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Abstract:

Preserving environment from the negative impact of
production processes has been gaining more attention in the
manufacturing sector. Thus, more improving efforts have to be
continuously made especially in internal control and auditing
activities to ensure firm environmental compliance. One of the
first and most critical components of environmental internal
control and auditing is setting precise and efficient standards,
using which managers can compare to the real performance
measures, especially those of using energy and raw materials in
production, to protect environment and achieving cost targets and
hence profitability. This study aims at developing a model to
detect the best benchmark standard of using energy in production
that would meet economic and environmental cost targets, to be
relied on be managers of environmental internal control and audit
in manufacturing firm in Egypt.

This aim has been achieved through developing and testing a
two phase model to determine the best benchmark standard,
combining both environmental and economic aspects of energy
sources in manufacturing firms, to assess the impact of industry's
energy use economically and environmentally, and to meet goals
of using energy such as reducing costs and mitigating carbon
emissions. Data related to energy consumption in reality from
petrochemical manufacturing sector was obtained to test the
proposed model, which use two decision support tools,
respectively: Analytical Hierarchy Process and Cost-Benefit
Analysis.

The results indicate that the proposed model is applicable in
practice, and the results of using such model have proven valuable
in setting the most precise benchmark standard of using energy,
and offers the most satisfying solution, which can be used by
internal control and auditing of environmental activities of
energy use to meet energy goals (Cost; Emissions).
Keywords: Environmental Internal Control, Environmental

Internal Auditing, the best benchmark standard of
using Energy resources in production, Energy
Ecological & Economic Efficiency, Analytic
Hierarchy Process-AHP, Cost Benefit Analysis-
CBA
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Allad (a8 Lot l) lsSall anl Al 3laY) Al A dealyal) aed
Al A8 i DA e g Al llaall e L)V £l ol
sl 8 Culghunall alaial dngis cdiadl Llalall cilubadly slinall Lalal)
Wiallaay Sl gkl pualic (e sl culluly Gyl Gndy gl s
.(Soh, & Martinov-Bennie, 2015; Al Hanini, 2021)W)&l ;e 2all
(inil) g guimsar Ul Ainll a0 Analyall jeaida mpe Ly Lasdy
Aot A3 daalyal) oY
lgdlaaly duiad) Ada)al) daalpall asgda 1Y /¥
Ly dadaial) 48] cleall (v o Ll daahiall Clisyas cannas
Cpaabal agae e Gun ADLY @l dudlad) cluhall giee e
(I1A-Institute of Internal Auditors ) (I1A, 2022) SieY! culalal
LS (520 ans ADIA (e Ko slaiall 48000 50y alas e Jalie gha Ll
DBV (e Bl Llea 3 Lgdlaal gl slaally Al 850 Al desDlag
daydlly 5la)) clllially oY laaly clgibilass sliall ddaiidy 3lal
el = €0 ) Jlaa lehse LS Al dubudl cibibia ) 28l
1 L asg Al BV alas sy pand ) g Aigay daliia dles
Bacloas dabiidll gy dand ) uleally Ganladl a3l o) 138 IS
Gililee Adlad Cpaniy auiil deliie Lingie plidiuly Lgdlaal guias 8 slid)
O ue syee) BIBU Adaal) oda mlE Juagiy LB Lkl 5l
NARRLIRETA e[ S
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gl S kial) LaslyiSilly dibaa) d8lall elsl aladiuly delicall el
Shih et al., 2006; Akers & Klos 1995; Soh & Martinov-Bennie, )

.(2015

b (Wade, 1995; Rodgers & Housel, 2004 ) il g e ey
Oxabe (e dae B8 L ash LlaDs ans Dlee 89 (Figag aliie 8 and
Cangs @iy Al el Baga e (3all Bll Jlaa b Cpeanadiio cpidy Guldls
NG dalall Al lubie ae @85 (530 aniy Ll djles 3 daalodl
iy cllaag Lalle dolad) 23l dlea (il Lgunys Al cldlaially julealls
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CLAa e el
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D) G e Aaliall lsall pe Jaledll 2281 d2ds julea skt Aid)
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Al Y eve andl Gul) L L Lgaal Baaeie Glan dais L) 5I0Y) gzl
Hanini 2021; Scully & Accardi, 1993; Rodgers & Housel, 2004;

Harasheh & Provasi 2023; Akers & Klos 1995; Shih et al., 2006;
[1A, 2022)

Glilead) o 3 6Bu€ A Hhlae b A @Dlg) Wi cleliall s
& A dalally Bl ) e S5 Slad dge lgie i Laly)
Ayl ot o 13) 3l ) () Lysn (5258 (Ally daisn)S bl §y50m
ey damia

Mlasls slaall pL8 Gl dals Al Clga 8 (e Gl dualy (il aag
ddeall ol AN Lgaph A Cliglall aan uliy & el el
Agihasl Gy ) e 808 ligie s bl caap Vg !

