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1 Introduction 
This guidance addresses rotogravure (other than publication rotogravure), 
flexography, rotary screen printing, and laminating or varnishing units as 
well as 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) 
Printing is defined by the Directive as ‘any reproduction activity of text and/or 
images in which, with the use of an image carrier, ink is transferred onto whatever 
type of surface. It includes associated varnishing, coating and laminating 
techniques.’  
Rotogravure is defined as ‘a printing activity using a cylindrical image carrier in 
which the printing area is below the non-printing area, using liquid inks which dry 
through evaporation. The recesses are filled with ink and the surplus is cleaned off 
the non-printing area before the surface to be printed contacts the cylinder and lifts 
the ink from the recesses.’ 
Flexography is defined as ‘a printing activity using an image carrier of rubber or 
elastic photopolymers on which the printing areas are above the non-printing areas, 
using liquid inks which dry through evaporation.’ 
Rotary screen printing is defined as ‘a web-fed printing activity in which the ink is 
passed onto the surface to be printed by forcing it through a porous image carrier, 
in which the printing area is open and the nonprinting area is sealed off, using liquid 
inks which dry only through evaporation. Web-fed means that the material to be 
printed is fed to the machine from a reel as distinct from separate sheets.’ 
Varnishing is defined as ‘an activity by which a varnish or an adhesive coating for 
the purpose of later sealing the packaging material is applied to a flexible material.’ 
Coating is defined as ‘any activity in which a single or multiple application of a 
continuous film of a coating is applied.’ 
Laminating associated to a printing activity is defined as ‘the adhering together 
of two or more flexible materials to produce laminates.’ 

 

Other common printing techniques like sheet fed offset printing, cold set 
offset printing, digital printing, letter set printing or sheet fed screen printing 
do not fall under the scope of the SE Directive.  

The following activities, covered by the SE Directive, are addressed in 
separate guidance documents: heatset web offset printing (guidance 1), 
publication rotogravure printing (guidance 2), lamination – not associated 
with a printing activity (guidance 15). 

The SE Directive lays down the following activity specific emission limit 
values for rotogravure (other than publication rotogravure), flexography,  
rotary screen printing, and laminating or varnishing units: 
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Table 2: Emission limit values of the SE Directive 

SE Directive – Emission limit values (ELVs)  
(Annex II A – activity No. 3) 

 Activity 
  

Solvent  
consumption 

threshold  
[tonnes/year] 

ELVs  
in waste gases 

[mg C/Nm3] 

Fugitive  
emission values  

[% of solvent 
input] 

15 - 25 100 25 
Rotogravure (other than 
publication rotogravure), 
flexography, rotary 
screen printing (not on 
textile/cardboard), 
laminating or  
varnishing units 

> 25 100 20 

Rotary screen printing 
on textile/cardboard > 30 100 20 

 
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 halogenated2 VOCs that are assigned the risk phrases R40 or 
R683. 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 halogenated VOC with R40 or R68 the 
emission limit values in waste gases are 2 and 20 mg/Nm³ respectively, 
and these also apply when a reduction scheme is being used. 

Inks and varnishes for printing should not contain carcinogenic (R45, R49) 
or mutagenic (R46) substances nor substances toxic to reproduction (R60, 
R61), due to the commitment of the European Printing Ink Association 
[EuPIA 2007] to exclude these substances from their products. 

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

 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61)  
2 Halogenated organic solvents are hydrocarbons with one or more of the following halogens: fluorine, 
chlorine (e.g. trichloroethylene), bromine or iodine. 
3 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 reflect this change a final decision on which version applies can only be 
given by the European Court 
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VOC EMISSION 
REDUCTION CAN BE 
ACHIEVED WITH 
IMPROVED 
HANDLING, WITH 
WATER-BASED 
INKS, VOC-FREE 
CLEANING, 
ENCLOSED 
AUTOMATIC  
SOLVENT BASED 
CLEANING, AND 
WITH EFFICIENT 
CAPTURE AND 
TREATMENT OF 
WASTE GAS 

2 Summary of VOC substitution/reduction 
The main sources of VOC emissions from these activities are fugitive 
emissions from printing machines and other equipment, VOC from ink 
solvents remaining on the printed products and VOC in waste gas. 

