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Abstract: A large number of workers are entering the rapidly growing solar photovoltaic industry.
The emerging occupational safety and health risks faced by the workers have rarely been measured
and aptly addressed. Moreover, there is a lack of cross-cultural studies on solar photovoltaic workers
engaged across different countries. This study was planned to measure the occupational safety and
health risks, socio-demographic parameters, study the cross-cultural aspects and develop design
concepts for risk mitigation. Field studies were conducted in solar installations in Saudi Arabia and
India. Socio-demographic data and risk perception scores for eighteen different occupational safety
and health risks were obtained from the workers (n = 135). In addition, discomfort glare was also
measured. Design concepts were developed following the hierarchy of controls matrix and the bow-
tie analysis method using the prevention through design approach. Heat stress, electrocution, solar
radiation, and fire/electric flash were found in the high and very high risk categories. This is a first-
of-its-kind cross-cultural study in the solar photovoltaic industry which measures the occupational
safety and health risks and develops design concepts for mitigation of risks. This study will be
beneficial to solar project developers, safety professionals, ergonomists, industrial designers and
policy makers.

Keywords: solar photovoltaics; occupational health and safety; design; sustainable development
goals; renewable energy

1. Introduction

Climate action and the transition to clean energy sources are global priorities. At the
COP26, held in Glasgow in 2021, 197 countries rededicated themselves to a larger adoption
of clean energy towards a decarbonized world [1]. Although the technology for harnessing
the power of the Sun for generating electricity was developed several decades ago, it is only
in the last decade that solar photovoltaic projects have seen an exponential growth. This is
indicated by the global growth of solar PV installed capacity from 4 GW in 2010 to 709 GW
in 2020 [2]. This growth has stimulated a steady rise in employment of a large number
of workers who are engaged in manufacturing, transportation, installation, maintenance,
decommissioning and recycling. A study projects that approximately 20 million jobs will be
created by 2050 in the solar PV industry [2] in different types of solar PV projects including
rooftop, ground-mounted and floating solar.

Utility-scale solar PV projects are new and emerging workplaces. New workplaces and
work procedures in the renewable energy industry bring new kinds of occupational safety
and health (OSH) risks [3]. Previous studies have reported the diverse OSH risk factors
for workers engaged in the solar PV industry [4–6]. These risk factors include ergonomics
risks, electrocution, fire, psychosocial factors, inclement weather, harmful materials, heat
stress, unstable working platform and skills gaps. Figure 1 shows workers engaged in the
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installation of a solar photovoltaic project, where one of the workers is seen falling due to
an unstable working platform, which is an occupational risk factor.
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Figure 1. A worker is seen falling (marked in circles) due to an unstable working platform during
installation of a solar photovoltaic project in India (image source: authors).

Although several of the OSH risks have been identified, the perception of solar PV
workers towards these risk factors and its measurement have rarely been explored. The
perceived scores will allow the prioritization of OSH risks and adoption of appropriate
mitigation measures. Risk perceptions are subjective opinions about the possible occur-
rences of negative outcomes. The perceptions consist of both emotional and cognitive
dimensions [7]. A study of the perceptions is critical to understanding the presence and
degree of workplace risks.

Unaddressed OSH risks can have severe consequences. According to the International
Labour Organization [8], approximately 2.3 million people die annually due to work-
associated accidents and ailments. In the United Kingdom alone, 1.7 million workers were
suffering from work-related ill health in 2020/21 [9]. OSH risks and their manifestations
can lead to both direct, indirect and intangible costs. A study of the economic burden of
workplace injuries in five countries in the European Union (EU) found the total cost of
injuries ranging between 2.9% and 10.2% of the gross domestic product [10]. Therefore,
addressing the risk factors is an important precondition for the sustainable growth of the
industry. In addition to understanding the risk perceptions, it would be worthwhile to
explore the socio-demographic profiles of this emerging workforce. Socio-demographic and
work organization factors are known to have relationships with OSH risk factors. Studies
have established relationships between individual/personal factors (such as age, gender
and health) with propensity of risk [11], between work organization and work-related
musculoskeletal disorders [12] as well as between national income and fatal accidents
at work [13]. The data on socio-demographic factors have implications for design of
work and equipment, selection and deployment of workers, safety and health measures,
compensation policies and identification of training needs.

