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Build safety into your process by
substituting less-hazardous materials and chemistry,

minimizing inventories and equipment sizes,
moderating operating conditions,
and simplifying unnecessarily complex operations.

engineering design in all disciplines and industries,

including the chemical process industries (CPI). In
the late 1970s, we began to call this approach to process risk
management inherently safer design (ISD). Similar terms,
such as inherently safer technology (IST) and inherently
safer processes (ISP), have also been used.

In 1977, Trevor Kletz of ICI gave the Jubilee Lecture
to the Society of Chemical Industry in England entitled,
“What You Don’t Have, Can’t Leak” (7). Kletz suggested
that the most effective approach to process risk management
would be to focus on elimination of hazards where feasible,
rather than relying on safety systems and procedures to
manage risk. He asked whether process plants really needed
large quantities of flammable or toxic materials, whether
less-hazardous materials could be used, and whether it was
really necessary to operate at hazardous conditions such as
high temperature or pressure. He originally called this risk
management approach “intrinsically safer,” which was later
changed to “inherently safer” to avoid confusion with the
use of “intrinsically safe” to describe certain types of electri-
cal equipment.

Although Kletz and others have acknowledged that it is
not always feasible to eliminate hazards, they have empha-
sized that this should be the first approach to process risk
management, rather than accepting the process hazards and
immediately focusing on hazard management. Hazards can
never be eliminated or reduced if the process designer does
not challenge the need for hazardous materials and operating
conditions.

Elimination of hazards has always been a goal of
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Over the last 40 years, the philosophy of ISD has
continued to evolve. Recently, new editions of the primary
reference books on ISD have been published: Inherently
Safer Chemical Processes: A Life Cycle Approach, by the
Center for Chemical Process Safety (CCPS) (2); and Process

Plants: A Handbook for Inherently Safer Design, by Kletz

and Amyotte (3). These books incorporate the latest develop-
ments in ISD based on decades of industrial experience.

What is ISD?

A frequently cited dictionary definition of inherent is
something that exists “as an essential constituent or char-
acteristic.” Safety is built into the process or product, not
added on. Hazards are eliminated or significantly reduced,
not controlled, and the way they are eliminated or reduced
is so fundamental to the design that it cannot be changed or
defeated without changing the process. In many cases this
will result in simpler and cheaper plants.

To understand what this means, it is necessary to define
“hazard.” The CCPS definition of hazard is “an inherent
physical or chemical characteristic that has the potential for
causing harm to people, the environment, or property” (4).
For example, chlorine is toxic by inhalation. A hazard is a
property of a material or the process operating conditions,
and cannot be reduced or eliminated without changing the
materials, process inventories, or operating conditions.

Every technology has multiple hazards. For a chemical
process, hazards might include acute toxicity, flammability,
corrosiveness, chronic toxicity, reactivity, adverse environ-
mental impacts, and others. The statement that a process
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is inherently safer can only be in the context of a specific
hazard, or possibly several hazards. It is unlikely that any
technology will ever be inherently safer with respect to all
possible hazards. Any change to a technology designed to
reduce one hazard will also impact (increase or decrease)
other hazards, and may even introduce new hazards.
Design decisions must consider all process hazards.

Chemical process safety measures are frequently cat-
egorized as:

* inherent — eliminate or greatly reduce the hazard by
changing the process to use materials and conditions that are
nonhazardous or much less hazardous

* passive — minimize hazards using process or equip-
ment design features that reduce either the likelihood or
consequence of an incident without the active functioning of
any device

* active — manage risk using process control systems,
safety instrumented systems (SIS), mitigation systems such
as sprinklers, and other active systems; these may prevent an
incident, or reduce the consequences of an incident

* procedural — use operating procedures, safety rules
and procedures, operator training, emergency response pro-
cedures, and management systems to manage risk.

While inherent and passive approaches are the most
robust and reliable, a comprehensive process safety manage-
ment program requires all of these strategies to address all
the hazards of a process. These strategies are not discrete
with clear boundaries, but rather represent general categories
along a spectrum of process safety approaches. People may
disagree about how to categorize a particular approach. For
instance, is a high-pressure reactor capable of containing a
runaway reaction an inherently safer design, or is it passive?
This is not an important issue. If it is an appropriate design,
it does not really matter what you call it.

