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Introduction: 

Physical assets management (in general term) is 
referred to any system that controls things of value to 
an entity (such as companies) or group (such as 
stakeholders or communities). Both tangible assets 
such as buildings and equipment and intangible assets 
such as intellectual property, public reputation and 
financial assets are covered by such system. Assets 
management is about establishing, operating and 
sustaining a process in order to maintain, upgrade, and 
dispose assets cost-effectively in a systematic manner. 
Now the question is where does human capital 
(employees) fall in? tangible or intangible assets? It is 
not easy to put value on humans' health or even lives, 
and at the same time humans are "tangible". 

Physical assets management comes with different 
names such as physical assets risk management, total 
productive management, reliability management or 
engineering and all of them are more or less about the 
same concept very similar to ISO 55000 series of 
Assets Management Standards [I]. 

Assets management term is predominantly used by 
financial institutions to describe people and companies 
that manage investments on behalf of others, however, 
different versions of assets management are also used 
in engineering at different levels and capacities. The 
main concept is to achieve the best return from assets. 
The return could be in form of productivity, lower 
costs, higher revenue, longer operation with least 
interruption, better quality of products and/or services, 
and last but not the least in my opinion, safer work 
environment and healthier workforce. 

The latter one can have indirect but significant 
effects on any company' s productivity, quality of 
products and financial performance. Different 

organizations rely on both equipment and human 
resources and every organization' s reliance can be 
proportionally different. On one end, larger 
organization and entities with large number, or 
expensive, (e.g. high-tech) equipment, or companies 
with mass production requiring large amount of 
materials and parts utilize assets management for 
variety reasons from lowering risks of loss and 
property damages to improving productivity. On the 
other end of the spectrum, organizations and 
companies which have a lot of labor jobs, or manual 
tasks, or even certain type of skills not provided by 
machines rely heavily on their human resources and 
therefore utilize safety engineering to identify potential 
hazards. In these cases, human resources are the 
companies ' assets which need protection. Human 
resources need to be reliable. Analogically, human 
resources should be available and functional as 
intended just like machines, and that can only be 
achieved if employees are healthy, free of any injury or 
illness that can constrain performance, motivated, 
trained and skillful, mentally and physically capable of 
performing their job and all that should be cost 
efficient. 

The Physical Assets Management Shortcomings in 
Occupational Safety 

Organizations with physical assets management 
program develop and implement procedures for 
occupational safety with different degrees of details. 
Most of the times, they are not as comprehensive as 
they should be similar to Total Safety Management 
programs. Even ISO 55000 series have limited vision 
of involving safety engineering in assets management 
programs. A typical physical assets management 
program usually implements safety engineering to the 
extent of: 
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The safety of its own crew and personnel during 
regular operation. Physical assets management 
personnel and crew are responsible for different 
tasks such as maintenance, upgrades, 
modifications of equipment and more and high 
quality programs include necessary training and 
precautions to protect their personnel from all 
kinds of potential hazards involving such tasks. 
The scope of safety component of such assets 
management programs usually does not extend to 
other personnel such production, transportation, 
quality control and etc. 

- Utilizing human factors and ergonomics to 
optimize man-machine interaction. Operators of 
machines play a significant role to achieve assets 
management goals and objectives. Their 
interaction with equipment includes data collection 
in form of reading screens and gauges and etc., 
using their own knowledge and short/long term 
memory to process data, making decision and 
taking action and finally entering data into 
machine in form of adjustments or changes into 
machines setting. These steps can be turned into a 
cycle by receiving feedbacks from machine for 
evaluation. Any mistake in this cycle can cause 
accident or damage properties therefore the 
operators' mental and physical capabilities should 
match the demands of their job. In other word, by 
applying human factors and ergonomics principles 
the man-machine interaction must be optimize in 
order minimize the likelihood of such accidents 
and interruptions in operation. However, the 
application of ergonomics and human factor does 
not go beyond the operators and assets 
management crew and excludes other personnel 
and activities that deemed to be low risk or out of 
the scope of assets management. 

Similarities of Two Fields 

As it was described above, both safety engineering 
and physical assets management fields pursuit 
philosophically same objectives. It is better to explain a 
typical safety engineering model using a block diagram 
in figure 1 which is developed by the author. 