Substitution of solvent-based inks by water-based or radiation-curing inks is 
possible in case of printing on paper and - with restrictions - on plastic foils. 
Cross-media effects such as increased energy consumption have to be 
taken into account. 

Regular machine cleaning can be done with VOC-free systems. The daily 
cleaning of parts can be done with ultrasonic water-based cleaning 
equipment and in closed automatic washing machines. Washing machines 
can also use caustic water-based systems instead of solvents. For water-
based inks, water can be used for daily cleaning operations. Solvents used 
for manual or automatic cleaning can be subsequently recovered by 
distillation and re-used for cleaning. 

Emissions from inks can be prevented by covering solvent-containing pots, 
vessels and ink reservoirs as well as by directly connecting solvent tanks 
with ink reservoirs. They can also be abated by using an efficient waste gas 
treatment system.  

 

3 Description of the activity and related 
industry sector 

Approximately 380 existing and new installations were reported as being 
registered and authorised under the SE Directive in the period 1999 – 2003 
in EU-15 as carrying out “other printing” (activity 3) [Implementation 2006].4 

Rotogravure printing and flexography are used in most countries of Europe, 
mainly for a great variety of packagings. In some cases flexography is used 
for newspaper printing and books. Substrates printed on are flexible 
materials (plastic foils, paper, cardboard) as well as hard materials (glass, 
metal, laminates of different materials, e.g. cardboard, fibreboard, plastic, 
metal).  

Rotary screen printing is mainly used for textiles and on wall coverings 
(both paper and plastic substrates). 

With flexography most milk cartons and multiwall bags are printed as well 
as about half of all flexible packaging, with the other half being printed 
using rotogravure. Other typical products of flexography are gift wraps, 
folding cartons, labels, tapes and envelopes, paper cups and plates.  

Quality requirements for packaging printing vary significantly from low 
quality (e.g. for fertilizer packaging, carrier bags) to high quality (e.g. for 
food packaging, cosmetics labelling). Ink quality requirements for food 
packaging printing are particularly high to avoid food contamination via 
migration of ink substances through the package.  

[German EPA 2003-1] [BREF STS 2007] [UK Guidance 2008] 
 
 
4 No data was reported from Belgium, Italy and Sweden. 
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4 Technical process description 
Installations consist mainly of 

• Printing units (ink reservoir, printing cylinder or printing screen) 

• Drying units (heated air) 

• Air extraction system (with/without waste gas treatment). 

 

4.1 Process flow and relevant associated VOC emissions 

Figure 1 shows the main relevant solvent inputs and VOC outputs of 
packaging rotogravure and flexography printing (arrows indicate the 
relevance of the VOC amount). [BREF STS 2007] [Ökopol 2008] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Main VOC input and output of packaging rotogravure and flexography printing  
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PACKAGING  
ROTOGRAVURE 
USES ENGRAVED 
PRINTING  
CYLINDERS 

4.2 Process description 

Table 3 shows some characteristics of the 3 main printing systems. 

 
Table 3: Typical characteristics of different printing systems 

 Packaging  
rotogravure 

Flexography Rotary screen  
printing 

Image carrier engraved cylinder relief plate screen 

Printing cylinder material copper/chromium photopolymer nickel stencil 

Production speed [m/min] 250 – 300 300 40 – 100 

Cylinder width [mm]  800 - 1400 600 – 1400 350 - 1100 

[German EPA 2003-1] [BREF STS 2007] [Ökopol 2008] 

 

4.2.1 Packaging rotogravure  

Rotogravure printing is characterized by the use of engraved cylinders 
made of a steel base and a copper surface. The image is engraved into the 
copper layer, mainly by digital laser-engraving, or, less frequently, with 
electromechanical engraving. To provide resistance to wear during long 
runs, the image is protected with a thin layer of chromium which is 
electroplated onto the cylinder surface.  

