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الطباعة  حقوق  

 هذا في الواردة والمحتويات   المواد جميع  إن ث حي .  ميدأوشن   جامعة تمتلكها الطباعة  حقوق

  من  مسبق إذن بدون   توزيعها أو  نشرها إعادة  أو  استخدامها يجوز ول  للجامعة،  ملكي ه البحث

ميدأوشن جامعة  . 
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التقدير و الشكر  

ثم . وحده لله الشكر شيء، كل وقبل أول. البحث  هذا  إنجاز في ساهم من  كل إلى الشكر بخالص  أتقدم  

إيمانكم  كان لقد  الأكاديمية، الرحلة هذه من الصعبة احلرالم خلال وتفهمهم لتشجيعهم  وأصدقائي  لعائلتي  

ا ا  رمصد  تيرابقد  .للتحفيز دائم   

هذا  لإنجاز اللازم  والدعم  الأكاديمية البيئة توفيرها  على ميدأوشن لجامعة امتناني  عن  أعبر أن أود  كما  

عن  أعرب  كما. الإنجاز هذا تحقيق في أساسية كانت  الجامعة قدمتها التي والتسهيلات  الموارد  إن البحث،  

بثمن  تقدر ل التي لتوجيهاتهم د راج فايز. د  و عبدالحميد  الفيصل. د  للمشرفين العميق تقديري  

وجودة   اتجاه تشكيل في مفيدة خبرتهم كانت  فقد   البحث، عملية  طوال الثابت   ودعمهم الثاقبة وملاحظاتهم  

. سةراالد  هذه  

وكانت  البحث  لهذا الأساس أعمالهم وضعت  الذين والمؤلفين  الأكاديمي المجتمع إلى بالشكر  وأتقدم  

. والمنهجية  النظري الإطار تشكيل  في عنها غنى ل  مساهماتهم  

وهذا البحث، هذا إنجاز في مباشر غير أو مباشر بشكل  دعمني من كل وصبر  تفهم أقدر را,وأخي  

. فرد  كل لمساهمة حق ا ممتن وأنا الكثيرون، بذلها التي الجماعية الجهود  على شهادة هو  الإنجاز  

 

 الباحث 
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Introduction: 

In the petrochemical industry, strategic sourcing is significant because production costs are 

highly determined by the price of and access to primary raw materials, including crude oil, natural 

gas, ethylene, and propylene. These vital inputs are highly sensitive to market fluctuations, 

unpredictable demand, and reliance on worldwide, scattered suppliers. Conventional sourcing 

methods based on manual decision-making, relying on past data, and intuition can be 

underwhelming when handling this intricacy. Such practices render firms unprepared to handle a 

modern and volatile sourcing environment because of inefficiencies, inventory imbalances, and 

expensive mistakes. 

Artificial Intelligence (AI) has risen in prominence as a disruptive technology in supply 

chain management and procurement, and it presents predictive optimisation, real-time analytics, 

and automation potential. AI can amplify the application of strategic sourcing through algorithmic 

intelligence and learning tools to enhance the results of the procurement process (Neupane, pg. 3). 

Machine learning, predictive analytics, and automation have already been proven effective in 

demand forecasting, evaluating suppliers, and modeling risk (Mohammadi et al., pg. 10; Lee et al., 

pg. 101443). AI-based systems have the capabilities to process and analyze colossal amounts of 

data, recognize market cues, and predict destabilization of prices, transportation, or geopolitical 

events, providing sourcing teams with a decisive advantage in supplier selection and scenario 

modeling (Vlachos & Reddy, pg. 24). 
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Despite these advanced capabilities, most petrochemical companies still use outmoded 

procurement systems. Sourcing strategies made by humans and a weak analytics model frequently 

cause misalignment between demand and supply, oversaturation, or scarcity of materials, which 

leads to increased operational costs. Moreover, the absence of proactive risk management products 

positions firms at risk of experiencing supply chain shocks. Neupane (pg. 33) and Mohammadi et 

al. (pg. 11) highlight that this is where AI comes in, because it provides real-time forecasting and 

optimization, which can eliminate these inefficiencies. Through automation and predictive 

modeling, procurement decisions would be quicker, more responsible, and even more resistant to 

disturbance. 

