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Preface

PREFACE

1. Status of this document

Unless otherwise stated, referencesdtee Directivéd in this documentrefer to Directive
2010/75/EU of the European Parliament afidhe Council on industriadmissions (integrated
pollution prevention and control) (Recast).

This document is a working draft of the European IPPC Bureau (of the Comréasdmnt
Research Centre). It is not an official publication of the European Union and does not
necessarily iéect the position of the European Commission

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 represestitira Member
States, the industries concerned and-g@vernmental 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/Bd 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 thgereral environmeral issues for theector

Chapters 2 to 16 provide the information given below on specific sectors (i.e. vehicle coating,
coating ofothermetaland plasticsurfaces, coating of ships and yachts, coating of aircraft, coil
coating industries, manufacturingf adhesive tapes, coating of textiles, foils and paper,
manufacturing of winding wire, coating and printing of metal packaging, heatset offset web
printing, flexography and nepublication rotogravure, publicationrotogravure, coating of
woocken surfacespreservationof wood and wood products with chemigafsanufacturing of
mirrors and coated abrasives), using the following structure (X is the chapter number):

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

I Section X.2 provides information @pplied processes and techniques.

I Section X.3 provides data and information concerning the environmental performance of
installations within the sectoand in operation at the time of writiniiy terms of current
emissions, consumption and nature of raaterials, and use of energy.

i 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. Thisormation 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 technigues that are used across most aettters of the STS activityt describes in

more detail the techniques to prevent or, where this is not practicable, to reduce the
environmental impact of installations in this sector that were considered in determining the
BAT. This information includeswhere relevant, the environmental performance levels (e.qg.
emission and consumption levels) which can be achieved by using the techniques, the
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associated monitoring and the costs and the enesia issues associated with the techniques.
The WPCrelevanttechniques are described in Section 15.4.

Chapter 18 presents the BAT conclusions as defined in Article 3(12) of the Directive, both
general and sect@pecific for the two activitiesovered

Chapter 19 presentaformation onéemerging techniquédor the STSand WPCactivities as
defined in Article 3(14) of the Directive

Chapter 20 contains the concluding remakd recommendations for future work

Chapter 21 contagthe Annexes with valuable information not fitted into other chapters

4, Inform ation sourcesand 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. Thénformation 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 dlother contributors is gratefully acknowledged.

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

1 identification of the key environmental issues for the STS and Wiidties

1 examination of the teclioues most relevant to address these key issues;

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

1 examination of the conditions under which these environmental perfornerale were
achieved, such as costs, crosadia effects, and the main driving forces involved in the
implementation of the techniques;

9 selection of the best available techniques (BAT), their associated emission levels (and other
environmental performandevels) and the associated monitoring for this sector according
to Article 3(10) of, and Annex lll 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 infornmetiopresented here.

Where available, economic data have been given together with the descriptions of the
techniques presented tine Techniques to consider in the determination of BAdtions These

data give a rough indication of the magnitude of ¢bets and benefits. However, the actual
costs and benefits of applying a technigue 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, condions 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 andechniques 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
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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: JRGB5-EIPPCB@ec.europa.eu
Internet:http://eippcb.jrc.ec.europa.eu
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Scope

SCOPE

This BAT referencedocument(BREF) covers the following activities specified in Annex | to
Directive 20D/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 consuimptcapacity 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 73n° per day other than exclusively treating against sapstain.

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

This document also cover

1 the combined treatmemif 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 | to
Directive 2010/75/EU and that the waste water treatment is not covered by Directive
91/271/EEC.

For the STS activity, thiBREFdoes not address the following:

1 Waterproofing of textiles by means other thha use ofi solventbasedcontinuous film
This may be covered by the BREF for the textiles industry (TXT).

| Printing; sizing and impregnation ¢éxtiles. This may be covered by the BREF for the

textiles industry(TXT).

Laminationof woodbased panels

Conversion of rubber

Manufactumg of coating mixturesyarnishespaints, inks semiconductorsadhesive®r

pharmaceutical products.

1 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.

=a —a =9

The sections othis document referring to the WPC activities cover the following processes and
activities (if at least one of the relevant threshold€ib Annex |, 6.7 or 6.10 is exceeded):

1 the preservation of wood and wood products using wWateed preservatives, geht
based preservatives and creosote;

1 blue stain treatment for lortigrm protection of woodndwood products in service (e.g.
window frame production);

1 preservation of wood and wood produgsingthe supercritical C@process.

For the WPC activity,his BREF does not addredke following:
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Scope

A Chemiczl modification and hydrophobisation (e.g. using resins) of wood and wood
products.

A Sapstain treatmensf wood and wood produgtas no information was submitted and none of
the plants that took part in tlgata collection apglsapstain treatment assated with the
WPC activities.

A Ammonia treatmeraf wood and wood products.

A On-site combustion plants, as only one plant reported direct drying, but no information was
submitted These may beovered by thdBREF for large combustion plants (LCRY by
Directive 2015/2193/EU

Other eference documents whidould be relevant for theactivities coveredby this BREF are
the following

Economics and Croddedia 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).

=4 =4 =8 =8 -4 -4 -1

The scope of the BREF does not include matters that sance

1 off -site transport of raw materials or finished products;
1 the quality assurance of products produced;
1 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 b products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.

Al though chemical wood modification and hydrophobi sat

preservation with chemical s éoff meeting notl td/CGovec these | uded

activities in this BREF as at that time the number of planthénEU was considered too small to
justify its inclusion as a sector and, additionally, the capacity of the these installations was believed
to be below the IED Annexadctivity 6.10 threshold. However, impregnation with hydrophobisation
agents such aslsj waxes or silicon compounds for waterproofing is covered in this BREF.
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Chapter 1

1 GENERAL | NFOROMNATIURF-FACE TREATMENT
USIT NDORGANBOLVENTS

[78, TWG, 2005]

Where this document refers to solvents, it means organic solvents (unless further clarification is
given such aévaterbased etc.).

1.1 Organic solvents and surface treatment

Organic solvents ardargely derived from the petroleum ingiry and made by established
producergalthough there are alternatives, such as vegetable oil egteial of 5.1 million
tonnes of solvents are sold and used in Euoopan annual basj263, ESIG 2019 &and by far

the largest demand for solverfebout 46% for oxygenated and hydrocarbon onemnes from
the paint and coatings indus{seeFigurel.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%

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

Source[ 263, ESIG 2019 ]

Figure 1.1: End uses of solvents in EW ember States

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

I oxygenated solvents: this includes esters, ketones, alcohols and glycol ethers (and their
acetate derivatives);
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1 hydrocarbon solvents: aromatic (e.g. toluene, xylene), aliphatic and paraffinic hydrocarbon
solvents;
9 chlorinated solvents (not included in these statistics).

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 turno#dR# billion, with about
EUR 28 million being directedto R&D projects The total number of direct employees in
Europe is estimated twe 7 500[ 263, ESIG 2019.]

Solvent usage involves about dfllion jobs in more than 50000 companies in thEU-25
(2005 data) most of which are SMEs representing a global turnover of about EURIIROO
[78, TWG, 2005]

In this IED sector, the industries described use solvimta wide range of activities. They are

used in cleaning the surfaces to be treaiedithe process equipmeas well assa carrier for

the treatment (such as ink, paint, preservative, insulation, adhesive). The industries themselves
use the treatmesfor one or a combination of

communication (printing);

decoration;

prevention of corrosion and/or deaafysurface or product;

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

1 the applicabn of a layer with a special function (e.g. electrical insulation, abrasion,
adhesion).

=A =4 -4 =4
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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 stéstratessuch as

for automotive bodies, ships, aircraft and construction materials, as well as providing means of
preserving and delivering food and other products in pacfagime 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 solvetitsir potential impact on the health and safety of
workers and theioften 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 sprayingnd sanding. The extraction amnchere 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 processeslin endof-pipe waste gas dekction and treatment.

The following issues are crucial:

T minimisation of the consumption of raw materials and energy;

I minimisation of emissions by process design, management and maintenanceoéngalsy
treatment;

9 assuring chemical safety and preventibenvironmental accidents.

The measures to achieve better environmental performance are frequently complex and have to
be assessed in respetitheir potential impacts on workplace health and safety, on the quality

of the product and other processasthe 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 ax-@igke abatement techniques.

Sophisticated process control and treatment technigues play an important part in achieving
improved environmental performance. However, competent operation, regular mainménce

a desire for improvemerare as essential as the choice of technolpgygicularly in reducing

fugitive and untreated emissions of VOQOmportant considerations therefore include good
management and working practices, good process and site design, education of the workforce
on environmental and process performance, workplafetysand accident prevention, and
finally, monitoring of the process and environmental performance.

1.2.2 Solvents
The following definitions are giveim the IEDand are considerad the context ofthis BREF:

A. 6 manic solvert 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 disslontaminants;

(c) as a dissolver;

(d) as a dispersion medium;

(e) as a viscosity adjuster;

(f) as a surface tension adjuster;

(g) as a plasticiser;
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(h) as a preservatiye

B. 6 ofatile organic compour@ineans any organic compouas well as the fractioof creosote,
having at293.15 K avapour pressure of @1 kPa or more, or having a corresponding volatility
under the particular conditions of use.

Different definitions are given at other pieces of legislation or regiséershown by the
examples below

In Directive 2004/42/CE (&he Paints Directivé), 6 elatile organic compound (VO8)mears
any organic compound having an initial boiling point less than or equal tC26@asured at a
standard pressure of 101.3 kPa.

In the E-PRTR, emissions ofNMVOC (nornrmethane volatile organic compounds) are
considered. NMVOC are defined in Directive (EU) 2016/228%all organic compounds other

than methane that are capable of producing photochemical oxidants by reaction with nitrogen
oxides in the presenaé sunlight.

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

1 VOCs react with N@ in the presence of sunlight to form ozone in the troposphere. This
usually refers to NMVOC (hemethane volatile organi&olvents).

9 Halogenated solventare toxic and have animpact on reducing ozone in tHewer

stratosphere.

Some solvents are toxic to aquatic organisms.

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 saoil

to groundwater, where there are limited or no mechanisms for their remdwaaidown.

There are numerous reports of aquifers used for drinking water being contaminated by

solvents (although not necessarily from these industries).

=A =4

Surface treatment using solvents wasdeeondargest source of VOC emissions from 28
industries in 208, according tahe E-PRTR, sed-igurel.2 [207, EEA, 2019]

The E-PRTR contains data from sites with NMVOC emissiaf®ve 100tonnes per year.
Therefore there isa risk tha a number of IED installations (with a solvent consumption
capacityof more thar200tonnes per year or 15Kg per hour) will not have reportedlthough

not a perfect match, this fitglativelywell for some STS sectors, ewith the group of vehicle
coating installations falling under the IED 280tonnes per year solvent consumption).
ThereforeE-PRTR data can be considered to give a rough estimate of the environmental impact
of the STS activities regulated by the IED

2 Directive 2004/42/CE of the European Parliament ainthe Council of 21 April 2004 on the limitation
of emissions of volatile organic compounds due to the use of organic sdlverxggain paints and
varnishes and vehicle refinishing products and amending Directive 1999/13/EC

3 The European Pollutant Release and Transfer RegisRR{ER) (prtr.eea.europa.eu)

* Directive (EU) 2016/2284 of the European Parliamet and of the Qonint# 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
management, 3,210, 1%

6 Paperand wood production
processing, 34,594 , 8%

4 Chemical industry, 72,232, 16%

3 Mineral industry, 51,253 , 1.

Other, 79,814 , 18%
2 Production and processing g
metals, 20,854 , 5%

8 Animal and vegetableproducts
from the food and beverage
sector, 16,531 ,4%

9.(c) surface treatment of
substances objects or products
usingorganicsolvents, 78,371,

18%

9.(a) Pretreatment or dyeing of
fibresortextiles, 131,0%

9.(b) Tanning of hides and skins,
318 ,0%

9.(d) Production of carbon or electro-
graphitethrough incineration or
graphitization, 107 ,0%

9.(e) Building of painting or removal
of paint from ships, 887, 0%

N

1 Energy sector, 155,024 , 36%

NB: Values in tonnes
Data retrieved on 8.2.2019.
Source[207, EEA, 209]

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

1221 CMR solvents

The IED requires the replacement of substances or mixtures wkechuse of theivOC
contenf 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 wthyurethane (PU) and
in solvent mixtures when coating with polyvinylchloride (PVC) and this is discussed in
ChaptesB.

1.2.3 Dust
This arise from sone of the processes (such as sanding wood and other substrates) and
liquid paint particlegrom spray coating process@mint overspray)

1.2.4 NOx and CO

NOyx and CO emissions occur from thernadf-gas treatment techniquasd sometimesrom
dryers They cannot be eliminateghsilyand in the STS industries thgeneratioris controlled

by correct design of theff-gas treatment systems including i@y burners and optimisation
of the operating condition®Vhen adjusting theff-gas treatmensystems, a balance must be
found between VOC abatement efficiency, energy consumption and the prelatsd
formation of secondary pollutants N@nd CO, especially as there is a reverse temperature
concentration dependence of fénd CQO[169, VDI 2013.

1.25 Metals

Toxic metals such as cadmiutead, chromium and nickel are often referred to as occurring in
waterbased pretreatment and pigments for inks and paint. However, these have long been
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controlled by legislation such &egulation (EC) No 1907/26QREACH) [47, EU 2006] the
Endof-Life Vehicles Directiveg]52, COM, 20004nd the Directive on the restriction of the use
of certain hazardous substances in electiéral electronic equipmerf$3, COM, 2003] etc.
Cadmium and lead are not usedargescale 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 maé surfaces, to improve corrosion resistance and paint adhesion.

Waterbasedconversion coatingen zinc or zinalloy or phosphatedurfaces prior to painting
was a widespread use of hexavalent chromi@n(\1)). This is discussed in the STM BREF
[23, COM, 2006] together with its replacementds a result of the Endf-Life Vehicles
Directive’, the use of Cr(VI) has ceased in vehicle coatings.

Cr(VI) substances used in conversion coatimgda sunset date under the REACH Regulation
[47, EU2006] of 21 September 2017 ands they are listed as Annex XIV substanced
require specific authorisation for each use.

Therewasa REACH sunset date @2 Jaruary 2019 for various GWI) substances potentially
used in paint pigments, some having slighlubility in water.Until October 2017therewere
applications from about 10 manufacturers for CAS number-B68® (strontium chromate) for
use in aerospsace coatings and one for CAS 18&EB (potassium hydroxyocta
oxodizincatedichromatddr unspecified use in primers, sealers and coatings.

Until 12.10.2017only 4 authorisations libeen granted to 9 different applications of chromic
acid (CKVI)) for surface treatmenA total of 21 applications were still pending for approval.
Until October 2017 authorisation hé been granted to briglthrome 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 cbaénts used

in harsh environmesf{(for aviation, automotive industry, power stations).

Until October 2017therewas no authorisation for passivation of standard metal compsnent
before coating. For this applicatioseveral alternatives are available with different chemistry
(including chemicalssuchas: zirconium, titanium, fluoride, sulphuric acid, phosphoric acid,
nitric acid, silanes). Thee new processemay resultin a different wastevater composition
where ng treatment processes and wataving methodmay berequired.

For the staus of authorisations applieut granted, the readér invited tocheck the website of
the European Chemical Agenfscha.europa.@and theEuropeanCommissiois REACH web
page(ec.europa.eu/environment/chemicals/reach/reach_en.htm

Dibutyl tin oxideis used as a catalyst in electrocoat paint systenaing vehicles and other
metal surfaces.

Small amounts of copper are used in copper phthalocyanine blue pigments for itkey bre
not waterbased.The copperin 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 Decefther 20
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 2488 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, p850.

® Commission Directive (EU) 2017/2096 of 15 November 2017 amending Annex Il to Directive
2000/53/EC of thé&uropean Parliament and of the Council on-efitife vehicles.
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1.2.6 Other pollutants

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

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

Ammonia is used as a stabiliser in some wht=ed solutions.

1.2.7 Energy

All the industries are significant users of energy throughout the activities: in the surface
treatment processes, in associatdivities, and in the pollution abatement equipment.
Significant amounts of energy are used to extract seh@miaminated air, angaturalgas may

be used as a support fuel for thermal destruction of VOCs at low concentrations. The balance of
energy usge and VOC abatemenaind if possible energy recoverynust be carefully
considered. In many cases, integrated solutions, such as better control of fugitive emissions and
planned maintenance may abate significantly more §@Ca more energgfficient way than
solutions based ooff-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 héfficiency application techniques awdating
materialswith a high solids to solvent ratio

1.2.9 Water usage

Water is used in cooling and in other processes, in particular-baded pretreatments and
coatings. Minimising water consumption is important dadtherefore dealt with in this

doaument and in the STM BREF.

Important wateibased pollutants for this sector are highlighted in Sedti21&

1.2.10 Solid and liguid wastes

Where solvents are used, the wastes generated may often be classified as ha&@steus.
management and monitoring as well as techniques for the minimisation of waste generation are
alsodiscussed.

1.2.11 Odour emissions

Many processes using solvent have adoacts / odour nuisance.
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Chapter 2

2 COATI NG OF VEHI CLES

2.1  General information on the coating of vehicles
[142, ACEA, 2016] [146, ACEA, 28| [170, OICA, 2017] [200, ACEA, 2016]

211 General

This section (2.1) gives a general introductiorthe largescale coating of the vehicle types in
Table 2.1 as clasdied by the automotive industfil46, ACEA, 20B]. Not included in these
data and also not covered in Chaffere the coating of motorcycles, trailers, agricultural and
construction equipment (these are covered if aboviEddhreshold in Chapted).

Table2.1:  Vehicle types

L . Type Approval Terms used in this
Abbreviation Vehicle type Category’ chapter
PC Passengetar s ( O 9 M1 PC, cars

Light commercialvehicles up to
1 3.5t, also called 'vansSee
Lev() Section2.2.4for more details on the N1 vans
definition of vans
MHCV Medium ancheavycommercial Trucks
vehicles over 3.5 t, also called N2 and N3 CV: truck chassis,
(orcv) otrucks?o CAB: truck cabins
BC Buses an@oaches over 3.5 t and M2 and M3 Buses
> 8 seats

(1) Some LCVs (N1) are cdrased and use similar paint processes to M1 and may be prddgedter withM1
bodiesin the samglant
#The Type Approval Directive: Directive 2007/46/EC establishing a framework for the approval of motor v
and their trailers, and of systems, components and separate technical units intended for such vehicles.

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 whic@are
covered bypoint 6.7 of Annex | to the IED (seeTable 2.2). In some of the large vehicle
manufacturing sites, in addition to vehicle coating, other painting activities are undertaken such
as enginebumper or wheel rim painting. These activities are covered in ChaipBmating of
othermetaland plasticsurfaces

" Figure from ACEA initial position information, 201&hd updated informatigr2018.
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Table 2.2:  a) Motor vehicle production sites in theEU (2015data), b) Motor vehicle paint shops
above the capacity threshold of activity 6.7 of Annex | tdhe IED in the EU (2015
data)

: . ... | b) Motor vehicle paint shops above the
a) Motor vehuilkv]aepé%ductlon sites In capacity threshold of activity 6.7 of
Country Annex | to the IED
pc | Lev | MHev | Be |0 pe [vans| TUck | TIUCK g cod Total
chassig cabins
Germany 24 5 4 2 41 | 21| 2 3 2 2 30
France 12 7 7 3 33| 9 3 - 1 - 13
United 19 | 1 2 | 4a|33|s| 1| 1 -l - ] 10
Kingdom
Italy 10 5 3 1 23 | 4 2 1 - 7
Spain 9 5 2 1 141 9 1 1 3 1 15
Sweden 3 - 2 2 9 1 - - 2 - 3
Belgium 3 - 4 2 8 2 - - 1 - 3
Czech Republi| 4 - 1 2 8 | 4 - - - 1 5
Other MS 20 4 11 9 62 (12| 1 2 2 17
5‘;{8266‘” 104 | 27 | 36 |26|221|70| 10| 7 12 | 4 | 103
Sourcea) [171, ACEA, 2016]b)[ 212, TWG 2018 Lipdated data from ACEA

2.1.3 Geographic distribution

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

Table 2.3:  Production of motor vehicles in the EU in 2014vehicles/yea}
Country PC LCV MHCV BC Total Share
Germany 5604026 174966 121755 6801 59007548 34 %
Spain 1898342 477097 27539 1095 2402978 14%
France 1499464 274915 43396 3689 1821464 11%
United Kingdom 1528148 55294 12610 2827 1598879 9%
Czech Republic 1128473 0 821 3893 1133187 7%
Other MS 3721088 424922 126170 | 17499 | 4289679 25%
European Union 15379541 | 1407193 | 332292 | 34709 | 17153735 | 100%
NB: Datafor commercial vehicles are estimated to compensate for data gaps in the OICA statistics
Source [170, OICA, 2017]
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214 Economic significance

The automobile industry is one of the major manufacturing industrieBumope and of
international importance. It makes significant contributions to the EU economy in terms of GDP
and trade balance, employmgntustrial 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

Global production (2017) Global registrations (2017) EU employment (2016) Con(t;ré)bpu?z%q ;‘)’ EU

NB: Data for EU total GDRiretaken from World Bank (https://data.worldbank.org/region/eurofueéon).
Sources[145, ACEA, 2019] [146, ACEA, 2018]

Figure 2.1: European automotive industry economic data

138.6
billion € 90.3
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 sectormilisn
employed in direct manufacturing an® @illion employedin indirect manufacturing146,
ACEA, 2018]

R&D investment

The EU is the worlé largest investor in automotive R&D and the automotive sector is the
EUG biggest private investor in R&D, with EUS3.8billion invested in 20@& (seeFigure2.3)

[146, ACEA, 2018]

GCA/GCH/GK/EIPPCB/STS_Final _Draft July 2019 11



Chapter 2

R&D shares of sectors in the EU %SHARE / 2016

Health care .
3% equipment & services

Chemicals

Banks

Automobiles & parts

Software &
computer services
Aerospace
& defense
Industrial
) cdineering -
Electronic
& electrical
equipment ,
Pharmaceuticals
& biotechnology m
Technology
hardware
& equipment
aup Other industries 17%

SOURCE: THE 2017 EU INDUSTRIAL R&D INVESTMENT SCOREBOARD, EUROPEAN COMMISSION

Source [146, ACEA, 208]

Figure 2.3: EU industrial R&D spend, 2016

Investmenteconomics

Investment costs for a new passenger car paint shop range betweetb@tdiion and
EUR500million. Investment cycles are therefore a key factor for vehicle manufacturers. The
optimal time to make environmental investments is when the rerdwegjuipment 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 occureafthe 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 th 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 mucht@spscific requirements (greenfield,
space constraintfrownfield), 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 sy booths / technical equipment or the extension of existing lines with
additional equipment (such as waste air treatment systems)%st8040% more expensive
compared to greenfield projects.

On existing sitesthe implementation of a new paint shopll voften 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 ingtdion of the equipment
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2.1.5 Key environmental issues
2151 Water consumption
Longterm strategies for reducing water consumption (including minimisation and recycling)

reduced the totdhverage consumption of water per caB86y8% betveen 208 and 20%X. This
includes the application of recirculation strategies.

Water used in production 2008 - 2017
Water total (million m?/year) Car production trend @ Water per unit produced (m?/car)

80 55

75 50

70 -30.8% 45

65
60

40
35
55 30
50 2.5

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source [146,ACEA, 2018]

Figure 2.4: Water used in car production

Prior to painting, bodies and body componentwliite® are cleaned by aqueceakkali 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 casedpads of zinc and nickel, as well as phosphate and fluoride from the same
processes, exceed thePRTR reporting threshol#s This may bedue to relatively high flow
volumes (of the order of 20W00m® a year) multigled by low concentratiorvalues (usually

well below ELVS).

2.15.2 Energy consumption

The complexity of cars has increased significantly, whichhaakan effect on energy demand.
Nevertheless, the industry has reduced the energy consumed per cabdogver the last
decade. Of thispaint shopsaccount forabout 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 yeaFsggee2.5.

® 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.

° Body in whitédrefers to the bare metal body.

1 Thresholds for release to water bodies ransfers 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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Energy consumption during production 2008 - 2017
Energy total (million MWh/year) Car production trend Energy per unit produced (MWh/car)
43 29
42 2.7
1 . 25
40 23
39 21
38 19
37 1.7
36 15
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source [146, ACEA, 208]

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 shodsigure 2.6shows the evolution of VOC emissions per

car produced and the total emissions of all car manufacturers camiiiit new technologies,

such as the replacement of solvbased paints with solvefitee or waterbased equivalentsr

more efficient solvenbased technologieand the installation of additionalff-gas treatment

units, manufactures have reduced uréimissions by21% per car over the last 10 years. This is
likely to have been influenced by the implementation ofS3bkvent Emissions DirectiveSED)

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“4 . I _ 27
42 . 25
40 23
38 21
36 19
3 1.7
32 15
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, whileaR® CO are emitted as

combustion products of thermafif-gas treatments (s@able2.4).

Table 2.4:  Air pollutants other than VOC sfrom passenger car paint shops compared with E\28

EMEP data
Specific emission Total emission | - se EMEP | Paint shop
from passenger car | from all paint
Pollutant paint shops shops data share
0
[kg/vehicle] [maiyr] [Galyr] [%]
PM(dusty 0.03 440# 1934 0.025
NOy as NQ 0.11 1610 8459 0.019
CO 0.10 1460 22046 0.007

* Paint shop emissions ameasured and reported as TPM (total dust), EMEP data are figures fgr
From particle size measurements of paint oversiitré&/known that paint shop dust is nearly 200 M.

# Alternatively, a calculation based on estimates on painted surface, coat layer thickness,

efficiencies and an assumed efficiency of diffegas treatment system of 98 resultsin annual emission
of 1 300mg/yr paint particles. Even with thedgdres the contribution of paint shop emissions to the EN
EU 28 data isvell below Q1 %.

Source [142, ACEA, 2016] p.109
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2.155 Waste generation

Figure 2.7 shows the trend in wastgeneratiorfor the complete caproduction proces@ote:

specific data omvaste generatioftom the coating activities are presented in the dagettion
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 absolutepandinit terms, can be explained

by the occurrence of singular events, such as a fall in total production during the economic
crisis.

Note that the datahown in the figure belowefer to the waste production for the entire car
productionprocessand 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

1.2

1.0

0.8 50

2008 2009 2010 201 2012 2013 2014 2015 2016 2017

*excluding scrap metal and demolition waste

Source [146, ACEA, 201]

Figure 2.7: Wastegenerationfrom 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, trueims and chassis 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 techniqu@se 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 importarforagars, 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 critefihese differences are explained in
separate sections for vaniSection2.2.4, truck chassis (Section2.2.5, truck cabins
(Section2.2.9 and buse$Section2.2.7).

2.2.2 Overview of paint shop investment, design and operation

Each manufacturer has its own compaoybrandspecific 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 expsctatd legal requirements
including environmental issues.

These factors all influence tiieompany philosophiésabout 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 Secti@rl.4 The choice of paint systems and paimop type are crucial to

the reduction of VOC emissions and energy usage and aret@ fByear commitment. While

some retrofitting and updating of technologies may be carried out, this has a more limited effect
on emissions and consumption.

Vehicle mint shops can be seen as belonging to tlfiaeiliesd (see Sectior.2.3.§. The
decision to invest in a particular family is irreversible until a paint shogbisilt. Note that not

all techniques can be combined and not all techniques are interchangeable, as the choice of
compatible techniques limited within a particular family.

Vehicle manufacturers with installations of this size are large companies r@adr{pnantly)
multinational or part of multinational groups. Such companies have-deedloped
management systems to balance and integrate the competing objectives outlined above. Those
that may have the most significant impacts on consumption and emsiésim production are:

A capital and business planning;
A operational management including quality systems and maintenance;
A 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 dasareed (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 witlkstatons for body
preparation, inspection sections, body and material storage areas, ventilation equipment, paint
overspray scrubber¥/OC abatement systemand staff and maintenance aremsinstallation

with one paint shop linwith a capacity of 30 units per hostretches over several floors with a

total area of 7@00m* to 100000nY. The total line length of these different production
segments is about 1kBn. The estimated investment costs for a new paint shop of this size are
betweenEUR 150million 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 & and 90 m per subprocess. In order to implement such a spray booth,
a free building height under truss atfleastl4 m is required to accommodate the key elements

of the booth ¢verspray scrubber, application zonéth service and technical cabinet asead
plenum).

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

Section2.1.7). Some N1 vehicle¢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: Examplesof 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 unloadedspecially designed logistics areas with chemiealstant flooring

and/or technical equipment for the retention of leaked liqugilerage rooms anthe 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 routine®Vaste materials will also be seal 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:

1 Longterm protection against corrosion, weather, chemical influence (e.g. bird drepping
acid rain), chipping, sun, abrasion in car wasBegly warranties have now increased from
10 to 15 years.

1 Ideal optical surface properties: polish, colour depth, free of cloudiness, faultlessness,
therefore producing homogeneity and a consistency lmudag and formation of effects
(such as metallic finishegpearlescence, multiple coloured panedsc) Such quality
requirements can increase the number of paint layers, and potetht@aN¥OC emissions
from a plant.

These high requirements can only be achieved by fooragbeeven five paint layers designed
to complement each other (deigure 2.9. They are applied in several successive steps.

) CC: 45 pum
g BC: 15 ym
PR: 30 ym
EC: 20 pm

Exterior

PHO: 2 ym

Steel sheet
06-14 mm
PHO: 2 ym
EC: 20 pm

Underbody cover
2-3 mm

Underbody

Source: [169, VDI, 2013].

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

A typical process flow is shown iRigure 2.10 and described in the paragraphs below. The
abbreviations refer to stages showirigure2.10.

22321 Agueous pretreatments and e-coat

The following preteatment and-eoating activities are watdrased and operate together with
techniques that aim to prolong tkervice lifeof treatment or rinsing baths, minimise water
consumption, optimise material usage and minimise discharges to water. In manyvaases,
water treatment is carried out in a separate treatment plant where waste water from other
manufacturing activities is treated together with paint shop waste Waeeral information on

the aqueous pretreatments and associated techniques, togithérewrelevant waste water
treatments¢an be foundn the STM BREH23, COM, 2006]
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The bodies pass through the pretreatment agdae stages by conveyor systems. With
pendulum or rotation conveyors, the bodies carswizelled and turned upside dowin the
treatment and rinsing tanks, to ensure all possible surfaces are treated.

Pretreatment (PT)
This consists of cleaning and degreasing, and phosplwatiother conversion coating systems

Cleaning and degreasing (CLE)

From the body welding shdmes, 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
cleanirg stations. Cleaning agents are aqueaikaline detergent solutions which are applied at
elevated temperatures (80 °C), followed by cascading rinse baths. Currently, demulsifying
systems are generally used. These systems are described in the STVCBREDM, 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 @ntains phosphates of nickel, manganese and zinc at temperatures bet®#@en 35
and 55°C. The passivation is usually carried out using zirconium*sa@&nerally a tweor
threestep cascade rinsing followthe last step with deionised wateks an alternative to
phosphatation, nickdtee zirconium or silanebased 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 torobrand 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 mulinetal passenger car boslie

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 eleatly 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 amp&/EYk®/h of

energy per vehicleduly is introduced into the EC bath and cooling is necessary to keep the bath
temperature below 3. The surplus coat is rinsed off the car body. Paint particles which have
not been electrically deposited are removedrdwerse cascade rinsingth ultrafiltrate and
deionised (DI) wateasthefinal step The ecoat film is then cured in a drying oven. Generally,

the ecoat tank has a separate exhaust air system and in some installatoffigfsedrom the

e-coat cabin is conducted to teeoatingdrying oven toabatethe VOCs (see Sectich2.3.5.

Sealing, noisedamping and underbody cover (SD)

After drying the ecoat, the bodies continue the quality check and repair stations and are
transferred to workplaces, where sealers, underbody protection anedawmipang material is
applied. These are pasty substances and are applied manually aiolgte using airless
spraying or extrusion. Noisgamping 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 sprapainting unit.

1 Chromium VI passivation is no longer used to compith Directive 2000/53/EC on eraof-life-
vehides and (the 'ELV Directive').
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Abbre-  Input Coating system Process step Waste gas Output
viaton (% VOC)
wWB sB Air emission ‘Waste watar Waste
Body shop
[}
w| Detergents, water, | Degreasing, cleaning I b . Sludges from
-4 process heating, =g oil\water separators,
Qo - 3 emulsions filter ial
[ L)
- | Activation, Phosphation I
& L3
] E:r.;vwms r::unm | e I Activation bath, T sPhate shudges f
o maintenance, water, L nnse water ff:z caku. '
hesting and electriclty | Passivation I
]
L1 | [ Dl-rinse ]
o [
Eeciemosl amindel, [ 12 ‘ I Electrocoating I voc Acidic anode
N cycle and rinse Filter material
maintenance, water, ¥ amlar
H cooling and electricity [ Ri I
L
Natural gas | EC oven | | Oxidation g NOx, €O,
- [
Abrasives " Quality-audit / rework ” PM) Abrasives. Fiers
3
7] Material for sealing. | Seam sealing, damping, Adhesives,
coating and damping, 0-5 ‘ voC
g masking templates underbo.dy cover templates
Natural gas | Sealer Oven *) | | Oxidation* l (voc). Nor. 0.
- L]
] press. air, electricity [ d._.:.g | (PM) Finers
e 5.12 |35-50 Primer Overs *| voc,pm scrubber water |, 2"+ Siudge /filter
[ agent. conditioned air, (interior), exterior pray seperation g dust, painsatvent
[
Natural gas | Primer oven ) | l Oxidation I ‘!’m“" N €O,
o T
abrasives | Q-audit / sanding | PM) Abrasives, Filers
L3
[T | [Press. air. electricty [ a..:ng 1 (PM) Filters
Paint, thinner, rinsing
8| | sgent conditioned ar, |12-|1|ss.so‘ Base cost | IN“W_'NWI vOC, P st e 72 Sig ! hec
Slecirity )
||| Heating. electicity [ flash off | voc
[ [
] Paint, thinner, rinsing Clear coat Overspray segregation Paint sludge / filter
sgent, condiioned air, |35-45‘ Pt N voc, PM scrubberwater 0 eiver
8 SlacricRy 3
Natural gas | Top coat oven | | Oxidation l foch NOx. 0.
T L3
Repair material,
Iﬂ abrasives, electricity l 10-20 | 40- 60‘ | Quality-audit / rework / finish | vOC, PM mm“_“’"‘s ol
[}
Wax, heating/cooling,
electricity ‘ 0 | 15-30 ‘ I Cavity preservation I (VOC), depenca on Wax, wax emulsion
]
Final assembly

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 V@idation In some cases dry filter techniques are used insteeenturi

scrubbers.

