Caal
{O)L
NS4

SN "_-’/‘Q LS L

ELlgl

193 a3l - 2025 Ggmadll y (A Alaal)

drimoll dainlig doudl doglaio pje’ g6 (gadpl Jgaill jga =
Iy sl @bglahgpidlg pail giclun (g diwll dilang
MU laoldiwl 6aley yaoa 6lano dpn oo dalles H

S tanae ¢ dsle ladu dakad

})Laj
dsUall 44 I 2jgawuAl 6gay o

2025 ole) drallell naill Glol ypas =

wle talo

(Ea191) Jg 1t 3 ycual Ay yatt HUaBN| Aaliid Aolalt Wile¥ (o jutiall AaSme Adad Alme






=
v
Lk
=
=
=
=

W\)2)) Oolei))g

Josill 5 jaaal) Ay al) UadY) daliial dalad) ALaY) (o dead daSaa dlad Alaa






Al e Jlaa s
(<Ll 5f) Jsyiall 5 jamall Ay yall a8V daliial slall (jaaY!

@ Udl) e /sl

Al 5 WDle W1 303 e Gl dualaBY) 51y e
<l 5l dalaia

gSA dhﬁ.e

aall o958l 3 Hla) e

<l 5l Aadaia

A Al ag9)a d

L s 53S0 5 sl 5l0) e
Aalall ElasD ey KU 2gaa
ubad) anlily

O iiall €
Jasladill o jall 2gaal




Mol b Hadl) s gb

Ledlan) g Adaally iy ja

o Caam Z8UAY 5 Sl g Jadill () s ' AaSne Baliad Alaa ol o shacil g Jadil
) Yl 8 alall o glaill 3 ha g agilaal il cula¥) g Cajall Gaanadiall (e duds
5 Ll 5 Sl aghmy Slad) Gl ofinlll i e o g LS cillaal Lgglai
Aoalall )y slail Aasbie e el 5 Lapan 5 23U Aibeiall @l o 4 5 jill 4815 5 43 el

Ay il delicall Jlae 3

éay
Clilzs) o Jsanll ) coags i) g d8Uall 5 5Ll Jadidly Blati ) Culagy) A6lS
(o) gabai®y) pSall i saaa

Qi g Elag) daa) e

Jsa Wi o3 lalyn ol oSl At deal jo ad ) VL iy sl o s
aal s caoal Jga opfinlall L e VAN 038 () 55 Gy (Lo g 48U 5 5lall 5 Jadill delia
Ad il delially dalaial) il jlaal)

)
4 el o sal) 5l paiall 4tnd gl 3l dgad) )i T yidy LS il 5 5l 5 adally
eub\;émIOQc)ﬁjéﬂ\Q\;Lansqg)'j\JQi),Uﬁl;aguﬁsngéSgh

ual) Ja g 4

Leale o jlaiall 4l shad 5 calel) Canall ngias o il ) ALuaY) dpalal) Silal) j80 o
A el 42l 4 53 5 Wl 5o

(DY) 5 Jglaadl cndl (i) ddaia 40 Ao sdial) aledl ) Jlay ¥ o) o
-word document JS& e Aaall ) Sl L g i< Sy s caa) yall A () g

JPEG J8i e bl cala 8 ) guall g Lol Al) (JSEY) Ju 55

O Aludl 585 ol 5 12 anays 4D d Times New Roman b aladiul e
Justified 4y ClalSH Gal sell i 585 0 5. 1.5 Shwsd)

Al g duale Ayl e sledl jalae V5L S o o



Eaalal) by Liebua sale ) 5 3 _SAN Gulad 241 o Lail 5 sl Gl o5 Y o s
Aariiall salal) gz A jall Yl Vs 8L b8 jaae )8 LEY) 5 s
(7)) oY) Adle o
s 83 sl Aia W) Gilaaladly Gl Hal s ElaY) K ey gadl SN Jeady
" Al BRNL S Y A Salasy) AL el Bl

Dyl il e Caalill dalal) 3 aull (e R (3l

Aens oo Bl et Vs LilS ol 1 G Alaal) (85 sl JISEY) maan et
Anall ol Hliie DU Lad o3 gadiiall Eilaal) u{ljw)‘)\u‘g\i@éﬁ
Al el 53 e Llaal @y a8 5all & sadl)

oyl gf ¢l gl g Jadil) Aldana ¢ g Tl i ) amaly laa) yall g YUY Jua S
<y o<l A 92 13066 s e -Blduall 20501 .02
00965-24959779 51 00965- 24959000 :-iigl)

00965 - 24959755  :SWl)
oapec@oapecorg.org =9 AN &)
Www.oapecorg.org < AN e i g¥) a8 g



Gl

W/MUW/L#M&#}/JM/JJJ
il sl fully ST i i 8 Al doas 5

7 s dane s o

S AL lga)aiic) sule Y (aan Slivas i pa olia dallea

115 D taxa ¢ Ghigle (lasbe dakb
JYjlteY

AdLhall 44 Y 3 gdeuS] 5 AT

149 hrd) Lo sala Jilg 2

2025 ple) duallel) il §U3] g 7

197 wale sale

Al i) elicall Jlae b dpalall ) glall Aol lo Jaally Lgapenty 28U dabaiall llig &y 5l R85 Gyl iy pigd G e Alsa

Gl 5l - Jssall 5 el 3y jel) HUEY) dadaie gl e 5y mally a3 Vg Lail e ol T (uSiad Alaall 038 35 siiall YA



dyimall dainllg doull doglhio jyioi g8 (qadpll Jgailljga
< bgloaagyivlg il gicliun (g diudl dylang

* di\.ﬁ.} daaa iy 2

Gy KU - el i ¢ Ak lelia Jf jud *



@l G glaill g Jadill Alaa
193 23l - 2025 ¢ ganddly AL Alaal)

8

@bgloragyivllg ppaill giclin (qd diul dilong driagall danlig doNull doglhio pje’i (g (qadpll Jgailljga



) G glatl) g Jadil) Alaa
193 a3ad) - 2025 & gamdd) g AGY alaal)

9

Sl Yido

ALl Byl3] (3 Tl Tosr &)l lasdll comual (ol (0301 Jgoll pac Jb 3
25l Olelue Jie bl ddle deluall ladall § dd!l Hloamy dugell dally
Led))l wluadlly (sllawdl B Oliuan dogedell daddl Jgl> il . blasSy Adly
zod J] BLoYL cdlewadl Golgmdl dadyall Jbbkall Glale Judoxiy dudos 4] dediiel
&g S| dsaie e Bodaie galypy Wliubd e dasazeell dodludl dilaiell deseiall UL
da s D)3 SLsly Adlady lslyzY1 Byl0) e dindly dadad) J guae 843 (o J3my 1 Bl
I ,bball Loy J8YI Oileluall ool Alaioall Jlbball (po dd) 4580 @lly e diug
d @ duigall Al . 43 ope iy o WS Al (yo el Sgiane L) cpauad il Bigmn
& Jadd JgoYlg ldaslly 31,891 dodls iladaiy pLAYN 9l chlingzilly ldanll e 8 patio
o> e glonl S (uSiaiz b 989 conbolall oy Dl Jghuo 235 3305 Ll Jodd oo

(ol di lyanl ) 2LoYL 719 Iy ©oliesl

dut ] | | g el | 2 o) Yol | o Gl i S
Coo Auadaliy gl 9SSy dale OHSLIY gk ducluall Wil Gew OF b Lals
deliuo Hogby Oslrally exdll Zlisviwl e daiely 1750 ple J991 deelivall 8)gill i
de aaisly (1840 ple § A5 drsluall 858l Cannli @3 . (GBI Hymmall J80l5 g
L) Bl Caodsiuly . asleSly 4S8l leluall sl dilig claailly £b,gSIl ZL)
Alaly cohgiai A" Olig AV el po AN dueluall 8yl gl o3 .pladl Jal) Ao sS
ple 3 Lnadly dumasdl lelisally (dSlwdly £Shadl YUYy (gunld] pale g ¢"alaioll
goze i pllas (el e wiels 2010 ple (3 Anl )l decluall 8)53l ygls o5 .1960
ZY! 3By Bdaaadl Sldeasdl 8)15Y JLasVl JBlugy slaidwd! Sig2Ty golng Yl oo b
Ylgedl dayy ok 8yo JoY9 lgisu> i JUacHl adgig «coligg g LI ol SKaw (£luall
Fluall sLadl cif] lede 3lbly Busly &S @ Jbadly @lsdly @YYy wleglaally
Log ¢dasl )l ducliyall 8)5il Bandad (3 pugts @l 1y OF Leg .Industrial Internet of Things- lloT

cliglagagyivlg pyaill giclivh (b diudl dslang driaoll daunllg dodul doglaio jujei (6 qadul Jgaill jga



el ggladlly Jaddl) Adaa
193 232l - 2025 Ggamdlly Gl Alaal)