The paper examines how AI is applied to strategy sourcing in the petrochemical industry 

regarding price prediction, supplier ranking, and risk management. The paper investigates the 

application of AI solutions to current sourcing models by assessing how AI tools could be 

implemented to drive smarter procurement decisions. The study seeks to address a particular gap 

in the literature today by extending the AI theory to the risky, high-risk world of petrochemicals 

as a product line that remains underserved by current literature. The research finishes with usable 

learning to act upon, which shows that AI is not only a technical enhancement but a competitive 

requirement in creating cost-effective, responsive, and resilient petrochemical supply chains. 
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Research Problem: 

The existing sourcing processes in the petrochemical sector remain inefficient, hampering 

the effectiveness of procurement, cost-effective outcomes, and resilience in the supply chain. 

Conventional sourcing practices are also quite manual and based on past data and perception rather 

than considering the current complexity of global supply chains. This dependence causes a 

common variance between demand and supply, slowed decision-making, and sensitivity to market 

fluctuations. As Lee et al. (pg. 101443) observe, these obsolete tactics do not fit in regulating raw 

material prices and operational unpredictability. This inefficiency is expressed through overstocks, 

which require capital to remain with the stock and add to storage expenses, or through stockouts, 

which trigger a stop in manufacturing and a break in downstream processes. In addition, the 

sluggish response time in detecting sourcing disruptions and responding to them amplifies the 

effects of such failures. More agile, intelligent, predictive systems that can operate in dynamic 

sourcing environments and proactively address risk are needed in industry. 

The situation is complicated because there is significant uncertainty regarding the demand 

and supply within the petrochemical industry. The cost of raw materials is affected by 

unpredictable market dynamics, geopolitical tensions, and natural shocks. This uncertainty makes 

procurement challenging, especially when using the aged forecasting models or human insights. 

According to Mohammadi et al., conventional demand planning systems cannot handle the current 

unstable environment and instead generate low-quality decisions and expensive inventory 
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misassignments (pg. 10). Inaccurate projections lead to undersupplying or oversupplying, which 

negatively impact production and drive up the cost of operations. Companies need to stabilize 

procurement strategies and need tools that can synthesize complex datasets in real time. AI-

powered predictive analytics contains a solution. With the integration of historical trending, market 

structure, and international indicators, AI allows procurement departments to follow descriptions 

based on data, which dynamically adapts to market realities. These technologies can enhance the 

accuracy of forecasts, decrease uncertainty, and enable an organization to adapt to changes in 

demand and price shocks. 

The other severe shortcoming of traditional sourcing is the failure to address complexity in 

global supply chains. Organizations now find it challenging to track vendor performance, evaluate 

geopolitical risks, and deal with regional shocks as their supply networks become more 

decentralized. The authors claim that traditional procurement systems are not able to identify or 

address the impact of supply chain disruptions like economic instability, change in trade policies, 

or logistical bottlenecks effectively (Vlachos and Reddy, pg. 24). These constraints escalate lead 

time, raise the cost of procurement, and put firms at risk unnecessarily. On the contrary, AI can 

analyze global trade patterns, weather conditions, and political events in real time to identify risk 

clusters. This allows source teams to forecast shortages, rebalance sourcing mixes, and ensure the 

sustainability of raw materials. Complete risk visibility of combining AI with strategic sourcing 
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transforms companies to proactive instead of reactive, increasing overall supply chain resilience 

and the exposure of external shocks (Bai et al., pg. 79; Kumar & Singh, pg. 55). 

Though the possible impact of AI is becoming an increasingly accepted premise, several 

companies have not yet fully moved beyond legacy approaches to sourcing. Neupane (pg. 23) 

notes that several companies still use legacy systems that do not support real-time data integration 

and advanced analytics tools. These systems cannot provide the forecasting accuracy and supplier 

evaluation needed in a high-stakes industry like petrochemicals. Without data tools, businesses 

frequently make purchasing judgments based on clumsy or even old-fashioned data that can lead 

to vendor misalignment, slow supply, and ineffective purchasing behaviour. Moreover, sourcing 

teams are not equipped to simultaneously consider variables such as raw material prices, supply 

reliability, and geopolitical instability. Such multi-dimensional data can be processed via AI, 

shifting procurement departments towards more innovative sourcing strategies. According to 

Mohammadi et al. (pg. 11), when AI forecasting is used, operational surprises are minimized 

tremendously and help build leaner and more nimble inventory systems. This helps place firms in 

a better position to match their purchase to real-time market forces, without getting stuck in 

outdated modeling. 

