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Annex 1.1

Flow chart “Brake cleaning in auto repair shops”: an example of substitution in practice

Using an example of substitution in practice, this annex demonstrates how the TRGS can be applied to a concrete substitution feasibility assessment.  This example does not aim to be exhaustive or to comprehensively and exclusively describe all possible options or the weighting of criteria on which a decision for one or the other option might be based.  However, it shows clearly the sequence of the steps in the assessment and the considerations that are fundamental to reaching a decision.

Preliminary Note

According to research by occupational insurance bodies/mandatory occupational insurance associations for the metal industry (Metallberufsgenossenschaften), most automobile maintenance businesses currently employ low-boiling white spirits that are free of aromatic  for the cleaning of brakes.

Most of these products fall into the category of highly flammable (flash point < 21° C) or extremely flammable (flash point < 0°C). Due to their favourable cleaning properties – rapid and residue-free cleaning – they are used in many businesses.

Risk assessment of the existing method:

Cleaning with volatile solvents

	Health-related risk

Release of solvents into the air in the workplace, five 400 ml pressure gas containers per layer

Skin contact with degreasing solvents



	Risks from physicochemical properties
(here, risk of fire and explosion)
Risk  of explosion from highly and extremely flammable solvents
Fire hazard from cleaning rags and solvent sludge

	Environment: (not covered by the GefStoffV but operationally relevant)

Emission of solvents into the environment


	Other dangers: (not covered by the GefStoffV but operationally relevant)



	Decision: There is a health- and safety-related risk. A substitute should be sought.




Substitution assessment


Determination of substitution options (Number 3 TRGS 600)

There is no single  standard activity-specific or branch-specific substitution option as defined by Number 3.2 (1)-(2) of this TRGS.

The following options could considered as possible substitutes for volatile solvents: 

Changing the work process

· mechanical cleaning with brushes and compressed air

· mobile water-based cleaning system (hot washer for brakes)

Use of substitutes

· Brake cleaner, low volatility, containing hydrocarbons, FP > 55°C, refillable pressurised dispenser, compressed air as propellant

Mechanical cleaning with brushes and compressed air leads to high dust exposure and insufficient cleaning results. This alternative will be listed and described in the table for the sake of completion only.

Criteria for the consideration of existing risks and possible future risks (Numbers 4 and 5.2 TRGS 600)

The criteria from Number 4 of the TRGS or the column model from Number 5 may selected and employed here. The potency factor model may also be used for substances that are difficult to evaluate in terms of their health risks. In this example case, only a few options have been identified during the substitution feasibility assessment and a formal “preliminary selection“ with the help of a rough matrix using the criteria from Number 4 of the TRGS is thus not necessary in this case.

Other risk factors apart from those related to substances have to be taken into account in accordance with the Industrial Safety Act. The considerations in the “environmental risk“ line do not result from the specifications of the Hazardous Substances Ordinance, but are relevant to operational decisions and have therefore been included in the table.

Promising most promising options should be checked and the results should be recorded.
	RISKS 
	Current 
method/practice
	Alternative 1 
	Alternative 2
	Alternative 3 



	Designation (Substance or Process )
	Volatile brake cleaning agents
	Brake cleaning agents with low volatility
	Brush and compressed air
	Hot washer for brakes

	Characterisation
	Hydrocarbon cleaning agent,
flash point < 21°C, 
propellant gas: 
propane/butane
	Hydrocarbon cleaning agent, 
flash point > 55°C 
propellant gas:
compressed air
	Manual
mechanical
cleaning
	Hot water system (low pressure) as means of cleaning

	Health-related risk from dermal and inhalation exposure


	Inhalation exposure from hydrocarbon vapours and aerosols, 

five 400 ml pressure gas containers per layer.

Skin contact with degreasing solvents.
	Inhalation exposure from hydrocarbon vapours and aerosols (lower exposure than with volatile cleaning agents), the dermal exposure (degreasing) is higher than with volatile agents. 
	No cleaning agents labelled as hazardous are employed, but large amounts of harmful fibre dust are released. 
	No hazardous substances are employed. 

Brake dust is combined/bound?????.

Low skin contact.

	Risk from physico-chemical properties (here, fire and explosion hazards)


	Risk of fire and explosion from highly or extremely flammable solvents and propellant gas


	Risk of fire and explosion from flammable solvents, lower than with FP < 21°C.

Fire risk from cleaning cloths and solvent residue
	None
	None

	Environmental risk
(not covered by the GefStoffV, but operationally relevant)
	Emission of solvents into the environment


	Lower emission of solvents into the environment than with 
FP < 21°C. Collection container necessary


	Extraction and specialist disposal of fibre dust is required
	Waste water treatment is required

	Other risks:

(not covered by the GefStoffV, but operationally relevant)
	
	
	Noise 
(compressed air)
	Steam, hot water, danger of scalding from manual handling.