PT: Pretreatment; CLECleaning and degreasing; PHRhosphating; ECE-coat; SD Sealing and damping;
PR Primer; TC Top coat; BC Base coat; CCClear coat; FlFinish (Rework); CPCavity preservation.
Source[201, ACEA, 201§

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 noisdamping,the bodies continue to the spray booths where the penger
topcoas (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 blo¥f stations, and/or are brushed with rotating feathers or
robotoperatedsuction 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 p#tarsleif
scrubbers which are placed below the open grating flooring of the paint cabin.

Spray coating needs closed booths and requires controlled-d&ioatbnditions (thedaint
window§ i.e. humidity, temperature and laminar downdraft). Compared versgddased paints,

the paint window for watebased paints is smaller, which might cause higher energy
consumption for cooling or dehumidifying in regions with extreme climatic conditions. A
constant laminar downward air flow of 0.t8s to 0.4m/s is necssary 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. Addittomally
air exchange rate must be highough to keep the VOC concentration safely below the lower
explosve limits (LELs) and in the case of manual application below the occupational exposure
limits. Cabin air recirculationmay not beallowed in combination with manual spray coating
due to helth and safety consideratians

22323 Application of paint and coatings

Automation

Automationusually greatly improves the application efficiency, using less paint or sealer and
therefore using and emitting less VOCs. Originally all paint operations were rdaneally

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 imtegating and additional
exterior painting remained manuédee also Sectior2.4.4.]). From 2000 to 2005, robots
replaced painting machines and eliminated manu@lriex painting(see also SectioR.4.4.9.

Robots were introduced in around 2010 to replace manual interior painting and this is .ongoing

Atomisation techniquesand 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.

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

1 Air spraying or pneumatic spraying, in which a mixtwe 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 ueed air pressure as HVLP (higblume low
pressureatomisation

1 Pneumeelectrostatic guns may also be used, where the pneumatically atomised paint spray
is electrically charged and attracted toearthedoody.

1 High-speed rotational bell spraying witteetrostatic charging is used in most vehicle paint
shops.

22 July 2019 GCA/GCH/GK/EIPPCB/STS_Final_Draft



Chapter 2

If an electrostatic spray application with internal charging is used, paint supply systems with
waterbased paints need special electrical (galvanic) decoupling arrangements (e.g. cartridge
systens). 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 air flow, along an electric field gradient, orcambination of these forces. By
changing operational parameters, such as paint flow rate, bell rotation, voltage, and directional
air flow, the shape of the spray jet can be adapted to the body surface and used for optimising
the transfer efficiency. Fopainting 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 oieg methods used.

In some existing paint shops, the car bodies are sorted by colour in large storehouses in order to
supply the baseoat cabin with the largest possible blocks of car bodies of the same (s&eur
Sectionl17.6.2.). However, the introduction of lovess colar change techniquegsee
Sectionl7.2.9 has reduced the importance of high colour block lengtresrasans to reduce
material consumption and solvent emissions.

In mass volume vehicle paint shops, paint is generally stored &ina supply centre and
pumped to the spray booths by steel ring lines, where each line is dedicated to one paint type
and colour. Lowuse colours are very often supplied from small paint distribution systems close
to the booth. For base coat and primeni@re 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 are either placed at
the sde walls of the paint cabin or can be integratatb the final robot arm. Alternatively,
separate paint cartridges are filled with paint {D.®l) in a docking station and automatically
docked to the application robot on demand. Several other systemseat.

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 egoentfrand 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 cleaningagentsand/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 amimedified epoxy resins which are made wedeluble
through neutralisation with organic acids. The application concentrations-a26224&olids and
1-2 % organic solvents.

Sealing and damping (SD)

The highly viscose coiigs for stonechip protection (generally PVC plastisols) and seam
sealants are applied manually or with robots by several extruding techniques and airless
spraying. In most cases, nocidamping material either as custdailored pads or as extrudable
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pase is also applied in this section. The materials have very low VOC contéri8s]2
nevertheless, the workplaces with high plastisol application are in cabins with enhanced
ventilation. Equipping the body with noisgbsorbing coatingsnproves the acoustigroperties

in the vehicleinterior. Thedemand for greater performance (and further sealing)rinuously
increasing. This can in turn increase emissions of VOCs.

Gelification (jellification/gelling) starts in the dedicated sealeen 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 xtures of organic resins with additives, organic or inorganic
colour pigments (except for clear coat) and solvents, and are designedasnpoment (1K)

or two-component (2K) systems.

Spray coating is done in three consecutive steps, primer, basantbatear coatFor 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 massusesialias

the solvents to solidsatio of the respative 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 storehip protection, avoidance of UMduced decomposition of the
underlying ecoat, and filling in of any small unevenness or rolling textures of the subsurface.
Primer systems are based on polyester, melamine, and/or polyurethane Regiess are
usuallyapplied 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 seha&segd or watelbased 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 ftdtm the primer oven. A quality check

of the result of the upstream coating stapd manual rework of surface defects by sanding and
sometimes recoating is done before the bodies enter the topcoat line.

Topcoat(TC)

This isusuallymade up of two layers: base coat (BC) and clear coat &i)e passenger cars
and many commercial vattés are coated without clear coat, and in those thsésisecoat is
the last coat which is applied to the bgd®65, TWG 2019 ]

Base coat (BC)

This layer determines the colour and effect (metallic, pearlescent) of theFoogiassenger

cars, generally five different tones cover more tha®96f the product volume (high runners)

and the manufacturerds col o urely epceedst 40 aifferenot f or a
colours.Binder systems are polyester and melamine resins. In-asexd coats, acrylates and
polyurethanes are also used. Pigmeatsbe either organic or inorganic (oxides of titanium or

iron, silicates, aluminium flakes) andre 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 sclvas¢d and watdrased systems exist in the

automotive industry worldwide.

The wet paint is dried (but not cured) in a flashzone and then transferred to the clear coat
zone. Some colouispecial fleet colours or white toneme applied without an additional clear
coat as solverbased ondayer topcoats (monocoats).
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The tem éffect coloudis 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 withracolstdayer.

Effect coatings and metallic coatings are applied in two steps: first byrdtigtion electrostatic
bells; secondly by highotation electrostatic bells, pneumatically or elegtin@umatically.
Compared to onstep application witlpneumatic atomisers with lower transfer e#fioty, less
material is consumed and solvent emissions are lower. Howagditional 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 resi@mecomponent (1K)solvert-basedor two-
componen(2K) solventbased clear coatge used2K systems usisocyanate hardenewghich
areadded in a mixer as close to the spray system as possible.

The application of the clear coat is followed by a flafhzone and subsequentptmat oven
(also known as a clear coat oven).

Waterbasedclear coatsdK systems or 1K systemas well as powder clear coats or powder
slurries are no longer in use in passengeandrvarpaint shopsin passenger car and van paint
shops a 1K waterbased clear coat systewas used in one plant until 2010, when it was
replaced bya 2K solventbased clear coat systeifihe last powder primer line in the EU was
stopped in 2015. Powder clear coat and powder siaergreplaced by solvertased 2khigh-
solidssystems 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 &rrithevelopment was improbable

and economically unjustifiable. In a few caseswder coats aretill used in commercial

vehicle paint shops.

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

Finish (rework) (FI)

A quality check and #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 ofrepairs 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:

1 spraying, using wax solutions (solvdrdased)wax emulsions (watdbased) or 1086 wax
(liquid pre-polymers that gel on contact with air);
1 flooding the cavities with pure (108) heated wax.
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2.2.34 Overspray separation

Despite the improvements in automation and paint transfeniteas, 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, crodtow 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 installatiorad if paint lines in existing paint shops are completely rebuilt,
alternative capture techniques are usually used:

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

9 electrostatic stbbing (rinsed electric filter);

1 labyrinth filters (boxes made of cardbogrd)

9 in small paint cabins (spot repair and paint teuph labyrinth filters (cardboard boxes or
plastic dry filter systems (pahstop filters)

2.2.35 Drying

After the application ofthe paintcoating the wet paint film is dried in ovengdhis is a
combination of:

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

1 chemical crosdinking/reticulation (baking/curing) by polymerisation, polycondensation,
polyaddition, or oxidative drying.

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

Ovens are long tunnels with thermal isolation @ more than 18 in length). After the

exit airlock, the car bodies pass through aliogazone with outdoor air. Generallgonvection

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 asoxidisersof the VOC content othe dryerexhaushir.

2.2.3.6 VOC removal from off-gases

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

1 most of thecombustion energy can be used for heating the curing ovens (depending on the
chosen design of the dryexkidisercombination);

1 of high raw gas concentrations (2600mg QOJNm3) in combination with lowoff-gas
volumes (5000-15 000 Nm?*/h);

i it prevents the release of unpleasant smelling components (decomposition products from
paint curing).

Dryer air is circulated (internal accumulation of solvents) before it is finally dischargealsses
gas.Typically, recuperative or regenerative thelrogidisers are used, very often attached to

26 July 2019 GCA/GCH/GK/EIPPCB/STS_Final_Draft



Chapter 2

the particular dryers as oven heating urliitssome cases, if the solvent load is low and energy
reuse fronoff-gas treatmeris not possible, dryer ovens are operated witbffugas treatment

2.2.3.7 Waste management

Plantspecific 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 wastessamgtimes 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) 4mgedt(SB), water
based (WB) or (no solvent) powder coats (PO). The taraterbased pailitmeans that in the

readyfor-use material a fraction (not necessarily ¥90of the organic solvents is replaced by
water. Relevant data for the most commonly used coats are petgEhable2.5.

Table 2.5:  Solvent contents of typical spray coats for passenger car coating

VOC Solids VO.C/ Material Dry-film
. Solids . :
Coating content | content ratio consumption | thickness
% % / kg/u Km
SB primer 3550 50-65 0.51.0 1.1-2.8 20-40
WB primer 5-12 4555 0.1-0.26 1.2-2.4 20-40
. . . 7882 1822 1015
SB mediumsolids (MS) base coat (60) (40) 3.64.5 1435 (25)
. . * 55-65 3545 12-20
SB highsolids (HS) base coat (50) (50) 1.31.8 1.52.2 (25)
SB veryhigh-solids topcoat
(UHSTC) 20-25 75-80 0.250.33 2.93.8 3545
. 16-22 10-15
WB base coat 12-17 (40) 0.61.0 2.335 (25)
WB topcoat (MHTC) 1822 4550 0.36:0.49 1.92.1 3545
SB 1K clear coat 40-50 50-60 0.661.00 2.0-3.0 40-45
SB highsolids (HS) 2K clear coat 3545 55-65 0.7-0.8 1.42.4 30-55
* Figure in brackets is for colours with low opacity.
Source[142, ACEA, 2016]

Historically, paint systems have been solvbased with solvent contents up to %5 with a
specific VOC emission of about 3@Mn?. Waterbased coatings were developed in the late
1970s, with the aim of reducing the solvent emissions without the need to operas\exped
energyconsumingoff-gas treatmensystems. For some decadasthe EU waterbased clear

coat was used in car paint ses@mdpowder coats were used as primers and clear coats by some
manufacturers, but these materials could not comply with tdedidy rising quality demands
andtheir usein car and van paint shofially stopped by 201%seeSection2.2.3.3.

Over time, two basic coating systeonceptshave emerged: solvebased coatings (SB) and
waterbased 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 idential. Due to these differences in paint shop design, a change from duohseat to
waterbased spray coats cannot be made without radical modification of the paint shop. Each
combination of paint system, associated paint shop design, and paint appliectioigue is

called aaint shop famil§and each individual paint shop belongs either to the WB or SB paint
shop family.
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Table 2.6:  Technical differences between th&B and WB paint shop families

Water-based
(except clear coat)
Intermediate dryer (with T = 580 °C, t = 510 minuteg
and in/out airlocksiecessary, typical length: 3 m (+
75 % of total length of a tapat line).

Spray coating system|  Solventbased

Intermediate dryer
between base coat an|
clear coat

Short flashoff zone
(not in all cases)

No temperature hol

Primer dryer oven 5-10 mirutetemperature hold necessary to evaporg

: below100°C ; . .
heating curve necessary water before surpassing the boiling point pemature.
Construction material | Standard galvanisey Stainless steel for all parts in contact with paint
for paint booths steel

Automatic applicationlt is necessary arlextrically-
separategbaint supply system which is slightly less
efficient.
Restrictions in range of humidity. Depending on loc
climate conditionsadditional equipment for air
conditioning is necessary

Use of electrically Automatic applicatiol
charged bells no restrictions

Broader than for

Paint window waterbased paints

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 paimt shop can be linked to the body shop and

to the assembly shop. Due to these constrasotsh a transformation is very expensive and is
rarely made. Where these changes are implemented, these are mostly restricted to one
subprocess. This type of pasttop is then called a SRIX paint shop. The actual situation in

the EU is shown ifTable2.7.

Table 2.7:  Estimated percentageof different paint shop families in the EU

Paint shop Subprocess . .
family PR * BC * cC Installations Process Installations
Standard 42 %
0
w8 wB wB SB ST % Integrated 15 %
wB SB o Standard 27 %
SEMIX SB wWB SB 28.5% Integrated 1.5%
Standard 13 %
0
SB SB SB SB 145 % Integrated 15 %
Standard (all families) 82 %
Integrated (all families) 18 %
* Different names and abbreviations are used for the various versions of integrated preeeSagion2.2.3.9.
NB: The ttreewet process is included under the téimtegrated proceés
PR: primer; BC: base coat; CC: clear coat; WB: whtsed; SB: solveriased; SBMIX: solventwater mix
Source[201, ACEA, 2016] based on a sample of 67 (out of a total of 74) passenger car paint shops.

2.2.39 New paint shop concepts

In the last 10 to 15 years new paint shop concepts have evolved, which has led to considerable
energy savings:

1 Elimination of the primer oven by using either:

o] wetin-wetin-wet (hreewet), application of primer, base coat and clear coat
without intermediate drying/curing

o] integrated process€l?), combining the functions of primer and base coat in one
new base cat type applied in two steps.

Both coating concepts are operated with sohNmsted or watebased paintshowever clear
coat is always solvetiiased.
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1 Spray booth air recirculation, usually in combination with dry separation of paint
overspray.

Because of multiple technical constraints, theseceptsare 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.oc@arrently, 186 of all EU
passenger car paint shops already eitieer a threewet processor an integrated process and
many manufacturers consider it the future standard for new greenfield projects. Dry separation
of paint overspray is also installad 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 €nergyimer

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 araced with a rising demand for tvtone carsAfter 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. Tégsslts in additional solvent consuriaqpt,

VOC emissionswaste generatioaind energy consumptigeeealsoSection2.3.1.1.).

In some installationdN1 categoryvansare painted together with passenger cars. In contrast to
passenger cars, where most of the interior surface of the ihodlite (BIW) is eventually
covered by plastic parts, fabric or carpet, vans typically maver only small windows in the
cargo compartment anldrge visible interior surfaces that need to be coated with the same
layers and be of the same quality as exterior surfaces. This |ehigfhén emissions compared

to the coating of passenger cars.

Usually, hangon 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 pafts for after
sales service are mounted on the car body skids or on separatesttidre coated together

with the car bodies in the same paint shop.

2.2.4 Painting of vans

Figure 2.11 demonstrates the large variety of the product catégamy Classically, these
kinds of vehicle present a large combination of bodies/designs whichscmanly category
N1 accordingto Directive 2007/46/E@, but also derived variants for passenger transport (M1),
and depending on the sizeroducts that fall under the categories N2 and M2 (minibuses)
well. For the smaller products, the&onstruction principle is generally derived from passenger
cars (integral monocoque/unibody), although some manufacturers produce-bhiissians
based on truck design principles.

Generally, the layout and paint application technologies of paint $bopans are very similar

to those of passenger cars, especially as vans are produced and sold in large numbers and are
mostly manufactured in higholume paint shops with a line structure, short cycles and high
automation levels.

2 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 separnaiateadtits intended
for such vehicles
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Source [142, ACEA2016][© Renault S.A]

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:

1
T

= =4 =9

T

Coating of large interiosurfaces, which leads to higher paint consumption per vehicle
and higher specific VOC emissions in §lcompared to passenger cars.

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

A high proportion of ondayer topcoats, which are available only as sohmased
systems.

A much larger range of colours are ordered by customers.ifitlisdes special fleet
colous 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, elige) to
different levels of corrosion protection guarantdead 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 summaiiisdable2.8.

Table2.8: Coating concepts for vans

Layer EC PR BC cC TC Comments

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

WB NA SB SB NA
WB NA NA NA SB

NB:

NA: Not applicable

EC: ecoat PR: primer BC: base coalCC: clear coatTC: topcoat WB: waterbased SB: solverdbased
Bracketsmeans optional layer, see comments.

Source [142, ACEA 2016] data fromVolkswagen AG, Daimler AG, Fiat Chrysler Automobiles N V, Rena|
PSA, Iveco, Dirr Systems GmbH, Eisenmann Anlagenbau GmbH & Co KG.
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2.25 Painting of trucks (truck chassis)
Trucks are manufactured in three parts (Sgere2.12):

1 chassis;
1 cab;
1 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 equipregmioduction of the

truck cargo body (cargo box, tipper, tank, etc.) and trailers andteatars is carried out by
specialised manufacturers separate to the truck assembly facility

cargo body or customised equipment is
assembled after the chassis coating,
generallyin separate facilities
by specialised equipment manufacturers

CV (chassis)

Source [201, ACEA, 2016]

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

Quality requirements are important for trucks

1 Longterm protection against corrosion, weather, chemical influence (e.g. bird droppings,
acid rain),chipping protection,n, abrasion in car washes,.etc

1 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 fishes).

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 thetéomgrrosion resistance2pl, ACEA

2014.

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-teng ®rrosion resistance)

13 painting of the cargo body is not covered by IED Annex adtivity 3 (a) iii (coating of vans and
trucks). Coating of these parts or products (where solvent consumption exceeds the IED Annex |
thresholds) is inclded in Chapter 8oating ofother metal anglasticsurfaceé
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cathodic electrocoating primeoating

underbody protection/seam sealing

primer,

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

cavity conservation and, if necessary, conservation for transport

= =4 =8 =8 A

The truck frame (chassis) isveted from rails and cross members-poated 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 phes of
chassis, for scratch repair, or for colouring the product according to the customer
requirements. If the coating of the single components ordmofiarts is done at the same site
(which is the case in some large tryaknty, these coating operatis are included as truck
coating operations in the solvent balance boundary of the installation. The coating concepts
used are given ifable2.9.

Thefollowing additionalfactors affect VOC emissions:

1 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.

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

Table2.9: Coating concepts for truckchassis

Layer EC PR BC CC | TC Comments
. NA NA NA | sB Final paint is only for' colour matck
Laver and repair
y * NA NA | NA | WB
concept "

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 factioeywehicle
chassis.

Source [142, ACEA 2016] Data from Iveco, Daimler, MAN, Dirr Systems GmbH, Eisenma
Anlagenbau GmbH & Co KG

Painting may be manual aobotic. 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 ergonomical advantages

For drying, the coated chassisedafirst transported to a flaghff zone with a maximum
temperature of 40C and a low air velocity. Afterwards, the paint is dried in a forced air dryer
at air temperatures of 88)0°C. The bpcoat may ba 2K high-solids, lowVOC solventbased

paint After drying, the chassis are cooled down to ambient temperature and derdedésd.

will be painted with a&opcoat as a part of the chassis painting and hence will undergo a similar
process.
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Source [201, ACEA, 2016] © MAN Truck&Bus

Figure 2.13. Painting of a truck chassis

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 aggtlon technologies are very similar to those
of passenger car paint shops. But the following specific aspects must be taken into account:

1 Many coloursexist, which are very often available only as solvbased topcoats. Very
often special fleet colourare prescribed by the customers and there may be up to 300
colours for a given cabin model.

1 Up to 50% of the cabin surface is covered with plastic parts (mainly
polyethylene/ethylenpropylenediene (PE/EPDM) injection moulded parts), therefore
paint sysems that work for both surfaces are favoured.

1 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 sdhemsid base coats or topcoats. With
modern solvenbased verhigh- or ultrahigh-solids paints (SBVHS/UHS), the same oan
even lower VOCs to solids ratio as walbased paints can be achievéthe VOCs to solids
ratio, rather than justhe VOC content should be considered as the best iattic for the
comparison of paint systemBheVOCs tosolids ratiofoundin CV truck paintingare

1 0.250.33 SBVHS/UHS,

1 0.601.00 WB BGC

1 0.360.49 WB TC (mediurthigh-solids).
See alsdable2.5.

Since the application window for solvelmdsed systems is much wider than for watesed
paints and because the flasfi zones and dryer ovens are shorter and consume less energy,
these paint shops have a better performam¢erms of energy consumpti@empared to those

with waterbased 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 respectivenufacturer (se€able2.10). Paint systems that

have curing temperatures of 80 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 n&t installations and will certainly be introduced in
more EU paint shops in the future.
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Table 2.10: Coating concepts for truck cabins

Layer EC PR BC CC TC Comments
NA PO WB | SB 2K | (WB) TC for nonmetallics at the same line
NA NA SB SB Cabin + plastic parts, 8@ process

WB WB NA NA WB
WB WB WB SB (WB) TC for nonmetallics at the same line
WB WB WB SB
Layer "WwB | WB | NA | NA | SB
options WB SB WB SB (WB) TC for norr 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 applicablePO: powder coating
Forlayer options in brackets see comments
Source [201, ACEA, 2016]Data from Dirr, Scania, Iveco, Daimler, MAN Trucks&Buses, Volvo Grg
Nissan

Most paint shops have automatic application systems (robots) and paint supply systems that are
adapted tosupply small quantities (consumption 1Kfd to 200kg/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]© Daimler AG

Figure 2.14: Truck cabin painting

2.2.7 Coating of buses

In principle, the descriptions of processes and techniques in S&cfidhare 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 generaltesigned for lower outputs @0units per day). Two design and
operating principles can be found:

1 Instead of separate spray booths for each coat layer, one multifunctional paint line is used
and the bodies are transferred repeatedly through the samantihall necessary coat
layers are applied.
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i Painting is done in paint boxes instead of sequential paint linefiga®2.15, a general
descriptim of this concept was recently publisfd

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 layersThis is generally not found in the mass production of passenger cars.

A
Spray cabin B
——|>-—-—-—-—-j Spray cabin
< b dryer
dryer
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-spauific colours, so paint
shops have to handle more than 400 different tones and very often multicoloured buses and
coaches are ordered.

Not all bus lodies are electrocoated. The interior surfamiecity busesare 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 ig&enemg/m

are very different in both groups. For touring buses, different floor coverings are used; these
materials are fixed with doublided adhesive foils or bonded via dispersion adhesives, which
are in some cases solvdrdsed. Underbody protéan 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 coatk chassis are first transported to a flaéhzone with a maximum
temperature of 40C and low air velocity. Afterwards, the ipis dried in a forced air dey at
air temperatures of 880 °C. After drying, the chassis are cooled down to amhe@nperature.

Source [201, ACEA, 2016] © MAN truck & buses

Figure 2.16: Coating operations for buses: eoat (left) and top coat (right)

4 Svejda, P. Painbox concept or painting line. Modular systems increase flexibility and cut costs. Int.
Surf. Techn. 2011, 4 (2), 289; DOI 10.1365/s3572@11-0034-2.
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Table 2.11: Coating conceptsor 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 Top coat only for nommetallics
Layer WB | WB SB SB | NA | NA .
options - SB WB | SB | (SB)| SB Top coat only for nommetallics _
SB | WB NA NA | SB NA | Epoxy primer as substitute for electrocoati
SB SB NA | NA | SB | NA
WB | SB SB SB | NA SB
* SB SB SB | (SB)| SB Top coat only for nommetallics

* Done in a separate paint shop.

NB:

NA: Not applicable UC: Undercarriage coat for stomhip protection.
Source[201, ACEA, 2016] Data fronveco S.p.A., MAN Truck & buses, Daimler AG, Scania AB

Off-gas treatmeris applied to reduce the VOC emission of dryer oeffrgases (EC over,C
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, ACEA19)146, ACEA,
2018]

A significant number of installations for the coating of passenger cars (PC) participated in the
data collection. The number of installations floe ttoating of vans (VAN), trucghassiqTC)

and truck cabins (CAB) was significantlpwer, seven in total, and there was only one
installation for the coating of buses [155, TWG, 202@]ditional data for a second bus coating
plant were submitted in mieR018[ 223, Spain 2018.]Consumption and emission data were
completed usingther sources [142, ACEA, 201847, 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 andsolids contents of coating materials

mixing chamber, laboratory

Dry -film Solids content|[VOC content () Material Emission
Coating material thickness e ready for use |consumption €)|contribution (®)
(Hm) (% m) (% m) (kg/body) (g/im?)
Cathodic dip paint, NI 38-42 2-4 6.0-7.0 NI
replenishment material
L . . 18- 22 exterior
Cathodic dip paint, dip tank > 10 interior 16-20 1-2 NI 0.6-1.0
Solventbased primer 20- 40 50- 65 35-50 1.4-2.8 4.0-8.0
\Waterbased primer 20- 40 45-55 5-12 1.2-24 0.5-1.5
Powderbased primer 60- 90 100 0 2.0-25 0
Solventbased base coig( 10- 15 (25) 18- 22 (40) 78- 82 (60) 2.5-35 20- 30
Solventbased base coaf) (
(high solid) 12-20 (25) 35-45 (50) 55- 65 (50) 15-2.2 10-15
\Waterbased base cod ( 10- 15 (25) 16- 22 (40) 12-17 2.5-35 3.0-6.5
Integrated process (€ntire | ;534 (35) | 16- 30 (40) 10-18 3.0-5.0 3.0-75
coat without clear coat)
Solventbased clear coat 30-55 47-54 46-53 2.1-3.0 7.0-12.0
Clear coat (highsolid, 1K) 30-55 55- 60 40-45 1.8-2.4 6.0-10.0
Clear coat (high solid, 2K) 30-55 55- 65 35-45 1.6-24 5.0-9.0
\Waterbased clear coat (2K 30-45 45-50 8-15 2.2-2.8 1.5-4.0
Powder slurry 30-40 37-40 <1 2.3-2.8 0.5-1.0
Powderbased clear coat 60- 80 100 0 14-1.8 0
Solventbased top coat (1K 35-50 45- 60 40- 55 2.8-4.0 9.0- 18.0
Solventbased top coat (2K 35-50 55-70 30-45 2.4-35 7.0-14.0
\Waterbased top coat (1K) 35-50 45-55 5-13 3.1-45 15-45
\Waterbased top coat (2K) 35-50 45-50 12-18 3.4-5.0 3.5-7.0
Undersealing 200- 1 000 95- 98 2-5 1-5 0.2-3.0
\Weld sealing @: (2-10) mm 95-98 2-5 3-9 0.7-4.0
Sprayable damping materij 1500- 5 000 79-99 0-3 2-8 0-2
\(/Zg\gt_);rgtraeservatlon materi NI Various 0 1-2 0
Cavity preservation materi
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 15ml paint
based primer NI 0 10-15 200ml ringing
Rinsingagent for solvent agent .
basengg NI 0 100 shgrt rinse: Depending on
— ) the process an
Rinsing agent for water NI 0 10- 15 BC: after mode of
based BC i (1-5)bodies | o ration of the
Surfactantased rinsing CC: after P inting plant
agent NI 0 0 (5- 10) bodies| PANUNI P
. (20-30)mi
Rinsing agent for CC NI 0 100 solvent
Plant cleaning, diluent, NI 0 0-100 <1

(Y) When ready for use

interior painting.
Source [169, VDI, 2013]

(%) Sprayed paint quantity per body; the overall usage may be higher due teatwoge losses and second runs
(®) Acc. to 31. BimSchV (Federal Immision Control Ordinance), guide values for usual application condit
plant configurations (no teément of booth exhaust)
() Values in parentheses apply for lmwacity colour shades, such as white or beige (German taxi colour).
(®) In a socalled soft purge procedure, a new primer colour is fed while still painting the rear of the pi
\vehicle This eliminates the neddr rinsing when changing colours.
NB: General reference values for medisized passenger cars. Other conditions may apply from case to ¢
quality reasons, depending on the vehicle type. In particular, differgnirements are usually valid for exterior
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2.3.1 Consumption
23.1.1 Energy consumption

Energy consumption in the painting process represents 4bé4tto 50% of the total energy
consumption in car manufacturin@ehicle assembly sitednd this energyintensive step is
potentiallythe most environmentally significant in vehicle production after considering solvent
use and emissions. The main share of consumed energy is suppitdras gas and used for
heating of dryers and thermal abatement of solgentaining offgases.

The energy consumption data for the paint shops do not include the energy required for building
services. However, depending on local conditions and tedhajgzortunities, the possible
heating/coling 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.

Table2.13 provides the analysis of energy consumpiiorthe individual segments of a paint
shopper process stef@esign scenarifor a paint shop with a capacity of 30 w&bghour, and
waterbased coat for primer armhse cogdt[169, VDI 2013]

Table 2.13: Typical energy consumption of car paint shops

Variant C . .
Variant A |Variant B | (reference Variant D | Variant E
Parameter Unit Reference (no (wet-on- | plant with (no primer | (wet-on-wet
plant . with dry with dry
primer) wet) dry scrubber) | scrubber)
scrubber)
Cleaning and pretreatment (plant)i 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) i 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
Dealing, 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 1/2 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
Basecoat (spray booth and dryer)i 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)i 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/vehicle 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/vehicle 831 657 717 668 543 554
Source [169, VDI 2013]
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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 gnéelectricity, gas). Sporadic reported

data indicate a range betweefboland 168% of the total energy consumption being related to
local climatic conditions (e.qg. for heating/cooling or dehumidifying the process air).

Energy consumption could be mea=ilirby using utility meters connected to a main data
acquisition system. When dedicated metering is not available, thespaigtelated energy
consumption can be calculated by using broader energy consumption data and suitable
correction factors (see al§bt09, COM, 2009]).

23111 Passenger car coating

Figure2.17 shows the reported data for the specific energy consumption of passenger car plants
(PC paint shops), expreskin MWh/vehicle.
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Figure 2.17: Specific energy consumption (MWh/vehiclejor 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 consumptiorfor passenger carcoating plants (PC paint shops)

Reported data ¢) Industry report ( %)
20132015 2012

Product 5.0 % : 5.0 % .

type | Noof Average middle Min./Max. No of Average| middle Min./Max.

lants (MWh range (MWh lants (MWh range (MWh
P vehicld | (Mwh | vehicle | P vehicld |  (MWh | /vehicle
/vehicle Ivehiclg

PC 25 0.85 0.61-1.01| 0.33/1.76 68 0.87 0.641.04 | 0.32/3.53
(%) Source [155, TWG 2016] 219, ACEA 2018 ]
(3 Source [142, ACEA, 2016]
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For passenger cgraint shops, most of the reported specific energy consumption values are
below 1MWh/vehicle, with an average value of 0Jg&Vh/vehicle.

Significant yearly deviations in the specific energy consumption are not obsexeegt in one

plant reporting asignificant increase (more than téplin the throughput figure which is
associated with the increase in the utilisation of the installed paint shop capacity and the more
efficient usel in energy consumption terrisof the available infrastructure.

An industry report summarising data from 68 paint shops shows an average specific energy
consumption of 0.8KIWh/vehicle [142, ACEA 2016].The main factorsidentified that
determine the energy consumption of a passenger car pairargagofollows

nternd (technica):

Paint material (WBSB) and concept (classicéthreewet, IP)

Dryers: PVCoven(yes/ng, primer over(yes/ng.

Dryer ovenoff-gas treatmenfyes/ng, if yes: energy reuse for process heating?
Spray booth offgas recycling (internaccumulation)yes/no- where?)

Spray bootloff-gas treatmeryes/ng.

E I ]

External(includingclimatic condition¥

Number of heating degree d&@&1DD).

Number of days with spray booth cooling

Relative ambient air humidity

Availability of cheap coolingnergy like surface water

Availability of surplus heat from nearby large combustion plants (replaces cooling tower
capacitiesJACEA comment #119 if 212, TWG 2018]]

= =4 —a —a A

231.1.2 Coating of vans, trucks, truck cabins and buses

Figure 2.18 shows the reported data for the specific energy consumption in vanctrasgis
andtruck cabincoatingplants yan CV andcabpaint shops), expressed in MWh/vehicle.

5 Heating degree dayddDDs) 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 temperatur®lore information can be found in:
www.eea.europa.eu/datand maps/indicators/heatindegreedays?
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Specific energy consumption (MWh/vehicle)
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Figure 2.18 Specific energy consumption (MWh/vehiclejor van, truck chassis andruck cabin
coating plants

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

type.

Table 2.15. Specific energy consumptiorfor van, truck, truck cabin and bus coating plants

Reported data () Industry report (%)
20132015 2012
50% 50%
P{odgct No of Average | middle Min./Max. No of Average middle Min./Max.
P lants (MWh range (MWh lants (MWh range (MWh
P vehicld | (MWh | Ivehicle | P /vehicld | (MWh Ivehicle
/vehiclg Ivehiclg
Van 6 1.37 01%% 0.78/2.48 9 1.70 1.123.00 | 0.85B.49
Cab/ 5 108 NA 1.21/0.96 Cab:8 1.33 0.881.88 | 0.566.23
CvV CV: 4 0.31 NA 0.27/0.44
Bus 2 NA NA 4.6/14.% 8 14.9 3.021.8 1.787.1

* Value 14.1 includes STS and n@TS activities.

NB:

NA: Not applicabléavailable
(% Source[155, TWG 2016] 219, ACEA 2018 ] 223, Spain 2018 |
(%) Source [142, ACEA, 2016]

Among the reported energpaving techniques, the most commonly applied are:

= =4 =4

maintenance;

=A =4 =8 -8 =9

thermal insulation of tanks and vats whtbated liquids;
heat recovery froroff-gas treatment
adjustment of the flow according to need; reduced air ventilation at idle operation or

air extraction with energy recovery from the dryer ovens;
air extraction with energy recovery fronetbooling zone;
centraloff-gas treatmenwith variable frequency drives;
pressurised air: efficiency/pressure level,
spray booth air recirculation.
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2.3.1.2 Water consumption
Water consumption in vehicle paint shops is mainly related to the:

1 supply of rinsingvater in cleaning and pretreatment processes
9 replenishing of degreasing and pretreatntenks and wet scrubber systems;
1 evaporation lossfrom wet scrubber systeramd air humidification

Bath maintenance with the objective to reduce water consumatidnto 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 coimumpt
values are below 13%vehicle.

An industry report indicates a specific water consumption betweem*(8hicle and
1.8m*/vehicle, with consumption values below @#vehicle reported from paint shops with a
special body design (small vehiclesy from installations with dry particle separation
[142,ACEA, 2016].

