanding chimney fosters the negative pressure in the chimney as 

it pulls the flue gases away. When chimneys are surrounded by higher trees and roofs of the 

houses, the wind can flow into the chimney muzzle. This can cause disfunction in the heating 

units and can cause a smell nuisance. 

Also a house roof can have an effect on the impact of the wind. Wind blowing along a steep 

roof is diverted upwards on the bevelled surface of the roof and has a positive impact on the 

diffusion of flue gases.  Behind the ridge, the impact of the wind can transform into a falling 

wind and can have a negative impact on the flue gas diffusion. Therefore an adequate height 

of the chimney over building parts and neighbouring buildings is necessary.53 

                                                 
53

  H. Hartmann (ed.), Handbuch Bioenergie-Kleinanlagen, FNR, 1. Auflage, Februar 2003, p. 99. 
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9 Economical view on the system solution 

9.1 Regional Added Value 

Pellets are produced regionally and distributed mainly within the regions where they are 

produced. Therefore less fuel must be imported from far away. The money that would have 

been spent on imported fuels now remains within the region and creates an added value for 

the region. The use of pellets and also the production of pellets create numerous jobs within 

the pellet industry, trade, services, agriculture and forestry. Thereby it contributes to the 

regionally added value and secures social structures within the region. 

9.2 Security of supply 

Wood is a regionally renewable, constantly available fuel. In times of shortage of fossil 

resources, especially for European countries, pellets allow being independence from oil and 

gas supplies from foreign countries. At present, about half of yearly re-growing wood is used 

in Europe. Therefore still significant mobilisation reserves exist. Furthermore, the waste of 

the timber industry covers most of the raw materials for pellet production. During the recent 

years in Europe many pellet production plants have been constructed. More pellet production 

plants are in the planning or construction process to satisfy the growing demand for pellets in 

Europe. Therefore, there will not be a shortage pellet production and the supply of pellets is 

secure. 

9.3 Price advantage 

The price of pellets is developing independent of the prices of oil and gas. The oil and gas 

prices will rise disproportionate in the near future, due to the shortage of fossil resources. 

Even today pellets are a cost-saving alternative in comparison to fossil fuels. When a pellet 

heating system is combined with a solar thermal system the demand on pellets can be 

reduced since the sun is delivering a part of the required heat energy. The figure below 

shows the expected future development of gross fuel cost of heat supply regarding the price 

increase. The values of the diagram are calculated on the basis of a price increase of 5 % for 

fossil fuels and electricity and of 2 % for pellets. 
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Fig. 56: Future development of fuel cost of heat supply regarding the price increase [own preparation] 

 

The dates of the figures are generated with the Sollet-Tool. The Sollet-Tool could be found 

on the attached CD. Furthermore there is an overview about the Sollet-Tool in chapter 9.4. 

 

The following figures are showing different fuel or annual costs in comparison. They’re 

calculated by an average of a one family house with 3 persons, a heated space of 150 m2 

and a heating unit with a heat capacity of 11 kW. The calculations are based on German 

prices, taxes, support programmes and loan rates (standard: 6 %). They serve as an 

example and price guide for similar projects. 

 

In the following figure is additionally the diagrammed systems are separated into units 

without solar collectors, with solar collectors for hot water (HW) and with solar collectors for 

hot water and room heating (HW + RH). The figure is based on the German fuel prices and 

VAT and should be therefore taken as a guide value. 

 

The average cost of pellets is equal to approx. 67 % of the annual cost of natural gas and 

approx. 65 % of the annual cost of oil. As you can see in the figure, at present electrical 

heating causes the highest costs.54  

                                                 
54

  Landesregierung NRW, Landesinitiative Zukunftsenergien NRW, Aktion Holzpellets, Holzpellets. Der 
Brennstoff der Zukunft, p.12. 
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Fig. 57: Yearly cost of fuel for a one-family house in Germany (3 person household, 150 m³, building of the year 
1995) [own preparation] 

 

The calculations are based on a pellets price of 200 €/t (net). In an average one-family house 

with a pellets requirement of 4 tons per year the total cost of the pellets will be approx. 856 € 

incl. 7 % VAT. The VAT for pellets of 7 % in Germany is lower than the VAT for oil at 16 %. 

