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Abstract

The application of Inherent Safety Design (ISD) principles to every stage in a process
lifecycle has been established as capable of reducing risk and economically appealing for
process plant. Nevertheless, several options available are distinct at different phases of
project lifecycle. This study examines the need for methodical risk management approach
and the level of awareness in adopting ISD strategies among South African energy utility
industry project stakeholders’ using the Project Life Cycle Model (PLCM) approach. The
study adopts a quantitative research approach using a structured questionnaire among a
focus group to investigate their perceptions regarding the integration of the ISD concept
with risk review techniques in order to identify inherent risk management principles used
by project initiators. A total of 500 questionnaires were administered to the identified
stakeholders and 127 responses were obtained, of which 81 were valid for analysis. This
amounts to a response rate of 16.2%. The data was analysed using descriptive and non-
parametric statistics. The research reveals poor awareness or knowledge regarding the
ISD strategies among the stakeholders, and evidence of an increase in scope changes and
production losses when appropriate ISD strategies and techniques are not used on the
project. It was concluded that design engineers, more than other stakeholders, have to
apply ISD strategies at every stage in the construction lifecycle of a process plant.

Keywords: Inherent Safety Design, Project Life Cycle Model, Risk, South Africa and Util-
ity Industry.

INTRODUCTION

The Center for Chemical Process Safety (2009) defines Inherent Safety Design (ISD) or
Technology as an iterative process that allows safety to be built into a process or product,
but not added on. It considers options such as eliminating a hazard, reducing a hazard,
substituting a less hazardous material, using less hazardous process conditions, and de-
signing a process to reduce the potential for, or consequences of, human error, equipment
failure, or intentional harm. The concept of ISD was developed by Kletz (1991) with the
following elements: substitution; minimisation or intensification; moderation or attenua-
tion; simplification; limitation of hazardous effects; avoiding knock-on effects; making
incorrect assembly impossible; make status clear; tolerance; ease of control; and adminis-
trative controls /procedures. ISD elements were classified by Kletz (1991) into four strat-
egies with the aim of minimising risk: (i) Inherent (safety ’built in’, not added on’); (ii)
Active (control, prevent, or mitigate the consequences of incidents); (iii) Passive (mini-
mise hazard using process or equipment design features) and (iv) Procedural (safety
standards, rules or procedures) (Gupta, 2000). Three strategies (i.e. Active, Passive and
Procedural) are categories to be related to current practice or operation (e.g. control, pre-
vent, and mitigate), while *Inherent’ strategy implies that they are present in the system as
permanent and are inseparable (Gupta, 2000). In order to minimise probability for design
errors, Gupta (2000) suggests that through the application of inherent strategies, none to
minimal periodic testing, maintenance intervention and replacement will be required.
Procedural safety design strategy includes prevention or minimising of incident impact
through: safe operating procedures and operator training; administrative safety checks;
management of change, and planned emergency response (INSET, 2001).

Project Life Cycle Model (PLCM) is the project management methodology that has sev-
eral phases and stage gates that can be made adaptable to the size of the organisation,
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technical and business practices (Nicholas and Steyn, 2008). Cooper (2001) regards
PLCM or stage gate model as one of the fundamental processes for strategic solutions and
decisions, whereby Senior Managers would use the stage gate tools effectively for new
project initiation, modifications, and for better management of an innovation process.
Nicholas and Steyn (2008) elaborate that projects vary with regards to their complexity,
resource needs, technology, cost, strategic value, risk, and uncertainty. Therefore, Cooper
(2011), and Nicholas and Steyn (2008) acknowledge the need to cater for different pro-
jects by considering that organisations should manage projects through different project
management methodologies or approaches and culture from project to programme to
portfolio management, and the application of relevant PLCM. The design process consists
of various phases of the Project Life Cycle Model as follows: (i) Review Opportunity
phase, (ii) Pre-Project Planning phase, (iii) Concept phase, (iv) Definition phase, (v) Exe-
cution phase, (vi) Finalisation phase and (vii) Benefit Realisation phase (PLCM) (Cooper,
2001 and Eskom, 2011). When an idea is initiated to be pursued as a project, there is a
process life cycle or various stages that the project has to be subjected to until construc-
tion or the launch of a product and beyond. Therefore, this study investigates the level of
awareness of ISD strategies among South African energy utility industry stakeholders’
using project management methodology approach and also establishes a need for system-
atic risk management approach on utility projects.