12

10

PC + VAN M CV-cab OBUS

Specific water consumption [m3/vehicle)
o

+ +*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Plant

Source [155, TWG 2016] 219, ACEA 2018 ] 223, Spain 2018 ]

Figure 2.19: Specific water consumption (nvehicle)for automotive paint shops(2015 data)

The following table summarises the reported data on specific water consumption for automotive
paint shops per vehicle type.
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Table 2.16: Specific water consumption data for automotive paint shops

Reported data ¢) Industry report (%)
Produc 2015 2012
0, i 0, I
type |Noof| Average 50 r/oa?'gdle Min./Max. | Noof | Average 50 r/;mgdle Min./Max.
plantg (m*/vehicle (m3/veﬁicle (m*vehiclg | plants | (m*/vehicle (m3/veﬁicl<3 (m3vehicle
PC 27 1.15 0.71-1.22 | 0.49/3.26 47 1.18 0.901.82 | 0.22/3.47
Van 5 1.80 NA 1.15/2.54 3 2.05 NA 0.9683.26
cab/cM 1 181 NA NA Cab:7 2.63 0.662.78 | 0.15/7.61
CV:5 4.21 0.150.56 0.16.98
Bus 2 5.18 NA 0.73/9.63 5 14.6 4.1-29.9 10.654.6
NB:
NA: Not applicabléavailable
(%) Source [155, TWG 2016] 219, ACEA 2018 [ 223, Spain 2018 ]
(>) Source [142, ACEA, 2016]

The main reported techniques for minimising water consumption are:

reuse of water;

control of water usage;
reverse cscade rinsing;
bath desludging;

ion exchange;
membrane filtration;

oil skimmer;

particle filter;

magnet separator;
decanter centrifuging for paint shop overspray waste waters;
neutralisation.

SR R L

2.3.2 Emissions

2321 Total emissions of VOCs

In vehicle coatingVOCs 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 contributppr@mamately

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 protecti@ie responsible for the remaining %0
Approximately 7890 % of the total VOC emissions generated during the application and drying
procedure originate from the painting baothe remaining 14B0% from the dryer. The
indicated percentage rates generdiypend on the solvent types used, the painting systems and
the application efficiency factor of the techniq@d#f-gasfrom the dryer loaded with VOCs is
usually directedo a thermabff-gas treatmergystem.

VOC emissions in the vehicle coating secoe expressed as specific emissions WOLs/m®
of coated surfacelhe coated surface area is calculaaedording to Part 3.2 of Annex VII to
thelED (see als#\nnex21.5.1.5.6)
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23211 Coating of passenger cars

Figure2.20 presents the reportedtal emissions fron28 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
classifed as SB (solveriased: use of solvebiased codfor all layers), SBMIX (use of water

based coat for either the primer or base coat, and sddased for the other coats) and WB
(waterbased: use of watdrased coating for all layers except clear coatjother option, the
integrated system, exists, but was not identified in reports fror28&paint shops. According to
ACEA, the VOC emissions from integrated systems are similar to those of other well
performing systems and these systems are implemémtexdher reasons (see Sectidr2 and

[142, ACEA, 2016)).

An industry report analysing data from 74 passenger car paint shops shows an average value of
25.1g/nf and a 5@ mid range between I#nt and 33g/nT [142, ACEA, 2016].

The TFTE! report analysing data from 60 reference paint shops in Europe mdhee

emission values that are presentedable2.17 in relation to the paint shop type [147, TFTEI,
2016].

Table 2.17: Total emissionsof VOCs for various paint shop types

Paint shop type Integrated
VOC Emission (g/m?) SB SB-MIX W8 system
Average 37.8 28.7 18.6 20.5
Min.-Max. 16.850.3 12.548.2 6.0-30.5 8.932.1
Source [147, TFTEI 2016]

Data from the industry study show that the overall performandeuaipean paint shops has
improved over a long period (20@D12)(seeFigure2.6) [142, ACEA, 2016].

8 TFTEL: Task Force on Technidéconomic Issues of the UNECE Convention on Long Range
Transboundary Air Pollution (LRTR).
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Figure 2.20: Total emissionsof VOCs (g/m?) for passenger car paint shops
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During the reference perio@®0132015), 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) capacityFigae2.21 below).

N
=)
]

2013-2015 variation in VOC emissions

®
=}

m 2013-2015 variation in e-coated surface
109%
60
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A (TR T B
R 1N 11

041 047 048 044 050 039 038 046 045 049 043 064 042 057 059 054 061 055 146 053 040 058 063 062 051 056 052 065

Percentage variation of total VOC emissions and
e-coated surface for the period 20132015 (%)
&

Plant

NB: ForPlants# 047 & #054data for the period 2012015
Source[155, TWG 2016] 219, ACEA 2018 ]

Figure 2.21: Percentage varation of total emissionsof VOCs (g/m?) and total e-coated surface for
20132015

For example, data from two installations show:

1 a reduction of almost 2% in total VOC emissions which can be correlated with the
reduction of 186 in totalemittedVVOC load and the increase of ¥#8in coated surface for
20132015(source: Plant #061 irff155, TWG 2014);

1 areduction of 266 in specific VOC emissions combined with an increase of ab®uiré
total emittedVOC load and an increase of #0in coated surface between 2014 and 2015
(source:Plant #047 if155, TWG, 201p.

Apart from major changes in the paint shop design and technology which are mainly associated
with the installatiofs investment cycle, a ndrar of other techniques can contribute to
significant emission reduction. As an example, information from one installation shows that the
implementation of the followingmainly managerial and not major investnietgichniques had

as a result the reductiai specific emissions by 3% over a ningear period (from 53.76/n?

in 2007 to 35.44/n?f in 2016)(source: Plant #058 if155, TWG, 201p:

implementation of lowpressure manual paint sprayers;

decrease in the number of paint colours;

only one coatdr three types of coat;

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

work on thetransfer efficiency by optimising the application distance (base and clear

coats);

1 use of lowsolvent products to clean the spyaginting robots whiclare protected by a
cover,;

1 improving the percentage of directly wlhinted cars (increasédght first timedrate) and

implementation of the localised repairing technique.

=a =4 -8 -8 -9

Possiblempact ofspecialpaint finishes on VOC emissions.
There are variouspecial paint finishes used in the automobitelustry that have a direct impact
on VOC emissions.These include, but are not limitetiédollowing
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High-pearlescent finishes these can be four-coat orthreecoat process depending on the
ability to creae that colour andhe high colour shift in a given technology. Tpeocesswill
therefore either be:

9 basecoati effect coafi clearcoati cure; or

9 basecoati clearcoati curei effect coat’ clearcoati cure

Both proceses requiremnore painting timehan in the case of standard paint finishesd in the
case of dour-coatthe vehicle needs to lvan twice through the painting process. This impacts
emissionsproduction capacity and scrappage rdtehie to the increased overalhf build-up
having less scope for repairs.

At present, special paint finish application ratesd to be fairly low (5 %), but even at that
rate the impact on VOC emissionseistimated to~ 1 g/n?. If the demand for these finishes
increases thenserious 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, sometias includingthe bonnet, boot or tailgate. This seems to be the latest
customer trend andpplication rates can be 30 or more of poduction. Based on an average
vehicle (~100m? electrocoat surface area) and a %Ouptake rate, the impact on VOC
emissims would be in the rangef 1 g/n? to 5g/n? depending on the extent of the second
colour. If demand were to increase further with a highgake rate, VOC emissions would
increase as a result.

Tinted clear coat$ there are certain colours that are agkd by using a tinted clear coat.
Sometimeswo or threeadditional clear coats can be used plant. A conventionapaint shop

with a single clear coat will not clear or purge the automation very often. The additeon of
coloured clear coat requirdee automation not only to purge on a colour change but to be
cleaned more often.

Other special finishes are available and have been used in the.pashatt clear coat, matt
black, liquid silver. All of these impact VOC emissions but satiey haveonly beenapplied
to afairly limitednumber of vehicleBPACEA comment #223 i 212, TWG 2019].

23212 Coating of vans, trucks, truck cabins and buses

Reported data from nine paint shops dedicated to van, truck and truck cabin coating are
presented ifrigure2.22.
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Source[155, TWG, 2016] 219, ACEA 2018 ]

Figure 2.22: Total emissionsof VOCs (g/m?) for paint shops for the coating of vans, trucks and
truck cabins
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There are data reported for only two installations for truck cabin coating, both of them below
45 g/nt (14.32g/nf and 41.5/n? as averages for thEeriod20132015 [155, TWG, 2016]

An industry report with an analysis of data from 11 truck cabin paint shops shows an average
value of 21.2y/n? with the 50% mid range varying from 14g/n? to 51.3g/nt [142, ACEA,
2016].

The reported data from seven paint shigpghe coating of new vans and truck chassis show an
average value of 2Bg/m’ with values ranging fromi2.5g/n¥ to 453 g/n? (all values are
averages over theeriod20132015)[155, TWG, 2016]

An industry report analysed data from 10 paint shopshi® coating ofvars and 6 paint shops
for the coating ofruck chassis and derived average values af/88 and 50g/n¥ respectively

for the two product typed42, ACEA, 2016]

The basic statistical figures from the reported data are preseritatle®.18.

Table 2.18. Total VOC emission data for automotive paint shops

Reported data(®) Industry report (%)
20132015 2012
Product 50% : 50 % .
. Min./ : Min./
type No of | Average middle M Noof | Average middle
ax. Max.
plants| (g/n?) range (g/n?) plants | (g/n?) range (@)
(gn) | Y (gn) |
PC 28 25.7 15.335.0 | 4.2/51.4 74 25.1 15.932.9 | 4.7/55.3
Van 6 28.6 20.336.9 | 12.6/45.3 10 33 24-47 16/61
Ccv 1 12.5 NA NA 6 50.5 22.256.9 | 17/68.1
Cab 2 27.9 NA 14.3A1.5 11 21.2 14.1:51.3 | 8.370.6
Bus 2 138.7 NA 95.3/182 10 64.6 36.9118 4.4/183
NB:
NA: Not applicable/available.
() Source [155, TWG 2016] 219, ACEA 2018 [ 223, Spain 2018 |
(%) Source [142, ACEA, 2016]

2.3.2.2 Dust emissions in waste gases

Besides VOC emissions, dust emissions resulting from paint overspray acoadstdered 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.

Figure 2.23 and Figure 2.24 show the reported dust emission values from vehicle paint shops
applying wet or dry dst abatement techniques. The reported concentration values are generally
low.
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Figure 2.23 Dust emissions from vehicle paint shops (mg/NH(periodic monitoring) - Average values for the period 201:2015(1/2)
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The statistical analysis of submitted dust emission data in totalbgrapplied abatement
technique is presented Trable2.19 andFigure2.25.

Table 2.19: Statistical datafor dust emissiongmg/Nm?) from vehicle paint shops

All data Dry scrubbing Wet scrubbing
Parameter
2015 | 2014 | 2013 | 2015 | 2014 | 2013 | 2015 | 2014 | 2013
Number ofl 9o 38 44 23 9 12 67 29 31
measurements
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 0.4 0.4 0.5 0.8 0.5 1.0

25" percentile 0.3 0.4 0.5 0.2 0.3 0.4 0.4 0.4 0.7
75" percentile 1.2 0.8 1.3 0.5 0.5 0.6 1.7 0.9 15
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

Source[155, TWG 2016

5,
o 10 _ B Dry scrubbing 2045 Dy scrubbing 2004 Dry scrubbing 2013 ___( 8 ¢ |
£
{3 B Wet scrubbing 2015 Wet scrubbing 2014 Wet scrubbing 2013
‘E’ S ...............................................................................................
=
2
BE T
-
=
£,
g
-
w
a 2t —— —_—
o JJ_,_-_. | I
Average Median 25th percentile 75th percentile Maximum Minimum
Parameter
Source 155, TWG 2016]

Figure 2.25. Statistical parameters of the reported dusemission datafrom vehicle paint shops
(periodic monitoring)

The achieved dust concentration values in waste gases are in general very low watfeanly
elevated valuesThere & no significant difference in reported values according to the dust
abatement techniquapplied

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 sprayooths or of the dryers. At the exhaust of splmpotts, overspray
capture techniques are applied while thermal treatment techniquegersrllyusedfor the
exhaust from dryers (see also Secti@®.3.4 2.2.3.5& 2.2.3.9. In Figure 2.26 and Figure
2.27the reported levels of TVOC emissions in waste gases are presented.
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TVOC emissions in waste gasdsr the period 20132015 (1/2)
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TVOC emissionsin waste gases for the period 20132015(2/2)

Figure 2.27:
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Most ofthe reported values atselow 40 mgC/Nm® (a percentage of 8 of all values) while
75% of reported values are lower than 20 @iim®. The tigher emission levels amainly
associateavith emissions from theprayboahs where overspray capture techniques apply.

The basic statistical parameters of the reported data for the year 2015 are pres€atdd in
2.20.

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

year 2015

All Applied abatement techique

data TO Cco 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 E 2 2 NA 2 2 NA 6 10

)

75" percentile g 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 oxidisemaybe either recuperativéRecTO)or regenerativéRTO-2/-3)
Source [155, TWG 2016] 219, ACEA2018 ]

2.3.24 NOyx and CO emissions in waste gases

Nitrogen oxidedNOx) andcarbon monoxideGO) emissions result from the thermal oxidation
of off-gases. The reported values are presentEdjire2.28 andFigure2.29.
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NOyx emissions inwaste gases for the period 2012015

Figure 2.28
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CO emissions inwaste gases for the period 2013015

Figure 2.29
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2.3.25 Emissions to water

Two types of waste water ageneratedn a paint shop:

1 waste water with inorganic load (salts, heavy metals) from phosphating,

1 waste water with mainly organic load (oil, detergents, paint) from cleanicgateandvet

scrubber systems.

A typical configuration of waste water treatment in large paint stiopsehiclesis presented in
Figure2.30.

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 &I
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 prime coating

Most of the waste water originates from the pretreatment of the bodies by degreasing,
phosphating, passivation and frahe following electrocoat primer process. The waste waters

are predominantly from rinsing the bodies between treatments, therefore removing tiedsmate
from the previous process. The components of pretreatment (degreasing), conversion coatings
and passivation, as well as the water management andsaatag techniques applicable to all,

are described in detail in the STM BREE, COM, 2006] Theseinclude 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 slids and the liquid (ultrafiltrate) being returned for rinsing. Althouisesare

usually carried outin a closed loop for the paint solids, somiesing water may be lost
(containing traces of paint, watbased solvents, etc.) and there is a neegdaodic cleaning.
Electreimmersion paintdoes not contain lela 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 longeatt ase passivation material, due to the

ELV Directive strictly limiting Cr(VI1) in vehicles (there are exemptions for heavy commercial
vehicles). Cadmium occurs in all zinc compounds as a contaminant at 16’'mg/kg

1 For example, US and UK Pharmacopiasppéh maximum permitted value in pharmaceutical zinc oxide. See also
the STM BREF for zinc electroplating.
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Waste water from coating processes
Otherwaste water is generated by the s@tubbingof paint overspray as:

a mix of paint, water and coagulating agent residues;

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

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

1
1

During the spraying of paint in spray bootb#her waste watemay begeneratedy the wet
scrubbingof paint oversprayThis is required to minimise emissions of paintiast particulate
matte). The water fothese scrubbers is recirculated in a closed loop, and the paint sludge is
separated and has to be removed periodicdllying maintenanceand continuously by
desludging a bypass flow to enhance the service life of the Daghsame methods are used for
the separation of both solvebased and watdrased paints.

The organic solvents contained in solvbated paints are mostly very volatile with low
solubility in water. Watebased paints have a substantially smaller solvent proportion which,
however, isalmost completely soluble in water. If these solvents have a very low vapour
pressure, they can accumulate in the water. Solvents for-beded paints accumulate in the

water circulating in the spray booth only up to the equilibrium state (usual catmmrdrare

about 0.26). 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 badthough thisconsitutes very

small amount$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 alsdreat 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 (fosite). of

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 thereforectusitered
for the data collectidgh These are given ifiable2.21.

Table 2.21: KElIs for waste waters from the coating of passenger cars, vans, truckhassisand
trucks cabs, and buses

Identified main parameters Parameters of interest

TSS, TOC/CODNI, Zn, Cd,phenol, AOX,fluoride, phosphate DEHP, NP/NPE, NMP
Also, for truckchassisand truck cabs: Pb, Cr(VI) (authorise
restricted usage under REACH)

Data on waste water emissions from the coating of vehicles were receive@lSiostallations.
The main techniques applied are as described in the STM BREF:
1 In-process:

0 substitution;

0 reverse cascade rinsing.

18 COM working document EIPPCB 09/06/2016: Assessment of Technical Working Group (TWG) data
submitted onmetals and other emissions to water for their consideration as Key Environmental
Issues for installations carrying out IED Anne&.7 activities.
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1 Waste water treatment techniques:
coagulation and flocculation;
neutralisation;
sedimentation (settlement);
filtration (using sand filters)
precipitation;

flotation

vacuum distillation;

VOC stripping;
physicalseparation;
biologicaltreatmert
chemicalreduction;

ion exchange.

OO0 O0O0O0OO0O0OO0OO0OO0OO0Oo

The reported concentration values for each pollutant are presented in the follestiogs

2.3.251 Total suspended solids (TSS)

Data for total suspended solids concentration values were reported fat3oplgnts andl4
discharge points. The distributiof the reported concentration valisshown inFigure2.31.

160
5 140
B 120 7 95th i
[ 1. Aave . perc —max =min
£ .E 100
[ £ 80
g~ 60 x
P a0 i .
«» -
= 20 ] o A
0 N N N A A i A 4 - - -
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Combined / Dedicated treatment co DE DE DE co DE DE DE co co DE DE NI NI
Producttype PC PC PC PC PC PC PC PC PC VANS | VANS PC PC PC
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® Coagulation and Flocculation

[ ]

[ L]
+ Sedimentation & L 3

+ +

>

* 0

gl 1 |

K Precipitation
+Filtration
OVOC stripping
 Biological treatment
< Vacuum distillation
*k Physical separation X *
4 Flotation L 3
M lon exchange
Chemical reduction

+
X+ ele

Source[155, TWG 2015[ 219, ACEA 2018 ]

Figure 2.31 Total suspended solid¢TSS)concentration values for direct and indirect discharges
of waste water from vehicle coating plantsdata for 2015)

Only three values are related to direct dischargesrézeiving watetbody, with two of them
lower than 6 mg/l.
2.3.2.5.2 Chemical oxygen demand (COD) and total organic carbon (TOC)

The reported concentration valug#sCOD for direct dischargeare presented iRigure2.32. In
total, data from24 discharge pointsorresponding to both direct and indirect dischargese
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reported for COD concentration valuasd data from only 3 plants (4 discharge points) were
submitted for TOC values. The small humber of reported TOC values did not allow the
examination of a possible correlation between TOC and COD values.

300
c
o 250 4 =
kol A ave # 95th perc = max =min
Fo 20—
=
Q
o ¥ 150
=
5 E
8 100 N
(8] 50 A -
4 A -
0
Monitoring frequency 12/y 365/y 52y 365/y
Type of sampling F F F s
Type of monitoring EXT INT M INT
Combined / Dedicated treatment co DE co NI
Sector PC PC VANS pC
Plant-dicharge point 039-1 058-1 068-2 062-1
Ms BE FR DE RO
M Neutralisation [ ]
® Coagulation and Flocculation [ ] ® ®
# Sedimentation & &
¥ Precipitation ¥ K
+ Filtration -+ -+
OVOC stripping
> Biological treatment s bs >
< Vacuum distillation
Physical separation
# Flotation L 4
M lon exchange
Chemical reduction
Source[155, TWG 2016] 219, ACEA 2018

Figure 2.32 COD concentration valuesfor direct dischargesof waste water from vehicle coating
plants (data for 2015)

2.3.25.3 Nickel (Ni)

Data on nickel emissions were reported Z@rdischarge points in total. The distribution of the
reported concentration values is showifrigure2.33.

Information on the type of metal sheet that was used was not available in the collected data. In
the case of using metal sheets wathighernickel content the emissions to waste waterynize

higher and the cost of wasteter treatment will be higheCg comment #14 ih 212, TWG

2018 ]. Out of the 27 reported maximum valudsare lower than 0./4g/l.

2.3.254 Zinc (Zn)

Data for zinc concentration values in waste water were receiveédSf@lants (in total30
discharge points). The distribution of the reported concentration values is shBigarie2.34.
Information on the type of metal sheet that was used was notladeditathe collected datén

the case of using metal sheets wilhigherzinc content the emissions to waste water may be
higher and the cost of waste water treatment will be higgrdomment #15 ih 212, TWG

2018 1].
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Figure 2.33: Ni concentration values for direct and indirect discharges of waste water from vehicle coating plantsdata for 2015)
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Figure 2.34:  Zn concentration values for direct and indirect dischargesf waste water from vehicle coating plants (data for 2015)

NB: Data not shown: #064-1, max value: 3.66 mg/|, #056-2, max value: 3.7 mg/|, #042-1, average value: 36.7 mg/l, max value: 85 mg/|

Source[155, TWG 2016] 219, ACEA 2018 ]
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The achievable concentration levels for the majority of the repertégsion point§23 out of
30) are below0.6 mg/l).

2.3.255 Hexavalent chromium (Cr(VI)) and total chromium (Cria)

A number ofsites reported low values for Cr(Ml3eeTable2.22) and Ci,y (SeeTable 2.23).
Information fromindustry has confirmed:

1 hexavalent chromium iwehicles was phased out by 2003, according to the requirements of
the ELV Directivé®;

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

I some values were transcription errors, omittiegs thaf(<) symbols

1 most values werwer 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:

1 Samples from waste water streams combined with other activities, including domestic
sewage, and other kimown sources

1 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 electrodesoatirg tanks).
However, these have not been studied in detalil.

19 Directive 2000/53/EC of the European Parliament and of the Council of 18 September 20060bn end
life vehicles.
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Table 2.22: Cr(VI) concentration valuesfor direct and indirect discharges ofwaste waterfrom vehicle coating plants (datafor 2015)
Plant - Treatment , Number .
MS | discharge Plant combined(CO)/ Type of Type 9f Frequency Type of Samp_hng of Average | Maximum [Minimu m Permit
. type ; discharggmonitoring sample | duration ELV
point dedicated(DE) samples
DE 0501 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 1lyr T 24 5 0.02 0.02 0.02 0.05
DE 067-1 VANS DE | EXT alyr 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 0711 VANS DE | EXT alyr S NI 4 0.1 0.1 0.1 NO
IT 0591 PC NI NI EXT 12/ T 3 12 0.1 0.1 0.1 0.2
IT 0701 VANS CO I EXT Alyr 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 2.23: Total Cr concentration valuesfor direct and indirect discharges ofwaste waterfrom vehicle coating plants (data for 2015)
Plant - Treatment , Number .
MS | discharge Plant combined(CO)/ Type of Type 9f Frequency Type of Samp_hng of Average | Maximum [Minimu m Permit
. type ; discharggmonitoring sample | duration ELV
point dedicated(DE) samples

DE 068-2 VANS CO D EXT 2lyr F 2 2 0.005 0.005 0.005 0.05
DE 067-2 VANS DE I EXT Afyr NI 0.16 4 0.004 0.006 0.003 0.5
DE 067-1 VANS DE I EXT Alyr S 0.16 4 0.005 0.006 0.003 0.5
ES 057-1 PC DE | EXT 241y T 24 24 0.005 0.02 0.005 NO
DE 0681 VANS CO I EXT Alyr F 2 5 0.01 0.02 0.005 0.5
PT 061-3 PC CcoO I EXT 12/yr T 24 12 0.04 0.05 0.005 2
DE 0481 PC NI NI INT 104/ T 2 104 0.05 NI NI 0.5
AT 066-2 VANS DE I EXT 1lyr T 24 5 0.05 0.05 0.05 0.5
UK 0641 PC DE I EXT 36/yr S 24 36 0.023 0.055 NI 10
DE 0501 PC DE NI EXT 12/yr T 24 12 0.1 0.1 0.1 0.5
IT 0711 VANS DE | EXT alyr S NI 4 0.2 0.2 0.2 NO
IT 0591 PC NI NI EXT 12/yr T 3 12 0.2 0.2 0.2 4
IT 0701 VANS CcO | EXT alyr 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/y S 1.15 232 0.043 0.28 0.0054 NI
ES 057-2 PC DE I EXT 12/yr T 15 12 <17.44 <50 <0.1 NI

NB:

NI: No information provided.

Source [155, TWG 2016] 219, ACEA 2018 ]
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Chapter 2

2.3.25.6 Adsorbable organic halogens (AOX)

Data for AOX concentration values in waste water were receivedl8oplants (in total
18discharge points). The distriboih of the reported concentration values is showfigure
2.35.

1.2
'E 1.0
Eé = 0.8 Aave s 95th perc —max -min _
g E 0.6
= 0.4 - -
Q 0.2 4 . 3 - =
0.0 " i = A x i = z 4 3 4 - 4 A A -
Type of sampling F s s T N s T F T N F s T T s NI s
Monitoringfrequency | 12/¥ 6fy aly s2fy afy afy 1y 2y 12/y afy 1y 6fy aly 12/y | 12fy | s2fy aly
Type of monitoring | EXT EXT EXT EXT EXT EXT EXT EXT EXT EXT EXT SM EXT EXT EXT EXT EXT
Typeof discharge D 1 D NI 1 1 1 1 1 1 1 1 N NI 1 1 1
Combined or Dedicated treatment |  CO DE co NI DE co DE DE co DE co DE N DE DE DE DE
sector PC PC VANS PC VANS | VANS | VANS | VANS PC VANS PC PC VANS PC PC PC VANS
Plant-dishargepoint | 03%-1 | 046-2 | 068-2 | 048-1 | 067-1 | 068-1 | 066-2 | 066-1 | 044-1 | 067-2 | 038-1 | 045-1 | 066-1 | 050-1 | 04%-1 | 047-1 | 0711
Ms BE DE DE DE DE DE AT AT cz DE AT DE AT DE DE DE T
M Neutralisation m m ] ™ m ™ ™
@ Coagulation and Flocculation ® ® Y ® ® Y ® ® Y Y o
# Sedimentation * +* +* * + +* * +* +*
* Precipitation X X ¥ X ¥ ¥ *
+ Filtration + + + + + + + + +
©VOC stripping
X Biological treatment x X X
< Vacuum distillation
# Physical separation *
+ Flotation
M on exchange
Chemical reduction

NB: Data not shown: #058-1, average value: 5.9 mg/l

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

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

Data for fluoride conentration values in waste water were received for 14 plants. The
distribution of the reported concentration values is showhRigare 2.36. All but one of the
reported values are lower than h@/I. No specific enaf-pipe techniques were identified for
the removal of fluoride.

70
60
c
2 T '
‘E — A ave * 95th perc = max -min
£ 0
8 E
£~ 30 =
§ - 'y
& 20 . . - : N
A a a
10 . i s A a =
A I
0 = = i
Type of sampling T T T F F T S F T F F T s T
Monitoring frequency ajy 12/v 12/¥ 365/ 12/Y s2/v 365/Y 365/Y afy 12/Y 12/Y /¥ ajy 12/¥
Type of monitoring EXT EXT ExT INT EXT INT INT INT EXT EXT EXT EXT BxT ExT
Type of discharge co N NI DE co DE N co DE DE DE DE DE co
Combined /Dedicated treatment 1 1 N D D N N 1 1 1 1 1 1 N
Sector vans PC PC pC PC PC PC PC vans PC PC PC Vans PC
Plant-dicharge point 070-1 0441 055-1 058-1 039-1 0481 0621 0381 066-1 054-1 040-1 0571 0711 050-1
Ms s z " FR BE DE RO AT AT Es BE Es " DE
B Neutralisation u u u | [ ]
@ Coagulation and Flocculation [ J [ J L [ ] [ J [ d [ J [ ] [ ] [ J [ J ° [ ]
+ Sedimentation hd * * * * *
¥ Precipitation X K X X X X X X
+ Filtration + + + + ¥ ¥ T
O VOCstripping
¥ Biological treatment X X X P
& Vacuum distillation
4 Physical separation *
# Flotation *
mlon exchange u
Chemical reduction
Source[155, TWG 2016] 219, ACEA 2018 ]

Figure 2.36: Fluoride concentration values for direct and indirect dischargesf waste water from
vehicle coating plants ¢lata for 2015)

2.3.25.8 Total phosphorus (TP)

Data for total phosphorus concentration values in waste water were receidetiplants (in

total 18 discharge points). The distribution of the reported concentration values is shown in
Figure 2.37. For dl but one of thadischarge points, theeportedmaximumvalues are below

6 mg/l.
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5 0 i T I 1 I i i
£
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j
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€
|5 30
£
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o 20
a
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H - " N N = i
0 n n - - - A a Iz 2 - A * L 4 -
Type of sampling F F F T F F s F T T T F s T s T T T
Monitoring frequency | s2/y 1y 1)y 2y s2/y 1fy s2fy 1/y afy 0y 12y 12y s2/y 2/ afy afy 1y 2y
Type of monitoring | NT EXT EXT EXT s EXT sM EXT EXT EXT EXT sM M EXT EXT EXT EXT EXT
Type of discharge 1 I I NI 1 D I I I I 1 D N NI 1 1 1 1
Combined /Dedicated treatment | €O o DE o) o co DE DE DE NI DE o [ee] NI DE co DE DE
Sector PC pC PC pC VANS pC pC PC VANS pC pC VANS pPC pC VANS VANS VANS PC
Plant-dicharge point | 058-1 | 0381 | ©40-1 | 050-1 | 0681 | 0391 | 0452 | 0541 | 0661 | 0441 | 0572 | 068-2 | 050-2 | 0581 | 0711 070 0662 | 0571
Ms FR AT BE DE DE BE DE ES AT cz ES DE DE m m m AT ES
Source[155, TWG 2016] 219, ACEA 2018 ]

Figure 2.37: Total phosphorus(TP) concentration values for direct and indirect dischargef
waste water from vehicle coating plantsdata for 2015)
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Chapter 2

2.3.25.9 Cadmium (Cd)

Data for cadmium concentration values in waste water were receivdd tiischarge points.
The distribution of the reported concentration values is shoWwigure2.38.

0.06
‘% 0.05 + t T T T 1 T -
A - - mi | | | | |
L~ o004 ave max min .
=
o o
o}
§ E 003
- 0.02
Q
0.01
0.00 e - - 'y A L ke a* -
26, 1/ N 52/ 4 13, aly 4, 4 12y 12/
Type of sampling #y Y ¥ Iy ly Iy y iy Iy y
s F N NI F T S T N T T
Monitoring frequency
EX Ex ] EX Ex EX Ex EX EX EX EX
Type of monitoring
DE co co DE co N DE co DE co co
Type of discharge
Combined or Dedicated treatment u b D ! b u ! ! ! A !
Sector pc vans wans pc pc pc vens vans vans pc pc
064 068-1 068-2 07 039 059 071 070 067-1 050-1 051
Plant-disharge point
B Neutralisation ™ ™1 ™ ™ 1 1
® Coagulation and Flocculation ® ® P P ® ° ° °
# Sedimentation & & & Y Y s
¥ Precipitation X ks X b k4
+ Filtration + + 4 + + +

CVOCstripping

* Biological treat ment

& Vacuum distillation

# Physical separation +

# Flotation

W lon exchange

Chemical reduction

Source[155, TWG 2016]

Figure 2.38 Cadmium (Cd) concentration values for direct and indirect dischargesf waste water
from vehicle coating plants @ata for 2015)

Almost all of the reported values are beloWwdd. mg/l; only two plants reported higher values,
one with a cadmium concentration value @10ng/lI and the other with one of0® mgl/l.

Cadmium in vehicles was phased oyt 2003, according to the requirements of Directive
2000/53/ECCadmium & 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 thar®.05mg/l (one of 0.2%8ng/l and another one of the order of thd/l).

2.3.2.6 Waste generation

[155, TWG 2016] [142, ACEA 201¢]L44, ACEA 2017] 219, ACEA 2018 ]

A mixture of hazardous and ndvazardous waste generatedrom vehicle pait shops.

An indicative list of he main types gbaintshopspecificwaste reportetias as follows:

1 waste paint
1 plastisols,sealersadhesives
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used solvents

paint sludge

limestone (with paint overspray)

filters (with paint overspray)

other (VOG);

phosphate sludge

non-VOC sludge fronthe paint shopVWTP.

=4 =4 =8 =8 -4 -4 A

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

Figure 2.39 shows the reported data on tha@ntshopspecific waste generation (expressed in
kg/vehicle) for various types of automotive paint shops.
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Figure 2.39: Total waste generatiornvalues(kg/vehicle)from paint shops

The following table summarises the reported data on waste quantities generated at the
automotive paint shofsy vehicle type.

Table 2.24: Total waste gneration data for automotive paint shops

Reported data ) Industry report ( %)
2015 2012
Product typ¢ 50% middle 50 % middle
Average Average
No of plants (kgivehiclg range No of plants (kg/ vehicle range
(kg/ vehicle (kg/ vehicle
PC 26 7.3 4.0-8.9 59 4.59 3.165.91
VAN 6 12.1 6.914.9 8 13.4 7.914.0
Ccv/ Cabs:5 7.4 1.611.1
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.
(% Source[155, TWG 2016 [144, ACEA 2017] 219, ACEA 2018 ]
(% Source [142, ACEA, 2016]

The main proposed techniques for the reduction of waste quasétiefor disposaikefer to: the
recovery of used solvents (one installation reported an annual recovery 080BJ of
solvents); the reduction of the water content of waste, e.g. by afilver 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.
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2.3.2.6.1 Solvent content of waste
[144, ACEA, 2017]

The submitted data on the solvent contents @fveirious wastes were analysed for deriving key
parameters for the relevant waste types.

The main findings are presentedTiable2.25.

Table 2.25; Solvent content of main waste types from automotive paint shops

No of sampleg Average OSI:I/ Min. | Max. | Median |>25%|<75%
Type With
All solvent % % of % % % % %
content avg.
in %
Waste paint 28 | 18 34.4 66 0.4 | 70.0 | 275 | 12.0 | 50.0
z";‘gg\%?ea'ers* 16| 8 30 | 88 | 00 | 90 | 22 | 12 | a1
Used solvents 59 49 61.7 47 0.9 | 100.0| 65.9 | 47.3 | 91.7
used solvents H NA 28 93.7 8 75.0 | 100.0| 91.9 88.3 | 99.8
used solvents M NA 5 52.8 7 48.3 | 57.7 52.6 50.4 | 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 1.5 05 | 248
Phosphate sludge 23 2 0.1 NA 0.0 1.5 0.0 0.0 0.0
Other(nonVOCs) 59 1 0.0 NA 0.0 0.1 0.0 0.0 0.0
E;etcpif?émsmp 21| 2 02 | NA | 00| 02| 01 | 01| 02

Waste paintis understood as expired paint material or paint which is to be disposed of for other
reasons. Its composition resembles the composition of the new mabenedver small
amounts of solvents may be added on site for viscosity adjustinesbme plantsexpired
paints may be returned to the supplier instead of being sent to a waste disposal facility.

