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ABSTRACT: Currently, small-scale combustion units in Europe are fired almost exclusively with high quality wood 

fuels. However, caused by the growing demand for material and energetic use wood is getting more scarce nowadays. 

Consequently, alternative solid biomass, like low quality wood or straw, is experiencing growing interest as 

alternative fuel source. In most European countries preliminary activities in industrial as well as in public sectors 

have been started to integrate these alternative solid biofuels. However, the market integration of alternative biomass 

pellets is still hindered by various constraints. To overcome these constraints and strengthen the drivers promising 

market introduction concepts have to be identified to enhance the relevance of alternative pellets in Europe. Thus, 

national conditions for the combustion of alternative pellets are emphasized. Furthermore, available raw materials 

and their associated production and combustion technologies are presented based on investigations and interviews 

with key actors in the different European countries.  
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1 THE MIXBIOPELLS PROJECT 

 

There are significant differences for the types of the 

available raw materials and the local frameworks in the 

European countries and even between the regions of one 

country, Thus, the local situations in Central Finland, 

East Sweden, Jutland in Denmark, Rhineland-Palatinate 

in Germany, Lower Austria, Lombardy in Italy and 

Asturias in Spain are analysed. Local bio-business 

activities will be supported based on a close cooperation 

with local key actors amongst the whole supply chain. 

The objective is the development and the creation of 

regional case studies to gather information about 

successful technical developments, available raw 

materials, basic and economic conditions and problems 

during the build up of new regional bio-business 

activities.  

To ensure a transferability of the results of each 

region, the current situation concerning technical 

possibilities in production and utilisation of alternative 

pellets in the European partner countries are monitored 

and summarised. This includes national conditions and 

available pelletising and combustion technologies which 

will be investigated by literature and market surveys as 

well as interviews with key actors. Finally, the regional 

and national conditions are compared to identify common 

constraints and drivers. On this basis, recommendations 

on favourable legal frameworks are given and regional 

concepts for the market implementation of alternative 

pellets with regard to the existing frameworks are 

developed. To increase the market implementation of 

alternative pellets dissemination of the project as well as 

the project results has to be realised for defined target 

groups and interested public. To do so a website 

including a database and forum is set up and side-

workshops will be organised at local, national and 

international conferences. 

Thus, the MixBioPells project provides up to date 

market information for alternative biomass pellets 

(including all raw materials apart from the chemical and 

combustion related properties of wood pellets according 

to EN 14961-2) and mixed biomass pellets (including 

mixtures of raw materials from Group 1, 2 or 3 according 

to the definition in EN 14961) based on a comprehensive 

data collection all over Europe. The major relevant 

objectives and outcomes for the actors are: 

 

1. Improvement of the data and information transfer and 

support of local bio-business activities for the 

energetic utilization of non woody (mixed) biomass 

pellets or briquettes by: 

 evaluating best practice examples and case studies, 

 organizing of regional workshops, 

 publishing of an initiators handbook and  

 set up of a database and communication platform. 

2. Increasing the public awareness, e.g.  improved 

communication and guidance for decision-makers by: 

 publishing brochures and 

 including political and administrational decision 

makers in the project. 

3. Development of a labelling system for non-woody 

(mixed) biomass pellets / briquettes and boilers.  

 

 

2 NATIONAL CONDITIONS 

 

Since the national conditions are crucial for the market 

implementation of alternative and mixed biomass pellets, 

the legal conditions as well as existing pellet and boiler 

standards have to be investigated. Furthermore funding 

possibilities need to be considered. 

 

2.1 Legal conditions 

The legal conditions for the combustion of alternative 

pellets made of different biomass raw materials, residues 

and mixtures differ significantly within the partner 

countries. Thus, it is crucial to point out which licensed 

fuels are available and what emission threshold values 

have to be considered.  

In Austria, the use is restricted to natural wood due to 

federal states’ prescriptions. Since 1995 the “Art. 15 a B-

VG agreement: Precautionary measures regarding small-

scale heating systems” controls the implementation of 

heating systems with a nominal heat output up to 400 kW 

for residential heating. A draft of an amendment is in 

progress since 2004, but implementation is proceeding 

very slowly. So far the utilisation of non-woody biomass 

fuels in small-scale combustion appliances is only 

considered in the legal framework of the province of 



Lower Austria. Actually, only in this region the 

combustion of fuels based on wood, bark, straw, cereals 

and mixtures in private sectors is possible if the pellets 

apply to a product standard. 

In Finland there is no general guideline for licensed 

fuels. Common solid biofuels are wood logs, wood chips 

and wood pellets. Non woody biomass is not mentioned 

and must be handled individually by the authority as a 

“special fuel”. Some farmers use energy grain (barley, 

oat, rye, wheat) and other herbaceous biomass as fuel. 