S ecaba) dagly 8l Qi clehals Ay Ay Gilub iy dasal ul5
G i leadln o elug i) (all daspall (GAY) Clelal) cils
s gl & ey cglee o B leala aey Ll oY) ekl daa
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sl e d,
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s Al danball Bareie gloil el QaV) Slubs (e vl Gl
Al Hanini :Y+ 0 cxadl gud) s L Gl poases Wals)) leatl e
2021; Akers & Klos, 1995; IIA, 2022; Soh & Martinov-Bennie,
(2015
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AN Sgall Aladial (med Caagiud lly il (midg ) oaY) dealye
el g slanall damsy (e 23 of 4l (ya (S35 el die Cyghil) g il
cllenl) el ety 3lsall Pl Jemdl ) Sl daf e
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Rodgers & Housel, 2004; Shih et aI.., 2006; Scully & Accardi,
1993; Ubaldini, 1995; Al Hanini 2021)
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doliall 8 \galaiinlg ABUal) oggha 1) [t

33k come dee Slad) e 808 (g8 slhac] o salal) 58 dalal) ias
g Al d8lally dujhall dilally 40 5eS) AEULIS de gt 1)gen 23Ul
clad) 4 dalh golamy) Liadl & Llassd 5SY1 dy)all s
¢ ie deaa) Ablg clatiie ) phalls alad) slsall disaty agn Al docliall
oS e deliall pllad b dials LguilSsg A8 3))ge Loagane aadg (V) €
Patterson, 1996; Cevik et al, ) dcluall cliwdl 4als S o)
Baaa Glubiag cullul gl ) Alladl Joo 28lS sgea caganl ¢l (2016
G e Lo dalidl Bl jalias aladia) die 5eUSH (g8at Caagiud
U A8l jalas 233 xa deald L Jsite Ol 8 Aially AalaBY) CilaaY]
lele Jgeanll 205 sald) dapda us (e Lgasly Wla Lgde alaie¥) 5
Bygpay ALl aladna) culelad aaad GllXSy lgia JS o Bpalall Gl
.(Radwan, 2012 :Y.Ve (o 8ic) alasiu¥) dagl pa jaliadl) deglse
ClglaSy il delica Jie 28Uall Dlginl 26€ fueliall clind) s
< 858 Y deald) o sasatidl e ladl) e il saanlly
B e 5 LS o il plaanal) S Gail) ae i 3l
pal Jiaig A Al ) 3liaY) ddee DA A J5a7 lly bbas
oaill Al jaiae day (S (5ysaaY) 35850 (e Baaaidl) ye ABaD) jalias
Sy Jg sl 8 el gl 8 deasioadd) B8 e £ e 2 La pgans
e B ol S s Josll o) Cus H(EIA, 2016)pailly oandall
DS 8 A L) Tiviae aehy Lol £nlil (e Lgaaly Thlim) 520l
o asll agew G (Jailly deliall clelad 8 Lald cclalasin) o
Abad) Al joliae anl sgb andall SL L L allal) B8 @Digial (e /¥
EIA ) ZYY on callall B8 IS0 (8 diadloss Ao ity 85 oo ll oo
cAilall (oSS aladnny) il cleliall 8 268 6< ankll Sl Jany (2016
Drae 435S Cailay Doglasl) deliall Zowld ola 50lS Ladl aadiy il V)
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e dend) Blaeg Lalle Lty Tans iag Lo a5 Ly Lol Lgalasiad

.(\‘ R4

A8l aladic) Clydige : Y€

Huang, 2013; ) lgeal cilyiise s2e e slae YL A8l 2lasiu) Gl 2
Al 4t 50 :(EPA, 2017; Patterson, 1996 ; Cevik et al, 2016
el (e disna dail LY A<lgiinall A3l 40eS Sasg 1 (ENergy Intensity)
dpala) (s3a o oSall 8 aadied S oY) cyde ol aal sa ccilaralls
(Energy Efficiency) sl 50U jigay ddida) lge)sily dalal) <Digin)
1aa aigag cculatiall (o cilayiiall ) dacally 28Ual) (e DAL lake o
o cclamidl e all et 2L derdiedll Al GuS maddny dg)
Ol e Lee cctilaiiall (e S LS by A8l daeS i aladi
doay Jdisay WY1 aaas ) dacs A3l bl AUl dAISS (jmaeds
Blaly audi & dexdieall Gaulidl sl aeis :(Carbon Footprint) sl
Gotill o oladll o] Cung (@hall Gulia¥) @lile Dlbles) b oSl
Lalill e dasiien Lo 59 ¢ JalSIL (galai®Y ) Ll Caligi 89 jun cangy JalSly
Dbl ilie L zgane dgan JSG & Gl (a3 - Leall S GlIAL cdlanl)
A a3y clgy sansall (50K il sinas Caped Lo g csabaidy] Jalial)

