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A B S T R A C T   

The problems of foreign dependency in energy and the orientation towards national/international environmental 
policies encourage investments in renewable energy systems. In renewable energy systems (RES), photovoltaic 
(PV) systems based on solar energy are increasing every year. This situation reveals the need for qualified em
ployees whose working area is photovoltaic systems. This study has conducted a literature search on occupa
tional health and safety (OHS) issues in PV power systems. At the same time, field studies and expert interviews 
were conducted to examine the OHS practices and training received in the work areas. In this direction, the 
importance of OHS requirements and training for OHS success in PV power systems has been emphasized. The 
importance of training has been expressed to increase OHS’s performance and success in the PV power system 
fields. In this study, sample gamification scenarios were created for two different activities in working at height 
during the installation of the PV. Algorithms have been developed for improving VR/AR applications in OHS 
training with the sample gamification scenarios created and to support the dissemination of these training ap
plications. In this way, it is aimed to explain the necessary information for VR/AR technologies at an academic 
level and to contribute to content developers, researchers, relevant institutions and organizations from a sus
tainability perspective.   

1. Introduction 

In the world, especially in the fight against global warming and 
climate change, the orientation to clean energy sources and conse
quently to renewable energy sources (RES) is inevitable. At this point, 
research has shown the worldwide tendency toward PV systems will 
increase, and PV systems will create a wide employment area for the 
renewable energy sector (European Commission, 2019). The trend to
wards PV systems causes an increase the need and employment of 
qualified workers in this field. According to the International Renewable 
Energy Agency IRENA, 2019, renewable energy and employment report, 
the number of people working in the renewable energy sector is ex
pected to exceed 20 million by 2030 (IRENA, 2019). That’s why, sus
tainability and safety in PV systems, which are becoming widespread 
day by day, is ensured by effective OHS management applied in work 

areas and healthy, high-awareness and qualified employees. 
Occupational health and safety have a key role in minimizing any 

damage, accident/loss and similar situations in PV power systems and 
ensuring the deploy of qualified personnel. Duroha and Macht (2021), 
through their literature review, stated that there are no specific accident 
reports for PV installers and installation (Duroha and Macht, 2021). 
Also, attention was drawn to the scarcity of studies investigating acci
dents in the PV industry and their causes. In addition, it is emphasized 
the dangers of working at height, electricity, thermal stress, and manual 
handling. Infrastructure Health and Safety Association (IHSA) (2018), it 
has been stated that there are risks such as falling from a height and 
electrical accidents in PV power systems. It has been determined that 
working at height and working with electricity are among the causes of 
injury (Infrastructure Health and Safety Association, 2018), and these 
hazards can be reduced with the appropriate trainings to be given to the 
employees. The New South Wales (NSW) in Australia government has 
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produced guidance on OHS hazards and risks in PV installation work 
(NSW, 2021) (The New South Wales (NSW) in Australia, 2021a). In this 
guide, it has been pointed out that employees face the risks of death and 
injury. In this respect, it stated that training is necessary in order to 
protect employees in the PV industry from OHS hazards and risks. In the 
guide, it is included contents for training and OHS subjects in PV sys
tems, detailed information about OHS training. The importance of 
planning, roof access methods, fall prevention systems, safe working 
management, electrical risks, and manual handling in PV installations 
were emphasized. In the prepared guide, about the problems encoun
tered in providing OHS efficiency in PV study areas; attention was drawn 
to the lack of knowledge, training and supervision. The government has 
prepared a checklist for identifying hazards and risks, ensuring safety 
management and implementing control list in the areas of PV power 
systems (NSW, 2020) (The New South Wales (NSW) in Australia, 
2021b). Ramali et al. (2022) drew attention to the risk of fire in PV 
power systems and work areas in the article and stated that academic 
studies on fire safety were insufficient. Accordingly, it is determined that 
only 20 of the 264 academic studies reviewed were “closely related” to 
the fire risk in PV systems. It has been shown that only 3 of these studies 
directly focus on fire safety in PV systems (Ramali et al., 2022a). Yusri 
(2018) has identified and evaluated the existing/possible hazards during 
the installation processes of PV systems. In this context, working at 
height, use of lifting equipment, electricity, welding work, thermal stress 
and waste management were emphasized. The importance of providing 
appropriate trainings and the results of risk assessments in order to 
combat dangers and risks are emphasized. Interviews were conducted 
with two executives who are experts in their fields and involved in OHS 
studies. In the interviews, it was concluded that there is a need for 
special regulations for OHS conditions in PV power system sites and that 
they especially encounter electrical accidents (Yusri, 2018). Occupa
tional Safety and Health Administration (OSHA) has published guidance 
on the hazards, risks, work to be done, and requirements that must be 
met for PV systems. In this guide, all processes from PV production to 
waste management are included in the assessment. In the prepared 
guide, a basic checklist has been created on chemicals, ergonomics, 
manual handling, working at height, electricity, fire, waste, etc. (OSHA 
and European Agency for Safety and Health at Work, 2013). 

In terms of OHS, especially when the data on occupational accidents 
are examined, it is seen that human errors and unsafe behaviors are the 
basis of the accidents. This situation shows the importance of trained 
employees, awareness of safety culture, and the precautions to take in 
work environments. Many personal and occupational factors, such as 
age, gender, education level, occupational status, or lifestyle, have been 
associated with the risk of a fatal occupational injury (Mirabelli et al., 
2003; Richardson et al., 2004; Villanueva and Garcia, 2010). Kaplan and 

Çallı (2019) examined the relationship between demographic charac
teristics of employees with work-related accidents in Turkiye between 
2007 and 2011 examined the relationship in the study (age, gender, and 
education). The study determined that the higher the education level, 
the lower the accident rate (Kaplan and Çallı Kaplan, 2019). Saleh and 
Pendley have provided a training model to understand system safety and 
reliability in engineering education. They have found that it is possible 
to understand the causes of multidisciplinary accidents, identify system 
errors, and what needs to be done to correct them with proper occu
pational safety training (Saleh and Pendley, 2012). 