The rationale for the research

The operating experience indicates that nuclear power plants are a high safety risk envi-
ronment, due to the lack of a systematic Inherent Safety Design framework as they are
more susceptible to hazardous events or scenarios. These events or scenarios have unde-
sirable consequences on the project life cycle and system safety integrity levels; which
lead to accidents, production loss, property damage and loss of life. Thus, in power gen-
eration and nuclear industries, poor awareness on Inherent Safety Design (ISD) strategies,
principles, tools and techniques in the early phase or project Front End Loading by pro-
ject initiators, project managers, project engineers, design engineers and Senior Managers
as project life cycle model stakeholders within the PLCM increases the risk levels.

LITERATURE REVIEW

Level of Awareness Expected of Stakeholders on ISD Principles

Considering that there are different types of projects due to their complexity, Edwards
and Bowen (2005) emphasise the need for all PLCM stakeholders to have sufficient risk
awareness and project risk management competencies, especially when making decisions.
Edwards and Bowen (2005) and Nicholas and Steyn (2008) provide examples of complex
projects such as mega projects in nuclear, aerospace, power stations, and railways on
which risk awareness is required. On the other hand, complex projects require substantial
capital budget and most financial decisions involve public, legal, government, and other
stakeholders. In this environment, appropriate and effective project risk management,
communication and investment appraisal tools need to be used for effective decision
making (Dasgupta and Pearce, 1974; Edwards and Bowen, 2005; World Nuclear Associa-
tion, 2012).

Each project has a core project team of stakeholders such as project initiator, project
manager, project engineers, design engineers and senior managers (PMBOK, 2008). The
participation of a project stakeholder is vital within the PLCM to ensure that ISD princi-
ples are adequately applied. Nicholas and Steyn (2008) state that with diverse organisa-
tional structures, project initiators or system engineers are mostly expected to perform
project management duties during the project concept phase. Therefore, these stakehold-
ers are expected to have full knowledge of risk management tools (Cooperation in Reac-
tor Design Evaluation and Licensing (CORDEL), 2012). Projects throughout the PLCM
are often subjected to design, scope changes, early close-outs or redesigning by initiating
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a new modification/project and cancellation. (Nicholas and Steyn, 2008). This means that
stakeholders presiding over the technical or investment committee are expected to be ex-
perienced and authorised personnel for the relevant approvals within PLCM phases and
stage gates (Cooper, 2001). The same applies to programme and project managers; these
PLCM stakeholders and Senior Managers should have sufficient experience and full
knowledge on the basis of determining project risk prioritization to prevent accidents and
economic loss (CORDEL, 2012).

The practice or rule at a nuclear power station differs from the fossil and other power
generation stations as regards safety design principles (Kessides, 2012 and WNA, 2012).
Nuclear industry rules are particularly strict in a manner that design engineers are the
ones that are mainly responsible for safety design processes (CORDEL, 2012; WNA,
2012). Design engineers ensure that safety cases are compiled for each safety related pro-
ject or modification as well as reviewing all designs to ensure that National Nuclear Reg-
ulator (NNR) requirements are met (CORDEL, 2012). The concern is that this happens
later in the PLCM at the detail design phases, while at the Front End Loading (FEL), sys-
tem engineers and project managers leave everything to the design engineer. Meanwhile,
at the latter project phases, opportunities of stakeholder influence and scope changes are
reduced and cost of changes become increasingly expensive (Nicholas and Steyn, 2008;
PMI, 2008). The design engineer may have no control over design and scope changes
that project managers, system or production engineers, project initiators and clients bring
about at latter stages of the PLCM (Cooper, 2001; Eskom, 2010). These changes are ap-
proved by Senior Managers who are unaware of the ISD principles, which are applicable
at the early stages of the PLCM (Cooper, 2001). In order to avoid these hazards and con-
sequences, there are different tools used during different stages of the project life cycle.
The common concern that arises is that PLCM stakeholders are not aware of the applica-
tion and limitations of ISD tools within the project life cycle (Heikikila, 1999; Khan and
Amyotte, 2005).

