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Abstract 

The development of European Standards (EN) is a precondition to expand the market for solid bio-
fuels and a very important step to fulfil the political and environmental goals of the European Un-
ion.  

The aim of the BioNorm II project is to carry out pre-normative research in the field of solid biofu-
els in close collaboration with the work of CEN TC 335 "Solid Biofuels". This includes the devel-
opment of an overall quality assurance system for solid biofuels, their characterization and corpus 
of legislation. 

In WP III the work focuses on the development of a Quality Management System in order to guar-
antee a defined biofuel quality. Based on the results of the former BioNorm project where a Quality 
Assurance and Quality Control System were developed WP III now concentrates on the Quality 
Policy including also Quality Planning and Quality Improvement.  

A major aim of WP III is the development of a “Procedure for Quality Planning” which will give an 
overview about relevant quality measures within the supply chains of different biofuels. The follow-
ing biofuels: wood pellets, wood chips, hog fuel, straw and olive residues should cover the most 
common and also new and potential biofuels. Therefore relevant information about end-user re-
quirements, quality influencing factors, Critical Control Points, appropriate test methods and the 
description of the supply chains is needed which was compiled by four national teams. As it is im-
portant to regard experience from practice the required information was attained with the help of a 
poll. The national teams therefore interviewed end-user and boiler producers, fuel producers and 
fuel distributors. Also information of other biofuel-projects, the literature and of the experience of 
each team member was included.  

This deliverable is the assessment and the evaluation of all the information gathered into two years 
of research work for the five different biofuels. The workgroup members decided to summarize the 
results of the task III.1 in just one document. The workgroup abandoned the reporting in four sepa-
rate documents of all results in this deliverable, because the summary of all results in this report al-
lows to prepare a guideline not just on the scientific level, but also for biofuel companies which 
want to implement a Quality Management system as common consumer. This guideline, the next 
deliverable "DIII.8 Procedure for Quality Planning", should demonstrate a simple way how to opti-
mize the quality of a biofuel with the help of management tools. So this report describes following 
scopes: 

·  objectives of the task; 

·  the methodology (poll); 

·  raw material supply and supply chain; 

·  logistical issues (transport, storage…); 

·  processing steps; 

·  appropriate test methods and costs; 

This report is the basis for the guideline describing the procedure for quality planning (including 
CCPs, the most appropriate test methods, the costs, necessary arrangements for provision, transport 
and storage etc…). This guideline is the second deliverable within task III.1 Quality Planning. 
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1 Introduction and Objectives 
To increase the demand of biofuels and use of renewable energy sources, a homogenous fuel quality 
and a constant availableness should be guaranteed. A Quality Management System including Qual-
ity planning is a first step to realize this goal. The use of Quality Management Systems is usual in 
all kind of production and industrial sectors like food, pharmacy, automotive industry etc. Also the 
biofuel market should implement these systems. 

Quality Management is just a general term for a very extensive system including Planning, Im-
provement, Assurance and Control. If we contemplate the first step of QM, Quality Planning, this 
part includes all information about the supply chain which shows the whole structure of production 
and processing steps of a product. This is the basic information to define Critical Control Points 
(CCPs) which are steps within the supply chain where product-quality can be significantly influ-
enced. A second important part is information about the end user requirements which define the 
quality demand (e.g. boiler producer) of the fuel or the fuel quality specification (e.g. biofuel pro-
ducer). The appropriate test methods and their use complete the Quality Planning. 

The five selected biofuels represent common solid biofuels (pellets, wood chips etc…) and also new 
and potential biofuels like olive residues. Due to the fact that some of this biofuels are more com-
mon and have a traditionally use, a separate collection of data is necessary. After that a reasonable 
summary of data of all biofuels can be performed and should show a general practice to implement 
a system to ensure good and constant solid biofuels quality not depending of the sort of biofuels. 

2 Methods 
To get an overview about the actual situation within the supply chains of the different biofuels and 
also the critical control points and end user requirements it was decided to collect relevant data with 
the help of a poll. The national teams formulated questionnaires for different end user groups like 
biofuels user (small scale user, large scale user etc...) fuel boiler producers and biofuel trader and 
performed a lot of interviews and investigation work. Additionally collection of data was performed 
from other biofuels projects, literature and own experience. 

It was possible to get information about all kind of end users of different biofuels, using different 
combustion and transport technique, with different logistical issues and storage management etc. 

The following example is the questionnaire that has been used for olive residues. End-user should 
describe their situation with using and handling olive residues for heating purpose. 
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End user of olive residues 

1 Which term applies to you? 

�  large scale customer  �  medium scale customer  �  small scale customer 

(> ________ t/y)   (__________t/y)    (_________t/y) 

�  farm scale   �  district heating    �  power plant 

Which output does your boiler have? (boiler output ____ kW) 

2 What is the detailed composition of the fuel? 

�  olive kernels  �  olive residues (e.g. from oil production)  ,  �  miscellaneous  

3 How are the olive residues delivered?  �  truck �  tractor �  excavator loader
 miscellaneous 

4 What kind of boiler do you operate?  

�  boiler for fuel combination (combination: _____) �  boiler for one fuel; company:_________ 

5 Do you have a quality management system implemented (e.g.. ISO 9000 or other systems)? 

6 Are there laws, standards, standard values or guidelines which describe/regulate the quality of 
combustibles?  

Which quality features do you regard when purchasing olive residues (individual parameters, nothing...)? 

