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Abstract - In contemporary engineering industries, 
particularly in sectors such as oil and gas, petrochemicals, 
and energy production, the efficiency of project execution 
is highly dependent on the accuracy and consistency of 
digital engineering data. Piping engineering, being a critical 
component of plant design, involves extensive interaction 
between design tools, material databases, and interface 
files. One of the major challenges encountered in such 
environments is the inconsistency of commodity codes 
across different datasets, leading to discrepancies in Smart 
3D (S3D) models and associated engineering workflows. 
This study presents a comprehensive automation approach 
aimed at addressing these inconsistencies through the 
development of customized tools using Visual Basic for 
Applications (VBA) and C#. The primary tool focuses on 
comparing specification identification sheets to detect 
changes in commodity codes and extract relevant 
differences such as skipped, added, modified, and deleted 
components. A graphical user interface (GUI) developed 
using C# enhances usability and ensures ease of operation. 
Additionally, a secondary automation tool is introduced to 
streamline the tagging process in orthographic diagrams. 
This tool simplifies complex tag structures by converting 
them into sequential identifiers while maintaining 
traceability through mapping files. 
The implementation of these tools demonstrates significant 
improvements in efficiency, accuracy, and workflow 
integration. The results highlight the potential of 
automation in reducing manual effort, minimizing errors, 
and enhancing coordination across engineering teams. 

 
1.INTRODUCTION  
 
Piping engineering plays a crucial role in the design and 
operation of industrial plants, particularly in sectors such 
as oil and gas, petrochemical, power generation, and 
process industries. These systems are responsible for 
transporting fluids such as liquids, gases, and slurries 
under controlled conditions. The reliability, safety, and 
efficiency of these systems depend on precise design, 
accurate data management, and seamless coordination 
between multiple engineering disciplines. 
In recent years, the adoption of digital engineering tools has 
significantly transformed the way piping systems are 
designed and managed. Advanced software platforms such 
as Smart 3D and SmartPlant Materials enable engineers to 

create highly detailed 3D models, manage large datasets, 
and ensure compliance with international standards. These 
tools integrate geometry, material specifications, and 
engineering data into a unified environment. 
However, despite these technological advancements, one of 
the major challenges in modern piping engineering is 
maintaining data consistency across multiple systems. 
Engineering data is typically distributed across various 
interface files such as specification sheets, catalogue 
workbooks, and generic data files. These files are 
interconnected, and any inconsistency between them can 
lead to significant issues in the design process. 
A critical element within these datasets is the commodity 
code, which uniquely identifies each piping component. 
When updates occur in catalogue data without proper 
synchronization, components may lose their reference in 
the system. This results in missing elements in 3D models, 
incorrect material specifications, and increased manual 
verification efforts. 
To overcome these challenges, automation becomes 
essential. By implementing automated tools, engineers can 
reduce manual effort, improve accuracy, and enhance 
overall productivity. This study focuses on developing such 
automation tools using VBA and C# to streamline data 
comparison and simplify tagging systems in piping 
engineering workflows. 

 
2. INDUSTRY BACKGROUND AND DIGITAL 
ENGINEERING 
 
The engineering industry is undergoing a significant 
transformation driven by digitalization. Traditional 
methods of design, which relied heavily on manual drafting 
and isolated data systems, are being replaced by integrated 
digital platforms that enable real-time collaboration and 
data sharing. 
Digital engineering involves the use of advanced software 
tools, data analytics, and automation technologies to 
improve the efficiency and accuracy of engineering 
processes. In piping engineering, this includes the use of 3D 
modeling tools, database management systems, and 
automated workflows. 
One of the key advantages of digital engineering is the 
ability to handle large volumes of data efficiently. Modern 
projects involve thousands of components, each with 
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detailed specifications. Managing this data manually is not 
feasible, which makes automation a necessity. 
Another important aspect is interoperability between 
different software systems. Tools like Smart 3D and 
AutoCAD Plant 3D must work together seamlessly to 
ensure consistency across design and material data. 
Despite these advancements, challenges such as data 
inconsistency, duplication, and synchronization errors still 
exist. These issues highlight the need for intelligent 
automation solutions that can bridge the gap between 
different systems and ensure reliable data flow. 
 

3. PIPING ENGINEERING FUNDAMENTALS  
 
Piping engineering is a multidisciplinary field that 
combines principles of mechanical engineering, fluid 
mechanics, thermodynamics, and materials science. The 
primary objective of piping engineering is to design 
systems that can safely and efficiently transport fluids 
under various operating conditions. 
 