Responsibilities of Project Stakeholders and Senior Managers on PLCM

Nicholas and Steyn (2008) discover that little is known regarding the scope of the project,
especially within a diverse organisational structure. Project initiators or system engineers
are primarily expected to perform project management duties during the project concept
phase. Lessons learnt from the Bhopal plant accident due to ignorance over the im-
portance of design change requirements was due to delays in Senior Managers’ decision
making processes (Edwards, 2005). Considering plant design change requirements in the
nuclear power plant, normal project duration takes longer when compared to fossil power
plants (Edwards, 2005; Hopkins, 2011). Design change requirements occur either as a re-
sult of previous operating experience of accidents that occurred or from identified oppor-
tunities.

WNA (2008) reports that nuclear projects are unique and capital intensive, with longer
project duration. During operation, they have low fuel costs and other lower operational
costs, whereas they uphold high safety standards. On the other hand, Nicholas and Steyn
(2008) state that nuclear projects are amongst complex projects (e.g. aerospace) as re-
gards the three dimensions of complexity (i.e. time, cost, and technical performance) as
they are regarded as expensive along with high complexity and uncertainty. What this
means is that stakeholders need to perform extra work to ensure that the project scope and
design or technology is understood. The primary purpose of this is to reduce rework
/scope changes or redesigning, prevent accidents from occurring, which will in turn sus-
tain safety integrity levels of the Structure, Systems and Components (SSC). This means
that, more time and focus on resources is required at the project development phases
(Nicholas and Steyn 2008). Studies discover that the application of ISD principles bene-
fits inherently safer designs that are cost effective, enhance profits, lower capital and op-
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erational costs, avoid costly hazard controls and reduce uncertainty (Edward, 2005;
WNA, 2008; Khan and Amyotte, 2005).

Leveson (2011) posits that the new technology must be simpler, as complexity in the
safety engineering system is mostly brought about through design changes as a solution
to the problem which can end up as an ‘accidental complexity’. In addition, Hopkins
(2011) argues that decision making within the PLCM is taken as non-operational deci-
sions that impact on safety, as it involves planning, design and investment decisions.
Hopkins (2011) reckons that in order to reduce accidents in hazardous industries, contro-
versial issues of converting risk management into rule-compliance is vital. This means
that senior managers or any decision making stakeholder should have full knowledge of
the purpose and function of the risk management/ISD framework. Hillson (2011) con-
tends that there are three zones that people pass through when faced with change as indi-
cated through the Patterson-Connor Commitment Curve in Fig. 1. This means that PLCM
stakeholders or senior managers during the new project or project change approval pro-
cesses are subjected to cultural and political ethics during the decision making process as
every project brings about design change. The Patterson-Connor Commitment Curve em-
phasises the means to increase the level of senior management support as positive percep-
tion during project development phases and the need to ensure that PLCM stakeholders
are aware of the change from the onset. This is done to prevent delays in decision making
due to lack of understanding that in turn leads to misunderstanding and negative percep-
tion (Hillson, 2011).
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Figure 1: Patterson-Connor Commitment Curve indicating change level of support
(Source: www.pmtoday.co.uk)

Edwards et al. (2005) determined that there is a need for a risk management/ISD tool that
will support project management stakeholder’s effective management of complex projects
to understand the nature, type and intensity of the complexities and risks associated with
their projects. Throughout the PLCM, there are numerous stage gates or decision points
that projects are subjected to, whereby the uncertainty/risk and complexity increase pro-
portionally with the PCLM and the risk (Hopkins, 2011; Nicholas and Steyn, 2008).
Within each stage gate, senior managers may increase the risk further during the decision-
making process if they do not possess adequate knowledge about ISD principles and pro-
ject complexity, risk, and uncertainty (Edwards et al., 2005; Heikikila, 1999).

Leveson (2011) emphasises that during the design of the complex SSC, the unnecessary
complexity should not be added to the design and safety requirements. This should be an-
alysed at project development phases to ensure that standards of ISD approaches are ap-
plied. Researchers have over the decades established ISD tools and techniques. Leveson
(2011) developed the System-Theoretic Accident Model and Processes (STAMP) frame-
work that addresses the accident arising from different types of complexity. Leveson
(2011) regarded the STAMP as the new accident model that addresses the chain-of-events

Proceedings of the CIB W107 2014 International Conference, Lagos, Nigeria, 28th-30th January, 2014
38



Stakeholders’ awareness of inherent safety design strategies within project life cycle model

model that form the basis of most safety and reliability engineering analysis that the pro-
ject initiators/system and design engineers utilised during project design phases (e.g.
events and fault tree analysis, probabilistic analysis, failure modes and effects analysis).
In addition, SSC/ISD tools cater for redundancy, overdesign, Safety Integrity Lev-
els/safety margins (Leveson, 2011; WNA, 2012).

