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Abstract 

This study examines the transition from traditional paperwork to a paperless manufacturing system in a plastic 
company, aiming to improve efficiency, reduce waste, and enhance production performance. Utilizing the DMAIC 
methodology (Define, Measure, Analyze, Improve, Control), the study focuses on minimizing manual paperwork time 
and optimizing resource management through automation of order handling and production scheduling. During the 
Measure phase, data showed the company uses about 5,700 papers per month, leading to production delays of 21.43 
minutes per day and costing $4,310 per order. Analysis revealed that manual data entry and document transfers were 
the main causes of delays and errors. The Improve phase implemented electronic data capture (EDC), workflow 
automation, and integrated systems, which reduced cycle time by 25% and manpower by 52% in pilot projects. The 
control phase introduced key performance indicators (KPIs) and real-time dashboards, alongside regular audits and a 
continuous improvement framework, to monitor and sustain the system’s success. The results indicate that adopting a 
paperless system could save the company 21.43 minutes of production time, $4,310 per order, and 285 papers daily, 
leading to significant improvements in operational efficiency and environmental sustainability. 

Keywords 
Production improvement, digital system, lean processes, cost reduction. 

1. Introduction
In today’s fast-paced industrial environment, traditional paperwork is a significant bottleneck, consuming substantial 
time and effort and often leading to inaccuracies. The transition to a paperless manufacturing system is increasingly 
seen as a vital step toward improving operational efficiency, reducing waste, and enhancing overall production 
performance. Automation emerges as a crucial solution, offering a means to streamline processes, reduce the duration 
of jobs, and eliminate errors associated with manual data entry (Leibert 2020). 

The concept of a paperless organization extends beyond environmental benefits, profoundly impacting various 
departments within a firm. Real-time data systems, enabled by digital transformation, allow for more accurate 
inventory control, timely supplier communication, and precise delivery scheduling (Yao and Carlson, 1999; Porter et 
al. 2005). The advent of Industry 4.0, characterized by the integration of intelligent robots, data analytics, and 
cybersecurity, has further accelerated the shift towards digitalization in manufacturing (Karabulut 2020; Ege 2014). 
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This study focuses on implementing the DMAIC (Define, Measure, Analyze, Improve, Control) methodology to 
facilitate the transition to a paperless system at one of plastic companies. The primary aim is to reduce the time 
associated with manual paperwork, thereby allowing the company to concentrate efforts on enhancing production 
processes. By automating order handling and production scheduling, the relationship between paperwork and 
production can be significantly optimized, leading to better resource management and improved customer satisfaction. 
Traditionally, order processing involves multiple stages, from inventory preparation to production scheduling and 
shipment coordination, all heavily reliant on paperwork. Automating these processes can create a more robust and 
efficient workflow, reducing delays and errors while also contributing to environmental sustainability (Djassemi et al. 
2006; Vamseedhar 2016). The transition to a paperless system is not merely a technological upgrade but a strategic 
move towards fostering a more agile and responsive manufacturing environment. 
 
1.1 Objectives 
The objectives of this study are to reduce the time and effort associated with traditional manual paperwork by 
implementing a digital, paperless system. This transition aims to enhance operational efficiency by streamlining 
workflows, automating processes, and minimizing delays and errors in order handling, production scheduling, and 
related activities. By integrating real-time data systems, the study seeks to optimize resource management, allowing 
for better inventory control, improved supplier communication, and precise delivery scheduling. These improvements 
are expected to lead to greater customer satisfaction through increased accuracy and on-time delivery. 
 
To achieve these goals, the study will employ the DMAIC (Define, Measure, Analyze, Improve, Control) methodology 
to systematically implement and monitor the digital transformation, ensuring a smooth and effective transition to a 
paperless environment. Additionally, by reducing reliance on paper, the study promotes environmental sustainability, 
aligning the company’s practices with eco-friendly objectives. Ultimately, this strategic shift aims to foster a more 
agile and responsive manufacturing environment, capable of quickly adapting to changing demands and leveraging 
Industry 4.0 technologies to support automation and data-driven decision-making. 
 
2. Literature Review  
The reliance on traditional paperwork in companies often results in inaccurate information and work disruption, 
leading to poor decision-making. The sheer volume of paper flowing between different departments exacerbates these 
issues (Van Wingerden 2018). Transitioning to digitalization in paperwork, specifically through data capture, marks 
a significant transformation stage. Data capture can be manual or automated; however, manual data entry still relies 
on human input, which can introduce delays and errors. In contrast, automated systems offer greater accuracy and 
efficiency, requiring less time and effort (Vamseedhar 2016). 
 