Cerev and Yıldırım (2018) state that basic education and vocational 
training are effective on occupational accidents and diseases, and edu
cation is an important factor in combating work accidents and occupa
tional diseases. Also, they reveal the analysis that as the education level 
of the employees’ increases, the probability of encountering a work 
accident decreases. In this context, they stated that the main factor in 
providing a safe work environment to the employee regarding occupa
tional health and safety is the culture of occupational health and safety. 
For this reason, it has been emphasized that the education system should 
transfer safety awareness to individuals from an early age (Cerev and 
Yıldırım, 2018). Li and Zhu (2021), with the 64 articles they reached as a 
result of the literature research, showed that the trainings using VR/AR 
technologies had a positive effect on safety management and rescue 
efforts on challenging issues such as emergency management. The 
findings have emphasized the success of VR/AR technologies in safety 
training. In this direction, the trainings carried out with VR/AR tech
nologies increase the cooperation by making a positive impact on the 
safety culture and awareness of the employees (Zhu and Li, 2020). 
Santamaria-Bonfil et al. (2020) used VR technology especially in the 
safety training of personnel working on live-line to prevent accidents in 
electrical work. As a result, it was determined that 1399 trainees, who 
participated in 329 different trainings between 2008 and 2016, 
increased their knowledge and skill levels and their success in safety 
training (Santamaria-Bonfil et al., 2020). Rey- Becerra et al. (2021), 
drew attention to the low use of VR technologies in work at height 
training. In this context, 21 directly related articles from 658 related 
studies between the years 2010–2021 were evaluated. As a result, it was 
stated that VR trainings have a positive effect for high-risk jobs such as 
working at height. However, it has been determined that researches 
should be increased and applications should be developed in order to 
increase the effectiveness of safety training in working at height (Rey-
Becerra et al., 2021). Research has revealed the importance of education 
in preventing occupational accidents and losses that may occur due to 
these accidents. The variability of factors such as workload, age, expe
rience level in the studies carried out for the prevention of accidents 
affect the success of OHS training and increase its importance (Zhao and 
Lucas, 2015). 

Today, despite developments in sustainability and combating 
climate change, common policies for healthy and safe working condi
tions are not adopted. Therefore, policies on OHS issues in renewable 
energy technologies are not widely implemented, as are investments and 
incentives. However, adopting new technologies without analyzing 
possible results and ignoring the relationship between sustainability and 
safety can lead to more hazards consequences (Nawaz et al., 2019). 
Even, the carbon emissions of PV systems in supply and transportation 
are also a matter of human health and environment (Guo et al., 2019). 
On the other hand, the International Labor Organization (ILO) empha
sized the importance of OHS studies in the renewable energy sector. In 
this respect, it has been pointed out that the definition of “green jobs” 
which includes the renewable energy sector, does not mean “safe work”. 
However, it has been stated that employees may be harmed due to 
dangers and risks if special studies are not carried out on the systems. In 
green jobs, the integration of OHS practices, OHS experience and 
training have great importance. In this way, increasing the awareness of 
employees against hazards and risks according to changing conditions, 
developing technologies, working areas and conditions contributes to 

Abbreviations 

AR Augmented Reality 
CNVVF Italian National Fire Rescue and Service 
GS Gamification Scenario 
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IRENA International Renewable Energy Agency 
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OHS Occupational Health and Safety 
OSHA Occupational Safety and Health Administration 
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RES Renewable Energy Systems 
SDGs Sustainable Development Goals 
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achieving the goal of “decent work” (Valenti et al., 2016). In this di
rection, support and projects are needed for vocational training in PV 
power systems supported by investments and incentives. Increasing in
vestments in vocational and technical training and sustainable processes 
will contribute to the reduction of occupational accidents (Monteiro 
et al., 2017). It emphasizes the impact of the benefits of PV systems over 
traditional energy systems on sustainability. However, it draws atten
tion to the need for an impact assessment in terms of environment and 
people, and that a full determination of this impact can also resolve 
concerns regarding PV power systems (Philips J, 2013). 

This study specifically focuses on OHS issues in solar energy-based 
PV power systems, one of the renewable energy sources that 
contribute to goals such as “Accessible and Clean Energy”, “Climate 
Action”, “Sustainable Cities and Communities”. In this context, in 
addition, it aims to contribute to the goals of “Health and Well-being”, 
“Quality Education”, “Decent Work and Economic Growth” by evalu
ating OHS issues with a sustainability perspective. In this study, which is 
specific to PV power systems, the necessity of incentives for innovative 
training methods such as VR/AR technologies supported by gamification 
scenarios and the importance of sector-specific solutions in terms of OHS 
are emphasized. 

In this study, hazards and risks for working areas and conditions in 
PV power systems are determined. For this purpose, especially between 
the years 2012–2022, articles related to OHS in direct PV systems, 
related or supportive articles were examined. Observations were made 
at different PV sites. The training needs of employees involved in 
different processes such as PV power systems installation, testing and 
commissioning, operation, maintenance and repair were investigated. 
Interviews were conducted during the field studies. In this direction, 
interviews were held not only with OHS professionals, but also with 
stakeholders of the PV power system sector with different re
sponsibilities (manager, technician, engineer, project consultant, PV 
installation company, PV maintenance and repair company). Today, 
studies that increase immersion in education by supporting with gami
fication scenarios have been examined. The contribution of VR/AR 
technologies in education has been investigated. In the literature, the 
importance of gamification scenarios and VR/AR applications in terms 
of training activities on OHS and related subjects, which are developed 
for the purpose of increasing the knowledge and awareness of the par
ticipants, such as safety training, and to prevent loss and damage, and 
expressed as “serious games”, have been examined. After all; With the 
obtained information, evaluations and experiences, sample gamification 
scenarios for hazards and risks were created. Algorithms, which are the 
basis of VR/AR applications, have been created to support academic 
studies, to guide content developers, to encourage innovative training 
methods in OHS and vocational training. In this way, by training em
ployees with high OHS awareness in PV power system fields; It is aimed 
to contribute to sustainable business environments that support a pro
active perspective on issues such as healthy and safe working environ
ments, healthy individuals, and environmental safety. Attention was 
drawn to the importance of OHS management for the type of renewable 
energy source used. In this study, the basic algorithms required for the 
development of VR/AR training applications in PV power systems were 
created with the gamification scenarios prepared for “working at 
height”, which is one of the most important hazards encountered in PV 
power systems. In this way, the algorithm flow for VR/AR training, 
which is lacking in academic studies, is presented. 