7 Which parameter have to be absolutely fulfilled? (e.g. moisture content etc.)__________ 

8 Which are the three most important fuel criteria? ______ 

9 Within which radius do you purchase olive residues? 

�  <1 km �  1– 10 km �  10 – 50 km  �  50 – 100 km  �  more than 100 km 

10 Are there requirements concerning the delivery of fuel (standards / check list)? 

asked parameters: ___________________________________________________________ 

11 Do you analyse the quality of the delivered fuel lot by yourself or do you certify it by the supplier? �  visual 
control, �  sampling and testing of following parameters , miscellaneous  

12 Do you store large amounts of fuel (how much and where)? 

13 What kind of technique for feeding the combustion chamber do you have? �  screw  

�  air spouts �  manual  miscellaneous __________________________________ 

14 Is any pretreatment of the fuel necessary to combustion (e.g. conditioning, drying)? __ 

15 What kind of furnace technique do you use? 

�  cigar burner   �  fluidized bed   �  step grate   �  traveling grate  �  vibration grate; miscellaneous  

16 What kind of technique for flue gas cleaning do you apply?  �  none 

�  NOX –removal     �  flue gas desulphurization     �  thermal post-combustion     �  bag filter �
electrostatic filter        �  cyclone      miscellaneous ________________________________ 

17 How do you run your plant/furnace? 

�  heating if required    �  heat led    �  power led   (�  full load    �  part load); miscellaneous _  

Illustration 1 Questionnaires for olive residues end users /12/ 

 

After performing the poll the data was collected and evaluated, for developing the questionnaires 
contact data of boiler producer and end user were collected. For end users this was partly difficult 
depending on the current use of particular solid biofuels on the energy market.  

Wood pellets and wood chips for example are widely used in Austria and Germany as well as straw 
in Denmark. The use of olive residues in comparison is under development at the moment. The re-
search for contact data of boiler producers was difficult only for olive residues as there is no real 
producer market yet. 
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The interviews with end users for wood pellets, wood chips and hog fuel were performed by phone, 
email and fax, those for straw and olive residues were additionally performed on site in Denmark 
and Spain. The difficulty in Spain was based on the language barrier so that a translator was needed. 
Interviews with boiler producers were mainly performed by phone with exception of one which was 
performed face to face during the visit in Spain.  

The following table shows the summarized number of performed interviews as well as other sources 
of information like earlier project works and references from literature.  

Table 1: Number of performed interviews during the first project period /4/ 

 

end user 
 
 

boiler producer 
 
 

others  
(e.g. fuel producer, fuel dis-

tributor) 

performed interviews 45 17 7 

data from earlier project works 2 1 4 

data from literature   2 

 

With this information each national team started to illustrate the supply chain and define the critical 
control points. It was found out that the requirements for fuel quality can be summarized to general 
aspects. First of all a biofuel is needed which causes no problems and difficulties during combustion 
and which is therefore easily to handle. The aim of this project is the pre-normative work on biofu-
els not on combustion technique so this necessarily requires a biofuel which corresponds to the 
needs of the respective combustion unit. For this reason fuel producer have to be informed about the 
combustion units’ quality requirements and have to deliver that quality consistently. In this context 
it is not necessarily important to refer to a standardized biofuel but to agree on special quality re-
quirements between all actors in a supply chain concerning different fuel parameters like moisture, 
impurities, ash content, mechanical durability etc.  

The single steps of a general supply chain (see illustration 2) have been defined for each tested bio-
fuel (wood chips and pellets, hog fuel, olive residues and straw). 

raw material 

supply

transport

storage
processing

transport

storage
end- user

 

Illustration 2 General description of a supply chain for solid biofuels /4/ 

 

Although the current situations within the supply chains seem completely different general quality 
influencing factors are often similar within the different sorts of solid biofuels and include factors 
like storage, transport, processing of raw material and final product as well as selection and collec-
tion of raw material. In principal quality influencing factors can be generalized to the single process 
steps, depending on the respective biofuel with varying focus.  
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Current Process Following ProcessPrevious Process

Critical Control Point(s)

Current Process Following ProcessPrevious Process

Critical Control Point(s)

 

Illustration 3 Possible positions of Critical Control Points within the single steps of a supply chain [2] 

 

The CCPs for the respective biofuel supply chain which derive from the analyses of end-user re-
quirements and quality influencing factors were described in the Deliverable III.6 Critical Control 
Points. Also a very detailed description of the supply chain and the critical control points were 
drawn for task 2; Quality Improvement. This data also describes the weighting of the single critical 
control points and the parameters which should be checked.  

The appropriate test methods for the single critical parameters were assessed in collaboration with 
the WG II chemical test methods members. Beside the standardised methods, a lot of simplified 
methods (for water content determination) exist and are described in this report. 

3 Raw material supply and logistical issues of wood pellets 
 

Introduction  

With the increasing demand on wooden biofuels during the last years steady technical and logistical 
improvement is developing, but also scores of pellets with different quality levels are imported and 
exported  

The main raw materials supplied are saw dust and log wood.  

