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Abstract - The need for enhanced worker's productivity and establishment's profitability demand innovations in 
occupational health and safety management. Most safety programme economic evaluation tools place emphasis on benefit of 
compliance. In this study, the concept of investment safety was proposed and associated simulation model for its 
implementation was developed using system dynamics methodology. Monetary saving/loss in the implementation of the 
safety strategy were used as the performance measure and a case of establishment with organized safety programme was 
used for demonstration.  
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I. INTRODUCTION 
 
Safety management practices have changed over time 
and have received steady progress since the 
development of factory system. The development has 
grown from technological through human age, to 
organizational age and systems or holistic age 
(ARPANSA, 2012). Each of these has recorded 
successes of industrial safety. In achieving these, 
many approaches have been employed in production 
systems, amongst which are ergonomics, Safety 
Incentive Program [SIP], behavior change and culture 
change approach, Building Information Modeling 
[BIM], adaptive management, Foucauldian approach 
and safety climate and host of others (Adebiyi and 
Ajayeoba 2015). Studies show that these efforts have 
a positive outcome on establishments’ financial 
performance, worker productivity and satisfaction, 
regulatory compliance, and the environment. 
Many companies and their employees know and have 
testified that excellence-in-safety has proven a road to 
success with great returns. Those who understand the 
commitment have integrated safety as a process 
which permeates every aspect of the company’s 
business and which is integral to its business plan. 
The commitment brings employees, labor, and 
management into a work culture of ownership, 
empowerment, trust, and pride where a real 
partnership and team exist - all working toward the 
same goal- an internalized excellence in safety as a 
way of life. For all these safety best practice 
companies, the working together has forged a positive 
and productive employee relation’s atmosphere in all 
aspects of work. Also, studies show that these efforts 
can have a positive outcome on financial 
performance, worker productivity and satisfaction, 
regulatory compliance, and the environment. 
But, with many success stories of manufacturing 
safety programme through scores of published 
research papers, regrettably, there are still large 
numbers of establishments who don’t “buy into” 

investing into safety, even though the costs and 
adverse effects of accidents on a company’s bottom 
line have been well documented. What accounts for 
this resistance? There are at least two identified 
causal factors- employers and employees.   
First, the industry perceived such attempt as cost 
increasing and time consuming and belief the 
approach is too legalistic, bureaucratic and resources 
wasting. It is therefore not surprising receiving 
information on daily basis on reporting alarming 
number of accidents.  
The statistics from the International Labour 
Organisation (Boniface, 2013) reported that 120 
million occupational accidents occur annually at 
workplaces worldwide. Also, the national safety (Iyer 
et. al., 2005) estimated that the workplace injuries 
cost $146.6 billion per year. Moreover, it is reported 
that roughly, every year, US$1.25 trillion is lost due 
to occupational accidents and diseases such as loss of 
working time, workers’ compensation, production 
interruption and medical expenses. The ILO has 
estimated that, every day, 6,300 people die as a result 
of occupational accidents or work-related diseases – 
more than 2.3 million deaths per year. The human 
cost can be devastating to workers’ families and their 
communities, while the economic burden of poor 
OSH practices is estimated at 4 per cent of global 
gross domestic product each year.  Furthermore, the 
number of fatal and nonfatal injuries in 2007 was 
estimated to be more than 5,600 and almost 
8,559,000, respectively, at a cost of $6 billion and 
$186 billion (Leigh, 2011) The costs associated with 
workers’ compensation claims alone have been 
estimated by the Health and Productivity Institute of 
Australia to amount to more than $A1.1 billion 
annually (HAPIA, 2008).  
A significant share of these costs is carried by 
business enterprises, with the effect of increasing 
their losses and reducing their profitability. 
Interestingly enough, most companies respond to a 
breakdown in safety and the associated growing 
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expense report with emergency training programs, 
new safety gear, and increased operations monitoring, 
which adds even more costs. However, implementing 
health and safety measures doesn’t have to be 
expensive, time consuming or complicated. 
Unfortunately, failure to effectively manage health 
and safety programmes at the workplace may result in 
much higher accident costs. The rising cost of 
lawsuits, increasing government scrutiny and 
penalties for unsafe operators, and compensation can 
cost a fortune and negatively impact on the 
profitability of the establishment. These dramatic 
number draws fairly public attention. Then can we 
see accident prevention as limiting aim for safety? 
The message here is that since today, most 
organizations are striving to improve productivity and 
quality in order to maintain or remain competitive. 
They have management processes or arrangements to 
deal with payroll, personnel issues, finance and 
quality control. Therefore, managing health and 
safety should not be different, thus investment safety 
should be institutionalized. This safety concept 
represents a paradigm shift in thinking about safety. 
Part of this shift strongly suggests that safety should 
not be thought of as an expense, but rather as 
earnings or a return on investment vehicle, with 
substantial returns over the long term. 
Second, potentially, employees do not report all 
injury events because of inconvenience or belief 
about the necessity to report the so called minor 
accident. Even when reported, there may be tendency 
toward reporting only positive outcomes due to fear 
of loosing jobs on the part of employees 
One approach for reconciling industry and 
government agencies is to develop and apply 
scientific instruments capable of advising industry on 
the most cost effective way to control occupational 
hazards with resultant monetary savings. With this, 
everybody wins – employees, companies, their 
stockholders and wider society. These benefits are not 
limited to reduction in accidents; reduced injury 
costs, but also reduced labour turnover and 
absenteeism; improved quality and increased 
productivity. This paper thus proposes the concept of 
Investment Safety with view to take safety beyond 
accident prevention. 
 
