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1 Introduction 
This guidance addresses wood impregnation, presenting options to 
substitute or reduce the use of VOC and its resulting emissions. 

 
Table 1: Scope definition of the VOC Solvent Emissions Directive (SE Directive) 

SE Directive – Scope definitions (Annex I) 
The activity ‘wood impregnation’ is defined as giving a loading of preservative in 
timber. The SE Directive covers installations in which this activity is taking place 
with an annual organic solvent consumption greater than 25 t 

The preservation of wood takes place either in specialised companies or as 
a production step in sawmills or other wood processing industries, e.g. 
window production. 

This activity does not cover the surface coating of timber with paints, 
varnishes or lacquer. Although these applications include a protective 
function, the main purpose of these activities is of decorative nature 
(coating of wooden surfaces guidance document 10). 

The SE Directive lays down the following activity specific legal provisions 
for wood impregnation: 

 
Table 2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 12) 

Activity Solvent 
consumption 

threshold  
[tonnes/year] 

ELVs in 
waste gases 
[mg C/Nm³] 

Fugitive 
emission values

[% of solvent 
input] 

Total 
ELVs 

[kg/m³] 

 

Wood 
impregna
tion 

>25 100*  45 11  

Special provisions: 
* does not apply for creosote. 

 
Instead of complying with the above ELVs, operators may choose to use a 
reduction scheme, following the specifications of Annex II (B) of the SE 
Directive.  

Specific requirements apply for VOCs classified as CMR substances1 as 
well as for halogenated VOCs which are assigned the risk phrases R40 or  
 
 
 
 
 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 

THE SE 
DIRECTIVE 
APPLIES TO 
WOOD 
IMPREGNATION 
IF A SOLVENT 
CONSUMPTION 
OF 25 TONNES 
PER YEAR IS  
EXCEEDED 
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R682. There is a general obligation to replace CMR substances– as far as 
possible – by less harmful substances or preparations within the shortest 
possible time. In the case of a mass flow ≥10 g/h for VOC classified as 
CMR substances or ≥100 g/h for halogenated3 VOC with R40/R68 the 
ELVs in waste gases are 2 and 20 mg/Nm³ respectively, and these also 
apply when a reduction scheme is being used. 

National legislation may define lower thresholds for solvent consumption, 
stricter ELVs or additional requirements. 

2 Summary of VOC substitution/reduction 
Resistance to both decay4 and insect attack is enhanced by application of 
preservatives (by low or high pressure processes) or by modification of 
wood using physical or non-biocidal chemical processes. 

The most important sources of solvent related VOC emissions arising 
during wood impregnation will vary according to the process, products used 
and the subsequent drying process of the wood.  

VOC emissions may be reduced by substituting solvent-based 
preservatives with water-based products or by switching to other wood 
modification processes (e.g. thermal treatment).  

VOC emissions from the impregnation of wood with creosote can also be 
reduced by using water-based preservatives or by using a creosote 
formulation with a low VOC content (EN 13991 Grade C5). 

Timber impregnated at high pressure with water-based preservatives has a 
similar resistance to decay to that of some creosote impregnated timber. 
Wood treated at high pressure is more resistant than wood treated at low 
pressure. Since wood treated with solvent-based preservatives may not be 
as durable as creosote treated wood the use of water-based preservatives 
at a low pressure treatment may be a suitable alternative. 

Enclosed vacuum preservation systems, with solvent recovery, are 
effective techniques to reduce emissions at process level.  