 

Regarding the costs of the total heat supply, which arises during the operation of the heating 

system (e.g. investment costs, maintenance, insurance and interests), a comparison 

between heating systems, is drawn in figure 58. The initial investment (purchase costs) of the 

combined pellets and solar thermal heating system and the pellets heating system on its own 

are higher than the initial investment for conventional heating systems. The higher price of 

those systems is due to lower production quantities of the pellet boilers and solar thermal 

system components. These prices would decrease if the production of the systems will 

expands in future. However, including the governmental financial support available in 

countries like Germany the total costs of pellet heating systems and a combined pellet and 

solar thermal system are already able to compete with oil and gas heating systems. 
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  Unit Oil 
Natural 

gas 
Wood-
pellet 

Wood-pellet with 
solar collector for 
HW 

Wood-pellet with 
solar collector for 
HW + RH Heating 

pump 

Energy demand:               

Area of solar collectors m² - - - 4,5 15,0 - 

Room heating demand kWh 21.000 21.000 21.000 21.000 21.000 21.000 

Hot water demand kWh 1.261 1.261 1.261 1.261 1.261 1.261 

Solar thermal heating kWh - - - 1.890 6.300 - 

Total energy demand kWh 22.261 22.261 22.261 20.371 15.961 22.261 

Hours of use h 2.100 2.100 2.100 2.100 2.100 2.100 

Degree of efficiency   0,90 0,95 0,83 0,83 0,83 0,90 

Fuel requirement kWh 24.734 23.432 26.820 24.543 19.230 8.245 

Investment:               
Gas and electric installation, 
grid connection and fuel 
storage € 4.450 2.400 7.400 7.400 7.400 - 

Chimney, exhaust system and 
permit € 600 600 600 600 600 600 

Boiler and contoroler € 3.533 3.675 8.622 8.622 8.622 20.650 

Solar collector + buffer storage € - - - 4.000 7.000 - 

Heat distribution system € 4.041 4.041 4.041 4.041 4.041 4.041 

Grants               

for pellet heating € - - -1.088 -1.088 -1.088 - 

for solar heating (HW) € - - - -246 - - 

for solar heating (HW + RH) € - - - - -1.050 - 

Total investment € 12.625 10.716 19.575 23.329 25.525 25.291 

Heating costs (incl. 
tax):               

Price per kWh Cent/kWh 6,61 6,59 4,37 4,37 4,37 9,18 

Annualy base price €/a - 61,35 - - - 71,07 

Fuel costs €/a 1.635 1.605 1.171 1.071 839 828 

Maintenance for chimney €/a 50 50 100 100 100 - 

Generally maintenance €/a 260 230 260 260 260 - 

Cost of operation €/a 200 86 386 386 386 350 

Cost of capital (interest rate, 
standart =  6%) €/a 1.101 934 1.707 2.034 2.225 2.205 

Fig. 58: Comparison of costs of several heating systems for a one-family house in Germany          
Source: [own preperation] 

 
The total costs of the combined pellet and solar thermal heating system are higher than the 

pellet heating system on its own. That is due to the higher investment for the components of 

the solar thermal system. However the combined pellets and solar thermal system allows 

saving approx. 30 % of the fuel cost. Therefore it will become more economically efficient in 

combination with rising fuel prices. 

Without any governmental founding combined solar thermal and pellet heating systems 

would not be competitive with other heating systems, yet. However it is realistic that the fossil 

fuel prises will rise disproportionate in the near future in comparison to pellets. The following 

chart (fig.59), which shows the total costs (including VAT) of heat supply, is also calculated 

on the basis of a price increase of fossil fuels and electricity of 5 % and of pellets of 2 %, like 
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fig. 56. But this diagram is additionally to the fuel prices calculated with the rest annual costs 

like the maintenance or capital costs. As you can see, after approx. 5,5 years the wood pellet 

boiler would be worthwhile than the oil heating plant and after 10 yeas worthwhile than a 

natural gaz heating plant. 
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Fig. 59: Future development of total gros cost of heat supply within 20 years [own preparation] 
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9.4 SOLLET-Tool 

As an attachment to this guideline could be found a CD which comprised a tool inside of a 

Excel-document. The name of the tool is SOLLET-Tool. 

