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Background

The main instrument for the reduction of VOC emissions from industrial installations using
organic solvents in the European Union is 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 (SE Directive).

Article 7 (“Substitution”) of the SE Directive requires the Commission to ensure “that an
exchange of information between Member States and the activities concerned on the use of
organic substances and their potential substitutes takes place”.

The present guidance documents are the result of a Commission project to provide sector
specific information on VOC substitution and reduction measures for each of the activities
covered by the SE Directive and listed in its Annexes | and [I(A). This project was carried out
by a consortium of consultants including BiPRO and OKOPOL under the management of
AEA Technology.

The guidance documents contain detailed information on the use of substances and
techniques that have the least potential effects on air, water, soil, ecosystems and human
health. Each guidance document gives a short overview on the activity and the related
industry sector covered, describing the solvents used, the related VOC emissions and their
possible impact on the environment and on human health. Subsequently, they give a
comprehensive overview of VOC-free alternatives to conventional systems, of systems with a
reduced VOC use, and of other VOC emission prevention measures and abatement
techniques. Particular attention is given to substitution of VOCs classified as CMR
substances and halogenated VOCs carrying risk phrases R40/R68. Some practical "good
practice" examples are discussed to show opportunities and barriers to the successful
implementation of VOC prevention and reduction measures. Finally, relevant emerging
techniques and promising research approaches are presented.

The information in the guidance documents draws on the STS BREF? (Best Available
Techniques Reference document on Surface Treatment using Solvents) developed under the
IPPC Directive (2008/1/EC) as adopted by the European Commission in 2007. In addition,
numerous publications and web sites have been reviewed, interviews have been conducted
with experts of the industries concerned, researchers and industry suppliers have also been
contacted. Several stakeholders and competent authorities have been consulted and given
the opportunity to provide inputs to the project. All of their contributions have been of
outstanding value for the project and are very much appreciated.

10J L 85,29.3.1999, p.1
2 http://eippcb.jrc.es/reference/



Guidance Documents Introduction

How to use the guidance documents
These documents are intended to:

- Provide information for operators and permitting authorities of activities under the
scope of the SE Directive;

- Give a short, and easy to use overview of VOC reduction and VOC substitution
measures;

- Raise awareness and interest in recent developments that provide further
opportunities to reduce the use of organic solvents and their associated VOC
emissions.

It should be noted, however, that:

- These documents do not have the status of a BREF document and do not define
BAT;

- By focussing on VOC relevant issues, the guidance is equally applicable to large and
small installations and the documents are thus not restricted to IPPC installations;

- The documents aim to avoid undue detail, their description of technologies has been
limited to a level suitable for a general readership;

- The documents do not aim to reflect a full life cycle assessment and cost-benefit
analysis of the options presented or to contain exhaustive assessment of all cross-
media effects as these will be situation specific.

General issues to be considered when implementing VOC reduction and substitution
measures

It is important, when selecting VOC emission prevention/reduction measures, to consider the
impacts on the environment as a whole on a case-by-case basis. Options should be selected
on the basis of a balanced assessment of cross-media effects (water, soil, energy use,
waste). Life Cycle Assessment can be a useful tool for such decision-making process®.

When considering substitution options, it should be remembered that REACH* requires that
harmful substances are not substituted by more harmful substances (see Articles 60(5) and
Article 64(4)).

Selection of good practice examples

The information provided seeks to reflect practical experience. The good practice examples
have been collected from actual companies to illustrate particular
substitution/prevention/abatement techniques applied. Their selection does however not
imply that the techniques cited are necessarily the best with respect to the minimisation of all
possible environmental impacts.

3 For more information about life cycle assessment see: http://Ica.jrc.ec.europa.eu/EPLCA/deliverables.htm or
http://Ica.jrc.ec.europa.eul.,
4 OJL 396, 30.12.2006, p. 1-849, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2006:396:0001:0849:EN:PDF

3
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Introduction

Overview of guidance documents and good practice examples

Good practice examples for

N Tiefae @ ClilanEs VOC reduction and substitution
0 Introduction chapter
1 Heatset web offset printing  [a) Printing without isopropanol in the
dampening solution
b) Waterless heatset offset printing
2 Publication rotogravure @) Achieving a low toluene emission using a closed loop
system and high frequency toluene recovery with steam
from a CHP gas turbine
3 Other rotogravure, a) High efficiency waste gas treatment by adsorption wheel
flexography, rotary screen _ . -
printing, and laminating or b) Use of \_/OC emissions to fuel engines for electricity
varnishing units production
4/5 | Surface cleaning a) Sealed single chamber installation using perchloroethylene
as cleaning agent
b) Vacuum system to reduce VOC losses
c) Plasma cleaning technology for degreasing and surface
activation of plastic parts
6.1 | Vehicle coating (< 15 t/y) and ja) Coating of aluminium wheel rims: Changing to water-based
vehicle refinishing metallic-effect base coat and a powder coating top coat
b) Coating of trailers: Changing to a high-solid product.
Reduced cleaning with shorter material supply ducts
c) Trailer coating: Use of automatic washing machines for
equipment cleaning
d) Coating of brake pads: Reduced overspray from optimized
arrangement of work pieces for spray coating
6.2 | Vehicle coating (large series) ja) Increased use of powder coating
7 Coil coating @) Use of Reduced Solvent Polyester Paints
b) Use of Water Reducible Epoxy Baker
8.1 | Other metal coating a) Changing from solvent based to water based systems;
change of application and drying techniques
b) Use of automatic washing machines for cleaning of
equipment
8.2 | Other coating - plastic, a) Changing from solvent based system to water based
textile, fabric, film and paper systems
coating b) Use of water based coatings - drying with dehumidified air
c) Use of Plastic extrusion coating
9 Winding wire coating No examples available
10 | Coating of wooden surfaces [a) Replacing solvent borne polyurethane paint with water-
borne paint
b) Substituting solvent based paints with water based paints
c) VOC reduction: Results of an overview study on furniture
producing companies
11 Dry cleaning @) Liquid silicone cleaning

b) Liquid CO2 cleaning
c) Perchloroethylene cleaning with a refrigerated condenser
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Good practice examples for

No | Topic of Guidance VOC reduction and substitution

12 | Wood impregnation a) Use of EN 13991 Grade C creosote
b) Thermal treatment of wood
c) Water based preservatives

13 | Coating of leather a) Change to water based systems
b) Improvement of spraying technique
14 | Footwear manufacture a) Increased use of high-solid products, water based systems,

reactive coatings and adhesive systems; installation of a
waste gas scrubber.

b) Improved handling of VOC containing products
15 | Wood and plastic lamination | No examples available
16 | Adhesive coating a) Solvent/water based coating machines

b) Abatement technologies: Refrigerated cooling,
Regenerative thermal oxidation and Recuperative thermal

oxidation
c) Hot melt coating
17 | Manufacturing of coatings, a) Improved housekeeping and enclosed manufacturing
varnishes, inks and process
adhesives b) Enclosed production and improved cleaning technique
18 | Rubber conversion a) Automotive tyre production: Overview on measures to

reduce VOC emissions

b) Agricultural tyre production: Overview on measures to
reduce VOC emissions

19 | Vegetable oil and animal fat

extraction and vegetable oil No examples available
refining activities

20 | Manufacturing of a) Use of effective abatement technologies for VOC emission
pharmaceutical products reduction
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1 Introduction

This guidance addresses heatset web offset printing and the related
cleaning of equipment, presenting options to substitute or reduce the use of
VOC and its resulting emissions.

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

SE Directive — Scope definitions (Annex I)

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.’

Heatset web offset is defined as ‘a web-fed printing activity using an image carrier
in which the printing and non-printing area are in the same plane, where web-fed
means that the material to be printed is fed to the machine from a reel as distinct
from separate sheets. The non-printing area is treated to attract water and thus
reject ink. The printing area is treated to receive and transmit ink to the surface to
be printed. Evaporation takes place in an oven where hot air is used to heat the
printed material.’

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 printing activities, covered by the SE Directive, are addressed
in separate guidance documents: publication rotogravure see guidance 2,
packaging printing using flexography or gravure printing and rotary screen
printing see guidance 3.

The SE Directive lays down the following activity specific emission limit
values for heatset web offset printing:
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Table 2: Emission limit values of the SE Directive

SE Directive — Emission limit values (ELVs) THE SE DIRECTIVE

_ . . - HEATSET WEB
Activity Solvent consumption ELVs in _ Fqgltlve OFFSET PRINTING
threshold waste gases emission values FA
[tonnes/year] [mg C/Nm?| [% of solvent input] SOLVENT

CONSUMPTION OF

15 TONS PER YEAR

Heatset web
b > 15-25 100 30® IS EXCEEDED.

offset printing

> 25 20 30®

Special provisions:
" Solvent residue in finished product is not to be considered as part of fugitive
emissions

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

According to the SE Directive, a VOC shall mean any organic compound at
293.15 K (20°C), a vapour pressure of 0.01 kPa or more, or having a
corresponding volatility under the particular conditions of use.

For heatset web offset the second part of the VOC definition is relevant
because ink oils are heated in the dryer and under those conditions have a
similar volatility as substances with a vapour pressure > 0.01 kPa at 20°C.

Specific requirements apply for VOCs classified as CMR substances’ as
well as for halogenated” VOCs that are assigned the risk phrases R40 or
R68>. 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 210 g/h for VOC classified as
CMR substances or 2100 g/h for halogenated VOC with R40 or R68 the
emission limit values in waste gases are 2 and 20 mg/Nm?3 respectively,
and these also apply when a reduction scheme is being used.

However, heatset web offset printing normally does not use VOC classified
as CMR substances or halogenated VOC with the risk phrases R40 or R68.

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

10
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2 Summary of VOC substitution/reduction

The main sources of VOC emissions are the ink drying process and the use
of solvents (usually isopropanol) in the dampening solution and for cleaning
the machinery.

Emissions can be minimized by reducing the proportion of isopropanol in
the dampening solution system, by using low-volatility or non-volatile
cleaners and by deploying efficient waste gas treatment for VOC emissions
from inks (substitutes for VOC emitting inks are under development).

When isopropanol is substituted in the dampening solution, personnel
training may be required in order to avoid printing errors that occur when
the isopropanol level is low (< 3 vol.-%).

The reduction of the volatility of the cleaning products leads to reduced
VOC emissions. VOC-free cleaning products can be used for automatic
roller cleaning systems and for manual cleaning of rollers and ink
reservoirs.

Regular machine cleaning can be done with VOC-free systems.

3 Description of the activity and related
industry sector

Heatset web offset printing is used throughout Europe, mainly for printing
products with a circulation of over 10,000 copies. About 50 % of all
catalogues and 40 % of all magazines are produced by heatset printing (the
remainder being produced by publication rotogravure printing) [ERA 2008].
Other typical products of heatset printing are travel brochures, advertising
material and coloured books.

Heatset printing machines are able to print from 8 to 40 magazine pages
per revolution. The press prints on both sides (resulting in up to 80
magazine pages per revolution), using the four standard inks: black, blue,
yellow and magenta. In some machines additional colours (e.g. for brand
marks) and varnishes can be applied.

In Europe, 2144 heatset web offest machines are installed [KBA-1 2008]
with the following distribution of size (pages per revolution on one or both
sides):

Table 3: Size distribution of heatset offset machines in Europe

8 pages 11.0 % | 32/40 pages 15.9 %
16 pages 54.4 % | 48 pages 9.6 %
24 pages 3.6 % | 64-80 pages 5.5 %

[KBA-1 2008]

Ink consumption data of the graphical printing sector (here illustrated with
data from Germany) show the sector is dominated by the use of
publication gravure printing technique (~50 %), followed by heatset web
offset (~25 %), coldset offset (~15 %) and sheet fed offset (~10 %).
[German EPA 1999]
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Companies using heatset web offset may also employ sheet fed offset
printing (not in the scope of the SE Directive) for short runs and cover
printing or, for long runs, publication rotogravure (in the scope of the SE
Directive).

The market in Europe is dominated by three printing machine producers
who use similar technology. Ancilliary equipment and materials, such as
dampening solution circuits, coated rollers, roller cleaning systems, dryers
and integrated waste gas cleaning systems are provided by a limited
number of suppliers.

4 Technical process description

The printing and non-printing areas of the image carrier plates used in
offset printing have different material properties: hydrophobic (lipophilic)
areas that attract ink and hydrophilic areas that attract water based
‘dampening solution’ and repel ink (this approach contrasts with other
printing techniques where the printing and non-printing areas have either
embossed or engraved surfaces).

