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Abstract 

This capstone project develops a structured decision-making model to evaluate the feasibility of automation in 
industrial processes. The project scope is to design an automation decision framework supported by real-world 
case studies. The aim is to provide industries with a reliable model to determine when automation is justified and 
beneficial. Ten case studies from diverse sectors including furniture manufacturing, textiles, chemical processing, 
accounts payable automation, and automotive production were analyzed using ten decision criteria such as annual 
demand, labor cost, task repetition, product variety, and error rates. The findings highlight critical thresholds (e.g., 
labor cost > $15/hour, task repetition > 70%, annual demand > 10,000 units/year) that strongly influence 
automation outcomes. Results across cases demonstrated significant benefits: error reductions from 3–5% to near 
zero, productivity increases of up to fivefold, and processing time reductions of up to 87%. The developed 
Automation Decision Model offers a practical, data-driven framework to support industrial firms in making cost-
effective, scalable, and sustainable automation choices, aligning with Industry 4.0 transformation goals and long-
term competitiveness. 

1. Introduction
In today’s industrial landscape, automation has become essential for efficiency, consistency, and competitiveness. 
While automation can deliver scalable and high-quality outcomes, deciding when and where to implement it 
requires a structured, data-driven approach. This project addresses that gap by developing a universal model to 
guide organizations in choosing between manual and automated processes. Under the guidance of our mentor , Dr. 
Nader Santarisi, we focused on developing an Automation Decision Model. To achieve this, we conducted a 
literature review and analyzed ten case studies across sectors, including manufacturing, chemicals, textiles, and 
finance. These real-world examples revealed critical decision factors such as demand volume, labor cost, product 
variety, flexibility requirements, and error rates. By comparing outcomes, we designed a data-driven framework 
that applies academic knowledge to practical industry challenges and supports organizations in making informed, 
strategic automation investments. 

1.1 Objective 
The objectives of this study are to examine how companies implement automation by analyzing both case studies 
and relevant literature. It aims to identify the key factors that influence automation decisions, including both 
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drivers and constraints. Furthermore, the study seeks to analyze operational results before and after automation 
using real-world data. Finally, it intends to develop and present a structured decision-making model, supported by 
visual tools, to assist organizations in planning future automation initiatives. 
 
2. Literature Review 
We conducted research on 10 case studies related to automation decision-making with the objective of developing 
our own decision model. By analyzing and comparing key factors across each case. We aimed to identify 
consistent drivers and constraints influencing automation. This comparative analysis enabled us to structure a 
universal model applicable to various industrial contexts. 
 
Case Study 1 – Furniture Manufacturing (Calia Italia, Italy) 
Calia Italia, founded in 1965 in Matera, Italy, manufactures handcrafted sofas and armchairs and exports to over 
80 countries. The company faces fluctuating demand and high labor costs, which make automation attractive. 
Analysis showed that four out of five automation criteria were met, with only product size posing a challenge. 
Despite this, automation is recommended through the use of specialized robotics capable of handling heavy 
furniture while maintaining customization flexibility (Calia Italia, n.d.). 
 
Case Study 2 – Textile Manufacturing (Heilan Home, China) 
Heilan Home, established in 1997, is one of China’s largest apparel brands, integrating textile manufacturing with 
a vast retail network. With high demand, low product weight, and strong technology compatibility, the company 
meets five of six automation criteria. The main limitation is the high flexibility needed for custom designs, which 
restricts full automation. Thus, partial automation is recommended, automating standard production lines while 
keeping semi-automated or manual processes for customized clothing (Heilan Home, 1997). 
 
Case Study 3 – FRP Flange Automation 
A composites manufacturer producing fiber-reinforced polymer (FRP) flanges automated its manual design 
process, which originally took 30 minutes per unit and caused frequent errors. By using heuristic-driven Python 
automation, the design time was reduced to 4 minutes, production increased from 2 to 15 flanges per hour, and 
manual errors were eliminated. This solution improved efficiency, customer satisfaction, and resource allocation, 
despite limitations such as the lack of AI data (Cambridge University Press, 2023). 
 
