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1 Introduction 
This guidance addresses surface cleaning, presenting options to substitute 
or reduce the use of VOC and its resulting emissions. 

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

SE Directive – Scope definitions (Annex I) 
Surface cleaning is defined as ‘any cleaning activity, except dry cleaning, using 
organic solvents to remove contamination from the surface of material including 
degreasing. A cleaning activity consisting of more than one step before or after 
any other activity shall be considered as one surface cleaning activity. This 
activity does not refer to the cleaning of the equipment but to the cleaning of the 
surface of products.’ 
The SE Directive covers installations in which this activity is taking place with an 
annual organic solvent consumption greater than 1 t or 2 t (depending on the 
used solvent (see Table  2). 

 

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

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

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

 
Table  2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 4/5) 

Activity Solvent 
consumption 

threshold  
[tonnes/year] 

ELVs in waste 
gases  

[mg C/Nm³] 

Fugitive 
emission 

values 
[% of solvent 

input] 

Total 
ELVs 

1-5 20 mg/Nm³ * 15 4. Surface cleaning 
using VOC with the 
R- phrases R45, 
R46, R49, R60, R61 
or halogenated VOC 
assigned R40 

> 5 20 mg/Nm³ * 10 
 

2-10  75** 20**  
5. Other surface 
cleaning  

> 10 75** 15**  
Special provisions: 
 
* these ELVs in waste gas refer to mass of compounds in mg/Nm³, and not to total 

carbon. 
**  Installations which demonstrate to the competent authority that the average organic 

solvent content of all cleaning material used does not exceed 30 % by weight are 
exempt from application of these values. 

THE SE 
DIRECTIVE 
APPLIES TO 
SURFACE 
CLEANING 
ACTIVITIES IF A 
SOLVENT 
CONSUMPTION 
OF 1 OR 2 
TONNES 
(DEPENDING ON 
THE SOLVENTS 
USED) PER YEAR 
IS EXCEEDED 
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Installations operating both activities 4 and 5 as defined in the Directive 
have to comply for each activity separately with the corresponding 
requirements of the SE Directive. 
Instead of complying with the above ELVs, operators may choose to use a 
reduction scheme, following the specifications of Annex II (B) of the SE 
Directive.  

Specific requirements apply for VOCs classified as CMR substances1 as 
well as for halogenated VOCs which are assigned the risk phrases R40 or 
R682. There is a general obligation to replace CMR substances – as far as 
possible – by less harmful substances or preparations within the shortest 
possible time.  In the case of a mass flow ≥10 g/h for VOC classified as 
CMR substances or ≥100 g/h for halogenated3 VOC with R40/R68 the ELVs 
in waste gases are 2 and 20 mg/Nm³ respectively, and these also apply 
when a reduction scheme is being used. (Note that this requirement may 
be more stringent than the ELVs set out for activity 4 in the above table) 

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

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

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

 

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

Changing cleaning technology (e.g. laser cleaning, CO2 cleaning) also 
provides a way of avoiding VOC emissions. Although the operational costs 
are comparatively low, these technologies often demand high investment 
costs.  

Process improvements - like optimising cleaning processes to meet only 
the required cleanliness or the re-organisation of the production process to 
avoid interim cleaning steps - are also important measures to reduce VOC 
emission from surface cleaning activities. 
 
 
1 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 
2 After the implementation of the SE Directive a revision of the R-phrase R40 took place. The original 
wording of R40 was: ‘Possible risk of irreversible effects’. The new wording is: ‘Limited evidence of a 
carcinogenic effect’. In the ‘old’ version mutagenity (cat 3) was included. This mutagenic effect is now 
covered separately under R68: ‘Possible risk of irreversible effects’. This new risk phrase does not 
include carcinogenicity. The ‘new’ version of R40 is obviously less restrictive than the old version. Until 
the SE Directive is adapted to this change, a final decision on which version applies can only be given 
by the European Court 
3 Halogenated organic solvents are hydrocarbons with one or more of the following halogens: fluorine, 
chlorine (e.g. trichloroethylene), bromine (e.g. n-propyl bromide) or iodine. 

