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This Good Practice Guide is one of four complementary Guides providing advice on cost-effective
paint and powder coating.  It is aimed at paintshop and production managers whose operations use
paint and powder coating materials as well as organic solvents.  

Certain organic solvents, also known as volatile organic compounds (VOCs), can give rise to
emissions which contribute to low-level air pollution and directly to global warming.

This Guide explains how a company can reduce its costs and VOC emissions by changing from
conventional coatings to coatings that apply the same coating load with less solvent - so-called
compliant coatings.  Many companies are now switching to compliant coatings rather than fit
expensive VOC abatement equipment to their processes.

Alternative coatings containing less organic solvent, and hence VOCs, include:

■ water-based paints;

■ high solids paints;

■ powder coatings;

■ organic solvent-free liquid coatings.

The factors to be taken into account when switching to a compliant coating system and good
practice for drying/stoving are also considered.  Industry Examples illustrate the cost savings and
other benefits that can be achieved by switching to compliant coating systems.

This Guide highlights ideas that will:

■ save money;

■ save time;

■ use less paint and solvent.

Reducing VOC emissions through the use of compliant coatings may help some companies increase
capacity without needing to register with their local authority under the Environmental Protection
Act 1990.  Use of compliant coatings will also help companies that are registered to meet the
requirements of their Local Air Pollution Control upgrade plans in a cost-effective manner.

There is an Action Plan at the end of this Guide to help you focus on the ideas that are most relevant
to your company.

The other Guides in the series cover materials management, surface preparation and application
technology.  All are available free of charge through the Environmental Helpline on 0800 585794.
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The four complementary Guides to cost-effective paint and powder coating in this series are:

All four Guides are available free of charge through the Environmental Helpline on 
0800 585794.

These Guides are intended to help a range of companies, including:

■ metal finishers;

■ fabricators;

■ component and assembly manufacturers for original equipment manufacturers;

■ original equipment manufacturers.

These Guides are applicable to companies using paints and powders to coat in:

■ predominantly manual operations, eg hand-spraybooths;

■ partially automated operations;

■ fully automated operations.

Symbols printed at the top of relevant pages or Sections of the Guide are intended to help you find
useful ideas for saving money, time and raw materials.

save money

save time

use less paint and solvent
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Good Practice Guide (GG50) Cost-effective Paint and Powder Coating: Materials
Management

Good Practice Guide (GG51) Cost-effective Paint and Powder Coating: Surface
Preparation

Good Practice Guide (GG52) Cost-effective Paint and Powder Coating: Coating Materials

Good Practice Guide (GG53) Cost-effective Paint and Powder Coating: Application
Technology

Compliant coatings let you apply the same coating load with less solvent.



Organic solvents are widely used in UK industry for a range of processes.  Typically, the metal coating
industry uses trichloroethylene, xylene, methyl ethyl ketone (MEK) and white spirit, mainly in paints
and for cleaning and thinning processes.

These, and other organic solvents, give rise to volatile organic compound (VOC) vapours.  Currently,
levels of these VOCs in the atmosphere are a subject of widespread concern and regulation.  This is
primarily because of their role in the formation of low-level air pollution affecting human health,
crops and natural vegetation, but also because they contribute to global warming.

Recent legislation, eg the Environmental Protection Act (EPA) 1990 and its associated regulations,
places strict controls on VOC emissions from industry.

Under the provisions of Part I of the EPA 1990, metal coating companies that use more than five
tonnes of solvent a year are required to register with their local authority for an authorisation to
operate.  Under Local Air Pollution Control (LAPC), authorisations are granted by local authorities
provided companies comply with the requirements of the relevant Secretary of State’s Process
Guidance Notes.  Advice about LAPC and other legislation governing your operation is available
from the Environmental Helpline on 0800 585794.

Even if your company does not use enough solvent to be regulated under the EPA 1990, using good
practice will still enable you to achieve significant cost savings.  Companies approaching the
registration threshold may also be able to postpone or avoid registration.

The use of most coating materials, whatever the application method, gives rise to pollution and
waste.  This is due to the organic solvent content of the paint which has to evaporate to cure the
coat.  

Although this waste is almost inevitable, being an inherent and desirable part of the process, organic
solvent losses to atmosphere can be minimised - or even eliminated - by changing to modern
coating systems.  Such coatings, which have lower VOC emissions, are often referred to as
‘compliant’ coating systems.

The concept of compliant coatings comes from Process Guidance Notes such as PG6/23(97)1 which
describe the conditions such a process has to meet to receive (ie comply with) authorisation.  These
conditions include the use of coatings with a limited organic solvent content (ie compliant coatings).

The basic purpose of compliant coatings is to apply the same coating load, in other words thickness
(µm), or weight per unit area (g/m2), with less solvent.  The defined levels of VOCs for different types
of coatings which constitute a compliant coating are given in the Appendix.

