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7.4.1.2 Vehicle Refinishing

This sector (CORINAIR 94 SNAP source category 06 01 02: car repairing) covers the
painting of cars, trucks, or other vehicles, partly or totally, and of single parts of vehicles, often
after mechanical or coachwork repairing [1]. Vehicle refinishing is usually carried out by hand,
using spray guns.

1 Technology Description

Three basic types of vehicle refinishing can be distinguished [2]:

• the total car repair (the whole car is coated) contributes to about 3.5 % of repair paint use;

• the part car repair (only certain parts of the car are coated, mostly doors and wings)

represents about 95 % of repair paint use;

• the spot-repair (small coating damages are repaired such as stone projections) covers 1.5 %

of repair paint use.

1.1 Spray Booths

Almost all installations are equipped with closed, ventilated and heated spray booths [3]. Two
types of spray booths do exist [2]:

• The ‘combi spray booth’ has the advantage of needing half the space, compared with a

spray booth and separate drying cabin.

• Spray booths, where the cars are only coated. In that case, a separate drying cabin is

required.

Figure 7.4.1.2-1: Spray booth with dry deposition [2]
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The use of spray booths does not reduce NMVOC-emissions. Above all, spray booths have
been introduced in order to assure good working conditions. Moreover, these spray booths
have proved to lower the drying time and to improve the quality of coating.

Figure 7.4.1.2-1 shows a spray booth, which can be considered as representative for the whole
sector of vehicle refinish coating, including the ‘combi’ type [2]. The air has a temperature of
20 to 25 °C for the coating step, and is heated to 60 °C for the drying step [17]. The mean
solvent concentration in the waste gas is in the range of 50 - 75 mg NMVOC/Nm3 [5, 6].

1.2 Application Technique

It is assumed that the majority of the coating activities in vehicle refinishing (ca. 95 %) is
carried out by pneumatic spraying [7, 8] with an application efficiency estimated at
approximately 30 % [25]. Paint application with HVLP guns (High Volume, Low Pressure)
leads to an increase of the application efficiency by 10 – 20 % compared to conventional
spraying guns [27].

Airless and air assisted airless spraying are not adapted to the vehicle refinishing sector, due to
the high consumption of coating, the necessity of special equipment, and the rather poor
quality achieved for the coating of small surfaces. Therefore, these technologies are applied
only in the truck repair sector and for the coating of large surfaces. [9]

Electrostatic application is not practicable in the car refinishing sector, because its use can
result in damages to the electronic and plastic parts of vehicles [9].

Other non-spraying techniques like dipping or brushing are as well not applicable for vehicle
refinishing [9].

1.3 Coating Structure

The painting of a car consists of 3 or 4 layers1 [2]:

• the first coat (primer) protects the car body against corrosion;

• the second coat (surfacer) compensates unevenness of the car body in order to have a

smooth under-coat and to have the next coats fixed. In some special cases, only one coat is

used which simultaneously serves as primer and surfacer;

• the third coat (basecoat or topcoat) is either an effect-coat or a uni-coat, giving the car

body its colour;

• the fourth and last coat (clearcoat) improves the resistance against weathering, sun, stone

projections, scratches. This coat is not always necessary when a uni-coat is used, because

uni-coats can combine the functions of basecoat and clearcoat.

                                                       
1 Prior to the application of the coating system, a putty may be applied where necessary. A putty is a heavy-
   bodied compound, which may be sprayed or applied by a knife in order to fill deep surface imperfections.



Vehicle Refinishing 597

2 Emission Sources

The main NMVOC emission sources in this sector are the application of paint, the drying
operations, the cleaning of equipment, and the cleaning operations before the coating and
between the application of different layers [29].

3 Primary Emission Reduction Measures

Three options to reduce NMVOC emissions are of relevance in this sector:

• improvement of application efficiency;

• switch to low solvent products, especially to water-based paints [27];

• good housekeeping / solvent management.

3.1  Improvement of Application Efficiency

Technical Aspects

The application efficiency may be improved by using high efficiency spraying techniques
(e. g. high volume low pressure technology, also known as HVLP spray guns) in place of the
conventional low pressure pneumatic guns [24]. The application efficiency of this technique
can achieve up to 65 % according to [18]; however, this figure seems rather high: a 40 %-
efficiency seems more realistic [25]. Furthermore, the same quality finish can be achieved
compared to conventional low pressure spraying, under the condition that paint and car
manufacturers agree upon compatibility of their respective products for HVLP application. [4]

The newest developments of HVLP guns are also accounting for the quality requirements of
the application of metallic basecoat [2, 13].