2. Material and method 

This study investigates the current status of OHS legal regulations 
that need harmonization for future “green jobs” professions, especially 
PV power systems. Fig. 1 shows the main stages of the workflow plan 
implemented in this study. 

2.1. Literature review 

The academic literature was reviewed between the years 2012–2022 
in order to show the place and importance of this study and especially to 
consider the studies on OHS in PV systems. At the same time, in
vestigations were made on the relevant/closely related activities of na
tional/international organizations. In Fig. 2, the keywords and main 
titles used during the literature studies are shown. 

2.2. Field observations 

The installation areas of PV power systems differ (see Fig. 3). For this 
reason, working environments and conditions are also changing. In this 
study, field observations were made in order to understand the activities 
carried out by the working personnel. During the field observations, 
different activities such as maintenance, repair, cleaning and assembly 
were followed in addition to the routine works. As a result, common and 
different points have been determined in terms of OHS studies carried 
out in the study areas. 

Interviews were held in order to understand the OHS hazards and 
risks in PV power systems and to examine the situation in the field from 
the perspective of the stakeholders of the PV industry. In this direction, 
field work was carried out on different PV power systems in Turkiye that 
produce less than 1 MW. In field works; OHS consultants, OHS man
agers, solar energy systems project consultants and maintenance/repair 
technicians were interviewed. In the interviews, information was ob
tained about the overview of OHS problems in PV systems, assessment, 
activities and difficulties experienced. The interviews were carried out 
in the form of interviews and the answers were taken in written form 
with an interview form. In this context, the contribution of VR/AR ap
plications to OHS effectiveness has been examined, considering the 
hazards and risks of employee groups operating in PV power systems. 

2.3. Training studies: VR/AR 

Countries have legal regulations covering the rules regarding voca
tional training and OHS training of employees. These regulations 
determine the basic framework such as training subjects and duration. 
For this reason, legal regulations regarding training and investments in 
training vary. In addition, there are no legal regulations supporting 
innovative approaches to education methods. This situation makes ed
ucation investments a subject at the initiative of institutions. 

In OHS trainings, there are main arrangements related to classroom 
training. In the training of PV system employee, core technical infor
mation is given in the classrooms or fields of vocational qualification 
institutions. There are costs such as the duration of the training and the 
equipment needed in the classroom or in areas such as workshops and 
laboratories. At this point, VR/AR applications that allow it to be 
applied at almost any point with time, space and ease of application 
provide an advantage. VR/AR applications allow employees to get to 
know and experience their workplace before entering the field. 

In this study, the basic steps to be taken into account in order to 

Fig. 1. Material and method flow plan.  
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create a training model that will support OHS and vocational training 
have been determined in line with the hazards and risks identified on the 
facade type system, land application and the roof integrated PV system, 
which is becoming widespread today. As a result, basic algorithms 
covering training requirements and limits for content developers were 
created. 

3. Results and discussion 

3.1. Literature overview 

Towards keywords that may be related to the subject of this study, 
the literature researches between the years 2012–2022 are grouped 
under four main headings:  

➢ Solar and/or PV systems and OHS,  
➢ Training requirements in OHS,  
➢ OHS training and sustainability,  
➢ The effectiveness/importance of VR/AR training. 

The articles that cover the subjects that form the focus and basis of 
this study have been selected. Among these articles, articles that directly 
emphasize the dangers and risks in terms of OHS in PV systems, the 
training of employees, the importance of innovative training methods in 
OHS issues and a sustainability perspective have been evaluated. As a 
result, a detailed table of 12 articles was prepared and a general 
framework was drawn. Among the available sources, studies that are 
directly related to this study are given in the Table 1. 

3.2. Evaluation of field observations 

In field observations, it was seen that PV systems should be evaluated 
gradually in terms of OHS issues. According to the activities, these stages 
are; installation works (including pre-installation), testing and 
commissioning, maintenance-repair activities, and cleaning activities. 
In addition, at every stage, employees may face encounter dangerous 
behaviors during their activities. 

During the field studies, 2 project advisors (medium and large scale), 
1 PV installation company employee, 1 PV maintenance and repair 

company employee, 5 OHS advisors, 1 electrical technician were 
interviewed. 

Interview questions: 
Question 1: What are the prominent issues regarding hazards and 

risks in the PV industry? 
Question 2: What are the challenges faced in OHS activities in PV 

power system sites? 
Question 3: What are the causes of the most common accident/ 

injury/loss etc. results in the fields of PV power systems? 
Question 4: Are vocational and OHS trainings sufficient for groups 

working in PV power system fields? 
During and after field observations, the questions used in the in

terviews with employees in different fields of expertise in PV power 
systems and the findings obtained as a result of these questions are 
shown in Table 2 . According to the results of the interviews conducted 
with a total of 10 experienced people who have different roles in PV 
power systems but work/should work in cooperation in the relevant 
processes (seeTable 2). 