Most coating manufacturers now offer compliant systems for a wide range of industrial applications.
Changing from conventional to compliant coatings could help your company to:

■ reduce its material consumption;

■ improve production capacity or efficiency through the reduced time needed to apply
alternative coatings;

■ save money and time by avoiding the need to register under LAPC, ie by using less than five
tonnes of solvent a year;
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1 Coating of Metal and Plastic (due to be published in 1997 - see Appendix).



■ improve the health and safety of employees;

■ reduce its impact on the environment;

■ cost-effectively meet LAPC upgrade plans (if applicable).

Alternatively, operators can fit VOC control systems and continue to use conventional paints.
However, this approach to regulatory compliance represents an additional cost in the form of capital
investment and end-of-pipe operating costs.  Most metal-coating companies operating under LAPC
are tending to switch to compliant coatings rather than fit abatement equipment to their processes.

Good Practice Guide (GG50) Cost-effective Paint and Powder Coating: Materials Management gives
practical advice on how to reduce paint and solvent consumption during coating operations.  

Good Practice Guide (GG51) Cost-effective Paint and Powder Coating: Surface Preparation gives
practical advice on how to reduce paint and solvent consumption during coating operations, with
an emphasis on the management techniques needed.

Good Practice Guide (GG53) Cost-effective Paint and Powder Coating: Application Technology gives
practical advice on how to reduce paint and solvent consumption during coating operations, with
an emphasis on the equipment used.

These Guides are available free through the Environmental Helpline on 0800 585794.
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Comparison of the properties of alternative coating systems with those of conventional paints
highlights their advantages for companies seeking to reduce costs and VOC emissions.

3.1 CONVENTIONAL PAINTS

Conventional solvent-based paints consist of a surface coating material - generally a pigment
together with a binder resin - dissolved in an organic solvent.  Typical conventional paints contain
60 - 80% solvent (720 - 960 g of VOCs/litre of coating), ie 20 - 40% coating solids by weight.

During application and drying of the paint, solvent evaporates from the coating leaving a durable,
pigmented coating on the surface of the metal.  The paint is dried either by being left to dry in
ambient air or by stoving.

3.2 TWO-PACK PAINTS (2K)

Two-pack paints consist of two components which, when mixed, begin to react to form the final
coating.  This coating often performs better than coats produced by conventional paint systems
because it is formed by chemical bonding.  However, once the paint is mixed, it must be used within
a matter of hours or it will set.

Three-pack (3K) paint systems, where the third component is usually a pigment, are also available.

The quantity of VOCs in two-pack systems depends on the thinning requirements and the chemical
nature of the two components.  However, generally it will be less than conventional paint systems,
ie the solvent content will be 0 - 50%.  VOC-free coatings are known as organic solvent-free liquid
(OSFL) coatings.

For medium to high volume users of coatings, mixing machines are available that mix the two
components together just before the spray gun.  These result in much less wastage of material
through over-mixing or production delays.  These machines are described in more detail in Good
Practice Guide (GG53) Cost-effective Paint and Powder Coating: Application Technology.

An additional benefit of some two-pack paints is that they require less energy to cure than
conventional single-pack paints.

3.3 HIGH SOLIDS PAINTS

These paints contain a much higher proportion of solids (30 - 70%) than conventional paints and
consequently a lower proportion of solvent.  VOC emissions are therefore lower.

The other main advantage of high solids paints is that the amount of available dry, applied cover per
unit volume is higher than with conventional paints.  A faster build-up is therefore achieved and the
quantity of paint needed to do the job is less.  This factor should be taken into account when
comparing the prices of high solids paints with conventional paint systems.

Some high solids systems, ie with a solids content of over 70%, are so viscous that to achieve paint
mobility they have to be applied using a heated spray system.
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3.4 WATER-BASED PAINTS

Owing to the regulatory and other pressures to reduce the VOC content in coatings, considerable
development work has been carried out on water-based paints.

Although water-based paints generally have the same level of solids as conventional paints, 
ie 20 - 40% solids, most of the solvent is water.  The remainder is a compatible organic solvent.

The significantly lower organic solvent consumption achieved by using water-based paints often
brings companies well below the registration threshold for LAPC.

Fig 1 compares the solvent content of conventional, high solids and water-based paints.

Due to the higher water content of these water-based paints, they may take slightly longer to dry
resulting in an increase in energy use for stoving.  In some cases, the drying process can be speeded
up by pre-heating workpieces before they are coated.

In larger plants with pumped paint delivery systems and piped paint distribution, equipment and
pipelines may have to be replaced by plastic or stainless steel units to prevent corrosion.
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Higher Efficiency from Water-based Paints

Komfort Systems Ltd of Crawley, Sussex, supplies custom-designed partitioning in kit form for
UK and overseas markets.