10

31 poein Ty g sLadl iy ¢ a8y (dradYl oluds ilidad § auwgdl (o lgag
el ol o b 3195 895 (R ¢ dunalSl dasliuall 8y501" Jiad <2020 ple Spd> dud>
Sl
Aol Cygls L) Aaslpall HUasYl LS9 @ lne quwgly dusluall lghatll g Gilgdl ey
J9l S ae ¢"1.0 dedladl " J oY) Dl ilasog y9eb> Ty 1802 ple 35 . dedludl ualie ]
G Lysbledl mulpall B WS " upaiedl Mg dove” Oli Samiell SSkeadl § 09368
G Al Hbolally dalatal) daaddaisll aclgdll Jof 18119 1810 (2le om Ludyd 3 @i
dg0)S 7lay 3las o8 (I deadl Jiyg9 Blasdl 1 1810 ple joball (§)sblaedl pgupall (§ylas

i)l Lo ST Y Tyad clapundl olgadl aie (e 50U 2.0 dodad!" Ay el
oLVl e A8 3 Oldaall grasas 08 cdeliuall Lglaall Wl lamYl ae das d881gi0 S5 o) lgip>
Blel ST ouoliad sk (3 4801 @algadl Al Ol Jaloxd g0l Caadles U89 cmlin 4
LDl 878 Lol .dsudly dedlud) gl sulaall (o dpdadl pghaty boludul (3 zlaxdly coldaal)
Yane § TaS Lolasil ougs 9ad ooladl 0a)l (e Slisled] g Oldgiad! oo Bdienll 3.0
dadaad HEI 13 Dglsladl Eolgzdl (o dabises loil Cid> (el ang s SSio Edlg=l
bl Byla] lulas (3 Sardl Bole] I (531 low cdigdly lianlly OludYl dedlus e 438019
Masadly deddly douall B)la] Al sac Il Jgoedls
OBy le Sl Wiy elladl sloxil anazr (3 plas) 4 laSIl sl gad! ddas oliel 39
«@lgzl e BBl dradl Jalgally Lzrgl giSl (russd Jlame do Ldggr 155 (§ ducliall
LI Jieg ¢"Oldas)l dedld BylaYI" dalasl mgs slaie!l ao ) sulaodl iy Olubadl pglaig
81 335 &l Cadldl pglal 9o dcliyall (§ bl dggaell durgs (3 ¢opadly (Salell 0,31
VS REPYUM[PE

cliglosagyivllg praill giclin (g6 dil dlang driaall dnnllg oMl doglaio jjel g (qadpl Jgaill jga



11

@ galadlly Jaddl) ddaa
193 23l - 2025 Ggamidly SEL Alaal)

ol 0 St ‘i 5ozl J g
&yl el I dpuddasll el (pe Jgotll e lunall (03,1 Jganill ol delud
o) oMl Oleaedlinl (§ dwdyll molally ©lsadl esg 48U ULl plaseinls (8yglatall
hlgall pglaiy dedludl 4885 jupa3 (§ ladill 0da (e daiad LS a9l sulanll oy ,bolall
Lolsg «bigleSs Ay Sl (aeluo 3 ZUSYI detimy 3T il (g Blel AST Jos di xell
A9V plsdl dlgall Jogmi) Buaaddl ildeally ilsly2Yl e degazms (e SlglaSeidl Cilaazes

Adle Lalamdl dad Ol lsiie J)

dadlus Byla] yglat U89 ducliall Walgmdl Judad OB el dlaws Oldea)! dodlw S5
o degozme LrglgiSill Coodd Cu cgasdl (&1 Lzgl Sl okl ae i Il i wolden]
i a8l M5 (y0 dlaizeall JUacYl a8 g5 oyo cabiiinall (ySadg clibandl dadus 520 Jgloxl|
o)) ddurad)! bl Jso) ol WS . dusl i8I Lgiiatai gi)lieg pedune JSaw ldaall
Aol ybolseas 5l 4aS (3 8)g3 il (3 AT plaly ULl dediiall Judotll By Gardaiy
@9 @olg=dl o laaly dubye ASlesS Whaud G ddlax>l JuasS dghylaly wldea!
b)) 8ig2T cuShly duelvall Wldasll e 48150l daidl § (10T) sbeadl co ] plusiu
Slgall 318539 Byl dayag asall A1eS (Doguml Wldaall &l o Widaally Lelal 3
Bluall § $llapdl sEU luss plasoul "dend)l @lgll" doas Gk oSay LS 45k S!
Ol e dsgaze e Oldasdl dodlus gyude daliay 4udy Sue )] pUAS Joasd 5!
A1 8)900 Je Ugmamll dislivall Gldasdl 88lxeg duslivall il dxdai o) zrowd dazap!
o 5o) o Lang talaasmall Hbolsall e Bpailly plaill (3 Cansall Ui auezn) 3839 Yoo
Aououaill Lygall Olely2Y 3Ty Lol Juiadl g, oo @ildlmsY BLAISL dedl!

1 5 Ways to Enhance Process Safety Management (PSM) Using Technology,2024.
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2 EU-OSHA — European Agency for Safety and Health at Work, Artificial intelligence for worker management: an overview, 2022. h
3 Hossien Abedsoltan, Future of process safety: Insights, approaches, and potential developments, Scienceirect, 2024.
4 SprengerLink, The Digitalization of Risk Assessment: Fulfilling the Promises of Prediction?2023.
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5 Daniel A. Farber, Bringing Environmental Assessment into the Digital Age,2016.
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48Faisal | Khan, TORAP—a new tool for conducting rapid risk assessment in petroleum refineries and petrochemical industries,1999.
49 See Hudson (2001, p. 13) or International Association of Oil & Gas Producers (2006, p. 3).

50 vice, Risk Assessment Matrix: Overview and Guide,2024.
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5! Digital tools to help with risk assessment,2021.
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SAMPLE RISK ASSESSMENT FORM RISK IMPACT select ane

REF ID NO. SUBIMITTED BY DATE SUBMITTED UMPACT LEVEL DESCRIPTION

NOT SIGNIFICANT | Negligible injuries not needing medical treatment

MINOR Minar injuries causing temporary impairment needing medical freatment
RISK TYPE select one MODERATE lliness and/or injury requiring hospitalization
Financial MAJOR liness and/or injury resulting in permanent impaiment
Legal / Confractual SEVERE Fataiity

Reputation / Customer Relations

RISK PROBABILITY seiect one

Resources PROBABILITY LEVEL DESCRIPTION
Operational HIGHLY UNLIKELY Rare chance of an eccumence
Other: UNLIKELY Not likely fo eccur under normal circumstances
PQSSIBLE May occur at some point under nermal crcumstances
RISK DESCRIPTION
LIKELY Expected to accur af some point in time
HIGHLY LIKELY Expected to occur regularty under normal circumstances

RISK SEVERITY MATRIX based cnimpact ond Probabiity Levels

IMPACT x
PROBABILITY SIGNIFICANT

wenr ey [V IEE ow/veD DM MEDIUM
SOURCE OF RISk UNLIKELY NGE ow/MED  LOW/MED  MEDIUM  MED/HIGH
POSSIBLE GE oW/MED  MEDUM  MED/HIGH  MED/HIGH
UKELY G wowiveo veoww  veosec [EEI
HIGHLY LIKELY ow/meo  weoun  wveo/nch [

RISK SEVERITY LEVEL select comesponding Severity Level from matrix above hased upon Impact and Frobability Levels
PERSCON(S) IMPACTED check ail that apply SEVERITY LEVEL

Customers / Clients

MINCR 'MODERATE MAJOR SEVERE

Employees LOW / MED
Confractors MEDIUM
Public MED / HIGH
Other:
Other:
Other:

CURRENT CONTROL MEASURES

FURTHER ACTION NEEDED? seiecrane
YES

NO

ACTIONS TO IMPLEMENT it appiicabie

ACTION ASSIGNED TO DUE DATE STATUS
DATE REVIEWED. APPROVING OFFICIAL NAME & TITLE SIGNATURE
REMARKS

Risk Assessment Form Templates and Samples :)Jadl!
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52 Environmental and Social Impact “ESIA” Assessment
53 Environmental Impact Assessment (EIA)
54 Daniel A. Farber, Bringing Environmental Assessment into the Digital Age,2016.
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Executive Summary

In the era of rapid digital transformation, digital technologies have become an
essential component in managing occupational safety, health, and
environmental protection in high-risk industrial facilities, such as refineries and
petrochemical industries. Safety solutions powered by Al applications and
advanced digital technologies enable the identification and analysis of risk
profiles associated with recorded incidents. Moreover, they facilitate the
integration of large volumes of safety-related data collected from multiple
applications and programs into a single electronic platform. This enhances the
ability of safety and environmental managers to manage procedures effectively
and make quick, data-driven decisions to mitigate potential risks. High-risk
industries are now better equipped with measures that ensure higher levels of
safety, as never before. Occupational safety is no longer limited to equipment
and safety protocols for individuals, operations, and assets, but also includes
fostering a culture of safety behavior among workers, which positively impacts
property protection, human lives, and the stability of the working environment.
Integration of Safety Systems with Industrial Developments

Technological innovations, scientific breakthroughs, and regulatory
advancements have always preceded industrial revolutions. The first industrial
revolution began in 1750, centered around coal and mineral extraction, the
textile industry, and the invention of the steam engine. This was followed by the
second industrial revolution in 1840, which focused on electricity and oil
production, the emergence of mechanical and chemical industries, and the use
of railways for public transport. The third industrial revolution, which took place

in the 1960s, was marked by the advent of electronics (transistors and integrated
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circuits), computer science, telecommunications, and audio-visual industries.
The fourth industrial revolution began in 2010, driven by the integration of the
internet, sensors, and communication technologies to manage complex
processes. Automation, robotics, and predictive failure analysis started to shape
industrial production, connecting resources, information, machines, tools, and
workers into a single network called the Industrial Internet of Things (lloT). With
the expansion of the fourth industrial revolution and the increasing use of
automation, Al, and loT, a new era, the "Fifth Industrial Revolution," emerged
around 2020, aiming to balance scientific and human factors.