A large number of workers are engaged in installing solar photovoltaic projects across
various countries. Understanding the cross-cultural aspects (beliefs, values, customs, etc.),
especially in terms of how workers cope with OSH risks and variations associated with
their behavioral patterns and risk perceptions, is important for developing country- and
population-specific interventions. Psychological, anthropometric, physiological, dialect
and national customs/practices should be important considerations in designing solutions,
particularly from an ergonomics perspective [14]. For instance, how workers adapt to
different climatic environments across countries can result in the requirement of different
types of personal protective equipment (material, size, shape, color, etc.) for the same
occupational risk. There may also be incompatibilities between the knowhow and cognitive
abilities of the user, which vary from culture to culture, and the working requirements [15].
A study has shown cross-cultural differences in several parameters across five countries
(divided into low and high income) while studying traffic-related risks, behavior of drivers
and attitudes [16]. The mediation of cultural aspects between the user and system has been
described under the domain of cultural ergonomics [17].
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Cultural beliefs and societal norms may also be associated with acceptability of inter-
ventions. For example, use of a certain design of clothing at work (for improving worker
safety) may require changes from country to country. The same approach may be required
while designing workplace facilities, safety signages and medium and/or mode of training
to include social and cultural needs at the workplace. There is little or no study towards
understanding these cross-cultural dimensions in the solar photovoltaic industry, especially
from an OSH perspective. This paper is an attempt to bridge this research gap and attract
attention towards these aspects.

Risk Mitigation Using the PtD Approach

Among many approaches for mitigation of occupational risks, prevention through
design (PtD) is being practiced in many industries and sectors. “Designing out risks” is the
core philosophy of the PtD approach [18]. The approach is closely linked to the hierarchy of
controls approach which considers all dimensions for ensuring safety at work [19]. These
include personal protective equipment (PPE), administrative controls, engineering controls,
substitution and elimination. Design for preventing unsafe situations can influence all
these aspects; however, elimination is the most desired situation. The benefits of applying
PtD include reduced costs of operation, reduced risks, higher productivity and avoidance
of costly retrofitting [20]. The link between design and safety issues has been established
in previous studies. In a study conducted in Australia for 210 workplace-related deaths
between the years 2000 and 2002, design aspects were found to be a significant contributor
for as many as 77 deaths [21]. For an organization in the US aviation industry, it was
found that ergonomics factors (which can be addressed through design interventions)
were responsible for 86% of the occupational injuries [22]. Successful PtD interventions
have been reported in several industries in the US, resulting in safer workplaces [23].
The approaches included containment of harmful chemicals, replacing manual work with
automation and implementing engineering controls. Application of PtD to address health
effects in asphalt roofing resulted in several design solutions related to materials, tools
and equipment [24]. A study on the identification of hazards in the construction industry
reported that two-thirds of the hazards can be noticed at the design phase itself. The
study also reports that the success of this approach will depend on the degree of skill of
the designers to understand the hazards at the design stage [25]. With the emergence of
renewable energy industries, the PtD approach is also being adopted for solar photovoltaic
installations. The only study till date in the solar photovoltaic industry adopting a PtD
approach is in roof-top solar installations [26]. The study identified several PtD attributes
for enhancing safety in small-scale rooftop solar projects in the US. In addition, accidents in
the solar installations were also investigated and analyzed to develop a protocol using the
PtD philosophy for use by small businesses for greater sustainability. The protocol was also
validated through feedback from contractors implementing solar installations. Although
the outcome of the study is useful for rooftop solar installations, the findings may not be
applicable for other kinds of solar installations such as ground-mounted and floating solar
PV (FSPV) installations since the OSH context is different. This establishes the need to
develop a PtD framework for solar installations as a whole.

Existing literature was explored to find studies that have examined aspects related
to solar PV workers, i.e., socio-demographic factors, cross-cultural aspects and OSH risk
measurement. No such study was found in the solar PV industry, indicating the need for
immediate attention and need to identify the degree of OSH risks and its prioritization for
targeted interventions.

In this backdrop, this study has been planned to address a knowledge gap existing in
the solar PV industry. The outcomes will assist stakeholders in designing and developing
mitigation measures for the safety and health of solar PV workers.