 

Pellets production 

The production of pellets starts with the delivery of raw material, which is either saw dust or log 
wood. Saw dust is a by-product of lumber mills and is used for small to medium pellets produc-
tions. For big pellets producer it is difficult to get enough saw dust for the production, so they use 
log wood and mill the wood with different mills (e.g. hammer mill) before they can use the raw ma-
terial for pellets production. Depending on the quality the producer wants to achieve, the raw mate-
rial should also have this quality level. For premium pellets (pellets with best quality) the pellet 
producer should use fresh soft wood without bark. For industrial pellets the quality of the fuel de-
pends on the contract with the consumer. This is why industrial pellets can be made of hard wood, 
with higher amounts of bark, or produced out of older wood resources. 

For the pellets production it is the knowledge of the raw material quality that is crucial for the qual-
ity of the end product, the pellets. E.g. saw dust from hard wood and from soft wood are visual very 
similar but the physical parameters like ash content can be quite different. Also the use of log wood 
requires experience. The contents of bark and maybe of impurities like earth and sand from the 
transport on ground after felling of the tree in the wood have an impact of the product quality. Pro-
ducer often debark the log wood after the delivery to avoid this problem. After the debarking, the 
wood is shredded and than stored. During the storing the raw material is dried or conditioned for the 



EU – BioNorm II – DIII.7 Assessment and evaluation of data Page 11 

 

pellets production. If this is not enough some producers also use driers to ensure the right fuel con-
ditions. After the conditioning the shredded log wood is transported to the separator and than to the 
hammer mil.  

The conditioned saw dust or the shredded and conditioned log wood is mixed with pressing aids 
and than pressed to pellets. Depending on the demand the producer can produce pellets with differ-
ent diameter (e.g. 6mm, 8 mm), with different quality (premium quality, or B quality, or bark pellets 
etc). After this process step the pellets are stored or packed and than stored.  

The interviewed end users were to 81% small scale user using premium or standardised pellets 
(DINplus, ÖNORM M 7135). For these consumers the pellets quality is essential. For the big scale 
users the quality of pellets is not so high but there are also very strict limit values between the pel-
lets producer and the end user. 

 

Storing 

The storing of raw material for pellets is subjected to special conditions. Raw material should not be 
unprotected too long (not roofed), because the weather conditions can affect the quality of the prod-
uct. The effect of the weather condition depends on the specific surface of the raw material. Aging 
of saw dust caused by biological activities in wet material is faster than aging of log wood, shredded 
wood can also change quality quite fast because of biological activities. A lot of project and long 
term stability studies show that unprotected and long stored material looses the heating value and 
the content of ash and ash building elements increases. Beside the loss of quality, high water con-
tent can cause self ignition. In this case a big, heavy and wet heap can become very hot because of 
the biological activity and ignite itself . If the material is dried the biological activity is low and the 
danger of self ignition also very small. 

 

Illustration 4 Unroofed storage of wood for pellets production /13/ 

Unprotected raw material can also get contaminated. Contamination can be e.g. rain or snow, be-
cause both change raw material quality, but also earth, sand or old material because of the missing 
concrete or cleaning. Contamination can change the water content and this parameter is restricted 
by standards and certification systems.  

The storing for the product (pellets) is very important, because it is, at the same time, the condition-
ing of the material. After storing (and cooling) pellets can be packed in small bags (10-50kg), in big 
bags, stored once again or delivered to the costumer. The storage rooms of pellets producer are 
normally very big, because the producer starts to produce and store a lot of pellets already in the 
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summer time to have enough pellets for the heating season. If a producer sells more than one fuel 
quality, it is very important to separate the different qualities to avoid a mixing (and a loss of qual-
ity) of pellets.  

One parameter beside water content, is particularly important for the storing of pellets: mechanical 
durability. If the durability of the produced pellets is not good enough, pellets can loose a lot of 
fines because of the mechanical friction. The content of fines is restricted in silo-storage, too many 
fines (dust) can also cause dust explosions. Parameters like water content and chemical durability 
should be monitored frequently after different production phases.  

If there are many storage or reloading places between the processing steps, the storage site should 
be clean and have a paved ground without any loose material on it to guarantee the quality required.  

 

Transport 

Transport of saw dust is normally done by trucks, dump trailer or trailer with shifting containers. 
The choice of means of transport depends often on the distance between the raw material seller and 
the pellets production. For long distance the transport can be performed by train or ship but for ma-
terial with a lower bulk density like saw dust this system would not be cost effective. 

Normally producers of pellets try to buy raw material close to the production site; in a distance of 
about 100-150 km, but if there is an increasing demand on biofuel the distance can be transbound-
ary. Log wood is a raw material with a higher bulk density, so it is sometimes cost effective to im-
port wood from other countries. 

On the production site the transport of raw material can be performed with all kinds of trucks, front 
loader but also with automatic systems like conveyor belts. 

 

Illustration 5 Pellets pumping truck [14] 

Discharging of the storage room can be performed by push floor, suction systems or screw con-
veyor. The transport of pellets (loose material not packed) can be performed by ship, train, truck but 
for small scale user the normal transport is performed by pumping trucks. The refill of the storage 
room with pellets out of a pumping truck is a very easy and comfortable way because of space sav-
ing. Very small scale user can also buy pellets in each warehouse in 10 to 25 kilogram bags, if they 
have no automatic feeding system for pellets and feed their system manually.  

