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1 Introduction 
This guidance addresses dry 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) 
The activity ‘dry cleaning’ is defined as ‘any industrial or commercial activity using 
VOCs in an installation to clean garments, furnishing and similar consumer goods 
with the exception of the manual removal of stains and spots in the textile and 
clothing industry’. The SE Directive covers all installations in which this activity is 
taking place independent of the annual organic solvent consumption. 

Dry cleaning takes place in the commercial sector as well as on an 
industrial scale in specialised companies.  

Table 2 shows the emission limit values set out in the SE Directive for dry 
cleaning. The Directive does not set a solvent consumption threshold for 
this activity. It only contains a total emission limit value and no separate 
ELVs for waste gases and fugitive emissions.  

 
Table 2: Emission limit values of the SE Directive 

SE Directive - Emission limit values (ELVs) 
(Annex II A – activity No. 11) 

Activity Solvent 
consumption 

threshold  
[tonnes/year] 

ELVs in 
waste 
gases  
[mg 

C/Nm³] 

Fugitive 
emission 

values 
(% of 

solvent 
input) 

Total ELVs 

 

Dry 
cleaning    20 g/kg (1) (2) 

Special provisions:1 
(1) The total ELV is expressed in mass of solvent emitted per kilogram of product 
cleaned and dried. 

(2) The emission limit in Article 5(8)2 does not apply for this sector.  

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.  

 
 
1 A particular exemption applies for Greece concerning installations in remote areas or on islands. 
2 Article 5(8): For discharges of halogenated VOCs which are assigned the risk phrase R40, where the 
mass flow of the sum of the compounds causing the labeling R40 is greater than, or equal to 100 g/h, 
an emission limit value of 20 mg/Nm³ shall be complied with. The emission limit value refers to the mass 
sum of the individual compounds. 

THE SE 
DIRECTIVE 
APPLIES TO ALL 
DRY CLEANING 
ACTIVITIES, 
INDEPENDENT 
OF THE ANNUAL 
CONSUMPTION 
OF ORGANIC 
SOLVENTS
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Specific requirements apply for VOCs classified as CMR substances3 as 
well as for halogenated4 VOCs which are assigned the risk phrases R40 or 
R685. The discharge of such VOCs shall be controlled as emissions from 
an installation under contained conditions as far as technically and 
economically feasible to safeguard public health and the environment. For 
CMR substances, there is a general obligation to replace them– 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 such substances the 
ELV in waste gases is 20 mg/Nm³, and it also applies when a reduction 
scheme is being used. The emission limit value for halogenated VOCs 
which are assigned the risk phrase R40/R68 set out in article 5(8) of the SE 
Directive does not apply for this sector. 

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

 

2 Summary of VOC substitution/reduction 
There are a number of VOC-free dry cleaning options, including wet 
cleaning, and liquid CO2. None of them, however, have quite the same 
stain-removing power of the most commonly used solvent, 
perchloroethylene (Perc), and they can be more expensive. 

Closed machines, equipped with a condenser with refrigerated cooling coils 
and an activated carbon filter to recover the solvent, have lower 
consumptions of Perc and emissions are typically less than 10 g/kg. 

The use of sealed units for the collection of distillation residues reduces 
VOC emissions even further.  

Good operating practice is important in dealing with the sludge (closed 
containers). 

 

3 Description of the activity and related 
industry sectors 

There are approximately 58,000 dry cleaning installations in the EU (27) 
[TSA 2009], 60 to 90 % of the European textile care companies still use 
Perc but it is expected that the proportion in professional cleaning will 
decrease. [CINET 2006] 

 
3 CMR substances – carcinogenic (R45, R49), mutagenic (R46), or toxic to reproduction (R60, R61) 
4 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. 
5 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 

VOC FREE DRY 
CLEANING OPTIONS 
ARE: WET 
CLEANING, LIQUID 
SILICONE AND 
LIQUID CO2 

DESPITE 
INCREASED USE 
OF SUBSTITUTES 
PERC IS STILL 
WIDELY USED 
FOR DRY 
CLEANING  
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Solvent  
Solvent  emission 
Garment  
Air 
Mass flow values in % 

4 Technical process description 
4.1 Process flow and relevant associated VOC emissions 

The following flow chart provides an overview of possible VOC emissions 
from a typical modern perc dry cleaning machine fitted with a condenser 
and an activated carbon filter system: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Possible VOC emission sources in dry cleaning  

