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1. Safety evaluation index Prototype
2. Inherent safety evaluation index(ISI)

9550 et 055 o8 &3y yrws P50 an]E &5 diSilen
s 5k 090 (BLol (il Sl g 5 el BIS (b sl
G135 hb Jsol b alal, 1o Slosaa ()5 pge (V-F) oS oo
sl B pler o cunlige wnld P o T o5 5 5 el
ol g (M) 00,5 3551 ] axwgs g o], ose b olad]
4l 38 oy el ol axegi 5 anl B Ayl cosige ool
L anlp (b P s 5 pel B3 (b Jsel x5 )5
G5 b abal, 5 68 preas LIE oS> o 0T e ol
e 3 01 i o Sl DS o Lol el iz
Al cdpig b %o lo 4 (V) wish e 485 ki o cole
ool U138 (b ol (S8 Bipeils anl b (b g asugs
S sl Jaol b ol a3y pl plo () JSK8) Wb oo iS5
28 (eiee S e 0 VLA o) jelate 4 289 gyl o

IR JCNCY

gl b el e

b Pl gl o
ol sl (Shg b

ool G138 Lol a1 a0 3

<t )
90

o

amaugh

audgl pwitige
&

tSJ’“'U‘ ab

T ".u"'“ (5"‘“" -“&n

5 omI U1 (b g (>l pb olasti ) s

ehal sla 5By S5 Sledlbl ogs a5 Cosl (5550 oL s a3y
Sjls axlge JSiio b1y (6505 muenal ais )8 Wilgs o 0] 8 > b
o 3 Sl 5l (g ks Dl i 52y abads cnl o WER L=
Sl sobie a4 polaisl iy, Sy Gy sl S
223 o il 1) jas 4% > adgl sla 56 0 anld S Sl
b sl gla 56 o anTd S el Badizs opl 0 (V0)
sl byl lp sl sl gy 098 (oo b)) el
2 55 roie Ygoma 05z g0 5 IUT sl by, e oo 092 any T8
Gon sl jo cl> o e 50 b aldbioe 29290 slo an )
5 Sk 50 45 (6l AgS @ Wigh o a8 S 5w anld Sk
5 eslaiul 3,90 0T 3 b sla slo /UG LU


www.sid.ir

5’0/&‘)&0&9 Ja:’).wé.«.o:»

WAD 5l ) o lesis . Foyg0

(s iy JUsliaSTy slo )5l o le loline oyl b S
0y2S Slge lade wlge oliand S oy (SN, (oo
el el sl g Dliges gl wnlyd jlid g Lo ol
B3 b ol e ;S50 olge 45 s Lino 3lay oyl 4!
Jelse ol B ol o3V oSt aSly il RS 36 any] b el
5 9nld (eSS 5 (leat sle (b o by glo i s

gl azd S Lo
salh osho (b sohaie & 5 el B3 (b (sla el
ol B8 (b 6ln (pals daslly ol @ 4z bad olo
@ olgen IS (2L bl 4S5k 4 0gb 0 a5 5
Sl rasle) ganl B sl atli g oleend (asli aius g
S e (B cnl 5l g 3be 0p3S (hg) 9 Lalpd e

(¥ Jgaz) oges

Ol bl glo (a3l pj 9 JID (sl el (o alib Y Jgux

sonlp olbs gla jasls n;
kol w8l sleyS o
sl Sty sle,s @
NS
slo S on @

wonlp ls e a3l
gl @
anlp lad °

anlp st glo a3l 55 Grdy Jailo e

Sl @ & =, e
ol sle ° o °
S35 °

ool b olgise 1, ST Wnansl b5, Lasls >k
ol IS a3l aal) Gl azgi b oged sl ¥ alay S
o2 5 () o515 el (abeord (235 ggaza b ) S0
S el pleands a3l ol il ) 1 el g3
S sl 88 8 olerd loyeS eniyn Sy o L
Gpog L 515 el 0T (asls (Yalul) sl ge o)
wl B sl p aslgs oo oS (sl gai] B sla S alS susS

ROV PRV gy T A R U PP o IR ot

039y Jolpo SSE 4 5 (ool G5 (2yb Jguol ¥ Jou

g dl>pe jloge al> e alo e ..
Vo . & 79
k> ok (oo

x * @il ape
X x Chans
CA I DY WIRPR N
X X X Sl b Lo
2051y Lyl i U 3
X X &k ool
Sl olasl
6‘ °)"2")
% g Oleaz Lo
) o sl by 4 8
X e (0903 (See b
Sladad oyl
Q Coxdy sile Slad
< (oo o3l ) il
x x IS g
x JULES:

6 anlE SIS el il o )Lad 5 Les gan s el g0
2 GleyS (S orbian O ygear Lod a5 g o] 5lacal IS
5T sl Soe aladd yo ol s cules co (6 5 o5l5l ]y o s
leior 55 el 6550 (Sop 5 lad s Bkl ess
Ol bl Gl opdle 4 w09 S Cel (Soe Gloj y2 j0 &S
Sipl Gl o1 s Wilgi so a5 sl (gl (65,80 ke cuisS
551 lade 5 Gle (iSTy sle)S 090 5 500 0ad 035 sla
slos sl VL STy sloyS azl p g col il 3 51 Jol>
solp lp o5 St hlyd wlsiee g 009 YL gady
Olgise |y anl® o Srse aliand Sl (205 00 yled ol
Sl (g ndy Juil oyl Clas 4y jlas slml gl (esly
ailein (B b ol Slhlas plsie ) dlse Cns 5 sl
s oo 8 o atwd (l jo 58 ) (S5 el pan o

— \ ala
IT] - Iz:] + Im ( i
I = 1 +1 +1 + (Ipp + Igg + loox Jmax + 1 (¥ ok,
CI RM.max R5.max INT.max FL EX TOX #max COR,max

— Y rala|
Im - I] + IT,mEU{ + IP,mE.:{ + Izq,max + IST,mEL:{ ¢ 11


www.sid.ir

-l sl 36 50 Wl IS Sl b

L Comguiuan I (g iy 9 (Sl W4l alxo /55

MeOH + o

S
Bl
{

sl sl adgi 9T 3 (52 yloged ¥ IS

‘)ﬁT))Jdljd@jogl)ISBLdpbgaq.i)éﬁlylﬂ@ﬁ
93 58 abled co s (5 ubads sl a8 g (ol oSl
s 5 Sledbl 05,5 o 1,8 5IUT 5,90 Ao & g0 4 s
Ol 0 ¥ Jsaz ) i e eail 5 (23T i 55 (s U

el 00 00l

o0t by sl Sl i wiaT 53 50 STy (sl (25! F Jguz
IST

3lkal d“"‘s '5

15 e ol 5L

\ gfjy- - ol STy olo S

Y gy slo M88lg gbo 5 jlado o yidon

Rt
\e. CO‘_g‘)g)l..\.E.aL‘ﬂ)S..‘.".:\.g thgﬁ;\“b@l‘dﬁ;xmjwl
Gobtnla/ Sy oo Y48 S0y

~ dgle: 2l
¥ Al S8 000

st lo 1S o2

190 2l jlsol

sl sl a3l
thy.. Slge g5l 0 pmd
o5 il az 0 VYO ol sles
bary- wanl s
29 S Ol g o]

-+ = -t ¢

Vi 2l sl

v 13 ol a5 Ls S 3ol
(IS)

S50 S el @byl pskiie 4y woliiil 5y50 slo Sy
OSae Sll idy olil  Vsans 5 858 oe J oolitl
ey s30e Jlade axsl ja Gl ool )0 Nigd e (555 e
Db oo el WIS a8l 5SS e

Sl p5 g5 5 Slami s Gl o0 L a3 Ak sle o3
Gl gl e el (S S0 an T @ ganl ol (b
5 ool e L b ceslite ool (Ko T8 ol i
an p ) (ol sloygiS Ll (cham Wls gya o &5 (SMSEs
sl atlan) Oslite (B0 (59 b cnlple wams 550 Ko
el ey 9158 50 gl el (al @ (oo om0 50
A Sl el Osliiafi U lo Gl n sl skl
Eonsl 05055 sla S 5 sl s 5 sTUsS o
oo o Bl asly g ol s el ol e o

R s 550 Sl Sl 055 a8 (6050 dalllas (5o
b 3B 5o Jglie (30,57 (oS 50,S bl nl (b o 2858
5 Il o STy b 50 05T ey ) Sl i
593365 Glgie 4 L5925 90 pousl) D jglme 0 9nST gige (p)S
8l s dunl Sl 4 e o