After you opened the document you can run different calculations in consideration of 

collectable parameters. 

Generally the tool compares two different heating systems, inclusive the solar pellet 

combination: 

• oil 

• natural gas 

• wood-pellet boiler 

• wood-pellet oven 

• split logs 

• heat pump 

And for each of the above mentioned heating systems, additionally there is a possibility to 

choose a system with or without solar heating systems either for the hot water or room 

heating. 

 

 
Fig. 60: The Sollet-Tool from the attached CD 
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10 Environmental view on the system solution 

There are several reasons to support the application of combined solar thermal and wood 

pellet heating systems. Combined solar thermal and wood pellet heating systems offer the 

same comfort of maintenance and operation as oil or gas heating systems. Also, from the 

financial point of view, combined solar thermal and wood pellet heating systems can 

compete with oil or gas heating applications. The main advantage of combined solar thermal 

and wood pellet systems is their environmental friendliness. 

10.1 Greenhouse effect reduction  

The use of wood pellets and solar thermal heat is, in comparison to fossil fuels, widely CO2 

neutral. That means that during the combustion of pellets the same amount of carbon dioxide 

is released as has been previously gathered by trees during their adolescence (closed 

carbon cycle). In addition, the use of solar thermal energy is not linked with any kind of 

environmentally negative emissions. 

In comparison, during the combustion of fossil fuels, carbon dioxide is released that has 

been accumulated over millions of years. This release of carbon dioxide causes an increase 

of the carbon dioxide concentration in our atmosphere and is significantly responsible for the 

greenhouse effect. 

Certainly the CO2 neutrality of pellets is merely related to the combustion process of pellets. 

During the production and transport of pellets CO2 may also be released because fossil fuels 

are used. CO2 is also released during the production of the solar thermal and pellet heating 

system components. 

The following figure shows, that even including the production and transport processes wood 

pellet heating systems emit significantly less CO2 in comparison to other heating systems 

using fossil fuels. The data is based on the German energy mix and German supply chains. 

It may differ in countries with a different energy mix and supply chains. 

. 



 SOLLET Guide, Environmental view 

90 

370

230

570

186

23

40

57

0 100 200 300 400 500 600

Pellets-Solar

Pellets

Wood

Oil

Gas 

Electric

Heat Pump

kg/MWh
 

Fig. 61: Comparison of carbon dioxide emissions of different heating systems  
Source: According to Öko-Institute, Gemis 4.3 

 

For example, by replacing the oil heating system with a combined solar thermal and pellet 

heating system in a one-family house with a living area of 130 m2 and a heat demand of 120 

kWh/m2a about 5 tones/a of CO2 emissions can by reduced. Respectively almost 3 tones of 

CO2 emissions may be reduced when a gas heating system is replaced by a combined solar 

thermal and pellet heating system. 

The energy requirement for the production of wood pellets is very low and takes about 2.7 % 

of the total energy. 

10.2 Fine dust 

The solar plant is free of any operation emissions except for the electrical power for the 

circulation pump. The CO2 neutral combustion of wood has the disadvantages against gas 

heating system that the burning process is always linked with dust emission. The wood-pellet 

heating system is the one of the wood fuels which has the lowest dust emissions and is 

nearly comparable to standard existing oil heating systems. Typical values for the fine dust 

part are around 10 - 25 mg/Nm³. Furthermore the fine dust of pellet heating systems is due to 

the main part of inorganic salts less toxic than the fine dust of wood-log heating systems or of 

diesel engines.55 Nevertheless the boiler and pellet fuel producers are working on 

optimisations to avoid as much fine dust emissions as possible. Several filter systems are in 

tests to demonstrate their suitability for daily-use. 

                                                 
55 DEPV: Basic information about the fine-dust discussion of pellet heating systems, www.depv.de 
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10.3 Acid rain reduction 

Next to the reduction of carbon dioxide emission during the combustion of pellets in 

comparison to other fuels also less emissions of sulphur dioxide arise. Sulphur dioxide has a 

significant contribution to the formation of acid rain. Acid rain damages forest ecosystems. 

