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Abstract

The Best Available Techniques (BAT) Reference Document (BREF) on Surface Treatment
using Organic Solvents including Preservation of Wood and Wood Products with Chemicals is
part of a series of documents presenting the results of an exchange of information between
EU Member States, the industries concerned, non-governmental organisations promoting
environmental protection, and the Commission, to draw up, review and — where necessary —
update BAT reference documents as required by Article 13(1) of Directive 2010/75/EU on
Industrial Emissions (the Directive). This document is published by the European
Commission pursuant to Article 13(6) of the Directive.

The BREF on Surface Treatment Using Organic Solvents including Preservation of Wood
and Wood Products with Chemicals covers the surface treatment of substances, objects or
products using organic solvents as well as the preservation of wood and wood products using
chemicals as specified in Sections 6.7 and 6.10 of Annex | to Directive 2010/75/EU
respectively.

Important issues for the implementation of Directive 2010/75/EU in the surface treatment
using organic solvents (STS) and the wood preservation with chemicals (WPC) sectors are
emissions to air and water as well as energy and water consumption. Chapter 1 provides
general information on the STS sector and on the main environmental issues associated
with their use. Chapters 2 to 14 give the applied processes, current emission and
consumption levels, techniques to consider in the determination of BAT for the STS sectors
that are covered by these chapters. Chapter 15 provides general information, applied
processes, current emission and consumption levels, techniques to consider in the
determination of BAT for the wood preservation sector. Chapter 16 provides thumbnail
descriptions of additional STS sectors, for which a data collection via questionnaires has
not been carried out. General techniques to consider in the determination of BAT (i.e. those
techniques to consider that are widely applied in the STS sector) are reported in Chapter
17. Chapter 18 presents the BAT conclusions as defined in Article 3(12) of the Directive,
both general and sector-specific. Chapter 19 provides the emerging techniques for the STS
and WPC sectors. Concluding remarks and recommendations for future work are presented in
Chapter 20.
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Preface

PREFACE
1. Status of this document

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive
2010/75/EU of the European Parliament and of the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

The original best available techniques (BAT) reference document (BREF) on Surface Treatment
using Organic Solvents was adopted by the European Commission in 2007. This document is
the result of a review of that BREF. The review commenced in June 2015.

This BAT reference document for the Surface Treatment Using Organic Solvents including
Preservation of Wood and Wood Products with Chemicals forms part of a series presenting the
results of an exchange of information between EU Member States, the industries concerned,
non-governmental organisations promoting environmental protection and the Commission, to
draw up, review and, where necessary, update BAT reference documents as required by Article
13(1) of the Directive. This document is published by the European Commission pursuant to
Article 13(6) of the Directive.

As set out in Article 13(5) of the Directive, the Commission Implementing Decision
2020/2009/EU on the BAT conclusions contained in Chapter 18 was adopted on 22/06/2020 and
published on 09/12/20201".

2. Participants in the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and non-governmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions
(2011/C -146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre).

3. Structure and contents of this document

Chapter 1 provides general information on the surface treatment using organic solvents (STS)
sector and on the general environmental issues for the sector.

Chapters 2 to 16 provide the information given below on specific sectors (i.e. vehicle coating,
coating of other metal and plastic surfaces, coating of ships and yachts, coating of aircraft, coil
coating industries, manufacturing of adhesive tapes, coating of textiles, foils and paper,
manufacturing of winding wire, coating and printing of metal packaging, heatset offset web
printing, flexography and non-publication rotogravure, publication rotogravure, coating of
wooden surfaces, preservation of wood and wood products with chemicals, manufacturing of
mirrors and coated abrasives), using the following structure (X is the chapter number):

e Section X.1 provides general information on the sector.

1'0J L 414,9.12.2020, p. 19
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e Section X.2 provides information on applied processes and techniques.

e Section X.3 provides data and information concerning the environmental performance of
installations within the sector, and in operation at the time of writing, in terms of current
emissions, consumption and nature of raw materials, and use of energy.

e Section X.4 describes in more detail the techniques to prevent or, where this is not
practicable, to reduce the environmental impact of operating installations in this sector that
were considered in determining the BAT. This information includes, where relevant, the
environmental performance levels (e.g. emission and consumption levels).

Chapter 17 provides information on the common industrial processes, abatement systems and
general techniques that are used across most of the sectors of the STS activity. It describes in
more detail the techniques to prevent or, where this is not practicable, to reduce the
environmental impact of installations in the sector that were considered in determining the
BAT. This information includes, where relevant, the environmental performance levels (e.g.
emission and consumption levels) which can be achieved by using the techniques, the
associated monitoring and the costs and the cross-media issues associated with the techniques.
The WPC-relevant techniques are described in Section 15.4.

Chapter 18 presents the BAT conclusions as defined in Article 3(12) of the Directive, both
general and sector-specific for the two activities covered.

Chapter 19 presents information on ‘emerging techniques’ for the STS and WPC activities as
defined in Article 3(14) of the Directive.

Chapter 20 contains the concluding remarks and recommendations for future work.

Chapter 21 contains the Annexes with valuable information not fitted into other chapters.

4, Information sources and the derivation of BAT

This document is based on information collected from a number of sources, in particular
through the TWG that was established specifically for the exchange of information under
Article 13 of the Directive. The information has been collated and assessed by the European
IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining
BAT, guided by the principles of technical expertise, transparency and neutrality. The work of
the TWG and all other contributors is gratefully acknowledged.

The BAT conclusions have been established through an iterative process involving the
following steps:

e identification of the key environmental issues for the STS and WPC activities;

e cxamination of the techniques most relevant to address these key issues;

e identification of the best environmental performance levels, on the basis of the available
data in the European Union and worldwide;

e examination of the conditions under which these environmental performance levels were
achieved, such as costs, cross-media effects, and the main driving forces involved in the
implementation of the techniques;

e selection of the best available techniques (BAT), their associated emission levels (and other
environmental performance levels) and the associated monitoring for this sector according
to Article 3(10) of, and Annex III to, the Directive.

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the information is presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in the Techniques to consider in the determination of BAT sections. These
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data give a rough indication of the magnitude of the costs and benefits. However, the actual
costs and benefits of applying a technique may depend strongly on the specific situation of the
installation concerned, which cannot be evaluated fully in this document. In the absence of data
concerning costs, conclusions on the economic viability of techniques are drawn from
observations on existing installations.

5. Review of BAT reference documents (BREFs)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures and techniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodically reviewed and, if necessary, updated accordingly.

6. Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Joint
Research Centre (JRC) at the following address:

European Commission

JRC Directorate B - Growth and Innovation
European IPPC Bureau

Edificio Expo

¢/ Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

E-mail: JRC-B5-EIPPCB@ec.europa.cu
Internet: http://eippcb.jrc.ec.europa.cu
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Scope

SCOPE

This BAT reference document (BREF) covers the following activities specified in Annex I to
Directive 2010/75/EU:

6.7: Surface treatment of substances, objects or products using organic solvents, in particular
for dressing, printing, coating, degreasing, waterproofing, sizing, painting, cleaning or
impregnating, with an organic solvent consumption capacity of more than 150 kg per
hour or more than 200 tonnes per year.

6.10:  Preservation of wood and wood products with chemicals with a production capacity
exceeding 75 m® per day other than exclusively treating against sapstain.

6.11: Independently operated treatment of waste water not covered by Directive 91/271/EEC
provided that the main pollutant load originates from activities specified in point 6.7 or
6.10 of Annex I to Directive 2010/75/EU.

These BAT conclusions also cover the combined treatment of waste water from different origins
provided that the main pollutant load originates from the activities specified in point 6.7 or 6.10
of Annex I to Directive 2010/75/EU and that the waste water treatment is not covered by
Directive 91/271/EEC.

For the STS activity, this BREF does not address the following:

. Waterproofing of textiles by means other than the use of a solvent-based continuous film.
This may be covered by the BREF for the textiles industry (TXT).

o Printing; sizing and impregnation of textiles. This may be covered by the BREF for the
textiles industry (TXT).

o Lamination of wood-based panels.

o Conversion of rubber.

. Manufacturing of coating mixtures, varnishes, paints, inks, semiconductors, adhesives or
pharmaceutical products.

. On-site combustion plants unless the hot gases generated are used for direct contact

heating, drying or any other treatment of objects or materials. These may be covered by
the BREF for large combustion plants (LCP) or by Directive 2015/2193/EU.

The sections of this document referring to the WPC activities cover the following processes and
activities (if at least one of the relevant thresholds in IED Annex I, 6.7 or 6.10 is exceeded):

o the preservation of wood and wood products using water-based preservatives, solvent-
based preservatives and creosote;

. blue stain treatment for long-term protection of wood and wood products in service (e.g.
window frame production);

o preservation of wood and wood products using the supercritical CO, process.

For the WPC activity, this BREF does not address the following:

o Chemical modification and hydrophobisation (e.g. using resins) of wood and wood
products?.

2 Although chemical wood modification and hydrophobisation (e.g. using resins) are considered ‘wood
preservation with chemicals’, the TWG concluded during the kick-off meeting not to cover these
activities in this BREF as at that time the number of plants in the EU was considered too small to justify
its inclusion as a sector and, additionally, the capacity of the these installations was believed to be below
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. Sapstain treatment of wood and wood products, as no information was submitted and
none of the plants that took part in the data collection apply sapstain treatment associated
with the WPC activities.

. Ammonia treatment of wood and wood products.

. On-site combustion plants, as only one plant reported direct drying, but no information
was submitted. These may be covered by the BREF for large combustion plants (LCP) or
by Directive 2015/2193/EU.

Other reference documents which could be relevant for the activities covered by this BREF are
the following:

Economics and Cross-Media Effects (ECM);

Emissions from Storage (EFS);

Energy Efficiency (ENE);

Waste Treatment (WT);

Large Combustion Plants (LCP);

Surface Treatment of Metals and Plastics (STM);

Monitoring of Emissions to Air and Water from IED Installations (ROM).

The scope of the BREF does not include matters that concern:

. off-site transport of raw materials or finished products;
o the quality assurance of products produced;
o the marketing and distribution of products.

The scope of the BREF does not include matters that only concern safety in the workplace or
the safety of products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.

the IED Annex I activity 6.10 threshold. However, impregnation with hydrophobisation agents such as
oils, waxes or silicon compounds for waterproofing is covered in this BREF.
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Chapter 1

1 GENERAL INFORMATION ON SURFACE TREATMENT
USING ORGANIC SOLVENTS

[ 78. TWG 2005 ]

Where this document refers to solvents, it means organic solvents (unless further clarification is
given such as ‘water-based’, etc.)

1.1  Organic solvents and surface treatment

Organic solvents are largely derived from the petroleum industry and made by established
producers (although there are alternatives, such as vegetable oil esters). A total of 5.1 million
tonnes of solvents are sold and used in Europe on an annual basis [ 263, ESIG 2019 ] and by far
the largest demand for solvents (about 46 % for oxygenated and hydrocarbon ones) comes from
the paint and coatings industry (see Figure 1.1).

SOLVENT END USES/MARKETS EU

Dry cleaning 2%
Other 7%

Other chemical
uses* 6%

Metal/industrial
cleaning/degreasi
ng 6%

Paints and coating
46%

Household/car
care 6%

Cosmetics 6%

Printing inks 6%

%k
other chemical use including rubber/polymerisation -oil & seed/food extraction - agrochemicals

Source: [ 263, ESIG 2019 ]

Figure 1.1: End uses of solvents in EU Member States

Organic solvents are usually categorised into classes of products. The most important classes
are:

o oxygenated solvents: this includes esters, ketones, alcohols and glycol ethers (and their
acetate derivatives);

o hydrocarbon solvents: aromatic (e.g. toluene, xylene), aliphatic and paraffinic
hydrocarbon solvents;

o chlorinated solvents (not included in these statistics).
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Within the solvents family, there has been a tendency to move away from aromatic and white
spirit types of solvents, and to use less volatile products (less combustible, less potential
exposure, less VOC release) where possible.

The European solvent production industry has an annual turnover of EUR 4 billion, with about
EUR 28 million being directed to R&D projects. The total number of direct employees in
Europe is estimated to be 7 500 [ 263, ESIG 2019 ].

Solvent usage involves about 10 million jobs in more than 500 000 companies in the EU-25
(2005 data), most of which are SMEs representing a global turnover of about EUR 200 billion
[ 78, TWG 2005 1.

In this IED sector, the industries described use solvents for a wide range of activities. They are
used in cleaning the surfaces to be treated and the process equipment, as well as as a carrier for
the treatment (such as ink, paint, preservative, insulation, adhesive). The industries themselves
use the treatments for one or a combination of:

. communication (printing);

. decoration;

. prevention of corrosion and/or decay of surface or product;

o product preservation and delivery (such as food and drink cans, food packaging, aerosol
cans, toiletries, drums);

. the application of a layer with a special function (e.g. electrical insulation, abrasion,
adhesion).
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1.2 General environmental issues related to installations for
surface treatment using organic solvents

1.2.1 General

The STS coating industries have a major role to play in extending the life of substrates, such as
for automotive bodies, ships, aircraft and construction materials, as well as providing means of
preserving and delivering food and other products in packaging. The main environmental issues
relate to solvent emissions to air, water and soil, particulate emissions to air, energy usage,
waste minimisation and management, and site condition on cessation of activities.

Because of the flammable nature of solvents, their potential impact on the health and safety of
workers and their often-offensive odours, they have been controlled and extracted from the
processes for many years. The industry can also discharge particles from the processes,
especially from spraying and sanding. The extraction and, where applied, treatment of solvents
and particles uses large fans and other equipment that can be major sources of noise. Many
installations also use production equipment that is inherently noisy. Solvents may be used not
only in cleaning the substrates but also equipment, giving rise to wastes containing solvents
which may need special management for recovery and disposal. The sector uses significant
energy both in the production processes, and in end-of-pipe waste gas collection and treatment.
The following issues are crucial:

. minimisation of the consumption of raw materials and energy;

o minimisation of emissions by process design, management and maintenance and by off-
gas treatment;

. assuring chemical safety and prevention of environmental accidents.

The measures to achieve better environmental performance are frequently complex and have to
be assessed in respect of their potential impacts on workplace health and safety, on the quality
of the product and other processes, on the age and type of installation, as well as on the benefits
to the environment as a whole. Best available techniques will be balanced against these criteria
and therefore include changes within process units as well as end-of-pipe abatement techniques.

Sophisticated process control and treatment techniques play an important part in achieving
improved environmental performance. However, competent operation, regular maintenance and
a desire for improvement are as essential as the choice of technology, particularly in reducing
fugitive and untreated emissions of VOCs. Important considerations therefore include good
management and working practices, good process and site design, education of the workforce
on environmental and process performance, workplace safety and accident prevention, and
finally, monitoring of the process and environmental performance.

1.2.2 Solvents
The following definitions are given in the IED and are considered in the context of this BREF:

A. ‘organic solvent’ means any volatile organic compound which is used for any of the
following:

(a) alone or in combination with other agents, and without undergoing a chemical change, to
dissolve raw materials, products or waste materials;

(b) as a cleaning agent to dissolve contaminants;

(c) as a dissolver;

(d) as a dispersion medium;

(e) as a viscosity adjuster;

(f) as a surface tension adjuster;
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(g) as a plasticiser;
(h) as a preservative;

B. ‘volatile organic compound’ means any organic compound as well as the fraction of creosote,
having at 293.15 K a vapour pressure of 0.01 kPa or more, or having a corresponding volatility
under the particular conditions of use.

Different definitions are given in other pieces of legislation or registers, as shown by the
examples below:

In Directive 2004/42/CE? (‘the Paints Directive’), ‘volatile organic compound (VOC)’ means
any organic compound having an initial boiling point less than or equal to 250 °C measured at a
standard pressure of 101.3 kPa.

In the E-PRTRY, emissions of NMVOC (non-methane volatile organic compounds) are
considered. NMVOC are defined in Directive (EU) 2016/2284° as all organic compounds other
than methane that are capable of producing photochemical oxidants by reaction with nitrogen
oxides in the presence of sunlight.

Because of their properties and the quantities involved, solvents are the key materials of
concern:

o VOC:s react with NOx in the presence of sunlight to form ozone in the troposphere. This
usually refers to NMVOC (non-methane volatile organic solvents).

. Halogenated solvents are toxic and have an impact on reducing ozone in the lower
stratosphere.

o Some solvents are toxic to aquatic organisms.

J Some solvents are not readily biodegradable, so they have the potential to contaminate

soils. Traditional solvents are not PBT (persistent, bioaccumulative, toxic) and none are
vPvB (very persistent, very bioaccumulative). However, solvents can readily spread
through soil to groundwater, where there are limited or no mechanisms for their removal
or breakdown. There are numerous reports of aquifers used for drinking water being
contaminated by solvents (although not necessarily from these industries).

Surface treatment using solvents was the second largest source of VOC emissions from EU-28
industries in 2016, according to the E-PRTR, see Figure 1.2 [ 207, EEA 2019 ].

The E-PRTR contains data from sites with NMVOC emissions above 100 tonnes per year.
Therefore, there is a risk that a number of IED installations (with a solvent consumption
capacity of more than 200 tonnes per year or 150 kg per hour) will not have reported. Although
not a perfect match, this fits relatively well for some STS sectors, e.g. with the group of vehicle
coating installations falling under the IED (> 200 tonnes per year solvent consumption).
Therefore E-PRTR data can be considered to give a rough estimate of the environmental impact
of the STS activities regulated by the IED.

3 Directive 2004/42/CE of the European Parliament and of the Council of 21 April 2004 on the limitation
of emissions of volatile organic compounds due to the use of organic solvents in certain paints and
varnishes and vehicle refinishing products and amending Directive 1999/13/EC.

* The European Pollutant Release and Transfer Register (E-PRTR) (prtr.eea.europa.eu).

5 Directive (EU) 2016/2284 of the European Parliamet and of the Council of 14 December 2016 on the
reduction of national emissions of certain atmospheric pollutants, amending Directive 2003/35/EC and
repealing Directive 2001/81/EC.
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5 Waste and waste water 6 Paperand wood production
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9.{c) Surface treatment of
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9.(d) Production of carbon or electro-

graphite through incinerationor
graphitization, 107, 0%
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NB: Values in tonnes.

Data retrieved on 8.2.2019.
Source: [ 207, EEA 2019 ]

Figure 1.2: Non-methane volatile organic solvent emissions from industrial activities for 2016

1.2.2.1 CMR solvents

The IED requires the replacement of substances or mixtures which, because of their VOC
content, are classified as CMR by less harmful substances within the shortest possible time.
Most such solvents, particularly halogenated ones, have been replaced in industrial uses.

DMF (N,N-dimethylformamide) is used for the coating of textiles with polyurethane (PU) and
in solvent mixtures when coating with polyvinylchloride (PVC) and this is discussed in
Chapter 8.

1.2.3 Dust

This arises from some of the processes (such as sanding of wood and other substrates) and as
liquid paint particles from spray coating processes (paint overspray).

1.2.4 NOx and CO

NOx and CO emissions occur from thermal off-gas treatment techniques and sometimes from
dryers. They cannot be reduced easily and in the STS plants their generation is controlled by
correct design of the off-gas treatment systems including low-NOx burners and optimisation of
the operating conditions. When adjusting the off-gas treatment systems, a balance must be
found between VOC abatement efficiency, energy consumption and the process-related
formation of secondary pollutants NOx and CO, especially as there is a reverse temperature -
concentration dependence of NOx and CO [ 169, VDI 2013 ].

1.25 Metals

Toxic metals such as cadmium, lead, chromium and nickel are often referred to as occurring in
water-based pretreatment and pigments for inks and paint. However, these have long been
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controlled by legislation such as Regulation (EC) No 1907/2006 (REACH?®) [ 47, EU 2006 ], the
End-of-Life Vehicles Directive [ 52, COM 2000 ] and the Directive on the restriction of the use
of certain hazardous substances in electrical and electronic equipment [ 53, COM 2003 ], etc.
Cadmium and lead are not used in large-scale surface treatments using organic solvents and are
not used by the printing processes discussed in detail in this document.

Zinc and nickel (with manganese and iron) are used in phosphate conversion coatings in vehicle
manufacture and other metal surfaces, to improve corrosion resistance and paint adhesion.

Water-based conversion coatings on zinc or zinc alloy or phosphated surfaces prior to painting
was a widespread use of hexavalent chromium (Cr(VI)). This is discussed in the STM BREF
[23, COM 2006 ], together with its substitution. As a result of the End-of-Life Vehicles
Directive’, the use of Cr(VI) has ceased in vehicle coatings.

Cr(V]) substances used in conversion coatings had a sunset date under the REACH Regulation
47, EU 2006 ] of 21 September 2017 and, as they are listed as Annex XIV substances, will
require specific authorisation for each use.

There was a REACH sunset date of 22 January 2019 for various Cr(VI) substances potentially
used in paint pigments, some having slight solubility in water. Until October 2017, there were
applications from about 10 manufacturers for CAS number 7789-06-2 (strontium chromate) for
use in aerospace coatings and one for CAS 11103-86-9 (potassium hydroxyocta-
oxodizincatedichromate) for unspecified use in primers, sealers and coatings.

Until 12.10.2017, only 4 authorisations had been granted to 9 different applications of chromic
acid (Cr(VI)) for surface treatment. A total of 21 applications were still pending for approval.
Until October 2017, authorisation had been granted to bright-chrome plating, pretreatment for
electroplating, hard chrome plating and for oxidation and hardening of stainless steel.
Furthermore, authorisation has been granted for pretreatment of metals for coating of items used
in harsh environments (for aviation, automotive industry, power stations).

Until October 2017, there was no authorisation for passivation of standard metal components
before coating. For this application, several alternatives are available with different chemistry
(including chemicals such as zirconium, titanium, fluoride, sulphuric acid, phosphoric acid,
nitric acid, silanes). These new processes may result in a different waste water composition
where new treatment processes and water-saving methods may be required.

For the status of authorisations applied or granted, the reader is invited to check the website of
the European Chemical Agency (echa.europa.eu) and the European Commission’s REACH web
page (ec.europa.eu/environment/chemicals/reach/reach_en.htm).

Dibutyl tin oxide is used as a catalyst in electrocoat paint systems for coating vehicles and other
metal surfaces.

Small amounts of copper are used in copper phthalocyanine blue pigments for inks, but they are
not water-based. The copper in these pigments is however bound very strongly and cannot be
found in waste water.

¢ Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 December 2006
concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH),
establishing a European Chemicals Agency, amending Directive 1999/45/EC and repealing Council
Regulation (EEC) No 793/93 and Commission Regulation (EC) No 1488/94 as well as Council Directive
76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC. OJ L
396, 30.12.2006, p. 1-850.

7 Commission Directive (EU) 2017/2096 of 15 November 2017 amending Annex II to Directive
2000/53/EC of the European Parliament and of the Council on end-of-life vehicles.
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1.2.6 Other pollutants

Biocides are used to provide long service times for aqueous degreasing and electrocoat solutions
and for wet overspray scrubbers.

In the coating of ships, the removal of old, and the application of fresh, antifouling coating can
give rise to contaminants such as TBTO (tributyl tin oxide) and other biocides. New types of
antifouling coatings are controlled by the IMO (see Chapter 4).

Ammonia is used as a stabiliser in some water-based solutions.

1.2.7 Energy

All the sectors are significant users of energy throughout the activities: in the surface treatment
processes, in associated activities, and in the pollution abatement equipment. Significant
amounts of energy are used to extract solvent-contaminated air, and natural gas may be used as
a support fuel for thermal destruction of VOCs at low concentrations. The balance of energy
usage and VOC abatement, and if possible energy recovery, must be carefully considered. In
many cases, integrated solutions, such as better control of fugitive emissions and planned
maintenance may abate significantly more VOCs, in a more energy-efficient way, than solutions
based on off-gas treatment alone.

1.2.8 Raw material usage

High-efficiency techniques can be used to reduce material consumption generally. The emission
of solvents can be significantly reduced by high-efficiency application techniques and coating
materials with a high solids to solvent ratio.

1.2.9 Water usage

Water is used in cooling and in other processes, in particular water-based pretreatments and
coatings. Minimising water consumption is important and is therefore dealt with in this
document and in the STM BREF.

1.2.10 Solid and liquid wastes

Where solvents are used, the wastes generated may often be classified as hazardous. Waste
management and monitoring as well as techniques for the minimisation of waste generation are
also discussed.

1.2.11 Odour emissions

Many processes using solvent have odour impacts / odour nuisance.
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2 COATING OF VEHICLES

2.1  General information on the coating of vehicles

[142, ACEA 2016 ][ 146, ACEA 2018 ] [ 170, OICA 2017 ] [ 200, ACEA 2016 ]

211 General

This section (2.1) gives a general introduction to the large-scale coating of the vehicle types in
Table 2.1 as classified by the automotive industry [ 146, ACEA 2018 ]. Not included in these
data and also not covered in Chapter 2 are the coating of motorcycles, trailers, agricultural and
construction equipment (these are covered in Chapter 3 if above the IED thresholds).

Table 2.1:  Vehicle types

- . . Terms used in this
1
Abbreviation Vehicle type Vehicle Category (}) chapter
PC Passenger cars (< 9 seats) M1 PC, cars
Light commercial vehicles up
5 to 3.5 t, also called 'vans'. See
LEVO Section 2.2.4 for more details NI Vans
on the definition of vans
MHCV Medium and heavy commercial CV: trucks
vehicles over 3.5 t, also called N2 and N3
(or CV) “trucks’ CAB: truck cabins
BC Buses and coaches > 9 seats M2 and M3 Buses

(!) As defined in Directive 2007/46/EC establishing a framework for the approval of motor vehicles and their
trailers, and of systems, components and separate technical units intended for such vehicles.

(?) Some LCVs (N1) are car-based and use similar paint processes to M1 and may be produced together with M1
bodies in the same plant.

2.1.2 Number, size and distribution of installations

There are 221 motor vehicle assembly plants in Europe (not including other separate plants for
engine or components production, such as gearboxes, transmission) of which about 103* are
covered by point 6.7 of Annex I to the IED (see Table 2.2). In some of the large vehicle
manufacturing sites, in addition to vehicle coating, other painting activities are undertaken such
as engine, bumper or wheel rim painting. These activities are covered in Chapter 3, Coating of
other metal and plastic surfaces.

8 Figure from ACEA initial position information (2015) and updated information (2018).
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Table 2.2:  a) Motor vehicle production sites in the EU (2015 data), b) Motor vehicle paint shops
above the capacity threshold of activity 6.7 of Annex I to the IED in the EU

. L b) Motor vehicle paint shops above the
a) Motor vehicle plf:(l)jiucnon sites in the capacity threshold of activity 6.7 of Annex I
Country to the IED
PC | LCV | MHCV | BC |Total| PC | Vans | Trucks (}:tl:;ks Buses | Total
Germany 24 5 4 2 41 | 21 2 3 2 2 30
France 12 7 7 3 33 9 3 - 1 - 13
United
Kingdom 19 1 2 4 33 | 8 1 1 - - 10
Italy 10 5 3 1 23 | 4 2 - 1 - 7
Spain 9 5 2 1 14 | 9 1 1 3 1 15
Sweden 3 - 2 2 9 1 - - 2 - 3
Belgium 3 - 4 2 8 2 - - 1 - 3
Czech Republic | 4 - 1 2 8 4 - - - 1 5
Other MS 20 4 11 9 52 | 12 1 2 2 17
European Union| 104 27 36 26 | 221 | 70 | 10 7 12 4 103
Source: a) [ 171, ACEA 2016 ], b) [ 212, TWG 2018 ] updated data from ACEA.

2.1.3 Geographic distribution

The motor vehicle production in the European Member States (EU) is concentrated in five
countries which together represent 75 % of the total production.

Table 2.3:  Production of motor vehicles in the EU in 2014 (vehicles/year)

Country PC LCV MHCV BC Total Share
Germany 5 604 026 174 966 121 755 6 801 5907 548 34 %
Spain 1 898 342 477 097 27 539 1 095 2404 073 14 %
France 1499 464 274 915 43 396 3689 1 821 464 11 %
United Kingdom 1528 148 55294 12 610 2 827 1 598 879 9%
Czech Republic 1128 473 0 821 3893 1133 187 7%
Other MS 3721088 424 922 126 170 17499 | 4289679 25 %
European Union 15379 541 1407 194 332 291 35804 | 17154 830 100 %
NB: Data for commercial vehicles are estimated to compensate for data gaps in the OICA statistics.

Source: [ 170, OICA 2017 ]
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2.1.4 Economic significance
The automobile industry is one of the major manufacturing industries in Europe and of

international importance. It makes significant contributions to the EU economy in terms of GDP
and trade balance, employment, industrial R&D and capital investment.

GDP and trade balance

EU28: EU27: EU28:
19.6 million 17.5 million 13.3 million $ 1.2 trillion
units (20 %) units (18 %) people (6.1 %) (6.8 %)

Total EU28:
218 million
people

Global total:
98.9 million
units

Global total:
97.9 million
units

EU GDP:
$ 17.3 trillion

Contribution to EU

Global production (2017) Global registrations (2017) EU employment (2016) GDP (2017)

NB: Data for EU total GDP are taken from World Bank (https://data.worldbank.org/region/european-union).
Sources: [ 145, ACEA 2019 ][ 146, ACEA 2018 ]

Figure 2.1: European automotive industry economic data

138.6
billion € 00.3
billion €
2017 Imports

48.3
billion €

2017 Exports Trade balance

Source: [ 146, ACEA 2018 ]

Figure 2.2: EU automotive industry balance of trade

Employment

Almost 11 % of EU manufacturing employment is in the automotive sector: 2.5 million
employed in direct manufacturing and 0.9 million employed in indirect manufacturing
[ 146, ACEA 2018 ].

R&D investment

The EU is the world’s largest investor in automotive R&D and the automotive sector is the
EU’s biggest private investor in R&D, with EUR 53.8 billion invested in 2016 (see Figure 2.3)
[ 146, ACEA 2018 ].
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Source: [ 146, ACEA 2018 ]

Figure 2.3: EU industrial R&D spend, 2016

Investment economics

Investment costs for a new passenger car paint shop range between EUR 150 million and
EUR 500 million. Investment cycles are therefore a key factor for vehicle manufacturers. The
optimal time to make environmental investments is when the renewal of equipment takes place
within the normal investment cycle. Generally, major investment cannot be made in an existing
installation, except when opportunities for major modifications of the paint shop facilities arise.
These opportunities tend to occur after the normal lifetime of the paint shop (between 20 and 40
years) or when there is a step change in production volumes, which is often associated with a
new product launch. Investment opportunities for new and existing installations are limited
because the capital investment for building and equipment required is extremely high and ROI
(return on investment) is low, giving long return on capital times. Investments usually
depreciate over 20 years.

The expense for a specific project depends very much on site-specific requirements (greenfield,
space constraints, brownfield), production capacity, availability of utility supply, and market
situation. As a rule of thumb, due to demolition costs and integration into existing infrastructure,
the replacement of spray booths / technical equipment or the extension of existing lines with
additional equipment (such as off-gas treatment systems) is 20 % to 40 % more expensive
compared to greenfield projects.

On existing sites, the implementation of a new paint shop will often lead to substantial
downtimes in production because the very specific building requirements of the new paint shop
(e.g. building ventilation, substantial foundations, free height under truss) also have to be
implemented prior to the actual installation of the equipment.
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2.1.5 Key environmental issues
2151 Water consumption
Long-term strategies for reducing water consumption (including minimisation and recycling)

reduced the total® average consumption of water per car by 30.8 % between 2008 and 2017. This
includes the application of recirculation strategies.

Source: [ 146, ACEA 2018 ]

Figure 2.4: Water consumption for the EU automotive industry

Prior to painting, bodies and body components in white!® are cleaned by aqueous-alkali
solutions of detergents. This is followed by pretreatment using aqueous solutions of zinc,
manganese and nickel phosphates to ensure both reliable subsurface corrosion prevention and
good paint adhesion.

In some cases, loads of zinc and nickel, as well as phosphate and fluoride from the same
processes, exceed the E-PRTR reporting thresholds!!. This may be due to relatively high flow
volumes (of the order of 200 000 m* a year) multiplied by low concentration values (usually
well below ELVs).

2.15.2 Energy consumption

The complexity of cars has increased significantly, which has had an effect on energy demand.
Nevertheless, the industry has reduced the energy consumed per car by 15.7 % over the last
decade. Of this, paint shops account for about 30 % (based on 2012 data). Fluctuations in
energy consumption can be explained by lower production volumes, especially during the
economic crisis, as well as variable weather conditions in some years (see Figure 2.5).

° The water consumption applies to the total production usage, including production of car bodies as well
as pretreatment activities of the bodies in paint shops.

10 ‘Body in white’ refers to the bare metal body.

! Thresholds for release to water bodies or transfers to waste water treatment in Regulation (EC) No
166/2006 concerning the establishment of a European Pollutant Release and Transfer Register and
amending Council Directives 91/689/EEC and 96/61/EC.
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Source: [ 146, ACEA 2018 ]

Figure 2.5: Energy consumption for the EU automotive industry

2.1.5.3 VOC emissions to air

The most important environmental issue related to the coating of new vehicles is the emission of
VOC solvents mainly from paint shops. Figure 2.6 shows the evolution of VOC emissions per
car produced and the total emissions of all car manufacturers combined. With new technologies,
such as the replacement of solvent-based paints with solvent-free or water-based equivalents or
more efficient solvent-based technologies and the installation of additional off-gas treatment
units, manufacturers have reduced unit emissions by 21 % per car over the last 10 years. This is
likely to have been influenced by the implementation of the Solvent Emissions Directive (SED)
in 1999, the exchange of information for the STS BREF (2004 to 2006) and the closure of older
and less efficient sites during the 2008 economic crisis.
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VOC emissions from production 2008 - 2017
VOC emissions total (thousand tonnes) Car production trend VOC emissions per unit produced (kg/car)
48 31
46 \ 29
4 27
42 25
40 23
38 21
36 19
4 1.7
32 1.5
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: [ 146, ACEA 2018 ]

Figure 2.6:  VOC emissions from the EU automotive industry

2154

Other emissions to air

Off-gas streams are treated for particles of paint overspray, while NOx and CO are emitted as
combustion products of thermal off-gas treatments (see Table 2.4).

Table 2.4:  Air pollutants other than VOCs from passenger car paint shops compared with EU-28
EMEP data
Specific emission Total emission EU-28 EMEP Paint shop
from passenger car from all paint
Pollutant . data share
paint shops shops [Galyr] [%]
[kg/vehicle] [Mglyr] 9y °
PM(dust)* 0.03 440# 1934 0.025
NOx as NO, 0.11 1610 8459 0.019
Cco 0.10 1 460 22 046 0.007

0.1 %.

Source: [ 142, ACEA 2016 ] p.109

* Paint shop emissions are measured and reported as TPM (total dust); EMEP data are figures for PMio. From
particle size measurements of paint overspray, it is known that paint shop dust is nearly 100 % PMio.

# Alternatively, a calculation based on estimates on painted surface, coat layer thickness, transfer efficiencies and
an assumed efficiency of the off-gas treatment system of 90 % results in annual emissions of 1 300 mg/yr paint
particles. Even with these figures, the contribution of paint shop emissions to the EMEP EU-28 data is well below
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2.1.55 Waste generation

Figure 2.7 shows the trend in waste generation for the complete car production process (note:
specific data on waste generation from the coating activities are presented in Section 2.3.2.6).
The waste generated per unit produced by the manufacturing of passenger cars fell by 13.6 %
over 10 years. Waste fluctuations, both in absolute and per unit terms, can be explained by the
occurrence of singular events, such as a fall in total production during the economic crisis.

