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Abstract— Worldwide, various types of cost
assessment methodology exist in case of accident
at work. Costs that may arise in the event of an
accident at work can be of a great burden to the
budget of a project in every given industry leading
to unforeseen financial losses, loss of time and
important human resourced, and therefore it may
result with ending the working project. For that
purpose in 2007, Republic of Macedonia like the
rest of the EU countries implements the European
Directives of safety and health at work. That
means that all organizations must follow the given
standards and regulations of safety and health at
work such as: applying appropriate employee
training, conducting regular medical examinations
to the employees, preparing a risk assessment
study of the workplace, monitor and test the
equipment and the machines that are used in the
everyday process of work.
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I.  INTRODUCTION

International Labor Organization, in a study
regarding health and safety at work in the US, 2003,
says that death and disease arising from the cost of
workplace have much exposure to more risks in
society. There is no way to know what role have these
studies played in the social consensus that led to the
formation around proactive protection policies at work
in most industrialized countries, but their importance
in the public domain and the resources continually
allocated to update and improve them both indicate
that they have the power to motivate.

Harberger and Jenkis (2002) define cost-benefit
analysis as a sum of tools for directing decisions on
whether to take certain course of action or not. Pearce
(1988); Snell (1997); Preez (2004) define cost-benefit
analysis as methodology for estimate of the costs and
benefits enabling development of numerous
comparisons and forecast of benefits and costs that
should be considered or measured in order to sum
them. There are great number of different definitions
and views about cost-benefit analysis.

The original theoretical basis for the cost — benefit
analysis, as a technique for economic assessment of
public investments was laid in 1930 when US
engineering corps created methodology for
justification of Congress’ projects (Lagas, 1999). First
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system usage of cost — benefit analysis happened in
USA in relation to investment programs for water
resources in Northern America in 1930s. It was noted
that the mass public expenditure undertaken for the
development of selected river valleys and public
benefits of such schemes are considered unreliable.
Since the 1930s, cost - benefit analysis is a popular
tool for evaluating public sector projects and is one of
the oldest techniques that have been developed in the
US to assess the implications of alternative schemes
on water resources, by which its application has
spread rapidly on various activities in the public sector
in all parts of the world.

The same process can be seen on national level.
Every industrialized country has national legislation
and adheres to international conventions that force
protection of health and safety of own workforce,
though advocates of safety at work have found it
useful to demonstrate the economic costs of the
decline in work. "Safety in numbers", one of the
highest profile publications of the International Labor
Organization (ILO) in the field of safety at work,
suggests that 4 percent of global income is lost due to
occupational injuries and diseases, discovery quoted
around the world numerous times.

Il. MATERIAL AND MODEL

A. Decision - parameters for analysis of
investments - methods used for cost - benefit analysis

There are three criteria used in the process of
decision — making. They are:

1. NPV - Net Present Value
The difference between the present value of
cash inflows and the present value of cash outflows.
NPV (Net Present Value) is used to analyze the
profitability of the investment or project.

. —yN _C
or,in short NPV =¥V, @t

1)

NPV = Co + X0, —

=1 (14t

where:

- C; = net cash inflow during the period,

- Cy =initial investment,

- r=discount rate (the rate of return that can be
earned by investment in the financial markets
with similar risk, the opportunity cost of
capital),

- t=number of time periods.
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2. IRR - Internal rate of return

Internal rate of return (IRR) or economic rate of
return is the rate used to measure and compare the
profitability of investments.

NPV, = 0 - discount rate makes the current net
value of all cash flows of a project to be equal to zero.

In the method of internal rate of return (IRR), the
criterion for acceptance of the project is that the IRR
must exceed the social discount rate. Given both
independent projects and budget limitations, you
should choose one with a higher internal rate of return
before one with a lower rate. The internal rate of
return is the discount rate that is created by the whole
system - the benefits and costs — equals zero:

IRR= Y1 ,——t=0 )

=0 (141t

The internal rate of return is another method for
determining the value that does not depend on the
determination of the discount rate and expresses the
value in terms of percentage. The internal rate of
return is based on the assumption that the flows of
costs are reinvested in the internal rate of return.