Reed Canary Grass (Phalaris arundinacea) has been 

grown in Finland for several years and it is used as a 

supplementary fuel in about 20 power and heating plants. 

It has also been used as mixture with other solid biomass 

for pellet production. Additionally, peat pellets are used 

to some extent.  

The concept “licensed fuel” is not used in Sweden. 

Solid fuels are divided in groups with respect to their 

origin: forest fuels, peat, agricultural fuels, fuels derived 

from waste etc. Furthermore, the term “combustion of 

alternative pellets” applies only to pure raw materials. If 

the biomass fuel is mixed with a controlled stream of a 

well defined waste product, it should be classified as “co-

combustion”. For utilisation of a more complex waste 

fuel the combustion should be classified as waste 

incineration. If the main purpose of the co-incineration 

plant is not the generation of energy or the production of 

material products but rather the thermal treatment of 

waste, the plant shall be regarded as an incineration plant. 

In Germany it is necessary to distinguish whether a 

permission according to Federal Immission Control 

Regulation No. 4 (4. BImSchV) or No. 1 is needed. In 

combustion plants without permission according to 

1st BImSchV licensed fuels are “straw, whole plants (also 

pellets), grains (also pellets), energy grain processing 

residues, husks, culms residues and similar herbaceous 

biomass substances (like Miscanthus or hay)” or “other 

renewable sources” [2]. For No. 4 no fuels are specified, 

only a group no. 1.3 “other solid or liquid fuels than coal, 

natural gas, heating oil (…)” is named [3, 4].  

In Spain, Denmark and Italy a wide range of 

renewable sources can be used for combustion. In Spain 

there are different types of biomass available for 

energetic use according to the “Plan de Energías 

Renovables”, e.g. biomass from forests, woody 

agricultural residues (pruning of olive trees, fruit trees 

and vineyards), grass agricultural residues (mainly straw 

and corn maize stover), residues from wood industry, 

residues from agricultural industries (olive Stones, 

almond shells,…) and energy crops, (mainly cardoon, 

sorghum and Ethiopian Canola) [5]. In Italy biomass can 

be defined in two different ways. According to the 

environment protection act (D.lgs 152/2006) biomass is 

considered as a fuel only if it has not been submitted to 

any chemical treatment [6]. These raw materials can be 

considered as “fuels”. In some cases raw materials like 

poultry litter or byproducts of landscape gardening are 

excluded from the definition and are considered 

“byproduct”. This definition is not an easy-to-apply rule 

which causes big uncertainties in the market. According 

to legislation on renewable energy promotion 

(implementation decree of Directive 2009/28, [7]) 

biomass is any biogenic matter, regardless its origin or 

quality. Thus, any biomass from agriculture, forestry or 

agro-industry, which has been submitted only to a 

mechanical treatment, can be considered as a fuel. There 

are no specific legal conditions for the combustion of 

mixed biomass pellets as long as the raw materials are 

classified as "Biomass" (based on the Dlgs 152:2006) and 

the requirements for the emissions threshold values are 

fulfilled.  

In Denmark biomass is defined according to the 

Danish Act no. 638 on biomass waste [8]. Any type of 

biomass or mixture that is not mentioned in the annex of 

the act is defined as waste and must be handled and 

approved according to the EU Waste incineration 

directive in terms of temperature and retention time in an 

incineration plant. Furthermore, a waste tax is due. 

According to the Danish Act no. 638 the following 

biomass can be used for the combustion: 

 raw wood incl. bark, forest wood chips, 

 clean wood including shavings and saw dust, 

 waste wood from the production and treatment of 

clean laminated wood, 

 straw, 

 kernels and seeds from fruits, 

 fruit residues, 

 nut and seed shells, 

 untreated cork, grain and seeds, cotton and flax, 

 lolly sticks, 

 green pellets (dried grass, clover etc.), 

 malt, 

 thatched roofing, 

 tobacco waste, 

 fuel pellets or fuel briquettes produced exclusively 

from waste. 

Besides the definition of solid biofuels, the official 

threshold values for the emissions are crucial to enhance 

the market implementation of alternative pellets. In 

Figure 1 the threshold values of each country are 

classified according to strict, loose and no regulation of 

threshold values. 