b asily
balys o 5 0851, o e Ul ogel (eSS (15T
Sy en pll )L e las g ol S le a0 Ve gles ) (2iSTy
S 8L ogh e Jiie Y eaiiSlaz 4 ) 45T, 5l (29,5 5
Bed laz pdy M oS 5 5l iy ST (o lge 5 annST gige
osliial L b 53 o osbind ¥ Sl & 6 ouS 5 s
Sl 5l (255 Olz 0sd e ol JToles s sl |
5T 4 il Gl YRSl ) (25 gl oles a0 Y
b gp a5 ) eSSl ors mle g el
sl 655 a4 dgd oo Jie (S 5 Sew A5 silule sl
Sl gl g ool B ) eiSTy 4 (A5 by 50 8 &S
0o Sz a0 FooaSlar Sw 5w 0 (il gl sl
Sl B 08 a3 Gl 5l ogd e ool B Cush) S sl
Slags B g oo 03liw )8 £ adgh @ 4 oad S Sl
Er YL 5l (ey3 Sl aal g bz o5l S (il
Beboe Jie ¥ Sbl zr @ 2l pule A Gl 7 ads
5 o 085U Ol banlyd (nl 5o 55 0 aleerd Slge a8
b b asanl b Solice slo ol 8 ge iy il b
sl oslasl a4y il oy a4y 095 L aS slads oole Jlade g g4
tay. ... s sl b pl b s il o St lite

(¥ Sty aly s Satol g


www.sid.ir

FWJ,!S.@, Jaa).wd.».o."

WAD 5l ) o lesis . Foyg0

OSly g olas ) Jeily s pbi glaan]p ise o @
Slo 1S wap slas) Jlas! b g o)l sgry ol
2,18 3525 olgs (o leonds

gge S il 0 sezee aberd oole i SUjks e
D g0 ddgi (RSTy s )0 L oS Cewl wpS]

oo Ll 1y 093 Jlake (it wnld lad (Sl i o @
Al

0G5S 9 sgm S 55 aenST gige )5 55 G0,y wazg L @
B Szse o o s STy R 50 Sl e

S5l

S el 2l pskiie 4 patll (B (nl Cens B8 )
ool Sl e 5 @l b Slal als e jo il S
DLl b sonl g pleed w50 5l Jle wnld e SIS
S Gl 2l bl e il Saen I e
el g leard S Gl el all 90 4 ]
iz 4 el slo pasld ol 51 Sy e ol e gzl
=2l 5l SFUS sl anz 4S5 s 4 Walh e 23l 5
RNV PE R B E LRI e -

Sls ol 18 el () 5 g9 adlllae mls & azgiias
21,8 canl )5 coas @l sla Lasls 5l eolatwl b ol Sl
S ol sloord ali w0 a5 (gl aisS 4ol ol ools s
o 25y 5le 5 e bl STy S 1 )
SRl 40 5 (5097 oo 5 Sy il pdy Jidl Sl
e Jeiiin) (a1 el 2SS 5 (abeerdTsle S oo
(D528 sl g0 B ,Lad (ga )8 slos wolgn (g3l 0253
sl b3yl 5o eonl Casdy Skl rizen g Wil sad 8,0
b ganlp iz glo 1300 5 Geal Conl atudly (ol
Sl olad dilgs oo 955 (nl &5 Bles nd 00 L duslis o 5
Al oolawl 8550 gy gl IS

5 VA e 4 S5 el sl IS sl o b)) cnl o
355 oyl g ol ool (pexd VA Jlaie 4y yudady isn ] el
STy i b anlio )0 el anld (i o5 ses oo ol
il o0 5 el gl Sl 0 anl o

b ool Sl adgi aiaT 58 50 i iy (Swal (2U3)1 0 Jgu
IST ;1 oolasiw!

kel S
18 (Fosl oo i
bl 25T sl 5

5Ts Lo S Jaie oy s
sl
Sty il sy Jlsl

oo 9

ATy g
ATy g

e

\ Sl gl e oy yiin
gl

Y Gobinls /K55 0 oYgd
f — o S o S
Aol *—13‘35)‘—\-:.-‘b

SS9
leosd sl 1S o0

Wi b kel

Gl ol as L

Y thy.. dlge g5l 0,53
Y o5 sl ax 5 100 anld cleo
Shb barf ERCH IR
! b Sl (o]