This study seeks to resolve these inefficiencies and examine how AI can modernize 

strategic sourcing within the petrochemical sector. Prior research tends to lack analysis on the 

specific process of petrochemical raw materials procurement where extreme volatility, global 
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dependencies, and the high costs of procurement are predominant (Lee et al., pg. 101443; Vlachos 

and Reddy, pg. 5; Neupane, pg. 33). This paper will address that gap by exploring the practical 

points of carrying out AI as a demand forecasting and supplier choice techniques and risk 

management in this peculiar industry. It will discuss how AI can deliver real-time advice to support 

more intelligent buying choices, stabilize the buying cycle, and lessen access to forces of change. 

By specifying the petrochemical industry as the frame, this study proposes specific opportunities 

to better the sourcing experience and achieve cost-effective and resilient operations in an 

environment that necessitates precision and swiftness. 
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Research Importance: 

   AI has found a foothold in strategic sourcing, since it has changed the procurement 

systems with its excellent technology, especially reinforcement learning. As an example of the 

reinforcement learning potential, Lee et al. (pg. 101443 ) explain that it can optimize procurement 

processes in real-time according to the available market data to enable predictive models, which 

extrapolate the prices and supply chain shocks. Organizations can use such machine learning 

models to purchase their raw materials automatically and, in doing so, make sure that their buying 

strategy is in the best interest of the raw material market without attracting sampling of raw 

materials or under-purposing raw material supplies. Reinforcement learning is a process that 

changes based on past experiences of actions taken; hence, source strategies can also be optimized 

continuously. AI can also help realize when to purchase to ensure that the prices of petrochemical 

companies are not influenced by the variable prices of raw materials, as well as easily predict price 

fluctuations. 

The impacts of using AI in strategic sourcing are long-term when it comes to enhancing 

several factors of the procurement profession in the petrochemical sector. Among the most 

important benefits, one can note the improvement of supplier selection since AI implementations 

can review various supplier performance indicators, such as the delivery rate, reliability, and cost-

effectiveness. This would ensure that the companies choose suppliers who fit their strategic 

objectives, lower risks, and stabilize the supply chain. Mohammadi et al. (pg. 12) observe that 
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predictive analytics is instrumental to forecasting the oscillation in the supply and demand of raw 

materials. AI allows for adequate demand predictions, better inventory balance, and ordering 

materials when the procurement teams arrive at the appropriate time. Moreover, AI-related 

projects offset the cost-saving as they allow minimizing overstock and stockout risks, which is of 

superior importance in the petrochemical industry, where price fluctuations can be called extreme. 

The use of AI in strategic sourcing can be described as a general paradigm shift in the 

petrochemical industry. As soon as AI technologies go live, companies can drop the traditional, 

standardized sourcing strategy and adopt more dynamic, data-intensive strategies that support end-

to-end efficiencies and drive resilience. The AI will enable the petrochemical companies to gain a 

competitive edge, whose procurement process, demand forecasting, and dynamically assessing 

suppliers can be automated to allow the companies to react to the introduction and changes in the 

market within the shortest period and stay at the top of the industry. Furthermore, the AI-facilitated 

practices underline the more sustainable practice of enhanced waste, resource, and environmental 

management in providing raw materials. Finally, with the existence of AI, the petrochemical 

industry will be on a long-lasting winning track due to its operational excellence and the 

development of its competitive advantage within a more energized global environment. 
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Research Objectives: 

Primary Objective: 

To explore how AI can best coordinate the strategic sourcing of petrochemical raw 

materials to enhance procurement performance, cost effectiveness, and supply chain stability. 

Secondary Objectives: 

• To analyze the AI-based demand forecasting methods and their impact on accuracy in sourcing. 

• To examine the AI-based models of supplier assessment and risk activities. 

• To evaluate how AI can help cut procurement costs due to an improved ability to predict the price 

and optimally buy into it, as observed in Lee et al. (pg. 101443). 
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Research Questions: 

Main Research Question: 

How can artificial intelligence (AI) be applied to optimize strategic sourcing decisions for 

petrochemical raw materials regarding forecasting accuracy, supplier selection, and risk 

management? 