Therefore the use of pellets has a high contribution to the conservation of forests.  

10.4 Low transport and storage hazards 

Fossil fuels are mainly environmental hazardous substances. These also have to be 

transported to the consumers over long distances from the place of mining, refining and 

distribution. Many accidents have happened in the past where a contamination of the 

environment has taken place (e.g. tanker ship accidents or leakage of pipelines). In 

comparison to fossil fuels, pellets are produced regionally and in general transported over 

short distances to the consumers. Pellets are also organic and not hazardous at all. 

Therefore almost no hazards of environmental contamination exist during the transport of 

pellets. Also, fewer emissions arise due to the shorter transport distances of pellets from the 

production to the consumer. 

Furthermore, the hazards of explosion, fire and water contamination are lower for the storage 

of pellets as for the storage of fossil fuels. 
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11 Financial facilities 

11.1 Energy service model (ESCo) 

One barrier in all participating countries is the high invest in the hybrid technology by the first 

implementation based on the more expensive boiler technology and the additional needed 

components as pellet storage and water tank. Mostly the investment in a heating technology 

happen together will building costs (new buildings, renovation) which is the cause for cost 

savings by the heating technologies. The interrogation of the plumbers confirmed that 

impression. The result is shown in the following figure. 

3%
2%

5%
13%
11%
11%
13%

17%

39%

87%

0% 20% 40% 60% 80% 100%
Percentage of votes

wanting of technical literatur

nothing

wanting of training and education

something else

no spread pelletofers

to less grants

pelet price is to high

oil/natural gaz price is to high

no information of the customer

the plant price is to high

2005

2004

 
Fig. 62: Results of the interrogation in Germany; Source DEPV 

 

Therefore the partner IfaS, ZES and Sunsys developed in discussion with the other partner 

the financial model “Micro-Contracting” to show the interested operators of the hybrid 

technology how the could get the system in their building. The structure of the model is 

shown in following figure: 
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Fig. 63: Micro-Contracting model 
 

The idea of the Micro-Contracting is that the investment will be done by an external investor 

who also installs and operates the plant with local partners like plumbers. The contractor is 

responsible for operation, the supply with pellets, the financing and the maintenance of the 

boiler. The customer is only interested in interruption-free heat supply with stabile heat 

prices based on renewable energies. The first feedback is high motivating. The idea of the 

Micro-Contracting model was further developed. Especially in the way how the cooperation 

between installer and distributor/producer could be organised. The producer has the interest 

of expanding his market. He will sell more units. The installer is interested in installing and 

further maintenance activities. The result of this discussion is shown in the next figure: 
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Fig. 64: Different phases of the Micro-Contracting model 
 

The phase 1 is the normal business without contracting. But if the costumer still interested 

but has not enough money to buy the units directly the installer could offer with his 

distributor/producer partner the heat supply with an energy-service-model (ESCo). This is a 

typical win-win situation for all partners. 

The model was discussed with several market actors. The results were between: 

� No, Impossible, because the installers are not the right partners 

� No interest, because the market growing is fast enough and no other marketing 

measure are necessary 

� Yes, that could be the final solution to expand the market activities. 

The positive results came more from the solar-thermal collector company side and the 

negative evaluation from the wood-pellet boiler company side. These could be caused 

through the overloaded pellet market at the moment, because the existing ESCo´s evaluate 

the use of pellet boiler for energy service models very positive. 
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11.2 Financial support programmes 

International, national and regional support programmes often change and have 

unfortunately mostly only a short lifetime. Therefore it is always necessary to get in contact 

with experts before realising a project. 
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12 Sollet demonstration plants 

Demonstration plants with different sizes and with different solar/pellet combinations have 

been implemented and monitored within the scope of the Sollet project. The following 

chapter should give an overview about different possibilities how to combine a solar-pellet 

system. Therefore the plants are first described and for more detailed information a 

hydraulic scheme of the plant is added. 
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12.1   Austria- Tulln 