This model starts with safety engineers (box I) 
who need to have proper education and training as well 
as knowledge about safety standards and regulations 
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related to their industry. Depending on the industry, 
such safety engineers should be familiar with multiple 
standards and regulations. For example, a safety 
engineer who works in a food factory with mass 
production of frozen pizza in the U.S. should be 
familiar with standards and regulation enforced by 
different organizations such as Occupational Safety 
and Health Administration (OSHA), Environmental 
Protection Agency (EPA), Food and Drug 
Administration (FDA) and a few more. 

The safety engineers can utilize different 
approaches to identify hazards (box 2) such as walk 
through, analyzing operating process charts (OPC) or 
flow process charts (FPC), studying material flow 
diagrams, reviewing maintenance procedure, studying 
the inventory of materials (particularly hazardous 
materials), direct observation, interviewing employees, 
or even analyzing the records of previous accidents, 
injuries and fatalities and near misses. An experienced 
safety engineer would use a combination of multiple 
approaches and collaborates \.vith other professionals 
such as occupational nurses/physicians, production 
engineers and even human resources. 

After using multiple approaches, safety engineers 
can identify most (but usuaJly not all) of the hazards 
which can be categorize into occupational and 
environmental hazards (boxes 3 and 4). To simply 
explain the difference between the two categories, one 
can say that the source of environmental hazards are 
from activities that are performed in the vicinity of the 
operation and may or may not be related to the 
operation, and the source of occupational hazards are 
the actual activities directly related to the operation. 
The two categories of hazards cover the following four 
different types of hazards: 

Physical hazards - these are the type of hazards 
that are more related to equipment and physical 
characteristics of work environment, such as 
unguarded drilling machine, working in heights 
without fall protection and etc. 
Chemical hazards - as the name suggests, this type 
of hazards are about chemicals. It has been proven 
that human exposure to different chemicals can 
cause all kinds of acute or chronic illnesses or 
even death. For example long term exposure to 
asbestos can cause cancer and eventually death 
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Figure 1 - Typical safety engineering model 
*PPE - Personal Protective Equipment 
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Ergonomic hazards - these are the hazards related 
directly to the tasks and activities as well as tools 
and workstation designs by which an employee 
performs his/her job. For example, lifting heavy 
loads can cause lower back disorder or using a tool 
that is large for an operator' s hands can cause 
fatigue and loss of control and increase the risk of 
accident. 
Biohazards - this type of hazards involves living 
organisms which can cause harm to human. For 
example, cloths, equipment, and tools in hospitals 
and clinics contaminated with blood or other 
bacteria can cause illnesses and probably death 
among healthcare providers such as nurses and 
physicians. 

Once the hazards are identified, different 
countermeasures or control methods must be developed 
in order to protect employees (box 5). The ultimate 
goal of control methods should be to eliminate the 
source of hazards, but practically achieving such goal 
may not be possible, therefore the goal should be 
reduce the risk to permissible level. Safety engineers 
categorize control methods in three different types: 

Engineering control methods - this is the most 
effective and should be the most preferred method 
to control hazards. Any permanent change or 
modification in design in process, material or 
equipment and even environment which eliminates 
the source of hazard or substantially reduces the 
risk can be considered engineering control method. 
Administrative control methods - this type of 
control methods are not as effective as engineering 
methods because eventually there is an element of 
human factors involved. Personnel training, 
warning signs, medical monitoring, wellness 
programs, work procedures and guidelines are 
considered administrative methods and they all 
depend on how they are enforced by management 
or followed by personnel. lbis group of methods 
does not eliminate the hazard but they can reduce 
the exposure time. 
Personal Protective Equipment (PPE) - such 
equipment should be the Last option and should be 
used when there is nothing else that can be done to 
reduce the risk of hazards. PPEs do not eliminate 
any hazards nor the exposure time, but rather 
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reduce the severity of injury or illness should an 
accident happen, which can reduce the risk. 

Environmental and occupational hazards (boxes 3 
and 4) and countermeasures and control methods (box 
5) work in two different directions affecting the risk. 
Any identified hazards, regardless of its type and 
category, can increase the risk of accidents, acute or 
chronic illness and even death among employees; in 
most cases they can also increase the risk of damages 
to assets (box 6). As a simple example consider a 
production facility that uses sulfuric acid as cleaning 
material in part of the process. Human exposure to 
sulfuric acid vapor can cause eye, nose and throat 
irritation (short term exposure) or erosion of teeth or 
inflammation of bronchial tubes (long term exposure). 
Besides it can corrode any equipment or object that 
come in contact with this chemical. 