Case Study 4 – Accounts Payable Automation (Dubai Conglomerate) 
A Dubai-based conglomerate automated its accounts payable process using robotic process automation (RPA) 
integrated with its ERP systems. Manual invoice processing was slow, costly, and error-prone, but automation 
reduced approval cycles from 3–7 days to 1–2 days, increased processing capacity from 50–100 invoices per day 
to 300–500, and reduced error rates to near zero. The outcome improved compliance, lowered costs, and 
strengthened supplier relationships (Newgen Software, n.d.). 
 
Case Study 5 – Automotive Parts Supplier (UK) 
A medium-sized UK automotive parts supplier producing components for leading automobile manufacturers 
adopted automation in response to competitive pressures. With an annual demand of 50,000 units, small product 
size, low product variety, and a labor cost of £18/hour, all thresholds for automation were satisfied. A capital 
investment of £1.2 million achieved a payback period of 2.5 years, making automation a feasible and profitable 
solution for enhancing productivity and quality (Baines et al., 2005). 
 
Case Study 6 – Low-Volume Mechanical Equipment (Germany) 
A German manufacturer producing customized high-end mechanical equipment for aerospace and energy 
industries considered robotic welding automation. However, with annual demand of only 800 units, product sizes 
ranging from 20–80 kg, over 50 variants, and a payback period exceeding five years, automation was deemed 
unsuitable. The extreme flexibility and low volumes made automation impractical, reinforcing the idea that it is 
not cost-effective in highly customized, low-volume environments (Wiendahl et al., 2007). 
 
Case Study 7 – MFG Chemical (USA) 
MFG Chemical identified serious safety risks in its outdated manual batch control system, including human error, 
overheating, and lack of centralized monitoring. The company implemented automated batch control, SCADA 
integration, and recipe management systems, which reduced human error, improved safety, enabled OSHA 
compliance, and increased production efficiency. This investment highlighted automation’s role in safety and 
compliance as well as productivity (MFG Chemical, n.d.). 
 

451



Proceedings of the 3rd GCC International Conference on Industrial Engineering and Operations Management 
Tabuk, Saudi Arabia, February 2-4, 2026 
 

© IEOM Society International 
 

Case Study 8 – Toyota (Worker Safety and Ergonomics) 
Toyota addressed repetitive strain injuries among assembly line workers caused by manual handling and repetitive 
motions. The company deployed collaborative robots, redesigned workstations, and installed real-time monitoring 
systems to reduce strain. As a result, worker injuries and fatigue declined, productivity improved, medical costs 
decreased, and employee satisfaction increased. This case illustrates how automation can enhance both safety and 
operational performance (Toyota, n.d.). 
 
Case Study 9 – ABC Components Ltd. (Automotive, 2023–2025) 
ABC Components, a brake system manufacturer, faced rising labor costs and quality issues in its manual assembly 
line. The company invested $3.2 million in robotic assembly cells with vision inspection, reducing defect rates 
from 3.5% to 0.6% and cutting labor costs from $2.7 million to $810,000 annually. Post-implementation, output 
increased by 12%, unit costs dropped by 8%, and 30 employees were reskilled into quality control and logistics. 
Despite a 4.1-year payback period, automation strengthened competitiveness and secured new OEM contracts 
(ABC Components, 2023). 
 
Case Study 10 – CNC Automation in Metal Bracket Fabrication 
A medium-sized manufacturer adopted CNC automation to replace manual drilling and cutting in metal bracket 
production. The change delivered five times faster processing, allowed one operator to perform the work of three, 
and eliminated manual errors. Customers reported higher satisfaction due to improved precision, reliability, and 
faster deliveries, demonstrating CNC automation’s ability to enhance both quality and efficiency in standardized 
manufacturing processes (CNC Fabrication, n.d.). 
 
3. Methods 
The study followed a structured approach to evaluate automation decision-making across industrial contexts. A 
comprehensive literature review was conducted, complemented by the analysis of ten real-world case studies from 
diverse sectors including furniture, textiles, chemicals, automotive, and finance. Each case was assessed using ten 
critical decision factors: annual demand, product size, product variety, labor cost, required flexibility, production 
time, defect rate, safety incidents, production bottlenecks, and task repetition. For each factor, thresholds were 
established based on industry benchmarks (e.g., labor cost > $15/hour, annual demand > 10,000 units/year, task 
repetition > 70%). A binary scale (meets/does not meet threshold) was applied to ensure consistency. The decision 
logic categorized cases as: Recommended to Automate (≥7 factors met), Consider Automation (5–6 factors met), 
or Do Not Automate (<5 factors met). Comparative analysis was applied to measure improvements in processing 
time, production output, error rates, and operational costs before and after automation. The methodology allowed 
the construction of a data-driven decision model that balances technical and economic considerations, ensuring 
both practicality and scalability across industries. 
 
