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Hot melts are solvent-free systems, based on polyester, polyamide and 
vinyl acetate. The choice of this adhesive type depends on the process and 
the temperature sensitiveness of the materials being bonded. 

Halogenizers may be used to ensure that materials (for example, some 
rubbers and textiles) exhibit good bonding characteristics. Halogenizers 
consist of up to ~ 100 % VOC.  

Finishing materials (colouring and varnishing material) may contain 
solvents.  
 

5.2 Solvent consumption and emission levels 

Adhesives, finishing products and cleaners contribute to the VOC 
emissions. VOC emissions may also arise from primers, separating agents, 
printing inks or finishing pastes. [Scherer 2005] 

 
For mid-size shoe production, between 20 and 60 g solvent-based 
adhesives is applied per shoe. Solvent-based polyurethane adhesives 
contain about 70 – 80 % solvent. Hence about 14 – 48 g solvent is used 
per pair. This results in a solvent consumption of about 14 – 48 t/a in larger 
installations (~ 1 Mio pairs of shoes per year). [DFIU 2002], [EGTEI 2003] 
For shoe production using injection moulding, about 10 g solvent per pair is 
used. [EGTEI 2003] 
 
The size of a shoe significantly affects the quantity of adhesive required.  
Figure 6 shows, that a medium sized men’s shoe (size 43) has nearly 50 % 
more surface than a medium sized women’s shoe (size 37), hence will 
need about 50 % more adhesive. Therefore, a manufacturer producing 
exclusively men’s shoes will have a higher average solvent consumption 
per pair compared with a footwear manufacturer producing the same 
volume of unisex fashion shoes. [EWEN 2007] 
 
 

[EWEN 2007] 

Figure 6: Surface where adhesive is applied in relation to shoe size of two different 
types of soles  
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The type of sole lasting also affects the adhesive consumption because 
either adhesive is required for coating of the entire surface or is only 
applied on the frame of the sole. [EWEN 2007] 

 
[EWEN 2007] 

Figure 7: Different types of soles: [A] Sole of rubber and phylone (alpine climbing 
boot), [B] rubber walking sole (safety shoe), [C] rubber frame sole with 
steel inlay (safety boot), [D] rubber sole (street walking shoe)  

Figure 7 shows different types of soles. These different sole shapes and 
properties require different assembly techniques and thus lead to 
differences in solvent consumption. 

The flow charts in chapter 4 (figures 3 – 5) show, that e.g. preparation and 
assembly for soles for a safety shoe/heavy boot (B in figure 7) will require a 
solvent consumption of about 23.7 % of the total solvent used for this type 
of footwear (this is equal to 20.9 g of solvent per pair). On the other hand, 
sole assembly for children’s shoes with an injection moulded sole will use 
around 0.4 % of the total solvent required for that type of shoe, equal to a 
mass of 0.06 g per pair.  

 
The total VOC consumption for footwear is around 25 g/pair on average, 
but this varies depending on the type of footwear being produced. Fashion 
shoes and sport shoes have a solvent consumption of 32 g/pair. For heavy 
boot manufacturing, solvent consumption values of 46 – 160 g/pair are 
typical, depending upon the nature of the boot. The smallest solvent 
consumption occurs for the manufacturing of footwear with injection-
moulded soles - about 12 g/pair. [Scherer 2005] 
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[Scherer 2005] 

Figure 8: VOC consumption of different types of shoes  
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The variation in solvent consumption depends upon the volume of adhesive 
used, but also upon the use of halogenizers (98 % solvent content) or other 
treatments like pre-coating or main-coating, which is necessary for heavy-
duty alpine boots, but not for street shoes or sports shoes. [EWEN 2007] 
 

5.3 Key environmental and health issues 

For leather coating a broad range of different solvents is used for a wide 
range of different processes e.g. halogenizers for pre-treatment and 
adhesives for gluing overlap areas, joining insole, shoe upper and sole.  

Process emissions of solvents, together with NOx emissions, are 
precursors of ground level ozone formation in the presence of sunlight. 
Existing occupational workplace limits should be taken into consideration. 

Emissions of VOC to air may occur from: 

 - the storage of the solvents 

 - the process 

 - cleaning operations 

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

 

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. Table 5 gives a general overview. 

 
Table 5: Overview on possibilities of VOC substitution in all production steps 

Process step VOC Solvent emissions substitution  

Preparing and cutting Printing with solvent-free printing systems 

Lasting Use of hot melt adhesives 

Upper precoating Water-based precoating 

Sole precoating Using water-based coatings 

Sole main coating Using water-based coatings 

Finishing Using water-based or paste with low volatile solvents 

[Scherer 2005] 
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6.1 VOC-free systems 

This section describes the ways that VOC-free products or systems can be 
employed to replace the organic solvents currently used. 
 
6.1.1 Substitution of halogenizers containing solvents 

For materials that require pre-treatment with halogenizers, solvent-free  
2-component systems have been developed to substitute commonly used 
halogenizers with up to ~ 100 % VOC.  

Solvent-free halogenizers suffer from the disadvantage that they have to be 
used within one working day. Furthermore, solvent-free halogenizers are 
very reactive and, during use, the chlorine content evaporates rapidly, 
which makes it necessary to work next to extraction hoods. Solvent-free 
halogenizers achieve good results under laboratory conditions, however 
practical application requires testing and optimisation for each individual 
process. [Wakol 2008] 

 

6.1.2 General substitution of solvent-based adhesives 

Alternatives to solvent-based adhesives are available for some but not all 
process steps or for all kinds of shoes. Solvent-based systems are still 
necessary for the bonding of heavily greased leather parts or for footwear 
that has to fulfil special requirements, such as for alpine boots or specialist 
footwear such as boots for fire fighters. 
 
If synthetic materials with poor bonding characteristics are used for bottom 
filling of soles, it is not yet possible to substitute solvent-based adhesives. 
[Scherer 2005] 
 
The collar and upper cushions can be fixed with self-adhesive coatings. 
Other bonding (e.g. overlap areas, sandals) may still need the application 
of solvent-based adhesives. 
 
Most solvent-based adhesives are used for bonding of soles and shoe 
uppers. As an alternative, soles and insoles can be fixed with VOC-free 
water-based adhesives or hot melt adhesives.  
 
Instead of solvent-based adhesives, water-based adhesives or hot melts 
can generally be applied to internal, concealed parts of the shoe (e.g. heel 
seats, insoles or orthopaedic socks). This is not possible however for 
strongly curved surfaces in which case solvent-based polyurethane 
adhesives need to be used.  
 
For lightly greased leather, solvent-free water-based precoats are available.  
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6.1.3 Applicability of hot melt adhesives 

The general applicability of hot melt adhesives depends on the process and 
the temperature sensitiveness of the materials being bonded. 
 
In the ‘lasting department’ polyester and polyamide based hot melts can be 
used, although for sealing waterproof shoes solvent-based polyurethane 
adhesives have to be used.  
 
For the bonding of reinforcing materials such as toecaps, solvent-free 
alternatives are available in the form of hot melt coated reinforcing 
materials.  
 
For splicing of soles, reactive hot melts can be used, in particular for planar 
soles, e.g. gym shoes, for the bonding of shoe upper and sole. For this sole 
type, hot melts can be applied economically using rollers.  
 
Water-based adhesives can also be used for fixing of orthopaedic socks.  
[DFIU 2002] [Scherer 2005] 
 

6.1.4 Applicability of water-based adhesives 

Water-based adhesives are more difficult to handle than solvent-based 
systems. Thicker coats need to be applied and this results in longer drying 
times being required. This is true even where forced drying in ovens or 
tunnels is employed. [DFIU 2002]  
 
During bonding of soles and other curved material, an immediate bonding 
ability is necessary to stand the tensile strength of the materials. Water-
based adhesives have a lower initial strength (slower hardening) and a 
poorer surface penetration than solvent-based adhesives and this makes 
them less suitable for such process steps. [DFIU 2002] 
 
While water-based adhesives have a lower initial strength, after drying their 
final strength is generally higher than that achieved with solvent-based 
adhesives.  
 
The disadvantages of water-based adhesive can be overcome to some 
extent by ensuring very precise application of the adhesive. In spite of their 
disadvantages, water-based adhesive with binders of polyurethane or 
neoprene have been successfully used as the main adhesives by some 
large-scale manufacturers of sports shoes. [DFIU 2002] 
 

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. 

Instead of solvent-based adhesives (~ 70 % VOC), high solid adhesives 
(~ 40 % VOC) may be used. The suitability of high solids adhesives, 
however, does need to be established through testing for each individual 
process. It depends on the materials used, the kind of shoe manufactured 
and the type of manufacturing process used. [EWEN 2007] 
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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 
footwear manufacturing process: 

 

7.1 Process improvements 

7.1.1 Sole assembly 

In sole assembly, a pre-coat and a main coat layer of polyurethane 
adhesive usually has to be applied. However, in certain cases (for certain 
shoe types) options exist for dispensing with the need for adhesives, either 
by stitching or injection moulding. 

Stitching: Sole and insole can be sewn up manually. This application is 
limited to certain types of shoes (e.g. for moccasins). It may not be possible 
for the final lasting of the insole but can often at least substitute the first 
step of bonding. The parts may be co-located correctly by stitching, thereby 
reducing the amount of solvents needed for the final lasting quality.  
Injection moulding: With the injection moulding technique, the sole can be 
directly moulded onto the shoe without adhesives. The hot and liquefied 
sole material bonds with the rest of the shoe as it dries. Solvents are only 
used for cleaning (compare section 5.2 and figure 8). 
 
Because of the high operating costs, injection moulding is best suited for 
larger scale production in cases where there is limited variation in sole 
shapes and colours. The system is mainly used for the manufacturing of 
sports and children’s shoes. [DFIU 2002]  
 
Where injection moulding is used, finishing is the main source of VOC 
emissions (see chapter 4.1 and figure 5). However, emissions can be 
further reduced by the use of low-solvent finishing products. [Scherer 2005] 
 
7.1.2 Alternatives for halogenizer pre-treatment 

As mentioned in chapter 6.1.3, some materials need to be treated in order 
to improve their bonding ability. Various alternatives to conventional 
halogenizing can be used. No general recommendations can be given, as 
the best option for different materials can only be determined through 
experiment. Apart from substituting the solvent in halogenizers, there are 
only few other techniques, which can be applied successfully: 

Plasma technology pre-treatment: An interelectrode high voltage 
discharge takes place. The discharge is channelled to the leather surface 
where plasma (ionised air) is created. Radicals are produced, which react 
with the material surface, thereby increasing the bonding ability. Ozone and 
nitrogen oxides are produced during the treatment, and have to be treated. 
[EWEN 2007] 
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UV-treatment: The material is irradiated with UV-light, which causes 
molecular disruption in the surface layer of the material. This changes the 
quality of the surface and increases its bonding ability. During tests by a 
sports shoe manufacturer using rubber materials, about 65 – 70 % of the 
solvents used during the halogenizing process-step could be eliminated 
using this technique. The remainder was required to clean the soles from 
separating agent which is used in the moulding of soles. [EWEN 2007] 
 
7.1.3 General process improvements 

Apart from the use of adhesives, VOC emissions may also arise from 
primers, separating agents, printing inks or finishing pastes. 
Improved material handling and good housekeeping measures can further 
lower emissions. The table below shows example measures.  
 
Table 6: Overview of possibilities of VOC reduction in all production steps 

Process step Solvent emissions prevention or reduction 
measures through process improvements 

Overall measures Minimise evaporation by closing containers of 
solvents (e.g. cleaners) wherever possible. 

Upper production Choosing materials that can be used with water-
based or hot melts adhesives 

Sole preparation  Choice of sole material taking account of the need 
for  washing/cleaning or halogenation 

[Scherer 2005] 

7.2 Abatement techniques 

As a result of the low concentration of VOC in typical exhaust gases, 
thermal oxidisation is expensive (due to significant consumption of support 
fuel) and often not very efficient. For large-scale production of footwear, 
biofiltration will be less expensive than thermal oxidation, so it is potentially 
applicable. [DFIU 2002] 
 
However, the efficiency of biofiltration depends upon the biodegradability of 
the VOCs being treated. Table 7 indicates the level of biodegradability of 
various solvents used in the sector.  
 
Table 7: Biodegradability of solvents used in footwear manufacture 

High biodegradability Medium biodegradability Low biodegradability 

Toluene 
Xylene 
Methanol 
Butanol 
Formaldehyde 

Acetone 
Styrene 
Benzene 
Phenol 
Hexane 
Methylethylketone  

Dioxane 
Trichlorethene 
Tetrachlorethene 

[Scherer 2005] 
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Adsorption can be considered as a method for pre-concentration of 
emissions before further treatment, e.g. oxidation systems (thermal, 
catalytic, plasma or UV oxidisation). 
 
The investment costs and annual (operating) costs vary from one 
abatement system to another.  
 
Table 8 shows exemplary costs of different abatement systems evaluated 
by an alpine boot production site for treatment of 35000 m3/h (wet, at 20°C, 
1013 mbar) with mean VOC concentrations of 250 mgC/m3, guaranteeing 
emission values below 50 mgC/m3. 
 
Table 8: Cost appraisal for alpine boot producer (orientation price offers) 

Company Technique Invest  
[€] 

Annual 
operating 

costs  
[€ / a] 

Costs per 
pair/shoe 
[Ct / pair] 

Supplier 1 Biofilter * 153,000 41,652 12 

Supplier 2 Scrubber / biofilter 265,000 51,037 15 

Supplier 3 Low-temperature 
plasma 

280,000 63,882 19 

Supplier 4 Biotrickling 325,000 64,993 19 

Supplier 5 Adsorption /  
catalytic oxidation 

350,000 66,891 20 

Supplier 6 UV-Treatment 
with catalyst 

324,000 79,058 23 

Supplier 7 Adsorption / 
Thermal oxidation 

600,000 104,834 31 

Supplier 8 Regenerative 
thermal oxidation 

333,500 108,890 32 

Supplier 9 Regenerative 
thermal oxidation 

450,000 137,275 40 

* Evaluated as not being able to guarantee emission values < 50 mg/m3.  

 [EWEN 2007] 
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8 Summary of VOC emission reduction 
measures 

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

 
Table 9: Measures for VOC substitution and VOC reduction in footwear 

manufacturing 

Objectives Description 

VOC-free  
Systems 

Water-based 
adhesives  

Bonding of sole and shoe upper  
Precoating of lightly greased 
leather 

 Hot melt adhesives Bonding of sole and shoe upper  
Bonding of internal components 
Lasting  
Bonding of reinforcing materials 
Splicing of soles 

 Solvent-free printing  

 Water-based coating 
and finishing 
 

Sole precoating 
Sole main coating 
Finishing 

 Halogenizing Use of solvent-free halogenizers 

VOC-reduced  
Systems 

Use of low solvent 
finishing pastes 

Finishing 

Process  
Improvements 

Improved material 
handling and good 
housekeeping 

Closure of containers of volatile 
materials wherever possible  

 Halogenizing Plasma-treatment 
UV-treatment 

 Adhesive-free sole 
assembly 

Stitching  
Injection moulding 

Abatement  
Technologies 

Adsorption Generally as a pre-concentration 
stage before further treatment 

 VOC destruction Biofiltration  
Thermal oxidation 
Catalytic oxidation 
Plasma oxidation 
UV-oxidation 
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Figure 9 shows the potential for reducing the solvent use during footwear 
manufacture, according to a study on VOC reduction potential. Those 
process stages highlighted in red tend to require solvent-based materials 
whilst the process stages coloured green can either be converted to VOC-
free techniques or are VOC-free by nature. The remaining process stages, 
highlighted in a mixture of red and green, are areas where a combination of 
solvent and non-solvent processing can be undertaken. [Scherer 2005] 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

[Scherer 2005] 

Figure 9: Indication of potential VOC emissions (red) from each process steps  
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9 Good practice examples 
9.1 Ladies shoes manufacturer in Romania 

A company in Romania produces ladies footwear. Between 1998 and 2007 
the company achieved a significant VOC reduction as well as substitution 
of substances classified as carcinogenic, mutagenic and reproduction toxic 
(CMR) by less noxious substances such as ethyl acetate and 4-methyl-m-
phenylen 2-isocyanate. 

VOC emissions from solvent-based coatings and adhesives were reduced 
by introducing the use of high-solid products (50 – 75 % VOC) and water-
based or reactive products (based on natural and epoxide resins). 

Further VOC emission reduction of 65 % was achieved by installing a 
waste gas scrubber. VOC emissions are reduced from 38 to 13 mgC/m3. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10: Scheme of the waste gas treatment 

The waste gas is introduced (1) into the system that contains water for 
adsorption and particle separation (3). In a patented "maze" (2) high 
turbulence is created to increase adsorption. Before the clean air outlet (6), 
the gases pass a drop filter (4) and an additional particle filter (5). 

[Romania 2008] 
 

9.2 Sports and utility footwear manufacturing in Bulgaria 

A company in Bulgaria produces approximately 2,200,000 pairs of quality 
sports and utility footwear per year at four production sites.  

In 2001 about two times as much adhesive, solvent, and cleaning products 
was used per shoe produced compared to similar manufacturers in the EU. 
Approximately 60 tons of VOCs per year were being released from three of 
four production sites.  

An assessment was conducted in 2001 regarding production and product 
quality issues, VOC emissions, and the handling of hazardous materials. 
Alternatives to reduce VOC emissions were developed and implemented. 
Several hundred employees were trained on how to improve procedures 
regarding the handling of hazardous materials.  

At the end of the project, VOC emissions were reduced by 14 % with 
additional reductions anticipated. At one of the sites, implementation of the 
proposed program reduces the use of solvents by 50 % and the 
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consumption of cleaning agents by 20 %. In 2007 the company expected to 
use the same quantity of adhesives and solvents per pair of shoes as EU 
manufacturers.  

Due to the reduced consumption of adhesives and solvents, the company 
generates savings in raw material purchases.  

[Valeo 2002] 
 

10 Emerging techniques and substitutes under 
development 

An emerging technique is the use of VOC-free adhesive tapes during sole 
bonding. These can be used for temporary bonding of small parts.  
 
Further new developments include one-component cross-linking thermo-
active water-based adhesives. These VOC-free adhesives have improved 
handling characteristics compared with other water-based adhesives and 
may therefore lead to increased substitution of solvent-based systems.  
[Scherer 2005] 
 

10.1 Alpine boots 

Alpine boots have to meet the highest requirements for safety and 
toughness. To meet those requirements, significantly more adhesives have 
to be used for the bonding of the sole. At the current time, there are no 
suitable alternatives. 
 
Rubber bandages and uppers do not have such tough safety requirements 
but are responsible for approximately 17 % of solvent consumption from 
manufacture of alpine boots [EWEN 2007]. Therefore water-based 
dispersions have been tested for this process. Standard tests under 
laboratory conditions did not reveal significant differences in performance 
from the use of solvent-based or water-based adhesives. Initial testing at 
larger scale confirmed the laboratory findings. 
 
Further reductions may be possible through the optimization of the 
halogenizing process or the replacement of halogenizing by other surface 
treatment methods [EWEN 2007] 
 

10.2 Application techniques 

At the moment, application techniques are undergoing testing, which could 
further reduce VOC emissions. These include dosing stations for 
adhesives, to avoid overdosing and the unnecessary emissions that result. 
Furthermore, low pressure spray application of solvent containing paints 
(finishing) is being tested. 
 
The development of reduced-solvent cleaning agents is expected.  
 
[EWEN 2007] 
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1 Introduction 
This guidance addresses wood lamination, plastic lamination, combined 
wood and plastic lamination and the related cleaning of equipment, 
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 and plastic lamination’ is defined as ‘any activity to adhere 
together wood and/or plastic to produce laminated products.’ The SE Directive 
covers installations in which this activity is taking place with an annual organic 
solvent consumption greater than 5 t. 

 

Wood and plastic lamination takes place either in specialised companies or 
as a production step in sawmills or other wood processing industries, e.g. 
parquet production. 

This activity does not cover: 

 Any activity to adhere together aluminium and plastics to produce 
laminated products; 

 Any lamination associated with printing activities that adhere 
together two or more flexible material (covered in activity No. 3) 

 Adhesive coating covered in activity No. 16 (i.e. use of adhesives 
for other purposes than producing wood and/or plastic laminates).  

The SE Directive lays down the following activity specific emission limit 
values for wood and plastic lamination: 

 
Table 2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 15) 

Activity Solvent 
consumption 

threshold  
[tonnes/year] 

ELVs in 
waste gases 
[mg C/Nm³] 

Fugitive 
emission 

values 
[% of solvent 

input] 

Total 
ELVs 

[g/m²] 

Wood and 
plastic 
lamination 

>5   30 

 
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.  
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Specific requirements apply for VOCs classified as CMR substances1 as 
well as for halogenated VOCs which are assigned the risk phrases R40 or 
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 
Water based or solvent-free adhesives are state of the art for lamination 
processes. However, some exceptions exist due to chemical and thermal 
stability of the bond. 

If solvent based adhesives have to be used the thermal treatment of waste 
air and the minimisation of fugitive emissions can lead to emission levels, 
almost comparable with those achieved when using water based 
adhesives. 

 

3 Description of the activity and related 
industry sectors 

The activity is performed in different branches of industry. Main branches 
are: 

a) flexible packaging 

b) wood processing (production of laminates for parquet flooring, 
furniture etc.)  

The restriction to wood and/or plastic lamination and the exception that 
lamination processes together with printing processes are not covered 
reduces the industrial activities covered by this activity of the Directive. 
Neither the lamination of aluminium or paper foils with plastic nor the 
production of fibre reinforced plastics (FRP - using reactive solvents like 
styrene [UP resin group 2006]) are covered by this activity. 

The production of parquet flooring or laminates for furniture is not using  

 
 
 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 
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 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. Until 
the SE Directive is adapted to this change, a final decision on which version applies can only be given 
by the European Court 
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. 
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solvent based adhesives. Most common are hot melt – adhesives, resins 
and high pressure applications. [Marutzky 2007] [EPLF 2008] [Pfleiderer 
2008]. 

Therefore only the lamination of plastics is described in this guidance 
document. 

Approximately 380 installations were registered and authorised under the 
Directive in the period from 1999 – 2003 as carrying carried out wood and 
plastic lamination in EU 15 [Implementation 2006]. 

 

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

The flow chart of Figure 1 shows the process steps of plastic lamination 
applying solvent-based adhesives and provides an overview on possible 
VOC emissions. 