In 1992, Ron Packer, Komfort’s manufacturing manager, estimated the Company’s annual
solvent emissions to be 76 tonnes.  Fitting VOC abatement equipment to the coating lines
would cost an estimated £68 000.  With capacity set to double and the impending need to
comply with PG6/23, Komfort began to evaluate the options available to avoid having to fit
abatement equipment.  Komfort’s particular process requirements - including up to 40 colour
changes a day - led to the choice of water-based paints as the most applicable solution
requiring the minimum of technical change.

Following trials of compliant primers and water-based topcoats, an acceptable finish - in terms
of quality and price - was obtained after some minor teething problems.  By the end of 1995,
use of mainly water-based primers and topcoats meant that annual VOC emissions were only
10.5 tonnes.  This substantial reduction was achieved even though there had been a three-fold
increase in the number of items sprayed.

No capital investment was required because existing application equipment could be used.  Even
though the water-based paints cost more than conventional paints, the cost per item is
comparable with conventionally coated items due to the higher coating efficiency of water-based
paints.  Expenditure of £68 000 - £136 000 on abatement equipment had also been avoided.

Fig 1  Solvent content of typical conventional, high solids and water-based coatings
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Some paint manufacturers are developing ‘recyclable’ water-based paints.  The paint is formulated
so that overspray collected in water-washed booths is circulated through an ultrafiltration system.
The pigments and resins are collected and concentrated, and can be made up with water and small
amounts of the appropriate solvent for use with virgin paint.

Installations already using this type of product in Europe report that operators rinse the spray guns
in the booth wash water, so that virtually all paint not deposited on the workpiece is collected for
re-use.

3.5 POWDER COATINGS

These coating systems are completely solid - usually a thermosetting or thermoplastic plastic or resin
material.  No solvents are, therefore, released when powder coatings are applied to a surface.

Comparable transfer efficiencies (50 - 70%) to those of wet paints are achieved with similar
application methods.  However, oversprayed powder can be captured and re-used.  This results in
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Time and Money Saved with Powder Coating

Colour Surface Coat applies powder and wet paint to a wide range of specialist products
including architectural features, automotive components and food handling equipment.

Since its formation in 1992, the Company has increased from just three employees to 30, of
whom 27 work on the shop floor.  The site is split into two distinct areas for wet and powder
coating.  The powder painting area has recently undergone expansion and a new 14-stage pre-
treatment line is being installed to allow increased production capability.

According to Managing Director Brian Clegg, the wide-ranging benefits of powder coating
include:

■ easy application;

■ easy and repeatable achievement of good surface finishes;

■ only a single coat (no primer) is needed to achieve a strong, durable coating;

■ greater flexibility and speed of turnover.  

The cost of painting ten steel frames is compared in Table 1.

Wet painting Powder coating

Primer application cost £5.00 -

Labour and skill level cost £8.00 -

Primer-coat curing oven cost £5.00 -

Top coat application cost £10.00 £20.00

Labour and skill level cost £8.00 £6.00

Curing oven cost £5.00 £5.00

Total £41.00 £31.00

Table 1  Comparative costs of an identical job at Colour Surface Coat

The time taken to complete this painting job amounted to two hours for wet painting and one
hour for powder coating.  These cost and time savings have to be balanced against the
additional costs of powder spray guns and associated equipment, but the payback can be less
than one year.  While acknowledging that powder guns are more expensive, Brian Clegg says
that, with good care and maintenance, the guns have a long operational life.



high material efficiencies of up to 99%.  The small losses tend to be due to fines removed from the
recovered powder.  Build-up of fines in recovered powder can adversely affect finish quality.

The payback on investment in powder recovery equipment depends on the saving in material costs.
The economics of powder recovery may also depend on the number of colours being sprayed.
Continuing developments in powder coating systems are gradually allowing thinner layers to be
produced.

Powder coats are quite different to wet applied coats, eg:

■ they often do not require priming coats;

■ they are generally heavier than wet applied coats;

■ processing times are faster because there is no need for solvent to be flashed off before
curing.

However, powder coatings have several disadvantages, eg:

■ tinting and colour mixing is not possible; colours have to be ordered from the manufacturer;

■ colour changes can be time-consuming as equipment has to be cleaned thoroughly to
minimise contamination;

■ finish quality is difficult to gauge until after the coat has been cured.

Application methods and equipment for powder coating are described in more detail in Good
Practice Guide (GG53) Cost-effective Paint and Powder Coating: Application Technology.

3.6 ELECTRODEPOSITED PAINTS

When an electric current is passed through components being dipped in electrophoretic paints, the
coating becomes attracted to the surface of the component and bonds to it in a similar way to
electroplating.  The water-based paints, which have to be able to conduct electricity, are specially
formulated for electrodeposition.