 

Country Range CO OGC NOx SO2 HCl Particles
Dioxine /   

Furanes

<100kW

100kW - 1MW

> 1MW

<100kW

100kW - 1MW

> 1MW

<100kW

100kW - 1MW

> 1MW

<100kW

100kW - 1MW

> 1MW

<100kW

100kW - 1MW

> 1MW

<100kW
1)

100kW - 1MW 
2)

> 1MW

<100kW

100kW - 1MW

> 1MW

strict <500 <30 <300 <250 <50 <50 <0.1

loose <1000 <125 <600 <400 <100 <300 <0.5

no

Italy

Sweden

Spain

Austria
3)

Denmark

Finland

Germany

 
1) Threshold values valid up to 300 kW 
2) Threshold values valid from 300 kW to 1MW 
3) Threshold values valid for Lower Austria and combustion systems up to 

400 kW 

 

Figure 1: Classification of existing emission threshold 

values for combustion plants up to 50 MW in different 

European countries (based on mg/Nm³ and 13 Vol.-% O2 

and ng/Nm³ and 13 Vol.-% O2 for Dioxins / Furanes) 



The classification indicates whether a use of 

alternative biomass pellets can be problematic (“strict 

regulation”) or in some cases problematic (“loose 

regulation”). Thus, the classification should give a basic 

overview but the realisation strongly depends on 

available combustion and flue gas cleaning systems and 

the properties of the used fuel. According to Figure 1 

there are significant differences of the legal conditions 

for different thermal ranges and different countries. 

Emissions on CO, NOx and particles are commonly 

limited in medium and industrial combustion plants. 

Emission threshold values for small scale combustion 

plants up to 100 kW mainly exist in Germany and 

Austria. In contrast, emission threshold values of HCl 

and Dioxins / Furanes exist only in Germany. If there are 

no regulations existing, legal authorities will set the 

permission and the threshold values at their sole 

descretion. In result the following classification for the 

legal conditions can be figured out: 

 Highly restricted legal conditions: A small range of 

fuels can be used due to strict emission threshold 

values and due to the few technical possibilities to 

keep the threshold values, e.g. restrictions for small 

and medium scale combustion plants in Germany and 

Lower Austria. 

 Low restricted legal conditions: A wide range of 

alternative fuels can be used for combustion purposes 

due to loose restricted emission threshold values, e.g. 

restrictions for medium and industrial scale systems 

in Denmark, Sweden and Finland. 

 No legal conditions: The combustion of alternative 

fuels is not allowed or must be individually approved 

by local authorities, e.g. in Spain, Finland (below 

1 MW) or Austria (above 400 kW, except the 

province “Lower Austria”) and Italy (below 150 kW). 

If the European Unions Framework Directive on Eco-

Design of Energy-Using Products (Directive 

2009/125/EC) is coming into force most national 

frameworks will be adjusted [1].  

 

2.2 Pellet standards 

Generally, national quality standards for alternative 

(mixed) biomass pellets or briquettes are not available in 

the European countries. When coming into force, the 

European standards will be included in the national legal 

frameworks according to prEN 14961-6 [9]. Only in 

Austria several product standards exist which include 

general requirements on solid biofuels like specification 

of origin and sources of the raw material and several 

classes for parameters relevant for the use in small and 

medium scale applications. The standard ÖNORM 

M 7139 covers the requirements for energy crops when 

used for energy purposes and is considered a supplement 

of the pre-standard VORNORM ÖNORM CEN/ 

TS 14961. [10] The standard ÖNORM C 4000 cover the 

requirements for Miscanthus pellets and briquettes and 

the standard ÖNORM C 4002 covers the requirements 

for straw pellets [11, 12]. These standards are considered 

national supplements of the (pre-)standards VORNORM 

ÖNORM CEN/TS 14961 and VORNORM ÖNORM 

CEN/ TS 15234. Available European pre-standards 

according to EN 14961 will be included subsequently on 

national level. Thus, supplements of the EN 14961 are 

planned: C 4003 and C 4004 (corn cob chips and pellets). 

Table I summarises important fuels properties that are 

included in the product standards. 

Table I: Fuel properties according to the Austrian 

product standards (d.b. - dry basis), [11, 12] 

 

 
unit ÖNORM C 4000 

ÖNORM 

C 4002 

  pellets briquettes pellets 

water 

content 
w.-% ≤ 10 ≤ 12 ≤ 12 

ash content 
w.-% 

(d.b.) 

≤ 4 / 

≤ 6 

≤ 4 / 

≤ 6 
≤ 6 

mechanical 

durability 
w.-% > 97.5 - > 97.5 

bulk 

density 
kg/m³ ≥ 580 ≥ 480 ≥ 600 

fines w.-% ≤ 1 - ≤ 1 

Cl 
w.-% 

(d.b.) 

≤ 0.07 ≤ 0.07 ≤ 0.10 

N ≤ 0.5 ≤ 0.5 ≤ 0.7 

S ≤ 0.05 ≤ 0.05 ≤ 0.10 

ash 

softening 

temperature 

°C > 800 > 800 > 800 

 

2.3 Boiler testing and certification 

The most important guideline for boiler testing is the 

EN 303-5 which is valid for small and medium scale 

wood combustion systems up to 500 kW [13]. In almost 

all countries boiler testing procedures are performed 

according to EN 303-5. This guideline is used both for 

wood and non-wood boilers although it is not applicable 

to the latter. A draft for the EN 303-5 is available which 

includes the combustion of standardised alternative 

pellets according to EN 14961. There are also regulations 

in EN 303-5 concerning minimum exhaust temperature, 

construction materials, stability, minimum combustion 

period, minimum heat load etc. However, the national 

emission thresholds have to be fulfilled. The CE 

designation is attached on products accomplishing an EU 

guideline which is implemented to national law. It is 

designed as a kind of “passport” for products 

merchandised in different EU countries [14]. 

