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ABSTRACT 
 
Wood modification (chemical, thermal, impregnation) represents an assortment of 
innovative processes currently being adopted in the wood protection sector. Though many 
aspects of these treatments are known, the fundamental influence of the process on 
product performance, the environment, and end of life scenarios remain relatively 
unknown. It is essential to integrate interactive assessment of process parameters, 
developed product properties, and environmental impacts. To optimise modification 
processing to minimise environmental impacts, much more information must be gathered 
about all process related factors affecting the environment (VOC, energy use, end of life 
use, etc.). To this end, COST Action FP1407 (Understanding wood modification through 
an integrated scientific and environmental impact approach - ModWoodLife) was 
initiated in 2015, with its 4-year programme aiming to investigate modification processing 
and products design with emphasis on their environmental impacts. This will require 
analysis of the whole value chain, from forest through processing, installation, in service, 
end of life, second/third life (cascading) and ultimately incineration with energy recovery. 

 
A recent task within COST FP1407 was to re-evaluate the current status of wood 
modification across the member countries, tasks previously undertaken within COST 
Actions E22 and E37 respectively and reported in several papers within several of the 
previous European Conferences on Wood Modification (ECWM). Whilst the early 
projected advances anticipated for various types of modified wood has not been as 
previously reported. During a COST FP1407 meeting in Florence, Italy, the national 
status of wood modifications in 18 different European countries was presented, and the 
findings will be presented herein. 

 
INTRODUCTION 

 
The need to treat wood to extend its service life by minimising threats from biological 
attack (in the form of insects, fungi, mould etc.) has long been recognised. As such, wood 
has been historically treated with preservatives to increase its resistance to decay caused 
by insect attack, micro-organisms and damage caused by marine wood-boring animals 
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(Larsson Brelid 1998), with commercial activities since the 1830s, when sleepers and 
poles of railroads were pressure impregnated by a heterogeneous mixture of polycyclic 
aromatic hydrocarbons PAH, creosote, (Rowell 2005). Wood preservatives can be divided 
into two general classes: Oil type (creosote) and waterborne salts for example chromated 
copper arsenate (CCA) and alkaline copper quaternary ammonium ACQ (Rowell 2005). 
Each active ingredient which is incorporated into wood preservative formulations has its 
own mode of action (Eaton and Hale 1993). The toxicity of heavy metals has been widely 
used to fight fungal decay of wood. Some of the mechanisms of toxicity involve 
denaturation of proteins, inactivation of enzymes, cell membrane disruption, inhibition of 
respiration and inhibition of protein synthesis (Eaton and Hale 1993; Rowell 2005). 
However, concerns over the toxicity of traditional preservatives in use and in residuals 
led to the withdrawal of many of these products, to be replaced with less toxic 
preservatives. This also allowed an opportunity for alternative treatments to gain a market 
entry, among these being wood modification. 

 
Wood modification is an alternative to conventional preservation for the protection of 
wood. By definition, wood modifications do not have a toxic mode of action as is the case 
for preservative treated wood (Hill 2006). Similarly, the modified wood should itself be 
non-toxic under service conditions, and there should be no release of any toxic substances 
during service, or at the end of service life (Hill 2006). As a result of the modification 
process, the wood constituents can be physically altered, and/or the wood structure can 
be chemically altered, such that these changes can result in more durable wood (Hill 2006) 
or a material with reduced hygroscopicity. There are several ways to chemically modify 
the wood cell wall polymers and the most abundant single site for reactivity is the 
hydroxyl groups (Rowell 2005). The hydroxyl groups in the wood polymers (i.e. 
cellulose, hemicellulose and lignin) are the most reactive sites in the wood (though there 
are differences in their relative reactivities). They are also responsible for the dimensional 
instability through their hydrogen bonding to water (Larsson Brelid 1998). Chemical 
modification of the wood by reacting the hydroxyl groups with a stable, covalently 
bounded, less hydrophilic group, leads to an increased dimensional stability (Larsson 
Brelid 1998). 

 
There are or have been several examples of commercial wood modifications (with some 
of the original scientific publications) in recent years: thermal modification (Tjeerdsma et 
al. 1998; Sailer et al. 2000), furfurylation (Schneider 1995; Westin 1996; Lande et al. 
2008), modification with DMDHEU (dimethylol dihydroxy ethylene urea) (Militz 1993) 
and acetylation (Militz 1991; Larsson Brelid et al. 2000). The role of wood modification 
has gained significant interest and research over recent years, as demonstrated through 
the European Conferences on Wood Modification (an outcome from the European 
Thematic Network on Wood Modification which ran between 2000-2003), and the regular 
sessions within the annual International Research Group on wood Protection (IRG) 
conferences. 