  

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 1: Possible VOC emission sources in plastic - lamination processes 

using solvent-based adhesives  

 

Emissions to air during the lamination process itself (including fugitive 
emissions) and the subsequent thermal oxidation (depending on the 
efficiency) are the most relevant emissions sources related to lamination 
using solvent based adhesives. Preparation of the adhesive - adding 
solvent to adjust the viscosity – is considered a minor but still relevant 
source. 
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4.2 Application systems 

Solvent based adhesives for plastic lamination are usually polyurethane – 
systems dissolved in ethyl acetate. The solvent content of the adhesive 
delivered by the producer is within the range of 30 - 50% and it is increased 
to 60 – 70% by adding solvent [Mondi 2008].  

The application of the adhesive takes place on one of the two surfaces 
which are pressed together continuously at speeds of 120 – 180 m/min. 
The drying process is done in the same equipment, using warm air at about 
60 – 70 °C. Dryers are controlled to keep the solvent content of the airflow 
at about 20 - 25% of the Lower Explosion Limit (LEL) in order to minimise 
the energy consumption of the process.  

If – as in most cases – only ethyl acetate is used, the above mentioned 
figures equal to 15 – 19 g/m³ of solvent.   

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

The most important solvent for lamination of plastics is ethyl acetate (> 
90%). Methyl-ethyl ketone or acetone are other possible components 
[Henkel 2006] [Novacote].  

 

5.2 Solvent consumption and emission levels 

Depending on the plastics used and the needed properties the solvent 
consumption varies from 4 – 8 g/m². Assuming an average lamination 
speed of 160 m/min and a broadness of 1 m of the foils, the consumption of 
VOC is then 40 to 80 kg/h.  

The air flow from the drying unit depends on the size of the lamination 
equipment. For the example described above a range of 4.000 – 
6.000 Nm³/h is normally used.  

The total volume of waste air, including exhausting of the operating area, 
depends on the size and number of lamination equipments. 

 

5.3 Key environmental and health issues 

VOC emissions to air typically arise from process areas. VOC emissions to 
air together with NOx emissions are precursors of ground level ozone 
formation in the presence of sunlight.  

Spills and leaks from storage areas may lead to emissions to air as well 
and have the potential to contaminate also soil and/or groundwater. 

Ethyl acetate is irritating to eyes and repeated exposure may cause skin 
dryness or cracking (R36, R66) in addition vapours may cause drowsiness 
and dizziness (R67). [BIA GESTIS 2008].  

The substance is low hazardous to water organisms [BIA GESTIS 2008]. 
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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. Furthermore the 
advantages and disadvantages are 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 Use of VOC-free products 

The first solvent free adhesives introduced were polyurethane based 
products, but the first generation of these products needed application 
temperatures of 90 – 100°C [Flexo] and had problems with bubbles 
(caused by CO2 produced by the reaction) and sometimes cloudy 
appearance of the film. The second generation overcame these problems 
but high amounts of residual free isocyanates (and diffusion of these) and 
low initial bond strength created new problems. The third generation with a 
very low (but still questionable for some applications esp. food packaging) 
free isocyanate content needed application temperatures of 50°C to 70°C 
and required up to 24 hours before further processing. 

A relatively new technology for laminating plastics is the use of solvent free 
epoxy-based adhesives. If these systems are used, the laminated foils 
have to be stored for a couple of days at higher temperatures (35 – 45 °C) 

Technical limitations are on the one hand the difficulty to achieve thermal 
stability (e.g. for the sterilisation of the final product) and on the other hand 
the lower chemical resistance as described for water based systems. 

 

6.2 VOC-reduced systems 

VOC-reduced systems are not common in plants using solvent based 
products because these plants are either equipped with thermal oxidation 
units since their start-up or they fulfil the requirements of the legislation and 
there is little incentive for a change. 

6.2.1 Water based systems 

Water based adhesives are polyurethane based (dispersions). These 
adhesives can be used for laminating a huge variety of plastics. [Mondi 2008] 
For less stringent applications acrylic emulsions might be applicable, too 
[Flexo]. 

The limitations of water based systems are related to the final usage of the 
flexible packaging. Main obstacles are: 

a) sterilisation: the adhesives can not handle high temperatures for a 
long time 
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b) chemical resistance: diffusion of certain chemicals (acids, alkaline, 
certain flavours) can cause serious damages to water based 
adhesives 

c) adhesion properties (acrylic emulsions) 

Water based adhesives are usually cheaper than solvent based ones and 
contain less than 2% VOC [Mondi 2008].  

The energy consumption is higher due to the thermo-dynamical properties 
of water compared to solvents (enthalpy of evaporation for water is more 
than twice that of solvents). 

 

7 Other VOC emission prevention measures 
and abatement techniques  

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

 

7.1 Abatement technologies / End of pipe measures 

Thermal oxidation is commonly applied as VOC abatement technique for 
plastic lamination processes. 

Three types of thermal oxidisers are in use: regenerative, recuperative and 
catalytic oxidation. All destroy VOCs by burning (oxidation) the waste gas 
stream, but they differ in how waste heat is recovered and in their level of 
efficiency.  

Regenerative thermal oxidation has at least two (often three) heat 
exchangers; these consist of beds filled with material that allow air to pass 
while absorbing and storing heat. While one bed is heated by the exhaust 
gas from the burner another bed gives up its stored heat to the VOC laden 
incoming gas. In recuperative thermal oxidation the heat is transferred 
directly - via a heat exchanger - from the outgoing air stream to the 
incoming air stream. 

Regenerative oxidation tends to be more efficient than recuperative thermal 
oxidation as it uses the recovered energy more efficiently to pre-heat 
incoming process air to oxidation temperatures (~ 800 °C); consequently its 
operating costs are significantly lower than for recuperative oxidation 
systems. Regenerative thermal oxidation systems (RTO) are particularly 
effective for process streams with relatively low solvent loadings but their 
operating costs are highly dependent on the efficiency of the heat 
exchanger.  

Regenerative thermal oxidation systems are widely used because they are 
relatively insensitive to the composition of the solvents in the process air 
and the concentration.  

Recuperative systems are mainly used for small flow rates - at higher rates 
the systems are not cost effective. They are often used in combination with 
catalytic oxidation systems.  

THE AUTO-
THERMIC POINT 
OF 
REGENERATIVE 
THERMAL 
OXIDATION IS 
ABOVE 2-3 G 
VOC/NM³ 
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Catalytic systems are single-bed units. The catalyst is based on ceramic 
tiles. Waste air is blown or sucked through the pre-heated bed and the 
temperature is maintained by the oxidation process of VOC above the auto-
thermal operation limit (approximately 2 g/m³). These systems operate at 
much lower temperatures (350 – 500 °C) therefore the emission of NOx is 
significant lower. Dust and catalyst poisons (e.g. sulphur-compounds) must 
be avoided but these are usually no problem in the lamination process. 

Natural gas is needed to heat up thermal oxidisers to an operating 
temperature of 800 - 850 °C (400 °C for catalytic oxidation), and the 
process is only autothermic when the VOC concentration of the waste gas 
is above 2-3 g VOC/Nm³. The resulting heat can be recovered and can be 
used for different purposes e.g. thermal oil to be used in the drying unit of 
the lamination equipment. 

Regenerative and catalytic systems are widely used for solvent-based 
lamination processes because the load of VOC is high and relatively 
constant (mainly controlled by the drying unit of the lamination equipment). 
 

Operational costs are highly dependent on the average concentration of 
VOC in the waste gas and the operation time of the plant  as well as on the 
type and cost of fuel needed for the operation. Therefore, typical costs are 
difficult to be determined.  

Usually the waste air stream is a mix from the drying unit of the lamination 
equipment and the room ventilation containing VOC concentration well 
above auto-thermal operation limits. The recapture of heat energy by 
thermal oil heat transfer systems for the drying unit is often used [Mondi 
2008].  

 

7.2 Process improvements 

Typical measures to reduce fugitive and process emissions of the 
lamination process are: 

a) enclosure of the lamination equipment and thermal oxidation of the 
exhausted air from the enclosure 

b) Efficient ventilation around the lamination equipment in addition to 
the ventilation system of the equipment itself. Automatic doors and 
closed windows reduce fugitive emissions effectively. 

c) Enclosed in-line equipment for adding solvent to the adhesive for 
adjustment of solid content and viscosity before application 
(prevention of solvent losses to air and either diffuse or other 
emissions) 

d) Preventive maintenance during regular downtime of the plant for the 
treatment unit to provide an operational availability of more than 
99% during the year 

e) Good housekeeping for adhesives, solvents and solvent-containing 
waste. These are mostly simple measures like preventing open 
cans or drums containing solvent (or solvent containing products or 
waste like residues and cleaning rags), installation of solvent-
storage tanks with vapour return pipes 
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Implementing these measures result in total emission values less than 
5% of the solvent input can be achieved.  

8 Summary of VOC emission reduction 
measures 

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

Table 3: Measures for VOC substitution and VOC reduction in plastic lamination 

Objectives Description 

VOC-free  
Systems 

Epoxy-based adhesives Tempered storage 
needed  

VOC-reduced  
Systems 

Water based polyurethane 
adhesives 

Less than 2% of 
solvent 

Process  
Improvements 

Encapsulation of lamination 
and preparation of adhesive 
Good housekeeping 

Applicable for most 
installations 

Recuperative thermal oxidation Widely applicable but 
not as effective as 
regenerative 

Regenerative thermal 
oxidation 

Restricted to larger 
installations due to 
capital cost 

Abatement  
Technologies 

Catalytic oxidation Only applicable for 
well defined waste 
air composition 

 

9 Good practice examples 
No good practice examples available. 

 

10 Emerging techniques and substitutes under 
development 

A strong and growing demand for innovation in the area of water based and 
solvent free systems for lamination exists because these systems are 
cheaper than solvent based adhesives. Therefore adhesive producing 
industry tries continuously to improve the thermal and chemical resistance 
of water based and solvent free adhesives. As a result the product range 
and market share of these VOC-free products increases steadily.  
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[Marutzky 2007] 
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[MSDS Sience Stuff 2006] 
Material Safety Data Sheet Ethyl acetate; Sience Stuff Inc., U.S.A., 1.9.2006; 
http://www.sciencestuff.com/msds/C1713.html  
[Pfleiderer 2008] 
Pfleiderer AG, telephone contact, November 2008, 
http://www.pfleiderer.com/de/index 
[Laminates 2007] 
Fachgruppe Dekorative Schichtstoffplatten, Herstellung von Dekorativen 
Schichtstoffen, Technisches Merkblatt, (Section decorative laminates, Production 
of decorative laminates), January 2007 
[SE Directive 1999] 
Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of 
volatile organic compounds due to the use of organic solvents in certain activities 
and installations 
[UP resin group 2006] 
Technical Bulletin of UP Resin Group, CEFIC May 2006 
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1 Introduction 
This guidance addresses adhesive coating 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 "adhesive coating" is defined as ‘any activity in which an adhesive is 
applied to a surface, with the exception of adhesive coating and laminating 
associated with printing activities’. The SE Directive covers installations in which 
this activity is taking place with an annual organic solvent consumption greater 
than 5 t. 

Adhesive coating is a process step in many different industry sectors, e.g. 
automotive, paper, construction, leather or footwear industry. This activity 
does not cover the following: 

- Laminating of wood and plastic (see guidance document 15) 

- Adhesive coating and laminating which is associated with printing 
(see guidance document 3) 

- Adhesive application in footwear manufacture (see guidance 
document 14) 

The SE Directive lays down the following activity specific emission limit 
values for adhesive coating: 

 
Table 2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 16) 

Activity 
Solvent consumption 

threshold  
[tonnes/year] 

ELVs in waste 
gases  

[mg C/Nm³] 

Fugitive emission 
values 

(% of solvent input) 

5—15 50*  25 Adhesive 
Coating > 15 50 20 

Special provisions: 
* If techniques are used which allow reuse of recovered solvent, the emission limit 
value in waste gases shall be 150 mg C/Nm³ 

 
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 
ADHESIVE 
COATING IF A 
SOLVENT 
CONSUMPTION 
OF 5 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 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 
Substitution and reduction measures have to be evaluated on a case-by-
case basis. There is no single solution for reducing emissions due to the 
diversity of processes and products involved in this activity.  

Significant VOC emissions arise from the application and the subsequent 
drying of solvent-based adhesives. In general, there has been a trend away 
from solvent-based adhesives to solvent free (e.g. hot melts) or solvent 
reduced systems. Many applications that formerly used solvent-based 
adhesives have already been converted to waterborne systems.   

For some applications, however, the shift has been partial due to technical 
limitations or product requirements. One sector where solvent-based 
systems are still widely used is the manufacture of adhesive tapes; here the 
substitution of solvent-based systems has only been possible for lower 
quality products.  

Where it is not possible to avoid using solvent-based systems then 
improved production equipment, air extraction, and end-of-pipe abatement 
technology are the most effective measures to reduce emissions arising 
from the coating and drying process and the corresponding handling, 
storage and mixing of solvents.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. Until 
the SE Directive is adapted to this change, a final decision on which version applies can only be given 
by the European Court 
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. 

THERE IS A 
TREND 
AWAYFROM 
SOLVENT BASED 
ADHESIVES 
TOWARD 
SOLVENT FREE 
OR SOLVENT 
REDUCED 
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3 Description of the activity and related 
industry sectors 

In 2004 it was reported that the SE Directive applied to around 300 
installations that carry out adhesive coating in EU 15 [Implementation 
2006]. 

Adhesive coating takes place in many different industry sectors as part of 
the production. Products and applications for the do-it-yourself sector are 
not covered by the SE Directive.  

Adhesives are widely used for the packaging of products in different 
industries as e.g. in the food, pharmaceutical, cosmetic, technical, industry. 
However, the adhesive systems most widely used in these sectors are 
solvent free or contain very low proportions of solvent (1 - 2 %).  In the food 
industry for example hot melts are typically used and starch based 
adhesives are used for the production of corrugated paper.   

Adhesive tapes have a wide range of functions and applications, including 
surface protection, electrical insulation, thermal insulation, HVAC4-sealing, 
medical applications, etc. The adhesive tape industry is a major user of 
solvent-based adhesives. 

In the automobile sector the use of adhesives has become more important 
as a result of the need to reduce the weight of vehicles and because of the 
excellent properties of adhesive bonding compared to that of other 
connecting options (e.g. mechanical fixings). Modern cars contain between 
15-18 kg of adhesives used [Klebstoffe], variously, for coating of insulation 
materials, assembly bonding of car interiors and exteriors, seating 
manufacture, etc. Solvent-based systems are only used to a limited extent 
because the automobile industry has stringent sector indoor emissions 
specific provisions concerning maximum allowed emissions from (e.g. VOC 
emission or fogging tests5). Hot melts are often used as an adhesion 
technique for this industrial sector. The application is typically performed 
pointwise and not as a continuous film and is therefore not covered by the 
SE Directive. 

In the wood and furniture industry adhesives are important for solid wood 
bonding, typical applications include window frames, finger-jointing, 
construction of staircases, windows, and doors, etc. but also for the 
manufacture of upholstered furniture. Solvent-based systems are often 
used for the bonding of foams (e.g. mattress manufacture) but the major 
adhesion is done with starch based adhesives. 

Moreover, adhesive coating processes are used for many other 
applications e.g. bookbinding, filter production, textile industry.  

In the textile industry starch based adhesive with no or low VOC content 
products are commonly used and therefore emissions from this sector are 
insignificant. 
 
 
 
4 HVAC: heating- , ventilation- and air-conditioning systems 
5 There are a lot of sector specific engineer standards in the automobile industry, e.g. for the measuring 
of emissions in the interior of a car eg.  DIN 75201-B, DIN EN 14288-B, ISO 6452-B. The automobile 
industry has many (sometimes individual) different certifications which ask for these measurements.  

ADHESIVE 
COATINGS ARE 
USED IN 
VARIOUS 
DIFFERENT 
SECTORS 
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4 Technical process description 
4.1 Process flow and relevant associated VOC emissions 

Considering the broad range of applications and user requirements it is not 
surprising that the process flow, and the associated VOC emissions, vary 
significantly depending on the application system and area of use. 

The manufacture of adhesive tapes is a particularly important example of 
the use of solvent-based adhesives. Adhesive tapes can be either single or 
double-sided.  

The following figure illustrates the structure of a typical double-sided 
adhesive tape:  

 
Figure 1: Structure of a double sided adhesive tape [DFIU 2002] 

Primers are adhesion promoters which can contain up to 98 % solvents. 
They are necessary to guarantee a proper connection to substrates such 
as e.g. glass. The solvent of the primer accounts for less than 1 % of the 
overall solvent content of the adhesive. 

Without the primer the solvent content of the adhesive has to be increased 
which would result in a higher total solvent consumption. A possible 
reduction could be in the regulation of the primer film thickness or a shift to 
less harmful solvents as from heptanes to isopropanols. 

Several coating steps might be necessary - depending on the structure of 
the adhesive tape. The following flow chart provides a simplified overview 
of the process and illustrates the main steps of coating and the related 
VOC emissions: 

The main VOC emission occur during the drying step the major VOC 
amount in the air is liquefied with a condenser and after the activated 
carbon filter only 1% of the solvent input ends up as Emission. Some 
diffuse emissions exist at the coating and cooling step during the 
production of the adhesive tape and during its lifetime. The weight of the 
substrate is only 10 % of the solvent based adhesive with which it is coated 
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Figure 2: Possible VOC emission sources from adhesive tape coating  

 

 

4.2 Process description  

As a consequence of the wide range of application, the techniques used 
also differ - ranging from manual coating through to automated coating in 
big industrial installations. The process characteristics depend on the type 
of adhesive and the surface and geometry of the substrate to be coated. 

Typical coating methods for solvent-based adhesives include spraying, 
brushing, and notched scrapers (manual methods) and roller coating and 
flow guns – which can be automated. Manual methods are time-consuming 
and rarely used in industrial applications.  

Primers are used for the pre-treatment of certain surfaces to improve the 
bonding properties of the adhesive. Conventional primers contain around 
95 - 98 % of solvents e.g. butanol. Prior to 2000 primers based on 
dichloromethane were also used. 

Adhesive sprays are widely used for household applications, but there are 
also industrial scale spraying techniques, often used in the furniture 
industry, but rarely in the tape manufacturing process.  

Flow guns are typically used for automotive or industrial sealant and 
adhesive applications. They deliver a high flow rate and give precise control 
of highly viscous materials. 
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The tape industry typically uses the roller coat system. The coating material 
is carried via a coating roller to the surface of the tape. After the coating the 
adhesive is dried, cooled and wound onto a reel. 

Drying time is a critical functional parameter for most adhesives, as is 
staying power. An adhesive that dries too quickly, before pieces can be 
fitted properly, is a problem - as is an adhesive that takes too long to dry. 
Adhesives, typically, are made with solvent blends that allow optimal 
performance for each application, from home use to high-speed 
manufacturing. 

 

4.3 Adhesives 

A broad variety of adhesives are marketed to meet a range of application 
requirements. There is no standard classification of adhesives. They may 
be classified according to their basic raw materials (e.g. polyurethane, 
epoxy, polyacrylate adhesives), the application (e.g. hot melt, contact 
adhesives), the use (paper, wood adhesives) or the type of solvents.  

Adhesives tend to be classified according to their composition and/or mode 
of use: 

1. solvent-based adhesives; 

2. high solid adhesives 

3. waterborne adhesives (emulsion); (see section 6.1.1.) 

4. hot melt (100% solids) adhesives; (see section 6.1.2.) 

5. UV curing adhesives (see section 6.1.3.) 

Organic solvents are used to support the application as well as the drying 
of the adhesive bonding.  

Solvent borne adhesive 
The proportion of solvent in a conventional solvent-based adhesive is 
between 60 and 75 wt%.  

Solvent-based adhesives have the advantage that the polymers can flow 
freely before curing – enabling a very high adhesive strength that cannot 
yet be matched, in some applications, by substitutes.  

Common types of solvent borne adhesives are pressure-sensitive, non 
pressure-sensitive and contact adhesive applications. The pressure-
sensitive applications are mainly used for tapes and labels (PSTL)6, the 
non-pressure sensitive ones are typically mastics and sealant. Contact 
adhesives are used for footwear and construction assembly. 

 

High solid adhesives 
High solid adhesives contain up to 60 % solids and, depending on their 
composition, they can contain up to 40 % organic solvents. High solid 
adhesives are still considered to be solvent-borne adhesives. 
 
 
 
 
6 Pressure sensitive tapes and labels 

THERE ARE NOT 
YET SUBSTITUTES 
FOR SOLVENT 
BORNE 
ADHESIVES FOR 
ALL 
APPLICATIONS
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5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

Solvent-based adhesives typically contain a mixture of solvents, often 
aliphatic and/or aromatic hydrocarbons, e.g. toluene (the most commonly 
used), xylene, hexane, heptane, octane, naphta, methylen chloride, methyl 
ethyl ketone, n-butyl acetate, mineral spirits and their mixtures.  

 

5.2 Solvent consumption and emission levels 

In Europe, around 50 % of the solvent based adhesives are used for 
adhesive tape production, the other 50 % are shared among the other 
applications such as automotive, furniture, footwear, lamination, 
disposables [EGTEI 2005]. For the adhesive tape industry, the water borne, 
solvent borne and hot melt technologies had the following shares in 2005: 

Table 4:  overview of different technology in the adhesive tape industry 
[AFERA 2006] 

Adhesive technology Share [%] 

Solvent borne technology 45 

Hot Melt technology 39 

Water borne technology 16 

 
It is estimated that the use of solvent borne technology will decrease by 
about 3 % a year. Between 1989 and 2001 the share of the tape industry 
using hot-melt coating grew by ~ 17 % per year. Between 2001 and 2003 
the growth rate was only 6% and from 2004 to 2005 even – 6 %. The 
proportion of water borne technologies, in the same time period, had an 
annual growth rate of ~ 19 % and was about 0 % in the following years 
[Exxon Mobil] [AFERA 2006]. 

VOC emissions from the use of adhesives can vary significantly from 
country to country. Emissions from the adhesive industry in 2000 have 
been about 257.6 kt NMVOC representing about 2.4 % of total NMVOC 
emissions. [EGTEI 2005] In 2003 about 6,100 million m2 of solvent based 
adhesive tape were produced. [AFERA 2006] [EGTEI 2005]  
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5.3 Key environmental and health issues 

In adhesive coating a broad range of different solvents are used.  

Process emissions of solvents, together with NOx emissions, are 
precursors of ground level ozone formation in the presence of sunlight. 
Existing occupational workplace limits should be taken into consideration. 

Emissions of VOC to air may occur from: 

- the storage of the solvents 

- the coating 

- the curing and drying of the coating 

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

Toluene is the most important solvent used for adhesive coatings. Amongst 
others it is classified as irritating to skin, harmful with danger of serious 
damage to health by prolonged exposure through inhalation.  

. 
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6 VOC Substitution 
The following chapter describes potential substitutes for VOC (using low-
VOC and VOC-free systems) and any associated application technologies 
and/or special conditions needed for their use, it also lists 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 Waterborne coating  

Waterborne polymers alone are not sufficient to impart optimum adhesion 
to the adhesive, and tackifier resins are necessary to improve adhesion to 
different materials. In many cases the same elastomers and tackifiers can 
be used as those used in solvent based systems.  