RESEARCH METHODS

The study adopts a quantitative research approach using a structured questionnaire
amongst a focus group to investigate their perceptions regarding the integration of ISD
concept with risk review techniques in order to identify ISD principles used by project in-
itiators. The population of the study was based on selected project stakeholders within
South African utility and nuclear power generation industries to assess the awareness of
ISD principles and examine existing ISD strategies, principles, tools and techniques used
by these cohort of respondents within the PLCM. The study focuses on quantitative data
obtained through a questionnaire survey. To have an understanding of the stakeholders’
level of awareness and level of use of ISD strategies across the project life cycle, ques-
tionnaire variables identified from the review of extant literature were measured on a 3-
point likert scale. The respondents were asked to rank their level of awareness of the in-
herent risk strategies on the 3-point scale, where 3 represents “highly aware and used it”,
2 represents “somehow aware but never used it”, and 1- Not aware. This provides the op-
portunity of measuring the awareness level of the stakeholders in using the inherent risk
management models in project life cycle management. The questionnaires were then ad-
ministered to gather an understanding or extent of awareness of ISD principles amongst
PLCM stakeholders (e.g. system engineers, design engineers, project and programme
managers, senior managers, etc.) working on projects within the utility and nuclear indus-
tries. A total of 500 questionnaires were administered to the identified stakeholders and
127 responses were obtained, of which 81 were valid for analysis.

The elicited quantitative data from the stakeholders were analysed using descriptive and
nonparametric statistics. Percentile and frequency indexes were used to measure the re-
sponse of the PLCM stakeholders on the level of awareness in using the ISD strategies in
the project life cycle. The Frequency Index (FI) was measured using the formula used in
Spillane et al. (2012):

FI = {Z(D/NF} .................................. equation 1

In Equation 1, f is the frequency weighting assigned by the respondent in the question-
naire from 1 to 3. F represents the highest ratings possible for each of the ISD strategies
which is 3, while N is the total number of the respondents with valid data in each of the
cases. To further explore the inconsistencies that may likely exist within the data set with
respect to the different groups, Kruskal-Wallis nonparametric analysis of variance was
used. Kruskal-Wallis nonparametric analysis of variance is one of the most commonly
used statistical test when comparing more than two independent groups, it is used when
variables being measured do not meet the underlying normality assumptions of an
ANOVA. Kruskal-Wallis H test is an analogue or equivalent of a one-way ANOVA and
an extension of the Mann-Whitney U test that allows groups to be compared. Kruskal-
Wallis is used in this study because the measurement variables are not normally distribut-
ed and also because of the need to understand whether the level of ISD strategies aware-
ness differed within the cohort of stakeholders involved in the execution of projects in
both utility and nuclear industries.

RESULTS AND DISCUSSION OF FINDINGS

Table 1 shows the results of descriptive statistics and the frequency index for the level of
awareness of stakeholders of ISD tools in the PLCM. The Table shows that 22.22% of
PLCM stakeholders are aware of the inherent strategy (safety “built in” not “added on™)
risk management tools applied within the PLCM, while 78% of the PLCM stakeholders

Proceedings of the CIB W107 2014 International Conference, Lagos, Nigeria, 28th-30th January, 2014
39



Stakeholders’ awareness of inherent safety design strategies within project life cycle model

