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Abstract: The rapid expansion of renewable energy projects such as solar, wind, and biomass in India has been pivotal to
achieving sustainable development goals and reducing carbon emissions. However, amidst this growth, occupational safety and
health (OSH) concerns have received insufficient attention, leading to frequent incidents and safety lapses across sectors. This
study investigates safety compliance levels, incident patterns, and root causes in six operational renewable energy projects,
employing a mixed-methods approach that includes surveys, interviews, site observations, and document analysis. Findings
reveal significant disparities in safety practices among different technologies, with wind projects demonstrating higher
adherence to standards such as 1SO 45001 and OSHA guidelines, while biomass plants lag due to inadequate safety systems and
training. Common issues identified include PPE non-compliance, poor incident reporting, and weak emergency preparedness.
The research underscores the urgent need for strengthening safety management systems, fostering a safety culture, and aligning
practices with national standards like the Indian Electricity Rules and international norms. Implementing targeted
recommendations can significantly reduce workplace incidents, improve safety performance, and support India’s broader energy
transition objectives, ensuring that sustainable development is accompanied by responsible occupational safety practices.
Keywords: Renewable Energy, Safety Compliance, Incident Analysis, Wind Energy, Solar Energy, Safety Management Systems,
ISO 45001, OSHA Guidelines, Safety Culture, Workplace Safety, Risk Assessment, Energy Transition, Sustainable
Development, Renewable Energy, emergency preparedness in renewable projects.

L. INTRODUCTION

The global shift toward renewable energy (RE) sources like solar, wind, and biomass is driven by the urgent need to combat climate
change and achieve sustainable development goals.[1] India, in particular, has set ambitious targets under the National Solar
Mission and Green Energy Corridors, aiming for 500 GW of non-fossil fuel capacity by 2030.[2] While the environmental and
economic benefits of RE are well-recognised, the sector's rapid growth introduces significant occupational safety challenges that are
often overlooked.[3]

Despite the perceived "green™ image of renewable energy, incidents such as falls from height, electrical shocks, and equipment
failures continue to occur, compromising worker safety and project continuity.[4] Existing safety standards, both national and
international, are inconsistently implemented, especially in developing regions and decentralised projects.[5] This research aims to
fill this gap by systematically examining safety compliance, incident patterns, and root causes across diverse RE projects in India,
providing actionable recommendations for stakeholders.[6]

1. BACKGROUND AND LITERATURE REVIEW
The expansion of renewable energy technologies has been accompanied by unique safety challenges.[7] Wind turbines involve
working at heights with rotating machinery, solar projects require working with live electrical circuits, and biomass plants pose fire
and chemical hazards.[8] Prior studies have emphasized the importance of safety management systems, training, and incident
analysis in industrial sectors, but literature specific to the renewable sector remains limited.[9]
Research by Igbal et al. (2010), Sharma (2021), and recent industry reports have identified safety lapses related to PPE non-
compliance, inadequate training, and poor incident reporting.[10] Moreover, technological innovations such as drone inspections
and loT-based monitoring are emerging solutions, but their integration into safety protocols is still nascent. Notably, most existing
studies focus on technical performance rather than safety culture and systemic gaps in the operational environment.[11]
This study builds on these insights by conducting a comprehensive field investigation across multiple RE projects, emphasizing the
human, organizational, and technological factors influencing safety.[12]
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1. RESEARCH METHODOLOGY

A mixed-methods approach was employed, combining quantitative surveys with qualitative interviews and field observations. Six
operational RE projects in India two each from solar, wind, and biomass sectors, served as case studies. Data collection included
structured questionnaires administered to 60 workers and safety personnel, semi-structured interviews with 12 key stakeholders, and
direct site observations using standardized checklists.

Document analysis of safety audit reports, incident logs, and regulatory compliance records supplemented primary data. Purposive
sampling ensured representation across job roles, experience levels, and employment types. Data analysis involved descriptive
statistics, thematic coding, and cross-sectional comparisons to identify compliance levels, incident trends, and root causes.

The key components of the methodology are:

1) Research Type: Applied, field-based

2) Approach: Mixed-methods (quantitative + qualitative)
3) Sampling Technique: Purposive sampling

A. Data Sources
1) Primary Data
Structured questionnaires (n = 60 workers and safety personnel )
0 Semi-structured interviews (n = 12 key stakeholders)
0 Project documentation (EHS Observation Tracker, KPI trends, incident reports, legal register, Audit open Points, Risk
Register)
0 Field Observations

2) Secondary Data
o0 Literature from 1SO 45001, ILO Guideline, IRENA.
0 Academic dissertations from Shodhganga
o0 Internal safety audit reports and inspection records
0 Annual incident logs maintained by site management

B. Tools for Data Analysis
e Frequency distributions and cross-tabulations
e Quantitative data from questionnaires were compiled and analysed in Microsoft Excel
e Percentage analysis to assess compliance levels
e Mean score ranking for Likert-scale responses