Water based adhesives raw materials are available in dry and wet form. 
Adhesive in dry form has about 65 % less volume and 75 % less weight 
than solvent-based adhesive – consequently transport costs are relatively 
low. The disadvantage of transporting it in dry form is that it has to be 
formulated on-site - which requires large water resistant mixing tanks with 
non-corrosive piping, fittings and stainless steel mixers and pumps. This 
increases the capital cost of operation.  Ready mixed waterborne 
adhesives have roughly the same volume and weight as the solvent-based 
adhesive and transport costs are similar. 

Water-borne adhesives are not as widely applicable as solvent based 
adhesives due to their lower performance; for instance they have a more 
restricted operational temperature range. 

Investment costs for waterborne adhesive applications are estimated to be 
~ 8% lower than for conventional solvent-borne systems. The higher costs 
for solvent based systems result from the need for explosion-proof 
electrical equipment and emission control systems and waste disposal 
charges.   

The operating costs for both water borne and solvent based systems are 
about the same - apart from the lower energy costs due the missing 
abatement technologies for water based systems. 

Water-borne adhesives can be completely solvent free but they often 
contain about 0.5% solvent as a softener to keep the glued joint flexible. 
They suffer from mould growth and should be stored above freezing point 
(multiple freeze-thaw cycles should be avoided). [Klebstoffe1] 

Compared to solvent-based adhesives, the most important difference is 
their lower price - approximately 15-20 % that of conventional products. 
The amounts of solids in both adhesives are about the same. 

 

WATERBORNE 
ADHESIVES ARE 
NON-
FLAMMABLE 
AND EASIER TO 
HANDLE THAN 
SOLVENT BASED 
ADHESIVES 

WATERBORNE 
ADHESIVES 
HAVE LOWER 
PERFORMANCE 
THAN SOLVENT 
BASED 
ADHESIVES 
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6.1.2 Hot melt coating  

Hot melts are solid at room temperature, and must be heated to 100 –
 250 °C before being used. In practice, the liquid hot melt is applied to a 
substrate and the parts to be glued are brought together promptly. Hot 
melts bond efficiently on cooling and solidifying, the working time ranges 
from a few seconds to several minutes.  

Hot melts are available in sheet foil, granular material, pillows or block form. 
The adhesive is then processed with a melting appliance and custom made 
nozzles. 

Hot melt adhesives are 100 % solvent free. They cannot be used over the 
same wide temperature ranges as the solvent based adhesives and do not 
have the same high quality. Therefore hot melt adhesive are only suitable 
for the lower quality range of packing and masking tapes and cannot 
substitute the solvent-based adhesives entirely. 

A major advantage of hot melts is that almost any substrate can be bonded. 
They are around 80 % less expensive per dry kg than solvent based 
adhesives and the corresponding equipment costs are 50-70 % lower – 
because there is no need either for driers or abatement technology.  
Advantageous product properties of hot melt adhesives compared to 
solvent-based systems include low odour, good solubility and excellent 
heat stability.  

A disadvantage of the technology is the necessity for heating equipment 
and the associated energy costs, the extra energy needed depends on the 
size of the production side. For small applications this starts with a capacity 
need of ~ 2 kW.  

Due to the lack of an energy intensive dryer and abatement technology the 
overall energy consumption of hot melt coating is about 33% less 
compared to solvent based coating. [BREF STS 2007] 

Hot melts are useful in the manufacturing of adhesive tapes for the lower 
quality range of packaging and masking tapes as well as for double-sided 
tapes. 

 

6.1.3 UV curing adhesive  

Most UV curing adhesives are completely solvent free but for some 
applications UV curing adhesives can still contain solvents to reduce 
viscosity. They consist of two compounds: one is the adhesive resin itself 
and the second is the photo-initiator. Once the photo-initiator is exposed to 
ultra violet light it undergoes a chemical reaction and produces by-products 
causing the adhesive to harden. Heating is not required. UV curing 
adhesives can be used with a wide range of materials as ceramic, 
composite materials, concrete, fabric, glass, metal, paper, plastic rubber or 
wool.  

UV curing adhesives have a high cohesiveness and high adhesion strength 
but are difficult to use if materials to be combined are not UV light 
transparent. UV light can be exposed to the edge of a connection and the 
reaction can progress through the full volume of adhesive, but this may 
take hours or days. Other options include delayed curing products that can 
be activated by UV light to initiate the curing before the pieces to be joined 
are positioned. 

HOT MELTS: 
OPERATIONAL 
COSTS ARE LOW 
BECAUSE NO 
DRYING OR VOC 
EMISSION 
ABATEMENT ARE 
NECESSARY 
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The advantages of UV curing adhesives include: easy use, process 
consistency and flexibility, reduced environmental impact and the 
availability of high performance materials. There is a wide variety of UV 
curing adhesives available enabling a broad range of applications. 

In general UV curing adhesives cannot be used to cure through opaque 
materials. Some UV curing adhesives (particular epoxy adhesives), 
however, only need an initial UV beam to start the reaction. Once the 
curing reaction started, a catalyst - included in the coating - promotes the 
further curing of the adhesive. Therefore opaque materials can be glued 
together if only a part is exposed to UV light - even so the curing time can 
take hours or days. The process is known as 'shadow' curing. 

Epoxy adhesives, with additives, can have electric and thermal 
conductivity. 

Acrylic adhesives have the property of curing only where exposed to UV 
light offering the possibility of selective curing. 

This technology is becoming more widely adopted by industry due to the 
degrease of the high-capital equipment costs and the use of better but 
more expensive formulated systems.  

Developments to increase the quality of glued surfaces of different 
materials are ongoing. 

 

6.1.4 Use of VOC free primers 

Primers are used for the pre-treatment of the surface.  Products are now 
available containing only solvents with a very low vapour pressure, and 
thus not qualified as VOC. VOC free primers are often used in combination 
with reaction adhesive. 

 

UV CURING 
ADHESIVES ARE 
SOLVENT FREE 
AND WORK BEST 
WITH UV 
TRANSPARENT 
MATERIALS 
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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 high solid products  

High-solid adhesives are often used for bonding foams as, for example, in 
the manufacture of mattresses. Although water based systems are 
available for some applications, a full substitution of VOCs is not possible 
for technical reasons. The adhesives are applied to surfaces that are to be 
combined under pressure and which must bond instantly - at present this is 
only possible with solvent containing adhesives.  

 

6.2.2 Use of products with low VOC content 

It is currently not possible to substitute the complete range of solvent-based 
tapes and labels by hot melt, UV curing or water based product, but 
continuing technical development is reducing the share of solvent-based 
product as new products come on line. 

These products may still contain up to 20 % organic solvent - to either 
improve the application or the bonding properties. 

In case of primers the solvent content is between 10-15 % and dispersion 
adhesives may have a residual solvent content of 2-10 %. 
 

HIGH SOLID 
PRODUCTS STILL 
CONTAIN A LOW 
SHARE OF 
VOCS 
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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 
adhesive coating process: 

 

7.1 Abatement technologies / End of pipe measures 

Because of the diversity of processes and the different types and amounts 
of VOC emissions arising, abatement techniques remain important means 
of reducing VOC emissions from adhesive coating processes. The 
selection of suitable abatement measures depends more on process 
parameters, such as flow rate, concentration (and how they vary) than the 
economic cost of a particular measure and/or approach. 

In many cases a combination of different abatement measures - although 
costly - offers the best solution.  

 

7.1.1 Thermal oxidation (Regenerative /recuperative) 

Two types of thermal oxidiser are in common use: regenerative and 
recuperative oxidisers.  

Regenerative oxidation tends to be the more efficient of the two as it uses 
the recovered energy to pre-heat incoming process air to oxidation 
temperatures (~ 800 °C). Consequently, its operating costs are significantly 
lower than for recuperative oxidation systems. Regenerative thermal 
oxidation systems are particularly effective for process streams with low 
solvent loading but their operating costs depend highly on the efficiency of 
the heat exchanger. Regenerative thermal oxidation systems are widely 
used as they are relatively insensitive to the composition of the solvents in 
the process air and the concentration.  

Recuperative systems are useful if the heat of the exhaust gas can be used 
in different areas of the plant. Steam or thermo-oil is heated via heat 
exchangers. They are mainly used for small flow rates. At higher rates the 
systems are not cost effective. They are often used in combination with 
catalytic oxidation systems.  

Thermal oxidation systems are used for inlet concentrations between 1 -
 20 g/Nm³. VOC destruction efficiency rates of up to 99.9 % are possible.  

The minimum VOC concentration for the oxidation process to be 
autothermic is 1 - 2 g VOC/Nm³.  

 

THERMAL 
OXIDATION 
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6.1.2 Refrigerated condenser  

A refrigerated condenser works best with emission streams containing high 
concentrations of VOC.  The air stream is cooled below the dew point of the 
solvent. Then the solvent condenses and it can be reused. The exhausted 
air stream leaving the condenser will still contain some solvent.  In a closed 
loop system, the overall solvent emissions are greatly reduced.  If the 
system uses air, care has to be taken, that the solvent concentration in the 
air is less than 5 % of the lower explosion limit (LEL). While using inert 
gases (i.e. N2) concentrations up to 50% LEL can be used, and this option 
reduces the drying time and the length of the drier. A disadvantage of using 
inert gases is the required flushing and refilling of the system with inert gas 
after each equipment down time or outage. 

7.2 Process improvements 

Fugitive VOC emissions may arise from solvent storage and handling. The 
most commonly used measures to reduce them involve process 
improvements to collect vapours escaping from application systems, drying 
areas, storage and handling areas etc. in local exhaust ventilation hoods for 
subsequent treatment or abatement.  

A wide range of best practice and process improvements mainly aiming at 
containing VOC emissions are possible, such as the following (not 
exhaustive):  

- Increased efficiency from optimised application technologies  

- Collection of VOCs from different distributed sources using local 
exhaust ventilation hoods, for subsequent control of point and 
fugitive emissions 

- Back venting to the delivery tanks during bulk storage tank filling  

- Improved exhaust air collection systems 

- Using closed or covered application systems 

- Using closed containers for the transport and intermediate storage 
of solvents 

- Using closed-loop liquid and gas collection equipment for cleaning 
of reactors and other equipment 

- Implementing leak prevention systems 

7.3 Organisational measures 

The following operational measures are aimed at reducing VOC emissions:   

- Optimisation of process parameters 

- Effective production and maintenance scheduling 

- Reduced quantity of stored solvents 

PROCESS  
IMPROVEMENTS 
CAN HELP TO 
REDUCE VOC 
EMISSIONS 
FROM THE 
APPLICATION 
PROCESS 
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8 Summary of VOC emission reduction 
measures 

The following table summarizes the VOC emission reduction measures 
discussed in chapters 6 and 7: 

 
Table 5: Measures for VOC substitution and VOC reduction in adhesive coating  

 

 

 

Objectives Description 

VOC-free systems Use of 
- Water borne adhesives 
- Hot melt adhesives 
- UV curing adhesives 
- VOC free primers 

VOC-reduced systems Reduction of VOC content by using 
- High solid adhesives 
- Products with low VOC content 

Process  
Improvements 

Good housekeeping 
Improved collection of exhaust air 
Proper handling of solvents 

Abatement Technologies Thermal oxidation (regenerative /recuperative) 
Refrigerated condenser and re-use of solvents 
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9 Good practice examples 
9.1 Example 1: Solvent/water based coating machines 

The following information is provided by an equipment manufacturer for 
solvent or water based coating machines. The example demonstrates the 
practical possibilities, consequences and differences between solvent and 
water based adhesive coating machines. 

In principle it is possible to convert a machine designed for solvent-based 
adhesives to use water-based adhesives but it becomes more difficult the 
older the machine is.  In general equipment older than 10 years should not 
be converted because the control systems are likely to be obsolete 

There are two parts of the coating process that differ between water and 
solvent based coating machines.  

One part is the coating system itself. Due to different viscosity 
requirements, the technical settings will need adjustments. The production 
costs for the adhesives are about the same. 

The more important difference relates to the conversion of the dryer. This is 
a complex piece of equipment with different sections, fulfilling different 
tasks and with different settings parameters. Length, temperature and 
airflow all need to be adjusted when swapping from solvent to water based 
systems. A dryer for water based adhesive coatings needs about 40% less 
energy. The reason is the huge amount of air which has to be moved in 
case of solvent based adhesive to keep the concentration of the solvent at 
5 % of LEL. 

A typical coating machine costs about 6-8 Million €, with 35-50 % of this 
cost allocated for the drier. 

In general the investment cost for solvent-based adhesive machines are 
about 20 to 30 % more expensive than comparable machines for water 
based adhesives (due to the explosion-proof design requirements). 

During the production the tape speed of water-based adhesive tapes can 
be 1,000 m/min whereas solvent based adhesive tapes can only reach 
600 m/min maximum. 

 

9.2 Example 2: Abatement technologies 

This example describes the situation of a pressure sensitive tape producer 
(operating in three shifts, 6 days a week). To meet the requirements of the 
SE directive three different abatement technologies have been 
implemented: 

1) Refrigerated cooling:  

The air used to dry the solvent-based adhesive tape is circulated through 
the system and is condensed at a refrigerated cooler, about 1,100 t per 
year of solvent is recovered and reused. 

The annual maintenance costs are about 10,000 € and the downtime is 
close to zero. The coating system is an enclosed chamber and emissions 
from the closed loop are extracted and passed to a recuperative thermal 
oxidiser. 
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2) Regenerative thermal oxidation: 

The regenerative thermal oxidation system reduces VOC concentrations to 
10-18 mg/Nm3. The capital costs were ~ 400,000 €. The oxidiser has a 
design throughput of 15,000 Nm3 per hour. The annual consumption of 
natural gas is about 200,000 Nm3. Annual maintenance costs are about 
40,000 € with about 200 min downtime during the year.   

3) Recuperative thermal oxidation 

The plant also operates two recuperative thermal oxidisers.  The recovered 
heat from the combustion is used to produce steam. This equipment is 
relatively unreliable and has about 400 min of down time each year. About 
1,000,000 Nm3 natural gas is burned each year. The annual maintenance 
costs are about 50,000 €. Due to the relatively long down time and 
maintenance costs, the recuperative thermal oxidation is the most 
inefficient abatement technology. [Lohmann] 
 

9.3 Example 3: Hot melt coating 

This example describes the retrofitting of a conventional coating machine 
used for solvent-based adhesives for the use of hot melt coatings. The 
drying section is no longer necessary but the following additional equipment 
has to be provided:  

• Drum melter 200 l ~ 35,000 € 

• Buffer tank ~ 20,000 € 

• Heated tubes  ~  4,000 € 

• Slot nozzle  ~ 80,000 €  (in special cases up to 200,000 €) 

In the thermal isolated buffer tank the hot melt which was molten in the 
drum melter is stored for the further process. From the buffer tank the hot 
melt is transferred over the heated tubes to the slot nozzles where the 
coating is applied. The coated area can be 2 meter broad and line speeds 
up to 1000 m/min are possible. [Glutematic] 

 

10 Emerging techniques and substitutes under 
development 

Currently there are no new techniques or substitutes under development. 
The on-going research is concentrating on improving existing products, 
such as UV curing adhesives and hot melts, to make them more 
competitive with solvent based adhesives. 

Ongoing research for water based primers seems promising but the range 
of application is not known yet. 
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1 Introduction 
This guidance addresses manufacturing of coatings, inks, varnishes and 
adhesives, presenting options to substitute or reduce the use of VOC and 
its resulting emissions. 

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

SE Directive – Scope definition (Annex I) 
Manufacturing of coating preparations, varnishes, inks and adhesives is 
defined by the SE Directive as “the manufacture of the above final products, and 
of intermediates where carried out at the same site, by mixing of pigments, resins 
and adhesive materials with organic solvent or other carrier, including dispersion 
and predispersion activities, viscosity and tint adjustments and operations for 
filling the final product into its container.” 

 

The SE Directive lays down the following activity specific emission limit 
values for the manufacturing of coatings, inks, varnishes and adhesives: 

 
Table 2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 17) 

Activity Solvent  
consumption 

threshold  
[tonnes/year] 

ELVs in 
waste  
gases  

[mg C/Nm³] 

Fugitive 
emission 

values 
(% of solvent 

input) 

Total ELVs 
(% of solvent 

input) 

> 100-1000 150 5 5  
Manufactur
ing of 
coating 
preparation
s, 
varnishes, 
inks and 
adhesives 

> 1000 150 3 3 

Special provisions: 
The fugitive emission value does not include solvent sold as part of a coatings 
preparation in a sealed container. 

 
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.  

THE SE  
DIRECTIVE  
APPLIES TO 
MANUFAC-
TURING OF 
COATINGS, INKS, 
VARHNISHES 
AND ADHESIVES 
IF THE SOLVENT 
CONSUMPTION IS 
MORE THAN 100 
TONNES PER 
YEAR  
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Specific requirements apply for VOCs classified as CMR substances1 as 
well as for halogenated VOCs that are assigned the risk phrases R40 or 
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 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 
The main sources of VOC emissions in the manufacturing of paints, 
varnishes, inks and adhesives are filling of tanks and containers, dissolving, 
mixing, and blending operations, and product filling/packaging operations 
as well as the cleaning of equipment and recovery of cleaning solvents.  

VOC can be substituted by changing the characteristics of the final product, 
shifting to water based products, powder products or reactive products. 
Thus, it may be possible to reduce the annual solvent consumption to less 
than 100 tonnes. 

Emissions can effectively be reduced by keeping vessels closed whenever 
possible and by using closed systems (e.g. closed mixing and dissolving 
containers, directly connected with storage tanks via pipes and pumping 
systems).  

VOC reductions can be achieved by appropriate cleaning. Pipes can be 
emptied using ‘pig systems’.4 Vessels and valves can be cleaned with 
enclosed automatic washing systems. Automated washing with VOC 
cleaners can be combined with VOC recovery by distillation. VOC-free 
washing systems, using alkaline solutions, have good cleaning properties.  

If waste gas abatement is necessary to reduce emissions below the limit 
values, recovery techniques or thermal and biological treatment can be 
applied. Further VOC reduction can be realized through technical measures 
such as effective maintenance and inspection plans, as well as by leak 
detection and repair programmes. Careful design of storage facilities and 
work places for mixing and dispersing can enhance VOC reduction by 
minimising the ambient temperature rise (via underground storages, 
prevention from exposure to sunlight etc). 
 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 
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 mutagenicity (cat 3) was included. This mutagenic effect is now 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. Until 
the SE Directive is adapted to this change, a final decision on which version applies can only be given 
by the European Court 
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 Pig systems clean pipes by moving a small piece of plastic, pushed with compressed air, through the 
pipe that presses remaining material back into the storage container. 
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3 Description of the activity and related 
industry sectors 

Paints, inks, varnishes and adhesives are suspensions of finely divided 
particles in a liquid that when spread over a surface in a layer will form a 
solid, cohesive, and adherent film.  

Products are adapted to coat or glue onto different types of material, e.g. 
stone, metal, wood, paper, plastic and leather. 

The products of the sector can be classified into three different user 
categories: industry applications (e.g. vehicle coatings, wood coatings, 
printing inks, tape adhesives), do-it-yourself applications and other 
professional applications (e.g. decorative paints, vehicle refinishers, 
protective coatings, flooring adhesives).  

In Europe most of the manufacturing of paints, inks, varnishes and 
adhesives is carried out by small or medium sized, independent, 
companies. Some installations belong to enterprises with several 
production sites in one country and a few sites are part of international 
companies operating throughout Europe or worldwide. 

Some 1000 companies are members of CEPE5 [CEPE 2008] and of these, 
the ~200 companies that produce inks had estimated sales, in 2002, of 
about 944,000 tons and a turnover of 3.3 billion Euros  
[EuPIA 2008]. 

As an alternative for solvent based paints, varnishes, inks and adhesives, 
water based products have been developed as well as reactive systems or 
powder based systems.  
 

 
 [Ökopol 2008] 
Figure 1: Dissolvers connected with pipes for direct filling from storage  

About 1.4 million tonnes of VOC from conventional systems have been 
substituted in the past 10 years in Germany by shifting two thirds of the 
 
 
5 European Council of producers and importers of paints, printing inks and artists’ colours, Brussels. 
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production to water based products, high-solids, powder coatings or 
coatings for electrostatic applications. [VDL 2008] 

 

4 Technical process description 
The manufacturing of coating preparations, varnishes, inks and adhesives 
is a batch process. It is characterised by four major process steps: 

 
 dosing and pre-mixing; 

 milling and dispersing; 

 product finishing and blending; 

 product filling and packaging. 

When calculating VOC emissions from the installation according to the SE 
Directive, the VOC content sold as part of a coatings preparation in a 
sealed container does not count as emission. Thus, to reduce VOC 
emissions without waste gas treatment to < 5 % of the solvent input 
(respectively < 3%, depending on solvent consumption, see table 2 in 
section 1), at least 95 % (respectively 97%) of the solvent input has to end 
up in the product (or may be contained in another controlled output fraction 
like in waste). 

The main sources of VOC emissions in the installation are filling of vessels 
and containers, leaking and spilling during material transfer, inappropriate 
handling (open vessels etc.) as well as cleaning of parts and the working 
environment. 

Other process steps with potentially important VOC emissions are storage 
tank breathing, and emissions from solvents recovery. 

VOC emissions reduction depends on the ability to directly pump material 
into closed containers and on the use of appropriate handling and cleaning. 
In some cases VOC recovery or an abatement technique are needed to 
comply with the limit values of the VOC Directive. 
 

 
 [VDL 2002] 
Figure 2: Production within a closed system 
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4.1 Process flow and relevant associated VOC emissions 

Figure 3 shows the most important VOC inputs and outputs  
(arrows indicate the relevance of the VOC amount): 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Exemplary VOC emissions from coating manufacturing [Ökopol 2008]   

4.2 Process description 

Open and semi-open systems are used, particularly in factories regularly 
producing less than one ton of a specific product. If larger amounts are 
produced regularly, closed systems tend to be used. 
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Supply and storage 
Liquid commodities are usually supplied in drums or tankers. VOC 
emissions can occur when solvents are transferred from road tankers to 
facility storage tanks – which often have a capacity as large as 30 m³ – if no 
gas displacement device is used.  

Emissions from drums can occur if lids or bungs are not properly closed.  

 

Dosing and pre-mixing 
Liquid raw materials are poured into a container and mixed until they form a 
viscous material, then pigments are added.  

Containers with a capacity of one tonne or less are usually portable, so 
they can be moved to a stationary dissolver. Containers of this size may be 
open, semi-closed or closed systems. Containers with a capacity of more 
than one tonne are often closed systems.  