VOC REDUCTION 
CAN BE BEST 
ACHIEVED BY  
SUBSTITUTING 
VOC CONTAINING 
SOLVENTS WITH 
WATER BASED 
SYSTEMS OR BY 
ENCLOSING 
SURFACE 
CLEANING 
SYSTEMS 
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3 Description of the activity and related 
industry sectors 

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

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

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

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

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

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

 

BOTH ORGANIC 
SOLVENTS AND 
WATER BASED 
SYSTEMS ARE 
COMMONLY 
USED FOR 
SURFACE 
CLEANING 
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4 Technical process description 
4.1 Process flow and relevant associated VOC emissions 

The following flow chart is a schematic overview of a typical surface 
cleaning process in a closed system with integrated solvent recovery (such 
as the type III cleaning machines described in chapter 7).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Typical VOC outputs from surface cleaning processes using 

organic solvents (closed system) 

 

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

 

4.2 Process description 

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

 
 vapour phase cleaning or degreasing: solvent vapours condense on the 

surfaces of the product  

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

 manual cleaning: liquid or aerosol solvents are applied using wipes, 
rags, brushes, etc.  

Surface Cleaning  
Solvent 
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carbon filter) 

VOC output 
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VOC output 
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The most common technologies for surface cleaning with VOCs are 
described below. These include the application systems for solvents used 
for dewaxing and paint stripping.   

 

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

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

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

 

 
 
Figure 2: Schematic overview on a closed loop installation (vacuum system) 

[Dow 2008] 

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

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

These installations are available in different standard sizes (from 100 l up to 
5.000 l), but customised installations are common too. [Hösel 2008], [Pero 
2008] 

INSTALLATIONS 
WITH VACUUM 
TECHNOLOGIES 
ARE 
APPLICABLE 
FOR  
CHLORINATED 
AND NON  
CHLORINATED  
SOLVENTS 



Guidance 4/5 Surface cleaning 

  76 

 
Chamber systems without vacuum 
This technique prevents direct emission of solvents by a series of interlocks 
in combination with a vapour extraction and/or refrigeration system. This 
system recycles the vapour back into the solvent sump (tank) (for further 
information on emission rates see chapter 7, Figure 5, type III). By contrast 
with the above vacuum system, this system still exhausts gas. 

 

 
 

Figure 3: Schematic overview on a closed loop installation [Dow 2008] 

 

 

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

 

4.2.2 Open-top vapour systems 

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

To reduce VOC emissions and to protect workers open top systems should 
at least be enclosed to ensure the VOC emission is captured and treated 
(e.g. by activated carbon).  

 

SEALED 
CHAMBER 
SYSTEMS WITH 
VACUUM 
REDUCE VOC 
EMISSIONS 
SIGNIFICANTLY 
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Figure 4: schematic overview on an encased open-top degreaser with 
activated carbon [Dow 2008] 

 

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

 

4.2.3 Liquid phase cleaning: Cold cleaners  

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

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

 

4.3 Dewaxing  

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

DEWAXING IS 
MAINLY APPLIED 
IN THE 
TRANSPORT 
SECTOR 
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4.4 Paint stripping 

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

 

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

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

 
 perchloroethylene (PER, perc, tetrachloroethylene), halogenated VOC 

(R40) 

 dichloromethane (DCM, methylene chloride), halogenated VOC (R40) 

 trichloroethylene (TRI, trike), CMR substance (R45)  

 N-propyl bromide (nPB), CMR substance (R60) 

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

Dichloromethane – DCM is typically used for paint stripping.  

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

N-propyl bromide – nPB is used for the same sectors and applications as 
trichloroethylene. It is mainly used to remove solder flux, wax, oil, and 
grease from electronics parts, metals, and other materials. The use of n-
propyl bromide for surface cleaning is prohibited in Germany.  

THERE IS A 
GENERAL 
OBLIGATION 
UNDER THE SE 
DIRECTIVE TO 
SUBSTITUTE CMR 
SUBSTANCES AS 
FAR AS POSSIBLE 
WITHIN THE 
SHORTEST TIME 
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VOC without specific R-phrases 
The following VOC solvents are used for surface cleaning :  

 
 alkanes (isododecane, iso-paraffins, N-paraffins, kerosene) 

 alicyclics (cyclohexane) 

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

 polar aprotics (N-methylpyrrolidon) 

 ketones (acetone, diketone) 

 esters (N-butyl acetate)  

 ethers (glycol ether). 

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

 

5.2 Solvent consumption and emission levels 

The consumption of chlorinated solvents (VOCs with specific R-phrases) in 
Western Europe has steadily declined over recent years. Total European 
sales4 of the three main chlorinated solvents - dichloromethane, 
perchloroethylene and trichloroethylene - decreased from 233,000 t/a to 
182,000 t/a between 2003 and 2007 (these figures do not only relate to 
surface cleaning activities). 

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

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

It is estimated that in Europe around 20 kt/year of chlorinated solvents are 
used for industrial surface cleaning5; use of non-chlorinated solvents 
(hydrocarbons) for metal/industrial cleaning is around 160 kt/year, which is 
4% of European solvent consumption [ESIGc].  
 