Although electrodeposition is often used for dip priming in the production of cars, the technique is
applicable to a wide range of products.  It is more commonly found in medium to high volume
coating operations.

Electrodeposition is particularly good at coating complex shapes - providing the viscosity of the paint
is low enough to enable it to penetrate into holes and box sections.

As the coating forms on each part of the job, that part becomes insulated and the paint is attracted
to non-coated parts.  There is no loss of coating through overspray and, providing drag-out is
minimal, material yields are excellent.

When the components are removed from the dipping bath, they are usually rinsed with water, dried
and cured in an oven.

3.7 AUTODEPOSITED PAINTS

Autodeposition is a more recent development than electrodeposition.  It is based on the same basic
principles, but with one key difference - components are coated without the need for an electric
current to be passed through them.

The process is used to coat ferrous substrates using a mixture of rubber latex and carbon black in a dilute
solution of hydrofluoric acid.  The resulting coating is exceptionally hard (pencil hardness 5 - 8 H) 
even though the stoving temperature is lower than that for electrodeposition, ie 100°C compared with
170 - 180°C.
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Autodeposition is increasingly being used for applications where very hard coatings are required.
The low stoving temperature also means that composites of steel with rubber or plastic can be
coated without damaging the rubber or plastic.  This also means that parts such as car jacks with
nylon cores and bearings can be coated once they are assembled - saving time and reducing
logistical problems.

Because autodeposition paints where it wets, it is exceptionally good at coating complex shapes and
tubes.  Autodeposition is also self-limiting in terms of dry film thickness, so the consistency of surface
thickness is assured.

3.8 NOVEL SYSTEMS CONTAINING SUPERCRITICAL CARBON
DIOXIDE

A recent development is the replacement of some of the medium to high volatility components in
paint systems with supercritical carbon dioxide.  The solvent content for a high solids coating
containing supercritical carbon dioxide is typically 280 g of VOCs/litre of coating compared to 
480 g VOCs/litre of coating for a typical high solids coating.

The carbon dioxide acts as a solvent because it is held at very high pressure (75 bar) which makes it
a supercritical fluid (neither a liquid nor a gas, but with the properties of both).  When the paint is
sprayed, the carbon dioxide is depressurised and expands to become a gas.  This also aids
atomisation.

Compared with conventional organic solvents, carbon dioxide is relatively harmless; it dissipates
readily in air and should not cause health problems in a normally ventilated spraybooth or paintshop.

For these paint systems, the manufacturers claim that:

■ they can be easily retrofitted to conventional liquid spray operations;

■ any type of paint system, eg conventional, high solids, water-based or 2K, can be produced;

■ the quality of atomisation is superior to any currently available non-electrostatic liquid spray
system;

■ finish quality is enhanced.

Although there are some industrial users of paint systems containing supercritical carbon dioxide,
especially in the USA, the system is still under development.
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When considering whether to change a coating system, eg from conventional paints to water-based
paints, it is important for companies to decide their aims in carrying out the change and prioritise
those aims.

The prioritised aims should be matched against all available paint systems to determine the best
possible match.  Such aims might include:

■ reducing VOC emissions;

■ reducing the cost of coating materials;

■ reducing the cost of applying coatings;

■ improving production capacity through reduced processing time;

■ maintaining or improving finish quality;

■ ensuring required coating thickness is achieved easily;

■ meeting LAPC upgrade plans (if applicable).

Your company’s priorities may limit the number of alternative coating systems that are suitable.

4.1 COATING THICKNESS

The thickness of the applied coat should be given special attention when considering changing
coatings.

All things being equal, eg applied coat quality, durability, hardness and adhesion, the choice of
alternative coating systems will depend on the application rate and solvent emissions from the
various coating systems available.

Different coating systems used to apply a similar thickness of coat will:

■ apply at different rates, depending largely on solids content;

■ emit different amounts of solvent.

Fig 2 shows the comparative solvent, and hence VOC emissions, from different coating systems.
Applying the same weight of solids to an item requires differing amounts of paint and leads to the
emission of differing amounts of solvent.
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Fig 2  Solvent emissions from typical coatings applied to an identical thickness
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4.2 REDUCING VOC EMISSIONS

Switching paint types can have a significant effect on the amount of solvent used, and hence VOC
emissions.

For example, consider a typical paintshop using topcoats which normally contain about 840 g of
solvent/litre of paint, ie 30% solids.  If this were a high solids paint containing 350 g of solvent/litre
of paint, ie 68% solids, then just under half the normal volume of paint would be required to build
up the same surface coating.

Total solvent reduction associated with using topcoat would be just over 50%.  For a typical
paintshop with half its paint use involving topcoats (with no change of primers), this would reduce
total solvent use by around 25%.