During printing, the rotating cylinder is covered with ink and the surface 
then scraped with a ‘doctor blade’, leaving ink only in the engraved areas. 
The image transfer takes place when the printed substrate is pressed 
between the gravure cylinder and the impression roller.  

The ink transfer to the substrate is regulated by variation of the depth and 
size of the recessed cylinder cells ('dots').  

Packaging rotogravure machines can print 6 - 10 inks and varnishes on one 
side of the material. They use the 4 standard colours as well as job specific 
colours and varnishes. Machines differ by the position of the printing units: 
the units can be positioned on a compact central impression cylinder 
(satelite cylinder, see figure 3), or in series (figure 2), which also allows 
combining gravure printing and flexography.  

 

 
[German EPA-2 2003] 

Figure 2: Schematic overview of packaging printing machine in series   
 
Rotogravure printing is usually a webfed process (substrates coming from a 
roll), except for some sheetfed presses for up to 10,000 sheets per hour, 
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ANILOX INK  
METERING ROLLS 
AVOID THE USE OF 
A  FOUNTAIN ROLL 

FLEXOGRAPHY 
USES FLEXIBLE 
PHOTOPOLYMERS 
OR RUBBER 
MOUNTED ON  
THE PRINTING  
CYLINDERS 

used for high quality decorative effects such as using metallic inks on 
metallised papers and foils. 

[Mateis-2 2001] [CITEPA 2003] [UK 2004] [BREF STS 2007]  

 

4.2.2 Flexography 

Flexographic printing machines are constructed in a similar way as 
packaging rotogravure machines (see figures 2 and 3) and both techniques 
can be combined in a single machine.  

 
[German EPA-2 2003] 

Figure 3: Schematic overview of packaging printing machine with two types of satellite 
cylinder position  
 

Flexographic printing uses flexible plates made of photopolymer or rubber 
which are glued onto a metallic printing cylinder using double sided self-
adhesive tape. Image areas on the plate harden when exposed to UV-light, 
and this "development" process produces a relief with elevated printing 
areas. 

For printing, a rubber roll (‘fountain roll’) takes up ink from the reservoir and 
transfers it to an ‘ink-metering roll’. Excess ink on the metering roll is 
removed with a ‘doctor blade’ before the remaining ink is transferred to the 
printing cylinder. Modern ‘anilox’ metering rolls have direct ink supply from 
an ink reservoir using a ‘chamber doctor blade’. The printing cylinder 
transfers the ink from the ink-metering roll to the printed substrate. The ink 
transfer to the substrate is regulated by the structure and the depth of the 
cells on the printing roll.   

 



Guidance 3 Other printing 

  55 

ROTARY SCREEN 
PRINTING USES 
SCREENS 
MOUNTED ON THE 
PRINTING 
CYLINDERS 

4.2.3 Rotary screen printing 

Rotary screen printing is characterized by the use of a stencil which 
partially covers a lightweight metal foil screen mounted on a rotating 
printing cylinder. The stencil is cut with a computer-controlled blade and is 
used to block ink from being transferred to non-image areas of the 
substrate. Inside the screen cylinder a squeegee is fixed, which is pressing 
ink through the unblocked parts of the screen and onto the substrate.  

 
[Mitter MMB 2008] 

Figure 4: Schematic overview of rotary screen printing (roll to roll) 

 

Printed material passes under a set of cylinder screens in turn, each 
printing a separate colour.  

The ink transfer to the substrate is regulated with an ink pump that supplies 
the inside of the screen cylinder. 

[Maetis-1 2001] [BREF STS 2007] 

 

4.3 Inks 

Inks for rotogravure printing, flexography and screen printing can be 
solvent-based, water-based or radiation-curing. 

For the hardening of the conventional solvent-based inks and water-based 
inks, a dryer is installed after each colour unit. Each ink has to dry before 
the substrate enters the subsequent printing unit.  