In closed systems, components like pigments, resins and solvents are 
pumped into and out of the container without contact with the ambient air. 
Often simple wooden or plastic covers are used, providing a cut to pass by 
the stirring unit. If not properly closed, VOCs are emitted during filling, 
dosing and mixing.  

The mechanical action of mixing large quantities of materials may lead to 
bulk heating. When resin is added in solid form (instead of fluid) the heating 
is greater still. The heating may lead to increased VOC emissions unless 
an enclosed system is used. 

 

 [Ökopol 2008] 

Figure 4: Closed mixing vessel with extraction, cleaning devices and direct filling 
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Milling and dispersing 
After pre-mixing, the material is milled to obtain fine particle dispersion. For 
this purpose, the material is filled or pumped into mills, that separate 
pigment clusters e.g. with small pebbles or balls (‘agitator ball mill’). 

Afterwards the material is transferred into a container again and dispersed 
until it is mingled well and has become a fine dispersion. The disperser may 
consist of a stirring unit with or without an adapted covering system.  

VOC emissions may result from filling, transfer, dispersing and interim 
storage, if vessels are not properly closed.  

 

Product finishing and blending 
To finish the product, materials are added to obtain the coating 
characteristics, like viscosity, colour and shade. Pigment dispersions, 
organic solvents and resins are typically added to solvent-based products. 
Water, preservatives, antifoaming agents, and polyvinyl acetate emulsions 
are used in water-based coatings. 

In closed systems, the adjusting substances are pumped directly into the 
container. For small production amounts, open or semi-closed systems are 
often used. Whereas VOC emissions only occur from closed systems when 
covers are lifted, VOC will be emitted continuously from open and semi-
closed systems.  

Finally the material is ‘blended’, meaning that mixing and, if necessary, 
additional milling is carried out to meet product specifications.  

VOC emissions may occur during interim storage, if vessels are not 
properly closed.  

 

Product filling and packaging 
The finished product is filled into bins, e.g. containers, drums, pails or cans. 
The size of the bins and the composition of the product differ according to 
customer requirements. The filling process varies from manual to fully 
automatic and from open to completely closed systems. If open systems 
are used, VOCs are emitted. 

 

Cleaning  
At the start of a new batch process, containers and parts generally have to 
be absolutely clean to prevent residues reducing the quality of the new 
batch.  

Large containers are often cleaned with automatic washing machines. 
Washing of small containers and parts can also be done in washing 
machines but manual cleaning predominates. Most cleaning is done with 
organic solvents; alkaline solutions are rarely applied. 

The cleaning frequency depends on volumes produced and on the 
possibility to combine products that need little or no cleaning (e.g. white 
colour followed by white colour).  
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Solvent recovery and abatement 
Automatic cleaning systems are often combined with distillation equipment 
for the recovery of contaminated cleaning agents. These can also be used 
for the distillation of solvents from returns or from production residues. 

If primary measures alone are not sufficient to reduce emissions then 
systems for recovery or destruction of VOC in waste gases are needed. As 
solvent recovery is energy intensive and, in most cases, only economical if 
pure substances (and not mixtures) are recovered, waste gas destruction 
systems are commonly used. These destruction systems include both 
thermal and biological methods. 

 

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

A great variety of organic solvents are used for paints, inks and varnishes. 
Table 3 shows the most common solvents in decorative paints.  

 
Table 3: Solvents used for decorative paints and varnishes 

Solvent Boiling point  
(at 1013 hPa) [°C] 

Vapour pressure  
(at 20°C) [kPa] 

Aliphatic hydrocarbons   

n hexane  65-70 20 

n heptane  94-99 8.5 

Cyclohexane  80.5-81.5 10.4 

Methyl cyclohexane  101-103 5.1 

White spirits (+ aromatics)  144-165 4.0 

1,1,1-trichloroethane  73-75 13.3 

Terpenes   

Mineral turpentine  150-180 0.44 

Aromatic hydrocarbons    

Toluene  110-111 2.9 

Xylene  137-142 0.9 

Styrene  145 0.71 

Vinyl toluene  164-170  

Ketones   

Acetone  56.2 24.1 

Methyl ethyl ketone   79.6 0.1 

Methyl isobutyI ketone  114-117 2.15 

Methyl n-amyl ketone  147-153 0.5 

Cyclohexanone  153-156 0.35 
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Solvent Boiling point  
(at 1013 hPa) [°C] 

Vapour pressure  
(at 20°C) [kPa] 

Esters   

Methyl acetate  55-57 22.6 

Ethyl acetate  78.3 10.3 

Isopropyl acetate  88.4 5.8 

Iso butyl acetate  114-118 1.8 

Butyl acetate  124-128 1.11 

Methoxypropyl acetate  143-150 0.53 

Alcohols   

Diacetone alcohol 168 0.1 

Methanol  64-65 12.8 

Ethanol  78.3 5.9 

Propanol  97.2 1.9 

Isopropanol  82.4 4.2 

Isobutanol  107.7 1.2 

Benzyl alcohol  205.2 0.002 

n butyl alcohol  116-119 0.67 

sec butyl alcohol  99.5 1.6 

[Chemiewinkel 2000] 

Table 4 lists the solvents, which are most commonly used in the production 
of inks and varnishes. 
 

Table 4: Most common solvents used in ink and varnish production 

Printing technique Solvents 

Publication rotogravure Toluene 

Packaging rotogravure 
and flexography 

Ethanol, isopropanol, n-propanol, toluene,  
methyl ethyl ketone (MEK) 

Offset printing Mineral oil, natural oil (e.g. soya oil) 

Screen printing Cyclohexanone, di-acetone alcohol,  
1-methoxypropylacetate, 2-butoxyethylacetate,  
1-methoxy-2-propanol, n-butylacetate 

[BREF STS 2007], [LASI 2007], [Ökopol 2008] 

 

Organic solvents used in adhesives include aromatic hydrocarbons 
(toluene, xylene), ketones (acetone), alcohols (methanol, ethanol, 
isopropanol, glycol, butanol), chlorinated hydrocarbons (dichloromethane), 
methyl acetate, ethyl acetate and mineral spirits. [AFC/BiPRO/DFIU 2002] 

The solvent content of paints, inks and adhesives varies from 0 % to more 
than 80 % according to the product. [AFC/BiPRO/DFIU 2002], 
[Chemiewinkel 2000], [German EPA 2003]  
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5.2 Solvent consumption and emission levels 

Solvent consumption at production sites depends on the characteristics of 
the product range. Manufacturers of interior decorative wall paints, for 
example, and manufacturers of offset-inks normally use VOC only for 
cleaning purposes and so do generally not exceed the solvent consumption 
threshold of 100 tonnes per year. Most producers of solvent based paint, 
varnish, ink or adhesive systems consume more than 1000 tonnes of 
solvent per year. [Ökopol 2008] 

VOC emissions vary significantly, depending on primary measures 
(enclosure of systems, cleaning effectiveness, handling) and on the 
recovery or abatement systems used.  

Around 95 % of the VOC input ends up as the VOC content of the final 
products. VOC output via waste depends on the annual amount of returns 
and production residues. It also depends on whether internal or external 
recycling of cleaners is carried out. The amount of VOC in waste (as % of 
the input) may be around 2 % before recovery and less than 1 % if 
distillation is carried out on-site. Emissions to air are typically around 1 - 5 
% of the solvent input and may require waste gas treatment to be below the 
emission limits of the SE Directive. [Ökopol 2008] 

 

5.3 Key environmental and health issues 

In manufacturing coatings, varnishes, inks and adhesives a broad range of 
different solvents are used for a wide range of different products.  

VOC emissions, 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 process  (mixing, dispersing, finishing, filling) 

 - cleaning operations (of containers, valves, mixers) 

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

The process generates waste containing solvents which need to be 
disposed in a way that emissions to air, soil and groundwater are prevented 
or limited. 

Table 5 shows solvents used in manufacturing of coatings, varnishes, inks 
and adhesives, which are classified with risk phrases for which specific 
regulations apply under the SE Directive (see section 1).  
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Table 5: Exemplary solvents used in manufacturing of coatings, varnishes, inks 
and adhesives, classified with risk phrases specifically regulated by the 
SE Directive 

Solvents Risk Phrases 

2-methoxy ethanol, CAS 109-86-4 R60, R61 

2-methoxyethanol acetate, CAS 110-49-6 R60, R61 

2-ethoxy ethanol, CAS 110-80-5 R60, R61 

2-ethoxyethanol acetate, CAS 111-15-9 R60, R61 

Trichloroethylene, CAS 127-18-4 R45 

Dichloromethane (methylene chloride), CAS 75-09-2 R40 
[ADEME 2003], [Ökopol 2008] 

The risk classification R45 implies that the solvent may cause cancer; the 
classification with R60 indicates that the solvent may impair fertility, and 
R61 indicates that the solvent may cause harm to the unborn child. 
Solvents classified with R40 have a limited evidence of carcinogenic effect. 

The SE Directive requires that the abovementioned solvents carrying risk 
phrases R60, R61 or R45 have to be substituted, if possible, because of 
their impact on human health. If substitution is not possible, emissions have 
to be minimized (see section 1).  

Existing occupational workplace limits should be taken into consideration. 

6 VOC Substitution 
In the following chapters potential substitutes for VOC solvents and their 
associated technologies are presented. This includes application conditions 
as well as advantages and disadvantages compared to VOC systems. 

6.1 Substitution of solvents by shifting to different end 
products 

VOC free water-based systems, reactive systems, and powder-based 
coatings may be suitable substitutes for solvent-based paints, varnishes, 
inks and adhesives. They may be used in a wide range of coating, printing 
and painting products.6 Possibilities of coating manufacturers to shift to 
different end products depend on technical innovation, promotion and 
market acceptance. 

Since 2007 the VOC content of decorative paints and vehicle refinishers, 
has been limited by Directive 2004/42/EC and regulations will become 
stricter for some decorative paints from 2010. [DECOPAINT Directive 2004] 
 
 
6 See for printing guidance documents no. 1, 2 and 3, for the coating of leather guidance document 
no. 13, and for the coating of vehicles and vehicle refinishing guidance no. 6-Part 1, 6-Part 2 and no. 8. 
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6.2 Substitution of VOC cleaners  

Tenside-based cleaners can substitute for a significant proportion of the 
solvent-based cleaners used in water based product manufacture.  

Alkaline-based cleaners, rather than VOCs, can be used for cleaning 
process equipment, also when using automatic washing machines. If 
necessary for more effective cleaning, the cleaning agent can be heated. 
Figure 5 presents a cleaning result from alkaline automatic washing of a 
container that was manually cleaned before, showing very good cleaning 
results even for old multilayer outside contamination, when applied for 30 
minutes.  

Washing equipment suitable for alkaline cleaners has a similar cost to that 
of solvent based systems. Dirty cleaning fluid, however, cannot be 
recovered by distillation - it can be re-used in the system but eventually it 
will have to be disposed of or treated in a waste water treatment plant. 

 

 
Before washing       After 10 minutes    After 30 minutes 

[RENZMANN 2008] 
Figure 5: Automatic water based alkaline washing of vessels  
 

Cross-media effects 
Alkaline solutions are aggressive to skin and eyes, therefore appropriate 
material handling and application in closed systems (using fresh-water 
cleaning in the last stage) are necessary. 
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7 Other VOC emission prevention measures 
and abatement techniques  

For many cases additional possibilities exist to reduce VOC emission next 
to substitution of the VOC-solvents. The following measures are commonly 
applied to reducing VOC emissions from the manufacturing of coatings, 
inks, varnishes and adhesives. 
 

7.1 Reduction of the solvent content  

It is possible to reduce solvent content substantially where alternative 
products and systems are able to meet customers’ requirements. High solid 
coatings, for example, can reduce the solvent content from a conventional 
product level of 70-80 % to 30-50 %. If customers are able to shift to water 
based systems, a reduction to a very low solvent content is possible, for 
example in flexographic and rotogravure packaging printing (0 – 20 % 
solvent content). A similar reduction is possible for many decorative paints 
and primers, etc.  

 

7.2 Process improvements 

VOC emissions can be reduced by appropriate materials handling, 
prevention of leakage from storage and pipes, by application of closed 
systems, by closed washing systems and by solvent recovery and 
abatement technology. 

Most important measures are those leading to enclosed processes and to 
reduced emissions from cleaning operations. 

 

Improved handling and process planning 

VOC emissions are prevented if workers are trained to keep containers 
closed whenever possible.  Adoption of 'good practice' and daily monitoring 
can be used to drive continuous improvement. The benefits of good 
practice can best be gained if appropriate equipment (e.g. size-adapted, 
lightweight covers) is provided. 

Precise batch calculation will avoid VOC emissions related to 
overproduction, by avoiding the need for extra cleaning and emissions from 
waste.  

 

Storage and pipes 

VOC emission reduction should take into account that some part of the 
solvent input documented by suppliers may be lost in storage facilities. 

VOC emissions arising during transfers from road tankers to storage tanks 
can be reduced by installing gas displacement devices; these systems use 
the pressure equalizing line to feed back up to 100 % of the VOC vapour to 
the tanker. The gas displacement devices can normally be fixed at the 
overpressure pipe and retrofitting to an existing tank flange connection 
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costs between 5,000 – 6,000 Euros (50 mm pipe, 20 m, stainless steel). 
[Silbermann 2008] 

 

The following measures can be taken to prevent VOC emissions from tanks 
and pipes: 

 
 Developing proactive maintenance plans and risk-based inspection 

plans, such as the risk and reliability based maintenance approach 
referred to in [BREF Storage 2006] 

 Implementing a leak detection and repair programme with a focus on 
those situations most likely to cause emissions (high volatility liquids, 
operations employing elevated temperatures) [BREF Monitoring 2003] 

 Preventing storage tank and pipe corrosion by the use of suitable 
construction materials or applying cathodic protection on the inside of 
tanks. [BREF Storage 2006] 

 Ensuring that appropriate gaskets are selected and installed correctly for 
bolted flange connections, end caps or plugs on open-ended lines (not 
valves). 

 Using automatic devices to avoid overloading storage containers. 

Storage containers can be equipped with over/under pressure valves and 
pressure equalizing lines. This avoids the need to open containers during 
the extraction of material. It should be ensured that valves close 
completely. VOC emissions are reduced when holes for venting storage 
containers are kept as small as possible. [Vineke et al. 2001]  

VOC emissions from storage container breathing vents can be avoided if 
the storage containers are protected from solar radiation i.e. situated in 
cool, dark, locations; small containers should not be stored outside during 
warm periods. [ADEME 2003] 

Using 'just in time' manufacturing also reduces VOC emissions by 
minimising the storage times of the bins next to premixing containers. If 
possible, long transit distances from storage to containers should be 
avoided. [Vineke et al. 2001] 

 

Processing in closed systems 
Direct filling of containers for pre-mixing, dispersing, blending and 
packaging can reduce VOC emissions.  This is achieved by using closed 
systems with pipes between the storage tanks and mobile or fixed, lidded, 
containers (see figure 6). 

Container lids and covers should fit as closely as possible. If covers are not 
fixed, they should provide a means of covering the mixer shaft hole. 

Depending on the size of containers, retrofitting appropriate covers may be 
more expensive than investing in new containers (e.g. adapted covers for a 
medium sized container may cost about 5000 Euros, whereas new 
containers cost about 3000 - 4000 Euros). [Niemann 2008] 
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 [Ökopol 2008] 
Figure 6: Dissolver directly connected with storage tanks 

Movable lightweight covers with extraction holes and lids that close 
properly during interim storage can reduce VOC emissions when mobile 
containers are moved from one process stage to the next.   

Alternatively, antistatic foils, held in place with elastic belts, can be used to 
cover the containers (see figure 7). [FreiLacke 2008] 

 

 
 [Ökopol 2008] 
Figure 7: Interim storage of containers covered with antistatic foil 

 



Guidance 17  Manufacturing of coatings, inks, varnishes, adhesives 

  388 

Optimisation of open systems 
If fully closed systems are not available the system should, nevertheless, 
be kept as closed as possible using temporary coverings with extraction 
holes. Splashing can be avoided by filling containers using flexible tubes 
and hoppers. [Vineke et al. 2001]  

With regard to extraction of air from mixing vessels, it is possible that too 
high an extraction rate can result in increased evaporation from the surface 
of the liquid. Extraction rates should be optimised to minimise losses. In 
some cases it may only be necessary to operate extraction when the vessel 
lid is open. 

During pre-mixing and dissolving, shearing forces lead to increased 
temperatures and, potentially, increased VOC emissions. Double-walled 
containers with water-cooling systems can minimise any warming. 
Alternatively systems can be applied that cool VOC emissions and return 
the condensed solvents back into the container (figure 8). 

 

 
 [Niemann 2008] 

Figure 8: Dissolver with cooling system for backflow of condensed VOC emissions 

 

Finishing and blending 
During finishing and blending, taking samples via small holes without 
removing the entire covering can prevent VOC emissions. Jet dosing and 
splashing should be avoided. Flanges are available that enable cleaning 
from outside the container in order to prevent contamination. [ADEME 
2003] 
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Filling and packaging 
At filling stations, diffuse emissions may be avoided by installing effective 
extraction hoods and/or by containment [Vineke et al. 2001].  

Depending of the kind of bin used (drum, container on pallet, pail or can) it 
is possible to extract the solvent vapour directly at source, e.g. by bunghole 
aspiration. [Feige 2008] 

Also depending on the kind of bin, VOC emissions can be reduced if the 
filling device is positioned as low as possible (below-surface or below any 
open bunghole). [ADEME 2003]  

Automatic or semi-automatic filling stations can reduce process time and 
the time that bins are open awaiting further processing.  

Using automatic filling stations that have closed-loop cleaning systems for 
the filling tubes also reduce emissions; less washing agent is used because 
residual material can be cleaned up immediately - before it has completely 
dried. [De Vree 2008] 

 
[DeVree 2008] 

Figure 9: Automatic filling system connected with closed loop cleaning system 

If filters are used, positioning them directly in the pipe, avoiding open 
hoppers, can reduce VOC emissions. Filters inside of pipes can be cleaned 
with blades or with counter flow cleaning. [ADEME 2003] 

 

Cleaning  
A high standard of cleanliness is required to maintain product quality, 
reduce product contamination, and prevent wastage. Manual cleaning of 
parts and equipment uses large amounts of solvents (e.g. 4 l ethanol for a 
500 l drum) [ÖKOPOL 2008]. Fugitive emissions are difficult to avoid during 
manual cleaning and drying of the parts.  
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The use of automatic washing machines (for mixing vessels as well as for 
parts) reduces VOC emissions of cleaning solvents and guarantees a high 
cleaning quality. VOC emissions can be extracted from the cleaning 
chamber before doors are opened. Automatic washing not only reduces 
emissions, but also leads to economic benefits as one person can operate 
a washing machine whereas manual cleaning of large containers may 
require two. 

Dirty cleaning agents can be re-distilled in directly connected integrated 
systems. Distillation equipment is available in a range of different sizes and 
can also be used for recovery of solvents from rejects and remains. 

In some cases distillation of used cleaning solvent may not be necessary, 
for example where a lightly contaminated solvent cleaning residue can be 
stored separately and directly reused in a subsequent batch of paint without 
impacting on the quality of the finished product, thus reducing potential 
emissions from the distillation process, and reducing energy costs.   

As mentioned above, under 'substitution', organic cleaning solvents may be 
replaced by an alkaline solution. It should be noted, however, that these are 
not suitable for cleaning aluminium and zinc (galvanised) equipment.  
Containers with electropolished surfaces are the most easily (and 
efficiently) cleaned. [ÖKOPOL 2008] 

If - for small part cleaning - bins have to be used where cleaner surface is 
long time exposed to ambient air without covering, then the solvent surface 
may be covered with small, floating, elements. These should have a flatted 
upside to prevent from rolling and bringing solvents to the upside [ÖKOPOL 
2008]. 

Reduction of VOC emission from parts cleaning may also be achieved by 
changing the order of product manufacture (e.g. from lighter to darker 
shades), to reduce the cleaning effort needed. [ÖKOPOL 2008] 

 

Exhaust extraction systems and waste gas treatment 
Movable extraction hoods can be used to extract VOC emissions from open 
systems. Hoods should be available near all potential emission sources i.e. 
mixing, dispersing, blending, filling or cleaning.  

Hoods connected to extraction systems that link to waste gas treatment 
plant should be designed to allow for proper closing when not in use. This 
prevents the dilution of waste gases with fresh air. 

If waste gas VOC concentrations exceed emission limit values, waste gas 
treatment systems are needed.  Recovery of solvents by condensation or 
on activated carbon is energy intensive and will only be economic if the 
recovered solvents are of high quality and value (e.g. toluene recovery). If 
waste gases contain a mixture of VOCs, then thermal or biological 
treatment for the destruction of VOC is more cost effective. 
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8 Summary of VOC emission reduction  
measures 

The following table summarizes the VOC emission reduction measures 
discussed in chapters 6 and 7: 

 
Table 6: Measures for VOC substitution and VOC reduction in manufacturing of 

coatings, inks, varnishes and adhesives  

Objectives Description 

Shift to VOC-free 
products  

Development and 
manufacturing of solvent free 
products such as powder 
coating or 100% water borne 
systems 

Substitution/   
Solvent free 
processes 

VOC-free cleaners Use of alkaline solutions or 
tenside based cleaners 

Reduction of the 
solvent content 

Shift to products 
with low VOC 
content 

Reducing solvent content 
(water based systems or high 
solid systems) 

Process  
Improvements 

Improved handling 
and process 
planning 

Train and monitor workers to 
keep containers closed 
whenever possible. Avoid 
overproduction by precise batch 
calculation. 

 Prevent storage 
emissions 

Use of gas displacement 
devices. Installation of 
over/under pressure valves. 
Ensuring venting holes are 
small and closed whenever 
possible. Use of overload 
detection systems. Shielding 
from solar radiation. 

 Prevent storage and 
pipe leakage 

Prevent tanks and pipes from 
corrosion by use of appropriate 
materials and cathodic 
protection. Apply maintenance 
and inspection plans, and leak 
and repair programmes. Use 
end caps or plugs on open-
ended lines (not valves). Keep 
valves fully closed. 

 Processing in closed 
systems 

Direct filling of containers from 
storage tanks.  

 Covering of 
containers 

Use movable lightweight covers 
that close properly or cover 
containers with antistatic foils 
and elastic belts. 

 Prevent emissions 
from heating 

Reduction of temperature by 
the use of cooled containers or 
use of backflow cooling 
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Objectives Description 

systems.  

 Prevent emissions 
from interim storage 

Avoid long transport distances; 
avoid temporary storage of 
containers (just-in-time 
production)  

 Prevent emissions 
from filling 

Use of closed filling systems. 
Avoid jet dosing and splashing. 
Keep filling distance as low as 
possible. Use filling tubes while 
keeping the covering closed as 
far as possible during filling. 
Use below-surface or below 
bunghole filling if possible. 