4. Data Collection  
The data collection process for this project was designed to provide a comprehensive and reliable foundation for 
developing the automation decision model. The team focuses on documenting case studies from diverse industrial 
sectors, including furniture manufacturing, textile production, chemical processing, finance, and automotive 
assembly. A total of ten case studies were selected to represent different production environments and challenges, 
ensuring that the findings would be broad and applicable across industries. Each case study was carefully 
examined to extract key quantitative and qualitative indicators relevant to automation decisions. These included 
factors such as annual production demand, labor costs, product size and variety, production time, error rates, safety 
issues, and the degree of task repetition. Data was gathered from academic journals, company profiles, industry 
reports, and credible online resources, which provided validated figures and context for each scenario. The 
collected data was then standardized by comparing it against predetermined thresholds—for example, labor cost 
greater than $15/hour, task repetition above 70%, or annual demand exceeding 10,000 units per year—to ensure 
uniformity in the decision-making process. 
 
5. Results and Discussion   
5.1 Numerical Results 
A comparative analysis of the ten case studies demonstrated significant improvements following automation. 
Processing time in certain operations, such as FRP flange manufacturing, was reduced from 30 minutes to 4 
minutes, representing an 87% gain in efficiency. In accounts payable processes, automation increased daily 
throughput from 50–100 invoices to 300–500, achieving up to five times higher productivity. Error rates across 
cases dropped from 3–5% in manual systems to nearly zero in automated environments. Labor costs also showed 
substantial reductions, with ABC Components decreasing annual expenses from $2.7 million to $810,000. At the 
same time, defect rates fell from 3.5% to 0.6%, while production output rose by 12%. These results, summarized 
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in Table 1. Impact of Automation on Key Performance Metrics, confirm that automation can deliver measurable 
gains in speed, cost savings, and quality when applied under appropriate conditions. 

Table 1. Impact of Automation on Key Performance Metrics 
 

Metric Before Automation After Automation Improvement 

Processing Time (FRP 
Flange) 30 minutes 4 minutes 87% faster 

Invoices Processed per Day 
(AP) 50–100 300–500 5× increase 

Error Rate 3–5% ~0% Near elimination 

Annual Labor Cost (ABC 
Components) $2.7 million $810,000 70% reduction 

Defect Rate (ABC 
Components) 3.5% 0.6% 83% reduction 

Production Output (ABC 
Components) Baseline +12% Higher productivity 

 
Table 2 provides a visual comparison of manual versus automated processes across different industries. They 
highlight improvements in cycle time, task allocation, and overall process stability. Table 2 presents a before-and-
after view of process execution time for FRP flange design. The traditional method required approximately 1800 
seconds (30 minutes), while the automated approach reduced this to 240 seconds (4 minutes). The largest 
reduction was observed in parameter optimization, dropping from 1200 seconds to 100 seconds. This comparison 
demonstrates the substantial efficiency gains achievable through automation. 
 

Table 2. Traditional versus automated processing time for FRP flange design 
 

 
Table 3 shows the schedule impact of invoice processing. Manual processing required up to 30 minutes for data 
entry, 3–5 days for approvals, and 1–2 hours for reconciliation. With automation, these times decreased to 2–5 
minutes for entry, 1–2 days for approvals, and real-time reconciliation. This demonstrates significant compression 
of the overall cycle time and improved operational throughput. 
 

Table 3. Schedule impact of automated invoice processing compared to manual processing 
 

Step Manual Time Automated Time 

Invoice Data Entry 15–30 minutes/invoice 2–5 minutes/invoice 

Approval Routing 3–5 days 1–2 days 

Step Traditional Automated 

Input Requirements 150 sec 120 sec 

Generate Layer Sequence 300 sec <1 sec 

Evaluate Design 30 sec <1 sec 

Optimize Parameters 1200 sec 100 sec 

Generate Manufacturing Specs 30 sec 15 sec 

Generate DXF 90 sec <1 sec 

Total 1800 sec (~30 min) 240 sec (~4 min) 
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Reconciliation & Archival 1–2 hours batch-wise Automated real-time 
Table 4 illustrates the application of collaborative robots in automotive assembly. Repetitive tasks were reassigned 
to cobots, and ergonomic redesigns reduced strain on workers. The before-and-after comparison shows an 83% 
reduction in repetitive strain injury cases, an 80% decrease in downtime, and a significant drop in compensation 
claims. These results demonstrate that automation improved both worker well-being and production efficiency. 
 