Even greater reductions can be made by changing to water-based topcoats which typically contain
10% solvents, 60% water and 30% solids.  Although the volume used would be similar to a
conventional topcoat, solvent emissions would be 85% less.  For a paintshop with half its paint use
involving topcoats (with no change of primers), this would reduce total solvent use by around 43%.

If you combine changing to a lower solvent coating system with the use of high transfer efficiency
application methods, eg high volume low pressure (HVLP) spray guns, you will reduce solvent use
even further.  This may mean that your company’s use of solvents remains below the registration
threshold under the Environmental Protection Act 1990 or enables it to comply cost-effectively with
the conditions of its authorisation to operate under LAPC. You can find out more about HVLP spray
guns in Good Practice Guide (GG53) Cost-effective Paint and Powder Coating: Application
Technology.

When considering changing to compliant coatings, you should always consider the cost and the
amount of solvent emitted per job.  This is because the amount of the new paint needed to do the
same job may also be less.  This is certainly the case with high solids paints.  Many sprayers using
water-based paints also report a better build-up of coating and, as a consequence, paint savings.

10

section

4



5.1 THE COST OF WASTE DISPOSAL

Waste disposal regulations require your company to ensure that all your wastes are correctly
disposed of.  This means that all wastes containing solvents, eg spent cleaning fluids, waste paints
and thinners and dirty gunwash, have to be sent to registered specialist waste disposal companies
that can either recover the solvent or dispose of it in a proper manner, eg by incineration.

This can be a costly exercise - both in time and money.  Companies need to:

■ be organised to segregate and store solvent wastes;

■ spend time filling in official waste transfer notes;

■ pay the waste disposal company to take the solvent waste away;

■ pay for replacement solvent.

Contact the Environmental Helpline on 0800 585794 for free advice on the latest waste disposal
and other regulations affecting your operations.

5.2 ON-SITE RECOVERY

There is an alternative to using a waste disposal company to take away solvent waste - recovering
the solvent on-site.  A number of small solvent recovery machines (see Fig 3) are now available.  The
solvent waste is put in the machine’s waste tank and the machine switched on.  The machine heats
the waste, boils off the solvent and collects the cooled vapours in a separate tank.  These distillation
machines are automatic; they can be set running and left to get on with the job.  They typically take
12 or 25 litres of waste solvent at a time and need about eight hours to treat one batch of waste.
Larger units can be made to order.

Fig 3  Typical automatic solvent recovery machine 
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The recovered solvent is not high quality, but can often be used as gunwash or as a low-grade
cleaning solvent.  A small amount of residue is left in the waste tank.  This is often solid and can be
disposed of with other non-hazardous solid waste.  If the residue is liquid, it may have to be stored
and sent for specialist disposal - however, the volume will be much smaller than before.

Using a solvent distillation machine could save your company time and money because:

■ recovered solvent can be used as gunwash or as a low-grade cleaning solvent, significantly
reducing the amount spent on these raw materials;

■ waste disposal charges are substantially less, as up to 90% solvent is recovered;

■ storage of solvent wastes is no longer a significant problem (some waste may have to be
stored depending on particular circumstances);

■ there is much less need for contact with a specialist waste disposal company and fewer time-
consuming forms to fill in.

If you are considering carrying out your own solvent recovery, you will need to:

■ work out how much solvent waste your company produces or is likely to produce;

■ decide what size of machine would be needed to treat this amount of waste;

■ balance the machine’s capital and operating costs against the cost of disposing of your
solvent waste and how much is spent on low-grade cleaning solvents.

Running costs for solvent distillation machines are very low.  A typical 25 litre unit costs 60 pence,
ie 2.4 pence/litre (1996 prices) to process one batch of solvent.

Before buying a solvent recovery unit, it is important to carry out trials using typical paint and
thinners residues to assess whether the resulting reclaimed solvent is suitable for use in your
operations2.

You should ensure that the machine:

■ is certified as safe for treating flammable solvents;

■ is ‘explosion proof’;

■ has safety features that prevent the machine being opened when hot.
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Solvent Recovery Reduces Purchase and Disposal Costs

Flight Refuelling Ltd, a specialist aerospace company, employs around 800 people at its site in
Dorset.  The Company operates a large range of metal treatment processes from plating,
passivation and anodising through to heat treatment, degreasing and organic coating.

The paintshop uses large quantities of low-grade solvents for wipe degreasing and
gunwashing. A solvent distillation unit was therefore installed to reclaim solvent from dirty
gunwash, waste paints and thinners.  After the first six months, solvent purchases had fallen
by 60%.  Recycled solvent now accounts for nearly 90% of the paintshop’s requirements for
low-grade solvent.