In Austria, a combined solar thermal and pellet district heating system has been installed at 

an already existing school and boarding house. It is heating the school building and the 

boarding house with 24 bedrooms with a total heated space of approx. 400 m2. The 

combined solar thermal heating system consists of a 130 kW rated power pellet boiler, 16 

m² solar thermal collector area and a 1500 litre buffer heat storage tank.56 

 

 

Fig. 65: The school and the boarding house at Tulln 
Source: www.sollet.info 

 

The main figures of the plant are: 

• Pellet boiler 140 kW as a basic heat supplier 

• Equipped with a plant oil back-up boiler 

• District heating net  

• 400 m², 24 beds and school 

• 15,4 m² collector area 

• 3,44 m³ storage tank 

• Different kinds of end-users (office, boarding house, school) 

 

 

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at Tulln follows: 

                                                 
56 Sollet, http://www.sollet.info/en/plants/plants01.php, download on 22.07.06 at 09:45 
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Fig. 66: Hydraulic scheme of the combined solar thermal and pellet heating system at Tulln 
Source: www.sollet.info 
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12.2   Germany 

12.2.1 Stranddorf Augustenhof 

In Germany a combined solar thermal and pellet district heating system has been installed 

at the holiday beach village Augustenhof (Stranddorf Augustenhof). The holiday beach 

village consists of 15 holiday houses (55-72 m2 living space each) and a community centre. 

 

           
Fig. 67: bungalow village Stranddorf Augustenhof 

Source: www.sollet.info 

 
The combined solar thermal and pellet district heating system consists of: 

• 15 apartment houses with a heated living area of 65 m² equipped with stand-alone 

pellet oven for heating (fuel supply with bags) 

• pellet boiler 32 kW as central heater 

• solar thermal plant with 47,5 m² collector area  

• solar designed to cover the hotwater demand 

• 2800 l storage tank, divided in 3 solar storage tanks 

and a backup storage tank of 700 l 

The village requires approx. 15 t57 of pellets per year for the space and domestic hot water 

heating. All village houses are supplied with space heat and domestic hot water from the 

centralised combined solar thermal and pellet heating system. Additional space heating is 

supplied by the pellet stove during winter in each house.  

           
 

                                                 
57 Stranddorf Augustenhof, http://www.stranddorf.de/Stranddorf/Nahwaerme.htm, 23.07.06 at 09:34 
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Fig. 68: Solar collectors on the roof of the service building (left) and pellet stove in each house (right) 
Source: www.stranddorf.de 

 

 

 

 

  

Fig. 69: Heat storage tanks (left) and pellet boiler (right) 
Source: www.stranddorf.de 

 

 
For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the beach village follows: 
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Fig. 70: Hydraulic scheme of Stranddorf Augustenhof  
Source: www.sollet.info
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12.2.2 House at Dormagen 

A combined solar thermal and wood pellet heating system has been installed in a one family 

house at Dormagen. The house has a 400 m2 heated living area. The combined solar 

thermal and pellet heating system is composed of: 

 

• old building with 600m² heated living area 

• 10 KW wood pellet oven with air/water-heat exchanger in the kitchen 

• 10 KW wood log stove with air/water-heat exchanger in the living room 

• fuel supply with bags 

• Equipped with a gas back-up boiler 

• solar thermal plant with 105 qm² collector area 

• solar designed to cover as much heat demand as possible 

• three storage tanks (1000 l each) 

 

Additionally a 10 kW wood oven with air and water heat exchangers is integrated into the 

system and a gas heating system is working as a backup heating system58 

 

� �  

Fig. 71: The house with the solar collector (left), the pellet stove (mid) and the wood-log stove (right) 
Source: www.sollet.info 

 
 

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Dormagen follows: 

 

                                                 
58 Sollet, http://www.sollet.info/en/plants/plants01.php#dormagen2, download on 22.07.06 at 12:45 
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Fig. 72: Hydraulic scheme of the combined system in a house at Dormagen  
Source: www.sollet.info
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12.2.3 New house at Cologne 

A combined solar thermal and pellet heating system has been installed in a one family house 

at Cologne. The house has a total heated living space area of 140 m2. The combined heating 

system is composed of a 10 kW pellet stove with water and air heat exchangers, a 28 m2 

solar thermal collector area and a 1000 l heat storage tank. The solar thermal collectors are 

mounted on the east- and west of the buildings roof59. 

