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Abstract

Background and aims: In developing and developed countries occupational accidents
are of the major problems. The worst consequence of occupational accidents is the
premature mortality of labor force and the most important part of these costs are
human costs. Deaths caused by occupational accidents reasult in the loss of life, and
lead to related costs. Every year, millions of occupational accidents occurs worldwide.
Some of the accidents are fatal and others leads to temporary and permanent inability.

The HSE-MS is a regular, systematic and explicit approach, accomplished with the
comprehensive processes with the goal of planning, documentation and changing
the methods in order to manage the detrimental factors, safe the threats and risk
analysis. Like the other management systems, the HSE-MS system is developed in
order to obtain a healthy working environment with the minimum amount of job
related incidents and dangers. A notable point is that the implementation of HSE-MS
management system requires spending the money and time.

Investment is one of the most important topics for converting funds into assets.
Knowing whether an investment is ultimately profitable or not is the most important
part of an investment. A sharp decline in the cost benefit of a poor work environment
can undermine the economic systems of society and subsequently endanger the
position of the system in a competitive world. Today, with the development of
industries and the ever-advancing technology, complications such as air pollution,
work-related accidents and occupational diseases are emerged that have made the
need to implement HSE-MS management in various projects a necessity. To ensure
the justification of economic valuation methods, we used four classical IRR, MIRR,
AIRR, and NPV methods to compare and evaluate the best economic evaluation
method.

Methods: For this study, the profitability of the HSE-MS system implementation
was calculated by defining the values of the financial process flow in terms of fuzzy
numbers and using the IRR method including classical IRR, MIRR, AIRR and NPV
methods. Finally, the validity of the results was analyzed using @RISK software and
vertex method.

Step 1: Study theory

1: Calculate the accident costs based on fuzzy values, before and after the HSE-MS
system implementation. It is worthy to be noted that in this step expert’s opinions, the
historical data and existed information of similar projects can be used. Actually, in
this stage, first the cash flow stream of Costs arising from accidents is estimated before

1 Net present value (NPV)

2 modified internal rate of return (MIRR)
3 Average internal rate of return (AIRR)
4 internal rate of return (IRR)
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the HSE-MS system implementation. Then the cash flow stream value of Costs arising
from accidents is estimated after the HSE-MS system implementation.

2: Calculate the income value of HSE-MS system implementation by differing the
cash flow stream values of Costs arising from accidents before and after the HSE-MS
system implementation.

3: Estimate the amount of investment required to implement the HSE-MS system.

4: Form the final cash flow stream obtained from the implementation of HSE-MS system.
It can be obtained by summing the income and investment cash flow streams values.
5: Calculate the profitability of the final cash flow obtained from HSE-MS system
implementation using the strict exceedance possibility method.

Step 2: Operational calculation and analysis of accident costs

Accidents are classified into 5 groups according to the intensity of the result of an
accident i.e.: 1. Short-term absence, 2. Long-term absence, 3. Small disability, 4. Total
disability and 5. Death and based on borne costs in six groups including; 1. Production
disturbance costs, 2. Human Capital Costs, 3. Medical costs, 4. Administrative costs
5. Transfer costs and 6. Other costs classified according to the direct or indirect costs
resulting from the incident and impose costs on workers, employers and society.

Step 3: Economic evaluation and analysis of four methods classic IRR, AIRR,
MIRR and NPV

Internal Rate of Return (IRR)
The internal rate of return (IRR) is a metric used in capital budgeting to estimate the
profitability of potential investments. The internal rate of return is a discount rate that
makes the net present value (NPV) of all cash flows from a particular project equal to
zero. IRR calculations rely on the same formula as NPV does.
Formula and Calculation for IRR
T

PV(X|r) = x..(1+1)"

t=0

Modified internal rate of return (MIRR)

Modified Internal Rate of Return (MIRR) considers cost of capital, and is intended
to provide a better indication of a project’s probable return. It applies a discount
rate for borrowing cash, and the IRR is calculated for the investment cash flows.
When a project has multiple IRRs it may be more convenient to compute the IRR
of the project with the benefits reinvested. Accordingly, MIRR is used, which has an
assumed reinvestment rate, usually equal to the project’s cost of capital. Formula and
Calculation for MIRR

1n
FV +ve cash flows

MIRR = | ——| -1
PV -ve cash flows

Average internal rate of return (AIRR)

Researcher introduced a new approach, named AIRR approach, based on the intuitive
notion of mean, that solves the problems of the IRR . However, the above-mentioned
difficulties are only some of the many flaws incurred by the IRR.

Formula and Calculation for AIRR

g Zikecy (1417
PV (Cr)

@RISK Software

@RISK is an add-in to Microsoft Excel that lets analyze risk using Monte Carlo
simulation. @RISK shows virtually all possible outcomes for any situation—and tells
about how likely they are to occur. This means that it is possible to judge which risks
to take on and which ones to avoid—critical insight in today’s uncertain world. @
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RISK identifies and ranks the most important factors driving your risks, so you can
plan strategies—and resources—accordingly.

Results: The average rate of return on the internal financial capital of the financial
process resulting from the implementation of the HSE-MS management system in
accordance with the classic IRR, AIRR and MIRR methods is 22.23, 18.11 and 11.127,
respectively, which is 57 higher than the average market rate. The results show that
in the MIRR method, the lowest and highest value of the classical IRR obtained is
5.69/. and 10.027, respectively. Also, in AIRR method, the lowest and highest value
of classical IRR obtained is equal to 12.44 and 17.557, respectively. According to the
information obtained in the NPV method, the minimum which exceed the market
value and indicate that the HSE management system is economic. This also strongly
emphasizes the economics of this financial process. There is no significant difference
between the traditional method of calculating classic IRR, AIRR and MIRR with the
@RISK software methods, but the difference in the degree of economics in classical
IRR methods to AIRR and MIRR is due to the new computational process and the
impact of financial variables and time value of money. In other words, the profitability
percentages are more acceptable in the newer method.