 

The transport depends on the fuel amount and the price of the fuel. If the price is high enough the 
transport by ship or train over long distance is still cost effective. For big scale user the transport 
can also be done in big bags.  
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4 Raw material supply and logistical issues of wood chips in Ger-
many 

 

Introduction  

With the increasing demand on wood chips during the last years steady technical and logistical im-
provement is developing.  

By the following paper a summary about the supply chain of wood chips from the raw material 
supply up to the power plant will be given. As there are several raw materials it has to be distin-
guished between different supply chains. Thereby the main resources are forest wood or rather log-
ging residues, used wood, landscape management wood and short rotation wood. 

 

Illustration 6 Structure of the wood chips supply chain. Broken lines mark a process step which is not neces-
sarily applied /4/ 
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Harvesting and wood chips conditioning process  

The process of harvesting, extraction and conditioning of forest wood for wood chips depends on 
their supply chain, which is further a matter of forest ownership, tree characteristics, forest structure 
as well as the present infrastructure and terrain. 

The harvesting process of forestry- and short rotation wood can be classified by their degree of 
technization in a 

·  Motor- manual procedure, which is mainly used in small and private forests, marked out as a 
process with a low degree of mechanisation and high physical demand of human resources 
while using a chainsaw, a mobile chipper and commonly agricultural machinery.  

·  Partially mechanised procedure, where trees are cut by a chainsaw but extraction done by 
using a tractor with rope winch. Commonly a mobile chipper and trailer come into opera-
tion. This procedure is not specially used for accessing chipping wood as for long logs and 
quality wood. 

·  Fully mechanised production system, characterised by the use of a harvester, a forwarder for 
timber extraction, a mobile chipper on truck and a truck with containers to provide a con-
tinuous operation. 

 

In short rotation crops the processes are distinguished similar. More and more a compact harvester 
combines the cutting and chipping process in one machine. At the moment short rotation wood is 
grown locally but however continuously exceeding in such a way that the technical progress and 
logistical parameters have to be taken in consideration. 

Half of the German forest area belongs to private property with a multiplicity of owners who man-
age forests by their own and are often self- supporters of forest wood chips. The motor- manual 
procedure is commonly used by small scale forest owners in contrary to state forest and forest fed-
erations, where a fully mechanised production system dominates. 

Big scale wood chip producers mainly use automobile chipper with a drum- chipping system. At 
small scales a slice- chipper system which has a more controlled feeding can produce very homoge-
neous wood chips. In all mentioned cases the wood is chipped directly after harvesting. 

Chipping raw material wood after a certain time of storage in order to reduce the moisture content 
and to remove undesirable impurities like leafs or needles can be another opportunity. Logs can be 
stored in piles on forest roads or at the place of chipping. Used wood is usually already dried due to 
the processes in the saw mill and further treatments. 

Sometimes wood chip traders upgrade their products by sieving and technical drying to certify their 
products and thereby favoured by small scale combustion plant operators. For large scale plants the 
conditioning of fuel is less important as the combustion technique is configured to a wider range of 
moisture content as well as to a broader variety of wood chips dimensions (G30 - G100) Hence for-
est wood chips are delivered directly from the forest to the storage place of the big plant.  

 

Storing 

The storing of wood chips intimately connects with the drying process and has therefore to observe 
some rules to achieve desired quality. Otherwise a loss of biomass through biological activity and 
spreading of fungi can result in unfavoured qualities. Sometimes while chipping directly in the for-
est onsite storage is applied where drying by natural convection and self heating begins. 

In combination with a technical aeration system chipped fuel wood can reach optimal water content 
for combustion of 20- 30%. Two major applied methods operate: ventilation drying with external 
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air (Belüftungstrocknung) and hot air drying (Warmlufttrocknung). Which of the two opportunities 
is applied depends on which time is left for drying the material. This is determined by meteorologi-
cal conditions, danger of quality loss through moisture and economical circumstances.  

Whereas in an economical perspective the second method just makes sense at present the first op-
portunity is applied if waste heat is anyway available. In case of used wood or residues from saw 
mills the material is usually already dried. 

If there are many storage or reloading places between the chipping process and the power plant the 
risk to have impurities in the wood chips charge increases. That’s why the place of storage should 
be on a clean and paved ground without any loose material on it, possibly with a precipitation shel-
ter and good aeration in order to guarantee good wood chips quality. The same is relevant for re-
loading processes from one transportation unit to another. In order to prevent impurities in the de-
livery the transportation unit has to be clean and free from material that doesn’t belong to wood 
chips itself (e. g. wood pellets, sand, stones etc.). The more reloading processes in the supply chain 
exist the higher is the possibility of having impurities in the wood chips delivery and the more im-
portant it is to have clean transportation units. Due to breaking of hardwood which increases the 
amount of fines in the delivery the amount of reloading processes should be kept as low as possible.  

The time of storage has to be considered while constructing a storage place. Thereby it is deemed to 
be that the maximum storing capacity is as bigger, as smaller the plant. Due to that, requirements 
for quality and storing are higher at small scale plants, what also means to have a clean storage 
room with a good aeration and protection against rain. This is also important as mould-up building 
(Pilzentstehung) and self-ignition due to too high moisture content represent a storage risk.  

