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Process 
 

Checkpoint 
Causes of VOC 

emissions 

Estimated VOC 
generation rate 

Corresponding 
No. in "Choosing 
control measures" 

Preparation 

□ 

 

Check if any detergent is leaking from storage 
tank facilities or in work areas, etc. 

Volatilization of 
detergent during 
charging 

Approx. 30% 2-1 to 2-6 

□ 

 

Check if the selected detergent and cleaning 
technique are appropriate for the purpose of 
cleaning and the target cleanliness. 

□ 
Check if an appropriate cleaning machine is 
used. 

□ 

 

Check if manuals have been prepared for the 
cleaning operation. 

□ 

 

Check if the procedures for activating and 
deactivating the chiller and heater are correct. 

□ 

 

Check if cooling water is flowing and the 
cooling temperature is appropriate. 

□ 

 

Check if the cleaned objects are arranged in a 
manner that they can be drained well. 

□ 

 

Check if the detergent is not leaking while 
changing or charging it. 

Cleaning 
and drying 

□ 
Check if no air flows into the cleaning 
machine. 

Volatilization of 
detergent 

Approx. 70% 

2-7 to 2-12 

□ 
Check if the suction by the local exhaust 
ventilation system is not too strong. 

□ Check if the freeboard height is sufficient. 

□ 

 

Check if the cleaned objects are loaded and 
unloaded slowly. 

□ 

 

Check if the cleaned objects are left above the 
vapor zone after vapor cleaning. 

□ Check if the cleaning tank has a lid or cover. 

□ 

 

Check if the lid of the cleaning machine, when 
closed, is located below the inlet for local 
exhaust ventilation. 

□ 
Check if the cleaning machine can be replaced 
with an enclosed type. 

□ 
Check if switching to any hydrocarbon-based 
detergent is possible. 

3-0 to 3-2 
□ 

Check if switching to any aqueous detergent is 
possible. 

□ 
Check if a VOC exhaust treatment system can 
be introduced. 

4-1 to 4-3 

Storage 

□ 

 

Check if the temperature in the storeroom is 
controlled. Check if the detergent cans are 
kept out of direct sunlight. 

Volatilization of 
detergent during 
storage 

Approx. 5% or 
less 

2-13 
□ 

 

Check if the detergent containers are closed 
airtight when not in use. 

 

 

 

III 
Metal Degreasing/Cleaning 

   

CCChhheeeccckkkiiinnnggg   CCCaaauuussseeesss   ooofff   VVVOOOCCC   

EEEmmmiiissssssiiiooonnnsss   
PPPrrroooccceeesssssseeesss   aaannnddd   CCChhheeeccckkkpppoooiiinnntttsss   

[Examples of VOCs used in metal degreasing/cleaning] 

Applications: degreasing/cleaning and drying 

VOCs: trichloroethylene, tetrachloroethylene, dichloromethane (methylene chloride), etc. 
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Choosing control measures 

No. Measures 

Effects and cost of implementing measures 

VOC 
reduction 

effect 

Cost 
Work 

environment 
improvement 

effect 
Initial 

Running 
(operating 

cost) 

Running 
(material 

purchase cost 
reduction 

effect) 

1-1 
Evaluating the current VOC emission 

status [New] 
- 1−3 1 - - 

1-2 Utilizing the EVABAT system [New] - 1 1 - - 

 

Improving operation processes/facilities 

Process 
 

No. Measures 

Effects and cost of implementing measures 

VOC 
reduction 

effect 

Cost 
Work 

environment 
improvement 

effect 
Initial 

Running 
(operating 

cost) 

Running 
(material 

purchase cost 
reduction 

effect) 

Preparation 

2-1 
Detecting leakage of 
detergent [New] 

1 1 1 - 1 

2-2 
Checking before the cleaning 
operation 

* 1 1 - * 

2-3 
Checking activation and 
deactivation procedures 2−3 1 1 1 1 

2-4 
Optimizing cooling water 
temperature and flow rate, 
and installing water chiller 

4 3 2 2 2 

2-5 
Planning the placement of 
the object to be cleaned 2−3 2 1 1−2 1−2 

2-6 
Reducing volatilization during 
changing and charging 
detergent 

1 1 1 - 1 

Cleaning 

and 

drying 

 

2-7 
Reducing airflow around the 
cleaning machine 

3 1−2 1 2 2 

2-8 
Preventing excessive suction 
by local exhaust ventilation 

3−4 1 1 2−3 2 

2-9 Securing the freeboard ratio 4 3 1 3 2 

2-10 
Reducing the lifting speed of 
the cleaned object 

3 1 1 2 2 

2-11 
Dwell time after vapor 
cleaning 

2−3 1 1 2 1−2 

2-12 Installing lid and partial cover 3−4 2−3 1 2−3 2 

Storage 2-13 
Reducing volatilization of 
detergent during storage 

1 1 1 - 1 

* Variable depending on the situation 
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LLLiiisssttt   ooofff   VVVOOOCCC   EEEmmmiiissssssiiiooonnnsss   CCCooonnntttrrrooolll   

MMMeeeaaasssuuurrreeesss   
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Switching raw materials 

No. Measures 

Effects and cost of implementing measures 

VOC 
reduction 

effect 

Cost 
Work 

environment 
improvement 

effect 
Initial 

Running 
(operating 

cost) 

Running 
(material 

purchase cost 
reduction 

effect) 

3-0 Reviewing detergents (overview) [New] - - - - - 

3-1 
Switching to hydrocarbon-based 

detergent [New] 
5 5 1 - 3 

3-2 Switching to aqueous detergent 5 5 2 - 3 

 

Introducing VOC exhaust treatment system 

No. Measures 

Effects and cost of implementing measures 

VOC 
reduction 

effect 

Cost 
Work 

environment 
improvement 

effect 
Initial 

Running 
(operating 

cost) 

Running 
(material 

purchase cost 
reduction 

effect) 

4-1 
Introducing exhaust treatment system 
(activated carbon filtration system) 

5 4−5 2 3 No change 

4-2 
Introducing exhaust treatment system 
(cryogenic condensation recovery 
system) 

5 5 2 3 No change 

4-3 Introducing enclosed cleaning system 5 5 1 3 3 

 

* VOC emission reduction effect: 1 (lowest) to 5 (highest) 

* Initial cost: 1 (lowest) to 5 (highest) 

* Running cost: 1 (lowest) to 3 (highest) 

(operating cost) 

* Running cost: 1 (lowest in effect) to 3 (highest in effect) 

(material purchase cost reduction effect) 

* Work environment improvement effect: 1 (lowest) to 3 (highest) 

See "Legend" on page iv for the detailed description of the scale. 
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      CCChhhoooooosssiiinnnggg   CCCooonnntttrrrooolll   MMMeeeaaasssuuurrreeesss   111---111   

   

EEEvvvaaallluuuaaatttiiinnnggg   ttthhheee   CCCuuurrrrrreeennnttt   VVVOOOCCC   

EEEmmmiiissssssiiiooonnn   SSStttaaatttuuusss   [[[NNNeeewww]]]   

 VOC reduction effect 

￣ 

 

 

 

 Initial cost 

Up to 200,000 yen 

 

 

The numbers (1) to (3) 

above correspond to the 

numbers of the measures 

explained on the right. 

 

 Running cost 

(operating cost) 

Up to 100,000 yen/month 

 

 

 

 Work 

environment 

improvement effect 

￣ 

 

 

Important point! 

You can take more effective measures to reduce VOC emissions by clarifying the current status of VOC emissions 

at your company. 

 

Explanation 

The way VOCs are used differs among factories and sites. By understanding where in the factory and during 

which operations VOCs are emitted, you can optimize your VOC emission reduction measures. Understanding the 

current status of VOC emissions at your company will also enable you to verify the effect of each measure taken. 

 

[Measure (1): Measuring VOC concentration by a simplified method] 

When measuring VOC concentration as part of your voluntary efforts or self-management, simplified VOC 

measurement equipment may be useful. Purchase costs vary depending on the measurement principle and 

performance of the equipment (e.g. what level of components can be measured), but they are available at from 

around 100,000 yen. 

To keep the cost as low as possible, a gas detector tube system can be used to measure VOC concentration. 