are somehow aware or not aware of the ISD strategy applied within the PLCM. The mean
F1is 55.2% for response using inherent strategy. About 30.86% of the PLCM stakehold-
ers are aware and use active inherent safety design strategy which provides the opportuni-
ty to control, prevent or mitigate consequences of incidents in project life cycle, while
approximately 70% of PLCM stakeholders are somehow aware or never used the ISD
tools (mean FI= 67%). 27.16% of the PLCM stakeholders are aware and employed pas-
sive inherent safety design strategy within the PLCM to minimise hazard in the process or
phases of projects while approximately 73% are either not aware or never used it (mean
FI= 64%). Appreciable number of PLCM stakeholders (approximately 40%) are aware of
procedural strategy, that is the safety standard, rules and procedure while 60% are una-
ware or yet to use it (mean FI = 70%). The results imply that PLCM stakeholders have
poor awareness of risk management tools, which poses a problem that PLCM stakehold-
ers may not know which ISD Tools and techniques to be applied at which phase of the
PLCM, leading to SSC risk and project risk not being identified properly. Edwards and
Bowen (2005) reiterate the fact that it is essential for all the PLCM stakeholders to have
sufficient risk awareness and project risk management abilities, especially when making
decisions. This assertion was also supported by Edwards et al. (2005) who argued that
there is a need for the risk management/ISD tool that will support project management
stakeholders to effectively manage complex projects and understand the nature, type and
intensity of the complexities and risks associated with projects. CORDEL Group (2012)
also posited that PLCM stakeholders and managers should have sufficient and requisite
experience and be fully equipped with adequate knowledge on how to determine project
risk, its prioritization to prevent accidents and economic loss. This result is also the posi-
tion of previous researchers who argue that PLCM stakeholders are required to be fully
aware of inherent risk and decision to ensure safety on project sites (Nicholas and Steyn,
2008; Cooper, 2001).

Tables 2 contains the rank sum (Wilcoxon scores) and the mean rank in each group of the
stakeholders for which homogeneity is being tested. There was a significant statistical
difference between the stakeholders’ awareness level in the use of the inherent strategies,
as indicated in Table 3. This is shown by Kruskal-Wallis test statistics, where the Chi-
square is the H-statistics of the Kruskal-Wallis, which is approximately Chi-square dis-
tributed (H) = 12.897059, the chi-square approximation, is the p-value = 0.01 for Degree
of Freedom=4.

Table 1: Descriptive statistics showing level of stakeholders awareness of ISD strategies

Inherent safer design strategies Scores assigned
3 2 1 F1%
N % N % N %

Project initiator/system engineer

Inherent (safety “Built in” not “Added on™) 4 148 8 29.63 15 5556 53
Active (control, prevent or mitigate the consequences of incidents) 6 2222 6 2222 15 5556 56
Passive (minimise hazard using process or equipment design features) 4 1487 8 29.63 15 5556 53
Procedural (safety standards, rules or procedures) 7  24.14 11 3793 11 3793 62
Project manager

Inherent (safety “Built in” not “Added on™) 8 4444 0 O 10 5556 63
Active (control, prevent or mitigate the consequences of incidents) 8 4444 3 16.67 7 3889 69
Passive (minimise hazard using process or equipment design features) 8 4444 2 11.11 8 4444 67
Procedural (safety standards, rules or procedures) 10 55.56 1 5.56 7 3889 72
Project engineer

Inherent (safety “Built in” not “Added on™) 1 3333 1 3333 1 3333 67
Active (control, prevent or mitigate the consequences of incidents) 1 3333 1 3333 1 3333 67
Passive (minimise hazard using process or equipment design features) 1 3333 1 3333 1 3333 67
Procedural (safety standards, rules or procedures) 1 3333 1 3333 1 3333 67
Design engineer

Inherent (safety “Built in” not “Added on”) 2 3333 2 3333 2 3333 67
Active (control, prevent or mitigate the consequences of incidents) 3 50.00 2 3333 1 16.67 78
Passive (minimise hazard using process or equipment design features) 3 50.00 1 16.67 2 3333 72
Procedural (safety standards, rules or procedures) 4 6667 0 0 2 3333 78
Others

Inherent (safety “Built in” not “Added on”) 3 1875 13 54.17 8 3333 60
Active (control, prevent or mitigate the consequences of incidents) 7 29.17 8 3333 9 3750 64
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Passive (minimise hazard using process or equipment design features) 6 24.00 9 36.00 10 40.00 61
Procedural (safety standards, rules or procedures) 10 40.00 8 32.00 7 28.00 71

Table 2: Kruskal Wallis Test Rank Table

Stakeholder Rank sum  Mean rank
System engineer 12 3
Project manager 51 12.75
Project engineer 46 11.5
Design enfgineer 68 17
Others 33 8.25