As a result of the interviews, the risk factors accepted by at least 2 of 
the total employees in different employee groups and in responsibility 
are given in Table 3. Despite the fact that employees have different 
knowledge, duties and responsibilities, the fact that they have de
terminations in terms of OHS and have the same opinion on at least one 
point draws attention to the importance of cooperation and exchange of 
views in the same work area. 

At the end of the interviews, the prominent causes of problems, 
losses, or accidents in terms of OHS can be listed like:  

➢ Lack of training  
➢ Necessity of applied training  
➢ Differences of employee groups  
➢ Changing working conditions and working areas 

As a result of the interviews, the prominent problems seen in the 
work areas in terms of OHS are:  

➢ Use of insufficient/incorrect PPE  
➢ Vehicle traffic in the field  
➢ Failure to act in accordance with instructions 

Fig. 2. The academic literature research topics and keywords.  

Fig. 3. Systems where observation and/or interviews are made.  
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Table 1 
Examples of related articles obtained from literature research.  

Classification Title Authors Subject Year 

Solar/PV&OHS  1) The photovoltaic industry on the path to a 
sustainable future- environmental and occupational 
health issues  

1) Bakhiyi et al.  1) Physical and chemical risks have been identified as a 
result of research on OHS issues in PV systems. In 
addition to physical hazards such as traffic accidents, 
working at height, fire and electrical hazards, attention 
was drawn to issues such as waste management and 
chemicals. (Bakhiyi et al., 2014) 

2014  

2) Hazard Identification and Evaluation in Solar 
Photovoltaic Installation Process of a selected 
energy solution provider company  

2) Yusri  2) As a result of field studies, research and interviews on 
OHS issues in PV systems, an evaluation was made with a 
holistic perspective. After all, hazards and risks are 
explained when working at height, with electricity and 
waste management, etc. (Yusri, 2018) 

2018  

3) Occupational Safety and Health in Solar Home 
Systems (SHS) by Brazilian Standards  

3) Castañon et al.  3) Hazards to employees and users in terms of OHS in SHSs 
have been investigated. Examples of causes of hazards 
and risks are given. In this context, the importance of 
OHS for the health and well-being of all stakeholders, 
such as employees, users and businesses, was emphasized 
as a result of research conducted specifically for SHS 
(Castañon et al., 2019). 

2019  

4) Solar Installations & Their Occupational Risks  4) Duroha and 
Macht  

4) Duroha and Macht, pointed out that occupational 
accidents for PV installers and installers were not 
reported. Expressing that there are hazards and risks in 
the PV installation stages and the absence of industry- 
specific accident reports makes it difficult to understand 
the causes of occupational accidents, they investigates 
the causes of accidents (Duroha and Macht, 2021). 

2021  

5) Development of fire safety best practices for 
rooftops grid-connectedphotovoltaic (PV) systems 
installation using systematic review methodology  

5) Ong et al.  5) The causes of fires in PV systems and the things to be 
considered for the prevention of fires are emphasized. He 
especially drew attention to fires caused by connection 
errors that may occur during the installation of the 
system and electrical hazards that may occur during or 
after the installation of the system. As a result of the 
research, a checklist has been prepared for the 
prevention of fires in PV systems (Mohd Nizam Ong et al., 
2022). 

2022 

Training requirement in 
OHS and PV power 
systems  

1) Brazil Market Outlook for Photovoltaic Solar 
Energy: A Survey Study  

1) Monteiro et al.  1) While supporting the encouragement of investments in 
PV systems, it emphasizes the need for incentives and 
projects for vocational training. In this study, points out 
that occupational accidents can be reduced by investing 
in technical training and sustainable processes. (in the 
Brazil) (Monteiro et al., 2017) 

2017 

OHS/OHS training and 
sustainability  

1) Towards a greener labour market: occupational 
health and safety implications  

1) Valenti et al.  1) It draws attention to the importance of integration with 
OHS practices, OHS experiences, knowledge and training 
against new hazards and risks for those working in green 
jobs. They states that training is necessary in order to 
increase the OHS awareness of the employees and in this 
way, it will contribute to the target of “Decent Work”. 
(Valenti et al., 2016) 

2016  

2) Emerging OSH Issues in Installation and 
Maintenance of Floating Solar Photovoltaic Projects 
and Their Link with Sustainable Development Goals  

2) Sen et al.  2) In this article, OHS issues in floating solar photovoltaic 
energy (FSPV) systems are highlighted and sustainability 
perspective is added. It has been emphasized that the 
sustainability of an industry/sector can be achieved with 
a healthy and safe workforce. OHS is a prerequisite for 
achieving Goal 3 “Health and well-being” and Goal 8 
“Decent Work”, which are among the SDGs (Sen et al., 
2021), 

2021 

The effectiveness/ 
importance of VR/AR 
trainings in the OHS  

1) Educational Application of Virtual Reality in Safety 
Training  

1) Cavalcanti 
et al.  

1) It is stated that the current training methods in safety 
trainings of employees are lacking and the success in VR 
trainings and safety trainings will increase. (Cavalcanti 
et al., 2017) 

2017  

2) The Enhancement of OSH Training with an 
Augmented Reality-Based App  

2) Kamal A.A. 
et al.  

2) Along with the developments in training, it has been 
stated that new methods and technologies should be 
applied in OHS trainings. Kamal et al., emphasized that 
with AR technology and gamification methods, the 
success of employees in OHS training and safety 
management have increased. (Kamal et al., 2021) 

2021  

3) Learning analytics for student modeling in virtual 
reality training systems: Lineworkers case  

3) Santamaría- 
Bonfil et al.  

3) Santamaría-Bonfil et al., points out that the success of the 
students who will/can take part in high-risk jobs such as 
live line maintenance activities will increase with VR 
technologies and the losses due to human error will 
decrease. (Santamaria-Bonfil et al., 2020) 

2021  

4) The effectiveness of virtual safety training in work 
at heights: A literature review  

4) Rey-Bacerra 
et al.  