The system comprises a gas sampling pump and a gas detector tube, with the former costing around 20,000 yen 

and the latter being available at from around 2,000 yen per box of 10 tubes. 

 

[Measure (2): Using VOC alarms] 

Gas alarms that provide light and sound warnings when VOC concentration in the factory exceeds a certain 

level are available on the market. Their unit prices range from around 100,000 to 200,000 yen. 

 

[Measure (3): Using the Dispatch System of Tokyo Metropolitan VOC Control Advisors (free of charge)] 

The Tokyo Metropolitan Government offers the VOC control advisor dispatch service free of charge for those 

who wish to request professionals to measure VOC concentration in their workplaces. Under this system, 

advisors visit business sites and provide advice on effective measures best suited to each business after 

conducting simplified measurement using a hand-held VOC sensor. 

Please contact the Planning Team, Toxic Chemicals Management Section, Environmental Improvement 

Division, Bureau of Environment (see “Associated Organizations” in the Appendix) for details on how to apply for 

this service. 

 

Notes 

・Business operators subject to the Air Pollution Control Act must use a designated method (flame ionization 

detector [FID] or non-dispersive infra-red [NDIR] detector) when measuring VOC concentration as required by the 

law. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

Lowest←1   2   3→Highest 

 

(3)(1) (2) 

Lowest←1   2   3→Highest 

 



 64 

 

 

 

 

Reference: [1] Website of the Japan Industrial Conference on Cleaning (http://www.jicc.org/contents/evabat-index.html, 

available as of February 23, 2016). 
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CCChhhoooooosssiiinnnggg   CCCooonnntttrrrooolll   MMMeeeaaasssuuurrreeesss   111---222   

   

UUUtttiiillliiizzziiinnnggg   ttthhheee   EEEVVVAAABBBAAATTT   SSSyyysssttteeemmm   

[[[NNNeeewww]]]   

 VOC reduction effect 

￣ 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Work environment 

improvement effect 

￣ 

 

 

 

 

Important point! 

The EVABAT System is computer software that helps companies choose VOC emission reduction measures 

suitable for their industrial cleaning processes. 

 

Explanation 

The EVABAT System was developed by the University of Tokyo in cooperation with the Japan Industrial 

Conference on Cleaning (JICC) through a program conducted by the Ministry of the Environment. 

It enables companies to quantify the effects of various emission reduction measures under the conditions of their 

own cleaning work site. The System can also calculate the cost of reduction measures (running cost and recovery 

period) and identify major causes of VOC emissions. 

To apply for the use of the EVABAT System, please visit JICC's website or directly contact JICC. 

 

<Applicable detergents and measures> 

Applicable detergents Applicable measures for evaluation 

・Methylene chloride 

・Trichloroethylene (under 

preparation) 

・Optimization of cooling water 

temperature 

・Placement plan for the objects to be 

cleaned 

・Introduction of draining and drying 

process after vapor cleaning 

・Reduction of airflow around the machine 

・Optimization of the airflow rate of the 

local exhaust ventilation system 

・Modification of the geometry of the local 

exhaust ventilation system 

・Installation of a solvent recovery system 

etc. 

(Source: Reference [1] in the footnote) 

 

Notes 

・After application, JICC's EVABAT Promotion Group will examine the application to determine whether to permit 

the applicant to use the EVABAT System. 

・The applicant is required to submit data on its cleaning machine, etc. The EVABAT Promotion Group may also 

visit the site for data collection. 

・The applicant is also required to pay the postage for the CD containing the software on delivery. The CDs 

available for distribution are limited in number and may be out of stock. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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Reference: [1] Japan Association for Hygiene of Chlorocarbon Solvents, Handbook for Properly Using Chlorocarbons 
(2000). 
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IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   222---111   

   

DDDeeettteeeccctttiiinnnggg   LLLeeeaaakkkaaagggeee   ooofff   DDDeeettteeerrrgggeeennnttt   

[[[NNNeeewww]]]   

 VOC reduction effect 

Up to 5% 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Work environment 

improvement effect 

Less effective 

 

 

 

 

Important point! 

You can reduce VOC emissions by carefully inspecting the storage facilities, work areas and other parts of the site 

to prevent detergent losses due to leakage. 

 

Explanation 

Evan a small leakage at a rate of around 1 ml/minute (which is not large enough to form a puddle under the 

leaking point) will total to an approximately 50 kg/month leakage of detergent. Check storage facilities/areas, storage 

containers, and work facilities/areas for leakage with a gas concentration meter. 

It is recommended that storage tanks and pipes be installed above the ground because leakage will be harder to 

detect if they are buried underground. If a storage tank needs to be installed underground for unavoidable reasons, it 

should be placed within an concrete underground pit. 

 

<Major inspection points> 

Inspection point Description of inspection 

Storage facilities 

・Whether there is any leakage 

・State of the gutters, catch basins, separation tank, etc. 

・Tidiness of piles and stacks of loads 

Storage area 

・Whether any damage, corrosion or leakage is found in the base 

and side plates and lower valves 

・Whether any damage or leakage is found in the level gauge 

Drums and other 
storage containers 

・Whether any damage, corrosion or leakage is found in the 

containers 

・Looseness of plugs 

Work facilities 

・Whether any leakage from the cleaning machine body, pipe joints, 

valves or other fittings is found 

・Pipe clogging and the state of drainage in the water separator (if 

any) 

Work area 

・Whether any leaked solvent is found on the floor, in drip pans, or 

underground pit 

・Whether any leaked solvent is found in the catch basins, 

separation tank, etc. 

(Source: Reference [1] in the footnote) 

 

Notes 

・If chlorocarbon or other solvents with a peculiar odor is used, suspect a leakage whenever a strong odor is 

detected. 

・Even if you do not notice any unusual smell in an upright position, be aware that chlorocarbons or other 

substances heavier than air may be collecting in the lower parts of the space. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   222---222   

   

CCChhheeeccckkkiiinnnggg   bbbeeefffooorrreee   ttthhheee   CCCllleeeaaannniiinnnggg   

OOOpppeeerrraaatttiiiooonnn   

 VOC reduction effect 

Variable depending on 

the situation 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Work environment 

improvement effect 

Variable depending on 

the situation 

 

 

 

 

Important point! 

You can reduce VOC emissions by reviewing the necessity of cleaning, cleanliness requirements, etc., which will 

result in the reduction of the use of detergent and cleaning time. This will also contribute to reducing the workload. 

 

Explanation 

Before starting the cleaning operation, please follow the flow chart below to examine the necessity of the cleaning 

operation. By reviewing your cleaning operation in relation to checkpoints (1) to (5), you may be able to reduce the 

use of detergent and cleaning time, resulting in the reduction of VOC emissions. 

 

<Checkpoints and descriptions> 

Checkpoint (1) Is cleaning necessary? 

〈Description〉 Reconsider if your cleaning operation is truly necessary by 

examining its purpose and effects. 

 

         

Checkpoint (2) Is an appropriate cleaning machine used? 

〈Description〉 A cleaning machine that is equipped with appropriate cooling coils in 

its upper section should be used. 
 

         

Checkpoint (3) Is the cleaning machine appropriate in size? 

〈Description〉 A larger cleaning machine allows more detergent to evaporate. 
Use a cleaning machine whose tank size is as small as appropriate 

for the size and quantity of the objects to be cleaned. 
 

         

Checkpoint (4) 
Does the cleanliness achieved through the cleaning 

meet the required level? 

〈Description〉 Reconsider to which extent the object needs to be cleaned. 
 

         

Checkpoint (5) Are work manuals in place? 

〈Description〉 Prepare manuals describing the procedures for cleaning and liquid 

changes. 
 

 

 

Notes 

・Consideration should be given to aspects such as whether quality can be secured in later processes. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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Reference: [1] Japan Association for Hygiene of Chlorocarbon Solvents, Handbook for Properly Using Chlorocarbons 
(2000). 
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IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   222---333   

   

CCChhheeeccckkkiiinnnggg   AAAccctttiiivvvaaatttiiiooonnn   aaannnddd   

DDDeeeaaaccctttiiivvvaaatttiiiooonnn   PPPrrroooccceeeddduuurrreeesss   

 VOC reduction effect 

5−20% 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by up to 

10% 

 

 

 

 Work environment 

improvement effect 

Less effective 

 

 

 

 

Important point! 