Waste solvent recovery has reduced both solvent purchase and disposal costs.  The residues in
the distillation unit are safer to dispose of and present in much lower quantities than previously,
hence costs are lower.  Payback on the recovery unit was just over six months.

2 For further guidance see Health and Safety Executive Information Document 285/3, available from any HSE office.



Some industrial coating users may need to use abatement systems to minimise emissions of dust to
the atmosphere.  Those companies that do not or cannot use compliant coating materials may also
be required to install VOC abatement equipment.

If companies are forced to consider VOC abatement equipment, taking action to minimise VOC
emissions can reduce the capital cost and running costs of this equipment.

Companies implementing a waste minimisation programme to limit waste and VOC emissions
should already be considering ways of reducing the operating costs of existing abatement
equipment.  This could involve saving on maintenance of water-wash spraybooths by reducing
overspray, leaving less sludge to dispose of.  Contact the Environmental Helpline on 0800 585794
for advice and to obtain copies of useful Environmental Technology Best Practice Programme
publications, such as GG12, Solvent Capture for Recovery and Re-use from Solvent-laden Gas
Streams; GG13, Cost-effective Solvent Management and GG28, Good Housekeeping Measures for
Solvents.

Abatement costs are end-of-pipe costs and do not add any direct value to products.  This
added cost can be considerable - the best approach is to reduce emissions at source.

6.1 PARTICULATE ABATEMENT

The water-wash spraybooth is the most widely used form of abatement equipment for dust
emissions from paint spraying, particularly for medium to high volume users.

Water-wash spraybooths substantially reduce particulate overspray from spraying operations by
scrubbing it into the booth water.  However, it is important to clean the booth water regularly to
prevent paint solids from building up and blocking pumps and pipework.

Cleaning is generally carried out by pumping out the contents of the booth for sending to a licensed
waste disposal operator.  The potential presence of water-soluble solvents and metal oxides means
that booth water should not normally be disposed of to drain.

Sludge removal from the spraybooth can be time-consuming and delay production.  A number of
systems are available for the treatment of water from water-wash booths which function during
normal spraying operations.  Such systems produce a sludge with a high solids content, while
recycling cleaned water to the booth.  This saves water, time and disposal costs.

A variety of proprietary booth water treatment systems with different methods of operation are
available; some are more suitable for use with solvent-based paints while others are designed for
water-based paints.  Treatment systems are generally based on coagulation of the suspended paint
matter followed by flocculation.  The resulting flocs are either:

■ allowed to settle out and decanted; 

■ centrifuged out; 

■ floated to the surface of the water (or made to float using compressed air bubbles) from
where they are skimmed off, as a sludge, or automatically filtered off.

The payback on such systems is often less than one year as the sum of the capital cost, annual
sludge disposal costs and the cost of the chemical agents is less than the annual labour costs, waste
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disposal costs and plant downtime for previous cleaning operations.  All these costs should be
considered when developing a cost-benefit case for the purchase of a booth water treatment
system.

Some large-volume painting operations are also able to make use of systems to dry the paint sludge.
This offers the possibility of the sludge being used for other purposes, such as an inert filler in sound-
deadening material, thereby reducing waste disposal costs.

Particulate emissions are sometimes removed - particularly in smaller operations - using a simple,
disposable solid filter.

6.2 VOC ABATEMENT

VOC abatement is required under PG6/23(97) where compliant coatings are not used and mean
VOC emissions over a period of 30 minutes are greater than 50 mg/m3* for sites using over 15
tonnes of solvent per year and 150 mg/m3 for sites using 5 - 15 tonnes per year.

During spraying, a typical hand-spray emits 200 - 500 mg/m3 VOCs.  The actual amount depends
on:

■ the rate of paint application (litres/minute);

■ the air extraction rate (m3/minute);

■ the VOC content of the paint;

■ fugitive losses;

■ VOC retention by the paint (until cured).

As the 50 mg/m3 limit is a 30 minute mean concentration limit, the amount of time spent spraying
during a process should also be taken into consideration.

There are two main methods of VOC abatement - both of which incur capital and operating costs.

6.2.1 Destructive techniques for VOC abatement

Incineration is the commonest destructive method, the VOCs being oxidised to carbon dioxide and
water.  The operating costs of thermal systems such as incinerators are high, especially with the low
concentrations of VOCs typical of spraybooth emissions.  Particulate removal prior to incineration of
the VOC-containing waste stream may also be necessary.  Running costs can be reduced by using
heat recovery or catalysts to reduce energy consumption.

Microbial methods of destroying VOCs have yet to be used on spraybooths.

6.2.2 Capture techniques for VOC abatement

Capture techniques rely on being able to remove solvent vapours from the exhaust air stream and
return them to the liquid state, eg:

■ by direct cooling of the airstream to condense the vapours;

■ by using an agent such as activated charcoal to adsorb the VOCs.