Sub-questions: 

• How can AI-driven techniques enhance demand forecasting and improve pricing accuracy 

in procuring petrochemical inputs? 

• In what ways can AI assist in evaluating and selecting suppliers, especially concerning 

managing price volatility and supply chain risks? 

• What are the key barriers to adopting AI in strategic sourcing within the petrochemical 

sector, and what strategies can overcome them? 
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Research Hypothesis: 

Null Hypothesis (Ho): There is no statistically significant effect of applying artificial intelligence 

(AI) in strategic sourcing on procurement efficiency, cost reduction, or risk minimization in 

sourcing raw petrochemical materials. 

Supporting Null Hypotheses: 

• Ho1: AI-based demand forecasting models do not significantly improve the accuracy of 

procurement decisions or reduce instances of excess inventory and stockouts. 

• Ho2: Using AI algorithms for supplier evaluation does not significantly reduce risks related 

to price volatility or supplier reliability in petrochemical sourcing. 

• Ho3: Implementing AI tools in procurement processes does not result in measurable cost 

reductions or improvements in supply chain performance. 
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Previous Studies: 

Artificial Intelligence (AI) is a force that has gained traction over the last few years in 

transforming supply chain management in this sphere, more so in the procurement front. Strategic 

sourcing literature has also evolved over the years. There has been a discourse on how AI can help 

more strategically enhance the decision-making process, improve supplier management, and 

mitigate risk in acquiring raw materials. Neupane (pg. 23) examines AI's role in transforming 

strategic sourcing. The study illustrates the automation of key procurement procedures, such as 

supplier selection and contract negotiation, with the help of AI systems based on machine learning 

algorithms that enable the system to derive data-driven decisions. Supplier evaluation with AI may 

also undergo a radical overhaul since procurement teams can use predictions in analytics to 

validate factors like supplier reliability, quality, and even prices. This predictive capacity of 

supplier performance streamlines the procurement process. It makes the process cheaper because 

companies no longer need to contend with the inefficiencies and costly mistakes that typically 

transpire with such a manual decision-making process. Moreover, incorporating AI-enabled 

instruments contributes to a more effective management of procurement risks, especially 

forecasting supply chain disruptions, such as refusal to increase prices or geopolitical risks that 

may considerably impact the procurement strategy. These are consistent with a shift in established 

procurement reporting and decision making, which was often based on prior relationships and less 

knowledge-based quantifications, to a more dynamic and responsive approach. 
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The other major field where AI is making a mark is the field of demand prediction. 

Mohammadi et al. (pg.11) explain that using AI, namely predictive analytics, can improve demand 

forecasting by the petrochemical industry. Machine learning algorithms are employed in predictive 

analytics, where companies can utilize large quantities of historical data to capture future raw 

material demand. As applied to the petrochemical industry, where fluctuations in price changes in 

raw materials can be significant due to market volatility, AI can help businesses better estimate 

and update their price change strategy on the procurement level. Effectively integrated with AI 

and aided by the AI-driven demand forecasting procedure, companies may prevent risks of 

overstocks or underselling, streamline inventories, and minimize operational disruptions. The 

approach can also help businesses achieve a closer connection between their procurement plans 

and market trends to become better positioned to proactively address supply chain shocks and 

disruptions at an earlier stage. AI can make demand forecasts more accurate and provide valuable 

insights that procurement managers could use to hone their purchasing to ensure that raw materials 

are available at the best price. 

With the petrochemical industry, the application of AI is no longer confined to basic 

procurement tactics but building practices that are directly within the challenges of raw material 

sourcing. The paper authors (Lee et al., pg. 101443) bring up the topic of AI, specifically 

reinforcement learning, perception, when it comes to price prediction and procurement in 

producing petrochemicals. Machine learning is a field that was created to tackle these issues, and 



20 
 

one approach in this field, reinforcement learning, can be used to build AI systems that make 

decisions based on their experience acquired over time and in dynamic situations where the market 

is subject to frequent change, such as the sourcing of raw materials. Raw materials prices in the 

petrochemical sector are highly volatile and vulnerable to various externalities, including 

geopolitical processes, natural disasters, and international demand changes. Firms can also 

construct AI systems based on reinforcement learning to better predict the movement of prices in 

the future and make procurement decisions depending on this forecast. Such a system would allow 

companies to risk under- or overpaying for materials or not buying them at a discounted price, 

maximize the benefits obtained, and guarantee better financial results. The more ambitious 

ambitions of AI to change the procurement strategy with the inclusion of real-time market data, 

customer/product forecast, and dynamically calculated decisions in the sourcing are also 

mentioned in the work. 