Heatset web offset is characterised by
¢ Printing onto material from a roll or ‘web‘ (not single sheets),

e Passage of the ink indirectly from the image carrier plate via a
rubber coated cylinder to the printed material. This ‘off-set’
technique avoids abrading of the image carrier plate.

e Application of heated air (180°- 300°C) to hasten drying of inks.
(Other offset printing techniques use ‘cold set’ inks where drying is
via ink diffusion into the paper and ink oxidation with ambient air).

Heatset web offset machines print on paper, at a speed of ~10-17 m/s. The

speed determines the dryer length (up to 18 m) to allow the retention time
of 1 second needed for the ink to dry.

12
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4.1 Process flow and relevant associated VOC emissions

Figure 1 shows the main relevant solvent inputs and VOC outputs
(arrows indicate the relevance of the VOC amount) [German EPA 2003]:

Paper

73.5%

Ink solvents .

(Potential VOC) Printing 23.0%
| machine

VOC input 25.0%

Isopropanol

in dampening —/

solution

0.05 %
VOC input | 05%
Additives - |

1.0%

VOC input
Cleaners

77 %

Waste gas
treatment

76.2 %

0.75%

0.05 %
Finished product

Figure 1: Main VOC input and output of heatset web offset printing
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4.2 Process description

Heatset printing machines have ‘double printing units‘ for each colour on
both sided of the web. Ink and dampening solution are automatically
pumped to each unit. Ink rollers and dampening solution rollers transport
the materials from separate reservoirs to the image carrier roller. Several
roller coatings are used that provide different hydrophilic properties.

As dampening solution during printing is constantly being contaminated
with paper dust and ink spots, circulated dampening solution has to be
passed via an effective filter before fresh water, isopropanol and other
additives are added to obtain the desired characteristics for printing.

Dampening solution circuits use various decontamination systems - usually
cloth filtration. They are equipped with systems for cooling as well as for
measuring and dosing with isopropanol and additives. If fresh water
contains high or variable concentrations of alkaline salts then de-salting is
used to adjust the composition of the dampening solution.

When an operator becomes aware of printing errors, the image carrier plate
and the rubber rollers are cleaned to remove paper dust or excess ink.
Roller cleaning may be done manually or by automatic cleaning systems.
Automatic systems apply cleaning solvents using spray, brush or
tissue/wipe mechanisms. Besides such 'ad-hoc' roller cleaning, general
machine cleaning is carried out regularly (e.g. once a week).

After printing, the paper passes through an oven to dry the ink. The waste
gases are ducted to a waste gas treatment system.

Heatset printing machines are often enclosed, mainly for noise protection
reasons.

[EGTEI 2003] [BREF STS 2007] [Okopol 2008]

4.3 Inks

Inks for heatset web offset need to be based on oils. That is because the
technique uses printing plates that attract lipohilic substances (oils) for
colour areas and hydrophilic substances (water based) for colourless
areas.

Heatset offset printing inks are based on high boiling mineral oils that do
not evaporate at ambient air temperature and thus do not dry quickly.
Therefore they can rest without harm in the machine for several hours, e.g.
during stops for maintenance.

The majority of images are created using the three standard colours and
black. Therefore cleaning the colour systems is only necessary if additional
colours are used (e.g. for brand marks) or during routine machine cleaning.
Heatset inks usually contain about 35 % oil. About 85 % of the oil content of
the inks evaporates in the dryer at 180°-300°C. Hence, about 30 % of total
heatset ink input evaporates in the dryer. [German EPA 2003]

At the conditions of use (in the dryer), the volatility of the organic solvents in
the heatset inks is comparable with the volatility of substances having a
vapour pressure of > 0.01 kPa at 20°C. Therefore, according to the VOC
definition of the SE Directive these ink solvents are VOC.

14
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According to the SE Directive, solvent residue in finished product is not to
be considered as part of fugitive emissions (see table 2 on page 4).

VOC are emitted in the dryer from inks, dampening solution and — in the
case of cleaning during paper transport — from cleaners. They are ducted to
a thermal oxidiser to be abated. If there is insufficient VOC in the waste
gases to maintain the minimum flame temperature (about 2 g/m®), natural
gas is used as an additional fuel.

4.4 Dampening solution system

For conventional plates the process water must adhere strongly to the
surface to separate printing from non-printing area. This requires a constant
pH-level. Therefore additives are used in the process water to stabilise the
water-ink-balance on the plate and to lower the surface tension of the
water.

Water IPA
N
72 mN/m 22 mN/m

Figure 2: Different surface tensions of water and isopropanol

Two main additives are commonly used:
e isopropyl alcohol (‘isopropanol’ or ‘IPA’) to lower the surface tension
e salts to regulate the pH-level.

Less frequently ethanol is used instead of isopropanol. Other additives are
phosphoric acid, gum arabic, corrosion inhibitors, wetting agent, drying
stimulator, fungicide, antifoaming agent. [IMPEL 2000]

Isopropanol and ethanol not only lower the surface tension when
dampening solution is transported onto the printing plate but also cool the
printing system when they evaporate; they also prevent the growth of
microorganisms in the dampening solution.

4.5 Cleaning system
Volatile organic solvents are commonly used for cleaning the machine and
all of its parts (mainly the plate, the ink reservoirs and numerous cylinders).

Most heatset web offset machines have automated roller cleaning systems.
Additional weekly manual cleaning of the entire machine is considered
good maintenance practice. [KBA-2 2008]
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5 Solvent use, emissions and environmental
Impact

5.1 Solvents used

The following VOC relevant substances are used [German EPA 2003],
[Okopol 2008]:

1. Inks are based on about 33-35 % aliphatic hydrocarbons (solvents).
The solvents are made of mineral oil. They are not volatile at
ambient temperatures but are volatile in the dryer. About 85 % of
the oil fraction is evaporated in the dryer as VOC (equivalent to
about 30 % of the total ink amount). Solvent residue in the finished
product is not considered as part of fugitive emissions (see table 2)
because it is not volatile at ambient temperatures.

2. Dampening solution consists mainly of water. It generally contains
about 3 % dissolved salts and from 0 % up to 20 % isopropanol
(= isopropyl alcohol or IPA). Less commonly, dampening solution
can contain ethanol instead of isopropanol. At 20°C, isopropanol
has a vapour pressure of about 4 kPa and ethanol of about 5.9 kPa.
Both are therefore classified as VOC under the SE Directive.

3. Other additives, based on less volatile or non-volatile organic
compounds (often glycols), have been used to reduce the
isopropanol content of dampening solution. The VOC content of
these additives can vary from 0 % up to 30 %. The dosage is about
3 %, resulting in a final concentration of 0 - 1 % VOC in the
dampening solution.

4. Cleaners are mainly based on hydrocarbons. Aromatic hydro-
carbons have good cleaning properties but their use has been
restricted for health protection reasons. Common cleaners are
mainly aliphatic hydrocarbons with vapour pressures of 0.1 - 11 kPa
at 20°C (100 % VOC, flash points of 30° - 80 °C). To a lower extent
aromatic hydrocarbons are contained. Oily cleaning products,
introduced in the nineties, are based on natural oils, high boiling
mineral oils or mixtures thereof (0 % VOC, vapour pressure < 0.01
kPa at 20°C, flash point > 100°C).

5.2 Solvent consumption and emission levels

One tonne of ink allows printing about 330,000 m? (both sides) or 100,000
catalogues (48 pages DIN A4). [Okopol 2008]

The ink consumption of the smallest heatset web offset printing machines
(printing 8 pages in one revolution) is about 30 kg/h. [Okopol 2008]. If such
a machine is operated with one shift for 5 days a week, the annual VOC
consumption from inks alone is about 20 tonnes, exceeding the SE
Directive threshold of 15 tonnes per year (if inks contain about 35 % of
VOC and not taking into account VOC from dampening solution and
cleaners).

Thus heatset web offset activities generally exceed the VOC threshold of
15 t/a. [Okopol 2008]
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Many companies have installed more than one machine. Most machines
print 16 pages or more (up to 80). As machine costs are high, they are
often operated for 3 shifts/day and 6 days/week. [Okopol 2008]

The best performing heatset web offset installations add only 0 - 3 vol.-%
isopropanol to dampening solution [Okopol 2008]. Without efficiency
optimisation the isopropanol content is typically around 10 vol.-% but can
be as high as 20 %.

Most heatset web offset printing machines are equipped with automatic
washing systems. The best performing installations use non-VOC cleaners
(with a vapour pressure < 0.01 kPa, flash point > 100°C) for automatic
cleaning and low volatile or non-VOC cleaners for manual cleaning (with a
vapour pressure < 0.2 kPa, flash point > 60°C). [German EPA 2003]

The application of best available techniques is associated with a VOC
emission of 2.5 — 10 % for new machines and 5 — 15 % for existing
machines, related to total ink consumption. [BREF STS 2007, p. 570]

In order to comply with the waste gas emission limit values of 20 or 50
mgC/m?® (see table 2 on page 4), heatset web offset installations have to
apply thermal waste gas treatment. The best performing thermal oxidisation
systems achieve levels < 15 mgC/m>. [BREF STS 2007, p. 518] [Okopol
2008]

5.3 Key environmental and health issues

In heatset web offset printing a broad range of solvents are used, mainly
isopropanol, ethanol, glycols as additives of the dampening solution and
predominantly aliphatic hydrocarbons for cleaning.

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

Emissions of VOC to air may occur from:
- the storage of the solvents
- the process (mainly from dampening solution)
- cleaning operations (automatic and manual)
Existing occupational workplace limits should be taken into consideration.

Emissions from thermal oxidisation systems will contain organic
compounds that have not been destroyed or are only partly destroyed, as
well as CO,, CO, and NOx. When natural gas is used as additional fuel,
emissions may also contain unburned methane (CHy,).

Emissions of VOC to water occur from the disposal of dampening solution
(local regulations have to be considered). 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.

Cleaners may contain aromatic hydrocarbons such as xylene and toluene.
These substances have higher impacts on human health than aromatic
hydrocarbons. Toluene is classified with the risk phrase R40 (“may cause
cancer”).

17

Heatset web offset printing

HEATSET WEB
OFFSET CAN BE
REALISED WITH
0-3vVvoL.-%
ISOPROPANOL

VOC-FREE
CLEANERS
CAN BE USED.
LOW VOLATILE
CLEANERS
HAVE VAPOUR
PRESSURES
<0.2KPA.

EMISSIONS TO AIR
OCCUR FROM
STORAGE,
PROCESS AND
CLEANING
OPERATIONS.



Guidance 1

6 VOC substitution

The following sections describe potential substitutes for VOC (using VOC-
free and reduced-VOC systems). There are also descriptions of the
application technologies or special conditions needed and the advantages
and disadvantages compared to systems that use solvents with a high VOC
content.

VOC emissions result from the forced drying of the oily hydrocarbon
solvents in the inks. These emissions can only be avoided by adapting the
printing process (see chapter 10 for information on the state of
development of water based offset inks). UV inks (drying by using
ultraviolet light, without VOC emissions) cannot be used in heatset
machines because the printing speed is too high.

Substitution is possible for the other two major emission sources:
e isopropanol in dampening solution and
e VOC based cleaners (for parts and machinery)

This can be done by:

1. Avoiding the use of dampening solution altogether by using
waterless offset. This has to be combined with tempering of rollers,
use of adapted inks, plates and plate development equipment.

2. Reducing the isopropanol content in the dampening system by
replacing it with special additives. This requires the use of exact
measurement of all additives, special roller materials, keeping the
process water cool, clean and with a constant salt content, and
controlling temperature and humidity of the ambient air in the press
room.

3. Using non-volatile products for parts and machine cleaning,
for rollers and reservoir cleaning - substituting volatile cleaners with
organic substances having a vapour pressure of < 0.01 kPa;
for regular manual machine cleaning - using dry ice (CO.,).

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 Substitution of dampening solution by waterless heatset

Substitution of the entire dampening water system (and related VOC
emissions from isopropanol and other additives) may be achieved with
‘waterless offset’.

Waterless offset needs specialised image carrier plates and related
developing equipment and adapted inks.

Waterless plate developing chemicals, besides avoiding VOC emissions,
have a reduced wastewater impact. Shorter start-up times are needed to
obtain the correct printed image which reduces personnel costs and
minimizes paper waste. [Nienstedt 2007]
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Whilst Japan has long used waterless heatset web offset printing [EWPA
2008], the technology has had little commercial uptake in Europe until
2004, with the exception of a few sheet fed applications. Printers have
feared becoming dependent on one printing plate supplier and were
concerned that investment in disparate systems would reduce their
flexibility to produce the same job on different machines (because
waterless plates differ from conventional plates). Additionally, it was feared
that the market would not pay more for improved quality.