When using modern dry-to-dry machines, equipped with a refrigerated 
condenser and an activated carbon filter, most of the emission occurs when 
the working chamber is recharged. The chamber is about 20 times the 
volume of the load which means a volume of 1 m3 for a machine with 50 kg 
garments per cycle. Typically the VOC concentration in the chamber air 
after completion of the cleaning and drying cycles is less than 2 g/m3. If it is 
assumed that all of these VOC are emitted when garments are removed, 
then these emissions are less than 0.04 g/kg. Emissions can also arise 
from the distillation residue, which can contain from 10 – 15 % Perc. The 
residues should be collected and treated by suitably qualified waste 
disposal companies. [Multimatic] In intervals of 2 weeks to 6 months, about 
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100 l of sludge has to be disposed of and treated by a specialist company. 
The time interval varies according to a variety of factors, e.g. the kind of 
garments cleaned, the degree of contamination and the rate of utilisation of 
the machine. 

 

4.2 Process description (Perc Dry cleaning machines) 

Dry cleaning machines typically range in capacity from 10 to 50 kg of 
garments per cleaning cycle. The garments are placed in a perforated steel 
drum that rotates about 38 times a minute. Modern machines, so called 
‘dry-to-dry’ machines, are able to both clean and dry, eliminating the need 
to transfer wet garments from a cleaning machine to a drying machine. The 
introduction of dry-to-dry machines makes possible the recovery of nearly 
all of the Perc used during cleaning. 

The cleaning cycle consists of two steps:  

The first step is a pre-cleaning cycle where the majority of dirt is removed. 
The solvent for this step comes from a working tank. If the Perc becomes 
heavily contaminated during this cycle, it is subsequently distilled to recover 
clean solvent. This is then recovered and stored in a tank for reuse, while 
the sludge is collected as waste. If the Perc is not heavily contaminated it is 
stored in a working tank 

The second step removes any remaining dirt. The perc is taken from the 
clean tank and working tank. After a dip level is reached Perc is 
continuously pumped from the drum over a filter back into the drum. At the 
end of the second cycle the Perc is filtered and stored in a working tank. 

During the drying process, warm air is circulated through the garments, and 
the residual solvent vaporizes and is extracted from the working chamber. 
The solvent-laden air is passed through a refrigerated condenser, where 
the Perc and water are recovered using refrigerated cooling coils. Because 
Perc and water are immiscible and separate into two phases, water can be 
removed relatively simply and the Perc recycled. [Miele] 

 

5 Solvent use, emissions and environmental 
impact 

5.1 Solvents used  

The following solvents are currently used for dry cleaning: 

 

Perchloroethylene (Cl2C=CCl2 or Perc) 
Perc is the solvent most commonly used by the dry cleaning industry 
(~85%) [Live Science]. It is a non-flammable VOC, capable of dissolving oil 
based stains and, with detergents, of dissolving non-oil based stains.  

 

Hydrocarbons 

Some non-halogenated hydrocarbons (DF-2000TMFluid, EcoSolv®Dry 
Cleaning Fluid, Pure Dry®, Shell Sol 240 HT, Stoddard Solvent) [ATCM 

DRY-TO-DRY 
CLEANING 
COMBINES 
CLEANING AND 
DRYING IN ONE 
MACHINE 
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2005], which have good cleaning properties and are less harmful than Perc, 
are also used. However, they are flammable and require the use of fire 
prevention measures. Hydrocarbon-machines require vacuum-distillation 
systems and can typically not be operated with Perc. [Multimatic] 

 

Liquid silicone 
A liquid silicone product, decamethylcyclopentasiloxan is a VOC solvent6 

which degrades within days to the natural components: silica, water and 
carbon dioxide. It does not have any Risk/Safety phrases but is under 
review in some countries as it might be harmful to the environment.  

 

Others 
Besides the VOC solvents mentioned above, the following substances, 
which are VOC free, can also be used: 

- Water 

- CO2 

A detailed description of these cleaning agents is given in chapter 6. 