ISD should be viewed as a spectrum of options in multi-
dimensional space (Figure 1). The horizontal axis represents
the ISD of the fundamental plant technology — the chem-
istry and unit operations. The vertical axis represents ISD
characteristics of the components that make up the plant
— including physical equipment such as piping, vessels,
pumps, and instruments, as well as management systems,
procedures, and people. Ideally, we want an inherently safer
process and plant, and we want that plant to be built and
operated with components that are also inherently safer.

It may not be feasible or even possible to develop an
inherently safer process for a specific application (the
horizontal axis in Figure 1). For example, it is difficult to
imagine a process for manufacturing gasoline that eliminates
flammability hazards. But that does not mean an engineer
designing a process to manufacture gasoline need not think
about ISD. Although the flammability hazard of the product
cannot be eliminated, it is possible to reduce those hazards,
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The philosophy of ISD applies
at all stages in a process lifecycle.
It is never too late for ISD to make

potentially significant impacts.

for instance by minimizing process inventories, and using
inherently safer equipment, procedures, and other systems
(the vertical axis in Figure 1).

CCPS (2) divides ISD strategies into four categories:

* substitute — use less-hazardous materials, chemistry,
and processes

* minimize — use small quantities of hazardous materi-
als; reduce the size of equipment operating under hazardous
condition such as high temperature or pressure

» moderate — reduce hazards by dilution, refrigera-
tion, or process alternatives that operate at less-hazardous
conditions

* simplify — eliminate unnecessary complexity.

Others have used more and different categories to help
designers identify ISD options, but those can be considered
subsets of the four listed here.

ISD in practice

The philosophy of ISD applies at all stages in a process
lifecycle, although the options available are different in dif-
ferent stages. The best opportunities for implementation of
inherently safer basic chemistry and technology are early in
product or process research and development, but it is never
too late for ISD to make potentially significant impacts.

Basic technology. Consider ISD for technology selec-
tion, including the chemical synthesis route. Understand all
hazards and ISD options relative to those hazards.

Preliminary design. Consider ISD for the specific unit
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A Figure 1. Inherently safer design can be considered at the overall

process level (horizontal axis) and for the individual components in a
specific plant (vertical axis).
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operations, for the processing steps required to implement a
selected chemistry, and for plant site selection.

Detailed plant design. Consider ISD for the specific
plant location on a site, and for detailed equipment and pip-
ing design. Think about the location and layout of the equip-
ment, and the number of parallel systems and their sizes
— for example, a single, large process train versus multiple
smaller trains.

Detailed equipment design. Different designs for specific
pieces of process equipment have different ISD characteris-
tics, such as inventory of hazardous material. Also consider
human factors and design of equipment to minimize poten-
tial for incorrect operation. The article by Maher, Norton,
and Surmeli on pp. 43—47 discusses the use of ISD during
the various stages of the design process.

Operation. Continue to think about ISD after the plant
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has been built. For example, develop inherently safer operat-
ing and maintenance procedures. Think about ISD when
making changes, and look for ISD opportunities arising
from technology advances — what was not feasible when
the plant was built may be feasible today. The article by
Edwards and Chosnek on pp. 48—52 discusses the applica-
tion of ISD in existing plants in more detail.

ISD will not eliminate all risk associated with chemical
processing. It may not be possible to eliminate or reduce the
hazard because the very property of a material or technol-
ogy that makes it hazardous is the same property that makes
it useful (e.g., gasoline, as discussed earlier). When dealing
with hazardous materials or technologies, the important fac-
tor in attaining the benefits of the technology and managing
the hazard is control. Engineers have recognized this ever
since Kletz published his first article on ISD in 1978 (7), and
it cannot be stated more clearly than he did:

“I do not, of course, suggest that there should be any ban
on plants which contain large quantities of hazardous materi-
als, large inventories as they are often called. The develop-
ment of alternative processes will take time and may often
prove impossible. When large inventories are essential, I am
sure that we can, by good design and operation, keep them
under control. I merely suggest that, in designing new plants,
we make a low inventory one of our aims. Usually in the
past we have given no conscious thought to the size of the
inventory; we have accepted whatever inventory was called
for by the design. If we set out to reduce the inventory, we
may find that in many cases we can do so.”

ISD first and forever

So, how do we incorporate ISD into process design?
First, start early in the lifecycle and never stop. Some
companies perform separate ISD reviews, often using
checklists to stimulate ISD ideas. ISD can be incorporated
into the process safety management (PSM) activities —
such as process hazard analysis, management of change,
incident investigation, mechanical integrity, and others —
that are normally done at every stage of the process life-
cycle, from initial technology selection through detailed
design and operation. The following articles explore
various ways to do this.
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