A. The Concept of Investment Safety 
Today we see most organizations embracing behavior 
based safety observation/intervention programs and 
are also considering human factors when creating a 
workplace environment. 
 
However, the relationship between business 
performance and occupational health and safety 
(OHS) interventions aimed at reducing accidental 
injury is strongly contested: on one side, there is the 
view that good health and safety practice is good for 
business and productivity; on the other side, there is 
the view that OHS interventions are costly and 

interrupt the flow of work activity, and that 
regulations impose a non-productive investment. 
The business case is usually based on the assessment 
that investing in WHS can result in improved 
business performance and profitability in a number of 
different ways. Evidence drawn from other research 
examining the factors likely to influence investment 
choices made by firms also demonstrates why 
business may be cautious in making investments in 
health and safety programmes. In understanding this 
more cautious approach to investing in safety beyond 
regulatory minimum standards, a number of factors 
are likely to be important, including: difficulties in 
estimating the economic value of benefits and costs 
that accrue to programs in future periods; the 
potential for delayed or variable benefits that flow 
from safety programs, against upfront or fixed costs 
associated with the initial investment; and uncertainty 
in estimating the impact of future business conditions 
or requirements in moderating the costs or benefits 
associated with safety programmes. Despite these 
significant limitations, Safety is thought of as a 
“compassion issue” and a “profit center” that may be 
scalable autonomous service system. It is on this 
premise that establishments can think of taking safety 
beyond only accident prevention. To this end the 
concept of Investment Safety became a necessity. The 
two main lines of business in investment safety may 
be identified as consulting and contracting. This may 
also be classified as in house and outsourcing 
services. Regardless of the type, it provides a 
business decision strategy by formulating various 
types of safety.  
It is the job of safety managers to advise the 
organization and help them determine best option that 
maximizes the use of resources by identifying safety 
programme’s strengths and weaknesses. This requires 
analytical due diligence to guarantee that you are 
advising the company in the right direction.  
 