You can reduce emission losses by optimizing the procedures for activating and deactivating the chiller and 

heater. 

 

Explanation 

If the temperature of the detergent is raised before the temperature of the cooling component of the cleaning tank 

fully lowers, VOC emissions will increase. 

When activating and deactivating the cleaning machine, follow the procedures in the chart below. Allow some time 

(about 10 minutes) for the temperature and flow of cooling water to reach normal levels before turning on the heater. 

Check that operators follow these procedures by creating an operation check sheet. 

 

<Activation/deactivation procedure> 
A

c
tiv

a
tio

n
 

 

 (1) Turn on the cooling water system (and wait for a while)  

↓ 

 (2) Turn on the heater  

↓ 

 (3) Slowly open the lid  

↓ 

 (4) Check that the normal state has been achieved  

↓ 

 (5) Start operation  

 

D
e
a
c
tiv

a
tio

n
 

 

 (1) Turn off the heater, etc.  

↓ 

 (2) Close the lid  

↓ 

 (3) Check that the liquid temperature in the cleaning tank has lowered to ambient temperature  

↓ 

 (4) Turn of the cooling water system (or keep it flowing if possible)  

 

(Source: Prepared based on Reference [1] in the footnote) 

 

Notes 

・Before opening the lid, check that the cooling water is flowing. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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Reference: [1] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., 
Ltd., Manual for Voluntary Efforts in Industrial Cleaning (March 2007). 

III 
Metal Degreasing/Cleaning 

IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   222---444   

   

OOOppptttiiimmmiiizzziiinnnggg   CCCoooooollliiinnnggg   WWWaaattteeerrr   TTTeeemmmpppeeerrraaatttuuurrreee   aaannnddd   

FFFlllooowww   RRRaaattteee,,,   aaannnddd   IIInnnssstttaaalllllliiinnnggg   WWWaaattteeerrr   CCChhhiiilllllleeerrr   

 VOC reduction effect 

20% or more 

 

 

 

 Initial cost 

100,000−1M yen 

 

 

 

 Running cost 

(operating cost) 

1−2 times higher 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by 

10−20% 

 

 

 

 Work environment 

improvement effect 

Effective 

 

 

 

Important point! 

You can reduce VOC emissions by lowering the temperature of the cooling water flowing through the cooling coils 

in the cleaning tank and keeping the flow rate above the specified level, which will reduce the volatilization of 

detergent vapors. 

 

Explanation 

[Measure (1): Lowering the temperature of cooling water] 

Since dichloromethane (methylene chloride) has a lower boiling point (approx. 40°C) than trichloroethylene, a 

higher temperature of the water flowing through the cooling coils will reduce the condensation efficiency of gases 

from the detergent, increasing the emission of VOC gases. For this reason, when using dichloromethane, set the 

temperature of cooling water to 5 to 15°C. If the temperature of cooling water cannot be lowered for reasons 

associated with other equipment, install a chiller. 

When using trichloroethylene or tetrachloroethylene, set the inlet temperature of cooling water to 25°C or less, 

in principle. 

 

[Measure (2): Keeping the flow rate of cooling water above the specified level] 

Keeping the flow rate of cooling water above the specified level (guideline: 25 L/min; see Reference [1] in the 

footnote) will reduce VOC emissions. 

 

Benefits 

You can reduce the cost burden through less use of detergent (less cost of purchase). Your water utility cost will 

not increase if you recycle the cooling water by circulating it while cooling it with a chiller. 

Estimates show that if the temperature of cooling water is lowered from 24°C to 9.7°C, the purchase cost of 

detergent reduces by approximately 1,400 yen/month (see Reference [1] in the footnote). 

 

Notes 

・It should also be noted that during a humid season, such as the rainy season, keeping the cooling water 

temperature too low may make it easier for the moisture in the room to condense, possibly allowing the moisture 

to enter the detergent. You should be careful not to set the temperature too low. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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Reference: [1] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., 
Ltd., Manual for Voluntary Efforts in Industrial Cleaning (March 2007). 
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IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   222---555   

   

PPPlllaaannnnnniiinnnggg   ttthhheee   PPPlllaaaccceeemmmeeennnttt   ooofff   ttthhheee   

OOObbbjjjeeecccttt   tttooo   BBBeee   CCCllleeeaaannneeeddd   

 VOC reduction effect 

5−20% 

 

 

 

 Initial cost 

Up to 100,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by 5−20% 

 

 

 

 Work environment 

improvement effect 

Less effective to effective 

 

 

 

 

Important point! 

By optimizing the way the objects to be cleaned are placed, you can reduce the emissions of VOCs that are 

dragged out as the objects are lifted from the cleaning tank. 

 

Explanation 

If the cleaned objects are brought out of the cleaning tank with residual detergent, VOC emissions will increase. 

The amount of drag-out can be unexpectedly large in some workshops. 

 

[Measure: Optimizing the way the cleaned object is placed] 

When the objects to be cleaned are placed vertically, they dry faster, reducing the drag-out of the detergent. 

For example, when the object to be cleaned is a plate, placing it vertically may reduce the deposit (residue) to 

about a quarter to one-third of that on the object placed horizontally. Placing the plates so that they do not 

overlap may also reduce the deposit to about one-third to half of that on overlapping plates. 

If the shape of the object to be cleaned can easily trap the detergent, plan the orientation and the position of 

the object carefully. 

Other than vertical placement, the following measures are effective for reducing VOC emissions. 

・ Positioning the objects orderly 

・ Placing the objects in a tilted position 

・ Using the barrel processing (rotating the cleaning basket) 

・ Using a cleaning basket with a larger mesh size 

 

Benefits 

By reducing the amount of detergent dragged out as the cleaned object is lifted from the cleaning tank, you can 

reduce the use of the detergent and consequently save costs. 

Estimates show that in steel plate cleaning, switching to vertical placement will result in a cost reduction of 10,000 

yen/month (see Reference [1] in the footnote). 

 

Notes 

・The way that the cleaned object is placed may affect the cleaning effect. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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RRReeeddduuuccciiinnnggg   VVVooolllaaatttiiillliiizzzaaatttiiiooonnn   ddduuurrriiinnnggg   

CCChhhaaannngggiiinnnggg   aaannnddd   CCChhhaaarrrgggiiinnnggg   DDDeeettteeerrrgggeeennnttt   

 VOC reduction effect 

Up to 5% 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Work environment 

improvement effect 

Less effective 

 

 

 

 

Important point! 

You can prevent detergent from leaking while being changed or charged. 

 

Explanation 

To reduce VOC emissions, it is essential not only to control the cleaning process but also to manage the detergent 

during changing and charging. 

 

 

 

[Measure (1): Controlling liquid temperature] 

The detergent that has been kept outdoors and is therefore warmer than the ambient temperature of the 

workshop is more likely to evaporate when its container is opened. Allow the detergent to reach the ambient 

temperature before charging or draining it. 

 

[Measure (2): Using a pump for transfer] 

When charging the detergent into the cleaning tank, use a pump to reduce volatilization of the detergent. 

 

[Measure (3): Optimizing the timing for changing the detergent] 

You can reduce VOC emissions by changing the detergent less frequently. Adjust the frequency of changing 

the detergent to the extent that a decline in cleaning performance or recontamination with the detergent will not 

occur. 

The following factors help you determine when to change the detergent. Some detergent manufacturers assist 

their customers in determining the timing for change. 

・ The boiling temperature of the vapor tank (The boiling point rises as the liquid in the tank is contaminated 

with oil.) 

・ Specific gravity (It reduces if the detergent is contaminated with oil.) 

・ Change in color (The detergent is colored when contaminated with oil.) 

 

Notes 

・When a chlorine-based detergent is used, use a pump exclusively for chlorine-based solvents. 

・Wear personal protection equipment, such as protective goggles, protective gloves, and mask, as necessary. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Oil tins and drums Cleaning machine 

Lowest←1   2   3→Highest 
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Reference: [1] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., 
Ltd., Manual for Voluntary Efforts in Industrial Cleaning (March 2007). 
 