Note that the data shown in the figure below refer to the waste production for the entire car
production process and not only for the paint shop.

Waste from production® 2008 - 2017
Waste total (million t/year) === Car production trend @ Waste per unit produced (kg/car)
1.6 100
14 90
80
12
70
10
. 60
038 50
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
SOURCE: ACEA MEMBERS *excluding scrap metal and demolition waste

Source: [ 146, ACEA 2018 ]

Figure 2.7: Waste generation from passenger car production (excluding scrap and demolition
waste)
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2.2 Applied processes and techniques for the coating of
vehicles

[ 142, ACEA 2016 ][ 169, VDI 2013 ][ 201, ACEA 2016 ]

221 General

This section briefly describes the current production process and the directly associated
activities for the serial painting of cars, vans, trucks (truck chassis), truck cabins and buses. It
also indicates the main integrated techniques applied for the prevention and reduction of
emissions.

The information is primarily based on cars, as their coating covers the full range of applied
processes and techniques. The painting processes for the coating of vans, trucks and truck cabs
have many similarities with the painting of cars and can have similar environmental impacts,
but they also exhibit some differences, with for example truck units (cabs and chassis) being
painted separately. Significant deviations can be experienced from the serial painting of cars due
to the use of different coating materials, processes, application techniques and layer
constructions. Although optical surface qualities are as important as for cars, corrosion
protection is more important for vans and trucks than in other sectors. Differences include
different body designs and sizes, lower production volumes, the different end uses, and
therefore different quality and other customer criteria. These differences are explained in
separate sections for vans (Section 2.2.4), trucks (Section 2.2.5), truck cabins (Section 2.2.6)
and buses (Section 2.2.7).

2.2.2 Overview of paint shop investment, design and operation

Each manufacturer has its own company- or brand-specific priorities and targets for the various
quality demands and customer expectations for passenger cars, vans, trucks or buses. However,
there are other objectives to be met, such as shareholder expectations and legal requirements
including environmental issues.

These factors all influence the ‘company philosophies’ about how to design and operate a paint
shop, so both the technical layout of the installations and the chosen corrosion protection and
paint systems vary. The timing of investments, costs and differences between existing and new
sites is discussed in Section 2.1.4. The choice of paint systems and paint shop type are crucial to
the reduction of VOC emissions and energy usage and are a 20- to 40-year commitment. While
some retrofitting and updating of technologies may be carried out, this has a more limited effect
on emissions and consumption.

Vehicle paint shops can be seen as belonging to three ‘families’ (see Section 2.2.3.8). The
decision to invest in a particular family is irreversible until a paint shop is rebuilt. Note that not
all techniques can be combined and not all techniques are interchangeable, as the choice of
compatible techniques is limited within a particular family.

Vehicle manufacturers with installations of this size are large companies and (predominantly)
multinational or part of multinational groups. Such companies have well-developed
management systems to balance and integrate the competing objectives outlined above. Those
that may have the most significant impacts on consumption and emissions from production are:

o capital and business planning;
. operational management including quality systems and maintenance;
o environmental management systems.
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In paint shops for passenger cars, the process steps are carried out in sequential lines and each
subprocess is applied in a separate section of a line. Standard line capacities are between 30 and
60 units per hour. Normally the number of shifts per day is varied (one, two, three) to adjust the
paint shop output to customer demand, rather than changing the line speed. If higher output is
required, additional lines are operated in parallel.

Paint shops are large and complex installations. Together with workstations for body
preparation, inspection sections, body and material storage areas, ventilation equipment, paint
overspray scrubbers, VOC abatement systems, and staff and maintenance areas, an installation
with one paint shop line with a capacity of 30 units per hour stretches over several floors with a
total area of 70 000 m* to 100 000 m?. The total line length of these different production
segments is about 1.5 km. The estimated investment costs for a new paint shop of this size are
between EUR 150 million and EUR 250 million (2018 values). The processing time of a body
in the paint shop is between 6 and 11 hours.

The heart of the paint shop, the spray booths, are very large units with at least three floors and
cabin lengths between 60 m and 90 m per subprocess. In order to implement such a spray booth,
a free building height under truss of at least 14 m is required to accommodate the key elements
of the booth (overspray scrubber, application zone with service and technical cabinet area and
plenum).

2.2.3 Coating of passenger cars
This chapter discusses the large-scale coating of new passenger cars, (category M1, see

Section 2.1.1). Some N1 vehicles (vans), which are produced in the same installation, may be
based on cars and use similar production techniques.

Source: [ 142, ACEA 2016 ] [© Volkswagen AG, 2015; Daimler AG, 2014.]

Figure 2.8: Examples of passenger car bodies showing the spread from very large to very small
car bodies

2231 Raw materials, handling, storage and paint mixing room

The main production raw materials (apart from the vehicle bodies) are paints and other coating
materials, solvents for viscosity adjustment and cleaning and other cleaning materials. The
materials are unloaded in specially designed logistics areas with chemical-resistant flooring
and/or technical equipment for the retention of leaked liquids. Storage rooms and the paint
kitchen are ventilated and often air conditioned and equipped to prevent soil and groundwater
contamination from spillages. Leakages will be detected by technical monitoring systems and
manual control routines. Waste materials will also be stored and handled in a similar manner.
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2.2.3.2 Standard coating process

The following requirements have to be fulfilled by the coated car bodies and, therefore, by the

paints:

e Long-term protection against corrosion, weather, chemical influence (e.g. bird droppings,
acid rain), chipping, sun, abrasion in car washes. Body warranties have now increased from
10 to 15 years.

e Ideal optical surface properties: polish, colour depth, free of cloudiness, faultlessness,
therefore producing homogeneity and a consistency in colouring and formation of effects
(such as metallic finishes, pearlescence, multiple coloured panels, etc.) Such quality
requirements can increase the number of paint layers, and potentially the VOC emissions
from a plant.

These high requirements can only be achieved by four or maybe even five paint layers designed
to complement each other (see Figure 2.9). They are applied in several successive steps.

Source: [ 169, VDI 2013 ]

Figure 2.9: Layer sequence and typical thickness of passenger car coatings

A typical process flow is shown in Figure 2.10 and described in the paragraphs below. The
abbreviations refer to stages shown in Figure 2.10.

22321 Aqueous pretreatments and e-coat

The following pretreatment and e-coating activities are water-based and operate together with
techniques that aim to prolong the service life of treatment or rinsing baths, minimise water
consumption, optimise material usage and minimise discharges to water. In many cases, waste
water treatment is carried out in a separate treatment plant where waste water from other
manufacturing activities is treated together with paint shop waste water. General information on
the aqueous pretreatments and associated techniques, together with the relevant waste water
treatments, can be found in the STM BREF [ 23, COM 2006 ].

The bodies pass through the pretreatment and e-coat stages by conveyor systems. With
pendulum or rotation conveyors, the bodies can be swivelled and turned upside down in the
treatment and rinsing tanks, to ensure all possible surfaces are treated.
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Pretreatment (PT)
This consists of cleaning and degreasing, and phosphating or other conversion coating systems.

Cleaning and degreasing (CLE)

From the body welding shop lines, the metal body in white is delivered to the pretreatment (PT-
CLE) segment of the paint shop where weld dust, dirt, oil, grease and adhesive residues from
the stamping, welding, bonding and grinding operations are removed in the spray and dip
cleaning stations. Cleaning agents are aqueous-alkaline detergent solutions which are applied at
elevated temperatures (40-60 °C), followed by cascading rinse baths. Currently, demulsifying
systems are generally used. These systems are described in the STM BREF [ 23, COM 2006 ].

Phosphatation / Phosphate coating (PHO)

To improve corrosion resistance and enhance the adhesion of the subsequent organic coat, a
phosphatation and passivation process is standard. The process solution with pH values between
2.8 and 3.8 contains phosphates of nickel, manganese and zinc at temperatures between 35 °C
and 55 °C. The passivation is usually carried out using zirconium salts'>. Generally, a two- or
three-step cascade rinsing follows, the last step with deionised water. As an alternative to
phosphatation, nickel-free zirconium- or silane-based treatments, which are applicable at room
temperature, have been developed in the last 10 years. However, the process parameters of this
type of pretreatment are much more delicate to control and the additional costs for these
products are not compensated by the energy saving from the reduction of the process
temperature. Most passenger car manufacturers have not yet approved these systems for
pretreatment of multi-metal passenger car bodies.

E-coat (EC)

E-coat (EC), short for cathodic electrodeposition, electrolytic coating or cathodic dip coating, is
an immersion process where the pretreated body is moved through an aqueous coating. The
coating delivers corrosion protection and is electrically deposited in an even film as substrate for
the following spray applications. The car body acts as cathode (negatively charged) and the
anodes are positioned at the bottom and side walls of the tank. At high amperages, 5-10 kWh of
energy per vehicle body is introduced into the EC bath and cooling is necessary to keep the bath
temperature below 30 °C. The surplus coat is rinsed off the car body. Paint particles which have
not been electrically deposited are removed by reverse cascade rinsing with ultrafiltrate and
deionised (DI) water as the final step. The e-coat film is then cured in a drying oven. Generally,
the e-coat tank has a separate exhaust air system and in some installations the off-gases from the
e-coat cabin is conducted to the e-coating drying oven to abate the VOCs (see Section 2.2.3.5).

Sealing, noise-damping and underbody cover (SD)

After drying the e-coat, the bodies continue to the quality check and repair stations and are
transferred to workplaces, where sealers, underbody protection and noise-damping material is
applied. These are pasty substances and are applied manually or with robots using airless
spraying or extrusion. Noise-damping materials are also available as prefabricated blanks,
which are mixed with hot melts. These coats are often gelified in a separate oven before the
bodies enter the spray-painting unit.

12 Chromium VI passivation is no longer used to comply with Directive 2000/53/EC on end-of-life-
vehicles and (the ‘ELV Directive’).
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NB:

Main environmental impacts (consumption, emission) of the single subprocesses are included.

* Optional.

x Not in paint shops with integrated processes.

+ In exceptional cases with additional VOC oxidation. In some cases, dry filter techniques are used instead of venturi
scrubbers.

PT: Pretreatment; CLE: Cleaning and degreasing; PHO: Phosphating; EC: E-coat; SD: Sealing and damping;

PR: Primer; TC: Topcoat; BC: Base coat; CC: Clear coat; FI: Finish (Rework); CP: Cavity preservation.

Source: [ 201, ACEA 2016 ]

Figure 2.10: Standard process flow for coating of passenger cars (PC)
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2.2.3.2.2 Spray booths

After sealing and noise-damping, the bodies continue to the spray booths where the primer and
topcoats (base coat and clear coat) are applied.

To remove dust and residues from the upstream body rework and preparation operations, the car
bodies pass through ionised air blow-off stations, and/or are brushed with rotating feathers or
robot-operated suction brushes and then transferred via airlocks to the spray booth.

Paint and solvents are generally stored in a separate room and pumped through ring lines to the
spray cabins. Paint overspray is transferred with the downstream cabin air to particle filters or
scrubbers which are placed below the open grating flooring of the paint cabin.

Spray coating needs closed booths and requires controlled booth-air conditions (the ‘paint
window’, i.e. humidity, temperature and laminar downdraft). Compared to solvent-based paints,
the paint window for water-based paints is smaller, which might cause higher energy
consumption for cooling or dehumidifying in regions with extreme climatic conditions. A
constant laminar downward airflow of 0.15 m/s to 0.4 m/s is necessary to ensure stable and
reproducible application conditions in the immediate vicinity of the body surface and to transfer
paint particle overspray to the particle separator systems under the paint booth. Additionally, the
air exchange rate must be high enough to keep the VOC concentration safely below the lower
explosive limits (LELs) and in the case of manual application below the occupational exposure
limits. Cabin air recirculation may not be allowed in combination with manual spray coating
due to health and safety considerations.

2.2.3.2.3 Application of paint and coatings

Automation

Automation usually greatly improves the application efficiency, using less paint or sealer and
therefore using and emitting less VOCs. Originally all paint operations were done manually
using handheld spray guns with pneumatic atomisers. Today this is only done in European
passenger car paint shops in special cases. From about 1980 to 2000, exterior painting was
automated with paint machines in the form of gantries, while interior coating and additional
exterior painting remained manual (see also Section 2.4.4.1). From 2000 to 2005, robots
replaced painting machines and eliminated manual exterior painting (see also Section 2.4.4.2).
Robots were introduced in around 2010 to replace manual interior painting and this is ongoing.

Atomisation techniques and paint transfer

There are different atomising techniques used to disperse the liquid paint and transfer the paint

aerosol to the body surface. The optimisation of the paint transfer reduces paint and solvent

usage, therefore reducing VOC emissions.

e Airless spraying where compressed paint is pumped through a spray nozzle. This is not
widely used in serial coating of passenger cars. However, airless application is standard in
underbody coating (PVC).

e Air spraying or pneumatic spraying, in which a mixture of paint and pressurised air
(sometimes at elevated temperature or with nitrogen instead of air) is forced through the
paint nozzle and expands to a fine paint aerosol (pneumatic atomisation). In the automotive
industry this concept is widely used with reduced air pressure as HVLP (high-volume low-
pressure) atomisation.

e Pneumo-clectrostatic guns may also be used, where the pneumatically atomised paint spray
is electrically charged and attracted to an earthed body.

e High-speed rotational bell spraying with electrostatic charging is used in most vehicle paint
shops.

If an electrostatic spray application with internal charging is used, paint supply systems with
water-based paints need special electrical (galvanic) decoupling arrangements (e.g. cartridge
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systems). Alternatively, electrostatic spray bells with external charging can be used for water-
based paints.

The paint aerosol is transferred to the coating surface by its own particle momentum, in a
directional airflow, along an electric field gradient, or a combination of these forces. By
changing operational parameters, such as paint flow rate, bell rotation, voltage, and directional
airflow, the shape of the spray jet can be adapted to the body surface and used for optimising the
transfer efficiency. For painting of interior body parts, the electrostatic charging can be reduced
or switched off.

Colour change and cleaning
Reductions in paint waste and solvent emissions from cleaning are achieved by optimisation of
paint colour supply and changing, and cleaning methods used.

In some existing paint shops, the car bodies are sorted by colour in large storehouses in order to
supply the base coat cabin with the largest possible blocks of car bodies of the same colour (see
Section 17.6.2.1). However, the introduction of low-loss colour change techniques (see
Section 17.2.4) has reduced the importance of high colour block lengths as a means to reduce
material consumption and solvent emissions.

In mass volume vehicle paint shops, paint is generally stored in a paint supply centre and
pumped to the spray booths by steel ring lines, where each line is dedicated to one paint type
and colour. Low-use colours are very often supplied from small paint distribution systems close
to the booth. For base coat and primer (if more than one primer colour is used in the paint shop),
these ring lines are connected to colour change devices for each single application unit (robot
with one atomiser or paint machine with several atomisers). Colour changers either are placed at
the side walls of the paint cabin or can be integrated onto the final robot arm. Alternatively,
separate paint cartridges are filled with paint (0.5-1.0 1) in a docking station and automatically
docked to the application robot on demand. Several other systems are used.

Paint supply ring lines are only occasionally emptied and cleaned with solvent. Removed paint
and cleaning agents are collected and disposed of as waste. Cleaning and colour change
processes in the colour change devices and spray heads are more frequent and have more
environmental relevance. Colour change includes (a) removing the old colour, (b) cleaning the
supply system and (c) filling the new colour. For cleaning, either organic solvents or solvent-
free cleaning agents and/or pressurised air may be used. Spray guns, nozzles and the cones of
paint bells are cleaned on demand. Used solvents are captured, and with paint residues from
colour change and cleaning operations, generally collected and disposed of as waste.

To reduce paint losses, several different pigging and cleaning techniques have been developed
in the last 20 years. They are used for cleaning and refilling the ring pipes or the atomiser feed
line after the colour change switch.

2.2.3.3 Coatings

E-coat (EC)

The organic coating is based on amine-modified epoxy resins which are made water-soluble
through neutralisation with organic acids. The application concentrations are 16-20 % solids and
1-2 % organic solvents.

Sealing and damping (SD)

The highly viscose coatings for stone-chip protection (generally PVC plastisols) and seam
sealants are applied manually or with robots by several extruding techniques and airless
spraying. In most cases, noise-damping material either as custom-tailored pads or as extrudable
paste is also applied in this section. The materials have very low VOC contents (25 %);
nevertheless, the workplaces with high plastisol application are in cabins with enhanced
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ventilation. Equipping the body with noise-absorbing coatings improves the acoustic properties
in the vehicle interior. The demand for greater performance (and further sealing) is continuously
increasing. This can in turn increase emissions of VOCs.

Gelification (jellification/gelling) starts in the dedicated sealer oven and is ultimately completed
in the next oven (primer or topcoat).

At some sites, materials for underbody and chip protection are applied at the final assembly
section of the vehicle production facility.

Spray coating

Paints for spray coating are mixtures of organic resins with additives, organic or inorganic
colour pigments (except for clear coat) and solvents, and are designed as one-component (1K)
or two-component (2K) systems.

Spray coating is done in three consecutive steps, primer, base coat and clear coat. For each
coating process the material consumption depends on the amount of solids to be transferred to
the substrate surface. Therefore the solvent consumption depends on the mass of solids used and
the solvents to solids ratio of the respective coating material. Neither the solvent content of a
coating material alone nor its solids content is a suitable indicator for the environmental
relevance with regard to solvent consumption (and emission).

Primer (PR)

Primer provides stone-chip protection, avoidance of UV-induced decomposition of the
underlying e-coat, and filling in of any small unevenness or rolling textures of the subsurface.
Primer systems are based on polyester, melamine, and/or polyurethane resins. Primers are
usually applied in two (maximum four) different tones fitted to the particular base coat colour.
Coloured primers with up to four different tones are standard and help to reduce the thickness of
the base coat. Primer systems are either solvent-based or water-based. Powder primers were
used in some installations in Europe until 2015 when the last powder primer line was closed.
The primer layer is cured after a preceding solvent flash-off in the primer oven. A quality check
of the result of the upstream coating steps and manual rework of surface defects by sanding and
sometimes recoating is done before the bodies enter the topcoat line.

Topcoat (TC)

This is usually made up of two layers: base coat (BC) and clear coat (CC). Some passenger cars
and many commercial vehicles are coated without clear coat, and in those cases the base coat is
the last coat which is applied to the body [ 265, TWG 2019 ].

Base coat (BC)

This layer determines the colour and effect (metallic, pearlescent) of the coat. For passenger
cars, generally five different tones cover more than 90 % of the product volume (high runners)
and the manufacturer’s colour portfolio for a certain car model rarely exceeds 40 different
colours. Binder systems are polyester and melamine resins. In water-based coats, acrylates and
polyurethanes are also used. Pigments can be either organic or inorganic (oxides of titanium or
iron, silicates, aluminium flakes) and are free of heavy metals like lead, cadmium and
chromium. Organic pigments may contain small amounts of copper or nickel bound in
complexes or halogenated compounds. Both solvent-based and water-based systems exist in the
automotive industry worldwide.

The wet paint is dried (but not cured) in a flash-off zone and then transferred to the clear coat
zone. Some colours (special fleet colours or white tones) are applied without an additional clear
coat as solvent-based one-layer topcoats (monocoats).

The term ‘effect colour’ is used as an umbrella term for base coat systems with several special
polychromatic effects like metallic, pearlescent, or colour flip effect. These systems are applied
wet on wet in two or three steps and are always combined with a clear coat layer.
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Effect coatings and metallic coatings are applied in two steps: first by high-rotation electrostatic
bells; secondly by high-rotation electrostatic bells, pneumatically or electro-pneumatically.
Compared to one-step application with pneumatic atomisers with lower transfer efficiency, less
material is consumed and solvent emissions are lower. However, additional layering or the
application of multiple colour schemes per vehicle has the potential to increase emissions.

Clear coat (CC)

The final paint layer is the clear coat which provides for high lustre and colour depth, optimum
appearance, and chemical and scratch resistance. The chemical composition is based on a
combination of acrylate and polyester resins. One-component (1K) solvent-based or two-
component (2K) solvent-based clear coats are used. 2K systems use isocyanate hardeners which
are added in a mixer as close to the spray system as possible.

The application of the clear coat is followed by a flash-off zone and subsequent topcoat oven
(also known as a clear coat oven).

Water-based clear coats (2K systems or 1K systems) as well as powder clear coats or powder
slurries are no longer in use in passenger car and van paint shops. In passenger car and van paint
shops, a 1K water-based clear coat system was used in one plant until 2010, when it was
replaced by a 2K solvent-based clear coat system. Powder clear coat and powder slurry were
replaced by solvent-based 2K high-solids systems between 2010 and 2013. The reasons for
these decisions were that the increasing quality requirements of the customers could no longer
be met with the existing paint systems, and, in the opinion of the parties involved, a successful
further development was improbable and economically unjustifiable. In a few cases, powder
coats are still used in commercial vehicle paint shops.

A final painting step may be undertaken through the application of blackout paint around the
wheel arches and/or in the engine bay of the vehicle.

Finish (rework) (FI)

A quality check and in-plant paint repair (if necessary) are carried out in special inspection
zones and repair booths in what is generally called the finish zone. Materials used for these
types of repairs are either paint repair systems (as used in retail repairs) or the same or similar
paints as in the main line. Bodies with larger defects are sanded and after masking the good
parts, the whole body is put back into the topcoat line (second run).

Cavity preservation (CP)
Additional corrosion protection of inner surfaces of cavities (which exist for constructional
reasons) is delivered by a wax film. This coating can be carried out with two techniques:

o spraying, using wax solutions (solvent-based), wax emulsions (water-based) or 100 %
wax (liquid pre-polymers that gel on contact with air);

. flooding the cavities with pure (100 %) heated wax.

Surface treatment using organic solvents including wood preservation 25



Chapter 2

2.2.3.4 Overspray separation

Despite the improvements in automation and paint transfer techniques, some paint particles do
not hit the vehicle body and are extracted with exhaust air. To minimise air pollution, various
techniques are applied.

In existing installations, cross-flow venturi scrubbers are standard. In these systems, a vigorous
mixing of cabin air and water droplets takes place at the venturi nozzle and the paint particles
are transferred into the scrubber water. The paint particles are separated and managed as waste,
and the water is recycled.

In recent greenfield installations and if paint lines in existing paint shops are completely rebuilt,
alternative capture techniques are usually used:

J dry scrubbing with limestone: the paint adheres to limestone powder and is then separated
using a rigid particle filter;

. electrostatic scrubbing (rinsed electric filter);

. labyrinth filters (boxes made of cardboard);

. in small paint cabins (spot repair and paint touch-up) labyrinth filters (cardboard boxes or
plastic dry filter systems (paint-stop filters)).

2.2.35 Drying

After the application of the paint/coating, the wet paint film is dried in ovens. This is a
combination of:

J physical drying, where the wet film solidifies because of evaporation of water and/or
organic solvents;

o chemical cross-linking/reticulation (baking/curing) by polymerisation, polycondensation,
polyaddition, or oxidative drying.

These processes start at room temperature immediately after the mixing of the components or
after application but a predefined curing temperature must be reached and maintained for
sufficiently long to achieve a complete hardening of the coat.

Ovens are long tunnels with thermal isolation (60 m to more than 180 m in length). After the
exit airlock, the car bodies pass through a cooling zone with outdoor air. Generally, convection
dryers are used, sometimes in combination with IR radiation sources. Dryers are heated with
natural gas, and in many cases heat is recovered from recuperative oxidisers simultaneously
working as oxidisers of the VOC content of the dryer exhaust air.

2.2.3.6 VOC removal from off-gases

VOC removal from off-gases consumes large amounts of energy in extraction and treatment. It
is generally applied to cleaning of exhaust air from dryers, because:

. most of the combustion energy can be used for heating the curing ovens (depending on
the chosen design of the dryer-oxidiser combination);

. of high raw gas concentrations (200-500 mg Ci/Nm®) in combination with low off-gas
volumes (5 000-15 000 Nm?>/h);

. it prevents the release of unpleasant smelling components (decomposition products from

paint curing).
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Dryer air is circulated (internal accumulation of solvents) before it is finally discharged as waste
gas. Typically, recuperative or regenerative thermal oxidisers are used, very often attached to
the particular dryers as oven heating units. In some cases, if the solvent load is low and energy
reuse from off-gas treatment is not possible, dryer ovens are operated without off-gas treatment.

2.2.3.7 Waste management

Plant-specific waste management measures aim to reduce waste and to achieve a high recycling
or recovery rate. This means reducing the waste produced during the coating activities,
recycling where possible, separation of different kinds of wastes and sometimes it includes
waste treatment processes like dewatering (paint sludge, phosphate sludge) or compacting (foils,
packaging waste).

2.2.3.8 Paint shop families
Depending on the type of solvents, paint systems are called (organic) solvent-based (SB), water-
based (WB) or (no solvent) powder coats (PO). The term ‘water-based paint’ means that in the

ready-for-use material a fraction (not necessarily 100 %) of the organic solvents is replaced by
water. Relevant data for the most commonly used coats are presented in Table 2.5.

Table 2.5:  Characteristics of typical spray coats for passenger car coating

VOC Solids VOC/ Material Dry-film
Coating content | content Solids consumption | thickness
(%) (%) ratio (kg/unit) (um)
SB primer 35-50 50-65 0.5-1.0 1.1-2.8 20-40
WB primer 5-12 45-55 0.1-0.26 1.2-24 20-40
. . . 78-82 18-22 10-15
SB medium-solids (MS) base coat (60) (40) 3.6-4.5 1.4-3.5 (25)
. . * 55-65 35-45 12-20
SB high-solids (HS) base coat (50) (50) 1.3-1.8 1.5-2.2 (25)
SB very-high-solids topcoat
(UHS-TC) 20-25 75-80 0.25-0.33 2.9-3.8 35-45
. 16-22 10-15
WB base coat 12-17 (40) 0.6-1.0 2.3-3.5 (25)
WB topcoat (MHTC) 18-22 45-50 0.36-0.49 1.9-2.1 35-45
SB 1K clear coat 40-50 50-60 0.66-1.00 2.0-3.0 40-45
SB high-solids (HS) 2K clear coat 35-45 55-65 0.7-0.8 1.4-2.4 30-55

* Figure in brackets is for colours with low opacity.
Source: [ 142, ACEA 2016 ]

Historically, paint systems have been solvent-based with solvent contents up to 85 %, with a
specific VOC emission of about 300 g/m*. Water-based coatings were developed in the late
1970s, with the aim of reducing the solvent emissions without the need to operate expensive and
energy-consuming off-gas treatment systems. For some decades in the EU, water-based clear
coat was used in car paint shops and powder coats were used as primers and clear coats by some
manufacturers, but these materials could not comply with the steadily rising quality demands
and their use in car and van paint shops finally stopped by 2015 (see Section 2.2.3.3).

Over time, two basic coating system concepts have emerged: solvent-based coatings (SB) and
water-based coatings (WB). The choice of the coating system entails fundamental and mostly
irreversible differences in the design of the paint shop, although at first sight the subprocesses
are identical. Due to these differences in paint shop design, a change from solvent-based to
water-based spray coats cannot be made without radical modification of the paint shop. Each
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combination of paint system, associated paint shop design, and paint application technique is
called a ‘paint shop family’ and each individual paint shop belongs either to the WB or SB paint
shop family.

Table 2.6:  Technical differences between the SB and WB paint shop families

. Water-based
Spray coating system Solvent-based (except clear coat)

Intermediate dryer (with T = 50-80 °C, t = 5-
Intermediate dryer between |  Short flash-off zone 10 minutes) and in/out airlocks necessary,
base coat and clear coat (not in all cases) typical length: 35-55 m

(+ 75 % of total length of a topcoat line)
Primer dryer oven heating No temperature hold >-10 minute temperature hold hecessary FO.

o evaporate water before surpassing the boiling

curve below 100 °C necessary | _ .

point temperature
Copstructmn material for Standard galvanised Stainless steel for all parts in contact with paint
paint booths steel
Use of electrically charged Automatic application Autorpatlc application, IF 1S necessary an .

- electrically-separated paint supply system which

bells no restrictions S .

is slightly less efficient

. . Broader than for water- Restrlct.lons in range of huml.d.lty. Depepdmg on
Paint window . local climate conditions, additional equipment
based paints . o
for air conditioning is necessary

Source: [ 142, ACEA 2016 ]

In existing sites, changing from one family to the other (SB to WB) can be done only if there is
room to build a second paint shop (or paint shop line) in parallel without interrupting the
production in the existing one, and where the new paint shop can be linked to the body shop and
to the assembly shop. Due to these constraints, such a transformation is very expensive and is
rarely made. Where these changes are implemented, these are mostly restricted to one
subprocess. This type of paint shop is then called a SB-MIX paint shop. The actual situation in
the EU is shown in Table 2.7.

Table 2.7:  Estimated percentage of different paint shop families in the EU

Paint shop Subprocess . .
family PR * BC * cC Installations Process Installations
Standard 42 %
B B B B 9
W W W S ST % Integrated 15%
WB SB Standard 27 %
B-MIX B 28.59
S SB WB S 8.5% Integrated 1.5%
Standard 13 %
B B B B 1459
S S S S > % Integrated 1.5%
Standard (all families) 82 %
Integrated (all families) 18 %
* Different names and abbreviations are used for the various versions of integrated processes (see Section
2.2.3.9). NB: The three-wet process is included under the term ‘integrated process’.
PR: primer; BC: base coat; CC: clear coat; WB: water-based; SB: solvent-based; SB-MIX: solvent-water mix.
Source: [ 201, ACEA 2016 ], based on a sample of 67 (out of a total of 74) passenger car paint shops.

2.2.3.9 New paint shop concepts

In the last 10 to 15 years new paint shop concepts have evolved, which has led to considerable
energy savings:
e Elimination of the primer oven by using either:

o wet-in-wet-in-wet (three-wet), application of primer, base coat and clear coat
without intermediate drying/curing;
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o integrated processes (IP), combining the functions of primer and base coat in one
new base coat type applied in two steps.

Both coating concepts are operated with solvent-based or water-based paints; however, clear
coat is always solvent-based.

o Spray booth air recirculation, usually in combination with dry separation of paint
overspray.

Because of multiple technical constraints, these concepts are generally not possible in existing
installations at a reasonable cost, but do offer additional options for the design of new paint
shops or in the case of the total refurbishment of existing ones. Currently, 18 % of all EU
passenger car paint shops already use either a three-wet process or an integrated process and
many manufacturers consider it the future standard for new greenfield projects. Dry separation
of paint overspray is also installed in 18 % of all EU paint shops in at least one of several spray
booths [ 201, ACEA 2016 ].

The total VOC emissions are not significantly affected by these techniques; the main
environmental advantages are savings in water (for air humidification) and energy (no primer
oven heating, significantly less booth air to condition and move). They also save on floor space
(no primer oven, no workplaces between primer (PR) and base coat (BC)).

2.2.3.10 Special products in passenger car paint shops

Paint shop operators are faced with a rising demand for two-tone cars. After the body has been
completely coated with one colour, part of the surface is masked and the body is reintroduced to
the base coat line to apply the second colour. This results in additional solvent consumption,
VOC emissions, waste generation and energy consumption (see also Sections 2.3.1 & 2.3.2).

In some installations, N1 category vans are painted together with passenger cars. In contrast to
passenger cars, where most of the interior surface of the body in white (BIW) is eventually
covered by plastic parts, fabric or carpet, vans typically have no or only small windows in the
cargo compartment and large visible interior surfaces that need to be coated with the same
layers and be of the same quality as exterior surfaces. This leads to higher emissions compared
to the coating of passenger cars.

Usually, hang-on parts (e.g. bumpers) that are attached to the car body in the final assembly line
are painted in separate paint shops. However, in some cases these parts and spare parts for after-
sales service are mounted on the car body skids or on separate skids and are coated together
with the car bodies in the same paint shop.

224 Painting of vans

Figure 2.11 demonstrates the large variety of the product category ‘van’. Classically, these
kinds of vehicle present a large combination of bodies/designs which covers mainly category
N1 according to Directive 2007/46/EC 13, but also derived variants for passenger transport (M1),
and, depending on the size, products that fall under the categories N2 and M2 (minibuses) as
well. For the smaller products, their construction principle is generally derived from passenger
cars (integral monocoque/unibody), although some manufacturers produce chassis-built vans
based on truck design principles.

13 The Type Approval Directive: Directive 2007/46/EC establishing a framework for the approval of
motor vehicles and their trailers, and of systems, components and separate technical units intended for
such vehicles.
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Generally, the layout and paint application technologies of paint shops for vans are very similar
to those of passenger cars, especially as vans are produced and sold in large numbers and are
mostly manufactured in high-volume paint shops with a line structure, short cycles and high
automation levels.

Source: [ 142, ACEA 2016 ]

Figure 2.11: Examples of vehicles defined as vans

The following specific aspects can have an impact on VOC emissions and should be taken into
account:

Coating of large interior surfaces, which leads to higher paint consumption per vehicle
and higher specific VOC emissions in g/m? compared to passenger cars.

In many cases, robots and electrostatically assisted bells cannot be used in interior
coating. Often, an additional paint spray booth for the interior coating is required due to
the increased cycle time.

A high proportion of one-layer topcoats, which are available only as solvent-based
systems.

A much larger range of colours are ordered by customers. This includes special fleet
colours prescribed by the customers.

Paint supply systems must be able to provide many colours in any production period.
Increased cleaning.

Specific requirements for corrosion protection (wax, layer thickness, etc.), due to
different levels of corrosion protection guarantees, lead to a greater diversity in coating
concepts in van painting installations than in passenger car paint shops.

Larger installations due to the size of the vehicles.

The coating concepts used are summarised in Table 2.8.
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Table 2.8:  Coating concepts for vans

Layer EC PR BC CC TC Comments

WB WB WB SB
WB WB | (WB) | (SB) WB BC/CC only for metallic/special colours

Layer WB WB (SB) | (SB) SB BC/CC only for metallic/special colours
options WB SB (SB) | (SB) SB BC/CC only for metallic/special colours
WB NA SB SB NA
WB NA NA NA SB

NB:

NA: Not applicable.

EC: e-coat; PR: primer; BC: base coat; CC: clear coat; TC: topcoat; WB: water-based; SB: solvent-based.

Brackets means optional layer, see comments.

Source: [ 142, ACEA 2016 ], data from Volkswagen AG, Daimler AG, Fiat Chrysler Automobiles N V, Renault,
PSA, Iveco, Diirr Systems GmbH, Eisenmann Anlagenbau GmbH & Co KG.

2.2.5 Painting of trucks (truck chassis)

Trucks are manufactured in three parts (see Figure 2.12):

. chassis;
. cab;
o cargo compartment / customised equipment.

The truck manufacturer produces and coats the chassis and cabs separately and assembles the
cab, engine and transmission onto the chassis, with associated equipment. The production of the
truck cargo body (cargo box, tipper, tank, etc.) and trailers and semi-trailers is carried out by
specialised manufacturers separate to the truck assembly facility'.

Source: [ 201, ACEA 2016 ]

Figure 2.12: Typical design of a truck (separate compartments for driver and cargo)

Quality requirements are important for trucks:

14 Painting of the cargo body is not covered by IED Annex VII activity 3 (a) iii (coating of vans and
trucks). Coating of these parts or products (where solvent consumption exceeds the IED Annex I
thresholds) is included in Chapter 3 ‘Coating of other metal and plastic surfaces’.
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o Long-term protection against corrosion, weather, chemical influence (e.g. bird droppings,
acid rain), chipping protection, sun, abrasion in car washes, etc.
o Ideal optical surface properties: polish, colour depth, free of cloudiness, faultlessness,

therefore producing homogeneity and a consistency in colouring and formation of effects
(such as metallic finishes).