In 2004, however, waterless cold set web offset for newspaper printing has
become commercially viable, due to the higher prices paid for high quality
advertisements and lower operational costs due to shorter start-up times.
Meanwhile these cold set newspaper machines have been equipped also
with heatset dryers in two companies in Belgium and Denmark, printing
semi-commercial magazins. Another company in France will install
waterless offset with the option to be complemented with a heatset dryer
(as long as the machine is used for coldset, it is not covered by the SE
Directive). [KBA-2 2008]

When using waterless heatset offset, production costs are reduced by
about 7 - 12 %. At present, the product range is reduced to about 70 % of
the total range achievable using conventional heatset printing because
‘high-end’ products (like top quality catalogues) can not be produced, yet.
[KBA-2 2008]

6.1.2 Full substitution of isopropanol in dampening solution

Substituting isopropanol in the dampening solution may be more practical
than changing to waterless offset printing systems. To do so, however,
several pre-conditions have to be met. Isopropanol reduction to zero,
without loss of printing quality, is only possible on new machines (installed
after 2000) as older machines do not have appropriate cylinder
acclimatising systems and older rollers cannot be adjusted with adequate
precision.

Special additives have been developed to facilitate the substitution. These
additives also lower the surface tension of the water and prevent the growth
of micro-organisms. The additives contain up to 30 % organic hydrocarbons
(mainly glycols) and some of these are classified as VOC; so to achieve a
100 % VOC-free dampening solution system, the composition of additives
has also to be considered.

For more information about improving the pre-conditions for isopropanol
reduction see chapter 7.1.
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6.1.3 Substitution of VOC cleaners by non-VOC cleaners

VOC-free, high boiling, cleaning agents (‘HCA’) or VOC-free vegetable oil
based cleaning agents (‘VCA’) can be used in place of conventional volatile
products (usually having vapour pressures of 0.1 — 11 kPa). Smaller
quantities are needed for effective cleaning and they can be diluted with up
to 50 % water. The resulting reduction in consumption fully compensates
for their higher price [Okopol 2008].

These cleaning products require new working practices. Products with low
volatility often do not work immediately when applied to the surface to be
cleaned. They have to be rinsed off using water - as a second step.
Therefore, switching to non-volatile substances for cleaning will require
workers to adjust their working practices.

When non-volatile cleaners are manually applied they have to be used
sparingly because if dripped into the machine they may cause printing
errors.

Automatic cleaning systems often have to be adapted to allow the use of

Heatset web offset printing

VOC-FREE OILY
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AUTOMATIC WASHING
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non-VOC cleaners because much lower quantities (about 50 %) are
needed and ducts and openings have to be adapted so as to provide equal
quantities over the entire length of the rollers. Some elastic tube materials

are not resistant to the use of oily cleaning agents. Providers of washing
machinery can deliver lists of appropriate cleaning agents.

Blanket coated rollers for automatic cleaning are usually applied in
combination with spray cleaning of printing rollers. Instead of spraying the
cleaners for later absorption in the blanket, pre-impregnated blankets are
available, impregnated with non-VOC cleaners.

Economic and cross-media effects

VOC-free cleaners not only avoid emissions but also significantly improve
the health and safety of the work place because of their reduced
flammability risks. Storage too is less costly.

Non-volatile cleaners, being oily substances, should be handled with care.
Workers should use gloves when using these materials. Spillages can
make floors slippery and lead to a higher risk of accidents. Spillage can
also result in the contamination of the dampening solution and of the plate.
This can cause printing errors and may necessitate re-printing and related
increase of environmental impacts. Appropriate staff training can help to
avoid spillage.

While VOC-free spray systems for automatic cleaning generate liquid waste
(cleaning agents mixed with water and dirt), pre-coated VOC-free blanket
cleaning systems generate solid waste (textiles with dirty cleaning agents).
Handling and appropriate treatment of waste is often easier for solid than
for liquid waste.

Membrane filtration is more energy efficient than distillation for recovery of
non-VOC cleaners because of the high boiling point of non-VOC cleaners.
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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 Partial substitution of isopropanol in dampening solution

The extent to which isopropanol reduction is possible depends on each
individual machine. The proportion of organic compounds in dampening
solutions should generally not exceed 10 wt.-%* in the case of existing
presses and 5 wt.-% in the case of new presses. [DEFRA 2008] Further
reductions can be achieved if process conditions are optimised (see
chapter 7.1) [Okopol 2008].

Reductions are best established in small steps, guaranteeing that each
reduction step is tested for at least a 2 - 3 month period, while observing
the printing characteristics at each reduction level. Suppliers of additives
and roller materials often support the testing of reduced isopropanol level
operation.

For isopropanol reduction it is essential that the characteristics of the
dampening solution are kept constant. The fresh water composition must
be stable. Cooling equipment is needed to keep the temperature constant.
For more information about improving the pre-conditions for isopropanol
reduction see chapter 7.1.

The emission reduction resulting from isopropanol substitution depends on
the initial levels used. Since the major part of VOC from inks is destroyed in
the thermal treatment of the waste gases, fugitive emissions from
isopropanol represent about 80 % of VOC emissions (the remaining 20 %
is from cleaners). Thus, by isopropanol substitution, a major part of the
VOC emissions can be avoided. If, for example, the isopropanol
concentration level in the dampening solution is reduced from 10 vol.-% to
5 vol.-%, a 40 % emission reduction can be achieved.

Economic and cross-media effects

Isopropanol substitution not only has direct health benefits: storage of non-
flammable substitutes carries less risk and thus requires less safety
measures.

When using substitutes, more energy is consumed in the process for
cooling of the working space and rollers as isopropanol evaporation has a
cooling effect in the machine. Additionally, energy is needed for more
accurate measurement and filtering of the dampening solution to ensure
printing quality.

Substitutes are more corrosive to ferrous machine parts and may cause
damage if not handled properly - this risk may be avoided by appropriate
spillage management.

4 wt.-%: weight percent, vol.-%: volume percent
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Isopropanol substitutes, like anti-fouling substances and some glycols, may
have harmful human health effects. Therefore, special attention should be
given to safety data sheets to ensure that least harmful products are used
for substitution.

6.2.2 Substitution of VOC cleaners by low-VOC cleaners

Low volatility organic solvents can be used (with vapour pressures of
around 0.1 kPa at 20°C and flash points of about 60°-80°C) instead of
traditional cleaners having a high volatility (vapour pressure of 3 — 11 kPa
at 20°C).

As with non-VOC cleaning agents the switch to low volatility organic
substances requires flexible working practices but there are off-setting
operational benefits. These products can be diluted with up to 50 % water
leading to less consumption and reduced costs.

Automatic cleaning systems may have to be adapted to use low volatile
cleaning agents as flexible tube materials and dose metering volumes may
not be adequate. Providers of washing machinery have lists of suitable low
volatility cleaners and are able to adapt their systems for their use.

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
heatset web offset.

7.1 Process improvements

In order to obtain low isopropanol levels precise dosing is needed for
additives as well as for isopropanol. This requires the use of accurate
measurement and dosing devices, traditional density measurement
methods and conventional dosing without measurement are insufficent.
There are infrared and ultrasonic measurement systems on the market that
are suitable.

Whereas traditional dosing was done by calibrated volumetric pumping
systems, the best performing systems now use conductivity measurements
of the incoming water before and after dosing with additives.

Accumulated dust and ink contamination in the dampening solution can be
a problem because at low isopropanol levels there is a risk of more
frequent printing errors. High efficiency filters reduce contamination but are
prone to blockage, so parallel filters with automatic switching are commonly
used. Alternatively membrane filters with automatic purging systems can be
used.

It is essential to maintain a constant roller performance when working at
reduced isopropanol levels. This requries regular maintenance, including
calibration, as well as ensuring that the hydrophilic properties of the roller
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surfaces are high to guarantee a constant water supply to the plate
cylinder.

To achieve reduced isopropanol concentration in the dampening solution,
conventional rollers can be substituted by rollers coated with a special
hydrophilic rubber surface or with hydrophilic ceramic.

In order to optimise results with automatic cleaning, various types of
brushes can be used in the different sections of the cleaning device.

A general reduction of VOC emissions from isopropanol and cleaners can
also be achieved by applying good practice measures [IBU 2008, DEFRA
2008;]:

e Training of workers to first assess and improve the process conditions
before increasing the isopropanol level in dampening solution.

e Training of workers to use as little cleaner as necessary during manual
cleaning of image carrier plates, machine parts and machinery.

e Training of workers to avoid spillage of cleaners.

e Training of workers in how to avoid emissions from spillage during
bottling or transport and from open containers (virgin material as well as
used cleaners and rags).

o Keeping pre-impregnated rags in an enclosed container prior to use.

7.2 Waste gas abatement

Installation of waste gas treatment systems is necessary to comply with the
waste gas emission limit values of the SE Directive.

7.2.1 Efficient use of solvent emissions

Thermal treatment and energy recovery for ink drying is commonly used.
Solvent recovery is no efficient option as the recovered fraction would need
further treatment for re-use, containing isopropanol from the dampening
solution and a mixture of hydrocarbons from inks and cleaners, besides
water from the dampening solution.

The most efficient abatement technique for destroying VOC in heatset web
offset waste gases has an efficiency of > 99 % - resulting in emission levels
below 20 mgC/m?® [BREF STS 2007, p. 566].

For higher energy efficiency the best systems use the energy content of the
incoming VOC and recover energy in the waste gases for heating the dryer
(heat recuperation). This ‘integrated’ system can also be installed in
existing installations equipped with non-recuperative thermal oxidation.

Authothermic combustion is difficult to achieved with machines printing 16
pages per revolution, but possible for larger machines (cylinder length of
1.80 m — 2.25 m). [MAN Roland 2008]

In dryers, following the heating zones, there are drying zones with a
temperature of around 180°C. In the last zone before the cooling zone of
the dryer, the concentration of evaporated ink solvents is at its highest. For
effective oxidisation this solvent vapour must be heated to a minimum of
770°C.
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To avoid explosion, dilution air must be introduced to prevent solvent
concentrations exceeding 25 % of the lower explosion limit. Solvent
concentration measurement can be used to optimise the dilution, and the
dilution air can be preheated in a heat exchanger using the exhaust gases.
The energy from the burnt solvents minimises the fuel gas needed to reach
the necessary minimum temperature of 770°C. [GOSS 2008]
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[GOSS 2008]
Figure 3: Dryer with integrated thermal waste gas treatment and heat exchanger

Energy produced from oxidisation leads to excess heat, which is available
for other purposes such as room/water heating via an effective heat
exchange (also applicable in combination with integrated systems using
VOC combustion for ink drying). [Company-1 2008]

Enclosed machinery reduces fugitive emissions, especially when combined
with an air conditioning system that extracts all ambient air from the printing
room through the waste gas cleaning system.

Cleaning agents are difficult to capture in the waste gas treatment systems
for safety reasons and the dryer is usually turned off during cleaning
periods (the temperature of the dryer is too high and an explosion might
occur if it were running). Some 10 % of isopropanol emissions (dampening
solution) are captured and routed to the dryer and then treated in the
incinerator. [EGTEI 2005]

7.2.2 Minimisation of fugitive emissions

If machines are enclosed and dryers work with integrated waste gas
treatment, all air extraction of the encapsulated machine can be via the
dryer and the waste gas treatment system. In such a case, the extraction
rate can be regulated to ensure that fugitive emissions are minimised.
[Okopol 2008]
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Heatset web offset printing

8 Summary of VOC emission reduction
measures

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

Table 4: Measures for VOC substitution and VOC reduction in heatset web offset

Objectives Description
VOC-free VOC-free cleaners Use of cleaners with a vapour pressure
systems of < 0.01 kPa at 20°C.

Waterless heatset
web offset printing

Use of specific printing plates and
adapted inks that enable printing without
dampening solution.

VOC-free dampening
solution

Use of specific VOC-free additives, in
combination with process improvement
measures (see below).