The capture and recovery of the mixed, relatively low value solvents commonly found in paintshops
are not currently cost-effective, but may offer potential benefits in comparison to the other VOC
abatement options.

Good Practice Guide (GG12) Solvent Capture for Recovery and Re-use from Solvent-laden Gas
Streams describes VOC capture in more detail.
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7.1 AIR-DRYING

Many of the paints used by industry - particularly by small volume users - are air-drying and do not
need to be heated for them to dry.  Parts are often left on jigs or sitting on stands in the vicinity of
the booth until they have dried.

Good practice in air drying involves providing a clean, dry and well-ventilated area to allow the paint
to dry properly and to prevent surface contamination of the paint, eg extraction equipment should
be provided and used to prevent fumes from a neighbouring welding operation reaching drying
parts.  Additional ventilation may be needed to prevent unacceptable solvent exposure of personnel
working nearby.

7.2 STOVING OVENS

The other main method of paint drying is to use stoving ovens to provide heat to drive off solvents
and/or to effect a proper cure of the coating.

Time and temperature must be correct to obtain the required finish.  These two factors are
interdependent; a coating supplier normally specifies the time needed at a specific temperature.
This specified temperature is the temperature that the substrate surface must reach for the paint to
cure properly.

Stoving ovens are usually air re-circulating ovens heated by gas or electricity.

Paying attention to a number of areas will save money and help to maintain product quality:

■ When setting oven cycles, ensure that the paint surface reaches the specified temperature.
The air temperature may need to be higher than the specified cure temperature to
compensate for heat transfer by the substrate away from the surface.  This is especially
important when high weight components are being stoved.  

■ Use timers with audible or visual alarms to:

- ensure parts receive sufficient curing;

- prevent unnecessary overheating.

■ Check the operation of the stoving oven regularly to ensure that:

- air is circulating correctly;

- burners or heating elements are working efficiently.

■ Make sure that air extraction rates during stoving are sufficient to prevent a dangerous build-
up of flammable gases, particularly during the first part of stoving.

■ Save energy by reducing air extraction rates once flammable gases have been driven off, but
consult oven makers first to ensure that this can be done safely, ie without raising solvent-in-
air levels to a dangerous point.

Reducing the extraction flow rate reduces the amount of heat energy needed to keep the oven at
temperature.  Energy savings will also be made by using a variable speed drive to control the oven
fan.
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It is particularly important to reduce the air extraction rate if water-based paints or powder coatings
are being used, as lower levels of flammable gases will be given off.

Where water-based paints are used, some extraction is still needed to prevent the oven air becoming
saturated with water vapour.

Larger volume users often find that the longer stoving times usually needed for conveyor operations
mean that this is the limiting step in plant capacity.  This problem can be overcome by:

■ building longer ovens;

■ using multi-pass systems (where space is limited);

■ using a quicker method of stoving, eg infrared methods.

7.3 INFRARED STOVING

There are two main types of infrared system:

■ Electrically powered using an element to generate infrared (like a light bulb).

■ Gas-powered using combustion of gas to generate infrared.  These systems are often referred
to as radiant heaters.

The coating and substrate are heated through the absorption of infrared energy.  Radiant gas
heaters also have a convective heating ability due to the release of heated products of combustion.

Although initial heating of the components is by infrared and is therefore line-of-sight, heat is also
conducted to other parts of the workpiece by the substrate.  Careful angling of infrared sources can
promote a better cure.

Energy costs can be reduced, if the size of workpieces varies and smaller components are being
cured, by switching off some of the panels of radiant systems or the elements of electric systems.
This facility is not available with conventional ovens.

The use of infrared heating can reduce stoving times considerably (Fig 4).  This allows smaller ovens
to be used on conveyorised systems and alleviates a possible bottle-neck in the finishing process.

Fig 4  An infrared stoving oven

Retrofitting a small infrared heater before a conventional oven can also reduce stoving times and
hence increase capacity.
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Gains from Retrofitting an Infrared Heater

Glostal Finishing, a division of Gränges Building Systems Ltd, provides a high quality powder
coating service for its own range of aluminium architectural products.  The facility has the
capability of coating anything from door handles and hinges to five or six metre extrusions, in
a choice of over 180 colours.

In 1993, the Company looked for ways to increase capacity within the limited space available
for expansion.  Two existing gas-fired ovens on two coating lines were already working at
maximum design output and space was at a premium.

Investigation of alternative curing/drying techniques revealed that the introduction of infrared
heaters prior to each drying oven could significantly reduce the amount of time needed to cure
products.  Two banks of electric high intensity, short-wave infrared heaters (one rated at 168
kW and the other at 112 kW) were placed in front of each oven.  After production trials, it was
found that the line could be speeded up significantly.  Analysis of the cured coating showed
that curing was consistent across Glostal’s colour range.