This study has the following objectives:

1. To obtain the socio-demographic data and OSH risk perception scores of solar PV
workers of Saudi Arabia and India,
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2. To compare the findings across various parameters between the two countries,
3. To examine relationships and associations between different socio-demographic vari-

ables and cross-cultural aspects in relation to OSH risk perception scores, and
4. To develop design concepts using the PtD approach.

2. Materials and Methods

Solar PV projects across two countries, i.e., Saudi Arabia and India, were selected for
this study. While Saudi Arabia plans to generate 50% of its energy from renewable sources
of energy by 2030 [27], India has targeted installing 500 GW of renewables by the same
time, which is 50% of the total installed capacity [28]. Both countries are signatories to the
Paris Agreement of 2015. Figure 2 shows the year-wise (2012 to 2021) percentage (%) of
solar PV capacity out of the total installed capacity from all electricity generation sources in
Saudi Arabia and India and forecast for the year 2030.
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Figure 2. Percentage of solar photovoltaic capacity as a part of total installed capacity from all
electricity generation sources in Saudi Arabia and India during the period 2012–2021 and forecast for
2030 (author compilation).

This study was conducted during the period February–April 2021 in India and during
December 2021 to February 2022 in Saudi Arabia. In Saudi Arabia, data were collected
from one site; and in India, data were collected from two project sites. Prior permission
was obtained from project developers for the site visits and for conducting data collection
involving human subjects. A purposive sampling technique was adopted in the present
study. Workers in both the countries were invited for voluntary participation. All subjects
gave their informed consent for inclusion before they participated. This study was con-
ducted in accordance with the Declaration of Helsinki, and the protocol was approved by
the Institute Human Ethics Committee, Indian Institute of Technology (IIT) Guwahati prior
to collection of data/information. A total of 82 workers in Saudi Arabia and 53 workers in
India agreed to be a part of this study.

2.1. Development of Questionnaires for Measuring OSH Risk Perception and Collection of
Socio-Demographic Data

A questionnaire was developed to measure the OSH risk perception in solar projects.
The questionnaire consists of a five-point Likert scale (on a scale ranging from very low risk
to very high risk) consisting of eighteen different OSH risks. OSH risks were obtained from
existing studies in the solar photovoltaic industry [4–6]. The five choices are presented as
a visual scale consisting of emoticons to measure the risk perception towards the various
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risks. Figure 3 shows one construct of the visual questionnaire. The visual questionnaire
was tested for validity across two locations and reliability was ascertained through a pilot
study amongst solar PV workers (n = 10). The value of Cronbach’s alpha was found to be
above the acceptable limit of 0.70 [29].
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Figure 3. An extract of the visual questionnaire showing an OSH risk for obtaining risk perception
scores.

The responses obtained using the visual questionnaire was converted into quantitative
scores for statistical analysis, where (a) very low risk=1, (b) low risk = 2, (c) medium risk = 3,
(d) high risk= 4 and (e) very high risk = 5. Since workers are engaged in outdoor work for
a significant period, they are exposed to sunlight. Apart from solar radiation, sunlight is
also a source of glare that causes discomfort in vision for the workers. de Boer’s subjective
rating scale [30] was used to elicit responses from the workers to understand the severity
of the discomfort glare.

Another questionnaire was developed to obtain information on socio-demographic
parameters such as age, gender, weight, height, income, skill level, background, educa-
tion level, working hours and work experience. In addition to data collection through
questionnaires, photographs were taken of workers engaged at the sites. At the end of
data collection, statistical analysis was carried out using SPSS v.20 to understand the
relationships between the different sets of data.

2.2. Development of Hierarchy of Controls and Design Concepts

After collection of the OSH risk perception scores, a matrix of hierarchy of controls [31,32]
was constructed to explore risk mitigation opportunities. The matrix was developed for
those risks which have a mean risk perception score of 4 or more, i.e., in the high- and very
high-risk categories. Subsequently, some design solutions were developed for the solar PV
industry following the PtD approach. Existing literature was evaluated to consider only
those designs that were novel and in accordance with research gaps pertaining to the solar
PV industry. Designs were created using the Google Sketchup software (version 22).

3. Results

This section summarizes the findings of the present study under various headings.
The proposed design concepts developed to mitigate the risks and their potential benefits
are also described.