�

�

� � �

Fig. 73: Collector area at the east- side of the house (left) and on the west – side (right) 
 

The combined solar thermal and pellet heating system is composed of: 

 

• New building with 140m² heated living area 

• Direct abdication of gas connection 

• 100% renewable heat supply 

• 10 KW wood pellet oven with air/water-heat exchanger oven in the living room 

• equipped with an automatically fuel supply with gravitation 

• solar designed to cover as much heat demand as possible 

• east-west orientated solar thermal plant with 28 qm² collector area 

• 1000 l water storage tank 

 

A function scheme of the special pellet storage under the roof and the filling of the pellet 

stove with pellets through gravity is shown in the following picture. 

                                                 
59Sollet, http://www.sollet.info/en/plants/plants01.php#koeln, download on 22.07.06 at 12:45  
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Fig. 74: function scheme of the wood pellet supply through gravity at Cologne  

 

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Cologne follows 
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Fig. 75: Hydraulic scheme of the combined heating system at a house in Cologne  
Source: www.sollet.info 
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12.2.4 Renovated apartment building at Cologne 

A combined solar thermal and pellet heating system has been installed to supply a district 

heating net at a renovated apartment building at cologne. The building consists of 75 flats 

with an average living space area of 73 m2 (5.510 m2 total living space area)60. 

 

  
Fig. 76: Former view of GSG building (left) and actual view of GSG building (right) of the so named called project 

“Am Bilderstöckchen", Cologne 
 

 The combined heating system consists of: 

 

• renovated buildings with approx. 5.510 m² heated living area 

• district heating net 

• pellet boiler 32 kW 

• solar-thermal with 192 qm² collector area designed to cover the hotwater demand 

• two storage tanks (8000 l, 2000 l) 

• warmwater tank (1500 l) 

• Equipped with a gas back-up boiler 240 kW 

 

                                                 
60Landesinitiative Zukunftsenergien NRW, http://www.50-solarsiedlungen.de/frame_siedlungen.html, download 
on 22.07.06 at 12:45  
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Fig. 77: The installation of the solar collectors at the roof 
Source: www.50-solarsiedlungen.de

 

 

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Cologne follows 
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Fig. 78: hydraulic scheme of Stranddorf/Augustenviertel 
Source: www.sollet.info 
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12.2.5 One family house at Gerlfangen  

The old building has about 180 m² living area and is rebuilt as a low energy house, with a 

heat demand <9kW.  The owner wanted to install a system which could use pellets and 

firewood in one system based on a traditional oven. 

 
The chosen system is characterized by a new developed tiled oven with a separate pellet 

module, which is suitable to be fired automatically by pellets or manually by firewood. This 

allows beside the traditional manual firing method by fire wood, an automatic firing by pellets 

in the same oven. The oven delivers heat into a 1.000 ltr. storage tank which is co-heated by 

a solar thermal installation on the roof.  

  

Fig. 79: The solar colletor on the roof 
Source: www.sollet.info 

 
 

• new building with 180 m² heated living area 

• low energy house 60 kWh/m²a 

• pellet boiler 

• 6 m³ pellet storage room 

• solar thermal plant with 18 qm² collector area 

• solar designed to cover the hotwater and heating demand 

• 1000 ltr. storage tank 
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The following pictures illustrate the principle of pellets flow beginning from the filling pipes in 

the garage of the house over the pellet storage in the attic towards the pellet module from 

where the pellets are fed to the tiled oven.  
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Fig. 80:: pellet supply in the garage to the pellet storage in the attic of the house 
Source: www.sollet.info 
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For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Gerlfangen follows: 

 
 

Fig. 81: hydraulic scheme of Gerlfangen 
Source: www.sollet.info 
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12.3   Greece - Laboratory and office building 

In Greece the first combined solar thermal and pellet heating system has been installed in 

the laboratory of CRES for testing reasons. It is heating a 60 m2 laboratory building. The 

system consists of: 

 

• first plant in Greece       

• old building 

• pellet boiler 35 kW 

• solar thermal plant with 12 m² collector area 

• 600 l storage tank 

• design of solar collector to cover the heating demand  

of the office with heated area of 60 m² 

 

 
 

   
Fig. 82:: pellet boiler (left), solar collector area on the roof (mid) and storage tank (right) 

Source: www.sollet.info 
 

 
 

When the combined system is not operating for whatever reason the offices will be heated 

with the previously existing system of heat pumps61. 