The share of the different cleaning techniques can vary significantly from 
one country to another. The estimated intervals are shown in the following 
table: 

  
Table 3: Application for different cleaning techniques in different countries of 

Europe 

Solvent Amount [%] 

Perc 60 - 98 

Hydrocarbon 1 - 40 

Wet cleaning 1 - 30 

 

The use of Liquid Silicone and CO2 is still very little but a growing 
technique. [CINET 2006]  

 
 
 
 
 
 
 
 
 
 
 
 
 
6 There is no international consensus on whether this product should be considered as VOC or not (e.g. 
in the U.S. it is not regarded as a VOC) [TSA 2009].  
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5.2 Solvent consumption and emission levels 

For the pre-cleaning process, the weight ratio of Perc to garments is about 
3:1 - which means that 150 kg of Perc would be used in a cleaning machine 
with a garment load of 50 kg. In the main cleaning process, the ratio is 
5 : 1, and 250 kg of Perc would be used. The solvent consumption of Perc 
is about 1 ml/kg garments, where hydrocarbons are used the consumption 
is about 2,8 ml hydrocarbon/ kg garments. 

Cleaning machines with the closed sludge-removal system and activated 
carbon systems emit about 10 g Perc per kg garments, but may be less 
with good practice, re-usage and maintenance. 

 

5.3 Key environmental and health issues 

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: 

- the process 

-  the recharging from the drum 

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.  

Perc is classified as a category 3 carcinogen substance - which means that 
it could cause cancer. It is toxic/harmful to aquatic organisms and may 
cause long-term adverse effects in the aquatic environment. Halogenated 
solvents, resulting from inappropriate use and storage, are common 
pollutants in groundwater. Additionally, the non-halogenated hydrocarbons 
used in dry cleaning can be flammable. 
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6 VOC Substitution 
In the following chapters potential substitutes for VOC and their associated 
technologies are presented. This includes application conditions as well as 
advantages and disadvantages compared to VOC systems. 

 

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 Wet cleaning 

In wet cleaning, water based solutions containing various detergents are 
used as the solvent. These systems are completely VOC free, but cause 
discharges of contaminated water. 

The approach differs from that of household washing in the detergents 
used, the size of the machine, and the mechanical treatment of the textiles. 
The detergents mainly consist of tensides (alkylbenzene sulfonates) to 
remove oil based stains. The effectiveness of the cleaning is dependent on 
the experience of the cleaning staff. 

Wet cleaning is highly effective for water-soluble stains such as blood or 
wine, and removes these stains better than Perc. The technique is less 
suitable for garments that have layers of different materials (e.g. suits). 
Another disadvantage of wet cleaning, in comparison to dry cleaning, is that 
creases are removed during the washing; therefore the finishing process is 
more extensive, which increases the cost of the cleaning.  

Nevertheless, from an economic point of view, at least 35 % of garments 
are suitable for wet cleaning. 

A typical wet cleaning washing cycle takes about 21 minutes (but the 
garments are only pre dried and the finishing of each garment of the load 
takes time [3-5 min]), while dry cleaning takes about 45 to 50 minutes. 
[Miele] 

 

6.1.2 Liquid CO2 cleaning 

Liquid carbon dioxide (CO2) may be used as a solvent. CO2, which can 
exist as a liquid at room temperature if kept at a high pressure in a closed 
system, has a gas-like consistency and a low surface tension. It functions 
as a very effective cleaning agent when combined with detergents to 
remove dirt from garments. Liquid CO2 is effective on most materials and 
can remove a wide range of stains and dirt. It is non-flammable and 
completely VOC free. CO2 is also used for fire and water damage 
restoration because of its effectiveness in removing toxic residues, soot 
and associated odours of fire. 

Since liquid CO2 technology operates at room temperature, any stains that 
remain on a garment after the washing cycle have not been heat-set - as 
they might have been with traditional dry cleaning systems; consequently 

WET CLEANING 
NEEDS 
DETERGENTS TO 
REMOVE OIL 
BASED STAINS 

CO2 CAN BE 
USED AS A 
CLEANING FLUID, 
EVEN AT ROOM 
TEMPERATURE, IF 
USED AT A HIGH 
PRESSURE. IT IS 
NON-FLAMMABLE 
AND VOC FREE 
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post-wash spot removal is very effective. Liquid CO2 has good colour 
retention performance characteristics that equals or exceeds those for Perc 
dry cleaning for a wide variety of coloured fabrics. 

However, this technique is less suitable for garments made from triacetate 
and acetate fabrics, especially if yellow dispersive dyes have been used. 

The process takes place in a high-pressure vessel at about 30 to 40 bar 
hence the machines are relatively costly (60,000-90,000 €). 

As there is no drying cycle, CO2 systems typically have a total cleaning 
cycle of 30 minutes or less, which is significantly shorter than the cycle for 
cleaning in Perc. It is necessary to install an alarm because of oxygen 
displacement in case of leakage. 