3.1. Overview of the Study Locations and Socio-Demographic Profiles

An overview of solar photovoltaic projects considered for the present study is given in
Table 1. The solar radiation and power output at the solar PV site in Saudi Arabia is higher
as compared to the solar photovoltaic sites in India.
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Table 1. Overview of the locations considered for this study.

Parameters India Saudi Arabia

Region Site 1—Mejia (West
Bengal State)

Site 2—Simhadri (Andhra
Pradesh State) Sakaka City, Al Jawf Province

Number of workers engaged 30 23 82
Direct normal irradiation

(DNI) * 1187 kWh/m2 per year 1298 kWh/m2 per year 2270.03 kWh/m2 per year

Peak months * March and April March and April March and July
Power output for 1000 kWp * 1.297 GWh per year 1.41 GWh per year 1.89 GWh per year

* Source: Global Solar Atlas. Abbreviations: kWp, kilowatt peak; kWh/m2, kilowatt hour/meter square; GWh,
gigawatt hour.

The socio-demographic parameters of the workers are summarized in Table 2. A
total of 135 workers participated in this study. The workers engaged in India were mostly
from the local population while those in Saudi Arabia were mostly migrant workers. The
working hours were from 10 a.m. to 5 p.m. and no night shift work was involved.

Table 2. Summary of socio-demographic features of the workers.

Demographic Parameter
Saudi Arabia (n = 82) India (n = 53)

Mean SD Mean SD

Age (years) 35.25 8.99 26.69 5.35
Height (cm) 174.46 5.49 169.76 3.94
Weight (kg) 73.04 9.42 63.01 5.67

Monthly income (INR) 8298.78 2825.52 15,362.49 2404.37
Work experience (years) 2.80 1.30 1.37 0.80

Abbreviations: cm, centimeter; kg, kilogram; INR, Indian National Rupees.

3.2. OSH Risk Perception Scores

A summary of the OSH risk perception scores is presented in Table 3. In order to
compare the means of two groups (between workers of Saudi Arabia and India) for each
OSH risk, independent two-tailed t-tests were carried out. The mean scores for each risk
factor (on a scale of five) and comparison are summarized in Table 3. Heat stress was
perceived as a strenuous risk factor in both the sample populations and there was no
statistical significance at the p < 0.05 level, indicating general agreement amongst the
workers of the two countries. Other OSH risks in the very high- and high-risk categories
include fire/electric flash, electrocution and solar radiation for workers engaged in Saudi
Arabia and India. Ergonomics risks, cold stress, hazardous materials, work organization
and risk from falling objects were perceived in the medium-risk category for workers in
Saudi Arabia. At the Indian sites, workers perceived ergonomics risks, inclement weather,
psychosocial factors, work organization and use of power tools in the medium-risk category.
There was significant difference in thirteen out the eighteen OSH risks perceived by the
solar workers of the two countries (Table 3).

A comparative representation of the mean OSH risk score is shown in Figure 4.
Understanding the association (positive or negative) between the various risk factors

and socio-demographic factors would assist in designing interventions for causative risk
factors. Pearson’s correlation coefficient scores were calculated towards this objective. The
scores are presented in Table 4.
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Table 3. Summary of the comparison of means between the two groups of workers.

OSH Risk Parameter
Saudi Arabia India

t Value at p < 0.05
Mean Score SD Mean Score SD

Heat stress 4.68 0.46 4.73 0.59 −0.57 Not significant
Cold stress 3.66 0.76 1.51 0.58 17.62 Significant

Solar radiation 3.96 0.72 4.20 0.68 −1.94 Not significant
Electrocution 4.46 0.63 4.47 0.91 −0.06 Not significant

Fire/electric flash 4.47 0.61 4.16 1.03 2.15 Significant
Ergonomics risks 3.87 0.82 3.92 0.93 −0.30 Not significant

Hazardous materials 3.78 0.77 1.24 0.61 20.13 Significant
Risk from animals 1 0 1.17 0.75 −2.04 Significant

Unstable platform/slope 1 0 2.64 1.66 −8.94 Significant
Falling objects 3.12 0.71 1.15 0.53 17.30 Significant