V. DATA ANALYSIS AND INTERPRETATION
The collected data from safety audits, incident reports, and compliance assessments across wind, solar, and biomass energy projects
were systematically analyzed to identify patterns and key factors influencing occupational safety. Quantitative data were subjected
to descriptive statistics to determine the frequency and severity of safety incidents, The analysis revealed that higher adherence to
safety management practices, particularly those aligned with ISO 45001 standards, significantly reduced the incidence of workplace
accidents.
Furthermore, the data indicated that gaps in safety training and awareness, especially in regions with evolving regulatory
frameworks like India, contributed to increased risk exposure among workers. Qualitative data from interviews and safety audits
complemented these findings by highlighting organizational culture and management commitment as critical factors influencing
safety outcomes.
Overall, the interpretation of these results underscores the importance of robust safety protocols, continuous training, and effective
regulatory enforcement in advancing occupational safety within the renewable energy sector.
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Figure 4.12 SOP’s Meeting captures the gap between formal procedures and actual practice, as well as the language and training
issues highlighted.

Classification of Incidents by Type

Type of Incident Number of Cases Percentage (%)
Cuts and Abrasions 8 30%
Electric Shock 5 18%
Fall from Height 4 15%
Burns (Thermal/Chemical) 3 11%
Machinery-related Injury 3 11%
Fire Hazard 2 7%
Eye/Respiratory Issues 2 7%
Total 27 100%
Number of Cases
m Cuts and Abrasions m Electric Shock m Fall from Height

m Burns (Thermal/Chemical) m Machinery-related Injury m Fire Hazard

m Eye/Respiratory Issues  m Total

Figure 4.19: Visualize incident types by percentage
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e Interpretation: The data shows that cuts and abrasions are the most common type of incidents (30%), followed by electric
shocks (18%) and falls from height (15%). Burns and machinery-related injuries each account for 11%, while fire hazards and
eye or respiratory issues make up 7% each. This indicates that most incidents are minor to moderate in nature but occur
frequently, highlighting the need for better safety training, proper PPE use, and closer supervision at project sites.

The Interview Insights

S.no.
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HSE (Health, Safety, and Environment) Consultants

Maintenance Head (Wind sector)

Number

MAINTENANCE HEAD (WIND SECTOR)

4

HSE (HEALTH, SAFETY, AND ENVIRONMENT)...

SITE SUPERVISORS

—  SAFETY OFFICERS (ONE FROM EACH SECTOR) m |
I I I [

0 05 1 15

2. 2.5/ NGt

Figure 4.8: The Interview Insights graphs
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o Interpretation: Most of the interviews were conducted with project engineers (4) and safety officers (3), as they play a key role
in implementing safety measures on-site. A few interviews were held with site supervisors (2) and HSE consultants (2) to
understand operational and compliance challenges. One interview was conducted with the maintenance head from the wind
sector, giving specific insights into maintenance-related safety practices.

Root Cause Analysis of Incidents

Root Cause Number of Incidents Percentage
Human Error (Carelessness) 11 41%
Inadequate Training 7 26%
Equipment Failure 4 15%
SOP Non-Compliance 3 11%
Poor Housekeeping 2 7%
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Root Cause Analysis
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Human Error 1%

r

2 4 6 8 10 12

o
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Figure 4.22: Root cause breakdown of incidents.

Interpretation: The data shows that human error is the leading root cause of incidents, accounting for 41% of cases. Inadequate
training follows with 26%, highlighting gaps in skill development and awareness. Equipment failure contributed to 15% of
incidents, while SOP non-compliance and poor housekeeping accounted for 11% and 7% respectively. These findings suggest
that most incidents are preventable through better training, stricter adherence to procedures, and improved workplace discipline.

Worker Participation in Training (by Sector)

S.No. Project Type % Workers Trained in Last
Year
Wind 82%
Solar 65%
Biomass 54%

% Workers Trained in Last Year

90% 82%
80%
70% 65%
60% 54%
50%
40%
30%
20%
10%
0%

Wind Solar Biomass

Figure 4.23: Compare training participation by sector
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Based on the findings, the following key recommendations are proposed:
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2)
3)
4)

5)
6)
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Interpretation: The data shows that wind sector projects have the highest worker participation in training programs, with 82% of
workers trained in the last year. The solar sector follows with 65%, while the biomass sector has the lowest participation at
54%. This indicates that training initiatives are stronger in wind projects, whereas solar and biomass projects need to improve
regular training coverage.

Figure 4.26 Management Interview for the underlying causes of safety gaps and the practical realities of workplace conditions

Interpretation: Figure 4.26 highlights insights from management interviews regarding the root causes of safety gaps at
renewable energy sites. The responses indicate that human factors, inadequate training, inconsistent enforcement of SOPs, and
contractor-related issues are the primary contributors to non-compliance. Managers also emphasized practical challenges such
as time pressure, resource constraints, and site-specific operational complexities that hinder full adherence to safety protocols.
These findings underscore the need for stronger supervision, regular training, and a culture of safety ownership across all levels
of the organization.