The only emission from this system is CO2. [EPA 2007] 

 

6.2 Substitution of substances with specific R-phrases 

The following alternatives are available for substances with specific R-
Phrases (e.g. liquid silicone). Although these alternatives do not always 
result in reduced total VOC emissions, they are preferable because they 
reduce health risks.  

 

6.2.1 Liquid silicone cleaning 

A liquid silicone product, decamethylcyclopentasiloxan, known under the 
trade name GreenEarth® is a VOC solvent used in the cleaning industry 
(by about 1,7% of companies worldwide in 2008) [MFG Consulting]. The 
product degrades within days to the natural components: silica, water and 
carbon dioxide. By contrast with hydrocarbon solvents, it does not cause 
skin irritation or lead to groundwater contamination. Toxicology studies 
report varying findings, ranging from completely harmless to the 
observation of small but statistically significant increases in uterine cancer 
for rats as a result of very high exposure of liquid silicone. [CINET 2008]  

The effectiveness of liquid silicone products in removing stains is less than 
that of Perc but comparable to water-soluble products. A 1 % 
concentration, by volume, of detergent is automatically injected with each 
load to ensure good stain removal. 

While, in principle it is possible to convert a cleaning machine using Perc to 
a GreenEarth® machine, there may be technical and commercial difficulties 
to overcome. The operating costs are higher compared to dry cleaning. 

The duration of the washing cycle is 53 - 58 minutes, which is some 10 
minutes longer than for dry cleaning [Green Earth ® 2002] 

 

A PERC  
MACHINE CAN 
BE CONVERTED 
INTO A LIQUID 
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CLEANING  
MACHINE BUT IT 
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6.2.2 Hydrocarbon based systems 

'Hydrocarbons' used for dry cleaning are a mixture of different (non-
halogenated) components - typically n- and iso-paraffins. Some of the 
hydrocarbons are flammable and therefore corresponding safety measures 
have to be taken into consideration. The major difference between cleaning 
machines operating with hydrocarbons and those using Perc is that the 
former use vacuum distillation for solvent recovery. Some, but not all, Perc 
cleaning machines can be converted to use hydrocarbons and in general a 
hydrocarbon machine is about 40 % more costly. The cleaning strength is 
close to Perc but drying of garment requires more energy especially for 
thick garments. An advantage of hydrocarbons is their lack of an 
unpleasant 'dry cleaning' smell. The washing cycles are about the same but 
the cleaning does not completely match the quality achieved when Perc is 
used [Multimatic]. Hydrocarbons are not under suspicion of being 
carcinogenic, in contrast to Perc. [CINET 2006] [Neighborhood Cleaners] 

 

7 Other VOC emission prevention measures 
and abatement techniques  

Preventive measures, process improvements and abatement techniques 
can be used to reduce VOC emissions if VOC substitution as described in 
section 6 is not possible. The following measures are commonly applied for 
Dry cleaning process: 

 

7.1 Sealed distillation unit and drum 

Sealed distillation units can be used to avoid any emissions during the 
removal of the distillation residues. These systems provide an alternative to 
manual removal of residues. In the sealed distillation unit the residue is 
pumped directly into the safety can. The sealed drum prevents emission 
during the washing cycle. When used in combination with a Perc monitoring 
device, preventing premature chamber opening, emissions due to operator 
procedures can be prevented. The combination of a condenser and an 
activated carbon filter can reduce the emissions during the garment 
exchange step by over 80 %. [Multimatic] 

 

7.2 Activated carbon recovery 

Activated carbon recovery is the most effective technique currently used to 
reduce emissions from Perc (or hydrocarbon) cleaning machines. If an 
activated carbon recovery system is installed the refrigerated condenser 
can be designed smaller. 