The storage capacities differ in dependence with the plants size. Small scale plants require a refill of 
about four to five times per winter half year (every five to six weeks), whereas medium scale plants 
(like they can be found within schools, communes, public facilities etc.) calculate with an approx. 
four weeks storing capacity for wood chips. Large scale plants require higher amount of biofuels so 
that every three to five days another delivery is necessary.  

 

Transport 

Transportation of loose bulk material out of the forest is done by trailers with shifting containers 
(Wechselcontainer) and agricultural machinery as trailers hauled by a tractor with different loading 
systems e.g. dump trailer (Kippanhänger), ensilage trailer (Silage Anhänger). Those transportation 
systems are used just for small distances up to 15 km transports to close plants or collection places. 
Longer distances are spanned by trucks. When the material is already conditioned and certified for 
good quality or made out of untreated saw mill residues it is more likely to trade it over further dis-
tances by ship or train in aspect of weight and cost efficiency.  

In general the distances of wood chips transports are difficult to assume. Many wood chips suppli-
ers advertise with the slogan of a regional product were 150 km will not be transcended. For large 
scale plants the situation seems often, that the price rules the origin. So information exists about 
European trade of predominantly used wood to Germany and as well imports of chips and particles 
from e.g. Canada (FAQ.2006) where for long distances also ships and railway interact within the 
logistic chain. 

The transport to small scale users can also be done by a pumping truck like it is done with wood 
pellets. Wood chips reach the customer’s storage place by a pneumatic pipe. This requires standard-
ized respectively uniform dimensions (G30) otherwise oversized wood chips will block the piping 
line. Till now not jet widespread but desired by small scale customers because of an easy refilling of 
the storage place especially where space for a common delivery by truck with is not available. 
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The delivery to the end customer involves a delivery note; in case of small scale users often just 
with little information about quantity, water content, size and price what is visually controlled by 
the end-user. Big scale customers have often particular contracts with the supplier where specific 
threshold values of required quality parameters are fixed and controlled visually and by measure-
ments on the goods arrival. At least the most important fuel parameters for end-users are moisture, 
wood chips dimensions (including low amount of fine and coarse fraction), no impurities like sand, 
stones, plastics etc., calorific value and composition of wood chips (hardwood to softwood amount). 
The wood chips supply has to be organised in a way that all end user requirements concerning the 
named parameters can be fulfilled at the delivery to the end-users premises. 

5 Raw material supply and logistical issues of hog fuel from waste 
wood at Bruins en Kwast in Goor (NL) 

Introduction  

Hog fuel can be produced from different raw material. Beside the natural wood (like not threaten 
log wood) hog fuel can also be produced from used wood. The company “Bruins en Kwast” collects 
processes and re-uses different types of wood and green waste, varying from pruning and thinning 
to different classes of waste wood. These resources are mainly converted into compost and a num-
ber of other products. Two of these products are biofuels as described under the mandate of 
CEN TC 335.  

The production of biofuels is not a constant process in general, but is strongly influenced by the 
possibility to obtain contracts for supply of suitable raw materials and the weather conditions and 
season. The combination of the wide range of processing equipment available and well trained and 
experienced employees makes that an enormous flexibility in the production processes can be 
achieved, so that the required product specifications can be met for various types of biomass and 
process conditions. 

 

Production of biofuel from overflow 

The production of biofuel from the overflow of the sieve that follows the composting process for 
example is not be done on a continuous basis, but only in case there is a contract for delivery. A 
contract for delivery can only be closed if a few preconditions can be met. The most important issue 
concerns the customer requirements on the product. Mainly on the basis of operator experience, it is 
determined whether the product specifications can be met given the available materials, equipment 
and weather conditions (particularly rain). The order in the different process steps is described be-
low using the example of Bruins & Kwast:  

The pre-acceptation is considered the most important step in the quality assurance system. In the 
QA system, B&K has included appropriate procedures for the acceptation of green waste materials 
that are to be composted. The biofuel concerned is produced as a by-product from the composting 
installation. As part of the pre-acceptance procedure, the acceptance criteria are being discussed 
with the customer, after which a delivery number is being provided (only for new customers).  

The acceptance criteria have been laid down in the company’s quality manual. This document des-
cribes, a. o.: 

·  General aspects about delivery, such as opening hours, cleaning procedure of vehicles, direc-
tions of company manager etc.  

·  A list of wastes that can be accepted, a. o. green waste  
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·  Quality requirements per type of input: the input may not be contaminated with substances that 
cause hindering smell, explosive substances or any other components that may cause harm to 
humans, animals or crops.  

·  Registration procedure of the input.  

An important additional aspect for used wood is that it can be refused if the responsible operator 
expects, that the concentration of certain components is exceeded, so that the processed material is 
likely not to meet required specifications. 

 

Acceptance criteria waste wood and demolition wood, B-quality 

The acceptation procedure for green waste is laid down in a separate procedure. 

A waste load brought to the company site is visually inspected at the gate. Freight documents with 
unique waste identification number are checked. If the responsible operator concludes that the mate-
rial complies with the specifications, the load is accepted and unloaded at a location on the com-
pany site in the open air that is indicated by the operator. For all types of wastewood, criteria are 
that the material: 

1. May not be rotten; should be free of mould; 

2. May not be impregnated or treated with creosotes; 

3. Should be in conformity with applicable ban on acceptance of chemicals, i.e. free of any chemi-
cal contamination; 

4. Iron parts such as staples, nails, screws, bolts and other iron parts up to a particle size of 10 mm 
are tolerated; 

5. Wood containing ferromagnetic parts and also aluminium and light metal alloys are tolerated up 
to a particle size of 10 mm. 