Alongside industrial development and the growing risks associated with it, the
need for safety concepts emerged. In 1802, the first safety protocols ("Safety
1.0") were introduced with the publication of the first law in the UK concerning
the "Health and Morality of Apprentices." Meanwhile, imperial decrees
published in France between 1810 and 1811 laid down the first regulatory
frameworks for human risk management. The Imperial Decree of 1810, for
example, addressed factories and workshops that emitted foul or unpleasant
odors.

The "Safety 2.0" phase focused on preventing major accidents, as technology at
the time was not yet aligned with industry needs, and equipment design was
often inadequate. Analysis of catastrophic accident causes led to the
development of safer process designs and the establishment of international
safety and environmental standards. The "Safety 3.0" phase, from the 1960s to
the 1980s, witnessed a significant decrease in accident rates. However, tragic
accidents still occurred, prompting a reevaluation of risk management practices

and a shift towards "Health, Safety, and Environmental Management Systems"

cliglagagyivlg pyaill giclivh (b diudl dslang driaoll daunllg dodul doglaio jujei (6 qadul Jgaill jga



g—.l}i\ Ogadl) g Jadil) Alsa
193 2l - 2025 &gacddl g (AGN Alaal)

(HSEMS). In response to severe chemical accidents globally, governments and
industrial companies focused on improving technology and human factors to
prevent accidents, developing policies and standards to expedite the adoption
of process safety management systems.

Digital Transformation and Enhancing Process Safety

Digital transformation technologies help organizations transition from
traditional to advanced digital systems, using smart data and integrating digital
tools and software into safety strategies for risk analysis based on international
standards. These technologies also enhance safety culture and develop skills to
ensure a safer working environment. The petrochemical and refining industries
rely on complex processes to convert raw materials into high-value products.
Process safety is crucial for minimizing industrial accidents, and the
management of process safety has evolved alongside technological
advancements. Technologies have provided a range of solutions to enhance
process safety, enabling operators to anticipate potential failures by
continuously monitoring equipment operations and comparing them with
virtual counterparts. Historical operational data and advanced data analysis
methods, including machine learning, have revolutionized how process safety
risks are predicted and managed, reducing the likelihood of chemical leaks and
other accidents. l1oT has been applied in industrial process monitoring, with
sensors tracking critical parameters like pressure, temperature, and chemical
concentrations. Furthermore, "digital twins" powered by Al in predictive
maintenance serve as early warning systems. Safety managers can now use a
suite of software tools to model industrial environments and simulate processes

to identify system weaknesses and assess potential risks. This allows safety

110

cliglosagyivllg praill giclin (g6 dil dlang driaall dnnllg oMl doglaio jjel g (qadpl Jgaill jga



111

) G glatl) g Jadil) Alaa
193 a3ad) - 2025 & gamdd) g AGY alaal)

personnel to detect deviations from normal operating conditions and take
immediate corrective actions.

Digital Transformation Applications in Safety Risk Assessment and
Environmental Impact in Refining and Petrochemical Industries

The digital transformation strategy in occupational safety, health, and
environmental protection aims to convert traditional processes into digital
workflows using modern technologies to improve efficiency, productivity, and
worker safety while enhancing their safety culture. This is achieved through the
development of software systems and the use of data analytics, Al, and cloud
computing. However, digital transformation also presents challenges and risks,
especially if not managed carefully or if backup systems are not in place to
ensure operational continuity. For instance, smart digital technologies could fail
due to battery malfunctions, fires, or explosions, or water could infiltrate
electrical components, leading to short circuits or electrical shocks.

Risk identification is crucial to ensuring the safe design and operation of complex
production processes in petrochemical facilities. Eliminating factors that could
lead to major accidents, such as fires, explosions, or toxic emissions, is essential.
Digital tools like Industrial 10T, Al, and machine learning are used to enhance
safety protocols and programs. While risk assessments can be challenging, the
rapid evolution of digital transformation and the availability of a variety of digital
tools, along with Al applications, have made the task easier. These technologies
can transform vast, diverse datasets into digital forms that are easier to store,
categorize, analyze, and identify new causal relationships in complex systems to

assess and predict risks more accurately and quickly.

cliglagagyivlg pyaill giclivh (b diudl dslang driaoll daunllg dodul doglaio jujei (6 qadul Jgaill jga



g—.l}i\ Ogadl) g Jadil) Alsa
193 2l - 2025 &gacddl g (AGN Alaal)

Furthermore, due to the potential negative impact of refining and petrochemical
activities on the environment, Environmental Impact Assessment (EIA) studies
play a vital role in decision-making. EIA identifies and addresses potential
environmental, social, and economic risks associated with projects. The
application of digital transformation technologies in EIA has led to a
revolutionary shift, providing a virtual global ecosystem by linking all available
environmental data to a detailed geographic information system (GIS), ensuring
data accessibility online, and integrating it into a searchable archive for data-
driven, timely environmental decision-making.

Digital Transformation Models for Health, Safety, and Environmental Systems
in OAPEC Member Countries

Refining and petrochemical companies in OAPEC member countries prioritize
reducing industrial accidents by implementing digital transformation projects
and advanced plans to maintain worker safety, industrial process safety, and
compliance with local and international regulations. These efforts aim to
improve safety and minimize human, financial, and equipment losses through
prevention, mitigation, and optimal system utilization. To maximize the benefits
of digital transformation in safety, health, and environmental protection, the
study reviewed several case studies and success stories from Arab countries in
the OAPEC region, highlighting the benefits of applying digital technologies.
Some Arab countries have initiated digital transformation in refining and
petrochemical industries, using remote monitoring, robotics, Al, routine
maintenance, scheduling, and virtual training programs to improve production
efficiency, reduce environmental pollution, and enhance occupational health

and safety compliance.
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Conclusions and Recommendations

The study concludes with the following findings and recommendations:

Digital technologies have become an integral part of managing
occupational safety, health, and environmental protection in high-risk
industrial facilities, particularly in the petrochemical industry.

The future of digital process safety is bright, thanks to innovative
methods and notable progress in addressing industry challenges directly.
The application of digital technologies results in gains in safety and
efficiency, reduces the environmental impact of the industry, and
enhances decision-making capabilities through improved technology and
data.

Al technologies in predictive maintenance programs enable early
detection of potential failures, reducing unplanned downtime and
improving the safety of equipment, personnel, and the environment.

As reliance on digital systems increases, data protection and
cybersecurity are of paramount importance.

Continuous training on smart digital technologies for safety systems,
such as using virtual reality for evacuation and emergency response
training, ensures that workers are prepared to handle potential incidents.
Encourage the implementation of digital transformation to improve
workflows, enhance operational efficiency, and optimize performance.
Establish an integrated digital system to connect facility activities,
provide data for quick decision-making, and support crisis management.
Develop effective preventive strategies through advanced digital

technologies and innovative safety strategies based on data and smart
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technologies, while analyzing safety performance using intelligent digital
solutions.

« It is necessary to develop and implement digital operating procedures
that provide clear and safe instructions for conducting activities related to

each process, in line with process safety information. Additionally,

designing suitable strategies to mitigate risks, implementing cybersecurity

mitigation plans, and minimizing operational disruptions are crucial.

bglaragyivllg ppaill (giclin (qd diul dilong driagll danllg doNull doglhio pjel (g (qadpll Jgailljga



<UL loladiwl 6aley yaan 6lano Wpn ol dalleo

* Sagle olaslu dalad
**dm Yasa

ans s - AiliasS 5 ) el S b)) duigh aud *
as il - AilaasS sl il S bl tigl and *



@l G glaill g Jadill Alaa
193 23adl - 2025 G samdlly G alaal)

116

©HU laoladiml 6aley yaan 8léno i ol dalleo



117

) G glatl) g Jadil) Asa
193 2l - 2025 & gamdll g (AGN Alaal)

‘5.‘..’ ° !