*1 Smoke testers are commercially available. Please note that tin compounds and other substances that may affect the 
quality of the objects to be cleaned are emitted when you use a smoke tester. 
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RRReeeddduuuccciiinnnggg   AAAiiirrrffflllooowww   aaarrrooouuunnnddd   ttthhheee   

CCCllleeeaaannniiinnnggg   MMMaaaccchhhiiinnneee   

 VOC reduction effect 

10% or more 

 

 

 

 Initial cost 

Up to 100,000 yen 

 

 

 

The numbers (1) to (2) 

above correspond to the 

numbers of the measures 

explained on the right. 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost 

by 10% or more 

 

 

 

 Work environment 

improvement effect 

Effective 

 
 

 

Important point! 

If air flows into the tank in the cleaning machine, it will disperse the solvent vapor, leading to VOC emissions. 

 

Explanation 

[Measure (1): Eliminating the sources of airflow and changing the direction of airflow] 

The main sources of airflow are an open window, air conditioning, and electric fans. Installing the cleaning 

machine near a direct entrance from outdoors also makes it easier for the machine to catch airflow. 

Ideally, the sources of airflow into the cleaning tank should be eliminated, but when this is impractical from the 

viewpoint of maintaining a pleasant work environment, explore other means, such as changing the direction of 

airflow from air conditioning or other sources or relocating the cleaning tank. 

When you want to understand how air flows in the workshop, a smoke tester
*1

 comes in handy. Puffs of smoke 

generated from a smoke tester move along with the flow of air, allowing you to visualize the airflow. 

 

[Measure (2): Installing shielding or covering with a tarpaulin] 

To prevent air from flowing into the cleaning tank, it is also effective to install shielding or spreading a tarpaulin 

around the cleaning tank to eliminate the influence of airflow. 

Before taking any of these measures, it is recommended to use a smoke tester as mentioned above so that 

you can determine the size and installation location of the shielding or covering that are most effective for 

blocking the airflow. 

 

Benefits 

By reducing the amount of VOCs evaporating from the cleaning tank, you can reduce the use of the detergent and 

consequently save costs. 

Estimates show that reducing the airflow around the cleaning tank from 1.65 m/sec to 0.25 m/sec will result in a 

cost reduction of about 27,000 yen/month, and if the airflow drops to 0 m/sec, the cost savings will reach about 

44,000 yen/month (see Reference [1] in the footnote). 

 

Notes 

・VOC emission reduction effects that you can achieve vary depending on the conditions, such as the size of the 

workroom, the size and location of the air inlets, and the airflow rate. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

(1) (2) 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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References: [1] Takashi Numano, New Easy Lessons for the Design of Local Exhaust Ventilation (2005), published by Japan Industrial 

Safety & Health Association, Edition 5. 

[2] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., Ltd., Manual for 

Voluntary Efforts in Industrial Cleaning (March 2007). 

III 
Metal Degreasing/Cleaning 

IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   222---888   

   

PPPrrreeevvveeennntttiiinnnggg   EEExxxccceeessssssiiivvveee   SSSuuuccctttiiiooonnn   

bbbyyy   LLLooocccaaalll   EEExxxhhhaaauuusssttt   VVVeeennntttiiilllaaatttiiiooonnn   

 VOC reduction effect 

10−50% 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost 

by 10−50% 

 

 

 

 Work environment 

improvement effect 

Effective 

 

 

 

 

Important point! 

The amount of evaporated solvent depends largely on the air velocity created by local exhaust ventilation. You 

can reduce VOCs emission losses by optimizing air velocity. 

 

Explanation 

If the air velocity generated by local exhaust ventilation is excessively high, the airflow will disturb the detergent 

vapor inside the cleaning tank, causing the detergent vapor to be exhausted more than required. This contributes to 

increasing VOC emissions. 

 

[Measure (1): Lowering air velocity within the legally permitted range] 

When the controlled air velocity for local exhaust ventilation is excessively higher than that required by law, 

consider lowering it to the extent that it does not fall below the legally required level. 

The air velocity can be lowered by slowing down the rotating speed of fans, and installing and adjusting 

dampers. 

 

<Air velocity required by the Ordinance on Prevention of Organic Solvent Poisoning> 

0.4 m/sec

0.5 m/sec 1.0 m/sec 0.5 m/sec

0.4 m/sec

0.5 m/sec 1.0 m/sec 0.5 m/sec  
(Source: Prepared based on Reference [1] in the footnote and Article 16, paragraph 1 of the Ordinance on 
Prevention of Organic Solvent Poisoning) 

 

[Measure (2): Changing the position of the suction port for local exhaust ventilation] 

When the suction port of the local exhaust ventilation system is close to the detergent surface, more solvent 

evaporates. 

Raise the position of the suction port if it is too low. 

 

Benefits 

By reducing the volatilization of the detergent through the optimization of air velocity for local exhaust ventilation, 

you can reduce the use of the detergent and consequently save costs. 

Estimates show that reducing air velocity for local exhaust ventilation from 0.8 m/sec to 0.4 m/sec will result in a 

cost reduction of about 22,000 yen/month (see Reference [2] in the footnote). 

 

Notes 

・In contrast to the above, if the air velocity is too low, the work environment will worsen. You should optimize the air 

velocity so that it will not be too high or too low. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Surrounding 
type hood 

Outside mounting hood 
(Lateral direction sucking) 

Outside mounting hood 
(Upward sucking) 

Outside mounting hood 
(Downward sucking) 
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References: [1] Japan Association for Hygiene of Chlorocarbon Solvents, Handbook for Properly Using Chlorocarbons (2000). 

[2] Takashi Deo, Reducing the Use of Chlorine-Based Solvents (Part II), Junkatsu Keizai (May 1997 issue). 
[3] Japan Industrial Conference on Cleaning, Notebook for Better Using Detergents and Cleaning Machines (October 2014). 
[4] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., Ltd., Manual for 

Voluntary Efforts in Industrial Cleaning (March 2007). 
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SSSeeecccuuurrriiinnnggg   ttthhheee   FFFrrreeeeeebbboooaaarrrddd   RRRaaatttiiiooo   

 VOC reduction effect 

20% or more 

 

 

 

 Initial cost 

Up to 1M yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by 20% or 

more 

 

 

 

 Work environment 

improvement effect 

Effective 

 

 

 

 

Important point! 

When the freeboard ratio
*
 is low, the solvent gas inside the cleaning tank is more likely to be disturbed, increasing 

the amount of gas emitted from the cleaning tank. By achieving a higher freeboard ratio, you can reduce 

volatilization losses of the solvent. 

 

Explanation 

[Measure: Making the freeboard ratio as high as possible] 

If the space allows you to increase the freeboard height, raise the wall of the cleaning tank and achieve a 

higher freeboard ratio by using the table below as a guide. If the higher wall makes it harder for workers to 

perform the cleaning operation, build a platform. 

 

           <Freeboard ratio> 

フリーボード比＝b／a

a

蒸気レベル

a

蒸気レベル

b

フ
リ
ー
ボ
ー
ド

フリーボード比＝b／a

a

蒸気レベル

a

蒸気レベル

b

フ
リ
ー
ボ
ー
ド

a

蒸気レベル

a

蒸気レベル

b

フ
リ
ー
ボ
ー
ド

 
*Freeboard ratio: It is the ratio of the height from the solvent 

surface to the top of the cleaning tank, b, to the 
shorter of width or length of the opening of the 
cleaning tank, a, and is expressed as "b/a." For 
the vapor cleaning tank, b is the height from the 
interface between the vapor and air layers to 
the top of the cleaning tank. 