Therefore, the internal rate of return cannot be
used to calculate the costs and benefits, because the
internal rate of return can give results that are
inconsistent with the ranking based on the method of
net present value.

3. BCR - Benefit Cost Ratio

Benefit cost ratio is defined as ration between
the present value of benefits and present value costs:

BCR = - = p/c ©)

Criteria for acceptance of the project is that the
reduced rate of cost benefits shall not exceed one.

improvement of circumstances or consumer surplus
brought about by the policy of using.

B. Cost-benefit analysis with software

Below, the software by which we can calculate the
benefit of appropriate preventive measures in
occupational safety expressed by economic
indicators-money is shown. For this purpose, an
EXCEL program is developed, by which help we can
demonstrate the model of Cost-Benefit Analysis.

I1l. RESULTS AND ANALYSIS

Theoretical design of the cost - benefit analysis by
different types of benefits, security research and direct
/ indirect costs of accidents is implemented into the
software. Different types of costs incurred from
accidents caused by the fault of the employer in a
particular industry as a consequence of avoiding
adherence to the measures and principles set by
management for Safety and Health at Work are also
presented. These costs might be key in economic
endurance of the project itself. Based on that, the
costs from this character are distributed in two groups:
costs incurred to improve the safety of workers and
reducing the risk of accident and costs incurred as a
result of injury to a worker due to violation of
standards of safety and health at work.

Due to the need for unification of the respective
benefits and costs in Cost-Benefit analysis in program
Cost-Benefit-Analysis.xls, costs are defined as:

Costs 1, Costs 2, ... Costs 5, while benefits as
Benefit 1, Benefit 2,... Benefit 5. They can be, for
example, costs caused by production cuts due to
worker injury or disease at work, medical expenses,
legal fees etc., while the benefits can be to reduce
accidents, reduce medical cases, increase
productivity, reduced sick leaves etc. Input
parameters for analysis are given in next Table:

Table 1: Input parameters

Option 1 | Option 2 | Option 3 | Option 4

The choice between each excluded projects, for best < < < <
acceptance it will be to choose a project with the example | example | example | example
highest rate of cost benefits. However, a typical 1> 2> 3> 4>
problem with the discount rate is getting accurate Estimati
cash flow. on
period
4. WTP - Willingness to pay (years) 30 30 30 30
Capital
Another method is the willingness to pay. expendit $2.000. | $30.000 | $55.000
Willingness to pay for improvement in health is in a ures $0 000 .000 .000
function of improving productivity and is expressed as: Whole | $15.000 | $17.000 | $45.000 | $70.000
life costs .000 .000 .000 .000
WTP =PP + CS (4) Cost -Benefit analyses
Present
where: PP = the amount paid Value of | $5.849. | $7.604. | $39.841 | $47.718
CS = consumer surplus profit 716 631 423 .390
Willingness to pay reflects the amount that Capital
someone who has no product will be ready to pay for Expendit | $5.849. | $7.849. | $35.479 | $43.903
it. It represents the maximum amount of money that ures 716 716 .345 .348
people are willing to pay in exchange for the Benefit- 1,00 0,97 1,12 1,09
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cost Discounte
ratio d factor 0,96225 0.44571 0.25(36 0'2133
Net (half-year)
Present $245.08 | $4.362. | $3.815. Discounte
Value $0 077 042 d factor 0.214 | 0.107
Multi-criteria analysis of non-material expenses (at 1,00000 | 0.46319 55 33
Criteria beginning
1 1,50 2,50 2,50 2,50 of year) $100 5100
Criteria : '
5 125 225 150 Benefit 1 $100.000 | $100.000 $01%% $(i%%
Criteria . $100.000 | $100.000 ) ’
3 0,60 0,90 1,20 1,20 Benefit 2 (i%% (1%%
Criteria Benefit 3 $100.000 | $100.000 $OOO ) $000 ’
4 0,40 0,30 0,50 0,80 enet 100 T 5100
Weighte . $100.000 | $100.000 ) ’
L
Benefit 5 $100.000 | $100.000 000 ) 000 ’
In the model itself, four different examples are Total
presented and at the end, multi-criteria analysis of : $500. | $500.
non-material costs and fees, if any, are shown, where hBe”I:’]efltS $500.000 | $500.000 000 000
four different criteria are defined. (half-year)
Present
. Value of $103. | $51.6
Table 2: Example 1 .
Cost p benefits $481.125 | $222.854 225 38
Benefit Investment proposal (half-year)
Analysis \F/’rT:sentf $5.849.7
Option 1: | Example alue o 16
1 benefits
Key - - -
-$100.000 | $100. | $100.
ass;)unnsw ti Costs 1 $100.000 000 000
Discount o - ) )
rate (%) 8,00% Costs 2 $100.000 -$100.000 $(f)1(())(()) $38(())
Periodic $1
assessme | 30 years - i i
nt (years) c $100.000 -$100.000 | $100. | $100.
$0 osts 3 000 000
Summary \ -$100.000 | $100. | $100.
results of I M Costs 4 $100.000 000 000
the - -
analysis . -$100.000 | $100. | $100.
Capital 50 Costs 5 | $100-000 000 | 000
expenses ) Total - -
per 10 %0 Costs § -$500.000 | $500. | $500.
years 50 (half-year) | $°00-000 000 | 000
WhOlet life $1800000 Present Cap|ta|
costs ) values ($ costs (at
Present 20 milions) be inn(in $0 $0 $0 $0
$5.849.7 Capital g g
Value of 16 p of year)
benefits 81 i -
Present )
$5.849.7 1 61116212631364146 Total -$500.000 | $500. | $500.
value of 16 costs $500.000 000 000
costs Total
Beneﬂt_' 1.00 Capital $0
cost ratio ' costs
Net Overall -
present $0 costof | $15.000.
value living 000
S 2015 2025 | 2035 | 2045 Present ) ~$002.854 : )
Www.jmest.org
JMESTN42351297 3560




Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 3159-0040
Vol. 2 Issue 12, December - 2015