3 Description of the activity and related 
industry sectors 

In Europe, around 11.5 million m³ of wood is treated with preservatives 
each year [BREF STS 2007], the quantity of pressure-impregnated wood is 
estimated to be around 6.5 million m³ [WEI 2008]. Pressure-treated wood is 
mainly used for outdoor applications where timber is exposed to weathering 
and attack by pests e.g. fencing and fence posts, playground equipment,  
 

 

2 After the implementation of the SE Directive a revision of the R-phrase R40 took place. The original 
wording of R40 was: ‘Possible risk of irreversible effects’. The new wording is: ‘Limited evidence of a 
carcinogenic effect’. In the ‘old’ version mutagenity (cat 3) was included. This mutagenic effect is now 
3 Halogenated organic solvents are hydrocarbons with one or more of the following halogens: fluorine, 
chlorine (e.g. trichloroethylene), bromine (e.g. n-propyl bromide) or iodine. 
4 a term used to describe fungal attack 
5 (formerly known as WEI creosote type C)  

VOC REDUCTION 
CAN BE ACHIEVED 
MAINLY BY  
SUBSTITUTING 
SOLVENT-BASED 
PRESERVATIVES 
WITH WATER-
BASED PRODUCTS 
OR LOW VOC 
CONTAINING 
PRODUCTS  
(IN CASE OF 
CREOSOTE)
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carports, decking, constructional timber, joinery, telegraph poles, electricity 
distribution and transmission poles, jetties, railway sleepers. 

The sector is characterised by a relatively large number of small plants with 
a solvent consumption of less than 25 t/y [BREF STS 2007] which are 
therefore not covered by the SE Directive. In Europe approximately 250 
companies have a production capacity of more than 75 m³ per day [WEI 
2008].  

The amount and type of preservative used depends on the type of wood 
being treated, the use that the wood will ultimately be put to, and the 
treatment process used by the installation. Preservatives can be applied 
using vacuum processes, pressure processes, by dipping/immersion [see 
part 4 of this document for details]. Currently three main types of wood 
preservation products are used: water-based, solvent based and oil based 
(creosote) products, and these are described in part 5 of this guidance 
document.  

4 Technical process description 
4.1 Process flow and relevant associated VOC emissions 

The following flow chart illustrates the process steps for wood impregnation 
using solvent-based products and shows where VOC emissions can occur. 
The flow chart also gives an indication of how much solvent is emitted from 
each process or remains in products. In the case of creosote the flow chart 
looks similar but solvent recovery is not possible.  

 
 

 

 

 

 

 

 

 

 

 
 

* The flow chart shows the input of VOC preservative and the 39 % excess, not taken up by the wood, 
which is pumped back into the storage tank 

Figure 1: Typical VOC inputs and outputs in wood impregnation processes 
using solvent-based preservatives  
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Approximately one third of the solvent that remains in the wood after drying 
at the wood preservation plant will evaporate over time, but the other two 
thirds will stay in the wood over its working life. 

4.2 Process description 

Techniques for the impregnation of wood include the use of vacuum and 
pressure processes for long-term protection for wood intended for outdoor 
use. Dipping, spraying or brushing, on the other hand, are used mainly for 
temporary or short-term protection or for wood that will be used for indoor 
applications.  

 

Double vacuum impregnation (vacuum low pressure impregnation) 
High efficiency double vacuum impregnation is a state of the art technique 
for applying solvent-based and water-based preservatives to “finished” 
products where dimensional stability is important (e.g. window frames, 
doors, balconies and garden furniture). 

In the double vacuum process, impregnation takes place in a treatment 
chamber that is first evacuated and then, after flooding it with preservative, 
pressurised to increase the penetration of preservative into the wood. The 
chamber is then drained before a final vacuum stage is applied to remove 
excess preservative from the surface layer of the wood, the timber is then 
left to dry in the open air. In case of solvent based products about 15-25 % 
of the solvent remains in the wood [BREF STS 2007] after the drying 
process. In order to reduce the consumption and emission of VOC, these 
installations are typically equipped with a solvent recovery system or with 
thermal oxidation units for treatment of emissions.  

 

High pressure process (Vacuum/Pressure impregnation) 
This technique is used for both water-based preservatives and creosote. A 
cylinder is filled with the preservative solution and pressure is applied to it 
(up to 14 bars). After a period, the preservative is drained from the vessel 
and, typically, a final vacuum is applied to extract excess wood preservative 
from the timber. The application efficiency of the vacuum process 
approaches 100 %. In case of creosote impregnation this type of 
installation is typically equipped with either a solvent recovery system or a 
thermal oxidiser for treatment of emissions. 