B. Development of Investment Safety Development 
Model 
Literature is replete with various methods of safety 
programme planning, management and performance 
evaluation. Generally, the measurement and 
evaluation of an organization’s performance on health 
and safety conditions at work mainly aims at the 
provision of information about the current situation 
and the progress of the strategies, processes and 
activities that are adopted by an organization with the 
view to keep health and safety hazards under control. 
The major performance indicators were based on 
safety rules compliance.  But there is need for 
paradigm for shift from measuring safety 
performance that is a proactive approach rather than 
just depending on the reactive data. By this 
conviction by all the stakeholders on safety will be 
guaranteed. Thus the business case will be based on 
the assessment that investing on safety programme 
can result in improved business performance and 
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profitability in a number of different ways. Although, 
a lot of cost – benefit approach to safety planning and 
management has been reported in the literature, (Ikpe 
et.al, 2008; Kines, et.al., 2013; Oxenburgh and 
Marlow, 1996; Payne, et.al,  2009 and Whalen et.al. 
2004 ) but, these mostly employed lagging 
performance indicators.     
However, there has been increasing evidence to 
suggest that more attention should be focused on 
leading indicators measures. It is no longer sufficient 
to be collecting information on injuries or fractures 
that have occurred in work place. Thus focusing on 
individual performance accident rates and time 
injuries produces knee-jerk responses to safety 
performance in which an organization is always 
responding to its latest statistics. The daunting task of 
measuring performance in this regard in the changing 
face of manufacturing industries does not seem to 
have attracted adequate attention. 
Interestingly, this inspired motivation to developing 
safety planning and management model (using 
leading factors as measures of performance) for 
assessing the safety level of the workplace and its 
environment and use the information to make safety 
management decisions.  

. 
C. The Model 
The model consists of a two – stage modelling 
approach. First, accident cost estimation model which 
takes into cognizance the probabilistic nature of 
accident; the situational and circumstantial 
occurrence of accident was developed to estimate the 
cost of each class of accidents. The model is given as 
(1) 

Ci =ρai
2*[ f [γz + N [ ]] +MHRθ + Qi+ βiα]  

 (1) 
Second, System – dynamics (which is capable of 
addressing the dynamic and complex nature of 
hazardous condition) approach was employed to 
develop a simulation model that takes into 
consideration various combinations of a number of 
safety programme activities classified into six by 
(Adebiyi, 2008); the identified class of accidents; and 
hazardous work condition. Vensim system dynamics 
software was used to develop a causal loop diagram 
representing accident causing loop and safety strategy 
loop. This was transformed into stock and flow 
diagram revealing the number of accident caused (Xt) 
at a particular period due to hazardous condition and 
the number of preventions (Yt) as a result of effective 
safety programme. The resultant equations are (2) and 
(3) 
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Combining (1), (2) and (3), a cost saving/loss 
function was developed as (4) 
A hybrid model for      
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II. MODEL APPLICATION 
 
Experimentation was carried out using data collected 
from a manufacturing company with an annual 
rolling budget of N9.23million for safety and 
changing with the proportion of available Budget (P) 
to control the mechanism of the safety programme 
using system dynamic software Vensim. Adapting the 
work of (Ajayeoba et. al., 2015), the estimated cost of 
each combined intervention as shown in Table 1 was 
used. 

 
III. RESULTS AND DISCUSSION 
 
Successful simulation runs were experienced at P = 
0.6, 0.9 and 1 as shown in Table 2. There is no saving 
for any proportion of budget less than 0.6. Therefore, 
the possible runs gave cost savings as shown in 
Figure 1. Strategy S5 which contains personal 
protective equipment, training, Investigation and 
guarding gave the highest savings of approximately 
N37 x 106. The saving pattern is seen to be the same 
for the three proportions considered. 
 
CONCLUSION 
 
The concept of Investment safety has been proposed. 
A cost – saving dynamic model for planning and 
managing safety programme was developed. This is 
not only effective in short term, but can ensure 
sustained and persistent safety programme which are 
the need for substantial industry’s growth thus 
leading to reduction in production costs and 
improving the capacity of the whole system that 
shows the achievement of the best industry’s 
economic result. 
 

Table 1: Estimated cost of each combined intervention 
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Table 2: Details of Cost savings by the proportion of budget

 

 
Fig. 1: of P = 0.6, 0.9 and 1 on cost savings 
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APPENDIX 

Table III: Simulation Details 

 
 

APPENDIX 
Table Iii: Simulation Details (Continued) 

 
 
 

 
 
 