Plastisols like seamsealing materialsadhesivesor underbody coats are usually applied after
electrocoating and before sprpginting operations. Chenaity, they are macromolecular
materials (PVC, PU, rubber or epoxgsins, etc.) with different amounts of plasticisers,
sometimes with a VOdike volatility.

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

Used solventsare 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 shotlat three subtypes of used solvents with different solvent contents can
be distinguished:

1 Adbhigh solvent concentration: median @2 50% mid range: 886 to >99 %;
1 AV dmedium solvent concentration: median%350% mid range: 506 to 55 %;
1 d_6low sdvent concentration: median 20, 50% mid range: 36 to 17 %.
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MHétype solvents are from clear coat applications or if solsased paints are useil.étype
solvents are usually butylglycol water mixtures with wdttesed primer or base coat. If both
types of solvents are collected in the same té@vikitype solvents are generated.

Paint overspray (paint sludge) from spraypainting operations is introduced ioff-gas
treatmentystems for the reduction of the (paint) particle concentration in the exiaudntil
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 particeptared

either in pulverised limestone or in cardboalgf 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 soli (<40 % water) waste.

Solvent contents are reported to be betweeé and 4%, but in some cases higher
concentrations are measured or calculated. In one install@em ¢066), paint sludge with a
solvent concentration of 4@ was reported, which isost probably either waste paint or a
solvent paint mixture from paint change operations.

Other solventcontaining wastes

All other solventcontaining wastes fall into this group. There are solvent content data available
for some of these wastes and mesitvent contents are lower tha® but wax residues from
solventbased cavity preservation have solvent contents betwe#naz@ 30%.

2.3.2.6.2 Solvent mass flows in waste (parameter O6 of the Solvent Mass Balance)
[144, ACEA, 2017]

From the submitted datajhen both the amount of waste and its solvent content are reported
and the total body surface of all painted vehicles is known, the ‘spstific mass flow in g/fn
is calculated. The results of this calculation are shovrabie2.26.

Table 2.26: Contribution of solvent-containing wastes to the solvent mass flow (parameter O6 of
the solvent mass balance)

No of Average‘ Min. ‘ Max. ‘ Median | >25% | <75%
Waste type

plants I
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
Plastisolssealers 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
Usedsolvents 24 8.87 0.10 | 26.74 57 2.8 11.6

The data above indicate the major contribution of used solvents partheeter O6 (solvents in
waste) with mass flows between @nt and 15g/nt for most of the cases. For most of the
reported plants, used solvents carry more tha¥ & all the solvent content in the waste.

2.4  Techniques to consider in the determination of BAT for
the coating of cars

In Chapterl?, generatechniques (i.e. those used that are commonly used) are discussed which
might also be applicable to the automotive induskny Table 2.27, the general techniques
relevant for cars that are describedCinapterl7 are shown. These techniques are not regea
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in this section, unless information specific for this industry was made avakabtéscription of
the type of information considered for each technique is givéalie17.1.

The TFTEIsynopsis sheet for the coating of cdré7, TFTEI 2016provides importantlata on

the costs and benefits at the European leveprohary and secondartechniques for the
reducton of VOC emissions. However, thEFTEI approach necessarily has to limit its
complexity and only key techniques are given without consideration of the other BAT factors,
suchas compatibility anccrossmedia effects or of the technical characteristicéndividual
installations and produc{84, EGTEI, 2005]147, TFTEI 2016] As an examplea retrofit of
brownfield paintshops from wet to dry scrubbingif technically achievable would cost
approxmately EUR 10-20 million/line [ACEA comment#194 in[ 212, TWG 2018]]

Table 2.27: Reference to techniques generally applicable to the sector
Technigque Section number
Environmental management techniques 17.1
Storage and handling ow 17.2
Monitoring 17.3
Water useand waste water generation 17.4
Energy managemeandenergy efficiency 17.5
Raw material managemefibcluding substitution) 17.6
Coating processes and equipment 17.7
Drying and/or curing techniques 17.8
Cleaning techniques 17.9
Off-gasextraction andreatment 17.10
Waste water treatmetechniques 17.11
Waste management techniques 17.12
Odouremissions 17.13

Unless otherwise stated, figures (e.§/@Csm?, 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 cobevatof 74
existing highvolume car paint shops: SB, $BX, WB andintegrated (there are two options in
SB-MIX paint shops, see Secti@w.2.] [147, TFTEI 2014.

Solvent emissions can be reduced by applyingratess (primary) and erud-pipe (secondary)
measures.

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

1 improved solvent management (fatample collection of solvent);
1 optimisation of claning cycles;
1 improvement of transfer efficiency and application technalogy

Various single techniques can be usedéaweralor all steps of the coating process and usually a
combination of techniqués used.

An evaluation ofthe emission reduction gfossible primary measures is presentetainie2.28
(with the rangen square brackeis
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Table 2.28: VOC emissionreduction - primary measures (case studies)
. Reduction of VOC Number of sites
Primary measures o > .
emissiors (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
. . 1.2
0
100% automation of primer, baseat, clear coat [1.1-1.2] 2
S 0.5
Optimisation of colour change technology (base c( (0.07-1.1] 4
Innovative application technology (e.g bb#ll) [ooéi] 2
100% automation of interior coating, with rotationa 26
bell atomisation and lovosscolour changers (base . 2
[0.8-6]
coat, clear coat)
Replacement of pneumatic guns application with 023 1
robots by electrostatic bells (base coat) )
Source[147, TFTEI 2016]

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

1 The specific emissions reduction effect of each single measure is different for each
process step and paint systesed
1 Not all primarymeasures can be combinedme measures are mutually exclusive.

Secondary measures considered in [147, TFTEI 2016] for vehicle paintasieops

1 thermal oxidation of VOCs in offases from ovens and/or spray booths without pre
concentration of VOE;,

1 pre-concentration of VO&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 present&dbla2.29 (with the rangein square
brackets).
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Table 2.29: Estimated VOC emission reduction and calculated total emissions (gAnfor the
application of secondary measures (case studies)
1 2 3 4
Reference nstallations SB SBMIX WEB Integrated
process

Xgafnfg:]'tss'on (g/r without air 5.3 38.7 325 235
(11-06-08) [42.995.2] [35.0-44.0] [25.042.3] | [17.931.9]
Potential VOC emission reduction
with implementation of air 11.2 5.8 9.7 7.1
treatmenin ovens/dryers (g/fh [9.0-16.6] [1.5-8.0] [6.1-15.3] [4.1-12.5]
O5 air treatment on dryers/ovens
Eg‘aecnijg'gse"r’g V(g}%a” treatment 55.3 32.9 22.8 16.4
(11-05-06-08) [38.0-78.6] [27.0-36.0] [18.928.5] | [13.0-25.3]
Potential VOC emission reduction
with implementation of air
treatmenin ovens/dryers and spre 14.6
booths (g/r) [10.0-19.2] 14.0 11.6 1.5
OF5 air treatmeniin dryers/ovens
and spray booths
VOC emission with air treatment
(ovens/dryers + spray booths) 30.3 17.0 8.8 19.3
(g/nf) [23.7-37.0] [12.523.5] [6.0-11.8] [12.4-26.1]
(11-05-06-08)
Source[147, TFTEI2016]
2.4.1 Solvent mass balance of motor vehicle paint shops

[209, ACEA 2017]

Description
For a general description see Secti@i3.1

Solvent mass balancéSMBs) are a tool to calculate total emissions of organic solvents from
industrial installations. The results are expressadjeneral as total emissions of x kgrganic
solvents from the whole installation (E) anth the case of coating of new motor vehicles
relative total emissions (Er) in g perf surface area of the products which are painted in this
installation. The reporting and averaging period2snonths for demonstratioof compliance

with emission limit values (ELV). SMBs may be calculated for shorter intervals, ean as
internal management tool to identify process deviations that may lead to a violation of the ELV.

A detailed description came found in Annex1.5.1

2.4.2 Selection of coating system (paint shop type, @aint shop familyg
[143, ACEA 2017]155, TWG 2016] 212, TWG 2018 ]

The basis fothetypes of paint shop familids explained in Section2.2.3.8and2.2.3.9

The technical differensebetween SB and WB paint shops amdicatedin Section2.2.3.8
which demonstrates that changing from SB to WB is far more complex and costly than a simple
substitution.

A classical higksolventcontentSB paint shopsystemcan be regarded as tideonventionad
case, as it is unlikely that a new paint shop being builthaxésting painshopbeing rebuilt,
would be a high-solventcontent SB system SB paint shops are to be considered only in
combinationwith high-solids SB paint/coating systems (see Secfch3.3. Reported dta and
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informationfrom SB paint shopfor the coating opassengevehiclesshow amaverage value of
45.5g VOCYm® with a total emissionrange from 36.8g VOCYm? to 50.2g VOCYm?; all
values are averagever the thregear reference period (202815)[155, TWG 2016]

2421 Solvent-water mix (SB-MIX) coating system

Description
Coating system where one coating layer (primer or base coat) ishaat.

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 calleBEX$Rint shop.

Achieved environmental benefits
Reduction of VOC emissions.

Environmental performance and operationaldata

An average value d29.9g VOCYm’ is reportedrom SB-MIX paint shops fo the coating of
passengevehicles The reported range 539 g VOCSn; all values are averag®ver the
threeyear reference period (202815)[155, TWG 2016]

Solvent emissions can be reduced by applyirgratess (primary) and erad-pipe (secondary)
measures.

Cross-media effects
No information provided

Technical considerations relevant to applicability

Only applicable to new plants or majplant upgradest is not possible to change from solvent
based to watebased technology on existing paint shop lines unless a new paint shop is built or
a paint shop line for one coating layer is upgradethétase 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.

Economics
No information provided

Driving force for implementation
No information providd.

Example plants

More than 236 of all paint shops in the EU are WPaint shops (se€lable 2.7,
Section2.2.3.9.

Reference literature

[147, TFTEI 2016]155, TWG 2016]J201, ACEA, 2016]

2422 Water-based (WB) coating system

Description
Coating system where the primer and base coat layeveaseebased.

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

An average value 016.9 g VOCYn? is reportedfor 12 WB paintshopsfor the coating of
passengevehicles The reported range &1-25.8g VOCYnY; all values are averagever the
threeyear reference period (202815), however the basis for the lowest figure is not clear
[155, TWG 2016]

Solvent emissions can be reduced further by applyirgracess (primary) and eraf-pipe
(secondary) measures.

Cross-media effects

Some technical arguments (paint application window, longer dryer ovensesten 2.2)
suggest that the use of watssed coats will result in higher energy consumption. At locations
with high humidity and high values for cooling degree days (GDiDjcter paint cabin
condiions for WB paints may lead ta higher energy demand compared to SB paint shops.
However, available data from paint shops operated in the EU do not show significant
differences between SEhdWB paint shops

There arerncreased space requirengefir 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 upgratiés.not possible to change from solvent
based technology tavaterbased technology on existing sites unless a new paint shop is built.
There would need to be enough room tddbai second paint shop (or paint shop line) in parallel
without interrupting the existing one.

Economics
Switching the primer and the baseat from solvenbased (SB) to watdrased (WB) coating
(data from one planijnplies the following costs

1 investment cost: EUR 128 million;
1 annual cost: EUR11.5 million/year;
| cost per unit: EUR 0.593/year/rfy
EUR 57.9/year/car body
assuming 97 ficar body and 20000 cars/yeaf210, TFTEI, 2017]

Driving force for implementation
No information provided

Example plants
More than 5@% of all paint shops in the EU are WPaint shops (seelable 2.7,
Section2.2.3.8.

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

2.4.2.3 Integrated paint shop (IP) coating system

Description
A coating systenwhich combine the functionalities of primer and base coat and apghem
by spray coatingn two steps.

Technical description
Sometimes these coating concepts are caitedpact proceésbecause no primer dryer is
required.
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Some installations utilise a functional base coat first layer. A functional base coat layer
combines the functional progiers 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.

Environmental performance and operationaldata

Without additional VOC emission reduction measutis,VOC value i20.5g/nf. The mnge
given is 8.932.1g VOCYm?’ (see alsdTable 2.17), however the basis for the lowest figure is
not cleaf147, TFTEI 2016].

Cross-media effects
None

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

Economics
The costdor chandng a new paint shop (SB) tihe integrated process (data from two plants)
i.e. switching the base coat from solvdmsed to watebased and remavg the pimer, are

9 investment cost: EURS52.7 million;
9 annual cost; EUR4.7 million/year;
9 cost per unit: EUR 0.244/year/rﬁ
EUR 23.7/year/car body
assuming 97 Aicar body and 20000 cars/yeaf210, TFTEI, 2017].

Driving force for implementation
Energy andgspace savirg

Example plants

Approximatelyl7 paint shops in the EU (2014).

Solventbased higksolids: CNHI (conmercial vehicles and vans); Daimiébrantes/Tramagal
(truck cabins); PSA Hordain (passenger cars/LCV)

Waterbased: BMW Dingolfing, Cowley/Oxford; Daimler Rastatt, Kecskemet, Hambach;
FCA: Atessa; PSATrnava, Sochaux; V\WBratislava(H2a), Pamplona

Reference literature
[147,TFTEI 2016][210, TFTEI, 2017] 265, TWG 2019 ]
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2.4.2.4 Wet-on-wet-on-wet coating (three-wet)

Description

Wetonwet-on-wet coating replaces a conventional thomat (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 conventimal 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.

Threewet processes can be operated with soleesed or watebased coats.Same
installations utilise a conventional priragpe first layer.

Achieved environmental benefits
1 Less energy consumption compared to processesawiimer oven
1 Smaller factory footprint (smaller paint shop)

The environmental benefits vary dependimg the process and materials used prior to any
conversion.

The primer oven is no longer required to bake the primer layer. However, in-@nwet
processany body sealer, wetpplied NVH(noise, vibration, harshnessjaterial or antstone

chip material should be fully cured prior to entering the -aretvet application. Therefore
during some conversions to watwet application, where only a sealer gel oven is used, a
sealer bake oven is required to fully cure these materials before toe-wet application.

Environmental performance and operationaldata

Solventbasedhreewet processes require less space than viasedones, as no forced flash
off is required. Compared to a conventional wd@sedpaint shopthe overall booth length can
be reduced by 380 % in a solvenbasedhreewet 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 beachieved in solverbasedthreewet operations, where no forced water
flash-off zone is needed and a wider range of climatic conditions are tolerated. The less strict
temperature and humiditsequirementsfor solventbasedthreewet processesare especialy
important in countries with extrertyelow or igh ambient temperatures.

The higher VOC concentration in the ovexhaust aiand booth exhaust air of solverased
systems has a beneficial effect on the energy consunitibve abatement system. Thayér
VOC concentration supports the combustion indkidiserand depending on the concentration
may sustairtombustion fumes to fudl). The heat is usually recovered and used for heating the
dryers.

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

Crossmedia effects
None

Technical considerations relevant to applicability

Only applicable to new plants or major plant upgrades

There are numerous space constraints on existing automotive siteswehreelvertbased
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 sherto23-week shutdown periods in
summer or winter. This limits the extent of changes that are possible.

GCA/GCH/GK/EIPPCB/STS_Final_Draft July 2019 79



Chapter 2

Economics

A solventbasedthreewet process has the potential to be retrofitted into existing installations,
although for some sites the benefits of the reducadt gbotprintdo not outweigh the cost of
conversionFor an example plant, the total investment for a new paint shop lineawhitee

wet process was estimatatinore than EUR 85 millioh256, COM 2018 ]

Driving force for implementation
See Achieved environmental benefits above.

Example plants
Solventbasecdhigh-solids: Ford Craiova
WaterbasedNissan Sunderland (new line) Renaulf Valladolid.

Referenceliterature
[183, ACEA 2017 ] 256, COM 2018 ] 265, TWG 2019 ]

2.4.3 Material-based techniques

2431 Water-based paint systems

Description
Waterbased paints have a low content of VOCs. They are usel@csocoat, primer and base
coat.

Technical description
For automobile volume paint shops, wabased paints are used as an electrocoat, pamar
base coat.

In electrocoating, the application of watditutable or watedispersible paints uses matdsi
with a solvent conteraf 2-4 %. Electrocoating materials are delivered in a closed system and
applied using dipping techniques.

Conventional watebased systems contain the following solvent conteri % in the primer
and 1217 % in the base coaPrimer and base coat materials are delivered in a closed system
and applied using spraying techniques.

Waterbased paints contain water as the main solvent plus orgasia\@nts. Binder systems

used are polyurethanes, polyesters, acrylates and melagsins. The organic -@mlvents 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 watkased paints is the reduction of VOC emissions.

Typical VOC emission factors for the watesised phases of the paint shop includel@gr’
for the electrocoat, 0-8 g/n¥ for the primer and -3 g/nt for the base coat with nemission
controls.

Cleaning of spraying devices and other tools can be carried out with water/solvent mixtures
with a solvent proportion of aboutZd) %. In some cases, the cleaning material can be selvent
free.
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Another advantage is that there areflashpoint hazards associated with this paint, minimising
the risks of combustion and explosion

Environmental performance and operational data

The aerage energy consumption in wabersed paint shops that participated in the data
collection exercisas 0.96 MWh/vehicle (averagefrom nine paint shops for the perio2013
2015 with 50% midrange: 0.71 MWh/vehicle). For data on specific processes, see Section
2.3.1.1 Influences on operationinclude production volume, local climatic conditions,
abatement techniques used, air volume requirements, length of baothispoth 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 watéased paints may be expected to be higher if the same drying
rate as for solverbased paints has to be achieved. However, compareatotnisation,
acclimatisation of spray booths, heating of substrates, oven losses, etc., the energy demand for
evaporation of volatile compounds is only in the range-BP4 for many industrial processes.
Water, instead of organic solvents, has a minorichpn 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 assistedff|eid the increased
spaceand associated air volume that miseto be handledAlso, stricter cabin conditions with
regard to humidity and tempure control may result in additional energy demand depending
on the locatlimatic situation.

Technical considerations relevant to applicability

Waterbasedmaterials ca be used as the electrocoat, primer and base coat and in some repair
operations. They can be used on metals and plastic magnise widely used. Due to the
continuousdevelopment of these materials, their range of application is steadily increasing.

Waterbased clear coats are not used for cars due to their poor appearance and quality.

Due toconsiderabldifferences in paint shop design, a change from sclvaséd to water
based spray coats cannot be made without radical modification of thespamtIn existing
sites, changing from a solvebased to a watdrased 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 paimbp can be linked to the body shop and to the
assembly shop. Due to these constrasush a transformation is very expensive and is rarely
made.

There are difficulties in retrofitting watdrasedsystems into conventional solvdmsed paint
shops dudo cost and physical constraintsg.assistedlashoff zones or stainless steel pipes
(see Economics below)Waterbased booths have to operate under tighter temperature and
humidity controls. Becausevater must be completely evaporated before the tiibs
temperatue reaches 100C, the heating curve is flar for waterbasedpaints compared to
solventbased 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 flasfi zones to meet additional curing requirements means
that paint shops designed and installed for soleased systems ag not have the space to
accommodate a watbased system. Other requirements are that the paint supply pipes and

2 Pidioll, U.; Ignitability of Spray Clouds of Organic Solvents, Solvent/Water Mixtures, and \Baszd
Paints by Electric Sparks, Arcs, and Open Flames; IEEE Transactions on Industry Applications
(Volume: 44, ssue: 1, 2008, p. 159 ) DOI:10.1109/T1A.2007.912764
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systems arenade ofstainless steel. Retrofitting is usually done at the end of the technical
lifespan of the existing installationAdditiond costs associated with the operational
requirements, materials and equipment installation mean that-maged systems are often
restricted to new paint shops or those already equipped with the necessary systems.

Due to the increased volumes usedterbased paints have become cheaper than sebeesad
paints.

Driving force for implementation
Possible reductioof off-gas treatment

Example plants
More than 536 of all paint shopsni the EU are WBpaint shops (sedlable 2.7, Section
2.2.3.9.

Reference literature
[68, ACEA, 2004][5, DFIU and IFARE, 200278, TWG, 2005][183, ACEA 2017][201,
ACEA, 2016]

2.4.3.2 Powder coating i conventionally cured

Description
Solventfree coatings consisting of powder with a particle size in the range «02&n.
Powder coatings are cured in conventional (convection)}teigiperature ovens

Technical description

Powder coatings are solvefinte systems that require electrostatic applicaprocedures 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 p@aebuilt spray booth with downdraft and
exhaust ventilation and can be by automatiectrostatically assisted sprayimy manual
spraying applications. See also Sectl@n7.2.6

Achieved environmental benefits
i Almost free of solvent emission.
q Low waste generation.

1 Application of electrostatically assisted spraying reduces recapture afpoasgrpaint
particles by water.

1 Simplification of cleaningf tools and booths (vacuum cleaning, compressed air).
1 High application efficiency

Environmental performance and operationaldata
Powder coat technology has zero VOC emissiand does not require water use fhrst
abatement. The use of reclaimed powder enables material reuse of Wb.to 97

Cross-media effects

1 Loss of energy generation due to solvenidation High curing temperatures are
required.

1 There are possible health risks du¢hmwuse of some mutagenstbstances.

Technical considerations relevant to applicability
Only one plant was in operation in Eurape2007. In generakhe colour and finishachieved
with this techniqu&lo not meet most European manufacturguslity standards.
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The powder paint technique allows reduced reprocessing dfpitas 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 coatrtiie film thickness is
difficult: a greater layer thickness will be created than is necessary (approximaiety),65
which results in higher paint consumption; however, increasingly nowadays, thinner layers
(approximately 5um) are also achievable.

Experience fronthe PSA Mulhouseplantshows that, after many years of testing, quality levels
did not reachthe quality standards expected by European customers. The price of powders
never falls because of lack of deployment (cafgw production lines ifeurope). The viability

of installations remains belothie conventional levels of other painting production lines.

It has also been found that lines without the primer coat stggfatedprocess) give better
results than the powder production line,emts 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 pawdechnology is a completely different technology and
requires a total refit of facilities, equipment and materials. However, a reduction of operating
costs can be observed; present estimations describe a reduction of at %daterfergy costs

over ether watetbased or solverttasedsystemswith abatement costs.

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

Example plants

The technique isat currently applied in Eopean plantfor the coating of passenger cars or
vans. It is used in some installations for the coating of truck chassis and truck tabias
used in the past iBMW AG in Dingolfing, Germanyandthe PSA Mulhouseplantbut now it is

no longer in usésee als®ection17.7.2.6 [ACEA comment#215 in[ 212, TWG 2018]}

Reference literature
[68, ACEA, 2004][5, DFIU and IFARE, 2002]27, VITO, 2003][38, TWG, 2004] 78, TWG,
2005][ 212, TWG 2018 ]

2.4.3.3 High-solids solvent-based paints

Description
For a generaldescription, see Sectidi?.7.2.1 This technique refers toigh-solids solvent
based paint applieaksbasecoat andopcoat.

Technical description

With modern solverbased venrhigh-solids paints the same VOGQo solidsratio as with water
based paints can be achieveligh-solids solvenbased paints typically have double the solids
contentof mediumsolids (MS) solventbased or standard watleased (WB) paints (HBase
coat: 3545 % solids, MS SB or standard WB:-22 % solids)[ 219,ACEA 2018 ] The solids

in the paint make up the final paint layer, hence one litreigit-solids paint can replace two
litres of standard paint. Higbolids solvenbasedpaints typically contain 235 % less VOG
than conventional solvettased paints (HS 585% VOCs vs MS 7882% VOCs), which
means that for each litre of paint used less ¥Q@ereleased compared tomaediumsolids
paint.
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For more information on the variousy/pes of highsolids coatings e.g. mediurmsolids (MS),
high-solids (HS) ultrahigh-solids (UHS) and their use in vehicle coatjrgpeSection2.2.3.8
andTable2.5.

Achieved environmental benefits

1 The use of higisolids paints reduces solvent use compared with conventional, solvent
based paints, while still applying the requisite amount of caating

1 Reduction osolvent consumption and emissions

1 Less energy consumption compared to whtsed paints

Environmental performance and operational data

With the utilisation of higksolids solvenbased pain{sthe same coating effect as with
conventional solverbasedpaints can be achieved but withdgsint volume and therefore less
VOC release. Watdrased 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 neealbé applied to achieve the same coating.

Stainless steel equipment in paint supply equipment and application is not remlikedh the
case of WB paints.

Solventbased systems achieve highality outputs in a wider range of climatic operational
conditions compared to watdrased 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.

Solventbased materials do noequire a forced flasbff before the oven. This saves space and
therefore air volume to be conditioned plus the energy required for the forceafflabha
solventbased paint shophe flashoff between baseoat and cleacoat takes only 90 seconds.

In a waterbased paint shgphe flashoff takes 10 minutes and the vehicle needs to be brought
from ambient temperatures to about@@’C and then cooled again to ambient temperature. In
the enamel zon&6 % more air needs to be moved in a WB paimbp. As a result, the direct
energy requirements for each vehicle badgiower for solventbased systems.

The higher VOC concentration in the ovexhaust ailand booth exhaust air of solvdrased
systems has a beneficial effect on the energy consomgftthe abatement system. The VOC
support the combustion in thexidiser, and depending on the concentration may sustain
combustion fumes to fudd). The heat is usually recovered and used for heating the dryers.

Crossmedia effects

Solventbased paits are more likely to requireff-gasabatemensystemcompared to water
based paints. However, wateased paints still contain VOC solvents and the clear coat is
usually solvenbased so watetbased systems will also require enengfgnsive abatement.

VOC abatemenis usuallydonewith oxidisers which generate secondary emissions of carbon
monoxide and nitrogen oxides.

Technical considerations relevant to applicability

Solventbased 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 inppdedand

existing paintshops where space is limited and where changes paihe materials may not be
technically possible.

Economics

Conversion to higisolids solvenbasedpaints 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 signitantly lower compared to watéasedsystems. The plant footprint is
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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 solventbasedpaints are cheaper than wabasedpaints on a per sokdbasis,
however this is strongly depemd®n the markeconditiors.

The solventbasedtechnology caralso be applied globally due to its reliability, which is an
important factor forinternationalcompanies. 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 hare dsablished 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@65f commercial vehiclgaint

shops Yans, truckchassis, trucks, buses) inettU currently use solveitased primer and/or
basecoat. Highsolids solventbasedpaints can be retrofitted into an operational plant, where
modifications can only be made during the sherto23-week shutdown period in summer or
winter.

Example plants
Ford, Europe, seBection2.2

Reference literature
[ 142, ACEA, 2016212, TWG 2018 ] 219, ACEA 2018 ]

2.4.3.4 Cavity preservation with flood wax

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

Technical description

Material

Hot wax

This consists of did paraffin wax, which is liquefied by heating to 12D. The tpical
chemical composition is: 8% paraffin wax, 0 % additives, 13 % mineral oil (with highiling
points).The solid wax is heated and kept in a storage tank atd.20

The car body is positioned on a flood frame which is equipped with a series of connecting tubes,
one for each cavity. The tubes andeanmedsgedt | vy
amount of hot wax is pumped into the cavities until they are completely flooded. When the
flooding is completedthe excess wax is allowed to flow back on a collecting tray and is
reintroduced ito the process. The body is preheated teB80C to avoid rapid cooling and
solidification of the wax which would lead to unneceigdhick wax layers.

Cold wax

Composition No information provided.

The application iscarried outat room temperatureand solidification of the liquid film is
achieva by oxidation with ambient air

Achieved environmental benefis
9 Prevention of VOC emissions
1 Energy saving(cold wax)

Environmental performance andoperational data
1 Material consumption (kghit): No information preided.
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1 Energy consumption fdreating (wax and car body) (kgft): No information preided.
1 Adverse effects due to wax aerosols (closed cabins, ventilation necessary)

Crossmedia effects
Energy demand for liquefyinthe waxand body preheating

Technical considerations relevant foapplicability

1 Only applied for camplans with a high production volume as the construction of flood
frames is very expensive

1 Bodies must be designed for spray flooding.

1 Not applied for coating of truck cabins, truck chassis and buses.

Economics
No information preided.

Driving force for implementation
Quality improvementompared tananual spray application

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

Reference literature
[ACEA comment #388 if212, TWG 2018]|

2.4.35 Cavity preservation with water-based wax emulsion

Description
Additional corrosion protection of inner surfaces of cavitiescisievedusing solvenfree wax
formulations other than hot wax.

Technical description

Materials

1 Low-tech watetbased wax
1 High-tech watetbased wax

Application method

For every cavitythere is at least one application hole for introducing the wax material by
nozzles (460 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 belonemanually or automatally (seeSection2.4.4.3.

To remove water or for crodimking of the wax componestthe bodies arertainsferred in
ovens

Achieved environmental benefis
Reduction of consumption and emission of \MOC

Environmental performance andoperational data

1 Material consumption (kghit): No information preided.

1 Energy consumption for heating (and/or otpeocesses like ventilation) in MWhii:
No information preided.

Cross-media effects
Higher energy consumption compared to soNmaded cavity wax
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Technical considerations relevant for applicability
1 Flexible can be applied even at muttiodel lines and in lowolume paint shops.
1 Not applied for coating of truck cabins, truck chassis and buses.

Economics
No information preided.

Driving force for implementation
Quality improvement

Example plants
No information provided.

Reference literature
[ACEA comment #388 if212, TWG 2018]]

2.4.4 Techniques and equipment for the application of paint and other
coating materials

The following paint application techniques and equipment are commercially applied:

electrocoatingsee Sectioi7.7.3.6andSection2.2.3.2.1

high-volume lowpressurédHVLP) spraying, see Sectidr¥.7.3.10

electrostatically assisted hightationdiscs andells, see Sectioh7.7.3.11

electrostatically assisted compressed air, airless aneassisted spraying, see
Sectionl7.7.3.12

1 automated spray application of cavity waee Sectio.4.4.3

E R ]

24.4.1 Automated coating spray application using painting machines

Description

Severalspray heads (atos#rs) 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 hiaes (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 atonsers or highrotation 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 theasyaltiody.
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Source [169, VDI 2013]

Figure 2.40: Automated paint application using painting machines

Achieved environmental benefis
Compared to the manual spray applicatibe main advantages are:

1 reproducible painting process
1 no restrictions with regard to maximum workplace concentratbhOCs

Environmental performance and operational data
Disadvantages compared to manual application and robot appliaation

1 only the outer contour of tHeody can be painted

1 a group of 912 individualatomiers is required for the application of the paint, which
increases the consumption of paint and rinse thinner.

Crossmedia effects
No information provided.

Technical considerations relevant forapplicability
Applicable to existing plants for the coating of passenger cars, arhguck cabins.Paint
machinecannotbe used for interior coating.

Economics
No information provided.

Driving force for implementation
Reduction of labour costdbetter quality.

Example plants
Widely used especially in old existing plants across Europe

Reference literature
[212, TWG 2018 ]169, VDI, 2013]
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2442 Automated coating application using robots

Description
For spray application, aingle atomser is attached to a mu#iixis robot.Robots are also used
for the application of sealants.

Technical description

Usually, pneumatic atonsers or highrotation bells with electrostatic charging are used as
atomigrs. For each working sequencethree 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 respectivpaint can also be prepared as reqdiin cartridge

filling stations next to the robot. To change ao®) the robot approaches this station and
replaces the empty one with a full cartridge.

Achieved environmental benefis
Automated operation of robots ensuegzaint layer applicatiomvith optimal coating thickness
and reduced overspray thatedmot need any reworking.

Compared to the machine spray application (see Set#of.), the main adantages are:

interior painting is also possihle

the atomsers can be guided very precisely along the bodywork, thus achieving a high
degree of application efficiengy

1 fewer atomiersarerequired for painting (reduction @intand rinse thinner quatigs

when changingolouror cleaning).

1
1

When robots ar@sed in the applicationf ®ealing and damping materials, the tolerance of the
required coating thickness can be reduaedultingin a material saving of about-B %
compared to manual applicatioin 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
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b) Source Renault Douai, FRL69, VDI 2013];[181, COM 20%]

Figure 2.41: a) Automated paint application using robotsand b) automatedsealantapplication
using robots

Cross-media effects
No information provided.
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Technical considerations relevant for applicability
Applicable to new and existing plants for the coating of passenger cargnginsck cabins.

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

Driving force for implementation
Reduction of labour costndbetter quality

Example plants
Robot spraying systermare considered standard in systems for painting passenger cars, vans
andtruck cabsThey are o applied in the coating other metabnd plasticsurfaces

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

2.4.4.3 Automated spray application with cavity wax

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

Technical description

The liquid material is sprayed (airleas100-130 bar, or airmix witha lower pressurg into the

bores of the body cavity. For each cavity there is at least one application hole for introducing the
nozzles (typically 4&%0 such holes in a body). The nozhlgders and the arrangement of the
different nozzles at the nozzle head are adaptexh¢h cavity in order to achieve a complete
and even spray film without spray shadows. Reproducible dosaging is achieved by
preprogramming the volume appligtirfie spray).

Two typesof automated application systems may be usé8,[VDI, 2013:

1 Nozzlesmounted on a multiplaozzle carrier. The carrier is moved to the bores and
spraying iscarried outsimultaneously. With this method a high production rate can be
achieved, provided all bores can be reached simultaneously with one or several nozzle
carrigs.

1 Severalpneumatic foldout nozzles are arranged in a nozzkehange head. A robot
retrieves the required nozzle head, applies it to the corresponding cavity and repifaces i
the specific cavity requires another nozzle type. At least one robdtpes sequired.

Spraying is at room temperature. Depending on the materialagypked, 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 (< 1afunmgderate speed
which fill the cavity volume by turbulent and diffuse propagation

Achieved environmental benefis
Lower material consumption and wageneratiorcompared to manual application

Environmental performance and operational data
Can beused with several material types

Crossmedia effects
None
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Technical considerations relevant for applicability

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

Economics
No information preided.

Driving force for implementation
Product quality

Example plants
No information preided.

Reference literature
[169, VDI, 2013][ACEA comment #390 ifi 212, TWG 2018]]

2.4.5 Minimisation of raw material consumption
The following techniques are commonly applied:

9 batch painting/colour grouping, see Sectlgn6.2.1

1 pigcleaing systems, see Sectiti.2.4.2

1 low-loss paint changersee SectioR.4.5.1

1 robot application of coatings and sealants,Ssdons2.2, 2.4.4.2and17.2.5

and other solvent management and reduction methods

2451 Low-loss paint change and purge systems

Description
Paint is pumped from the paint suppknte 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 techsifpuaecovery are in place, purging/rinsing of

bells and guns contributes significantly to emissions when sebas#®d paints are used. For
waterbased coats, purge liquids usually compris&®@ater [38, TWG, 2004].