Special certification labels for the combustion of 

alternative (mixed) biomass pellets rarely exist. Existing 

labels, e.g. in Nordic countries the so called Swan Label, 

are only valid for wood fuels and straw. The sign “Ü” is a 

national sign, which has to be exposed by a licensed 

certification body. There are two other voluntary marking 

systems: The P-mark issued by SP (Technical Research 

Institute of Sweden) and the Swan Ecolabel introduced 

by the Nordic Council of Ministers. The quality of P-

marked products exceeds legal frameworks to assure that 

the product is of high quality. Thus, the P-mark includes 

emissions, efficiency, safety and handling. If a product is 

P-marked, the manufacturer is evaluated yearly to assure 

that the product fulfils the requirements. For testing 

wood-fired boilers, the method SP 1419 was developed 

by SP [14].  

 

 

3 MONITORING OF THE CURRENT SITUATION 

 

3.1 Available raw materials 

The five most relevant raw materials for each region 

have been selected based on the market size, the 

relevance for the region, expert opinions, cross-boarder 

activities and already existing experiences. In addition 

the physical and chemical characteristics which are 

important for the combustion process have been 



identified and summarized. In Table II available raw 

materials are listed which can be used for pellets 

production and combustion purposes. If the data for the 

respective region was not available, the potential of the 

whole country is listed. 

 

Table II: Raw material potentials in different European 

regions [15] 

 

country raw material potential [t/a] 

Austria, Lower 

Austria 
straw  155,000 

hay  51,500 

corn cobs  27,000 

vine Pruning  8,800 

Miscanthus  5,500 

Denmark straw  2,500,000 

shea waste  100,000 

carrageenan waste 50,000 

cereal spilling 10,000 

draff 5,000 

Finland straw  220,500 

 hay  14,000 

 reed cannary grass 8,000 

 rape straw 2,100 

Germany, 

Southern 

Rhineland-

Palatinate 

straw  207,658 

grape marc 157,000 

cereal spilling 119,034 

rape press cake 65,994 

Miscanthus  520 

Italy, Lombardy straw  700,000 

vine prunnings 160,000 

corn stalks 3,249,000 

grape marc 80,000 

olive cake 20,000 

Spain olive stones 290,000 

almond shells 25,000 

Sweden reed cannary grass 5,400 

straw  1,000,000 

peat 2,880,000 

hemp 1,900 

 

According to Table II straw has the highest potential 

in the selected regions. Moreover, the potentials of raw 

material depend on climate and structure of industry, 

agricultural or forestry in each region. In Sweden and 

Finland high amounts of peat and smaller amounts of 

reed cannary grass are available, whereas in Italy large 

amounts of cornstalks and vine prunnings are relevant. In 

Germany and Austria energy crops like Miscanthus are 

cultivated and large amounts of vine prunnings, grape 

marc and hay exist. Other raw materials such as almond 

shells, shea waste or carrageenan waste are of relevance 

in Denmark and Spain. The corresponding fuel properties 

are listed in Table III. Clearly all listed biomasses have 

significant high amouts of critical elements like N, S and 

Cl. The ash content is within a range of 1 to 12 w. -% 

(d.b.). Thus, pelletising and combustion technologies 

have to apply to varying and critical fuel properties. 

 

 

3.2 Production technologies  

Nowadays, raw materials used for pellet production 

are usually sawdust and shavings of dry pine or spruce 

wood. Since the pelletizing properties of the alternative 

raw materials differ significantly from wood and since 

the pelletising process is of great relevance for the 

physical properties special focus is needed. According to 

Table IV most of the available press types are in a range 

< 500 kg/h. For this capacity about 85 % of the pellet and 

briquette machines are produced in Germany and Italy. In 

contrast, only 10 % of the available pelletising and 

briquetting technologies have capacities > 2,000 kg/h. 

Since alternative and mixed biomass pellets are produced 

with two or three production lines, a rather regional 

production of available raw materials can be concluded.  

 

Table IV: Number of available press types according to 

the different ranges of production [16] 

 

 < 500 kg/h 500 - 2000 kg/h > 2000 kg/h 

Austria 5 1 1 

Denmark 3 2 2 

Finland 1 0 0 

Germany 59 12 7 

Italy 29 7 3 

Spain 0 0 0 

Sweden 7 3 0 

Total 104 25 13 

 

For a critical review about the actual state of the art 

of pelletising processes with alternative raw materials 

experiences from research and practice are summarised. 