V. RECOMMENDATIONS AND CONCLUSION
Recommendations

Structured Training: Implement mandatory, periodic safety training in local languages, including practical demonstrations,
especially targeting contract workers.[13]

PPE Enforcement: Establish strict PPE policies with routine checks, supervision, and positive reinforcement.

Emergency Preparedness: Develop comprehensive ERPs, conduct regular drills, and ensure functional safety infrastructure.[14]
Incident Reporting: Standardize digital reporting tools, foster a non-punitive reporting culture, and analyze near misses for
continuous improvement.[15]

Inclusive Safety Culture: Engage all workers, including subcontractors, in safety planning and decision-making.

Management Commitment: Leaders must exemplify safety priorities, allocate resources, and recognize safe practices.[16]

Conclusion

The growth of India's renewable energy sector offers promising avenues for sustainable development but is impeded by significant
safety challenges.[17] This study highlights critical gaps in safety compliance, incident management, and organizational culture
across solar, wind, and biomass projects.[18] Addressing these gaps requires a holistic approach involving targeted training,
infrastructure upgrades, inclusive safety policies, and strong leadership commitment.

Implementing these recommendations can lead to safer workplaces, reduced incident rates, and enhanced project sustainability,
aligning with national and global energy transition goals.[19] Future research should explore technological innovations and long-
term safety performance to further strengthen the sector's safety framework.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




[2]
(3]
[4]
(5]
[6]

[7]
(8]

[9]
[10]

[11]

[12]
[13]
[14]
[15]
[16]

[17]

[18]
[19]

International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue X Oct 2025- Available at www.ijraset.com

REFERENCES
Kumar, S., & Rathore, K. (2023). Renewable energy for sustainable development goal of clean and affordable energy. International Journal of Materials
Manufacturing and Sustainable Technologies, 2(1), 1-15.
Srikanth, R. (2018). India's sustainable development goals—Glide path for India's power sector. Energy policy, 123, 325-336.
Ahluwalia, M. S. (2011). Prospects and policy challenges in the twelfth plan. Economic and Political weekly, 88-105.
Meacham, B., & McNamee, M. (2020). Fire safety challenges of ‘green’buildings and attributes. Research Foundation Report.
Mahalingam, A., & Levitt, R. E. (2007). Safety issues on global projects. Journal of construction engineering and management, 133(7), 506-516.
Rauscher, K. (2024). Successful Strategies Government Executive Stakeholders Use to Mitigate Higher Project Costs and User Adoption Failure
Rates (Doctoral dissertation, Walden University).
Saleh, H. M., & Hassan, A. I. (2024). The challenges of sustainable energy transition: A focus on renewable energy. Applied Chemical Engineering, 7(2), 2084.
You, F., Shaik, S., Rokonuzzaman, M., Rahman, K. S., & Tan, W. S. (2023). Fire risk assessments and fire protection measures for wind turbines: A
review. Heliyon, 9(9).
Nawaz, W., Linke, P., & Kog, M. (2019). Safety and sustainability nexus: A review and appraisal. Journal of Cleaner Production, 216, 74-87.
(Ighal, S. A, Igbal, M., Taufig, M. Z., & Ahmed, M. S. (2010). Identification of occupational injury among the workers of selected cement industries in
Bangladesh-a case study. Journal of chemical engineering, 22-28.)
Banafaa, M. K., Pepeoglu, O., Shayea, 1., Alhammadi, A., Shamsan, Z. A., Razaz, M. A., ... & Al-Sowayan, S. (2024). A comprehensive survey on 5G-and-
beyond networks with UAVs: Applications, emerging technologies, regulatory aspects, research trends and challenges. IEEE access, 12, 7786-7826.
Borhani, A. S. (2016). Individual and organizational factors influencing technology adoption for construction safety (Doctoral dissertation).
Denisova, M. (2017). Improving Safety through Developing Training Programmes in Safe Working Practices.
Alvarez, M. D. (2006). Emergency preparedness and response systems.
Ghonaim, S. (2020). Safety culture, enhancing shipping safety through better near miss reporting.
Pilbeam, C., Doherty, N., Davidson, R., & Denyer, D. (2016). Safety leadership practices for organizational safety compliance: Developing a research agenda
from a review of the literature. Safety science, 86, 110-121.
Majid, M. (2020). Renewable energy for sustainable development in India: current status, future prospects, challenges, employment, and investment
opportunities. Energy, Sustainability and Society, 10(1), 1-36.
Eleiwi, M. A., & Habeeb, L. J. Strategic Engineering Management for Renewable Energy Projects: Trends, Challenges, and Future Outlook.
Basiru, J. O., Ejiofor, C. L., Onukwulu, E. C., & Attah, R. U. (2023). Corporate health and safety protocols: A conceptual model for ensuring sustainability in
global operations. Iconic Research and Engineering Journals, 6(8), 324-343.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