 Prevent emissions 
during sample 
taking 

Use small sized holes for 
sample taking; leave covers 
open as little time as possible. 

 Effective cleaning Use of enclosed automatic 
washing systems for containers 
and parts. Use of closed 
cleaning systems e.g. for 
automatic filling devices. 

 Prevent emissions 
from cleaning 

Avoid unnecessary cleaning of 
the working environment like 
floors, walls or exterior of 
machines; protect the working 
environment, e.g. with plastic 
foil.  

 Reduce solvent 
consumption 

Distillation and reuse of 
solvents from cleaning and 
rejects. Avoid overproduction to 
reduce cleaning effort.  

 Prevent fugitive 
emissions  

Use flexible or stationary 
extraction hoods whenever 
emissions may occur, e.g. 
during premixing, dispersing, 
blending, filling and cleaning.  

Abatement  
Technologies 

Recovery or 
destruction of 
captured VOC 
emissions 

Use recovery systems (by 
condensation or adsorption on 
activated carbon).  
Use thermal oxidation or 
biofilters.  
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9 Good practice examples 
The following table gives an overview of the emissions achieved at 
manufacturing sites that have made high efforts to reduce emissions by 
enclosing the production and – in some cases – by destroying VOC in 
waste gases from the process and cleaning operations with oxidation.  

By these measures total emissions below 3 % of the solvent input are 
generally achieved, and levels below 1 % when using oxidisation.  
[Ökopol 2008] 
 
Table 7: Total emission values achieved by different manufacturers 

Manufacturing VOC  
abatement 

Solvent  
input 

Total  
emission  

Manufacturer A 

Coating pre-
parations and 
varnishes 

Thermal  
combustion 

4000 t/a +  
recovery 

(distillation) 

0.25 % 
(and less, as exact 
input is not known 
due to distillation) 

Manufacturer B 

Inks (Jan-Jun)  

None 569 t/a 

(no distillation) 

2.8 % 

Inks (Jan-Dec) None 1092 t/a  

(no distillation) 

2.3 % 

Manufacturer C 

Coating pre-
parations and 
varnishes  

Catalytic 
combustion 

3416 t/a 0.69 % 

Manufacturer D 

Inks 

Thermal  
combustion 

4500 t/a < 1 % 

Manufacturer E 

Coating pre-
parations and 
varnishes  

Thermal  
combustion 

10000 t/a ~1.8 % 

 

 

9.1 Ink manufacturer (solvent and water based products) 

Manufacturer B (Benelux), producing flexography and gravure printing inks, 
made an initial solvent management plan (solvent input/output balance) on 
the first half of the year and calculated total emissions to be 2.8 % of the 
solvent input before additional measure were taken. 
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As one source of fugitive emissions, the opening of containers was 
detected. When taking solvents out of containers via faucet, the resulting 
low pressure has to be adjusted. For this purpose a holes of 10 cm in 
diameter were opened. After July, these holes were replaced by very small 
and sealable drilled holes. Additionally, the containers next to the milling 
system were provided with dense closing covering.  

As another measure to prevent fugitive emissions cleaning quality 
requirements were checked. When preparing equipment for the next batch, 
parts have to be cleaned carefully for not to contaminate the following 
batch. Manufacturer B introduced, whenever possible, new practice to use 
the same drums, containers and parts for the same colour or products to 
reduce demand of absolute cleanness and therefore to reduce the cleaning 
effort.  

At the end of the year, a follow up solvent management plan showed total 
VOC emissions during the entire balance year of 2.3 % of the solvent input. 
Reductions were obtained by the above mentioned measures.  

 

9.2 Coating and varnish manufacturer  

Manufacturer C (Austria) produces 16,000 t/y of paints, varnishes and 
stains for wood coating with 10,000 different recipes. 60 % of the total 
production consists of water-based products.  

A manual water-based high pressure cleaning (140 bar) is used for the 
cleaning of containers and vessels from the production of water-based 
coatings. Polyethylene drums are automatically cleaned with a brush 
cleaning system. Dirty water is recycled and clean water is only used for 
final rinsing, thereby achieving a water recycling rate of 75 %. 

For cleaning of containers from the production of solvent-based coatings 
6 automatic cleaning devices are used. Only rinsing is done with clean 
solvents while for the main cleaning the dirty solvents from rinsing are 
used. All solvents from cleaning are distilled and used for rinsing again. By 
this concept, only 7 tonnes of new cleaning solvents are needed per year 
for the production of 5770 tonnes of solvent-based coating.  

The company attributes its low total emission value (0.69% of total solvent 
input) to its very effective extraction system from processes and automatic 
cleaning. The extraction system is connected with a catalytic combustion 
system. 

Furthermore, the company takes various measures of improved and 
conscious material handling. Pipes are equipped with a pig-cleaning-
system, e.g. all pipes connecting the 30 storage tanks with the production. 
By this measure cleaning effort for pipes is reduced. At the same time pipes 
will stay in good condition and VOC emitting leakages are more unlikely. 

 

10 Emerging techniques and substitutes under 
development 

No emerging techniques have been reported. 
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1 Introduction 
This guidance addresses rubber conversion and the related cleaning of 
equipment, presenting options to substitute or reduce the use of VOC and 
its resulting emissions. 

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

SE Directive – Scope definitions (Annex I) 
The activity ‘rubber conversion’ is defined as ‘any activity of mixing, milling, 
blending, calendering, extrusion and vulcanisation of natural or synthetic rubber 
and any ancillary operations for converting natural or synthetic rubber into a 
finished product’. The SE Directive covers installations in which this activity is 
taking place with an annual organic solvent consumption greater than 15 tonnes. 

 

This guidance document does not cover the manufacture of paints or 
adhesives with rubber. 

The SE Directive lays down the following activity specific emission limit 
values for rubber conversion: 

 
Table 2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 18) 

Activity Solvent 
consumption 

threshold  
[tonnes/year] 

ELVs in 
waste 
gases  
[mg 

C/Nm³] 

Fugitive 
emission 

values 
[% of solvent 

input] 

Total ELVs 

[% of solvent 
input] 

Rubber 
conversi
on 

>15 20*  25** 25  

Special provisions 

* If techniques are used which allow reuse of recovered solvent, the emission limit 
value in waste gases shall be 150. 
**The fugitive emission value does not include solvent sold as part of products or 
preparations in a sealed container. 

 
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.  

 

 

THE SE 
DIRECTIVE 
APPLIES TO 
RUBBER 
CONVERSION 
ACTIVITIES IF A 
SOLVENT 
CONSUMPTION 
OF 15 TONNES 
PER YEAR IS  
EXCEEDED 
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Specific requirements apply for VOCs classified as CMR substances1 as 
well as for halogenated VOCs which are assigned the risk phrases R40 or 
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 
In the rubber conversion industry solvents are mainly used as tackifying 
agents to stick together different types of layers of rubber or rubber coated 
components and as mould release agents. The substitution or reduction of 
the solvents as tackifiers is often associated with changes in the production 
process and compound formulation. 

In the tyre industry the use of high tackiness rubber or thin layers of high 
tackiness rubber bands instead of solvent-based tackifiers during the 
assembly is a very effective substitution. The combination of production 
steps (e.g. co-extrusion) is also an effective measure to avoid additional 
tackifying agents. For the pre-vulcanisation treatment water-based mould 
release agents are available as VOC substitutes.  

The combination of production steps (e.g. co-extrusion), production line re-
design to speed-up the process avoiding loss of compound tackiness or 
other production process improvements are also very effective measures to 
reduce the usage of tackifying VOC based solutions. 

In the general rubber good industry water-based mould release agents are 
commonly used as solvent-free alternatives. Changes in the production 
process (e.g. co-extrusion) are also effective measures to reduce VOC 
emissions.  

In case no VOC-free or VOC-reduced products or systems are available 
abatement technologies like adsorption by activated carbon or the use of 
regenerative thermal oxidation are effective VOC emission reduction 
measures.  
 
 
 
 
 
 
 
 
 
1 CMR substances-carcingenic (R45,R49), mutagenic (R46), or toxic to reproduction (R60,R61) 
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 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. Until 
the SE Directive is adapted to this change, a final decision on which version applies can only be given 
by the European Court 
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. 

PROCESS 
IMPROVEMENTS 
ARE MAJOR 
VOC-REDUCING 
MEASURES IN 
THE RUBBER 
INDUSTRY 
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3 Description of the activity and related 
industry sectors 

In Europe (EU 27), approximately 4200 companies produce rubber 
products. The total amount of transformed rubber in 2007 was 4 million 
tons (35% natural rubber, 65% synthetic rubber). [ETRMA 2008]  

The rubber industry can be divided into two main groups of activities: tyre 
production and general rubber goods industry.  

Worldwide, around 70% of the natural rubber production is supplied to the 
tyre industry. In 2007, 88 tyre producing plants were operated in Europe. 
The annual tyre production in Europe4 was 240 million units in 2006 (228 
million units passenger car tyres and light vehicle tyres, 12 million medium 
& heavy commercial vehicle tyres) which is around 22 % of the worldwide 
tyre production.  

The general rubber goods industry consists of more than 4100 companies, 
the majority being SMEs. It covers a wide range of products like medical, 
baby care, construction and automotive rubber goods. The automotive 
sector, with parts and components such as windscreen wipers, engine 
mountings, window seals, fan belts, etc., is the biggest consumer of rubber 
goods with 75% of the EU production [ETRMA 2008]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4  EU27+ Turkey 

THE TYRE 
INDUSTRY IS THE 
MOST 
IMPORTANT 
USER OF 
RUBBER 
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4 Technical process description 
4.1 Process flow and relevant associated VOC emissions 

General rubber goods production 
The flow chart in Figure 1 gives an overview of the main process steps of 
the general rubber goods production applying solvent-based products and 
provides an overview of possible VOC emissions during the production 
process: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Possible VOC emission sources in general rubber goods 

production processes using solvent-based products  
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Tyre production 
Figure 2 gives an overview of tyre production using solvent-based products 
and provides a summary of possible VOC emissions during the production 
process: 

The compounding and mixing of the rubber sheet is analogous to the 
process described for the general rubber goods sector. In subsequent 
process steps like preparation of tyre components, assembly, finishing and 
before the vulcanisation process solvents are used.  
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Figure 2: Possible VOC emission sources in tyre production processes 
using solvent-based products 
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The main function of the solvents in tyre production is the preparation of the 
uncured rubber surface before each production step. This is necessary to 
increase the adhesion by solvent to ensure different layers of compound 
are sticking together as needed (so called “refreshing” of rubber surfaces). 
Cleaning of compounds and of machinery in contact with rubber is also 
carried out using solvents, but is a less significant source of emissions, 
generally between 3 and 10% of solvent consumption. 

The following table shows a typical breakdown of solvent emissions by 
process stage. This example is for a plant annually producing 46.500 
tonnes of agricultural tyres with an input of 252.4 tonnes of solvents [SNCP 
2002]. 
 

Table 3: Sources of VOC emission during the manufacture of agricultural tyres 
[SNCP 2002] 

Process step Annual VOC 
emissions [t] 

VOC 
emissions* 

[%] 

Preparation of beads 38.6 15 

Preparation of treads (2 coatings) 68.4 27 

Assembly of the tyre 41.5 17 

Coating of the green tyre before 
vulcanisation 

80.5 32 

Reparation of tyres** 15 6 

Cleaning activities 8.4 3 

Total 252.4 100 
* without any abatement technologies 
**this production step is relevant after the vulcanisation process for tyres with minor defects 

 

Car and truck and bus tyres production may have slightly different figures in 
terms of % of allocation of solvents in the production process (in general 
the tread preparation and extrusion may constitute the dominant factor). 
The total amount of VOC emissions depends on the dimension of the 
factory. A typical car tyre factory in the year 2000 was emitting from 400 to 
800 tons of solvents per year. 

 

4.2 Process description 

General rubber good production 
The general rubber goods sector covers a broad range of products with 
varying shapes, sizes and rubber-composition. As a consequence, different 
production steps may be necessary for different products. However, the 
following major process steps are essential for all rubber conversion 
processes: 

- Compounding of rubber mixture 

- Shaping 

- Finishing 
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- Vulcanisation 

For the compounding and mixing of rubber mixtures no solvents are used.  

 

Preparation of components  

Some products require the preparation of components e.g. fibres in the 
case of tubes or other re-enforced components. The preparation stage may 
involve the use of solvents. 

For many products, a combination of rubber with metal (or another material 
such as a textile) is used. The metal typically has the function of stabilising 
or re-enforcing the product. 

Shaping  

Various techniques are used to shape the rubber mixture including 
extrusion, calendering, form moulding or transfer moulding.  

Extrusion machines are typically used to form rubber into bars, tubes, 
profiles, or sheets or to encase cables and wires. Where extrusion is the 
only production process, the shaped rubber products subsequently pass 
directly to a drying oven for curing. Within the shaping process solvents are 
partly used. 

Calenders are used to form thin sheets of rubber coated materials (e.g. 
fibres). For this type of production no organic solvents are in use.  

Formed articles are produced by processes like pressing, transfer moulding 
and injection-moulding. These processes typically combine shaping and 
vulcanisation in one step. Solvents are used as mould release agents (see 
below vulcanisation).  

Finishing 

During this production step, the final product is built up from layers of 
extruded, calendered or re-enforcing materials (e.g. wire, aramid fibres, 
etc.).  

Solvent based adhesives (“cement”) are used to stick together the different 
layers.  

Vulcanisation / Curing 

Vulcanisation changes the properties of the rubber from thermoplastic to 
elastic by cross-linking macromolecules of the rubber at elevated 
temperatures. No solvents are used for the vulcanisation process itself. But 
to increase the flow of the rubber mixture into the mould and to avoid 
sticking of the vulcanised product to the mould, solvent based mould 
release agents are often applied as pre-treatment before the vulcanisation. 

Cleaning of equipment 

Organic solvents are partly used for cleaning of equipment.  

 
Tyre production 
Tyre production consists of numerous process steps starting with the 
compounding of the rubber mixture, then the production of the component 
parts of the green tyre (e.g. textile cord, beads, treads), and finally the 
assembly and the vulcanisation of the green tyre. The different productions 
steps are illustrated in section 4.1. 
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Basically, a tyre consists of the following components:  

• Inner rubber liner 

• Belt of several layers of steel cord 

• Two rings of steel bead wire coated in rubber 

• Rubber side walls 

• Various plies of re-enforcing fibres sandwiched in rubber 

• A thick rubber tread 

 

The manufacture of certain components of the tyre e.g. impregnated textile 
cord can take place either in the tyre production plant or at the plant where 
the textile is produced. 

The main production steps are the following: 

 

Mixing/Compounding 

The compounding and preparation of the rubber mixture takes place in 
special mixers ("Banbury mixers"). After extrusion or calendering the final 
rubber compounds are ready for further application. This production step 
does not involve the use of solvents. 

Preparation 

This covers a number of different processes involving the preparation of the 
different components of the tyre like textile plies, steel belt, beads and 
treads. Extrusion of treads and other components in these steps are the 
processes mainly involved in the use of organic solvents in order to tackify 
the rubber. 

Assembly 

The individual components of the tyre are assembled during this phase and 
thus the tyre is built up layer by layer. Solvent-based products are used as 
“cement” (solvent with a small percentage of compound dissolved in) to 
adhere the different layers together. The main function of the cement is to 
prepare or to “refresh” the surface of the different layers, enhancing the 
tackiness of the different surfaces. 

Finishing 

After assembly of the components, forming/shaping of the tyre takes place 
during the finishing phase. During this production step solvents may be 
used as lubricants, for certain types of tyres. It does not represent a 
significant contribution to the total solvent consumption of the process.    

Vulcanisation 

During the vulcanisation process the rubber changes its properties from 
thermoplastic to elastic. In some cases the “green” tyre is treated with 
solvent-based mould release agents before the vulcanisation process. 
These enhance the flow properties of the green tyre into the mould.  

Cleaning of equipment 

Organic solvents are partly used for cleaning of equipment in contact with 
rubber. 

 

TYRES ARE BUILT 
UP BY SEVERAL 
DIFFERENT LAYERS 
OF RUBBER AND 
RUBBER COATED 
COMPONENTS  
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5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

General Rubber goods 
In the general rubber goods industry the following solvents are commonly 
used as tackifiers and for cleaning activities. 
Table 4: solvents used in the general rubber good manufacture [SNCP 2002] 

solvent Function 

toluene Adhesive 

ethanol Cleaning 

trichloroethylene Cleaning 

Methyl ethyl ketone (Butanone) Pre-treatment of components 

 

Tyre industry 
In the tyre industry, only heptane or light naphtha fractions are used as 
solvents in various process steps during manufacture. Heptane is the main 
component (90%) of the “cement” which is used for tackifying activities in 
the various assembly stages.  

 

5.2 Solvent consumption and emission levels 

The annual solvent consumption by the rubber industry is ~ 4% of total 
European solvent consumption [ESIG].  

In the case of tyre manufacture the average emission factor has changed in 
the last 10 years from 7.1 kg/t of tyre to about or even less than 3 kg/t of 
tyre for certain types of tyres [SNCP 2002], [Bridgestone 2008A], [Michelin 
2007], [Pirelli 2007]. In 2000, VOC emissions from tyre production were 
estimated to be 22 kt representing 0.21% of the total NMVOC emission in 
the EU 25 [EGTEI]. In general rubber goods manufacturing the average 
solvent emissions was reduced from 13.8 kg/t of product (1990) to 8 kg/t of 
product in 1999 [SNCP 2002]. At present average VOC emissions are 
below 5 kg/t of product.  

 

5.3 Key environmental and health issues 

VOC emissions, together with NOx emissions, are precursors of ground 
level ozone formation in the presence of sunlight. Existing occupational 
workplace limits should be taken into consideration. 

Emissions of VOC to air may occur from: 

- the storage of the solvents 

- the preparation of components 

THE VOC EMISSION 
FACTOR IN THE 
RUBBER INDUSTRY 
HAS DECREASED 
SIGNIFICANTLY IN 
THE LAST 10 YEARS 
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- the assembly of components 

- finishing 

- vulcanisation 

- cleaning operations. 

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

The process generates waste containing solvents which need to be 
disposed in a way that emissions to air, soil and groundwater are prevented 
or limited.  

In the general rubber good production the halogenated solvent 
trichloroethylene (R45, R68; R67; R36/38; R52/53) is of special concern.  
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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 

General: cleaning 

Solvent based cleaning activities can be substituted in most cases by VOC-
free products like water-based cleaners with the same cleaning properties.  

Tyre production 

Water-based systems are available and in use for the pre-vulcanisation 
treatment, which in conventional systems is a major source of VOC 
emission. 

The use of these water-based mould release agents results in higher 
energy costs for the drying process. In addition the drying time is 
prolonged. 

General rubber goods production 

Water-based alternatives are available for injection, compression or 
transfer moulds [Henkel 2008].  

 

6.1.2 Switch to VOC-free technology  

Tyre production: Use of high tackiness rubber  

The assembly of tyre components uses solvent based products as 
tackifying agents, but the same effect can be achieved using an adhesive 
rubber strip containing tackifying resins in the formulation and thus solvent 
based cements are not necessary later in the assembly process. 

The use of high tackiness rubber or thin layers of high tackiness rubber 
bands might require both some modifications of the assembly process and 
high investment costs. In addition the adoption of the tackifying resins and 
the technical realisation of the reformulated rubber is very time and cost 
intensive.  

Generally the improvement of tackiness performance of compounds is an 
effective measure to reduce VOC emissions for all extruded compounds. 

  

WATER-BASED 
MOULD RELEASE 
AGENTS ARE 
REDUCE THE USE OF 
SOLVENTS 
SIGNIFICANTLY 
 

THE USE OF AN 
ADHESIVE RUBBER 
BAND IN THE TYRE 
ASSEMBLY IS AN 
EFFECTIVE 
MEASURE TO 
REDUCE VOC 
EMISSIONS 
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Tyre-Production: Co-extrusion  

Co-extrusion means that different layers or components which are foreseen 
to be stuck together during the assembling of the tyre are extruded in one 
production step. With this technology the use of tackifying agents - which 
are necessary to adhere the layers - can be avoided.  

This technology requires high investment costs because the extrusion 
machines have to be adjusted – in the best case - or replaced by new ones.  

For new lines of passenger tyres this technology is state of the art. In some 
cases solvent application might be still necessary but only to a very limited 
extent compared to conventional installations.  

 

General rubber goods: Solvent free production of printing blankets  

Printing blankets typically consist of three different rubber layers. The 
production of printing blankets is conventionally carried out by solvent-
intensive painting technology.  

Since a few years a new production process is available. The roller-head-
installation combined with a three-roll calender allows a 100% free 
production of printing blankets.  

This new technology requires high investment costs. 

[Contitech 2008], [KGK 2004] 

 

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. 

Tackifying agents with reduced VOC-content or less volatile components 
are available, but the applicability of these products needs to be tested for 
each process. In the tyre industry cements are available with different solid 
content (e.g. 5, 8, 10, 15 or 20%).   

 

NEW  
TECHNOLOGY 
ALLOWS 100% 
VOC-FREE 
PRODUCTION OF 
PRINTING BLANKETS 
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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.  

In the rubber industry process improvements play a very important role to 
reduce VOC emissions and the following measures are commonly applied. 

7.1 Process improvements 

7.1.1 Tyre production  

a) Installation of new extrusion technology (see co-extrusion under 
section 6.1.2)  

With the installation of new extrusion technologies the number of 
production process using VOC relevant rubber solutions can be 
reduced (e.g. the different production steps for components can be 
reduced by combining them in one step) 

b) Installation of an assembly machine associated with the extruder  

Directly after the extrusion process the rubber surface typically is 
warm and thus stickier. This tackiness steadily decreases over the 
course of time. When the extrusion process is associated directly with 
the assembly this process-related tackiness can be utilised to stick 
layers together. The use of tackifying agents can be significantly 
reduced. 

c) Installation of a new system replacing the extrusion/coating of textile 
plies and other plies: this implies the full redesign of the process and 
therefore can only be applied to completely new installations and only 
for certain tyre types (passenger tyres) 

d) Use of auto-spray systems for the spraying of the solvent-rubber 
solution (cement) on the extruded components instead of manual 
wiping of components 

e) Installation of peristaltic pumps: accurate deposition of solvent-rubber 
solution over the extruder to minimize excess usage of solvents 
instead of hand brushing or dip tanks which often can lead to 
excessive application of solvent: the dissolution is applied drop by 
drop on treads   

f) Use of closed tank systems like solvent boxes with plunger can in-
stead of open boxes 

The measures mentioned under points d) – f) are aiming to optimize the 
application of solvent/rubber solutions. Apart from the investment costs, 
these measures may also cause increased maintenance costs (e.g. 
blockage of the holes from which the rubber solution is applied on 
components, due to the rubber solids accumulation with time). 