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

In massvolume vehicle paint shopgaint 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
(seeFigure2.42). 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 agpdjcation unit

(robot with oneatomiseror 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 caitiges are filled wh paint (0.51.01) 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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Ring lines Atomiser feed line

F Lol
oK pr—

Colour changer

o 1B |©

| |

Paint storage & supply

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

Crossmedia effects
No information provided

Technical consideratons relevant to applicability
Generally applicable.

Economics
No information provided

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 if212, TWG, 2019]

2452 Recovery of used solvents

Description

See Sectioi7.12.3 Modern paint supply equipment including recovery of the purge soligents
commonly applied. Recovery is by piping the cleaning agents from the application equipment to
the storage tanks.
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Achieved environmental benefits
Typically 80:90 % of cleaning and purge solvents can be recovered, either on or off site, for
reuse.

Environmental performance and operational data

In the cleaning process there is also paiesiduein the cleaning agent whictmay result in
clogging of the pipes and containers because of hardening of the paint itself. Therefore
continuous washing may be needexulting in an increasa the usage of cleaning agents.

Crossmedia effects
No information provided.

Technical considerations related to applicability
No information provided.

Economics
The installation of a typical solvent recovery system costs BURillion per spray booth
(2006 dataput costs also depend on what is included in the system

A potentialsaving 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.

Driving force for implementation
No information provided.

Example plants
Ford, Europe.

Reference literature
[1, Intergraf and EGF1999][5, DFIU and IFARE, 2002]26, CITEPA, 2003][68, ACEA,
2004, 38, TWG, 2004JL42, ACEA, 2016] 212, TWG 2018 ]

2.4.6 Drying techniques
The following techniques are commonly applied:

9 drying via circulating air with or without dehumidified air;
1 infrared radiation curing, see Sectibn.8.5.1

2.4.7 Off-gas extraction and treatment
The following techniques are commonly applied:

wet separation spray booth (flushed impact pasel Sectiod7.10.4.1

absorption using a suitable liquid€t scrubbing, see Sectia17.10.4.2and17.10.6.3

dry overspray separation with pteated materialsee Section7.10.4.3

dry overspray separatiarsing filters see Sectiol7.10.4.4

electrostatic filter, see Sectidn.10.4.5

techniques for maintaining VOC concentration prior to treatpssd Sectiod7.10.3
adsorption: fixeebed adsorption, fluidised beddsorption and rotor @gsorption, see
Section17.10.6.2

9 oxidation: recuperative, catalytic and regenerative oxidation, see S&¢étidh5

= =4 =8 =8 -8 a1
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24.7.1 Cabin air recirculation combined with overspray separation

In paint shopdor the coating of passenger cars, vans and truck cabins, cabin air is recirculated
after intense overspray separatiomith dry overspray separation for new oompletely
refurbishedpaint shops otess frequentlywith wet scrubbing for existing plantse& also
Section17.10.3.2

2.4.7.2 Enclosed application zones

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

Technical description

A tunnel paint booth consists of the following sections:
1 plenum chamber;

1 spray cabin up to grate level;

| air conditioning system.

The separation system for the paint overspray is located below thegcatirig.

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:

1 air distribution duct;

1 filter plenum.

From the air distribution duct, the supply air pastferough 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 agairffinely filtereddthrough 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 seiipporting frame elements with planking. The inner sid#s

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 amgritered 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 velschre 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 indirectheating), 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 ofssolVenpaint
overspray deposition can be carried out with different systems. During wet washout, the
humidity increases to over 96. Therefore, use of circulating air is only possible with high
energy expenditure for dehumidification.

In the case of thdry deposition of the lacquer dispersion, recirculating air operation is useful
since the parameters of the air, in particular the humidity, are not significantly changed.
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Heat recovery is possible and efficient in wet washing through heat wheels.dasthef dry
deposition with recirculating air guidance, the solvents are concentrated. These are often treated
in a thermabff-gas treatment systewith heat recovery.

Various variants of air routing and energy recovery are shoWwigure2.43 andFigure2.44.

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 ventilato

Source: [183, ACEA, 2017

O~NO U WN P

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 airrecirculation, 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 pagkrough 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:

9 smallscale passenger car production;
1 truck chassis painting;

1 bus painting;

I 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 isintroduced into the painting booth or the body is transferred into an
adjacent single body dryer ovén

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

underlow negative pressure (1 mbar) to avoid fiugi emissions to the nearby workplaces

Achieved environmental benefis
1 Elimination of fugitive emissions.
1 Reduction of solvent consumption and emission.

2L Durr-Krouzilek, Ralf (2011): Ressourcéffizienz auf hohem NivealReinigungs und Lackierlinie
fur Nutzfahrzeuge. In: JOT 51 (3), S.i45. DOI: 10.1365/s3514@11-00425.
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Environmental performance and operational data
The requirements to be met in the air conditioning of spray booths are preserabtein30.

Table 2.30: Requiremerts for air conditioning in passthrough paint booths

Relative humidity Temperature Downdraft velocity
(%) cC) (m/s)
Solventbased paint 40-85 20-30 0.30.5
Waterbased paint 60-70 20-26 0.30.5
Waterbased ondayer 5575 2026 0.30.5
topcoat

Crossmedia effects

High energy demand for air conditioning:

1 When using wescrubling, as a rule, a 10% fresh air fraction is necessary since the very
moist exhaust air can only be reused with high energy consumption for dehumidification.

1 When drydeposition is used, a circulating air volume flow of up to®@ 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 exceet 25 the lower explose limit.
Usually 75-80 % recirculation rates are observed.

Technical considerations relevant for applicability
Passthrough paint booths are generally used in the paint shops for serial coating of passenger
cars, vans and trucks. Enclosed cabins are standakectnocoating and pretreatment.

Economics
No information provided.

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

Example plants

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

1 Single cabins (paint boxes) are standard foryolume production (e.g. sports car, truck
and bus paint shops).

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

2.4.7.3 Rinsed electrofilter (overspray separator)

Description
System to separate overspray particles from the process air using electrostaticfditters (
general descriptiorseeSection17.10.4.5.

Technical description
A rinsed electrofilteis 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 modubeverspray particles are removed. As the system achieves a very high
degree of separation, the spray booth can be operated with r&eiccair. A large proportion of

the scrubbed air is sucked in by a recirculation fan and returned to the booth. Depending on the
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exhaust afis solvent load, a portion of it is removed from circulation and replaced with fresh
air. Separation modules comprian alternating arrangement of active and passive elements. In
the active elements, a corona cloud forms under a high vplthgeging all paint particles.

These patrticles 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 #iectrofiltersystem. 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.

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

Achieved environmental benefits
In an electrofiltersystem the paint particles are separatéd® %o, with a remaining particle
content of 0.8.8 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
betweenhe 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.
Thesystem function will be monitored by the programmable logic controller (PLC).

Crossmedia effects
None

Technical considerations relevant to applicability
Therinsed electrofiltesystem is suitable for systems of all sizes.

Economics
No information povided
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Driving force for implementation
The patrticle content of the exhaust air is low enough that the air can be recirculated. This
reduces the cost and energy consumgboiconditioning the cabin air.

Example plants
Several paint shops Burope, thaJS and China.

Reference literature
[183,ACEA 2017]
2.4.8 Water management and waste water treatment

Thecommonly appliedechniquesredescribed in Sectioh7.11and Sectiorl7.4
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3 COATI N&OTOHER METABRLASTHWRFACES

3.1 General information on the coating of other metal and

plastic surfaces
[155, TWG, 2016] 212, TWG2018 |

In this chapter, the processes related to coatirghefr metal anglasticsurfacesare discussed.

These include the metal and plastic components of the following types of products as well as the
products themselves: fabricated metal productsuldeal plastic parts, small and large
agricultural and construction equipment, commercial and industrial machinery and equipment,
interior or exterior automotive parfsuch as bumpersheel covers, steering wheetgjck cab

roof tops / aero aids and othplastic 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 exbtwtal number of installations

are presented ihable3.1.

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

Reported number of

Activity insta_llat'ions aF t'hle Number of_ installations
submission of initial that submitted data ()
positions (2015) )

Coating ofplastic workpieces 36 7

Coating of metal surfaces not described

. 32 4

other sections

Coating of trains 0

Coating of agricultural and constructiq 4 1

equipment

Source () [161, TWG, 2015],9 [155, TWG, 2016]

The coating of plastic and othemetal surfaces sersalecorative, 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 durahil 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 vehicl@artspainting, parts integrated into vehicle bodies havestrae 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 additbcleaning 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 activéls use VO@ontaining compounds (i.e. coatings, thinners,
and/or cleaning materials).

The three main process steps are briefly described below [160, USEPA, 2008].
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Surface preparation

Surface preparation is performed for two main reasons: to correffamrsyin 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, andapnetre 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 appli lmpatings, 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: atomised spray @&ting, electrostatic spray coating, highlume
low-pressure (HVLP) spray coating, dip coating, flow coating, roll coating, electrocoating, and
autophoretic 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 tBgombf spray booths. These
cleaning materials are typically mixtures of V@G@ntaining solvents but lowolvent or
solventfree cleaning techniques and materials are available.

3.1.1 Coating of other metal surfaces

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

9 steel furniture, e.g.:
z furniture and fittings for commercial use, hospitals, etc.;
1 household appliances, e.g.:
3 white goods: fridges, washing machines, etc.;
1 mechanical engineering, components, cabinets:
z  e.g. forhigh-voltage switch gear;
i automotive sufassemblies, e.qg.:
engine blocks,
windscreen wiper assemblies,
radiators,
brake discs,
aluminium rims;
1 construction, e.g.:
3  facade panels,
z door and window frames,
z heating panels, radiators
1 components for windmillse.g:
3 windmill tower,
z windmill hub, nacelle and wing

MW W W W W
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3.1.2 General information on the coating of agricultural and
construction equipment
[5, DFIU and IFARE, 2002]41, ISACOAT, 2004] 8, TWG, 2005]

The machinery produced in this industry are vehicles (exgtatrs, 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 theiachineoverthe whole yeabut 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 ad vending, so gloss and colour retention, adhesion and corrosion protection are
critical issues. However, the main task is corrosion prevention. Inhesepating has to sustain
heavy mechanical and chemical stress. Chemical corrosion occurs due dssaggfiquids

arising from the materials handled (e.g. potatoes, manure) and moisture. The coating does not
generallylastas long as the vehicl&he @tical qualities of the surface are less critical than for
cars.

Large enterprises are typically thos@nufacturing selflriving machines. Due to relatively

high technological and optical demands, pretreatment and coating processes are sophisticated.
Paint consumption is above &hnes per year, associated with a solvent consumption of
between Gonnes ad 50tonnes per year.

3.1.3 General information on the coating of plastic surfaces
[5, DFIU and IFARE, 2002] [38, TWG, 2004] [119, May et al, 20086]

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 7% of the paints supplied to this industry are applied tatiplasirts of vehicles. This

is predominantly for bumpers, wheel covers and steering wheels. The remaifingf2the

paints are for coatingf televisionssound systemand computer housings.

The plastic parts coated for the vehicle industry includéspat are coated by the vehicle
producer (idline 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 colowtesign is increasinglyseenin the automotive sector,
including the interior decoration, for example, colmatching the steering wheel to the
daslboard or to the interior. In many cases, the car bodies and the components may be coated in
different instdlations 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 polyolefimss also greatly increased. These materials argolan
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 whichan 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:

resistant to mechanical or thermal stress;

chemically resistant;

electrically nonconducting;

additional wettingand adhesion properties compared to metal sigface
possibility of leakage or migration of the plastic ingredients.

= =4 4 —a -2
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Coating systems need to be chosen carefully with respect to the solvent they contain, as some
aggressive solvents may cause swellingseafrittiement, 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 ard IFARE, 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 graffitas 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 therelevanttechniques in Chaptdi7 may be applied.
The applieccoatingtechniques reported in the data collection are:

1 spray application iranenclosed coating cahin
1 spray application in enclosed cabins with clean room condjtion
1 airless spraying

The paint supply systenappliedare similar to those in vehicle coatjngg. paint container
directly connected to robot/workplace, withaigging or flushing technique

3.2.2 Applied processes and techniques in the coating of agricultural
and construction equipment
[5, DFIU and IFARE, 2002] [41, ISACOAT, 2004] [78, TWG, 2005]

Common issues for all kinds of coating of agricultural and other machinery are:

1 complex and largéhreedimensional objects;

1 relatively thick metal sheets which are processed by-tagéng, welding, etc.;

1 necessity of pretreatment due to processing rough edges, residues, rust and oil on metal
surfaces;

1 multiple substrates (steel, cast metal, wotttirmoplastics, duroplastics, fibemforced
plastics, preassembled parts);

I pneumatic, airmix and airless application, electrostatically assisted application, dipping,

or/and electrocoating are possible;

limited baking conditions due to mass or{assemled thermosensitive parts;

one main solid topcoat colour (typical for the brand) and a few additional colours (design);

single or dual layer system (primer plus topcoat on visible external surfaces, or single layer

topcoat);

9 high quality of finish with regrd to corrosion protection (edges), gloss and colour retention,
chemical resistance, adhesion, etc.

E

The typical process in central Europe for large-dalfing machines (combine harvesters,
potato seeders/harvesters) includes electrocoating (anodie &ggr or cathodic primer) and
topcoat application over primer (twammponent higisolid solventbased sprayed on partial
surface areas, or watbasedtopcoat, applied by dipping). However, traditional technologies
are still widely spread, especiallgrfsmaller 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 installati@re 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, electstatic support of the application is feasible and widely used.

Traditional technologies

Primers: polyvinyl butyrate (PVBdased, or acithardened alkyd (phosphoric acid), for spray
operations; or dipping with solvebased materials (organic solvents or chlorinated
hydrocarbons, based on alkyd resins).
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Single layer topcoat: dipping with solvendsedmaterials is widely used; alkyd coatings
contain organic solvents, even chlorinated hydrocarbons are still used.

Topcoat: taditionally solvenbasedpolyester/alkyd.

New technologies

Primer: twecomponent epoxpased, solverAbasedor waterbased for spraying; or water
basedcoatings for conventional and electrocoating; resins are mainly polybutadiene (anodic
electrocoat) oepoxy.

Singlelayer topcoat: watelbasedcoatings are available for conventional and electrocoating;
resins are mainly acrylic due to demands for UV stability.

Topcoats: isocyanateardened acrylate/polyester (medisoiids, highsolids, or watebaseq,
or onecomponent acrylic (watdrased high bake), for spraying; or polyester or acrylic
coatings (watebasegl for conventional dipping. Powder coat has been used successfully.

Usually, there is only one colour primer and a maximum of four coloulgfod topcoats. So
for epoxy primerandfor isocyanaténardened topcoats, twaamponent mixing machines are
technically and economically feasible.

3.2.3 Applied processes and techniques in the coating of plastic
surfaces
[5, DFIU and FARE, 2002] [38, TWG2004][119, May et al, 2006]

Generally in the serial coating of plastic parts, three issues need to be addressed:

9 surface preparation;
1 structure of the coating;
9 coating system and application technique applied.

Surface preparation

Surface pretreatmembay be applied to prepare the surface for the coating, e.g. to increase the
adhesive properties of the surface (especially for applications of-baded coating systems),

to activate the surface, to increase the electrical conductivity of the surfgcéofeuse 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 coronzhrigue; and fluoridation, which offers the
advantages of odayer coating and enabling the parts to be stored for longer periods before
being supplied for aubsequentoating process.

Structure of the coating system

Depending on specific requirementso, three or four layers of paint may be necessary.
relation to vehicle partiike for the main vehicle body, numerous layers of paint are required to
coat bumpers and other parts. This ensargsiality consistent with the main body atite
durability of the part.A ground coat may also be applifist 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 groosidis 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.

Coating system and application technique applied

The choice of cating system and application technique depends on thereddct needs. In
Germany, predominantly solvebased oneand twecomponent systems based on PUR and
onecomponent paints based on acryl melamine are used, althoughbaségr systems, UV
crosslinking systems and powder coatings are also used.
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Typically, highpr essure air spraying is used for we
geometry, the application efficiency is betweerf2@nd 40%. The highvolume lowpressure

(HVLP) paint applicatia method is also common for some applications, with achievable
application efficiency factors varying between®5and 50%. There is an increasing use of
robots, as they allow a more homogews 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 atilapt This will result in a potentially higher
emission of solvents through increased overspray.

Electrostaticapplication 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 ¢onakguns.

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.qg. if higiotating bells are used, @lcation efficiency factors of up to 8 can

be achieved. In some cases, a maximum level of onlp%% 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 condueity 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 preoat.

In general, drying and curing are carried out at a maximum tempemit@0°C, due to the
heatsensitiveness of the substrate. However, in certain casesipheanes of up to 13% and

hold zones of up to 11 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:

simple spray booth;

spray booth and dryer;

wet separation spray booth;

dry-separation spray booth;

water emulsion techniques in a spray booth;
paintin-paint spray booth

combined systems (wet and dwgparation).

= =4 =8 -8 _a_a_°

3.2.31 Coating of bumpers
An example of a simplified watdrased bumper coating process is showriguire3.1.

The workpieces being coated consist of polyumeth@aoulded pulps and thermoplastic plastics.
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Washing machine > Water dryer »  Flame treatment
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L Intermediate dryer
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Clear varnish booth Topcoat dryer

Figure 3.1: Water-based bumper coating process

Surface preparation
Different techniques can be used for the surface prepar@iftamn spray cleaning with water is
carried out by automation, with the parts progressively passing through different zones, e.g.:

first degreasing with an aqueeakkaline cleaning agent;
rinsing with water;

second degreasing witim agueousalkaline cleaing agent;
rinsing with water;

final rinsing with deionised water.

= =4 =8 =8 -9

Spray cleaning with water and chemicals can be avoided for polypropylene bumpers by
manually wiping the bumper with solveimipregnated wipes. In one example installation, the
bumpers areleaned manually with a watesopropanol mixture (the proportion of isopropanol

is 5wt-%) 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 uséal 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 i
not necessary.

Af ter drying, t he ofterr aktpated bye flame treatmeit soc @asmaar e
ionisation. Polyurethane parts do not need any further preparation.

Application of the coating

In general, bumpers are coated with a thager coaihg 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 s@utbased (e.g. solvettased twecomponent ground coating) or
waterbased. The primer may need to be dried (e.g. within a circulating airflow,&l) &ior to

the application of subsequent layers. Application of the base coat is carried out with ¢he sam
technique as the ground coat. Where the base coat uses nsatdidgnpaint, the solvent
proportion can be up to 8. Base coatmay beone or multiplecomponent paint systerasd

can beeither wateibased or solvertased. After the paint applicatiom,conventional solvent
based twecomponent clear coat is applied and evaporated. Additionallyomweet application

can also be usedliminating the need for intermediary drying zones.
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After evaporation, the paint layers are dried in the dryer. Seleaded exhaust air originating

from the flaskoff areas and dryers are captured and passed to a thermal treatment unit. The
achieved efficiency factor may be-99 % (depending on the load to the combustion unit). For
example, a concentration of 277 m@m’ in the rawexhaust gas is reduced to 25 @ in

the cleaned gas. Cleaning of the overspray is carried out via wet depo&dine3.2 below

shows the proportits 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 Solve?\;[\l{)_gzg))ort|on

Ground coa

1 solventbased 40-55

1 waterbased 15

Base coat

1 solventbased 50

1 waterbased 15

Clear coat

1 solventbased 50

1 waterbased 30
3.2.3.2 Coating of wheel covers

The coating system for wheel covers is characterised by two layers. First a conventional or
waterbased metallic base coat and subsequently a conventional suhesat twecomponent

clear coat or a UV clear coat are applied. The requirements for the coating include scratch
resistance, water resistance and resistance againsicsipseas welbs a high surface quality.

The coating is carried out by automation.

Figure3.2 below illustrates the production procedure of wheel covers with sebze@d paints.

Waste water Waste water,
> . . p——p .
treatment mstallation solids

L 4

Base coat cabin —

}

Evaporation zone

1 T

Clear coat cabin

l

Evaporation zone

}

Dryer —

v

Aqueous cleaning

Cleaned gas

Post-combustion

A 4

Figure 3.2: Process flow for the coating of wheel aers with a conventional coating system
Table3.3 below compares some different systems in use.
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Table 3.3:  Comparison of the proportions of solvent in coating systems applied for the coating of
wheel covers

. Solvent proportion

Coating structure and systems (th_%g)
Base coat

M solventbased 75

! waterdilutable 10

Clear coat

1 solventbased 50

! UV cured 10

1 waterdilutable 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 imould technique. For this technique, a releasntig applied onto the heated

mould and the imould coating is sprayed onto the release agent. In this way, the proportion of
overspray and therefore the material loss is comparably low, approximatéy Rfer a short
evaporation time, the mixed PURmaponents 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 agenwithdhe polyurethane system used. Up to

now, solventbased oneand twecomponent coating systems have been in use.

3.2.34 Coating of reflectors

Reflectors require an extremely smooth and homemes surface. The coating structure is a
onelayer type.

3.2.35 Coating in the production of televisions, sound systems and
computer housings

Nowadays, there is a trend in the awiBoal sector for more colourful products and even
individual customer requests regarding the colour design. The quality requirements for the
coating of the housings include resistangaimst alcohols, skin fat, etc., scratch and abrasion
resistance, and good optical surface properties.-8tates-art is the serial use of watbased
coatings, although solveblsed 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 and IFARE, 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 operatibgas treatment is not

used in small installations. However, in some large installatitiestreatment of theff-gases

from the dryers is common practice.

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:
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1 Reparation of the paintwork in thanishing department or during maintenance operations:
The paintwork is partly sanded and renewed.

1 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 Stjriga

1 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 blastorgp&int 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 comgsed 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 htical, this is also valid for maintenance processes.

Table3.4 shows the coating systems used for rail vehicle bodies according to the regulations of
the Deutsche &n 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
(Hm)
Pretreatment Blasting
Complete rail vehicle bod|Ground coat EP, WB 60
Knifing filler SB 60
Outside surfaces: Primer PUR or EP primer, WB 60
Front and side wall PUR primer, SB (alternative) 40
including door and windo PUR, SB 40
housing, roof and also he PUR, WB 20-30
areas made of gladtbre- |Topcoat Base coat, WB 40
reinforced plastic PUR, SB and 40
anti-graffiti paint, SB 40
Primary coat EP, WB 80
Roof Topcoat EP, WB, thick film 140
EP, SBthick film (alternative) 140
Primary coat EP, WB 60
Base frame, floor, EE WSBB thl;:rl]ﬁ;:lm film or one =
underbody Topcoat component underbody protect 140-200
(alternative)
Primary coat EP, WB - 60
EP, SB(alternative) 60
Bogie frame Topcoat EP, WB, th.iCk layer - 140
EP, SB, thick layer (alternative) 140
DIN COMPONEN Anti-corrosion wax NI
parts
Primary coat EP, WB NI
Interior surfaces Topcoat EP, WB, thick layer NI
Floor, roof, side and front EP, SBthick layer (alternative) NI
wall Seam sealant Sealing agent NI
Acoustic insulation |Artificial resins, WB NI
(3 SB: solventbased; WB: watebased; EP: epoxy; PUR: polyurethane.
Source[5, DFIU and IFARE, 2002]

Pretreatment of the wagon bodies
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Optional degreasing via aqueeaikaline cleaning agents is carried out after assembly
(especially for aluminium). Subsequently, the interior and the exterior surfaces are dlganed
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. Paiap@iedmanually via an airless spray
application. Besides conventional paints, wéi@sed, twecomponent, chromatieee paints,
based on epoxy resiase also available. The solvent content of these materials varies from 3
to 5%. A layer gproximately 66100um thick is applied onto the roof and approximately
200um thick on the side walls. Component parts such as luggage racks are coateol weitih
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 26 (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, aminbardening, watebased epoxy material (containing%3 organic
solvents) or a solvetitased polyurethanedptaining 35% organic solvents) is used. The layer
thickness amounts to about gt. The drying time is abow 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 completedvagons 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 vehiclesn@ng 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 lour). 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 #Ccambe

up to 120 um depending on the number of paint layers. About 120 um is applied onto the roof.

Predominantly, solvertased topcoats and clear coats are processed. Good performance is
needed from coating systems. Thigspeciallyimportant forhigh-speed trains (300 km/h), for
regular cleaning and removal of graffiti. Although wabased materials are already available,
solventbased topcoats are still preferred for the reasons mentioned earliaressmnetimes
prescribed by specifications.

Underbody protection
The underbody is coated with wateased underbody protection via an airless spray application.
A minimum layer thickness of 12800 um 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 tplants for the coating ofother metal and plasticsurfaces and

agricultural and construction equipment (ACE). No data were receivma firain coating
plants

3.3.1 Consumption

3.3.1.1 Material consumption

33111 Coating of trains
[5, DFIU and IFARE, 2002]

In Table3.5 the material consumption for specific paint layers is listed. The total solvent input

(from thinners, cleaning agents and paints) of the inspected instal{B#atsche Bahnyvas
187.6tonnesin 1999. Data for individual films of paint could not be determined.

Table 3.5: Material consumption per coated wagon

Paint/substrate Consumption
(kg)

Ground coat 200
Primer 3540
Topcoat:

Roofs 35

Windows 35

Braids, decor strips 5

Side wall underneath window 15

Underbody protection 150-200
Source[5, DFIU and IFARE, 2002]

Mass balances
No data submitted.

3.31.1.2 Coating of plastic surfaces
[155, TWG, 2016]

The consumption of raw materials in this sector depends on:

1 the type of processes applied
1 productspecific substrate argkometry
T volume of production.

Reported data from installations for the coating of plastic surfaces indicate a specific solvent
consunption in the range of 0.18.02kg solvent per mof coated surface. The large deviation
in this range is related todldifferences in the progdt types and their geometries.

Only three installations reported detailed information on the process steps and the use of
materials fo the different coating layers.

Of these installations, two are using solvbased (SB) matel for the three coating layers
(primer, base coat, clear coat) while the third is using both SB andbested (WB) coats, WB
for the base coat and SB for the clear coat.

GCA/GCH/GK/EIPPCB/STS_Final_Draft July 2019 115



Chapter 3

Coating of bumpers
For one example site in Germanjolkswagen, Wolfsburg), in ZI2 [119, May, 2006]

about 1 million bumpers were painted;

surface area (external side only): betweem@.@nd 1.5 iy

substrate: polypropylene with EPDM modification;

threelayer coating systemith primer, base coat and clear coat;

pneumatic atomisation of coating materials by sygrays mounted on robots;

drying oven after primer and clear coat, wetwet process for base coat and clear coat.

E R

Solvent consumption figures ifiable 3.6 refer to a mixed coating system with solveased
primer, watetbased base coat and solvbased clear coat. The solvent used may increase by
20% when mediunsolids paint s used. If a complete solvelphsedsystem was applied, the
solvent consumption would amount to 35@. Consumption of paint solids would be 20y.

VOC emissions according to EVABA{Economically Viable Application oBest Available
Techniquesyangebetween 51.78yr and 72.45/yr. Emissionswere estimated tte 0.25
0.35kg VOCs/kgof paint solidg2002 data)

Table 3.6: VOC usefor bumper coating (2000data)

Coating system Solvent used * (ty)
Ground coafsolventbased) 125
Base coafwaterbased) 31
Clear coa(solventbased) 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 solventused 351
* It has been reported that the solvent used may increase%w#ten mediursolids paint is used.
If a complete solverAbasedsystem was applied, the solvent consumption would amount to 550 t/y
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 {tkt&, May, 2006]

1 coating of about 3000 truck cab roof tops and complete plastic part sets per year;
' surface area (external side only) betweer’@nd 11 rfiper rooftop:

9 substrate mostly fibreeinforced SMC polyester.

The combination ofechniques used is:

1 predominantly twdayer coating systems with primer surfacer and solid colour topcoat;

9 atomisation of coating materials by hightation bells mounted on robots, assisted by
shaping air, but without electrostatic charging;

i drying oven #er topcoat, webnwet process for solvettitased primer surfacer and
topcoat.

In the case of the conventional medigolids system, solvent consumption was aboutt400
and consumption of paint solids was (in 2005) &3

Due to specifictechnological requirements (i.e. covering of substrate defects, customer
specification, webn-wet process), the jobcoater for plastic workpieces prefers to continue the
use of solvenbasedcoating materials. In the area of trucks and commercial vehila® than

95 % of objects are coated with sindég/er 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
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number of colour changes, including the purging ef & 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) (%) | (kglyr) (%) (kglyr)
Putty 1000 8.5 85 91.5 915
Sanding primer 3900 29.5 | 1150 70.5 2750
Primer surfacer 88000 32.4 | 28512 67.6 59488
Topcoat 133000 42.2 | 56126 57.8 76874
Elastic additive 4100 223 | 914 77.7 3186
Base coat 5050 77.3 | 3904 22.7 1146
Clear coat 10400 54.0 | 5616 46.0 4784
Hardener 66 300 545 | 36134 45.5 30166
Diluent 28600 100 | 28600 0 0
Special productg 275 46.3 127 53.7 148
Purge solvent 137000 100 | 137000 0 0
Structure topcog 22000 42.0 | 9240 58.0 12760
Powder 2000 0 0 100 2000
Total 501625 307408 194217
Source]119, May et al., 2006]

The option to achieve low VOC emissions would be the introduction ofddtitis and very
high-solids coating material and adapted purging liquid (Balele 3.8). This would give an
emission value of 0.2y VOCs/kgof paint solids.

Low-emissiommaterials include:
1 very-high-solids weton-wet primer surfacer;
1 high-solids topcoats;
1 low-VOC purging liquid (70% organic materials not classified as VOCSs);
9 additional lowemission products (s@able3.8).

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 98985 15 15343 84.5 83642
Sanding primer 4260 29.5 1257 70.5 3003
Primer surfacer 140 56.7 79 43.3 61
Topcoat 150955 28.4 42871 71.6 108084
Hardener 49507 25 12376 75 37130
Additive 624 22.3 139 77.7 485
Clear coat 11027 37 4080 63 6947
Base coat 5226 9.5 496 23.7 1239
Diluent 27618 100 27618 0 0
Structured coat 17022 8 27618 54 9192
Hardener 2635 5 133 95 2505
Special products 255 46.3 118 53.7 137
Purgingliquid 106311 30 31893 0 0
Total 475165 137815 252974
Recovery 197185 33 65071
Total VOC emission 72744
Source[119, May et al., 2006]
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3.3.1.1.3 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 Ok@ylup to 0.5 kg solvent perof coated surface.
3.3.1.14 Coating of agricultural and construction equipment (ACE)

[155, TWG, 2016]

Data for only one installatioweresubmitted. The main characteristics of the process stages are
presented iTable3.9.

Table 3.9:  Main characteristics of process stages for an ACE coating plant
Stage Pretreatment Layer 1 Layer 2 Layer 3 Cawty.
preservation
Cleanin Lubricant Cavit
Process 9, Primer coating Gloss and rust Y
degreasing o preservation
inhibitor
. Agueous .
Material Wax coat with
(VOC content) deterg_ent SB (305 g/l) SB (425 g/l) NI solvents
emulsion
o High-pressure Spray appllca}tlon |'|Spray apphcathn i
Application enclosed cabins wil enclosed cabins
spray cleaner, . NI NI
method . clean room with clean room
automatic i o
conditiors conditiors
Circulation lines fe(Circulationlines fe(
from central mixingfrom central mixing
Paint supply NA chamber, without| chamber, without NI NI
pigging or flushing| pigging or flushing
technique technique
Colour change Batch
9 NA painting/colour NI NI NI
system purging )
grouping
Convection . .
Dryer type drying Convection drying NI NI NI
NB:
NI: No information provided
NA: not applicable
Source Plant#073in [155, TWG, 2016]

3.3.1.2 Energy consumption

Reported data show that the specific energy consumption values vary &K@/t up to
35kWh/nt 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 iroff-gas thermal treatment in relation to the total energywmption, 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) resultedainreduction of the total energy
consumption of 666 (Plant# 080in [155, TWG 2016]).

3.3.1.3 Water consumption

Reported values from installations for the coating of plastidacesshow that the specific
water consumption varies froml/Bn? up to 30 I/n of coated surface.
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For the coating of agricultural and construction equipméime reported specific water
consumption value was 0.26 per tonne of product

3.3.2 Emissions

[155, TWG, 2016]

3.3.21 Total and fugitive emissions of VOCs

This industry group covers a wide range of activities with significant differences

the type of processegpplied

the endof-pipe techniqueapplied
the products;

the production volume.

= =4 —a -9

The reported VOC emission values, expressekhagOCs emittedper kg of solid mass input
(kg VOCgkg solids), are presented irigure3.3.
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Plant 079 129 126 080 131 165 176
Country DE cz BE DE Im BE DE
Product type oMs Ps Ps oms P PS+OMS oMs
Year of current layout 1980 2008 2000 2014 2016 2016 NI
Source [155, TWG 2016]

Figure 3.3: Total emissions ofVOCsexpressedn kg VOCs per kg of solid mass inputfor the
period 20132015

Contextual information related to the material and procespgdied for the installations
presented above is givenTiable3.10.
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Table 3.10: Information on coating materials and techniquesapplied at installations for the
coating of plastic andother metal surfaces
. . Thinner/cleaning L
In;tall Coating materials materials (VOC Application and Colour change
ation (VOC content) enclosure
content)
079 SB (3373%) SB (100%) Spray applic.ation _ir Batch painting/
enclosed coating cabin colour grouping
Primer: SB (80%) Primer: SF Primer: HRB First-generation
126 Base coat: SB (7%) | Base coat: SF Base coat: HRB colour changersi
Clear coat: SB (5%0) | Clearcoat: SF Clear coat: HRB high paint loss
Primer: SB (80%) Primer: SF Primer: HRB First-generation
132 Base coat: SB (7%) | Base coat: SF Base coat: HRB colour changersi
Clear coat: SB (5%0) | Clear coat: SF Clear coat: HRB high paint loss
Primer: SBWB
129 Base coat: WB NI NI NI
Clear coat: SB
Primer: SB (40%) Primer: SB (90%) : .
165 | Base coat: SB (4%) | Base coat: SB (90% gé%siggtgjt\’/'gﬁti‘fgg;n NI
Clear coat: SB (6@0) | Clear coat: SB (90%
Airless application,
. paint container directly|
080 SB(72%) No thinner necessary connected to robot, NI
enclosed cabin
Pneumatic atomisation
176+ | SB NI Enclosed cabins with | NI
extraction
* One dryer (out of three) not connected to abatement system. Plant &galiestion SchemdRg).
** Reported emissions include methane emissions from the CHR units
NB:
SB: Solvertbased; SF: Solvetitee; WB: Watetbased; HRB: Highrotation bells.
NI: No information provided
Source [155, TWG 2016]

The reported values of fugitive emissiookVOCs as a percentage of the solvent input are
presented ifrigure3.4.
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53 . .
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E5 . .
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= 0 ™ L]
Plant 079 126 132 129 080 073 131 1288 1280 176
Country DE BE SE [+ DE UK T a a DE
Product type oMs Ps s PS oMS ACE PS PS (spray PS (flow OMS
coating) coating)
Year of current layout 1980 2000 N 2008 014 NI 2016 2015 2015 NI

Handling and use of hazardous materials
W Measures to prevent unplanned releases | ] | ] ]
Air extraction from drying processes
= Air extraction from the cooling zone =
& Enclosed application zones with air extraction - - - - - -

Molecular sieve, absorption wheel and CHP

NB: For Plant #176 F value includes methane emissions from electricity production of CHP plant.
Source [155, TWG 2016]

Figure 3.4: Fugitive emissions ofVOCs expressed as percentage of the solvent inpiair the period
20132015
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The comparison of the reported values for total and fugitive emissfoil®Csexpressed 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 orde®®0t®09%. That
emphasises the necessity to control fugitive emissio

The following have been identified as major sources of fugitive emissions:

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 sampfiich is usually done

in the absence of the vacuum system;

1 coating processes;

bl drying processes.