These high requirements can only be achieved by at least three, often four or maybe even five
paint layers designed to complement each other. These are applied on body parts pressed and
assembled from pretreated steels to increase the long-term corrosion resistance
[201, ACEA 2016 ].

In Europe, the following paint layer construction has become predominant:

. pretreatments are applied on plastics and body parts assembled from metals (e.g. steels
are pretreated with phosphate to increase long-term corrosion resistance);

J cathodic electrocoating primer coating;

. underbody protection/seam sealing;

o primer;

. topcoat (can be made up of base coat and clear coat);

J cavity conservation and, if necessary, conservation for transport.

The truck frame (chassis) is riveted from rails and cross members pre-coated with electrocoat,
primer and sometimes also topcoat. After the assembly of the drivetrain and other parts onto the
frame, the final truck chassis paint operation is to coat the remaining uncoated parts of the
chassis, for scratch repair, or for colouring the product according to the customer’s
requirements. If the coating of the single components or bolt-on parts is done at the same site
(which is the case in some large truck plants), these coating operations are included as truck
coating operations in the solvent balance boundary of the installation. The coating concepts
used are given in Table 2.9.

The following additional factors affect VOC emissions:

o The number of colours other than black or dark grey is lower than for passenger cars, but
is steadily rising, as more and more customers want the truck chassis and cabin in
identical or matching colours.

. Due to the complex geometries and the many different chassis types produced by one
manufacturer, automation is normally not applied in truck paint shops.

Table 2.9:  Coating concepts for trucks

Layer EC PR BC | CC | TC Comments
" NA NA | Na | sB Final paint is only for' colour match
Layer and repair
options NA NA | NA | WB
SB NA | NA | WB
WB NA NA | NA | SB
NB:

NA: Not applicable.

* Parts are delivered with EC (sometimes also with TC) and assembled in the truck factory on the vehicle
chassis.

Source: [ 142, ACEA 2016 ] Data from Iveco, Daimler, MAN, Diirr Systems GmbH, Eisenmann
Anlagenbau GmbH & Co KG

Painting may be manual or robotic. Advantages of using robots include a reduction of overspray
and material consumption due to higher transfer efficiencies and a uniform, reproducible
coating. Furthermore, the technology has ergonomic advantages.
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For drying, the coated chassis are first transported to a flash-off zone with a maximum
temperature of 40 °C and a low air velocity. Afterwards, the paint is dried in a forced air dryer
at air temperatures of 85-100 °C. The topcoat may be a 2K high-solids, low-VOC solvent-based
paint. After drying, the chassis are cooled down to ambient temperature and demasked. Axles
will be painted with a topcoat as a part of the chassis painting and hence will undergo a similar
process.

Source: [ 201, ACEA 2016 ]

Figure 2.13: Painting of a truck

2.2.6 Painting of truck cabins

Driver cabins for trucks are coated separately and are mounted to the truck chassis afterwards.
Generally, the paint shop design and the paint application technologies are very similar to those
of passenger car paint shops. However, the following specific aspects must be taken into
account:

o Many colours exist, which are very often available only as solvent-based topcoats. Very
often special fleet colours are prescribed by the customers and there may be up to 300
colours for a given cabin model.

o Up to 50% of the cabin surface is covered with plastic parts (mainly
polyethylene/ethylene-propylene-diene (PE/EPDM) injection moulded parts), therefore
paint systems that work for both surfaces are favoured.

o The diversity in coating concepts in truck cabin painting installations is larger than in
passenger car paint shops.

These challenges lead to a high percentage of solvent-based base coats or topcoats. With
modern solvent-based very-high- or ultra-high-solids paints (SB-VHS/UHS), the same or an
even lower VOCs to solids ratio as water-based paints can be achieved. The VOCs to solids
ratio, rather than just the VOC content, should be considered as the best indicator for the
comparison of paint systems. The VOCs to solids ratios found in CV truck painting are:

o 0.25-0.33 SB-VHS/UHS;
o 0.60-1.00 WB BC;
o 0.36-0.49 WB TC (medium/high-solids).

See also Table 2.5.

Since the application window for solvent-based systems is much wider than for water-based
paints and because the flash-off zones and dryer ovens are shorter and consume less energy,
these paint shops have a better performance in terms of energy consumption compared to those
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with water-based paints especially in regions with long periods of high temperatures and
humidity.

There are many different coating concepts which are embedded in the overall assembly and
production logistics strategy of the respective manufacturer (see Table 2.10). Paint systems that
have curing temperatures of 80 °C to 90 °C and are equally applicable for metal and plastic
surfaces (so plastic part painting can be integrated into the cabin paint shop) are already
frequently used for cabin painting in non-EU installations and will certainly be introduced in
more EU paint shops in the future.

Table 2.10: Coating concepts for truck cabins

Layer EC PR BC CcC TC Comments
NA PO WB SB2K | (WB) TC for non-metallics at the same line
NA NA SB SB Cabin + plastic parts, 80 °C process

WB WB NA NA WB
WB WB WB SB (WB) TC for non-metallics at the same line
WB WB WB SB

Layer = "\WB™|"WB | NA | NA | SB
options WB SB WB SB (WB) TC for non- metallics at the same line
WB WB SB SB NA
WB NA NA NA SB
WB SB SB SB NA
WB NA SB SB NA
NB:

NA: Not applicable, PO: powder coating.

For layer options in brackets see comments

Source: [ 201, ACEA 2016 ] Data from Diirr, Scania, Iveco, Daimler, MAN Trucks&Buses, Volvo Group,
Nissan

Most paint shops have automatic application systems (robots) and paint supply systems that are
adapted to supply small quantities (consumption 100 kg/d to 200 kg/d) and permit the rapid
change of many different colours, in some cases more than 300 for a given cabin model.

Source: [ 201, ACEA 2016 ]

Figure 2.14: Truck cabin painting
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2.2.7 Coating of buses

In principle, the descriptions of processes and techniques in Section 2.2.3 are valid for bus
coating as well. Major differences are outlined here.

Compared to passenger cars, the production volumes of buses are much smaller. Consequently,
paint shops are generally designed for lower outputs (<20 units per day). Two design and
operating principles can be found:

o Instead of separate spray booths for each coat layer, one multifunctional paint line is used
and the bodies are transferred repeatedly through the same line until all necessary coat
layers are applied.

o Painting is done in paint boxes instead of sequential paint lines (see Figure 2.15, a general
description of this concept was recently published15).

In some cases, the coating process of a bus is split over two or three different production sites,
with each site operating a bus paint shop which is responsible for the application of one or more
paint layers. This is generally not found in the mass production of passenger cars.

Source: [ 201, ACEA 2016 ]

Figure 2.15: Different design concepts for large (A: sequential paint line) and medium or small
(B: paint boxes) production capacities

An important feature in bus coating is the customer demand for brand-specific colours, so paint
shops have to handle more than 400 different tones and very often multicoloured buses and
coaches are ordered.

Not all bus bodies are electrocoated. The interior surfaces of city buses are generally coated
whereas coaches, especially in the luxury sector, are almost completely covered with interior
plastic parts and need no topcoat. Therefore the painted surfaces and the VOC emission in g/m?
are very different in both groups. For touring buses, different floor coverings are used; these
materials are fixed with double-sided adhesive foils or bonded via dispersion adhesives, which
are in some cases solvent-based. Underbody protection is very often applied as an undercarriage
coat after the final assembly of the bus.

The coating material is applied using HVLP, conventional airmix or airless spray guns.
Overspray is separated with wet scrubbers or dry filters.

For drying, the coated chassis are first transported to a flash-off zone with a maximum
temperature of 40 °C and low air velocity. Afterwards, the paint is dried in a forced air dryer at
air temperatures of 85-90 °C. After drying, the chassis are cooled down to ambient temperature.

15 Svejda, P. Paint box concept or painting line. Modular systems increase flexibility and cut costs. Int.
Surf. Techn. 2011, 4 (2), 26-29; DOI 10.1365/s35724-011-0034-2.
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Source: [ 201, ACEA 2016 ]

Figure 2.16: Coating operations for buses: e-coat (left) and topcoat (right)

Table 2.11: Coating concepts for buses

Layer EC PR BC | CC | TC uc Comments
WB | NA NA | NA | NA | NA After E-coat transfer to other paint shop
WB * * * SB NA Finish after assembly of bus
* SB WB SB | (SB) | NA Topcoat only for non-metallics
Layer WB | WB SB SB | NA | NA .
options - SB WB | SB [ (SB)| SB Topcoat only for non-metallics
SB WB NA | NA | SB NA | Epoxy primer as substitute for electrocoating
SB SB NA | NA | SB NA
WB | SB SB SB | NA SB
* SB SB SB | (SB) | SB Topcoat only for non-metallics

NB: * Done in a separate paint shop.
NA: Not applicable, UC: Undercarriage coat for stone-chip protection.
Source: [ 201, ACEA 2016 ] Data from Iveco S.p.A., MAN Truck & buses, Daimler AG, Scania AB

Off-gas treatment is applied to reduce the VOC emission of dryer oven off-gases (EC oven, TC
oven) at large installations. For smaller installations, no abatement techniques are used.
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2.3  Current consumption and emission levels in the coating
of vehicles

[ 155, TWG 2016 ] [ 142, ACEA 2016 ] [ 147, TFTEI 2016 ] [ 145, ACEA 2019 ]
[ 146, ACEA 2018 ]

A significant number of installations for the coating of passenger cars (PC) participated in the
data collection. The number of installations for the coating of vans (VAN), trucks (CV) and
truck cabins (CAB) was significantly lower, seven in total, and there was only one installation
for the coating of buses [ 155, TWG 2016 ]. Additional data for a second bus coating plant were
submitted in mid-2018 [ 223, Spain 2018 ]. Consumption and emission data were completed
using other sources [ 142, ACEA 2016 ][ 147, TFTEI 2016 ].

Nominal values for layer thickness, material solids and VOC contents, material consumption
and emission contribution are presented in the following table.
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Table 2.12: Solvent and solids contents of coating materials

VOC content

Material

mixing chamber, laboratory

Dry-film Solids content () ready for | consumption Emission
Coating material thickness Q) usey (2)p contribution (%)
() 2
Cathodic dip paint, NI 38-42 2-4 6.0-7.0 NI
replenishment material
Cathodic dip paint, dip tank| > 722 €17 162 1-2 NI 0.6-1.0
Solvent-based primer 20 - 40 50-65 35-50 14-28 4.0-8.0
\Water-based primer 20 - 40 45-55 5-12 1.2-24 0.5-1.5
IPowder-based primer 60 - 90 100 0 2.0-2.5 0
Solvent-based base coat () | 10 - 15 (25) 18 - 22 (40) 78 - 82 (60) 25-35 20-30
Solvent-based base coat (*)
(high solid) 12 -20 (25) 35-45(50) 55-65(50) 1.5-22 10-15
Water-based base coat (%) 10 - 15 (25) 16 - 22 (40) 12-17 2.5-35 3.0-6.5
Integrated process (entire
coat without clear coat) 15-30(35) 16 - 30 (40) 10-18 3.0-5.0 3.0-7.5
Solvent-based clear coat 30-55 47-54 46 - 53 2.1-3.0 7.0-12.0
Clear coat (high solid, 1K) 30-55 55-60 40 - 45 1.8-24 6.0 -10.0
Clear coat (high solid, 2K) 30-55 55-65 35-45 1.6-24 5.0-9.0
gg’r'based clear coat 30-45 45-50 8- 15 22-238 1.5-4.0
Powder slurry 30-40 37-40 <1 23-238 0.5-1.0
IPowder-based clear coat 60 - 80 100 0 14-18 0
Solvent-based topcoat (1K) 35-50 45-60 40 - 55 2.8-4.0 9.0-18.0
Solvent-based topcoat (2K) 35-50 55-170 30-45 2.4-35 7.0-14.0
Water-based topcoat (1K) 35-50 45-55 5-13 3.1-45 1.5-4.5
Water-based topcoat (2K) 35-50 45-50 12-18 34-5.0 35-7.0
Undersealing 200 - 1 000 95-98 2-5 1-5 02-3.0
Weld sealing @: (2 -10) mm 95 -98 2-5 3-9 0.7-4.0
Sprayable damping 1500-5000 | 79-99 0-3 2-8 0-2
material
Cavity preservation .
material, VOC-free NI Various 0 I-2 0
Cavity preservation
material, with VOCs NI 70 - 85 15-30 1-2 2.0-5.0
Rinsing agent for solvent- NI 0 100 Per sprayer:
based primer colour change:
Rinsing agent for water- 15 ml paint
. NI 0 10-15 ..

based primer 200 ml rinsing

. . _ t 5 .
g rsben |0 | w0 | O beendingon
Rinsing agent for water- BC: after the processfand
based BC NI 0 10-15 | (1 _5) bodies | Mmode©
Surfactant-based rinsing CC:after ~ [OPEratOn of the
hgent NI 0 0 (5 - 10) bodies painting plant

. (20 - 30) ml
Rinsing agent for CC NI 0 100 solvent
Plant cleaning, diluent, NI 0 0-100 <1

(') When ready for use.

interior painting.
Source: [ 169, VDI 2013 ]

(%) Sprayed paint quantity per body; the overall usage may be higher due to colour-change losses and second runs.
(%) Acc. to 31. BimSchV (Federal Immision Control Ordinance), guide values for usual application conditions and
plant configurations (no treatment of booth exhaust).
(*) Values in parentheses apply for low-opacity colour shades, such as white or beige (German taxi colour).

(°) In a so-called soft purge procedure, a new primer colour is fed while still painting the rear of the preceding
vehicle. This eliminates the need for rinsing when changing colours.
INB: General reference values for medium-sized passenger cars. Other conditions may apply from case to case for

quality reasons, depending on the vehicle type. In particular, different requirements are usually valid for exterior and
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2.3.1 Consumption
2.3.11 Energy consumption

Energy consumption in the painting process represents about 40 % to 50 % of the total energy
consumption in car manufacturing (vehicle assembly site) and this energy-intensive step is
potentially the most environmentally significant in vehicle production after considering solvent
use and emissions. The main share of consumed energy is supplied as natural gas and used for
heating of dryers and thermal abatement of solvent-containing off-gases.

The energy consumption data for the paint shops do not include the energy required for building
services. However, depending on local conditions and technical opportunities, the possible
heating/cooling of the building will lead to a reduction in the energy consumption of the paint
shop. Therefore, the figures from different locations may show a very wide range of variations.

Table 2.13 provides the analysis of energy consumption in the individual segments of a paint
shop per process step (design scenario for a paint shop with a capacity of 30 vehicles/hour, and
water-based coat for primer and base coat) [ 169, VDI 2013 ].
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Table 2.13: Typical energy consumption of car paint shops

Variant C Variant D Variant E
Variant A| Variant B | (reference - (wet-on-
Parameter Unit Reference (no (wet-on- | plant with (no_ PIIMEN et with
plant : with dry
primer) wet) dry scrubber) dry
scrubber) scrubber)
Cleaning and pretreatment (plant) - PT
Electrical power |kWh/vehicle 22 22 22 22 22 22
Natural gas kWh/vehicle] NA NA NA NA NA NA
Water (hot/cold) |kWh/vehicle| 26/0 26/0 26/0 26/0 26/0 26/0
Dip coating (paint and dryer) - CDC
Electrical power |kWh/vehicle| 46 46 46 46 46 46
Natural gas kWh/vehicle 80 80 80 80 80 80
Water (hot/cold) |kWh/vehicle| 0/17 0/17 0/17 0/17 0/17 0/17
Sealing, damping, masking (workplaces and dryers) — US/WS
Electrical power |kWh/vehicle] 30 30 30 30 30 30
Natural gas kWh/vehicle 55 55 55 55 55 55
Water (hot/cold) |kWh/vehicle| 1/2 172 1/2 1/2 1/2 1/2
Primer (spray booth and dryer)
Electrical power |kWh/vehicle 36 NA 21 36 NA 21
Natural gas kWh/vehicle 65 NA 11 65 NA 11
Water (hot/cold) |kWh/vehicle| 60/1 NA 60/1 1/11 NA 1/11
Base coat (spray booth and dryer) - BC
Electrical power |kWh/vehicle 30 30 24 30 30 24
Natural gas kWh/vehicle 27 27 10 27 27 10
Water (hot/cold) |kWh/vehicle| 60/1 60/1 60/1 1/12 1/12 1/12
Clear coat (spray booth and TC dryer) - CC
Electrical power |kWh/vehicle| 35 35 35 35 35 35
Natural gas kWh/vehicle 63 63 63 63 63 63
Water (hot/cold) |kWh/vehicle| 75/1 75/1 75/1 1/9 1/9 1/9
Cavity preservation (plant + preheating/dryer) - CP
Electrical power |kWh/vehicle 8 8 8 8 8 8
Natural gas kWh/vehicle 15 15 15 15 15 15
Water (hot/cold) |kWh/vehicle| 0/1 0/1 0/1 0/1 0/1 0/1
\Workplaces (all other, including rework, excluding sealing)
Electrical power |kWh/vehicle 28 23 19 28 23 19
Natural gas kWh/vehicle| 41 35 30 41 35 30
Water (hot/cold) |kWh/vehicle| 3/2 2/2 2/1 3/2 2/2 2/1
Total
Electrical power |kWh/vehiclgl 235 194 205 235 194 205
Natural gas  |kWh/vehicle] 346 275 264 346 275 264
Water (hot/cold) kWh/vehicle 250 188 248 87 74 85
Total energy  [KWh/vehiclg 831 657 717 668 543 554
Source: [ 169, VDI 2013 ]

It is difficult to quantify the impact of climatic conditions on the overall energy consumption of
the paint shop. This is due mainly to lack of energy metering systems that cover specific aspects
of the paint shop and all the potential forms of input energy (electricity, gas). Sporadic reported
data indicate a range between 1 % and 16 % of the total energy consumption being related to
local climatic conditions (e.g. for heating/cooling or dehumidifying the process air).

Energy consumption could be measured by using utility meters connected to a main data
acquisition system. When dedicated metering is not available, the paint-shop-related energy
consumption can be calculated by using broader energy consumption data and suitable
correction factors (see also [ 109, COM 2009 ]).
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23.1.11 Passenger car coating

Figure 2.17 shows the reported data for the specific energy consumption of passenger car plants
(PC paint shops), expressed in MWh/vehicle.

Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]

Figure 2.17: Specific energy consumption (MWh/vehicle) for passenger car plants (PC paint shops)

The following table summarises the reported data on specific energy consumption for passenger
car coating plants.

Table 2.14: Specific energy consumption for passenger car coating plants (PC paint shops)

Reported data () Industry report (%)
2013-2015 2012
Product 5.0 % . 5.0 % .

tvoe | No of Average middle Min./Max. No of Average middle Min./Max.
yp 1 (MWh range (MWh 1 (MWh range (MWh

plants | ehicle) | (MWh | vehicle) | PP™MS | jvehicle) | (MWh | /vehicle)

/vehicle) /vehicle)

PC 25 0.85 0.61-1.01 0.33/1.76 68 0.87 0.64-1.04 0.32/3.53

Source: (') [ 155. TWG 2016 ] [ 219. ACEA 2018 ], (%) [ 142, ACEA 2016 ]

For passenger car paint shops, most of the reported specific energy consumption values are
below 1 MWh/vehicle, with an average value of 0.85 MWh/vehicle.

Significant yearly deviations in the specific energy consumption are not observed, except in one
plant reporting a significant increase (more than triple) in the throughput figure which is
associated with the increase in the utilisation of the installed paint shop capacity and the more
efficient use — in energy consumption terms — of the available infrastructure.

An industry report summarising data from 68 paint shops shows an average specific energy
consumption of 0.87 MWh/vehicle [ 142, ACEA 2016 ]. The main factors identified that
determine the energy consumption of a passenger car paint shop are as follows:
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Internal (technical):

Paint material (WB, SB) and concept (classical, three-wet, IP).

Dryers: PVC oven (yes/no), primer oven (yes/no).

Dryer oven off-gas treatment (yes/no); if yes, energy reuse for process heating?
Spray booth off-gas recycling (internal accumulation) (yes/no - where?)

Spray booth off-gas treatment (yes/no).

External (including climatic conditions):

Number of heating degree days16 (HDD).

Number of days with spray booth cooling.

Relative ambient air humidity.

Availability of cheap cooling energy like surface water.

Availability of surplus heat from nearby large combustion plants (replaces cooling tower
capacities) [ACEA comment #119 in [ 212, TWG 2018 ]].

23.11.2 Coating of vans, trucks, truck cabins and buses

Figure 2.18 shows the reported data for the specific energy consumption in van, truck and truck
cabin coating plants (Van, CV and CAB paint shops), expressed in MWh/vehicle.
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Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]

Figure 2.18: Specific energy consumption (MWh/vehicle) for van, truck and truck cabin coating

plants

The following table summarises the reported data on specific energy consumption per product

type.

16 Heating degree days (HDDs) and cooling degree days (CDDs) are proxies for the energy demand
needed to heat or cool, respectively, a home or a business. Both variables are derived from measurements
of outside air temperature. More information can be found in: www.eea.europa.eu/data-and-
maps/indicators/heating-degree-days-2
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Table 2.15: Specific energy consumption for van, truck, truck cabin and bus coating plants

Reported data (%) Industry report (%)
2013-2015 2012
50 % 0
Produc szrag middle | Min./Ma | No szrag n?i(zid/fe Min./Ma
ttype | Noof (MWh range X. of (MWh ranee X.
plants | S iele | (MWh | (MWh | plant | Gt G| (MWh
/vehicle | /vehicle) s ) /vehicle)
) ) ) /vehicle)
0.95-
Van 6 1.37 165 0.78/2.48 9 1.70 1.12-3.00 | 0.85/3.49
Cab/ Cgb: 133 | 0.88-1.88 | 0.56/6.23
cv 2 1.08 NA 0.96/1.21 Cv-
4 ) 0.31 NA 0.27/0.44
Bus 2 NA NA 4.6/14.1* 8 14.9 3.0-21.8 | 1.7/37.1
* Value 14.1 includes STS and non-STS activities.
NB:
NA: Not applicable/available.
Source: (1) [ 155, TWG 2016 1[ 219, ACEA 2018 ][ 223, Spain 2018 ] (?) [ 142, ACEA 2016 ]

Among the reported energy-saving techniques, the most commonly applied are:

o thermal insulation of tanks and vats containing cooled or heated liquids;

o heat recovery from off-gas treatment;

o adjustment of the flow according to need; reduced air ventilation at idle operation or
maintenance;

o air extraction with energy recovery from the dryer ovens;

o air extraction with energy recovery from the cooling zone;

o central off-gas treatment with variable frequency drives;

. pressurised air: efficiency/pressure level;

. spray booth air recirculation.

2.3.1.2 Water consumption

Water consumption in vehicle paint shops is mainly related to the:

. supply of rinsing water in cleaning and pretreatment processes;
o replenishing of degreasing and pretreatment tanks and wet scrubber systems;
. evaporation losses from wet scrubber systems and air humidification.

Bath maintenance with the objective to reduce water consumption and to reclaim treatment
chemicals is an important part of paint shop management. Rinsing tanks are generally operated
as cascading vats [ 142, ACEA 2016 ].

Figure 2.19 and Table 2.16 show data on the specific water consumption (expressed in
m?®/vehicle) reported by various installations. Most of the reported specific water consumption
values are below 1.3 m*/vehicle.

An industry report indicates a specific water consumption between 0.9 m’/vehicle and
1.8 m*/vehicle, with consumption values below 0.4 m*/vehicle reported from paint shops with a
special body design (small vehicles) or from installations with dry particle separation
[ 142, ACEA 2016 ].
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Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ][ 223, Spain 2018 ]

Figure 2.19: Specific water consumption (m3/vehicle) for automotive paint shops (2015 data)

The following table summarises the reported data on specific water consumption for automotive
paint shops per vehicle type.

Table 2.16: Specific water consumption for automotive paint shops

Reported data (%)

Industry report (%)

Product 2015 2012
V) 1 0, ]
type |Noof| Average >0 f;:;fdle Min./Max. | Noof | Average >0 f;:;’fdle Min./Max.
3 : 3 : 3 : 3 :
plants | (m’/vehicle) (m*/vehicle) (m°/vehicle) | plants | (m’/vehicle) (m*/vehicle) (m°/vehicle)
PC 27 1.15 0.71-1.22 0.49/3.26 47 1.18 0.90-1.82 0.22/3.47
Van 5 1.80 NA 1.15/2.54 3 2.05 NA 0.96/3.26
cab/CVl 1 181 NA NA Cab:7 2.63 0.66-2.78 0.15/7.61
CV:5 4.21 0.15-0.56 0.1/6.98
Bus 2 5.18 NA 0.73/9.63 5 14.6 4.1-29.9 10.6/54.6
INB:

INA: Not applicable/available.
(") Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ][ 223, Spain 2018 ] (%) [ 142, ACEA 2016 ]

The main reported techniques for minimising water consumption are:

reuse and/or recycling of water;

control of water usage;

reverse cascade rinsing;

bath desludging;

ion exchange;

membrane filtration;

oil skimmer;

particle filter;

magnet separator;

decanter centrifuging for paint shop overspray waste waters;
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° neutralisation.

2.3.2 Emissions
23.2.1 Total emissions of VOCs

In vehicle coating, VOCs represent the most significant emission source. The activity emits
VOCs originating mainly from the spray booths, the drying ovens and the cleaning of
application equipment.

Usually, application and drying of primer and topcoat/clear coat contribute to approximately
80 % of the VOC emissions originating from the painting sector of car production. The topcoat
refinishing (rectification) and cleaning procedures as well as additional sources (e.g. coating of
small parts, application of underbody protection) are responsible for the remaining 20 %.
Approximately 70-90 % of the total VOC emissions generated during the application and drying
procedure originate from the painting booth, the remaining 10-30 % from the dryer. The
indicated percentage rates generally depend on the solvent types used, the painting systems and
the application efficiency factor of the technique. Off-gas from the dryer loaded with VOCs is
usually directed to a thermal off-gas treatment system.

VOC emissions in the vehicle coating sector are expressed as specific emissions in g VOCs/m?
of coated surface. The coated surface area is calculated according to Part 3.2 of Annex VII to
the IED (see also Annex 21.5.1.5.6.).

23211 Coating of passenger cars

Figure 2.20 presents the reported total emissions from 28 paint shops in Europe dedicated to the
coating of passenger cars (PC) and light commercial vehicles (LCV). According to the type of
coating used for the various coating layers (primer, base coat, clear coat), paint shops are
classified as SB (solvent-based: use of solvent-based coat for all layers), SB-MIX (use of water-
based coat for either the primer or base coat, and solvent-based for the other coats) and WB
(water-based: use of water-based coating for all layers except clear coat). Another option, the
integrated system, exists, but was not identified in reports from the 28 paint shops. According to
ACEA, the VOC emissions from integrated systems are similar to those of other well-
performing systems and these systems are implemented for other reasons (see Section 2.2 and
[ 142, ACEA 2016 ]).

An industry report analysing data from 74 passenger car paint shops shows an average value of
25.1 g/m” and a 50 % mid range between 16 g/m? and 33 g/m® [ 142, ACEA 2016 ].

The TFTEI"Y report analysing data from 60 reference paint shops in Europe provides the
emission values that are presented in Table 2.17 in relation to the paint shop type
[ 147, TFTEI 2016 ].

Table 2.17: Total emissions of VOCs for various paint shop types

Paint shop type ) Integrated
VOC Emission (g/m?) SB SB-MIX WB system
Average 37.8 28.7 18.6 20.5
Min.-Max. 16.8-50.3 12.5-48.2 6.0-30.5 8.9-32.1
Source: [ 147, TFTEI 2016 ]

7 TFTEIL: Task Force on Technico-Economic Issues of the UNECE Convention on Long Range
Transboundary Air Pollution (LRTAP).
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Data from the industry study show that the overall performance of European paint shops has
improved over a long period (2002-2012) (see Figure 2.6) [ 142, ACEA 2016 ].

46 Surface treatment using organic solvents including wood preservation



Chapter 2

60

—_ 50
E
S
)

w 40
c
[
‘in
2

E 30
]
8]
o]
=

o 20
8

10

0

Plant number

Country

Product type

Year of current layout
Plant type

] A
hd A
+2015 m2014 42013 [ .

A

¢ ¢ Yl

| |

m N ; vy ¥
A ] *
A B S & At
? o *
Y
) 4 *
‘ A& | g
LI
Al
| |
s e

041 047 048 044 050 039 038 046 045 049 043 064 042 057 059 054 061 055 146 053 o040 058 063 062 051 056 052 065
cZ DE DE cZ DE BE AT DE DE DE cZ UK cZ ES m ES PT ES FR ES BE FR RO RO ES ES ES UK
PC PC PC PC PC PC PC |PC/LCV| PC PC |PC/LCV| PC PC PC PC PC PC PC PC PC PC PC PC PC PC |PC/LCV|PC/LCV| PC
2008 | 2013 2012 2004 2015 2003 NI 2015 1996 1996 2016 19389 | 2015 2008 2014 | 2012 1995 2008 2012 2014 2016 2009 | 2007 NI 1983 1982 1993 1990
NI WB WB WB WB WB MIX WB WB WB WB WB MIX MIX MIX WB WB MIX MIX MIX MIX MIX MIX 5B 5B MIX 5B 5B

Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]

Figure 2.20: Total emissions of VOCs (g/m?) from the coating of passenger cars for the period 2013-2015
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During the reference period (2013-2015), for most of the installations that submitted data, a
decrease in total VOC emission values is observed. This, in most cases, is combined with an
increase in the utilisation of the installed plant (paint shop) capacity (see Figure 2.21 below).
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Figure 2.21: Percentage variation of total emissions of VOCs (g/m?) and total e-coated surface for
2013-2015

For example, data from two installations show:

° a reduction of almost 24 % in total VOC emissions which can be correlated with the
reduction of 10 % in total emitted VOC load and the increase of 18 % in coated surface
for 2013-2015 (source: Plant #061 in [ 155, TWG 2016 ]);

) a reduction of 26 % in total VOC emissions combined with an increase of about 6 % in
total emitted VOC load and an increase of 40 % in coated surface between 2014 and 2015
(source: Plant #047 in [ 155, TWG 2016 ]).

Apart from major changes in the paint shop design and technology which are mainly associated
with the installation’s investment cycle, a number of other techniques can contribute to
significant emission reduction. As an example, information from one installation shows that the
implementation of the following —mainly managerial and not major investment— techniques had
as a result the reduction of specific emissions by 34 % over a nine-year period (from 53.76 g/m*
in 2007 to 35.41 g/m* in 2016) (source: Plant #058 in [ 155, TWG 2016 ]):

. implementation of low-pressure manual paint sprayers;

. decrease in the number of paint colours;

J only one coat for three types of coat;

° increase in the number of cars in series of cars of the same colour;

o work on the transfer efficiency by optimising the application distance (base and clear
coats);

. use of low-solvent products to clean the spray-painting robots which are protected by a
cover;

o improving the percentage of directly well-painted cars (increased ‘right first time’ rate)

and implementation of the localised repairing technique.
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Possible impact of special paint finishes on VOC emissions.
There are various special paint finishes used in the automobile industry that have a direct impact
on VOC emissions. These include, but are not limited to the following:

High-pearlescent finishes — these can be a four-coat or three-coat process depending on the
ability to create that colour and the high colour shift in a given technology. The process will
therefore either be:

. base coat — effect coat — clear coat — cure; or

. base coat — clear coat — cure — effect coat — clear coat — cure.

Both processes require more painting time than in the case of standard paint finishes, and in the
case of a four-coat the vehicle needs to be run twice through the painting process. This impacts
emissions, production capacity and scrappage rates — due to the increased overall film build-up
having less scope for repairs.

At present, special paint finish application rates tend to be fairly low (~ 5 %), but even at that
rate the impact on VOC emissions is estimated to ~ 1 g/m*. If the demand for these finishes
increases then a serious impact on VOC emissions would result.

Two-tone vehicles — these vary in process, number of second colours and extent of the second
colour. They can range from just a different coloured roof to the whole upper vehicle being a
second colour, sometimes including the bonnet, boot or tailgate. This seems to be the latest
customer trend and application rates can be 30 % or more of production. Based on an average
vehicle (~ 100 m? electrocoat surface area) and a 30 % uptake rate, the impact on VOC
emissions would be in the range of 1 g/m? to 5 g/m* depending on the extent of the second
colour. If demand were to increase further with a higher uptake rate, VOC emissions would
increase as a result.

Tinted clear coats — there are certain colours that are achieved by using a tinted clear coat.
Sometimes two or three additional clear coats can be used in a plant. A conventional paint shop
with a single clear coat will not clear or purge the automation very often. The addition of a
coloured clear coat requires the automation not only to purge on a colour change but also to
more frequent cleaning.

Other special finishes are available and have been used in the past, e.g. matt clear coat, matt
black, liquid silver. All of these impact VOC emissions but so far they have only been applied
to a fairly limited number of vehicles [ACEA comment #223 in [ 212, TWG 2018 ]].

2.3.2.1.2 Coating of vans, trucks, truck cabins and buses

Reported data from nine paint shops dedicated to van, truck and truck cabin coating are
presented in Figure 2.22.
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Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]

Figure 2.22: Total emissions of VOCs (g/m?) from the coating of vans, trucks and truck cabins for
the period 2013-2015

There are data reported for only two installations for truck cabin coating, both of them below
45 g/m” (14.32 g/m* and 41.5 g/m? as averages for the period 2013-2015) [ 155, TWG 2016 ].

An industry report with an analysis of data from 11 truck cabin paint shops shows an average
value of 21.2 g/m* with the 50 % mid range varying from 14.1 g/m* to 51.3 g/m’
[ 142, ACEA 2016 ].

The reported data from seven paint shops for the coating of new vans and trucks show an
average value of 26.3 g/m’ with values ranging from 12.5 g/m? to 45.3 g/m* (all values are
averages over the period 2013-2015) [ 155, TWG 2016 ].

An industry report analysed data from 10 paint shops for the coating of vans and 6 paint shops
for the coating of trucks and derived average values of 33 g/m” and 50 g/m’ respectively for the
two product types [ 142, ACEA 2016 ].

The basic statistical figures from the reported data are presented in Table 2.18.

Table 2.18: Total VOC emission data for automotive paint shops

Reported data (%) Industry report (%)
2013-2015 2012
Product 50 % . 50 % .
type No of | Average middle 1;/[/[2;/ No of | Average middle 1;/[/[2;/
plants | (g/m?) range P plants (g/m?) range o
PC 28 25.7 15.3-35.0 | 4.2/51.4 74 25.1 15.9-32.9 | 4.7/553
Van 6 28.6 20.3-36.9 | 12.6/45.3 10 33 24-47 16/61
Cv 1 12.5 NA NA 6 50.5 22.2-56.9 | 17/68.1
Cab 2 27.9 NA 14.3/41.5 11 21.2 14.1-51.3 | 8.3/70.6
Bus 2 138.7 NA 95.3/182 10 64.6 36.9-118 4.4/183
NB:

NA: Not applicable/available.
(") Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ] [ 223, Spain 2018 ]
(®) Source: [ 142, ACEA 2016 ]

2322 Dust emissions in waste gases

Besides VOC emissions, dust emissions resulting from paint overspray are also considered a
key environmental issue for the sector. All paint shops are equipped with venturi scrubbers or
dry scrubbers to reduce dust emissions arising from paint overspray.
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Figure 2.23 and Figure 2.24 show the reported dust emission values from vehicle paint shops
applying wet or dry dust abatement techniques. The reported concentration values are generally
low.
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Figure 2.23: Dust emissions in waste gases (periodic monitoring) - Average values for the period 2013-2015 (1/2)
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Figure 2.24: Dust emissions in waste gases (periodic monitoring) - Average values for the period 2013-2015 (2/2)
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The statistical analysis of submitted dust emission data in total and by applied abatement
technique is presented in Table 2.19 and Figure 2.25.