Table 4. Before-and-After Comparison of Collaborative Robot Implementation in Automotive Assembly 
 

Metric Before Automation After Automation Change (%) 

Incidence of RSIs (per 
year) 30 cases 5 cases -83% 

Average Sick Days Due 
to RSIs 120 days 20 days -83% 

Workers’ Compensation 
Claims $150,000 $25,000 -83% 

Production Downtime 
(hours/month) 10 hours 2 hours -80% 

 
5.2 Proposed Improvements 
The analysis of the case studies suggests several improvements that could enhance automation outcomes. 
Integration with existing ERP systems remains a challenge in multiple industries, indicating that future solutions 
should emphasize seamless connectivity and minimal disruption. User adoption can also be strengthened through 
training programs and simplified interfaces, reducing resistance to new systems. In terms of performance, 
opportunities exist to expand automation from isolated processes to full end-to-end workflows, which could 
amplify gains in cycle time and error reduction. For example, invoice automation that currently reduces approval 
routing from 3–5 days to 1–2 days could be further improved by embedding AI-based exception handling, 
potentially cutting approval times below 24 hours. Similarly, production downtime in automotive assembly was 
reduced from 10 to 2 hours per month with collaborative robots; integrating predictive maintenance could reduce 
this figure even further. While significant reductions in time, error rates, and operational costs were observed, 
variability across industries suggests that scalability and customization remain crucial. Future improvements 
should therefore focus on modular automation solutions that adapt to industry-specific constraints while 
preserving the measurable efficiency, quality, and safety gains demonstrated in the study. 
 
5.3 Validation 
The proposed automation decision model was validated through comparative analysis of ten case studies across 
diverse industries. For each case, operational performance was evaluated before and after automation. Results 
consistently demonstrated significant improvements: processing times decreased by up to 87%, error rates fell 
from 3–5% to near zero, production downtime in automotive assembly declined by 80%, and labor costs were 
reduced by more than 70% in certain cases. These outcomes confirmed that cases meeting seven or more of the 
model’s threshold criteria aligned strongly with positive automation results, while low-demand or highly flexible 
processes did not. Although statistical hypothesis testing was not applied due to the heterogeneity of case studies, 
the convergence of results across multiple independent contexts provides empirical validation of the model. The 
consistency of directional improvements across industries strengthens the reliability of the proposed thresholds, 
supporting its application as a practical decision-making tool. Future work may include applying formal statistical 
methods or simulation models to further quantify the significance of observed improvements. Additionally, the 
robustness of the model can be strengthened by testing it on new industrial case studies that were not part of its 
initial development. 
 
6. Model 
Automation Decision Model is a structured evaluation tool designed to assist organizations in determining 
whether a specific production process is suitable for automation. The model incorporates ten critical decision-
making criteria; each aligned with common industry benchmarks and operational realities. 
Key factors include: 
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• Annual Demand 
• Product Size 
• Product Variety 
• Labor Cost 
• Required Flexibility 
• Production Time 
• Product Defect Rate 
• Safety Incidents 
• Production Bottlenecks 
• Repetition of Tasks 

 
Each factor is measured against a defined threshold to automate, and a binary decision (Yes/No) is assigned based 
on whether the criterion is met. The model's strength lies in its simplicity and adaptability to various industries. 
The decision logic is as follows: 

• Automate: If 7 or more thresholds are met. 
• Consider Automation: If 5–6 thresholds are met. 
• Do Not Automate: If fewer than 5 thresholds are met. 

 
This model provides a quantitative yet flexible approach for assessing automation potential, ensuring decisions 
are data-driven and context-sensitive (Table 5).  
 

Table 5. Model 
 

Factor (criteria) Estimated Value Threshold to Automate Meet 
Threshold? 