Typical temperatures for ink drying are 50°C – 100°C, with blow speeds of 
40 - 60 m/s [German EPA 2003-2]. 

Radiation-curing ink systems do not contain solvents. They use photo-
initiators to start polymerisation of the binders when exposed to radiation. 
Inks can be cured with UV light or electron beams. For this purpose, UV 
lamps or vacuum tubes producing electron streams are installed in each 
printing unit.  

[BREF STS 2007] 
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ROTOGRAVURE 
PRINTING AND 
FLEXOGRAPHY USE 
MAINLY ETHANOL 
AND ISOPOPYL 
ALCOHOL FOR INKS 
AND FOR CLEANING 

4.4 Cleaning  

The cylinder cleaning systems for rotogravure printing, flexography and 
rotary screen printing may be either manual (in-situ or external to the 
machine) or automatic (especially in new machines).  

The ink reservoir, together with tubes and pumps, has to be cleaned after 
each colour change. Additionally, regular machine cleaning, to remove ink 
splash from machine parts, is a good practice.   

[German EPA 2003-2] 

 

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used 

5.1.1 Rotogravure printing and flexography 

The principal organic solvents used in rotogravure printing and flexography 
are ethanol and isopropyl alcohol. They are used for solvent-based ink 
systems, in many water-based inks, for ink dilution and for cleaning. Ethyl 
acetate is also frequently used as an ink solvent, sometimes mixed with 
ethanol. Methyl ethyl ketone is used for varnishes. Aromatic solvents are no 
longer used, as they are not allowed for food packaging. 

Tables 4 and 5 show typical solvents used for packaging printing with 
rotogravure printing or flexography. 

 
Table  4: Typical VOC used for solvent-based rotogravure printing or flexography 

Solvent Vapour pressure  
(at 293 K) [kPa] 

Field of application 

Ethanol 5.9 Ink solvent, cleaning 
Isopropanol 4.3 Ink solvent, cleaning 
Isopropyl acetate 6.1 Viscosity adjuster 
Ethyl acetate 9.2 Thinner, cleaning agent 
Methyl ethyl ketone 10.5 Siccative, used in varnishes 
n-Butanol 1.2 Retarder 
n-Propanol 2.5 Retarder 
Methoxy propanol 1.1 Retarder 
Ethoxy propanol 0.65 Retarder 

 [BREF STS 2007] [German EPA 2003-1] 
 

Table 5: Typical VOC used for water-based rotogravure printing or flexography 

Solvent Vapour pressure [kPa] Field of application 
Ethanol 5.9 Ink solvent, siccative, cleaning 
Isopropanol 4.3 Ink solvent, cleaning 
n-Propanol 2.5 Ink solvent 

[BREF STS 2007] [German EPA 2003-1] 

Solvent-based inks for rotogravure and flexography have a solvent content 
of 40 – 75 %. Machine reservoirs are generally filled with inks with a higher 
viscosity than needed in order to give operators the flexibilty to add solvent 
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FOR ROTARY 
SCREEN PRINTING 
A WIDE RANGE OF 
SOLVENTS IS USED 

at the press to achieve a particular drying time. Ready-to-use solvent-
based inks contain ~ 80 % solvent. 

Water-based inks may contain small amounts of organic solvents. Besides 
allowing faster drying and better contact on plastic substrates, they act as 
anti-foaming agents and biocides. The total solvent content of water-based 
inks and varnishes is usually between 0 – 5 %. If a faster drying time is 
required (e.g. when printing on thin paper) the solvent content of water-
based inks may be increased to 25 %. 

[BREF STS 2007] 

In total, European liquid ink consumption for rotogravure and flexography is 
about 410,000 t/year, whereof about 35 % to 40 % is water-based [Sun 
2008]. The total amount of screen printing ink sold in Europe is about 
18,000 t/a [Maetis-1 2001]. 

 

5.1.2 Rotary screen printing 

Rotary sceen printing is employed for a great range of products and so 
uses a wide range of inks and solvents. Table 6 shows typical examples of 
the solvents used. 
 