 

Dipping / immersion 
Dipping involves immersing timber in a tank of solvent-based, creosote or 
water-based preservatives. Dipping is more efficient than brushing, 
spraying or deluging. Where solvent-based preservatives are used, plants 
are usually enclosed in order to minimise solvent consumption and, 
therefore, emissions. 

DOUBLE VACUUM 
IMPREGNATION IS 
APPROPRIATE FOR 
WATER AND  
SOLVENT BASED 
PRESERVATIVES 

HIGH PRESSURE 
IMPREGNATION IS 
APPROPRIATE FOR 
THE APPLICATION 
OF CREOSOTE OR 
WATERBORNE 
SYSTEMS 
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5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

The following VOC relevant preservative products (containing organic 
solvents as defined in the SE Directive) are currently used for wood 
impregnation: 

Solvent based preservatives  
Solvent based products contain approximately 5 % of active ingredient 
(insecticides, fungicides or water repellents) and 95 % organic solvent. 
Approximately 20 kg are needed for the impregnation of 1 m3 of wood.  

Nowadays the so called LOSP – light organic solvent preservatives – are 
used. In these products, organic solvents such as white spirit or other 
petroleum based hydrocarbons are used as solvents to carry the active 
ingredients (e.g. fungicides, insecticides, water repellents) into the wood. 
White spirit consists mainly (>80 %) of C9-C11 hydrocarbons (aliphatics, 
alicyclics and aromatics), the remainder is largely C7-C8 and C12 
hydrocarbons.  

LOSP can be applied in the double vacuum impregnation process and in 
the immersion/dipping processes. They are used for finishing wooden 
components in their final machined shape and form, as LOSP does not 
cause swelling or distortion of the timber products. Solvent based 
preservatives are used by the construction industry for specific activities 
when precise dimensions and long lasting protection are required.  

Creosote 
The use of creosote for wood impregnation is restricted to wood for outdoor 
applications with special requirements (ground contact) e.g. posts, poles, 
fencing or sleepers (Directive 76/769/EEC)6. Between 40 and 150 kg of 
creosote is needed for the impregnation of 1 m3 wood. 

Creosotes are distillate fractions consisting of a multitude of chemical 
compounds. They are differentiated into three types (type A – C, according 
to [EN 13991]) with different vapour pressures. According to the SE 
Directive, the fraction of creosote which exceeds the value of 0.01 kPa 
vapour pressure at 293.15 K shall be considered as a VOC. The VOCs are 
the low boiling fraction of the creosote. 

Creosote use is restricted - due to its classification as Carc. Cat. 27 

substance because of its benzo[a]pyrene content. According to Directive 
2001/90/EC8 ,if the product contains less than 0.005 % (by mass) of  
 
 
 
 
 
 
6 In some EU Member States the use of creosote is more restricted, or even completely banned (type 
A-C). 
7 Category 2 carcinogens 
8 Commission Directive 2001/90/EC of 26 October 2001 adapting to technical progress for the seventh 
time Annex I to Council Directive 76/769/EEC on the approximation of the laws, regulations and 
administrative provisions of the Member States relating to restrictions on the marketing and use of 
certain dangerous substances and preparations (creosote) 

SOLVENT BASED 
PRODUCTS ARE 
APPLIED WHEN 
DIMENSION 
STABILITY IS 
REQUIRED

CREOSOTE 
IMPREGNATION IS 
USED FOR 
OUTDOOR 
APPLICATIONS 
WITH SPECIAL 
REQUIREMENTS 
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Products used for pressure treatment of wood

11%18%

71%

Creosote

Waterborne products

LOSP (light organic solvent preservation)

benzo[a]pyrene and less than 3 % (by mass) water extractable phenols, it 
may be used, but only in industrial installations or by 
professionals.Therefore Type A creosote, which can now contain 0.005 to 
0.05 % and formerly contained up to 0.1 % benzo[a]pyrene, is banned in 
the EU. 