The energy required per component has fallen by 25% while plant capacity has increased by
30%.  Productivity gains, coupled with the lower energy requirement per part, gave a payback
of just over 18 months.
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Part I of the Environmental Protection Act (EPA) 1990 created a regime of Local Air Pollution Control
(LAPC) under which companies using more than five tonnes of organic solvent for coating in any
12-month period are required to:

■ register with their local authority;

■ obtain an authorisation to operate the coating process;

■ comply with the conditions contained in the relevant Secretary of State’s Process Guidance
(PG) Notes.

The relevant Guidance Notes for metal coating in the general industrial sector are PG6/23(97)
Coating of Metal and Plastic and PG6/40(94) Aerospace Coatings.  PG2/9(96) Metal Decontamination
Processes applies in the case of heat applied to jigs using a burner with more than 0.2 MW thermal
input.

PG6/23(97) also applies to (a) metal and plastic cleaning and (b) degreasing processes where these
are carried out as part of a coating process.  This includes degreasing where powder coating or
electroplating takes place and more than five tonnes of solvent are used in any 12-month period.

PG6/23 was first published by the Department of the Environment in 1992, revised in 1994 and
(expected) again in 1997.  Copies of PG6/23 and all other Guidance Notes are available from The
Stationery Office.

EMISSION CONTROLS

PG6/23(97) gives specified emission concentration limits expressed as 30 minute mean emission
concentrations.  The emission limit for both particulates and volatile organic compounds (VOCs) is
50 mg/m3 for sites using over 15 tonnes of solvent per year and 150 mg/m3 for sites using 
5 - 15 tonnes per year.

For VOCs, the 50 mg and 150 mg limits refer to total carbon content excluding particulate matter.
Measured concentrations should be normalised, ie adjusted for temperature and pressure to the
reference conditions of 273 K and 101.3 kPa. 

The VOC limit is normally exceeded during spraying when standard paints, guns and booths are
used.  However, this limit does not apply if coatings containing less than a specified level of VOCs
are used - the so-called ‘compliant coatings’.  The cost of abatement equipment to meet the VOC
emission concentration limit can therefore be avoided.

This ruling also applies to any company using compliant coatings together with not more than one
tonne/year of VOCs in non-compliant coatings (where compliant coatings are not available) and
where cleaning or degreasing solutions contain less than 30% VOCs by weight.

COMPLIANT COATINGS

The preferred method of preventing and minimising emissions of VOCs is the reduction and
eventual elimination of their use in surface coatings.  Alternative approaches include use of:

■ water-based coatings;

■ high solids coatings;

appx
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IF YOU WANT TO:

Reduce costs and VOC emissions

Reduce wastage through improved housekeeping.

Change to a coating system with a lower solvent content.

Consider installing a solvent recovery machine.

Perform air-drying in a clean environment.

Ensure your stoving oven is operating efficiently:

– use the correct temperature and stoving time;

– fit an audible or visual alarm to prevent overheating;

– check the operation of the oven regularly;

– reduce air extraction rates once flammable gases have been driven off.

Reduce stoving time by installing infrared driers prior to the oven.

Contact the Environmental Helpline on 0800 585794 to obtain free copies of the
Environmental Technology Best Practice Programme publications mentioned in this
Guide.

Don’t forget to ask for the three other Good Practice Guides in the series on cost-
effective paint and powder coating, if they relate to your operation.

Good Practice Guide (GG50) Cost-effective Paint and Powder Coating:
Materials Management 

Good Practice Guide (GG51) Cost-effective Paint and Powder Coating: Surface
Preparation

Good Practice Guide (GG53) Cost-effective Paint and Powder Coating:
Application Technology
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The Environmental Technology Best Practice Programme is a joint Department of Trade and

Industry and Department of the Environment initiative. It is managed by AEA Technology plc

through ETSU and the National Environmental Technology Centre.

The Programme offers free advice and information for UK businesses and promotes

environmental practices that:

■ increase profits for UK industry and commerce;

■ reduce waste and pollution at source.

To find out more about the Programme please call the Environmental Helpline on freephone 

0800 585794.  As well as giving information about the Programme, the Helpline has access to

a wide range of environmental information. It offers free advice to UK businesses on technical

matters, environmental legislation, conferences and promotional seminars.  For smaller

companies, a free counselling service may be offered at the discretion of the Helpline Manager.

FOR FURTHER INFORMATION, PLEASE CONTACT THE ENVIRONMENTAL HELPLINE

0800 585794
e-mail address:  etbppenvhelp@aeat.co.uk

World wide web:  http://www.etsu.com/ETBPP/