4) Rey-Bacerra et al. emphasized that there is a need for 
new methods and measurement evaluation methods in 
safety training. In this context, attention was drawn to 
VR technologies, which is a risk-free and immersive 
training method, especially in dangerous activities such 
as working at height. However, it was emphasized that 
the literature and studies should be improved in this 
context. (Rey-Becerra et al., 2021) 

2021  
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Table 2 
All the answers received in the interviews.   

Project advisors Installation company 
employee 

Maintenance and repair company employee OHS advisors Electrical Technician 

Q1 Electrical connection faults, 
vehicle traffic in the field 
(forklift, manlift etc.), 
working at height 

Electrical works, working at 
height, manual handling, 
thermal comfort conditions, 
ergonomic 

Electrical works, not using LOTO (lock out tag 
out), working at height, manual handling, 
working with hand tools, welding, thermal 
comfort conditions, ergonomic, waste 
management 

Electrical works, working at height, manual handling, 
vehicle traffic in the field (forklift, manlift etc.), welding, 
working with hand tools, thermal comfort conditions, 
ergonomic, incorrect/missing PPE use, waste 
management, fire 

Electrical connection faults, vehicle traffic in the 
field (forklift, manlift etc.) working at height, 
working with hand tools, thermal comfort, not 
using LOTO, ergonomic 

Q 2 Lack of adequate work, 
regulation and cooperation 
on OHS 

Coordination problem when 
different employee groups 
work together 

- Coordination problem when different 
employee groups work together 
- Lack of adequate work on OHS 

- Coordination problem when different employee groups 
work together 
- Differences in knowledge/experience/demographic 
structure of employee groups 
- Lack/incompatibility/non-standardization of legal 
regulations on OHS in PV systems 
- Lack of adequate work, regulation and cooperation on 
OHS 
- Lack of education 
- Failure to act in accordance with the instructions on the 
field 

- Lack of adequate work on OHS 
- Lack of education 
- Coordination problem when different employee 
groups work together 

Q3 - Lack of adequate work on 
OHS 

- Lack of adequate work on 
OHS 
-Lack of adequate work on 
OHS training 

- Lack of adequate work on OHS 
-Lack of adequate work on OHS training 
-Changing technique, technology and working 
fields 

- Employees not acting in accordance with instructions, 
employers not investing enough time or time in training 
etc., insufficient vocational training, not using LOTO 
- Changing technique, technology and working fields 
- Working with a traditional perspective widely in the 
work areas 

- Coordination problem when different employee 
groups work together 
- Changing technique, technology and working 
fields 

Q4 I have no direct knowledge 
of the contents of OHS and 
vocational training. 

The trainings are not given 
according to the PV power 
system working areas and 
changing conditions. 

Vocational trainings and OHS trainings are 
generally taken. However, applied and special 
training on OHS issues specifically in PV 
power systems is not provided. 

- The trainings are given theoretically in many projects. 
- No vocational training requirement for direct PV power 
systems is expected. For this reason, it is considered 
sufficient for the employees to have training according to 
the activity they will perform (electricity, welding, etc.). 
- OHS issues are included in vocational trainings and OHS 
information is monitored in exams. However, a training 
method in which real and changing workplaces or 
conditions are experienced is not used. 

I think that applied and more interesting training 
is necessary in both OHS and vocational training. 
It is not always possible to adapt to what needs to 
be considered in real and changing workspaces.  
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3.3. Establishment of training models 

To increase the level of perception in education, it is important to 
benefit from the sense organs at a high level, develop and use new 
techniques and technologies, adopt the philosophy of lifelong education, 
and increase participation. At the same time, it is necessary to choose 
applicable, configurable training methods according to the needs. 

In this study, an educational infrastructure suitable for VR/AR 
technology is presented, which starts with the selection and use of PPE, 
one of the OHS training subjects. However, in the success of the train
ings, informing the participants before the training is as important as the 
correct design of the training requirements and algorithms. In this 
context, the basic issues that should be informed to the employees before 
entering the VR/AR application are given in Fig. 4. 

OHS measures in PV systems and specific solutions in the literature 
and legal regulations are quite insufficient. This study evaluated the 
information obtained from literature research and field observations. 
With the information obtained, the necessary workflow has been 
composed for creating VR/AR training that will support both vocational 
and OHS training. 

For proper training, it is very important to recognize the work area, 
determine the needs, the opinions of the employees, field observations, 
the data obtained and analyze the hazards and risks correctly. On the 
other hand, choosing the right employee for the job is necessary for 
measuring the vocational training qualifications, and correctly 
expressing the expected educational outcomes. Especially, it is essential 
to decide on the training outcomes to identify the mistakes that can be 
made and the desired correct behaviors before implementing the 
training. 

In Table 4, some of the basic behaviors expected from the participant 
in order to evaluate the results and training success in an OHS training 
specific to PV power systems are given. 

The examples of activities in Table 4, in particular, include a basic 
flow that can be used jointly during installation, connection works, post- 
installation maintenance-repair, and cleaning. 

One of the hazards common to PV system worksites for roof, façade, 
or terrain applications is “working at height”. All employees who 
encounter this danger should be informed about working at height. In 
addition to the technical and/or basic OHS training received by the 
employees, the training experience they will gain before going out on 
the field will be able to prevent possible damages. 