During the washing cycle, Perc is circulated in a sealed system, but when 
the garments are removed, the system is opened and Perc vapour may be 
emitted. The concentration of Perc in the working chamber of a machine 
not equipped with an activated filter, is about 10 to 14 g/m³. Machines 
incorporating an activated carbon filter re-circulate the air in the working 
chamber through the carbon filter until a pre-set (low) threshold 
concentration of Perc is reached - hence a measuring device is necessary; 

HYDROCARBON 
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concentrations of << 2 g/m³ [BÖWE] can be reached using this technique. 
The capital cost of an activated carbon filter system, which automatically 
regenerates itself is about 6,000 to 7,000 € for a 10 kg load machine and 
about 22,000 € for a 70 kg load machine. It is useful, for operational 
reasons, to install two active carbon filters so that one can work while the 
other is being automatically regenerated, thereby reducing downtime. 
[Multimatic]  

 

7.3 Condensation 

Refrigerant cooled condensers are used to recover solvent from both Perc 
and hydrocarbon cleaning machines. During the cleaning process, and 
before the drum is opened to remove the garments, warm, solvent-laden air 
flows through the condenser. The condenser reduces the air temperature, 
causing most of the solvent to condense and to be removed from the air 
stream. Refrigerated cooled condensers are about 60 % more efficient than 
water cooled condensers - reducing the concentration from about 1,100 
ppm down to 450 ppm [OSHA 2005]. 

 

8 Summary of VOC emission reduction 
measures 

The following table summarizes the VOC emission prevention and 
reduction measures discussed in chapters 6 and 7:  

 
Table 4: Measures for VOC substitution and VOC reduction in dry cleaning 

Objectives Description 

VOC-free Systems Wet cleaning 
Liquid CO2 cleaning 

Substitution of  
CMR substances 

Hydrocarbon based systems 
Liquid silicone cleaning 

Process  
Improvements 

Sealed units 

Abatement 
Technologies 

Activated carbon filter  
Condensation – refrigerated cooling 
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9 Good practice examples 
9.1 Liquid silicone cleaning 

The investment cost for a 10 kg load cleaning machine with a drying 
function is about 19,000 €. Licenses are also required, and cost ~1600 € / 
year according to the distributor.  

The whole cleaning machine with the working and storage tanks contains 
about 200 litres of solvent. The solvent costs about 4 €/litre but 
consumption is less than that of a similarly sized Perc cleaning machine. 
Within 6 to 8 weeks about 110 litres of residue accrue, the disposal costs 
are about 100 €. [Green Earth Cleaning] 

 

9.2 Liquid CO2 cleaning 

The investment costs of liquid CO2 cleaning machines, according to an 
American producer, are about 60,000 €. This is high compared to other 
techniques because of the need to work at high pressure. A Perc dry 
cleaning machine costs about half and a hydrocarbon-cleaning machine 
about two thirds of this price. As the CO2 process does not need a drying 
period the washing cycle is about half that of Perc-based cleaning. 
Theoretically one CO2 cleaning machine can do the work of two Perc 
cleaning machines. The operational costs are about 0.90 € per kg garments 
which is within the range of Perc and hydrocarbon dry cleaning. During the 
washing of a 30 kg load about 5 kg CO2 are vented to air and about 98 % 
are recycled. 

Conversion from a Perc machine to a CO2 cleaning machine is not possible 
as completely different working processes are involved. [EPA 2007] 

 

9.3 Perc cleaning 

VOC emissions from dry to dry machines with water-cooled condensers 
can be further enhanced by retrofitting a refrigerated condenser at a cost of 
less than 5,000 €. Further reductions can be achieved with activated 
carbon filters (~ 6,000 € for a filter system containing 100 kg activated 
carbon) and the use of a sealed distillation unit - which pumps the residue 
from the distillation automatically into a safety can. To avoid the opening of 
the machine before a Perc concentration of 300 ppm is reached, the door 
can be equipped with a safety interlock. The refrigerated condenser 
reduces emission by about 60 % and with the activated carbon filter the 
final emission is reduced by about 90 % [OSHA 2005] [Corbett] 

Depending on the size of a Perc cleaning machine, the capital cost can 
vary between about 25,000 and 40,000 €.  
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10 Emerging techniques and substitutes under 
development 

In the last 20 years many new technologies have evolved to replace the 
use of Perc. A technology that will be ready for the market in 2009 is the 
virtually waterless washing machine. 

 

Virtually waterless washing machine 
This machine uses 98 % less water (about 100 ml per kg of garments) and 
energy than a conventional washing machine. The process is based on the 
use of plastic granules (or chips) that are tumbled with the clothes to 
remove stains. It is reported that this process can remove virtually all types 
of everyday stains as effectively as existing processes whilst leaving 
clothes just as fresh as normal washing. In addition clothes emerge from 
the process almost dry, reducing the need for tumble-driers. It is too early 
to specify costs but it is expected that the machine will not be more 
expensive than conventional dry-cleaning machines. Savings in energy use 
are expected but not proven yet. [LEEDS 2008] [Xeros 2008] 
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