3.1 Components of a Piping System 
A piping system consists of several components, each 
serving a specific function: 

• Pipes: These are the primary elements used to 
transport fluids. They are selected based on 
material, diameter, and thickness.  

• Valves: Used to control the flow of fluid within the 
system. Different types include gate valves, globe 
valves, and ball valves.  

• Flanges: Provide detachable connections between 
pipes and equipment.  

• Gaskets: Ensure leak-proof connections between 
flanges.  

• Fittings: Used to change the direction or size of 
pipes (elbows, tees, reducers).  

• Supports: Provide structural stability to the piping 
system.  

 
3.2 Design Considerations 
Designing a piping system requires careful consideration of 
several factors: 

• Pressure and Temperature: The system must 
withstand operating conditions without failure.  

• Fluid Properties: Corrosive or hazardous fluids 
require special materials.  

• Thermal Expansion: Pipes expand and contract 
with temperature changes.  

• Safety Standards: Compliance with standards 
ensures reliability.  

3.3 Codes and Standards 
Piping systems are designed according to international 
standards such as: 

• ASME B31.3 (Process Piping)  
• ASME B31.1 (Power Piping)  

These standards define guidelines for design, materials, 
testing, and safety. 
 
4. PROBLEM STATEMENT  
 
One of the major challenges in piping engineering is the 
inconsistency of data across multiple systems. This issue 
arises due to frequent updates in catalogue data, which may 
not be properly synchronized with design models. 
 
4.1 Commodity Code Mismatch 
 

 
 

Fig -1: Components present vs. missing in S3D due to 
commodity code mismatch 

 
Commodity codes serve as unique identifiers for 
components. When these codes are updated: 

• Existing components lose their reference  
• Models show missing elements  
• Engineers must manually identify and correct 

errors  
This process is time-consuming and prone to mistakes. 
 
4.2 Manual Comparison Problem 
Engineers often rely on manual methods such as Excel 
comparison to identify differences between datasets. This 
involves: 

• Comparing thousands of rows  
• Identifying mismatches  
• Extracting relevant data  

This approach is inefficient and not scalable. 
 
4.3 Tagging Complexity 
Orthographic diagrams use long tags that are difficult to 
interpret. This creates communication issues between 
teams and increases the likelihood of errors. 
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5. METHODOLOGY  
 

 
 

Fig -2: Proposed methodology flowchart for 
commodity code automation 

 
5.1 Commodity Code Automation Tool 
The automation process consists of multiple stages: 
 
5.1.1 Data Preparation 
 

 
Fig -3: Hierarchy of S3D interface files 

 
Input files include: 

• Previous spec ident sheet  
• Updated spec ident sheet  
• Catalogue workbook  

These files are loaded into the system for processing. 
 
5.1.2 Concatenation Logic 
 

 
 
Fig -4: Unique key generation using concatenation of Spec 

Code, Short Code, Option, and Size 
 

To uniquely identify components, multiple fields are 
combined: 

• Short Code  
• Option Code  
• Size parameters  

This creates a unique key for comparison. 
 
5.1.3 Comparison Algorithm 
 

 
 

Fig -5: Data comparison output between February and 
March datasets 

 
The algorithm compares datasets and identifies: 

• Matching entries  
• Mismatched entries  
• Missing entries  

This is done using VBA loops and dictionary-based 
matching. 
 
5.1.4 Extraction Process 
 

 
 

Fig -6: PCF Method Step 1 — Extraction of piping 
commodity filter data 

 
The system extracts: 

• Skipped components  
• Modified components  
• Added components  
• Deleted components  

Each category is stored in a separate worksheet. 
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5.1.5 GUI Development 
 

 

 
 

Fig -7: Final output displayed in the C# graphical user 
interface 

 
 
A user-friendly interface is developed using C#: 

• File selection buttons  
• Execution controls  
• Output display grid  

This improves usability and reduces complexity. 
 
5.2 Tag Streamlining Tool 
 
5.2.1 Tag Extraction 
Tags are extracted using pattern matching techniques such 
as Regex. 
 

6. IMPLEMENTATION  
 
The implementation involves two main technologies: 
 
6.1 VBA Implementation 
 

 
 

Fig -8: Corrected VBA code in Excel — Part 1 
 

 
 

Fig -9: Corrected VBA code in Excel — Part 2 
 

• Modules created for each task  
• Functions for comparison and extraction  
• Excel automation for data processing  

 
6.2 C# Implementation 
 

 
 

Fig -10: Initial trial VBA code for Method 1 comparison 
logic 

 
• Windows Forms used for GUI  
• Event-driven programming  
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7. ADVANTAGES 
 