At this stage, a sample field was determined to create the gamifica
tion framework to be used as a training model. The activities of an 

employee who made measurements in a façade type PV system in 
Turkiye were examined and showed in Fig. 5. In planned training, the 
user enters the VR classroom is perform the application with the wireless 
VR glasses. The hazards that the user is expected to detect/take measure 
and the number of hazards should be determined according to the 
training period. Points should be given for each correct behavior and/or 
detected hazard in the work area, and success should be reported after 
the application. In addition, users should be able to experience the 
consequences of their misbehavior (occupational accident, near-miss 
incident, etc.). Thus the learning activity can be supported. For this 
reason, there has to be a limitation about the number of wrong choices 
while creating gamification fiction in training. For example, in this 
study, the user is deemed unsuccessful in the training if they make an 
incorrect choice or behavior twice in a row. Each trial right to be given 
to users will negatively affect learning after a certain point. In other 
words, users will have made the right choice in the end, not because they 
have learned, but because their options are eliminated with every 
mistake. This should be considered when granting the right to continue 
training and try again. In order to pass each stage of the training as 
“successful”, a score should be made and reported. In the result report, 
users should be able to see their mistakes and correctness. 

This study prepared two different “gamification scenarios” for two 
users who will “work at height” in different roles in the same workspace, 
according to their functional competencies and activities. While creating 
the scenarios, some assumptions were made for users (employees). 
These;  

➢ The user has received basic OHS training,  
➢ If necessary, has vocational training,  
➢ The user has a report of suitability for work in terms of health. 

3.3.1. General framework used in algorithms 
Algorithms; the study is divided into four stages to determine the 

users’ training success by facilitating the evaluations in the experience 
stages. These stages are:  

➢ PPE selection  
➢ Steps to be followed before starting work  
➢ Things to consider during work  
➢ Things to do at the end of the work and certification 

Table 3 
Prominent technical risk factors for OHS in PV systems with interviews.   

Electrical 
hazards 

Working at 
height 

Manual 
Handling 

Welding Ergonomic Thermal 
Comfort 

Working with 
hand tools 

Waste 
management 

Vehicle traffic 
in the field 

Project advisors ✓ ✓       ✓ 
Installation company 

employee 
✓ ✓ ✓  ✓ ✓    

Maintenance and repair 
company employee 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  

OHS advisors ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
Electrical Technician ✓     ✓ ✓  ✓  

Fig. 4. Requirements for creating virtual reality applications in OHS training.  
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3.3.1.1. In the PPE selection section of these stages. Only two attempts are 
given to the user to make the right choice. This situation can be changed 
according to preference. However, it should not be ignored that every 
trial right will reduce the reliability of the training result because the 
user will continue to choose from the remaining options after every 
wrong attempt and eventually find the right choice. To complete this 
tutorial stage, the user must achieve a minimum of 70 points. Otherwise, 
the training cannot be completed, and training cannot be continued. 

3.3.1.2. The steps to be followed before starting the work phase. The user 
is generally expected to get on the manlift in a controlled manner before 
starting work and to attach the parachute-type safety belt, one of the 
most important steps of working at height, to the correct attachment 
points. As a result of the belt not being properly attached to the manlift 

and/or lifeline, the user is given a maximum of one trial right. In other 
words, the training will fail if the user cannot make the correct 
connection after two attempts. Therefore, the user’s training will stop. In 
addition, to the user occupational accident/near-miss simulations are 
experience in case of failure to make the connection with the belt or 
making wrong/incomplete connections. 

3.3.1.3. The things to consider during the work phase. In this study, it is 
assumed that the work area is designed to do the job and that the 
employee is also suitable to do the job. It is also assumed that the user 
has received training on ergonomics, the equipment to be used and the 
work to be done. The score required to complete the training is 
expressed in accordance with national regulations, as the fieldwork is 
done in Turkiye. Thus, to complete this tutorial stage, the user must 
achieve a minimum of 70 points. Otherwise, the training cannot be 
completed, and training cannot be continued. 

3.3.1.4. Termination of activities and certification. From the user; is ex
pected to terminate the activity carried out in the work area, make the 
belt connections correctly and apply the finishing procedures by getting 
off the manlift in a controlled manner. In addition, the lifting equipment 
used in the work area has been determined as a manlift. However, 
content developers can change their equipment (with cranes, etc.) ac
cording to the need and the area to be worked. It is assumed that the 
authorized and/or user knows the work permit procedures in the algo
rithms prepared at this stage. At this stage, the user must get at least 70 
points. If the user gets a lower score, he cannot complete the training and 
is considered unsuccessful. Therefore, the certificate is not issued. The 
user who arrives at the last stage of the training by fulfilling the required 
behaviors and/or exceeding the limit score determined will be consid
ered successful in the training. 

The minimum score required for the user to be successful throughout 
the training was accepted as 70. Accordingly, the user must receive at 
least 70 points. The score required to complete the training has been 
considered in the “Occupational Health and Safety Law No. 6331′′ in 
force in Turkiye and the “Regulation On The Procedures and Principles 
Of Employee’s Occupational Health And Safety Training” issued by this 
law. For this reason, the requirement for employees in the relevant legal 
regulations to receive at least 70 from OHS training has been considered 
and used in the algorithm. 

While creating algorithms, at some stages, the employee must be 
disqualified from training and considered unsuccessful. In some stages, 
scoring should be done for the choices made and the success of the ed
ucation should be evaluated according to the attainment of the deter
mined score at the end of the training. These criteria depend on the risk 
significance level of the expected outcomes in the training, the evalua
tion team or the people who will participate in the training, etc. should 
be determined by the circumstances. For example, the knowledge/ 

Table 4 
The example activities expected within the scope of OHS in PV systems. 

Fig. 5. Example from field observation of working at height.  
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experience level of the occupational safety specialist and the occupa
tional physician or other team members is important. 