1
1

The following main techniques have been identified for the minimisation of fugitive emissions:

Handling and use of hazardous materials

Safe storage of haziwus substances and measures to prevent unplanned releases
Enclosed application zones with air extraction

Thermaltreatmenbf extracted air

Air extraction from drying processes. The drying ovens are operated with negative
pressure to avoid fugitive essions. The extracted air is treated.

=A =4 -8 -8 -9

3.3.2.2 TVOC emissions in waste gases

The reported values for periodic monitoring of VOC emissions in waste gases are presented in
Figure3.5.
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Source [155, TWG 2016]

Figure 3.5: Reported values for periodic monitoring ofTVOC emissions in waste gases for the
period 20132015

The basic statistical parameters of the submitted dafBM@C emissions in waste gases from

plants for the coating of plastgurfacesother metal surfaces and ACE are presentéithbie
311
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Table 3.11: Statistical parameters of reportedaveragevalues for periodic monitoring of TVOC
emissions to air for the period 2012015

2015 2014 2013

Qﬂﬂ'ﬁﬁ;ﬂue No of '?;Ig(; Max. | Min. | No of '?;/g(; Max. | Min. | No of f;’geé Max. | Min.

value mg CINIT? values mg CINIT? values Mo C/Nm
AAC-Z 1 34 | NA | NA NA NA | NA | NA NA NA NA | NA
TO 1 1 NA | NA 1 34 | NA | NA NA NA NA | NA
RecTO 1 3 NA | NA NA NA | NA | NA NA NA NA | NA
RTO-2 1 11.3| NA | NA 1 22 | NA | NA 1 12 NA | NA
RTO-3 5 6.4 | 9.6 3 2 33| 62| 04 1 6.8 NA | NA
RTO 3 22.1| 40 3.5 3 21.7| 29 | 111 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/not available
Source [155, TWG 2016]

3.3.2.3 Dust emissions in waste gases

Dust emission data amdated with dust abatement technisjweere reported only for one
installation (two monitoring points)The reported values for monitoring of dust emissions in
waste gases are shownFigure3.6.
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Figure 3.6: Reported values for periodic monitoring of dust emissions in waste gases for the
period 20132015

For the majority of reporting installations, dust abatement is not the top priority. Nevertheless,

the use of dust abatemeethniques (e.g. dry particle filter, wet scrubber) results in low dust
emission values.
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3.3.24

NOyx and CO emissions in waste gases

Nitrogen oxidegNOx) andcarbon monoxideGO) emissions result from the thermal oxidation
of off-gasesThe reported values are presented in the following figures.

Nitrogen oxides
Data for 10 monitoring points (from five plants) were reported for N&missions to air in

waste gases with a yearly monitoring frequency in most cases. All of the reportesl aradue
lower than 105ng/Nnr.

The reported values for periodic monitoring of N@missions in waste gases are shown in

Figure3.7.
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Figure 3.7:

Carbon monoxide

Reported values for periodic monitoring of NG, emissions in waste gases for the
period 20132015

Data foreight monitoring points (from four plants) were reported for CO emissions to air in
waste gases. The monitoring frequency varies between once a year and once every three years.
Values for all emission pointsut one are lower than 4Bg/Nnt.

The reported valuge for periodic monitoring ofCO emissions in waste gases are shown in

Figure3.8.
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Figure 3.8: Reported values for periodic monitoring of CO emissions in waste gases for the period
20132015

3.3.25 Emissions to air from the coating of trains
[5, DFIU and IFARE, 2002] [38, TWG, 2004]

Only dust from overspray and blastingdeposited. Emission values of less thamg@n? are
achieved. VOGfrom coating processes are emitted to the air as direct or fugitive emissions. In
some installations, thermal oxidation units are already used for treatimdfipases from the
dryers. Enission values of less than B®y/nt are achieved.

However, as spray booths are extremely large and exhaust air volumes are ard0@inai0,
dry filtering systems are preferred.

If a standard, solveriased paint system withooff-gas cleaning, aboB26g VOCSm’ are
emitted. From the total solvent input of 187.6 tanimeo the inspected plariDeutsche Bahn)
134.08tonnes were emitted and 53.38nnes was disposed of as waste (a thermal combustion
unit is not installed).

By the implementation ofhe following measures, emission values df19gVOCSm® are
achieved:

1 Materiatspecific techniques:

o Application of watetbased ground coats, primers and topcoats

o Only for two-layer lacquer finishes, an application of a conventional clear coat

0 Waterbased primers and underbody protection in combination with thick layer
materials

0 Waterbased primers and fillers

o Minimum use of knifing fillers and us¥ low-styrenecontent filler

0 Processing of preoated (coilcoated) materials for new constriact of rail vehicles
This technique minimises the emissions of the train coating installation but emissions
occur at the coil coating plant.

9 Processspecific techniques:
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0 Reduction of painted surfaces, for example, by the use of adhesive foils for tecorat
designs or as graffiti protection

o Efficient application devices: HVLP, airless and air assisted airless spraying

0 Recycling of cleaning agents via distillation of solveonntaining paint wastes and

paint sludge
0 Use of automated supply of coagulémt wet precipitation for increased service life of
the water.
3.3.2.6 Emissions to water from the coating of trains

[5, DFIU and IFARE, 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 and IFARE, 2002] [78, TWG, 2005] [41, ISACOAT, 2004]

The rinsing tanks used for the pretreatment of workpieces generate waste water. In an
installation,about 1820 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 plasticsurfaces other metal surfaces (OMS) and agricultural and construction
equipment (ACE).

Table 3.12: Waste generation data
Quantity | Solvent
Waste type Source range content Destination
(t/yr) (%)
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 34 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 Dellvc()af;esditgr sold
Waste solvents Cleaning processes 50-170 5-95 Deliveredoff site
Sludge containing dust Air emission abatemeny  35-80 1 Delivered off site
Used paint containers Production processe§ 100-160 1 Delivered off site
Other contaminated packagin{ Production processes 5-6 1 Delivered off site
Contaminated absorbents Cleaning processes 1.53 2 Delivered off site
Solid waste from distiller Distillation 1.5 3875 Delivered off site
Liquid waste from distiller Distillation <1 75 Delivered off site
Paint filters Production processes 1-2 15 Delivered off site
Paintresidues Production processes  60-80 4050 | Delivered off site
NB. NI: No information provided
Source [155, TWG, 2016]
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The main identified techniques for the minimisation of waste generation are:

reusable containers;

distillation of used solvents;

filter press for waste water sludge treatment and reduction of waste water volume;

less colour changes in the process, resulting in lower solvent and cleaning material
consumption.

=A =4 =4 =9
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3.4 Techniques to consider in the determination of BAT

In Chapterl?, techniques are discussed which might also be applicable to the serial painting of
plastic andnetal surfaces. Imable3.13, the general techniques relevant for the serial painting of
plastic andmetal surfaces that are described in Chapfaare 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 eachrtigjue is given iTablel17.1.

The EGTEIlbackground documerfor the industrial application of paints (see Anrdx3.)

gives some data on the cestndbenefis 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 areivgen without consideration of the other BAT factors, such as ¢nesia
effects or of the technical characteristics of individual installationgproducts[92, EGTEI,

2005}

Table 3.13; Reference to techniques generally applicable to the sector
Technique Section number

Environmental management techniques 17.1
Storage and handling of rawaterials 17.2
Monitoring 17.3
Water useand waste water generation 17.4
Energy managemennd energy efficiency 17.5
Raw material manageme(ihcluding substitution) 17.6
Coating processes and equipment 17.7
Drying and/or curing techniques 17.8
Cleaning techniques 17.9
Off-gas extractiomndtreatment 17.10
Waste watetreatmentechniques 17.11
Waste management techniques 17.12
Odouremissions 17.13

3.4.1 Minimisation of raw material consumption

Description

Some techniques tincrease the resource efficiency and remluce the amount of waste
generatedn the painting process are:

1 optimisation of the painting proceésee Sectionl7.7.3and17.6.3, including automation
(see Sectiod7.2.5;

1 dewatering of paint sludgsee Sectioi7.12.4.);

1 recyclingof paint sludge or the water emulsion.

Achieved environmental benefits
Reduction of the amount of waste (e.g. paint overspray) produced by the process.

Environmental performance and operational data
No informationprovided

Crossmedia effects
No information provided.

Technical considerations relevant to applicability
These techniques are commonly applied in treging of bumpers.
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Economics
No information provided.

Driving force for implementation
No information provided.

Example plants
Volkswagen, Wolfsburg, Germany.

Reference literature
[56, ACEA, 2005]

3411 Batch painting/colour grouping

For a generabtescription, see Sectioh7.6.2.1 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 cha captured and reused. About 66 tonnes of rinsing diluent
can thus be saved per year, for a recapture proportion%f 90

[5, DFIU and IFARE, 2002]

3.4.2 Material-based techniques (substitution)
3421 Water-based paints
Description

For a general description, see Sectibn.7.2.2 Waterbased coating systems can be appicd
the ground coat, base coat and sometimes the clear coat. The followingbaseer paint
systems are commonly applied:

1 onecomponent acrylate dispersionwb% organicsolvent;
1 two-component PUR system: 1 wt-% organic solvent;
1 two-component epoxy resin: 5¥Wb organic solvent.

Achieved environmental benefits

The amount of solventgsedcan be reduced by up to 28 by the use of watdrased ground
coats, and consequtty solvent emissions can also be reduced accordingly in the case of
coating of bumpers.

Environmental performance and operational data
No information provided.

Crossmedia effects
No information provided.

Technical considerations relevant t@applicability

In the vehicle component supplier industry, wdiased paints are already in use as fillers and
base coats on, for example, bumpers and wheel covers. -Wésted paints can lead to
mechanical constraints on the physical characteristicegiléstic. In the painting of television,
sound systemsnd computer housings, the serial use of wadsed coatings is commonly
applied.

Economics
No information provided.

128 July 2019 GCA/GCH/GK/EIPPCB/STS_Final_Draft



Chapter 3

Driving force for implementation
No information provided.

Example plants
Plants#129 and #131n [155, TWG 2016].

Reference literature
[5, DFIU and IFARE, 2002[38, TWG, 2004, 119, May, 2006155, TWG 2016]

3.4.2.2 High-solids paints

Description
For a general description, see Secfi@n/.2.1

3.4.2.3 Powder coating i conventionally dried

Description

See Sectiorl?7.7.2.6 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 aly applied insmall batches in the coating of small parts, such as comppastie of

metal and plastics for car radiators.

Achieved environmental benefits
See Sectiol7.7.2.6

Environmental performance and operational data
Developments$n thermal curing lowtemperature powder coatings look promising.

Crossmedia effects
See Sectiol7.7.2.6

Technical considerationgelevant to applicability
No information provided.

Economics
No information provided.

Driving force for implementation
No information provided.

Example plants
No information provided.

Reference literature
[5, DFIU and IFARE, 2002]

3424 Radiation cured paints

Description

See Sectiorli7.7.2.3 UV-curedcoatings are applied to clear coats, e.g. on wheel covers, and
contain 10wmt-% organic solvent. A progressive technique is the automated application-of UV
cured coatingsduring coatingon reflectors; the coating system contains abodd wt-%
organic solvent. Another industrial application of dured powder is for the coating of PVC
floor tiles.
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Achieved environmental benefits
Waterbased and solveffitee radiation curing paints dwt 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 consideratiors relevant to applicability
These paints can be applied for all paint layers.

Economics
No information provided.

Driving force for implementation
No information provided.

Example plants
Plant #128Ain [155, TWG 2016]

Reference literature
[5, DFIU and IFARE, 2002[155, TWG 2016]

3.4.25 One-layer coating after fluoridation

Descaiption

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 hewmnsgenirface
independent of the geometry of the workpiece.

Another advantag 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.

Environmental performance and operational data
No information provided.

Cross-media effects
None.

Technical considerations relevant to applicability
No information provided.

Economics
No information provided.

Driving force for implementation
No information provided.

Example plants
No information provided.
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Reference literature
[5, DFIU and IFARE, 2002]

3.4.3 Paint/coating application techniques and equipment

Pretreatment (prior to coating) techniques are discussed in Sg¢titdh
Paint/coating application techniques are discussed in Sdcti@r8

Electrocoating for metal substrate is discussed in Set#oh3.6

Techniques for the minimisation of raw material consumption are discustéin
Automation of equipment is discussed in Secfi@t2.5

= =4 —a —a -9

3.4.4 Off-gas extraction and treatment

Techniques for the extraction of afisesand minimisation of fugitive emissiomse discussed
in Section17.10.2

A general descriptionfeexternal concentration of solvents in-gfises (as a pretreant stage)

is given in Sectioi7.10.3.3 Identified applied techniques are the molecular sieve buffer
technique forelimination of VOC peals (see Sectiod7.10.3.3.)1 and adsorption to activated
carbon or zeolitesee Sectiol7.10.3.3. See also Sectioch4.4.1

Information on internatoncentration of solvents in effases is provided in Sectid@.10.3.2
See also Sectiof.4.4.1

The followingoff-gastreatment techniques are commonly applied:

oxidation: recuperative and regenerative oxidation, see Sedffoh0.5.3% 17.10.5.4

sending offgases to a combustigant (including CHP plantg, see Sectiod7.10.5.1

adsorption using activated carbon or zeolises Sectio7.10.62;

absorption using a suitable liquid€t scrubbiny} see Secti®17.10.4.2and17.10.6.3
dry scrubbing, see Sectidi7.10.4.4

= =4 —a -8 A

3441 Concentration and recirculation of waste gases from the painting
booths

Technical description

Some manufacturers of plastic workpieces prefer to continue the use of 4mgedt coating
materials. This i®ecause of the specific technical requirements (i.e. characteristics of plastic
substrates, customer specifications, flexibility in use, ability to us@mweiet processes).

To assist in achieving low solvent emissions, the plastic coating industryntiates theoff-
gas streams externally by means of rotating adsorbers (see SEetl@n3.3. They also use
internal recirculatior(seeSection17.10.3.2 in spray booths with automatic application of the
paint.

The exhaust air of a spray booth (typically @8I 80000 ni/h) is recirculated after intense
filtration (typically a venturi wet scihber plus an additional filtering step) which achieves
particle concentrations below Qrig/n? in order to avoid optical surface defects on the
workpieces. By reheating the exhaafter the wet scrubber, stable climatic conditions (about
70% relative huridity) can be achieved. By achieving-98 % recirculation of air volumes,
the solvent concentration in spray boothsidtiplied by 10 or 20 (typically from 25éng/nt to
2.5g/n?). The solvent concentration then has to be controlled for safety reasoresméin
sufficiently below lower explose limits) and for technical reasons (the influence on the
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evaporation of solvents from workpieces). Betweér and 10% of air volumesare sent to
abatement. The low air volume and high solvent concentration careé greconditions for
thermal oxidation

Achieved environmental benefits
Reduction of VOC emissiorendreduction of energy consumption for thermal treatment of off
gases

Environmental performance and operational data
No information provided.

Crossmedia effects
No information provided.

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 (smai anld outlet openings),
where application is performed by automatic devices, and for workpieces without internal space
volumes.

Economics
The reduced cost of thermal treatment, due to lower volumesaaigher VOC concentration
achieve autothermal cditions.

Driving force for implementation
See Economics above.

Example plants

Volkswagen, Wolfsburg, Germany.

Plant #176 in [155, TWG 2016] wheeemolecular sieve isisedfor smoothing of the peaks
before adsorption wheel which then increases the VOC concentration for subsequent treatment
in the CHP plant.

Reference literature
[119, May, 2006]155, TWG 2016]

3.4.5 Water management

Description

See Sectiol7.4 One of theiechnigues to considé the minimisation of dumping of the tanks
from the spray booths to reduce water congtion 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 COATI NG OF SHIAESTAND
[5, DFIU and IFARE, 208] [38, TWG, 2004]78, TWG, 2005[202, SEA SMRC, @17]

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 (fileiaforced plastics). These materials
corrode or dteriorate if unprotected and must therefore be preserved by means of corrosion
protection systems. The required costs in the case of ship construction amount te7a¥%oat 3

the total construction costs. Corrosion protection enhances ship safetyphgsdage, maintains
the shipbs value and reduces maintenance coO.
and below water), outside decks, hold and tanks, are exposed to a varying degree of corrosion so
different corrosion protection systems appléed. 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. Favathngy of merchant

ships, adhesion, corrosion protection and prevention of fouling are the key issues. For the
coating of yachts, appearance also plays a cruciglti@esfore the coating of merchant ships

and yachts are described separately. Due to different construction, coating and pretreatment
processes, theoaing of new ships and the repair and maintenance are also considered
separately. No information on teeaing of warships has been submitted.

In 2015 European shipyardspnstructed, maintained and repaired shifit 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 andhdR 47 billion of turnover.
European ship repair activities amounted to a total turnoveEUR 3 billion in 2015. All
combined this results in thadirect employment of about 4800 peopleén more than 2200
companies.

The EWs recreational boating industry comprise<08® direcly involved companies, 28000

direct employees, and more than ERWR billion in annual maneafcturing turnoverOf the

32000 companigsapproximately 906 of these businesses are SMEs. This figure irslud
repair and maintenance of superyachts, marine engine manufacturers, marine and yacht coat
manufacturers and applicators, higithnology eleconics companies and equipment
manufacturers. Buit excludes the superyacht ndwild sector which for 201®&ad an order

book of 424orderswith an average length of 48 mextr
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4.2  Applied processes and techniques in the coating of
ships and yachts

Coding systems corsist of one or more layers of solvert-based,Jow-solvent or solventfree
coaings. The bondng agentbases are predominantly epoxy resin (usuely two-componert),
poyurethare, acrylates, polysiloxanes andikyds The total layer thicknessis 100pum or
higher for ship internal areas and up @0Dum for outside area\ thicker layer of special top
coaings are usually apgied to ramps andworking areas and fillers can be applied atound
2500um. Coating materias are uswaly applied by meansof airless spraying processes,
which erable the processing of low-sdvent and sdéventfree produds. Application by
conventional sprayrollers and bushes is widely used in coating yachts, and rollers are
used for pre-ddivery coding of pasenger ships. They ae not widely usedin other parts of
the indwstry (with the exception of small areas). Rollers and brushes are used for repair,
maintenance and smlled stripe coating

For new costrudion, repair and maintenan@é shipsandyachts boththe surfacepreparation
and coatings ae defined by shipowner specification$he speifications will consider the
required corrosion and physical protection, appeaance ad anifouling, and aso the warrarty
requremens. In repar andmaintenance yards, the customer purchases the caags directly for
shipyard application.

421 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 stdssemblies which are then joined together in a building dock or slipway
(ships were previously built in the dock from the keel up). These arectized after surface
pretreatment with a coating system according to the specifisatMultiple 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 hitag 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 protedion begins with primary suface pretrestment according to standard
speifications on dgreesof preparation. All sted plates and sgions ugd to canstruct the shp
are completely cleaned of mill scle, rust and other impurities by blasting in automated
plants. This gives the steel suface a speific roughnessto ensire good coding adhsion.
Sulsequently, a shop primer (solvert- or water-based)is sprayed on which proteds the
sted until further coating is appliedas well as enabilg the steeto be weldedSted platesand
sections are often treated with a shopprimer by the suplier. Surface treatment of the
asembled ded plate sections, or of the complete hull, is caried out by secondary surface
preparation, which can hgartial blaging with a dry or wet agent, power tool (rotating wire
brush or discor by argle grinding. This removes caroson on welding seams aswell asall
impurities, and roughensthe surface.Since not all impurities, like grease, oil or salt, can be
removed by derusting, suitable methods for cleaning need to be consklerkediscleaning
with solvent or cleaner to remove oil and greaseit fresh water to remove saht several
shipyards, sctionsaretreatedin dedcated blasting andcoding 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 yachs is caried out either by a specialist teamwithin the yard or by speciaist
subcorractors who @an achieve the quality of finish requiredfor theyadits. Increasngly, water-
basedshop primers are being usedfor bath geel andduminium yachs. The application process
of superyachts is according ISO standards.
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4.2.2 Ship repair and ship maintenance

Repar and maintenance (induding coaing) of the hul is caried out during dy doding in
graving (conaete) or floating (steel) docks. Depending onthe condtion of the suface,the
damaged areas are locally cleaned preparedand recoated, or, in rare casesthe coat is
completely removed from the hull for recoaing. 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
bl ast ed ;theotherdasepamger aréas but almost never complete stripping.

Every 2 to 5 years, the antifouling coating on the sBihull is renewed in dry dock depending
upon the type of coiaty and the service time of the vessel. The complete hull is coated with
solventbased antifouling applied by airless spraying. The overspray is partially emitted into the
environment, depending on the control measures in force.

The coaings are specified by the shipowners. Large repar yards may treat four or more

ships smultaneowsly, with coaings speified from different suppliers. Application of coahgs
contributesto up to 15% of the turnover of repair and maintenance yahdgarallel,a lot of
additional work is done by the yavehile the ship is being coated. This work contributesrio a
additionalturnover for coating but is only done at that yard as the ship is undergoing coating. In
this way theapplication ofthe coaing 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-beild construction and for maintenance
is usuallycarried outin areas open to the outside air.

Corrosion protection of the hull

Coating is carried out according to thaintenance and docking plan of the ship. Coating
systems are chosen by the shiper taking into account théetime of the antifoulingcoating
and the requirectorrosion protectin and colour. The areas to be coated degreased,
prepared and the specified coatings (usually epoxy coatings, polyurethanes and acrylics) are
applied. This is usually done by airless spfBye coatings meet visual requirements, such as
colour and gloss, aswell asresistancdo mechanicalnd corrosive action.Coating materials
aregenerallysuppiedin 20-itre cans,athough for large-scde apjpications 1000-litre reusalde
(IBC) cortainers canbe used However,in the case of maintenancedaregir yards of ships
above 1300GT, theyare not commonly used as each individual client ogs own coating

at theexactquantityneededor each coat. Larger containers would create additionas aasit
leftover coating requiring disposal.

Tie coat(hull)

As atie coat (couwpling agen) betweenthe corrosion protection coat and the final artifouling

coat a solvert-based,one or two-componentvinyl resn or epoxy tie coat is apdied. The

tie coatis also apdied using the drless spraying technique. The layer thicknessamounts to
approximately 78.00 um.

Antifouling (hull)
[78, TWG, 2005]123, Kiil, et al., 2006/07]202, SEA SMRC, 2017]

Antifouing coast are applied to ship huls to prevent sdtlement andgrowth of fouling
organsms (baderia, algae and animals). This can in some cases also be done by applying
fouling-release coatings (seBection 4.4.7). Settlement of fouling increases the suface
roughness leadng to increasedfrictiona resistance, which in turn leads to increased fud
consumption to keepthe same speedor decreased speedat the same fuel comrsumption. Up
to 150 kg of orgarisms can sdtle on one m’ of suface area within 6 months. The
increased frictional resistance can raise the fue consumption and thereby the ship
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emissionsby up to 40%. This will reailt in either increased burker costs or expengs due

to lost earnings or time delays. Fouling of the ship hull also decreases the manoewralility of

the ves®l and increasesthe possibility of premature caroson. Furthermore by applyingan
artifouling coat the patertia for tramsmigration of fouling agansms is also decreased.
Therefore, application of antifouling is a matter of importance from environmental, safety and
economicapoints of view

Regulation (EU) No 528/20%2regulates the use of biocides and biocidal produets.
antifouling in Europe. Worldwide the use of antifouling coats is regulated by the IMO
International Convention on the Control of Harmful ARtuling Systems on Ships that
prohibits the use of menful organotins in antifouling coats used on ships and establishes a
mechanism to prevent the potential future use of other harmful substances in antifouling
systens. To date this Convention only considers organotins as harmful substances.

Coating of thesuperstructure and freeboard

The coating systenfsr the superstructure and freeboard @smchosen bythe customer. The
damaged areas are degreased, prepared and coated with the specified coats (usually solvent
based epoxy coatings, polyurethanes, las)y usually applied by airless spray. In holds and
water tanks, single and multilayered epoxy resim{component) coatings are generally used.

424 Coating repair and maintenance of yachts

Yachts are leisure vessels with a length of up torB@lthoudp there have been recent
developments of up to 190 and 200n. Yachts are already partboatedbefore assembly.
Depending upon customersodé6 requests, the applied
one option is describdaklow:.

Large yachts a& made of shipbuilding steel and aluminiuout the majority of yachts (the
smaller vessels) are made from FRP (filmmforced plastic). Parts of the whole yacht or only
the superstructure may be made of aluminiomcomposite materialsSanding takes ate
between the application ofoating layers. Depending on the material, pretreatment and
application of the primer are different. The use of whatsed materials for coating yachts is
increasingas well as other new ways &bplyingcoatings like wrapjpig (foil application)

Although airless spraying is widely used and accepted, rollers and brushes are still in use,
dependingn thekind of coating used amgudity required.

Pretreatment and primer application on shipbuilding steel

Firstthe hull and the superstructure are tredtgdrit blasting and then either a filler based on
zinc phosphate or a chrorend zinefree shop primer is applied as a primer in order to obtain
the correct profile and a smooth finish (e.g. covering weldingynness). Both materials are
solventbased epoxy resins. The layer thickness varies fropm 60 pum.

Pretreatment and primer application onto aluminium

For the degreasing and removal of oxidised layers, aluminium surfaces are treated with cleaning
agents. Afterwards, a twoomponent epoxy primer or a gaemponent PVC primer is applied.
Similarly to the coating of ships, corrosion protection coat is sprayed onto the primer layer.
This solventbased epoxy material is applied by the airless techmigweo to four layers with a
thickness of approximately 120n each. The antifouling is usually applied directly to the
epoxy coat. If a tie coat is used, it is a solemsed, oneomponent vinyl coat, which is
applied via airlesspraying. The layer tbkness amounts to about 4.

2 Regulation (EU) No 528/2012 of the European Parligmamd 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 solvehtised antifouling material are applied by airless spraying or
by roller. The thicknesesf each layeof antifouling coatig is approximately 10@um. Usually
copperbased, selpolishing 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 alumiangis also coated
with two layers of asolventbased (oneor two-component epoxy or polyurethane coat)
corrosion protection material. It is applied using the airlgs®ying technique. The layer
thicknessappliedamounts to about 130m.

After the corrosion protectionoathas dried, fillingmaterials are applied ontbe 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, spatulathey may be solvertee or contain approximately &0l benzyl alcohol.
Sanding takes place in between these processes.

After the filling, a solvenbased twecomponent polyurethane filler or a solvdmatsed epoxide
filler is applied by using airless |gying techniques. The layer thickness applied is in the range
of 50-100pum. 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, ¢hyacht is cleaned with fresh water and sanded and then the final
topcoat is applied.

The topcoat is applied by using a veetwet spraying technique, and two or three layers are
applied. The materials used are generally solased, tweacomponent, polyrethane
combination lacquers. The complete layer thickness amounts to approximatgiy100

In several Member States where yachts are repaired or maintained, the removal of antifouling
from yachts is carried out using techniques to collect and treatetheved 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 Portugabaedrom the UK) were
submitted for the data collection.

431 Mass balances

Submitted data for two installations show an averemgting consumption per fmof coated
surface that ranges from kg up to 2kg.

Data for one installationPlant #076) on th solvents content show a considerable variation due
to contract quality specifications: ¥8-% (2013), 27 w®b6 (2014) and 4@t-% (2015)

4.3.2 Consumption

4321 Materials
[78, TWG, 2005]

For the coating of ships, solvelbdsedcoatsare applied. Depending on the material used, the
solvent content is in the rangd 20-40wt-%. Due to the processing conditions (humidity,
temperature, air draught, étand surface conditions, wateasedcoatsonly 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, specificstiiobe met, etc.

The material consumption in repair yards for meditgized ships (25000GT) is
approximatelyl5 tonnes per coated merchant ship (based on data from Portugal, Greece, Malta
and ltaly). The corresponding VOC usage is approximately 6 tonnes. A large repair yard can
repar from 60 up to 150 ships with an average size 0d@@ GT(or above)er year.

In a newbuild shipyard, the material consumption for complete coating of o®®@GT ship

is approximately 68 tonnes. HDW Kiel in Germany processes up tyr56f solvent for a
maximum of five ships a year. Blohm + Voss GmbH in Hamburg, Germany processes about
60t/yr of organic solvents.

4.3.2.2 Water
[155, TWG, 2016]

In repairand maintenancgards, the consumption of fresh water for hpghssure cleaning
(between 220 t@40 bar) of the complete hultaries betweerb00tonnesand 2 000tonnesfor
medum-sized ships(>15 000GT).

Reported data on water consumption indicate a specific water consumption ithabetween
0.1 m¥m? and 11 m¥m? of coated surface.

Thereported techniques for reduction of water consumption are:
9 control of water usage by applying (ulraigh-pressure (U)HP water washing the

vessels prior to coating;
1 oil skimmer for the treatment of waste water from cleamihgch may facilitate itseuse
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4.3.2.3 Energy
[155, TWG, 2016]

Submitted data on energy consumption show a specific energy consumption range that varies
between 0.0MWh/m? and 0.6M™MWh/m® of coated surface. There are two important
parameters that have to be taketio consideration:

1 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

T the uncertaintyas to whethethe reported eergy consumption data refer only to the STS
activity or whether theyinclude othernonassociated activitiesdéfinition of the energy
boundaries of the STS activity, see aBgrtionl7.5.9.

433 Emissions
[78, TWG, 2005]155, TWG, 2016] [202, SEA SMRC, 201[7212, 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 VOCSs) are emitted as fugitive emissions.

Emissions of environmentally hazardous materials from coating processes in the new
construction of ship 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 themtiftpthce.
Closed workshops may have air extraction with filters for dust aotf@as treatmeninits 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 caads on ships. Overall, a limit on the total
emission of 10@ of solvent per square metof 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 4@6. The applied state of the art for reducing VOC emissions should be
regularly reviewed, adjusted and demonstrated tadh®petent athority [DE comment #272 in

[212, TWG 2018]

In repair yards for mediussized ships (15000 GT, with an average T®0 GRT), the coats
used contain on average about48% organic solvents. About 150VOCsare emitted per fm
coated, as the antifouling coats form the largest amount of coat applied.

A full coating scheméor a new superyactitas a VOC consumptidor the underwater area up

to 500g VOCs/m? and abovethe waterline up to 25@ VOCSm?. 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 cl ideminhténancesftlee dargé megayachitsomay be R e p
done in docks, but for most of them maintenance and repair are also carried out in closed
facilities.

Submitted SMB dataofr two plants show thattotal VOC emissions expressed against the
production throughputary between 11 g VOCYm® and 422y VOCs/n’ (seeFigure4.1).
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Figure 4.1: Total emissionsof VOCs (g VOCs'm? of coated surface) for two plants

As the activity is mainlycarried out under necontained conditions, the fugitive VOC
emissions are equal to the total emissions.

The figuresreportedon the solvent flow in waste (parameter O6 of the solvent mass balance)
for the two installations show a range froro5up to 60% of the solvent input.

Reported data on total emissions of VO&pressed as kg of VOC per kg of solid mass input
are presented ihable4.1.

Table 4.1:  Total emissions ofVOCs
Year of Total emissions of VOCs
Plant Activity type current (kg of VOCs per kg solid mass inpu
layout 2015 2014 2013
074 Building of new ships and 2011 NI NI NI
yachts
075 Maintenance/repair work] 2001 NI NI NI
076 Maintenance/repair work] 1985 0.37 0.36 0.35
* Maintenance/repair work NI 0.41 0.45 0.39
* Additional anonymised data submitted by industry (May 2018)
NB:
NI: No information available
Source155, TWG, 2016]

The techniquespplied for the minimisation of total emissioa at three of these plants are

presented ifrigure4.2.
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Applied technigues 74 75 76

Management systerns — dock discipline

Partial enclosure of treatmient areas 0 O 0
Full enclosure of treatment areas

Dy blaaling inoa cloded sysbem

Wt or slurry Blasting

(UBra-]High-Pressure ({U)HP) water jetting or blasting

Conventional solvent-based coating materials

Replcement of solvent-based materials (substitution)
Use of water-based paints X b 4
Use of high solid paints i r L

Airless spraying
Hot spraying

Integrated air extraction at the point of application »

Source[155, TWG, 2016]

Figure 4.2: Reported applied techniques forminimisation of emissions of VOCs

43.3.2 Emissions to water

Maintenance operations generatastedblastingmaterials 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 opgratiowastes are
collected andhe dock is cleaned tpreventemissions to thevater entering the dockVaste

water collected can be treated by several techniques as descriBextiom4.4.9 The treated

water is either disposed of or reused.

Where water blasting or slurry blasting is used to avoid dust emissions from blasting, the
process water is commonly treated either tegnated equipment or at a waste water treatment
plant. The wateis usuallyreused.

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 colldwsmare set

out in Table4.2 below. However, only two sets of data were received from shipyards: one with
a waste water treatment plant and applyingcoarse filtration.

