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EXTENDED ABSTRACT

Air-Conditioning & Refrigeration Engineering Laboratory is the only organization in Japan that provides guidance
on risk assessment for ignition of refrigeration and air conditioning equipment, and is currently providing guidance
on risk assessment of A3 refrigerants for the Chiller Risk Assessment Working Group 3.

The methodology of risk assessment for higher or lower flammability refrigerants by the Japan Refrigeration and

Air Conditioning Industry Association (JRAIA) is explained. Risk assessment is carried out in the following steps.

1) Select representative model of target equipment and clarify specifications

- Determine the structure, capacity, and refrigerant charge of the target equipment based on survey results.
Investigate and determine the number of target equipment in use.

- Clarify the installation environment and determine all life stages.

- Investigate the refrigerant leak probability during usage. The refrigerant leak probability from shipment to
installation is the same as conventional units. When repairing or removing, it is set based on human error.

- Set the tolerable value. For safety reasons, all ignition accidents are assumed to be fatal accidents, and the tolerable
value for the probability of accident occurrence is set to 1078 cases/unit/year or less from the R-MAP. From this,
the ignition accident occurrence level is set to once in 100 years for the number of units in use.

2) Clarification of scenario, quantification of ignition source and flammable volume-time integration

- Clarify the flammability classification (A3, A2L) of the target refrigerants and clarify the ignition sources for the
target flammability classification. Ignition sources for A3 and A2L refrigerants are set based on NEDO research
results and JRAIA’s survey results.

- Quantification of ignition scenario for each ignition source (conduct research as necessary)

- Carry out refrigerant leak analysis. Quantification of average flammable volume and duration of the flammable
region, the product of which is the flammable volume-time integration.

3) Creation of FTA, probability value allocation table, and calculation of ignition probability

- FTA (Fault Tree Analysis) is a method to analyze the cause of an accident and evaluate the occurrence probability.
Each item of FTA is set based on the scenario. The probability value allocation table is a table for calculating
values in FTA. The basis for setting the values for each item is also listed in it.

- Calculation formula for ignition probability P is as follows:

P=ExPxE, P=VY,
Temporal encounter probability:

T +7 Y Encountering probabilities between leaked

l+ Vv . . ..

[Usage] B =k-q1—|1————=| +,[Work] refrigerant and ignition sources are
24 calculated. taking into account work time.

probability, Ps: spatial encounter probability, Pi: temporal encounter probability, 7;: existence time of
ignition source, 7y: duration of flammable region, V: average flammable volume, V5: volume of space
4) Consideration of safety measures, clarification of operation rules
- Clarification of safety measures against each ignition source (clarification of scenarios in which the ignition probability
is reduced by safety measures)
- Quantification of the effectiveness of each safety measure (literature research, case studies, experiments are carried out
as necessary). Add safety measures until the ignition probability reach equal the tolerable value or lower.
[Examples of effectiveness of measures] Education/displays (fire warning signs, no smoking signs) --- 107,
alarms ---107!, portable leak detectors --- 1072, anti-static gloves --- 1072
- Creation of standards/guidelines based on risk assessment results.
- Public awareness activities of standards/guidelines.

[k: ignition source existence coefficient, #n: number of ignition source operations per day, P:: leak
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