VOC-reduced

Reduction of

Stepwise reduction of the isopropanol

systems isopropanol in content in the dampening solution to
dampening solution < 5 %, in combination with process im-
provement measures (see below).
Use of specialised additives for the
dampening solution that mimic the
functionality of isopropanol.
Less volatile cleaners | Use of cleaners with a vapour pressure
of around 0.1 kPa at 20°C.
Use of dry ice (CO,) for regular machine
cleaning
PFOCGSS Optimised dosing and | Use of precise measuring and dosing
improvement measurement systems for isopropanol and additives.
Optimised Use of temperature control, effective
dampening solution particle filters, fresh water treatment.
quality
Optimisation of rollers | Use of special roller surfaces (ceramic,
of dampening system | special rubber).
Optimised cleaning Use of automatic cleaning systems for
all rollers.
Optimised use of Training of workers to improve process
isopropanol conditions instead of increasing the
isopropanol level.
Optimised handling of | Training of workers to avoid excess use,
cleaners and spillage and emissions from storage
cleaning waste handling.
Abatement Thermal oxidisation Treatment systems with efficiency

technologies

> 99 % and emission values

< 20 mgC/m®. Recovery of waste heat
(for integrated system and for water
and/or room heating system).

Air extraction via
abatement system

Machine containment, extraction of
cabin air via abatement system.
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9 Good practice examples

9.1 Printing house 1

A heatset web offset printing company uses 4 heatset offset machines,
mainly for publications. A new 16-pages machine has been purchased that
is able to print without the use of isopropanol.

The new machine is equipped with ceramic coated rollers for better
dampening solution transport to the plate. The dampening solution is
connected with a high efficiency dust filtering system. The machine is
equipped with water-based cooling system for the ink rollers. A VOC-free
additive is used, in place of isopropanol, at no additional costs.

Compared with the former machine, the new machine avoids the use of
~17,500 litres isopropanol consumption per year (13.8 t/a) with an annual
costs savings of about 17,500 Euro (at ~1 €/litre of isopropanol).

There are no cross-media effects, it has a similar energy requirement to
that of conventional heatset web offset printing, cooling of the rollers and
dampening solution leads to increased printing stability.

[Okopol 2008]

9.2 Printing house 2

Two web offset printing companies in Belgium and Denmark use waterless
heatset web offset. Each machine saves yearly ~ 12,000 — 15,000 liters iso-
propanol and ~130,000 — 150,000 liters water due to the waterless system.

The quality of the printing products is better than the quality of conventional
coldset printing (used for newspaper production); mainly semi-commercial
magazins are printed. The machine investment costs for the machine are
similar as for a conventional machine.

[KBA-2 2008]

10 Emerging techniques and substitutes under
development

VOC-free cleaning agents

New water based cleaning agents (VOC-free), suitable for manual and
automatic cleaning, are currently undergoing testing in pilot plant. The
residues from these cleaners do not need to be rinsed off after cleaning
because they do not lead to oily spots that would cause printing errors.
Therefore, they have the advantage over high boiling organic cleaning
agents that no second cleaning step with water is needed. [Okopol 2008]

Inks without organic solvents

While there have been development projects for sheet fed offset printing
using water based inks (results were presented at the international DRUPA
trade fair in 2004), no comparable work is known for heatset web offset.
[Okopol 2008]
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1 Introduction
This guidance addresses publication rotogravure printing and the related

cleaning of equipment, presenting options to substitute or reduce the use of
VOC and its resulting emissions.

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

SE Directive — Scope definitions (Annex I)

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.’

Publication rotogravure is defined as ‘a rotogravure printing activity used for
printing paper for magazines, brochures, catalogues or similar products, using
toluene-based inks.’

The following printing activities, covered by the SE Directive, are addressed
in separate guidance documents: heatset web offset printing (guidance 1),
packaging rotogravure printing, flexography printing and rotary screen
printing (guidance 3).

The SE Directive lays down the following activity specific emission limit
values for publication rotogravure printing:

Table 2: Emission limit values of the SE Directive

SE Directive — Emission limit values (ELVs)
(Annex Il A —activity No. 2)

Activity Solvent ELVs Fugitive
consumption in waste gases emission values
threshold [mg C/Nm?| [% of solvent input]
[tonnes/year]
New Existing '
Publication
rotogravure >25 75 10 15

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

1 Existing installation shall mean an installation in operation or, in accordance with legislation existing
before the date on which this Directive is brought into effect, an installation which is authorised or
registered or, in the view of the competent authority, the subject of a full request for authorisation,
provided that the installation is put into operation no later than one year after the date on which this
Directive is brought into effect [SE Directive, Article 2 No. 2]
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Specific requirements apply for VOCs classified as CMR substances? as
well as for halogenated® VOCs that are assigned the risk phrases R40 or
R68*. 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 210 g/h for VOC classified as
CMR substances or 2100 g/h for halogenated VOC with R40 or R68 the
emission limit values in waste gases are 2 and 20 mg/Nm? respectively,
and these also apply when a reduction scheme is being used.

Publication rotogravure printing does not use VOC classified as CMR
substances or halogenated VOC with the risk phrases R40 or RG68.
Although toluene is classified with R40, it is not covered by the restrictions
of the SE Directive as it is not a halogenated VOC.

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

2 Summary of VOC substitution/reduction

The main organic solvent used in publication rotogravure is toluene.
Substitution of toluene based inks by water based inks could not be
achieved so far.

Toluene is emitted from the finished product, from 'leaky' installations and
through the waste gas after recovery (adsorption). No substitutes for
toluene in the process are currently available.

VOC-free systems exist for regular machine cleaning.

Emissions can be reduced by drying finished products as long as possible
under contained conditions and by increasing the efficiency of the waste
gas extraction and the waste gas solvent recovery system.

Capture of toluene inside the installation — to avoid fugitive emissions - can
be obtained by using inks with specific fast drying properties (‘retention
inks’). It can also be achieved by increasing temperature in the press room
and by increasing dryer length (applicable only at new installations).

For many of the proposed measures, cross-media effects, in particular the
increased energy con sumption, have to be taken into account.

2 CMR substances — carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61)

3 Halogenated organic solvents are hydrocarbons with one or more of the following halogens: fluorine,
chlorine (e.g. trichloroethylene), bromine or iodine.

4 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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3 Description of the activity and related
industry sector

Publication rotogravure printing is used in most countries of Europe. As

shown in Table 3, 232 machines were installed in 2003 in EU 15 [EGTEI

2003]. For 2004, twelve out of EU 15 Member States reported a total of 44
existing and 7 new installations® [Implementation 20086].

Table 3: Number of publication rotogravure machines and related cylinder width

Cylinder min. Cylinder max. Number
width [mm] width [mm] of machines

900 1999 63
2000 2449 39
2450 2749 77
2750 3179 25
3180 4320 28

Total 232

[EGTEI 2003]

Compared with other printing techniques, publication rotogravure is
associated with the highest investment costs for machinery and the highest
costs of producing the image carrier. Therefore, publication rotogravure
printing is generally used by large companies, sometimes also operating
heatset web offset in the same plant to be able to print different runs.

About 60 % of all magazines and 50 % of all catalogues are printed using
the publication rotogravure technique, the remainder are produced with
heatset web offset printing [ERA 2008].

Products printed with publication rotogravure have a circulation of at least
200,000 copies, substantiating the extra costs of making rotogravure
cylinders over those of making printing plates for heatset web offset printing
[BREF STS 2007, FGI 2007]. Most runs are of more than 500,000 copies.
A cylinder can print more than 10 million copies without quality loss.

Publication rotogravure generally prints on paper. Compared with heatset
web offset, publication rotogravure can also print with very good results on
partially coated or non-coated paper surfaces. [BREF STS 2007]

4 Technical process description

Publication rotogravure printing is characterized by the use of engraved
cylinders, toluene based inks and a solvent recovery system for toluene in
the waste gas.

The printing technique works with the highest production speed of the
sector (~ 15 m/s). It uses the longest cylinders (max. 4.32m) and is
therefore able to print the widest paper web.

5 No data from ltaly and Sweden, and no specific data on publication rotogravure from France.
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Installations for publication rotogravure printing consist mainly of

e Printing units (ink fountain, gravure cylinder, impression roller)

e Drying units (operating at ~ 35° - 40°C)

e Air extraction system with solvent recovery units (activated carbon).
4.1 Process flow and relevant associated VOC emissions
Figure 1 shows the main relevant solvent inputs and VOC outputs

(arrows indicate the relevance of the VOC amount). [BREF STS 2007]
[Okopol 2008]

Paper
VOC input |34 % 0.4 %
Ink solvents Printing
(toluene) —/ machine

with

VOC input 66 % dryers

Ink dilution Recovery

solvents 89 04 | system
(toluene —_— for
from toluene
recovery)

0.4 %i

Finished
product

Figure 1: Main VOC input and output of publication rotogravure printing
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4.2 Process description

Publication rotogravure machines use cylinders consisting of a steel base
with a copper surface. The image is engraved into the copper layer, mainly
by digital laser-engraving, less frequently with electromechanical engraving.
To resist long runs, the image is protected by electroplating a thin layer of
chromium onto the cylinder surface.

For printing, the circulating cyclinder is first flooded with ink, afterwards the
surface is scrapped clean with a ‘blade’ to leave ink only in the engraved
areas for its transport onto the paper. The image transfer takes place when
the transpassing paper is pressed between the gravure cyclinder (image
carrier) and the impression roller.

The amount of ink transferred to the paper is controlled by variation of the
depth and size of the recessed cells (‘dots'). The ink is transferred via a
process of pressure, osmosis, and electrostatic pull.

Publication rotogravure machines print on both sides in one run, using the
four standard inks: black, blue, yellow and magenta. Only a few machines
are equipped with an additional ink unit for customer specific colours. Each
printing unit is followed by a dryer.

After printing one colour, the paper web is transferred into the dryer to
evaporate ink solvent (toluene) before entering the next colour unit. The
drying usually takes place without heating the air flow to prevent dimension
changes of the paper web.

Sufficient air must be introduced into the work place to avoid toluene
concentrations exceeding 50 % of the lower explosion limit. For this
purpose solvent concentration measurements are executed at least at the
outlet to the solvent recovery system. To optimise acclimatisation of the
work place, additional measurements can be executed near the machine.

[CITEPA 2003] [UK 2004] [BREF STS 2007] [Siegwerk 2008] [KBA 2008]

4.3 Inks

Inks for publication rotogravure are all based on toluene. Toluene based
inks have a very low viscosity, allowing a fast ink transfer from the
engraved cells onto the paper.

Publication rotogravure inks usually contain ~ 50 - 55 % toluene. The
viscosity of the inks is adapted inside the ink reservoirs of the machines,
which are equipped with mixers. For printing, the toluene content is
adjusted to ~ 70 — 75 %.

Most of the toluene content of the inks evaporates in the dryer and is routed
to the solvent recovery system. Recovery is realised with adsorption on
several activated carbon units (e.g. during 70 min), desorption of toluene by
passing hot steam (~45 min) and carbon drying with extracted air (1-7 min).
Hot steam is cooled, advantageously with heat exchange, and toluene — as
it is lighter than water — can be separated in a gravitational separation
system.

Recovered toluene is partly used for dissolving inks in the plant, partly sold
to the ink manufacturer. [German EPA 2003-2] [UK 2004] [Siegwerk 2008]
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4.4 Cleaning system

As the majority of printed products are produced with the three standard
colours and black, cleaning of reservoirs is only necessary during routine
machine cleaning.

Once dried inside the machine, inks can be dissolved with toluene again.
Therefore toluene is the major solvent used for machinery cleaning (e.g.
printing cylinders, impression rollers and ink reservoirs). Additionally,
acetone may be used.

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

5 Solvent use, emissions and environmental
Impact

5.1 Solvents used

Toluene is the major solvent used for publication rotogravure printing. For
cleaning, in rare cases, acetone is used.