6. May not contain any fresh, green wood such as round wood or chipped wood, this may be de-
livered at the green biomass recycling gate; 

7. May not contain any halogenated organic compounds. 

 

Illustration 7 Category B-wood /11/ 
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Admitted under category B-wood is: 

1. Fibreboard and other glued boards (such as hardboard, softboard etc….) 

2. Wood materials such as window frames or doors;  

3. Painted/lacquered wood parts 

4. Wooden furniture without upholstery; 

5. Packaging material mixes with pressed / glued wood. 

 

In addition, the more clean type of A-wood may be accepted as B-wood. Quality parameters for this 
material are stricter: 

1. Only clean, untreated wood,  

2. Wood with less than 10% of painted parts; 

3. All types of wood-derived packaging materials. 

 

Composition of the B-wood after processing for the power plant: 

The material is randomly checked by the manager production in the power plant fuel storage, and 
visually checked on: 

·  Particle size: typically 50 x 50 x 250 mm, but less than 2mass% may exceed this size. 

·  Dust content (particles smaller than 5mm): typically less than 15mass%, but not more than 
30mass% of particles  

In case a high dust load is anticipated after visual inspection, the actual percentage is measured. The 
time between size reduction and transport to the power station should not exceed 6 weeks. Also the 
maximum reduction of ferrous and non-ferrous metals in all cases should be performed. The limits 
are 0.05 mass% of ferrous metals and non-ferrous metals and less than 3 mass% of plastics. The 
specific mass density should be between 200 – 250 kg/m3 and the moisture content should be be-
tween 10 and 40 %. 

Other product requirements are in compliance with the combustion plant fuel specifications sheet of 
the combustion system, as delivered by combustion unit producer e.g. Polytechnik. 

The size reduction of B-wood, including removal of ferrous and non-ferrous metals is performed as 
follows: 

·  Reduction takes place in a single step, using the Doppstadt 3060 slow rotating shredder with 
enlarged rims. 

·  Ferromagnetic material is first removed, using a magnetic belt positioned above the exit belt 
that leaves this shredder 

·  From the exit belt, the size reduced material is deposited onto a star-sieve, where particles ex-
ceeding 250 mm are sieved off, using a ‘Haas’ separation device. Particles smaller than 250 mm 
are further cleaned from ferrous- and nonferrous metals using a separate non-ferrous separator 
and a second magnetic belt.  

·  The reduced wood is brought to the intermediate fuel depot of power plant using a front loader. 

·  The sieve overload and remaining wood particles from the non-ferrous separator are processed 
according to existing working instructions. 
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·  During operation of the shredder at dry weather conditions, water sprayers installed on the 
shredder need to be activated to reduce dust nuisance. 

 

Illustration 8 Shredder to reduce the category B-wood size /11/ 

 

Transport 

The transport to the company is done by trailer trucks and also by ships. 

After indication of the manager, the reduced wood is transported from the intermediate fuel depot to 
the power plant, using front loaders. Using the calibrated weighing systems, the amount of wood 
delivered is measured and registered.  

After each delivery of wood fuel, a weight delivery receipt is printed by the mobile weighing sys-
tem. This weighing receipt is signed for acceptance by the logistical manager of the power plant. 
Data on the amount of delivered fuel is transferred to the financial administration system. Signed 
weighing receipts are checked and archived by the manager of the power plant.  

 

Illustration 9 Transport of shredder material with front loader /11/ 
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6 Raw material supply and logistical issues of olive residues 
 

Introduction 

In Spain there are about 2,5 million olive trees for production of olive oil. Each year about 4,5 mil-
lion tons of olives are harvested. The harvesting time is from mid October to mid March depending 
on the weather conditions. The olives can be collected manually or with the help of nets in which 
case the tree is being shaken to loosen the olives which are than collected from the net. The use of 
the net has the side-effect of including branches and leaves into the harvest which increase the 
amount of impurities. About 75% of the harvested olives become olive residues after processing. 
For this matter this material is a biofuel with very high potential and the olive market is still grow-
ing. The global harvest in 2006 was about 18 million tons.  

 

Illustration 10 Olive plantation in Andalusia, Spain /12/ 

 

Harvesting and processing of olives  

During the harvest of olives also leaves and branches are collected which are separated before the 
oil production takes place. The collected olives are transported to the processing plant by trucks and 
tractors where the olive oil is produced. In the production process the olives are pressed, the oil is 
extracted and what is left behind are kernels, pulp and skin. In that context it is possible to get three 
different biofuels by just one olive oil production process. The first fractions are the leaves and 
brunches, but this fraction is not very big. The second fraction is the whole amount of olive residues 
including kernels, pulp and skin. This material is often used as combustible material. If the demand 
for material with better quality is high, it is possible to separate the olive residues into pulp and skin 
and into pure olive kernels. Pure olive kernels have other fuel properties than pulp and skin. A sim-
ple quality check is the smell of the biofuel because dried kernels do not smell like olives but the 
whole olive residues smells before and after drying like olives.  
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Illustration 11 Machine to separate the olive kernels from pulp and skin /12/ 

Olive residues or olive kernels are stored on a mostly unpaved floor, outside of the processing facil-
ity where they are influenced by any weather conditions to appear. Olive residues are just a by prod-
uct so the oil producer normally does not invest money for better storage conditions. 