23 COM working document EIPPCB 09/06/2016: Assessment of Technical Working Group (TWG) data
submitted on metals and other emissions to watertthfeir consideration as Key Environmental
Issues for installations carrying out IED Annex 1 6.7 activities
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Table4.2:  Shipyard waste water data
Type of _ _ Pla_nt #075. . _ - Plant #07§ . .
WWT Coagulation, flocculation and sedimentation. Combined treatment for all In situ coarse filtering in dock bottom 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 samp 15.5 34.9 1.6 Monthly Spot (grab) sample
COD 39.8 86 10 Weekly | Time-proportional composite samp NI NI NI NI NI
Zn 0.08 0.14 0.05 Monthly | Time-proportional composite samp NI NI NI NI NI
Ni NI NI NI NI NI 0.01 0.06 <0.01 Monthly Spot (grab) samplg
Cd 0.016 0.05 0.002 Monthly | Time-proportional composite samp <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) samplg
Cu 0.11 0.25 0.03 Monthly | Time-proportional composite samp 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) samplg
Sn 0.019 0.04 0.01 Monthly | Time-proportional composite samp NI NI NI NI NI

Source155, TWG, 2016]
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4.3.3.3 Waste generation
[202, SEA SMRC, 2017] [155, TWG, 2016]

Waste from the maintenance operations of ships inslude

organic cleaningolvents;

coat sludges/residueg;is reported that waste coats represent%2.6p to 8.3% of total
coatingconsumption with an average solvent content of aboudt03%;

contaminated coat containers, brushes and rollers;

used/contaminated blasting matésie.g. used grit);

filters;

oil residues (containing hydrocarbons);

mud;

scrapped materials.

E R E

One planteported the use of realsle containers for coatings.

During the coating of ships, especially in maintenance operations, large amowdsted
blasting materialsare generated.ike 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
[202, SEA SMRC, 2017] [155, TWG, 2016]

In Chapterl?, techniques are discussed which might alsapicable to the coating of ships

and yachts. ITable4.3, the general techniques relevant for the coating of ships and yachts that
are described in Chapt&r are shown. These techniques are not repeated in this section, unless
information specific for this industry was made availabte.description of the type of
informationconsidered for each technique is giveT able17.1.

Table4.3: Reference to techniques generally applicable to theector

Technigque Section nhumber
Environmental management techniques 17.1
Storage and handling ciw materials 17.2
Monitoring 17.3
Wateruseand waste water generation 17.4
Energy managemeand energy efficiency 17.5
Raw material managemefibcluding substitution) 17.6
Coating process and equipment 17.7
Drying and/or curing techniques 17.8
Cleaning techniques 17.9
Off-gas extractiomndtreatment 17.10
Waste water treatmetgchniques 17.11
Waste management techniques 17.12
Odouremissions 17.13
44.1 Management systems i dock discipline

Description

As part of the EMS (see Secti@ii.]), 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 quantityvedistegenerated

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 inclesl 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 wastekiring 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 oupotential polluting activiies. For example, describing imderwhat 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,
watercurtains, etc.).

It may contain part of, or all, the requirements of an EMS (see Sddatid)n

Achieved environmental benefits
Minimisation ofenvironmentalmpacts from the installation.

Environmental performance and operational data
See Technical description above.
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Crossmedia effects
None.

Technical considerations relevant to applicability
Generally applicable

Economics
No information provided.

Driving force for implementation

Meeting legislatiorprovisionsfor health and safety and the environment for air pollution, water
pollution and waste management, particularltheseprovisionsapply to ports, harbours and
enclosed waters, etc.

Example plants
Widely applied in the industry.

Reference literature
[78, TWG, 2005]121, Portugal, 200€4]L53, de Vries, 2011]

4.4.2 Techniques to reduce dust emissions
44.2.1 Partial enclosure of treatment areas
Description

Fine nets andr water spray curtainare used around areas where grit blasting and/or airless
spraycoatingare carried outo prevent dust emissionshey may be permanent or temporary.

Achieved environmental benefits
Reduction inemissions of drifting particles from grit blasting and spraytinga either by
reducing wind strength owlirapping particles.

Environmental performance and operational data

There argeports of practical difficulties using nets and the larger the ship in comparison with
the dry dock, the more difficult they areuse. They cannot be used in repair yards for medium
sized ships (15000GT) in large dry docks and the following are typical examples of
problems encountered:

9 variations in the size and type of ship, the ships may overhang the dock ends, etc.;
T interference with cranes and other equipment; and
1 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.

Crossmedia effects
Energyconsumptiorfor 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 enchesed.
Environmental performancand operational databove.Water spray curtains may not be
applicable in cold climatic conditions.
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Economics
No information provided.

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 and IFARE, 2002][38, TWG, 2004][78, TWG, 2005][122, CEPE, 2006]
[154, Nordic Council of Ministers, 2016] [151, CESA 209655, TWG 2016]

44272 Full enclosure of treatment areas

Description

Blasting and/or airless sprayatingare carried out in halls, closed workshops, areas tented
with textiles or areas fully enclosed with natsprevent dust emissions. Air from the treatment
areas igxtractedandmay besent tooff-gastreatment

Technical description

Enclosed areas are used to control the local working environment, enabling temperature and
humidity control for working andwsface 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
equipnent may be for dustbatemenand/or with @ off-gas treatmeninit for VOCs.

Some areas, such as slipwagbipgs blocksand small docks can be temporarily or semi
permanently enclosed or O6tented ind Ilbng. g. portab
periods of time). This assists control of dust from blasting and overspraynkegs thereais

sufficiently enclosed, addingff-gas treatment for dust and VOC reduction is likely to require

the treatment of large volumes of air with high eneuggige.If the enclosure has a flexible

construction or is not sufficiently enclosed the extraction for treatment ofs\fi4y not be

possible.

Tenting may also be applied between a ship and the dockside, to help prevent the drift of dust
and overspray arkkep rain off prepared and freshly coated areas.

Achieved environmental benefits
Retention of particles from blasting and sprayiRgmoval of dust and/or VOCs from the
extracted air streams lf-gas treatment becomes possible.

Environmental performance and operational data
The technique qovides improved quality control of processes and working environrtesan
increase available workingnte during the day and/or year.

Cross-media effects
Energy used for air extraction.

Technical consictrations 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.
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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 usechéomegayachts).

For yachts, the preparation and coating areas are usually enclosed, either permanently or semi
permanently, both for new build and repair and maintenahoe,to the requirements of ISO
19494

Economics
This technique implies theapital cost ofthe construction of workshopsnd thecapital 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 dalday/yeafroundworking. Legislation for health and safety and dust.

Example plants
Plant #074 in [155, TWG 2018HDW Kiel, Germany.

Reference literature
[5, DFIU and IFARE, 2002]78, TWG, 2005][122, CEPE, 2006]154, Nordic Council of
Ministers, 2016]155, TWG 2016]

44.2.3 Restrictions for adverse weather conditions

Description
Where the treatment arease not fully enclosedylasting antbr airless sprayoatingare not
carried out ifadverse weather conditions are obsemwefbrecast

Technical description

A technigue used by yards with no full containment facilities is the restrictioroating
removal and airless spragoatingwhen adverse weather conditions are observed. Adverse
weather conditions are significant wind speed (variable within each yard, depending on
available facilities and their location) and adverse dominant wind direction téevgrds
watercourses, housing and other sensitive targets)

Achieved environmental benefits
Reduced dust emissions.

Environmental performance and operationaldata
No information provided.

Crossmedia effects
None.

Technical considerations relevant tapplicability
No information provided.

Economics
1 Low cost, requiring only simple monitoring equipment.
1 Lost working time when conditions are adverse.

Driving force for implementation
Adverse reaction from public affected by dust and overspray.
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Example plants
Generally applicable where no full containment is in place.

Reference literature
[151, CESA 2011]

443 Surface preparation

In new build and for new materials, the surface requires pretegato provide adhesion. For
repair and maintenance, old céeers are removed, particularly looselghered and damadje
areas. The preparatianethodis defined in the agreed coat specificatiaepending on the
coating systeno be appliec&nd the warranty given.

Some technigues use an abrasive material towventtie coating layersand of these a few

create adrge amount of dusfThe used abrasive material can be recovemad reused or
disposed of as waste, depending on the technique used. With all techniques, it is good practice
to remove the residues fromyddocks before floodin¢see dock disciplinesection4.4.J).

4431 Dry blasting in a closed system

Description
Dry blastingusing steel grit or shas carried outn closed blasting systenexjuipped with a
suction head and centrifugal blasting wheels.

Achieved environmental benefits

Benefits includedw dust emissions. The blastintaterial may beecovered for reuse, therefore
there is less waste. Removed antifouling andtingare 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 nevibuild preparation may bsteel shoblastingapplied in a closed loop
and at a pressure of about 5 bar.

Cross-media effects
No information provided.

Technical considerations relevant to applicability

Generally applicablet can be used for the removal of rust and old layers of coat fearksd
and external siddacludingthehull. It is dso used in primary surface preparation of steel plates
before fabrication.

Economics
No information provided.

Driving force for implementation
1 Control of dust emissions
1 Health and safety at work.
1 Reduced waste management costs.

Example plants
Plants #076, #07ih [155, TWG 2016]Widely used in shipyards and other industries.
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Reference literature
[38, TWG, 2004 [78, TWG, 2005]122, CEPE, 2006]155, TWG 2016]

4.4.3.2 Wet blasting

Description
Blastingis carried outwvith water containing a fine abrasive material, such as a fine cinder (e.g.
copperslagcinder) or silica.

Achieved environmental benefits
This technique avoids thgeneratiorof dust emissions.

Environmental performance and operational data

With water blasting techniques, the waste water can be collected in the dock, pumped into tanks
and treated prior tdischarge Additional hosing down with fresh water is necegsa remove

the wet abrasive from the surface.

Crossmedia effects
Waste water generatiomdreased waste from the abrasive.

Technical considerations relevant to applicability
May not be applicable in cold climatic conditions andioenclosed areggargo tanks, double
bottom tanks) due to heavy mist formation.

Economics
One shipyard commented that grit blasting with water injection gives the beswitsukgard
to surface, but in particular to cqd64, Nordic Council of Ministers, 2016]

Driving force for implementation
No information provided.

Example plants
Plant #07@n [155, TWG 2016feported thathis techniques allowed by its permit if fugitive
emissions are prevented ahdt it isoccasionally applied.

Reference literature
[5, DFIU and IFARE, 2002]38, TWG, 2004][78, TWG, 2005][122, CEPE, 2006]154,
Nordic Council of Ministers, 2014]L55, 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 extraigilpressure water.
There are also options withr withoutan abrasive.

Technical description

There are sewral techniques categorised acwrding to the water pressue used: lowpressure
water cleaning (< 34DBar), highpressure water cleaning (3400bar), highpressure water
jetting (>700bar), ultrahigh-pressue water jetting (> D00bar). By varying the water
pressure, single layers of coat or the entoat systenctan be removedJHP blasting is a
dustless surface treatment method using extreimgh-pressure water and no abrasive. There
are also methods that combithe use of water with an abrasive

One advantage of UHP blasting is that water penetrates deep into the metalfmwazy an
efficient removal of chlorides, much masethan n dry blasting. Also, poorly adhering coating

GCA/GCH/GK/EIPPCB/STS_Final_Draft July 2019 149



Chapter 4

is efficiently removed in UHP blasting since water forces its way through and under the coating,
breaking the bond and shearing it off.

Achieved environmental benefits

UHP blasting has several environmentatattagesin most caseso abrasives are used and

dust formed of paint residues is bound in water, which minimises dusvasté generation

Only paint waste needs to be collected and disposed of safely. The amount of waste material to
be disposedf 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.

Source: [154, Nordic Council of Ministers, 201

Figure 4.3: Box around the spear head in some more advanced robot models

Environmental performance and operational data

UHP blasting is generally considered a fast method compared to traditional dry blasting.
Treatment efficiency for UHP blasting can be-ZD nf/h up to 350n*h depending on the
model. Estimates vary a lot and depend on variousspieific factors and thus can only be
considered indicative.

In advanced UHP models, the work is carried remiotely. 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 bag

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 spmees 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 UHP blasting is used manually, specific safety clothing
is needed because of the extely high pressure.

Emissions are very much casgecific.

Specificwater consumption is small, typicallgss than 0.0é1*m? of treated surfaceWhen

using a robot, the waste water may also be collected directly in tanks. In some models, water
can becollected, filtered and reused, which also means easy separation of waste for controlled
disposal.
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Cross-media effects
Paint waste which may contain removed antifouling or lead or chromium pigments from older
coatings requirgecollection and managed gissal.

Technical considerations relevant for applicability
Generally applicable. UHP blasting may not be applicable in cold climatic conditiodse to
surface specifications (e.g. new surfaces, spot blasting)

UHP blasting and other wet blasting nwdk are replacinggaditional dry blastingechniques as
technical tools for UHP water jetting are becoming more economical and adapted to the
multitude of applications needed (e.g. shiaped areas, spot blasting, existent paint edge
feathering)

The efficiency of UHP blasting varies case by cas® demonstrated bycamprehensive study
carried outby a Finnish shipyartb compare UHP and traditional blasting methadiéch has
ended up using UHP blastifigee Peled 2018in [154, Nordic Council of Miisters, 2016])

UHP blasting is not suitable for all services and conditidolslP water blasting is not
applicable in cold climatic conditions, belo® °C. Furthermore, UHP blasting does not create
the same rough surface as dry blasting methods, whichdessary for thedequate adherence

of some coating systemsherefore, the technology is generally not applicable for new surfaces.
The applicability of UHP blasting together wittspecific coating needs to be verifiedth the

paint supplier and usligit must also be approved by the client.

Current UHP blasting equipment nozzles are not small enough to allow proper execution of
Gspot blastingand to be carried with handheld deviflé$ comment #32 ifi212, TWG 2018].

The robotic versions currently on the market, on the other hand, are not versatile enough to be
applicable for thesometimes small vessels and limited surface areas to be HiEsdedNordic

Council of Ministers, 2016]

Economics

The disadvantage of UHP blasting is higher investment and maintenance costs compared to
traditional methods (investment costs and maintemarosts are double or more than those of
traditional methods). Many caskependent 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 UHP Bkting. The amount of waste material to be dispaded very low
compared to conventional techniqu&be consumption of blasting mediad the generation of

waste with other blasting techniques is higliban when using UHPblasting Waste
management @s 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 wastfl54, Nordic Council of Ministers, 2016When sing water as a blasting
medium, other costs should be considenadmary treatment of the water to be usked

blasting (conductivity and chloride content requirements), containment and waste water
treatment for reuse of waste water, costs with fresh water supply and wastdreattaent

[SEA SMRC comment #61 in212, TWG 2018]].

Driving force for implementation
Legislation controlling dust emissions in the environment and health and safety in the
workplace.

Example plants
Widely usedPlants #07=&and#076 (preferred optionh [155, TWG 2016]
DenJet, Denmark and Hammelmann / Hammeli Oy, Finland,

Referenceliterature
[5, DFIU and IFARE, 2002]38, TWG, 2004][78, TWG, 2005][122, CEPE, 2006]154,
Nordic Council of Ministers, 201¢]212, TWG 2018 J155, TWG 2016]
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4434 Stripping of coatings by induction heating

Description
An inductor heads movedover the surface, causing localised fast heating of the steel to lift old
coatings.

Technical description

An inductor heads moved over the steel surface, transferring fiiguency electric currents

to steel, creating a localised, controlled fast heating of the steel. This results in rapid disbanding
of coatingsof up to 2625mm. The induction head is mounted on an elealisy driven semi

robotic platform.

Achieved environmental benefits

No dust emissions

Lower noise emissions.

Reduced energy costs

Reduced waste quantities and the waste producedresaasily managed.

1 Reducedvastewater emissions, as waste is eagdyhered without contacting water.

1
1
1
1

Environmental performance and operationaldata

The removed coating peels in strips with minimal production of dust and noise, reducing
environmental emissions and the need for protective gear, particularly in elegeadnments

such as tanks.

The system can operate on curved and vertical surfaces. It operates with higher stripping rates
than blastingandlower energy costs. Less dotime and fewer operator howage required

New coatings can often be applididectly 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 cleaningraadatingof tanks, which is also carried out for
tankers in shipepair yards and is entirely compatible with cleaning

Cross-media effects
No information provided.

Technical considerations relevant to applicability
The system requires a minimum steel thickness winbto prevent damage to theternal
(backsidé coding or insulation materials.

It may also not be applicable for surfaces with components sensitive to induction Hikating
insulation on the backide of the stee(flammable © heatsensitive),or in the vicinity of
equipment sensitivio electrical egipment{SEA SMRC comment #64 in212, TWG 2018]]

Economics
No information provided.

Driving force for implementation

1 Speed of coating removal.

1 Lower energy costs.

1 Lower waste management Ccosts.

Example plants

1 Removal of antskid deck coating, USS Nimitz.

i Oresund Drydocks, Landskrona, SweddRepair Shipyards)
1 Repsol Petrondrefinery, Bilbao.
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Reference literature
[203, Gabe et al 2014]212, TWG 2018 ]

4.4.3.5 Underwater hull and propeller cleaning system

Description
Underwater cleaning system using water pressure and rotating polypropylene brushes.

Technical description

Cleaning andmaintenancef the hull and propets of ships and vessels ¢arried outunder

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.

The systemconsists of ahull cleaning machine with curtains preventing pollutants from
escaping a filter system. The system is operated by a diver aisnoginted video camera and
lights to document the results. The vacuum allows the cleaning machine to be lkeft tiee
treated surface (hydraulic pressure is 10 b@®@d | per minute in one application). The
equipment work 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
wastewater for treatment.

The filter system has changeable filters suitable for the paints and marine fouling system.
Before any operations are launched, a dgeetrtest is completed to ensure the pressure is
working and the water is sucked to the waste water treatment system. The {offisbeling

will be retained in the filter bags, while the cleaned water flows back into the sea.

When the filters are replagethe 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 thé \iesse
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 antthe paint system applied. The pressure and the water flow direction
can be changed.

Achieved environmental benefits

The hull cleaning technology will reduce the ndedand the frequencgf blasting of ships
saving water, energy and reducing potentiissions to the environment by traditional blasting
methods.

All hull cleaning machines are watdriven and therefore there is no risk of oil spills as may
occur during treatment with oil hydraulic machines.

Environmental performance and operationaldata
SeeTechnical description above.

Crossmedia effects
No information provided

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 equipmeritlot applicable for ships in full dry dock.
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Economics
The @eratirg costis USD 3.5(2018) per rfifor light to medium fouling, including collection of
waste materials.

Driving force for implementation
No information provided.

Example plants
No informatian provided.

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 Tikedpedfication is asoinfluerced
by the warranty corditionsof the coat. The yards have no influence on the coating system to be
applied.

4441 Water-based coatings

Description
For a general description, see Secti@r/.2.2

Achieved environmental benefits
Reduced VOC emissions.

Environmental performance and operational data

Longer drying times are required, althougbsthcan be shortened with good ventilatiand, in
some cases, heating. There are problenapplication at low temperatureGenerally, the dry
film thicknesses are lower on application.

Cross-media effects
Extra energyonsumptionf forced ventilation or heating is applied.

Technical considtrations relevant to applicability

Waterbased coats are available for some specific applicatBursently, wateidbased coats
are the only viable alternatives to reduce VOCSs in ship prirRersinternal areasolventfree
coatingsare also available.

A waterbased universal primer is widely used in Finnish yaialsship® internal areas
Solventbased primer is only used in winter for outdoor application.

Waterbased coats areoh applicable on surfaces exposed to severe marine atmospheric
conditions e.g. heat, sun, rain and salt. The availability of whéeed coats for ship and yacht
manufacturing is as follows:

1 Shop primers: watdnased zinc silicate is available, but it is only sporadically applied.
Waterbased epoxy and modified alkyds atso available but not usually applied.

9 Exterior of ships: watebased alkyd, epoxy and acrylate coats are available for yachts and
occasionally applied. Watdrased acrylate/alkyd and watsmased zinc silicate are
occasionally applied.

1 Interior of ships:waterbased systems are availgbl®wever, this poses difficulties in
drying when applied in small and closed areasthagare only occasionally applied. They
are not applied in storage areas because they are not sufficientiyesistant.
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1 For yachtswaterbased coats are available; they are now increasingly applied as primers
and internal primers. The finish quality has limited their application in topcoats.

Waterbased antifoulings are also available, but amithe leisure craft sector

Economics

The costs involved for the@aterbased coatystem for newly built shiparehigher compared to
solventbasedcoatingsystems In the repair and maintenance of ships, incompatibility with old
coat layers might require their removal by blasting, resuitingpnsiderable costs.

Driving force for implementation
No information provided.

Example plants
Plants #07@&nd#074 in [155, TWG 2016MWidely used in Finnish yards. Increasingly used for
yachts.

Reference literature
[11, InfoMil, 2003][5, DFIU and IFARE, 2002[38, TWG, 2004]78, TWG, 2005]155, TWG
2016]

4.4.4.2 High-solids coatings

Description

For a general description, see Sectibh7.2.1 The highsolids-based coats currently applied
contain 50 g VOCg/I or more.Solventfree two-component coatings can also be applied on
ships. These coatingsrm avery had, pore-free and very smocth suface and are therefore
very redstant to seawater corrosion, oil products and chamicals. They ae also resistant to
abrasion, such asfloating ice encountered duing navigation. However, the product range that
canbeusedis very limited.

Achieved environmentalbenefits
Reduced VOC emissions.

Environmental performance and operational data
No information provided.

Cross-media effects
No information provided.

Technical considerations relevant to applicability
The applicability for ship and yacht manufacturingssfollows:

1 Shop primers: higisolids coatingsare not applied as the film thicknesshigher than
required(only 20pum required).

1 The atside of shipsaand yachtdor undewaterareasthe external area, in holds and water
tanks high-solids epoxy coatigs are widely applied. The VOC content of the coat applied
on parts below the waterline is generdl80 g/lor more

T Internal areasf ships: highsolids epoxy coatings are available.

1 Yachts: highsolids coahgs may be used but generally they are not. They can be applied
below the waterline. Higisolidscoatingsare sometimes also applied on interiors.

Economics

The costs involved for the coat system for newly built ships are low. In the repair and
maintenance foships, incompatibility with old coat layers might require their removal by
blasting, resulting in considerable costs.

GCA/GCH/GK/EIPPCB/STS_Final _Draft July 2019 155



Chapter 4

Driving force for implementation
No information provided.

Example plants
Widely usedPlans #074,#075and#076in [155, TWG, 2016].

Reference literature
[11, InfoMil, 2003] [5, DFIU and IFARE, 2002]38, TWG, 2004][78, TWG, 2005][155,
TWG, 2016]

445 Additional corrosion protection 1 cathodic protection

Description

In additionto protective coating systemhe immersed surface of ships can be protected against
corrosion by applying cathodic protecti¢e.g. impressed current or sacrificial anodéts)s

also usedin ship$ballasttarks. Cathodic protection is an additionalromsion mechanism and
does not replace coating systems

Achieved environmental benefits
It may assist in increasing the periods between repair of the coatings and therefore a reduction
of the spraying activities and VOC emissidran theshipyardmay beachieved

Environmental performance and operational data
No information provided.

Crossmedia effects
No information provided.

Technical considerations relevant to applicability
Used worldwide on all kinglof ships, both for professional and (less aoonly) recreational
use.

Economics
No information provided.

Driving force for implementation
No information provided.

Example plants
Widely used.

Reference literature

[11, InfoMil, 2003][38, TWG, 2004]78, TWG, 2005]

4.4.6 Coat application techniques and equipment

446.1 Hot spraying

Description

For a general description, see Sectidh7.3.13 On ships,hot airless spray is used to apply
solventfree twocomponent coatings. Layers of 30@00microns are achieved.

Achieved environmental benefits

VOC emissions aresignificantly reducedand, compared to conventional airless spraying
(seeSectionl7.7.3.8, the number of layers can be reduced.

156 July 2019 GCA/GCH/GK/EIPPCB/STS_Final_Draft



Chapter 4

Environmental performance andoperational data

Computerisedn-site mixing is required to achieve the proper mixing ratio. Working time is
short with a potife of only 10 minutes. The equipment used for hot spraying is difficult to
repair.

Crossmedia effects
Energy is used for heaty.

Technical considerations relevant to applicability
This technique can be applicable for the coating of large surfaces on the interior and exterior of
the ship.

Economics
The costs for these coatings are higher compared to conventional cdatiwvgser, application
time is shorter and so is the drying time. The equipment costs for hot spraying are higher.

Driving force for implementation
No information provided.

Example plants
No information provided.

Reference literature
[11, InfoMil, 2003][78, TWG, 2005]

4.4.6.2 Integrated air extraction at the point of application

Description
A mobile coat application head with an integrated overspray extraction system which extracts
air at the point of spraying-his is analogous to robot spraying.

Achieved environmental benefits

Due to the increased efficiency, the material consumption, the VOC emissions and also the
overspray emissions are significantly reduced. Overspray can be reduc#ddbtbe material

input.

Environmental performance and operational data
No information provided.

Cross-media effects
No information provided.

Technical considerations relevant to applicability
These coat application units can only be used for even, perpendiaulaces, and not, for
example, on curved bow and stern sections or flat bottoms.

Economics
No information provided.

Driving force for implementation
Health and safety.

Example plants
Plant #074 in [155, TWG 2016Blohm + Voss GmbH, Hamburg, GermanyDW Kiel,
Germany
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Reference literature
[5, DFIU and IFARE, 200238, TWG, 2004]78, TWG, 2005]155, TWG 2016]

4.4.7 Alternatives to antifouling paints based on biocides

For information on the environmental impacts of using antifouling coats based on biocides, see
Section4.2.3 Please note that thechniquegpresented in the following subsectipngich are
alternative to the use of antifouling coatings based on biogides mainly related to the
environmental prformance of the shimd not of the plant (shipyard).

4471 Fouling-release coatings based on silicones

Description

Silicone coats have a low surface tension {siick) with the effect that the fouling organism
cannot establish a firm attachment to thetiogasurface. Fouling may attach to the surface
during idle periods, but currents created over the paint surface during sailing faster than a
certain minimum speed will clean the surface. Silicone paints are applied by airless spraying.

Achievedenvironmental effects

Fouling-release coatings do not contain any biocides. They provide very smooth surfaces
resulting inthe potential for lower frictional resistance. This may decrease fuel consumption or
increase speed compared to-galfishing bioctle-containing paints.

Fouling-release coatings do not erdds polished during service time and as such the paint is
kept intact during the service period.

Environmental performance and operational data

During application of silicone coatingsyerspray to surfaces to be coated with other types of
paint must be prevented due to later adherence problems. Application and repair of silicone
paints need to be done strictly according to a specified procedure.

Crossmedia effects
No information provied.

Technical considerations relevant to applicability

Fouling organisms will be able to settle on the silicone paints during idle periods. In order for
the release effect to work during the sailing period, a certain speed has to be achieved. Today,
the technology can be used on ships with short idle periods and a minimum speed of 15
17knots. Silicone paints are not suited to vessels exposed to a lot of mechanical damage.
Therefore fouhg-release coatings are still considered to be niche products doiabpessel

types.

Economics
Costs of silicone paints are considerably higher compared to antifouling paints containing
biocides.

Driving force for implementation
No information provided.

Example plants
Used worldwide.

Reference literature
[78, TWG, 2005]
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4.4.7.2 Hard, smooth coating with frequent mechanical cleaning

Description
Anti-fouling coatings may be replaced by the use of hard, resistant coating materials reducing
fouling adhesion anbly brushing and scraping off fouling at short intervals.

Brushing and scraping off foulingt short intervals and the use of hard, resistawating
materials is an alternative to antifouling coats. Tlaeea variety of devices with rotary brushes
which can remove the fouling during short downtimes.

Achieved environmental benefits
This antifouling method does not use heavy metals or késcid

Environmental performance and operational data
The disadvantages of the procedure are short cleaning intanghfsossible damage the anti
corrosion paint system

Crossmedia effects
This methodmay entailthe risk of the introduction of new spes from the world sea® the
local marine environment

Underwater brushing creates an uncontrolled risk of water pollution during such diving
operations.

Technical considerations relevant to applicability
This process is suitable for ships operating in brackish or fresh water at lower temperatures.

Economics
No information provided.

Driving force for implementation
No information provided.

Example plants
No information provided.

Reference literature
[5, DFIU and IFARE, 2002]69, Watermann, et al., 200318, TWG, 2005]

4.4.7.3 Electrochemical processes

Description

Anti-fouling coatings may be replaced by applying a voltage potential at the vessel surface. This
causes electrolysis. Fouling is inhibited by toxic chlorine compounds produced at the surface (in
salt water) and/or the pH value at the surface is shifted whhghits the settling of fouling.

This technique abates corrosion

Achieved environmental benefits
This antifouling system does not contain biocides.

Environmental performance and operational data
The amounts of copper released are comparable to ebpped antifoulings. This methdehs
proved to be very effective against fouling.
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Cross-media effects
The electrodes can be made of copper, resulting in the emission of cappamhich are toxic
to the fouling organisms. Toxic chlorine compounds are produced.

Technical considerations relevant to applicability
No information provided.

Economics
No information provided.

Driving force for implementation
No information provided.

Example plants
No information provided.

Reference literature
[5, DFIU and IFARE, 200269, Watermann, et al., 200R]8, TWG,2005]

4.4.8 Off-gas treatment

Description
For a general description, see Secti@rilQ

Emissions from painting and blasting activities can be reduced effectiyelysing closed
workshops (see Sectiodst.2.2and17.10.2.). These can bequipped withoff-gas treatment
techniques as described in Sectiohl1Q

For example, VO&ontainingoff-gases from spraying can be adsorbedaativated carbon

(see Section7.10.6.2. Alternatively, the organic solvents can be treated in a thermal oxidiser
(see Section7.10.5. Where concentrations of VOCs allow, the solvent can be regenésated
absorption, or the thermal oxidiser used can be regenerative and recover the heat from the
oxidation process.

Dust andoverspray particles may be treated by techniques described in Settiom

Achieved environmental benefits
Benefits include aignificant reduction in VOC and/atust emissions.

At an example plant, moff-gas treatment installation of 3000 ni/h capacity is used. VOC
emissions are reduced by #Gand an average clean gas concentration ofi @8t is achieved
(data for 2005)

Efficient ventilation and dusibatement systems enable a{iokl change of air each hour gnd
in the cleaned air, dust concentrations of less thag/&T can be achieved.

Environmental performance and operational data
Dust levels may have to be reduced prior to VOC abatement.

Cross-media effects
Energy consumption farff-gasextraction andreatment.

Technical considerations relevant to applicability
Applicable to the refurbishment of shipyards.
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Economics

High costs are involved he investment for thexample plant was about EUR 21 million. The
annual operatigcostis about EUR 1 million, which is slightly lower than the opergttost for
the conventional process. This also included filter systems for grit blasting oper@08hs
data)

Driving force for implementation
No information provided.

Example plants
HDW Kiel, Germany.

Reference literature
[5, DFIU and IFARE, 2002[38, TWG, 2004]78, TWG, 2005]

4.4.9 Waste and waste water management
4.49.1 Segregation of waste and waste water streams
Description

Docks and slipways are constructed with:

1 a system to collect and handle dry waste effectively and keep it separate from wet waste;
1 asystem to separate waste water from storm water anoffuvater.

See also Sectioh7.12.1

Achieved environmental benefits
1 Reduces water pollution.
1 Facilitateswaste handling, storage and subsequent management.

Environmental performance and operationaldata
No information provided

Cross-media effects
No information provided

Technical considerations relevant to applicability
As this involves construction worlt is only applicable to new docks and slipways or major
upgrades of existing ones.

Economics
No information provided

Driving force for implementation
No information provided

Example plants
Widely applied

Reference literature
[151, CESA 2011]

GCA/GCH/GK/EIPPCB/STS_Final_Draft July 2019 161



Chapter 4

4.49.2 Waste water treatment

Description

Use of appropriate waste water treatment (WWT) systems that are able to effectively remove
various pollutants from waste water, e.g. oil, grease, paint residues potentially containing heavy
metalsand biocidesSee also Sectioh7.11.

Technical description

Waste water can be treated prior to discharge, either at the source (e.g. when slurry blasting) or
it can becollected and sent to a waste water treatment plant, either ongiteoff he treatment
required will depend on the substances present and the discharge point (to surface waters such
as the harbour, or to the municipal foul sewer). Sedtibal discusses several waste water
treatment techniques and provides other sources of information.

Achieved environmental benefits
Reduction in water pollutiomparticularly in enclosed harbours or estuarial areas.

Environmental performance and operational data
The following are examples of waste water treatment

(i) When using water blasting techniques, the waste water can be collected in the dock, put into
tarks and fed into waste water treatment plants (see Sec8dh?).

(i) At one installation, the waste water treatmentasried outin several steps consisting of
precipitation and flocculation (such as by using iron (lll) chloride), followed by separation and
filtration. To reduce the volume and weight of waste produced, the separated sludge is pressed
prior to disposal. The cleanedhaste water is reused or, in the case of surplus water, discharged
as waste water. With this system, emission lef@idilterable substances of 1g/l can be
achieved after treatment.

Cross-media effects
Any energy and chemicals used in treatment

Technical considerations relevant to applicability
Generally applicable

Economics
Costs are dependent on the size of the installation. In example (ii) given above, the cost in
Germany for the complete plant including installation was about EMRO0O0 (in 2M0).

Costs for water treatment installations in ship repair yards dealing with meadiath ships
(> 15000 GRT) are quoted as exceeding EUR 2 million.

Driving force for implementation
Complying with water, port and harbour pollution legislation.

Example plants
FlenderWerfft, Luckbeck, Germany.
See alsdable4.2.

Reference literature
[5, DFIU and IFARE, 200278, TWG, 2005]
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4.4.9.3 Waste management and minimisation

Description

As part of the dock discipline (see Sectib4.1), manageent ofwaste by:

1 minimising; recovering, reusing and recycling (particularly dry blasting grit);
1 storing wastes safely in designated, labelled containers in covered areas.

Technical description
See also Sectioh7.12

The following residues are collected and thespdisal is managed according to the relevant
legislation and procedures. This is particularly important prior to flooding a dry dock:

paint residues that have been removed;

paint leftovers, and used paint recipients;

coating overspray;

used and contaminatélastingmaterials

cleaning materials;

mud, oily residues and other materials that have been scraped off or removed.

= =4 —a —a a9

Some materials, such as usig blasting gritand scrap materials, may be collected separately
to assist their recycling and reuse.

Recyclng of wasted dry blasting grit (copper slag)only possible for other activitig®.g. in
construction or as filling material)

Achieved environmental benefits
Prevention of contamination of the water environment.

Environmental performance andoperational data
See dry dock discipline, Sectidm.1

Crossmedia effects
None.

Technical considerations relevant to applicability

Generallyapplicable.Dry blasting grit (copper slag) at maintenance and repair yards needs
angularity to achieve the surface preparation for coating. Therefore recovered grit may not be
suitable for this purpodéT comment #43 if212, TWG 2018]]

Economics

1 Cost reductionderived fromreusing materials (especialBuitabe sorts ofdry blasting
grit).

1 Cost recoveryrom recycling scrap materials.

Driving force for implementation
Complying with water pollution prevention port waste and harbour waste management
regulations.

Example plants
Widely practised.