 Table 6: Typical organic solvents used for screen printing 

Solvent Vapour pressure 
(at 293 K) [kPa] 

Ink system 

Solvent naphtha varying Solvent-based 
Xylene 0.7 - 0.9 Solvent-based 
1-Methoxypropyl acetate 0.37 Solvent-based 
White spirit varying Solvent-based 
Benzyl alcohol 0.002 Solvent- and water-based 
Diacetone alcohol 0.1 Solvent- and water-based 
Glycolic acid butyl ester 0.13 Solvent- and water-based 
1-methoxypropanol-2 1.15 Solvent- and water-based 
Cyclohexanone 0.5 Solvent- and water-based 
Dipropylene glycol 0.0029 Solvent- and water-based 
Butane-2-ol 1.7 Water-based 
3-methoxy-1-butanol 0.13 Water-based 

[Intergraf 1999] [LASI 2007] [Ökopol 2008] 
 

5.2 Solvent consumption and emission levels 

Table 7 shows data on solvent consumption collected from a range of 
rotogravure printing and flexography installations.  

The data show that for solvent-based systems the solvent consumption is 
much higher than would be expected for ready-to-use inks after dilution 
with thinners (~ 80 % solvent content). This is due to the use of thinners 
and due to the use of thinners for cleaning, due to evaporation from the ink 
reservoirs, and due to emissions from solvent handling operations (mixing 
and viscosity adjustment).  
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Table  7: The average solvent consumption of typical packaging printing 
installations when using different ink systems (related to one unit of purchased ink) 

 Rotogravure Flexography 
 Solvent-based 

[%] 
Water-based

[%] 
Solvent-based

[%] 
Water-based 

[%] 
Solvent in ink 60 5 60 5 
Thinners 101 2 81 2 
Cleaners 17 10 14 10 
Sum of  
solvents 178 17 155 17 

 [BREF STS 2007] 

Ink use for complete coverage of the printed area is ~1.5 - 2.0 g/m2 for 
white, 1.0 - 1.5 g/m2 for spot colours and 0.5 - 1.0 g/m2 for half tone colours 
[BREF STS 2007]. 

Existing machines for rotogravure printing and flexography are generally 
not been fully enclosed to ease access of operators to all parts of the 
machine. Therefore machines may have high emissions from the cylinders 
and ink reservoirs - both when printing and also when the production is 
stopped.  

The viscosity is often adjusted manually by adding solvent to the ink 
reservoir from an open container using a ladle. This practice facilitates the 
emission of VOC.  

Traditionally, manual cleaning is carried out using rags wetted with solvent, 
leading to emissions of VOC. If solvents are used in automatic cleaning 
systems or recovered by distillation, emissions may occur when the doors 
of the equipment are opened.  

If solvent-based inks are used, waste gas extraction and treatment systems 
are needed to achieve the emission limit values of the SE Directive.  

 

5.3 Key environmental and health issues 

In rotogravure printing, flexography and rotary screen printing, many 
different solvents are used for a range of processes. The most commonly 
used solvents are ethanol and isopropyl alcohol.  

Emissions of VOC, together with NOx, are precursors of ground level 
ozone formation in the presence of sunlight.  

Emissions of VOC to air may occur from: 

- the printing process and its cleaning operations, 

- the solvent recovery system, 

- the printed product. 

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

Existing occupational workplace limits have to be taken into consideration. 
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6 VOC substitution  
The following two sections describe potential substitutes for VOC (VOC-
free systems and reduced-VOC systems). There are also descriptions of 
the application technologies or special conditions needed. 

 

6.1 VOC-free systems 

6.1.1 VOC-free water-based inks 

Solvent-based ink and varnish systems can be substituted by water-based 
systems in most cases where the printed substrate is paper or cardboard. 
Difficulties may arise if low-weight paper has to be printed (e.g. bakery 
paper bags).  

Modern dryers have sufficient capacity to dry not only solvent-based but 
also water-based inks, thus no additional investment is needed [Sun 2008].   