Table 2.19: Statistical data for dust emissions in waste gases for the period 2013-2015

All data Dry scrubbing Wet scrubbing
Parameter
2015 | 2014 | 2013 | 2015 | 2014 | 2013 | 2015 | 2014 | 2013
Number of measurements | 90 38 44 23 9 13 67 29 31
Average 1.3 0.7 1.0 1.0 0.5 0.5 1.4 0.8 1.2
Median . 0.6 0.5 0.8 04 0.4 0.5 0.8 0.5 1.0
25th percentile g 03 04 0.5 0.2 0.3 0.4 0.4 0.4 0.7
75th percentile %D 1.2 0.8 1.3 0.5 0.5 0.6 1.7 09 1.5
Maximum 10.5 4.8 3.8 10.5 1.7 0.7 6.5 4.8 3.8
Minimum 0.1 0.2 0.2 0.1 0.2 0.2 0.2 0.3 0.3
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Figure 2.25: Statistical parameters of the reported dust emission data (periodic monitoring)

The achieved dust concentration values in waste gases are in general very low with only a few
elevated values. There is no significant difference in reported values according to the dust
abatement technique applied.

2.3.2.3 TVOC emissions in waste gases

Emissions of TVOC in waste gases occur for a significant number of emission points associated
with the exhaust of spray booths or of the dryers. At the exhaust of spray booths, overspray
capture techniques are applied while thermal treatment techniques are generally used for the
exhaust from dryers (see also Sections 2.2.3.4, 2.2.3.5 & 2.2.3.6). In Figure 2.26 and Figure
2.27 the reported levels of TVOC emissions in waste gases are presented.
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TVOC emissions in waste gases - Average values for the period 2013-2015 (1/2)

Figure 2.26:
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TVOC emissions in waste gases - Average values for the period 2013-2015 (2/2)

Figure 2.27:
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Most of the reported values are below 40 mg C/Nm® (a percentage of 85 % of all values) while
75 % of reported values are lower than 20 mg C/Nm®. The higher emission levels are mainly
associated with emissions from the spray booths where overspray capture techniques apply.

The basic statistical parameters of the reported data for the year 2015 are presented in Table
2.20.

Table 2.20: Statistical parameters of the reported data for TVOC emissions in waste gases (data

for 2015)
All Applied abatement technique
Parameter dat

a1 70 CO | RecTO | RTO-3 | RTO-2 | DPF | Ws
Number of values 111 27 2 42 4 4 7 25
Average 16.3 5 2 10 43 7 15 37
Median 4.9 2 NA 4 7 NA 12 28
25" percentile g 2 2 NA 2 2 NA 6 10

@]

75" percentile %o 15.55 3 NA 11 48 NA 21 46
Maximum 159 55 2 57 158 19 35 159
Minimum 0.32 0.32 2 1 1 2 2 3
NB:
NA: Not applicable/available.
TO: Thermal oxidiser may be either recuperative (RecTO) or regenerative (RTO-2/-3)
Source: [ 155, TWG 2016 1[ 219, ACEA 2018 ]

2.3.2.4 NOx and CO emissions in waste gases

Nitrogen oxides (NOx) and carbon monoxide (CO) emissions result from the thermal oxidation
of off-gases. The reported values are presented in Figure 2.28 and Figure 2.29.

Surface treatment using organic solvents including wood preservation 57



Chapter 2

NO, concentration values (mg/Nm?3)

= 2014 ave

- 2015 max - 2015 min

4 2013 ave

+ 2015 ave

160

(ewnN/3w) uonenussuod “gN

+ " -
'
*
u e
|
*
L3 -
* Ha
| '
e
*
Y
+ n -
B R
-
+* - u
[ ] -
+*
*
| '
]
Y
-»
- A
+
+ LR
I
-«
*
o
om
- *
-
"
-
+
*
u 4 %
*
- &
*
-
1
»
»
+
Rl
*
+
d
L]
-
* )
a
L
-
-
-
L] +*
| '
1 '
*
[ LR 3
+ <
-
4 me
-
-
* “m
0
LA
4 W
-
# (4 m
u
»
LRJ
]
n
E4
+ m
- -
[]
-
-»
+E
L4
»
*
L
-
+
g 8§ &8 8 B 2 2 e
— — —

Plant-

emission point

B |K

X

PP

L)

EAEAEAE 4P o

K

R K

KK [ K

4

X

*TO

“ RecTO

# RTO

% RTO-2

“RTO-3

NB: Continuous monitoring for #45-6

Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]

Figure 2.28

NOx emissions in waste gases for the period 2013-2015

Surface treatment using organic solvents including wood preservation

58



Chapter 2

= 2014 ave 4 2013 ave = 2015 max = 2015 min

+ 2015 ave

500

« >
* =
*
* ¥
1 *
u =
L] ¥
L 3 =
+ Ll =
[K3 < 5
LR - 3¢
: *
2] *
] >
w ~
LI « %
+ %
- * 3¢
| *
+ *
] e
- [] 3
+ = E
+* - 3
L *®
« »
* LI >
hd *
< *
« X
. *
* *
. L] X
u *
hd B
AHe
L £
* ™ =
« *
D ®
Ld e
4 *
L e
L ¥
b *
' *®
<« H 4 *x
a . B
Al ¥
1 4
LR 3
hd *
. *
* e
. %
« E
- +0 3¢
+ *®
+B< %
. *
| E
R e
- *
. %
L) ¥
hd ]
! >
+ *
* ¥
- E
b >
* X
* >
L4 ¥
. %
1 ¥
- E
. *
- =
< >
r =
<, x
[ x
i =
* *
. >
= %
b *
+ %
L] *
- ]
hd >
u *
* e
. >
* >
u S
. =
+ *
L *
4 *
3 2 8 g 8 % 8§ 8 ~°§ 2 33
= ) & & =~ — — & =] o o o
£ 8 2 & £ E E
(swpN/3w) uonenuasuod 0 m X X ¥ X % X
L

Plant-

MB: Continuous monitoring for #45-6

Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]

CO emissions in waste gases for the period 2013-2015

Figure 2.29

59

Surface treatment using organic solvents including wood preservation



Chapter 2

2.3.25 Emissions to water

Two types of waste water are generated in a paint shop:
. waste water with inorganic load (salts, heavy metals) from phosphating,

J waste water with mainly organic load (oil, detergents, paint) from cleaning, e-coat and
wet scrubber systems.

A typical configuration of waste water treatment in large paint shops for vehicles is presented in
Figure 2.30.

CL, PH, EC PR, BC, CC
ventury system
treatment and rinsing sludge dewatering

Paint shop subprocess:

Objective and techniques:

Reduce resource consumption maintenance maintenance

Filtration, pH stabilisation etc.

untreated

waste water waste

Reduce water pollutants ﬁ
Neutralisation, Sedimentation,
Sludge separation etc.

pretreated

waste water

Municipal or factory owned biological waste water treatment
or receiving water

Source: [ 142, ACEA 2016 ]

Figure 2.30: Typical technical configuration of waste water treatment in large paint shops

Waste water from the pretreatment and the immersion primer coating

Most of the waste water originates from the pretreatment of the bodies by degreasing,
phosphating, passivation and from the following electrocoat primer process. The waste waters
are predominantly from rinsing the bodies between treatments, therefore removing the materials
from the previous process. The components of pretreatment (degreasing), conversion coatings
and passivation, as well as the water management and water-saving techniques applicable to all,
are described in detail in the STM BREF [ 23, COM 2006 ]. These include multistage rinsing
and techniques to minimise water use and recover water and raw materials, and are equally
applicable to electrocoating.

Electrocoating can be operated with multiple (cascade) rinses, with separation and recovery of
the paint solids and the liquid (ultrafiltrate) being returned for rinsing. Although rinses are
usually carried out in a closed loop for the paint solids, some rinsing water may be lost
(containing traces of paint, water-based solvents, etc.) and there is a need for periodic cleaning.
Electro-immersion paint does not contain lead. Other substances in the degreasing and
pretreatment waste waters are detergents, pressing oils, ferrous, manganese, nickel and zinc
phosphates, fluorides and borates. Cr(VI) is no longer used as a passivation material, due to the
ELV Directive strictly limiting Cr(VI) in vehicles (there are exemptions for heavy commercial
vehicles). Cadmium occurs in all zinc compounds as a contaminant at 10 mg/kg's.

18 For example, US and UK Pharmacopias: 10 ppm maximum permitted value in pharmaceutical zinc oxide. See also
the STM BREF for zinc electroplating.
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Waste water from coating processes

Other waste water is generated by the wet scrubbing of paint overspray as:

. a mix of paint, water and coagulating agent residues;

o a mix of paint, water and solvent generated by cleaning the nebuliser units and paint
supply conduits;

. a mix of paint and water generated by cleaning the painting booths.

During the spraying of paint in spray booths, other waste water may be generated by the wet
scrubbing of paint overspray. This is required to minimise emissions of paint as dust (particulate
matter). The water for these scrubbers is recirculated in a closed loop, and the paint sludge is
separated and has to be removed periodically during maintenance and continuously by
desludging a bypass flow to enhance the service life of the bath. The same methods are used for
the separation of both solvent-based and water-based paints.

The organic solvents contained in solvent-based paints are mostly very volatile with low
solubility in water. Water-based paints have a substantially smaller solvent proportion which,
however, is almost completely soluble in water. If these solvents have a very low vapour
pressure, they can accumulate in the water. Solvents for water-based paints accumulate in the
water circulating in the spray booth only up to the equilibrium state (usual concentrations are
about 0.5 %). The rinsing water of the spray booth is held in a closed loop and is renewed
periodically, i.e. twice a year or less frequently. Moreover, waste water is generated by the
cleaning of the heat exchangers of the spray booth exhaust air and the heat rotors as well as by
the humidification of the input air supplied to the spray booth although this constitutes very
small amounts [ 38, TWG 2004 ] [ 212, TWG 2018 ].

The waste water from degreasing and pretreatments is usually treated in a waste water treatment
plant (usually but not always at the same site) described in detail in the STM BREF
[23, COM 2006 ]. The WWTP may also treat waste waters from other activities on site. The
treated effluent may then be discharged directly to surface waters, to a municipal waste water
treatment plant or transferred to another industrial waste water treatment plant (on or off site).

The discharge points and treatments carried out depend on the installation.

A COM study® identified the main parameters and other substances of interest that may be
discharged in waste waters (including those mentioned above) and therefore to be considered
for the data collection. These are given in Table 2.21.

Table 2.21: KEIs for waste waters from the coating of passenger cars, vans, trucks and trucks
cabins and buses

Identified main parameters Parameters of interest

TSS, TOC/COD, Ni, Zn, Cd, phenol, AOX, fluoride, phosphate | DEHP, NP/NPE, NMP
Also, for trucks, truck cabins and buses: Pb, Cr(VI) (authorised
restricted usage under REACH)

Data on waste water emissions from the coating of vehicles were received from 25 installations.
The main techniques applied are as described in the STM BREF:

. In-process:
o substitution;
o reverse cascade rinsing.

1 COM working document EIPPCB 09/06/2016: Assessment of Technical Working Group (TWG) data
submitted on metals and other emissions to water for their consideration as Key Environmental
Issues for installations carrying out IED Annex I 6.7 activities.
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The reported concentration values for each pollutant are presented in the following sections. An
explanation of abbreviations used for emissions to water data is provided in Table 2.22.

Waste water treatment techniques:

coagulation and flocculation;
neutralisation;
sedimentation (settlement);
filtration (using sand filters);
precipitation;

flotation

vacuum distillation;

VOC stripping;

physical separation;
biological treatment;
chemical reduction;

ion exchange.

O 0O O O0OO0OO0OO0OO0OO0OO0OOoOOo

Table 2.22: Explanation of abbreviations used for emissions to water data

Type of discharge Type of monitoring
D Direct INT Internal
I Indirect EXT External
R Reuse SM Self-monitoring
Type of sampling Combined or dedicated treatment
T Time-proportional CO Combined waste water treatment facility (WWTF)
F Flow-proportional DE Dedicated waste water treatment facility (WWTF) for
S Spot the STS-related waste water only
2.3.25.1 Total suspended solids (TSS)

Data for total suspended solids concentration values were reported for 13 plants and 14
discharge points. The distribution of the reported concentration values is shown in Figure 2.31.
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Figure 2.31: TSS concentration values for direct and indirect discharges of waste water from
vehicle coating plants (data for 2015)

Only three values are related to direct discharges to a receiving water body, with two of them
lower than 6 mg/1.

2.3.25.2 Chemical oxygen demand (COD) and total organic carbon (TOC)

The reported concentration values of COD for direct discharges are presented in Figure 2.32. In
total, data from 24 discharge points corresponding to both direct and indirect discharges were
reported for COD concentration values and data from 3 plants (4 discharge points) were
submitted for TOC values. The small number of reported TOC values did not allow the
examination of a possible correlation between TOC and COD values.
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Figure 2.32: COD concentration values for direct discharges of waste water from vehicle coating
plants (data for 2015)

2.3.253 Nickel (Ni)

Data on nickel emissions were reported for 27 discharge points in total. The distribution of the
reported concentration values is shown in Figure 2.33.

Information on the type of metal sheet that was used was not available in the collected data. In
the case of using metal sheets with a higher nickel content, the emissions to waste water may be
higher and the cost of waste water treatment may be higher [CZ comment #14 in
[212, TWG 2018 ]]. Out of the 27 reported maximum values, 15 are lower than 0.4 mg/1.

2.3.254 Zinc (Zn)

Data for zinc concentration values in waste water were received for 25 plants (in total 30
discharge points). The distribution of the reported concentration values is shown in Figure 2.34.
Information on the type of metal sheet that was used was not available in the collected data. In
the case of using metal sheets with a higher zinc content, the emissions to waste water may be
higher and the cost of waste water treatment may be higher [CZ comment #15 in
[212, TWG 2018 J]. The achievable concentration levels for the majority of the reported
emission points (23 out of 30) are below 0.6 mg/1 (see Figure 2.34).
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Figure 2.33: Ni concentration values for direct and indirect discharges of waste water from vehicle coating plants (data for 2015)
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Figure 2.34: Zn concentration values for direct and indirect discharges of waste water from vehicle coating plants (data for 2015)
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2.3.25.5 Hexavalent chromium (Cr(VI)) and total chromium (Crtotal)

A number of sites reported low values for Cr(VI) (see Table 2.23) and Crioal (see Table 2.24).
Information from industry has confirmed:

. hexavalent chromium in vehicles was generally phased out by 2003, according to the
requirements of the End-of-Life Vehicles Directive®;

o where measurements were made, this was based on outdated permit requirements;

. some values were transcription errors, omitting ‘less than’ (<) symbols;

o most values were lower than the reported LoD (which may coincide with the permit limit
value).

The few trace values may be attributed to one or more of the following:

o Samples from waste water streams combined with other activities, including domestic
sewage, and other unknown sources.

o Trace amounts of Cr may be caused by the etching of stainless steel surfaces (e.g. pipes,
treatment tanks, car bodies, erosion of stainless steel electrodes in e-coating tanks).
However, these have not been studied in detail.

20 Directive 2000/53/EC of the European Parliament and of the Council of 18 September 2000 on End-of
Life Vehicles.
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Table 2.23: Cr(VI) concentration values for direct and indirect discharges of waste water from vehicle coating plants (data for 2015)
2 | Plant- Treatment . Number . - Permit
= | ascharge | 7t | combine (Coy | TVBECA | VESCt | prsquency | TYPeSt | Simelns | o™ | Average | M i el
S8 point yp dedicated (DE) g g P samples g g g (mg/l)
DE 050-1 PC DE NI EXT 12/yr T 24 12 0.01 0.01 0.01 0.1
DE 047-1 PC DE I EXT 52/yr NI NI 46 0.0101 0.01 NI 0.1
AT 066-2 VANS DE I EXT 1/yr T 24 5 0.02 0.02 0.02 0.05
DE 067-1 VANS DE I EXT 4/yr S 0.16 4 0.02 0.02 0.02 0.1
PT 061-3 PC CO I EXT 12/yr T 24 12 0.018 0.062 0.01 0.2
IT 071-1 VANS DE I EXT 4/yr S NI 4 0.1 0.1 0.1 NO
IT 059-1 PC NI NI EXT 12/yr T 3 12 0.1 0.1 0.1 0.2
IT 070-1 VANS CO I EXT 4/yr T 3 3 0.1 0.1 0.1 0.2
NB:
NI: No information provided.
Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]
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Table 2.24: Total Cr concentration values for direct and indirect discharges of waste water from vehicle coating plants (data for 2015)
g diZ::ir;tr;;e Plant cor;rg??;g]?gt()) / '_I'ype of Ty_pe qf Frequency Type of Sampl_ing Nurc‘)r}ber Average | Maximum [Minimum Pélr_”\]/it

3 point type dedicated (DE) discharge|monitoring sample | duration samples (mg/l) (mg/1) (mg/1) (mg/l)
DE 068-2 VANS CO D EXT 2/yr F 2 2 0.005 0.005 0.005 0.05
DE 067-2 VANS DE I EXT 4/yr NI 0.16 4 0.004 0.006 0.003 0.5
DE 067-1 VANS DE I EXT 4/yr S 0.16 4 0.005 0.006 0.003 0.5
ES 057-1 PC DE I EXT 24/yr T 24 24 0.005 0.02 0.005 NO
DE 068-1 VANS CcO I EXT 4/yr F 2 5 0.01 0.02 0.005 0.5
PT 061-3 PC CO I EXT 12/yr T 24 12 0.04 0.05 0.005 2
DE 048-1 PC NI NI INT 104/yr T 2 104 0.05 NI NI 0.5
AT 066-2 VANS DE I EXT 1/yr T 24 5 0.05 0.05 0.05 0.5
UK 064-1 PC DE I EXT 36/yr S 24 36 0.023 0.055 NI 10
DE 050-1 PC DE NI EXT 12/yr T 24 12 0.1 0.1 0.1 0.5
1T 071-1 VANS DE I EXT 4/yr S NI 4 0.2 0.2 0.2 NO
IT 059-1 PC NI NI EXT 12/yr T 3 12 0.2 0.2 0.2 4
IT 070-1 VANS (00) I EXT 4/yr T 3 3 0.2 0.2 0.2 4
DE 047-1 PC DE I EXT 52/yr NI NI 46 0.0148 0.24 NI 0.5
RO 062-1 PC NI D INT 365/yr S 1.15 232 0.043 0.28 0.0054 NI
ES 057-2 PC DE I EXT 12/yr T 1.5 12 <17.44 <50 <0.1 NI

NB:

NI: No information provided.

Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]
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2.3.256 Adsorbable organic halogens (AOX)

Data for AOX concentration values in waste water were received for 16 plants (in total 18
discharge points). The distribution of the reported concentration values is shown in Figure 2.35.
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Source: [ 155, TWG 2016 ][ 219, ACEA 2018 ]

Figure 2.35: AOX concentration values for direct and indirect discharges of waste water from
vehicle coating plants (data for 2015)
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2.3.25.7 Fluoride (F)

Data for fluoride concentration values in waste water were received for 14 plants. The
distribution of the reported concentration values is shown in Figure 2.36. All but one of the
reported values are lower than 16 mg/l. No specific end-of-pipe techniques were identified for
the removal of fluoride.
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Figure 2.36: Fluoride concentration values for direct and indirect discharges of waste water from
vehicle coating plants (data for 2015)

2.3.2.5.8 Total phosphorus (TP)

Data for total phosphorus concentration values in waste water were received for 14 plants (in
total 18 discharge points). The distribution of the reported concentration values is shown in
Figure 2.37. For all but one of the discharge points, the reported maximum values are below
6 mg/l.
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Figure 2.37: Total phosphorus (TP) concentration values for direct and indirect discharges of
waste water from vehicle coating plants (data for 2015)
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2.3.25.9 Cadmium (Cd)

Data for cadmium concentration values in waste water were received for 11 discharge points.
The distribution of the reported concentration values is shown in Figure 2.38.
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Figure 2.38: Cadmium (Cd) concentration values for direct and indirect discharges of waste water
from vehicle coating plants (data for 2015)

Almost all of the reported values are below 0.004 mg/l; only two plants reported higher values,
one with a cadmium concentration value of 0.01 mg/l and the other with one of 0.05 mg/1.

Cadmium in vehicles was phased out by 2003, according to the requirements of Directive
2000/53/EC. Cadmium is a low-level contaminant of zinc compounds.

2.3.2.5.10 Phenol index

Only eight plants reported emission concentration values for phenol index, with all the values
but two lower than 0.05 mg/l (one of 0.25 mg/l and another one of the order of 3.4 mg/l).
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2.3.2.6 Waste generation

[155, TWG 2016 ][ 142, ACEA 2016 ][ 144, ACEA 2017 ][ 219, ACEA 2018 ]

A mixture of hazardous and non-hazardous waste is generated from vehicle paint shops. An
indicative list of the main types of paint-shop-specific waste reported has as follows:

o waste paint;

. plastisols, sealers, adhesives;

o used solvents;

. paint sludge;

o limestone (with paint overspray);

. filters (with paint overspray);

. other (VOCs);

o phosphate sludge;

o non-VOC sludge from the paint shop WWTP.

Further clarification on the waste types and their solvent content is provided in the following
section.

Figure 2.39 shows the reported data on the paint-shop-specific waste generation (expressed in
kg/vehicle) for various types of automotive paint shops.
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Figure 2.39: Total waste generation values (kg/vehicle) from automotive paint shops for the period
2013-2015

The following table summarises the reported data on waste quantities generated at the
automotive paint shops by vehicle type.
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Table 2.25: Total waste generation data for automotive paint shops

Reported data (%) Industry report (%)
2015 2012
Product type 50 % middle 50 % middle
Average Average
No of plants (ke/vehicle) range No of plants (ke/ vehicle) range
& (kg/ vehicle) & (kg/ vehicle)
PC 26 7.3 4.0-8.9 59 4.59 3.16-5.91
VAN 6 12.1 6.9-14.9 8 13.4 7.9-14.0
Cv/ Cabs: 5 7.4 1.6-11.1
CV-cab 2 19:9 NA CV:4 7.47 NA
BUS 1 79.0 NA 6 179 70-155
NB:

NA: Not applicable/available.
(M) Source: [ 155, TWG 2016 ][ 144, ACEA 2017 ][ 219, ACEA 2018 ]

(%) Source: [ 142, ACEA 2016 ]

The main proposed techniques for the reduction of waste quantities sent for disposal refer to: the
recovery of used solvents (one installation reported an annual recovery of 37 000 kg of
solvents); the reduction of the water content of waste, e.g. by using a filter press for waste water
sludge treatment; and the reduction of generated sludge and waste by reducing the number of
cleaning cycles due to colour changes.

2.3.2.6.1 Solvent content of waste

[ 144, ACEA 2017 ]

The submitted data on the solvent contents of the various wastes were analysed for deriving key

parameters for the relevant waste types.

The main findings are presented in Table 2.26.

Table 2.26: Solvent content of main waste types from automotive paint shops

No of samples | Average 3;(\1/ Min. | Max. | Median |>25% <75 %
Type With
[0)
Al solvent % Y% of % % % % %
content avg.
in %

Waste paint 28 18 34.4 66 0.4 70.0 27.5 120 | 50.0
Plastisols, sealers, 16 8 3.0 88 0.0 9.0 2.2 12 4.1
adhesives
Used solvents 59 49 61.7 47 0.9 100.0 65.9 473 91.7

used solvents H | NA 28 93.7 75.0 | 100.0 91.9 88.3 99.8

used solvents M | NA 5 52.8 7 483 57.7 52.6 504 | 54.9

used solvents L | NA 16 9.6 78 0.0 24.0 9.9 3.3 16.8
Paint sludge 43 26 4.7 172 0.0 40.0 2.0 0.6 3.8
Limestone 2 1 0.2 0.2 0.2 0.2 0.2 0.2
Other (VOCs) 26 9 10.2 128 0.0 30.0 15 0.5 24.8
Phosphate sludge 23 2 0.1 NA 0.0 1.5 0.0 0.0 0.0
Other (non-VOCs) 59 1 0.0 NA 0.0 0.1 0.0 0.0 0.0
Not paint-shop- 21 2 0.2 NA | 00 | 02 0.1 0.1 0.2
specific
NB:
NA: Not applicable / not available
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Waste paint is understood as expired paint material or paint which is to be disposed of for other
reasons. Its composition resembles the composition of the new material; however, small
amounts of solvents may be added on site for viscosity adjustment. In some plants, expired
paints may be returned to the supplier instead of being sent to a waste disposal facility.

Plastisols, like seam-sealing materials, adhesives or underbody coats are usually applied after
electrocoating and before spray-painting operations. Chemically, they are macromolecular
materials (PVC, PU, rubber or epoxy resins, etc.) with different amounts of plasticisers,
sometimes with a VOC-like volatility.

Plastisol wastes are either expired material in containers, plastic foils with droppings or stoppers
with sticking sealants or underbody coats.

Used solvents are usually thinners or organic cleaning agents mixed with different amounts of
paint. They are generated and collected at paint change or bell cleaning processes.

The available data show that three subtypes of used solvents with different solvent contents can
be distinguished:

o ‘H’ high solvent concentration: median 92 %, 50 % mid range: 88 % to > 99 %;
. ‘M’ medium solvent concentration: median 53 %, 50 % mid range: 50 % to 55 %;
o ‘L’ low solvent concentration: median 10 %, 50 % mid range: 3 % to 17 %.

‘H’-type solvents are from clear coat applications or if solvent-based paints are used. ‘L’-type
solvents are usually butylglycol water mixtures with water-based primer or base coat. If both
types of solvents are collected in the same tank, ‘M’-type solvents are generated.

Paint overspray (paint sludge) from spray-painting operations is introduced in off-gas
treatment systems for the reduction of the (paint) particle concentration in the exhaust air. Until
recently, venturi scrubbers or equivalent wet scrubber systems were used in all large vehicle
paint shops. In new paint shops, dry particle filters are installed and paint particles are captured
either in pulverised limestone or in cardboard filter boxes.

The precipitated paint particles are removed from the water reservoir of wet scrubber systems
by coagulation and sedimentation. The primary paint sludge is further dewatered using different
techniques, which yield pasty (> 80 % water) or solid (< 40 % water) waste.

Solvent contents are reported to be between 1% and 4 %, but in some cases higher
concentrations are measured or calculated. In one installation (Plant #066), paint sludge with a
solvent concentration of 40 % was reported, which is most probably either waste paint or a
solvent paint mixture from paint change operations.

Other solvent-containing wastes

All other solvent-containing wastes fall into this group. There are solvent content data available
for some of these wastes and most solvent contents are lower than 5 %, but wax residues from
solvent-based cavity preservation have solvent contents between 20 % and 30 %.

2.3.2.6.2 Solvent mass flows in waste (parameter O6 of the Solvent Mass Balance)

[ 144, ACEA 2017 ]

From the submitted data, when both the amount of waste and its solvent content are reported
and the total body surface of all painted vehicles is known, the waste-specific mass flow in g/m?
is calculated. The results of this calculation are shown in Table 2.27.
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Table 2.27: Contribution of solvent-containing wastes to the solvent mass flow (parameter O6 of
the solvent mass balance)

Noof | Average | Min. | Max. | Median | >259% | <75 %
Waste type

plants /m2
Other (VOCs) 6 0.18 0.00 | 0.68 0.0 0.0 0.3
Paint sludge 23 0.91 0.00 | 8.68 0.3 0.1 0.6
Plastisols, sealers, adhesives 8 0.13 0.00 | 0.33 0.1 0.0 0.3
Waste paint 11 0.70 0.00 | 4.31 0.3 0.2 0.6
Used solvents 24 8.87 0.10 | 26.74 5.7 2.8 11.6

The data above indicate the major contribution of used solvents to the parameter O6 (solvents in
waste), with mass flows between 3 g/m* and 15 g/m? for most of the cases. For most of the
reported plants, used solvents carry more than 80 % of all the solvent content in the waste.
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2.4  Techniques to consider in the determination of BAT for
the coating of cars

In Chapter 17, general techniques (i.e. those used that are commonly used) are discussed which
might also be applicable to the automotive industry. In Table 2.28, the general techniques
relevant for vehicle coating that are described in Chapter 17 are shown. These techniques are
not repeated in this section, unless information specific for this industry was made available. A
description of the type of information considered for each technique is given in Table 17.1.

The TFTEI synopsis sheet for the coating of passenger cars [ 147, TFTEI 2016 ] provides
important data on the costs and benefits at the European level of primary and secondary
techniques for the reduction of VOC emissions. However, the TFTEI approach necessarily has
to limit its complexity and only key techniques are given without consideration of the other
BAT factors, such as compatibility and cross-media effects or of the technical characteristics of
individual installations and products [ 84, EGTEI 2005 ][ 147, TFTEI 2016 ]. As an example, a
retrofit of brownfield paint shops from wet to dry scrubbing - if technically achievable - would
cost approximately EUR 10-20 million/line [ACEA comment #194 in [ 212, TWG 2018 ]].

Table 2.28: Reference to techniques generally applicable to the sector
Technique Section
number
Environmental management techniques 17.1
Storage and handling of raw materials 17.2
Monitoring 17.3
Water use and waste water generation 17.4
Energy management and energy efficiency 17.5
Raw material management (including substitution) 17.6
Coating processes and equipment 17.7
Drying and/or curing techniques 17.8
Cleaning techniques 17.9
Off-gas extraction and treatment 17.10
Waste water treatment techniques 17.11
Waste management techniques 17.12
Odour emissions 17.13

Unless otherwise stated, figures (e.g. g VOCs/m?, cost, emissions, energy consumption) given in
this chapter are for passenger vehicles.

A study to establish the costs and benefits of different approaches to VOC abatement in the
coating of passenger cars considered the four paint shop families which covered 70 out of 74
existing high-volume car paint shops: SB, SB-MIX, WB and integrated (there are two options in
SB-MIX paint shops, see Section 2.4.2.1) [ 147, TFTEI 2016 ].

Solvent emissions can be reduced by applying in-process (primary) and end-of-pipe (secondary)
measures.

Possible primary measures are as follows [ 147, TFTEI 2016 J:

o improved solvent management (for example collection of solvent);
. optimisation of cleaning cycles;
o improvement of transfer efficiency and application technology.
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Various single techniques can be used in several or all steps of the coating process and usually a
combination of techniques is used.

An evaluation of the emission reduction of possible primary measures is presented in Table 2.29
(with the range in square brackets).

Table 2.29: VOC emission reduction - primary measures (case studies)
Primary measures Reduction of VOC Number of sites
y emissions (g/m?) for data collection
: 2.4
Collection of solvents [0.5-4.5] 5
s . 0.6
Optimisation of cleaning cycles 0.05-1.8] 6
100 % automation of primer, base coat, clear coat [ } j 2] 2
s 0.5
Optimisation of colour change technology (base coat) 10.07-1.1] 4
Innovative application technology (e.g. bell-bell) [006.? 1 2
100 % automation of interior coating, with rotational
L 2.6
bell atomisation and low-loss colour changers (base 2
[0.8-6]
coat, clear coat)
Replacement of pneumatic guns application with 0.23 1
robots by electrostatic bells (base coat) )

Source: [ 147, TFTEI 2016 ]

It is noted that it may not be possible to deduce the maximum achievable VOC emission
reduction by summing up all possible different primary measures for two reasons:

. The specific emissions reduction effect of each single measure is different for each
process step and paint system used.
. Not all primary measures can be combined; some measures are mutually exclusive.

Secondary measures considered in [ 147, TFTEI 2016 ] for vehicle paint shops are:

. thermal oxidation of VOCs in off-gases from ovens and/or spray booths without pre-
concentration of VOCs;

o pre-concentration of VOCs with an adsorption technique followed by thermal oxidation
of VOCs.

The estimated potential emission reduction as well as the calculated total VOC emissions from
the application of secondary measures are presented in Table 2.30 (with the range in square
brackets).
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Table 2.30: Estimated VOC emission reduction and calculated total emissions (g/m?) for the
application of secondary measures (case studies)

4
. . 1 2 3
Reference installations SB SB-MIX WEB Integrated
process
— N -
t\r/;tcrnzrllll3551on (g/m?) without air 503 387 15 235
(11-06-08) [42.9-95.2] [35.0-44.0] [25.0-42.3] [17.9-31.9]
Potential VOC emission reduction
with implementation of air treatment in 11.2 5.8 9.7 7.1
ovens/dryers (g/m?) [9.0-16.6] [1.5-8.0] [6.1-15.3] [4.1-12.5]

05 air treatment on dryers/ovens

VOC emission with air treatment
(ovens/dryers) (g/m?)
(I1-05-06-08)

55.3 32.9 22.8 16.4
[38.0-78.6] | [27.0-36.0] | [18.9-28.5] | [13.0-25.3]

Potential VOC emission reduction

with implementation of air treatment in 14.6

ovens/dryers and spray booths (g/m?) [10.0-19.2] 14.0 11.6 1.5
O5 air treatment in dryers/ovens and ' ’

spray booths

VOC emission with air treatment 303 17.0 3.8 193

(ovens/dryers + spray booths) (g/m?)
(11-05-06-08)

[23.7-37.0] | [12.5-23.5] | [6.0-11.8] | [12.4-26.1]

Source: [ 147, TFTEI 2016 ]

2.4.1 Solvent mass balance of motor vehicle paint shops

[ 143, ACEA 2017 ]

Description
For a general description, see Section 17.3.1.

Solvent mass balances (SMBs) are a tool to calculate total emissions of organic solvents from
industrial installations. The results are expressed - in general - as total emissions of x kg organic
solvents from the whole installation (E) and - in the case of coating of new motor vehicles - as
relative total emissions (Er) in g per m? surface area of the products which are painted in this
installation. The reporting and averaging period is 12 months for demonstration of compliance
with emission limit values (ELV). SMBs may be calculated for shorter intervals, e.g. as an
internal management tool to identify process deviations that may lead to a violation of the ELV.

A detailed description can be found in Annex 21.5.1.

2.4.2 Selection of coating system (paint shop type, ‘paint shop
family”)

[ 143, ACEA 2017 ][ 155, TWG 2016 ][212, TWG 2018 ]

The basis for the types of paint shop families is explained in Sections 2.2.3.8 and 2.2.3.9.

The technical differences between SB and WB paint shops are indicated in Section 2.2.3.8,
which demonstrates that changing from SB to WB is far more complex and costly than a simple
substitution.

A classical high-solvent-content SB paint shop system can be regarded as the ‘conventional’
case, as it is unlikely that a new paint shop being built, or an existing paint shop being rebuilt,
would be a high-solvent-content SB system. SB paint shops are to be considered only in
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combination with high-solids SB paint/coating systems (see Section 2.4.3.3). Reported data and
information from SB paint shops for the coating of passenger vehicles show an average value of
45.5 g VOCs/m? with a total emission range from 36.8 g VOCs/m* to 50.2 g VOCs/m?; all
values are averages over the three-year reference period (2013-2015) [ 155, TWG 2016 ].

24.2.1 Solvent-water mix (SB-MIX) coating system

Description
Coating system where one coating layer (primer or base coat) is water-based.

Technical description
Where these changes are implemented, they are most frequently restricted to only one
subprocess (primer or base coat). This type of paint shop is then called a SB-MIX paint shop.