  Vlachos and Reddy (p. 5)   suggest a systematic review of machine learning algorithms 

in supply chain management, clarifying how the algorithms can support the procurement processes 

more. The concept of Machine learning has transformed itself into an efficient tool in optimizing 

the demand and supply estimation, and assists companies in managing issues such as stockouts 

and overstocking. Machine learning is expected to assist in knowing more accurately the quantity 

of raw material that will be needed in the future, which is necessary in other industries such as 

petrochemicals, in which the production cost of the raw material might comprise the most 
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significant part of the overall production cost. Machine learning models can process substantial 

amounts of data, including historical consumption patterns, supplier performance, and market 

dynamics, enabling businesses to obtain a better forecast and business decision guidelines. By 

improving the accuracy of demand prediction, machine learning can encourage optimum inventory 

levels, improve procurement costs, and provide greater predictability of raw material supply. The 

importance of machine learning to increase forecasting accuracy cannot be underestimated. Yet, 

the paper also highlights that the overall approach to sourcing can be optimized by integrating 

predictive analytics into all stages of the sourcing cycle. 

Even though the literature on the use of AI in the context of supply chain management is 

maturing, research on the specific application of AI in the strategic sourcing of petrochemical raw 

material is lacking. Despite the substantial body of research on AI as applied to supply chain and 

procurement optimization, little has been explicitly applied to the issues suffered by the 

petrochemical industry. Raw material suppliers face complexity such as price fluctuation, supply 

chain, co-op disruption, and long-term co-op with suppliers. This requires a particular AI-based 

application, going beyond pharmaceutical systemization. The proposed study aims to address this 

gap by analyzing how AI can be applied to make strategic sourcing of petrochemical raw materials 

optimal to offer the new knowledge needed to incorporate AI-centered decision-making 

experiences that may apply specifically to this industry. The study seeks to provide a detailed 

understanding of how artificial intelligence can fuel the procurement process's performance, cost 
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management, and the overall management of supplier relations within the petrochemical sector, 

which can help create a more nimble and cost-efficient supply chain.  
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Theoretical Foundations of the Study: 

Incorporating the increased presence and utilization of the use of Artificial Intelligence 

(AI) in strategic sourcing and optimization of efficiency, it is essential to anchor the discourse in 

the theories that currently exist, which can help understand the importance of AI, its activation, 

and adaptation to the broader realm of strategic sourcing practices. By far, the Resource-Based 

View (RBV) can be seen as one of the prominent theories that can be used to comprehend the role 

of AI in the procurement processes. Using a competitive advantage under the RBV theory can 

involve using the firm's internal resources, proprietary technologies, information, and knowledge. 

When treated as an in-house benefit, AI can change procurement. Enterprises can make their 

supply chain competitive using AI technologies such as demand forecasting, supplier relationship 

management, etc. Actionable intelligence obtained due to the rapidity of the AI algorithms has the 

chance to dramatically reduce the time it takes to decide by processing vast quantities of 

information in real-time. As an example, machine learning could show more realistic demand 

forecasting. Consequently, procurement teams could buy raw materials more closely, translating 

actual consumption trends to prevent general waste and overstocking. Additionally, AI tools, such 

as predictive analytics, can guide businesses to pull out trends on supplier performance or price 

trends, and help them make more informed decisions on supplier selection and negotiation. AI, in 

this instance, can be likened to a high-tech in-house tool directly involved in the strategic sourcing 

process, streamlining it and making it more cost-effective. 
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The second critical theory is the Theory of Transaction Cost Economics (TCE), which 

deals with the cost of the transaction of the economy in a firm or between firms. TCE asserts that 

the objective of firms is to minimize transaction costs, such as the transaction costs of searching 

for suppliers, negotiation, and performance evaluation. The high transaction costs are evidenced 

by slow decision-making and a lack of data analytics in many of these traditional procurement 

processes. AI can significantly reduce such costs through the automation of procurement 

processes. An example is AI algorithms that automate the search and selection of suppliers using 

large amounts of data on their performance, reliability, etc. The AI-enabled automation systems 

minimize decision-making mistakes and time spent performing administrative actions. Moreover, 

AI solutions need to automate negotiating with suppliers, utilizing their historical records to 

determine the most favorable rates and market conditions so that companies can negotiate more 

advantageous terms with minimal or no effort required. The applicability of TCE to AI in sourcing 

can be further substantiated with the help of Neupane (pg. 33), who elaborates that AI-based tools 

(machine learning and natural language processing) can significantly reduce transaction costs by 

streamlining the speed of supplier-binding efforts and improving decision efficiency. 