value of | $481.125 $103. | $51.6 analysis
costs 225 38 Capital $1 Cost
(half-year) expenses | ¢, iy || ¢1
Present er 10 OV " H
g per I« Benefit
costs (at $0 $0 $0 $0 Whole life
beginning costs $17.000 $1 )
of year) Present OVEIOH 2
Present Value of | $7.604. |:s1
value of , - - benefits : /
costs (at $481.125 -$222.854 | $103. | $51.6 Present $2
current 225 38 value of | $7.849.
year) costs $2 Present
Present - - values
Benefit-
value of | $5.849.7 costraio | 997 |3 - @
costs 16 Net m'“\ons
Net cash $0 $0 $0 $0 present -$245. |53
flow value 1 713192531374349
Net
present
value (at $0 $0 $0 $0 Years 2015 2025 2035 | 2045
current Discounte
year) dfactor | 0,96225 | O%>7 | 02064 1 0703
Cumulativ (half-year)
e NPV $0 $0 $0 %0 Discounte
Data to d factor
draw the (at 1,00000 | 04931 | 02145 1 0.207
graph: beginning
Year 0 10 20 30 of year)
Present
Value of $ $ $250.00 | $250.0 | $250.0 | $250.
benefits (¢ | © 0481 | $0223 | 4103 | 0052 Benefit 1 0 00 00 | 000
milions) $100.00 | $100.0 | $100.0 | $100.
Present Benefit 2 0 00 00 000
value of _ -$ -$ $100.00 | $100.0 | $100.0 | $100.
costs (§ | “$048L | -$0223 | 4103 | 052 Benefit 3 0 00 00 | 000
milions) $100.00 | $100.0 | $100.0 | $100.
Cumulativ Benefit 4 0 00 00 000
e net $100.00 | $100.0 | $100.0 | $100.
present $- $- $- $- Benefit 5 0 00 00 000
value
i ® Total | ¢650.00 | $650.0 | $650.0 | $650.
milions) Benefits
0 00 00 000
(half-year)
Table 3: Example 2
BCOS;'t Investment proposal Present
Analos v prop Value of | $625.46 | $289.7 | $134.1 | $67.1
nalysis £ I benefits 3 10 92 29
: ) xamp (half-year)
Option 2: | 2 Present
Key Value of | $7-604.
assumpti benefits 631
ons
Discount o
cate () | $00% 3 3 ; }
Periodic $100.00 | $100.0 | $100.0 | $100.
assessme | 30 years Costs 1 0 00 00 000
nt (years) - ) R -
$100.00 | $100.0 | $100.0 | $100.
Costs 2 0 00 00 000
Summary In : ; ; ;
fesuts of | mifion Costs 3 | $100.00 | $100.0 | $100.0 | $100.
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0 00 00 000 Present
Value of $
- - - - . $0.625 | $0.290 | $0.134
$100.00 | $100.0 | $100.0 | $100. benefits ($ 0.067
Costs 4 0 00 00 000 millions)
i N a - Present
$100.00 | $100.0 | $100.0 | $100. value of -$ -9 -$ -$
Costs 5 0 00 00 000 costs ($ 2.481 0.223 0.103 | 0.052
Total : " : : m|II|ons)
Costs | $500.00 | $500.0 | $500.0 | $500. Cumulativ
(half-year) 0 00 00 000 e ”ett _$ -$ -3 -3
presern 1.856 | 0.887 | 0.439 | 0.245
- value ($
Catloﬂ?lt ] millions)
costs (a
beginning $20.880. $0 $0 $0
of year)
) N N - Table4: Example 3
Total $2.500. | $500.0 | $500.0 | $500. Cost
costs 000 00 00 000 Benefit Investment proposal
Total - Analysis
capital $2.000. Exampl
costs 000 Option 3: e3
Overall - Key
costof | $17.000 assumpti
living .000 ons
Discount o
Present ) ) i i rate (%) 8,00%
vale of | gag112 | $222.8 | $1032 | $51.6 PenodC | ag vears
5 54 25 38 y i Cost Benefit Analysi: pfion3
(half-year) nt (years)
Present .
value of - :
Summary /
costs (at $2.000. $0 $0 $0 results of .
beginning 000 the
of year) analysis %
Present Capital %
value of - N N - expenses | $30.000 | g
current 125 54 25 38 years ks
year) Whole life | $45.000
Present - costs 000 = P e
value of | $7.849. ' ;
Present G s i
costs 716 val f $39.841 _
alue o 423 = (e e et il
benefits '
- Present e inenn e -
Net cash | $1.850. $1(E)3(()).O $1§8'0 $(:)ng value of $32'44579 L s
flow 000 COsts )
Net Benefit- 112
present - cost ratio '
value (at | $1.855. $6%'85 $3(%.96 $;51'4 Net $4.362
current 662 present 677 ’
year) value
- - - -$
Cumulativ | $1.855. | $887.1 | $438.5 | 245.0
e NPV 662 46 35 85 D.Years 2015 2025 2035 2045
iscounte
d factor 0.96225 0.445 | 0.2064 | 0.1032
Data to 71 5 8
T (half-year)
dlan ne Discounte 0.463 | 0.2145 | 0.1073
arapn. dfactor | 1,00000 | ~/o L 3
Year 0 10 20 30 (at
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beginning Present i i i i
of year) value of | ¢181 12 | $222. | $103.2 | $51.63
Ccosts 4 25 8
(half.year) | ° 85
$400.00 | $800. | $800.0 | $800.0
Benefit 1 0 000 00 00 gﬁjseeg;