 

PROCESS 
IMPROVEMENTS 
OFTEN REQUIRE 
HIGH 
INVESTMENT 
COSTS  
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7.1.2 General rubber goods production 

a) Installation of new extrusion technology (see section 6.1.2) co-
extrusion)  

b) Use of auto-spray systems instead of manual wiping of components 

c) Use of closed solvent tank systems  

 

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 reuse VOCs or by thermal oxidation. 

7.2.1 Activated carbon adsorption 

Activated carbon is suitable for both halogenated and non-halogenated 
solvents. The recovery of the solvents can either take place on-site or 
externally. On-site recovery is of limited benefit to small companies as the 
carbon regeneration equipment is costly and experience is needed to use it 
properly. This is especially true for the systems for halogenated solvents.  

Activated carbon adsorption is applicable for flow rates between 100 and 
100,000 m³/h, with solvent concentrations of up to 50 g/m³. The recovery 
rate depends on, among other things, the type of activated carbon used 
and the operating conditions. Fresh activated carbon costs about 1 -
1.50 €/kg, while the cost for external recovery of the solvents is about 
0.60 €/kg. [Donau Carbon 2008] 

Compared with the investment costs for thermal oxidisers (about 
150,000 €), those for activated carbon filters are significantly lower (20,000-
30,000 €) but the operational costs (replacement of the activated carbon) 
are higher. [CTP 2008]  

In the tyre manufacturing industry activated carbon is only used to a minor 
extent due to the high flow rates and high VOC concentrations typically 
occurring in this industry.  

 

7.2.2 Thermal oxidation of solvent emissions 

Thermal oxidation is only recommended for non-chlorinated solvents unless 
high temperature (> 1,100 °C) is used. Otherwise, there is a risk of 
generating chlorinated pollutants (e.g. dioxins). 

Two types of thermal oxidiser are in use in the rubber industry, regenerative 
and recuperative. Both destroy VOCs by incineration (oxidation), but the 
systems differ in how waste heat is recovered.  

Regenerative thermal oxidation has at least two heat exchangers, 
consisting of beds filled with material that will allow air to pass while serving 
as a mass to absorb and store heat. While one bed is heated by the 
exhaust gas from the burner another bed gives off its stored heat to the 
VOC laden incoming gas. In recuperative thermal oxidation the heat is 
transferred directly - via a heat exchanger - from the outgoing air stream to 
the incoming air stream. 

Regenerative oxidation tends to be more efficient than recuperative thermal 
oxidation as it uses the recovered energy more efficiently to pre-heat 
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incoming process air to oxidation temperatures (~ 800 °C), consequently its 
operating costs are significantly lower than for recuperative oxidation 
systems. Regenerative thermal oxidation systems are particularly effective 
for process streams with relatively low solvent loadings but their operating 
costs are highly dependent on the efficiency of the heat exchanger.  

Regenerative thermal oxidation systems are widely used because they are 
relatively insensitive to the composition of the solvents in the process air 
and the concentration.  

Recuperative systems are mainly used for small flow rates - at higher rates 
the systems are not cost effective. They are often used in combination with 
catalytic oxidation systems. Catalytic systems operate at much lower 
temperatures (350 – 500 °C) therefore the emission of NOx is significant 
lower. Dust and catalyst poisons (e.g. sulphur-compounds) must be 
avoided. 

Natural gas is needed to heat up thermal oxidisers to an operating 
temperature of 800 °C (or 350-500 °C for catalytic systems) and the 
process is only autothermic when the VOC concentration of the waste gas 
is above 2-3 g VOC/Nm³ (for regenerative thermal oxidation). The resulting 
heat of the burning process, however, can be recovered and can be used 
for different purposes e.g. steam production. 

 

7.3 Organisational measures 

Significant reductions in VOC emissions may be achieved by organisational 
measures, such as avoidance of interim steps or long waiting times 
between production steps. Long waiting times between the different 
production steps require a refreshing of the surfaces as the stickiness of 
the rubber surface decreases after the production process by and by. 

 

THE AUTO-
THERMIC POINT 
OF 
REGENERATIVE 
THERMAL 
OXIDATION IS 
ABOVE 2-3 G 
VOC/NM³ 
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8 Summary of VOC emission reduction 
measures 

Table 5 summarizes the various approaches to substitute or reduce VOC 
emissions as described in sections 6 and 7: 

 
Table  5:  Measures for VOC substitution and VOC reduction for rubber 

conversion 

Objectives Description 

 General rubber goods 
industry 

Tyre industry 

VOC-free 
Systems   

- Use of water-based 
mould release agents 

- Use of water-based 
cleaning agents 

- New production 
technologies (e.g. for 
printing blankets) 

- Use of water-based mould 
release agents 

- Use of water-based cleaning 
agents 

- Co-extrusion of components 
- Use of high tackiness rubber 

VOC-reduced  
Systems 

- Use of VOC reduced 
tackifying agents 

- Use of VOC reduced 
tackifying agents 

Process  
Improvements 

- use of auto-spray 
systems instead of hand 
wiping of components 

- use of closed tank 
systems 

- installation of an assembly 
machine associated with the 
extruder  

- installation of a new assembly 
system which replaces the 
extrusion/coating of the textile 
plies 

- use of auto-spray systems 
instead of hand wiping of 
components 

- installation of a dip tank on the 
extruder instead of hand 
brushing treads with solutions 

- use of closed tank systems 
Abatement  
Technologies 

- Use of activated carbon 
adsorption 

- Use of regenerative or 
recuperative thermal 
oxidation 

- Use of activated carbon 
adsorption (only for small 
production units) 

- Use of regenerative or 
recuperative thermal oxidation 
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9 Good practice examples 
9.1 Example 1: Tyre production 

At a tyre production plant the major part of solvent input (95%) is in cement 
(tackifying agent) and the remaining 5% is used for cleaning or mold 
releasing.  

Before making any changes, the average VOC emission was 10-11 kg/t of 
tyres. The following measures have since been introduced to reduce the 
VOC consumption and thus the emissions: 

- Application of solvent-reduced or solvent-free tackifying agents 

- Application of water-based mould release agents 

- Installation of an improved extrusion method 

- Reformulation of the products 

- Installation of peristaltic pumps on the extruder instead of hand 
brushing or dip tanks  

- Redesign of the process (avoidance of interim steps, speeding-up 
the production process to avoid refreshing of the rubber before next 
production step. 

- Reallocation of process steps to minimize waiting time  

- Use of closed tank systems 

Major VOC emission reductions could be achieved by a reformulation of 
compounds, redesign of the process and a reallocation of the process 
steps. In addition, with these organisational measures the speed of the 
production line could be increased significantly.  

After the implementation of all these measures, VOC emissions have been 
reduced up to 3 kg/t of tyres. No abatement technologies have been 
necessary to achieve these reductions. 

 

9.2 Example 2: Tyre production 

The company involved produces tyres for the agricultural sector (46,500 
tonnes/year). The production steps comprise the mixing of rubber 
compounds, preparation of components, assembly/finishing and 
vulcanisation. 

The company identified the activities shown in Table  as VOC emission 
relevant: 
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Table 6:  Overview of possible reduction measures and corresponding VOC 
emission reductions and costs  

Description of the technology 
 

Annual reduction 
of solvent 

consumption 

Costs (constant 
production) [€] 

Reduction of the solvent use 
during the extrusion of the 
beads 

-7.92% 0 

Elimination of the first coating 
step for the treads 

-13.55% -15,000 

Installation of new equipment 
for the assembly  

-7.92% 5,000,000 

Substitution of solvent based 
solution for the repair of 
agricultural tyres by water-
based products 

-5.94% 2,000 

Installation of equipment for the 
production of contact rubber for 
the treads on the extrusion line 

-6.73% 300,000 

Elimination of solvent based 
cleaning agents  

-1.35% -1,500 

Replacement of solvent based 
products for the treatment of the 
tyres before vulcanisation by 
water-based systems 

-2.18% 2,500 

Replacement of the solvent 
based products used during the 
assembly of the tyres following 
process modifications  

-15.85% 43,000 

Total -61.45 % 5,326,000 

 

Apart from the significant VOC reduction also the productivity of the plant 
will increase with the implementation of the above described measures and 
new technologies. But the return of investment will be several years due to 
the high initial investment costs of certain measures. 

 

10 Emerging techniques and substitutes under 
development 

No emerging techniques have been reported. 

 



Guidance 18 Rubber conversion 
 

  418 

11 Information sources 
[BREF STS 2007] 
EU Commission: Reference Document on Best Available Techniques on Surface 
Treatment using organic solvents, August 2007 
[Bridgestone 2008] 
Bridgestone, Italy, personal communication, 2008, http://www.bridgestone.it 
[Bridgestone 2008A] 
Bridgestone Europe NV/SA, Belgium, Bridgestone Europe Environmental 
Commitment and Performance 2008, www.bridgestone.eu  online 
[Contitech 2008] 
ContiTech AG, 2008, online, 
www.contitech.de/pages/contitech/umwelt/drucktuchproduktion_en.html 
[DEFRA 2004] 
DEFRA, Process Guidance Note 6/28 
 [EGTEI 2005] 
Tyre Production – Synopsis sheet in the framework of EGTEI, 30.09.2005 
http://www.citepa.org/forums/egtei/30-Synopsis-sheet-tyre-production-30-09-05.pdf 
[ETRMA 2008] 
ETRMA - European Tyre & Rubber Manufacturers’ Association, Brussels,  
http://www.etrma.org 
[ETRMA 2008a] 
ETRMA-, European Tyre & Rubber Manufacturers’ Association, Brussels, personal 
communication, 2008  
[Henkel 2008] 
Henkel Loctite Adhesives Limited (2008), online, www.loctite.com 
[IFC 2007] 
IFC, Environmental Health and Safety Guidelines for Metal, Plastic, and Rubber 
Products Manufacturing, April 2007 
[KGK 2004] 
KGK, Kalandrieren statt streichen (Calendering instead of painting), Kautschuk 
Gummi Kunststoffe, 57. Jahrgang, Nr. 7-8/2004 
[Michelin 2008] 
Michelin, France, personal communication, 2008 http://www.michelin.fr 
[Michelin 2007] 
Michelin, France, Performance and Responsibility Report 2007 update (05/15/2008 
update) http://www.michelin.com,  
[Pirelli 2007] 
Pirelli, Italy, Sustainability Report 2007, http://www.pirelli.com on line 
[SE Directive 1999] 
Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of 
volatile organic compounds due to the use of organic solvents in certain activities 
and installations 
[SNCP 2002] 
Syndicat National du Caoutchouc et de Polymère (French Rubber Manufacturers' 
Association), Guide de Rédaction d’un Schéma de Maitrise des Emissions dans le 
secteur de la Transformation due Caoutchouc, 2002 
[UBA 2003] 
UBA Germany, OECD Emission Scenario Document, Additives in the Rubber 
Industry, 4th updated and amended version, 3 March 2003 
[wdk 2008] 
wdk, Die Kautschukindustrie 2007, annual report of the German caoutchouc 
association, 2007, http://www.wdk.de/ 



Guidance 19 Vegetable oil & animal fat extraction and vegetable oil refining 
 

  419 

 

 

Guidance on VOC Substitution and Reduction 
for Activities Covered by the  

VOC Solvents Emissions Directive  
(Directive 1999/13/EC) 

 

 

Guidance 19: 

Vegetable oil and animal fat extraction and  
vegetable oil refining activities 

 

 

 

 

 

 

European Commission - DG Environment 

Contract ENV/C.4/FRA/2007/001 



Guidance 19 Vegetable oil & animal fat extraction and vegetable oil refining 

 

                                                                                              420 

Content 

1 Introduction        421 

2 Summary of VOC substitution / reduction    422 

3 Description of the activity and related industry sectors  422 

4 Technical process description     424 

 4.1  Process flow and relevant associated VOC emissions  424 

 4.2  Process description      426 

5 Solvent use, emissions and environmental impact   427 

 5.1  Solvents used       427 

 5.2  Solvent consumption and emission levels   427 

 5.3  Key environmental and health issues    428 

6 VOC Substitution       429 

7 Other VOC emission prevention measures and abatement  

techniques        429 

 7.1  Abatement technologies / End of pipe measures  429 

 7.2  Process improvements      430 

8 Summary of VOC emission reduction measures   431 

9 Good practice examples      431 

10 Emerging techniques and substitutes under development  432 

11 Information sources       434 

  

      

               



Guidance 19 Vegetable oil & animal fat extraction and vegetable oil refining 
 

 421 

1 Introduction 
This guidance addresses vegetable oil and animal fat extraction and 
vegetable oil refining, presenting options to substitute or reduce the use of 
VOC and its resulting emissions. 

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

SE Directive – Scope definitions (Annex I) 
The activity "vegetable oil and animal fat extraction and vegetable oil refining 
activities" is defined as ‘any activity to extract vegetable oil from seeds and other 
vegetable matter, the processing of dry residues to produce animal feed, the 
purification of fats and vegetable oils derived from seeds, vegetable matter and/or 
animal matter. The SE Directive covers installations in which this activity is taking 
place with an annual organic solvent consumption greater than 10 tonnes. 

 

The SE Directive lays down the following activity specific emission limit 
values for vegetable oil and animal fat extraction and vegetable oil refining 
activities: 

 
Table 2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 19) 

Activity 

Solvent 
consump

tion 
threshold  
[tonnes/y

ear] 

ELVs in 
waste 
gases  
[mg 

C/Nm³] 

Fugitive 
emission 

values 
[% of 

solvent 
input} 

Total ELVs [kg/tonne] 

Vegetable 
oil and 
animal fat 
extraction 
and 
vegetable oil 
refining 
activities  

> 10 

 

 

Animal fat:  1.5  

Castor:  3  

Rape seed:  1  

Soya beans  
(normal crush):  0.8  

Soya beans  
(white flakes):  1.2  

Other seeds  
and other  
vegetable  
matter:  3 (1) 
 1.5 (2) 
 4 (3) 

Special provisions: 
(1) Total emission values for installations processing individual batches of seeds 

and other vegetable matter should be set by the competent authority on a 
case-by-case basis, applying the best available techniques. 

(2) Applies to all fractionation processes excluding de-gumming (the removing of 
gums from the oil) 

(3) Applies to de-gumming 

THE SE 
DIRECTIVE 
APPLIES TO OIL 
& FAT 
EXTRACTION OR 
REFINING IF A 
SOLVENT 
CONSUMPTION 
OF 10 TONNES 
PER YEAR IS  
EXCEEDED 
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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 
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 
Animal fat extraction is typically carried out by using solvent-free processes 
like expeller, pusher or a basket centrifuge. Animal fat extraction using 
solvents is almost phased out in Europe. 

In case of vegetable oil solvent based extraction is widely applied since 
none of the substituting technologies is currently competitive (see section 
10). Therefore the application of effective emission prevention and 
reduction measures (like mineral oil scrubber, condenser, separator and re-
boiler) is of great importance for the vegetable oil extraction industry. It is 
state of the art that the solvent used is in a closed loop process and 99.9 % 
of the input is reused. 

With regard to refining, solvents are only used if a fractionation process is 
included.  This is can lead to additional VOC emissions from refining, which 
are not related to the extraction process. 

3 Description of the activity and related 
industry sectors 

Animal fat extraction 
Animal fat extraction (using hexane) is very effective as only 2-8 % of fat 
remain in the raw material.  Other processes using expeller, pusher or a 
basket centrifuge leave higher percentages (10 to 17 %) of fat behind. As a 
result of stricter environmental regulations the solvent-based method has, 
however, largely been ceased in Europe over the past 20 years, with the 
exception of two companies. [Baert 2008]. The products from the process  
 
 
 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 
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 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. Until 
the SE Directive is adapted to this change, a final decision on which version applies can only be given 
by the European Court 
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. 

NEARLY ALL 
THE VOC 
EMISSIONS IN 
THIS INDUSTRY 
SECTOR ARISE 
FROM THE 
VEGETABLE OIL 
EXTRACTION 
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are meal and fat.  As long as the price of meal and fat are similar, there is 
no benefit in extracting higher levels of fat from the raw material and 
therefore solvent extraction is not advantageous. Because the prices have 
been similar for many years nearly every company switched voluntarily 
away from hexane extraction to less efficient melting processes to obtain 
fat. 

In the following this guidance document only deals with the extraction or 
fractionation of vegetable oil as the share of solvents which is used in 
animal fat is negligible compared to the use for vegetable oil. 
 
Vegetable oil extraction 
Worldwide approximately 22 different vegetable oils are produced on a 
commercial scale. Since the fruits from tropical plants (e.g. coconut, palm, 
palm kernel) perish rapidly, they are directly processed into oils in the 
countries of origin. Most large scale vegetable oil extractions from the three 
main oilseeds (soybean, rapeseed and sunflower seed) are performed 
globally by solvent extraction. In Europe (EU 27) the following annual 
quantities of seeds are processed: soybeans (~13.7 MnT/year), rapeseed 
(~14.9 MnT/year) and sunflower seeds (~5.2 MnT /year). [FEDIOL 2006] 

The structure of the industry has changed significantly in the European 
Union over the past ten years. Many independent companies have 
disappeared and large multinational groups have formed. The crushing 
industry is now rather stable with respect to applied technology, size of 
operations and seeds.  About 75 % of the European capacity now belongs 
to four major international groups. [FEDIOL 2008] 

Across Europe there are about 150 production units employing about 
20.000 people.  Some concentrate on one type of seed while others 
process several kinds of seeds, of which some are imported (mainly 
soybeans, sunflower) and some are produced locally (mainly rapeseed and 
sunflower seed). [FEDIOL 2008] 

Table 33 lists the production of crude vegetable oils and fats from each of 
the EU-27 (except Luxembourg) in 2006.  
 
Table 3: Production of crude vegetable oils and fats in the EU-27 [weight %] 

AT 1,1% UK 6,8% 
DE 28,5% CY 0,0% 
BE 4,6% CZ 3,0% 
DK 2,1% EE 0,2% 
ES 7,3% HU 2,8% 
FI 0,8% LV 0,2% 
FR 12,6% LT 0,1% 
EL 1,0% MT 0,0% 
IE 0,0% PL 4,9% 
IT 4,7% SI 0,0% 
NL 7,4% SK 1,1% 
PT 4,5% BG 1,7% 
SE 0,8% RO 3,6% 
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Solvent fractionation 
During the fractionation the starting material (oil) is separated into a low 
melting fraction (olein) and a high melting fraction (stearin). Fractionation 
with solvents delivers high separation efficiencies and high stearin yield and 
is therefore chosen if high stearin yields are required or stearin oil ratios 
need to be adjusted. 

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

In the solvent extraction process VOC emissions occur during cooling, 
storage and transportation of meal and crude oil. The flow chart in Figure 1 
does not describe the oil refining process in detail but concentrates on the 
extraction process, since the amount of residual solvent in the crude oil is 
much lower than in the extraction step: 
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Figure 1: Flow diagram from vegetable oil extraction process [EPA 1995] 
[NPI 1999]. [VDI 2000]  
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There are no legal requirements for the amount of residual hexane in meal 
or oil but general provision are set in Council Directive 88/344/EEC of 13 
June 1988 on the approximation of the laws of the Member States on 
extraction solvents used in the production of foodstuffs and food 
ingredients4 and levels generally need to be kept as low as technically 
possible. 

Fugitive emissions can occur during the storage of the meal or the 
deodorisation of the crude oil. On average, about half of the hexane which 
is contained in the finished meal is usually emitted during the storage 
period. 

During the process the system is kept under slight vacuum to prevent 
hexane escaping from process equipment. These vent gases are passed 
through the condenser and the mineral oil absorption system.  

In addition to the hexane used as a solvent in oilseed extraction, solvents 
can be used in the fractionation process during oil refining. 

The hexane emissions from the deodorisation process in the refining 
process are not treated due to their low concentration and small amount. 

Typical process values for hexane based extraction of vegetable oil are 
summarized in Table 4. 

 
Table 4: Typical hexane value ranges [TC 2008], [VDI 2000] [IU 2008] 

Component Value 

Oil content in prepared flakes 6 – 11% 

Miscella  10 – 30 % oil, 70 - 90 % hexane 

Hexane in crude oil ~ 0.02 -0.05 kg per tonne used seed 

Finished oil ~ 1 ppm 
Mineral oil scrubber hexane emissions 0.05 – 0.15 kg per tonne used seed 

Hexane concentration in exhaust air 
after mineral oil system 

10 – 25 g/m³ 

Hexane emission into exhaust air from 
Meal dryer/cooler  

0.01 – 0.05 kg per tonne used seed  

Hexane in finished meal  300 – 500 ppm 

Hexane emission during storage of meal ~ 200 ppm 

Tank breathing and fugitive emission ~0.01 kg per tonne used seed 

Hexane in waste water < 0.0001 kg per tonne used seed 
Total hexane emissions 0.5 – 1.2 kg per tonne used seed* 

* for more details see Table 5. 
 

 
 
 
 
 
 
 
 
4 OJ L 157, 24.6.1988, p. 28 
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4.2 Process description 

Preparation 
Oilseeds are prepared for oil extraction by cleaning, dehulling, flaking, 
conditioning and in many cases pressing. 

Extraction 
The oil from the rough ground raw materials (oil seeds with a low oil content 
or expeller pulp produced by previous cold or hot pressing) is extracted 
using a solvent, such as hexane. The residues, then known as extraction 
meal, have a residual oil content of only 0.5 – 1.5 % solvent. 
Hexane based solvent extraction can be used alone or together with an oil 
expeller/press. With the expeller 70 to 75 % of the oil can be extracted - 
depending on the seed. The pulp is then mixed with hexane to extract up to 
95 % of the total oil content. The oil dissolved in hexane is then separated 
by distillation.  

Desolventizer & Toaster 
The hexane must be removed from the flakes after the solvent extraction. 
Two removal technologies are established, the `conventional 
desolventizing' for animal feed and the `flash’ desolventizing for human 
feed. Flakes that enter the desolventizer contain about 35 to 40 % of 
solvent. 

Conventional desolventizing for animal feed 

Hexane can be stripped from the flakes using either contact (“toasting”) or 
non-contact processes. After heat-assisted drying the flakes are cooled 
with ambient air. The defatted and grounded meal can be used for animal 
feed.  

Flash desolventizing for human food products 

In the flash desolventizing process the solvent is removed from the flakes, 
under vacuum, using non-contact steam or superheated hexane. After the 
desolventizer a steam stripper step is applied, the gases of the 
desolventizer and the stripper are collected and passed to the solvent 
recovery system. 