Another theory that can be applied to AI is the Predictive Analytics Theory, which assumes 

that future trends and behavior can be predicted by recording and using large data sets. In strategic 

sourcing aspects, AI has been able to forecast demand, price fluctuation in raw materials, and the 

reliability of suppliers using predictive analytics. By analyzing the past trends of a supply chain 



25 
 

with a high accuracy rate, machine learning models can extrapolate future supply chain trends so 

that procurement managers can make proactive choices instead of responding to changes. As 

discussed by Mohammadi et al. (pg. 8), predictive analytics through AI can aid the petrochemical 

companies in predicting changes in demand for raw materials, together with their prices, bringing 

more effective and cost-efficient procurement. This feature lowers the danger of rationing or 

oversupply. It amplifies the financial planning and risk management roles, especially when 

demand forecasts and price fluctuations are among the critical operations. 

Also, in an AI decision-making environment, Reinforcement Learning (RL) may be 

applied, particularly in a dynamic setting such as purchasing and costing. In particular, Lee et al. 

(pg. 101443) point out how reinforcement learning will enhance decisions in permanent change 

and uncertainty common in the raw materials market. Built on top of the ability of the AI system 

to learn over time and gradually change its reaction to new situations, RL will increase the quality 

of sourcing decision-making in the long term. The application. In procurement, RL could be used 

to manage pricing schemes where the system would gradually learn about the past price variation, 

supplier dynamics, and optimize the pricing approach, i.e., how and when to make purchases to 

minimize cost. Such a learning process renders RL especially helpful in versatile and dynamic 

systems of supply chains where the limited models fail to track the changes that happen in quick 

succession. 
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In addition to these theories, additional analysis will include a thorough Theoretical 

Framework to determine how AI can be implemented in strategic sourcing. It will also use machine 

learning to estimate purchases, predictive analytics, and reinforcement learning to assist in 

selecting suppliers and maximizing prices. Integrating the AI methods will offer several insights 

on how to streamline the purchasing decision process, including proper expectations of the demand 

and pricing dynamics in the future, minimization of risks in the supply chain aspects, and better 

negotiations with suppliers. The study will benefit this theoretical perspective by providing the 

evidence that AI can implement strategic sourcing practices as far as the petrochemical business 

is concerned, by providing proof of how AI-enabled technologies can facilitate procurement 

processes with cost and risk reduction in a highly globalized and highly competitive world. 
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Methodology: 

The study will utilize the mixed-methods approach, which allows qualitative and 

quantitative methods. The results of AI in strategic sourcing of petrochemical raw material could 

be acquired with the help of the mixed-methods design that would provide a clear picture of all 

the available results. Interviewing will serve as the basis of the qualitative study among the 

procurement managers in the petrochemical industry and the supply chain professionals and staff 

in the AI sector. This line of interviews will give an idea of the practical specifics, experience, and 

prospects of using AI tools in the sourcing operations. Such growth of practical experience of these 

professionals will contribute to identifying barriers to AI integration, such as technical limitations, 

organizational resistance, and knowledge gaps about the use of AI. 

Furthermore, they will provide feedback on how artificial intelligence can be improved and 

used to develop better procurement strategies in the petrochemical industry. Surveys will be 

preferred in the quantitative part to collect data that helps quantify the impact of AI on the 

following procurement performance metrics and indicators: efficiency, cost reduction, and 

supplier relationship management. The mixed-methods research design will enable the 

triangulation of qualitative and quantitative data and provide detailed information regarding the 

potential of AI in petrochemical raw material strategic sourcing. The qualitative findings will be 

combined to assist in contextualizing the statistical findings, enhancing the interpretation and 

utilization of the research findings. 
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Sampling: 