 
 
4 It should be noted that solvent sales reported here are those of virgin solvent sales made in the EU 
and do not take into account recycled solvents 
5 BiPRO estimate based on Eurochlor data 

A BROAD RANGE 
OF DIFFERENT 
VOC 
CONTAINING 
SOLVENTS IS 
USED FOR 
SURFACE 
CLEANING 

THE 
CONSUMPTION 
OF 
HALOGENATED 
SOLVENTS HAS 
DECREASED IN 
RECENT YEARS  
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5.3 Key environmental and health issues 

For surface cleaning activities a broad range of different solvents are used. 

Process emissions of solvents, together with NOx emissions, are 
precursors of ground level ozone formation in the presence of sunlight. 
Existing occupational workplace limits should be taken into consideration. 

Emissions of VOC to air may occur from: 

- storage of the solvents 

- cleaning process 

Spills and leaks from storage areas may result in emissions to soil and 
groundwater. 

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

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

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

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

 
VOC without specific R-phrases 
The solvents 1-butoxypropan-2-ol, isopropanol, cyclohexane, N-
methylpyrrolidon and acetone are classified as harmful and cause irritation 
to eyes and/or skin. Isopropanol, cyclohexane, acetone and N-butyl acetate 
are classified as “Vapours may cause drowsiness and dizziness”. 
Cyclohexane, isododecane and kerosene are harmful and may cause lung 
damage if swallowed. A repeated exposure to N-butyl acetate and acetone 
may cause skin dryness or cracking.  

Some solvents are also toxic in the aquatic environment. Cyclohexane is 
highly toxic to aquatic organisms and may cause long-term adverse effects. 
Most organic solvents are highly flammable. Isopropanol, cyclohexane, 
acetone, isododecane are classified as high flammable, whereas N-butyl 
acetate is classified as flammable. 
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6 VOC Substitution 
The following sections describe potential substitutes for VOC (using VOC-
free and VOC-reduced systems). There are also descriptions of the 
application technologies or special conditions needed and the advantages 
and disadvantages compared to systems that use solvents with a high VOC 
content. 

 

6.1 VOC-free systems 

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

 

6.1.1 Substitution of VOC solvents with water based cleaning 
systems  

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

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

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

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

The efficiency of water-based cleaning can be enhanced by additional 
ultrasonic or megasonic cleaning systems. These systems consist of a 
transducer capable of generating particular sound waves. The sound 
waves are transmitted through the cleaning solution and create small 

WATER BASED 
CLEANING 
SYSTEMS MAY 
SUBSTITUTE FOR 
HALOGENATED 
AS WELL AS NON 
HALOGENATED 
SYSTEMS  
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vapour bubbles (micro-cavitation) which support the cleaning activity. 
Megasonic systems create smaller bubbles and so are more suitable for 
cleaning sensitive parts or cleaning where smaller amounts of 
contaminants need to be removed. It is possible to retrofit existing systems 
with this technology.  

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

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

 

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

The cleaning process is similar to other standard aqueous cleaning. 
Contaminants are removed from the metal surfaces by surfactants and 
emulsifiers and transferred to the cleaning bath. This emulsion is then fed 
to a separate tank. Provided the system is kept warm (typically up to 38 °C) 
the microorganisms in the cleaner decompose oils and grease to water and 
CO2, the cleaning fluid is regenerated and its cleaning power is restored 
and the lifetime of the cleaner increases significantly. This water based 
system generates a relatively low amount of waste compared with 
conventional cold cleaning methods. [Kärcher 2008] 

 

6.1.2 Carbon Dioxide Cleaning 

CO2 can be used as a solvent for the removal of oil, grease and other 
organic contaminants. Pellets of dry ice are blown, with pressurized air, at 
about 300 m/s onto the surface to be cleaned. The technique is particularly 
suitable for removing small amounts of organic contaminants - it is 
generally not suitable for the removal of rust, scale, powder varnishes, two-
component paints and most inorganic compounds. A high degree of 
cleanliness is achievable and no residue is left. It is possible to clean 
electrical components and sensitive parts in situ.  

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

 

6.1.3 Plasma technology 

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

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

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

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

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

 

6.1.4 UV Cleaning  

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

 

6.1.5 Laser cleaning 

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

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

 

6.1.6 Dewaxing 

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

THE NEED OF  
DEWAXING WITH 
SOLVENTS CAN BE 
SIGNIFICANTLY 
DECREASED  

PLASMA IS  
OFTEN USED IN 
COMBINATION 
WITH SURFACE 
ACTIVATION  



Guidance 4/5 Surface cleaning 

  84 

6.1.7 Thermal paint stripping 

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

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

 

6.1.8 Laser cleaning 

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

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

 

6.2 VOC-reduced systems 

If the complete substitution of organic solvents is impractical then changing 
to systems with a reduced VOC content, such as those described in this 
section, can decrease emissions. 