Conclusion: Today, high developments of industries and increasing amount of
incident related costs, in different projects, force the companies to implement a HSE-
MS system. However, some managers are hesitated to applying this system, completely,
because of different reasons. This paper develops a new method in order to show that
this system not only is not a costly project, but also increases the project profitability
by decreasing the incident related costs. Actually, the HSE-MS system implementation
is an economic project. The proposed method in this paper first develops a model for
calculation of incident related costs, before and after the incident related costs being
occurred. The difference of these two financial processes shows the revenue of the
HSE-MS system implementation. Then, the ultimate financial process is formed by
integrating two revenues and required investment, for the HSE-MS implementation
system, financial processes. In order to evaluate the economic assessment of the
financial process for a HSE-MS system implementation, the IRR method which is one
of the attractive methods, is used. Using this method, by defining the financial process
values based on different time periods and considering the time value of money, the
attractiveness of financial processes is evaluated. Because of existing uncertainty in
predicting of financial process values and also in order to decrease the ultimate risk
of the solution, all values of financial process flows are defined as fuzzy numbers. It is
worthy to be noted that, whenever, the financial process values are defined like this,
the IRR value is also obtained as a fuzzy number. In this paper, a method has been
proposed based on the existing techniques in fuzzy sets theories, by which the FIRR
value can be computed by a higher reliability level. The economic evaluation of the
HSE-MS system is performed using the greater possibility index. Based on results, the
HSE-MS system implementation is strictly suggested for its benefits. The results show
that all four methods were highly economic and contribute to the economic growth
of the system in addition to maintaining the original budget. The four methods of
economic evaluation introduced have the ability to evaluate each other in terms of the
accuracy of the results. On the other hand, the classical IRR method with respect to
the data asserts the first letter among the proposed methods and confirms the validity
of the HSE_MS system.

Conflicts of interest: None

Funding: This study was supported with a grant from Guilan University of Medical
Sciences by Number 951127/20

How to cite this article:

Javad Vatani, Mitra Gholipour, Zahra poorhaji, Fatemeh Khalighdost, Yoosef Faghihnia Torshizi. Comparison of
Economic Evaluation Methods of Classic NPV , MIRR , AIRR, IRR in Performance Evaluation of Health, Safety
and Environment-Management System (HSE-MS). Iran Occupational Health. 2020 (28 Nov);17:35.

*This work is published under CC BY-NC-SA 3.0 licence



https://ioh.iums.ac.ir/article-1-2991-en.html

'/ﬁf—" b g 3 Al

http://ioh.iums.ac.ir

Yls) A

Assonun ues

N YONYAA - VY o0

s

S EOIPON JO

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

3 Shos Juki 40 Suw)S IRR g AIRR (MIRR ¢ NPV g0baid! b 3 51 s g y dualio
(HSE-MS) <o j fasno 9 ool ¢ coodl S0 pdeho i 31 i

Ol sy (S (S pole oSl ccudlagy B (M (lodls (slag s Slidios S e I el g (gl Cudligy qwdiges 09,5 ¢yldkil (Jgtue odiny g ) 1 Abg g
jvatani@gmail.com

Ol edy (S (S pole oSl ccudlig 8BS IS eyl g (glad > cudlagy (wdine (9ol 1yge B | e

Ol sy (S (S pole oSl ccubligs ALY IS eyl g (glad > cudlizy (wdine (sommiily t e yga 1525

ol ey (S (S pole oISl gy 5uSly IS eul g (gldd s Culligy pwdine (goomiily :Clw;s)é:)& aobld

) sl K ol oS S i i 5 gl pole 1555 15307 i gy

oJ.,S%

L‘”)'S [WLY ol (65138 oy S 48! ytasld ol )b 4 dag a5 gl el Cpete 5l (S (6518 Ao o 1BAD g Ao
i Blg oo Cund (6,8 e 1y (oobasdl (claajm 8yp0 s il o] iso o icaenll & b ol jolagw
HSE ¢ 00 s i Gnusgs b 055 al 351l 0 blco 4y (118, claz )31y s (o g Lileto 5 438 J1550 ) amaly (3Ll (slagises

513 By S 5 o3y 2 35 o maelye (b slaisilon 5 )8 Sl (26 @l din (Sagl lai (2o b 3955 Gg3dligy ity 5
‘ R nes it il liebl jslateds sl 03,5 s (695 (50l & |y cilisee (slaejyy ;3 HSE-MS s s (b0
.@RISK ;s 3 & oyp g amlio b G 135S oolazul IRR g AIRR MIRR ( NPV 5 Jlan 5 onbaisl b)) slayog, o9

oty S (oolaBl Dbyl cays (Bey e

£ i 3 il 5 o) s e sl gl iy b e o oplin v Syt OB
ool 5y gy ol NPVy AIRR. MIRR cckwdls TRR (sla st alonj] i obero ceiS3l
odalcansds ls Hlael VerteX sy, s @RISK ljéle 5 51 oslitul b colesys )5 dwlxs |y HSE-MS s

85 8 oigeil g oo 35

(sta sy e HSE-MScaite s csinshs J Jobs Jlo 33 IS ey 253 658 xSin sl iy
9039 $5,5 70 il &5 bawgie I 48 Canl oy VWY 5 YA/NY XV/YY 5 5o MIRR 5 AIRR § oM IRR
5 AIRR § oM TRR dslxe (s gy o (63900 SIS 0)b uST Jlo sl )3 ol 39 (ool pp cordey
S8 TRR (el sbg) 55 5392 63kl ol a 5305 Lo s ot ol @RISK Jj3lp 5 sl s, L MIRR
Saglogw 2oy G)ler 2,5 oy Sy loj 153 5 o sl b 5 Slslna (g5 0], 4 MIRR 3 AIRR o,