To use non-woody biomass usually re-measured dies are 

required to reach optimum results. Other material 

properties such as moisture content and low density may 

produce problems during transport, crushing, mixing and 

drying. Most of the studies and experiences so far are 

based on the pelletisation of straw of hay. Since 2004 

about 80,000 t/a of straw pellets have been produced by 

Vattenfall A/S in Denmark for Amager power plant. In 

Sweden bark pellets are produced in Norrköping for the 

use in district heating and CHP plant [17]. In Germany 

and Austria smaller amounts of straw, hay and 

Miscanthus pellets are produced for the combustion in 

small and medium combustion systems. The production 

and use of switchgrass and alfalfa has been studied within 

several research activities in Canada [18]. In contrast, 

there are limited experinces for the production of mixed 

biomass pellets. Some industrial actors in Germany and 

Finland are pelletising mixed biomass pellet, e.g. Pusch 

AG and Apoldaer Biomassewerk UG in Germany or the 

Perä-Seinäjoki pellet factory of Vapo Oy (60,000 t/a peat 

and peat-wood pellets). In general, cereal straw and other 

herbaceous raw materials can be pelletised without major 

difficulties if a proper moisture content and pressing 

temperature exist. Feedstock moisture seems to have an 

important effect on improving the pellet density and 

durability. As water softens lignin, moisture can improve 

the durability if densification temperatures are low. To 

produce pellets with high physical qualities, several 

parameteres have to be fulfilled [18]: 

 10 – 13 % Moisture content for grass materials, 

 particle size of at least 2.8 mm (Canadian 

recommendation). In Europe the particle size is 

usually higher (4 – 5 mm up to 18 mm), 

 



Table III: Raw material properties (n.a. – not analysed, d.b. – dry basis) [15] 

 

 

 length / diameter ratios of 8.5:1 - 9:1 for the pellet die 

(Canadian recommendation). In Europe ring dies 

have length / diameter ratios of 8:1 – 10:1. The press 

channel diameter is 6 – 12 mm, 

 use of steam for conditioning and increase of the raw 

material temperature. 

Parameters, such as harvest time and residence time 

of high temperature saturated steam, impact of various l/d 

dies and the impact of increasing pellet diameter on pellet 

bulk density and durability require further assessment. In 

order to promote a transferability of commercial available 

pelletising technologies through several European 

countries and regions, it is crucial to consider different 

local preconditions, e.g. properties and potential of 

available raw materials and mixtures and the 

requirements for the pellets produced for combustion 

purposes. Thus, different “Best Practise Examples” are 

available at the project website www.mixbiopells.eu. 

 

3.3 Combustion technologies 

Critical properties of alternative and mixed biomass 

pellets can cause problems during the combustion 

process, e.g. higher emissions of particles, HCl and SO2 

and ash slagging. These effects depend on several factors, 

e.g. the used combustion and flue gas cleaning system, 

the boiler size and the chemical composition of the fuel. 

Therefore, available combustion and flue gas cleaning 

systems are surveyed. According to Table V about 50 % 

of the boiler manufacturers are producing combustion 

systems within a range up to < 400 kW. In this range 

about 50 % of the boiler manufacturers are located in 

Italy. In the range > 400 kW (medium and industrial 

scale systems) there are fewer manufacturers which have 

long term experiences in the construction and operation 

of plants dealing with alternative or mixed biomass 

pellets or briquettes. Apparently, in Scandinavian 

countries the combustion of alternative and mixed 

biomass pellets is favoured in medium and industrial 

plants. In other countries e.g. in Germany and Austria the 

energetic utilisation in a range up to 1 MW is promoted 

due to economical or political constraints.  

Table V: Number of boiler and plant manufacturers 

identified in the project selling combustion technologies 

for non-woody biomass; listing in accordance to the 

different thermal input ranges [16] 

 

 small scale medium 

scale 

industrial 

scale 

 < 400 kW 400 kW - 

several MW 

up to 300 MW 

Austria 5 3 3 

Denmark 2 3 3 

Finland 3 3 5 

Germany 4 4 2 

Italy 14 4 2 

Spain 0 0 0 

Sweden 2 2 0 

Total 30 19 15 

 

Currently, high quality wood fuels are most often 

used in small heating systems. This fuel combines 

convient supply, easy handling and compliance with 

regulations even on small scale and with varying loads. 

Small heating-systems are mostly optimised for high 

quality wood pellets but there are innovations to use 

alternative pellets as well. For example in France mixed 

biomass pellets are introduced on the market. 

Furthermore, Austrian burner and boiler manufacturers 

are working on solutions for mixed biomass combustion 

on small scale. For some Scandinavian the capability to 

burn pellets with high ash content is claimed. Heating 

systems, like Guntamatic, REKA, Ökotherm or 

Hargassner, with capacities > 30 kW have been 

developed for the combustion of more problematic fuels 

than wood pellets and are gaining importance. Some 

woodchip boilers might be partly operated with 

alternative pellets. The combustion of alternative pellets 

is possible if the tboilers are equipped with appropriate 

grate technology and operated with optimised parameters. 