sl (1S 5 Lualle dase (ubie
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s srae o alaeY) G o galaadl aladin) @bl GlEAY dam
ej@ujj,\:\bu‘ﬁi Gl Ao L B gaay 28 8L jalias (e Jaid
lias e gana 4y daby ¢ABlal) jobae (e i) ansall Sleall plasiad
dpalady) cleladlly Joall lgle adiaty catld cgll 8 anaias ) sl
A8 e glabial aud cdeliall ¢ Uad e (e g Ul 3 claially daad)
s Bila gl 40yS A8l glgus claygun Calida

g Ul Baganall ALl joliae o allal) bl 8 adiiall saill (gof 5
Gine Y BBl anpall el (gine 2nT Bg e ) Akl Ll
(IEA, 2016;Y + V+ ¢ ama +Dha) il (ol cpalall IS ey )5l
Clilayly A chalilly Bl eha WS S5 (Yol e )
Dbl s el e sl e Lle 5 Y (Emissions Factor)
Datta et al., 2011; Ba-Shammakh et ) dlall jolias aladial (i)
-(al., 2008; Harasheh & Provasi 2023

calias Gl aladial e Adially dolamy) Calal) o olialdl gy,
212350 5ol Cpen ) rad) 58 a0Y1 1V e lially aliall dagla DAL
Ll g (520 danlpag Lgaladind Ly Lalall chall aea alai yskitg (23l
g el el lag By lplus & of Gy s degumsall uladl) aa
Ld2al) Aaayally 2850 (el g aaa3 AasDlally 2820 aedi Afing Al ilagles
R L U DN JREECHO S

Gl ggdagan ddadipall dlad) ciluhall A33la 10
aity alal) bl (e 4 ddlie e i) (e 0 gial) Jaa iy
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e Laag (Akers & Klos, 1995; Scully & Accardi, 1993) ciluy
b eaaly Leelyly Al il daaliall Cibles sl A clulal il
s Al Laaball glsl Ao V) Auhall S ai cdpeliall clasd)
By iz Y) AU jobass Hlall dgal) Alasiudy Eislll aie laadie Ciaca
iy sl Al sae e il Al A0 aalall Laal ) cleass
o Amlly JW Y e Lhe 55 8 ) Al CallSl asianl @l
Aaaball aladl ol docal (a0 cilialy Cangl) (et A0l Auhall gl (s
ciliie Al go Al Al Sl audsy Leliall clind) b 4dall)
dae Cligria aal o of N duhall il sy cdaliy) Wil Jled)
ddaally Laalel) Culllly ISR Cania (B et ddill L3I dealyal)
Al clgall Ty slanall Al SN Gebs Al pllaall el da)
Glahad slisall Gy 8 g ddaall Ll gl gy S il il
Ll e waell gy s ¢ Ll el e e i dgilaa) 4y cilaliily
Gl Lo daldy Aol lealall aball oy 8 aed sludl Gavads g
laal) 8 4l Ahal) sl cespell Gebiall i el
(Boulhaga et al., 2023) (Wade, 1995) «lus cilglis g 3
Laalally e Ldalall L6 ol Canca 80 Jas (Eremeeva, 2020)
Sl slae¥l Sy caelaay) Lasally ) el sl elaf e adal
alda Caean o) ) clahal) @l il caliagiy (Al bl sluaiin) 20l g8
o s gl Sl oY) e 5yalie Speay g slatall b Adalal) 406
Baball 4B o i Il L) Cara oy cdidally Lo laa) Sl
S Y el daeal 5 Lae cslinall W el Gy Sl el G
) ASE < AW sl 8 E;u"x\ el dalal qu Sl calal
Sameer, 2017 (lzat, 2019) (Kayhan, 2023) <l @S iy
Laalyll il 4l e (Al Hanini 2021) (Stanescu et al., 2020)
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adall By alas dxabag ol dralie) o dibaal laalal 420 daul
GiaS (53 o (Pl olaVly Al Ll e ddial) L) GE danlyas
S Sl =i Clagiy glae b due i) slinall dal i) Luatill Calaaf
L) A2l Laalyally A8 adas et 8y pen daeliall cliad) e 4l
o Al LAl daalyad) 538 clydd piskaig clgdlaal sasal U oYL
CllalY) oty ddall L)lls dxalall julee auzgy Liall Hhlaall
Foanl CalaaY Gdas elldy il uledd) ddllae e dasll) A Callsill,
el Yieuall