3.3.2. Gamification scenarios and algorithms 
Gamification scenario 1 (GS1); Let’s assume that a cleaning worker 

from within/outside the institution who has received basic OHS training 
needs to work at height to clean a Façade type PV system. In this 
gamification scenario, it is planned for the user to clean the PV panels 
that are contaminated by weather conditions, dust, etc. Accordingly, 
when compared to technical staff, an employee who lacks technical 
knowledge about PV fields needs access to the PV system. Accordingly, 
the user had to work at height in the Façade type PV system site, whose 
energy was cut off. Therefore, a manlift was preferred as the lifting 
equipment for working at height. It is accepted that the operator who 
will use the manlift has the necessary driving documents. Situations 
where the user can be considered unsuccessful in training:  

➢ Not getting the specified limit points for completing the training,  
➢ Not making parachute-type belt connections (as this step is one of the 

most critical steps of working at height, those who do not make the 
connection correctly cannot proceed to the next step),  

➢ Failure to fulfill the right choice, working procedure, and code of 
conduct within the given trial rights,  

➢ Failure to comply with OHS rules to the expected extent. 

In the Fig. 6 the general algorithm of the VR/AR training that this 
employee will enter before working at height (Fig. 6):  

➢ The user chooses the right personal protective equipment (gloves, 
work shoes, hard hat, vest, parachute type safety belt, goggles when 
necessary (in a dusty area, etc.)) 

➢ If the user does not get a score of 70 or higher at the end of the se
lections, they can try their PPE selections again. In this case, it 
returns to the PPE selections step of the algorithm.  

➢ If the user cannot reach the specified score at the end of the second 
attempt, the training will fail, and the next step cannot be started. 

➢ The user, who completed the PPE selection, gets on the manlift ac
cording to the operator’s control and instructions when user enters 
the field. 

In the Fig. 7:  

➢ The user exits the manlift with the operator command.  
➢ The parachute-type belt is first attached to the manlift.  
➢ The user fastens the parachute-type seat belt correctly and at the 

appropriate points.  
➢ The manlift will rise to the required height if the belt is fastened 

correctly.  
➢ The belt is attached to the lifeline. It is assumed that the lifeline exists 

here. 

Fig. 6. Algorithm 1 - PPE selection.  
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➢ If the parachute-type belt connection is not made correctly, the user 
can try again.  

➢ The training is considered unsuccessful if the user cannot make the 
parachute type belt connection correctly after the second attempt. 

In the Fig. 8:  

➢ The user starts work.  
➢ The user must comply with ergonomic rules (such as body posture 

and hand-arm reach distances) throughout the work.  
➢ The user must have all equipment to be used during maintenance/ 

repair complete and complete.  
➢ The user must use the equipment he needs during work according to 

its purpose.  
➢ Only users who can score at least 70 points in this section are 

considered successful. 

In the Fig. 9:  

➢ The user notifies the operator when the job is finished.  
➢ The user performs the job completion procedures. In this context, the 

user collects equipment and securely attaches the parachute-type 
belt fasteners to the manlift.  

➢ The user descends under operator control.  
➢ The user does not leave any equipment on the manlift.  
➢ Predetermined points are deducted for all wrongdoings.  
➢ Only the user with at least 70 points is considered successful in 

creating a certificate. 

Gamification scenario 2 (GS2); Let’s assume that a technical staff 
who has received vocational and basic OHS training inside/outside the 
institution must maintain and repair a facade-type PV system. The user 

will work in the same workspace and conditions as in gamification 
scenario 1. 

In the GS2, the user is maintenance/repair personnel. Therefore, the 
user must have a vocational training certificate to enter the VR/AR 
training application. While the algorithm is being prepared, it is 
assumed that the user has the necessary professional training. 

The algorithms also consist of four stages for GS2. However, updat
ing the basic logic of the first third algorithms wasn’t needed. This state 
has facilitated the creation of the general framework and infrastructure 
of the algorithms. 

The general flow of the VR/AR training that this employee will enter 
before working at height: 

In the first algorithm, the right choices are redefined according to the 
activities to be selected (see Fig. 10). 

In the GS2, in addition to the GS1 (see Fig. 11):  

➢ Before starting work, the user checks that the power is cut off on the 
PV power system.  

➢ The user must stop the work if the power is not cut off.  
➢ If there is no energy in the PV power system, the user can proceed to 

the maintenance and repair procedure. 

In the third algorithm, ergonomic behaviors are redefined according 
to the activities to be carried out by the user (see Fig. 12). 

In the GS2, in addition to the GS1 (for Fig. 13):  

➢ The user notifies the operator that the work is finished.  
➢ The user notifies the authorized person that the maintenance/repair 

work has ended.  
➢ Collaborates to implement LOTO procedures. The PV power system 

is re-energized.  
➢ The PV power system is tested to be operational. 

Fig. 7. Algorithm 2- Steps to be followed before starting work.  
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Fig. 8. Algorithm 3- Things to consider during work.  
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➢ According to the work permit procedures, the relevant persons are 
notified that the work has been completed. 

Finally, only the user with at least 70 points is considered successful 
in creating a certificate. 

3.4. Discussion 

3.4.1. PV and OHS 
As in every sector and way of working, PV systems have dangers and 

risks in terms of the OHS. The environmental friendliness of PV systems 
does not mean that there is no danger/risk in terms of the OHS in the PV 
power system sector. For example, in Germany, from 1995 to 2012, 179 

out of 400 fire incidents were found to have caused a fire in the PV 
system, and the majority of it failed within the first year, reflecting a rate 
of 44.8% (Ramali et al., 2022b). According to a study by the Italian 
National Fire Rescue and Service (CNVVF) from 2002 to 2015, about 
2500 fire events occurred in about 550,000 PV systems (Ramali et al., 
2022b; Bonomo et al., 2017). These data draw attention to the possi
bility of damage/loss in PV systems due to fire (Ramali et al., 2022b; 
Coonick et al., 2018; Mohd Nizam Ong et al., 2021). In addition, Wang 
et al. (2014), were made risk assessments with Hazard and operability 
analysis (HAZOP) and Fault tree analysis (FTA) methods in terms of 
OHS, especially in devices or parts (such as panels, batteries, inverters) 
involved in electricity generation and conversion in PV power systems 
(Wang et al., 2014). Kamenopoulos and Tsoutsos (2015), presented a 

Fig. 9. Algorithms 4- Things to do at the end of the work and certification.  
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Fig. 10. Algorithm 1 - PPE selection.  