Using this study, the target population will encompass the public of procurement managers, 

supply chain specialists, and AI specialists in the petrochemical industry. Procurement managers 

are at the core of the sourcing process-they decide and build relationships with suppliers. Supply 

chain professionals, including logistics and inventory managers, will also be included in the sample 

since these people directly impact the success and efficiency of sourcing efforts. Artificial 

intelligence experience within companies that already use or are considering using AI in their 

procurement will also provide technical knowledge of the operation of the AI tools and 

functionality. Stratified random sampling will ensure that a comprehensive and representative 

sample is realized. To solve this, stratified sampling divides the population into separate subgroups 

(e.g., companies of diverse sizes, regions, and the degree of AI implementation) to ensure that each 

subgroup will have equal representation. The sampling will comprise an extensive range of small 

and medium-sized businesses (SMEs) and large, multinational petrochemical firms. This will 

enable the research results to be generalized to other sizes of organizations and levels of 

technological maturity. The sampling procedure will also rely on geographical diversity, including 

companies located in regions with varying rates of AI implementation and technological 

infrastructure. 
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Data Collection: 

In this research, semi-structured interviews and surveys will be the primary data collection 

methods. The questionnaires will be distributed among the target audience through procurement 

managers, supply chain professionals, and AI specialists. The questionnaires will be anchored 

around the contribution of AI to the success of procurement effectiveness, cost reduction, supplier 

management, and the strategic brochure-like picture of the performance of the overall sourcing. 

Specifically, survey questions will ask about the effect of AI tools on the decision-making process, 

the speed of contracting choices, how accurate it is, and to what extent AI tools have contributed 

to prioritizing the cost and mitigating risks. The interviews will provide quantifiable information 

that can be applied to measure the relationship between the adoption of AI and procurement 

performance measures. 

Semi-structured interviews with experts will be conducted, along with surveys and some 

qualitative data. The interviews will help to explore the opportunities and challenges of AI 

adoption in strategic sourcing more profoundly. The semi-structured interviews will be anchored 

on predetermined questions. Still, they will be fluid enough to permit the interviewees to give more 

details and experiences that would have been beyond the questionnaires. The interviews will serve 

to understand the reality of AI in implementation, how it impacts people's decision-making process 

in the sourcing process, and what hinders the universal application of AI. Interviewees will also 
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discuss how an AI-based system can be expanded and provide their points of view concerning any 

organizational or technical issues that must be resolved. 
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Data Analysis: 

Data analysis will be qualitative and quantitative to provide a detailed portrait of the impact 

AI is having on strategic sourcing. Using regression analysis, the quantitative data will test the 

correlation between AI applications and other procurement performance metrics. Specifically, the 

regression model will examine the dependence between the AI adoption and procurement 

efficiency, cost-saving, and supplier management. By examining these variables, the paper will 

address whether AI influences these five areas of the sourcing process statistically significantly. 

To ensure that the regression results are not mixed with these factors, the analysis will also 

condition on the size of a company, the industry type, and the geographical location. 

Regarding the qualitative data, thematic analysis would be performed to discover and 

explain the most important themes, pitfalls, and best approaches to integrating AI into sourcing 

processes. Thematic analysis: The thematic method will be employed to code the interview 

transcripts, and patterns or themes that can suggest the possible reasons for the broader AI adoption 

situation will be identified. Technological concerns such as compatibility with legacy systems, 

organizational barriers such as resistance to change, and the perceived value of AI (e.g., an 

improved decision-making process, a reduced cost of procurement items) may be included in such 

themes. The above critique will indicate the instances in which AI can be best implemented and 

the challenges that must be overcome to ensure the implementation has fulfilled its potential. 

Combining regression and thematic analysis will provide a complex and detailed snapshot of the 
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effect of AI on strategic sourcing in petrochemicals, along with the opportunities and challenges 

of researching and implementing it in the future. 
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Research Tools: 

Artificial intelligence (AI) tools are also critical in helping procurement practitioners 

maximize procurement processes in petrochemical raw material strategic sourcing activities, such 

as demand forecasting, price forecasting, and supplier identification. One will create demand 

forecasting models based on machine learning platforms, i.e., TensorFlow and Keras. The 

platforms further allow complex machine learning algorithms to be designed to analyze past data, 

identify patterns, and predict trends in raw material demands, enabling the companies to anticipate 

changes in the market better. Furthermore, IBM Watson and SAP Integrated Business Planning 