Meanwhile, depending on the type of control 
method, the risk of accidents, acute or chronic illness, 
risk of death or damage to property can be reduced by 
some level (i.e. engineering methods have the largest 
effect and PPEs have the smallest). It is the job of 
safety engineers to develop control methods which 
outweigh the hazards and reduce the risk to permissible 
level. 

The benefits of safety engineering are strikingly 
similar to physical assets management (box 7). It can 
increase productivity because healthy and uninjured 
employees can continue working without any 
interruption in production. Quality can be improved 
because employees working in safe work environment 
do not cut corners in order to protect themselves. Costs 
and expenses associated with unsafe working 
conditions can be reduced. Such costs included 
different direct and indirect (or hidden) costs 
associated with occupational accidents which are very 
hard to quantify. Sick and unhealthy employees tend to 
take sick leaves more frequently and for longer periods 
and safe work environment can reduce that. Employees 
with chronic illnesses will eventually change their job 
or even leave their employers and that can increase the 
turnover rate which can create unnecessary expenses 
for employers to hire and train new employees. A safe 
workplace can have positive mental effect on 
employees by increasing job satisfaction and 
motivation and overall it adds to companies' 
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competitiveness. Some companies even pursue safety 
awards or even certifications to encourage their 
employees to comply with safety standards and use it 
as an advertisement to promote their own reputation in 
communities. 

Similarities in Methods 

There are certain methods that are used by safety 
engineers in order to identify hazards and develop 
control methods at different stages of operation. Some 
of these methods are also used in reliability and 
maintenance engineering. The only difference is that 
these methods are used in maintenance engineering 
with goal of keeping a system or equipment up and 
running according to desired specifications, but in 
safety engineering the goal is to prevent accidents and 
protect people and properties/environment. Here is a 
summary of some common methods used in safety 
engineering and/or reliability engineering: 

Preliminary Hazard Analysis (PHA) - this is a 
semi-quantitative method that can be utilized in 
the early stage of hazard identification stage (box 
2 in figure I). A PHA can provide a list of hazards 
and their effects on different assets (people, 
property, environment, etc.) and develop control 
methods to eliminate or minimize the risk. 
Failure Mode and Effect Analysis (FMEA) - it is a 
highly structured method that analyzes the effect 
of different failure modes for different components 
of a system on people's health and safety, property 
and environment. At the end, it introduces control 
methods to reduce the risk to permissible level. 
Fault Tree Analysis (FT A) - This method is a top 
to bottom analysis in which one mode of failure of 
a system is analyzed by using Boolean logic in 
order to find a series of initiating events that can 
lead to such failure mode. This method can help to 
quantify the probability of the failure mode. Once 
the FMEA is completed, safety engineers can 
prioritize all the failure modes and start more 
detailed analysis of each failure mode. 
Event Tree Analysis (ET A) - In contrast to FT A, 
this method is a bottom to top analysis in which a 
single initiating event is considered and the overall 
system's performance is analyzed by creating 
different paths based on the success or failure of 
different component of the system in order to find 
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the effect of such event on the safety of people or 
function of equipment and property. It is basically 
similar to a what-if analysis at the end of which, 
the probability of different potential outcomes can 
be quantified. 
The Management Oversight and Risk Tree 
(MORT) - this method is an analytical procedure 
to determine causes and contributing factors in a 
real or hypothetical accident. One common 
application of this method 1s accident 
investigation. An accident can cause harm to 
people or damage property or destroy environment 
and MORT can determine the possible root 
cause(s) of such accident. 
Hazard and Operability Study (HAZOP) - it is a 
structured and systematic evaluation of complex 
processes or operations in order to identify 
problems that may be considered risks to 
personnel or equipment. HAZOP is usually done 
at design phase of any system with general goal of 
identifying design or engineering issues that may 
otherwise not have been found. 
Energy Flow and Barrier Analysis (EFBA) -
EFBA is a method of identifying hazards and of 
gaging the adequacy of countermeasures or control 
methods against the risks they are supposed to 
mitigate. It is a very useful method if performed in 
combination with PHA. EFBA identifies all 
system energy sources and for each of them 
examine the effect of potential unwanted energy 
flow on the safety of people or reliability of 
equipment. 

Each of the methods explained above have its 
strengths and shortcomings and safety engineers use a 
combination of them in order to identify and asses as 
many hazards as possible and develop most effective 
control methods at different stages of life cycle of any 
system. It is a common practice to perform these 
analyses as collaborative teams of experts and 
professionals from other fields. 