Type B creosote is currently the most widely used oil based product with an 
average VOC content of 20 % and less than 0.005 % benzo[a]pyrene.  

Type C creosote, with a much reduced VOC content (~2%), and a content 
of less than 0.005 % benzo[a]pyrene has a high viscosity and high 
crystallisation temperature. Therefore it is necessary that the storage and 
impregnation system is heated. The advantages are the lack of odour and 
reduced tendency for the wood to sweat. [Rütgers 2007] 

Creosote is an effective preservative; it has a very low solubility in water 
and so is highly resistant to leaching. It is normally not corrosive to metals, 
it protects timber against splitting and weathering, it has a high electrical 
resistance and it is available in several grades to suit different applications 
[EGTEI 2004]. 

Creosote is typically applied in closed, vacuum/pressure impregnation, 
processes and, to a minor extent, it is also used in non-pressure processes.  

 

5.2 Solvent consumption and emission levels 

The use of solvent based products declined significantly with the 
implementation of the SE Directive [WEI 2008]. They have been widely 
substituted by water-based products or by wood modification treatment 
systems and this trend is on-going.  

Pressure systems (including double vacuum impregnation and the high 
pressure process) account for more than 50% of the whole impregnation 
sector, the estimated distribution of preservative used is shown below: 

 

 
 

 

 

Figure 2: Preservation product types used for pressure treatment of Wood 
(Western Europe) [WEI 2008]  

 

The total consumption of creosote as a preservative is declining overall due 
to increased regulation and because of the availability of non-wooden 
products e.g. the use of concrete ties for new railway-lines. However, in the 
case of poles, an increased use of creosote has been reported because the 
potential substitutes (water-based CCA-products) cause higher disposal 
costs due to the heavy metal compounds which require special waste 
treatment. [TeliaSonera 2005]. 

 

WATER-BASED 
PRODUCTS ARE 
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PRESSURE 
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WOOD 
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5.3 Key environmental and health issues 

Process emissions of solvents, together with NOx emissions, are 
precursors of ground level ozone formation in the presence of sunlight. 

Emissions of VOC to air may occur from: 

- the storage of the solvents 

- the impregnation process 

- the drying process 

Spills and leaks from storage areas may result in emissions to soil and 
groundwater. 

Creosote is toxic and classified as Carc. Cat. 2. As a consequence of its 
potential health impact creosote is also classified as a R45 substance that 
‘may cause cancer’. Since emissions arise from its handling and storage 
occupational workplace limits should be taken into consideration. 

Water based preservatives that contain ammoniacal copper quaternary 
compounds (ACQ) or copper azole (Cuaz) are considered to be less toxic. 
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6 VOC Substitution 
The following sections describe potential substitutes for VOC (using VOC-
free and VOC-reduced systems). There are also descriptions of the 
application technologies or special conditions needed and the advantages 
and disadvantages compared to systems that use solvents with a high VOC 
content. 

6.1 VOC-free systems 

This section describes the ways that VOC-free products or systems can be 
used to replace the organic solvents currently used. 

 

6.1.1 Water-based systems 

Typically water-based preservatives are copper azole (CuAz) and other 
copper-based systems (where copper acts as a fungicide component). 
Quaternary ammonium, hydrogen fluoride, fluorosilicate, or boron based 
compounds are also used. In case of hydrogen fluoride and fluorosilicate 
based preservatives, it has to be born in mind that on the one hand the 
VOC´s are reduced but on the other hand these substances are toxic and 
environmentally critical. 

Before September 2006 water based copper chromium arsenic (CCA) 
products also have been used as preservatives. Since September 2006 
CCA is no longer authorised for use in the EU as biocide (according to 
Directive 98/8/EC9). 