WAA /Y el o, L5 e8 B Sopg gy 5 sdelcusda
VAR YYD b gyl P05 (s pie 4 HSE sy )0 aje pae a5 ol ools aseis s Julo g 45500 b 16 5 doeils

s 3,8bos 5 gobatdl o asls (LU IS0 o) cnl 5l 0sdi o0 ymie mlio 51 S (55 0540 5 Lot
J53le 5 izen g NPV g MIRR. AIRR (M5 IRR sla g, 5l eolil 5 Wosg, ;0 HSE ¢y o
o9y 5 Jhol> ule Jlade il o] adds g Lol Sleyw Lia> el wilg o Vertex i, s @RISK
olazdl ahy 4y o Lol dxsg o> pogdle 5 09 (solatdl Gadas by, ez o ol las tegh Ao 0ed
Soigy om 50 1y Jgl By ailabls deesls a4y axg5 b oS TRR g, 8,k 51 .0uS o SbLs S pis
oS lgieas oot (g, sl omizmed ol HSE MS v coo 3 6anl 40 9 95500 s0lpiin
Qe ) gy bamme g (giml g Cldlagy it Sl paul golaiBl b5l e us Slles SUlg Ko (a0l g

S oo oloul 1y (glo S 903l ol

,w/owuﬁ)/)‘f:&l&o =211
a0 ploil ROVVV/F 15l 5 S S ool ol Mo gl b dillan ) 60435 o los aio

:llio oyl 4 slcw! 0 gl

Javad Vatani, Mitra Gholipour, Zahra poorhaji, Fatemeh Khalighdost, Yoosef Faghihnia Torshizi. Comparison of
Economic Evaluation Methods of Classic NPV, MIRR , AIRR, IRR in Performance Evaluation of Health, Safety
and Environment-Management System (HSE-MS). Iran Occupational Health. 2020 (28 Nov);17:35.

ol 438 55 5 940 CC BY-NC-SA 3.0 b Galloo S13T s yiansd o 9950 &3 allio ¢yl Hinisl®

Iran Occupational Health. 2020 (28 Nov);17:35 f



http://ioh.iums.ac.ir
https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

. S IRR 5 AIRRMIRR . NPV (colaazsl 5,1 slo b, duslio

LAY+ 5V ayle e cotS3l ams o bt o)) 5
slcwle el Jials axa,s g Golgs ials
Coivo p Juezs slaa i als § Wolgs 5l il
5 OLS I culs, Lialidl ey 5 o asdllas 5,50
N 0) el adl Ll S CasS e oS
VoV Jlo yo il SKen g plol zags (VEOVY
Gl &jgon Wl gileplesle mlo o
STl y Glime dlne 5 Gl Soa b (69,50
b el (el Sy e A5 )3 alepe Sl
SNl s Coin Jlows 3l Basaslis aslllae oyl
2 Slepletle Cato (el Copae 1S 0
ozl ilr sloanie mals deolsy (s5logm
e 5 Dolgm Cleay (Shn sladn e g ol e
S g oyl Slalllas (VF10) sl LIS o s
s o 3G cpans Ban LAY VY Lo o Siiig
Slrojey ;o geul ol 5 sl 6 laS Al
Code H3U bamolas a5 ol plxl (gile el
Slayld; 5 (ol S8 Sl s NS ke
S Sldllas - caslrofg y Cawsdipl o ol 515 e
NTalop 3l Gl b VY o s Sy
ol lopleiile Caio 4o Cyeyl Jlasl pr iel
g ol slaal » )l ke b ST wies o
So2,8 iol3l 8 b 5l el dildbgls (1S 4 Lo
Ok 09dee ) e jo Slblre ol s ol
S Ghulyd 4 arg by ol g o)ls 0 S i
Ol lp b wwle BoS> Sl )5 2 059 4l
Candy 50 s golaidl laassa 8 Gials
oS Sl 0gste Cr 1y eSS Lame e
YU 6,080 oo x> JJoas a7 55 Coiio j3 0594
Seal Bl L5 siid (Sl g e oS0 i
] (6,]8F Lo yus Sy ¢ 4 2 HSE a8 el 0]
G 9 50 s3ball sl sl g30sie sl b
Bloyr iS5l £ 5 g, 00 9929 (U, (slaogs
sybreay aS Sl ala sy 0 50 ) 5 5l (S (3
2y Y plo g 0sd e 2 laosg n Conllae (s
uz,mloou;wlgdmthwg)lm,;ww
Bl 3L 5 gy Yol 1)l (A2 e 23
Ay ooy Jole 45T (o sbgy s 4y a0
(g Al eSSy b, sk 5] S9)) NS o0
Wojg p (2339w (e (e 50 Ll g Censl iregd LB