oo Al Capuall olie dallaal adaia (5 pae Jelia apaal I Al jall Caags
AUl o sliall ansl LS e 5Se Jinay el 6 gaall sty Gaes liae
Aalledl ells 8 Jelaall ool aii g Jadiall ¢ s3SI 5 cadalizall apaaldl 30T & g 3l
Jsal) A 3) daws Ae0.5-2g/L Jlaall i ass ol (e dilida 380 55 5 G0
A3} A e e s inall Juad¥) 58 Sl o ity A g paall il g S sl
A1) e Aiaseal) dajn il dul il Caed WS 1.5g/L sa g el dauaiM
padiiall o gl da ga Jsla S5 LS 6 (A dua sanll JiadY) Al cilS ¢ sadl)
il ilS ¢ g S el s Jsidll A ) A e S IS (400-660nm )
Bsd aladiul (38s | 400nm Aa s Jshy andidl A el ¢ gl aladiil sie il
SH G .99% ) Juai dapadl A1) At 1g/L S asseall Gl 5S
Laasll ell  500mg/L Ghesl cunilh gaaall il i)
3l 20uSl o sailiiil) ST e IS5 4 )lie Alle 30U TiOy/Fe304/BiVO4/AC
. TiO25 BiO ¢ p-n omeall (N €lld (5 3219 conn o &g 3l lalild 5 udalizall
YA (g A gaall Aglalis gl Aladl) pasdalisal) gl 20T 5 g all Calalile sy
@i 5sad S5 ¢ 2 sall ¢ guall ) pabiaial) sy ol SISV JU) Jagass
@il el o guall o gl 5 g JKIY) o Sl sale) w5 <TiO,
Al A 5 AN S all o gaall jolines A jlia il g S 5 suell y Jsiadll ASis L]
(180 min J2599% ) Jsiall A1) 3) 3L (583 (pe Al Jall i€ e A g J shal
oall el 5 ¥ Jalill 5 Gl G il e livall Cojuall slie dallas e
Luldl) ddial pall By Ll 8 dalladll cliall Gopall slie aladinl (Say e
2580 a3 2008 4 sl

1
SHU laoladiwl 6aleY yaan 6lanno dpm oo daleo



@) Gglaill g Jadil) s
193 axd) - 2025 & gamddl g HEY alaal)

118

s AL Waladinl BaleY aea Sliaa i pua ol dallas

cd_adla

sl dladsY dagm Gl ) slll gl gl aal eliuall Gogall sl il

o Aail &sle ) ge o o all slie (5 st Lo sale Adlina ) 2 Y slall Lgaladiinl
laa 8 dpulal eliall Gopall slaal Alladll 5 Aol dallaall oiad | lusl) ddaiil
aaadd Al A5y oy olaall 028 g3 Bale) 5 el (aliil) Glas g & lill (e Al Al
anad Aallae Jal e 32ad L gee eliall (o yuall ol

ALY dallaal) s ja ]

(G slsll) 4 50 dadladll dls e 2

AGIEN Aalladll s ye 3

Al 5l Alessll ) 4SSl (5 k) alasiin) Ay dadled) (L8 Glle oy
A Axdlaal) aaind Laiy o peall olis i gan da 0 Jpaad 5l lall 3l sall Juad
Baga Cpmend g SN A gamal) il ghall AV Y Ay gon Al Al o ol JS5y
iy e e i) LRGN dadlaall 3 Ailaasll o A0 3l (3 dall 228l LS olual
) (b Ll sale) o Apld) jaliadll 8 slil o3a

pshildalall dall 845 gl celiall Ca pall sl (e 3 S ClaaS (@331a) 3lay
slae (g 2aal) 852 52 gall B judaddl G slall A 5) e 5 50l8 5 dalia Andlas il 24
seluall (i yuall

(13)UJMM\@L¢AUADLJAMUA’(S),.\.\S&_}LJASLJMJJ)JJ\:\LM&

.....

20-) Lead Y sadll 38 55 = o) 5 alaall g o sanll 5 4y jland) 5 4iliasSll o) sall (e dnsd
O 13l 5 ¢ (Tmg/1) et ¥ cany 3 Ll 3) e 2 Y 93 yad LS 5e 45 (200mgy/1

wbglaragyivllg ppaill giclin (qd diull dilong driagll danllg doNudl doglhio pje’i (g (qadpll Jgailljga



119

) G glatl) g Jadil) Alaa
193 a3ad) - 2025 & gamdd) g AGY alaal)

sale) Sy g oluall 23 dallaal dadfiall 32uSVIS 5 ) shaila L aladiul (e 2 Y
(5 Ll adiaV ol aiaall 8 Lgaladin a5

die (4482 180 JMNAY% 92) Ay samall ol sall Al ) (A Aille 3eUS Al jall (g5
iy Aaine gl o gl L&l 5 i sV Jali s ¢ Alaasll Cap il alasia
plad 2580 ab) 4y sud) Al ddial gall) 4y sudl 51 plas dadladdl Clé paidll
22008

Cla suiall debua (e AUl eliall (o juall sl dalleal u00ail) (3 yhall e
ISy il 438y dn S aladin¥ dalal)l ) ds sl 5kl o5 dua Alld e
& Aallaall dad je g Gls S5 Hnell s J sl Jai Laiy cAlilual) il dpain oS
e palidl) A e eSSl Plag 5 AW o (50 480 5l dallaall A
A5 sSiall slaall

G sl 45 glall slpall dadlead ddled IV 45 Hlall & dediial) 300SY) 228
¢ gaall o (uadll Jia ¢ guall jaiae 3ga g0 deniia 5auS] Ll o€ 8 gl oLl andiis
olie Aallaal 3 pline 4085 Lelaag Laa ¢ JalSll g S 5 sl 5 J sl (e palaill )
LS JS adindy o o gl Sl A 4 a3 e o (5 gl Al eluall Gyl
s Jadlly OH ol delail) culd JuaS g jmel) ) sda 2l e dasiiall 5uSY)
BeliS g Aoy Ledlad g G slall e JlED) ye JSG OH Jeldliy 4y gudandl ol gal) S
aaf Bacluay JeuSsuell Hsda Filiy 3pa Lpac pe Glija ) e Lae
G sd A Y Jie AUall jaae dsa g la yie g a5 556y Jie Al 0V il 5l
s sl lalile i sailil) 2wl 36 Jie J81 i) olul 5 2 el ¢ saall ol dpadnil
ot} limy A5 yae gk 8 Aeniall 3auSY) Cillae 25 | anhalizall paal) 40S]
Jind Lelang Loa ¢ el uansSY) litlaia g JSH (g gumnll 5 SU 5 il slall 38 3
Crdall 5 galadl (Al bl dadles o 331 AlSi

25 LS (lasg) Slis 3sa 50 Sguall Jeldill ay judt 43 saiall ddalis gl 2l
Jatll o Eianll i pemal) LS el A 3Y AiSan saia Ak i el sl gl

U lmoldiwl $aley yaan 6lano cpn ol dalles



el ggladlly Jaddl) Adaa
193 2l - 2025 &gacddl g (AGN Alaal)

ey Wil 5 "Lk 5 B daall Gllaal) Aol g oeliall Gpall sl (e (o sl
Y] cllee A by duilaie e ol dudlatie 48 peal) Al gl 5S35 ) (Sl
Ul 50 Lgivnal U )y aal iy o ) Lely gt 5 4y gamal) Ol slall Jaal g 5 3 45 guall
iy (Bsd sl "Ly e geall 138 (6K Lasale 5 6 gl

(50 ) ol o sl 20uST) (J8) gall oLuil 5 g g0 48 gaall ) Cuan
elall Lalasin) cileluall ST (e  Alaall dad g 48l 3 b @lliad g 430 gua ol Jlin g S
i 13 5L Lgeladial ol liiaall 8 oluall oda s sale) (Saall (pag Al Uy oli g
o sh sl Jlail) dmia piliaad) 03gd e liall (o yuall slae () oS5 Al (4S5 5 clgiallzn
Aadiial) 30uSYL olall 038 dallas sai olai¥ 3 13g1

2uS1) 4 gaall i Eal) aladin) o Aedia) 43 saall 2SY) ANE daied
slaall 8 53 g sall 4 guaall il plall LS ddee il (ge jall ALl ¢ sl
(et (358 ) "L e g guall 108 () 5Sy LaBale 5 co gazall ) olpall 028 (2 yaiy i3l
Ji Lelan o Liianal Uy ol il o ) Ly gat g <l slall 4ilasl) dagl g )l) aplaail
3 gall lsal) Al (-]« T-1) JSAN mla gus "))

(-1) Jsad

e il o,
,

‘ '\-4 i :’1- X o~
Eo ‘:! \ N ©
‘ > \Bivo, !
" e 1: i 1 4 ‘g
i | | |()2 :1' ‘: ’
A q / o= w,0/0m
\ ¥ M 1 &
1 [ s
Wolon W £ N
OH / s
(a1 )

O '\
———————————————————— 3
=A% gla :
m CO: + H:O
i -

f

- '

' S

! ,
"0-/ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘

SHU laoladiwl 6aleY yaan 6lanno dpnm oo dalleo

120




121

) G glatl) g Jadil) Alaa
193 a3ad) - 2025 & gamdd) g AGY alaal)

e A gse A8l (il (TIOy) el i laad) of (- 1) IS e el
za (CB daa sill 4 ja VB 58S e s (e <l 5 pSIY) i 28U 3 gady JaY)
Jsandl @lldy Sy 5 S daja 8 h' s g0 3 5ad g e-Uaasill 4o (& S]] Ll
all sdall JYA e il slall sausly andind g A 5 8 (e de gena o
BV dlee (e AL