Water-based preservatives differ from each other in their activity spectra, 
their leaching resistance, their application process (high or low pressure 
process) and therefore their suitability for the intended final use of the 
treated wood. The application of water-based systems is carried out either 
by high or low-pressure processes (see part 4 for descriptions). Water-
based, low pressure processes mainly substitute solvent based 
preservative systems while water-based high-pressure processes are 
suitable to substitute creosote. Water-based treatments can be used 
instead of creosote for some end-uses up to 30 year life expectancy (and 
longer with case-by-case approval of the preservative manufacturer). 
Examples are medium-life fencing, cladding of agricultural buildings, some 
horticultural uses [WPA 2009] 

The process of impregnation of solvent based and water-based 
preservatives is very similar with no significant economic differences. 
Water-based preservatives have the advantage that they can be also used 
in open impregnation systems, e.g. in dipping installations. However, the 
substitution with water-based preservatives is not always possible due to 
the swelling of the wood, which must be avoided when treating certain 
finished products. In addition, timber treatments with higher levels of copper 
(ACQ and CuAz) are more corrosive. 
 
 
9 Directive 98/8/EC of the European Parliament and of the Council of 16 February 1998 concerning the 
placing of biocidal products on the market 

 

WATER-BASED 
PRODUCTS CAN BE 
APPLIED BY HIGH 
OR LOW PRESSURE 
PROCESSES 
DEPENDING ON 
THE FINAL USE 
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Water-based solvents are also used instead of white spirit to emulsify 
LOSPs (water-based micro emulsion). While the VOC emissions are 
significantly reduced, such a substitution may cause a swelling of the 
timber from 0.5 up to 6 % - depending on the wood. 

Water-based treatment is approximately 3 times less expensive than 
comparable solvent based processes. Recent increases of oil prices are 
the key factor causing this difference. Because water-based and solvent 
based treatments use the same or similar active substances and the same 
type of timber treatment plant the major difference is the formulation of the 
active substances. [ARCH 2008] 

Water-based micro emulsions such as azoles or quaternary ammonium 
compounds can replace solvent-based products. They are applied either by 
dipping or in vacuum processes. These water-based products contain 1% 
solvent. [EGTEI 2005] 

Water-based micro emulsions systems generally require a high dosage of 
preservative which results in an increase of the moisture content of the 
timber having an effect on the dimensional stability of the timber and may 
also require the timber to be re-dried prior to use. 

Switching from solvent-based preservatives to water-based systems can 
achieve a VOC reduction approaching 100 %, or, for water-based micro 
emulsions systems, a reduction of 99 %.  

 

6.1.2 Non-solvent systems (thermal treatment of wood, 
platonising)  

The thermal treatment is based on the pressure impregnation technology 
but requires no chemicals or inert gases. As such, it is a completely solvent 
free process. This treatment is applicable to all types of wood (dry or fresh), 
and it is especially suitable for European wood. The thermally treated wood 
can be used for both outdoor (not for ground contact) and indoor 
applications. 

The process consists of steam treating the wood in an autoclave at a 
temperature of 140-210 °C and a pressure of 14-20 bar. The process 
modifies the cell structure of the wood, thus reducing its water absorption 
capacity. Additionally the dimension stability is improved and the wood 
becomes more durable. The wood is preserved throughout its cross section 
whereas in the case of impregnation, this can only be achieved for wood of 
small dimension. The process is already used at industrial scale but there is 
work on progress to improve product quality. It seems that the durability 
and preservation resulting from this process, if applied properly, are similar 
to creosote impregnated wood. [Thermowood 2008]  

Another method of wood modification would be the use of hydrothermal 
technology. The process consists of five steps: 

• Pre-drying stage 

• Hydro-thermolysis stage. The wood is heated to 150 – 180°C in an 
aqueous environment. The cellulose remains intact, and the wood 
keeps therefore its good mechanical properties. 