 
WHAT IS COST? 

 
Founded in 1971, COST – European Cooperation in Science and Technology – is the first 
and widest European framework for the transnational coordination of nationally funded 
research activities. It is based on an inter-governmental agreement and comprises 
currently 36 European Member Countries plus one Cooperating State, as shown in Figure 
1. 
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Figure 1: Countries funded under the COST scheme 

 
COST’s mission is to strengthen Europe’s scientific and technical research capacity by 
supporting cooperation and interaction between European researchers, covering from 
basic to applied or technological research and including research addressing issues of pre- 
normative nature or of particular societal importance. It anticipates and complements the 
activities of the EU Framework Programmes, constituting a “bridge” towards the 
scientific communities of COST Inclusiveness Target Countries (countries outside the 
original EU-15 nations shown in dark in Figure 1). It also increases the mobility of 
researchers across Europe and fosters the establishment of scientific excellence. 

 
The former science organisation which was structured into nine science and technology 
domains has been replaced by a new organisation aiming at guaranteeing a fully open and 
bottom-up approach through the establishment of a single Scientific Committee. This also 
includes a renewed evaluation and selection procedure aiming at identifying breakthrough 
ideas and favouring interdisciplinary and multidisciplinary projects. 

 
COST FP1407 

 
The forest-based sector can become a leader in achieving the European Commission’s 
ambitious target of reducing CO2 emissions with innovative production technologies, 
reduced energy consumption, increased wood products recycling, and reuse. Apart from 
these undoubted environmental benefits, the use of forest products in long life products, 
such as built environment applications, allows for the possibility of extended storage of 
atmospheric carbon dioxide. Wood modification (chemical, thermal, impregnation) is an 
assortment of the innovative processes currently being adopted. Though many aspects of 
these treatments are known, the fundamental influence of the process on product 
performance, the environment, and end of life scenarios remain unknown. It is essential 
to integrate interactive assessment of process parameters, developed product properties, 
and environmental impacts. To optimise modification processing to minimise 
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environmental impacts, much more information must be gathered about all process related 
factors affecting the environment (VOC, energy use, end of life use, etc.). 

 
COST Action FP1407 (Understanding wood modification through an integrated scientific 
and environmental impact approach - ModWoodLife) will investigate modification 
processing and products design with emphasis on their environmental impacts. This will 
require analysis of the whole value chain, from forest through processing, installation, in- 
service, end of life, second/third life (cascading) and ultimately incineration with energy 
recovery. The aim of the Action can be shown as in Figure 2. 

 

Figure 2: Schematic of the aims within COST Action FP1407 
 
Thus, the main aim of this Action (running from 2015 to 2019 and led by the University 
of Primorska, Slovenia) is to characterise the relationship between modification 
processing, product properties, and the associated environmental impacts. This includes 
the development and optimisation of modified processing and quantification of the 
impacts of emerging treatment technologies compared to traditional processing and 
alternative materials to maximise sustainability and minimise environmental impacts. 

 
 

WOOD MODIFICATION IN EUROPE 
 
Since the Thematic Network of Wood Modification, where the emphasis was on the 
development of three processes (acetylation, thermal modification and furfurylation), 
there has been a steady growth in the transfer of laboratory-based studies to industry. This 
was clearly shown in a review by Militz (2015), where the progress of additional methods 
was presented (Figure 3). 

Figure 3: Overview of extent of commercialisation of modified wood processes in Europe (Militz 2015) 
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Overview of current production levels 
In this review (Militz 2015), it was estimated that there was approximately 350,000 m3 of 
modified wood produced per year, dominated by thermal modification (estimated at 
300,000 m3, of which approximately half could be assumed to be from the ThermoWood 
Association (Dagbro 2016)). As a part of COST Action FP1407, it was decided to review 
the production values across Europe, whereby each national production level was 
determined. Table 1 provides an overview of the types of modification being 
commercially produced in each country that responded to the questionnaire. 

 
As listed within Table 1, there are a few examples of processes under development. In 
Belgium, there are plans to develop a new furfurylation plant in a collaboration between 
Kebony (Norway) and Transfurans Chemicals (Belgium) and Foreco (Netherlands), with 
initial productions volumes estimated at 20,000 m3. 
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Belgium  ++ ++ 
(u.d.) 

+ (u.d.)     

Estonia      +   
France  ++     +  
Germany  ++   n.a. n.a.   
Hungary        + 
Italy  +  + +    
Macedonia  +       
Netherlands ++ ++ +  n.a.    
Norway  + ++      
Poland        + 
Romania  +       
Slovakia         
Slovenia  +       
Spain  +      ++ 
Sweden  +  ++     
Turkey  ++       
Ukraine    n.a.     

UK ++ 
(u.d.) 