The elder generation of HVLP guns induced a loss in working time of about 21 % for surfacer
application and about 38 % for topcoat application [14]; with the new generation of HVLP
guns, this drawback has become less important and is anyway of minor importance since
application time represents only a little share of the whole coating time [22].

Water-based paints are particularly suited for the application with HVLP guns [27], however,
HVLP guns made of special steel should be used [2].

Table 7.4.1.2-1: Reduction potential of HVLP spraying compared with conventional low
pressure spraying [4]

Spraying technique for
- primer and surfacer
- basecoat and clearcoat

HVLP
conventional low pressure

HVLP
HVLP

Reduction potential for

• coating consumption

• used filters

• emission of particles

• emission of solvents

9 %

14 %

14 %

7 %

30 %

46 %

46 %

30 %
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Economic Aspects

The switch to HVLP technology does not require high investments, insofar as HVLP guns can
be connected to the conventional pressurised air supply without any additional equipment [15].

The lifetime of a spray gun is mainly depending on the applied cleaning processes, however,
the average lifetime generally amounts to about 4 years [20].

Table 7.4.1.2-2: Investments and operating costs for conventional low pressure guns and
HVLP guns

Technology Investment
[ � ]

Maintenance
costs
[% of

investment]

Maintenance
costs

[ � /a]

Energy costs
[ � /a]

Total
Operating

costs
[ � /a]

Low pressure

gun

215 [2] 33 [2] 71 129 [2] 200

HVLP gun 300 [17] 33 100 148.5 248.5

When switching from conventional low pressure to HVLP guns, both paint consumption and
amount of waste are reduced, thus reduced operating costs are expected [27]. However, these
savings are difficult to quantify, since no consistent figures do exist for the achievable
reduction degree of paint consumption and waste generation, when using HVLP guns instead
of conventional low pressure guns.

3.2  Switch to Low Solvent Products

Technical Aspects

According to [20], the switch from conventional high solvent coatings to low solvent coatings
results in a higher covering efficiency, thus reducing paint consumption by up to 30 %.
Moreover, the low solvent products are compatible with HVLP spraying.

Low solid coatings include conventional one-component- and two-component-coatings. One-
component-coatings are mainly used as primer and basecoat. Surfacers, topcoats and
clearcoats are in the majority two-component-coatings [2]. The two-component-products
show a better mechanical (e. g. stone projection) and chemical (e. g. salt) resistance as well as
a higher resistance to weathering than one-component-products. Moreover, the solvent
content of one-component-coatings cannot be reduced to less than 50 %. [4]

Table 7.4.1.2-3 gives an overview of the possible combinations between coat type and coating
process with a defined solvent content.
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3.2.1 Medium and High Solid Coatings

The solvent content of a conventional high-solvent coating is about 60 wt.-%. In order to
reduce the solvent content of the input material, high solid (HS) and medium solid (MS)
coatings are used, the average solvent content of which presently ranges from 30 to 40 wt.-%
and 50 to 55 wt.-% respectively. [4, 8, 10, 12]

Medium and high solid coatings contain a higher level of solid particles than conventional
solvent-based coatings. In order to maintain usable application properties, they must retain a
viscosity similar to current lower solids products. This can only be achieved with lower
molecular weight polymers which react to a greater degree to form suitably cross-linked films.
This will require either elevated curing temperatures inducing additional investments and
operating costs, or more reactive cross-linkers with their corresponding greater health and
safety risks. [26]

3.2.2 Water-Based Coatings

Water-based coatings are also in use; their organic solvent content is even less than for HS and
MS coatings and ranges from 10 to 15 wt.-% [19].

The use of water-based coatings includes many advantages [20]:

• due to their very low organic solvent content, water-based coatings achieve a high NMVOC

emission reduction rate;

• spraying guns can be cleaned with water, which contributes to a reduced consumption of

cleaning solvents;

• the achievable covering efficiency is higher with water-based coatings than with

conventional solvent coatings, which results in a reduced coating consumption and less

application time when using HVLP [28].

However, problems regarding the coating quality remain for some water-based paints.
Furthermore, the use of water-based systems may lead to corrosion problems for the spraying
devices. In order to minimise this effect, critical parts of the equipment should be made of
special steel.

If a car refinished with water-based coatings is dried in the atmosphere (at about 24 °C), the
drying time is three times longer than with conventional solvent-based coatings. If the same car
is dried in a drying cabin at 27 °C, almost the same drying time can be achieved as with
conventional organic solvent-based coatings. [9, 21] Water-based clearcoatings are considered
as a rather uneconomic measure up to now, due to the extremely long drying time required
[20].