(Source: Reference [1] in the footnote) 

   <Example of measurement results> 

フリーボード高さ[mm]

ロ
ス
量

[k
g
/h

r･
m

2
]

○：測定値（小型モデル装置）
□：測定値（実装置）

フリーボード高さ[mm]

ロ
ス
量

[k
g
/h

r･
m

2
]

○：測定値（小型モデル装置）
□：測定値（実装置）

 
Measuring conditions: No load (during 

idle time), 
Cooling water temperature at 

approx. 20°C, 
Surrounding type local 

exhaust ventilation system 
(Source: Reference [2] in the footnote) 

 
<Guidelines for the adequate freeboard ratio> 

Solvent 
Adequate freeboard 

ratio 

Detergents with high boiling points (trichloroethylene, tetrachloroethylene, and 
trichloroethane) 

0.8−1.0 

Detergents with low boiling points (dichloromethane, chlorofluorocarbons, etc.) 1.0−1.2 

Fluorine-based, silicone-based, and bromine-based detergents, etc. 1.2−1.5 

(Source: Reference [3] in the footnote) 

 

Benefits 

By reducing the evaporation of detergent through a higher freeboard ratio, you can reduce the use of detergent 

and consequently save costs. 

Estimates show that reducing the freeboard ratio from 1.13 to 1.43 will result in a cost reduction of about 1,000 

yen/month (see Reference [4] in the footnote). 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

F
re

e
b
o
a
rd

 

Vapor level 

Freeboard ratio = b/a 

○: Measured value (compact 

model machine) 
□: Measured value (actual 
machine) 

L
o
s
s
e
s
 [k

g
/h

rU
∙m

2] 

Freeboard height [mm] 
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Reference: [1] Takashi Deo, Reducing the Use of Chlorine-Based Solvents (Part III), Junkatsu Keizai (June 1997 issue). 
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RRReeeddduuuccciiinnnggg   ttthhheee   LLLiiiffftttiiinnnggg   SSSpppeeeeeeddd   ooofff   

ttthhheee   CCCllleeeaaannneeeddd   OOObbbjjjeeecccttt   

 VOC reduction effect 

Up to 20% 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by up to 

20% 

 

 

 

 Work environment 

improvement effect 

Effective 

 

 

 

 

Important point! 

When the objects to be cleaned are loaded into and unloaded from the cleaning tank too quickly, solvent vapors 

spread outside the tank, leading to the emission of VOCs. You can prevent losses by slowly lifting the cleaned 

objects. 

 

Explanation 

In a manual cleaning machine, lifting the cleaned objects too quickly will spread the air containing solvent gas 

outside the cleaning tank and disturb the vapor zone inside the cleaning tank, contributing to the increase in solvent 

emissions. 

 

[Measure: Lifting the cleaned object more slowly] 

When the cleaned objects are manually lifted quickly, the lifting speed is around 30 cm/sec. Reduce the speed 

to about 5 cm/sec. 

 
  <Example of changes in the gas concentration immediately above the cleaning tank for different lifting speeds> 

(Compact open-topped cleaning machine, cleaning objects weighing 5.1 kg, using dichloromethane as 
detergent, with cooling water at approx. 15°C) 

乱れが大きくなり、
濃度は高く、影響が後まで残る

[移動速度＝5 cm/sec]

[移動速度＝30 cm/sec]

経過時間（sec）

経過時間（sec）

ドゥエル

ドゥエル

槽外引き上げ（■）

槽外引き上げ（■）

排
ガ
ス
濃
度
（
p
p
m
）

排
ガ
ス
濃
度
（
p
p
m
）

400

300

200

100

0
0 5 10 15 20 25 30 35 40 45

400

300

200

100

0
0 5 10 15 20 25 30 35 40 45

乱れが大きくなり、
濃度は高く、影響が後まで残る

[移動速度＝5 cm/sec]

[移動速度＝30 cm/sec]

経過時間（sec）

経過時間（sec）

ドゥエル

ドゥエル

槽外引き上げ（■）

槽外引き上げ（■）

排
ガ
ス
濃
度
（
p
p
m
）

排
ガ
ス
濃
度
（
p
p
m
）

400

300

200

100

0
0 5 10 15 20 25 30 35 40 45

400

300

200

100

0
0 5 10 15 20 25 30 35 40 45

 

(Source: Reference [1] in the footnote) 

 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lifting 
speed 

E
x
h
a
u
s
t g

a
s
 

c
o
n
c
e
n
tra

tio
n
 (p

p
m

) 

Elapsed time 
Dwell Unloaded from 

the tank 

Lifting 
speed 

E
x
h
a
u
s
t g

a
s
 

c
o
n
c
e
n
tra

tio
n
 (p

p
m

) 

Dwell Unloaded 
from the tank 

Elapsed time 

The vapor zone was largely disturbed and 

the gas concentration remained high over 

an extended period of time. 
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References: [1] Takashi Deo, Reducing the Use of Chlorine-Based Solvents (Part II), Junkatsu Keizai (May 1997 issue). 
[2] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., 
Ltd., Manual for Voluntary Efforts in Industrial Cleaning (March 2007). 
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DDDwwweeellllll   TTTiiimmmeee   aaafffttteeerrr   VVVaaapppooorrr   CCCllleeeaaannniiinnnggg   

 VOC reduction effect 

5−20% 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by up to 20% 

 

 

 

 Work environment 

improvement effect 

Less effective to 

effective 

 

 

 

 

Important point! 

You can reduce the amount of detergent dragged out of the cleaning tank by letting the cleaned objects stand for a 

while above the vapor zone, instead of lifting them all at once, to allow the residual detergent on them to evaporate. 

 

Explanation 

To dwell means leaving the cleaned object to dry above the vapor zone. After finishing vapor cleaning, let the 

cleaned objects dwell for a while in the area between the top of the vapor zone and the top of the cooling coil, as 

shown in the drawing below. The recommended dwell position is where the bottom of the basket containing the 

cleaned objects is approximately 10 cm above the top of the vapor zone. 

Allow a sufficient dwell time (at least 30 seconds) to let all the residual detergent on the cleaned objects to 

evaporate. If a long dwell time cannot be secured due to manual operation, consider modifying the machine or 

automating the operation. 

 

ヒーター

約5（～10）cm

余裕分
冷却管

（良い例）

ヒーター

蒸気上端面

（より好ましい例）
冷却管がフリーボードの
高さいっぱいまで付設

ヒーター

被洗浄物

（悪い例）

カゴ

ヒーター

約5（～10）cm

余裕分
冷却管

（良い例）

ヒーター

蒸気上端面

（より好ましい例）
冷却管がフリーボードの
高さいっぱいまで付設

ヒーター

被洗浄物

（悪い例）

カゴ

 
(Source: Reference [1] in the footnote) 

 

Benefits 

By letting the cleaned objects dwell long enough by an appropriate method to limit the evaporation of the 

detergent, you can reduce the use of the detergent and consequently save costs. 

Estimates show that a dwell time of 30 seconds using an appropriate method will result in a cost reduction of 

about 14,000 yen/month, when compared with the case involving zero dwell time (see Reference [2] in the footnote). 

 

Related section 

・Also see "2-5 Planning the Placement of the Object to Be Cleaned." 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Extra cooling coils 

Approx. 5 
(to 10) cm 

Heater 

(Good example) 

Top of the 

vapor zone 

Heater 

(Better example) 
Cooling coils are installed 
as high as the top of the 

freeboard area. 

Basket 

Cleaned 
objects 

Heater 

(Poor example) 
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References: [1] Japan Association for Hygiene of Chlorocarbon Solvents, Chlorine-Based Solvents are Useful: The Sequel (2005). 

[2] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., Ltd., Manual for 
Voluntary Efforts in Industrial Cleaning (March 2007). 
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IIInnnssstttaaalllllliiinnnggg   LLLiiiddd   aaannnddd   PPPaaarrrtttiiiaaalll   CCCooovvveeerrr   

 VOC reduction effect 

10−50% 

 

 
 

 Initial cost 

10,000−100,000 yen for 

(1) and (2) 

Approx. 500,000 for (3) 

 

 

 

The numbers (1) to (3) 

above correspond to the 

numbers of the measures 

explained on the right. 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Running cost 

(material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by 10−50% 

 

 

 

 Work environment 

improvement effect 

Effective 

 

 

 

 

Important point! 

Fitting a lid over the cleaning tank prevents solvent vapors from spreading out of the cleaning tank. By doing so, 

you can reduce the leakage of solvent vapors from the cleaning tank. 

 

Explanation 

[Measure (1): Covering the tank with the lid while not in operation] 

Close the opening of the cleaning tank with a highly airtight lid while the cleaning operation is not conducted. 

