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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. 

95.0 % 

VOC input 
Solvents, 
solvents used 
as cleaners 

Automatic
washing 

VOC output 
Waste gas  
from exhaust  
ventilation

VOC output 
Solvents  
contained in 
products

Milling 
and dis-
persing 

Washing of 
vessels 

and parts

Finishing 
and 

blending

Washing of 
vessels 

and parts

Filling 

Distillation 

Finished  
product

100 % 

0.3 % 

2.7 % 

0.65 %

VOC output 
VOC contained 
in waste 

Dosing 
and 

premixing

Washing of 
vessels 

and parts

VOC output 
Waste gas from 
abatement 

Abatement 

0.2 % 

0.4 % 

0.05 % 0.05 %

0.3 % 

0.4 % 

Storage 

VOC output 
Emissions from 
windows, doors 

1.7 % 



Guidance 17  Manufacturing of coatings, inks, varnishes, adhesives 

  378 

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]  

 



Guidance 17  Manufacturing of coatings, inks, varnishes, adhesives 

  382 

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 
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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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