Achieved environmental benefits
Reduction of VOC emissions.

Environmental performance and operational data

An average value of 29.9 g VOCs/m” is reported from SB-MIX paint shops for the coating of
passenger vehicles. The reported range is 15-39 g VOCs/m?; all values are averages over the
three-year reference period (2013-2015) [ 155, TWG 2016 ].

Solvent emissions can be reduced by applying in-process (primary) and end-of-pipe (secondary)
measures.

Technical considerations relevant to applicability

Only applicable to new plants or major plant upgrades. It is not possible to change from solvent-
based to water-based technology on existing paint shop lines unless a new paint shop is built or
a paint shop line for one coating layer is upgraded. In the case of an existing plant, there would
need to be enough room to build a second paint shop (or paint shop line) in parallel without
interrupting the existing one.

Example plants
More than 25 % of all paint shops in the EU are WB paint shops (see Table 2.7,
Section 2.2.3.8).

Reference literature
[ 147, TFTEI 2016 1 [ 155, TWG 2016 ][ 201, ACEA 2016 ]

2.4.2.2 Water-based (WB) coating system

Description
Coating system where the primer and base coat layers are water-based.

Achieved environmental benefits
Reduction in solvent usage and emissions from the process.

Environmental performance and operational data

An average value of 16.9 g VOCs/m® is reported for 12 WB paint shops for the coating of
passenger vehicles. The reported range is 7.1-25.8 g VOCs/m?; all values are averages over the
three-year reference period (2013-2015), however the basis for the lowest figure is not clear
[ 155, TWG 2016 ].

Solvent emissions can be reduced further by applying in-process (primary) and end-of-pipe
(secondary) measures.
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Cross-media effects

Some technical arguments (paint application window, longer dryer ovens, see Section 2.2)
suggest that the use of water-based coats will result in higher energy consumption. At locations
with high humidity and high values for cooling degree days (CDD), stricter paint cabin
conditions for WB paints may lead to a higher energy demand compared to SB paint shops.
However, available data from paint shops operated in the EU do not show significant
differences between SB and WB paint shops.

There are increased space requirements for longer spray booths, which results in larger air
volumes that need to be conditioned.

Technical considerations relevant to applicability

Only applicable to new plants or major plant upgrades. It is not possible to change from solvent-
based technology to water-based technology on existing sites unless a new paint shop is built.
There would need to be enough room to build a second paint shop (or paint shop line) in parallel
without interrupting the existing one.

Economics
Switching the primer and the base coat from solvent-based (SB) to water-based (WB) coating
(data from one plant) implies the following costs:

° investment cost: EUR 128 million;
o annual cost: EUR 11.5 million/year;
. cost per unit: EUR 0.593/year/m?;

EUR 57.9/year/car body,
assuming 97 m*/car body and 200 000 cars/year [ 210, TETEI 2017 ].

Example plants
More than 50 % of all paint shops in the EU are WB paint shops (see Table 2.7,
Section 2.2.3.8).

Reference literature
[ 147, TFTEI 2016 ] [ 155, TWG 2016 ] [201, ACEA 2016 ] [ 210, TFTEI 2017 ]
[212. TWG 2018 ]

2.4.2.3 Integrated paint shop (IP) coating system

Description
A coating system which combines the functionalities of primer and base coat and applies them
by spray coating in two steps.

Technical description
Sometimes these coating concepts are called ‘compact process’, because no primer dryer is
required.

Some installations utilise a functional base coat first layer. A functional base coat layer
combines the functional properties of a primer layer but has the appearance properties of the
base coat layer which will be applied over it.

Achieved environmental benefits
Significant savings in space and energy consumption.
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Environmental performance and operational data

Without additional VOC emission reduction measures, the VOC value is 20.5 g/m?. The range
given is 8.9-32.1 g VOCs/m? (see also Table 2.17), however the basis for the lowest figure is
not clear [ 147, TFTEI 2016 1.

Cross-media effects
None

Technical considerations relevant to applicability
Only applicable to new plants or major plant upgrades. Due to multiple technical constraints,
these integrated processes are difficult to install in existing installations.

Economics
The costs for changing a new paint shop (SB) to the integrated process (data from two plants),
i.e. switching the base coat from solvent-based to water-based and removing the primer, are:

° investment cost: EUR 52.7 million;
. annual cost: EUR 4.7 million/year;
. cost per unit: EUR 0.244/year/m?;

EUR 23.7/year/car body,
assuming 97 m*/car body and 200 000 cars/year [ 210, TETEI 2017 ].

Driving force for implementation
Energy and space savings.

Example plants

Approximately 17 paint shops in the EU (2014).

Solvent-based high-solids: CNHI (commercial vehicles and vans); Daimler: Abrantes/Tramagal
(truck cabins); PSA Hordain (passenger cars/LCV).

Water-based: BMW: Dingolfing, Cowley/Oxford; Daimler: Rastatt, Kecskemet, Hambach;
FCA: Atessa; PSA: Trnava, Sochaux; VW: Bratislava(H2a), Pamplona.

Reference literature
[ 147, TFTEI 2016 1[ 210, TFTEI 2017 1 [ 265, TWG 2019 ]

2.4.2.4 Wet-on-wet-on-wet coating (three-wet)

Description

Wet-on-wet-on-wet coating replaces a conventional three-coat (primer, base coat, clear coat)
two-bake (primer, topcoat) process with a process where materials are applied wet on wet onto
the previous layer with one final bake at the end.

Technical description
In conventional two-coat topcoating, a primer coat is applied and then baked in an oven, before
a colouring base coat is applied then subsequently covered with clear coat and baked again.

Three-wet processes can be operated with solvent-based or water-based coats. Some
installations utilise a conventional primer-type first layer.

Achieved environmental benefits
° Less energy consumption compared to processes with a primer oven.

o Smaller factory footprint (smaller paint shop).

The environmental benefits vary depending on the process and materials used prior to any
conversion.
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The primer oven is no longer required to bake the primer layer. However, in a wet-on-wet
process, any body sealer, wet-applied NVH (noise, vibration, harshness) material or anti-stone-
chip material should be fully cured prior to entering the wet-on-wet application. Therefore,
during some conversions to wet-on-wet application, where only a sealer gel oven is used, a
sealer bake oven is required to fully cure these materials before the wet-on-wet application.

Environmental performance and operational data

Solvent-based three-wet processes require less space than water-based ones, as no forced flash-
off is required. Compared to a conventional water-based paint shop, the overall booth length can
be reduced by 30-40 % in a solvent-based three-wet plant.

Due to the smaller footprint of the operation, a smaller air volume needs to be moved and
conditioned, resulting in reduced energy consumption. Further energy savings for air
conditioning can be achieved in solvent-based three-wet operations, where no forced water
flash-off zone is needed and a wider range of climatic conditions are tolerated. The less strict
temperature and humidity requirements for solvent-based three-wet processes are especially
important in countries with extremely low or high ambient temperatures.

The higher VOC concentration in the oven exhaust air and booth exhaust air of solvent-based
systems has a beneficial effect on the energy consumption of the abatement system. The higher
VOC concentration supports the combustion in the oxidiser and depending on the concentration
may sustain combustion (‘fumes to fuel’). The heat is usually recovered and used for heating the
dryers.

The increased line speed results in a reduced production time of 20 % per vehicle.

Cross-media effects
None.

Technical considerations relevant to applicability

Only applicable to new plants or major plant upgrades.

There are numerous space constraints on existing automotive sites. Three-wet solvent-based
technology has a small footprint and can therefore be established on existing sites more easily
than other modifications or such drastic changes as a material type change. In an operational
plant, modifications can only be made during the short 2- to 3-week shutdown periods in
summer or winter. This limits the extent of changes that are possible.

Economics

A solvent-based three-wet process has the potential to be retrofitted into existing installations,
although for some sites the benefits of the reduced plant footprint do not outweigh the cost of
conversion. For an example plant, the total investment for a new paint shop line with a three-
wet process was estimated at more than EUR 85 million [ 256, COM 2018 ].

Driving force for implementation
See Achieved environmental benefits above.

Example plants
Solvent-based high-solids: Ford, Craiova.
Water-based: Nissan, Sunderland (new line); Renault, Valladolid.

Reference literature
[ 183, ACEA 2017 1[ 256, COM 2018 ][ 265, TWG 2019 ]

Surface treatment using organic solvents including wood preservation 83



Chapter 2

2.4.3 Material-based techniques

24.3.1 Water-based paint systems

Description
Water-based paints have a low content of VOCs. They are used as electrocoat, primer and base
coat.

Technical description
For automobile volume paint shops, water-based paints are used as an electrocoat, primer and
base coat.

In electrocoating, the application of water-dilutable or water-dispersible paints uses materials
with a solvent content of 2-4 %. Electrocoating materials are delivered in a closed system and
applied using dipping techniques.

Conventional water-based systems contain the following solvent contents: 5-12 % in the primer
and 12-17 % in the base coat. Primer and base coat materials are delivered in a closed system
and applied using spraying techniques.

Water-based paints contain water as the main solvent plus organic co-solvents. Binder systems
used are polyurethanes, polyesters, acrylates and melamine resins. The organic co-solvents are
necessary for achieving qualities such as optimum spread properties, dissolving capacity and
adherence of different substrates as well as a sufficient application window.

Achieved environmental benefits
The main advantage of water-based paints is the reduction of VOC emissions.

Typical VOC emission factors for the water-based phases of the paint shop include 0.6-1 g/m?
for the electrocoat, 0.5-2 g/m* for the primer and 3-7 g/m* for the base coat with no emission
controls.

Cleaning of spraying devices and other tools can be carried out with water/solvent mixtures
with a solvent proportion of about 5-20 %. In some cases, the cleaning material can be solvent-
free.

Another advantage is that there are no flashpoint hazards associated with this paint, minimising
the risks of combustion and explosion?'.

Environmental performance and operational data

The average energy consumption in water-based paint shops that participated in the data
collection exercise is 0.96 MWh/vehicle (average from nine paint shops for the period 2013-
2015 with 50 % mid-range: 0.7-1 MWh/vehicle). For data on specific processes, see Section
2.3.1.1. Influences on operations include production volume, local climatic conditions,
abatement techniques used, air volume requirements, length of booths, and booth operating
criteria such as temperature and paint application techniques.

Cross-media effects

Compared to organic solvents, water has higher evaporation energy. Therefore, the energy
demand for the drying of water-based paints may be expected to be higher if the same drying
rate as for solvent-based paints has to be achieved. However, compared to atomisation,

21 Pidioll, U.; Ignitability of Spray Clouds of Organic Solvents, Solvent/Water Mixtures, and Water-Based
Paints by Electric Sparks, Arcs, and Open Flames; IEEE Transactions on Industry Applications (Volume:
44, Issue: 1, 2008, p. 15-19 ) DOI: 10.1109/TIA.2007.912764.
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acclimatisation of spray booths, heating of substrates, oven losses, etc., the energy demand for
evaporation of volatile compounds is only in the range of 1-2 % for many industrial processes.
Water, instead of organic solvents, has a minor impact on total process energy. The additional
energy requirement is only significant for drying in ambient conditions.

There is higher energy consumption in the booth, due to the assisted flash-off, and the increased
space and associated air volume that needs to be handled. Also, stricter cabin conditions with
regard to humidity and temperature control may result in additional energy demand depending
on the local climatic situation.

Technical considerations relevant to applicability

Water-based materials can be used as the electrocoat, primer and base coat and in some repair
operations. They can be used on metals and plastic materials and are widely used. Due to the
continuous development of these materials, their range of application is steadily increasing.

Water-based clear coats are not used for cars due to their poor appearance and quality.

Due to considerable differences in paint shop design, a change from solvent-based to water-
based spray coats cannot be made without radical modification of the paint shop. In existing
sites, changing from a solvent-based to a water-based system can be done only if there is room
to build a second paint shop (or paint shop line) in parallel without interrupting the production
in the existing one, and where the new paint shop can be linked to the body shop and to the
assembly shop. Due to these constraints, such a transformation is very expensive and is rarely
made.

There are difficulties in retrofitting water-based systems into conventional solvent-based paint
shops due to cost and physical constraints, e.g. assisted flash-off zones or stainless steel pipes
(see Economics below). Water-based booths have to operate under tighter temperature and
humidity controls. Because water must be completely evaporated before the substrate
temperature reaches 100 °C, the heating curve is flatter for water-based paints compared to
solvent-based paints. Therefore the dryer oven must be longer or the line speed is reduced.

Economics

Costs for changing existing automated painting lines may be very high in some cases. The need
for extended ovens with intercoat flash-off zones to meet additional curing requirements means
that paint shops designed and installed for solvent-based systems may not have the space to
accommodate a water-based system. Other requirements are that the paint supply pipes and
systems are made of stainless steel. Retrofitting is usually done at the end of the technical
lifespan of the existing installation. Additional costs associated with the operational
requirements, materials and equipment installation mean that water-based systems are often
restricted to new paint shops or those already equipped with the necessary systems.

Due to the increased volumes used, water-based paints have become cheaper than solvent-based
paints.

Driving force for implementation
Possible reduction of off-gas treatment.

Example plants
More than 50 % of all paint shops in the EU are WB paint shops (see Table 2.7, Section
2.2.3.8).

Reference literature
[ 5, DFIU et al. 2002 1 [ 78, TWG 2005 ][ 183, ACEA 2017 ][ 201, ACEA 2016 ]
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2.4.3.2 Powder coating — conventionally cured

Description
Solvent-free coatings consisting of powder with a particle size in the range of 25-60 pm.
Powder coatings are cured in conventional (convection) high-temperature ovens.

Technical description

Powder coatings are solvent-free systems that require electrostatic application procedures and
are, therefore, primarily suitable for metal bodies. Powder coatings are typically based on
acrylic resins with either an acid or an anhydride. They can be used in primer or clear coat
applications. Powder application takes place in a purpose-built spray booth with downdraft and
exhaust ventilation and can be by automatic electrostatically assisted spraying or manual
spraying applications. See also Section 17.7.2.6.

Achieved environmental benefits

o Almost free of solvent emission.

. Low waste generation.

o Application of electrostatically assisted spraying reduces recapture of overspray paint
particles by water.

. Simplification of cleaning of tools and booths (vacuum cleaning, compressed air).

J High application efficiency.

Environmental performance and operational data
Powder coat technology has zero VOC emissions and does not require water use for dust
abatement. The use of reclaimed powder enables material reuse of up to 97 %.

Cross-media effects

. Loss of energy generation due to solvent oxidation. High curing temperatures are
required.
o There are possible health risks due to the use of some mutagenic substances.

Technical considerations relevant to applicability
Only one plant was in operation in Europe in 2007. In general, the colour and finish achieved
with this technique do not meet most European manufacturers’ quality standards.

The powder paint technique allows reduced reprocessing of the spray booth air compared to
conventional installations. There have been problems with a yellowish colouration of the clear
coat application in the final product. The main problem is that control of the film thickness is
difficult: a greater layer thickness will be created than is necessary (approximately 65 pm),
which results in higher paint consumption; however, increasingly nowadays, thinner layers
(approximately 55 um) are also achievable.

Experience from the PSA Mulhouse plant shows that, after many years of testing, quality levels
did not reach the quality standards expected by European customers. The price of powders
never falls because of lack of deployment (only a few production lines in Europe). The viability
of installations remains below the conventional levels of other painting production lines.

It has also been found that lines without the primer coat step (integrated process) give better
results than the powder production line, in terms of economics and/or quality level. The overall
VOC emissions of the two technologies are within a similar range.

Economics

When changing from existing solvent technology to retrofitting powder technology, high capital
costs are involved, because powder technology is a completely different technology and
requires a total refit of facilities, equipment and materials. However, a reduction of operating
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costs can be observed; present estimations describe a reduction of at least 12 % in energy costs
over either water-based or solvent-based systems with abatement costs.

Driving force for implementation
. Reduction in costs due to reduced VOCs and waste water treatment.

. Reduced waste treatment costs.

Example plants

The technique is not currently applied in European plants for the coating of passenger cars or
vans. It is used in some installations for the coating of trucks and truck cabins. It was used in the
past in BMW AG in Dingolfing, Germany and the PSA Mulhouse plant but now it is no longer
in use (see also Section 17.7.2.6) [ACEA comment #215in [ 212, TWG 2018 ]].

Reference literature
[ 5. DFIU et al. 2002 1 [ 27, VITO 2003 ] [ 38, TWG 2004 1 [ 78, TWG 2005 ]
[212. TWG 2018 ]

2.4.3.3 High-solids solvent-based paints

Description
For a general description, see Section 17.7.2.1. This technique refers to high-solids solvent-
based paint applied as base coat and topcoat.

Technical description

With modern solvent-based very-high-solids paints, the same VOC to solids ratio as with water-
based paints can be achieved. High-solids solvent-based paints typically have double the solids
content of medium-solids (MS) solvent-based or standard water-based (WB) paints (HS base
coat: 35-45 % solids, MS SB or standard WB: 18-22 % solids) [ 219, ACEA 2018 ]. The solids
in the paint make up the final paint layer, hence one litre of high-solids paint can replace two
litres of standard paint. High-solids solvent-based paints typically contain 20-35 % less VOCs
than conventional solvent-based paints (HS 55-65 % VOCs vs MS 78-82 % VOCs), which
means that for each litre of paint used less VOCs are released compared to a medium-solids
paint.

For more information on the various types of high-solids coatings, e.g. medium-solids (MS),
high-solids (HS) ultra-high-solids (UHS) and their use in vehicle coating, see Section 2.2.3.8
and Table 2.5.

Achieved environmental benefits

o The use of high-solids paints reduces solvent use compared with conventional, solvent-
based paints, while still applying the requisite amount of coating.

o Reduction of solvent consumption and emissions.

o Less energy consumption compared to water-based paints.

Environmental performance and operational data

With the utilisation of high-solids solvent-based paints, the same coating effect as with
conventional solvent-based paints can be achieved but with less paint volume and therefore less
VOC release. Water-based paints usually also have a lower solids concentration, so the
difference in VOC load emissions is less than the difference in VOC concentration between the
two paint types, as more WB paint needs to be applied to achieve the same coating.

Stainless steel equipment in paint supply equipment and application is not required unlike in the
case of WB paints.
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Solvent-based systems achieve high-quality outputs in a wider range of climatic operational
conditions compared to water-based paint systems. Therefore, less energy is needed to heat or
cool the booth air, and to adjust the humidity. This is especially important in countries with
extremely high or low temperatures.

Solvent-based materials do not require a forced flash-off before the oven. This saves space and
therefore air volume to be conditioned plus the energy required for the forced flash-off. In a
solvent-based paint shop, the flash-off between base coat and clear coat takes only 90 seconds.
In a water-based paint shop, the flash-off takes 10 minutes and the vehicle needs to be brought
from ambient temperatures to about 60-80 °C and then cooled again to ambient temperature. In
the enamel zone, 36 % more air needs to be moved in a WB paint shop. As a result, the direct
energy requirements for each vehicle body are lower for solvent-based systems.

The higher VOC concentration in the oven exhaust air and booth exhaust air of solvent-based
systems has a beneficial effect on the energy consumption of the abatement system. The VOCs
support the combustion in the oxidiser, and depending on the concentration may sustain
combustion (‘fumes to fuel’). The heat is usually recovered and used for heating the dryers.

Cross-media effects

Solvent-based paints are more likely to require off-gas treatment system compared to water-
based paints. However, water-based paints still contain VOC solvents and the clear coat is
usually solvent-based, so water-based systems will also require energy-intensive abatement.

VOC abatement is usually done with oxidisers which generate secondary emissions of carbon
monoxide and nitrogen oxides.

Technical considerations relevant to applicability

Solvent-based paints can be used in all phases of the painting operation (primer, base coat, clear
coat and repair), and can be used on metals and plastics. They can be applied in new and
existing paint shops where space is limited and where changes in the paint materials may not be
technically possible.

Economics

Conversion to high-solids solvent-based paints can be achieved without loss of production in
existing sites, as it can usually fit into the same plant footprint. Investment costs for a solvent-
based plant are significantly lower compared to water-based systems. The plant footprint is
smaller, air conditioning can be sized to allow for a wider range of climatic conditions, mild
steel can be used and the vehicle throughput is high.

High-solids solvent-based paints are cheaper than water-based paints on a per solids basis;
however, this is strongly dependent on the market conditions.

The solvent-based technology can also be applied globally due to its reliability, which is an
important factor for international companies. Commonality of processes and materials is an
important factor to achieve economies of scale and reduced product development testing.

Driving force for implementation

Automotive manufacturers in the EU operate on sites that have been established sometimes up
to 100 years ago. There are numerous space constraints, inside and outside the paint shop.
Approximately 35 % of all passenger car paint shops and 65 % of commercial vehicle paint
shops (vans, trucks, truck cabins and buses) in the EU currently use solvent-based primer and/or
base coat. High-solids solvent-based paints can be retrofitted into an operational plant, where
modifications can only be made during the short 2- to 3-week shutdown period in summer or
winter.

Example plants
Ford, Europe, see Section 2.2.
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Reference literature
[ 142, ACEA 2016 1[ 212, TWG 2018 1[219. ACEA 2018 ]

2434 Cavity preservation with flood wax

Description
Additional corrosion protection of inner surfaces of cavities is achieved with thin films of hot
wax or cold wax in a flooding process.

Technical description

Hot wax

This consists of solid paraffin wax, which is liquefied by heating to 120 °C. The typical
chemical composition is 80 % paraftin wax, 0 % additives, 13 % mineral oil (with high boiling
points). The solid wax is heated and kept in a storage tank at 120 °C.

The car body is positioned on a flood frame which is equipped with a series of connecting tubes,
one for each cavity. The tubes are tightly pressed on the body’s cavity bores and a measured
amount of hot wax is pumped into the cavities until they are completely flooded. When the
flooding is completed, the excess wax is allowed to flow back on a collecting tray and is
reintroduced into the process. The body is preheated to 50-80 °C to avoid rapid cooling and
solidification of the wax which would lead to unnecessarily thick wax layers.

Cold wax

Composition: No information provided.

The application is carried out at room temperature, and solidification of the liquid film is
achieved by oxidation with ambient air.

Achieved environmental benefits
) Prevention of VOC emissions.

o Energy savings (cold wax).

Environmental performance and operational data

o Material consumption (kg/unit): No information provided.
. Energy consumption for heating (wax and car body) (kg/unit): No information provided.
. Adverse effects due to wax aerosols (closed cabins, ventilation necessary).

Cross-media effects
Energy demand for liquefying the wax and body preheating.

Technical considerations relevant for applicability

o Only applied for car plants with a high production volume as the construction of flood
frames is very expensive.

o Bodies must be designed for spray flooding.

o Not applied for coating of trucks, truck cabins and buses.

Driving force for implementation
Quality improvement compared to manual spray application.

Example plants
Hot wax: Volkswagen, Audi, Seat, Skoda, Porsche plants in Europe.

Reference literature
[ACEA comment #388 in [ 212, TWG 2018 ]]
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2.4.35 Cavity preservation with water-based wax emulsion
Description
Additional corrosion protection of inner surfaces of cavities is achieved using solvent-free wax

formulations other than hot wax.

Technical description

Materials
° Low-tech water-based wax.
o High-tech water-based wax.

Application method

For every cavity there is at least one application hole for introducing the wax material by
nozzles (40-50 such holes in a body). The material is applied with spray nozzles which are
adapted to each cavity in order to achieve a complete spray film without spray shadows.
Application can be done manually or automatically (see Section 2.4.4.3).

To remove water or for cross-linking of the wax components, the bodies are transferred in
ovens.

Achieved environmental benefits
Reduction of consumption and emission of VOC:s.

Environmental performance and operational data
. Material consumption (kg/unit): No information provided.

J Energy consumption for heating (and/or other processes like ventilation) in MWh/unit:
No information provided.

Cross-media effects
Higher energy consumption compared to solvent-based cavity wax.

Technical considerations relevant for applicability
. Flexible; can be applied even at multi-model lines and in low-volume paint shops.

o Not applied for coating of trucks, truck cabins and buses.

Driving force for implementation
Quality improvement.

Reference literature
[ACEA comment #388 in [ 212, TWG 2018 ]]
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244 Techniques and equipment for the application of paint and other
coating materials

The following paint application techniques and equipment are commercially applied:
. electrocoating, see Section 17.7.3.6 and Section 2.2.3.2.1;
. high-volume low-pressure (HVLP) spraying, see Section 17.7.3.10;

o electrostatically assisted high-rotation discs and bells, see Section 17.7.3.11;

. electrostatically assisted compressed air, airless and air-assisted spraying, see
Section 17.7.3.12;

. automated spray application of cavity wax, see Section 2.4.4.3.

24.4.1 Automated coating spray application using painting machines

Description

Several spray heads (atomisers) are mounted on a beam construction that is mounted laterally
(left and right) and/or above the floor. The spray heads can be moved along the beams to a
limited extent.

Technical description

Painting machines are side and roof machines (roof machines in the shape of gantry machines).
They have one or more freely programmable arms with application devices that can be moved
transversely to the conveyance direction and follow the contours of the bodyshell.

Usually, pneumatic atomisers or high-rotation bells with electrostatic charge are used as
atomisers.

For painting, the body passes slowly through this beam construction and is successively painted
from front to back. Alternatively, the three beams can also be moved along the stationary body.

Source: [ 169, VDI 2013
Figure 2.40: Automated paint application using painting machines
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Achieved environmental benefits
Compared to the manual spray application, the main advantages are:

. reproducible painting process;

. no restrictions with regard to maximum workplace concentrations of VOC:s.

Environmental performance and operational data
Disadvantages compared to manual application and robot application are:

. only the outer contour of the body can be painted;

o a group of 9-12 individual atomisers is required for the application of the paint, which
increases the consumption of paint and rinse thinner.

Technical considerations relevant for applicability
Applicable to existing plants for the coating of passenger cars, vans and truck cabins. Paint
machines cannot be used for interior coating.

Driving force for implementation
Reduction of labour costs and better quality.

Example plants
Widely used especially in old existing plants across Europe.

Reference literature
[169,. VDI 2013 ]1[212, TWG 2018 ]

2.4.4.2 Automated coating application using robots

Description
For spray application, a single atomiser is attached to a multi-axis robot. Robots are also used
for the application of sealants.

Technical description

Usually, pneumatic atomisers or high-rotation bells with electrostatic charging are used as
atomisers. For each working sequence three or four robots are used, which work
simultaneously.

In modern robots, the device for changing the colour or for rinsing is integrated in one of the
robot axes. Alternatively, the respective paint can also be prepared as required in cartridge
filling stations next to the robot. To change colours, the robot approaches this station and
replaces the empty one with a full cartridge.

Achieved environmental benefits
Automated operation of robots ensures a paint layer application with optimal coating thickness
and reduced overspray that does not need any reworking.

Compared to the machine spray application (see Section 2.4.4.1), the main advantages are:
. interior painting is also possible;

o the atomisers can be guided very precisely along the bodywork, thus achieving a high
degree of application efficiency;

J fewer atomisers are required for painting (reduction of paint and rinse thinner quantities
when changing colour or cleaning).

When robots are used in the application of sealing and damping materials, the tolerance of the
required coating thickness can be reduced, resulting in a material saving of about 5-10 %
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compared to manual application. In addition, process reliability is typically higher which
considerably reduces rework [ 169, VDI 2013 ].

Environmental performance and operational data
The use of robots is necessary for the use of atomisers with high transfer efficiency, like rotating
bells with electrostatic charging.

Technical considerations relevant for applicability
Applicable to new and existing plants for the coating of passenger cars, vans and truck cabins.

Economics
. Higher investment costs compared to coating machines.
o Not profitable with low quantities or very strongly varying geometries.

Driving force for implementation
Reduction of labour costs and better quality.

Example plants
Robot spraying systems are considered standard in systems for painting passenger cars, vans
and truck cabs. They are also applied in the coating of other metal and plastic surfaces.

Surface treatment using organic solvents including wood preservation 93



Chapter 2

a) Source: [ 169, VDI 2013

b) Source: Renault Douai, FR [ 169, VDI 2013 ][ 181, COM 2017 ]

Figure 2.41: a) Automated paint application using robots and b) automated sealant application
using robots
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Reference literature
[ 169, VDI 2013 1[212. TWG 2018 ]

2443 Automated spray application with cavity wax

Description
Corrosion protection wax is applied to the inner surfaces of car body cavities with automated
spray processes with control of wax consumption.

Technical description

The liquid material is sprayed (airless at 100-130 bar, or airmix with a lower pressure), into the
bores of the body cavity. For each cavity there is at least one application hole for introducing the
nozzles (typically 40-50 such holes in a body). The nozzle-holders and the arrangement of the
different nozzles at the nozzle head are adapted to each cavity in order to achieve a complete
and even spray film without spray shadows. Reproducible dosing is achieved by
preprogramming the volume applied (‘time spray’).

Two types of automated application systems may be used [ 169, VDI 2013 1:

o Nozzles mounted on a multiple-nozzle carrier. The carrier is moved to the bores and
spraying is carried out simultaneously. With this method a high production rate can be
achieved, provided all bores can be reached simultaneously with one or several nozzle
carriers.

. Several pneumatic fold-out nozzles are arranged in a nozzle-exchange head. A robot
retrieves the required nozzle head, applies it to the corresponding cavity and replaces it, if
the specific cavity requires another nozzle type. At least one robot per side is required.

Spraying is at room temperature. Depending on the material type applied, film building and
drying is enhanced by heating the bodies in convection or IR dryers.

In a new process, the material is nebulised in very fine particles (< 15 um) at moderate speed
which fill the cavity volume by turbulent and diffuse propagation.

Achieved environmental benefits
Lower material consumption and waste generation compared to manual application.

Environmental performance and operational data
Can be used with several material types.

Cross-media effects
None.

Technical considerations relevant for applicability

The technique is applicable to passenger car paint shops. Depending on body type, application
with robots offers higher flexibility with regard to multi-model processing, whereas nozzle
carriers have advantages if high production rates are demanded.

Driving force for implementation
Product quality.

Reference literature
[169, VDI 2013 ] [ACEA comment #390 in [ 212, TWG 2018 ]
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2.4.5 Minimisation of raw material consumption

The following techniques are commonly applied:

. batch painting/colour grouping, see Section 17.6.2.1;

o pig cleaning systems, see Section 17.2.4.2;

. low-loss paint changers, see Section 2.4.5.1;

o robot application of coatings and sealants, see Sections 2.2, 2.4.4.2 and 17.2.5,

and other solvent management and reduction methods.

2.4.5.1 Low-loss paint change and purge systems

Description
Paint is pumped from the paint supply centre to the spray booths by steel ring lines, where each
line is dedicated to one paint type.

Technical description

Coloured coats (mainly base coats) require colour changes. Colour blocks are often less than
two cars on average. Even when the best techniques for recovery are in place, purging/rinsing of
bells and guns contributes significantly to emissions when solvent-based paints are used. For
water-based coats, purge liquids usually comprise 90 % water [ 38, TWG 2004 ].

The use of paint cartridge systems substantially reduces the purging requirements, and therefore
can lower emissions and wastage rates.

In mass-volume vehicle paint shops, paint is generally stored in a paint supply centre and
pumped to the spray booths by steel ring lines, where each line is dedicated to one paint type
(see Figure 2.42). Low-use colours are very often supplied from small paint distribution systems
close to the booth. For base coat and primer (if more than one primer colour is used in the paint
shop), these ring lines are connected to colour change devices for each single application unit
(robot with one atomiser or paint machine with several atomisers). The colour changer switches
between the linked paint pipes and the selected colour flows to the spray gun or bell.
Alternatively, separate paint cartridges are filled with paint (0.5-1.0 1) in a docking station and
automatically docked to the application robot on demand. This method can also be used in the
case of manual application. Several other systems are used.
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Source: [ 142, ACEA 2016 ]

Figure 2.42: Schematic diagram of the different parts of a paint supply system with ring lines

Achieved environmental benefits
Reduction in solvent consumption, purging requirements and VOC emissions.

Environmental performance and operational data
If electrostatic spray application with internal charging is used, paint supply systems with water-
based paints need special electrical potential decoupling arrangements.

Technical considerations relevant to applicability
Generally applicable.

Driving force for implementation
Savings in raw material consumption and reduction of waste generation.

Example plants
Widely used.

Reference literature
[ 142, ACEA 2016 ] [ACEA comment #507 in [ 212, TWG 2018 ]]

2.45.2 Recovery of used solvents

Description

See Section 17.12.3. Modern paint supply equipment including recovery of the purge solvents is
commonly applied. Recovery is by piping the cleaning agents from the application equipment to
the storage tanks.

Achieved environmental benefits
Typically 80-90 % of cleaning and purge solvents can be recovered, either on or off site, for
reuse.
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Environmental performance and operational data

In the cleaning process there is also paint residue in the cleaning agent which may result in
clogging of the pipes and containers because of hardening of the paint itself. Therefore
continuous washing may be needed, resulting in an increase in the usage of cleaning agents.

Economics
The installation of a typical solvent recovery system costs EUR 0.4 million per spray booth
(2006 data) but costs also depend on what is included in the system.

A potential saving will be achieved because of a reduced consumption of solvents and reduced
amounts of hazardous waste. In large plants, the savings will approximately outweigh the
investment.

Example plants
Ford, Europe.

Reference literature
[ 1, INTERGRAF and EGF 1999 1 [ 5. DFIU et al. 2002 ] [ 26, CITEPA 2003 ]
[ 38, TWG 2004 ][ 142, ACEA 2016 1[212,. TWG 2018 ]

2.4.6 Drying techniques

The following techniques are commonly applied:

. drying via circulating air with or without dehumidified air;
o infrared radiation curing, see Section 17.8.5.1.
2.4.7 Off-gas extraction and treatment

The following techniques are commonly applied:
o wet separation spray booth (flushed impact panel), see Section 17.10.4.1;

o absorption using a suitable liquid (wet scrubbing), see Sections 17.10.4.2 and 17.10.6.3;

. dry overspray separation with pre-coated material, see Section 17.10.4.3;

o dry overspray separation using filters, see Section 17.10.4.4;

° electrostatic filter, see Section 17.10.4.5;

o techniques for maintaining VOC concentration prior to treatment, see Section 17.10.3;

o adsorption: fixed-bed adsorption, fluidised bed adsorption and rotor adsorption, see
Section 17.10.6.2;

. oxidation: recuperative, catalytic and regenerative oxidation, see Section 17.10.5.

24.7.1 Cabin air recirculation combined with overspray separation

In paint shops for the coating of passenger cars, vans and truck cabins, cabin air is recirculated
after intense overspray separation, with dry overspray separation for new or completely
refurbished paint shops or less frequently with wet scrubbing for existing plants. See also
Section 17.10.3.2.
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2.4.7.2 Enclosed application zones

Description
Coatings with solvents are applied in enclosed application zones with dedicated ventilation and
waste air collection systems.

Technical description
A tunnel paint booth consists of the following sections:

o plenum chamber;
. spray cabin up to grate level;
. air conditioning system.

The separation system for the paint overspray is located below the cabin grating.

In the walkable plenum chamber, the conditioned air from the HVAC systems is distributed
evenly over the entire zone. The system is structured as follows:

o air distribution duct;

o filter plenum.

From the air distribution duct, the supply air passes through perforated plates into the filter
plenum, which is separated from the cabin zone by the filter cover. The ceiling filters present in
the filter cover are primarily used for uniform air distribution in this zone. In addition, the air is
once again ‘finely filtered’ through the filter mats before entering the cabin, in order to prevent
the penetration of dust and fibre particles into the airway.