Ensure that the position of the lid is below the inlet of the local exhaust ventilation system. 

 
(Source: Reference [1] in the footnote) 

[Measure (2): Installing a partial cover or reducing the exposed surface of the detergent] 

If the top of the cleaning tank cannot be fully covered due to constraints associated with the cleaning operation 

or the structure of the machine, use boards or the like as partial covering to reduce the open surface and limit the 

airflow into the cleaning tank. Minimizing the exposed surface of the detergent also contribute to reducing VOC 

emissions. 

[Measure (3): Retrofitting a lid that automatically opens/closes] 

For a cleaning machine equipped with an automatic transfer mechanism, consider retrofitting a sliding shutter 

that automatically opens whenever the cleaned objects are loaded into or unloaded from the cleaning tank. The 

installation will cost about 500,000 yen. 

 

Benefits 

By placing the lid over the cleaning tank to reduce the evaporation of the detergent, you can reduce the use of the 

detergent and consequently save costs. 

Estimates show that installing the lid will result in a cost reduction of about 15,000/month (see Reference [2] in the 

footnote). 

 

Notes 

・Opening and closing the lid causes the vapor of the detergent to move inside the cleaning tank. Therefore, 

opening and closing the lid frequently may reverse the expected effect. 

・You can use a smoke tester to find how the gas inside the cleaning tank moves as the lid is opened and closed. 

・Before implementing Measure (1), it is recommended to check whether the position of the lid is appropriate, in 

particular, if the cleaning machine has been retrofitted with additional cooling coils. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

(1)(2) (3) 

The gas inside the 
cleaning tank is not 
sucked. 

The gas inside 
the cleaning 
tank is sucked. 
 

Airflow is 
generated to 
suck the 
solvent gas 
from the 
cleaning tank 
through the 
exhaust duct. 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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RRReeeddduuuccciiinnnggg   VVVooolllaaatttiiillliiizzzaaatttiiiooonnn   ooofff   

DDDeeettteeerrrgggeeennnttt   ddduuurrriiinnnggg   SSStttooorrraaagggeee   

 VOC reduction effect 

Up to 5 % 

 

 

 

 Initial cost 

Up to 10,000 yen 

 

 

 

 Running cost 

(operating cost) 

No change 

 

 

 

 Work environment 

improvement effect 

Less effective 

 

 

 

 

Important point! 

You can reduce VOC emissions from detergent containers only by keeping them closed with lids/caps whenever 

possible. 

 

Explanation 

To reduce VOC emissions, it is essential to manage not only the cleaning processes but also the storage of the 

detergents. 

対策①

対策②

対策③

対策①

対策②

対策③
 

[Measure (1): Keeping the lids/caps of the detergent cans and containers closed whenever possible] 

To prevent VOCs from evaporating, keep the lids/caps of the cans and containers filled with detergents tightly 

closed unless they need to be opened for use. 

 

[Measure (2): Checking the containers and their lids/caps] 

The containers in which detergents are kept must be made of robust materials to ensure that the content will 

not leak due to damage to the container or unexpected opening of the lid/cap. Be aware that some solvents may 

swell and break plastic containers. 

 

[Measure (3): Checking the location of the container storage area] 

When detergents are stored outdoors, roof the storage area. If building a roof in impractical, protect the 

containers from direct sunlight and rain by covering them or otherwise. 

When detergents are stored indoors, keep them in a cool, dark place where ventilation is available. 

 

Notes 

・Preventing the leakage of detergent contributes to avoiding soil and underground contamination, in addition to 

reducing VOC emissions. 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 

 

Lid/cap 

Container 

Storage 
location 

Measure(1) 

Measure(2) 

Measure(3) 
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Reference: [1] Japan Industrial Conference on Cleaning, Notebook for Better Using Detergents and Cleaning Machines (October 2014). 
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IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   333---000   

   

RRReeevvviiieeewwwiiinnnggg   DDDeeettteeerrrgggeeennntttsss   (((OOOvvveeerrrvvviiieeewww)))   

[[[NNNeeewww]]]   

 VOC reduction effect 

￣ 

 

 

 

 Initial cost 

￣ 

 

 

 

 Running cost 

￣ 

 

 

 

 Work environment 

improvement effect 

￣ 

 

 

 

 

Important point! 

You can reduce VOC emissions by using VOC-free detergents or detergents from which VOCs are less likely to evaporate. 

 

Explanation 

The detergents used for metal degreasing/cleaning can be divided into three types: aqueous detergents, which are primarily made of 

water; non-aqueous detergents, which are primarily made of solvents (chlorine-based, hydrocarbon-based, etc.); and semi-aqueous 

detergents, which are a mixture of water and solvents. 

If your plant uses chlorine-based detergents, consider switching to hydrocarbon-based products, which have higher boiling points and 

are less likely to evaporate, or to aqueous products, which contain little VOCs. 

 

<Major detergents and their characteristics> 

Type Major characteristics 
Major cleaning applications 

(techniques) 

Non-aqueous 

Chlorine-based 

・ Non-flammable 

・ Strong degreasing capacity 

・ Low in viscosity and surface tension, and high 

in penetration power 

・ Easy to recover waste liquid by distillation for 

reuse 

・ High vapor density 

・ Low mutual solubility with water 

・ Degreasing/cleaning of 

machined metallic 

components, 

electronic/electric equipment 

and precision components 

・ Immersion cleaning, vapor 

cleaning, ultrasonic cleaning 

Hydrocarbon-based 

・ Strong detergency for metalworking lubricant 

・ Easy to dry and leaves little residues 

・ Low in viscosity and surface tension, and high 

in penetration power 

・ Possible to recover waste liquid by distillation 

for reuse 

・ Available for immersion cleaning and vapor 

cleaning, enabling the user to build an efficient 

cleaning system 

・ Low corrosivity to metals and low likelihood of 

causing rusting 

・ Relatively easy to manage the liquid 

・ Waste detergent disposable as waste oil 

・ Flammable and needs careful handling 

・ Compliance with the Fire Services Act and the 

Ordinance on Prevention of Organic Solvent 

Poisoning required for some products 

・ Cleaning of mechanical 

components, electronic 

components, precision 

mechanical components, 

metallic materials, and optical 

components 

・ Cleaning after cutting, press, 

punching, rolling, grinding, and 

pretreatment for plating 

・ Cleaning of metalworking 

lubricants, waxes, and solder 

flux 

・ Ultrasonic cleaning, oscillation 

cleaning, jet cleaning, vapor 

cleaning 

Aqueous Aqueous 

・ In addition to alkaline, neutral and acid 

detergents containing surfactants, water 

(service water, pure water, ultrapure water, 

etc.) is used as a detergent. 

・ Non-flammable. Low toxicity 

・ Highly corrosive to metals 

・ Careful handling required for alkaline and acid 

detergents 

・ Cleaning of steel sheets, 

drawn wire, etc. after 

processing 

・ Cleaning during pretreatment 

for plating and metal coating 

・ Cleaning of machined metallic 

components 

・ Cleaning of precision 

components, aluminum 

components, etc. to remove 

metalworking lubricant 

Other than the above, non-aqueous detergents may be alcohol-based, CFC-based, bromine-based, terpene-based, 

silicone-based non-aqueous, non-aqueous terpene-based, petroleum-based, ester-based, or ketone-based. 

(Source: Reference [1] in the footnote) 

 

Notes 

・Before switching to any aqueous or hydrocarbon-based detergent, its cleaning performance should be evaluated because such 

products provide less detergency than chlorine-based detergents. 

・Switching detergents may require modification of the cleaning system (machine). 

Lowest←1 2 3 4 5→Highest 

Lowest←1 2 3 4 5→Highest 

 

Lowest←1   2   3→Highest 

 

Lowest←1   2   3→Highest 
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Reference: [1] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., Ltd., Manual for Voluntary Efforts in 

Industrial Cleaning (March 2007) 
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IIImmmppprrrooovvviiinnnggg   OOOpppeeerrraaattt iiiooonnn   PPPrrroooccceeesssssseeesss///FFFaaaccciii lll iii ttt iiieeesss   333---111   

   

SSSwwwiiitttccchhhiiinnnggg   tttooo   HHHyyydddrrrooocccaaarrrbbbooonnn---BBBaaassseeeddd   

DDDeeettteeerrrgggeeennnttt   NNNeeewww   

 VOC reduction effect 

60% or more 

 

 

 

 Initial cost 

Up to 15 M yen 

 

 

 

 Running cost 

(operating cost) 

Up to 100,000 yen/month 

 

 

 

 Work environment 

improvement effect 

Highly effective 

 

 

 

 

Important point! 