GRS

ol AL JS sl
1 STy s

Z .
ool ol ey Lol sla 2STy b S Gudios pl po
sloS Lol sl 25Ty 6l ol (6,05 o3l STy mle JS
sl sl STy sl uizmen aiboe Yoo JIg g0 STy
JIg Sopa g annl Sibign JSas sl STy bo)S o yden
2 5550 oleends oole oy 5 SUylas sl ool i yl3S Ve
sL»Jy MT)S u»..fls J)b B as ©0Sg w‘ 5;54’ u.:; ‘uAMS‘j
9 S5) wd oVgh i 5l gonl B Sl g b ojle 0gd o
S g 25 ST i 355 gn 468,5 L5 3 gl
G 5 5 el Sedgpas g Jailie o Ylaiml 5 oliard
5oL slo, udgi b Yaane a5 iCamg Salys £53g 4 2uST
Ao banld 0 ead 0,33 dlge el ol e 5l a8
Sord eSTy e sanl lad g les o i el edl 5yl
ool oads o3 LY. g 0lF sile a0 VYO
u»?u 6‘).: ‘JS ‘5>L> w‘ ua>L~o ¢ 00wl Cawdy C"L‘" uul.w‘ »
a sl oo S50 bl Glaanld 15y 5l bewd (22STs
4 by oSy (s b dolio ;o i anl b ise K00 O)le


www.sid.ir

m ol g 5B 50 wisTyd (15 (Sl (23! b Coogiuan 3l (g Sl 9 (ol Ll alxo [FA

References

1. CCPS. Making EHS an Integral Part of Process Design. American Institute of Chemical Engineers. 2001, New
York.

2. Edwards DW, Lawrence D. Assessing the inherent safety of chemical process routes: is there a relation between

plant costs and inherent safety. Process Safety and Environmental Protection. 1993. 71: 252-58.
3. Hendershot DC. Process minimization: making plants safer. Chemical Engineering Progress, 2000. 96: 35—-40.

4. Shariff AM, Leong CT, Zaini D. Using process stream index (PSI) to assess inherent safety level during preliminary
design stage. Safety Science. 2012;50(4): 1098-103.

5. Kletz, TA. Plant design for safety: A user-friendly approach. 1991, Hemisphere: New York. p. 140.

6. Jafari MJ, Askarian A, Omidi L, Miri Lavasani MR, Taghavi L, Ashori A. The assessment of independent layers
of protection in gas sweetening towers of two gas refineries, Journal of Safety Promotion and Injury Prevention.
2014; 2(2): 103-12.

7. Jafari MJ, Nourian S, Zendehdel R, Massoudinejad MR, Sarbakhsh P, Rahmati AR, Mofidi AA. The performance
of a spray tower in scrubbing H_S from air.2014; 2(4):321-28.

8. Hurme M, Rahman M. Implementing inherent safety throughout process lifecycle. Journal of Loss Prevention in
the Process Industries. 2005. 18(4—6): 238-44.

9. Lajevardi SS, Jafari MJ, MohammadFam [.-Determining Safety Integrity Level on a Hy-drogen Production Unit
with Application of the Layers of Protection Analysis Method. Journal of Safety Promotion and Injury Prevention.
2014;2(1):23-30.

10. Rahman M, Heikkild AM, Hurme M. Comparison of inherent safety indices in process concept evaluation.
Journal of Loss Prevention in the Process Industries. 2005. 18(4—6): 327-34.

11. Palaniappan C. Expert system for design of inherently safer chemical processes. 2002, National University of

Singapore.


www.sid.ir

Journal of Safety Promotion and Injury Prevention, Vol.4, No.1, Spring 2016

Inherent Safety Process Assessment in the Initial Phase of the Chemical Design Process:The
Case of Acetic Acid Production Process

Sarkheil H ¥, Tavakoli J !, Rezvani S?

Background and Objectives: In the initial phase of the process design using the principles of inherent safety is
much more efficient, because it was cheaper and more efficient process to be included. In this research have been
tried to introduce a comprehensive index to assessment of the process inherent safety. Then using indices evaluated

inherent safety Acetic Acid production process and the accuracy of the indexes have been studied.

Materials and Methods: While the comprehensive information is not available in the initial phase of the design
process. Also, the use of the valid index to assess the inherent safety can be very effective. Why so, by comparing

the quantitative results can be selected the best route, in order to design safer process.

Results: The main reaction heat, the greatest amount of heat adverse reactions, flammable, explosive and toxic
vulnerability, corrosion and finally chemical interactions and the process safety indexes of inherent safety (storage

of materials, process temperature, process pressure, safety equipment).

Conclusion: Overall rating index inherent safety in the production of Acetic Acid and in part of the distillation was

estimated 29 and 19 respectively. In the other words, the distillation process in contrast to reactions was safer.

Keyword: Inherent safety, Process design, Acetic Acid, Safety index

1. Department of Environmental Engineering, College of Environment, Karaj, Iran
2. Goltash-Paxan Company, Isfahan, Iran

* Corresponding Authors: Sarkheil_h@yahoo.co.uk


www.sid.ir