Fig. 11. Algorithm 2- Steps to be followed before starting work.  
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Fig. 12. Algorithm 3- Things to consider during work.  
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risk assessment with a holistic view of hazards and risks for safe main
tenance and repair of PV power systems (Kamenopoulos and Tsoutsos, 
2015). Accordingly, the hazards were categorized. Despite this, aca
demic studies, legal regulations and standards on OHS in PV systems 

have not been sufficiently adapted to current developments. Therefore, 
there are very few references to offer adequate and effective evaluations 
or solutions. 

In the literature, many studies highlight the contribution of inno
vative training that industry-specific changes in the success of OHS 
management accident/loss prevention. However, these have lacked field 
observations and interviews. In addition, it is seen that studies that 
approach OHS issues in PV systems holistically are in the form of review 
articles. This study did not focus solely on identifying OHS problems in 
PV power systems. In OHS management, human errors have also been 
taken into account, which are more difficult and variable to control. It 
has created an education-oriented perspective to minimize human er
rors. As a result, an innovative training infrastructure that scenarios 
human errors in PV power systems are offered. 

3.4.2. OHS training and VR/AR 
The use of VR/AR technologies makes a significant contribution to 

the safety training to be given to those working in hazardous activities 
(Seo et al., 2021; Schiavi et al., 2022) such as working with electricity (Li 
et al., 2017) and working at height (Rey-Becerra et al., 2021). VR/AR 
training supports the reduction of human error in the safe execution of 
maintenance work (Benbelkacem et al., 2013). In fact, VR/AR technol
ogies, emergency training (Pinheiro et al., 2019), fire safety training 
(Zhu and Li, 2020), first aid training (Fromm et al., 2019) to be applied 
in cases of work accidents (Chryssolouris et al., 2008; Mavrikios et al., 
2013; Radhakrishnan et al., 2021; Adami et al., 2021) etc. matters make 
the difference. These results support the importance of OHS training for 
healthy individuals, a safe and sustainable system and the environment, 
and the contribution of VR/AR technologies to OHS training. 

The background flow, the algorithm base to be created and the flow 
must be determined in order for VR/AR technologies to be applied, 
understood, adapted to the areas needed and gamification scenarios can 
be created. It has been determined that in almost none of the literature 
researches, the basic algorithms of VR/AR trainings are not explicitly 
included. Dianatfar et al. (2021) created algorithms for OHS training for 
robot-human interactive studies and gave them as a result of their 
studies. In this direction, in the algorithms they prepared for the safety 
training needed at the end of their research on the study subjects, only a 
setup that starts and stops the system is presented (Dianatfar et al., 
2021). 

In this study, unlike similar studies, the basis of training studies is 
given with progressive algorithms in order to produce these trainings, 
not the images obtained in the training results or the training success 
rates. Algorithms have clearly shown the steps that need to be imple
mented basically. System definitions vary according to the implemen
ters. This study presents the framework of OHS education to be created 
with VR/AR technology. 

3.4.3. Sustainability perspective 
The concepts of green energy and green employment are of global 

importance under the headings of “Sustainable Development Goals” and 
“Combating Climate Change”. In this context, it not only increases 
employment in the highly invested PV sector, but also creates a need for 
qualified personnel who are open to cooperation with different working 
areas, changing technology, new techniques and different employee 
groups. 

In literature, specific to PV power systems, effective OHS manage
ment, qualified and high awareness individuals and SDGs; Its contri
bution to the goals of “Decent Work” (Nawaz et al., 2019; Castañon 
et al., 2019), “Health and Well-being” (Philips J, 2013; Castañon et al., 
2019) is emphasized. 

In this study, similar articles were developed; The time, cost and 
educational effectiveness of VR/AR trainings were investigated, field 
observations and interviews were made, the literature was discussed 

Fig. 13. Algorithms 4- Things to do at the end of the work and certification.  
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with a broad perspective and the relationship between PV systems and 
OHS was defined. As a result, it was emphasized that the consideration 
of OHS issues in the orientation to RES and PV power systems contrib
uted to the goals of “Clean and Accessible Energy”, “Sustainable Cities”, 
“Quality Education". 

4. Conclusions 

In this study, PV power systems; A perspective is presented with 
OHS, educational technologies and sustainability perspectives.  

➢ In the RES, it is an important tool for qualified employees to have 
sufficient training and experience in terms of technical and profes
sional competence and OHS. For this reason, with a perspective that 
supports the proactive approach of OHS, a new educational 
perspective has been expressed with point of view VR/AR technol
ogies that will prevent losses in widespread PV power systems.  

➢ Framework-oriented algorithms have been determined to improve 
the integration of VR/AR technologies into OHS trainings in PV 
systems and to increase the effectiveness of training. Especially VR 
technology stands out because it is not based on real images of 
training places and allows for desired editing and change.  

➢ With the gamification training method, the employee’s desire to be 
successful, experiencing failure, feeling of competition with himself 
and/or teammates, etc. supportable.  

➢ This study supported the necessity of increasing the effectiveness of 
OHS trainings, as well as providing basic OHS trainings with hands- 
on practice training and increasing VR/AR applications in vocational 
training. As a result of this study, gamification scenarios and algo
rithms, which are lacking in literature research, are given in a clear, 
applicable and accessible way. 

As a result, emphasized the contribution of investments in education 
and OHS to the SDGs. OHS studies and awareness have a key role in 
protecting human life and the environment, which is the ultimate goal of 
all goals such as sustainable cities, clean energy and sustainable systems, 
quality education, decent work, health and well-being. 
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