5

dodso

Gl ,giS O o Jodas 3l (SO ad Lol
O et O9h o8 Dy drags Jl> 50 g aiSldnugs
o] Sladl glaas s Dolem pl slaas o yidu
er OGN el it Soles 5l ib oS e
(V21 005 o0 badye slo i 5 6,5 slalo
& Ol by (Jid Lol laggeles dle jo
S P s S e bl ) (S oS wes
&b (FY) ogd e (e pild 5 890 SISl 4
Sl b S Bol> puiz g5y pla olas
b 1y ol Sl ol 5 g Y00 )b iy J
il (VAAP) ortle BLE loeisl aloz ] sl 03,5
S Se o Hol> (VAAP) g2 (o351 ,9551,
Syslp {VAAY) azs g w55 &sl> o (YAAD)
é.x..u:béb VYo, 000,000
ol 0 2olgz Gl (LB S pa Voese e 5l iy
@l slp (g0 Dol (V) amsoe &) Ol
4 Syl clule S5 et emes 5 Olojle
2 o 30 ot Abgiye slaanza 5 Cunl 0351 b
oo gl pelans 5 oo b ;o (golazil cla_as L
REPIWE DR WVOPS IR B INV-\ J-v-E S W) SRR
(it Sy dely (0 35)lSL ol b )3 098 o0
oy e (AA) sl S (55508 0095 S ye
0,559, S (HSE-MS) cas 5 Jaore 5 iy o oo
ol slaanl B ol jeads o po g Siletisw (plate
Slr s, yss 9 silwaituns (i el Sua L
ol s Sl el o pae 5 5Ty else o p o
o ¢ sy Sl plod ailody . ol S
33 (HSE-MS) 5 laore g colilogn ¢ gos] S e
g D3lg> (eI b plle SIS Laoe 4 (olitws
(Ve oF) sl 0 sly] i & bolso

Cope g bl & Col (pl az g LB SO
san &S cwl ey g a0 B8 yo wisLs HSE-MS

Sgam aille aF ol ooy

2 @z adye Jdoay B S peeal b ogsn (e
Ol b wes,S il e ol ptuces sl 5l daas o
299790 lla &8ly s dins e S LS5k |,
Ol o9 p olpoe 5l aiws (pl 4 oS coul (] g5590
54 HSE-MS ¢y 0w piacws 12| g 900050 s
Buaas asly cocsls salgu 0 byl gl Lol &0
by adllas b (VY2)1) coal jsloge (clodsys


https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

o 5>l jalaieds p3Y (6l Ao s oyl 5ue Y
w25, 2!, HSE-MS

s Syl 51 ol Sl Jle aislyd b > F
ceeols JoSCis 1) HSE-MS &y 0w

G ale s 5 gl (Jlowal )b polie jslate ooy
oS o0 aoz o2 L)

sl sl B Bl SaSil £ e 0
goladl oLl sla by, sl eslatnl L1y ol Jb

Jolo gl e sl g soladl i
(w205 desloe 385 (09 S5

Oge5) @RISK 133le 5 51 ool b gls jLael Y
SN

ol sl 1o deslna gl ol

Solgm 5l ool slaan jo dwloe Cpz llin (] )0
50 &g pled lal ASCC 2009 s jlastew! 5l osliiwl b
s yu g (Direct = D) e gladiol> jisu g0
A 32 a8y ez 3 o 1090 5 gt (Indlirect = 1)
s Sybn Jand anly b SIS LAl
£ 0 ol dsl Dol cans p Colgs o g al Judow
JUSIIN A GPIGIR VR G PRLVOV-I QPN VY L7N RGOVOV- I I 4
,lge dar Jolis F o5 0 0 (JolS Slgil F (S>oS
QPR TA) RV PRy N 5

3 Y IS lo s e Al by 1pgo S
:HSE-MS s
Gige 8 ol HSE-MS s o (6,38 asLe o
Yo Ghygel duse Y g bl dnse ) akesl Lo
due 0 daaieS duje F (Ol g Ll dgje
L oty o S3elesS dujn F dagaine o L)
JrsS 5 g pSoslail  slulis duse Y da il b
(3l &3 A g () Lazma g (Sblage Sl bl
HSE- 2y e gl )0 (2155 j500 5 (g5loaiins
(23 5 Ghol) Glizl molr ©j0n Voo
&l 1, HSE-MS co poe s 50 (5,105 a5 oo

.AQQSA

F P Jre oo slaell sxljasas aes oo lis |y goue
(V) el auslie bl g 000 755 epy95 5 oSS
> 1 0595 cnl (Il sladiwgals b jslate oo
o5 Gl o slaogs 5 o alp ol S
50 0jgyal &5 (Mo 1 Fngea 5| (S @ly)s e
5 B8ly glos yo goladdl slag b congllas (s
OB 53 (6150 cagytg; o b les slaelsn o
oo oS Swl (Jlo sl B by polie St
o3 oo 1,8 a5l gladle o 1) 3L ol Dlapouas
S OlF e ot lye Sonlad pae Laone L oS (oa8lge 5o
Alie ol o 10,5 solatwl o318 slaacgama (5,95
slel Glil g Sy pals jshateds B mad ol 5
L HSE-MS v lyz! golaidl bl 4 cmlis
baoe Cod (31 dilo s SiS5L £ 5 b, 5l ool

sl 3

IR )

il B b e polie et LU casl sais yo allin oy
olael &y guody HSE-MS s )0 6,108 le jus Jlo
o9 solaldl il oz sla by, 5l eslaul b 5 55l
ST 25,6l dase cod ) (6,108 ey

S8 iR

Jol> Jloaislyd soladl b)) jshateas allas oyl
W oo; |).?-‘ \) ) LgL:b‘nlf HSE-MS VWO 6‘)'?'| )|

BURCCTIPINY W P31 RO K VA SWESUR BRI PEp ST
c029,5 dwlee HSE-MS s (51>

slrools (5 .z ol ks sloly ol yo el (S8 UL
Olgiss wline slooggn )3 S92g0 Sledbl 5 (Su)b
alyd by laml jo als el o &8lg 00,5 colaiul
Sy e (89 |y Dolg> 51 LBU slaan o Lo
3lg> 5l (o0 sloan o Jlo anld 0l 2 Wb e
ol a8 S Say HSE-MS o ppoke i (255 1,

(o 2 (e
|, HSE-MS AU szl )l ol susle Q‘}-:-‘ Y

Soly> 31 AL sloanjo Jlounlb g polia Jolis
Gle Slo sl Co e plia g1yl 5l am g S

e Jol>

9



https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

. S IRR 5 AIRRMIRR . NPV (colaazsl 5,1 slo b, duslio

HSE-MS 40 gt )3 5350k sl =) Jgon

SIS wlopw (=3 3]