Annual Demand [value] > 10,000 units/year Yes/No 

Product Size [value] < 30 kg or standard size Yes/No 

Product Variety [value] < 10 variants Yes/No 

Labor Cost [value] > $15/hour Yes/No 

Required Flexibility [Low to High] Low to Medium Yes/No 

Production Time [value] < 1 hour per unit Yes/No 

Product Defect Rate [value] > 3%  Yes/No 

Safety Incidents [Low to High] Medium to High (risky tasks) Yes/No 

Production Bottleneck [Yes or no] Bottleneck exists Yes/No 

Repetition of Tasks [value] > 70%  Yes/No 

 
Final Automation Decision Logic 

• Recommended to Automate: If 7 or more factors meet thresholds 
• Consider Automation: If 5–6 factors meet thresholds 
• Do Not Automate: If < 5 factors meet thresholds 

 
How to Use: 

1. Fill in the Estimated Value for each factor based on your specific process. 
2. Compare against the Threshold to Automate. 
3. Count how many thresholds are met. 
4. Use the Final Decision Logic to determine automation suitability. 
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Example 1:  
Table 6. Electronics Assembly – Smartphone Battery Modules 

 
Factor (criteria) Estimated Value Threshold to Automate Meet 

Threshold? 
Annual Demand 1,000,000 units/year > 50,000 units/year 

 
Yes 

Product Size 0.2 kg < 5 kg 
 

Yes 

Product Variety 3 models < 10 models 
 

Yes 

Labor Cost $22/hour > $15/hour 
 

Yes 

Required Flexibility Low Low to Medium 
 

Yes 

Production Time 6 min/unit 
 

> 3 min/unit Yes 

Product Defect Rate 4% 
 

> 3% Yes 

Safety Incidents Moderate (ESD risk) 
 

Moderate+ risk exists Yes 

Production Bottleneck Manual soldering step 
 

Bottleneck exists Yes 

Repetition of Tasks > 90% identical steps 
 

> 70% Yes 

 
Final Decision: Automate (Table 6). 
 
This process meets all criteria. High demand, tight quality needs, and repetitive tasks make it an excellent 
automation candidate. 
 
Example 2:  

Table 7. Bespoke Furniture Crafting (Woodworking Industry) 
 

Factor (criteria) Estimated Value Threshold to Automate 
 

Meet Threshold? 

Annual Demand 500 – 1,000 units/year 
 

> 10,000 units/year No 

Product Size 40 – 100 kg per item 
 

< 30 kg No 

Product Variety 50 – 100 unique designs/year < 10 variants No 

Labor Cost $25/hour > $15/hour Yes 

Required Flexibility Very high Low to Medium No 

Production Time 8 – 20 hours/item < 1 hour No 

Product Defect Rate < 1% 
 

> 3%  No 

Safety Incidents Moderate (tool handling) 
 

Moderate+ risk exists Yes 

Production Bottleneck No fixed bottlenecks Bottleneck exists Yes 

Repetition of Tasks 20 - 30% (low repetition) > 70% No 

Final Decision: Do Not Automate. 
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The process requires high flexibility, artisanal skill, and involves low demand and high product variety. 
Automation would be inefficient, expensive, and could compromise the craftsmanship that defines the product's 
value (Table 7). 
 
7. Conclusion  
This report set out to develop a structured decision-making model for evaluating automation suitability in 
industrial contexts. All objectives were successfully achieved. A comprehensive review of ten case studies across 
furniture, textiles, chemicals, automotive, and finance provided the basis for identifying ten critical decision 
factors. Threshold values were established for each factor, and a classification system was introduced to determine 
whether automation should be recommended, considered, or avoided. The model was validated against real-world 
case data, with results confirming consistent improvements in processing time, error reduction, labor cost savings, 
and productivity. For example, automation reduced FRP flange processing time by 87%, cut invoice approval 
cycles from 3–5 days to 1–2 days, and lowered repetitive strain injuries in automotive assembly by more than 
80%. These outcomes demonstrate both the reliability of the model and its adaptability across industries. The 
unique contribution of this research lies in providing a standardized, data-driven framework that balances 
technical and economic considerations. By simplifying complex automation decisions into clear thresholds, the 
model offers organizations a practical tool for aligning automation investments with measurable performance 
improvements, supporting long-term competitiveness and sustainable industrial growth. 
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