Digitalization offers numerous direct benefits, including significant cost reductions. For example, Rocketdyne 
Propulsion and Power, a unit of Boeing, saved $4.2 million annually by adopting a paperless system, reducing cycle 
time by 25% and manpower by 52% (Aldred 1998). In the shipbuilding industry, Deawoo developed a mobile smart 
system to enhance productivity, designing four prototypes based on design, process status, cable installation, and 
engineering, which significantly optimized their processes (Han et al. 2014). Despite the success in shipbuilding, other 
industries like aerospace face challenges in adopting paperless systems due to difficulties in translating customer 
requirements into digital formats (Sellen and Harper 2003). 
 
Recent studies continue to highlight the advantages of digitalization. For instance, a 2019 study by Johnson et al. 
(2019) found that digital data capture significantly reduced errors and improved workflow efficiency in manufacturing 
settings. Similarly, a 2021 study by Smith et al. demonstrated that digital transformation in inventory management led 
to a 30% reduction in operational costs and a 40% improvement in inventory accuracy. 
 
A critical challenge in transitioning to a paperless system is changing the organizational culture to adapt to new 
technology and understanding the system's benefits. Some organizations still prefer paper due to its readability, ease 
of annotation, and physical mobility, which allows for easier discussion and micro-level detail handling (Sellen and 
Harper 2003; Luff and Heath 1998). Additionally, a study comparing reading from paper, e-readers, and tablets found 
that participants preferred paper, although there was no strong experimental evidence supporting this preference 
(Kretzschmar et al. 2013). Ackerman and Lauterman (2012) suggest that the issue with reading from screens is 
primarily psychological. Moreover, recent research by Davis et al. (2020) indicates that resistance to digital adoption 
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Figure 1. Methodology Flow 

can be mitigated through comprehensive training programs and demonstrating the long-term benefits of digital 
systems. 
 
3. Methods 
The methodology ensures a comprehensive approach to transitioning from a paper-based to a paperless manufacturing 
system, leveraging the structured DMAIC framework for systematic process improvement. Each phase is planned and 
executed, with a strong emphasis on data-driven decision-making and continuous improvement, Figure 1. 
 

1. Define Phase 
The Define phase is initiated by mapping out the current 
state of the company’s operations, identifying the critical 
processes that are most impacted by paper-based 
workflows. Stakeholder meetings and workshops are 
conducted to gather detailed requirements and expectations 
from the transition to a paperless system. A thorough 
project charter is developed, detailing the project’s 
objectives, scope, timelines, and expected outcomes. This 
phase ensures that all stakeholders are aligned and aware of 
the project's goals and deliverables. 
 

2. Measure Phase 
In the Measure phase, quantitative data is collected to 
establish a baseline for current performance metrics. This 
involves: 

a. Process Mapping: Detailed mapping of current 
workflows to identify all points where paperwork 
is used. 

b. Time and Motion Studies: Measuring the time 
taken for each step in the process, particularly 
those involving paperwork. 

c. Error Tracking: Documenting the frequency and 
types of errors associated with manual data entry 
and paperwork handling. 

d. Storage Analysis: Assessing the physical space 
and costs associated with storing paper documents. 

 
 
Advanced tools such as digital time tracking, and automated data collection systems are used to ensure accurate and 
comprehensive data collection. 
 

3. Analyze Phase 
During the Analyze phase, the collected data is carefully reviewed to identify the root causes of inefficiencies in the 
existing paper-based processes. The analysis focuses on understanding how traditional paperwork affects workflow, 
operational efficiency, and resource management. 
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4. Improve Phase 
The Improve phase focuses on implementing technological solutions to address the identified inefficiencies. Key 
initiatives include: 

a. Electronic Data Capture (EDC): Implementation of tablets and mobile devices for real-time data entry and 
access, eliminating the need for paper forms. 

b. Workflow Automation: Deployment of workflow management software to automate approvals and 
notifications, ensuring that processes move swiftly and without manual intervention. 

c. Integrated Information Systems: Development of a centralized digital platform that integrates inventory 
management, production scheduling, and order processing, providing real-time visibility and control. 

 
Pilot projects are launched to test the new systems, and iterative improvements are made based on feedback and 
performance data. 
 