NS aslopes Lol lja]

ol yd
SF e plejle
o) sl (sloo g
B> (8500l (slaeg0
2% cbla> Jlug
(YT opible ¢ pllias) LISl
(Sl 5555) IS
oS (sl 42392
auaS Culled cledy didycawndjl o
&5, sloas s
Bggie gloay o
HSE-MS s )3 2 slall (o L oy, i (55519585 450
il bl JyuS y pSojlul (plulid &y ja
(o) b Clble S5 g 650 )il (plulid &ja
i baors g Gl bl S ¢ plulis dje
HSE-MS ¢ pie g Sliiins gjlode )by g (o)
Capdo (5550l ()15 52 5 o1 2SS S pb b (g jran sty plox
Qs IS 30 5 0im A C8 35 by Sl Sjema o

P sloanze

Lo sbigel (slaciy o

Ol g Ol &5

S lo
HSE-MS &8 slaas;a »S
lagsie s )l slacizjo oo
HSE-
S oyl (Al L ey i (55T sl ja MS

lss o iy @lybbre S 5 (50310l ¢ ololis &5

)

HSE-MS ¢ o piw 3 (8155 j900 g (gjloditame djn

OA) el b anl 3 SIS TRR sasas yLis
31 o (MIRR) suisz Mol A1 &le ps ciS 5L # 5
9y DMae > (512 a5 Sl (b9 (2 5 B9 e
Jo yekaieds g, (pl -cawl oads &1)) SlwMST IRR
5 I Ao LIl £ 5 095 (B iy IS
(Y1) el onds 820 aojg s (guinad,
gy ekl b Jlo aiyl 3 oe goladl s
L Jbo ol cine polae slod g, (pl yo :MIRR
bl & (r-rate) "soze 5 )35 Ao yus &5 plias S 3
solie golod 5 (pln 8)90) (o wisld 890 (5]
@ (Frate) " Jlo &5 pbiay (55 L Jlo al b i
s -39 oo 03l Jlal o aslyd ol 8,90 (glec!
S Glops ciF 5L & 5 e 5 Aoles jleslaiul b
1] oo sy 0z dlo!
MIRR =
55)

NPV (positive values of cash flow [r rate) * (1+r—rate)" .

NPV(negative values of cash flow |f rate) * (1+f —rate)

0 (ATRR) 515 &yla yoo iS5l £ 5 Lagio b,
AL s S 5L () F 5 dwloe 40 0 SG g, o)

1 . Reinvest - Rate
2 . Finance - Rate

IRR solaid]l b)) slasts, gods g o5
‘AIRR g MIRR (S5

oS Sl plagty, 5l (S (o oy ctS 5l g 5
O polaidl Sl g ()99 (golail (et 53 0594l
lojw CtS3l g5 dlme Cunl Jglata laojy
oA (G 85,1 Ghgy 5l eslaad b Ygene (IS
Sy e Jleanlp b bojsn S 09d o0 el
il el o sl 5l X = (xs Xpseo xp) €RTH
Slewl o)le X o590 alls (Jad

el t>-1 g 5k 5 B pmer 2l

il ST L 5 81 el golazdl X 555, o8]
(PVX|r) 2 0) ol cotta 5k 7 5 cos ] Jab

T

PV(X[r) =) x..(1+1)"
t=0

b gy S X 859 n (S ey ciS5L 25

bl ol cos Xojgpn Jad (35)] a5 cul K#-1

Glopw ctS 5l 75 &8lg,0 (PVXIK) =0) col Jan

Sy Aolee a5 Sl (K) lo s 75 b ol S5
T S

bl o Jlanld laaeX oo go slaws T il )l

K el jlade S0 o jle 45000 0 lis 1) plt 6 90


https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

(Vo) @alg> dusm g g anin Jaod & a2 g b cles Lyim duglie =T Jou

Jees 4l s

ol ol 5 B
HSE- (silw
. MS
dsn gy

haoss &30
o0
ll il

. HSE-MS
gy

Ferern K
Yay... L)l

FYFeoo dxol>

YAD« o (oo

AAY oo folians yu

\YEV - os Egomo
AR/ S

AFD - Lo ,8,l8

A ARES dzol>

YYQ- - (oo

YY¥O-. folianns yu
Y¥Veoo Esamo

aS wiS o Lo HSE-MS | sl o &olg> 4y i
2 Pl dn e 4 ba e oddiaulre &y o o i
(VFe e o) Sldl oy a5m 5 (100D« +$) adgs
Slolw duje LOF:--8) SAn dupe g op
oS Auie g (Yoo r$) Jaig Ja duye (FY---8)
il ! il | e o zaS (YAD- -9)
ol ool Sl e Sole> slaania ol
(p-value = 0.05) o 0050 SowolisS a9 Sowaids
A yoie Golg> o bdai jo o i wed o lis aS
Golg> j0 e eSS 9 (YIV- e 08) LS Jlgl
SawoligS Caue 9 (AA+++8) Sowail S 4 e
ol 0345 ($YD -+ +)

JS Soly> duge ggeme dad e (li @l
3,8 HSE-MS (sl 51 (YFV« v v) oy g (\YFV -+ +)
35l ol

s e ST ol sl 5 50T (i
Sar g J8 S g LAl sl p Dole> slaan o
Soliae WS 0924 saimsylis HSE-MS | gl 5
gy (Sl Sl jlas g JS 05,5 95 8 50
A3e Op e et (nl L] pae bl
b 85 5 lade (s ieS g drale p le>