$1.000. | $1.00 | $1.000. | $1.000. -
Benefit2 | 000 | 0.000 | 000 000 bcos.ts (at $2360000 $0 $0 $0
$100.00 | $100. | $100.0 | $100.0 efg'””'”g -
Benefit 3 0 000 00 00 g year)
$100.00 | $100. | $100.0 | $100.0 V;ﬁjseeg}
Benefit 4 0 000 00 00 - i N N
! 575000 (115 | $1500 1 $.500 costs (at | $25.481 | $222. | $103.2 | $51.63
Benefit 5 0 0.000 | 000 000 current 125 854 25 8
Total year)
Benefits | $2:350. | $3.50 | $3.500. | $3.500. Present -
(half-year) 000 0.000 000 000 value of | $35.479
b costs .345
Present R
XZL“eeﬁtosf $2.261. | $1.55 | $722.5 | $361.4 Net cash | $23.150 330_88 $30'880' $30'880'
(hals. 289 9.978 72 66 flow .000 :
year) prgseént
Present i $1.33 | $619.3 | $309.8
Value of $3i.28341 value (at | $23.219 | 270 o o8
benefits . current .837
year)
- - - $
- - - - Cumulativ | $23.219 | $8.47 | $493.0 | 4.362.0
$100.00 | $100. | $100.0 | $100.0 e NPV 837 9.130 84 77
Costs 1 0 000 00 00
$100.00 | $100. | $100.0 | $100.0 d%e
Costs 2 0 000 00 00 e
$100.00 | $100. | $100.0 | $100.0 Year 0 10 20 30
Costs 3 0 000 00 00 Present
- - N - Value of $
$100.00 | $100. | $100.0 | $100.0 benefits ($ $2.261 | 1 ggo | $0-723 | $0.361
Costs 4 0 000 00 00 milions)
_ _ _ _ Present
$100.00 | $100. | $100.0 | $100.0 value of -$ -$ -$ -$
Costs 5 0 000 00 00 costs ($ 25481 | 0.223 0.103 0.052
Total - - - - milions)
Costs $500.00 | $500. | $500.0 | $500.0 Cumulativ
(half-year) 0 000 00 00 'reeggtn t I I I $
p| 23.220 | 8.479 | 0.439 | 4.362
Capital vaue $
costs (at i milions)
bewinn $25.000 | $0 $0 $0
eginning
.000
of year)
Total | $25.500 | $500. | $500.0 | $500.0 Tab'g(s)s: tExamp'e 4
costs .000 000 00 00 B -
enefit
Total - Analysis Investment proposal
capital $30.000
costs .000 ; :
Overall - Option 4: Example
cost of $45.000 4
living .000 Ke
assumpti
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ons Value of 390
Discount ] $10 benefits
rate (%) 8,00% COSt
Periodic 35 Benefi ] - - -
assessme | 30 years %0 $100.000 $100. | $100.0 | $100.0
nt (years) . Costs 1 ' 000 00 00
ysSis:
-$5 - - N N
H 100. | $100.0 | $100.0
Summary ()gtlon 4 $100.000 |
cesults of 10 Costs 2 000 | 00 00
fhe es / . $160 $1600 $1c;oo
analysis -515 - - -
Capital / Costs 3| $100090 | 050" | " 00 00
expenses | $55.000. | |20 1 | Pretsen . $160 $10'00 $10_OO
er 10 000 : . :
Jears 525 - values Costs 4 | $100-000 | 550" | o0 00
Whole life | $70.000. 430 - $160 $10'00 $10-OO
costs___O0%0 1 8152229364350 Costs 5| $100090 | 500" | "0 | o0
resent
$47718 Tota| - - -
Value of 390 -
benefits Costs | ge00 000 | $500- | $500.0 | $500.0
(half-year) 000 00 00
Present
$43.903.
value of 348
costs Capital )
Benefit- costs (at
cost ratio 1.09 beginning $2860000' $0 $0 $0
Net | $3.815.0 of year)
present 42 - - - -
value Total $25.500. | $500. | $500.0 | $500.0
COsts 000 000 00 00
vears 2015 | 2025 | 2035 | 2045 Total )
Di " capital $55.000.
iscounte
0.445 | 0.2064 | 0.1032 costs 000
d factor 0,96225 71 5 8 Overall :
(half-year) cost of $70.000.
Dc'ijCOUme living 000
actor 0.463 | 0.2145 | 0.1073
(at 1,00000 | “g s 3
beginning Prlesen} . . -
of year value o -
year) costs $481.125 $§52§ $1§53'2 $5}3'63
(half-year)
| $400.000 | $1:20 | $1.200. | $1.200. Present
Benefit 1 0.000 | 000 | 000 value of i
_ $1.000.0 | $1.00 | $1.000. | $1.000. costs (at | $25.000. | $0 $0 %0
. : . of year
Benefit3 | $109090 | “500" | 0o 00 of yean)
_ $100.000 $100. | $100.0 | $100.0 value of ) } ) i
Benefit 4 000 00 00 costs (at | $25.481. | $222. | $103.2 | $51.63
_ $750.000 $1.15 | $1.500. | $1.500. current 125 854 25 8
Benefit 5 ) 0.000 000 000 year)
Bgﬁé?i'ts $2.350.0 | $4.30 | $4.300. | $4.300. Present -
00 0.000 000 000 value of $43.903.
(half-year) costs 348
[resent ) $3.80 | $3.800. | $3.800
Xg'n”;ig $2.261.2 | $1.91 | $887.7 | $444.0 Netcash | $23.150. | 300 [ " 000 | 000 .
89 6.545 | 31 87 flow 000
(hals- Net -
year) present | $23.219. i%g? $7g;1'5 $3§§'4
Present $47.718. value (at 837 '
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current
year)