Life Cycle of Human Capital 

A typical life cycle of human capital is presented 
in figure 2 and it can be compared to assets life cycle 
side-by-side. It starts at the moment an organization 
feels the need to employ one or more people to perform 
certain tasks in order to help the organization achieve 

Inte rnationa l I I " Conference 

its objectives. In order to optimize the life cycle of 
human capital, organizations must conduct a pre-hiring 
analysis which is also known as work system analysis. 
At this step organizations should have a clear idea of 
the characteristics of the job (physical and mental 
demands of the job) and the characteristics of a person 
or persons who are expected to complete the tasks. In 
other words, the candidates for the job and the job 
itself should match. After this stage, organizations can 
start recruiting and once the best candidate(s) is found, 
they can go through necessary and relevant training to 
maximize their performance. The employees continue 
working for some time which could be from very short 
(several weeks or months) or very long (decades) and 
during this time they need all types of support and 
training for different reasons, such as refresher 
training, new equipment, new material, new process, 
new design, new regulation, and etc. 

During the time of service, safety engineers are 
responsible for safety analysis of the job in order to 
keep people, property and environment safe so that the 
organization's operation can continue without 
interruption. Such safety analysis must be performed 
periodically to make sure that employees are following 
all the required standards and procedures and all 
control methods are functioning as required. 
Eventually, an employee will leave his/her job for 
verity of reason such as retirement, illness, promotion, 
change in employment, or even death (natural or 
caused by an occupational accident). At this stage, the 
employers need to re-evaluate if the positions need to 
be filled with new employees or eliminate the position. 

It is important to emphasize that the duration of 
service for employees is usually unpredictable 
(excluding seasonal and temporary contract 
employment), and there are numerous factors which 
can play significant roll to extend the service time. 
High turnover rate is usually considered an indicator of 
poor work conditions or even poor management. Safety 
engineers can make a positive effect on turnover rate 
by creating a safe and healthy work environment for 
employees, reducing the risk of hazards, 
recommending safety-related investment opportunities 
to management, increasing employees ' job satisfaction 
and motivation, and etc. 
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Figure 2 - Life Cycle Human Capital versus Physical Assets 

Financial Justification and Challenges of Safety 
Engineering 

Safety engineers face two major challenges when 
it comes to quantifying their decisions or 
recommendations in financial terms. The first one is 
about estimating the cost of a typical occupational 
accident. The costs associated with any typical 
occupational accident are divided in two categories: 

direct costs and indirect costs. The direct costs of 
occupational accidents and injuries include, but not 
limited to, medical costs for injured employees, 
damages to material, product, equipment and other 
properties, costs to repair or replace damaged items, 
wages of injured employees while they are away from 
work and etc. Such costs can be obtained from cost 

accounting system/office with relatively reliable 

accuracy. 

The indirect costs of occupational accidents and 
injuries are much harder to identify and estimate, but 
generally they can range from double to IO times more 
than the direct costs depending on the severity of the 
accident. It includes, but not limited to, lost production 
time for employees, engineers, and managers, lost 
production time because of cleanup, lost sales, 
overtime costs to catch up with orders, delays in 
deliveries, costs of recruiting and training replacing 
employees, possible fines and/or penalties, increase in 
insurance and/or workers compensation premium, loss 
of public trust, bad reputation, unsatisfied customers 

and employees, and possible lawsuits. One common 
analogy to describe direct and indirect costs of 
occupational accidents is an iceberg (figure 3). Its 
portion above the water represents direct costs which 

are easier to identify and measure, and the portion 
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below water represents indirect costs and is much 
larger than the first part and much harder to measure. 

Direct Costs 

Indirect Costs 

Figure 3 - Iceberg Analogy for Direct and Indirect 

Costs of Accidents 

Safety engineers can use historic data of their own 
organization ( or similar ones) to estimate some of these 
expenses or obtain them from other resources such as 
some insurance companies. This issue, nevertheless, 
indicates the importance of reliable and accurate record 
keeping procedure about occupational accidents and 
even near misses. Once the challenge of estimating 
direct and indirect costs and expenses of occupational 
accidents and injuries is completed, the second 
challenge must be met. 