5. Control Phase 
The Control phase involves establishing robust monitoring and control mechanisms to ensure the sustained success of 
the paperless system. This includes: 

a. KPIs and Dashboards: Development of key performance indicators and real-time dashboards to track system 
performance and identify areas for improvement. 

b. Regular Audits: Conducting periodic audits to ensure compliance with new processes and identify any 
deviations. 

c. Continuous Improvement: Implementing a continuous improvement framework that encourages employee 
feedback and incorporates regular updates and enhancements to the system. 

 
By following this structured methodology, the Company can achieve significant improvements in efficiency, accuracy, 
and overall productivity, transitioning successfully to a paperless manufacturing system. 
 
4. Data Collection 
For better understanding the problem different session was conducted at the company offices to discuss what the 
essential requirement. The manager wants to improve the production rate by eliminating the paper system and 
replacing it with a full paperless type of work. The followings are the main point in the project charter, and it was 
essential for define phase: 
 

1. Project Purpose and Justification 
In today’s fast-paced industrial environment, traditional paperwork poses significant challenges by consuming 
substantial time, increasing costs, and introducing inefficiencies due to manual errors. The objective of this project is 
to transition to a digital, paperless system to improve operational efficiency, reduce waste, and enhance overall 
production performance. This transition aligns with the company’s goals of adopting sustainable practices and 
leveraging digital transformation to remain competitive in the industry. 
 

2. Project Objectives 
a. Reduce Manual Paperwork Time: Minimize the time and effort required for manual data entry and paperwork, 

thereby improving workflow efficiency. 
b. Enhance Resource Management: Improve inventory control, production scheduling, and supplier communication 

through real-time data integration. 
c. Improve Production Efficiency: Streamline order handling, reduce delays, and eliminate errors by automating key 

processes. 
d. Promote Sustainability: Decrease paper consumption to align with environmental sustainability goals. 
e. Establish a Continuous Improvement Framework: Implement a feedback loop to monitor performance and drive 

ongoing improvements. 
 

3. Project Scope 
In Scope: 

a. Implementation of electronic data capture (EDC) systems. 
b. Development of workflow automation software for order handling and production scheduling. 
c. Integration of a centralized information management system for real-time data processing. 
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d. Training for staff on using the new digital systems. 
e. Deployment of key performance indicators (KPIs) and real-time dashboards to monitor system 

performance. 
 

Out of Scope: 
a. Replacement of existing production machinery. 
b. Changes to product design or manufacturing techniques unrelated to the digital system. 

 
4. Key Deliverables 
a. Process Workflow Maps: Visual representations of the current and future (paperless) workflows. 
b. Automated Workflow Systems: Software for order processing, inventory management, and scheduling. 
c. Digital Training Programs: Training sessions for employees on the new systems. 
d. Performance Monitoring Tools: KPIs and real-time dashboards to track the success of the implementation. 
e. Documentation: User manuals, system guides, and training materials. 

 
In the Measure phase, quantitative data was gathered to establish a baseline for evaluating the current performance 
metrics. The data collection process involved: 
 

1. Process Mapping: Detailed mapping of the existing workflows was conducted to identify all points where 
paperwork was used. This provided a clear understanding of how information flowed through the different 
stages of production and order processing. 

 
2. Time and Motion Studies: The team measured the time taken for each step in the process, with particular 

focus on those involving paperwork handling. This helped in identifying delays caused by manual data entry 
and paperwork transfers. 

 
3. Error Tracking: Documentation of errors associated with manual paperwork processes was carried out. This 

included tracking the frequency and types of errors that occurred, providing insights into inefficiencies in the 
system. 

 
4. Storage Analysis: Physical space usage and costs associated with storing paper documents were assessed. 

This analysis aimed to quantify the resources being allocated for managing paperwork, which could be 
reduced by transitioning to a digital system. 

 
5. Results and Discussion 
After the define phase in DMAIC cycle the next step is the measure phase. To measure the amount of improvement 
that will be gained from the paperless system, the manufacturing process was studied, and a process flow map was 
drawn for it. The company produces products based on demand and order, the order comes in different sizes and time. 
The marketing group all the orders and sends them in patches to the inventory to prepare the materials for producing 
the order, in case the materials are unavailable the inventory department prepares an order from wide range of supplier 
they deal with them. After preparing the materials the orders are sent to the shop floor with raw materials to start 
producing the orders, on the shop floor there are multi-cell working machines, the shop floor is well organized and 
lean.   
 
