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Introduction

Pier-Jan Hettema

• Chemical Engineer – TU Eindhoven – Netherlands
• 14 years operations – Dupont, Shin-Etsu
• 5+ year consultant in Reliability Engineering and Process Safety
• 10 years Process Safety Expert – ADM, dsm-firmenich

• EPSC Board member since 2021
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Innovators in nutrition, health and beauty
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Perfumery 
& Beauty

Taste, Texture 
& Health

Health, Nutrition 
& Care

Animal Nutrition 
& Health



Three dynamic markets, two iconic names, one foundational purpose
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dsm-firmenich: we bring progress to life 
We’re a trusted partner to global 
companies operating in high-growth and 
resilient markets. We’re innovators in 
nutrition, health, and beauty

~30,000
passionate, talented, 
and diverse people in 
our global team

150+ years 
of combined scientific 
discovery and 
innovation heritage

€12+ bn 
combined revenue



History of CHEF tool @ dsm-firmenich
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• Ken First retires at DOW – RAST is donated to EPSC and CCPS
• 2017 RAST introduction into EPSC
• EPSC work group (Dow, BASF, Dupont, DSM, …)
• Aware of CHEF -> same formulas but simplified -> better fit

• Focus on CHEF as supporting tool
• Internal training in technical background and use of CHEF 
• Mandatory now for HAZOP and OBRA scenarios

CHEF Calculation Aid
Chemical Hazard Engineering Fundamentals



The tool
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Excel V4.3 via CCPS →



Source models
⚫ Airborne quantity: hole size, flow rate, etc.
Dispersions
⚫ Outdoor: 3D and 1,5F weather models
⚫ Indoor: Volume, air exchange rate
Explosions
⚫ VCE, headspace explosion: BST model (Baker-Strehlow-Tang)
⚫ Physical explosion, condensed phase: simple TNT model
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Models



➢ Flash (or Jet) Fire 
Exposure to flammable cloud of concentration > 0.5 * LEL

➢ Building or Headspace Explosion
Indoor/inside average concentration exceeds LEL, else flashfire/fire ball

➢ (Physical) Explosion
Direct Blast Impact for humans: > 2.5 psi (200 mbar) overpressure
Building Impact: > 0.5 psi (30 mbar) overpressure

Vapor cloud explosion: Larger LOPC’s in combination with (medium or 
high) congestion of the area.

➢ Toxic Vapor Release (Indoor, Outdoor)
- On-site exposure to > ERPG-3 concentration (> 2 * ERPG-3 @ an 

occupied building).
- On-site exposure to a toxic vapor cloud > 5 * ERPG-3 concentration 

(direct ops personnel)
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Dsm-firmenich Threshold Limits



Affected number of people

People affected = Occupancy x vulnerability factor

explosion pressure @ human
200 mbar = 0 %
500 mbar = 100%
explosion pressure @ building
30 mbar = 0 %
300 mbar = 100%
toxic concentration
ERPG-3 = 0%
5 times ERPG-3 = 100%
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CHEF Training



Demo
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CHEF tool



 August 4, 2020

 2750 tons of stored ammonium nitrate in the harbor

 Ignited by an adjacent warehouse fire

 Biggest non-nuclear explosion of the 21st century

 220 fatalities

 6500 injured

 250.000-300.000 people got homeless

 3-5 Billion US$ damage
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Reference: https://www.researchgate.net/publication/263578419_Review_on_Thermal_Decomposition_of_Ammonium_Nitrate
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Ammonium nitrate

https://www.researchgate.net/publication/263578419_Review_on_Thermal_Decomposition_of_Ammonium_Nitrate


Area assessment





We bring progress to life™
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