5.2 Solvent consumption and emission levels
For printing one part of solids, about four parts of toluene are used. Table 4

shows the average ink and solvent consumption associated with different
cylinder widths of publication rotogravure printing:

Table 4: Ink and solvent consumption of different publication rotogravure cylinders

Cylinder min. Cylinder max. Ink consumption* | Average toluene
width [mm] width [mm] [tly] input [t/y]
900 1999 430 860
2000 2449 640 1280
2450 2749 920 1840
2750 3179 1130 2260
3180 4320 1330 2660
* Inks non diluted (50 wt.-% solvent content) as delivered to the printing plant
[EGTEI 2003]

The solvent consumption of publication rotogravure printing generally
exceeds the SE Directive solvent consumption threshold of 25 tonnes per
year and the capacity of the installations usually also exceeds the solvent
consumption capacity threshold of 200 tonnes per year of the IPPC
Directive 2008/1/EC. [Okopol 2008]

As investment costs are high, machines are often operated for 3 shifts/day
and at least 6 days/week. [Okopol 2008]

The application of best available techniques is associated with a VOC
emission of 4 — 5 % for new plants and 5 — 7 % for existing plants, related
to the total solvent input [BREF STS 2007, p. 575]. Some installations have
been able to achieve even less than 2 % VOC emissions related to the
solvent input (tables 5 and 6). [Okopol 2008].
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Table 5: Total emission levels of three German publication rotogravure printing
installations using solvent recovery systems

Unit Installation 1 | Installation 2 | Installation 3
2003 [%] 2.7 1.8 2.4
2004 [%] 2.3 3.9 1.6
2005 [%] 1.7 2.1 1.1
2005 [%] 1.9 1.6 -

[BURDA 2006] [PRINOVIS-1 2007] [PRINOVIS-2 2007]

Table 6: Specific emission levels of three German publication rotogravure printing
installations using solvent recovery systems

Unit Installation 1 | Installation 2 | Installation 3
2003 [mg/m?] 71 39 59
2004 [mg/m?] 63 80 37
2005 [mg/m?] 46 43 25
2006 [mg/m?] 51 28 -

[BURDA 2006] [PRINOVIS-1 2007] [PRINOVIS-2 2007]

Best performing solvent recovery systems within the sector achieve yearly
average emission levels of < 15 mgC/m?. [Schott 2008]

Toluene emissions from the final product are about 0.5% of toluene input or
300 mg per kilogramme of printed product.’° Best operating installations
achieve emission levels below both values. [Germany 2003] [KBA 2008]
[Okopol 2008]

5.3 Key environmental and health issues
In publication rotogravure printing toluene is used as solvent for inks and
for cleaning.

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

Emissions of VOC to air may occur from:
- the printing process and its cleaning operations,
- the solvent recovery system,
- the printed product.

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

Toluene is irritating to the skin. Vapours may cause drowsiness and
dizziness. Toluene is classified with the risk phrases R40 (“possible risk of
cancer”) and R63 (“possible risk of harm to unborn child”). Therefore the
work station has to be well ventilated to ensure workplace safety. Existing
occupational workplace limits have to be taken into consideration.

6 Measurement can be done following the Danish method COWI No 2
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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

It is not possible to run publication rotogravure printing with VOC-free ink
systems. VOC-free systems can only be applied for cleaning because due
to their high production speed rotogravure printing machines need inks with
low viscosity and fast drying properties. This is difficult to achieve with other
solvents or with water-based inks (see chapter 10 on emerging
techniques).

CO; (‘dry ice’) can be used for regular machine cleaning. Pellets of dry ice
are blown, with 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]

Cross-media effects

Noise and dust protection of operators has to be assured. As high carbon
dioxide concentrations are a health risk, sufficient ventilation is needed at
closed workplaces to maintain workplace safety.

6.2 VOC-reduced systems

As complete substitution of organic solvents is impossible in publication
rotogravure, the use of systems described in this section can decrease
emissions.

6.2.1 Retention ink systems

Retention inks have been developed to reduce emissions from the final
product (outside of the installation), aiming at a toluene content of < 300 mg
per kilogramme of printed matter.

The ink system differs from conventional inks by forming a dried film
surface later than conventional inks do. This effect enables higher
evaporation rates of ink solvents inside the plant (recovered by the
adsorption system). As a result the toluene content in the final product is
lower and accordingly fugitive VOC emissions are reduced.

Compared with conventional inks, 30 — 50 % toluene emission from the
final products can be reduced with retention inks. If the total emission from
products is ~1 % of the solvent input with conventional inks, total
emissions of < 0.5 % can be achieved by using retention inks.
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Assuming total VOC emissions of about 5 — 7 % of the solvent input,
retention inks can reduce total emissions by about 10 %.

Economic and cross-media impacts

Less ink is needed if retention inks are used [BREF STS 2007]. Retention
inks have the same price as conventional inks [BREF STS 2007] [German
EPA 2003-1].

Greater toluene emission inside the plant necessitates more efficient
adsorption to prevent increasing emissions at the stack. Higher adsorption
of toluene requires more energy for desorption, but leads to increased
benefits from sale or reuse of recovered solvents. [BREF STS 2007]

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 for
publication rotogravure.

7.1 Process improvements

7.1.1 Increased length of the dryer

By increasing the length of the dryer, a prolonged retention time of the web
for toluene evaporation is achieved. This is only applicable to new
installations as retrofitting is not possible. [BREF STS 2007]

Economic and cross-media impacts

Additional energy is needed for increased dryer capacity. Higher toluene
emissions will need more energy for desorption but will lead to economic
benefits from increased toluene recovery.

7.1.2 Installation of storage places with extraction systems

Separate storage places for rags and waste inks inside the workplace can
be equipped with efficient hood extraction, connected with the solvent
recovery system. This prevents air emissions when handling toluene
loaded cleaning rags and ink waste. [German EPA 1999]

Economic and cross-media impacts

Sufficient ventilation at separate storage places is needed to maintain
workplace safety. Greater toluene emission inside the plant necessitates
more efficient adsorption to prevent increasing emissions at the stack.
Higher adsorption of toluene requires more energy for desorption, but leads
to increased benefits from sale or reuse of recovered solvents. [BREF STS
2007]
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7.1.3Continuous air extraction from machines and dryers

Continuous air extraction from the machines and the dryers provides
extraction not only during production times but also when machines are
stopped for preparation, maintenance or cleaning.

Continuous air extraction systems are able to constantly maintain negative
pressure at inlet and outlet of the paper web. With this measure, VOC
emissions from ink reservoirs and cylinders are reduced.

[BREF STS 2007]

7.1.4 Continuous air extraction from machines, dryers and press
room

Additional VOC emission reduction can be achieved if air is not only
extracted from the enclosed machine and the dryer but also for the entire
press room. By routing press room air to the adsorption system, the toluene
content is recovered. [BREF STS 2007]

This system needs an adaptation of the activated carbon system to be able
to adsorb and desorb lower toluene concentrations effectively.

Economic and cross-media impacts

Desorption of activated carbon is less effective (more energy intensive)
because low waste gas concentrations cannot achieve the same loading.

7.2 Waste gas abatement

7.2.1 Efficient adsorption and desorption

A high level of adsorption of toluene sent to solvent recovery can be
achieved. The most efficient abatement techniques for recovering toluene
from publication rotogravure printing recover > 98 % of incoming toluene
and about > 96 % of the solvent input. Annual average emission levels <
15 mgC/m? are obtained. [German EPA 2003-1] [Schott 2008].

These levels are achieved by installing more activated carbon and by
operating desorption in shorter intervals, i.e. before toluene emissions have
started to increase significantly (“break-through”).

The intervals of desorption can be optimised with constant monitoring of
output concentration of air flows of the recovery system, routing extraction
air to a second, unloaded adsorption unit if determined emission levels are
exceeded.

Both input and output monitoring of the adsorption unit can also be used for
controlling adsorption capacity and determining the moment when
extraction air should be routed to another adsorption unit.
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Economic and cross-media impacts

Desorption of activated carbon is energy intensive. Although efficient
systems lead to higher toluene recycling rates and less emissions, energy
effort to achieve this (and its related environmental impact) has to be
balanced with the benefits of increased recovery efficiency.

7.2.2 Capturing of air emissions during drying of activated
carbon after desorption

When desorption of VOC from activated carbon takes place, the activated
carbon becomes wet and needs about 30 — 60 seconds drying time to
recover its adsorption capacity.

During this time, extraction air from the installation is routed through the
adsorption system for carbon drying.

To avoid toluene emissions during drying time, emissions from the drying
recovery unit can be routed back into the installation until the activated
carbon has recovered its full adsorption capacity.

[Germany 2003] [BREF STS 2007]

7.2.3 Closed-loop system

The cleaned air outlet of the adsorption system can be re-circulated into the
installation to further reduce emissions to ambient air.

The system needs high capacity of the solvent recovery system to obtain
low VOC concentration in re-circulated air. This can be achieved with more
activated carbon and/or more frequent desorption cycles.

The system is only applicable to new presses in combination with a new
solvent recovery system. Additional investment costs of closed loop
recovery system are about 5 million EUR for a press with cylinders of 3
meters.

[Germany 2003] [BREF STS 2007]

Economic and cross-media impacts

More frequent desorption creates more waste water and requires more
energy. Additional energy is also needed because of increased adsorption
capacity. Benefits can be obtained if cooling energy is generated from
waste heat, e.g. from a combined heat and power generation on site.

Workplace limit values have to be taken into account if routing air
emissions from the recovery system back into the installation.
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8 Summary of VOC emission reduction
measures

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

Table 7: Measures for VOC substitution and VOC reduction in publication

rotogravure printing

Objectives

Description

VOC-free systems

VOC-free cleaners

Use of dry ice cleaning

VOC-reduced

Retention ink systems

Use of inks with later film forming

systems properties
F"OCG‘SS Increased dryer length | Longer drying time for increased
improvement toluene emission in the plant
Storage places Separate storage places with air
extraction for cleaning rags
Separate storage places with air
extraction for waste inks
Continuous air Extraction also during stop of
extraction from machines
machines and dryers
Continuous air Extraction also from areas with less
extraction from toluene concentration
machines, dryers and
press room
Abatement Efficient adsorption Installation of sufficient adsorption

technologies

capacity, efficient desorption
intervals, input/output measurement

Capturing of air
emissions during drying
of activated carbon

Air emissions are routed back into
the installation until activated
carbon has recovered its capacity

Closed-loop system

Clean air from adsorption outlet is
routed back into the installation
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9 Good practice examples

A publication rotogravure printing company produces magazines,
catalogues, brochures and advertising.

The printing house uses a gas turbine for electricity and heat production,
converting part of the heat into cooling. Hot steam from the turbine is used
for toluene recovery from activated carbon. When steam is produced in
excess by the gas turbine, more frequent desorption of toluene from
activated carbon devices is realised.

After adsorption, cleaned air is routed back into the printing room (closed-
loop system).

With the closed loop system, toluene emission levels < 3 % have been
achieved, resulting in specific toluene emissions of 25 — 60 mg/m? of
printed product.

The lowest values reported in 2005 were related to more frequent
desorptions realised with excess turbine steam.

[BURDA 2006]

10 Emerging techniques and substitutes under
development

10.1.1 VOC-free ink systems

Tests have been undertaken with water-based inks for publication
rotogravure printing, but have not been successful because the relatively
high viscosity of these ink systems is not appropriate for high-speed
printing.

Besides quality deterioration and 30 % reduced productivity, water-based
inks showed disadvantages because of increased energy need for drying,
higher waste generation and more difficulties to de-ink the printed paper.

[BREF STS 2007]

10.1.2 Increased temperature in the press room

By increasing the temperature in the press room (e.g. from 40° to 90°C),
more toluene evaporates from residues in the printed product. Thereby
more toluene is released and recovered inside the plant and not emitted to
ambient air. [BREF STS 2007]

With this measure toluene emissions from products were expected to be
reduced by about 1 % of the total solvent input, but test applications in
Europe have not achieved this level. [BREF STS 2007]

Economic and cross-media impacts

A significant amount of additional energy is needed to increase press room
temperatures. Higher toluene emissions will need more energy for
desorption but will lead to economic benefits from increased toluene
recovery.
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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)

Other printing

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

Other printing

SE Directive — Emission limit values (ELVSs)
(Annex Il A — activity No. 3)

Activity Solvent ELVs Fugitive
consumption | in waste gases | emission values
threshold [mg C/Nm?] [% of solvent
[tonnes/year] input]

Rotogravure (other than
publication rotogravure),
flexography, rotary

15-25 100 25

screen printing (not on
textile/cardboard), > 25 100 20
laminating or

varnishing units

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 Il (B) of the SE
Directive.

Specific requirements apply for VOCs classified as CMR substances' as
well as for halogenated” VOCs that are assigned the risk phrases R40 or
R68°. 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 210 g/h for VOC classified as
CMR substances or 2100 g/h for halogenated VOC with R40 or R68 the
emission limit values in waste gases are 2 and 20 mg/Nm? 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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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].*

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)

e 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] [Okopol 2008]

Paper

2

VOC input 37 %
Ink solvents Printing
/ machine
with
VOC input | 63% dryers
Ink dilution
and cleaning
solvents |_/
76 %
VOC output
VOC emission

(captured)

VOC output
75 % | Destroyed by
treatment

<05%

!