• Drying stage. The wood is reconditioned to a dry environment in a 
conventional industrial wood kiln 

WITH THE USE OF 
WATER-BASED 
PRODUCTS VOC 
EMISSIONS  
REDUCTION UP TO 
100% IS POSSIBLE

FOR THE THERMAL 
TREATMENT OF 
WOOD NO  
CHEMICALS ARE  
REQUIRED 



Guidance 12 Wood impregnation 
 

  284 

• Curing stage. The wood is heated to 150-190 °C under dry 
conditions.  

• Conditioning stage. The moister content of the wood is elevated to a 
level which is necessary for manufacturing.  

The process and future developments are available as a license. [Plato 
2002] [Plato 2006] [CEN/TS 2007] 

 

During the thermal treatment of wood, there is no need for any chemicals. 
Another environmental benefit is that the waste from thermally treated 
wood can be more easily reused as a solid fuel. Due to loss of water from 
the wood during treatment, the total weight loss is about 50 %, and so 
transport costs decrease as well. [Corbat 2006] 

There are some disadvantages of the process. Energy consumption is 
increased due to the higher temperatures and longer treatment times 
compared with other treatments. The heat treatment may also affect the 
product quality. It results in a loss of the wood’s elasticity and solidity and 
as a consequence, its mechanical strength. In addition, a darkening of the 
wood occurs. In some cases a change of shape may result from it. Finally, 
choice of the correct temperature curve for each wood requires skill and 
experience. 

The investment cost for thermal treatment installations is nearly double that 
of water-based systems. The process is generally more expensive than 
other preservation techniques, there is no cost of preservative but the 
process take 2 to 5 times longer.  

 

6.1.3 Acetylisation of wood 

The hydroxyl groups of the wood absorb and release water which is the 
main reason for swelling and shrinking of the wood. It is assumed that the 
digestion of the wood by enzymes is initiated at the free hydroxyl groups. 

In the acetylisation step hydroxyl groups are changed to acetyl groups 
which results in higher dimensional stability and a higher durability. 

For the acetylation the wood is loaded into a reactor. Acetic acid is reacted 
to acetic anhydride, which is pumped into the wood loaden reactor. The 
wood treatment takes place at a certain temperature, pressure and time, in 
which the hydroxyl groups are replaced to form the acetylated wood. In this 
reaction acetic acid is formed again and reused. After the reaction is 
finished the wood can be discharged from the reactor. 

With the acetylisation of the wood the following properties are possible: 

• Dimensional stability 

• High durability 

• Mould and insect resistance 

• Good machinability 

• Non toxic 

• UV resistant 

The process and future developments are available as a license. [Accoya 
2008] 
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6.2 VOC-reduced systems 

If the complete substitution of organic solvents is impractical then changing 
to systems with a reduced VOC content, such as those described in this 
section, can decrease emissions. 

 

6.2.1 Use of Type C Creosote [could be put under substitution] 

Creosote is only allowed10 for outdoor products like sleepers, poles (electric 
power transmission and telecommunications) and fences. The use of 
creosote treated wood inside buildings, in toys, playgrounds, garden 
furniture or outdoor facilities where there is a risk of frequent skin contact is 
not allowed.  

Currently type B creosote is the most widely used in Europe but is rapidly 
being replaced by Type C due to environmental legislative pressure. In the 
last 10 years, the substitution of type B creosote by type C has been 
significant, even for heavy-duty purposes such as railway sleepers or poles. 
Railway sleepers treated with Type B creosote emit approximately 5 kg 
VOC over 25 years - about one third of the preservative in the wood; the 
use of type C creosote reduces the emissions by 90 % over this period. 
Furthermore the product has less of the typical "impregnation odour" and a 
reduced tendency to sweat. No negative effects related to the product 
quality have been reported. 