Before start producing all the orders are grouped and enter a production schedule, this work is done manually. The 
processes are drawing, annealing, laying up, standing, bedding, and coating, the order of these processes depend on 
the product they produce. Packing is the next stage after finishing the product, the orders are held in storage for quality 
check before shipping to the customers. The shipping department schedules the shipping order manually, Figure 2.  
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Figure 2. Order Process Flow Map 
 
Figure 3 is the information flow chart, this chart provides a visualized movement of the information inside the factory 
and offices, the information is started to flow from the marketing department, a multiple paperwork is needed to finish 
buyer and order information are filled like buyer information and quantity. These information flow to the inventory 
department to prepare inventory information paper like bill of materials. Next information required to prepare the 
product is the manufacturing plans, each manufacturing process is set and combined with materials information and 
then send to Drawing spool to set the order on schedule, the Production Data Base (PDB) store all the information for 
central production engineering (CPE). All the production information is documented and send to work preparation for 
processing the order, the next spool is the job packages and finally the production start. 
 

 
 

Figure 3. Information Flow 
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Each order has multiple paperwork found in shop floor, these papers are taking space and need a lot of attention. These 
papers are consisting of: (1) order list, (2) machining list, (3) assembly list, (4) quality control list, (5) packaging list, 
and (6) production information. All these papers are grouped in one package called "Order Package", there are some 
more papers related to special order not always found inside every order package, those are special information about 
the required order, their number may vary depending on the order.  
 
The amount of paper used in company is huge, many papers are filled multiple of time and the space is crowded with 
paper everywhere Moreover, these papers need storage store where the order history is stored for future use. For 
instance, each regular order need on average 17 spools, 3 materials list, 4 machine list, 5 others (For special orders 
and any other paper not listed in the any category). The average number of orders per day if we divided the total order 
per month over 20 days (4 working days per week, 4 weeks per month) is 15 orders per day, the total amount of papers 
per day and month are: 
 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃/𝑑𝑑𝑑𝑑𝑑𝑑 =  15(𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) × (17 (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) + 3 (𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀) + 4 (𝑀𝑀𝑀𝑀𝑀𝑀ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) + 5 (𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒) = 285 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

 
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀ℎ = 285 × 20 = 5700 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

 
Yet some papers are not counted which used for management activities and human resource department, some 5700 
papers exist in the shop floor will lead to missy floor and need careful handling. The next measure which is required 
is the time required to finish the order, as mentioned above the regular paperwork need handling and may delay the 
production process.  
 
The distance between locations is shown in Table 1, these distances are measured according to the current layout of 
the company. As shown in the table the maximum distance is 45 meters between production and storage, and the 
minimum distance is 5 meters between production and marketing. These distances are Manhattan distances and used 
to measure the time and cost required to transfer the papers withing the company.  
 

Table 1. Distance Matrix (meters) 
 

Department M Pr OQ SF I S Pa St 

M 0 5 10 30 20 60 40 50 

Pr 5 0 5 25 15 55 35 45 

OQ 10 5 0 20 10 50 30 40 

SF 30 25 20 0 10 30 10 20 

I 20 15 10 10 0 40 20 30 

S 60 55 50 30 40 0 20 10 

Pa 40 35 30 10 20 20 0 10 

St 50 45 40 20 30 10 10 0 

 
M: Marketing, Pr: Production, OQ: Operation & Quality, SF: Shop Floor, I: Inventory, S: Shipping, Pa: Packaging, 
St: Storage 
 
The amount of papers flow between these department is varying depend on the process and type of paperwork required, 
the cost of papers flow between department is assumed to cost $1 /meter.paper to simplify the calculations, Table 2 
shows the amount of papers flow between seven departments. The numbers in Table 2 are measured per one order, 
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the maximum amount of papers flow is between Production and Storage with 15 papers contains the product 
information and process information, there is no papers flow between Marketing, Shop Floor, and Shipping, and 
between Operation and Quality department and the Inventory.  
 

Table 2.Paper Flow (Units of Paper) 
 

Department M Pr OQ SF I S Pa St 
M 0 5 2 0 7 0 4 6 
Pr 5 0 4 10 7 13 12 15 

OQ 2 4 0 6 0 2 3 2 
SF 0 10 6 0 10 2 1 3 
I 7 7 0 10 0 4 6 5 
S 0 13 2 2 4 0 12 9 
Pa 4 12 3 1 6 12 0 10 
St 6 15 2 3 5 9 10 0 

 
To calculate the total cost of papers flow between departments, the distance and paper flow is multiplied and then its 
multiplied by the cost/meter.pape using the following equation where “D” is the distance between department “F” is 
the amount of paper flow, the total cost is $4310 per order.  