 

6.2.1 Use of low VOC content products 

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

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

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

 

7.1 Use of closed systems 

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

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

 
Table 3: Differences between the different technologies for surface cleaning 

Technology 
generation 

Construction 
type 

Closed loop 
drying with 
refrigeration

Solvent 
recycling 

Vapour 
extraction

Activated 
carbon 

filter 

Type I Open top No External No No 

Type II Enclosed No External Yes No / Yes 

Type III Closed 
(sealed) 

Yes Integrated Yes Yes 

Type IV Closed 
(sealed) 

Yes Integrated No Yes 
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Figure 5: Development of surface cleaning technology and related air 

emission [Dow 2008]  

In the following a short description of the above mentioned machine types 
is given: 

Type I Type II Type III Type IV

1-16 kg/h 

~ 2 kg/h
~ 0.1 kg/h < 0.1 kg/h

ENCLOSED HAVE 
SYSTEMS  
SIGNIFICANTLY 
LOWER VOC 
EMISSIONS 



Guidance 4/5 Surface cleaning 

  86 

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

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

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

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

 

7.2 Further process improvements 

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

 

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

 

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

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

 

Product/process design to reduce the need for cleaning 
A regular re-assessment of the production process can improve 
manufacturing efficiency - and help to minimise VOC emissions - by 
identifying causes of contamination and eliminating or minimising it at the 
source. Typical measures to consider include: 

 

IMPROVED  
HANDLING AND 
MANAGEMENT OF 
SOLVENTS  
SIGNIFICANTLY 
REDUCES THE 
CONSUMPTION 
AND EMISSIONS 
OF VOC 
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 Tracing the source of soiling (e.g. impurities in oils) and where possible 
eliminating, changing or reducing the level of contamination to avoid or 
reduce cleaning steps 

 Elimination or modification of interim cleaning processes;  

 Reducing the time between cleaning and further processing; 

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

 Using counter-current cleaning. 

 

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

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

 Geometry of the surface which has to be cleaned; 

 Variety of parts to be cleaned;  

 Required 'cleanness' of the surface; 

 Type of contaminants present; 

 Associated process technologies; 

 Quantity of parts to be cleaned; 

 Continuous or batch process.  

Many solvent and equipment suppliers have optimised solutions for 
different sector applications and provide information on the Internet6.  

 

7.3 Abatement technologies 

Where solvent capture and recovery is not a part of the cleaning 
installations abatement technologies may be needed to reduce VOC 
emissions.   

 

 

 
6 Activated carbon is suitable for both halogenated and non-halogenated solvents. The recovery of the 
solvents can either take place on site or 1 e.g. www.cleantool.org 
 

 

 

OPTIMAL 
CLEANING 
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The most common systems for surface cleaning systems are described 
below. 

 

7.3.1 Activated carbon adsorption 

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

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

Compared with the investment costs for thermal oxidisers (about 
150,000 €), those for activated carbon filters are significantly lower (20,000-
30,000 €) but the operational costs (replacement of the activated carbon) 
are higher. [CTP 2008]  

 

7.3.2 Thermal oxidation of solvent emissions 

Thermal oxidation is only recommended for non-chlorinated solvents unless 
high temperature (> 1,100 °C) is used. Otherwise, there is a risk of 
generating chlorinated pollutants (e.g. dioxins) when chlorinated solvents 
are burned. 

Two types of thermal oxidiser are in common use, regenerative and 
recuperative. Both destroy VOCs by burning (oxidation), but the systems 
differ in how waste heat is recovered.  

Regenerative thermal oxidation has at least two heat exchangers, these 
consist of beds filled with material that will allow air to pass while serving as 
a mass to absorb and store heat. While one bed is heated by the exhaust 
gas from the burner another bed releases the stored heat to the VOC 
containing incoming gas. In recuperative thermal oxidation the heat is 
transferred directly - via a heat exchanger - from the outgoing air stream to 
the incoming air stream. 

Regenerative oxidation tends to be more efficient than recuperative thermal 
oxidation as it uses the recovered energy more efficiently to pre-heat 
incoming process air to oxidation temperatures (~ 800 °C), consequently its 
operating costs are significantly lower than for recuperative oxidation 
systems. Regenerative thermal oxidation systems (RTO) are particularly 
effective for process streams with relatively low solvent loadings but their 
operating costs are highly dependent on the efficiency of the heat 
exchanger.  