Cumulativ | $23.219. | $7.17 | $583.6 | 3.815.0
e NPV 837 7.333 04 42

Data to
draw the
graph:

Year 0 10 20 30

Present
Value of
benefits ($
milions)
Present
value of -3 -$ -$ -$
costs ($ 25.481 | 0.223 | 0.103 0.052
milions)
Cumulativ
e net
present
value ($
milions)

$0.888 | $0.444

$0.584 3.815

IV. CONCLUSIONS

One of the more difficult things for every industry is
planning the amount of expenses that will be spent in
the sector of health and safety of workers during
execution of their assigned tasks over certain period
of time. Cost- benefit analysis is one kind of
methodology to assess the costs and benefits that
helps to make numerous comparisons and predictions
of benefits and costs that should be taken into
account.

Methodology for estimation of costs for one
company in a cases of accident or professional
disease at work, type of costs, how to achieve cost
reduction and how to anticipate these costs, is
developed and presented in this article. For this
purpose, a program that measures costs and makes
analysis of the profitability for investing in the safety
and health at work, is developed.

Through examples of studies by other authors, we
have seen other similar methodologies for calculating
costs in a case of accidents or occupational diseases
and methods for analyzing the parameters involved in
building these methodologies and cost-benefit
analysis to examine the effect of preventing the
creation of pre - conditions to reduce the risk of
accident or occupational disease at work.

However, no matter how much we strive to
improve the conditions related to safety and health at
work, well implemented system for safety and health
at work and yet continue to have accidents and
injuries at work, which in turn lead to a increased
costs associated with safety and health of the
employees. The methodology developed in this article
can be applied in many industries and is expected to
lead to significant material savings to companies in
respect of payment of damages to employees,
damages by occupational diseases, attorney fees and
court costs, etc. Action plan for implementation of the
planned activities will be relieved from time
interruptions due to accidents and diseases, will bring
savings in terms of loss of material damage due to
delays in the deadlines for implementation, etc.
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