RSVt A N U R
6ob) Dol oS Conl Solg puditns d3e 2l )lex
99 2 )0 93,0 052 L slae 5 S slaasyso L
ol 00l Laas Cond 0l e

o S il S oSl s (g3l e a3
o 9 aled Sl elgdoa 1) o S ale s L >
g dpwlows 1) 0500 75 o polde colas 5l ool b
eile S (b5, L1, X859 5 09 (solail cules o
Rl (Ko S a0y 55 o polie I (S5
bgio porde Coui 1) 000 £ 5 polie 5l (59 (eSle
5 (V1) Sg03 b yee (AIRR) _L5ls &ylo pos oS5k ¢ 5

‘. ke, (141) "

PV (C |r)

oaisly
HISE ;6 J3S e 5 o sl i

b ye oadannlons dje (il ol dalllas )
Soloy &30 5 (OVY+++8) wdgs jo Pzl &yje o
(VY- +8) S5 Lsp g o5 (YAY -+ $) Lol
(VO ++8) Jag fomdnjp VeV - 0 8) Slojlwds s
oelas aale 1) Jlade oo iaS (AA- <+ 8) S d e g
(p-value = «/«++1) sg lobins (5 Lol Hhas 5l DL
@ ke Dol slaanie Gl slae p Oglis
g Dol St (i Slgl (JolS Sl Sy
olas aS (p-value = +/+ + 8) o 005 SaweliyS Cuss
JoB Sl @ pomie D3lg> 50 an5a ( piien e o0
S 5 (SYYYeev) S5 JSlgl g (FYFe+29)
Can ($VA e er) Sro a i S0lg> 10 alje
(BAT -+ +) BowolisS cuse 9 (VAF+++8) Soeasds

A



https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

. oIS TRR 5 ATRRMIRR « NPV (golazil 3, sl g, gl

IRR-
0.00% +00
20
25
20 [ e
@RISK for Excel Miniramn 118663
15 N 4 Maxirurn 22.839%
Palisade Corporation Mesn  17317%
Std Dev 1315%
10 Values 1000000
=
o
£ = £ & 2 £ £ £
g & 5 g & B & &

HSE-MSc pte piaw slpal 5l Jeols Jlo aild JhL £ 5 5l SeodS TRR c4lis Jloges = 15500

AIRR-r
0.000% +00
oo | Y S
100
80 . EAIRR-r
@RISK for Excel Moo 835
60 = £ Madimam  11.4921%
Palisade Corporation Men  10087%
Std Dev 0.3%43%
40 Values 100000
20
0
= = & = £ £ = =
(=] in & in & th B &
[ « o o o o - —
g g E .

HSE-MS a1 5 Jools Jlo anld )L &5 5| AIRR @glis Jlages =Y 15505

MIRR - r
V.00 +00
100.0%
250
200
W ==
150 =
@RISK for Excel Minimum  2.1968%
N L Maimum  3.8971%
Pzlisade Corporation Mesn  2eme
100 4 StdDev  0.1738%
Valuas 100000
50
0
£ = = = 2 =
3 ] S o @ £ 1 B H
I ri ri ri ri “ “ o I

HSE-MS (lal jl Jols Jlo al3 513k 55 5 MIRR clis Jlages Y 15503

Wl 355 yao 5l L F L AIRR Jlage gls
el ool 1Y -+ Lzl b 3sd o oyl 5
6‘)‘.’ oA.oTCN.u.)A.g )Lxﬁ.o JS‘» O @RISK )|}§‘r=).3
sl golazdl 1)+ o ezl b 398 o oyl 3
Jol> b anlp wedce osalic a5 jsblan
3l eslaul b g NPV g, gllae HSE-MS (gl ,>| 5

i

HSE || 2l goladl o)l pgs jiso

5 S5 IRR - () (el 2 ) loged Bollas
Joie JBlas 9z @RISK I8l 51 osliral |
LR L SIS TRR lade Sglas (gl s odl o
R Jlaiml b 358 (Jo anl b sl 555 ya0
el golazsl

oolatwl b g AIRR gy bl 5oV jloges o 3illas
&l sdnlcansds Jlade JBlas g @RISK |33)e 5 5

Iran Occupational Health. 2020 (28 Nov);17:35


https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

0.020
0.018
0.016
0.014
0.012
0.010
0.008
0.006
0.004

0.002

n.nnn

o
Al

NPV

@RISK for Excel
Palisade Corporation

g

Minimum  -20.18
Madmum 9177

Mz
Std Dev 2110
Values 100000

Q Q Q
B @ =1
=

HSE-MS (gl al )l Jools caio 35 o 301,8 NPV jlasei € jl5405

by lgl )3 oy slayadls duwlie =Y Jous

Jolas e 5Slke

WWY% v510% YYIY%
W% Wio% AV
% V1% YIN%
VFESR rivaa Nara

Sz Bl ol P9
V% IRR
-I¥% AIRR
W% MIRR
YYFYY NPV

&9 o9 Suoy il plas aS ol YT g+ /2N L ol
AIRR &S lgs oo @dlg )0 0)ls Jlo [ SSTRE AIRR
Sl Sl VO A oSl b Loy L5 w595 3
IRR e (ygyidis 5 cyieS S oo (S oo /VE
Ll TAVIOD g AYV/FE L pl ol 5y 55 oo o
S IRR gy 50 oaelcawsds Sledb| glao
ey ] il L..,).a_, Wl g do (Kl polas
b 2l o3 SedSIRR e SanaS s (Soz ol5ee
SN TRR 2565 109 SG0 35 a5 ol YV -+ /0¥
S plgse @lgys amdge plis |y Jloy i
g YY/YY Sle b Jbo i Lo, 595 51 SIS IRR
i 3 (eSS o0 Go ey VY leme Sl
L oplp e ia 5 odnlcwwady S IRR - jluas
ol LYEIYY g YAIOY
polie NPV &gy 5o odwlwwsds wledbl glas
55 ol 4 el Ly ailis 5 o (S0l
SNsz Ol 8l God -l Jlo i @355 S S
A5 S YIVY 5+ 1NV L ol 53 NPV Jlaie St
S o0 SN Jlo g @38 NPV 5595 (09 o038
b Joy L i &9 I NPV 5,5 LBl g5 oo @dls 50
Goye Y YY/FYY Jlee Olyil 5V FF/PQ Sl
o 00wl asdds NPV Jlae s iy g (0 yieS 055 oo