Reference lierature
[78, TWG, 2005]121, Portugal, 200€]212, TWG 2018 ]
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5 COATI NG OF Al RCRAFT

5.1 General information on the coating of aircraft
[176, ASD 2017] 258, ASD 2019 ]

In this section, the painting of civil aircraft described. Due to different processes, this section
is divided into construction and maintenance.

For maintenance, the paintwork is repaired or applied completely new, and the entire paint
application is carried out manually. The selection of the coatiggtem depends on
manufacturer defaults, international regulations thedequirement®f the customer.

According to the statistics of an industrial featéon, the total turnover of aeronautiag&s

EUR 162 billion for 2016, with shares of P2 for the dvil field and 28% for the military field.
Aeronautics includes all certified flying objects, manned and unmanned, along thgclide
including maintenance repairs and operations and air traffic management ground systems. In
2016,the total employment of the sectaras543000workers of which 66% is related to the

civil field [ 258, ASD 2019 ]

GCA/GCH/GK/EIPPCB/STS_Final _Draft July 2019 165



Chapter 5

5.2 Applied processes and techniques in the coating of

aircraft
[176, ASD 2017]

521 Construction

Aircraft need to be protected agairstrrosion for their entire life of around25 yeas,
thereforeonly speific pant systems canbe uilised, as with the maintenanceof aircraft, whilst
also taking customeequirementsnto consideration

5.21.1 Painting of components and detailed parts i structural coating

Components are mostly partially painted before assembly takes place. These parts are coated
with a primer (containing chromat@s the case of metallic parts, chrométtee in the case of
composite parts) and may be subsequently painted with a topcoat or varnish. A wash primer is
only applied in exceptional cases, i.e. toughand repair. Where production processes allow
sufficient throughput surface, spraying is sometimes automfdedaccelerated drying of
components either in a flow process or by the use of combination painting and drying (e.g. with
convection dyers and infrared deys).Parts that are delivered by extermadnufacturers are
normally supplied coated with a basic primer and topcoat if requested (in the case of aluminium
parts the basic primer contains chromates, but chrefregeprimer is used for composite
components).

Chromates have been used for over &arg as a corrosion inhibitor in the protection of metallic
surfaces, fulfilling the demanding technical, safety and airworthiness requirements of the
aerospace and defence sector. With the use of chromates, corrosion protection can be afforded
for lengthyperiods, thus providing high levels of antirrosion reliability in products with long

life cycles, even in extreme conditions.

In some very specific cases, e.g. structural applications on certain materials (composite,
titanium), a nornhibited primercan be used.

However, despite intensive research efforts carried out over the past decades by the sector, there
are currently no chromafece alternatives available for some specific processes in the
aerospace and defence sector fulfilling the requiegdllof performance, reliability and safety.

The process for the aerospace and defence industry in terms of qualification and certification of
alternatives has been reflected in an EASA/ECHA ré&pehtich has been drawn up jointly with
industry.

In the fame of the REACHRegulation[47, EU 2006] applications for authorisation to
continue using some chromates in applications such as paints, primers, surface treatment and
hard chrome, for which no suitable alternatives will be available for implementafore the
respective ban dates (2017 and 2019), have been made to the Europeizal€hsgency.

These collective @plications have been prepared in the frame of industry consortiatheith

main actors from the aerospace and defenciisand the chemitandustry.

24 An outline of key aspects of the authorisation process in the context of the aviation industryFEABA April
2014.
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5.2.1.2 Painting of exterior surfaces

Outside surfaces of the completed aircraft are coated manually. As the final lacquer finish is
applied after the final assembly of the aircraft, only coatings that cure at aenateihperature

can be used. At present, predominantly kighds paints (with a solvent portion of between
30% and 40%) are used, and this is standard in the aeronautical industry. However,
conventional solverbased paints (with solvent contents obatb5565 %) might still be used

by companies producing small and/or military aircraft.

As with maintenance, the coating of new planes is carried out in closed workshops. The applied
coatings cure at ambient temperatures. Often the hull is coated anktabyngried first. Then,
the hull is covered with masking materials and the wings and tailplane are subsequently painted.

5.2.1.21 Conventional paint scheme
[176, ASD 2017]

The painting process is subdivided into application of the wash primer, applicatr@pfrner
and application of the topcoat.

Source[176, ASD 2017]

Figure 5.1: Conventional paint scheme

Conventional solverbased paints contain the following solvent content by weight:

corrosionprevention compoundt5-50 % solvent content

structural wash primer: 780% solvent containing chromate, based on polyvinyl

butyrate, or epoxy or polyurethane resin

1 structural basic primer: 503 % solvent containig 525 % chromate, based on epoxy or
polyurethane resin

| structural basic primer (nemhibited): 71% solvent, chromat&ee (higher VOC solvent
content inputs if for chromatieee solutions)

1 structural topcoat: 5565 % solvent

il varnish/ fastener protection: 460 % solvent

| externalintermediate coat: 780 % solvent

1
1

The selection of the lacquer system depends on manufacturer defaults, international regulations
and customerequirementslt is not common practice to treat th-gases containing solvent.
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Solventbased paints carelbused in all phases of the painting operation (wash primer, primer,
topcoat, c¢clear coat and repair), and can be used
corrosion protection guarantee lasts for 25 years, only specific paint systems céisdue uti

When lowVOC alternatives (with suitable properties and suitably qualified) exist, these are

preferred.

Pretreatment

Before the exterior surfaces are coated, impurities, e.g. kerosene, oils and grease, are removed.
The hull, wings and tailplan&re cleaned with cleaning agents. The surfaces are sanded and then
cleaned again.

Application of the wash primer

After pretreatment, the wash primer is applied manually by using electrostatic spraying
techniques. The wash primer is a solveahd chromate&ontaining material based on
polyurethane or epoxy resins or polyvinyl butyrate (PVB). The solvent content amounts to
about 7690 %. For increased corrosion protection, strontium or zinc chromate is necessary. The
layer thickness varies from8n to 10um. After application, evaporation of solvents takes
place at ambient temperature.

Application of the primer

After the wash primer, a solveobntaining primer based on epoxy resin or polyurethane is
applied. This is done manually via an electrostatic yspyaplication. The solvent content of
these materials varies from %0 to 65%. The content of strontium or zinc chromate amounts
10-20%. The applied layer thickness averages2%pm. The material cures at ambient
temperature.

Application of the topcoat

The topcoat can be very di fferentasedaw®wor di ng t o
component paints with a solvent content ofd&% are exclusively used. The topcoat is applied

in several layers (two to four according to the colour) via electrosptaying.Depending on

the applied colour, the layer thickness amounts td@um. When the first layer has been

applied, a technical waiting time must be respected before the next layer can then be applied

during a limited overoating time window. Tlsi is repeated until the required number of layers

has been reached. Subsequently, the topcoat layers are dried. Afterwards, the decoration colours

are applied either via a number of topcoat spray applications for each colour or by decorative

adhesive filmsAt the request of a customer, a clear coat can be applied on top of the.topcoat

5.21.2.2 High-solids paint scheme

The current standard external paint system consists of a&abiigh chromefree epoxy primer and

a highsolids polyurethane topcoat applied on top of the basic protection of the detailed parts (see
Section5.4.1.). High-solids base coat and clear coat combinations aneasingly used instead

of the topcoat. A wash primer is no longer used. The customer can select an option, which consists
of applying a solveAbased intermediate coat between the Jiglids chromefree epoxy primer

and the topcoat (or the base coat)piider to improve the strippability of the paint system for a
later maintenance repaint.
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® High Solid — External Coat @ / ® BaseCoat—ClearCoat @ \

CLEAR COAT

OPTIONAL HIGH-VOC INTERMIDIATE COAT OPTIONAL HIGH-VOC INTERMIDIATE COAT

CHROMATE FREE EPOXY PRIMER CHROMATE FREE EPOXY PRIMER

SOLGEL SOLGEL

VTP BASIC PRIMER VTP BASIC PRIMER

FUSELAGE BASIC PRIMER
TARTARIC — SULPHURIC ACID
ANODIZING (T&A)
COMPOSITE

FUSELAGE BASIC PRIMER

TARTARIC — SULPHURIC ACID
ANODIZING (T&A)

COMPOSITE

NB: PA: pre-applied
Source[176, ASD 2017]JASD comment #1 ifi212, TWG 2018]

Figure 5.2: High-solids paint scheme

5.2.1.3 Temporary corrosion protection

Thesecal | ed &étemporary corrosion pr otregectingt ond
layers in the internal area of the aircraft. The material remains in the plane permanently. The
main areas are, f@xample, doors, gates, wheel wells and cargo storagearéasy locations
where high corrosion risks or condensation may ocEemporary corrosion protection is not
applied within fuel tank boundarie$he temporary corrosion protection materials sokwent

based, wadlike substances. The application takes place with a brush or via spraying. The
solvent content of the products amounts to abotG01%.

522 Maintenance
[5, DFIU and IFARE, 2002] [38, TWG, 2004] [78, TWG, 2005]

The paint application isacried out in closed workshops where temperature and air humidity can
be regulated. For the deposition of overspray from exhaust air streams, wet dust collectors are
installed. The applied paints dry at ambient temperature.

52.2.1 Paint removal

In the context of maintenance, the primary coat and the topcoats are removegite\&ygars.

If an airline company changeover takes place, paint removal is undertaken sooner. This is most
common for leasing companies. The paint removal (and new paaticaion) is done for

optical reasons and for examining the structure for wear and corrosion. Paint removal is usually
done chemically. Water blasting, which was favoured for environmental reasons, is no longer
applied due to the causation of excessieemanical stress. The aircraft is cleaned with a water
based, alkaline cleaning agent. After drying the windows, running gear and parts consisting of
fibre-reinforced plastic, composite materials are masked. The following paint removal process is
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done viaacid cleaning or by mechanical sanding. For acid cleaning, a-baded benzyl
alcohol formicacid is applied with airless spraying techniques. The sealants in the seams are
manually removed. For composite materials and partly for metal surfaces, pretrees done

by sanding.

5.2.2.2 Cleaning

Macerated paint layers are removed by water. Subsequaqtigousalkaline neutralisation and
cleaning takes place. Before paint application, the surfaces are cleaned manually with organic
solvents and cleaning wipel general, a mix of butyl acetate and butyl alcohol is used as
solvent.

52.2.3 Pretreatment

Before the primer is applied, a solvdr@sed wash primer is applied onto metal surfaces. This
material contains 78 organic solvents and about %zinc chromate (itthe solid content).

The material is applied via an electrostatic spray application. The wash primer is not applied
onto composite materials.

5.2.24 Primer
Two different materials are used as primers:

1 primer based on polyurethane or epoxy with a solventseod of 70% without chromate;
and

9 primer with strontium chromate (about 200of the solids content) and about%7organic
solvents.

Primers containing chromate are used for increased corrosion protection for climate conditions
with a high humidity anchigh salinity of the atmosphere at the request of a customer.
Application is carried out manually via electrostatically assisted spray applications.

5.2.25 Topcoat

Conventional twecomponent paints with a solvent content of abou¥64and threecomponent
high-solidspaintswith a solvent content of about 48 are use@s topcoatsBoth paints are free
of chromate and lead. The application is carried out manually by electrostatically assisted

spraying.
5.2.2.6 Clear coat
Conventional topcoats are geakly coated with a clear coat layer. If higblids topcoats are

applied, an additional clear coat layer is not necessary. It is only used at the request of a
customer. The same application method as for topcoats is used.
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5.3  Current consumption and emission levels in the coating

of aircraft
[5, DFIU and IFARE, 2002]155, TWG 2016] 212, TWG 2018 ]

5.3.1 Construction
5.3.1.1 Material consumption

The material consumptionecessary for the coating of aircraftis necessarily related to the

total surface to be coated but also depgamtd customei@specific requests. In addition to the
exterior surface, the surface of coated component ptdhas to be taken into accouiihe
average cycle time for a single aisle (SA) aircraft is approximately 5 to 6 days and between 7 to
18 days for large or very large aircraft (LA) depending on the complexity of the livery. A
significant part of the time is needed for masking and fingshAn important proportion of the

total amount of paint consumed is necessary for the coating of componentTphtes5.1

shows general average information &mrA320 (SA) andan A330 (LA).

Table5.1:  General information on coating ofan Airbus A320 (SA) and an Airbus A330 (LA)

Category SAi A320 LA 7 A330

Area to paint > 760 nt > 2200 nf
Quantity of paint ~ 600l ~1500 |

Final mass on aircraft ~ 120 kg Between 33kg and 400kg
Average number of coating 5 (>4 000 nf) 5 (>10000 nf)
Average cycle time 5 to 6 days Between 7 and 18 days
Source[ASD comment #4 ifi 212, TWG 2018]]

For the coating of exterior surfaces of an Airbus A320 the total extemdace area of the
completed aircraft is over 766° and for anAirbus A330 it is 2200m. The applied dry
material has a total weight of 33@0kg for an Airbus A330 [ASD comment #5 in
[212, TWG 2018]].

The percentage distribution of solvent use per process at one installatimponents
production)is presented ifrigure5.3. It is worth noting that cleaning activities represent about
75% of total solvent use (product cleanilmgcountsfor ~40% and equipment cleaning

~ 35%) [Plant#078 in [155, TWG, 2016]] For the whole sector, the cleaning activity is less
significant and represenapproximately 506 to 60% of the total solvent ugASD comment
#7in[ 212, TWG 20181].
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Percentage distribution of solvent use
External

O‘ther 2.0 TDpCDa‘t 53

Sealant 4.5
Internal
Topcoat 2.1

Paint Thinner
1.4

Cleaner Wi IE
6.6

Source Plant #078 irf155, TWG 2016]

Figure 5.3: Percentage distribution of solvent use per process for one installatigapomponents
production)

5.3.1.2  Water consumption

Water consumption data were reported by two installations: the first with a total consumption of
the order of 00m®yr with the majorconsuming sector being the wet scrubbers for VOC
emission abatemeift55, TWG 2016] The second reported figure wh8000m?/yr with the

most significant consuming sector being related to osmosisiamétificaion processes. STS
activities represent approximatively9@to 6% of the total water consumption of sit¢aSD
comment #9 i 212, TWG 2018]].

5.3.1.3 Energy consumption

The majorityof the energy consumption is due to requirements for air extraction/circulation
during STS activities.

In generalthetotal energy consumption is of the order of tenghotisands of MWh ahenergy
metering is performed.

The main identified techniques for decreasing energy consumption and improving the energy
efficiency are:

1 exhaust air heat exchange in ventilation systems of all hangars with estimated energy

savings othe order of 280 %;

air recirculation of booth air during preparation, flashand curing processes;

temperature and humidity optimisation of the process air with estimated energyssaving

of the order of 186 (gas consumption);

1 optimisation of energgonsumption for the warm air circulation for curing, e.g. by using
anair turbulator.

il
il
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5.3.2 Emissions from construction processes
[155, TWG 2016]

Considering the activity of the biggest manufactureraioéraft in Europe, the total VOC
emissionsvereapproximately 1000 tyr for a production capacity of about 700 aircraft in 2016.
The emissions of VOCwere mainly due to cleaning (products aaduipment and painting
activities[ASD comment #11 ifi 212, TWG 2018]]

The painting of component parts is generally carried out in different plant locbiqisnts
dedicated to final assembly afidal painting of the whole aircraft.

Therefore the technique to reduce VOC emissions is to reduce the amount ofs M@I(k:
performing cleaning activities usimeimpregnated wipes or in the coatings used, for example
by using highsolids and/or twacomponent coatings as describeddnaptes 5.2and5.4.

53.2.1 Total emissions of VOCs

On average, the total VOC emissions per kg of sobdsinput are ofthe order of 0.5%.6kg
for coating of exterior surfaces of assembled air@afpresented iRigure5.4. For sites where
the proportion of the activity of components coating is higher, the total emissfoW©Cs
expressed as a percentage efgblvent input is higher.

W 2015 2013 2017
Bl
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z 8 ]
o€ 0.50
£ o
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=B 0.40
2w 030
E .
g o 0.20
=
= _? 0.10
Plant 077 145 078
Country DE FR UK
Year of current layout 2010 NI 2016
Activity type Final exterior coating of aircraft | Final exterior coating of aircraft Coating of components
Enclosed application zones with air
extraction
* Substitution (low VOC materials) %
+ Electrostatically assisted spraying * * %
[0Wet separation spray booths
Components painting—enclosure
and automated application
Source[155, TWG 2016]

Figure 5.4: Total emissionsof VOCs expressedn kg VOCs per kg of solid mass input
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53.2.2 Fugitive emissions of VOCs

Reported data on solvent mass balances from three installations show that fugitive emissions
vary from less than 1% up to 50% of the solvent input (sdéigure5.5). For sites wher¢he
proportion of the activity of components coating is higher pieentagef fugitive emissions

might be higher as is represented inFgure5.5.

#2015 m2014 2013
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g 50 o i P
23 | |
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st : :
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e
. 1 T e —
8 2 -
3
= L] | |
10 e e
|
0
Activity type Final exterior coating of aircraft Final exterior coating of aircraft Coating of components
Plant 077 145 078
Source [155, TWG 2016]

Figure 5.5: Fugitive emissionsof VOCs expresseds a percentage of the solvent input for three
aircraft coating installations

5.3.2.3 TVOC emissions in waste gases

Reported values for periodic monitoring B¥OC emissionsn waste gaseare presented in
Figure5.6.
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Figure 5.6: TVOC emissions in waste gases expressedng C/Nm? for periodic monitoring for the period 2013-2015
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Although the appliecbatement techniques focus mainly on dust abatement, the reported VOC
concentration values are generally low. It should be noted that the reported waste gas flow rates
vary from 20000Nm*h up to 18000 Nni/h. Neverthelessa representative range of o

rates for the activity in the aircraft sector is from 200Nm*h up to 35000Nm?*h with some
paintshops having a flow rate up to 5800 ni/h [ASD comment #14 ifi 212, TWG 2018]}

5.3.24 Dust emissions to air in waste gases

Total dust emission data reported from the reference installations are preséngentab.7. In
general, the achieved dust emission concentration values are betayiNBT. Reported
chromate dust values are lower than 0.002 mg/Nm

The basic statistical parameters of the repadiest concentration values for 2015 are presented
in Table5.2.

Table5.2:  Statistical parameters of dust concentratios values in 2015

No of points Average Median 25" percentile 75" percentile
P (mg/Nn?) (mg/Nn) (mg/Nn) (mg/NnT)
42 0.53 0.20 0.10 0.40
Source [155, TWG 2016]
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Figure 5.7: Dust concentration value§mg/Nm?®) for periodic monitoring for the period 20132015
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5.3.25 Emissions to water

Along with the paint sludge, waste water is generated from the wet deposition of overspray. The
treatment of waste water is similar to the processes used in the serial painting of passenger cars.

Data on emissions to water were only submitted for one planbfdhe three participating in
the data collection) and with only one value for hexavalent chroifiiGs TWG 2016]

5.3.2.6  Waste generation

The following table summarises the main types of wgsteratedn the coating of aircrafind

thar characteristics

Table 5.3:  Waste generation data from the coating of aircraft

o i Average Recycling or
Waste type / description Source/origin solvent di
isposal route
content (%)
Solvent leftovers Production processes 100 Delivered off site
Paint sludge Production processes 3055 Delivered off site
Waste solvent Cleaning processes 75100 Delivered off site
Waste base coat Production processes 30-40 Delivered off site
Waste hardener Production processes 50 Delivered offsite
Paint filters Production processes 0 Delivered off site
Empty paint containers Production processes NI Delivered off site

The proposed techniques for the minimisation of generated waste are as follows:

1 use of reusable containers to reduce the amount of scrap metal,

1 recovery of used solvent from the gun cleaning whicbriacase is done bgn external
contactor;

1 recovery of used solvents by distillation (for one plant the estimated initial recovery rate
was 60vol-% with a declining trend over time);

1 dewatering of sludge from the waste water treatment facility using centrifuges and
decanters.

5.3.3 Maintenance
Due to different geometries of aircraft, the consumption and emission values are given for a

Boeing 747400 (se€Table5.4). For this type of aircraft, about7B0m? has to be painted. The
data come from Lufthansa Technik, Germany from 2001
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Table 5.4; Material consumption for a Boeing 747400 at Lufthansa Technik

Material Solvent -
. . VOC emissions
Process Material consumption content (kg per B747)
(kg) (%)

Paint removal | Chemical stripping agent 3000 No VOCs {)

Wash primer based on polyvin 240 76 182
Pretreatment bu_tyrate cont.a|.n|nghromate

Primer containing chromate 450 67 301

Primer chromatdree 450 71 319
Cleaning Butyl acetate, butyl alcohol 200 100 200
Topcoat High-solids 1200 43 516

Solventbased 1300 61 793
Clear coat Solventbased 1200 65 780
() NoVOCs according to the definition of the IED.
Source [5, DFIU and IFARE, 2002]

Depending orthe paint systermutilised the VOC emissions amount to 223t per coated
Boeing 747400. If highsolids topcoats are used, the VOC emissions amount to about one
tonne less, compared to conventional topcoats and an additional clear coatOffygas
treatment equipment, e.g. oxidisers, are not installed due to large volume flows (approximately

450000m?h) and low VOC concentrations.

Different types of aircraft are completely or partly coated in the jpla@tcoating of 150 aircraft
(A300) per year is considered as a benchmark for calculating the level of VOCs being emitted in
one year. For 2000, it was calculated thatt &#0Cs was emitted. The emission value of
150kg/h is exceeded temporarily for someating processes due to simultaneous paint
applicationby several employees (up to 12 painters).
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5.4 Techniques to consider in the determination of BAT for
the coating of aircraft

In Chapterl7, techniques are discussed which might also be applicable to the coating of
aircraft. In Table 5.5, the general teatiques relevant for the coating of aircraft that are
described in Chaptel7 are shown. These techniques are not repeated in this section, unless
information specit for this industry was made availablé. description of the type of
information considered for each technique is givehahlel17.1.

Table 5.5: Reference to techniques generally applicable to the sector

Technique Section number
Environmental management techniques 17.1
Storage and handling céw materials 17.2
Monitoring 17.3
Wateruseand waste water generation 17.4
Energy managemeand energy efficiency 17.5
Raw material manageme(including substitution) 17.6
Coating process and equipment 17.7
Drying and/or curing techniques 17.8
Cleaning techniques 17.9
Off-gas extractiomndtreatment 17.10
Waste water treatmetgchniques 17.11
Waste management techniques 17.12
Odouremissions 17.13
54.1 Material-based techniques

5411 High-solids paints
[176, ASD 2017 212, TWG 2018]

Description
Forageneral description, see Sectibh7.2.1

High-solids solventbased paints contain the following solvent contents by weight:

external primer20-25% chromatdree solvent based on epoxy resin
external topcoat30-35 % solvent, based on polyurethane resin;
external baseoat:30-35 % solvent, based on polyurethane resin
clearcoat:45-50 % solvent, based on polyurethane resin

= =4 =4 =9

For structural coating applicatignsasic primes (30-40% solvent content) and topats (35
45 % solvent content) are available as hegtids variants.

Achieved environmental benefits
This technique is used to minisai VOC emissions, where applicable, compared to conventional
solvent paint systems

Environmental performance and operational data
The optical surface qualities and technical properties of-$idjlds paints are equal to or even
better than those of conventional paints.

Crossmedia effects
The use of chromatieee materials impliea higherpercentagef VOC input. Modification of
painting equipment is required
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Technical considerations relevant to applicability
Applicable for theexternal coating of new aircrdft specific cases

Economics
Material costs and the costs of paint remideamaintenance operations are highempared to
conventional solvedbased materials

Driving force for implementation

1 Substitution of conventional solvehased paints in some specific cases.
1 Less material needed for similar coating thickness

1 Reducedire hazard

Example plants
Plants #077, #078 and #145 in [155, TWG 2016].

Reference literature
[176, ASD 20171 212, TWG 2018 [155, TWG 2016]

5.4.1.2 Water-based paints
[176, ASD 2017T 212, TWG 2018 ]

Description

For a general description, see Sectid@.7.2.2 Waterbased paints are used in structural
applications (not used for external applicatioiig) example as &asic primer(inhibited and
nonrinhibited),atopcoat andvarnish / fastener protection.

Achieved environmental benefits
Waterbased paithave a lower VOC content than other conventional paints.

Environmental performance and operational data

1 Waterbased paintsantains 256850 g/l of VOCs

1 The colarr uniformity can be improved.

1 Despite minor modification® equipment such as spray guns, recurringsast be lower
owingto a reductionn thepaint quantity used due to lower film builg.

Cross-media effects
Paints are still chromateontainingfor metallic parts (not focarbonfibre-reinforced plastic
(CFRP parts).

Technical consideraions relevant to applicability

These paintsanonly be used for some structural applications (not for external applisafan
example as dasic primer (inhibited and nénhibited), a topcoat anda varnish / fastener
protection.

Economics
Despite minor modificationso equipment such as spray guns, recurring cost can be lower
owingto a reductionn thepaint quantityused due to lower film buildp.

In generalthe cost of thgaint is lower.

Driving force for i mplementation

| VOC reduction.

1 Quality improvement: thickness of paint layer.

1 Aesthetic improvement less colar variation in assemblies prior to final pairg water
based and new generation of paints are made to a cormatourmatching system
(RAL) standard.
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1 Paint cost reductions.

Example plants
Plant #078 in [155, TWG 2016].

Reference literature
[176, ASD 2017] 212, TWG 2018 [155, TWG 2016]

5.4.2 Paint application techniques and equipment

5421 Electrostatically assisted spraying
[176, ASD 2017]

For a general description, see Sectibh7.3.12 This techniqueis commonly appliedfor
predominantly flat compeents.

Example plants
Plants #077, #078 and #145 in [155, TWG 2016].

54.2.2 Painting of components i enclosure and automated application
[176, ASD 2017]

Description
Component partsan be painted by applying painting processes in enclosed spray (seshs
Section17.10.2.}.

Achieved environmental benefits
Benefits include educel fugitive emissions and nois&here is also aedudion in thevolume
of air to beextracted and therefothe energy used.

Environmental performance and operationaldata
No information provided.

Crossmedia effects
No information provided.

Technical considerations relevant to applicability
Applicable for paint application on smalbmponent parts

Economics
No information provided.

Driving force for implementation
Workplace health and safety

Example plants
Plants #077, #078 and #145 in [155, TWG 2016].

Reference literature
[176, ASD 2017] 212, TWG 2018 [155, TWG 2016]
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5.4.2.3 Direct printing
[176, ASD 2017]

Desciiption

Direct printing is a technology to directly print custeed liveries oraircraftparts. The system

uses solvenbased inks. The custosaid colour is composed of four different inks awting to

the CMYK colour spectrum (cyan, magenta, yellow, blackhe printing device is moved
across the part by a Cartesian automation system and is equipped with an additional third axis to
follow simple 3D parts like the vertical tailplane or sharklets (wingtips).

Technical description
The direct printingechnology could be used to appiighly complexdesignson aircraft parts
e.g. verticaktabiliser

The main parts of the printing system are the workstation, the controller, the frame,with x

and zaxes, the printhead inalinga distancemeasuring unit and ink tanks. The CYMK system

is the basic colour system of the machine. The printheads could be equipped with additional
nozzlese.qg.for primer or spot colour.

Gantry unit
The basic principle is a Cartesian base frame with a printheaa moveable sledge. The

moveable sledge can move thexds. So the xand yaxes can be constructed on rails which
have a very high stability. Because of this stahilitye necessary accuracy in repetition is
achieved

£

2N
Print-Head //// \\\}

) ¥
Z-axis unit E ﬂ ; X-ais unt

Y-axis unit
(Left)

Y-axis unit
(Right)

Y-axis unit
(Center)

Source [176, ASD, 2017]

Figure 5.8: Gantry unit with all axes and printhead

Printhead

The printhead starts with the printing process in the left upper corner and mavegaight
line on the horizontal rail from left to rightver the surface and applies the layer with
piezoelectrigiet valves. After a line endgshe whole horizontal rail with the printhead moves
down stringing the lines togethesnd creates the surfaces.
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Figure 5.9: Operating principle of the x-, y-, z-axes frame

Process

Direct printing technology is used to apply decorative layers betiiedmasecoat or topcoat
and the clear coat (seeFigure 5.11). The direct printing process follows the process chain
summarisedelow.

Build up of Decoration
external process with
paint system direct
until BC / TC printing

Application

preparation of CC

in VTP Shop

Source [176, ASD, 2017]

Figure 5.10: Process chain includingdirect printing

184 July 2019 GCA/GCH/GK/EIPPCB/STS_Final_Draft



Chapter 5

CLEAR COAT

CLEAR COAT

EXTERNAL PRIMER EXTERNAL PRIMER

]
Source [176, ASD, 2017

Figure 5.11: Comparisonof BCCC (basecoat / clear coat) system with direct printing in the BCCC

system

Achieved environmental benefits

E ] E N ]

Reduced paint materiabnsumption and/or masking material.

Less VOC emissions compared to painted logos.

Reduced waste (less masking material) and higher efficiency (less overspray) during
application.

Elimination of adhesive film for decoration.

Weight savings due to minimurayler thicknes$ fuel saving.

Extended lifetime due to less erosion efféctesourcesavings

Reduced energy consumption due to lower requirements to air ventilation system.

Environmental performance and operational data
Examplei Thomas Coolsunnyheat design {irst industrial application)

1
1

1
1

Ink consumption: 500 ml

Delivery to customer: 05/201-6~light hours/cycles: 843h / 8231 No cracks / peeling /
delamination observed

Weight savings appximately3 kg (190g/n?).

20 h printing time (withoutvorkers) with oneside printing device (280zzle system)

Cross-media effects
Use of acetonebased ink with vinyl resin (VR) pigments. The inks have a high VOC content.
But only small amounts of ink are used/emitted in a wide time frame.

Technical considerations relevant to applicability
Colour reproducibility (colour shade)

GCA/GCH/GK/EIPPCB/STS_Final _Draft July 2019 185



Chapter 5

The printing technology is based tire CMYK principle. This colour spectrum represents only
a small part of wider colour spectrunesg. Pantone where most of the customilscdours are
defined.For this reasorthe technologyamot be used to print all customer layouts (high risk
of colour mismatch).

Accessibility

There is nofull accessibility to all aircraft parts (even some parts of the VVé&tical plane)
due tothe gantry unit being usedas a guiding system for the printhead. The technology is
currently limited to light contoured parts like the VTP and shaskligtips.

Direct Printing — current technical application area
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Source [176, ASD, 2017]

Figure 5.12: Current technical application area

Economics
Foranindustrial printing device:

1 InvestmentEUR 1.4 million excluding building costs
1 Ink price EUR700/1.
1 Savings:
0 LT (loading and unloading time): up to 1h4or highcomplexity VTP designs
0 RC (receiving cost): e.gzUR7 000 for theThomas Cook sunny heart adhesive
film (total size only 17n?); full VTP decoration adhesive film up BUR 25000
(total size 43m).

Driving force for implementation

Traditional method$iave become insufficientvith airlines desire for artistic designsvhich

has led to theal/elopment of a new technology to create complex livery paintings automatically
and increase flexibility.

Example plants

The first prototype printing device is available the Airbus Hamburg(Plant #077 in [155,
TWG 2016]) multi-programme paint centre. The prototype is able to prina @00mm x
7000 mm surface area with a maximum length of tkexiz of 450 mm. The printhead is
equipped with 20 nozzles, 4 for each colowaft magenta, yellow, black and white primer).
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The machine could be operated samiomaically by nozzle cap (measuring plate) or by a laser
tracker (contaetree).

Direct Printing device

F o

' [.*IP Printing device is moved
Sl across the aircraft part

by a gantry unit

l Cartesian automation
system

Line-by-line, from topto
bottom

Source [176, ASD, 2017]

Figure 5.13 The direct printing device

Reference literature
[176, ASD, 2017] 212, TWG 2018 J155, TWG2016]

5.4.3 Treatment of off-gases from external aircraft painting
[176, ASD, 2017] 212, TWG2018 ]

The applicatiorof paintonto aircraft is done in closed workshops (see Seifioh0.2.} and
completely by hand with an application g@if-gas treatmenapart from overspray captuie
not typically applied due tthe substantial volume flows (about 4800m%h), the low VOC
concentrations and the discontinuous operation of installations.

543.1 Wet washer
[176, ASD, 20171 212, TWG 2018 ]

Description
A wet washer is composedf a dry filter (glass fibe structure)and a water scrubber system
(chambers where water conditioned with coagulant is sprayed).

Technical description

For a general description, see Sec8dY.10.4.2and 17.10.4.4 During painting, overspray
arises (306 to 50% of paint usedecomeverspray). An aflow drives the overspray inta
dry filter (up to 90% of overspray icapturedin the mats), then into the wet washers (the
remaining overspray isapturedl. Dry filters and wet washgican capture overspray but only
thewet washecancaptureVOC emissios.

Threshold values dd carbon measurement system are used to start/stop the wet washer pump.
This way of working limits electrical consumption and targets the maatmon of VOC
reduction. It is recommended to exchange the watireo$crubber during and after painting.
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Achieved environmental benefits
VOC emissions reductions (capturing parttiod soluble VOCs) reduction in dust emissions,
reduction of chemicals used for waste water treatguetivf electrical consumption.

Environmental performance and operational data
To get better filtering surface and efficiency, the dry filter hdsate azigzagstructure

The efficiency of the technique regarding VOC emission captam change depending on:
1 type of paintingoperaton (primer, topcoatetc.);

1 solubility of thesolvent used ithe paint

1 speed of air stream: wheheflow rate of the extractedir is halvel (300000m?h).

Cross-media effects

1 Energy consumption fothe ventilation systemand for pumping water intdhe wet
washer.

Wastegeneration due to the used filter mats

Waste water coming frorthe wet washer. Attentiomeedsto bepaid to theCOD levels
in thewaste water

T
T

Technical considergions relevant to applicability

Dry filters and wetscrubbersneed to be combined for better efficiency (capture of dust and
VOCs) and for improving maintenanamsts When dry filters and wescrubbershave been
operated alone, some technical issues can occur (indreasteof maintenance).

Economics
The st for facilities in terms of investment or recurreperationss highly significant.

Investmentosts

1 Dry filter.

1 Wet washer scrubber

1 Adaptation of the gntilation systenfthe most costly asget

Operational costs:

Ventilation maintenance (vehigh significant costs)
Dry filter lifetime i requires regular changes

Wet washer cleaning (approximately every 2 years)
Waste water treatment maintenance

Paint cleaning in the ventilation and mixing raom

= =4 =8 -8 =9

Example plants
Plant #077 in [155, TWG 2016].

Reference literature
[176, ASD, 2017] 212, TWG 2018 J155, TWG 2016]

188 July 2019 GCA/GCH/GK/EIPPCB/STS_Final_Draft


https://myintracomm-collab.ec.europa.eu/dg/jrc/dir-b/b5/STS%20BREF1/References.docx#REFERENCE_BOOKMARK_13332










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