Finished product

Figure 1: Main VOC input and output of packaging rotogravure and flexography printing

52



Guidance 3

4.2 Process description

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

Table 3: Typical characteristics of different printing systems

Packaging Flexography | Rotary screen
rotogravure 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] [Okopol 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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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.
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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 ROTARY SCREEN
printing cylinder. The stencil is cut with a computer-controlled blade and is PRINTING USES

used to block ink from being transferred to non-image areas of the ;‘éﬁ?\éi oNTHE
substrate. Inside the screen cylinder a squeegee is fixed, which is pressing PRINTING
ink through the unblocked parts of the screen and onto the substrate. CYLINDERS

=ZH(® \ | o fuTp
" Rotary Screen Printing Machine Diryer Roll up

[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]

95



Guidance 3

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
iImpact

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 Field of application
(at 293 K) [kPa]

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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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 Ink system
(at 293 K) [kPa]

Solvent naphtha varying Solvent-based

Xylene 0.7-0.9 Solvent-based
1-Methoxypropy! 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] [Okopol 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/m? for
white, 1.0 - 1.5 g/m? for spot colours and 0.5 - 1.0 g/m? 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] [Okopol 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] [Okopol 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, CO, (‘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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4

[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 CO, 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/md).

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/m°.
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/m°.

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

Other printing

Objectives Description
VOC-free systems | VOC-free Use of water-based inks with 0 %
water-based inks organic solvent content
VOC-free Use of UV-curing inks or inks curing
radiation-curing inks with electron beams
VOC-free cleaners Use of water-based cleaners
Use of ultrasonic cleaning
Use of caustic water cleaning
Use of dry ice cleaning
VOC-reduced VOC-reduced Use of water-based inks with
systems ink systems 0 - 25 % organic solvent content
VOC-reduced Use of automatic washing machines
cleaning systems for parts cleaning
Connection of automatic washing
systems to waste gas treatment
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Objectives Description
FFOCGSS Improved handling Close open containers
improvement Connect dilution solvents storage
tanks directly with ink reservoirs
Optimise extraction Enclose machines
Extract from bottom of machines
Abatement Adsorption Adsorption on activated carbon or
technologies zeolite and desorption for later
treatment
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/m® 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/m® 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/m® 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 m® 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.

11 Information sources

[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.

[Amcor 2005]

Amcor Flexible Schiippach, Optimierung der Abluftreinigungsanlage (Waste gas treatment
optimisation), Energie-Agentur der Wirtschaft (EnAW), Zirich, 2005.
http://www.enaw.ch/content.cfm?ek id=BABF5832-977B-4EE1-
BF0237557BDB7048&type=pdf&filetype=pdf

[AMINAL 2002]

Sitmae Consultancy, Evaluatie van het reductiepotentieel voor VOC emissies naar het
compartiment lucht en de problematiek van de implementatie van de Europese richtlijn
99/13/EG in de grafische sector in Vlaanderen (Evaluation of the reduction potential of VOC
emissions to air and the implementation of the SE Directive 1999/13/EC in the printing
industry in Flanders), Administratie Milieu-/Natuur-/Land- en Waterbeheer (AMINAL) [now:
Department LNE], Belgium, 2002.

[ASCO 2008]
ASCOUJET Dry Ice blasting — Trockeneisstrahl-Technologie, personal communication, 2008.
http://www.ascojet.com/
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[BAUM 2002]

Kosten senken durch Umweltmanagement — Erfolgreiche Praxisbeispiele (cost reduction
with environmental management — successful case studies), Bundesdeutscher Arbeitskreis
fur umweltbewusstes Management (B.A.U.M.), Hamburg, 2002.
http://www.baumev.de/baumev/service/publikationen/Kurzvorstellungen/Kosten_senken_kur

zfassung.pdf

[BREF STS 2007]

EU Commission: Reference Document on Best Available Techniques on Surface Treatment
using organic solvents, European Commission, August 2007.
ftp://ftp.jrc.es/pub/eippcb/doc/sts _bref 0807.pdf

[DW Renzmann 2008]
D.W. Renzmann Apparatebau, personal communication, Monzingen/Germany, 2008.

[EGTEI 2003]

CITEPA, Final background document on sector flexography and rotogravure in packaging,
prepared in the framework of EGTEI, Paris, 2003.
http://www.citepa.org/forums/egtei/packaging 160603.pdf

[EGTEI 2005]

CITEPA, Flexography and Rotogravure in the Packaging, synopsis sheet, prepared in the
framework of EGTEI, Paris, 2005.
http://www.citepa.org/forums/egtei/36-Synopsis-sheet-packaging-30-09-05.pdf

[EuPIA 2007]

Exclusion list for printing inks and related products, 5™ edition, European Printing Ink
Association (EuPIA), Brussels, 2007.
http://www.cepe.org/EPUB/easnet.dll/GetDoc?APPL=1&DAT IM=020A3B&TYPE=PDF

[German EPA 1999]

Jepsen/Grauer/Tebert (Okopol), Assessment of Best Available Techniques and VOC
Emission Reduction Potential in Printing Houses (Ermittlung des Standes der Technik und
Emissionsminderungspotenziale zur Senkung von VOC-Emissionen aus Druckereien);
subcontract of BiPRO, commissioned by Umweltbundesamt (German Federal
Environmental Protection Agency), Berlin, 1999.
http://www.energy-germany.de/treffer.php?c id=25&lang=de&cattype=cpg

[German EPA 2003-1]

Jepsen/Tebert (Okopol), Best available techniques in the Printing Industry, German
background paper for the BAT-Technical Working Group ‘Surface treatment using organic
solvents’ organised by the European IPPC Bureau. Umweltbundesamt (German Federal
Environmental Protection Agency), Dessau, 2003.
http://ec.europa.eu/environment/air/pollutants/stationary/solvents/activities/pdf/d025 uba_pa

rt2 printing.pdf

[German EPA 2003-2]

Integrierter Umweltschutz bei bestimmten industriellen Tatigkeiten (Integrated Pollution
Prevention for certain industrial activities), Bedrucken (Printing), Teilband Il (Volume II).
Umweltbundesamt (German Federal Environmental Protection Agency), Dessau, 2003.

[IBU 2008]

Internet platform for environmental protection in printing industry, Informationszentrum
Betrieblicher Umweltschutz (IBU), Ministry of Economic Affairs, Baden-Wirttemberg,
Stuttgart, 2008. http://www.umweltschutz-bw.de/?Ivi=403

[ICT 2006]
ICT Ice Clean Thomas GmbH, Zimmern/Germany, 2006.

[IMPEL 2000]

Good Practice Fact Sheet - Printers, IMPEL Network, European Union Network for the
Implementation and Enforcement of Environmental Law, 2000.
http://ec.europa.eu/environment/impel/pdf/printers.pdf

[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
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[HDM]
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Management Systems in the Graphic Media Industry, Hochschule fir Druck und Medien,
Stuttgart, 2000.

http://www.hdm-stuttgart.de/printing-green/

[LASI 2007]
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[CKOPOL 2008]
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http://www.rahning.de/unternehmen/en/umwelt.php?btm=unternehmen&bts=umwelt

[Sun 2008]
Erik Segers, corporate product manager liquid inks, personal information, Sun Chemical
Europe, Ternat/Belgium, 2008.

[Sitmae 2005]
Paul Verspoor, Solvent-based or Water-borne Inks in Flexography - A Cost Comparison,
Sitmae Consultancy, Maarssen/The Netherlands, 2005.

[Value 2007]
Alternativen zum l6semittelbasierten Flexodruck (Alternatives to solvent-based flexography),
Value Magazine, web edition, 4.7.2007.

[VROM 2005]
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1 Introduction

This guidance addresses surface cleaning, 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)

Surface cleaning is defined as ‘any cleaning activity, except dry cleaning, using
organic solvents to remove contamination from the surface of material including
degreasing. A cleaning activity consisting of more than one step before or after
any other activity shall be considered as one surface cleaning activity. This
activity does not refer to the cleaning of the equipment but to the cleaning of the
surface of products.’

The SE Directive covers installations in which this activity is taking place with an
annual organic solvent consumption greater than 1 t or 2 t (depending on the
used solvent (see Table 2).

Surface cleaning is a process which is applied in several industry sectors
e.g. metal industry, electronic industry and typically takes place before or
after another production step (e.g. before painting).

Paint stripping and dewaxing is included in the activity of ‘surface cleaning’
(according to the SE Directive) whereas dry cleaning is covered by a
separate activity (see guidance document 11)

The SE Directive lays down the following activity specific emission limit
values for surface cleaning:

Table 2: Emission limit values of the SE Directive

SE Directive - Emission limit values (ELVS)
(Annex Il A — activity No. 4/5)

Activity Solvent ELVs in waste Fugitive Total
consumption gases emission ELVs
threshold [mg C/Nm?] values
[tonneslyear] [% of solvent
input]
4. Surface cleaning 1-5 20 mg/Nm? * 15
using VOC with the
R- phrases R45,
R46, R49, R60, R61 3%
or halogenated VOC >9 OGN L
assigned R40
5. Other surface o .
cleaning 2-10 75 20
> 10 75** 15**

Special provisions:
* these ELVs in waste gas refer to mass of compounds in mg/Nm?3, and not to total
carbon.

Installations which demonstrate to the competent authority that the average organic
solvent content of all cleaning material used does not exceed 30 % by weight are
exempt from application of these values.

*%
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Installations operating both activities 4 and 5 as defined in the Directive
have to comply for each activity separately with the corresponding
requirements of the SE Directive.

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

Specific requirements apply for VOCs classified as CMR substances' as
well as for halogenated VOCs which are assigned the risk phrases R40 or
R68% 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 210 g/h for VOC classified as
CMR substances or 2100 g/h for halogenated® VOC with R40/R68 the ELVs
in waste gases are 2 and 20 mg/Nm? respectively, and these also apply
when a reduction scheme is being used. (Note that this requirement may
be more stringent than the ELVs set out for activity 4 in the above table)

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

2 Summary of VOC substitution/reduction

VOC containing solvents are widely used for surface cleaning and can give
rise to fugitive emissions when used in an open or semi-enclosed
environment with little or no fume extraction and abatement. Switching to
water based systems is the most effective VOC substitution measure.

In cases where cleaning agents containing solvents with specific R-phrases
are used and these cannot be replaced by less harmful substances, a
sealed chamber system with integrated abatement and recycling should be
used.

For solvents containing only VOCs that do not carry specific R-phrases
enclosed cleaning machines or baths - with integrated abatement and
recycling technologies - should be used.

Changing cleaning technology (e.g. laser cleaning, CO, cleaning) also
provides a way of avoiding VOC emissions. Although the operational costs
are comparatively low, these technologies often demand high investment
costs.

Process improvements - like optimising cleaning processes to meet only
the required cleanliness or the re-organisation of the production process to
avoid interim cleaning steps - are also important measures to reduce VOC
emission from surface cleaning activities.

1 CMR substances — carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61)

2 After the implementation of the SE Directive a revision of the R-phrase R40 took place. The original
wording of R40 was: ‘Possible risk of irreversible effects’. The new wording is: ‘Limited evidence of a
carcinogenic effect’. In the ‘old’ version mutagenity (cat 3) was included. This mutagenic effect is now
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. Until
the SE Directive is adapted to this change, a final decision on which version applies can only be given
by the European Court

3 Halogenated organic solvents are hydrocarbons with one or more of the following halogens: fluorine,
chlorine (e.g. trichloroethylene), bromine (e.g. n-propyl bromide) or iodine.
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3 Description of the activity and related
industry sectors

Surface cleaning activities are necessary in many different sectors of
industry, including the electronics industry, metalworking, and engineering,
ranging from manufacture of heavy machinery and vehicles down to
manufacture of medical, precision and optical instruments. The choice of
cleaning solvent depends on the type of cleaning process, the nature of the
contaminant being removed, and the products involved.

For the period 1999 — 2003, EU 15 Member States reported approximately
2,600 installations falling under the SE Directive carrying out surface
cleaning [Implementation 2006]. The total number of existing installations is
very difficult to estimate because cleaning of surfaces is merely a process
step carried out in numerous industrial sectors. The range of users varies
from small workshops carrying out manual cleaning (and typically not
covered by the SE Directive) to big industrial installations with cleaning
departments.

The substances commonly used for surface cleaning include both organic
solvents (non-halogenated and halogenated hydrocarbons) and water
based systems. Water based systems are widely used and have already
replaced organic solvents in many cases.

Non-halogenated hydrocarbons are used in several industrial sectors for
the manufacture of rubber/plastic products, glassware, pipe work,
machinery, and transport equipment. There are also applications in
precision / electrical engineering, electronic and precision optics and in the
manufacture of printed circuit boards. The type and size of cleaning
systems range from the small, open, and manually operated through to
large, sealed, industrial installations. Non-halogenated solvents are also
used for de-waxing cars (at distribution companies or at car dealers) and in
car repair workshops.