Jua 5 4a3al TIO,; dua s daja (o Sl SV Jais (@ — 1) JSA
A aaall il g IV g g8l a3 @il g e g8l Ay ) SIS 5 o g all lalild
Canliy oigaall lalilh (gl ST Ay gy clip SN JSE TiO, g Sle
ASmall il g IV 5 sl anding 5 ecili s Sy g gl B30 3ale) aiey Cridia ) 50
dos sall 5 gmdl) 2y 32uSY) dplee e dailill 5al) ) odaldl DA (e i slall 30uST 8
Ay jall saus] aiSay "L g8 S sa bt
TiO, + ho (UV) - TiOx(e-<h") (1)

S el e dignd e h' sl 35adll Jaad (VB SHSE) daja dis

1(2) Jolaall 188 5 4y gumall il slal) 3008l a0dion ja 2S5 )38 Hia 5 (58
TiO; (h*) +H20.45—TiO+ H +OH:  (2)

Os s (S es i ae O3 A Jelily (CB duaslll daja di

(3) Malrall 3 LS 4 guzaall o) gall 32l a2 Oy Jan (5.8 2S5
TiOz (e) + 02— Oy +Ti0>  (3)

Sl flaa e Cld jaic dalles b dadiiall 30uSY) A3 Guki dey

plasiul S LS cLgSOlgtul Jali g olyall il (e aadl oladl b dilay] B shad b gl

AV oludl jobas e slaie W) e Jl Lea 0 (mljel 8 5008V Aalladl oludl)

aclila,al eﬂdﬂ\ .ia,;.u}l\ J)%_}-.’_Btlﬁgl“gﬁjjd ng‘).\u dsuaé'émy\ (‘;33_5
o 1) S 5 (e 320SY) dlaad Bl Jag ) aaad A8l aian aladiuly s "l i
Aanliall o o) dia gan A a5 Belizal) 3 g anSU o 3 (e 3l

U lmoldiwl $aley yaan 6lano cpn ol dalles



el ggladlly Jaddl) Adaa
193 232l - 2025 Ggamdlly Gl Alaal)

bl dadlae Jlae 8 Led Jifie Y 1 L) 3l (e el dadial) 30uSY) Clilee elliag

a0 Y colaall 8 5aa) siall 4 gunell LSl (e Jlrd JSG Galidl iy
oA sy )l gl Jas

OH " J1a salll Jelall Gy CagHlall I 85 Laily (adaill AL Zoleall 020 23
i lall (e dpaadl A1) 3) Sy @l 5 (A1 e ) G Alal) il slal) e 2

.M (OH) X (3 Gl JS& 8 A& alaall (oany ) 5) Uil oSy

Aleall 028 Jrany Laa colpall juedai avaliaill azy 8 Al 300SY) Clilee (155 o
_cw\ﬁdﬁds&ub@m&%

Jaxi ¥ daiiiall 5ausSYl cililee Gl (HLO 58 OH " el O e il o 15k
,;w\gzygsﬁa\ygigﬁ

3 gal) g 3 3¢yl
3) gall

Isopropanol (70% vol), TiO2 (white powder M=79.8 g/mole, density of 3780 g/L), H202
(30% vol.), HNO3 0.1M, NH4OH (28%w/w), BiNO3 1M (M=485 g/mole,

density of 2900 g/L), NaOH 0.1M , HCI 0.1M, FeSO4 (crystalline white powder,

density=2840 g/L), Na2S20s (white crystal, density = 2400g/L.).
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Aa ) dal ol a 0.5 N asosall auS s Jolae Gliay & delu Cual
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ey Al ahalinall sl 3l sl Cand Il anday @l 22y 5 60 COxie Clelu 6
A waall a5 IS 50 2,440 5 FeCly QU waall 518 0 3.81g s JOA (e
lele Jslas (30 50 ml alay &5 40 €O 3,0 all Ax o i hadall uais s FeCls
Ui i Jslaall iy o35 Al (335 um gaall A 3 Jasiaiy « NHAOH o sai5aY)
Ay sl 5 JSITE Laie ¢ atusall &by jaill 2a 40 CO Ame 5l s A ) ey (S
Jsili) s & elay sl JI Jusiy e slaall e sl H duadl J slaall ey ¢AiSh 61 s
A die Aliay ol gl it 7 A ses Aa ol Jgea sl Aiie il sl A0 A1 5Y
(JalS I8 a5, Cgda ary o) pal ¢ i) @by jaill 4w (20 C°) duaddie 5 ) ja
Game i oy @i Al padl) DA e ealinall sl 20uST ) Ll ad oSy
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1 Alloush,F.,Hillal,M. Obtaining Vanadium compounds from the consumed Vanadium pentoxide .AL Baath
University 2008; 30(1) .
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5 j\Sall NTU 30

G PCU 200

pH - 8.2

TSS mg/L 300

TDS mg/L 6000

Al <l ABUY | iS/cm 9500
COD mg/L 2100

BOD mg/L 525

S04 mg/L 137
phenol mg/L 25

il mg/L 1100

Na* mg/L 3400

COs?| mg/L 360

CI! mg/L 2575
Nitrogen mg/L 40
phosphorous mg/L 0.69
Total hardness mg/L 990
Calcium mg/L 86
Magnesium mg/L 60
Iron mg/L 6.47

Copper mg/L 4.62

Zinc mg/L 4.3
Potassium mg/L 63
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5SYL Aaaliaall 3 5adl 5 gdall aae 33l ) 5 40 guzall
Jiad 2y Calagiy el Caal JS o peall obie (40 (25mL) delaiie Cilie 3355 -7
Jsdl) Apaliatial (il 5 ¢ jia g Sl 0,45 alebose ylad ol 5535 5 aladins Jagu gl
o (el Qllaiall Gl g dane A ge Job die S geall caplall (uliia aladiuly
el Qllaiall) 4 sianll A sanll (e s Jsiail) (po JS A 3] Asd avni 5 (pannSY)
Ll it 5 (CpanSY) (e
«dal 5 150 delainly dnd ol Cilaiias alasiuly i jeall slie s g e e dplee
delua oo dadlll Gyl slie dalleae ol 400D Aladall Cilaleall e Llial) 25

52uSYL sac Luoall Zaniiall 30u8Y) el 5 jaiose 4 seill codul) 3 yial Aol ] wdasill ) <G
0.45 alebise Hhd ol 5 Bys alll )l Aty mhaall e sihy Al a3l 4l
G0 Rl A3 5 2 5 Alead Al (g3 a5 Sube

aall iy 5 0€ e e AU aat el et mllas

75 Hus an—allSl Clis S e culd 38 515 (200mg/L,500mg/L,700mg/L)

Alee 2ey 3laadll Cld 4 iaie (il aad (4) Jsaal)l ioamss 5 JsY pH emg/L
sl G Al
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e il dlae day Blikaal) Cild paia (ailad (4) Jgaal)

Al Gl 32y Bliaall b pala

FeSO4 mg/L

200 mg/L | 500 mg/L 700

i gad) 3as ol dadl) daidl) dadl)

)&l | NTU 22 14 18

ol | PCU 130 140 150

pH - 7.9 7.8 7.8

TSS | mg/L 200 142 152

TDS | mg/L 3200 2800 2900

4l yeSI AUl | uS/em 6200 4200 4800
COD | mg/L 1600 1450 1290

BOD | mg/L 480 370 340

SO4?%| mg/L 190 250 290
phenol | mg/L 22 20 19

Oil | mg/L 700 340 140

Na" | mg/L 2170 1300 1380

COs? | mg/L 275 240 228

CI''| mg/L 2080 1640 1700
Nitrogen | mg/L 30 27 25
phosphorous | mg/L 0.62 0.59 0.54
Total | mg/L 824 800 790
Calcium | mg/L 79 74 71
Magnesium | mg/L 36 27 25
Iron | mg/L 5.30 5.00 4.47
Copper | mg/L 3.62 3.30 2.80
Zinc | mg/L 3.8 3.2 2.9
Potassium | mg/L 51 47 44

Cua (e Jundl 700mg/L 355 FeSOy alasind o odlel Joanll e el

e .200mg/Ls 500mg/L S il 45 i 45k 4esll 48Ul s COD I (anias

oliall 3lSe ad (83305 ) 700 mg/L 1S FeSOy aladiul a5  AY) il

ety JiaY FeSOy4 385 aand « Mills 2031 (sl slall Cams 53 casny 501

Oe g S g el g Jsadll Al ) dans e COD A1) 4w a3 43l Lle 500mg/L
8 pall olia
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0.3 e 81 0.25 4 Aallaall Ji Coeall sl Cilinl BOD/COD 4l O e
dadtiall 300V 32U 3 3l COD ) dad Juldi g ild peaial) 538 dallae (e 1Y S
sl LAY o3l Ja b asdad) Jlaill WS Gaseall se Jen s <AOP
Aalas doleall ) 5 ¥ 0.26 e L Andlaal) 22y o jpeall ol il BOD/COD
A pamall A pan A3 dalladd

R i) A8 lal) 58051 Aall (IS 515 30 e AUl im0 (8) SN
. bl i

) ) U L yiall Ligdal) g AR ) Agdal) ¢y 8 £ 1 (8) JS

16
|

” ——Laliall oY) mla) gl )