 

Economic and cross-media effects 

Approximately 10 % more energy is required to dry water-based inks 
compared to the solvent-based inks they replace [BREF STS 2007].   

 

6.1.2 VOC-free radiation-curing inks 

In some cases UV and electron-curing ink systems can replace solvent-
based ink systems, particularly for new machines. Retrofitting existing 
machines is difficult as less pressure can be exerted between the (image 
carrying) printing cylinder and the impression cylinder, on the substrate to 
be printed. 

UV and electron-curing inks are used for flexographic printing on paper, 
cartons and self-adhesive paper-labels, especially when a high quality 
result is required. Electron beam cured inks can achieve high gloss and are 
favoured for metal decorating applications.  

If large white areas are printed, drying problems may occur when using UV-
curing inks.  
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As it is difficult to achieve complete polymerisation of the binder monomers, 
small quantities of them may migrate into the package. This can cause non-
compliance with food legislation. Therefore manufacturers of food 
packaging materials are often reluctant to apply radiation-curing inks. No 
such problems occur if laminates of cardboard and aluminium are used 
(e.g. beverage packaging).  

[BREF STS 2007] [Ökopol 2008] 

 

Economic and cross-media effects 

Radiation-curing inks contain reactive acrylates, monomers and oligomers, 
some of which have allergenic potential. 

UV curing lamps have a high energy demand and need cooling. They 
generate ozone and so additional air extraction is needed. Reports differ in 
their conclusions on whether the system needs more or less energy than 
conventional drying.  

UV lamps contain mercury and old lamps must be disposed of with due 
care. Operators must adopt safe systems of work to avoid exposure to UV 
and electron beam radiation. 

[BREF STS 2007] [Ökopol 2008] 

 

6.1.3 VOC-free cleaning systems 

VOC-free water-based cleaners can generally be used if water-based inks 
are applied. Cleaning needs to be undertaken before the inks have dried as 
otherwise organic solvents are needed for clean-up. 

Provided that automatic cylinder cleaning cannot be applied, cylinders are 
removed from the machine, and cleaning can be carried out using water-
based cleaners and ultrasonic-cleaning equipment. [IBU 2008] 

Automated cleaning of parts can be carried out, using organic solvents or a 
caustic solution. If the latter is applied, the parts need to be rinsed with 
clean water before the doors can be opened to prevent exposure to the 
alkali.  

For regular machine cleaning, CO2 (‘dry ice’) can be used. Pellets of dry ice 
are blown, using pressurized air, at about 300 m/s onto the surface to be 
cleaned. A high degree of cleanliness is achievable and no residue is left.  

Cleaning machines cost about 9,000 to 14,000 € and the dry ice about 
0.6 €/kg. Dry ice consumption is about 30 - 50 kg/h. If dry ice use exceeds 
~60,000 t per year it is economic to rent a pelletizing machine at a cost of 
about 900 €/month. [ASCO 2008]  
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[ICT 2006] 

Figure 5: Printing machine before and after cleaning with dry ice  

 
Economic and cross-media effects 

Caustic cleaning solutions require careful handling to avoid alkali burn. 
They maintain an excellent cleaning power for a long time but require 
disposal compared with solvent-based systems that can be distilled and re-
used.  

When using dry ice cleaning operators must take protective measures 
against noise and dust. Ventilation may also be needed if the work takes 
place in a confined space to avoid toxic CO2 concentrations. 

 

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 VOC-reduced ink system 

The water-based inks used instead of conventional solvent-based inks may 
themselves contain a small amount of organic solvents; this can be 3 – 5 % 
for normal substrates but can increase to 25 % for special applications e.g. 
for thin paper.  

With these inks, simple plastic packaging materials (such as carrier bags, 
refuse bags, bread bags and heavy-duty bags) may be printed successfully 
with flexography. The use of ceramic anilox cylinders improves quality.  