Solvents classified as CMR substances or halogenated solvents are used
to remove contamination from metals, glass, ceramics or composite
surfaces such as printed circuit boards. Halogenated solvents are
particularly effective for the removal of oily and fatty contaminates. They
are not suitable for most rubber and plastics as these may be soluble in
these solvents.

Halogenated and halogen-free solvents are used by specialist companies
for the removal of paint in the automotive and aircraft industry.
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4 Technical process description

4.1 Process flow and relevant associated VOC emissions
The following flow chart is a schematic overview of a typical surface

cleaning process in a closed system with integrated solvent recovery (such
as the type lll cleaning machines described in chapter 7).

Storage and | <1%
handling
of solvents

VOC input 8%
Cleaning Solvent

Work-
piece

\/ I 98%
<5% Solvent
<« Surface Cleaning recovery
(inclusive 10%
activated >
carbon filter)

Cleaned <<1%
workpiece

Figure 1: Typical VOC outputs from surface cleaning processes using
organic solvents (closed system)

100 %

The bulk of the emissions to air arise during the cleaning process and from
solvent handling and storage, but particularly when the chamber is opened
to unload workpieces. Typically the VOC output to waste is recovered in a
waste treatment process.

4.2 Process description

Solvent based cleaning can be differentiated into three types of processes:

= vapour phase cleaning or degreasing: solvent vapours condense on the
surfaces of the product

= liquid phase cleaning (or cold cleaning): contaminants are
soaked/immersed in solvent

= manual cleaning: liquid or aerosol solvents are applied using wipes,
rags, brushes, etc.
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The most common technologies for surface cleaning with VOCs are
described below. These include the application systems for solvents used
for dewaxing and paint stripping.

4.2.1 Vapour phase cleaning: Chamber systems (with or without
vacuum technology)

Chamber systems with vacuum

These cleaning machines offer the highest standards of surface cleaning
and emission reduction. During the cleaning operation, the emission of
VOC is reduced to a minimum by the use of containment and vacuum
technology (for further information on emission rates see chapter 7, Figure
5, type IV). All processes where solvent emissions might occur are
enclosed in a sealed casing. During the cleaning process, which is carried
out under vacuum it is not possible to open the chamber. The chamber has
an integrated activated carbon filter for air cleaning and opening is
controlled automatically to prevent VOC emissions. Such installations are
equipped with a low temperature vacuum distillation system (for integrated
solvent recycling) that separates the solvent from oils and greases for
reuse. The machine is leak proof and includes safety systems to avoid
emission -even in the case of mis-handling. Solvent use is restricted to
designated handling area where the rate of consumption can be reduced to
a minimum. The machine design is such that no exhaust air is produced
and the contaminants removed are captured in sealed filters that are dried
automatically.

The following figure is a schematic overview on sealed installation with a
single working chamber, a closed loop drying with refrigeration and an
activated carbon filter.

€ drying cycle

Activated , y
carbon — refrigeration
Working _’|
chamber |
Figure 2: Schematic overview on a closed loop installation (vacuum system)
[Dow 2008]

These machines can work either with chlorinated solvents or A3 class
hydrocarbon solvents (flash point greater than 55°C meaning they are not
flammable under vacuum conditions).

For enhanced cleaning these installations can also be equipped with
ultrasonic cleaning.

These installations are available in different standard sizes (from 100 | up to
5.000 I), but customised installations are common too. [Hosel 2008], [Pero
2008]
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Chamber systems without vacuum

This technique prevents direct emission of solvents by a series of interlocks
in combination with a vapour extraction and/or refrigeration system. This
system recycles the vapour back into the solvent sump (tank) (for further
information on emission rates see chapter 7, Figure 5, type Ill). By contrast
with the above vacuum system, this system still exhausts gas.

vent

€ drying cycle
Activated . )
S refrigeration
L Working
. chamber
Figure 3: Schematic overview on a closed loop installation [Dow 2008]

It enables a very high degree of solvent containment and reduction of
fugitive emissions. These machines can work either with chlorinated
solvents or other non flammable solvents.

4.2.2 Open-top vapour systems

A typical open-top vapour degreaser has a sump containing a heater to
generate solvent vapour. Parts to be cleaned are immersed in the vapour
zone and solvent condenses on the work piece until it is heated up to the
vapour temperature. Residual liquid solvent rapidly evaporates as the
cleaned parts are slowly removed from the vapour zone. Cleaning action is
often supplemented by spraying solvent onto the parts from below or by
immersing them in the liquid solvent bath. Nearly all vapour degreasers are
equipped with a water separator allowing the (water free) solvent to flow
back into the degreaser.

To reduce VOC emissions and to protect workers open top systems should
at least be enclosed to ensure the VOC emission is captured and treated
(e.g. by activated carbon).
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vent  activated
2 carbon
bath | bath Il vapour
sump
Figure 4: schematic overview on an encased open-top degreaser with

activated carbon [Dow 2008]

Although open top systems using CMR and halogenated solvents (usually
perchloroethylene) are still in use in some Member States these are not
state of the art. In the event that these substances are the only means of
achieving special cleaning requirements then sealed (in case of CMR
substances) or at least enclosed systems (for halogenated substances)
should be used.

4.2.3 Liquid phase cleaning: Cold cleaners

Cold cleaners are commonly used by those carrying out maintenance and
manufacturing activities. They are mainly batch loaded and — compared to
vapour phase cleaning - use higher-boiling point solvent degreasers. Cold
cleaner operations include spraying, brushing, flushing, and immersion. In
order to increase the cleaning effect dirty parts are often pre-cleaned
manually by spraying before being soaked in the tank. After cleaning, the
parts are either hung up to drain over the tank or placed on a separate
rack. The drained solvent is then reused.

Typical cold cleaners vary widely in design, but there are two basic tank
designs: a simple spray sink and a dip tank. Of these, the dip tank provides
more thorough cleaning via immersion (often agitation is used to improve
cleaning efficiency). VOC emissions arise from the open tank and from the
cleaning process. Therefore a tightly fitting cover is often used to close the
unit and prevent VOC emissions when it is not in use.

4.3 Dewaxing

A coating of 'wax' may be used to protect cars (whole vehicles) and
components during transport. Dewaxing is then needed to remove the wax
at vehicle distribution companies (e.g. car dealers) and sometime for
vehicle assembly during the manufacturing process. These waxes are
removed with solvents before further processing or vehicle sale. Typically a
solvent-water mixture (e.g. kerosene) is applied by high pressure spraying
at temperatures of about 80 °C, about 6-10 litre of dewaxing mixture is
necessary for the average car.
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4.4 Paint stripping

Chemical paint stripping is typically carried out using a dipping processes
or - to a lesser extent - by spraying. The operation takes place in a bath of
solvent (a dip tank) at temperatures of around 80-90 °C. The choice of the
stripping chemical depends on the material that has to be treated. Pure
solvents are often used for light metal and non-ferrous metals; a mixture of
solvents or aqueous alkaline solutions can be used for steel.

5 Solvent use, emissions and environmental
impact

5.1 Solvents used

VOC with specific R-phrases

The use of CMR substances or halogenated solvents carrying risk phrase
R40 is subject to specific requirements under the SE Directive (see chapter
1). Nevertheless halogenated solvents are still widely used because they
have excellent cleaning properties. They have a high solvency power for a
large variety of substances, low surface tension, non flammability, rapid
and residue free evaporation, good recyclability and are suitable for a wide
range of materials. The most commonly used halogenated VOC for surface
cleaning are:

= perchloroethylene (PER, perc, tetrachloroethylene), halogenated VOC
(R40)

= dichloromethane (DCM, methylene chloride), halogenated VOC (R40)
= trichloroethylene (TRI, trike), CMR substance (R45)
= N-propyl bromide (nPB), CMR substance (R60)

Perchloroethylene — PER is typically used in the industrial surface cleaning
of aluminium, magnesium, zinc, brass, and their alloys in closed
installations. Perchloroethylene is the most commonly used halogenated
solvent for vapour phase metal cleaning.

Dichloromethane — DCM is typically used for paint stripping.

Trichloroethylene — TRI has been used for vapour phase and cold cleaning.
It was classified as an R45 substance in June 2001 and solvent sales in
Europe show that it has already been widely replaced by other solvents -
typically modified alcohols or perchloroethylene (manufacturers of closed
cleaning systems have tended to prefer PER) or alternative technologies.
However, finding a suitable replacement for cleaning products with a
complex geometry (axle bearing) or for high-precision tools (already minor
surface alterations lead to uncontrollable quality losses) has proven to be
difficult.

N-propyl bromide — nPB is used for the same sectors and applications as
trichloroethylene. It is mainly used to remove solder flux, wax, oil, and
grease from electronics parts, metals, and other materials. The use of n-
propyl bromide for surface cleaning is prohibited in Germany.
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VOC without specific R-phrases

The following VOC solvents are used for surface cleaning :

= alkanes (isododecane, iso-paraffins, N-paraffins, kerosene)
= alicyclics (cyclohexane)

= alcohols (isopropanol, 1-butoxypropan-2-ol)

= polar aprotics (N-methylpyrrolidon)

= ketones (acetone, diketone)

= esters (N-butyl acetate)

= ethers (glycol ether).

N-methylpyrrolidon and higher-boiling glycol ethers are used for paint stripping,
while kerosene, and iso- and n-paraffins are typically used for dewaxing.

5.2 Solvent consumption and emission levels

The consumption of chlorinated solvents (VOCs with specific R-phrases) in
Western Europe has steadily declined over recent years. Total European
sales® of the three main chlorinated solvents - dichloromethane,
perchloroethylene and trichloroethylene - decreased from 233,000 t/a to
182,000 t/a between 2003 and 2007 (these figures do not only relate to
surface cleaning activities).

The falling consumption can be partly traced back to legal restrictions like
the phase out of 1,1,1-trichloroethane (identified as ODS substance) and to
a shift from chlorinated solvents to alternative solvents. The main reason
for reduced consumption is, however, the increasing number of installations
with closed systems and the improved process management. Improved
emission control, an increased use of solvent recycling systems, and better
management of wastes are all widely used.

Moreover the more stringent carcinogenicity classification of
trichloroethylene has reduced the annual sales of the solvent by almost
60% since 2001. A further reduction of use (and emissions) of
trichloroethylene is expected as the result of a voluntary agreement within
the chemical industry, that after 2010 trichloroethylene will only be supplied
for metal cleaning if users have totally enclosed equipment.

It is estimated that in Europe around 20 kt/year of chlorinated solvents are
used for industrial surface cleaning5; use of non-chlorinated solvents
(hydrocarbons) for metal/industrial cleaning is around 160 kt/year, which is
4% of European solvent consumption [ESIGc].

4 1t should be noted that solvent sales reported here are those of virgin solvent sales made in the EU
and do not take into account recycled solvents
5 BiPRO estimate based on Eurochlor data
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5.3 Key environmental and health issues
For surface cleaning activities 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:
- storage of the solvents
- cleaning process

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.

VOC with specific R-phrases

The main environmental and health issues of the CMR labelled solvents
result from their classification as carcinogenic, mutagenic, or toxic to
reproduction.

The solvents trichloroethylene and N-propyl bromide are classified as
category 2 CMR substances and there is some, limited, evidence of the
carcinogenic effects of perchloroethylene and dichloromethane.

Perchloroethylene and trichloroethylene are toxic/harmful to aquatic
organisms and may cause long-term adverse effects in the aquatic
environment. Halogenated solvents, besides being air pollutants, are toxic
to the aquatic environment.

VOC without specific R-phrases

The solvents 1-butoxypropan-2-ol, isopropanol, cyclohexane, N-
methylpyrrolidon and acetone are classified as harmful and cause irritation
to eyes and/or skin. Isopropanol, cyclohexane, acetone and N-butyl acetate
are classified as “Vapours may cause drowsiness and dizziness”.
Cyclohexane, isododecane and kerosene are harmful and may cause lung
damage if swallowed. A repeated exposure to N-butyl acetate and acetone
may cause skin dryness or cracking.

Some solvents are also toxic in the aquatic environment. Cyclohexane is
highly toxic to aquatic organisms and may cause long-term adverse effects.
Most organic solvents are highly flammable. Isopropanol, cyclohexane,
acetone, isododecane are classified as high flammable, whereas N-butyl
acetate is classified as flammable.
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6 VOC Substitution

The following sections describe potential substitutes for VOC (using VOC-
free and VOC-reduced systems). There are also descriptions of the
application technologies or special conditions needed and the advantages
and disadvantages compared to systems that use solvents with a high VOC
content.