12 G O ) ) gl
Ll
10

o &uf\)\}“
00

438y a3l

Sl S aladiuly el cun il a3 Gasll O odel JSEN (e edang
dal (e« 60 min s pH=7.8 cases 4a 0 die 5 500 mg/L xS 5b suaall
Blaadl Gl jaia

oball Dldial 9o (5) Jsand) e s d Loy e e el il olal) dallase
bl apd) el i asy
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L) el e g my g 8 oLl el ga (5) Jgaadl

el el el Al a5 38 Bliaal) Cild paie cilial ga
iigall das i) Ja8 Al 2y daddl) % ds\isl)
8 jlsad) NTU 14 | 11 21.43
o PCU 140 | 100 28.57
pH - 78172 7.69
TSS| mg/L 142 | 93 34.51
TDS | mg/L 2800 | 2100 25
Al gl B | uS/em 4200 | 3200 23.81
COD | mg/L 1450 | 1080 25.52
BOD | mg/L 370 | 250 3243
S042| mg/L 250 | 200 20
phenol mg/L 20 | 16 20
Oil | mg/L 340 | 252 25.88
Na*| mg/L 1300 | 1040 20
COs?| mg/L 240 | 192 20
Cl''| mg/L 1640 | 1300 20.73
Nitrogen mg/L 27 |1 20 259
phosphorous | mg/L 0.59 [ 0.46 22.03
Total hardness mg/L 800 | 620 22.5
Calcium | mg/L 74 | 52 29.73
Magnesium | mg/L 27 | 8 70.37
Iron mg/L 5.00 |1 4.2 16
Copper mg/L 330 (1.9 42.4
Zinc mg/L 32124 25
Potassium mg/L 47 | 20 57.4

o) w3 paliall sbuall ciliial ga ppan o5 38 3l (5) Jpaal) il e 53
Dhiay daid) aleall 5 9% 25,52 5ty Gaans) e (Slasl) i) (ks 25 s
Y% 20 dawiy J50dll 5 9% 34,51 Jlasa laall lall 594 25

W il oy g e el il 5 (PlasSl G i) sy obiall dadlae o35
Asiial) 300SY) e Lla 5555 ) (<l s ySH g ) 51K o ) g) <l 51 AN Y 3 s¥)
gléils 60 cm 4cli)ly 8em Jalwdl Lhad iy (A21)g sl (e Jale padial
sy @il Jaliall 5 jalaall oluall Cila i (33ml/min) 8 30cm o)
_Lfajbﬂ\ Jalall 3 jalaall slial) Chléial ga (6) Jgaall
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.(_.SJJLE\ Jaleall 5 jalaall sleall Cilial ga (6) Jgaad)

@bl Jakily dallaall die Sliaall cild paia ciliual ga
gl sas gl S8 dadll Ay daidll % bdslasl)
5 \sall NTU | 11 9 18.18
s PCU | 100 80 20
pH -17.2 7 2.78
TSS mg/L | 93 87 6.45
TDS mg/L | 2100 1800 14.28
il gl ABUY | uS/em | 3200 2300 28.12
COD mg/L | 1080 925 14.35
BOD mg/L | 250 248 0.8
S04 mg/L | 200 140 30
phenol mg/L | 16 14 12.5
Oil mg/L | 252 185 26.59
Na* mg/L | 1040 1038 0.19
COs?2 mg/L | 192 120 37.5
CI! mg/L | 1300 980 24.61
Nitrogen mg/L | 20 15 25
phosphorous mg/L | 0.46 0.43 6.52
Total hardness mg/L | 620 617 0.48
Calcium mg/L | 52 51 1.92
Magnesium mg/L | 8 8 0
Iron mg/L | 4.2 4.2 0
Copper mg/L | 1.9 1.9 0
Zinc mg/L | 2.4 2.4 0
Potassium mg/L | 20 20 0

LAl Jalaall 3 jalaall slual) ciliial ga (ypns &5 2 4 (6) Jsaadh Alily (e 9w
Dhiay Jaiall leall 5 9614.35 St (S e Alasl Cllial) (1aiddd o s
Yo 12.5 Ay J 52l § % 6.45 ))38as Glaall lall 5 % 14.28

Ofisha Ala jall 028 aui g dedtiall 32008V (oo HLal) Jaliil) sy oluall lladi
32 g iy AN 5 cdapas gl el el glall ) il LA Changy Y1 cpilalai
D) e ALY ¢ guall g dags ol dala Jsadll 5 dale il slall
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) G glatl) g Jadil) Alaa
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sdadiiall sy

sAadiial) BansY) o 3 jiall Jal gall
tAOP aladiady AV &g guand) ) gall g J5idll A1 3) dpad o dida gaal) A a3 s
Jsuill i o dagll 5 jigall Jalgall aal 4 diageall da 0 2
O Sar Jaidll A3} Jane o i o) (S a4 gaiall 30uSHL <l o S5 el 5
ool ausl ) JBU 40d mha e g S puell s Jsidll pabaial e s
a0 e o sl dpa ) Aaa i) aaiad G (sadalizall dpaad) 20T e g 3l clalila
pluiY dndand) Lail) (ailiady da geal) da jo 3l dasi g Jolaall b 4 gaal)
2Ly oyl Sy g ¢(((emrhalizall 2ol 20T g 3l ol (o il pST) J8) gl
4 teall a sl Adadil dia geall Aa j0 dad @i (PZC) Aseall ail) dhass e
«pHpze = 3.5 < se 3l ilabldl danily a5 pHpze = 6.8 a saibicill sl il jal
dua gan da ) dal (e dpaeall 4l vie N | pze =21 balinall sl 2SY
Ol hand) maars don ge Dads S 4nd mha gady dyjiall Ladll e JE
ey s Al (il mhudl muay PZC (0 el af die Ly | el cadadll/caday
(9 saall il COle i dpaaal) dmia pH ) ad &y calliall (¢ 5381/ 53S0 3l
Dia) oY) aall s dplad) el Wl (e JI g cdadill CpauSY) (g o5 3aa LY
dpeliall il paiall (o g S5 Huell 5 Jsidll A ) Aot e da saall da o il
A sl (50 1500 mg/L plaaiuls 5 <400 nm A so J shay oadiy Ay & guia alodiuly
G (3212 A seall da )3 sl g addisall ¢ gaall A g0 J gha g Jass o) S 3 i o
by il Jiady 4 geall da jo (e dad JS1 Qg S5 sl s Jsiaal) A1) A
Sl e (o g S 5 el s Jsidll A1) A e da gand) 535 (9) JSEN s
Blaadll
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SM‘Qu’m‘yﬂuﬁﬁij‘JdM‘u‘J!M&;u\w‘ﬁt(9)dﬁd‘

—.—‘;:;u;ad)moléa +:*:\3J‘A01:IA

10

100 -

90 -
] 80
..5 70 -
< 60 -
3 50 C catalyst 1.5 g/I
3 C phenol=140 mg/!
:é” 40 (el (e 5 gaa
2 =400nm,
2 20 p=18 Mw/m2
piv |
J
°\°

Jsadll ) 3) dss e (ha3i 6 4810 dia saall da o O (9) JSEN (e 52
Al Gyl &JL&:Y\ Crms dua gand) Aa 50 (e Al 524 <Al Ui S gyl

rBliaaal) il e (oo @il S 930 5 bl A1) Apd Ao dage ) s S

il aaia (o s S 5 el s sl A1) A e Jasasll e ja i Al
Ao e Lgliial ga Ganny Bliadl Qb jaie (e 6 L aaag dne 230 &5 alaadll
Al e o O a3 &3 6 Aail) Jle Al 28100 Fia seall Cilanza s (3) Jsaally
LAY sas e IS (2000 mg/Le 1000 mg/L <500 mg/L) fasw sl 38 5 o1
Sl S el s Jsadl) A1) A e Ti02/Fe304/BiVOL/AC L sl de ja il
Aa ) Gl &5 400Nm A 50 J shay (s (2 e & g aladinly Bliiadl) Gl jaie (g
0255400 nm dedl) e aaiiidl ¢ sl da o J sl 5 6 Aaidll e 40125Y) 4 gaall
sl e o (e ded JSI Gl S el y Jsidl) Al ) das aad lasugll de ja
A1) A Sl o3 ¢l Aalaall o peall olae (e e dAT Loy dagiil) Jia
(10) JS&l) 8 Leaia i g il (305535 . J sl
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5 S gl 9 J sl A1) ) dpesd Ao el de il (10) Jl

0.5 1 15 2 25

mg/l =5l E s

=
[
]