Olives are harvested during the fall and winter season. The stored residues are accumulated until the 
end of harvesting time and undergo a natural -solar assisted- drying process during spring and 
summer season afterwards. The kind of storing of olive residues is often an unprotected heap of bio-
fuel. 

 

Illustration 12 Typical unprotected storage of olive kernels /12/ 
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The aim of drying is to get as little water as possible into the combustion chamber of the boiler by 
maximising the heating value of the biomass and increasing the fuel quality. Low water content also 
avoids biological activities and the aging of material. Because of the unpaved ground the danger is 
high that during the loading procedure on the truck (with a front loader) some dirt from the ground 
are removed and mixed with the residues. These impurities (like, earth and stones) worsen the fuel 
quality, because the ash content and the content of ash building elements increases. 

It is highly recommendable to improve storage infrastructure by paving the floors and possibly plac-
ing a roof to protect the residues from adverse weather conditions. This will increase the efficiency 
of the drying and therefore the quality of the fuel. Drying of the residues helps the material to stay 
stable for longer periods of time.  

The storage also depends on the size of the boiler. In small application usually a roofed and paved 
storage room is available. Big boilers however need huge amounts of fuel that for financial reasons 
can not be stored on a properly protected site. This is another critical point where the quality wors-
ens through weather conditions. 

 

Transport 

The transport between the processing phases is usually being done by trucks. These trucks often 
have uncovered cases that leave the load under the influence of weather conditions and any possible 
industrial dust during transport. Absorption of water during transport on a rainy day is not inevita-
ble. This decreases the efficiency of the fuel. To avoid water to infiltrate into the fuel that is being 
transported, covered lorries can be used or, in case of bulk transport of kernels, silo trucks with 
pneumatic system are the best solution. 

The end-users of this alternative biomass vary between small and big scale users. Small boilers need 
a good quality fuel with constant parameters to run efficiently. Kernels from olives apply for these 
requirements; the pulp and the skin in their original state do not because they usually have a high 
water, ash, potassium and chlorine content. This is why olive kernels suite more the small scale 
boilers. Big plants on the other hand can handle fuels with a lower quality grade than small ones. 
The pulp and skin of the olives can be use as fuel in this kind of boilers. 

More and more companies are becoming aware of this new alternative biomass that can generate 
heat and power. The production of pellets from olive residues has been tested and is being prac-
ticed. Pellets ensure that the fuel reaches a constant quality level and the transport of this material is 
more comfortable. For pellets production the material has to be dried first. Once the residues are 
pressed in form of pellets, it can be stored for long periods of time without loosing quality for e. g 
through biological activities. 

7 Raw material supply and logistical issues of straw 
Introduction 

Straw is a high potential biofuel. 2005 the production of straw only in Denmark was 5,5 million 
tons and in Poland 2005 the production of straw was about 26 million tons. Also other countries 
like the Czech Republic or Slovenia can produce high amounts of straw. Today the use of regenera-
tive biofuels (also straw) is a top ranking topic, so the combustion of straw gets more important 
than ever.  

Danish farms are owned by private families. These farmers produce grain and some of them pro-
duce a second product like animals e.g. cows or pigs. The farming sector is highly industrialised 
with very modern machines. 
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Harvesting and processing of straw  

Different types of straw are being produced e. g. straw from wheat, oats or triticale; but the straw is 
just the by-product during the harvesting of cereal grain. For the harvesting of straw and grain com-
bined harvester can be used. If the straw gets wet during harvest due to rain it is important to dry the 
material. To optimize the drying process the straw can be turned by tractor or raked by raker. Di-
rectly on the field the straw gets baled. Depending on the machine but also on the size of the field 
and the country, different sizes of bales can be produced. Beside the bale size also the bale form can 
be different e. g. round bales or squared bales. This work can be performed by special baler trucks, 
whereby the big bale produced from big baler can reach a weight of 500-700 kg. It is important that 
the straw is cut high enough over the ground to avoid the contamination with earth and sand. It is 
also important to bale just dried material because of the mould and fungi-danger. In other countries 
e. g. in Poland the straw is often chipped directly after the harvesting and than transported to a Bri-
quette producer. This pressed material has a higher energy density after pressing but the pressing 
process costs more than the baling. Some producers also produce straw pellets. 

 

Storing and transport 

The transport of the straw bales in Denmark is performed by special tractors with front-end-loader, 
with farm trailers or telescopic handler for storage of bales on storage room. If the bales are squared 
the storage side by side is very easy. Straw can be stored inside and outside. The advantage of the 
indoor-storing is the protected conditions, which guaranties a constant fuel parameter and a low wa-
ter content. This relative dried material also prevents mould of the material.  

Material can also be stored outdoor and this storing is very cheap. The problem on this system is the 
missing protection of the biofuel regarding weather conditions, so this kind of storing is used just 
for short periods and the storing needs covering with tarpaulin. 

Tractors with front-end loader can transport 2-3 bales at the same time. Trailer or trucks transport 
the bales to the plant. Telescopic handlers allow a good handling with the bales. At the plant the 
plant operators are responsible for quality checks like measurement of water content. Forklift truck 
transport 2-3 bales at the same time. To monitor the mass of the fuel, all trucks drive over a 
weighbridge before unloading. Also a visual control of moulding is performed before the unloading. 