Less than 5 % of the produced flakes are used for human food (white 
flakes). They are produced separately and are not combined with flakes for 
animal feed.  

Dryer and Cooler 
After the desolventizer the meal is dried and cooled before storage. The 
removed hexane is reused with little fugitive emissions (10-50 g per tonne 
used seed) to air. 

Miscella Distillation 
The solvent-oil mixture (Miscella) containing approximately 10 to 30 % oil is 
undergoing a multi-stage distillation process for solvent recovery. The 
desolventising of the oil is done by exposing the miscella to steam (contact 
and non-contact). 

 

FLASH 
DESOLVENTIZIN
G IS USED FOR 
THE 
PRODUCTION OF 
WHITE FLAKES 
FOR HUMAN 
DIET; 
CONVENTIONAL 
DESOLVENTIZIN
G IS USED FOR 
THE 
PRODUCTION OF 
MEAL FOR 
ANIMAL FEED. 
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Oil refining (deodorisation) 
Oil refining is done to prepare the oil for shipment. Unwanted substances 
as phosphatides, color-producing substances, residual soap or substances 
with an undesirable smell are removed. During deodorisation volatile 
compounds are removed by steam injection under a high vacuum. 

 
Solvent recovery system 
The solvent recovery system consists of condenser, separator, reboiler and 
mineral oil scrubber.  

Hexane contaminations are either in water or air. The majority of the 
hexane in the water is removed with a separator. With a reboiler the 
amount of hexane in the water is further decreased. The majority of the 
hexane in the air is removed with a condenser, which liquefies the hexane. 
The final hexane removal from the air is done by a mineral oil scrubber (see 
also section chapter 7) 

 

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

For decades only hexane has been used for solvent-based vegetable oil 
(and animal fat) extraction in Europe. 

 

5.2 Solvent consumption and emission levels 

The overall non methane VOC emissions from vegetable oil extraction were 
approximately 50 kt in the EU 25 in the year 2000. [Synopsis 2005]. 

 

Solvent vegetable oil extraction 
Typical hexane emissions from the solvent extraction process are given in 
Table 5: 

 
Table 5: Typical hexane emissions from the solvent extraction process [VDI 2000] 

[IU 2008]  

Hexane emissions kg hexane per tonne seed 

Soybeans 0.5 – 0.8 

Rapeseed 0.5 – 1.0 

Sunflower seed 0.5 – 1.0 

Linseed approx. 2 

Castor beans < 3 
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Solvent fractionation 
In case of solvent fractionation emissions only sum up to approximately 3 
kg per tonne produced oil due to the use of emission prevention and 
abatement techniques [Cryo-condensation, membrane systems, good 
housekeeping, leak detection and repair programme (LDAR-programme)]. 
Emission might also occur from the vent system, rectification (water 
removal) or emit as fugitive emissions. [FEDIOL Q 2008] 

 

5.3 Key environmental and health issues 

In vegetable oil & animal fat extraction and vegetable oil refining mainly 
hexane is used for different types of processes e.g. extracting and 
fractionating. 

VOC emissions together with NOx emissions are precursors of ground level 
ozone formation in the presence of sunlight. Occupational workplace limits 
should also be taken into consideration. 

Emissions of VOC to air may occur from both the process and the product 
storage. 

Hexane poses a particular health hazard as it may cause peripheral nerve 
damage following chronic (long- term) exposure [ESIG 2003]. Hexane is 
flammable, harmful, dangerous to the environment and toxic to 
reproduction (category 3). As a consequence of its potential environmental 
and health impact hexane is classified as R48/20 substance with some 
‘danger of serious damage to health by prolonged exposure’.  

Acetone is extremely flammable as liquid or vapour. It causes skin and eye 
irritation and is harmful if swallowed.  Vapour may cause flash fire and is 
harmful if inhaled. High vapour concentrations may cause dizziness.  

Meal which has been in contact with hexane is only used for animal 
feeding; meal for human food is completely solvent free.  
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6 VOC Substitution 
Various solvent free extraction processes have been tested for vegetable 
oil extraction (see section 10) but at the moment none of these 
technologies is considered economically and/or technically feasible in 
Europe (see section 10 on emerging techniques). 

 

7 Other VOC emission prevention measures 
and abatement techniques  

Preventive measures, process improvements and abatement techniques 
can be used to prevent and reduce VOC emissions, where VOC 
substitution is not possible. The following measures are commonly applied 
for vegetable oil solvent extraction: 

 

7.1 Abatement technologies / End of pipe measures 

Condenser, hexane/water separator and reboiler 

The collected hexane-laden air from the plant is passed through a water 
shell-tube condenser. The treated air includes the vented air from the 
surrounding needed to maintain a small vacuum in the process equipment. 
This small vacuum prevents fugitive emissions from the equipment. Due to 
the low boiling point of hexane (69°C) a water shell-tube condenser – with 
low energy consumption and costs - is sufficient to recover most of the 
solvent. In a separator, the hexane/water mixture is separated into hexane 
which is reused, and water, which is further treated in the reboiler. The 
reboiler heats the water to at least 85°C to evaporate remaining solvent 
[FEDIOL 2007]. The vapour from the reboiler is directed to the condenser 
and the waste water containing less than 3 mg/l hexane is fed to the waste 
water system. The air from the condenser still contains small amounts of 
hexane and is directed to the mineral oil scrubber.  

 

Mineral oil scrubber 

Non condensable components and hexane are removed from the air 
coming from the condenser in a mineral oil scrubber consisting of an 
absorption column with cold, food grade mineral oil. The hexane-laden 
mineral oil is then passed through a steam stripping column to recover the 
hexane for reuse. After cooling the mineral oil is reused in the mineral oil 
scrubber. 

 

Cryo-condensation  

In comparison to the conventional condensation which often uses water as 
cooling agents in case of cryogenic condensation coolants like nitrogen are 
used to achieve very low temperatures (e.g. in case of nitrogen -120 °C).  

Cryogenic condensation efficiency typically exceeds 99% and so it offers a 
very high degree of VOC emission reduction. It is also a very versatile 
process. Since the condensation process is influenced by the vapour 

THERE IS NO 
VOC FREE 
COMPETITIVE 
SUBSTITUTION 
FOR SOLVENT  
BASED 
VEGETABLE OIL 
EXTRACTION YET



Guidance 19 Vegetable oil & animal fat extraction and vegetable oil refining 
 

 430 

pressure of the compound to be separated, adapting the condenser 
operating conditions allows handling the wide range of concentrations and 
compounds present in the pharmaceutical industry.  

For cryogenic condensation the flow rate can vary between 10 up to 3000 
m³/h. The minimum loading should be above 20 g VOC/Nm³ and the 
pressure between 20 mbar and 6 bar [BREF LVOC, PanGas, Glatt]. 
Cryogenic condensation is therefore appropriate for low flows and high 
concentrations. By varying the cooling temperature different types of 
solvents can be recovered.  

Operational costs depend on the cooling gas used; the cost of liquid 
nitrogen is around 30-50 €cent/l.  

This technology is used for the solvent fractionation. 

 

7.2 Process improvements 

Diffuse emissions occur during storage, transport and processing of meal 
containing some residual hexane. In addition, fugitive emission may occur 
through flanges, valves and pumps, but are largely prevented by the 
vacuum conditions of the system.  

Fugitive VOC emissions may also arise from solvent storage, handling and 
leaks. The most commonly used measures to reduce these emissions 
involve process improvements to collect escaping vapours from process 
systems, storage tanks, and handling areas etc. in local exhaust ventilation 
hoods for subsequent treatment or abatement. The fugitive emissions in 
this industry are less than 0.1% 

A wide range of best practice and process improvements are possible 
which aim at containing VOC emissions. The following list is not 
exhaustive:  
 Leakage monitoring 

 Process parameter optimisation 

 Throughput measurement installations 

 Increased efficiency from optimised process technologies  

 Back venting to the solvent delivery tanks during bulk storage tank filling  

 Improved exhaust air collection systems 

 Implementing leak prevention systems 

FUGITIVE 
EMISSIONS CAN 
BE REDUCED BY 
GOOD 
HOUSEKEEPING, 
LEAKAGE 
CONTROL AND 
THROUGHPUT 
MEASUREMENT 
INSTALLATIONS 

CRYOGENIC  
CONDENSATION IS 
PARTICULARLY 
USED FOR 
CHLORINATED OR 
OTHER VALUABLE 
SOLVENTS 
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8 Summary of VOC emission reduction 
measures 

The following table summarizes the VOC emission reduction measures 
discussed in chapters 6 and 7: 
 

Table 6: Measures for VOC substitution and reduction in vegetable oil extraction 

Objectives Description Applicability 

VOC-free systems Test phase  
VOC-reduced  
systems 

Test phase  

Process  
improvements 

Collecting of exhaust air 
Proper handling of solvents  
Solvent recovery/recycling 
Good housekeeping 

Applicable in all 
cases and state of 
the art 

Abatement  
technologies 

Condenser, water separator, re-
boiler 
Mineral oil scrubber 
Counter current de-solventizer 
and toaster 

Applicable in all 
cases and state of 
the art 

 

9 Good practice examples 
All European companies extracting vegetable oil use the same process and 
therefore solvent reduction resulted so far mainly from company specific 
improved process parameters.  

Best case examples would include company specific know-how and this 
might lead to competitiveness issues.  
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10 Emerging techniques and substitutes under 
development 

Different technologies have been developed to obtain vegetable oil. These 
include enzymatic, supercritical CO2, osmotic shock and ultrasonic 
extraction. None of these emerging techniques are realised on an industrial 
scale. The main unsolved problems are of economic and/or technically 
nature. These technologies mostly require significantly more energy than 
the conventional hexane-based extraction. 
 
Supercritical Fluid extraction 
Nearly 100% of the seed oils can be extracted with supercritical fluids,  
such as CO2. This method, however, needs special equipment for 
containment and pressure. In this extraction process CO2 is liquefied under 
pressure and then heated to the point that the CO2 has properties of both a 
liquid and a gas. This occurs at approximately 80°C and 700 bar. Yields 
with supercritical fluid extraction are typically much higher than those of 
extractions performed by traditional techniques. [JACOS 2006] This 
process is 100 % solvent-free but very energy intensive mainly due to the 
high pressure which has to be reached. [TC 2008]. 
 
Enzymatic extraction 
Enzymes are used to degrade the cell walls with water acting as the 
solvent, which makes fractionation of the oil much easier. Although this 
process would result in process improvements it is not implemented due to 
the high operational costs [OILGAE] [TC 2008] 

Novo Nordisk calculated a pilot plant for enzymatic oil extraction. Table 7 
and Table 8 show a comparison between this plant and an existing solvent 
extraction plant. Both plants were dimensioned for processing 100,000 
tonnes of rapeseed per year.  

 
Table 7: Comparison of output form an enzyme process and conventional process 

processing 100,000 t/y of rapeseed 

Product Enzyme process production 
t/y 

Conventional process 
production t/y 

Oil 35,000 38,000 

Protein meal 32,400 --- 

Fibres 16,302 --- 

Syrup 28,303 --- 

Rape meal --- 62,000 

 

MANY 
SUBSTITUTIONS 
FOR THE USE OF 
SOLVENT FOR 
VEGETABLE OIL 
PRODUCTION 
HAVE BEEN 
TESTED, BUT 
ONLY WITH 
MINOR SUCCESS 
YET. 
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Table 8:  Comparison costs (mio €/y) for an enzyme process and conventional 
process processing 100,000 t/y of rapeseed. 

 Cost unit Enzyme Process 
[mio €/y] 

Conventional Process 
[mio €/y] 

Process equipment 3.25 6.07 

Drying equipment 3.59  

Utilities 1.51  

Engineering and 
installations 1.41 1.49 

Buildings (silos....) 3.28 3.17 

Unexpected costs 1.69 3.03 

In
ve

st
m

en
t c

os
ts

 

Total 14.73 13.76 

Manpower 0.62 0.75 

Energy 1.95 0.66 

Subsidiary material 
enzyme 4.94 0.00 

Subsidiary material 
chemicals 0.65 0.13 

O
pe

ra
tio

na
l 

an
d 

m
ai

nt
en

an
ce

 c
os

ts
 

Production costs per 
year 8.16 1.55 

 

The enzyme process provides oil and protein of a higher quality and 
additional products are manufactured. The enzymatic process is 
nevertheless uneconomical due to the operational and maintenance costs 
which are about 5.3 times higher than for a comparable solvent extraction 
plant. [Novo Nordisk 1998]  
 
Ultrasonic-assisted extraction 
Ultrasonic extraction can accelerate the extraction process. The ultrasonic 
waves are used to create cavitation bubbles. When these bubbles collapse 
near the cell walls shock waves and liquid jets are created that cause the 
cell walls to break and release their content into the solvent. 

The practical implementation of this technology is very costly and thus it is 
not yet realised. [OILGAE] [TC 2008] 
 
Osmotic shock 
This is a sudden reaction at osmotic pressure which causes cells in a 
solution to rupture. A realisation of this technology failed so far due to 
economic reasons. [OILGAE] [TC 2008] 
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1 Introduction 
This guidance addresses the manufacturing of pharmaceutical products, 
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 ‘manufacturing of pharmaceutical products’ is defined as synthesis, 
fermentation, extraction, formulation and finishing of pharmaceutical products 
and where carried out at the same site, the manufacture of intermediate 
products. The SE Directive covers installations in which this activity is taking 
place with an annual organic solvent consumption greater than 50 t. 

 

This activity covers primary pharmaceutical production and activities 
related to the formulation and finishing of pharmaceutical products 
(secondary pharmaceutical production). Primary pharmaceutical 
production includes production of bulk pharmaceuticals, drug 
intermediates and active pharmaceutical ingredients (API) by means of 
synthesis, fermentation and extraction. Examples of activities related to 
formulation and finishing include physical formulation, tablet coating and 
filling. 

The SE Directive lays down the following activity specific emission limit 
values for manufacture of pharmaceuticals: 

 
Table 2: Emission limit values of the SE Directive  

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 20) 

Activity Solvent 
consumption 

threshold  
[tonnes/year] 

ELVs in 
waste gases 
[mg C/Nm³] 

Fugitive 
emission 

values 
[% of solvent 

input] 

Total ELVs 
[% of solvent 

input] 

manufacturi
ng of 
pharmaceut
ical 
products 

> 50 20* 

New 
installations: 
5%** 
Existing 
installations: 
15%** 

New 
installations: 5%  
Existing 
installations: 
15%  

Special provisions: 
* If techniques are used which allow reuse of recovered solvent, the emission limit 
value in waste gases shall be 150 mg C/Nm³. 
** The fugitive emission value does not include solvent sold as a part of products 
or preparations in a sealed container. 
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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 substances1as 
well as for halogenated VOCs that are assigned the risk phrases R40 or 
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 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 
VOCs are emitted by many of the diverse processes, such as syntheses, 
fermentation and extraction, used in primary pharmaceutical production. 
In secondary pharmaceutical production VOC emissions arise from mixing 
or granulation processes, tablet coating and filling of liquid preparations. 

Abatement technologies are the most cost effective means of reducing 
VOC emissions from existing pharmaceutical manufacturing. Solvent 
recovery by condensation, absorption and adsorption can be used for 
waste streams with high VOC loads or valuable solvents. Thermal 
oxidation (regenerative, recuperative or catalytic) is needed when a broad 
range of different solvents is present and/or there is a low to medium load 
of solvent in the waste gas stream. Biological scrubbers are most effective 
for high volume waste gas emissions with a low VOC load. 

Solvent free or reduced solvent production processes should be 
considered for processes that are still at the development stage - when 
process modification is possible. The assessment of new compounds 
should include a review of alternative solvents for processes as standard. 

Aqueous products are available that are suitable for the equipment 
cleaning systems used in a broad range of applications.  

Improved equipment, air extraction, and end-of-pipe abatement 
technology can be used to reduce the fugitive VOC emissions that result 
from the handling, storage and mixing of solvents.  
 
 
 
 
 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 
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 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. 
Until the SE Directive is adapted to this change, a final decision on which version applies can only be 
given by the European Court 
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. 
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3 Description of the activity and related 
industry sectors 

The European pharmaceutical sector comprises more than 2,200 
companies (separate legal entities) [EFPIA 2008] whose activities range 
from R&D to manufacturing and marketing. The industry structure varies 
from country to country, reflecting differing medical traditions, intellectual 
property protection standards and industrial policies. In 2006, the 
pharmaceutical production was worth an estimated € 190 billion4 [EFPIA 
2008].  

Approximately 730 installations were registered and authorised under the 
SE Directive in the period from 1999 – 2003 as manufacturing 
pharmaceutical products in EU 15 [Implementation 2006].  

The pharmaceuticals sector is composed, predominantly, of very big 
companies with various production sites and a large number of different 
products. Nevertheless there are also numerous small and medium sized 
companies that specialise in the production of specific products.  

A very large number of different pharmaceutical products are made using 
a wide range of different production processes. Although the principle of 
these processes (e.g. chemical synthesis) may be more or less the same, 
each pharmaceutical product has its own production parameters, 
conditions, catalyst requirements, temperature, pressure, solvents, etc. 

 

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

VOC emissions occur during different processes and stages of the 
manufacture of pharmaceuticals. During primary manufacturing, 
emissions may arise from extraction, chemical synthesis, and 
fermentation processes. Fugitive emissions can arise as a result of 
leakage from reactors, storage vessels, dryers and distillation units as 
well as from valves, tanks, pumps, and other related equipment (e.g. 
centrifuges) of the production process. Cleaning of reactors and 
associated equipment with solvents can also lead to VOC releases.  

Sources of VOC in the secondary pharmaceutical manufacturing stage 
may include: storage of ingredients, mixing and blending, compounding, 
granulation, formulation, drying, tablet manufacture (pressing and 
coating), production of liquid and aerosol preparations. As with primary 
production, point and diffuse sources of emission have to be taken into 
consideration.  

The following flow charts illustrate, in a simplified way, production 
processes and corresponding VOC emission sources for the following 
processes in the pharmaceutical industry: extraction of the active 
pharmaceutical ingredient, fermentation process, synthesis process and 
compounding and formulation: 
 
 
 
4 EU 27, Norway and Switzerland 
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Figure 1: Possible VOC emission sources from extraction processes in 
the pharmaceutical industry (simplified process flow diagram) 
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Figure 2: Possible VOC emission sources from fermentation processes 

in the pharmaceutical industry (simplified process flow diagram) 
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Figure 3: Possible VOC emission sources from chemical synthesis 

processes in the pharmaceutical industry (simplified process 
flow diagram) 
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Figure 4: Possible VOC emission sources from tablet formulation and 

coating (simplified process flow diagram) 

 

The average VOC emission from primary manufacturing processes is 
between 1 and 5% of the organic solvent used. VOC emissions arising 
from secondary manufacturing processes are between 4-10% of the 
amount of solvent used [company information]. There are legal 
restrictions on the residual organic solvent content5 in finished products 
(European Pharmacopoeia6). 

. 

4.2 Process description 

The pharmaceutical industry uses VOCs as solvents in a wide range of 
processes. The following paragraphs provide a general overview of 
processes, covered by the SE Directive, where solvents are used for the 
production of pharmaceutical products. These are:  
 
5 organic volatile impurities (OVI’s) 
6  http://www.edqm.eu/ 
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Synthesis 
 

Most active pharmaceutical ingredients (APIs) are created by chemical 
synthesis and organic solvents are often used to dissolve the components 
or to act as the reaction medium.   

The various types of apparatus and equipment used for synthesis include 
reactors, condensers, crystallizers, centrifuges and distillation columns. 
The great variety of chemical synthesis processes requires a wide range 
of different solvents like acetone, ethanol, toluene, isopropanol, 
methylene chloride. 

 

Fermentation 
The pharmaceutical fermentation process includes the production and 
separation of medical chemicals such as antibiotics and vitamins from 
microorganisms. Organic solvents are used for the extraction of the API 
(e.g. penicillin). The fermentation process takes place in fermentation 
vessels that are often specifically designed for the process.  

Industrial fermentation processes can be divided into two main types - 
batch fermentation and continuous fermentation - with various 
combinations and modifications.  

 

Extraction 
Extraction is used to separate organic chemicals from vegetative 
materials or animal tissue in order to manufacture botanical and biological 
products.  

Extraction can take a variety of forms and, for a particular active 
ingredient, the type and quantity of organic solvent used is prescribed in 
specific pharmaceutical manuals or guidebooks (e.g. GMP7 or cGMP8). 
After several purification steps the extracted component may be dried e.g. 
in a vacuum dryer to remove the solvent.  

Typical solvents used are ethanol, methanol, toluene or heptane and the 
process takes place in a distillation unit. Since, in many cases, single 
solvent systems are used, it is often possible to recover and re-use the 
solvent. The efficiency of the recovery step depends on the solvent and its 
volatility. 

 

Drying 
Drying is an important process, in the production and finishing of 
pharmaceutical products, whereby solvent content is reduced to a defined 
maximum residual level. Drying techniques typically used are: tumble, 
vacuum or freeze-drying, spray drying, fluidized bed dryers, and 
microwave or infrared heating.  
 
7 Good manufacturing practice (GMP). To ensure that medicinal products are consistently produced 
and controlled against the quality standards appropriate to their intended use, the European Union 
has set quality standards known as Good Manufacturing Practice (COMMISSION DIRECTIVE 
2003/94/EC laying down the principles and guidelines of good manufacturing practice in respect of 
medicinal products for human use and investigational medicinal products for human use) 
(http://ec.europa.eu/enterprise/pharmaceuticals/eudralex/vol4_en.htm. . 
8 Current good manufacturing practice, The U.S. pharmaceutical product regulations are called 
"current" Good Manufacturing regulations or "cGMP". 
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Mixing 
Organic solvents are used both as active ingredients in the final product 
(e.g. liquid preparations) and as auxiliary compounds in the mixing 
process. If used as an auxiliary compound the solvents have to be 
removed by drying. Solvents with the function of an active ingredient are 
not covered by the SE Directive but possible emissions occurring during 
the mixing. 

 

Granulation 
Granulation is the process of producing particles (grains) of the desired 
size, concentration, and physical properties for compression.  Different 
technologies – batch and continuous systems – are used; fluid bed 
systems are often used for spray granulation and agglomeration 
processes; vertical granulators might be used for wet granulation.  

Organic solvents are occasionally used as moistening agents as part of 
the process.  

 

Tablet coating 
Tablet coating, either as a batch or a continuous process, takes place at 
the end of the manufacturing process. While the majority of tablets are 
coated for cosmetic reasons or for brand identification they also have 
specialised functions - such as enteric coating, moisture protective 
coating, coating for controlled release, flavour coating, taste mask 
coating, etc. Modern tablet film coaters, typically, are closed rotating 
drums in which the tablets are suspended in a hot-air fluidized bed. The 
hot air dries the atomised coating as it is sprayed onto the tablet.  
Fluidized bed coaters can also be used for continuous tablet coating.   