Not all of these systems can handle all types of 

alternative pellets. Therefore, the standardisation and the 

adaption of the fuel and the boilers are of great relevance. 

Hence, the exact fuel specification of different boilers 

Raw material 
net calorific value ash content N  S  Cl 

MJ/kg, d.b. w.-% d.b. 

Almond shells 17.9-18.3 9-12 2.5 0.15 0.06 

Carragenan waste 16.6 10 0.3 0.7 0.3 

Cereal spilling 16.5 9.8-10 1.2-1.7 0.2 0.16-0.3 

Corn cobs  16.5 1-3 0.4-0.9 0.03 0.02 

Corn stalks 16.6-17.5 7-11 0.7-0.9 0.08-0.1 n.a. 

Grape marc 18.4-20.8 3.5-11 1.8-2.2 0.09-0.13 0.02-0.03 

Hay  18.3 5.5 1.6 0.04 0.09 

Hemp 19.1-19.6 1.6-2.3 0.3-1.4 0.06-0.1 0.02-0.3 

Draff 20.0 4 3.3 0.2 0.0 

Miscanthus  17.5-17.9 2.7-3 0.23-0.43 0.03-0.09 0.02-0.13 

Olive cake 17.9-18.3 9-12 2.5 0.15 0.06 

Olive stones 16 < 1 < 0.01 n.a. n.a. 

Peat 16.5 4 1.2 0.12 0.03 

Rape press cake 20.84 6.5 5.39 0.36 0.01 

Rape straw 18.5 3.4 1.48 0.2 n.a. 

Reed cannary grass 17.5-19.0 4.5-6 0.3-0.6 0.07-0.08 0.03-0.04 

Shea waste  18.5 6 2.6 0.3 0.1 

Straw  17-19 4.5-6 0.3-0.8 0.06-0.1 0.03-0.04 

Vine Prunings 17.5-18.2 2.2-3.5 0.5-0.75 0.02 0.05-0.07 



systems need to be known and communicated with pellet 

manufacturers and raw material suppliers. Especially, 

small scale combustion systems need to comply to higher 

dust emissions and have to cope with slagging and higher 

ash content. Several technologies for controlling and 

limiting of the combustion temperature to reduce 

slagging tendencies in the bottom ash are available on the 

market e. g. air cooled grate systems with moving grates 

or water cooled combustion chambers with ash stoker. A 

powerful ash removal system combined with the 

possibility to control the combustion temperatures should 

limit problems caused by slagging hazards. Several 

results from research have shown that the use of additives 

like Kaolin or limestone or the production of blends and 

can reduce slagging hazards [19 – 23].  

However, the reduction of the dust emissions can not 

controlled by the combustion technology alone. Instead, 

precipitators and fuel improvement can be used. The 

precipitator technology gains increasing importance. 

However, the high investment and operation costs still 

limit the widespread use of this technology in small and 

middle scale combustion systems. In Germany, 

Switzerland and Austria several manufacturers of 

precipitators are acting on the market, see Table VI.  

 

Table VI: Producers of flue gas cleaning systems with 

focus on small scale combustion systems [24] 

 

technology producers product 

range of 

capacity 

[kW] 

centrifugal 

separators 

WVT 

GmbH 
Bioflamm R 30 – 400 

WVT 

GmbH 

Bioflamm 

MK 
50 - 5000 

electrostatic 

precipitators 

Rüegg 

Cheminée 

AG 

Zumikron up to 50 

Schräder Al Top up to 300 

Spanner Re2 

GmbH 
SFF up to 85 

filtration 

systems 

WVT 

GmbH 

Bioflamm 

MF 
100 – 2000 

flue gas 

condensation 

systems 

Schräder HydroCube 10 – 80 

Bschor 

GmbH 

Öko-

Carbonizer 
up to 50 

Bomat 

GmbH 

Profitherm 

514 
up to 45 

Enerclean Racoonizer up to 50 

further 

systems 

MoreCat 

GmbH 
MEKAT 20 - 60 

 

In the range of boiler capacities < 100 kW such 

technologies are already available on the market or 

subject of ongoing research activities. The separation 

efficiency depends on the particle amount, the particle 

size distribution and the precipitator technology. 

However, most of these systems are developed for the 

combustion of woody biomass. Furthermore, an 

appropriate combination of fuel, boiler and flue gas gas 

cleaning systems is not yet certified. To implement mixed 

biomass pellets, fuel quality standards are required. For 

these pellets problems during combustion should not 

occur if the specified fuels qualities are fulfilled.  