• Reduces manual effort by automating repetitive 
tasks such as data comparison and extraction  

• Saves significant time compared to traditional 
manual methods  

• Improves accuracy by eliminating human errors in 
large dataset processing  

• Provides fast and efficient comparison of 
specification identification sheets  

• Capable of handling large volumes of engineering 
data (high scalability)  

• Organizes data into clear categories such as added, 
modified, deleted, and skipped components  

• Enhances readability of orthographic diagrams by 
simplifying complex instrument tags  

• Generates structured outputs for easy analysis and 
decision-making  

• Improves coordination between design, 
procurement, and engineering teams  

• Reduces chances of data inconsistency and 
mismatch issues  

• Increases overall productivity of engineers  
• User-friendly interface developed using C# 

enables easy operation  
• Requires minimal technical expertise to operate  
• Reduces project delays by speeding up data 

processing tasks  
• Supports digital transformation in engineering 

workflows  
• Flexible and can be adapted to similar engineering 

applications 

 
8. LIMITATIONS 
 

• The system is highly dependent on the format and 
structure of input Excel files  

• Any change in column names or file layout may 
cause errors in processing  

• Limited compatibility with non-standard or 
corrupted data formats  

• Requires initial setup and configuration before 
execution  

• The tool operates mainly on Excel-based data and 
lacks direct integration with design software like 
Smart 3D  

• Not fully automated in real-time; works on batch 
processing of data  

• Requires basic knowledge of VBA or system usage 
for troubleshooting  

• Performance may slightly decrease with extremely 
large datasets (very high rows)  

• Error handling is limited for unexpected input 
conditions  

• GUI functionality is basic and may not support 
advanced visualization features  

• The tool is platform-dependent (primarily 
Windows-based environment)  

• Security features such as data encryption and user 
authentication are not included  

• Limited flexibility for customization without 
modifying the source code  

• Does not include built-in backup or recovery 
mechanisms  

• Integration with enterprise systems (ERP/PLM) is 
not available  

 
9. FUTURE SCOPE 
 

• Integration with advanced engineering software 
such as Smart 3D for real-time data 
synchronization  

• Development of cloud-based platforms to enable 
remote access and team collaboration  

• Implementation of artificial intelligence (AI) for 
automatic error detection and smart decision-
making  

• Use of machine learning algorithms to predict data 
inconsistencies and suggest corrections  

• Enhancement of real-time data processing 
capabilities for instant updates and monitoring  

• Expansion of the tool to support other engineering 
domains such as mechanical, electrical, and 
structural engineering  

• Development of a web-based interface for 
improved accessibility across different devices  

• Addition of advanced data visualization tools such 
as dashboards, graphs, and reports  

• Automation of additional engineering tasks such as 
report generation and validation  

• Integration with enterprise systems like ERP and 
PLM for better data management  

• Improvement in user interface design for better 
user experience and usability  

• Implementation of strong security features such as 
data encryption and user authentication  

• Optimization of system performance to handle 
very large datasets efficiently  

• Development of mobile application support for on-
site engineering access  

• Inclusion of automated backup and recovery 
systems for data safety  

• Support for multiple file formats beyond Excel for 
greater flexibility  
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10. CONCLUSION 
 
This study addressed critical challenges in piping 
engineering workflows, particularly those related to data 
inconsistency, manual processing, and complex tagging 
systems commonly encountered in large-scale industrial 
projects. By developing automation tools using VBA and C#, 
the project successfully streamlined the comparison of 
specification identification sheets, identified discrepancies 
in commodity codes, and enabled efficient extraction of 
skipped, modified, added, and deleted components from 
catalogue data. In addition, the implementation of a tag 
streamlining tool significantly improved the readability 
and usability of orthographic diagrams by converting 
complex instrument tags into simplified sequential 
identifiers while maintaining traceability through mapping 
files. The results demonstrated a substantial reduction in 
manual effort, processing time, and human errors, thereby 
enhancing overall workflow efficiency and accuracy. The 
integration of a user-friendly graphical interface further 
improved accessibility and usability, allowing engineers to 
execute complex operations with minimal technical 
expertise. The study highlights the growing importance of 
automation in modern engineering practices, emphasizing 
its role in improving productivity, ensuring data reliability, 
and supporting effective collaboration between design and 
procurement teams. Although certain limitations such as 
dependence on structured input formats and limited 
integration with external systems were identified, the 
proposed solution provides a strong foundation for future 
advancements. Overall, the project confirms that 
automation is a key enabler in digital engineering 
transformation and offers a practical, scalable approach to 
improving piping engineering workflows in industrial 
applications. 
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