 

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Pikermi follows: 

 

                                                 
61 Sollet, http://www.sollet.info/en/plants/plants01.php#grec1, download on 23.07.06 at 9:15 
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�

�

Fig. 83: hydraulic scheme of laboratory building CRES 

Source: www.Sollet.info 
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12.4 Luxemburg – Redange, district heating at Nagem 

In Luxemburg/Redange a combined solar and pellet heating system is supplying a church, a 

school and a parsonage via a district heating system. 

 

 

Fig. 84: The school, church and parsonage at Nagem 
 

 

The church requires 80 kW, the school 30 kW and the parsonage 36 kW of heat. The system 

consists of an 85 kW pellet boiler, a 10 m2 solar thermal collector area and 2000 l storage 

tank62. 

The details of the plant are: 

• first communal combined plant in Luxemburg 

• connection of three old buildings (church, school and presbytere) with a heated area 

of approx. 510 m² 

• district heating net 

• pellet boiler 85 kW 

• 12 m³ storage room 

• solar thermal plant with 10 m² collector area 

• 2 m³ storage tank 

• solar designed to cover the hotwater demand 

                                                 
62 Sollet, http://www.sollet.info/en/plants/plants01.php#lux1, download on 23.07.06 at 11:17  
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�

�  
Fig. 85: pellet boiler and heat distribution in NAGEM 

Source: own pictures 

 

 
Fig. 86: The pellet boiler (top-left), the storage tank (top right) and the solar collector on the roof (bottom) at 

Nagem 
Source: www.sollet.info 

 
 

�

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Redange follows: 
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Fig. 87: hydraulic scheme of NAGEM / Redange 
Source: www.SOLLET.info�
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12.5   Sweden 

12.5.1 Gotland- Hotel at Toftagården 

The Hotel at Toftagården is supplied with heat by a combined solar thermal and pellet 

heating system. The hotel has a capacity of 130 beds. 

�  
Fig. 88: The hotel entrance with the collector area on the roof 

 

The combined system consists of: 

 

• old buildings with 130 beds 

• pellet burner 50 kW 

• Equipped with a oil back-up boiler 

• district heating net to several apartment buildings 

• solar thermal plant with 52 m² collector area 

• 6 m³ storage tank 

• design of solar collector to cover the hotwater  and heating demand 
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•    

Fig. 89: The pellet burner (left) and the pellet storage (right) 
Source: www.sollet.info �

 
 

 

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Toftagarden follows: 
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heat distribution 

pellet boiler 

solar plant 

Fig. 90: hydraulic scheme at Toftagarden 
Source: www.sollet.info  
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12.5.2 Gotland- Old people’s home at Tingsbrogården 

On Gotland a combined solar thermal and pellet heating system is supplying an old people´s 

house at Tingsbrogården. It is a renovated rural house with space for 40 tenants and a 

additional house with 10 service flats. 

 

 

Fig. 91: The old people´s home 
 

 

The combined heating system consists of: 

 

• Renovated communal building for aged people; 32 tenants 

• pellet boiler 400 kW 

• 100% renewable energy supply 

• solar thermal plant with 27 m² collector area 

• 3 m³ storage tank 

• design of solar collector to cover the hotwater demand 

�
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Fig. 92: Pellet boiler container and pellet storage (left) and collector area on the roof (right) 

Source: www.sollet.info 
 

 

 

Fig. 93: function scheme of the solar implementation at Tingsbrogarden 
Source: www.sollet.info 

 

 

 

For the more technical versed reader the hydraulic scheme of the combined solar thermal 

and pellet heating system at the house at Tingsbrogarden follows: 
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Fig. 94:hydraulic scheme of Tingsbrogarden 
Source: Municipality of Visby / Gotland 
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