8 Fuel parameter and the sampling and testing 
Independent of the biofuel and the step within the supply chain two biofuel parameters are always 
present: the water content and the amount of impurities. For special steps or specials fuels there are 
other fuel parameter assessed as relevant quality influencing parameter. The determination of this 
parameter e. g. mechanical durability of pellets or the ash content is very detailed described in the 
new drawn solid biofuel standards. Some other parameters like moulding of straw are fuel specific 
parameters and for the production of these fuel a very important quality influencing factor. 

The analysis of water content is very important and very easy to analyse, so there exists a standard-
ised method (standard in 3 parts) and a lot of other measuring principles which are used in the daily 
quality control. For the analysis of impurities there is no existing standardised method, but some 
producers of biofuels tried new methods by their own. 

 

Moisture analysis  

Moisture analysis can be divided into direct analysis and indirect analysis. 

Applying direct analysis, the mass or quantity of water is determined in a given sample. The meas-
uring principle – determination of loss of water in samples after drying (e.g. in an oven and desicca-
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tors or by means of IR or microwaves) – is very common, but bears the risk that other components 
than water (e. g. VOC) are also vaporized.  

The measuring principle of the indirect analyses is measuring the correlation of the amount of wa-
ter, to the correlation of the electrolytic or spectroscopic properties. Since most of them do not de-
stroy the sample and do not require sample preparation, they are faster and easier to automate. The 
most important examples for indirect methods are: conductivity and IR absorption or reflection. 
There is equipment for both online and offline analyses available for conductivity and IR tech-
niques. 

The standardised laboratory analysis (CEN TS 14774) is a direct analysis of loss of sample weight 
because of drying the sample. The standard describes in three parts the water content analysis for 
solid biofuels with different particle sizes and with different accuracy. This method is the most ex-
act one, but this analysis also takes the most time. Depending on the biofuel an oven- dried method 
can take from about 2 hours (on milled material) to more than 20 hours (on wet bark). 

This method is always used by laboratories, but for the quality control on the production site, this 
method is often to long-winded. Pellets producer for example also use direct analysis methods for 
their self monitoring, but methods with a shorter measuring time like halogen moisture analyzer or 
IR-Analyzer. These analysers dry the sample with different techniques e.g. halogen rays, micro-
waves or with IR-rays which is faster than the oven dry method and measure directly the loss of 
weight. With these techniques whole water content analysis can be performed in a few minutes.  

 

Illustration 13 Apparatus with halogen rays technique for water content analysis /13/ 

 

The indirect analyses methods like the conductivity method or the NIR-method are often used as 
online measuring methods because of their short analysis time. For years the problem on this meth-
ods were the high inaccuracy and after optimizing sensors there is still the problem that these sys-
tems should be calibrated on the used material to work very exactly. For big production these sys-
tems are used because the online monitoring is very helpful as quality check and there are no run-
ning expenses (e. g. for personnel or laboratory analysis costs) needed after the acquisition costs.  

For the final quality check of a biofuel product the laboratory analysis is needed, but for the self 
monitoring all this methods can be used. The following table shows a summary of all the methods 
and the apparatus costs. 
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Table 2  Different techniques for water content determination 

Measure technique Initial weight, precision Approximate price in [€] 

Thermogravimetric methods 

IR-heater  
e.g. 30g; 1 mg; or 

100g; 0,1 mg 
1500-6000 

microwave heater e.g. 70g; 0,1 mg 9000 

halogen quarz radiator e.g. 50g; 1mg; or 120g; 
1mg 

1200-2600 

halogen heater 60g; 1mg 4000 

Indirect methods 

conductivity Characteristic diagrams 
for 6 different wood sorts 

300 

conductivity Variable measurement 
systems 

500 - >1000 

Indirect methods 

NIR-reflexion 0-90% at 0-50°C, cooling 
system is available 

Depending on size, preci-
sion etc.  

 

Analysis of impurities 

There are no methods to analyse impurities, because impurities can also be snow or sand and it is 
difficult to measure something that is naturally part of the biofuel. To guarantee a good biofuel 
quality it is important to protect the fuel from weather effects, also from contamination with earth, 
sand or stones and to make aware of the danger of impurities. Other kind of impurities like nails or 
metals in log wood can be easily removed by a magnetic separator, but these impurities are not a 
natural part of biomass.  

Especially the contamination with earth or sand strongly influences the fuel quality, because the 
content on ash building elements increases with each grain of sand and can cause problems like 
slagging during combustion.  

The contamination of material can happen everywhere, beginning with the transport of log wood 
from the forest, where soil can cling on the log and the bark; up to old loads on trucks and lorries or 
old material in the storage room. If the delivered raw material is already contaminated, the quality 
of the biofuel can not be really enhanced. Some producers of biofuel try to wash the raw material to 
get the grains of sand and earth out of the material, but this method is very expensive and not really 
effective.  

So to guarantee a good fuel quality, the raw material should already have a high quality and all kind 
of contamination should be prevented. Precautions like good and protected storage rooms, clean 
transport machines, carefulness during the harvesting and use of not to old material can strongly 
influence the fuel quality.  
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