Financial justification for investment in 
occupational safety program is the second challenge 
that safety engineers face. Classic engineering 
economy methods (such as benefit to costs ratio 
analysis) can be used to justify how investment in 
occupational safety programs (such as new training, 
buying new safety equipment, upgrading safety 
features, replacing process, materials, equipment, and 
etc.) can outweigh the costs of staying in stagnant state. 
More than often, it is not easy to get top management 
approval for such investments particularly when the 
price tag is high. One major reason for such hurdle is 

that in managers' perspective occupational accidents 
are probabilistic events and they may or may not occur, 
and even if they invest in such proposals and everyone 
keeps working without any accident, it is not possible 
to claim if it was because the employees were lucky or 

International I t t 11 Conference 

because the investment in occupational safety 
programs was successful . 

Safety engineers can come up with different 
methods to gain their managers' support to invest in 
safety-related projects. One method is called "sales 
equivalent of loss" which can be estimated as : 

Total Cost of Accident x 100% 
Sales Equivelent = p f . M . 

ro it argzn as% 

For example if an accident costs (indirect and 
direct costs) $200,000 for an organization with a 5 
percent profit margin, the sales equivalent would be $4 
million. This means that the company must increase 
revenue by $4 million to make up for the costs and 
expenses of such occupational accident. A real case 
example is BP refinery explosion in Texas City, TX 
(2005) which resulted in death of 15 employees and 
injury of 170 people. The total cost of accident with 
legal fines and settlements was $1. 7 billion and the 
profit margin of BP at that time was 5.3% and the sales 
equivalent of this accident was about $32.1 billion. It 
would be very difficult, if not impossible, to increase 
the revenue by $32.1 billion in a highly competitive 
market in order to cover the loss caused by this 
explosion [2]. 

The fact that makes this accident and loss even 
more unpleasant is that this accident was preventable. 
All BP was supposed to do, was to invest $150 million 
to repair or upgrade their refinery facility and connect 
the ISOM (isomerization unit) relief system with the 
new NDU (naphtha desulfurization unit) flare system 
to avoid explosion. An after the fact comparison can be 
used as proof that a $150 million investment could 
have prevented a $1.7 billion loss if top management of 
BP had made the right decision. 

Organizational structure and Major 
Responsibilities of Safety Engineering 

Safety Engineering/management unit should be 
placed in an organization in such a way that maximizes 
its efficiency and minimizes the duplicity, conflict of 
interests and interruption of operation. There have been 
numerous cases of accidents that were caused because 
a safety measure was ignored or disabled or skipped 
because the management wanted to boost the 
production. Therefore the safety engineers should have 
the autonomy to protect people, equipment and 
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environment with the authority to stop the operation if 
it is deemed to be an imminent danger to people or 
environment. Similarly, there have been reports about 
conflicts of interest between safety people and quality 
control crew. However, because a large portion of 
accidents happen during non-routine operations such as 
maintenance, machine/line set-up or changeover, or 
even clean ups therefore it sounds reasonable to 
integrate the physical assets (or maintenance) 
management with safety engineering ( or management) 
in order to prevent such accidents. 

It should also be emphasized that even though 
safety engineers are supposed to have autonomy, they 
are not supposed to work in isolation. They should 
create a very close relationship with other 
professionals, experts and departments for 
collaboration. Working in teams made of different 
experts such as industrial hygienist, occupational nurse, 
engineers from different fields, human resources, union 
representatives, lawyers, inspectors from government 
agencies, accounting, logistics and etc. is a major 
aspect of safety engineers work. Among all the duties 
and responsibilities of safety management, the major 
ones can be listed as : 