You can reduce VOC emissions by switching to a hydrocarbon-based detergent with a high boiling point. 

Explanation 

Hydrocarbon-based detergents such as normal paraffin-based, isoparaffin-based, naphthene-based, or 

aromatics-based detergents contain VOCs; however, since they are less likely to evaporate than chlorine-based 

detergents, VOC emissions can be reduced. 

VOC emission reduction effects that can be achieved by switching chlorine-based detergents to 

hydrocarbon-based detergents vary depending on drying methods. Since vacuum vapor drying, which is most used 

in recent years, dries cleaned objects in an enclosed space, it is more effective in reducing VOC emissions than hot 

air drying. 

<Drying method> 

Drying method Description 

Hot air drying 

• Evaporate and dry detergents using hot air. 

• Since emission concentration is low and emissions are difficult to be collected, the 

whole amount of detergents dragged out by cleaned objects evaporates into the air 

during the drying process. Therefore, VOC emissions are large. 

Suction drying 

• Dry detergents sticking to cleaned objects by passing a large amount of air. 

• Detergents dragged out by cleaned objects are collected by a collection device; 

however, since the system is not completely airtight, some VOCs are emitted. 

Vacuum vapor 

heating + 

vacuum drying 

• Conduct vapor cleaning and drying in an enclosed vacuum space. When a vacuum level 

is high, detergents sticking to cleaned objects rapidly evaporate and dry. 

• Since the vacuum drying process is conducted in a completely enclosed space, VOC 

emissions are small. 

(Source: Reference [1] in the footnote) 

<Example of cost breakdown (degreasing/cleaning of machined mechanical components)> 

 Rough cleaning General cleaning Precision cleaning 

Cleaning Immersion oscillation X 2 Immersion ultrasound X 2 
Immersion 

ultrasound/shower 

Drying Hot air drying Hot air drying Vacuum vapor 

Others 

Distillation 

regeneration, 

explosionproof for 

increased safety, foam 

fire-extinguisher 

Distillation 

regeneration, 

explosionproof for 

increased safety, foam 

fire-extinguisher 

Distillation 

regeneration, 

explosionproof for 

increased safety, foam 

fire-extinguisher 

Initial cost (million yen) 8.3 11.8 13.5 

Running cost (yen/month) 35,000 81,000 60,000 

(Source: Reference [1] in the footnote) 

 

Notes 

• Since hydrocarbon-based detergents are flammable, explosionproof measures are necessary. 

• Before switching to any hydrocarbon-based detergent such as isoparaffin-based or naphthene-based detergent, its 

cleaning performance should be evaluated because such products provide less detergency than chlorine-based 

detergents. 

Related section 

• Also see “2-2 Checking before the Cleaning Operation.” 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1     2     3 → Highest 

 

Lowest ← 1     2     3 → Highest 
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Reference: [1] Ministry of the Environment, Japan Industrial Conference on Cleaning, and Asahi Research Center Co., Ltd., Manual for Voluntary Efforts in 

Industrial Cleaning (March 2007) 
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SSSwwwiiitttccchhhiiinnnggg   RRRaaawww   MMMaaattteeerrriiiaaalllsss   333---222      

   

SSSwwwiiitttccchhhiiinnnggg   tttooo   AAAqqquuueeeooouuusss   DDDeeettteeerrrgggeeennnttt   

 VOC reduction effect 

50% or more 

 

 

 

 Initial cost 

Up to 20 M yen 

 

 

 

 Running cost 

(operating cost) 

Up to 300,000 yen/month 

 

 

 

 Work environment 

improvement effect 

Highly effective 

 

 

 

 

Important point! 

You can reduce VOC emissions by switching a non-aqueous detergent (solvent) to an aqueous detergent. 

Explanation 

You can reduce VOC emissions by switching a non-aqueous detergent (containing solvents as its main 

component) to an aqueous detergent, which contains alkaline agents, surfactants, acid agents, or a mixture of 

alkaline agents and surfactants. However, since an aqueous detergent contains alcohol, a VOC, VOC emissions 

cannot be eliminated. 

Since oil used for metalworking is being changed to an aqueous agent in recent years, a number of occasions to 

switch to an aqueous detergent are increasing. 

Although a measure against waste water is necessary, some systems do not need a large waste water treatment 

system as shown below. 

<Waste water treatment system> 

System name Description 

Rinse water recycle 

system 

• The system distills and collects waste water produced during the rinse 

process using a distillation unit to reuse it as rinse water. 

Oil/water separation 

system 

• The system uses a larger reservoir tank in the detergent circulation line on a 

cleaning system to make detergents as still as possible, and separates 

mixed oil from waste water to get more life out of detergents. 

Non-rinse system 

• The system is used for rough cleaning and requires an oil/water separation 

system or cleaning filtering system to keep pollutants mixed in the 

detergents from redepositing on cleaned objects. 

(Source: Reference [1] in the footnote) 

<Example of cost breakdown (degreasing/cleaning of machined mechanical components)> 

 Rough cleaning General cleaning 
Precision cleaning 

(four tanks) 

Cleaning method 
Immersion ultrasound 

X 2 

Immersion ultrasound 

X 2 

Coalescer 

Immersion ultrasound 

X 3 

Film separation 

Drying method Hot air drying Hot air drying Vacuum vapor 

Initial cost (million yen) 5.5 9.5 17.5 

Running cost (yen/month) 53,000 143,000 229,000 

(Source: Reference [1] in the footnote) 

 

Notes 

• You can reduce VOC emissions; however, since the rinse process is necessary, costs for a pure water generation 

unit or waste water treatment equipment are incurred. 

• You must evaluate cleaning performance before introducing this system. 

Related section 

• Also see “2-2 Checking before the Cleaning Operation.” 

Lowest ← 1  2  3  4  5 → Highest 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1     2     3 → Highest 

 

Lowest ← 1     2     3 → Highest 
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Reference: [1] An extract and reprint from “VOC Navi” web tool for VOC emission reduction (New Energy and Industrial Technology Development 
Organization) * The tool has been suspended since October 2015; VOC Emission Control Guide –Basics to Practice and Evaluation–, a report 
from the Environmental Evaluation Subcommittee of the Tokyo Collaboration of Regional Entities for the Advancement of Technological 
Excellence, Development of Environmental Cleansing Technology that Supports Security and Safety of the City, (March 2013), Japan Science 
and Technology Agency, Tokyo Metropolitan Government, and Tokyo Metropolitan Industrial Technology Research Institute 
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IIInnntttrrroooddduuuccciiinnnggg   VVVOOOCCC   EEExxxhhhaaauuusssttt   TTTrrreeeaaatttmmmeeennnttt   SSSyyysssttteeemmm   444---111   

   

IIInnntttrrroooddduuuccciiinnnggg   EEExxxhhhaaauuusssttt   TTTrrreeeaaatttmmmeeennnttt   SSSyyysssttteeemmm   

(((AAAccctttiiivvvaaattteeeddd   CCCaaarrrbbbooonnn   FFFiiillltttrrraaatttiiiooonnn   SSSyyysssttteeemmm)))   

 VOC reduction effect 

70% or more 

 

 

 Initial cost 

3 M–30 M yen 

(See the examples on the right.) 

 

 

 

 Running cost 

(operating cost) 

210,000–300,000 yen/month 

(See the examples on the right.) 

 

 

 

 Running cost 

(Material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by 70% or more 

(In the case of reuse) 

 

 

 

 Work environment 

improvement effect 

No change 

 

 

 Newly required space 

1–10 m
2 

 

 

 

Important point! 

An activated carbon filtration system absorbs and collects volatilized VOCs such as 

dichloromethane to reduce costs as well as VOC emissions. 