B gy o5 g sagdl g o gidl A ) A
T R N - T I - T =

Jsll 41 3) A e 38a3 0 Juad) asdll de e of (10) JSEN e s

Al de o 28 535 % 97 ) A Gisg 5 (1500mg/L & S5 S saell s

s oAl ) el 35m o oS %% 883 ALY Jane Julis ) 1500 mg/L 8 Le
A 3Y) Jae (e JlE5 ) (Sl i) caaall

by sl alaai Wl sla il cildy aiad el BauSY) cy jal
Aiagen da )25 1500 mg/L S5 b oyde y s dITiO,/Fe;04/BiVO4/AC
Oty o wdiy (35 Aa il 5 ¢ Syl 6 paall (o Ailie A g0 I shal aladi ol i 634
660 2 50 Jshas (S sall jea¥) o gall o IS (S5l 6 guall Jady ¢ i sili 370 4 5
Sl BuOY) o sall 5 ¢ ia il 585 Aa e Jsha (S pall a6 gl g ¢ yiagils
e 8 e gl 400 A g0 Jshay (el caudiall ¢ giall 5 ¢ fia 53U 470 da 50 J gk
8 Leliiai g aliall 35 65 a5 AN YY) A ol 5 dlaall elall (e e 330 23 sas
(11) Jsal
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4 guanl) ) gall g J o) Ad)5) dpud Ao dalY) £ o8 i (11) S

100

3 o
3

3 90

hge )

il

% 85

1

Jay

V,l’

% 80

3 b dadf Iijededl sl Adijededl Auige dedld iy Al
N dobdaedy  Jshidawily 47045 dsh Aasedshrlba Assa dobs) aa

3704 54 400 44 e gl Sasili 585 iasili 660
Siagili e gili
i) g 5

Jadll A1 3) Jana el $iny S all ol ¢ sl o (11) SN e 5o
(G skall ) g S5 el

oL 3a€ 5 g dadfiall SacsOU ddadiiall salall due g3 il

A5 A Je a3 535 danital) 30O ddadial) 3alal) due 65 e JS a0 8L
Aadab 1) 48 guiall 3208 dlae 285 23 Bliial) <l jaia (o g S 5 el 5 J sl
35255 ¢1500 mg/L 3:S 5 bide puasall Jags ol aladinly (AOP ) Awiladiall e
35325 <1000 mg/L S s deaiall 3008 dladia 33LaS o g3 gual) il S (558
(B8 ) sa¥) Crandinl 3 jall el iy ddadic 32S 1800 mg/L S JSsle
A se Jshay oanadil) 3l 6 gaial) aodinl LS o EBlelitall an LIS 8 il 45 paall
B8 aladiul Gsa il el A gall 3008 o B ¢ gall juad 400nm
Jalat &3 5 AT 350 1000 mg/L S s SunnsSl ela 253 535 3 30 a5 guall iy 58
(12) Sl b il cafia i g K 5 5l 5 J siadl) A1) Aot 203l Cilisall
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il g1 S 9 gl 9 Johadl) A1) A e Adadiial) 3alall £ g 50 (12) JSI

100

j 95 |
= 90 |
% 85 |
3 80 |
= 75
3ol
2
N 65 |
5}. 60
4
s 55 |

50

Cilladia (g5 TSN AN a5 gaall iy 5K (368
adadiall 3ol g

Slel 3L e a3 puall il S (368 aladin) O (12) Slall JSEN e eday

358 2sns o ) ALY S oLl sl (e e S5 el s Jsiadl) A1) 3] b

B8 25y 05 % 72 e Slise S5 omedl s Jsisdll Al D) A 2 3 g eall D S
2 geall AL HS (358 362 509 99 () psad puall il S

50- O ) s gaaall il 5K (558 e Adlina 381 5 aladiuly el e

1(13) JSall glial) a5 o g3 guall il 1S 5580 JumdY) 38 il 20251 2000 mg/L

Jll) A1) ) dpsd (e 0 933 guaal) iy S (568 58 5 U (13) Je
Sl g S gl g
100

90 |
80 |
70 |
60 |
50 |
40
0.5 1 1.5 2

S psa guall iy S (558 S 3

Y%l g1 S 5 Hnell 5 J sl Al ) A
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1500 mg/L 58 a5 seall iy 1< (3 58l Juzad¥) 3 53 1 (13) JSE (e i
J liaal) il jaie Clial sa (7) Jsaadl ma sy Josdll ) 3) A Judadl ey 43S
Aawial) 50usY) Alae 2y

dadfial) 5oy dles day g O3 Sliaall cild jaia cilival ga (7) o)

dadiiall 5ausYL Aallaall Blivaal) Cild pais cilial ga
Sasad) [ Basgl) O Lol s dadl) [ 3elagl) Toula)) Aial gal)
sjsall | NTU | 9 7 2222 |5
o PCU | 80 45 43.75 50
pH - 17 6 14.28 6-8
TSS mg/L | 87 70 19.54 50
TDS mg/L | 1800 300 83.33 15
Al gl 4BUY | uS/cm | 2300 600 73.91 80
COD mg/L | 925 100 89.19 100-50
BOD mg/L | 248 35 85.89 50
S04 mg/L | 140 170 -21.43 | 300
phenol mg/L | 14 1.2 91.43 1
QOil mg/L | 185 20 89.19 0.2
Na* mg/L | 1038 10 99.04 20-175
COs? mg/L | 120 98 18.33 <200
CI! mg/L | 980 280 71.43 <20
Nitrogen mg/L | 15 12 20 35
phosphorous mg/L | 0.43 0.23 46.51 0.5
Total hardness mg/L | 617 270 56.24 600
Calcium mg/L | 51 38 25.49 400
Magnesium mg/L | 8 1 87.5 1
Iron mg/L | 4.2 2.2 47.62 10
Copper mg/L | 1.9 0.9 52.6 0.01-1
Zinc mg/L | 2.4 1.8 25 15
Potassium mg/L | 20 10 50 10-12

32uSY) J8) ol Jalall dlae dey Cld juaial) Ciliial go 4 Hlie P& (e

Alee JBA a3l el (7) Jsanll (8 5208 any Lgiliaal 50 ga (6) Jstall (A (Aeiial

Jua sill s 943,75 Ay sl 5 9422 Aty b lSall (mdds 23 cAadiiall 3ausY)

Londy Jsadll 5 989,19 Aty (eSO el allaiall 5 09473 dandy Al S
% 91.43

Ay e AL 85 5 danial) 5anSY dplae oL LS 5 ) <l 5NV A Y

ohd du (A21) Sl (easbd ol Adead Andlaall obiall pliaad) oy i puall obual
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Caagi (33ml/min) G8Ls30cm G2 ol gléls 60 cm 4sle )l s8em Jalwll
(8) Jsaadl L il a5 g dadlil) Cild yuaiall

$ LA JALally datlaal) day g J3d Blinaal) Cild pale cilival ga (8) J gl

5 L) JaLEIG Aalla) Sliaall b jaie cilial ga
iigall saa gl Ja8 Al g Aaddl) | 0 deliSl | Auwldl ddal gal)
B jlsad) NTU | 7 4 42.86 5
oSt PCU | 45 30 33.33 50
pH -16 7 -16.67 6-8
TSS| mg/L |70 40 42.86 50
TDS | mg/L | 300 14 95.33 15
Al Sl 4BUY | yuS/em | 600 75 87.5 80
COD | mg/L | 100 90 14.29 100-50
BOD | mg/L |35 29 17.14 50
SO42%| mg/L|170 150 11.76 300
phenol mg/L | 1.2 0.9 25 1
Oil | mg/L | 20 0.1 99.5 0.2
Na*| mg/L | 10 9 10 20-175
COs2%| mg/L |98 50 48.98 <200
CI''| mg/L | 280 19 93.21 <20
Nitrogen mg/L | 12 10 16. 7 35
phosphorous | mg/L | 0.23 0.15 34.78 0.5
Total hardness mg/L | 270 268 0.74 600
Calcium mg/L | 38 38 0 400
Magnesium mg/L | 1 1 0 1
Iron mg/L | 2.2 2.2 0 10
Copper mg/L | 0.9 0.9 0 0.01-1
Zinc| mg/L | 1.8 1.7 5.56 15
Potassium mg/L | 10 10 0 10-12

Leilial oy (8) Jsaall o (o2 )Ll Jaliall day b puaiall Ciliual s 43 e i

Aty B Sl Jali 3 i ) ol dglee DA 0l yeday ((7) Jsandl (8 52usSY 2ey
(o Sl allaiall 5 ¢85 Ay AL He S 408U 5 ¢9433.33 Aty (5515 <%86.7
Al i peaial) Clical s 45 lie vie 9540 Loy Jsidll 5 9%614.29 Loy GaansY)
aial g 9an ¢(8) Jsandl (8 dauii gall g dallaall oLl 2y Lgildial 50 e (3) Jsaadl 8
Bl Jili a3 oLl Jalill 5 Al G il 5 dadiiall 50uSY) ke OIS 4
Gllaiall s 9099.2 Aty 40b yeSI 4BUN 9485 dauiy (slll5 <%86.67 A
O g ek %96.4 e Jyudlls 9%95.7 dndy (S (e Sl
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diial gall 88 5 (5,0 Lgaladiin) Sy (7) Jsandl 8 Lgdaa 55 a3 ) Azl i yeaial)
2008 alal 2580 a8y 4y ) sudl Al