Record keeping and data analysis - robust and 
accurate data collection about injuries, illnesses, 
fatalities, near misses, duration and level of 
exposures to chemicals and substances, and 
physical hazards, work-related health metrics 
(concentration of chemicals in blood, hearing 
level, and etc.) followed by appropriate analysis 
such as factor analysis, correlation analysis, linear 
and logistic regression analysis, ANOV A, 
categorical data analysis, and even sometimes time 
series analysis can help management have a better 
understanding about the status of safety in 
company and effectiveness of control measures; as 
well as Identifying the trends and potential weak 
points in order to prevent future accidents. 
Accident investigation - safety engineers not only 
should investigate any accident which has caused 
injury, fatality or loss of property, but also should 
investigate near misses. Such analysis can put light 
on some hazards which can be potentially 
catastrophic and have gone unnoticed during 
previous round of hazard identification and 
assessment. 
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Emergency planning - planning for natural or 
man-made catastrophes is essential for any 
organization's survival during and after major 
accidents. Emergency planning should include 
evacuation plans, damage control, contingency 
plan, recovery plans and all should include with 
policies and procedures. These plans must be 
reviewed and updated periodically and even 
practiced (such as fire drills or hazmat 
evacuation). 
Safety training - employees must be trained and 
educated about the hazards and risk of accidents 
associated to their job. They must be trained to 
understand the potential negative effects of 
hazards on their health and how to protect 
themselves. They should completely understand 
the reason of why they were asked to use certain 
safety equipment or follow a particular safety 
procedure. Such training programs must be 
developed and offered to employees by safety 
engineers and regular bases. It is obvious that in 
some cases an ex1ernal expert is needed to be hired 
for training. 
Work system analysis - the main purpose of work 
system analysis is to find the best person who fits 
into the work system and is physically, mentally 
and cognitively capable to fulfill his/her 
responsibilities. Work system analysis looks into 
job demands and all the resources available to 
perform related tasks and then identifies all the 
personal traits and characteristics needed to fulfill 
the tasks and uses the entire data to select the right 
candidate to hire and fill the position. During this 
process it might be necessary to make adjustments 
in work system, such as working hours, 
workstations, tools, level of mental work and etc. 
Hazard assessment and risk control - hazard 
assessment is a continuous process, during which 
safety experts need to constantly assess the level 
of hazards (physical, chemical, biological and 
ergonomics) and keep records of them. Such 
assessments must be compared to the existing 
safety standards and requirements to make sure 
that the organization is in compliance with 
regulations. Safety engineers also have to prepare 
plans to improve the conditions beyond the 
minimum legal requirements and take actions if at 
any point hazard levels violate the minimum 
requirements and control the risks. 
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Safety program development - organizations with 
good reputation in safety are proactive about the 
safety of their workers. They do not wait until an 
accident happens in order to take action and 
develop control methods. It 1s highly 
recommended to develop safety programs to 
ensure that everybody in the organization is aware 
of the hazards related to their work and the control 
methods available to them to minimize their risks. 
To name a few safety programs common in 
general industry, hearing conservation plan, 
luckout-tagout plan, confined space plan, fall 
protection plan, emergency plans (fire, earth 
quake, flood, severe storms, cyberattacks, 
blackouts, severe cold/hot weather and etc.), 
HAZMAT (hazardous material) plan, HAZCOM 
(hazard communication) plan, health and wellness 
plans can be mentioned. 

Who Can Be Safety Engineer 

To provide the best answer to this question a work 
system analysis must be conducted in order to identify 
the job demands, work conditions and other 
responsibilities. Obviously, any manufacturing facility 
has its own unique working conditions and hazards, 
which may require the safety engineer to have a 
specific set of skills and knowledge in order to take on 
the responsibility. 

In companies where a lot of chemicals in large 
volumes are used, a chemical engineer or industrial 
hygienist can be a leader in safety engineering 
department and establish a close collaboration with 
other professionals in the company such as production 
engineers, maintenance crew, quality control crew and 
etc. On the other hand, in companies who are in road 
and building construction, a civil or mechanical 
engineer or even an industrial engineer can become the 
safety manager/supervisor. Physicists or nuclear 
engineers can take the safety engineering job in places 
where radiation is used such as nuclear power plants. 

Regardless of formal education and experience, 
whoever takes the responsibility in safety engineering 
will need additional training and education in related 
fields to complement their expertise, otherwise some 
hazards might not be noticed, or risks underestimated 
or unnecessary expensive control methods are selected 
and implemented. 
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Future of Safety Engineering 

Science and technology advance and new frontiers 
open every year. People and industries learn about new 
materials, tools, equipment, and technologies on a 
regular bases and such innovations and inventions are 
so new that safety engineers have no or very little 
knowledge about how new technology is going to 
affect the safety of people at work or home. It is very 
clear that safety engineers are going to be, and have to 
be, involved in the life cycle of new technology. Their 
expertise can be very helpful at the design phase all the 
way to the disposal of wastes and out of commissioned 
equipment/material. Here are some examples of 

emerging technologies which require involvement 
from safety engineers. 