This shift, however, results in higher costs for operators. On the one hand, 
the product itself is more expensive (~25 %) and, on the other, process 
equipment has to be modified. Due to the higher crystallisation properties of 
creosote C, the storage tanks and the supply pipes have to be heated. A 
higher temperature is also necessary during the impregnation process itself 
to reduce the viscosity of the preservative and to guarantee its fast and 
efficient penetration into the wood. This results in higher energy 
consumption and costs.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10 According to directive 76/769/EEC 

BY USING 
CREOSOTE TYPE 
C VOC
REDUCTION OF 
MORE THAN 90%
IS POSSIBLE
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7 Other VOC emission prevention measures 
and abatement techniques  

Preventive measures, process improvements and abatement techniques 
can be used to reduce VOC emissions if VOC substitution as described in 
section 6 is not possible. The following measures are commonly applied for 
wood impregnation process: 

 

7.1 Process improvements 

The most important measure related to emission reductions by process 
improvement is the use of closed systems (double vacuum or high pressure 
impregnation). Due to the final vacuum step excess solvent can be 
removed before the wood is stored for a week to dry. In the vacuum step 
about 10 % of the impregnation fluid is extracted while another 10 % 
evaporates during the drying process. 

 

7.2 Abatement technologies / End of pipe measures 

Exhaust gases can be treated to reduce VOC emissions using either 
carbon filters to adsorb and then recover VOCs, or by thermal oxidation, in 
which case the VOCs are thermally decomposed. By using abatement 
technology, emissions of VOC can be reduced by about 95 - 99 %. [CTP 
2008]  

In case of thermal oxidation natural gas is needed to heat up the furnace to 
its operating temperature of 800 °C. Thermal oxidation does need any extra 
heating with natural gas if the VOC concentration of the waste gas is above 
the autothermal point (2-3 g VOC/Nm³). The resulting heat of the burning 
process, however, can be recovered and can be used for different 
purposes within the facility as for example heating of the creosote Type C.  

In case of activated carbon filters, the carbon has to be regenerated every 
3-6 months depending on, among others, the type of activated carbon, 
amount of activated carbon in the filter, required emission level and 
operating conditions. The activated carbon costs about 1–1.50 €/kg, the 
cost for external recovery of the solvent is about 0.60 €/kg. 
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8 Summary of VOC emission reduction 
measures 

The following table summarizes the various approaches to substitute or 
reduce VOC emission as described in chapters 6 and 7: 

 
Table 3: Measures for VOC substitution and VOC reduction in wood impregnation 

Objectives Description 

 Solvent-based preservatives Creosote 

VOC-free Systems; 

Substitution of  
CMR substances  

Water-based preservatives 
Thermal treatment  
Acetylisation 

Water-based 
preservatives 
Thermal treatment  
Acetylisation 

VOC-reduced  
Systems 

 Use of type C 
creosote (instead of 
type B) 

Process  
Improvements 

Application by double vacuum 
impregnation system 
Enclosing of the process 
wherever possible and 
extraction and treatment of 
emissions 
Use of final vacuum stage to 
remove excess solvent or 
carrier 
Use solvents with lower ozone-
forming potentials 
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9 Good practice examples 
9.1 Use of EN 13991 Grade C 

This company produces about 10,000 m³ of type C impregnated wood per 
year. The duration of the impregnation is about 10.5 hours with a batch size 
of 45 m³. The working pressure is 8-10 bar and vacuum under 0.1 bar.  

The changes necessary for conversion from type B to C were small 
because the heating system was already integrated. Additional isolations 
and heating elements – especially located close to valves - had to be 
installed resulting in costs in the range of 80,000 – 100,000  €. In order to 
avoid unnecessary energy costs from heating, storage amounts were kept 
as small as possible by good inventory management. 

The exhaust gases are cleaned with a carbon filter. Regeneration of the 
contaminated carbon is outsourced. 

When substituting type B with type C special care was taken to ensure use 
of correctly dimensioned vacuum pumps. Since a pressure of less than 
0.1 bar has to be reached once the impregnation is finished to remove the 
excess creosote from the wood. Some additional measures have been 
necessary to avoid problems due to crystallisation of creosote components 
plugging the system. All parts of the system have to be heated (20 °C 
above the crystallisation temperature) and isolated. During machine 
downtime all pipes have to be emptied. 