Spray cabin

The spray cabin consists of self-supporting frame elements with planking. The inner side walls
are equipped with windows to the control areas and are even to avoid deposition of paint on
landings and in dead zones. Access from the control areas arranged on the long side is possible
via doors with safety interlocks. The control areas can only be entered via airlocks.

The car bodies are mounted on transport skids and are automatically transported to the various
painting stations. They are dedusted using different techniques before entering the painting
zones. In a painting booth, 10 to 20 vehicles are machined simultaneously.

After completion of the coating process, the car bodies are transferred into a dryer.

Ventilation system

The conditioning of the air to the required parameters is achieved using ventilators with heaters
(direct or indirect heating), coolers, humidifiers, filters and fans. The air is supplied to the cabin
via a plenum chamber over the whole cabin area. The exhaust air is withdrawn from the cabin
via fans. The cabins are operated with a low vacuum to prevent leakage of solvents. The paint
overspray deposition can be carried out with different systems. During wet washout, the
humidity increases to over 90 %. Therefore, use of circulating air is only possible with high
energy expenditure for dehumidification.

In the case of the dry deposition of the lacquer dispersion, recirculating air operation is useful
since the parameters of the air, in particular the humidity, are not significantly changed.

Heat recovery is possible and efficient in wet washing through heat wheels. In the case of dry
deposition with recirculating air guidance, the solvents are concentrated. These are often treated

in a thermal off-gas treatment system with heat recovery.

Various variants of air routing and energy recovery are shown in Figure 2.43 and Figure 2.44.
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Inlet/outlet air heat exchanger.

Inlet air conditioning.

Plenum chamber and inlet air distribution.

Application zone with robots and body conveyance system.
Control room.

Paint overspray separation (example: cross venturi scrubber).
Reservoir for scrubber water circulation system.

Exhaust air ventilator.

01NN AW

Source: [ 183, ACEA 2017 ]

Figure 2.43: Structure and air conduction of a spray booth
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A: No cabin air recirculation, no energy recovery.

B: No cabin air recirculation, energy recovery.

C: Cabin air recirculation, no energy recovery from exhaust air.
D: Cabin air recirculation, energy recovery from exhaust air.
Source: [ 183, ACEA 2017 ]

Figure 2.44: Different variants of air routing and energy recovery

Paint boxes
In contrast to large pass-through cabins with simultaneous coating of many bodies in different
painting stations, in a paint box a single body is coated. This type is used for:

o small-scale passenger car production;

truck chassis painting;
. bus painting;

o paint repair operations.

All necessary working steps for coating a vehicle are carried out successively at the same
workstation. Paint overspray is collected in dust filters. For drying, either IR radiators are used,
hot circulating air is introduced into the painting booth or the body is transferred into an
adjacent single body dryer oven®.

Dip tanks
The pretreatment and electrocoating zones are also equipped with housings. These are kept

under low negative pressure (1 mbar) to avoid fugitive emissions to the nearby workplaces.

Achieved environmental benefits
o Elimination of fugitive emissions.

. Reduction of solvent consumption and emission.

22 Diirr-Krouzilek, Ralf (2011): Ressourcen-Effizienz auf hohem Niveau. Reinigungs- und Lackierlinie
fiir Nutzfahrzeuge. In: JOT 51 (3), S. 42-45. DOI: 10.1365/535144-011-0042-5.
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Environmental performance and operational data
The requirements to be met in the air conditioning of spray booths are presented in Table 2.31.

Table 2.31: Requirements for air conditioning in pass-through paint booths

Relative humidity Temperature Downdraft velocity
(%) C) (m/s)
Solvent-based paint 40-85 20-30 0.3-0.5
Water-based paint 60-70 20-26 0.3-0.5
Water-based one-layer
55-75 20-26 0.3-0.5
topcoat

Cross-media effects
High energy demand for air conditioning:

. When using wet scrubbing, as a rule, a 100 % fresh air fraction is necessary since the very
moist exhaust air can only be reused with high energy consumption for dehumidification.
o When dry deposition is used, a circulating air volume flow of up to 90 % is possible.

However, the recirculation rate is limited by the fresh air demand of the control zone, by
manual workstations, or by the need to not exceed 25 % of the lower explosive limit.
Usually 75-80 % recirculation rates are observed.

Technical considerations relevant for applicability
Pass-through paint booths are generally used in the paint shops for serial coating of passenger
cars, vans and trucks. Enclosed cabins are standard in electrocoating and pretreatment.

Driving force for implementation
o Product quality.
o Workplace health and safety.

Example plants

J Tunnel spray booths and housing for pretreatment and electrocoating are found in all
high-volume vehicle paint shops.

. Single cabins (paint boxes) are standard for low-volume production (e.g. sports car, truck
and bus paint shops).

Reference literature
[169, VDI 2013 ][ 183, ACEA 2017 ]

2.4.7.3 Rinsed electrofilter (overspray separator)

Description
System to separate overspray particles from the process air using electrostatic filters (for a
general description, see Section 17.10.4.5).

Technical description
A rinsed electrofilter is an overspray separation system located below the grid level of the spray
booth. The loaded air will be treated in electrostatic filters.

Exhaust air with overspray flows through the intake area to the separation module. As the air
passes through the module, overspray particles are removed. As the system achieves a very high
degree of separation, the spray booth can be operated with recirculated air. A large proportion of
the scrubbed air is sucked in by a recirculation fan and returned to the booth. Depending on the
exhaust air’s solvent load, a portion of it is removed from circulation and replaced with fresh
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air. Separation modules comprise an alternating arrangement of active and passive elements. In
the active elements, a corona cloud formed under a high voltage, charging all paint particles.
These particles are then attracted by the passive grounded separating plate. This is covered with
a thin layer of separating agent by a coating system installed above it. The paint particles are
bonded to the separating plate and detackified by the separating agent. The agent containing
overspray flows into the collection tank below the electrofilter system. From there it is returned
to the coating system via the system tank. Part of the agent is scrubbed of overspray by a
discharge system and returned to the separating agent cycle.

Achieved environmental benefits
In an electrofilter system the paint particles are separated > 99 %, with a remaining particle
content of 0.3-0.8 mg/m’.

Environmental performance and operational data
The separating agent is circulated in the system. Only a small stream of separating agent will be
removed and disposed of with the overspray.

The operation and maintenance areas of the electrostatic filter are separated. The contact
between the electrostatic filter and the generators is automatically activated when the module is
inserted or removed. The handling is done in the operation area.

The electrostatic filters and the separating agent supply will work largely in automatic mode.
The system function will be monitored by the programmable logic controller (PLC).

Cross-media effects
None.

Technical considerations relevant to applicability
The rinsed electrofilter system is suitable for systems of all sizes.

Driving force for implementation
The particle content of the exhaust air is low enough that the air can be recirculated. This
reduces the cost and energy consumption for conditioning the cabin air.

Example plants
Several paint shops in Europe, the US and China.
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Source: [ 183, ACEA 2017 ]

Figure 2.45: Rinsed electrofilter system
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Electrostatic filters (silver plate in front).
Separating agent (red area behind the silver plate).

Source: [ 183, ACEA 2017 ]

Figure 2.46: Detail of electrostatic filters and application of separating agent

Reference literature
[ 183, ACEA 2017 ]

2.4.8 Water management and waste water treatment

The commonly applied techniques are described in Section 17.11 and Section 17.4.
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3 COATING OF OTHER METAL AND PLASTIC SURFACES

3.1 General information on the coating of other metal and
plastic surfaces

[ 155, TWG2016][212, TWG 2018 ]

In this chapter, the processes related to coating of other metal and plastic surfaces are discussed.
These include the metal and plastic components of the following types of products as well as the
products themselves: fabricated metal products, moulded plastic parts, small and large
agricultural and construction equipment, commercial and industrial machinery and equipment,
interior or exterior automotive parts (such as bumpers, wheel covers, steering wheels, truck cab
roof tops / aero aids and other plastic parts), motor vehicle accessories, trains, bicycles and
sporting goods, toys, etc.

A small number of installations submitted data and additional information [ 155, TWG 2016 ].
According to data submitted in the frame of the call for initial positions, the total number of
installations in EU Member States is significantly higher [ 161, TWG 2015 ]. The number of
installations that participated in the data collection and the reported total number of installations
are presented in Table 3.1.

Table 3.1: Estimated total number of installations in the EU and number of installations that
submitted data for the coating of other metal and plastic surfaces

Reported number of
: - Number of

L installations at the . -
Activity . P installations that

submission of initial submitted data (2
positions (2015) (1)

Coatmg of plastic 36 7
workpieces
Coating of metal
surfaces not described in 32 4
other sections
Coating of trains 2 0
Coating of agricultural
and construction 4 1
equipment
Source: (N[ 161, TWG 20157, (O [ 155. TWG 2016 ]

The coating of plastic and other metal surfaces serves decorative, protective and functional
purposes. Coating protects metal parts from corrosion by providing resistance to moisture, heat
and other factors. Plastic parts may be coated to provide colour, texture or protection, improving
appearance and durability, and can also function to attenuate electromagnetic interference /
radio frequency interference signals, and to conceal mould lines and flaws in the substrate
surface.

In respect of vehicle parts painting, parts integrated into vehicle bodies have the same quality
requirements as the body itself, and hence require multiple coatings. Fashions in colour design
(e.g. the use of specialist or contrasting colours) can increase the solvent emissions per unit due
to additional coating requirements, or additional cleaning between colours.

These coating processes for metal products and plastic parts may be divided into three main unit
operations: (1) surface preparation, (2) coating application operations, and (3) cleaning
activities. All three types of activities use VOC-containing compounds (i.e. coatings, thinners,
and/or cleaning materials).
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The three main process steps are briefly described below [ 160, USEPA 2008 ].

Surface preparation

Surface preparation is performed for two main reasons: to correct any flaws in the part prior to
coating and to prepare the part to receive the coating. The amount of surface preparation a part
requires or the types of surface preparation processes employed can vary greatly between metal
and plastic part substrates.

Before a metal product can be coated, its surface must be thoroughly cleaned. The cleaning
operation consists of the following basic processing steps: alkaline or acid cleaning, water rinse,
phosphate treatment (typically iron phosphate), water rinse, and pretreatment and/or water rinse.
The last step can involve drying the parts in an oven. In general, the cleaning chemicals used in
this cleaning operation contain only a small amount of VOCs and therefore generate negligible
emissions.

Coating application

Surface coating is accomplished by applying a coating to the metal or plastic surface, followed
by curing or drying the coating. The coating itself may be in the form of a liquid or powder.
Several different types of application technology are used to apply liquid coatings, and the
selection of the application technology can have a significant effect on the amount of coating
used and the resulting VOC emissions from the operation. The most common types of liquid
coating applicators include air-atomised spray coating, electrostatic spray coating, high-volume
low-pressure (HVLP) spray coating, dip coating, flow coating, roll coating, electrocoating, and
autodeposition coating. Powder coatings can be applied through electrostatic spraying or

dipping.

Cleaning activities

Cleaning activities other than surface preparation also occur at metal or plastic surface coating
installations. Cleaning materials are used to remove coating residue or dirt from coating
equipment (e.g. spray guns, transfer lines), tanks, and the interior of spray booths. These
cleaning materials are typically mixtures of VOC-containing solvents but low-solvent or
solvent-free cleaning techniques and materials are available.

3.1.1 Coating of other metal surfaces

A wide range of metal surfaces are coated for corrosion prevention and/or decoration. They may
be for finished products (such as cleaning machines) or in sub-assemblies that are a part of other
products, such as engine blocks for vehicles. They are not dealt with individually in detail, but
example data are given. Some examples are:

e steel furniture, e.g.:

o furniture and fittings for commercial use, hospitals, etc.;
e household appliances, e.g.:

o white goods: fridges, washing machines, etc.;
e mechanical engineering, components, cabinets:

o e.g. for high-voltage switch gear;
e automotive sub-assemblies, e.g.:
engine blocks,

o windscreen wiper assemblies,

o radiators,

o brake discs,

o aluminium rims;
e construction, e.g.:

o facade panels,

o door and window frames,

o heating panels, radiators;

o
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e components for windmills, e.g.:
o windmill tower,
o windmill hub, nacelle and wing.

3.1.2 General information on the coating of agricultural and
construction equipment

[ 5, DFIU etal. 2002 ][ 41, ISACOAT 2004 ][ 78, TWG 2005 ]

The machinery produced in this industry are vehicles (e.g. tractors, earth movers), or equipment
used for specific purposes, which may or may not be mobile (e.g. screens or sieves). To cover
the whole range of activities, the term agricultural and construction equipment is used here.
Most companies manufacture their machines over the whole year but sell them mainly in spring.
Due to the heavy seasonal fluctuations of the business, machines are placed outdoors with the
impact of UV radiation, rain, marine atmosphere, sometimes for almost a year between
manufacturing and vending, so gloss and colour retention, adhesion and corrosion protection are
critical issues. However, the main task is corrosion prevention. In use, the coating has to sustain
heavy mechanical and chemical stress. Chemical corrosion occurs due to aggressive liquids
arising from the materials handled (e.g. potatoes, manure) and moisture. The coating does not
generally last as long as the vehicle. The optical qualities of the surface are less critical than for
cars.

Large enterprises are typically those manufacturing self-driving machines. Due to relatively
high technological and optical demands, pretreatment and coating processes are sophisticated.
Paint consumption is above 50 tonnes per year, associated with a solvent consumption of
between 5 tonnes and 50 tonnes per year.

3.1.3 General information on the coating of plastic surfaces

[ 5, DFIU etal. 2002 ] [ 38, TWG 2004 ][ 119, May et al. 2006 ]

A wide variety of modern products incorporate plastic parts, although many are used with the
appropriate finish achieved in the moulding process and do not require coating. In general,
around 75 % of the paints supplied to this industry are applied to plastic parts of vehicles. This
is predominantly for bumpers, wheel covers and steering wheels. The remaining 25 % of the
paints are for coating of televisions, sound systems and computer housings.

The plastic parts coated for the vehicle industry include parts that are coated by the vehicle
producer (in-line vehicle production or in separate coating lines), as well as parts that are coated
by component suppliers. Plastic parts integrated in the car body often have to achieve a
matching colour. Nowadays colour design is increasingly seen in the automotive sector,
including the interior decoration, for example, colour-matching the steering wheel to the
dashboard or to the interior. In many cases, the car bodies and the components may be coated in
different installations using different application devices and/or coating materials and good
colour matching is of major importance.

Due to the increase in the use of recyclable plastics in the vehicle component supplier industry
in recent years, the use of polyolefins has also greatly increased. These materials are non-polar
and need surface preparation to guarantee the necessary adhesion for the coating.

Plastics typically display certain basic characteristics, and these affect the type of surface
preparation which can be applied, the type of coating which can be used, and the process used to
apply it. Some basic characteristics of plastics are as follows:
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° resistant to mechanical or thermal stress;

. chemically resistant;

J electrically non-conducting;

. additional wetting and adhesion properties compared to metal surfaces;
J possibility of leakage or migration of the plastic ingredients.

Coating systems need to be chosen carefully with respect to the solvent they contain, as some
aggressive solvents may cause swellings and embrittlement, may create cracks in the plastic or
reduce the adhesive strength of the coating system. Also, the coating needs to be more elastic
than the substrate in order to resist deformations.

3.14 General information on the coating of trains

[ 5. DFIU et al. 2002 ] [ 38, TWG 2004 ]

Besides high optical qualities of the paint, good corrosion protection is also required for rail
vehicles. The applied coating system must resist climatic impacts, aggressive cleaning agents
(used for the removal of graffiti) as well as abrasion from sliding contacts.
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3.2 Applied processes and techniques

3.2.1 Applied processes and techniques in the coating of other metal
surfaces

[155. TWG 2016 ]

Any of the relevant techniques in Chapter 17 may be applied.

The applied coating techniques reported in the data collection are:

. spray application in an enclosed coating cabin;
o spray application in enclosed cabins with clean room conditions;
. airless spraying.

The paint supply systems applied are similar to those in vehicle coating, e.g. paint container
directly connected to robot/workplace, without a pigging or flushing technique.

3.2.2 Applied processes and techniques in the coating of agricultural
and construction equipment

[ 5. DFIU et al. 2002 ][ 41, ISACOAT 2004 ] [ 78, TWG 2005 ]

Common issues for all kinds of coating of agricultural and other machinery are:

o complex and large three-dimensional objects;

. relatively thick metal sheets which are processed by laser-cutting, welding, etc.;

o necessity of pretreatment due to processing rough edges, residues, rust and oil on metal
surfaces;

o multiple substrates (steel, cast metal, wood, thermoplastics, duroplastics, fibre-enforced
plastics, pre-assembled parts);

. pneumatic, airmix and airless application, electrostatically assisted application, dipping,
or/and electrocoating are possible;

o limited baking conditions due to mass or pre-assembled thermosensitive parts;

o one main solid topcoat colour (typical for the brand) and a few additional colours
(design);

o single or dual layer system (primer plus topcoat on visible external surfaces, or single
layer topcoat);

. high quality of finish with regard to corrosion protection (edges), gloss and colour

retention, chemical resistance, adhesion, etc.

The typical process in central Europe for large self-driving machines (combine harvesters,
potato seeders/harvesters) includes electrocoating (anodic single layer or cathodic primer) and
topcoat application over primer (two-component high-solid solvent-based, sprayed on partial
surface areas, or water-based topcoat, applied by dipping). However, traditional technologies
are still widely spread, especially for smaller machines.

Primers and single layer topcoats have to reach all parts of the machines. Due to the complex
structure of objects, dipping of components before assembly is therefore the preferred process
option and can be automated. If installations are not available because low capacity cannot
justify the investment, spray application is feasible with some drawbacks on quality issues. In
order to reach the internal surfaces of machines, airmix application is preferred. For external
surfaces, electrostatic support of the application is feasible and widely used.
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Traditional technologies

Primers: polyvinyl butyrate (PVB)-based, or acid-hardened alkyd (phosphoric acid), for spray
operations; or dipping with solvent-based materials (organic solvents or chlorinated
hydrocarbons, based on alkyd resins).

Single layer topcoat: dipping with solvent-based materials is widely used; alkyd coatings
contain organic solvents, even chlorinated hydrocarbons are still used.

Topcoat: traditionally solvent-based polyester/alkyd.

New technologies

Primer: two-component epoxy-based, solvent-based or water-based, for spraying; or water-
based coatings for conventional and electrocoating; resins are mainly polybutadiene (anodic
electrocoat) or epoxy.

Single-layer topcoat: water-based coatings are available for conventional and electrocoating;
resins are mainly acrylic due to demands for UV stability.

Topcoats: isocyanate-hardened acrylate/polyester (medium-solids, high-solids, or water-based),
or one-component acrylic (water-based, high bake), for spraying; or polyester or acrylic
coatings (water-based) for conventional dipping. Powder coat has been used successfully.

Usually, there is only one colour primer and a maximum of four colours for liquid topcoats. So

for epoxy primer and for isocyanate-hardened topcoats, two-component mixing machines are
technically and economically feasible.

3.2.3 Applied processes and techniques in the coating of plastic
surfaces

[ 5. DFIU etal. 2002 ][ 38, TWG 2004 ] [ 119, May et al. 2006 ]

Generally in the serial coating of plastic parts, three issues need to be addressed:

. surface preparation;
o structure of the coating;
o coating system and application technique applied.

Surface preparation

Surface pretreatment may be applied to prepare the surface for the coating, e.g. to increase the
adhesive properties of the surface (especially for applications of water-based coating systems),
to activate the surface, to increase the electrical conductivity of the surface (e.g. for use with
electrostatically supported application devices) or to reduce faults in the surface, e.g. created by
the leakage of ingredients. Typical pretreatments include chemical pretreatments in baths; flame
treatment; plasma processes; the corona technique; and fluoridation, which offers the
advantages of one-layer coating and enabling the parts to be stored for longer periods before
being supplied for a subsequent coating process.

Structure of the coating system

Depending on specific requirements, two, three or four layers of paint may be necessary. In
relation to vehicle parts like for the main vehicle body, numerous layers of paint are required to
coat bumpers and other parts. This ensures a quality consistent with the main body and the
durability of the part. A ground coat may also be applied first depending on the composite. On
the surface of especially difficult surfaces such as polypropylene, an additional primer may be
necessary. For soft PVC or PUR soft foam, an isolating or inhibiting ground coat is needed to
avoid migration of the softener. In order to smooth surface roughness, an elastic filling is
applied. The topcoating may be either one or two layers, and is also elastic.
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Coating system and application technique applied

The choice of coating system and application technique depends on the end-product needs. In
Germany, predominantly solvent-based one- and two-component systems based on PUR and
one-component paints based on acryl melamine are used, although water-based systems, UV
cross-linking systems and powder coatings are also used.

Typically, high-pressure air spraying is used for wet paints. Depending on the workpiece’s
geometry, the application efficiency is between 20 % and 40 %. The high-volume low-pressure
(HVLP) paint application method is also common for some applications, with achievable
application efficiency factors varying between 25 % and 50 %. There is an increasing use of
robots, as they allow a more homogeneous layer thickness to be achieved compared to manual
painting. However, manual painting may still be employed where the painting of many different
or complex parts requires frequent change and adaptation. This will result in a potentially higher
emission of solvents through increased overspray.

Electrostatic application techniques are also available but up to now have only been used for
multilayer superstructures. Here, an electrically conducting ground coat is first applied with
conventional spray guns, often followed by a base coat, also applied with conventional guns.
The application of the clear coat layer can then be carried out electrostatically (e.g. by high-
rotating bells). Application efficiency factors can be greatly increased by using electrostatic
techniques, e.g. if high-rotating bells are used, application efficiency factors of up to 85 % can
be achieved. In some cases, a maximum level of only 50-65 % transfer efficiency can be
obtained (e.g. in the case of the complex parts of some processes in the automotive industry, for
example the low conductivity of substrates in the case of plastic parts). However, the
electrostatic coating technique cannot be used for single layer coatings, as it needs an
electrically conducting pre-coat.

In general, drying and curing are carried out at a maximum temperature of 80 °C, due to the
heat-sensitiveness of the substrate. However, in certain cases, heat-up zones of up to 135 °C and
hold zones of up to 110 °C can be reached. For some plastics, UV and electron beam curing
may cause a yellowing of pale colourings.

The following spray booths and techniques are applied:
o simple spray booth;

o spray booth and dryer;

o wet separation spray booth;

o dry-separation spray booth;

o water emulsion techniques in a spray booth;

o paint-in-paint spray booth;

o combined systems (wet and dry separation).

3.231 Coating of bumpers
An example of a simplified water-based bumper coating process is shown in Figure 3.1.

The workpieces being coated consist of polyurethane moulded pulps and thermoplastic plastics.
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Figure 3.1: Water-based bumper coating process

Surface preparation
Different techniques can be used for the surface preparation. Often spray cleaning with water is
carried out by automation, with the parts progressively passing through different zones, e.g.:

. first degreasing with an aqueous-alkaline cleaning agent;

. rinsing with water;

o second degreasing with an aqueous-alkaline cleaning agent;
. rinsing with water;

o final rinsing with deionised water.

Spray cleaning with water and chemicals can be avoided for polypropylene bumpers by
manually wiping the bumper with solvent-impregnated wipes. In one example installation, the
bumpers are cleaned manually with a water-isopropanol mixture (the proportion of isopropanol
is 5 wt-%) and afterwards dried in convection dryers.

Cascade rinsing is usually used, in order to reduce water consumption. The water discharging
from the parts can be used for substitution of evaporation losses of the degreasing step. Also,
the deionised water can be recycled. After the cleaning process, the parts are transported
through a blowing, drying and cooling unit. If a condensation dryer is used, the cooling unit is
not necessary.

After drying, the workpiece’s surfaces are often activated by flame treatment or plasma
ionisation. Polyurethane parts do not need any further preparation.

Application of the coating

In general, bumpers are coated with a three-layer coating consisting of a ground coat, a base
coat and a clear coat. The paint is applied by robots or manually by using electrostatically
assisted spraying or by spraying with HVLP guns. First, a primer is applied to the plastic parts.
Primer can be either solvent-based (e.g. solvent-based two-component ground coating) or
water-based. The primer may need to be dried (e.g. within a circulating airflow at 80 °C) prior to
the application of subsequent layers. Application of the base coat is carried out with the same
technique as the ground coat. Where the base coat uses medium-solids paint, the solvent
proportion can be up to 70 %. Base coats may be one- or multiple-component paint systems and
can be either water-based or solvent-based. After the paint application, a conventional solvent-
based two-component clear coat is applied and evaporated. Additionally, wet-on-wet application
can also be used, eliminating the need for intermediary drying zones.
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After evaporation, the paint layers are dried in the dryer. Solvent-loaded exhaust air originating
from the flash-off areas and dryers are captured and passed to a thermal treatment unit. The
achieved efficiency factor may be 95-99 % (depending on the load to the combustion unit). For
example, a concentration of 277 mg C/m’ in the raw exhaust gas is reduced to 25 mg C/m’ in
the cleaned gas. Cleaning of the overspray is carried out via wet deposition. Table 3.2 below
shows the proportions of solvents in different coating systems.

Table 3.2:  Proportions of solvents in different coating systems used for the coating of bumpers

Coating structure and systems Solverz\t,vg_r(%ortlon

Ground coat

e solvent-based 40-55

e water-based 15

Base coat

e solvent-based 50

e  water-based 15

Clear coat

e solvent-based 50

e water-based 30
3.2.3.2 Coating of wheel covers

The coating system for wheel covers is characterised by two layers. First a conventional or
water-based metallic base coat and subsequently a conventional solvent-based two-component
clear coat or a UV clear coat are applied. The requirements for the coating include scratch
resistance, water resistance and resistance against stone-chips, as well as a high surface quality.
The coating is carried out by automation.

Figure 3.2 below illustrates the production procedure of wheel covers with solvent-based paints.
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Figure 3.2:  Process flow for the coating of wheel covers with a conventional coating system
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Table 3.3 below compares some different systems in use.

Table 3.3: Comparison of the proportions of solvent in coating systems applied for the coating of
wheel covers

Coating structure and systems Solverz;cN[t)_r(%ortlon
Base coat

e solvent-based 75

e water-dilutable 10

Clear coat

e solvent-based 50

e UV cured 10

e water-dilutable 16

3.2.3.3 Coating of steering wheels

For steering wheels, properties such as resistance against sun radiation, cleaning agents or sweat
from hands have to be guaranteed by the coating. At present, steering wheels are typically
coated by the in-mould technique. For this technique, a release agent is applied onto the heated
mould and the in-mould coating is sprayed onto the release agent. In this way, the proportion of
overspray and therefore the material loss is comparably low, approximately 20 %. After a short
evaporation time, the mixed PUR components are poured in. During the foaming process within
the closed mould, the material creates a strong connection with the coating. The applied coating
has to be compatible with the mould release agent and with the polyurethane system used. Up to
now, solvent-based one- and two-component coating systems have been in use.

3.2.34 Coating of reflectors

Reflectors require an extremely smooth and homogeneous surface. The coating structure is a
one-layer type.

3.2.35 Coating in the production of televisions, sound systems and
computer housings

Nowadays, there is a trend in the audiovisual sector for more colourful products and even
individual customer requests regarding the colour design. The quality requirements for the
coating of the housings include resistance against alcohols, skin fat, etc., scratch and abrasion
resistance, and good optical surface properties. State-of-the-art is the serial use of water-based
coatings, although solvent-based coating systems are still widely used. An application efficiency
of 45 % can be achieved in the coating of television housings, with the coating being carried out
by automation.

3.24 Applied processes and techniques in the coating of trains

[ 5. DFIU etal. 2002 ] [ 38, TWG 2004 ]

The selection of the coating system, materials, colour and layer thickness is determined by the
customer. Because of large volume flows and discontinuous operations, off-gas treatment is not
used in small installations. However, in some large installations, the treatment of the off-gases
from the dryers is common practice.
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The coating processes of rail vehicles can be divided into the coating of new vehicles and
maintenance operations. The coating systems are identical for both processes. Both activities
usually take place where the rail vehicles are manufactured. The characteristics of the
maintenance operations with environmental impacts are outlined in the following paragraphs
and are also valid for new constructions:

e Reparation of the paintwork in the finishing department or during maintenance operations:
The paintwork is partly sanded and renewed.

e Complete lacquer finish of old rail vehicles: As a function of the lacquer condition, the paint
is sanded down to the ground coat or completely removed by blasting.

e Paint removal and new paint finish: After the reconstruction of rail vehicles, old paint is
removed via blasting or sanded down to the ground coat layer. Then, a new coating is
applied. In general, paint removal is done manually via grit blasting. For paint removal from
aluminium and stainless steel (e.g. superstructures), corundum is used as the blasting shot.
For normal steel, steel itself is utilised as the blasting agent. After blasting, the dust is
removed from the surface by blowing with compressed air. Usually, all blasting materials
are recycled.

The process of constructing and painting new rail vehicles is described in more detail in the
following paragraphs. As the applied painting processes of construction and maintenance
operations are identical, this is also valid for maintenance processes.

Table 3.4 shows the coating systems used for rail vehicle bodies according to the regulations of

the Deutsche Bahn AG as an example for a possible layer construction.

Table 3.4: Layer construction for rail vehicles according to the regulations of the Deutsche

Bahn AG
Layer thickness of
Area Layer construction Material (*) dried material
(um)
Complete rail vehicle body |Pretreatment Blasting -
Ground coat EP, WB 60
. Knifing filler SB 60
Outside surfaces: = PUR or EP primer, WB 60
Front and side wall including |Primer PUR primer, SB (alternative) 0
door and window housing, P >
roof and also head areas PUR, SB 40
PUR, WB 20-30
made of glass-fibre-
reinforced plastic Topcoat Base coat, WB 40
PUR, SB and 40
anti-graffiti paint, SB 40
Primary coat EP, WB 80
Roof Topcoat EP, WB, thick film 140
EP, SB, thick film (alternative) 140
Primary coat EP, WB 60
EP, WB, thick film 140
Base frame, floor, underbody Topeoat EP, SB, thick film or one-
component underbody protection 140-200
(alternative)
Primary coat EP, WB - 60
EP, SB (alternative) 60
Bogie frame Topcoat EP, WB, thick layer 140
EP, SB, thick layer (alternative) 140
DIN component parts | Anti-corrosion wax NI
Primary coat EP, WB NI
Interior surfaces: Topcoat EP, WB, thick layer NI
Floor, roof, side and front EP, SB, thick layer (alternative) NI
wall Seam sealant Sealing agent NI
Acoustic insulation Artificial resins, WB NI
(") SB: solvent-based; WB: water-based; EP: epoxy; PUR: polyurethane.
Source: [ 5, DFIU et al. 2002 ]
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Pretreatment of the wagon bodies

Optional degreasing via aqueous-alkaline cleaning agents is carried out after assembly
(especially for aluminium). Subsequently, the interior and the exterior surfaces are cleaned by
blasting. The blasting agent is partially recycled.

Ground coat application (onto exterior areas and interior surfaces)

A ground coat is applied onto the entire wagon. Paint is applied manually via an airless spray
application. Besides conventional paints, water-based, two-component, chromate-free paints,
based on epoxy resins are also available. The solvent content of these materials varies from 3 %
to 5 %. A layer approximately 60-100 um thick is applied onto the roof and approximately
200 pm thick on the side walls. Component parts such as luggage racks are coated with solvent-
based paints or powder coatings.

Filling

After the ground coat is dried, a filler is manually applied via palette knives. The material has a
solvent content of about 16 % (of which 8 % is reactive and not relevant for emission). After
curing the material, sanding of the side walls takes place. Grinding dust is removed by blowing
with compressed air and by using cleaning agents. Usually, the filler material is only applied
onto welding seams (minimum filler application).

Primer application (generally only onto exterior surfaces)

The primer is applied onto the side walls via an airmix spray application. As a primer, either a
two-component, amine-hardening, water-based epoxy material (containing 3 % organic
solvents) or a solvent-based polyurethane (containing 35 % organic solvents) is used. The layer
thickness amounts to about 60 um. The drying time is about 2 to 3 hours. If a dryer is used
(80 °C), the drying takes about 45 minutes. The temperature of the substrate may not exceed
45 °C for completed wagons due to the electronic equipment.

Topcoat application (generally only onto exterior surfaces)

Depending upon the kind of track, several layers of topcoat are applied. For the Deutsche Bahn
AG, six different colours are used for city rail vehicles. Among these, three colours are utilised
for coating the side walls, one for the roof, one for the underbody and one for the bogie frames.
The lacquer is applied via airmix spray applications. In between the paint applications,
evaporation takes place (1 hour). After the last layer is applied, the paint is dried at temperatures
of 50-60 °C. After 2 hours, the finished surfaces are masked and the next paint layer is applied.
The layer thickness of the paint that is applied onto the side walls amounts to 40 um. It can be
up to 120 um depending on the number of paint layers. About 120 um is applied onto the roof.

Predominantly, solvent-based topcoats and clear coats are processed. Good performance is
needed from coating systems. This is especially important for high-speed trains (300 km/h), for
regular cleaning and removal of graffiti. Although water-based materials are already available,
solvent-based topcoats are still preferred for the reasons mentioned earlier and are sometimes
prescribed by specifications.

Underbody protection
The underbody is coated with water-based underbody protection via an airless spray application.
A minimum layer thickness of 120-200 pm is applied.
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3.3  Current consumption and emission levels in the coating
of plastic and other metal surfaces

The reported data refer to plants for the coating of other metal and plastic surfaces and
agricultural and construction equipment (ACE). No data were received from train coating
plants.

3.3.1 Consumption

3.3.1.1 Material consumption

3.31.1.1 Coating of trains

[ 5, DFIU et al. 2002 ]

In Table 3.5 the material consumption for specific paint layers is listed. The total solvent input
(from thinners, cleaning agents and paints) of the inspected installation (Deutsche Bahn) was
187.6 tonnes in 1999. Data for individual films of paint could not be determined.

Table 3.5: Material consumption per coated wagon

: Consumption
Paint/substrate (kg)

Ground coat 200
Primer 35-40
Topcoat:

Roofs 35

Windows 35

Braids, decor strips 5

Side wall underneath windows 15

Underbody protection 150-200
Source: [ 5, DFIU et al. 2002 ]

Mass balances
No data submitted.

3.3.1.1.2 Coating of plastic surfaces

[ 155, TWG 2016 ]

The consumption of raw materials in this sector depends on:
o the type of processes applied;
. product-specific substrate and geometry;

o volume of production.

Reported data from installations for the coating of plastic surfaces indicate a specific solvent
consumption in the range of 0.15-1.02 kg solvent per m* of coated surface. The large deviation
in this range is related to the differences in the product types and their geometries.

Only three installations reported detailed information on the process steps and the use of
materials for the different coating layers.

Of these installations, two are using solvent-based (SB) material for the three coating layers
(primer, base coat, clear coat) while the third is using both SB and water-based (WB) coats, WB
for the base coat and SB for the clear coat.
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Coating of bumpers
For one example site in Germany (Volkswagen, Wolfsburg), in 2002 [ 119, May et al. 2006 ]:

. about 1 million bumpers were painted;

. surface area (external side only): between 0.9 m* and 1.5 m?;

. substrate: polypropylene with EPDM modification;

. three-layer coating system with primer, base coat and clear coat;

o pneumatic atomisation of coating materials by spray-guns mounted on robots;

. drying oven after primer and clear coat, wet-on-wet process for base coat and clear coat.

Solvent consumption figures in Table 3.6 refer to a mixed coating system with solvent-based
primer, water-based base coat and solvent-based clear coat. The solvent used may increase by
20 % when medium-solids paint is used. If a complete solvent-based system was applied, the
solvent consumption would amount to 550 t/yr. Consumption of paint solids would be 207 t/yr.
VOC emissions according to EVABAT (Economically Viable Application of Best Available
Techniques) range between 51.75 t/yr and 72.45 t/yr. Emissions were estimated to be 0.25-
0.35 kg VOCs/kg of paint solids (2002 data).