The application of nanomaterials and 
nanotechnology is expanding rapidly, so much so that 
most of the countries who are the producer and 
consumer of such materials have no established 
standards and regulation about the rmmmum 
permissible exposure level to these materials. Studies 
show that nanornaterials can penetrate into human 
body through different routes and the existing control 
methods are not effective at all. It is up to safety 
engineers and their collaboration with physicians, 
chemists, toxicologists, pharmacologists, 
epidemiologists and other experts to understand the 
health effect of such materials on human body and 
develop efficient control methods to reduce the risk of 
potential illnesses. 

Drones are another emerging technology whose 
application is going beyond military and recreational to 
commercial (e.g. , Amazon has been planning to deliver 
orders to its customers by drones). Some smaller 
drones have potential indoor applications (e.g., they 
can be used for material handling applications). In any 
case, safety engineers must be mindful of their effects 
on employees' safety because of their mobility; drones 
can transfer contaminants from one location to another 
and exposed people to toxic and harmful substances. 
Larger drones can interfere with larger aircrafts such as 
helicopters and airplanes or even at lower altitudes 
interfere with ground traffic and transportation. Drones 
can be used for safety or even emergency operations as 
well. For example, in recent flood in Houston, TX 
(October 2017), drones in different sizes and designs 
were used for search and rescue operations. 
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Autonomous vehicles (self-driving cars) are 
appearing on the roads more often and in larger 
numbers. Tesla, Mercedes Benz, Google, and a few 
other companies are actively and continuously 
developing technology for self-driving automobiles 
and it is a matter of time that the application expands to 
sea and air transportation. In June of 2016 the first fatal 
accident involving a self-driving car (by Tesla) was 
reported and that was the first warning sign of the 
safety of such vehicles. Extensive collaboration 
between safety engineers (particularly human factors 
experts), IT experts, car designers/makers, computer 
engineers and other professionals is absolutely 

necessary to create a safe autonomous vehicle (as a 
standalone system) and also a safe interaction with 
other systems such as other vehicles, traffic control 
equipment, pedestrians, animals/wild life, and etc. 

Smart Infrastructures are appearing everywhere 
and corporation such as GE and IBM are heavily 
investing in this technology. The cyber-security of such 
systems is one aspect of the safety which is 
predominantly taken care of by IT experts and 
researchers. However, other organizations that are 
implementing this technology and rely more and more 
on them for their daily operations must be prepared for 
any scenario in which smart infrastructures 
malfunction or stop functioning. Emergency 
management programs in every organization must go 
beyond natural or man-made disasters and include 
failures of any kind and even cyber-attacks on smart 
infrastructures. Failure of smart infrastructures can 
have severe consequences on employees, community, 
environment and properties such as leaking toxic 
materials to explosions or grounding fleet/airplanes. 

Final Words and Conclusion 

As recent as the past decade, several experts and 
researchers have developed the idea of integrating the 
safety engineering programs with quality control 
programs. There are numerous publications about this 
endeavor. However, I, personally, believe that such 
integration is not sustainable because of one important 
philosophical difference between these two programs. 
Quality control/management programs are 
predominantly consumer or customer oriented 
programs and in contrast, the safe engineering 
programs are predominantly employee oriented 
programs. This difference between these two programs 
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makes them incompatible. In addition to such 
philosophical difference, advocates for this idea are 
more concentrated on the administrative aspect of 
safety engineering programs rather than the 
engineering side. This can lead to less emphasis (if not 

complete ignorance) of engineering methods to 
improve the safety of employees. 

It should be clear by now that the similarities 
between physical assets management and safety 
engineering are undeniable. Unlike the safety-quality 
integration idea, the safety-physical assets management 
integration idea could be a better approach because 
they concentrate on two groups of resources 

(nevertheless both are assets to companies). Both 
follow the same philosophy and concept, face similar 
challenges, and use similar methods to protect assets. 
By modifying the definition of assets, it will be 
possible to put humans and non-human (commonly 
referred to as physical) assets under one umbrella of 
assets management. Such new definition of assets 
management can be called Total Assets Management 
in order to indicate its inclusiveness of humans and 
non-human assets in one system or program. It is 
obvious that depending on the size and complexity of 
organizations, and how proportionally they depend on 
human resources versus physical assets, the Total 
Assets Management program can be structured and 
organized differently. 

So far there is no reliable literature published 
about integration of these two systems. The concept of 
Total Assets Management needs to be implemented in 
numerous large and small companies in variety of 
industries for several years and it has to be studied and 
evaluated continuously before determining its 
effectiveness and its optimum setting and structure. 
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