+  + +    

Legend: + Commercial production under 10000 m3/year, ++ Commercial production over 10,000 
m3/year, n.a. figures not available, u.d. production under development 

 
The development of organosilicon compounds by Dow Construction Chemicals at their 
R&D site at Seneffe, Belgium, based on successful results from the EU Life+ project 
SILEX. In the U.K., there are plans to develop new acetylation plant for producing wood 
chips for the manufacture of Tricoya ™. Work has already begun on the construction of 
a plant at Hull in a collaboration between B.P (UK), Accsys Technologies (UK/NL) 
through its subsidiary Tricoya Technologies Limited (TTL, UK) and Medite Europe 
(Ireland), which will ultimately produce 30,000 tonnes of acetylated wood chip (Figure 
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4). This material will help serve manufacturing rights with Medite, as well as in a new 
commercial venture with FINSA (Spain). 

 

Figure 4: Breaking of soil for new acetylation plant for wood chips at Hull, UK 
Table 1: Overview of responses to levels of commercialised wood modification in European countries 

within the COST FP1407 questionnaire 
 
From Table 1, it can be seen that there has been a considerable increase in recent years in 
the range of treatments being commercially produced across Europe, and whilst 
production figures at these new sites remain fairly low (often around 1,000 m3 a year), it 
demonstrates the desire of companies to provide local solutions to architects and 
specifiers. 

 
Table 1 does not cover any input from Finland, as data was not presented at the COST 
FP1407 meeting. However, it is well known that Finland is the manufacturing base for 
ThermoWood. Recent data from the ThermoWood Association (International 
ThermoWood Association 2017) suggests that the group as a whole produced 193,700 m3 

in 2017 
 
Whilst outside the scope of this study within COST FP1407, an overview of the Russian 
wood modification market was recently undertaken. In this (Kiseleva et al. 2017), the 
classifications of modified wood according to Russian standards were identified within 
four different classes (Table 2, State Standard of USSR 1980). Of these classifications, it 
is the Thermomechanical processing that is most common within Russia, since it includes 
conventional thermal modification. It was reported (Kiseleva et al. 2017) that there were 
some 20 companies producing TMT in 2010, with a maximum production capability of 
around 60,000 m3. In addition, it was reported (Kiseleva et al. 2017) that there were 
enterprises active in other classifications of modified wood. 

 
Table 2: Overview of wood modification classifications (State Standard of USSR 1980) 

Modification approach Explanation 
Thermomechanical Pressure modification of pre-heated, steamed, dried or impregnated 

wood with further high temperature drying and thermal modification 
Chemo-mechanical Pressure modification with preliminary or simultaneous wood 

plastification by ammonia or urine or impregnation with resins or 
lubricants and further thermal modification 

Thermochemical Impregnation with monomers, oligomers, or resins with further thermal 
modification in order to polymerise or polycondensate the impregnated 
compound in the wood structure 

Chemical Impregnation with ammonia or acetyl oxide in order to change the 
chemical composition of the wood 

Radiation chemical Impregnation of wood with monomers, oligomers or resins with further 
  polymerisation of those under the influence of ionising radiation  
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Uses of modified wood 
Modified wood has gained market entry across a range of Use Classes, depending on the 
levels of treatment and how they alter the durability and moisture exclusion levels of the 
treated material. Some examples of these modified wood in Use Classes are given in 
Figure 5. 

 

    
Use Class 1 Use Class 2 Use Class 3 Use Class 4 

Figure 5: Examples of modified wood in Use Classes 1-4 
 
The ease of modification, and in particular thermal modification has occurred as a result 
of several equipment manufacturers diversifying from conventional kiln and 
impregnation vessel manufacturing to produce small scale reactors, such as that produced 
by ISVE in Italy, who have sold several reactors internationally in addition to three being 
used within Italy for local production (Figure 6). 

 

Figure 6: Example of a small scale thermal modification reactor (IVSE, Italy) 

 
CONCLUSIONS 

 
The use of modified wood continues to increase across Europe. In addition to the three 
main wood modification processes (acetylation, thermal modification, furfurylation), 
there has been a recent increase in the number of alternative processes being 
commercialised. In addition, there has been an expansion of the number of companies 
producing thermally modified wood, particularly for local use in a given country. The 
findings of COST FP1407 appear to show similar volumes to those estimated in 2015 
(Militz 2015), particularly when taking on board the latest figures for the ThermoWood 
Association. The European production levels may be further increased through the 
inclusion of Russian production volumes, even though these figures are now several years 
old. This continued demand for modified wood is despite the slow-down within the 
construction sector. This suggests that modified wood is gaining more favour with 
architects, specifiers and end-users, which suggests a continued success for modified 
wood across Europe. 
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