(IBP) will be used to take advanced predictive analytics and supply chain optimization. IBM 

Watson AI-based business insights will help identify supplier risks, inventory optimization, and 

price volatility. In the meantime, SAP IBP integrates AI with real-time data to optimize demand 

and supply planning activities. It provides essential insights in the procurement department to 

enable them to obtain cost-efficient raw materials and manage costs. 
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Data Analytics Tools: 

Raw data cannot be converted into practical knowledge without a process component of 

data. Two of the primary data processing tools used during statistical analysis and data 

manipulation are R and Python. Python has comprehensive facilities to handle large and small data 

sets, clean data, and train machine learning models using libraries like Pandas, NumPy, and Scikit-

learn. It supports various data analysis tools, such as regression analysis, clustering, and 

classification, which could make it valuable concerning AI use in SCM. R is superior, however, 

because of the broad spectrum of statistical analyses and the ability to produce beautiful data 

graphics. Packages that analyze and provide data exploration, such as ggplot2 and dplyr, allow 

researchers to detect trends and formulate worthy estimates when sourcing raw materials. 
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Optimization Tools: 

Resourcing is also essential in strategic sourcing, especially concerning the optimal balance 

between procurement spending, suppliers' performance, and inventory. These include the likes of 

Gurobi and CPLEX that are meant to tackle issues that need the optimization of complexities, 

including the sets of providers to order, or the most economical means of acquiring material, whilst 

passing through the application of machine learning models. This software entails very heavy 

mathematical optimization, such as using linear and integer programming to solve the sourcing 

dilemma. In analyzing massive amounts of data and optimizing decision variables, such tools allow 

companies to minimize the cost of procurement and generate supply chain efficiency. Other 

packages, such as Python and R, may also be used together with Gurobi and CPLEX, so that data 

analysis may turn directly into optimization when it comes to procurement. 
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Visualization Tools: 

It is critical to present processed and analyzed data in an appealing and accessible manner. 

Analytical tools like Tableau and Power BI can be helpful as they enable stakeholders to visualize 

complex data and trends easily. Tableau allows interactive dashboards displaying real-time supply 

chain KPIs, prices, and procurement efficiency. It can be instrumental in visualizing large data and 

generating extensive reports that can be utilized in decision-making. Developed by Microsoft, 

Power BI provides a similar tool that enables users to connect to multiple data sources and produce 

reports and dashboards based on business needs. These visualization devices ensure sufficiency in 

unveiling the results of the AI-guided forecasting, optimization, and data analysis to all the 

stakeholders in the organization. 
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Research Limitations: 

The main limitations of this study include data, as petrochemical companies may not want 

to release data that could be proprietary or sensitive voluntarily. Due to confidentiality and 

competitive advantage, employers have always been cautious of their internal information 

concerning procurement, AI integration, and raw material costs. Due to such privacy concerns, 

Neupane (pg. 65) discusses this issue by observing that it is difficult to get accurate and real-time 

evidence about using AI in strategic sourcing. Consequently, the study can rely on publicly 

available information, and the quality and timeliness of the research may not be as accurate. 

The technological problem involved in the varying magnitude of AI uptake among firms 

is also a constraint. They cannot be used to generalize the results to all the petrochemical 

companies, which may not have adopted AI as discussed in this research. Emerging markets firms 

may lack access to advanced AI solutions and fail to integrate such technologies successfully into 

their purchasing behavior. Vlachos and Reddy (pg. 28) suggest that the disparity in distribution of 

AI to various industries can skew the results of any study regarding its economic value, since 

organizations with different technological maturity levels will have varying degrees of success 

implementing AI-based solutions. In turn, these findings may encapsulate the experience of more 

developed firms concerning AI and are not necessarily transferable across all firms within the 

industry. 
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Finally, the geography of the research might limit it. What with the survey possibly being 

based in countries experiencing higher AI utilization, such as North America, Europe, or East Asia, 

the findings may not be as relevant to the companies where AI usage is not as widespread. The 

situation in less AI-developed regions can have specific barriers to AI adoption in strategic 

sourcing, such as the absence of infrastructure and AI investments, as Mohammadi et al. (pg.7) 

mentioned. In this way, the results of the present study may not be exhaustive in describing the 

reality of AI adoption in all world markets. 
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