 Large industrial systems for the combustion of 

alternative and mixed biomass pellets are relevant in 

certain regions of Finland, Sweden and Denmark. This 

development is spurred by the lower prices of the fuels 

and the legal framework. As an example in Sweden 

industry pellets are used in large CHP-plants for heat and 

electricity and also the CHP-plant of Avedör, Denmark 

combusts straw pellets. In industrial scale, there are 

different techniques available like reciprocating grates 

and bubbling fluidized bed boilers. “Best Practice 

Examples” for the combustion of alternative and mixed 

biomass pellets or briquettes have been highlighted for 

each country to promote different regional concepts 

throughout Europe.  

 

3.4 Interviews with key actors 

Within the project interviews with different key 

actors have been carried out to identify local situations as 

well as technical aspects. Different questionnaires 

regarding raw materials, combustion and production 

technologies have been developed including quantitative 

and qualitative questions. The number of interviewed key 

actors and the corresponding feedback is listed in 

Table VII. Several difficulties occurred during the 

interviews which affected the quality and quantity of the 

received feedback: 

 a small number of key actors act in markets which are 

in early stages, e.g. in Spain no interviews have been 

conducted, 

 due to the heterogeneous structure of the key actors 

and markets in the selected regions, different 

approaches to contact the key actors have been 

carried out, e.g. via telephone, post or direct contact, 

 the completion of the questionnaires by the key actors 

was time consuming. Therefore, the data was 

sometimes provided in an inappropriate way. 

Nevertheless the main results from the interviews are 

presented in the following section. 



1) Interviews mainly done on regional level, 2) Interviews has been done via direct contact 

 

Production of alternative and mixed biomass pellets 

The results of the interviews concerning the 

production of alternative biomass pellets are displayed in 

Figure 2 and 3. The data is based on 15 answers of the 

key actors in five countries. About 66 % of the key actors 

produce mixed biomass pellets and 48 % produce 

alternative pellets (multiple answers were possible). In 

total an installed production capacity of 323,000 t/a has 

been idendified, see Figure 2. With 225,300 t/a, the real 

production is slightly lower. Deviations between the 

installed capacities and the real production can be 

explained by varying feedback rates for both subjects. By 

including the production of pellets for material use, the 

total installed production capacity is 358,311 t/a with a 

total real production of 255,303 t/a. In Germany and 

Austria larger installed capacities are not used for the 

production of alternative or mixed biomass fuels. At the 

moment there is only a volatile market for the 

combustion of alternative and mixed biomass pellets. 

Therefore, the actual production can change significantly 

per year. The highest installed capacities are investigated 

for Denmark and Germany. In Denmark more than 

100,000 t/a, mainly straw are produced. Smaller pellets 

amounts are produced in Germany with straw, energy 

crops like Miscanthus and hay, Finland using peat pure 

and in mixtures with wood and Italy using energy crops, 

grape marc and agricultural residues. In Austria the 

production is very low using energy crops and hay.  
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Figure 2: Production capacity and real production of 

alternative and mixed biomass pellets in different 

European countries 

 

The average minimum production costs are 82 €/t and 

the average maximum production costs are 112 €/t. Some 

key actors reported production costs up to 190 €/t for 

grape marc pellets or mixtures of grape marc with vine 

shoots. The lowest values are given by 35 to 50 €/t which 

can be achieved by using special pelletising technologies 

with low energy consumption and low requirements on 

the pretreatment of the input material.  

The production of alternative and mixed biomass 

pellets is mainly based on energy crops (11 of 21 key 

actors), residues from agriculture (10 of 21 key actors), 

residues from landscape gardening (5 of 21 key actors) 

and residues from processing of olives and grapes (3 of 

21 key actors). Other raw materials such as peat or 

carrageenan waste are used by 10 of 21 key actors. 

Mulitple answers were possible. One third of the key 

actors produce pellets fulfilling product standards like 

EN 14961 or DINplus. 

 

Pelletising technology 

Considering the technical aspects about 50 % of the 

average installed pelletising technologies are ring die 

presses, see Figure 3. Especially in Denmark, Finland and 

Italy ring dies are common. Furthermore, 35% of the 

installed presses are equipped with flat dies and 15 % 

with other systems like hydraulic presses. 
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Figure 3: Average distribution of capacities for different 

press types in different European countries 

 

Combustion technology 

According to Table VIII, 69 plants for the 

combustion of alternative or mixed biomass pellets are 

installed. About 70 % of the installed plants are located in 

Germany. In Denmark a dust firing plant based on straw 

generates about 80,000 MW/a electrical power. A major 

shortcoming of the interview part is the limited response 

from the contacted key actors in the field of combustien 

of alternative and mixed biomass pellets.  