	RISKS
	Current 
method/practice
	Alternative 1 
	Alternative 2
	Alternative 3 

	Decision
	High risk from vapours and aerosols with volatile hydrocarbons
	Lower risk from hydrocarbons than with the current method
	High risk of inhalation of fibre dust
	No expectation of risk from hazardous substances


Selection of criteria for technical suitability (Number 5.1)

Assess promising options in accordance with  the selected relevant criteria and record the results, taking operational specifics and the process chain into consideration.

(Checking of important technical parameters, checking the possibility of foregoing certain properties, possible new qualification requirements or space needs)

	TECHNICAL
ASSESSMENT
	Current
method/practice
	Alternative 1 
	Alternative 2
	Alternative 3 



	Designation
	Volatile brake cleaning agents
	Brake cleaning agents with low volatility
	Brush and compressed air
	Hot washer for brakes

	Technical specification:

Clean, dry brakes achieved?
	Yes
	Yes, but longer drying time than with FP < 21°C
	Yes, but poor cleaning result with oily soils
	Yes, organizational changes are required

	Suitability in the process chain

In particular:

Manufacturer’s specifications for brake cleaning
	Suitable
	Suitable
	Limited
	Suitable

	Feasible in the current working space? 
	No, special explosion-proof area required! (BGR 157)
	Yes, but catch basin necessary
	Yes
	Yes

	Comments


	
	Residue from cleaning agents remains longer on the vehicle and in the working space
	
	More complex handling required (catch basin, electrical connection, …)

	Decision
	Technically suitable but special area required
	Technically suitable
	Conditionally suitable
	Technically suitable


Criteria for the implementation of substitution (Number 5.3 and Annex 3 TRGS 600)

Factors to consider for the operational use of substitution alternatives

For the methods which would still come into consideration, all factors from Annex 3 are considered and applicable subsections completed. A qualitative rating of the substitute’s effect as very positive (++), positive (+), negative (-), very negative (--) or neutral (0) is documented. When there is a range of possible substitution options, the table may be expanded or repeated. Relevant figures may be described in separate documents.

Tabular comparison of substitution alternatives for volatile brake cleaning agents

	Factors
	Change with the substitute

	
	++/+/0/-/-- 
	++/+/0/-/--
	Comments

	
	Hot washer for brakes
	Brake cleaning agents with low volatility
	

	Material costs
	++

lower material costs
	0

higher use of materials
	

	Capital expenditures

Investment costs

Energy costs


	--

-

approx. 3,000 €, would be nearly offset by long-term lower material costs
	-

0

Catch basin

(approx. 300 €)

Refill station

(approx. xxx €)
	The overall costs are strongly dependent on the number of daily (monthly/yearly) cleaning procedures performed. The higher this number, the lower are the cost disadvantages of the brake hot washer as compared to the volatile brake cleaning agent. 

	Labour costs


	-

20% longer working time

corresponding to 2 min. per procedure with 20 procedures a day
	0
	

	Technical protective measures

Ventilation measures

Fire/explosion protection
	+

+
	+

+
	

	Personal protective measures
	+
	+
	

	Occupational health precautions
	0
	0
	

	Workplace measurements
	+
	+
	

	Transport costs

Freight tariffs, packaging …
	0
	0
	

	Storage costs
	+
	0
	

	Disposal costs

Recycling, waste water, exhaust air
	?

Clarify disposal of waster water
	+
	No more accumulation of empty spray cans

	Organisational costs
	0
	0
	Labour costs vs. organisational costs?

	Insurance costs
	0
	0
	

	Reduction of risk
(not to be described in terms of costs)
	+
	+
	

	Further factors (company-related factors, not to be described in terms of costs)

- corporate image
	+
	+
	

	- satisfaction of personnel
	0
	0
	

	- sustainability/planning reliability
	+
	0
	

	-
	
	
	

	Further relevant factors

when required, please complete with respect to the company and the individual case
	
	
	

	Concluding Evaluation:

Short-term solution:

Replacement of the currently used hydrocarbon cleaning agent (FP < 21°C, propellant gas propane/butane) with hydrocarbon cleaning agent FP > 55°C, propellant gas compressed air.

Medium-term solution (one year): 

Checking whether a hot washer for brakes can be acquired

- clarification of waste water disposal

- comparison of costs independent of procedure frequency

In the short term, the substance that has been used to date shall be replaced by a substance with a lower flash point, as this is easy to implement and requires only a low investment cost. In the medium-term (1 year), after clarification of the question of waste water disposal and the evaluation of economic efficiency, the possibility of a hot washer for brakes should again be checked. If the issues are positively resolved, then this substitution option should be implemented, particularly in view of the  risk reduction and the long-term planning reliability. 
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