Recently new resins have been developed that allow flexographic printing 
on a wide range of plastic substrates. On polyethylene foil, at speeds up to 
600 m/min, the use of water-based inks can achieve an equivalent quality 
as when using solvent-based inks [Value 2007].  
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The introduction of water-based inks onto the market for plastic substrates 
has been hindered by the fact that packaging printing uses numerous 
different plastic materials. Different water-based inks are needed for each 
type of plastics whereas the same solvent-based ink can be applied on all 
plastic materials.  

For polyethylene printing in Europe, currently about 40 000 t/a of inks are 
used of which 6 % is water-based. [Sun 2008] 

 

6.2.2 VOC-reduced cleaning systems 

Cleaning of parts can be undertaken in closed automatic equipment, with 
distillation to recover solvents, saving both resources and reducing the 
environmental impact of transporting waste solvent for external distillation.  

The emission peaks that occur when the automatic washing machines are 
opened can be avoided by systems that extract solvent-loaded air before 
the doors can be opened.  

 
[DW Renzmann 2008] 

Figure 6: Automatic cleaning system 

Emissions can be further reduced if the automatic washing (and distillation) 
is connected to the waste gas treatment system.  
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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 in addition to VOC substitution as 
described in section 6. The following measures can be applied. 

 

7.1 Process improvements 

7.1.1 Improved handling 

Open containers as used e.g. for the dilution of inks at the machine and for 
cleaning are a significant source of emissions .  

Emissions can be reduced by covering solvent-containing pots, vessels and 
ink reservoirs as well as by direct connection of dilution solvents storage 
tanks with ink reservoirs. 

 

7.1.2 Optimised extraction from the machine 

Emissions from solvent-based ink systems are best reduced if the machine 
is enclosed as much as possible. This is easier to achieve with newer 
machines. Solvent-loaded air can be extracted not only from the dryers and 
above the printing unit but also from the bottom of the machine. This 
requires adaptations of the waste gas systems.  

To reduce emissions, air can be extracted for later treatment from areas 
with high VOC concentrations like ink mixing and cleaning. If waste gases 
with high VOC concentrations are routed to the treatment device, reliable 
equipment for explosion limit control needs to be installed. 

 

7.2 Abatement technologies / End of pipe measures 

If primary measures cannot be applied, VOCs may be destroyed by thermal 
oxidation, biological treatment or decomposition by thermal plasma. 
Biological and plasma treatments are mainly used for low concentrations of 
VOC (< 1 gC/m3).  

Thermal oxidisation can achieve VOC reduction efficiencies of > 99.9 %. 
Biological treatment generally has a lower efficiency but also lower 
investment and operating costs.  

Adsorption onto activated carbon or zeolite materials, followed by controlled 
desorption, may be used to concentrate a dilute effluent for subsequent 
treatment. Concentrated gas streams must be monitored to ensure that the 
carbon content never exceeds 25 – 50 % of the lower explosion limit. 
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Thermal oxidation can be used if concentrations are above 1 gC/m3. 
Consequently, low and varying carbon concentrations may require 
additional fuelling with natural gas to maintain a constant flame 
temperature. Autothermic combustion can be achieved with total carbon 
concentrations of about > 2 gC/m3. 

Recuperative oxidation systems recover waste heat from the combustion, 
via heat exchangers, to pre-heat incoming waste gas or for process 
operations such as dryers, or for room heating. 

Regenerative oxidation systems are more efficient than recuperative 
systems. The hot exhaust gas is passed through chambers containing heat 
retentive honeycomb-like material. When a chamber has achieved its full 
heat loading the exhaust gas is routed to another chamber. Cool incoming 
waste gas is heated by passage through the hot honeycomb-like material 
before it enters the combustion chamber. The regeneration of waste heat 
decreases the energy demand of the process significantly.  

Catalytic oxidation may be used if no ‘catalyst poisons’ are present; since 
catalysed oxidation occurs at a relatively low temperature the energy 
demand is reduced.  