 

 

 

 

Table VII: Amount of asked key actors and received feedback for each questionnaire 

 

  raw material production combustion total feedback 

rate [%]   asked received asked received asked received asked received 

Germany 28 5 53 7 40 3 121 15 12 

Italy 6 6 11 4 7 2 24 12 50 

Sweden2) 10 10 0 0 4 4 14 14 100 

Denmark2) 1 1 1 1 1 1 3 3 100 

Austria 22 8 20 7 24 4 66 19 29 

Finland1) 14 5 6 5 12 3 32 13 41 

Total 81 35 91 24 88 17 260 76 29 



Table VIII: Total number of installed plants with the 

associated average thermal input and electrical power 

output according to the interviews in the selected regions 

 

Country Number of 

installed 

combustion 

plants 

Thermal 

input 

[kW] 

electrical 

power 

output 

[MW] 

Austria 0 0 0 

Denmark2) 1 0 80 

Finland1) 4 60-500 0 

Germany 50 49-800 0 

Italy 0 13 - 1000 0 

Spain 0 0 0 

Sweden2) 14 20 - 500 0 
1) Interviews mainly done on regional level,  
2) Interviews has been done via direct contact 

 

Additionally, 17 feedbacks about the experiences of 

key actors in the field of combustion of alternative or 

mixed biomass pellets have been evaluated. Thus, 40 % 

of the key actors have experiences up to 2 years, 30 % up 

to 5 years and 30 % more than 5 years. According to 

Table IX possible problems with the combustion of 

alternative or mixed biomass pellets have been 

investigated. Generally, most of the key actors have 

concerns about the combustion of alternative pellets. 

About 50 % have concerns about dust emissions and ash 

handling. Other concerns are fouling, corrosion, problems 

because of legal framework, occurrence of slagging 

tendencies in the bottom ash and economics. Thus, it is 

crucial to find suitable combinations for pelletising and 

combustion technologies for certain fuels to avoid or 

lower these concerns. 

 

Table IX: Investigated problems during combustion of 

alternative and mixed biomass pellets according to the 

interviews in the selected regions 

 

  total number 

of mentions1) 

percentage of 

mentions [%] 

no  1 6 

dust emissions 9 53 

corrosion 3 18 

slagging tendencies 

in bottom ash  
4 24 

ash handling 8 47 

fouling 5 29 

economics 4 24 

legal framework 3 18 
1) Multiple answers are possible 

 

 

4 CONCLUSIONS 

 

The European pellet market for alternative or mixed 

biomass fuels is in early stages. Compared to the 

production of wood pellets only minor amounts of these 

fuels are produced and consumed. Thus, the market is 

characterised by a lack of standardisation, knowledge 

transfer and established trade and logistic systems. The 

implementation of legislative frameworks is even lagging 

behind and their harmonisation on a European level is far 

from realisation. Since the use of many raw materials is 

allowed according to the existing legal frameworks of the 

selected countries the main barriers are strict emission 

threshold values and unclear regulations to enhance the 

energetic utilisation of alternative and mixed biomass 

pellets. 

However, strict emission threshold values especially 

in small scale combustion plants require additional 

applications, e. g. flue gas cleaning technologies. 

Pelletising and combustion technologies are available in 

all ranges and some plants have operated for several 

years. Nevertheless, the experiences for pelletising and 

combustion of alternative biomass pellets and the 

knowledge transfer through different European regions 

are quite low. Therefore, the main constraints for the 

market implementation are: 

 Legal and economic conditions vary significantly for 

different European countries. This results in 

obstructions for investments and the development and 

export of pelletising and combustion technologies. 

However, activities regarding the harmonisation of 

the legal conditions are ongoing on European level. 

 Valid product standards exist only in Austria and 

certified combustion systems including flue gas 

cleaning systems are not available. The amendment 

for the testing method of non woody biomass boilers 

according to EN303-5 is in progress. Thus the build-

up of transparent markets in the non-industrial sector 

is protracted. 

 The pelletising and combustion of alternative raw 

materials with regard to origin and varying properties 

within the different European countries is based on 

minor knowledge. In result, the production of pellets 

with constant qualities is difficult.  

 A cooperation of all involved key actors from the raw 

material provision via production, merchandising and 

combustion to the end consumer acceptance is 

crucial. Any failure within this supply chain 

constrains the development of appropriate market 

structures. 

However, these constraints are accompanied by a few 

drivers which might boost the market relevance of 

alternative and mixed biomass pellets:  

 A lot of unused raw materials and production 

capacities exist in the selected countries which can be 

used.  

 Combustion and pelletising technologies are 

commonly available. Especially in the medium and 

industrial sector technical problems can be solved but 

political support in terms of financial incentives or 

regulatory instruments might be necessary to enhance 

the market development in this sector.  

In the near future the support of local activities and 

solutions will be the main challenge to find appropriate 

ways for knowledge and technology transfer to other 

European regions having more or less differing 

conditions, e.g. raw material properties and potentials, 

legal and economic frameworks etc.  
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