Cumahall aalgi Al Glbgrall a0 (Ba'ajaja, 2012) dudyy clglis S8
Jie A8l Dlgind i€ doeliall @lKall il sl e gulala)
aslall Cilagyidll Cana daiis agles Gl 8 liglaSs jilly Cuian) cilelia
st clind) Bly) s Chaa e Db el AN Cueatl ISl
Aanhally L) algs dujles Chrian ) (53] Lae ¢atiad) Gulalall Gunalal
Cragly gl &5 Sl a0 Sl oY) e @l GuSaily il dala)al)
Bl aglee iy Loy Al RNl Amnlpall oLl sk 8y dudall
i) daliy JleY) cliie Ahdsl o 2l Lles Calaal 3ail dslhadl)
A8 ALY dilaally daalell LESY )y lgall skt 85 pum AN e Linal
Apelal) il 8 4l 30300 deaally

e (Harasheh & Provasi 2023; Shih et al., 2006) du))x &< 34
b e sl s (Al 0203 deabally L) Jlae il e ol ils
Al Zaalpally 4080 Andal 2S5y AaSoally dae LiaY )y Al Lalna) claf
lghanals Al A0l A8 Al 5505 gy Baliiad) Clsedl) U 8 deals
Jlaidl Byg ym ) Auhal) ciliags a8 eslanall olaY duclaially L) Cuilsall
LelaaVly 4l adalll LGN Ja e slasdl daglpay) GilaY)
IS sllaall 2lgall (anads Bygpum ajlin Lae esliiall da 523l Laayighaig
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e a1y Al S sally dalticed) daail)
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eV wy S dsaliad) &) Gaadlly aleall aiagy waat L4 lgadl (1ag
cslial) ddadil (ye di) Aleny al) AN (520 o maniall fKa S Lgile
Ld2al) daalyally Lllal) 250 el Cadlid 550 8y pumn Ayl Cuaagl S
Dbl paatl deatieadl by idlly alell Culadly (slety Lo dalas 2
Lol IS 8 slanall Al oY) e sSa 6 aaall i ) dadall ddul)
Al sylal) bty clilaadU Ausesall 2alallg LA dsall dadlas QUai Lals
Gl Gl Cun a8 (Y] b Lgdatadsp A8l aladnuly slaty Ladg
Tai Wu et.al., 2010; Singh & Bajpai, 2013; Saidi & Hammami, )
lgnnad (31 e slane S cliglly cilalaal 8 clidlal @lla of (2015
A Qs 8 AY) (medly e Lally Znla@) 50Ul 3y Jigy 3
dN e candl) e Zalall iy A0S (mleadl e adiey @) sl
Gl Ladie Lualss € A4S (358 (Y Dl Al lahall Lgleat aa o )

NAgie aldnl) ey clilany] duc i oY)

Al ) (Datta et al., 2011:Y+ )+ ¢ ama oDla) Slalyy o
e Wblies Jsdll (ssine o AU enydl) miall Shaase e capl
Lola@y) ddsied) dsanll il s e €Al (andl lgian
Leaajay Al oy Glagylive Gamy s colsus 2a o ddlly Loclaally
sl 5ise dalse dllia ol il e Salially 23Ual) (ol Gaadl anall
Al ey LY Laslsi€iy AASH (fia ¢ pnapall AN mide ayaa
Cligially dasiiall domnnll culsal) gaal a1 Jalse culas alaal)
Adnaa) dslal) jaleas e i) lakag

colal 28 clgaladnial Sl calally Al iy A0S Ll Wils))
; Jeong & Kim, 2013; et al., 2011; Andersson et al., ) <la))a
sl il leadd old (Ul aladial e GBS ae s 4 ) (2020
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Nakata, 2003; Yanes & Grosse , 2007; ) <l xSl s &
alasiu o «(Fuentes-Bracamontes, 2012; Madlool et al., 2011
A8 5eliSy afull 5ol (3iad 3 agawr ¢S dupaa Jie Ll Cdpal
Bl 5ol ety cbill DALY GHb padd Gob e Leadiul)
Slblag) G ) (ga5 Cilsiall 23U gespe gojlies (st (o LeS cdaaiiosal
S 5g ll 1345 2ey Lea cdashall Ja¥) 3% Yo ) et 8 sty (590
LAl Adgall il el

Lulass die Sy eabai®¥) el Joliy iluhall (o waall Cacial g
Jilat Cglad cransid (Rogner et el., 2008) i cdallall alasiul 46,5
saaaiall ye ABUal) jalias Dlgiul (aids olee cilily e ol silallg 2ol
223 A3 f Aol Casiagly cAuggill dlall jaliang Slally andlly Jg sl (re
s celgSl) g 8 Aol Bkl mhe JSa 8 hal <) Jala
Bl jolae aladialy Gab 4S5 50l ) a5 8 (sS)) elgia) LasleSs
4l zie of (Allan et al., 2015) dubs clal Sy cg)5al) 25l
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