Table 3.6:  VOC use for bumper coating (2000 data)

Coating system Solvent used (%) (tly)
Ground coat (solvent-based) 125
Base coat (water-based) 31
Clear coat (solvent-based) 84
Total solvent in paint 240
Rinsing diluent ground coat 61
Rinsing diluent base coat 9
Rinsing diluent clear coat 41
Total rinsing diluent 111
Total solvent used 351
(") Tt has been reported that the solvent used may increase by 20 %
when medium-solids paint is used.
If a complete solvent-based system was applied, the solvent
consumption would amount to 550 t/yr.
Source: [ 38, TWG 2004 ]

Coating of truck cab roof tops and other plastic parts for commercial vehicles
A jobbing coating shop in Germany reports the following data [ 119, May et al. 2006 ]:

. coating of about 30 000 truck cab roof tops and complete plastic part sets per year;

. surface area (external side only) between 6 m* and 11 m? per rooftop;

o substrate mostly fibre-reinforced SMC (sheet moulding compound) polyester.

[ ]

. The combination of techniques used is:

. predominantly two-layer coating systems with primer surfacer and solid colour topcoat;

. atomisation of coating materials by high-rotation bells mounted on robots, assisted by
shaping air, but without electrostatic charging;

. drying oven after topcoat, wet-on-wet process for solvent-based primer surfacer and
topcoat.

In the case of the conventional medium-solids system, solvent consumption was about 400 t/yr,
and consumption of paint solids was (in 2005) 253 t/yr.

120 Surface treatment using organic solvents including wood preservation



Chapter 3

Due to specific technological requirements (i.e. covering of substrate defects, customer
specification, wet-on-wet process), the jobcoater for plastic workpieces prefers to continue the
use of solvent-based coating materials. In the area of trucks and commercial vehicles, more than
95 % of objects are coated with single-layer topcoats instead of base coat/clear coat. The colour
range is typically above 600, due to matching fleet colour schemes. This leads to a very high
number of colour changes, including the purging of 5-7 m supply hoses for robots. As a
consequence, large quantities of purging liquids are used (and recovered).

Table 3.7: Breakdown of conventional VOC materials

Paint Consumption | VOCs | VOCs | Non-volatiles | Non-volatiles

(kglyr) (%) | (kg/yr) (%) (kglyr)
Putty 1 000 8.5 85 91.5 915
Sanding primer 3900 295 | 1150 70.5 2750
Primer surfacer 88 000 324 | 28512 67.6 59 488
Topcoat 133 000 42.2 | 56126 57.8 76 874
Elastic additive 4100 22.3 914 71.7 3186
Base coat 5050 773 | 3904 22.7 1146
Clear coat 10 400 54.0 | 5616 46.0 4784
Hardener 66 300 545 | 36134 45.5 30 166
Diluent 28 600 100 | 28 600 0 0
Special products 275 46.3 127 53.7 148
Purge solvent 137 000 100 | 137000 0 0
Structure topcoat 22 000 42.0 | 9240 58.0 12 760
Powder 2 000 0 0 100 2 000
Total 501 625 307 408 194 217
Source: [ 119, May et al. 2006 ]

The option to achieve low VOC emissions would be the introduction of high-solids and very-
high-solids coating material and adapted purging liquid (see Table 3.8). This would give an
emission value of 0.29 kg VOCs/kg of paint solids.

Low-emission materials include:

o very-high-solids wet-on-wet primer surfacer;

o high-solids topcoats;

o low-VOC purging liquid (70 % organic materials not classified as VOCs);
. additional low-emission products (see Table 3.8).
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Table 3.8: Breakdown of low-VOC materials to achieve low VOC emissions

' . Consumption Solvent | Solvent | Solid Solid

Coating material (kg) content | content | content | content
(%) (kg) (%) (kg)

Putty 600 8.5 51 91.5 549
Wet-on-wet primer | 98 985 15 15343 | 84.5 83 642
Sanding primer 4 260 29.5 1257 70.5 3003
Primer surfacer 140 56.7 79 43.3 61
Topcoat 150 955 28.4 42871 | 71.6 108 084
Hardener 49 507 25 12376 |75 37130
Additive 624 22.3 139 77.7 485
Clear coat 11 027 37 4080 63 6 947
Base coat 5226 9.5 496 23.7 1239
Diluent 27618 100 27618 |0 0
Structured coat 17 022 8 27618 | 54 9192
Hardener 2 635 5 133 95 2 505
Special products 255 46.3 118 53.7 137
Purging liquid 106 311 30 31893 |0 0
Total 475 165 137 815 252974
Recovery 197 185 33 65 071
Total VOC emission 72 744
Source: [ 119, May et al. 2006 ]

3.3.1.13 Coating of other metal surfaces (OMS)
[ 155, TWG 2016]

Reported data from installations for the coating of other metal surfaces (OMS) indicate a
specific solvent consumption range from 0.01 kg up to 0.5 kg solvent per m? of coated surface.

3.3.1.14 Coating of agricultural and construction equipment (ACE)
[ 155, TWG 2016 ]

Data for only one installation were submitted. The main characteristics of the process stages are
presented in Table 3.9.
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Table 3.9: Main characteristics of process stages for an ACE coating plant
Stage Pretreatment Layer 1 Layer 2 Layer 3 Cawty_
preservation
. Lubricant .
Process (Seraelelllsrillgl’ Primer coating Gloss and rust re(s::r\iflgion
greasing inhibitor | P
. Aqueous :
Material Wax coat with
(VOC content) deterggnt SB (305 g/1) SB (425 g/l) NI solvents
emulsion
. Spray application in |Spray application in
Application High-pressure enclosed cabins with| enclosed cabins
spray cleaner, . NI NI
method . clean room with clean room
automatic .. o
conditions conditions
Circulation lines fed [Circulation lines fed
from central mixing |from central mixing
Paint supply NA chamber, without | chamber, without NI NI
pigging or flushing | pigging or flushing
technique technique
Colour change Batch
£ NA painting/colour NI NI NI
system purging )
grouping
Convection . .
Dryer type drying Convection drying NI NI NI
INB:
INI: No information provided.
INA: Not applicable.
Source: Plant #073 in [ 155, TWG 2016 |

3.3.1.2 Energy consumption

Reported data show that the specific energy consumption values vary from 7 kWh/m* up to
35 kWh/m? of coated substrate surface. The specific energy consumption depends on the type of
process, the substrate and specific aspects of the process. Given the significant share of energy
consumed in off-gas thermal treatment in relation to the total energy consumption, it is worth
noting that energetically efficient techniques have a major positive effect on energy
consumption. As an example, at one reference installation, the replacement of thermal oxidation
by a regenerative thermal oxidiser (RTO) resulted in a reduction of the total energy
consumption of 66 % (Plant # 080 in [ 155, TWG 2016 ]).

3.3.1.3 Water consumption
[ 155, TWG 2016 ]

Reported values from installations for the coating of plastic surfaces show that the specific
water consumption varies from 5 1/m? up to 30 I/m* of coated surface.

For the coating of agricultural and construction equipment, the reported specific water
consumption value was 0.26 m® per tonne of product.
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3.3.2 Emissions

[155, TWG 2016 ]

3.3.2.1 Total and fugitive emissions of VOCs

This industry group covers a wide range of activities with significant differences in:

. the type of processes applied;

o the end-of-pipe techniques applied;
. the products;

J the production volume.

The reported VOC emission values, expressed as kg VOCs emitted per kg of solid mass input
(kg VOCs/kg solids), are presented in Figure 3.3.
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Figure 3.3: Total emissions of VOCs expressed in kg VOCs per kg of solid mass input for the
period 2013-2015

Contextual information related to the material and processes applied for the installations
presented above is given in Table 3.10.
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Table 3.10:

Information on coating materials and techniques applied at installations for the
coating of plastic and other metal surfaces

Coating materials

Thinner/cleaning

Application and

Plant (VOC content) materials (VOC enclosure Colour change
content)
079 SB (33-73 %) SB (100 %) Spray appligation .in Batch p{iinting/
enclosed coating cabin | colour grouping
Primer: SB (80 %) Primer: SF Primer: HRB First-generation
126 Base coat: SB (75 %) | Base coat: SF Base coat: HRB colour changers —
Clear coat: SB (55 %) | Clear coat: SF Clear coat: HRB high paint loss
Primer: SB (80 %) Primer: SF Primer: HRB First-generation
132 Base coat: SB (75 %) | Base coat: SF Base coat: HRB colour changers —
Clear coat: SB (55 %) | Clear coat: SF Clear coat: HRB high paint loss
Primer: SB-WB
129 Base coat: WB NI NI NI
Clear coat: SB
Primer: SB (40 %) Primer: SB (90%) . .
165* | Base coat: SB (40 %) | Base coat: SB (90%) dcégisffte q sfztr)lltrillsatio‘:nh NI
Clear coat: SB (60 %) | Clear coat: SB (90%)
Airless application,
080 SB (72 %) No thinner necessary ggg:ez?gamg dlrrsggz NI
enclosed cabin
Pneumatic atomisation
176** SB NI Enclosed cabins with NI

extraction

* One dryer (out of three) not connected to abatement system. Plant applies Reduction Scheme (RS).
** Reported emissions include methane emissions from the CHP units.

NB:

SB: Solvent-based; SF: Solvent-free; WB: Water-based; HRB: High-rotation bells.
NI: No information provided
Source: [ 155, TWG 2016 ]

The reported values of fugitive emissions of VOCs as a percentage of the solvent input are
presented in Figure 3.4.

NB: For Plant #176, F value includes methane emissions from electricity production of CHP plant.
Source: [ 155, TWG 2016 ]

Figure 3.4:

2013-2015

Fugitive emissions of VOCs expressed as percentage of the solvent input for the period
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The comparison of the reported values for total and fugitive emissions of VOCs expressed as a
percentage of the solvent input shows the dominant role of fugitive emissions in the overall
emissions pattern, with contributions that in most cases are of the order of 90 % to 99 %. That
emphasises the necessity to control fugitive emissions.

The following have been identified as major sources of fugitive emissions:
J paint storage;
. paint preparation - mixing area (area where the mixing of the different paints and addition

of additives and thinners take place), including the paint sampling which is usually done
in the absence of the vacuum system;

) coating processes;

. drying processes.

The following main techniques have been identified for the minimisation of fugitive emissions:

o Safe storage and handling of hazardous substances and measures to prevent unplanned
releases.

. Enclosed application zones with air extraction.

o Thermal treatment of extracted air.

. Air extraction from drying processes. The drying ovens are operated with subatmospheric

pressure to avoid fugitive emissions. The extracted air is treated.

3.3.2.2 TVOC emissions in waste gases

The reported values for periodic monitoring of VOC emissions in waste gases are presented in
Figure 3.5.
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Figure 3.5: TVOC emissions in waste gases (periodic monitoring) - Average values for the period
2013-2015

The basic statistical parameters of the submitted data for TVOC emissions in waste gases from

plants for the coating of plastic surfaces, other metal surfaces and ACE are presented in Table
3.11.
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Table 3.11: Statistical parameters of reported data for periodic monitoring of TVOC emissions in
waste gases for the period 2013-2015

2015 2014 2013
téﬂzlilsse No of f‘z;/g;: Max. | Min. | No of ?g’; Max. | Min. | No of ':glgeé Max. | Min.
values mg CINM? values mo CINm? values ma C/Nm?
AAC-Z 1 34 NA NA NA NA NA | NA NA NA NA | NA
TO 1 1 NA NA 1 3.4 NA | NA NA NA NA | NA
RecTO 1 3 NA NA NA NA NA | NA NA NA NA | NA
RTO-2 1 113 | NA NA 1 2.2 NA | NA 1 12 NA | NA
RTO-3 5 6.4 9.6 3 2 33 6.2 0.4 1 6.8 NA | NA
RTO 3 22.1 40 3.5 3 21.7 29 11.1 3 19.3 27 10
CHP 2 38 38 38 NA NA NA | NA NA NA NA | NA
WS 1 63 NA NA NA NA NA | NA NA NA NA | NA
WS+DPF 1 34 NA NA NA NA NA | NA NA NA NA | NA
NB
NA: Not applicable/available.
Source: [ 155, TWG 2016 ]
3.3.2.3 Dust emissions in waste gases

Dust emission data associated with dust abatement techniques were reported only for one
installation (two monitoring points). The reported values for monitoring of dust emissions in

waste gases are shown in Figure 3.6.
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Figure 3.6: Dust emissions in waste gases (data for 2015)

For the majority of reporting installations, dust abatement is not the top priority. Nevertheless,
the use of dust abatement techniques (e.g. dry particle filter, wet scrubber) results in low dust

emission values.
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3.3.24 NOx and CO emissions in waste gases

Nitrogen oxides (NOx) and carbon monoxide (CO) emissions result from the thermal oxidation
of off-gases. The reported values are presented in the following figures.

Nitrogen oxides
Data for 10 monitoring points (from five plants) were reported for NOx emissions in waste

gases with a yearly monitoring frequency in most cases. All of the reported values are lower
than 105 mg/Nm®.

The reported values for periodic monitoring of NOx emissions in waste gases are shown in
Figure 3.7.
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Figure 3.7: NOx emissions in waste gases for the period 2013-2015

Carbon monoxide

Data for eight monitoring points (from four plants) were reported for CO emissions in waste
gases. The monitoring frequency varies between once a year and once every three years. Values
for all emission points but one are lower than 45 mg/Nm®.

The reported values for periodic monitoring of CO emissions in waste gases are shown in
Figure 3.8.
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Figure 3.8: CO emissions in waste gases for the period 2013-2015

3.3.25 Emissions to air from the coating of trains

[ 5, DFIU etal. 2002 ] [ 38, TWG 2004 ]

Only dust from overspray and blasting is deposited. Emission values of less than 3 mg/m’ are
achieved. VOCs from coating processes are emitted to the air as channelled or fugitive
emissions. In some installations, thermal oxidation units are already used for treating the off-
gases from the dryers. Emission values of less than 50 mg/m’ are achieved.

However, as spray booths are extremely large and exhaust air volumes are around 200 000 m*/h,
dry filtering systems are preferred.

If a standard, solvent-based paint system without off-gas cleaning, about 326 g VOCs/m* are
emitted. From the total solvent input of 187.6 tonnes into the inspected plant (Deutsche Bahn),
134.08 tonnes were emitted and 53.52 tonnes was disposed of as waste (a thermal combustion
unit is not installed).

By the implementation of the following measures, emission values of < 110 g VOCs/m?* are
achieved:

e Material-specific techniques:
o Application of water-based ground coats, primers and topcoats.
o Only for two-layer lacquer finishes, an application of a conventional clear coat.
o Water-based primers and underbody protection in combination with thick layer

materials.

o Water-based primers and fillers.

Minimum use of knifing fillers and use of low-styrene-content filler.

o Processing of pre-coated (coil-coated) materials for new construction of rail vehicles.
This technique minimises the emissions of the train coating installation but emissions
occur at the coil coating plant.

o

e Process-specific techniques:
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o Reduction of painted surfaces, for example, by the use of adhesive foils for decorative
designs or as graffiti protection.

o Efficient application devices: HVLP, airless and air assisted airless spraying.

o Recycling of cleaning agents via distillation of solvent-containing paint wastes and
paint sludge.

o Use of automated supply of coagulant for wet precipitation for increased service life of
the water.

3.3.2.6 Emissions to water from the coating of trains

[ 5, DFIU etal. 2002 ] [ 38, TWG 2004 ]

Waste water is generated by the wet precipitation of overspray and the cleaning of application
devices. More detailed data could not be determined.

3.3.2.7 Emissions to water from the coating of ACE

[ 5. DFIU et al. 2002 ] [ 78, TWG 2005 ] [ 41, ISACOAT 2004 ]

The rinsing tanks used for the pretreatment of workpieces generate waste water. In an
installation, about 18-20 m® per day of waste water is generated. This amount can be halved by
the implementation of the cascade technique. Due to the ultrafiltration unit, the dip coating
installation does not generate waste water.

3.3.2.8 Waste generation

[ 155, TWG 2016 ]

The following table summarises the reported data on the main types of waste generated in the
coating of plastic surfaces, other metal surfaces (OMS) and agricultural and construction
equipment (ACE).
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Table 3.12: Waste generation data
Quantity | Solvent
Waste type Source range content Destination
(tlyr) (%)
Paint sludge Production processes 50-400 0-2 Delivered off site
Phosphate sludge Production processes NI NI Delivered off site
Waste from coating removals Production processes 3-4 2 Delivered off site
Water sludge Waste water 50-80 1-2 Delivered off site
(pre)treatment
Waste paint & varnish Production processes 80-120 2 Dellvered. or sold
off site

Waste solvents Cleaning processes 50-170 5-95 Delivered off site
Sludge containing dust Air emission abatement 35-80 1 Delivered off site
Used paint containers Production processes 100-160 | Delivered off site
Other contaminated packaging Production processes 5-6 | Delivered off site
Contaminated absorbents Cleaning processes 1.5-3 2 Delivered off site
Solid waste from distiller Distillation 1.5 38-75 Delivered off site
Liquid waste from distiller Distillation <1 75 Delivered off site
Paint filters Production processes 1-2 15 Delivered off site
Paint residues Production processes 60-80 40-50 Delivered off site

NB: NI: No information provided.

Source: [ 155, TWG 2016 ]

The main identified techniques for the minimisation of waste generation are:

. use of reusable containers;

. distillation of used solvents;

o filter press for waste water sludge treatment and reduction of waste water volume;

o less colour changes in the process, resulting in lower solvent and cleaning material
consumption.
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3.4  Techniques to consider in the determination of BAT

In Chapter 17, techniques are discussed which might also be applicable to the serial painting of
plastic and metal surfaces. In Table 3.13, the general techniques relevant for the serial painting
of plastic and metal surfaces that are described in Chapter 17 are shown. These techniques are
not repeated in this section, unless information specific for this industry was made available. A
description of the type of information considered for each technique is given in Table 17.1.

The EGTEI background document for the industrial application of paints (see Annex 21.3.1)
gives some data on the costs and benefits at the European level of some techniques to reduce
VOC emissions. However, the EGTEI approach necessarily has to limit its complexity, and only
key techniques are given without consideration of the other BAT factors, such as cross-media
effects, or of the technical characteristics of individual installations or products
[ 92, EGTET 2005 ].

Table 3.13: Reference to techniques generally applicable to the sector
Technique Section
number
Environmental management techniques 17.1
Storage and handling of raw materials 17.2
Monitoring 17.3
Water use and waste water generation 17.4
Energy management and energy efficiency 17.5
Raw material management (including substitution) 17.6
Coating processes and equipment 17.7
Drying and/or curing techniques 17.8
Cleaning techniques 17.9
Off-gas extraction and treatment 17.10
Waste water treatment techniques 17.11
Waste management techniques 17.12
Odour emissions 17.13
3.4.1 Minimisation of raw material consumption
Description

Some techniques to increase the resource efficiency and to reduce the amount of waste
generated in the painting process are:

. optimisation of the painting process (see Sections 17.7.3 and 17.6.2), including
automation (see Section 17.2.5);

o dewatering of paint sludge (see Section 17.12.4.1);
o recycling of paint sludge or the water emulsion.

Achieved environmental benefits
Reduction of the amount of waste (e.g. paint overspray) produced by the process.

Technical considerations relevant to applicability
These techniques are commonly applied in the coating of bumpers.

Example plants
Volkswagen, Wolfsburg, Germany.

Reference literature
[ 56, ACEA 2005 ]
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34.11 Batch painting/colour grouping

For a general description, see Section 17.6.2.1. This technique is commonly applied in the
coating of bumpers.

Colour block building can reduce the consumption of coating material and rinsing diluents.
Furthermore, the rinsing thinner can be captured and reused. About 66 tonnes of rinsing diluent
can thus be saved per year, for a recapture proportion of 90 %.

[ 5. DFIU et al. 2002 ]

3.4.2 Material-based techniques (substitution)
3421 Water-based paints
Description

For a general description, see Section 17.7.2.2. Water-based coating systems can be applied for
the ground coat, base coat and sometimes the clear coat. The following water-based paint
systems are commonly applied:

o one-component acrylate dispersion: 5 wt-% organic solvent;
. two-component PUR system: 10-15 wt-% organic solvent;
o two-component epoxy resin: 5 wt-% organic solvent.

Achieved environmental benefits

The amount of solvents used can be reduced by up to 48 % by the use of water-based ground
coats, and consequently solvent emissions can also be reduced accordingly in the case of
coating of bumpers.

Technical considerations relevant to applicability

In the vehicle component supplier industry, water-based paints are already in use as fillers and
base coats on, for example, bumpers and wheel covers. Water-based paints can lead to
mechanical constraints on the physical characteristics of the plastic. In the painting of television,
sound systems and computer housings, the serial use of water-based coatings is commonly
applied.

Example plants
Plants #129 and #131 in [ 155, TWG 2016 ].

Reference literature
[ 5.DFIU etal. 2002 1] 38, TWG 2004 1] 119, May et al. 2006 1[ 155, TWG 2016 ]

3.4.2.2 High-solids paints

Description
For a general description, see Section 17.7.2.1.
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3.4.2.3 Powder coating — conventionally dried

Description

See Section 17.7.2.6. Powder coatings with conventional convection drying are not broadly
applied due to the lack of electrical conductivity and the temperature sensitivity of plastics.
They are only applied in small batches in the coating of small parts, such as composite parts of
metal and plastics for car radiators.

Environmental performance and operational data
Developments in thermal curing low-temperature powder coatings look promising.

Reference literature
[ 5. DFIU et al. 2002 ]

3.4.2.4 Radiation cured paints

Description

See Section 17.7.2.3. UV-cured coatings are applied to clear coats, e.g. on wheel covers, and
contain 10 wt-% organic solvent. A progressive technique is the automated application of UV-
cured coatings during coating on reflectors; the coating system contains about 5-10 wt-%
organic solvent. Another industrial application of UV-cured powder is for the coating of PVC
floor tiles.

Achieved environmental benefits
Water-based and solvent-free radiation curing paints do not generate VOC emissions.

Environmental performance and operational data
UV-cured paints can be applied by several different techniques, such as brushing, rolling,
casting, spraying and vacuum coating.

Cross-media effects
None.

Technical considerations relevant to applicability
These paints can be applied for all paint layers.

Example plants
Plant #128A in [ 155, TWG 2016 ].

Reference literature
[ 5, DFIU et al. 2002 1[ 155, TWG 2016 ]

3.4.25 One-layer coating after fluoridation

Description

If pretreatment of the plastic surface is done by using the fluor preparation, the filling layer is
partially not necessary because this technique already creates a homogeneous surface
independent of the geometry of the workpiece.

Another advantage of fluoridation is that the fluoridated parts can be stored for a long time
before being supplied subsequently for a following painting process.

Achieved environmental benefits
Reduction in VOC emissions and in coating materials.
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Cross-media effects
None.

Reference literature
[ 5. DFIU et al. 2002 ]

3.4.3 Paint/coating application techniques and equipment

o Pretreatment (prior to coating) techniques are discussed in Section 17.7.1.

o Paint/coating application techniques are discussed in Section 17.7.3.

o Electrocoating for metal substrate is discussed in Section 17.7.3.6.

o Techniques for the minimisation of raw material consumption are discussed in 17.2.4.
. Automation of equipment is discussed in Section 17.2.5.

3.4.4 Off-gas extraction and treatment

Techniques for the extraction of off-gases and minimisation of fugitive emissions are discussed
in Section 17.10.2.

A general description of external concentration of solvents in off-gases (as a pretreatment stage)
is given in Section 17.10.3.3. Identified applied techniques are the molecular sieve buffer
technique for elimination of VOC peaks (see Section 17.10.3.3.1) and adsorption to activated
carbon or zeolites (see Section 17.10.3.3). See also Section 3.4.4.1.

Information on internal concentration of solvents in off-gases is provided in Section 17.10.3.2.
See also Section 3.4.4.1.

The following off-gas treatment techniques are commonly applied:

o oxidation: recuperative and regenerative oxidation, see Sections 17.10.5.3 & 17.10.5.4;

. sending off-gases to a combustion plant (including CHP plants), see Section 17.10.5.1;

o adsorption using activated carbon or zeolites, see Section 17.10.6.2;

. absorption using a suitable liquid (wet scrubbing), see Sections 17.10.4.2 and 17.10.6.3;
o dry scrubbing, see Section 17.10.4.4;

3.4.4.1 Concentration and recirculation of waste gases from the painting
booths

Technical description

Some manufacturers of plastic workpieces prefer to continue the use of solvent-based coating
materials. This is because of the specific technical requirements (i.e. characteristics of plastic
substrates, customer specifications, flexibility in use, ability to use wet-on-wet processes).

To assist in achieving low solvent emissions, the plastic coating industry concentrates the off-
gas streams externally by means of rotating adsorbers (see Section 17.10.3.3). They also use
internal recirculation (see Section 17.10.3.2) in spray booths with automatic application of the
paint.

The exhaust air of a spray booth (typically 40 000-80 000 m*/h) is recirculated after intense
filtration (typically a venturi wet scrubber plus an additional filtering step) which achieves
particle concentrations below 0.1 mg/m® in order to avoid optical surface defects on the
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workpieces. By reheating the exhaust after the wet scrubber, stable climatic conditions (about
70 % relative humidity) can be achieved. By achieving 90-95 % recirculation of air volumes,
the solvent concentration in spray booths is multiplied by 10 or 20 (typically from 250 mg/m® to
2.5 g/m®). The solvent concentration then has to be controlled for safety reasons (to remain
sufficiently below lower explosive limits) and for technical reasons (the influence on the
evaporation of solvents from workpieces). Between 5 % and 10 % of air volumes are sent to
abatement. The low air volume and high solvent concentration are good preconditions for
thermal oxidation.

Achieved environmental benefits
Reduction of VOC emissions and reduction of energy consumption for thermal treatment of off-
gases.

Technical considerations relevant to applicability

Recirculation of air streams with increased solvent concentration is only suitable for
installations which allow effective enclosure of spray booths (small inlet and outlet openings),
where application is performed by automatic devices, and for workpieces without internal space
volumes.

Economics
Reduced cost of thermal treatment, due to lower volumes, and a higher VOC concentration that
can achieve autothermal conditions.

Driving force for implementation
See Economics above.

Example plants

Volkswagen, Wolfsburg, Germany.

Plant #176 in [ 155, TWG 2016 ] where a molecular sieve is used for smoothing of the peaks
before adsorption wheel which then increases the VOC concentration for subsequent treatment
in the CHP plant.

Reference literature
[ 119, May et al. 2006 ][ 155, TWG 2016 ]

3.45 Water management

Description

See Section 17.4. One of the techniques to consider is the minimisation of dumping of the tanks
from the spray booths to reduce water consumption and effluent discharges by minimising the
build-up of paint sludge. Optimising the paint transfer efficiency also reduces the need to
change the water.

Reference literature
[ 56, ACEA 2005 ]
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4  COATING OF SHIPS AND YACHTS

[ 5, DFIU etal. 2002 ][ 38, TWG 2004 ][ 78, TWG 2005 ] [ 202, SEA SMRC 2017 ]

4.1  General information on the coating of ships and yachts

Ships are largely constructed from shipbuilding steel, and yachts are constructed from
shipbuilding steel and aluminium, as well as FRP (fibre-reinforced plastics). These materials
corrode or deteriorate if unprotected and must therefore be preserved by means of corrosion
protection systems. The required costs in the case of ship construction amount to about 3-7 % of
the total construction costs. Corrosion protection enhances ship safety during passage, maintains
the ship’s value and reduces maintenance costs. Different parts of a ship, e.g. the hull (above
and below water), outside decks, hold and tanks, are exposed to a varying degree of corrosion so
different corrosion protection systems are applied. Fouling prevention by the application of anti-
foulings is also important. Resistance to mechanical action on surface areas and decks and
visual quality in various areas are also key factors in the specification of coatings.

The requirements for the coating of ships and yachts are different. For the coating of merchant
ships, adhesion, corrosion protection and prevention of fouling are the key issues. For the
coating of yachts, appearance also plays a crucial role; therefore, the coating of merchant ships
and yachts are described separately. Due to different construction, coating and pretreatment
processes, the coating of new ships and the repair and maintenance are also considered
separately. No information on the coating of warships has been submitted.

In 2015, European shipyards, constructed, maintained and repaired ships with a value of more
than EUR 33 billion. The maritime equipment manufacturers, who highly depend on building,
maintaining and repairing ships in Europe, contribute to another EUR 47 billion of turnover.
European ship repair activities amounted to a total turnover of EUR 3 billion in 2015. All
combined, this results in the direct employment of about 450 000 people in more than 22 000
companies.

The EU’s recreational boating industry comprises 32 000 directly involved companies, 280 000
direct employees, and more than EUR 20 billion in annual manufacturing turnover. Of the
32 000 companies, approximately 90 % of these businesses are SMEs. This figure includes
repair and maintenance of superyachts, marine engine manufacturers, marine and yacht coat
manufacturers and applicators, high-technology electronics companies and equipment
manufacturers. However, it excludes the superyacht new-build sector which for 2016 had an
order book of 424 orders with an average length of 48 metres.
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4.2  Applied processes and techniques in the coating of
ships and yachts

Coating systems consist of one or more layers of solvent-based, low-solvent or solvent-free
coatings. The bonding agent bases are predominantly epoxy resin (usually two-component),
polyurethane, acrylates, polysiloxanes and alkyds. The total layer thickness is 100 pm or
higher for ship internal areas and up to 1 000 um for outside areas. A thicker layer of special top
coatings are usually applied to ramps and working areas and fillers can be applied at around
2 500 um. Coating materials are usually applied by means of airless spraying processes,
which enable the processing of low-solvent and solvent-free products. Application by
conventional spray, rollers and brushes is widely used in coating yachts, and rollers are
used for pre-delivery coating of passenger ships. They are not widely used in other parts of
the industry (with the exception of small areas). Rollers and brushes are used for repair,
maintenance and so-called stripe coating.

For new construction, repair and maintenance of ships and yachts, both the surface preparation
and coatings are defined by shipowner specifications. The specifications will consider the
required corrosion and physical protection, appearance and antifouling, and also the warranty
requirements. In repair and maintenance yards, the customer purchases the coatings directly for
shipyard application.

4.2.1 New construction

The coating of ships is mainly carried out by contractors that specialise in corrosion protection
for shipbuilding. In modern shipbuilding, sheet metal is made into sections or block stages.
These are large sub-assemblies which are then joined together in a building dock or slipway
(ships were previously built in the dock from the keel up). These are then coated after surface
pretreatment with a coating system according to the specifications. Multiple coating of the
sections takes place in the open air, in large shipbuilding halls (usually a covered dry dock or
covered slipway) or in specially equipped blasting and coating shops. Areas left free of coating
for welding are finished on the completed hull on the stocks or in the dock. In smaller shipyards,
the hull is completely coated once it is assembled on the stocks or in the dock.

Corrosion protection begins with primary surface pretreatment according to standard
specifications on degrees of preparation. All steel plates and sections used to construct the ship
are completely cleaned of mill scale, rust and other impurities by blasting in automated
plants. This gives the steel surface a specific roughness to ensure good coating adhesion.
Subsequently, a shop primer (solvent- or water-based) is sprayed on which protects the
steel until further coating is applied as well as enabling the steel to be welded. Steel plates and
sections are often treated with a shop primer by the supplier. Surface treatment of the
assembled steel plate sections, or of the complete hull, is carried out by secondary surface
preparation, which can be partial blasting with a dry or wet agent, power tool (rotating wire
brush or disc) or by angle grinding. This removes corrosion on welding seams as well as all
impurities, and roughens the surface. Since not all impurities, like grease, oil or salt, can be
removed by derusting, suitable methods for cleaning need to be considered, such as cleaning
with solvent or cleaner to remove oil and grease or with fresh water to remove salt. At several
shipyards, sections are treated in dedicated blasting and coating shops.

In enclosed areas, ventilation systems are used and may include dust and VOC abatement.
Blasting grits can be collected and treated for reuse and/or recycling.

The coating of yachts is carried out either by a specialist team within the yard or by specialist
subcontractors who can achieve the quality of finish required for the yachts. Increasingly, water-
based shop primers are being used for both steel and aluminium yachts. The application process
for superyachts is according to ISO standards.
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4.2.2 Ship repair and ship maintenance

Repair and maintenance (including coating) of the hull is carried out during dry docking in
graving (concrete) or floating (steel) docks. Depending on the condition of the surface, the
damaged areas are locally cleaned, prepared and recoated, or, in rare cases, the coat is
completely removed from the hull for recoating. Cleaning of the areas to be treated can be by
dry or wet blasting or high-pressure fresh water jetting. More than 50 % of the areas to be
blasted are ‘spots’; the others are larger areas but almost never complete stripping.

Every 2 to 5 years, the antifouling coating on the ship’s hull is renewed in dry dock depending
upon the type of coating and the service time of the vessel. The complete hull is coated with
solvent-based antifouling applied by airless spraying. The overspray is partially emitted into the
environment, depending on the control measures in force.

The coatings are specified by the shipowners. Large repair yards may treat four or more
ships simultaneously, with coatings specified from different suppliers. Application of coatings
contributes to up to 15 % of the turnover of repair and maintenance yards. In parallel, a lot of
additional work is done by the yard while the ship is being coated. This work contributes to an
additional turnover for coating but is only done at that yard as the ship is undergoing coating. In
this way, the application of the coating indirectly contributes to a far higher percentage of the
turnover than the coating alone.

4.2.3 Coating of ships

The preparation for, and application of, coatings for new-build construction and for maintenance
is usually carried out in areas open to the outside air.

Corrosion protection of the hull

Coating is carried out according to the maintenance and docking plan of the ship. Coating
systems are chosen by the shipowner taking into account the lifetime of the antifouling coating
and the required corrosion protection and colour. The areas to be coated are degreased,
prepared and the specified coatings (usually epoxy coatings, polyurethanes and acrylics) are
applied. This is usually done by airless spray. The coatings meet visual requirements, such as
colour and gloss, as well as resistance to mechanical and corrosive action. Coating materials
are generally supplied in 20-litre cans, although for large-scale applications 1 000-litre reusable
(IBC) containers can be used. However, in the case of maintenance and repair yards of ships
above 15 000 GT, they are not commonly used as each individual client buys their own coating
at the exact quantity needed for each coat. Larger containers would create additional costs and
coating leftover requiring disposal.

Tie coat (hull)

As a tie coat (coupling agent) between the corrosion protection coat and the final antifouling
coat, a solvent-based, one- or two-component vinyl resin or epoxy tie coat is applied. The
tie coat is also applied using the airless spraying technique. The layer thickness amounts to
approximately 75-100 pum.

Antifouling (hull)
[ 78, TWG 2005 ][ 123, Kiil et al. 2006 ] [ 202, SEA SMRC 2017 ]

Antifouling coats are applied to ship hulls to prevent settlement and growth of fouling
organisms (bacteria, algae and animals). This can in some cases also be done by applying
fouling-release coatings (see Section 4.4.7). Settlement of fouling increases the surface
roughness, leading to increased frictional resistance, which in turn leads to increased fuel
consumption to keep the same speed or decreased speed at the same fuel consumption. Up
to 150 kg of organisms can settle on one m’ of surface area within 6 months. The
increased frictional resistance can raise the fuel consumption and thereby the ship’s
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emissions by up to 40 %. This will result in either increased bunker costs or expenses due
to lost earnings or time delays. Fouling of the ship hull also decreases the manoeuvrability of
the vessel and increases the possibility of premature corrosion. Furthermore, by applying an
antifouling coat, the potential for transmigration of fouling organisms is also decreased.
Therefore, application of antifouling is a matter of importance from environmental, safety and
economical points of view.