Oxidation has also been achieved in combined heat and power plants after 
concentrating solvent-loaded waste gas and routing it as combustion air 
into the CHP plant. [HDM 2000] 

 

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 8: Measures for VOC substitution and VOC reduction  

Objectives Description 

VOC-free  
water-based inks 

Use of water-based inks with 0 % 
organic solvent content  

VOC-free  
radiation-curing inks 

Use of UV-curing inks or inks curing 
with electron beams  

VOC-free systems 
 

VOC-free cleaners Use of water-based cleaners  
Use of ultrasonic cleaning 
Use of caustic water cleaning  
Use of dry ice cleaning 

VOC-reduced  
ink systems 

Use of water-based inks with  
0 - 25 % organic solvent content  
Use of automatic washing machines 
for parts cleaning 

VOC-reduced 
systems 

VOC-reduced  
cleaning systems 

Connection of automatic washing 
systems to waste gas treatment  
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Objectives Description 

Improved handling Close open containers 
Connect dilution solvents storage 
tanks directly with ink reservoirs 

Process 
improvement 

Optimise extraction Enclose machines 
Extract from bottom of machines 

Adsorption Adsorption on activated carbon or 
zeolite and desorption for later 
treatment 

Abatement  
technologies 

Waste gas treatment Regenerative thermal oxidation 
Catalytic oxidation 
Thermal plasma 
Biological treatment 
Oxidation in a combined heat and 
power plant (CHP) 

 
 

9 Good practice examples 
As many installations where this activity is operated are applying waste gas 
treatment, the following examples focus on how such VOC abatement can 
be achieved in an environmentally friendly and cost-efficient way by using 
adsorption before oxidation or by the use of a combined heat and power 
plant. 

 

9.1 Efficiency increase of waste gas treatment  

A medium-sized printing company produces flexible plastic packaging with 
rotogravure and flexography machines. 

An existing thermal oxidation system was designed for authothermal 
combustion with carbon input concentrations of 7 g/m3, achieved with 
adsorption on activated carbon.  

When the company installed additional machines, the adsorption wheels 
didn’t provide for sufficient capacity. Therefore a part of the waste gases 
had to be routed directly into the thermal oxidation, resulting in lower 
solvent concentrations of 3 g/m3 and significantly increased need for 
additional gas firing in the waste gas treatment system. 

Greater adsorption wheels were installed with an investment equivalent to 
560 000 Euro for achieving less volume and higher carbon concentration, 
and exceeding the authothermal combustion limit of 7 g/m3 in the 
oxidisation unit.  

By the investment, annual gas savings in the thermal oxidisation of 
~ 6000 MWh were achieved, accompanied with cost savings equivalent to 
130,000 Euro per year, resulting in a pay-back period of 4.3 years.  

[Amcor 2005] 
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9.2 Solvent waste gas oxidation use in a CHP plant  

A medium-sized printing company produces packaging products using 
plastic and aluminium foils with rotogravure, flexography and offset 
machines. 

About 20.000 m3 per hour waste gas is extracted from the solvent-based 
rotogravure and flexography printing machines. Waste gases are passed 
through two adsorption wheels filled with activated carbon. After 
concentration of solvents, desorption with hot air of 120-140°C takes place.  

Solvent-loaded air is routed to two diesel engines and used as combustion 
air. The engines produce electricity and heat. Heat from the engine and 
from the exhaust gas of the engine is used for room heating, dryers’ air 
heating and for cooling. For the latter, an adsorption cooling system is 
installed.  

Exhaust gases of the two engines are cleaned with soot filters and selective 
catalytic reduction units (SCR) for decomposition of nitrogen oxides.  

An additional oil pump had to be installed to guarantee sufficient greasing 
of the engine before each start-up. 

The system was installed in the late nineties with investment costs 
equivalent to 1 Mio Euro. As a result, annual energy consumption was 
reduced by ~ 1630 MWh, and cost savings were equivalent to 100 000 
Euro per year. 

[HDM 2000] [BAUM 2002] [Rahning 2008] 

 

10 Emerging techniques and substitutes under 
development 

No emerging techniques have been reported. 
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