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Abstract— This study investigates the 
optimal tilt angle for fixed-tilt solar 
photovoltaic (PV) systems and identifies a 
suitable site for solar farm development at 
Universiti Sains Islam Malaysia (USIM) in 
Nilai, Negeri Sembilan, Malaysia. 
Experimental data were collected from 
Terco PST2291 solar modules positioned at 
various tilt angles of 5°, 10°, 20°, 30°, 40°, 
and 50°, and supplemented with PVsyst 
software simulations. The results indicate 
that a 5° tilt angle maximizes energy yield 
under local climatic conditions. A site 
suitability analysis was conducted to 
determine the best location for a solar farm 
within the USIM campus. Five potential sites 
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Abstract— Human Factors Engineering 
(HFE) is an interdisciplinary field that studies 
the interactions between humans, their 
tasks, and the broader organizational 
systems. Its goal is to improve both human 
performance and system efficiency. In the 
Front-End Engineering Design (FEED) 
phase, a critical challenge lies in designing 
and positioning key components like valves 
to ensure their functionality and ease of 
maintenance. Poor valve design and 
placement can result in safety hazards, 
inefficiencies, and increased operational 
risks. To address this issue, this paper 
explores the integration of Valve Criticality 
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Engineering, 
Valve Criticality.  

Analysis (VCA) within the HFE framework 
during the FEED stage. The approach 
involves classifying valves according to their 
criticality, evaluating their operational roles, 
and assessing the potential consequences 
of valve failures. This classification aids in 
making informed decisions about optimal 
valve design and placement. Findings from 
applying VCA during the FEED stage 
indicate that categorizing valves by their 
criticality enhances the identification of high-
risk components, improves operational 
safety, and reduces human factor-related 
risks when introduced early in the design 
phase. This work presents a novel 
methodology that strengthens safety and 
operational effectiveness while offering a 
template for future projects. 

I. Introduction 
Human Factors Engineering 

(HFE) plays a vital role in 
improving workers’ safety, 
efficiency, and welfare in high-
risk industries, particularly in 
Oil and Gas (O&G). Even minor 
mistakes can lead to operational 
inefficiencies, unsafe working 
conditions, and catastrophic 
outcomes in such environments. 
Human error from poor 
decision-making to 
communication breakdowns and 
cognitive limitations is a leading 

cause of accidents. HFE aims to 
reduce these risks by optimizing 
system performance with human 
capabilities, ultimately 
preventing incidents and 
improving operational 
efficiency. 

Recent reviews of HFE in the 
O&G industry show that while 
significant strides have been 
made, there are still gaps in 
understanding and addressing 
human performance challenges, 
particularly in the context of the 
evolving digital landscape of 
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Industry 4.0. New technologies 
are reshaping the way humans 
interact with machines, leading 
to the rise of Operator 4.0 and 
the increasing integration of 
automation. However, as 
Industry 4.0 is still in its early 
stages, research on human work 
in this context is sparse. 
Although several studies have 
focused on specific aspects, such 
as offshore drilling, a holistic 
approach to HFE that covers 
broader O&G operations is still 
underdeveloped. 

 
II. Methodology 

Valve Criticality Analysis 
(VCA) should be conducted in a 
workshop format led by a 
qualified HFE specialist, usually 
from an external consultancy. 
Before the workshop, valves 
should be pre-identified through 
Piping and Instrumentation 
Diagrams (P&IDs) and 
categorized based on pre-
determined criteria. During the 
workshop, feedback from the 
team will help verify the 
classifications, which will then 
be marked on the P&IDs with 
corresponding identification 

codes and colors as described in 
Table 1. The criteria used to 
evaluate the valves include their 
importance in process control, 
their role in ensuring safety and 
operational reliability, and the 
frequency with which the valve 
is accessed for operation or 
maintenance. 

Additionally, five questions 
should guide the classification 
process: 
1. Is the valve critical for 

process control? 
2. Is it crucial for safety? 
3. Is it prone to frequent failure? 
4. Would difficulty in accessing 

the valve cause significant 
issues? 

5. How often is the valve 
operated (e.g., more than 
once every six months)? 

 
III. Results 

A sample VCA workshop 
findings worksheet for the 
SIPROD Preparation stage is 
shown in Table 2. The 
methodology for VCA is 
summarized in Figure 1. Table 3 
summarizes the valve’s 
criticality classification for 
SIPROD Platforms.

Table 1: Valve Category and Description 
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Table 2: Sample of VCA findings worksheet 

 
 

 
Figure 1: VCA Process Flow 

Table 3: Number of C-1, C-2 and C-3 valves for SIPROD Platforms 
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A. Design Requirements for 

the Selection, Location, 
and Orientation of Valve 
Operators and Actuators 

The space between the 
handwheel/valve stem and 
surrounding obstacles for easy 
valve operation should meet 
specific distance requirements. 
As shown in Figure 2, a 
minimum clearance of 75 mm 

is necessary between the outer 
edge of the valve handwheel 
and any obstacle within its 
range of motion. For 
maintenance, the distance 
between valve flanges and 
obstructions must be at least 
the bolt length plus 25 mm to 
allow the use of tools and 
proper torque application.  
kkkk

 
Figure 2: Mounting height operated valves with horizontal stems. 



ISSN: 2180-3811         Vol. 16     No. 1    January - June 2025

Journal of Engineering and Technology 

42

Journal of Engineering and Technology 

6 
ISSN: 2180-3811 Vol. XX No. X 

 

 
Figure 3: Minimum and maximum lateral reach distances required for handwheel-
operated level instruments, gauge nozzles, or valves mounted on the side of a vessel 

 
Additionally, when standing 
space is required for 
maintenance, as shown in 
Figure 3, a minimum clearance 
of 460 mm is necessary 
between a flange and 
surrounding structures such as 
walls or guardrails. 
 
IV. Conclusion 

The application of VCA 
during the FEED stage proves 
that classifying valves based on 
their criticality leads to better 
identification of high-risk 
components, enhances 
operational efficiency, and 
ensures safer designs by 
reducing human factor-related 
risks. Proper valve placement 
ensures that operators have 
easy access for operation, 
inspection, and maintenance, 

preventing the need for unsafe 
workarounds. Furthermore, the 
integration of Valve Criticality 
Analysis contributes to 
workforce safety by 
considering operators’ physical 
capabilities when designing 
valves. Implementing 
proactive safety management 
systems that continuously 
monitor human factors risks, 
combined with predictive 
analytics, can help prevent 
safety incidents and improve 
overall project success. 
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