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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. 

Drying  Cooling 

DRYING IS THE 
MAJOR SOURCE 
OF VOC 
EMISSIONS IN 
THE 
PRODUCTION OF 
ADHESIVE TAPES

PRIMERS MAY 
CONTAIN 
SOLVENTS, BUT 
DICHLOROMETH
ANE BASED 
PRIMERS ARE NO 
LONGER IN USE 

Solvent based 
adhesive Coating 

Unwinding  Winding 

Condensation 

Activated carbon filter 

100 %

10
 %

 

30 %

VOC output 
emissions to air 

< 2 % 
98 %

VOC output 
emissions to air

< 2 %
68

 %
 

28
 %

 10 % 10 %

10
 %

 

VOC output 
emissions to air

13
 %

 
1 

%
 

VOC emissions 
to air

3 %

  Solvent flow 

  VOC Emissions 

  Material flow (plastic) 



Guidance 16 Adhesive coating 
 

  358 

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 
SYSTEMS ARE 
WIDELY USED TO 
REDUCE VOC 
EMISSIONS 
FROM ADHESIVE 
COATING 
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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. 

 



Guidance 16 Adhesive coating 
 

  370 

11 Information sources 
[AFERA 2006] 
AFERA 2006 Pressure Sensitive Tape Production in Europe and Asia Pacific, Exxon Mobil 
Chemical, October 6, 2006 

[BREF STS 2007] 
EU Commission: Reference Document on Best Available Techniques on Surface Treatment 
using organic solvents, August 2007 

[DFIU 2002] 
DFIU, Best Available Techniques (BAT) for the Paint and Adhesive Application in Germany, 
Karlsruhe, August 2002 

[EGTEI 2005] 
Industrial Application of Adhesives, Synopsis Sheet prepared in the framework of EGTEI, 
30.09.05 

[Exxon Mobil] 
Presentation, Pressure Sensitive Tape Production Europe, AFERA Seminar Napoli, 
September 20th, 2002 

[FEICA] 
FEICA, Association of European Adhesive and Sealants manufacturer, telephone interview, 
http://www.feica.com 

[Glutematic] 
Mr. Köpke, sales, Glutematic, telephone interview, July.2008 

[Implementation 2006]  
European Commission, DG Environment, Analyses of the reports submitted by Member 
States on the implementation of Directive 1999/13/EC, ENTEC UK Limited 2006 

[Klebstoffe] 
Industrieverband Klebstoffe, Klebstoffe im Fahrzeugbau, 2008 
http://www.klebstoffe.com/index_02.htm 

[Klebstoffe1] 
Van Halteren, CEO, Industrieverband Klebstoffe, Düsseldorf, telephone interview, June 
2008 
http://www.klebstoffe.com/ 

[Lohmann] 
Dirk Hartmann, Chief of engineering management, Lohmann GmbH & Co. KG, Neuwied, 
July 2008, telephone interview 
http://www.lohmann-tapes.com 

[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 