Iran Occupational Health. 2020 (28 Nov);17:35

p g 03g golatdl £V .+ Jlis! L @RISK 38l s
.08 o Yo golaidl sl ol gl o900
ozl b u’z’j)‘:)‘m Bl oz Koo o)l
Yo \FF/223 L ol Lo a5 HSE-MS ol > 51 Jol>
» u«-\.u.)dd 9 009.3 )“5))’ )L......J ).Q..o )L.\.M )‘ as w‘
RN as'L" il d el o soladl

IRR golazdl ol sla by, duslie tpgm iy
:MIRRSAIRR NPV (SIS

J..ob 6L¢ 0318 00l sdlie 6L®)‘~>9A3 Q4 d>gl L:
oS (o0 S g 3 Jgaz o lile gy oy ]

polie MIRR (g 30 aos oo Ll ¥ Jeao zuls
JIUR R IPC NI [ SO TU IOV TR VAR < I
Ol (yod )0 105 g0 Cgmzme Jloj a3 555 slo S g
4 MIRR &% 009 Seo 5 )’l olid as ol Y/ES
MIRR a5 5 57 Lo oles oo &Blg,0 0,0 Jloy xoje8
S Gzl o VAL oSl b Jlo s Loy a8

aile g 0o (ke polie AIRR g, 5o u“m
Jy )5 Gl Shs il (o ol & ol plp Lo a5
30 AIRR jlaae  SaiS g S om0 eud )0 - Conl



https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

. S IRR 5 AIRRMIRR . NPV (colaazsl 5,1 slo b, duslio

3 dlgige wyglice mald 1) Il drwgs dr;
ol il golaisl Cy pae Glaptuns (n i
(ol G5l Cgz> a5 HSE-MS u>ly 1o a i 2>
@ 5b 0 plml QLI Gy lame 5 )5 cetlage
3l el 9 0 o S 5 potnns (s0lazd] el
2 G leyu ampe 005 0 05 (5yslogm
oSl s Bl d5e e HSE-MS  glausl
s IS (690 80 G133 Sl g 0392 513900 SLals
() bl sO0F N ) sbg slo g 00,5 o 02
S g0 DL s ol Coes

Ot s rAeS MIRRS gy 0 aes o s
A/FAL plp cud S odwlcawsds SIS IRR jluaas
5 ireS AIRR (g, )0 Grizma ool 1Y/
2l e A sdwlawsds SewdS TRR jlade oy ion
sdwlcawods Sledlbl gillas .ol ZAV/O0 § VY/FE L
Jol> NPV jlade o ylin 5 (0 568 NPV g, 3o
oS el Y3 TABAAY g VEE/V L s oo 5y 5
baipaylis g 00 ydon il 6,00 jlade 515 lee den
-l HSE &y 150 s 58000 0 gy (g0laidl

o (gl a5 Wlodus y aoeS cpl 4 o 9uS Ao 05 ol

G dazme 5 drale ldl ol ol drwgs @
Ol 0 aS Cwl iV 05 18 lacuglgl jao ol
g b dewg el Sekieds (golaidl dewgs
29 ol Joles (glad > cuiilage 5 (sodlw yleo (s
it Sl G )9S Argd (650,80l 1wl 0 el
dw &S il blao)lgen b 0,5 (1,8 axg5 0490
2 e Sl ey e 5 ol ecelogs Agio
e )15 )50 02 o ol Blojee S5 a3 ls K0Sy
Sz 5l o 3 Ol 40 -03,5 (o0 Fod S g ity
g odd grhae gadge dw (nl Gl Zou p9d Sl
ool o Jag ] ol 5 5oty 09551
s g el &lis crel> W HSE &> LS, (gl >l as
g Sbatdl sla b, 5l 6,00 000 Eseme ;o

Gl yw Ban b asgerne ()l oo g sl p (sole 5 o3

Gl ol Yo YAV/AQY g \FE/PA L plp S Sa
sobed ;0 SCWSIRR (ig, 50 a8 5 g0 lanlie
BN (Mo bzl Jloges oy sl asli
4 by o oy Yol 45 ()50 50 sl 1oy 6 VL
Ll Gl Pl NPV g
) deol e sl 595 0n otalie o5 gloilan
J38le 5 5l eolawl b HSE-MS &y 00 gl (51,2
e L2 S5y 2 ey 4w 2,5 @RISK
5500 Ojle .08 o Yo golaidl e sl e
ol e sl 318 e 23l 5 S
sla s, @lae HSE-MS ¢y 00 P sl gl
YA/VY YY/YY o5 sas MIRR g AIRR (SIS IRR
$S 5 M Ly lawgte I aS cusl TYVY
SSE Jlo wnl B cnl pog soladdl p Sada 5 00y
IRR doulore g g, O $0skie BB 20l
@RISK |I33ls 5 (cla_jsg, b MIRR g AIRR (SIS
09 golazdl lie OS] Lol scnl ouid somlice
ai],8 4 MIRR g ATRR 4 SedlS IRR glajbs, 0
Sls 3l 5 o slaiie b g Slale ns
odelawsdy 5y9l0gmw do s Jleds 00 F o o
el 5eed BB Sing ) 0