 

9.2 Thermal treatment of wood 

In a typical thermal treatment installation wood is treated during 48 hours, 
The majority of the time is used for the heating and cooling and not the 
holding process with a maximum temperature of about 200 °C. At the 
beginning of the process a vacuum is applied in the chamber to remove the 
oxygen. During the following heating process applying steam to the wood 
the pressure reaches a value of 20-25 bar. 

Investment costs for thermal treatment equipment are typically between 
500,000 and 1,000,000 € for a batch size of 50 m³ or more, the operational 
costs are about 50-100 €/m3.  

During the whole process the timber is only treated with vacuum, pressure 
and heat and is never in contact with any kind of solvent or water. 
Therefore the emissions of VOCs are minimal. According to the information 
of the company the thermally treated wood shall be useable for any kind of 
application (even for wood with ground contact). 

For thermal treatment special knowledge about the heating program, 
especially in the heating and cooling slope, is crucial. Only with the proper 
process parameters are good preservative properties and negligible loss of 
mechanical strength possible. 

 

9.3 Water-based preservatives  

In a typical new installation wood is treated in a 18 m3 reactor with a charge 
capacity of 14 m3 wood. The impregnation cycle takes 4 hours and can 
therefore be repeated 6 times a day due to a 24 hour shift work. With 250 
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working days a yearly production of about 20,000 m³ can be achieved. 
Depending on the intended application the raw material costs are between 
10 and 30 €/m3, energy costs are negligible and water costs are 0.5 – 
1.5 €/m3. The investment costs for this plant are about 250,000 €. 
Depending on the preservative type, the impregnation costs can vary 
between 20 and 40 €/m3. 

 

10 Emerging techniques and substitutes under 
development 

The current trend in the development of wood preservatives is to use 
biocide combinations which include both inorganic-organic and organic-
organic binary mixtures.  

 

New preservative systems 
New water-based systems 

Zinc-based systems are very attractive because of zinc's low cost, long 
history of use as a wood preservative, and ability to be formulated in a 
colourless form. The relatively low use of this system is due to its lower 
efficacy compared with VOC containing products and the high costs of 
registering new wood preservatives. 

Aluminium-/iron/boron/zirconium-based systems are described in 
literature and various patents as wood preservatives. With the exception of 
the use of zirconium in Japan [Goliath], there is limited published 
information on their use, and most of the systems are still at the research 
stage.  

Metal-free systems 

 Micro-emulsions are organic biocides, sparingly soluble in water, 
suspended in water as micro-emulsions. It is possible, in future, that 
blends of different organic biocides may be formulated, as micro-
emulsions, to specifically target the various organisms that wood may be 
exposed to when used outdoors. At the moment they are too expensive 
for large-scale use and further research is necessary in order to bring 
them to the market. 

New Treatment technologies 
Supercritical CO2 as carrier medium for biocides (Denmark, Supertrae A/S) 

Supercritical carbon dioxide (scCO2) is being used as a 100 % VOC free 
solvent in a wood preservation plant in Denmark, and research is currently 
being undertaken related to the viability of scCO2 use in Australia. For 
different woods e.g. spruce good results can already be achieved, but the 
costs are unclear at the moment11. 
 
 
11 University of Copenhagen http://www.bfafh.de/inst4/45/ppt/8supercr.pdf 
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Natural protection system 
Plant alkaloids extracted from the Neem tree, salicylic acid, and wood 
vinegar, as well as bacterial metabolites and cysts are of interest. Hiba and 
cypress pine oil preservatives are being sold commercially in Japan and 
Australia. The widespread use of such products on an industrial scale is 
limited by cost and the availability of the source materials. Therefore 
establishment of large-scale plantations or integrated biomass processing 
technology, that produces the active biocide as a by–product would be 
necessary. [Evans 2003] 
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