1S Lnal) i pall slial dasiial) 3ausY) Lilee Ao (uadd) dadi il

Gliadl Gl jaid dadiiadl 320SY) dlae o uadd) dadl Ll Al y &

& Dliall mpad o Cua sliaall b juaie (e Glie aladiuly el Cy sl
Bliadl) Gl jaie o dedY) 38 5H duae aladiuly (Guadll AiY (o iaal) Jelidll
Lo s el s 3aad 2023 st | 16 () 2023 53l 52 25 (0o o) o8 <y jal
o pall sl Giliie Aallae & | ekl axy 2:30 deludly Wlaa 10:30 deludl o

&5 S tall s ca a3 saall G 1S (558 3 9 g3 9 A gucall Auilaiall e dpdalus sl 3auSYL
sl A5 At a3 o5 cdapasl AIOY obudl zad iy daliine Clipe 23

(14) J8al) A il G se ae «liss S5 el 5
il 928 9l 9 J ol A ) A o (uadid) dadl G i) (1 il (14) JSi)

100
90
80
70
60
50
40
30
20
10

0

Yo 52 8 9 gl 9 J sidl) A3} dsasd

0 05 1 15 2 25 3 35 4 45 5 55 6
(Aelw) a3

) a5 el o saal el 223 Gl (i yai O (14) JSE) (s s2m

¢ s pladiuly dgle Jseand) &5 LS Llad A1 Y1 dans 535 .9%.99 () daai AN ) A

DsSslall o seall G 58 Bsds (eadl) 6 g pladiuly sauSY) il el 5l

Laliy Lae caliiaal) i jaie 8 53 5a sall il g S5 el s Jsiall L€ b Lgillad
Asediial) 3auSY) Clilee 8 Gadaill B HLAS Guadll aladiul e ¢ gl
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Kallae 8 g0 S5 el il A1) B0S (o A i (15) JS m yns
Ti02/Fe304/BiVO4/AC s <BiVO4/AC 5 <TiOx/AC alaaiuly olsall

pladiady slaall dallea (8 il g S 9 gl g ol A ) Bl (o 45 e (15) J8a
.Ti0:/Fe;04/BiVO4/AC s BiVO4/ACS ‘TiO/AC

—4—TiO2/AC —B—BiVO4/AC —h—Ti02/Fe304/BVO4/AC

2

3]

3

(Giusa) gl

Ui g 9 okl g oJ gl A ) A
&

o 30 a0 a0 120 150 180 210 240

ol asdl TiOy/Fes04/BiVOJ/AC L sll ¢ (15) JS&ll (e sy
s S5 el 5 Jsudll A1) 5) A e (e

olae Aadlae dic il g0 5S 5 ygll 5 J giadl) A1 5] BelS (0 A5 Hlia a5 (16) JSA
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Prof. Jonathan Stern

Distinguished Research Fellow

Oxford Institute for Energy Studies
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% European Gas Production Outside Norway: progressive decline

European Gas Production by Source (mmem/d) European Gas Production by Source in Year To Date, Jan-Aug (Bcm)
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Starting in 2022: a 43% increase in European LNG Regasification
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EU-27 + UK LNG Regasification Capacity (Bcm per Year)
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Gas demand peaks in late 2020s/2030 in FRAG and NZwCCS - 2040 in DPS
Key to increased demand: China, ASEAN, Middle East, Sub-Saharan Africa
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Status of the LNG Industry

Mr. Cherif Souki

Cheniere Energy Former CEO
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The Path to Net Zero

Tim Gould
Chief Energy Economist
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Projected fossil fuel demand under today’s policy settings
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Historical and projected additions of LNG liquefaction capacity, 2010-2030
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Navigating the Energy Transition
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Nuclear Power in the Energy Transition Post COP28

Dr. Adnan Shihab-Eldin

Senior Visiting Research Fellow
Oxford Institute for Energy Studies (OIES)
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Russia Energy Scene: Geopolitics and Transition Issues
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ACWA Power: Renewable Energy in a Net zero World

Mr. Marco Arcelli

CEO, ACWA Power
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Global new BESS installations by year
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The Power of Technology to navigate the Energy Transition

Michael P. Zamora

Technology and Engineering, President

ExxonMobil
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Critical Minerals, Geopolitics and the Energy Transition

Mr.Daniel Litvin

Founder, Critical Resources
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Relative increase in demand for key materials from clean energy technologies, from 2022
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Treating Wastewater from a Refinery in Homs to reuse it for
Irrigation

Fatma S. Alloush , Mohammad A _.Hillal

The study aimed to design a laboratory-scale reactor for treating
wastewater from a refinery in Homs using visible light and a catalyst
composed of titanium dioxide, bismuth vanadate, magnetic iron oxide, and
activated carbon, and evaluating the reactor’s performance in that treatment.
It studied the effect of different concentrations of the catalyst ranging from
0.5-2g/L on the removal efficiency of the studied phenols and hydrocarbons,
and found that the optimum concentration providing the highest removal
percentage for the studied dyes is 1.5g/L. The study also assessed the
effect of pH on phenol removal, with the optimal value found to be pH 6.
Additionally, the wavelength of the light used (400-660 nm) significantly
influences the removal percentage of phenols and hydrocarbons, with the
best results observed when using violet visible light at a wavelength of 400
nm. The use of sodium persulfate at a concentration of 1g/L achieved a dye
removal percentage of up to 99%. The optimal concentration for ferric sulfate
by chemical precipitation was found to be 500mg/L. The mediator TiO2/
Fe304/BiVO4/AC showed high efficiency compared to titanium dioxide,
magnetic iron oxide, and bismuth vanadate individually, attributed to the
p-n junction between BiO and TiO2 enhancing the effectiveness of bismuth
vanadate and magnetic iron oxide in photocatalytic mediation by facilitating
electron transfer, redirecting absorption to visible light, narrowing the TiO2
bandgap, and inhibiting electron-hole recombination. It was confirmed that
violet visible light is more efficient in phenol and hydrocarbon degradation
compared to other visible light sources with higher wavelengths. The study
achieved a phenol removal efficiency of 99% within 180 minutes when
treating industrial wastewater through chemical precipitation, ion exchange,
and photocatalytic decomposition. The treated industrial wastewater can be
used for irrigation according to Syrian Standard Specification 2008 No. 2580.

Chemical Department/Petrochemical Engineering faculty/Homs University/Syria
Chemical Department/Petrochemical Engineering faculty/Homs University/Syria
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Abstract

that focus on improving efficiency and achieving optimal performance in
industrial sectors.

o Chapter 2: Focuses on the role of digital transformation in strengthening
the process safety system using advanced digital tools and software for
risk analysis and decision-making. It also addresses the contribution of
digital transformation in helping institutions transition from traditional
systems to advanced digital systems, with an emphasis on the role of
industrial security in managing process safety and protecting facilities and
workers according to international and local standards.

o Chapter 3: Discusses the importance of implementing risk identification
programs in the refining and petrochemical industries, where production
relies on complex processes to convert raw materials into high-value
economic products. This chapter also reviews risk assessment methods
using modern communication technologies and interoperability systems,
as well as the role of cybersecurity in protecting industrial systems. The
importance of environmental and social impact assessments and the need
to digitize their results are also highlighted, which helps in making
balanced decisions regarding the feasibility of new industrial
development projects.

« Chapter 4: Provides an overview of the role of digital transformation in
enhancing occupational health, safety, and environmental protection
systems in the countries of the OAPEC (Organization of Arab Petroleum
Exporting Countries), reviewing case studies and success stories from
refining and petrochemical industry facilities.

In conclusion, the study presents a set of findings and recommendations
aimed at strengthening the effectiveness of digital transformation in improving
occupational health and safety, as well as environmental protection in these vital
industries.
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European Gas Supply amid Russian Ukrainian Crisis:
Opportunities and Lessons learned

Dr. Yasser Mohammed Zaki Boghdadi

In the era of rapid digital transformation, digital technologies have
become an essential part of managing occupational health and safety (OHS) and
environmental protection in high-risk industrial facilities, such as the refining
and petrochemical industries. Safety solutions supported by Al applications and
advanced digital technologies allow for the identification and analysis of risk
profiles associated with recorded incidents. Additionally, they enable the
integration of large safety-related data collected from multiple applications and
programs onto a single electronic platform. This enhances the ability of safety
and environmental managers to effectively manage procedures and make fast,
data-driven decisions to reduce potential risks. Industries with higher exposure
to risks are now equipped with measures that ensure a higher level of safety
than never. Occupational safety is no longer limited to equipment and
installations or adhering to safety protocols for individuals, processes, and
assets. It also includes fostering a safety culture among workers, which positively
impacts the protection of property and lives, as well as the stability of the work
environment.

At the same time, the digital transformation in this field introduces
challenges and risks that may negatively affect workflow if not carefully
managed. Therefore, it is crucial to establish backup systems to ensure
operational continuity and adopt effective strategies and plans to mitigate risks
and reduce potential negative consequences.

The study aims to highlight the importance of digital transformation in
enhancing the occupational health, safety, and environmental protection system
in the refining and petrochemical industries by providing a safe working
environment and preserving equipment and the surrounding environment in
production sites and adjacent urban areas.

The study consists of four main chapters:

o Chapter 1. Reviews the evolution of safety procedures with the
advancement of industrial revolutions, leading to modern safety concepts

*Qil Industries Expert, Technical Affairs Dept. OAPEC — Kuwait.
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