)% i pas &S 0l Gy gl el g 425 L
5 Lt (2035w (prondl pic 4 WlgS o HSE yis
Lli)l S0 9, nlslosd omie ilie 51 BB (5550 2
Sopde g 3lee 5 ol laazls (o
(SIS TRR (gl g, 5l oolizul g Waogs,s ,o HSE
5 @RISK |33l 5 \ixen § NPV MIRR AIRR
a4 g shol &by Lass> ccly wilgs o Vertex s,
@S L a8 05 o 5l ol ule lae ialidl )]
el Koalan (V1) ibog 5 (YY) (528 falllas
ol (Bl S e e 23 slale o 13
Wl 308 (S ke il lgrsay HSE-MS oy baoma
5 lanwgs Slgyb ) sin Ll ooy 7l gal>
Gdarg bl ouls a8 )3 Sy solaxdl gl y
Wbl Jolo aw lojee (o) b piacns (ol &S
sty il coa (olio s Sy Lo g (o]
o il 5 o lime o e sl bl
4 )bSe 3,80, b g S (o0 dbml (el 5 (RBlage


https://ioh.iums.ac.ir/article-1-2991-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-02-23 ]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zakerian SA. A framework for the calculation
of direct and indirect costs of accidents and
its application to incidents occurring in Iran’s
construction industry in 2013. Trauma Monthly.
2017; 22(1): €26117.

Mohammadfam I, Saraji GN, Kianfar A, Mahmoudi
S. Developing the health, safety and environment
excellence instrument. Iranian J Environ Health Sci
Eng. 2013; 10(1): 7-.

Azadeh A, Fam I, Nouri J, Azadeh M. Integrated
health, safety, environment and ergonomics
management system (HSEE-MS): An efficient
substitution for conventional HSE-MS. Journal of
Scientific & Industrial Research. 2008 07/01; 67:
403-11.

Vatani ] FHR, Faghihnia Torshizi Y. . The new
structure of economic evaluation Health, Safety
and Environment - Management System (HSE-MS)
approach to estimate the cost of accident human.
Iran Occupational Health. 2019 15(6): 47-58.
Vatani ] SGN, Pourreza A, Fam IM, Zakerian
SA. The relative costs of accidents following the
establishment of the health, safety and environment
management system (HSE-MS) for the construction
industry in Tehran. Iranian Red Crescent Medical
Journal. 2016; 18(12): €27140.

Feng Y. Effect of safety investments on safety
performance of building projects. Safety Science.
2013 2013/11/01/; 59: 28-45.

Evelyn Ai-Lin Teo YE The indirect effect of safety
investment on safety performance for building
projects. Architectural Science Review. 2011;54:65-80.
Ikpe E HE Proverbs D. Cost-Benefit Analysis (CBA)
of construction health and safety management: a
theoretical discussion. In: Management AoRiC,
editor. 24th Annual ARCOM Conference; Cardiff,
UK2008. p. 1035-43.

Hajdasinski M. Technical note - The internal rate of
return (IRR) as a financial indicator. The Engineering
Economist. 2010 08/12; April-June 2004: 185-97.
Hazen G. A new perspective on multiple internal
rates of return. The Engineering Economist. 2003
01/01; 48: 31-51.

Hazen G. An Extension of the Internal Rate of
Return to Stochastic Cash Flows. Management
Science. 2009 06/01; 55: 1030-4.

Magni C. Average Internal Rate of Return and
Investment Decisions: A New Perspective.
Universidad Tecnoldgica De Bolivar, Documentos
de Trabajo. 2010 05/28; 55.

P g g0

Cglae 5l (ugs S5 g padi CSlye Bats g
Sy 9 LS (Kb pole oliiils (5,5ld § lido
Colox g cogual S (OIS losl> (slog 5 liios
BB A5 gllael g WNYV/Y e o)l L 2k 51 Lo
A5 o 3lel IRGUMS/REC. 1396.535

References

1. Mehrdad R, Seifmanesh S, Chavoshi F, Aminian O,
Izadi N. Epidemiology of occupational accidents in
iran based on social security organization database.
Iranian Red Crescent medical journal. 2014; 16(1):
€10359-e.

2. Vatani J, Razaei E The relationship between the
cost due to accidents in the drug industry and
the investment in the Safety Management System.
Archives of Pharmacy Practice. 2017; 8 (4): 104-
108

3. Lopez-Arquillos A, Rubio-Romero JC, Gibb A.
Accident data study of concrete construction
companies’ similarities and differences between
qualified and non-qualified workers in Spain.
International Journal of Occupational Safety and
Ergonomics. 2015 2015/10/02; 21(4): 486-92.

4. Antonio Lépez Arquillos VCRR, VitaeAlistair Gibb,.
Analysis of construction accidents in Spain, 2003-
2008. Journal of Safety Research. 2012; 43: 381-8.

5. PK. Nag VGP. Work accidents among shift workers
in industry. International Journal of Industrial
Ergonomics. 1998; 21 (1): 275 - 81

6. Miguel A. Camino Lépez DOR, Ignacio Fontaneda,
Oscar J. Gonzélez Alcantara,. Construction industry
accidents in Spain. Journal of Safety Research. 2008;
39:497-507.

7. Cox SP. Safety, reliability, and risk management : an
integrated approach / Sue Cox and Robin Tait. Tait
R, editor. Oxford ; Boston: Butterworth-Heinemann;
1998.

8. Jallon R, Imbeau D, De Marcellis-Warin N.
Development of an indirect-cost calculation model
suitable for workplace use. Journal of safety research.
2011 06/01; 42: 149-64.

9. Sue Cox RT. Safety, Reliability and Risk
Management: an integrated approach. edition
S, editor. Butterworth-Heinemann,: Jordan Hill,
Oxford OX2 8DP; 1998.

10. Vatani J SGN, Pourreza A, Mohammadfam I,

\Y



https://ioh.iums.ac.ir/article-1-2991-en.html
http://www.tcpdf.org