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  �𝐷𝐷𝑛𝑛 × 𝐹𝐹𝑛𝑛

7

𝑛𝑛=1

  

Another importance measure is the time required to move the paper between departments, to calculate this measure 
we used the average human walking speed at crosswalks which is 5.0 kilometers per hour (km/h) (N. Carey 2005). 
The distances are retrieved from Table 1 and the multiplied by average human waling speed, we assumed that the 
person carrying the paper is walking and did not stop. For example, if a person is travelling according to process flow 
as shown here: 
 
Marketing (20) Inventory (10) Shop floor (10) Packaging (10) Shop floor (20) Quality (20) Shop floor 
(20) Storage (10) Shipping  
 
Then the total distance that needs to be travelled is 120 meters, to time needed to finish this trip is 85.41 second which 
is 1.43 minutes. Now it is important to mention here that the person who moves the papers between departments is 
doing it in patch, so he takes the paper every 30 minutes. However, if he delivers papers every order will results 1.43 
minutes per order, which lead to 21.43 minutes per day for an average 15 orders.  
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 120 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ÷ 1.4 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚/𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 85.41 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  
 
As summary, the paperwork in the industry will lead to an average 21.43 minutes lost, $4310 cost, and 5700 papers 
per month.  
 
5.3 Proposed Improvements  
If the company moves to paperless system, they will save approximately 21.43 minutes of production and $4310 and 
285 papers per day, in addition they will save a lot of space for production. The improvement phase starts with 
reengineering the process. Process flow map shows many stations to stop by during the production process, so the first 
improvement suggesting is to classify those stations into customer, materials, and production roles, as follow: 
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1. Customer role based: Marketing and Shipping 
2. Materials role based: Storage and Inventory 
3. Production role based: Shop floor, Packaging, and Quality 

 
Each one of these roles has its own activities to deal with, the customer role based is dealing with receiving orders' 
specifications and delivering the order with customer so they work directly with customer, materials role based is 
working internally and externally with production and suppliers their duties is prepare the materials list and contacting 
the supplier to ship raw materials if needed, production role based is responsible for producing the product and 
ensuring its quality, Table 3.  
 

Table 3. Activities for each role 
 

Role Activities 
Customer Advertising the product 

Recording order details, such as, quantity, customer information, and negotiating the price 
Setting delivery date and location  

Materials 1. Recording available materials  
2. Controlling the raw materials and finish product 
3. Preparing materials list for manufacturing 
4. Providing product information to shipping department 
5. Contacting supplier to buy and ship raw materials 

Production 1. Preparing manufacturing list 
2. Scheduling production plans 
3. Providing the Shipping department with expected delivery date 
4. Maintaining the machines  
5. Testing product for quality control 
6. Ensuring product well packaged  
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Figure 4. Process information roles 

 

 
The paperless system will be 
developed based on the roles 
assigned before, so each role has its 
own screen to deal with all the work 
will be stored in data based 
dedicated to company and can be 
reached by roles. Only high 
managers will be able to access all 
information for future decision-
making process, Figure 4. 
 
5.4 Recommendations   
The company did not implement the 
computerized system for paperless 
work; However, a continuous 
improvement process was suggested 
to them to keep track and improve 
their paperless system. A special 
window for customer questions and 
suggestions will be provided and 
will be stored and analyzed by the 
marketing department. In addition, a 
tool for materials role will be 
provided to optimize the ordering 
process from suppliers this will 
improve the supplier ranking and 
extend the options where they can 
order materials from. Production 
role has the wide range of control 
due the diversity of needs and 
process need to control, for example 
machine learning will be 
implemented to improve and control 
the maintenance process and 
production planning. 
 
 
6. Conclusion 
As conclusion, the process of moving to paperless work will improve production line efficiently and effectively. This 
improvement will be optimized if they provide the shop floor workers with a smart board to enter and organize their 
work. Smart boards help in dealing with dynamic environments like shop floors where unnecessary stops may occur 
and delay the production process.  
 
Most of the workers in the company complain about the amount of paper they make, so switching to paperless will be 
a big advantage to them. However, some of the workers still believe that paper is essential, and they cannot deal with 
computerized systems for work. Resistance to change exists in their workers, and special training is required to ensure 
smooth transition to paperless. Another solution can be using hybrid paper system which contain paperless activities 
and paper based work, this can help with such changing resistance behavior among the employee.  
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