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Disclaimer

These views and opinions are my own,
based on more than 30 years of
experience in chemical process
development, design, and operation, and
in chemical process safety. They do not
necessarily represent the views of any
organization with which I am affiliated.
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History of inherently safer design
concept

l Technologists have always tried to eliminate
hazards
n Robert Stevenson - early steam locomotives in 1820s
n In-situ manufacture of nitroglycerine in 1860s railroad

construction
n Alfred Nobel - dynamite

l Trevor Kletz, ICI, UK (1977)
n Named the concept
n Developed a set of design principles for the chemical

industry
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What is inherently safer design?

l Inherent - “existing in something as a
permanent and inseparable element...”
n safety “built in”, not “added on”

l Eliminate or minimize hazards rather than
control hazards

lMore a philosophy and way of thinking
than a specific set of tools and methods
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Inherently safer design strategies

l Minimize
n use small quantities of hazardous materials, reduce

size of equipment operating under hazardous
conditions (high temperature, pressure)

l Substitute
n use less hazardous materials, processes, conditions

l Moderate
n reduce hazards by dilution, refrigeration, process

alternatives to use lower temperatures, pressures
l Simplify
n eliminate unnecessary complexity, “user friendly”

plants
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Inherent safety at various levels of
process design

lOverall technology
nWhat technology for water treatment

(chlorine, ozone, UV, others)?
l Implementation of the selected

technology
nHow is water chlorination to be implemented

(chlorine gas, sodium hypochlorite, other
ways of chlorinating water)
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Inherent safety at various levels of
process design

l Detailed design for selected technology
nWater treatment - size of equipment, operating

conditions, general layout of plant, etc.
l Detailed equipment design
nWater treatment - selection of specific pieces

of equipment, location of equipment and
piping, location of valves, controls, etc.

lOperation
nUser friendly operating procedures,

maintenance procedures, etc.
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Some problems

l The properties of a technology which
make it hazardous may be the same as
the properties which make it useful
nAirplanes travel at 600 mph
nGasoline is flammable
nChlorine is toxic

l Control of the hazard is the critical issue
in safely getting the benefits of the
technology
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Multiple hazards

l Everything has multiple hazards
nAutomobile travel
– velocity (energy), flammable fuel, exhaust gas

toxicity, hot surfaces, pressurized cooling
system, electricity......

nChemical process or product
– acute toxicity, flammability, corrosiveness,

chronic toxicity, various environmental impacts,
reactivity.......
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What does inherently safer mean?

l Inherently safer is in the context of one or
more of the multiple hazards

l There may be conflicts
n Example - CFC refrigerants
– low acute toxicity, not flammable
– potential for environmental damage, long term

health impacts
– Are they inherently safer than alternatives such

as propane (flammable) or ammonia (flammable
and toxic)?
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Another example of conflicts

l Chlorine for water treatment
n Toxic, can react with organics in water to produce

chlorinated hydrocarbon contaminants
n Alternatives such as UV or ozone eliminate or reduce

these hazards
l But...
n Chlorine remains present in the treated water and can

kill pathogenic organisms which might contaminate
the water downstream from the treatment plant

l Which is INHERENTLY safer?
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Multiple impacts

l Different populations may perceive the
inherent safety of different technology
options differently
nChlorine handling - 1 ton cylinders vs. a 90

ton rail car
– Neighbor a mile away would consider the one ton

cylinder inherently safer
– Operators who have to connect and disconnect

cylinders 90 times instead of a rail car once
would consider the rail car inherently safer
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Inherently safer = safer
l Air travel

n several hundred people
n 5 miles up
n control in 3 dimensions
n 600 mph
n thousands of gallons of

fuel
n passengers in a pressure

vessel
n .........

l Automobile travel
n a few people
n on the ground
n control in 2 dimensions
n 60 mph
n a few gallons of fuel

n might even be a convertible

n .........

l  Automobile travel is inherently safer
l  But, what is the safest way to travel from Washington to
Los Angeles?
l  Why?
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Holistic view of inherent safety

l Consider the full process and product life
cycle
n raw materials
nmanufacturing process
n transportation
n storage
n end use
n safety consequences of changing technology

(demolition and construction)
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Holistic view of inherent safety

l CONSIDER ALL HAZARDS!
n informed decisions about conflicting goals
nmay be different choices for different

situations
– ranch houses eliminate risk of falling down stairs
– so, why are many houses on Galveston Island in

Texas built on stilts?
l concern about a different hazard

l Think inherent safety at all levels of
design and operation
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Questions designers should ask
when they have identified a hazard

Ask, in this order:
l Can I eliminate this hazard?
l If not, can I reduce the magnitude of the

hazard?
l Do the alternatives identified in questions 1

and 2 increase the magnitude of any other
hazards, or create new hazards?

(If so, consider all hazards in selecting the best
alternative.)

l At this point, what technical and management
systems are required to manage the hazards
which inevitably will remain?
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What is needed to promote
inherently safer design?

l Education of chemists, engineers, all
technologists
n inherently safer design is the way they think

– how many good ideas are lost because they are not
pursued - inherent safety/green benefits not perceived

n first focus on eliminating and reducing hazards rather
than managing and controlling them

l Research on inherently safer technologies and
materials
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What is needed to promote
inherently safer design?

lMeasurement of inherent safety
nmust consider all hazards
n aspects which involve judgment of the

relative importance of different hazards must
be transparent to the decision maker

n decision maker must be able to change
relative importance of different hazards to
meet the specific requirements of the
situation