Table 3 Kruskal-Wallis Test Statistics

Test statistics Result
Kruskal-Wallis  12.897059
X 12.897059
DF 4

p 0.012

Discussion of results

The rationale of this study is to explore the level of awareness of the stakeholders
in the application of ISD principles through the PLCM in the utility industry in
order to reduce hazard and risk to life, properties and loss of economic resources.
A better understanding of this will bridge the gap that gives rise to threats and
risks from project start to finish, and this will bring together all the stakeholders to
jointly solve the problems and challenges that may likely be experienced through-
out the project life cycle. The findings from the study indicate that the principles
of inherent safety is about permeating into the system of the industry studied. This
is because the application of ISD principles to the management of the entire pro-
ject life cycle appears not to be a completely new concept among the stakeholders
surveyed, but the level of awareness and its adoption is below optimal level con-
sidering the fact that less than half of the respondents have used or are aware of its
adoption.

The findings also show that project managers though engineers by training are
better informed about the ISD approach to eliminating risks and hazard more than
project engineers, this is contrary to the result of Evans and Chaffin (1986), who
explored 40 engineers/designers and 60 staff engineers in the manufacturing in-
dustry and found that ergonomic principles that contributes to comfort, efficiency
and safety were more likely to be given attention by plant engineers than by high-
er engineers in the organisation’s divisions. Moreover, the stakeholders place less
emphasis on Inherent safety “built in”, not “added on” and Passive strategy to
minimise hazard using process or equipment design features. This result is con-
sistent with Mansfield and Poulter (1996), who found that those strategies do fail.
Moreover, “add on” approaches can be maintenance intensive and capable of add-
ing to the cost while other strategies can generate enhanced safety, low initial cap-
ital and operating cost (Mansfield and Poulter, 1996). Adequate knowledge of this
is essential as reiterated by Edwards and Bowen (2005) that it is imperative for all
the PLCM stakeholders to have sufficient risk awareness and project risk man-
agement, especially when making decisions. This was also supported by Edwards
et al. (2005) who argued that there is a need for the risk management/ISD tool that
will support project management stakeholder’s to effectively manage complex
projects and understand their nature, type and intensity of the complexities and
risks associated with the projects. CORDEL Group (2012) also posited that
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PLCM stakeholders and Managers should have sufficient and requisite experience
and be fully equipped with adequate knowledge on how to determine project risk,
its prioritization to prevent accidents and economic loss. This result is also the po-
sition of previous researchers who argue that PLCM stakeholders are required to
be fully aware of inherent risk and decision to ensure safety on project sites
(Cooper, 2001; Nicholas and Steyn, 2008).

However, some of the stakeholders recognise the principle but the divergence in
their opinion indicates that a significant number of them do not have a clear un-
derstanding of the ISD approach and its meaning. This is because there is an ob-
vious significant difference as shown by the Kruskal-Wallis test of statistics in the
perception of the stakeholders as to what ISD and IS represent and how it could
be used to minimise risks or hazard. Some of the stakeholders such as design en-
gineers appear to be familiar or come in contact with the terms, but only few of
them apply the principle or part of it in their work. Therefore, there is a need to
increase the level of awareness of the principles of ISD and IS among stakehold-
ers in the industry. This will provide windows of opportunities for inventory re-
duction, simplification of plant management and make conspicuous the need to
apply other strategies of the ISD approach.

CONCLUSION

This research was conducted to evaluate the degree/extent to which the principle and con-
cept of ISD and IS are being practiced and adopted within the PLCM by project stake-
holders in the South African utility industry. The study found that to a certain extent,
awareness about ISD principles subsist but at the lowest level. This finding suggests that
changes and decisions taken in the latter phases of the project life cycle will be effected
by project stakeholders who have little knowledge of ISD tools or requirements. Manag-
ing or handling of risks or hazards at an early stage can be most cost efficient way of re-
ducing risk and improve project safety performance as the cardinal principles of ISD en-
compasses cost reduction however, changing the project design during latter phases might
negate this. Therefore, the paper recommends that the level of awareness and knowledge
should be improved amongst stakeholders functioning within the utility industry in South
Africa. These should include knowledge about the principles, concepts, basics and bene-
fits of integrating ISD into PLCM. It will be of immense benefit to the utility industry
when knowledge is improved and the application of the ISD principles are encouraged. It
will also bring about cost savings and risk/hazard prevention.
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