Explanation 

Activated carbon filtration systems adsorb and remove solvent gases from exhaust passing through 

their activated carbon-filled filters and desorb them from the filters using vapor or other hot gases to 

collect solvents. The solvent collection rate of the system itself is no lower than 95%. 

Since repeated use of activated carbon will result in the deterioration of the adsorbing ability, you 

need to change filters periodically. 

<Examples of exhaust treatment system (activated carbon filtration system)> 

Examples 1 2 3 

Type 
Granular activated 

carbon 

Adsorbent 

exchanging 

Granular activated 

carbon 

Max. volume of exhaust air 

that can be treated (m
3
/min) 

1,000 100 60 

Footprint (m
2
) 10 6 12 

Initial cost 16 M yen 3 M yen 30 M yen 

Running cost 300,000 yen/month 300,000 yen/month 210,000 yen/month 

(Source: Reference [1] in the footnote) 
Note: Initial cost and running cost are for reference only. 

Benefits 

Collected detergents can be reused, leading to cost reduction. When trichloroethylene is used, the 

initial costs may be recovered in four to five years. Since hydrocarbon-based detergents are cheaper 

than trichloroethylene, the initial costs may be recovered in two to three years. 

 

Lowest ← 1  2  3  4  5 → Highest 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1     2     3 → Highest 

 

Lowest ← 1     2     3 → Highest 

 

Smallest← 1     2     3 →Largest 

Lowest ← 1     2     3 → Highest 
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Reference: [1] Bureau of Environment, the Tokyo Metropolitan Government, Verification Test Report for the Environmental Technology Verification Model 

Project, VOC treatment technology field, organochlorine degreaser (dichloromethane, etc.) treatment technology 
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IIInnntttrrroooddduuuccciiinnnggg   VVVOOOCCC   EEExxxhhhaaauuusssttt   TTTrrreeeaaatttmmmeeennnttt   SSSyyysssttteeemmm   444---222   

   

IIInnntttrrroooddduuuccciiinnnggg   EEExxxhhhaaauuusssttt   TTTrrreeeaaatttmmmeeennnttt   SSSyyysssttteeemmm   

(((CCCrrryyyooogggeeennniiiccc   CCCooonnndddeeennnsssaaatttiiiooonnn   RRReeecccooovvveeerrryyy   SSSyyysssttteeemmm)))   

 VOC reduction effect 

90% or more 

 

 

 Initial cost 

Up to 15 M yen 

 

 

 Running cost 

(operating cost) 

Approx. 150,000--200,000 

yen/month 

(for the vapor and power supply cooling 

unit in the examples on the right) 

 

 

 

 Running cost 

(Material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by 90% or more 

(In the case of reuse) 

 

 

 

 Work environment 

improvement effect 

No change 

 

 

 Newly required space 

1–10 m
2 

 

 

 

Important point! 

A cryogenic condensation recovery system condenses and collects volatilized VOCs such as dichloromethane to 

reduce costs as well as VOC emissions. 

Explanation 

The system is equipped with a cryogenic condenser to cool, liquefy, and collect solvent gas. Some types of the 

system pressurize the sucked solvent gas to improve the collection rate. The system is used to collect organic 

solvents such as chlorinated (dichloromethane and trichloroethylene), fluorine-based, bromine-based, and 

alcohol-based solvents. 

A system that uses activated carbon to improve the collection rate by collecting unliquefied solvent gas is also 

available. 

<Pressurized cryogenic condensation recovery system> 

 

 

(1) Suck solvent gas from a cleaning tank. 

(2) Precool the sucked solvent gas to liquefy and 

condense it. 

(3) Pressurize the sucked solvent gas using a 

compressor to increase apparent 

concentration. 

(4) Liquefy and condense the solvent gas using a 

water-cooled condenser (coolant). 

(5) Additionally liquefy and condense the residual 

gas using a cryogenic condenser. 

(6) The collected liquid can be reused as a solvent. 

(Source: Reference [1] in the footnote and materials provided by the manufacturer) 

<Example of a pressurized cryogenic condensation recovery system> 

Quality of 
collected liquid Less deteriorated 

Costs 

In a case where emission gas from a cleaning tank with a liquid surface area of less than 1.5 m2 is treated: 

[Initial costs] 

• Collection system: Base price: about 7 M yen 

(The size of the system depends on the liquid surface area of the cleaning tank.) 

• Water separator: about 360,000 yen 

• Coolant unit: about 400,000 yen (Unnecessary when coolant can be provided by another means) 

• Piping work: about 800,000–1.5 M yen 

[Running costs] 

• Vapor: 30 kg/hour 

• Electric power: 200V, 1.9 kW (Collection system) 

• Cooling unit: 4.2 kW; necessary amount: 7–15°C, 10 liters/min. 

* Some cryogenic condensation recovery systems adopt the normal pressure condensation method instead of the 

above. (The base price: 2 M yen or more) 

(Source: Materials provided by the manufacturer) 

Benefits 

Collected solvents can be reused, leading to cost reduction. According to the verification result of the 
Environmental Technology Verification Model Project by the Tokyo Metropolitan Government, the solvent collection 
rate is about 90%. 

 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1     2     3 → Highest 

 

Smallest← 1     2     3 →Largest 

 

Lowest ← 1     2     3 → Highest 

 

 

Lowest ← 1     2     3 → Highest 
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Reference: [1] Japan Association for Hygiene of Chlorinated Solvents, Handbook for Properly Using Chlorocarbons (2000) 
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IIInnntttrrroooddduuuccciiinnnggg   EEEnnnccclllooossseeeddd   CCCllleeeaaannniiinnnggg   

SSSyyysssttteeemmm   

 VOC reduction effect 

70% or more 

 

 

 Initial cost 

10 M yen or more 

 

 

 Running cost 

(operating cost) 

About 50,000 yen/month 

(See the example of 

power at the lower right.) 

 

 

 

 Running cost 

(Material purchase cost 

reduction effect) 

Reduction in detergent 

purchase cost by 70% or more 

 

 

 

 Work environment 

improvement effect 

Highly effective 

 

 

 

 Newly required space 

1–10 m
2 

 

 

 

 

 

Important point! 

Using an enclosed cleaning system will minimize emission losses of solvent gas. 

Explanation 

Enclosed cleaning systems clean objects in an enclosed space in the cleaning unit. Emission 

reduction effects that can be achieved by newly introducing this system are usually around 70--80%. 

Completely airtight systems among them, which are available on the market, can reduce VOC 

emissions by 90% or more. 

 

<Enclosed cleaning system> 

 

(Source: Reference [1] in the footnote) 

[Process] 

(1) Carry objects to be cleaned in → (2) Vacuum immersion cleaning (ultrasonic, 

heating) → (3) Vacuum vapor cleaning or distillation regeneration liquid shower 

cleaning → (4) Vacuum drying → (5) Carry cleaned objects out 

Benefits 
You can reduce solvent losses, leading to cost reduction. Automatic machine processes instead of 

manual processes will improve workability. The odor in your workplace will be removed. 

<A case of introducing an enclosed cleaning machine (a plating company in the Tokyo Metropolitan area)> 

Before The use of trichloroethylene 1,000 kg/month 200,000 yen/month 
↓ ↓ (Switching solvent) ↓ (Significantly reduced)  

After The use of dichloromethane 120 kg/month 24,000 yen/month 

* Calculated assuming that trichloroethylene is 200 yen/kg and dichloromethane is 200 yen/kg 

 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1  2  3  4  5 → Highest 

 

Lowest ← 1     2     3 → Highest 

 

Smallest← 1     2     3 →Largest 

 

Lowest ← 1     2     3 → Highest 

 

 

Lowest ← 1     2     3 → Highest 
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cryogenic condensation recovery system (exhaust 

treatment) ·················································· 82 
 

current VOC emission status ························· 63 R 

 reducing airflow ··········································· 71 

D rinse water recycle system ···························· 80 

detecting leakage ········································ 65 robustness of containers and their lids ············· 77 
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 T 

F tight closing of the lids of containers ·················· 77 

freeboard ratio ············································ 73 timing for changing the detergent ···················· 70 

 
Tokyo Metropolitan Government VOC control advisor 
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 vapor cleaning ············································ 75 
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