Regenerative thermal oxidation systems are widely used because they are 
relatively insensitive to the composition of the solvents in the process air 
and the concentration.  

Recuperative systems are mainly used for small flow rates - at higher rates 
the systems are not cost effective. They are often used in combination with 
catalytic oxidation systems.  

THE AUTO-
THERMIC POINT 
OF 
REGENERATIVE 
THERMAL 
OXIDATION IS 
ABOVE 2-3 G 
VOC/NM³ 
IS EXCEEDED  
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Natural gas is needed to heat up thermal oxidisers to an operating 
temperature of 800 °C (1,100 °C in case halogenated solvents), and the 
process is only autothermic when the VOC concentration of the waste gas 
is above 2-3 g VOC/Nm³ (for regenerative thermal oxidation). The resulting 
heat of the burning process, however, can be recovered and can be used 
for different purposes e.g. steam production. 
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8 Summary of VOC emission reduction 
measures 

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

 
Table 4:  Measures for VOC substitution and VOC reduction in surface 

cleaning activities 

Objective Details 

VOC-free Systems / 
Substitution of  
CMR substances  

Water based cleaning systems 
Semi-aqueous cleaning system 
Biological systems 
Plasma cleaning technologies 
Carbon dioxide cleaning technologies 
UV cleaning technologies 
Laser cleaning  
Avoiding the need for dewaxing by using films 
Thermal paint stripping 

VOC-reduced  
Systems 

Using low VOC content products  
 

Process 
improvements 

Using closed systems  
Using spraying to enhance cold soaking and vapour 
degreasing 
Improving containment 
Improving solvents handling 
Reducing the need for cleaning activities  
Selecting the best technologies 

Abatement 
technologies 

Activated carbon  
Thermal oxidation (regenerative / recuperative) of 
solvent emissions 
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9 Good practice examples 
9.1 Example 1: A new installation using PER as cleaning agent 

An automotive industry company that cleans parts for fuel tank filler necks 
has recently installed a new sealed single chamber cleaning installation 
with a vacuum system (type IV installation, see chapter 4.2.1) at an 
investment cost of 240,000 €. PER is the cleaning agent used and the 
annual throughput of the installation is ~800 t, ~11 million stainless steel 
parts/year are processed, these are contaminated with stamping/drawing 
oils (with some chlorine and sulphur content). The consumption of solvents 
is significantly less than would have been needed for a conventional 
installation - according to the company the amount of solvent (PER) 
purchased to compensate for loss of solvent by emissions to air  was 585 
kg in the last 3 years. Compared to conventional systems this represents a 
VOC reduction of more than 99%. [Pero 2008] 

 

9.2 Example 2: Process improvement (VOC without specific R-
phrases) 

A medium-sized automotive and electro-tool industry company has 
replaced a closed single chamber system with a vacuum system at an 
investment cost of ~ 400,000 €. The annual cleaning activity is ~2,600 t 
with an hourly throughput of 1.5 t. The materials to be cleaned are steel, 
stainless steel and aluminium, they are contaminated with emulsions or 
oils. With the new vacuum system the amount of solvents (hydrocarbons) 
purchased to compensate for losses has reduced from 6,000 l/y to 2,600 l/ 
year - a reduction of 57% compared to their old system. Compared to 
conventional systems this represents a VOC reduction of more than 99%.  
[Hösel 2008] 

 

9.3 Example 3: Use of Plasma cleaning technology for 
degreasing and surface activation of plastic parts 

Plasma cleaning technology may be used in combination with surface 
activation for further process steps. The VOC consumption (and emissions) 
are reduced to zero. 

Typical operational costs for a cleaning process are as follows: 

• Cleaning volume per process: 20-40 litre 

• Process duration: 15-20 min 

• Oxygen consumption: ~ 0.1 l/min  1.5 l/process 

• Oxygen costs: ~ 4 € per 1,000 l 

• Electrical power: ~ 2.5 kWh  ~ 0.83 kWh/ process 

• Maintenance: ~ 2,000 € per year 
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10 Emerging techniques and substitutes under 
development 

Relatively few novel developments have been found in the literature for 
either new technologies, improvement of existing technologies or 
new/modified, non-VOC cleaning agents. However a new business model 
is being developed based on greater cooperation between solvent suppliers 
and equipment suppliers to provide an optimised solution for cleaning 
tasks. In this 'solvent leasing' model, payments are not based on volumes 
of chemical used but on the benefits achieved (e.g. number of cleaned 
pieces instead of kg hydrocarbons). [Chemical Leasing 2004], [Chemical 
Leasing 2007]  
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