For part car repair or spot repair, drying cabins are not used in general. In this case, when
water-based coatings are used, the introduction of infra-red dryers or/and blowing guns has
proven to reduce the drying time considerably at very reasonable extra costs. [16, 28]
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3.2.3 Powder Coatings

These are solvent free products, which require electrostatic application. Thus, it is impossible
to use powder coating in the vehicle refinishing sector. This is due to [4]:

• electronic equipment installed in the cars, which would be damaged by using electrostatic

guns,

• foams and plastics in the vehicle would not resist to the required temperatures

(120 up to 160 °C).

Economic Aspects

The prices for a variety of coatings and for potential additional equipment for the use of water-
based coating systems are summarised in Table 7.4.1.2-3 and Table 7.4.1.2-4 respectively.

Table 7.4.1.2-3: Coatings and estimated solvent content and price [2, 24]

Low Solid Medium Solid High Solid Water-based coating
SC Price SC Price SC Price SP SC Price

Primer > 50 11.9 - < 40 17.3 -

Surfacer - 40-50 8.6 < 40 8.8 54 8 10.1

Effect basecoat 84 30 - - 15 10 34.5

Uni basecoat > 84 22 52 24.5 35 40 13-20 8-10 26.3

Clearcoat 60 18 45-60 16.5 < 45 18.4 -

Uni-topcoat 60 29.5 45-60 21.5 < 45 24.4 -

SC = organic solvent content [wt.-%]
SP = solid particles content [wt.-%]
Price [ � /kg]

Table 7.4.1.2-4: Additional costs for the use of water-based coatings

Technology Investment [ � ] Operating costs [ � /a]

Blowing gun 110 [16] negligible

Infra-red dryer 4,000 [17] 40 [17]

When switching from conventional high-solvent paints to low-solvent alternatives, a reduced
paint consumption can be expected, resulting in cost savings [27]. However, these savings are
difficult to quantify, since no consistent figures do exist for the achievable degree of reduction
in paint consumption.

3.3  Good Housekeeping / Solvent Management

Even though distillation devices and paint mixing equipment are already widely used in vehicle
refinishing installations, these utilities can actually not be considered as NMVOC-emission
reduction measures. Distillation devices allow for waste reduction and solvent recycling, also
paint mixing devices induce a reduction in waste generation, but none of these equipments can
be expected to play mainly the role of NMVOC-abatement options. [25] However, good
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housekeeping and solvent management measures may reduce NMVOC-emissions by 10 %
[28].

3.3.1 Spray Gun Cleaning Equipment

Because vehicle refinishing shops are characterised by the use of different types of coatings and
a large variety of colours, spray equipment has to be thoroughly cleaned after each paint job.
The contribution of gun cleaning equipment to the total reduction of NMVOC from car repair
facilities is estimated at 2.5 – 4 % [23]. In 1995, Canadian vehicle refinish shops used spray
gun cleaning equipment by 60 %, and did the cleaning manually by 40 % [26].

Two types of spray gun cleaning equipment do exist:

• Manual spray gun cleaning equipment

Technical Aspects

The cleaning solvent is sprayed against a wall, is captured there, filtered, and lead back in a
reserve vessel [4].

Economic Aspects

This kind of spray gun cleaning device necessitates an investment of 850  �  [2], the
operating costs are assumed to be negligible due to savings in cleaning solvent.

• Automatic spray gun cleaning equipment

Technical Aspects

This type of equipment is totally enclosed. The spraying gun is put into the equipment and is
automatically cleaned with solvent, the used cleaning solvent is recovered. The solvent
recycling is then carried out either on-site (distillation unit) or off-site (frequently, suppliers
of gun cleaning equipment offer such a service).

Economic Aspects

The investment for such an automatic spray gun cleaning equipment is about 1,500-
2,000  � . Since the cleaning solvent is recovered, the operating costs are assumed to be
negligible. [20]

4 Secondary Emission Reduction Measures

Only primary measures are commonly implemented in this sector, the installation of end-of-
pipe abatement devices proved to be hardly feasible both for economic and technical reasons.
Moreover, existing emission limit values for NMVOC can be achieved with primary emission
reduction measures alone. [7, 8, 10, 11, 12]
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5 Side-Effects

5.1 Improvement of Application Efficiency

HVLP guns require a lower amount of paint than conventional guns resulting in a reduced
generation of waste [22] and in savings for paints and solvents.

5.2 Switch to Low Solvent Products

The use of medium and high solid coatings involves substances (reactive cross-linkers)
showing greater health and safety risks than for conventional solvent-based coatings [26].

When using water-based instead of solvent-based paints, a pollution transfer from air to water
should be avoided. Due to longer drying times required by water-based paints, an increase in
energy consumption may result.

5.3 Good Housekeeping / Solvent Management

Via good housekeeping and solvent management, a reduction of the amount of waste can be
achieved.
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