Regulation (EU) No 528/2012% regulates the use of biocides and biocidal products, e.g.
antifouling, in Europe. Worldwide, the use of antifouling coats is regulated by the IMO
International Convention on the Control of Harmful Anti-Fouling Systems on Ships that
prohibits the use of harmful organotins in antifouling coats used on ships and establishes a
mechanism to prevent the potential future use of other harmful substances in antifouling
systems. To date this Convention only considers organotins as harmful substances.

Coating of the superstructure and freeboard

The coating systems for the superstructure and freeboard are also chosen by the customer. The
damaged areas are degreased, prepared and coated with the specified coats (usually solvent-
based epoxy coatings, polyurethanes, acrylics), usually applied by airless spray. In holds and
water tanks, single and multilayered epoxy resin (two-component) coatings are generally used.

4.2.4 Coating repair and maintenance of yachts

Yachts are leisure vessels with a length of up to 180 m, although there have been recent
developments of up to 190 m and 200 m. Yachts are already partly coated before assembly.
Depending upon customers’ requests, the applied coating system varies and for this reason only
one option is described below.

Large yachts are made of shipbuilding steel and aluminium, but the majority of yachts (the
smaller vessels) are made from FRP (fibre-reinforced plastic). Parts of the whole yacht or only
the superstructure may be made of aluminium or composite materials. Sanding takes place
between the application of coating layers. Depending on the material, pretreatment and
application of the primer are different. The use of water-based materials for coating yachts is
increasing as well as other new ways of applying coatings like wrapping (foil application).

Although airless spraying is widely used and accepted, rollers and brushes are still in use,
depending on the kind of coating used and quality required.

Pretreatment and primer application on shipbuilding steel

First the hull and the superstructure are treated by grit blasting and then either a filler based on
zinc phosphate or a chrome- and zinc-free shop primer is applied as a primer in order to obtain
the correct profile and a smooth finish (e.g. covering welding roughness). Both materials are
solvent-based epoxy resins. The layer thickness varies from 40 pm to 60 um.

Pretreatment and primer application onto aluminium

For the degreasing and removal of oxidised layers, aluminium surfaces are treated with cleaning
agents. Afterwards, a two-component epoxy primer or a one-component PVC primer is applied.
Similarly to the coating of ships, a corrosion protection coat is sprayed onto the primer layer.
This solvent-based epoxy material is applied by the airless technique in two to four layers with a
thickness of approximately 120 um each. The antifouling is usually applied directly to the
epoxy coat. If a tie coat is used, it is a solvent-based, one-component vinyl coat, which is
applied via airless spraying. The layer thickness amounts to about 40 pm.

23 Regulation (EU) No 528/2012 of the European Parliament and of the Council of 22 May 2012
concerning the making available on the market and use of biocidal products.
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Afterwards, two layers of a solvent-based antifouling material are applied by airless spraying or
by roller. The thickness of each layer of antifouling coating is approximately 100 pm. Usually,
copper-based, self-polishing antifouling coatings are used. However, they may also contain
other biocides.

Coating of the superstructure

Like the hull, the superstructure is made of shipbuilding steel or aluminium and is also coated
with two layers of a solvent-based (one- or two-component epoxy or polyurethane coat)
corrosion protection material. It is applied using the airless spraying technique. The layer
thickness applied amounts to about 120 pm.

After the corrosion protection coat has dried, filling materials are applied onto the aluminium
and shipbuilding steel of the superstructure in order to obtain the correct profile and a smooth
finish (e.g. covering welding roughness). The materials are applied using trowels, long boards
and bations, spatulas. They may be solvent-free or contain approximately 80 g/l benzyl alcohol.
Sanding takes place in between these processes.

After the filling, a solvent-based two-component polyurethane filler or a solvent-based epoxide
filler is applied by using airless spraying techniques. The layer thickness applied is in the range
of 50-100 pm. A primer/undercoat is applied over the filler.

The yacht is taken for sea trials when the appropriate coat has dried; this may or may not be the
primer coat. After the trials, the yacht is cleaned with fresh water and sanded and then the final
topcoat is applied.

The topcoat is applied by using a wet-on-wet spraying technique, and two or three layers are
applied. The materials used are generally solvent-based, two-component, polyurethane
combination lacquers. The complete layer thickness amounts to approximately 100 um.

In several Member States where yachts are repaired or maintained, the removal of antifouling
from yachts is carried out using techniques to collect and treat the removed antifouling to
prevent water pollution.
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4.3  Current consumption and emission levels in the coating
of ships and yachts

[ 155, TWG 2016 ][ 202, SEA SMRC 2017 ]

Data from three installations (one from Finland, one from Portugal and one from the UK) were
submitted for the data collection.

43.1 Mass balances

[ 155, TWG 2016 ]

Submitted data for two installations show an average coating consumption per m* of coated
surface that ranges from 0.4 kg up to 2 kg.

Data for one installation (Plant #076) on the solvents content show a considerable variation due
to contract quality specifications: 18 wt-% (2013), 27 wt-% (2014) and 40 wt-% (2015).

4.3.2 Consumption

4321 Materials

[ 78. TWG 2005 ]

For the coating of ships, solvent-based coats are usually applied. Depending on the material
used, the solvent content is in the range of 20-40 wt-%. Due to the processing conditions
(humidity, temperature, air draught, etc.) and surface conditions, water-based coats only have a
limited area of application (only partly used for interior areas and prefabricated parts).
Consumption of materials will depend on the size of the vessel, specifications to be met, etc.

The material consumption in repair yards for medium-sized ships (> 15000 GT) is
approximately 15 tonnes per coated merchant ship (based on data from Portugal, Greece, Malta
and Italy). The corresponding VOC usage is approximately 6 tonnes. A large repair yard can
repair from 60 up to 150 ships with an average size of 40 000 GT (or above) per year.

In a new-build shipyard, the material consumption for complete coating of one 40 000 GT ship
is approximately 68 tonnes. HDW Kiel in Germany processes up to 59 t/yr of solvent for a

maximum of five ships a year. Blohm + Voss GmbH in Hamburg, Germany processes about
60 t/yr of organic solvents.

4.3.2.2 Water

[ 155, TWG 2016 ]

In repair and maintenance yards, the consumption of fresh water for high-pressure cleaning
(between 220 to 340 bar) of the complete hull varies between 500 tonnes and 2 000 tonnes for
medium-sized ships (>15 000 GT).

Reported data on water consumption indicate a specific water consumption that varies between
0.1 m*/m* and 1.1 m*/m” of coated surface.

The reported techniques for reduction of water consumption are:
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. control of water usage by applying (ultra-)high-pressure (U)HP water washing of the
vessels prior to coating;

o oil skimmer for the treatment of waste water from cleaning which may facilitate its reuse.

4.3.2.3 Energy

[155. TWG 2016 ]

Submitted data on energy consumption show a specific energy consumption range that varies
between 0.01 MWh/m? and 0.67 MWh/m* of coated surface. There are two important
parameters that have to be taken into consideration:

e the specific energy consumption is directly related to the degree of utilisation of the
production capacity: the greater the throughput the lower the specific energy consumption
value; and

e the uncertainty as to whether the reported energy consumption data refer only to the STS
activity or whether they include other non-associated activities (definition of the energy
boundaries of the STS activity, see also Section 17.5.2).

4.3.3 Emissions

[78, TWG 2005 ][ 155, TWG 2016 ][ 202, SEA SMRC 2017 ]1[212, TWG 2018 ]

43.3.1 Emissions to air

Processes in shipyards are generally carried out outdoors, in dry docks, in open workshops or on
the quay. Therefore, all emissions generated by grinding and blasting (dust) or painting
operations (overspray and VOCs) are emitted as fugitive emissions.

Emissions of environmentally hazardous materials from coating processes in the construction of
new ships can be reduced effectively by the utilisation of closed workshops for coating and
blasting operations. These may also be used for the construction of block stages — sections of a
new or significantly upgraded ship that are prefabricated and then lifted into place. Closed
workshops may have air extraction with filters for dust and/or off-gas treatment units for VOCs.

As far as technically possible, paint and varnish systems with an average solvent content of
20 % to 25 % are used for initial and new coatings on ships. Overall, a limit on the total
emission of 100 g of solvent per square metre of coated surface is maintained. For the
refinishing of ships, paint and varnish systems are used, which on average have a solvent
content of up to 40 %. The applied state of the art for reducing VOC emissions should be
regularly reviewed, adjusted and demonstrated to the competent authority [DE comment #272 in
[212, TWG 2018 ]].

In repair yards for medium-sized ships (> 15 000 GT, with an average 70 000 GT), the coats
used contain on average about 30-40 % organic solvents. About 150 g VOCs are emitted per m?
coated, as the antifouling coats form the largest amount of coat applied.

A full coating scheme for a new superyacht has a VOC consumption for the underwater area up
to 500 g VOCs/m? and above the waterline up to 250 g VOCs/m*. New yacht construction is
usually carried out in closed facilities, and also using rollers and brushes, which have high
application efficiency with no overspray. For large (super and mega) yachts, this will be
according to the client’s specification. Repair and maintenance of the large megayachts may be
done in docks, but for most of them maintenance and repair are also carried out in closed
facilities.
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Submitted SMB data for two plants show that total VOC emissions expressed against the
production throughput vary between 117 g VOCs/m? and 422 g VOCs/m? (see Figure 4.1).
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Figure 4.1: Total emissions of VOCs expressed in g VOCs per m? of coated surface for two plants
for the period 2013-2015

As the activity is mainly carried out under non-contained conditions, the fugitive VOC
emissions are equal to the total emissions.

The figures reported on the solvent flow in waste (parameter O6 of the solvent mass balance)
for the two installations show a range from 5 % up to 60 % of the solvent input.

Reported data on total emissions of VOCs expressed as kg of VOCs per kg of solid mass input
are presented in Table 4.1.
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Table 4.1: Total emissions of VOCs expressed in kg VOCs per kg of solid mass input for the
period 2013-2015
Year of Total emissions of VOCs
Plant Activity type current | (kg of VOCs per kg solid mass input)
layout 2015 2014 2013
074 Building of new ships and yachts 2011 NI NI NI
075 Maintenance/repair works 2001 NI NI NI
076 Maintenance/repair works 1985 0.37 0.36 0.35
* Maintenance/repair works NI 0.41 0.45 0.39

* Additional anonymised data submitted by industry (May 2018).

NB:

NI: No information available.
Source: [ 155, TWG 2016 ]

The techniques applied for the minimisation of total emissions at three of these plants are
presented in Figure 4.2.

Source: [ 155, TWG 2016

Figure 4.2:

4.3.3.2

Reported applied techniques for minimisation of emissions of VOCs

Emissions to water

Maintenance operations generate wasted blasting materials, coat residues, used containers and
overspray. There may be other residues from maintenance, such as oil residues (containing
hydrocarbons), mud, scrapped materials, etc. After maintenance operations, all wastes are
collected and the dock is cleaned to prevent emissions to the water entering the dock. Waste
water collected can be treated by several techniques as described in Section 4.4.9. The treated
water is either disposed of or reused.
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Where water blasting or slurry blasting is used to avoid dust emissions from blasting, the
process water is commonly treated either in integrated equipment or at a waste water treatment
plant. The water is usually reused.

A COM study? identified the main parameters and other substances of interest that may be
discharged in waste waters and therefore to be considered for the data collection. In addition to
the ones set out in Table 4.2 below, organotin compounds and biocides were identified as
relevant but no data were collected. However, only two sets of data were received from
shipyards: one with a waste water treatment plant and one applying coarse filtration.

24 COM working document EIPPCB 09/06/2016: Assessment of Technical Working Group (TWG) data
submitted on metals and other emissions to water for their consideration as Key Environmental Issues for
installations carrying out IED Annex 1 6.7 activities.
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Table 4.2:  Shipyard waste water data
Type of _ _ Plgnt #075_) _ _ - Plant #07_6 _ _
WWT Coagulation, fIO(_:cuIatlon a_n_d_sedlmentatlon. Comblngd_treatment for all In situ coarse filtering in dock bo_ttom with hay bales and hessian, direct
shipyard activities (not only for STS activity) discharge
Average | Maximum| Minimum |Monitoring . Average Maximum | Minimum | Monitoring .
Parameter frequency Type of sampling frequency Type of sampling
(mgfl) (mgfl)
TSS 8.2 21 4.5 Monthly | Time-proportional composite sample 15.5 34.9 1.6 Monthly Spot (grab) sample
COD 39.8 86 10 Weekly | Time-proportional composite sample NI NI NI NI NI
Zn 0.08 0.14 0.05 Monthly | Time-proportional composite sample NI NI NI NI NI
Ni NI NI NI NI NI 0.01 0.06 <0.01 Monthly Spot (grab) sample
Cd 0.016 0.05 0.002 Monthly | Time-proportional composite sample <0.01 <0.01 <0.01 Monthly Spot (grab) sample
Pb NI NI NI NI NI 0.01 0.09 <0.01 Monthly Spot (grab) sample
Cu 0.11 0.25 0.03 Monthly | Time-proportional composite sample 0.12 1.98 <0.01 Monthly Spot (grab) sample
Cr NI NI NI NI NI 0.01 0.08 <0.01 Monthly Spot (grab) sample
Sn 0.019 0.04 0.01 Monthly | Time-proportional composite sample NI NI NI NI NI
Source: [ 155. TWG 2016 ]
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4333 Waste generation

[ 155, TWG 2016 ][ 202, SEA SMRC 2017 ]

Waste from the maintenance operations of ships includes:

J organic cleaning solvents;

. coat sludges/residues; it is reported that waste coats represent 2.5 % up to 8.5 % of total
coating consumption with an average solvent content of about 30-40 %;

. contaminated coat containers, brushes and rollers;

. used/contaminated blasting materials (e.g. used grit);

. filters;

. oil residues (containing hydrocarbons);

. mud;

. scrapped materials.

One plant reported the use of reusable containers for coatings.

During the coating of ships, especially in maintenance operations, large amounts of wasted
blasting materials are generated. Like all the other wastes, wasted blasting materials are
disposed of in licensed facilities.
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4.4  Techniques to consider in the determination of BAT for
the coating of ships and yachts

[ 155, TWG 2016 ][ 202, SEA SMRC 2017 ]

In Chapter 17, techniques are discussed which might also be applicable to the coating of ships
and yachts. In Table 4.3, the general techniques relevant for the coating of ships and yachts that
are described in Chapter 17 are shown. These techniques are not repeated in this section, unless
information specific for this industry was made available. A description of the type of
information considered for each technique is given in Table 17.1.

Table 4.3:  Reference to techniques generally applicable to the sector

Technique Section number
Environmental management techniques 17.1
Storage and handling of raw materials 17.2
Monitoring 17.3
Water use and waste water generation 17.4
Energy management and energy efficiency 17.5
Raw material management (including substitution) 17.6
Coating processes and equipment 17.7
Drying and/or curing techniques 17.8
Cleaning techniques 17.9
Off-gas extraction and treatment 17.10
Waste water treatment techniques 17.11
Waste management techniques 17.12
Odour emissions 17.13
4.4.1 Management systems — dock discipline

Description

As part of the EMS (see Section 17.1), the set of procedures, functions and task definitions, and
working methods, for the prevention or limitation of emissions such as dust emissions to air,
emissions to water, and quantity of waste generated.

Technical description

This is a specific management system defining the different entities responsible for performing
works in dry docks and slipways, including the preparation for docking, careening and
undocking vessels. It also includes the maintenance, repair or building activities carried out in
dry docks and slipways, such as surface treatment operations (cleaning, removal of old coat and
antifouling, etc.). It controls the collection of wastes, during operations and before dock
flooding, and the forwarding of wastes to licensed receivers for their further appropriate
management and/or disposal.

Dock discipline also covers other issues that assist in reducing pollution, such as when and
where to carry out potential polluting activities. For example, describing in under what wind
conditions grit blasting and spraying in the open air can be carried out, requiring these activities
to be carried out at the bottom of the dock or slipway and portable equipment to be used (nets,
water curtains, etc.).

It may contain part of, or all, the requirements of an EMS (see Section 17.1).

Achieved environmental benefits
Minimisation of environmental impacts from the installation.
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Environmental performance and operational data
See Technical description above.

Cross-media effects
None.

Technical considerations relevant to applicability
Generally applicable.

Driving force for implementation

Meeting legislation provisions for health and safety and the environment for air pollution, water
pollution and waste management, particularly as these provisions apply to ports, harbours and
enclosed waters, etc.

Example plants
Widely applied in the industry.

Reference literature
[ 78, TWG 2005 ][ 121, Portugal 2006 ] [ 153, Bert de Vries VNSI 2011 ]

4.4.2 Techniques to reduce dust emissions
4.4.2.1 Partial enclosure of treatment areas
Description

Fine nets and/or water spray curtains are used around areas where grit blasting and/or airless
spray coating are carried out to prevent dust emissions. They may be permanent or temporary.

Achieved environmental benefits
Reduction in emissions of drifting particles from grit blasting and spray coating, either by
reducing wind strength or by trapping particles.

Environmental performance and operational data

There are reports of practical difficulties using nets and the larger the ship in comparison with
the dry dock, the more difficult they are to use. They cannot be used in repair yards for medium-
sized ships (> 15000 GT) in large dry docks and the following are typical examples of
problems encountered:

o variations in the size and type of ship, the ships may overhang the dock ends, etc.;
o interference with cranes and other equipment; and
. problems with access for other maintenance operations.

Where used, the nets are usually placed at one or both ends of a dock, around smaller docks or
between the ship and the dockside.

Cross-media effects
Energy consumption for pumping water sprays or curtains, and possible treatment of the waste
water.

Technical considerations relevant to applicability

Applicability may be restricted by the shape and size of the area to be enclosed. See
Environmental performance and operational data above. Water spray curtains may not be
applicable in cold climatic conditions.
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Driving force for implementation
Low cost compared to full enclosure.

Example plants
Plants #076, #075 and #074 in [ 155, TWG 2016 ].

Reference literature
[ 5. DFIU etal. 2002 1] 38, TWG 2004 1[ 78, TWG 2005 1[ 122, CEPE 2006 ]
[ 151, CESA 2011 ][ 154, Nordic Council of Ministers 2016 1[ 155, TWG 2016 ]

44272 Full enclosure of treatment areas

Description

Blasting and/or airless spray coating are carried out in halls, closed workshops, areas tented
with textiles or areas fully enclosed with nets to prevent dust emissions. Air from the treatment
areas is extracted and may be sent to off-gas treatment.

Technical description

Enclosed areas are used to control the local working environment, enabling temperature and
humidity control for working and surface preparation, protection from rain, etc. Enclosed areas
usually have air extraction for occupational health reasons, and this can be used in conjunction
with off-gas treatments to control the emissions of environmentally harmful materials. The
equipment may be for dust abatement and/or with an off-gas treatment unit for VOCs.

Some areas, such as slipways, ship's blocks and small docks can be temporarily or semi-
permanently enclosed or ‘tented in’ (e.g. portable structures or tenting kept on site for long
periods of time). This assists control of dust from blasting and overspray, but, unless the area is
sufficiently enclosed, adding off-gas treatment for dust and VOC reduction is likely to require
the treatment of large volumes of air with high energy usage. If the enclosure has a flexible
construction or is not sufficiently enclosed the extraction for treatment of VOCs may not be
possible.

Tenting may also be applied between a ship and the dockside, to help prevent the drift of dust
and overspray and keep rain off prepared and freshly coated areas.

Achieved environmental benefits
Retention of particles from blasting and spraying. Removal of dust and/or VOCs from the
extracted air streams by off-gas treatment becomes possible.

Environmental performance and operational data
The technique provides improved quality control of processes and working environment. It can
increase available working time during the day and/or year.

Cross-media effects
Energy used for air extraction.

Technical considerations relevant to applicability
Applicability may be restricted by the shape and size of the area to be enclosed.

Enclosed halls are more often used for fabrication and building of ships.
Permanent workshops can be used for preparing steel plates, sections and block stages in new

construction. In some cases, whole docks may be enclosed. The docks used for the repair and
maintenance of ships are not enclosed (and possibly not those used for some megayachts).
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For yachts, the preparation and coating areas are usually enclosed, either permanently or semi-
permanently, both for new build and repair and maintenance, due to the requirements of ISO
19494,

Economics
This technique implies the capital cost of the construction of workshops, and the capital costs
and running costs of abatement equipment.

Driving force for implementation
Improved quality control of coating processes and internal climate control (i.e. weather
protection) allowing for all-day/year-round working. Legislation for health and safety and dust.

Example plants
Plant #074 in [ 155, TWG 2016 ], HDW Kiel, Germany.

Reference literature
[ 5. DFIU et al. 2002 ][ 78, TWG 2005 ][ 122, CEPE 2006 ]
[ 154 Nordic Council of Ministers 2016 ][ 155, TWG 2016 ]

4423 Restrictions for adverse weather conditions

Description
Where the treatment areas are not fully enclosed, blasting and/or airless spray coating are not
carried out if adverse weather conditions are observed or forecast.

Technical description

A technique used by yards with no full containment facilities is the restriction of coating
removal and airless spray coating when adverse weather conditions are observed or forecast.
Adverse weather conditions are significant wind speed (variable within each yard, depending on
available facilities and their location) and adverse dominant wind direction (e.g. towards
watercourses, housing and other sensitive targets).

Achieved environmental benefits
Reduced dust emissions.

Cross-media effects
None.

Technical considerations relevant to applicability
Generally applicable.

Economics
J Low cost, requiring only simple monitoring equipment.

o Lost working time when conditions are adverse.

Driving force for implementation
Adverse reaction from public affected by dust and overspray.

Example plants
Generally applicable where no full containment is in place.

Reference literature
[ 151, CESA 2011 ]
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4.4.3 Surface preparation

In new build and for new materials, the surface requires pretreatment to provide adhesion. For
repair and maintenance, old coat layers are removed, particularly loosely adhered and damaged
areas. The preparation method is defined in the agreed coat specification, depending on the
coating system to be applied and the warranty given.

Some techniques use an abrasive material to remove the coating layers, and of these a few
create a large amount of dust. The used abrasive material can be recovered and reused or
disposed of as waste, depending on the technique used. With all techniques, it is good practice
to remove the residues from dry docks before flooding (see dock discipline, Section 4.4.1).

4431 Dry blasting in a closed system

Description
Dry blasting using steel grit or shot is carried out in closed blasting systems equipped with a
suction head and centrifugal blasting wheels.

Achieved environmental benefits

Benefits include low dust emissions. The blasting material may be recovered for reuse, therefore
there is less waste. Removed antifouling and coating are recovered with the blasting material
and separated for disposal.

Environmental performance and operational data
Mechanical blasting equipment is operated by hand or fixed to the arms of tool carriers and
passed along the area to be treated by remote control.

A typical system for new-build preparation may be steel shot-blasting applied in a closed loop
and at a pressure of about 5 bar.

Technical considerations relevant to applicability

Generally applicable. It can be used for the removal of rust and old layers of coat from decks
and external sides including the hull. It is also used in primary surface preparation of steel plates
before fabrication.

Driving force for implementation

. Control of dust emissions.
o Health and safety at work.
. Reduced waste management costs.

Example plants
Plants #076, #074 in [ 155, TWG 2016 ]. Widely used in shipyards and other sectors.

Reference literature
[38,. TWG 2004 1[ 78, TWG 2005 ][ 122, CEPE 2006 ][ 155, TWG 2016 ]

4.4.3.2 Wet blasting

Description
Blasting is carried out with water containing a fine abrasive material, such as a fine cinder (e.g.
copper slag cinder) or silica.

Achieved environmental benefits
This technique avoids the generation of dust emissions.
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Environmental performance and operational data

With water blasting techniques, the waste water can be collected in the dock, pumped into tanks
and treated prior to discharge. Additional hosing down with fresh water is necessary to remove
the wet abrasive from the surface.

Cross-media effects
Waste water generation, increased waste from the abrasive.

Technical considerations relevant to applicability
May not be applicable in cold climatic conditions and/or in enclosed areas (cargo tanks, double
bottom tanks) due to heavy mist formation.

Economics
One shipyard commented that grit blasting with water injection gives the best result with regard
to surface, but in particular to cost [ 154, Nordic Council of Ministers 2016 ].

Example plants
Plant #076 in [ 155, TWG 2016 ] reported that this technique is allowed by its permit if fugitive
emissions are prevented and that it is occasionally applied.

Reference literature
[ 5. DFIU etal. 2002 1[ 38, TWG 2004 ][ 78, TWG 2005 ][ 122, CEPE 2006 ]
[ 154, Nordic Council of Ministers 2016 ][ 155, TWG 2016 ]

4.4.3.3 (Ultra-)High-pressure ((U)HP) water jetting or blasting

Description
(U)HP blasting is a dustless surface treatment method using extremely high-pressure water.
There are also options with or without an abrasive.

Technical description

There are several techniques categorised according to the water pressure used: low-pressure
water cleaning (< 340 bar), high-pressure water cleaning (340-700 bar), high-pressure water
jetting (> 700 bar), ultra-high-pressure water jetting (>2 000 bar). By varying the water
pressure, single layers of coat or the entire coat system can be removed. (U)HP blasting is a
dustless surface treatment method using extremely high-pressure water and no abrasive. There
are also methods that combine the use of water with an abrasive.

One advantage of (U)HP blasting is that water penetrates deep into the metal pores, allowing an
efficient removal of chlorides, much more so than in dry blasting. Also, poorly adhering coating
is efficiently removed in (U)HP blasting since water forces its way through and under the
coating, breaking the bond and shearing it off.

Achieved environmental benefits

(U)HP blasting has several environmental advantages. In most cases, no abrasives are used and
dust formed of paint residues is bound in water, which minimises dust emissions and waste
generation. Only paint waste needs to be collected and disposed of safely. The amount of waste
material to be disposed of is kept low.

Generally, noise is comparable to traditional dry blasting methods, whereas in advanced models
noise is efficiently reduced by vacuum or use of a box around the spear head.
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Source: [ 154, Nordic Council of Ministers 2016 ]

Figure 4.3: Box around the spear head in some more advanced robot models

Environmental performance and operational data

(U)HP blasting is generally considered a fast method compared to traditional dry blasting.
Treatment efficiency for (U)HP blasting can be 20-30 m*h up to 350 m*h depending on the
model. Estimates vary a lot and depend on various site-specific factors and thus can only be
considered indicative.

In advanced (U)HP models, the work is carried out remotely. The nozzle is attached to the work
surface by vacuum, which at the same time sucks off the removed waste material and waste
water. The waste water is treated before discharge or it can be filtered and reused and the sludge
can be collected in bags.

The nozzle can furthermore be encapsulated in a box, which further reduces the noise. Use of a
robot also minimises the health and safety risks of blasting. This is also an important issue since
conditions can be extreme outdoors and in confined spaces such as inside tanks. Shipyard
employees are at an increased risk of exposure to toxic dusts, high noise levels, and a range of
other health and safety hazards. Also, if (U)HP blasting is used manually, specific safety
clothing is needed because of the extremely high pressure.

Emissions are very much case-specific.

Specific water consumption is small, typically less than 0.06 m*/m? of treated surface. When
using a robot, the waste water may also be collected directly in tanks. In some models, water
can be collected, filtered and reused, which also means easy separation of waste for controlled
disposal.

Cross-media effects
Paint waste which may contain removed antifouling or lead or chromium pigments from older
coatings requires collection and managed disposal.

Technical considerations relevant for applicability
(U)HP blasting may not be applicable in cold climatic conditions, or due to surface
specifications (e.g. new surfaces, spot blasting).

UHP blasting and other wet blasting methods are replacing traditional dry blasting techniques as
technical tools for UHP water jetting are becoming more economical and adapted to the
multitude of applications needed (e.g. ship-shaped areas, spot blasting, existent paint edge
feathering).
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The efficiency of UHP blasting varies case by case, as demonstrated by a comprehensive study
carried out by a Finnish shipyard to compare UHP and traditional blasting methods which has
ended up using UHP blasting (see (Peled 2013) in [ 154, Nordic Council of Ministers 2016 ]).

(U)HP blasting is not suitable for all services and conditions. (U)HP water blasting is not
applicable in cold climatic conditions, below -5 °C. Furthermore, (U)HP blasting does not
create the same rough surface as dry blasting methods, which is necessary for the adequate
adherence of some coating systems. Therefore, the technology is generally not applicable for
new surfaces. The applicability of (U)HP blasting together with a specific coating needs to be
verified with the paint supplier and usually it must also be approved by the client.

Current (U)HP blasting equipment nozzles are not small enough to allow proper execution of
‘spot blasting” and to be carried with handheld devices [PT comment #32 in
[212, TWG 2018 ]]. The robotic versions currently on the market, on the other hand, are not
versatile enough to be applicable for the sometimes small vessels and limited surface areas to be
blasted [ 154, Nordic Council of Ministers 2016 ].

Economics

The disadvantage of (U)HP blasting is higher investment and maintenance costs compared to
traditional methods (investment costs and maintenance costs are double or more than those of
traditional methods). Many case-dependent factors affect the overall costs, labour time, waste
management costs, etc. In particular, waste management costs can be significantly higher in dry
blasting than in (U)HP blasting. The amount of waste material to be disposed of is very low
compared to conventional techniques. The consumption of blasting media and the generation of
waste with other blasting techniques is higher than when using (U)HP blasting. Waste
management costs can vary from tens of euros per tonne up to hundreds of euros per tonne
depending on whether the waste can be recovered as material or needs to be disposed of as
hazardous waste [ 154, Nordic Council of Ministers 2016 ]. When using water as a blasting
medium, other costs should be considered: primary treatment of the water to be used for
blasting (conductivity and chloride content requirements), containment and waste water
treatment for reuse of waste water, costs with fresh water supply and waste water treatment
[SEA SMRC comment #61 in [ 212, TWG 2018 ]].

Driving force for implementation
Legislation controlling dust emissions in the environment and health and safety in the
workplace.

Example plants
Widely used. Plants #075 and #076 (preferred option) in [ 155, TWG 2016 ].
Den-Jet, Denmark and Hammelmann / Hammeli Oy, Finland.

Reference literature
[ 5, DFIU et al. 2002 1 [ 38, TWG 2004 ][ 78, TWG 2005 ] [ 122, CEPE 2006 ]
[ 154, Nordic Council of Ministers 2016 ][ 155, TWG 2016 ][ 212, TWG 2018 ]

4434 Stripping of coatings by induction heating

Description
An inductor head is moved over the surface, causing localised fast heating of the steel to lift old
coatings.

Technical description

An inductor head is moved over the steel surface, transferring high-frequency electric currents
to steel, creating a localised, controlled fast heating of the steel. This results in rapid disbanding
of coatings of up to 20-25 mm. The induction head is mounted on an electrically driven semi-
robotic platform.
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Achieved environmental benefits

. No dust emissions.

o Lower noise emissions.

o Reduced energy costs.

o Reduced waste quantities and the waste produced is more easily managed.

. Reduced waste water emissions, as waste is easily gathered without contacting water.

Environmental performance and operational data

The removed coating peels in strips with minimal production of dust and noise, reducing
environmental emissions and the need for protective gear, particularly in closed environments
such as tanks.

The system can operate on curved and vertical surfaces. It operates with higher stripping rates
than blasting, and lower energy costs. Less downtime and fewer operator hours are required.

New coatings can often be applied directly to the cleaned surface with no further preparation.
Other work such as maintenance and inspection can be carried out at the same time.

The system was developed for the cleaning and recoating of tanks, which is also carried out for
tankers in ship repair yards and is entirely compatible with cleaning.

Technical considerations relevant to applicability
The system requires a minimum steel thickness of 5 mm to prevent damage to the internal
(backside) coating or insulation materials.

It may also not be applicable for surfaces with components sensitive to induction heating like
insulation on the back side of the steel (flammable or heat-sensitive), or in the vicinity of
equipment sensitive to electrical equipment [SEA SMRC comment #64 in [ 212, TWG 2018 ]].

Driving force for implementation

o Speed of coating removal.
. Lower energy costs.
] Lower waste management costs.

Example plants

o Removal of anti-skid deck coating, USS Nimitz.
o Oresund Drydocks, Landskrona, Sweden — (Repair Shipyards).
o Repsol Petronor Refinery, Bilbao.

Reference literature
[212. TWG 2018 ][ 203, Gabe et al. 2016 ]

4.4.3.5 Underwater hull and propeller cleaning system

Description
Underwater cleaning system using water pressure and rotating polypropylene brushes.

Technical description

Cleaning and maintenance of the hull and propellers of ships and vessels is carried out under
water. The cleaning system is in most cases operated by water pressure and rotating
polypropylene brushes. The equipment is able to remove marine fouling and reactivate the
existing antifouling system applied to the ship hull when previously painted.
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The system consists of a hull cleaning machine with curtains preventing pollutants from
escaping a filter system. The system is operated by a diver using a mounted video camera and
lights to document the results. The vacuum allows the cleaning machine to be kept tight to the
treated surface (hydraulic pressure is 10 bar/l1 000 1 per minute in one application). The
equipment works with water pressure. It sucks the removed marine fouling and used water
through a filter arrangement before discharging them to the sea.

Seawater is used to develop the pressure. The machine is supplied with a hose to collect the
waste water for treatment.

The filter system has changeable filters suitable for the paints and marine fouling system.
Before any operations are launched, a dye trace test is completed to ensure the pressure is
working and the water is sucked to the waste water treatment system. The brushed-off fouling
will be retained in the filter bags, while the cleaned water flows back into the sea.

When the filters are replaced, the used filter bags are kept in waterproof containers. When the
hull cleaning is completed, the filter bags will be delivered to the local waste handling plant.
The waste handling plant will receive information about the fouling and a copy of the vessel’s
antifouling certificate, enabling the treatment plant to dispose of the filter bags according to the
applied environmental regulation.

The equipment contains a number of brushes (often two or three) designed for the job, the
fouling to be removed and the paint system applied. The pressure and the water flow direction
can be changed.

Achieved environmental benefits

The hull cleaning technology will reduce the need for and the frequency of blasting of ships,
saving water, energy and reducing potential emissions to the environment by traditional blasting
methods.

All hull cleaning machines are water-driven and therefore there is no risk of oil spills as may
occur during treatment with oil hydraulic machines.

Environmental performance and operational data
See Technical description above.

Technical considerations relevant to applicability
The methods can be applied to all kinds of ships and both sides of the ships can be treated with
the same equipment. Not applicable for ships in full dry dock.

Economics
The operating cost is USD 3.5 per m* (2018 data) for light to medium fouling, including
collection of waste materials.

Reference literature
[ 154. Nordic Council of Ministers 2016 ]

4.4.4 Material-based techniques (substitution)

In general, the client specifies the coat systems to be used. The specification is also influenced
by the warranty conditions of the coat. The yards have no influence on the coating system to be
applied.
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4441 Water-based coatings

Description
For a general description, see Section 17.7.2.2.

Achieved environmental benefits
Reduced VOC emissions.

Environmental performance and operational data

Longer drying times are required, although these can be shortened with good ventilation and, in
some cases, heating. There are problems in application at low temperatures. Generally, the dry
film thicknesses are lower on application.

Cross-media effects
Extra energy consumption if forced ventilation or heating is applied.

Technical considerations relevant to applicability

Water-based coats are available for some specific applications. Currently, water-based coats
are the only viable alternatives to reduce VOCs in ship primers. For internal areas, solvent-free
coatings are also available.