6.1 VOC-free systems

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

6.1.1 Substitution of VOC solvents with water based cleaning
systems

Water based cleaning systems - a solution of water and detergent —are
adequate for a great number of applications. Aqueous solutions of acid,
alkali or neutral cleaners can be used for the industrial cleaning of some
hard surfaces - metallic ones such as steel, aluminium, magnesium, copper
etc., plastics, coated surfaces, glass and electronics components. Neutral
(pH) cleaners are primarily used for intermediate and final surface cleaning,
whereas strongly alkaline products are used to obtain very clean surfaces
before surface enrichment, phosphatising or coating processes. Acidic
products are used in special applications like cleaning of metals e.g.
aluminium to remove metal oxides, slag’s and inorganic residues from the
surface.

Water-based cleaning systems can replace halogenated as well as non-
halogenated solvents.

Water-based systems are now well established for a large number of
industrial surface cleaning operations - some with even better cleaning
results than the solvent-based systems they have replaced. The two main
techniques used for water-based systems are immersion (ranging from
small, ultrasonic, tanks through to multi-tank systems) and
spraying/sprinkling.

Investments costs for water based installations are typically more than 50%
lower than comparable solvent systems (enclosed, with air extraction). The
operational costs for water based systems are highly dependent upon the
choice of cleaning medium and the necessity for bath maintenance. In
addition water based cleaning systems may be more energy intensive than
solvent based cleaning because of the need for a drying stage. In some
cases a final cleaning with deionised water may also be necessary. Water-
based systems may produce more waste - the water content of the oil
waste is often higher. The cleaning systems may have to be
maintained/replaced more regularly to ensure constant product quality
(service life from 3 weeks to 3 month) resulting in additional waste.

The efficiency of water-based cleaning can be enhanced by additional
ultrasonic or megasonic cleaning systems. These systems consist of a
transducer capable of generating particular sound waves. The sound
waves are transmitted through the cleaning solution and create small
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vapour bubbles (micro-cavitation) which support the cleaning activity.
Megasonic systems create smaller bubbles and so are more suitable for
cleaning sensitive parts or cleaning where smaller amounts of
contaminants need to be removed. It is possible to retrofit existing systems
with this technology.

Another system which that improves the cleaning action is injection flood
washing - where a jet is used to create vigorous turbulence within the liquid
[Darr 2008].

There are many water-based cleaning options available - for many different
applications. But in all cases it is essential that water based agents are well
suited to the products to be treated, can achieve the required cleanliness
and are appropriate for specific process conditions being used by a
company. In most cases some testing of alternative systems will be needed
to find the right solution.

Biological cleaning agents

Biological cleaning agents can be effective substitutes for organic solvents
used for cleaning activities at work stations.

The cleaning process is similar to other standard aqueous cleaning.
Contaminants are removed from the metal surfaces by surfactants and
emulsifiers and transferred to the cleaning bath. This emulsion is then fed
to a separate tank. Provided the system is kept warm (typically up to 38 °C)
the microorganisms in the cleaner decompose oils and grease to water and
CO,, the cleaning fluid is regenerated and its cleaning power is restored
and the lifetime of the cleaner increases significantly. This water based
system generates a relatively low amount of waste compared with
conventional cold cleaning methods. [Karcher 2008]

6.1.2 Carbon Dioxide Cleaning

CO, can be used as a solvent for the removal of oil, grease and other
organic contaminants. Pellets of dry ice are blown, with pressurized air, at
about 300 m/s onto the surface to be cleaned. The technique is particularly
suitable for removing small amounts of organic contaminants - it is
generally not suitable for the removal of rust, scale, powder varnishes, two-
component paints and most inorganic compounds. A high degree of
cleanliness is achievable and no residue is left. It is possible to clean
electrical components and sensitive parts in situ.

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

6.1.3 Plasma technology

Plasma technology (ion bombardment) may be used for removing thin films
of organic contaminants. Two technologies are available: low pressure
plasma system (LPPS) and atmospheric pressure plasma system (APPS).
LPPS is especially suitable for treatment of components in batch processes
while APPS can be integrated into automated systems (continuous
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processes). Either oxygen or argon are used as the process gas —
depending on the materials to be cleaned and the composition of the
contaminant.

Typical fields of application are the removal of grease, oxides, oil, silicones
in the automotive and electronics industry, before industrial painting, or for
pre-treatment before gluing or soldering. Plasma cleaning, in combination
with surface activation, is often used as pre-treatment in the plastic industry
to improve the bonding of water based paints. Plasma cleaning leaves no
residues on the surface so there is no need for a rinsing step.

Water-based or semi-aqueous cleaning is often used for a pre-cleaning
step prior to plasma treatment because plasma cleaning is only effective on
thin-film contaminants (< 1um) and is ineffective when inorganic materials
are present.

The investment costs depend on the size of the installation and vary
between 8,000 € and 400,000 € (for work pieces up to a diameter of 2.5 m).
Installations are available from 2 liters (laboratory scale) up to 13,000 I, but
customised installations are available too.

The operational costs are very low as no specific chemicals are needed
(see also example in chapter 9.4). [Diener 2008]

6.1.4 UV Cleaning

Ultraviolet (UV) light and ozone can be used to remove organic
contaminants from the surface of substrates such as photoresists and
semiconductors. The cleaning agents are the oxygen free radicals formed
when ozone and hydrogen peroxide decompose; these react with and
decompose the organic contaminants. As with plasma cleaning a pre-
cleaning step may be needed.

6.1.5 Laser cleaning

Laser cleaning is especially applicable for high-quality surfaces in the
automotive, aviation or electronics industries. This technique employs
pulsed laser radiation to remove organic protective layers and coatings
either layer by layer or in their entirety. No additional cleaning chemicals
are required. As well as being suitable for paints, adhesives, and other
coatings, this technology can be used to remove plastic and rubber
residues, and oxide layers.

The operating costs of this technology are very low but there are high
investment costs.

6.1.6 Dewaxing

In the automotive sector self-adhesive foils (PVC or PU) fixed by a water
film on the surface and spray-on films (aqueous polyester-polyurethane
dispersions) are steadily replacing dewaxing with organic solvents for both
economic and environmental reasons [AUDI 2002], [FOLIATEC 2008],
[SDK 2008].
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6.1.7 Thermal paint stripping

Thermal paint stripping is applicable to all thermo-resistant materials like
(stainless) steel, aluminium, etc. The process takes places in an oven at
temperatures of 250-430 °C for a period of between 3 and 12 hours
(depending on the material). The paint adhering to the workpiece is burned
and after cooling additional treatments such as sandblasting or high-
pressure water washing can be used to remove the remaining ash. This
method is not suitable for plastics and wood.

VOCs are destroyed with this technique but the exhaust gases have to be
treated by thermal oxidation. On the other hand, there is no waste water or
sludge to be disposed of and maintenance costs are lower than for solvent
based systems, while the energy consumption will be higher.

6.1.8 Laser cleaning

Laser cleaning is especially applicable for high-quality surfaces in the
automotive, aviation or electronics industries. This technique employs
pulsed laser radiation to remove organic protective layers and coatings
either layer by layer or in their entirety. No additional cleaning chemicals
are required. As well as being suitable for paints, adhesives, and other
coatings, this technology can be used to remove plastic and rubber
residues, and oxide layers.

The operating costs of this technology are very low but there are high
investment costs.

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 low VOC content products

Several low VOC content products are available on the market that might
replace systems with higher solvent contents.

In addition, semi-aqueous cleaning systems are available that contain only
a small amount of solvent. For example in the micro-phase cleaning system
(MPC), an aqueous mixture of polar and non-polar components (at a
concentration ~ 10%) is heated and agitated, the dirt removed does not
bond with the active cleaning agents and can be removed by filtration.
Besides reducing VOC emissions this system is reporting to have a long
service life [Cleantool].
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7 Other VOC emission prevention measures
and abatement techniques

A complete substitution of VOC is not always possible, but in many cases
additional possibilities exist to reduce VOC emission. The following
measures are commonly applied to reducing VOC emissions from surface
cleaning processes.

7.1 Use of closed systems

The enclosure of cleaning operations can be a highly effective way to
reduce VOC emissions. Sealed chamber systems (as described in chapter
4) reduce direct solvent emissions by over 90% compared to open
equipment and reduce solvent consumption by about 60-80% - depending
on the solvent content of the waste transferred for external recycling [Dow
2008].

An overview of the characteristics of the different machine types
(generations) is given in Table 3. The emission and consumption
reductions achieved are shown in Figure 5.

Table 3: Differences between the different technologies for surface cleaning
: Closed loo Activated
Technology | Construction ) ; P Solvent Vapour
eneration type drying with recyclin extraction carbon
g yp refrigeration ycling filter
Typel Open top No External No No
Type lI Enclosed No External Yes No/ Yes
Type lll Closed Yes Integrated Yes Yes
(sealed)
Type IV Closed Yes Integrated No Yes
(sealed)
= 20 1-16 ka/h
@
= 15 L
®
210
§ s ~ 2 ka/h
E N ~ 0.1 ka/h < 0.1 ka/h
© 0 T T T 4 T
(] 0. ¢ 1
ype | Type Il Type lll Type IV
Figure 5: Development of surface cleaning technology and related air

emission [Dow 2008]

In the following a short description of the above mentioned machine types

is given:
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Type | installations are open with no specific VOC control measures (open-
top systems). The use of these installations has decreased significantly
during recent years due to stricter environmental and occupational health
legislation. In addition the solvent consumption — and thus the cost - is very
high (see chapter 4.2.2).

Type Il installations are similar to type | but are enclosed. This installation
type remains widely used. Enclosed vapor degreasers incorporate both
refrigerated condensation and an external carbon adsorption/desorption
phase to trap and regenerate solvent.

Type Il installations are closed loop systems with integrated solvent
recycling. With these installations the VOC emissions resulting from the
cleaning activity can be significantly reduced (~ 0.1—0.2 kg/h). For a more
detailed description see also chapter 4.2.1.

Type IV installations are closed loop (sealed) systems with vacuum
technology. This technology results in significant emission reduction.
Closed loop operation, in combination with the vacuum technology and
deep temperature condensation (< 180°C), reduces the emissions to air to
a minimum of 0.001 kg/h. For a more detailed description see chapter
4.2.1). These installations have no exhaust so vapour extraction is not
necessary.

7.2 Further process improvements

Use of spraying to enhance cold soaking and vapor degreasing

Spraying can enhance the cleaning efficiency of cold soaking and vapour
degreasing. However emissions may increase if carried out incorrectly - low
pressure spraying should be used and it should be carried out below the
top of the vapour level.

Improved containment achieved by improved covers

Evaporation from cold cleaning baths can be controlled using a cover, by
allowing an adequate freeboard height, and by avoiding excessive draft in
the workshop.

Improved handling of solvents

Solvents should be stored in separate safety containers - one for fresh and
one for used solvent. Dry-break couplings can be used to ensure leak-free
transfer of solvents from containers to enclosed cleaning machines.

Generally, all containers (including those for waste) should have covers to
prevent evaporative losses.

Product/process design to reduce the need for cleaning

A regular re-assessment of the production process can improve
manufacturing efficiency - and help to minimise VOC emissions - by
identifying causes of contamination and eliminating or minimising it at the
source. Typical measures to consider include:
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= Tracing the source of soiling (e.g. impurities in oils) and where possible
eliminating, changing or reducing the level of contamination to avoid or
reduce cleaning steps

= Elimination or modification of interim cleaning processes;

= Reducing the time between cleaning and further processing;

= Pre-cleaning, e.g. manual removal of excess oil before cleaning;

= Using counter-current cleaning.

Optimized cleaning

Optimal cleaning results, with minimal VOC emissions, can only be
achieved when the technology and products used are matched to the
cleaning requirement. The selection should address the:

= Type of surface (e.g. metal, rubber);

=  Geometry of the surface which has to be cleaned;
= Variety of parts to be cleaned;

= Required 'cleanness' of the surface;

= Type of contaminants present;

= Associated process technologies;

= Quantity of parts to be cleaned;

= Continuous or batch process.

Many solvent and equipment suppliers have optimised solutions for
different sector applications and provide information on the Internet®.

7.3 Abatement technologies
Where solvent capture and recovery is not a part of the cleaning

installations abatement technologies may be needed to reduce VOC
emissions.

6 Activated carbon is suitable for both halogenated and non-halogenated solvents. The recovery of the
solvents can either take place on site or ! e.g. www.cleantool.org
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The most common systems for surface cleaning systems are described
below.

7.3.1 Activated carbon adsorption

external. On site recovery is of limited benefit to small companies as the
carbon regeneration equipment is costly and experience is needed to use it
properly. This is especially true for the systems for halogenated solvents.

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

Compared with the investment 