Examples of organic solvents used are isopropanol (2-propanol), 
dichloromethane (DCM, methylene chloride), acetone, and ethanol. 
Besides organic solvents, aqueous systems and hydro-alcoholic solvents 
(e.g. water/ethanol) are also used.   

Besides film coatings also sugar coatings are used as protective and/or 
cosmetic layer for tablets. Sugar coatings are water soluble and contain 
no solvents. Compared to film coating, sugar coating is more time 
consuming and the weight of the tablets increases significantly (up to 
50%). 

 
Production of liquid preparations 
The active ingredients of liquid preparations are firstly dissolved then 
adjusted to the required concentration for subsequent filling. During the 
preparation and filling of liquids some evaporation of organic solvents that 
are part of the product may occur. 
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Cleaning of equipment 
Residue-free surfaces are very important in the production of 
pharmaceuticals and any cleaning agents used must be capable of 
ensuring that legally prescribed minimum residue levels are achieved.  

Pharmaceutical companies undertake the following cleaning activities:  

- Manual cleaning with or without mechanical assistance 

- Semi-automatic cleaning processes 

- Automatic processes in washers 

Fully automated cleaning processes with integrated CIP (Cleaning in 
place) systems may be used.  

Organic solvents are often used to remove organic chemical residues 
from production equipment.  

 

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

In a typical pharmaceutical/fine (non-polymer) batch chemical operation, 
organic solvent use consistently accounts for 80-90% of mass utilisation 
[Constable 2007]. They are used to provide the medium in which the 
reaction takes place, to separate the desired chemical products from 
unwanted ones and to maximize the purity of the drug. [ESIG] 

Overall more than 40 different solvents are in use in pharmaceutical 
production: 

 
• Alcohols (ethanol, methanol, isopropanol, isobutanol) 

• Ketones (acetone, methyl isobutyl ketone (MIBK, 4-methyl-2-
pentanone), methyl ethyl ketone (MEK, 2-butanone)) 

• Alkanes (hexane, heptane, cyclohexane, 2,2,4-trimethylpentane 
(isooctan)) 

• Aromatics (toluene, xylene)  

• Polar aprotics (N,N-dimethylacetamide (DMA), acetonitrile, N,N-
dimethylformamide (DMF), dimethylsulfoxide, 1,4-dioxan, N-
methylpyrrolidon, ethylene glycol dimethyl ether, diethylene glycol 
dimethyl ether, triethylene glycol dimethyl ether) 

• Esters (butyl acetate, ethyl acetate, isopropyl acetate) 

• Ethers (tetrahydrofuran (THF), methyl-tert-butylether (MTBE)) 

• Chlorinated hydrocarbons (chloromethane, dichloromethane, 
trichloromethane (chloroform), 1,2-dichloroethane) 
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Which solvents are used depends on the production process parameters 
to be met. For most processes the type and quantity of solvent are 
defined in pharmaceutical manuals (e.g. GMP) in order to achieve an end 
product of a required quality (e.g. in the case of an extraction, a change of 
solvent might result in different extraction products.) 

Methanol is the most widely used cleaning solvent but others that are 
commonly used include acetone, dimethyl formamide, and ethyl acetate. 
In many synthesis processes, to avoid contamination, the solvent that is 
used for the production is also used for the cleaning of the equipment.  

5.2 Solvent consumption and emission levels 

The total consumption of solvents by the pharmaceutical sector is 
growing: the European market shows a steady increase in demand year 
after year. [ESIG] The current demand for solvent in the pharmaceutical 
industry is about 9 % (~ 400 kt) of the total solvent consumption in Europe 
[ESIG]. For 2000, the NMVOC9 emissions were estimated to be 54.2 kt 
representing ~ 0.5% of the total NMVOC emission at an EU 25 level. 
[EGTEI 2005b]. 

5.3 Key environmental and health issues 

In the production of pharmaceuticals a broad range of different solvents 
are used for a range of processes e.g. synthesis, extraction, tablet 
coating.  

Process emissions of solvents, together with NOx emissions, are 
precursors of ground level ozone formation in the presence of sunlight. 
Existing occupational workplace limits should be taken into consideration. 

Emissions of VOC to air may occur from: 
 the storage of the solvents 

 the primary pharmaceutical production (e.g. extraction, syntheses, 
fermentation) 

 the secondary pharmaceutical production (granulation, drying, tablet-
coating) 

 cleaning operations in the primary and secondary pharmaceutical 
production 

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

In the primary pharmaceutical production (mainly for the synthesis 
process) the halogenated solvents 1,2-dichloroethane, chloromethane, 
dichloromethane and trichloromethane are of special concern. The 
solvent 1,2-dichloroethane is classified as CMR substance category 2 
(R45, may cause cancer). There is some limited evidence that 
chloromethane, dichloromethane and trichloromethane (chloroform) have 
carcinogenic effects (classification as R40 substances). 

In addition chloromethane and trichloromethane might cause serious 
damage to health by prolonged exposure through inhalation.  

9 Non-methane VOC 
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6 VOC Substitution 
The following sections describe potential substitutes for VOC (using VOC-
free and VOC-reduced systems). The sections describe associated 
application technologies and/or special conditions as well as advantages 
and disadvantages compared to systems that use solvents with a high 
VOC content. 

The manufacture of pharmaceuticals is a highly controlled process. 
Process modification after the development and authorisation of a new 
product are not or only to a very limited extent possible. Therefore it is 
essential that already during the development phase of new products the 
possible VOC-free or VOC-reduced alternatives receive the necessary 
attention. 

 

6.1 VOC-free systems 

In this section alternatives are described where the currently used VOC 
products are completely replaced by VOC-free products or systems. 

 

6.1.1 Change of solvents or processes (VOC free processes) 

The primary production of pharmaceuticals covers a wide range of 
different processes, solvents and process conditions. 

The manufacturing process parameters and special conditions for a 
particular active ingredient or product are prescribed in specific 
pharmaceutical manuals or guidebooks (GMP10 or within other manuals). 
The quality and purity of the product will depend on the type and amount 
of solvent that is used.  

Recently, however, there has been increased effort in the development of 
new or improved extraction and synthesis processes designed to avoid 
the use of organic solvents. Solvent selection guides are available to 
assist manufacturers in the selection of VOC free/low solvents or less 
harmful solvents (see section 4.1.3 of [BREF 2006 OFC]) and in the 
technical literature there are references to a wide range of alternative 
processes (e.g. solvent free synthesis129).  

Supercritical carbon dioxide is widely used as an alternative to 
conventional solvents in numerous applications, such as: extraction and 
purification of specialty chemicals and useful natural products. It is also 
increasingly being used as a solvent for synthetic processes [Green 
Chemistry 2008]. The main advantages of supercritical CO2 are that it is 
non-toxic, non-flammable, recyclable and cheaper than conventional 
solvents. Supercritical CO2 is in particular suitable for the extraction of 
non-polar substances. Polar substances as well as high molecular 
substances have bad dissolving properties in CO2. For these substances 
the addition of co-solvents (e.g. VOCs) is necessary. [Uhde 2008] 

For existing technologies the substitution of organic solvents is limited by 
technological process requirements, patents and – in particular – 
authorizations for pharmaceutical products. Therefore substitution 
possibilities have to be evaluated with care and on a case-by-case basis.  
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The selection and evaluation of the solvent to be used takes place during 
the research and development stage of new technologies. Therefore 
attention should be focused, at that early stage, on the selection of VOC-
free or low VOC containing solvents in order to avoid VOC emissions in 
the future. For example enzymatic syntheses in an aqueous solution 
might substitute for chemical syntheses using organic solvents. 

 

6.1.2 Use of aqueous cleaning systems 

Drivers for shifting from solvent based cleaning systems to aqueous 
cleaning for API manufacturing include: the relatively high cost of solvent, 
difficulties associated with storage and disposal; increasing regulatory 
pressure; inefficiency and often ineffectiveness of the solvent-based 
processes; and overall process economics. [Goliath]  

The selection of the most appropriate cleaning process depends on the 
specific process manufacturing parameters used. In many instances a 
conversion from solvent-based to aqueous-based cleaning is feasible 
provided there has been appropriate investment in equipment 
modifications and attention has been given to the details of cleaning 
process design and validation. [Goliath], [Borer 2008] 

Aqueous cleaning systems are most effective as CIP (Cleaning-in-place) 
technology. CIP is a system designed for automatic cleaning without 
major disassembly and assembly work of the parts which have to be 
cleaned (e.g. vessels). The cleaning system is already part of the 
equipment. As many installations are not equipped with these specific 
cleaning facilities a change from solvent-based systems to water-based 
systems is often linked with high investment costs. On the other hand the 
cleaning time of water-based systems is significantly shorter than for 
solvent-based products. Thus – particularly in case of batch processes – 
the downtime can be reduced significantly. [Borer 2008] 

For the tablet processing and coating process also aqueous-based 
systems are available. For example in case of a product change, the 
various stamps of a tablet press have to be cleaned. For this activity 
specific washing machines exist which carry out the cleaning with water-
based products [Borer 2008].  

A comprehensive review article, published by [Verghese 2003], describes 
current cleaning practices and the issues to be considered. It also 
describes users’ experiences of switching from solvent cleaning to 
aqueous cleaning for API manufacturing.  

 

6.1.3 Solvent less film coating of tablets 

The use of solvent-free coating systems for tablet coating is steadily 
increasing. The selection of the coating system depends on the properties 
of the tablets that have to be coated. The most common alternatives to 
solvent-based systems are aqueous systems.  

However, aqueous systems cannot be applied to all tablets due to 
possible interactions with the tablet ingredients, e.g. heat and water might 
degrade certain active ingredients. In addition, the coating dispersions 
must be demonstrated to be capable of controlling microbial growth.  
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The main advantages of aqueous systems are that they contain no 
solvents and so no VOC control measures are required. Aqueous 
systems are generally becoming cheaper than solvent-based systems 
because the price of solvents is linked to oil prices. 

Besides aqueous systems, the following different coating techniques are 
in use: 

 
 Powder coating 

 Hot-melt coating 

 Supercritical fluid spray coating (CO2) 

Similarly to the aqueous coating, the suitability of these systems depends 
on specific requirements on the coating and the tablets.  

 

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 the pharmaceutical sector: 

7.1 Abatement  

As a result of the diversity of processes and different types and amounts 
of VOC emissions arising, process improvements and abatement 
techniques are of major importance in the pharmaceutical industry. The 
selection of suitable abatement measures depends more on process 
parameters, such as flow rate, concentration and constancy of the same 
than the economic cost of a particular measure and/or approach. 

In many cases a combination of different abatement measures offers the 
best solution for a pharmaceutical production site. For VOC capture and 
recovery of valuable and re-usable solvents, condensation, absorption 
and adsorption offer the best opportunities whilst oxidation techniques 
which destroy the VOCs are commonly in use for process with varying 
solvents, concentrations or waste gas volumes. 

 

7.1.1 Condensation 

Condensation is a relatively inexpensive (except for cryogenic 
condensation with liquid nitrogen) and simple technique that is suited to 
high inlet concentrations, it enables solvents to be recovered and re-used 
[BREF LVOC]. 

Condensation of VOCs from a gas stream can be achieved either by 
increasing the pressure or, more commonly, reducing the temperature of 
the gas stream. Depending on the characteristics of the vapour, different 
types of heat exchangers can be used: refrigerated condensers (see 
section also below), scraped-surface heat exchangers or condensers in 
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series. In general indirect cooling systems should be preferred to reduce 
effluent formation.  

 

Cryogenic condensation (low temperature condensation) 
In comparison to the conventional condensation which often uses water 
as cooling agents in case of cryogenic condensation coolants like nitrogen 
are used to achieve very low temperatures (e.g. in case of nitrogen -120 
°C).  

Cryogenic condensation efficiency typically exceeds 99% and so it offers 
a very high degree of VOC emission reduction. It is also a very versatile 
process. Since the condensation process is influenced by the vapour 
pressure of the compound to be separated, adapting the condenser 
operating conditions allows handling the wide range of concentrations and 
compounds present in the pharmaceutical industry.  

For cryogenic condensation the flow rate can vary between 10 up to 3000 
m³/h. The minimum loading should be above 20 g VOC/Nm³ and the 
pressure between 20 mbar and 6 bar [BREF LVOC, PanGas, Glatt]. 
Cryogenic condensation is therefore appropriate for low flows and high 
concentrations. By varying the cooling temperature different types of 
solvents can be recovered. In comparison to alternative abatement 
technologies, cryo-condensation units are compact and they tend to be 
transportable (skid mounted). The system design minimizes moving parts, 
reducing maintenance and repair [PRAXAIR] 

In the pharmaceutical industry cryogenic condensers often use liquid 
nitrogen as the coolant (< - 196 °C). Investment costs vary from 300.000 
€ up to more than 2 million €. The technique is particularly useful for the 
recovery of chlorinated or other valuable solvents, which are frequently re-
used in the same process or other processes.   

Operational costs depend on the cooling gas used; the cost of liquid 
nitrogen is around 30-50 €cent/l. As the nitrogen does not come into 
contact with waste gas it can be used in other processes within the 
pharmaceutical production site. 

 

Re-use or recycling of solvents 
The opportunity to re-use recovered solvent for the same or another 
pharmaceutical extraction process depends on the process and the 
solvent system used. In general it is best to recover and re-use solvents in 
the same process but this is not always possible and allowed (“virgin 
solvent” requirements for some processes). For example, ethanol can 
acquire the odour of the extracted medium and so its reuse is often 
restricted. In such a case external recycling - after the recovery - is 
necessary.  

Recycling of solvents can take place either in-house or off-site. 
Installations with higher solvent consumption typically have their own 
integrated recovery and distillation equipment.  

External recycling takes place in specialised companies having their own 
recycling facilities to collect, clean and distil solvents. Recovered solvent 
can either be re-used by the company of origin or for other applications. 
Recycled solvents are often used as cleaning agents. They costs about 
one third as much as virgin solvent -depending on the quality (e.g. almost 
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no contaminants) and solvent type (e.g. very expensive solvents); 
recycling companies might even pay for the used solvents. [Remondis 
2008] 

 

7.1.2 Adsorption 

During adsorption, VOCs are removed from the gas stream and collected 
on the surface of a solid material. The most common adsorption medium 
is activated carbon (see below). A periodic regeneration of the adsorbents 
is necessary to ensure the effective functioning and recovery of the 
VOCs. Besides activated carbon, silica gel, activated alumina and 
molecular sieve zeolites may be used. [BREF LVOC]. 

 

Activated carbon filters 
The VOC-loaded air is passed through a filter containing activated carbon 
until it becomes saturated and then the activated carbon has to be 
regenerated by heating (using the desorbed VOC often as a fuel). 
Installations are typically equipped with two parallel filter systems to avoid 
downtime while one is being regenerated.  

Activated carbon filters are very effective for high flow rates with low to 
medium concentrations. The gas has to be pre-treated e.g. to preset 
temperature and humidity, to ensure an efficient operation. The recovery 
rate of activated carbon filters lies between 95 - 99.99%.  

Carbon adsorbers which cannot be regenerated are particularly used for 
treating odours and intermittent processes where total annual VOC 
emissions are less than ~ 20 tons.  

The following table lists some figures related to the operating conditions of 
activated carbon filters [BREF LVOC]: 

 
Table 3: Operating conditions of activated carbon filters [BREF LVOC] 

 Regenerative adsorption Non regenerative 
adsorption 

Flow 100 - >100,000 m³/h 10 - >1000 m3/h 

Load 0.01 – 10 g VOC/m³, 0.01 - 1.2g VOC/m3 

Pressure 1 – 20 atm  

 

7.1.3 Absorption 

In the case of absorption VOCs are removed from the gas stream, by mass 
transfer, to a scrubbing liquor (e.g. water, caustic, acid). This method is 
especially suitable for high VOC concentrations and can achieve removal 
efficiencies of up to 99%. The resulting mixture (absorbents plus VOCs) can 
be treated by distillation or degassing to recover the solvents for re-use.  
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7.2 Thermal oxidation (Regenerative / recuperative) 

Two types of thermal oxidiser to destroy VOCs are in common use, 
regenerative and recuperative. Regenerative oxidation tends to be more 
efficient than recuperative thermal oxidation as it uses the recovered 
energy to pre-heat incoming process air to oxidation temperatures (~ 800 
°C),. Consequently its operating costs are significantly lower than for 
recuperative oxidation systems. Regenerative thermal oxidation systems 
are particularly effective for process streams with low solvent loading but 
their operating costs depend highly on the efficiency of the heat 
exchanger.  

Recuperative systems are mainly used for small flow rates; at higher rates 
the systems are not cost effective.  

Regenerative thermal oxidation systems are widely used in the 
pharmaceutical industry because they are relatively insensitive to the 
composition and the concentration of the solvents in the process air. 
Thermal oxidation systems are used for VOC concentrations between 1-
20 g/Nm³. Thermal oxidation efficiency rates of up to 99.9% are possible.  

Thermal oxidation systems use the calorific content of the effluent stream 
VOCs, therefore after a warm up phase no additional fuel is needed for 
the oxidation process. The minimum VOC concentration for an 
autothermic oxidation process is 1-2 g VOC/Nm³.  

 

7.3 Catalytic oxidation (CO) 

Catalytic oxidation is also suitable for use in the pharmaceutical industry. 
The advantage of the catalytic oxidation compared to thermal oxidation is 
that the oxidation takes place at lower temperatures thus energy 
consumption is lower. For the use of the catalytic oxidation the following 
conditions have to be in place:  

 
 well-defined solvent content and composition 

 low flow rates 

 free from catalyst poisons (e.g. heavy metals). 

Catalytic oxidation (e.g. using a metal oxide, precious metals) can be 
initiated at temperatures as low as 280-350 °C.  

Catalytic oxidation systems are also available with regenerative or 
recuperative technology. The regenerative catalytic oxidation has 
significant economic advantages, especially in cases of low VOC 
concentration and low flow rates.  

 

7.4 Bio-oxidation 

Bio-filtration, bio-scrubbing and bioreactors destroy VOCs by biological 
oxidation using aerobic micro-organisms supported on a substrate.  
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Biological treatment is particularly effective when there are high flow rates 
and a relatively low solvent concentration. In this case the operational 
costs are significantly lower than those of thermal oxidation.  

Bio-oxidation is appropriate for a variety of VOCs (also mixtures) e.g. 
alcohols, esters, amines, ketones, aliphatic, aromatic and to a certain 
extent also halogenated hydrocarbons. Another very important advantage 
of bio-oxidation is that odorous compounds are neutralized. 

 

7.5 Process improvements 

Fugitive VOC emissions may arise from all processes steps and process 
improvements should be made to optimise the collection (via local 
exhaust ventilation hoods) and subsequent treatment or abatement of 
vapours escaping from reactors, storage and handling areas.  

A wide range of best practices and process improvements are possible 
which aim at containing VOC emissions. The following list is not 
exhaustive:  

 
 Use of adequate spraying technology in closed systems for tablet 

coating [Schlick 2008] [Process Pharma 2006] 

 Collection of VOCs from different distributed sources using local 
exhaust ventilation hoods, for subsequent control of point and fugitive 
emissions 

 Working at greater concentration to reduce the consumption of 
solvents 

 Modification of operating conditions for distillation (e.g. distillation 
under ordinary pressure instead of vacuum distillation) 

 Improved condenser efficiency (e.g. increased exchanger surfaces and 
refrigerating capacities) 

 Using dry-sealed vacuum pumps instead of liquid ring vacuum pumps 

 Using closed pressure filters or vacuum filters that are more leak free 
than open filters 

 Using vacuum dryers with enhanced solvent condensation 

 Fitting pressure vacuum relief valves to storage tanks 

 Back venting to the delivery tanks during bulk storage tank filling  

 Improved exhaust air collection systems 

 Using closed or covered mixing systems 

 Using closed containers for the transport and intermediate storage of 
solvents 

 Using closed-loop liquid and gas collection equipment for cleaning of 
reactors and other equipment 
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 Implementing leak prevention systems 

 Better control of reaction parameters (feed rate, mixing, temperature) 

 Optimisation of process parameters 

The measures described above not only help to reduce fugitive VOC 
emissions but effective VOC extraction and control may also reduce 
emission of odours.  

 

7.6 Organisational measures 

The following operational measures are aimed at reducing VOC 
emissions:   

 
 Effective production and maintenance; 

 Reduction of the number of batches and increasing batch capacity;  

 Reduced quantity of stored solvents 

 Employee training on solvent awareness including on guidance on 
effective handling and storage  

 Thorough solvent auditing (mass balance i.e. examine solvent route). 
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8 Summary of VOC emission reduction 
measures 

The following table summarizes the VOC emission reduction measures 
discussed in chapters 6 and 7: 

 
Table 4:  Measures for VOC substitution and reduction in the 

pharmaceutical industry   

Objectives Description 

VOC-free Systems Change of solvents or processes to VOC free processes  
Use of aqueous based cleaning systems 
Use of solvent less film coating of tablets (e.g. aqueous 
systems, powder coating, hot melt coating) 
Assessment and review of possible solvents during the 
development phase 

Process  
improvements 

Re-use or recycling of recovered solvents 
Installation of exhaust air extraction systems  
Extraction of solvents from storage and handling areas 
Good maintenance of the installation  

Abatement 
technologies 

Recovery of solvents by  
- Adsorption  
- Absorption  
- Condensation (e.g. cryogenic condensation) 

Thermal oxidation (regenerative or recuperative) 
Catalytic oxidation 
Bio-oxidation 

 



Guidance 20 Manufacturing of pharmaceutical products 
 

 459 

9 Good practice examples 
9.1 Example: Use of effective abatement technologies 

Many suppliers of abatement technology have adjusted their product 
range to the requirements of the SE Directive. Regenerative thermal 
oxidation systems are especially suitable for the pharmaceutical industry 
(e.g. tablet coating). Typical investment and operational costs are listed 
below:  

Nominal waste gas flow: 20,900 Nm³/h 

Possible concentration range: 0-12 g/Nm³ 

Investment costs: ~ 250,000 € 

Power consumption for the oxidation process (gas injection): <180 
kW 

Nominal power for the fan: 29 kW 

The operational costs are highly dependent on energy prices - the fuel 
gas required and electrical consumption. If the VOC concentration 
exceeds 1,6 g/Nm³, no additional fuel gas is required to maintain the 
oxidation process and the remaining operating costs of the installation 
depend only on the power consumption of the fan (29 kW) 

[CTP 2008] 

 

10 Emerging techniques and substitutes 
under development 

New production possibilities using biotechnology offer a broad range of 
new VOC free processes.  

New technologies, like photo curable pharmaceuticals, are under 
investigation for tablet coating [Bose 2006]. 
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