Lighting, storms, hail, etc. 2.36 0.88 3.49 1.95 −4.54 Significant
Skills gaps 2.2 0.80 3.5 1.3 −7.40 Significant

Psychosocial factors 2.62 0.81 3.37 0.88 −5.10 Significant
Work organization 3.31 0.96 3.18 0.76 0.81 Not significant

Noise 2.01 0.66 1.19 0.40 8.20 Significant
Use of power tools 1.74 0.71 3.39 0.88 −11.91 Significant
Occupational stress 1.80 0.69 2.94 1.44 −6.12 Significant

Working alone 1.75 0.71 1.33 0.99 2.82 Significant

Energies 2022, 15, x FOR PEER REVIEW 7 of 16 
 

 

Table 3. Summary of the comparison of means between the two groups of workers. 

OSH Risk Parameter 
Saudi Arabia India 

t Value at p < 0.05 
Mean Score SD Mean Score SD 

Heat stress 4.68 0.46 4.73 0.59 −0.57 Not significant 

Cold stress 3.66 0.76 1.51 0.58 17.62 Significant 

Solar radiation 3.96 0.72 4.20 0.68 −1.94 Not significant 

Electrocution 4.46 0.63 4.47 0.91 −0.06 Not significant 

Fire/electric flash 4.47 0.61 4.16 1.03 2.15 Significant 

Ergonomics risks 3.87 0.82 3.92 0.93 −0.30 Not significant 

Hazardous materials 3.78 0.77 1.24 0.61 20.13 Significant 

Risk from animals 1 0 1.17 0.75 −2.04 Significant 

Unstable platform/slope 1 0 2.64 1.66 −8.94 Significant 

Falling objects 3.12 0.71 1.15 0.53 17.30 Significant 

Lighting, storms, hail, etc. 2.36 0.88 3.49 1.95 −4.54 Significant 

Skills gaps 2.2 0.80 3.5 1.3 −7.40 Significant 

Psychosocial factors 2.62 0.81 3.37 0.88 −5.10 Significant 

Work organization 3.31 0.96 3.18 0.76 0.81 Not significant 

Noise 2.01 0.66 1.19 0.40 8.20 Significant 

Use of power tools 1.74 0.71 3.39 0.88 −11.91 Significant 

Occupational stress 1.80 0.69 2.94 1.44 −6.12 Significant 

Working alone 1.75 0.71 1.33 0.99 2.82 Significant 

A comparative representation of the mean OSH risk score is shown in Figure 4. 

 

Figure 4. Mean scores for OSH risks for solar PV workers engaged in Saudi Arabia and India. The 

higher the score, the higher the perceived risk. 

Understanding the association (positive or negative) between the various risk factors 

and socio-demographic factors would assist in designing interventions for causative risk 

Figure 4. Mean scores for OSH risks for solar PV workers engaged in Saudi Arabia and India. The
higher the score, the higher the perceived risk.



Energies 2022, 15, 9614 8 of 16

Table 4. Correlation between OSH risks and socio-demographic factors for solar PV workers in
two countries. Sample size is 53 for Indian workers and 82 for workers in Saudi Arabia, totaling
135 workers. (+ indicates positive correlation, while − indicates negative correlation).

OSH Risk Factor
Age Height Weight Income Work Experience

IND SA IND SA IND SA IND SA IND SA

Heat stress + + + + + + − + − +
Cold stress + − − − + − + − + −

Solar radiation − − + + + − − − − +
Electrocution − − + − + − − − + +

Fire/electric flash + − + − + − − − + +
Ergonomics risks + + − − + − − + + +

Hazardous materials − + + − − − + + − +
Risk from animals − nc + nc − nc + nc − nc

Unstable platform/slope − nc + nc − nc − nc − nc
Falls − nc + nc + nc − nc + nc

Falling objects + + + + + + − + + +
Lighting, storms, hail, etc. + − + + + + − − + −

Skills gaps + − − + + − − − + +
Psychosocial factors + + − + + + + + + +
Work organization + + − − + − + + + +

Noise + − − − + + − − + −
Use of power tools + + + + + + − + − +
Occupational stress + − − + + + + − + −

Working alone − + + + − nc + + − +

Abbreviations: IND, India; SA, Saudi Arabia; nc, no correlation.

The assessment of discomfort glare is presented in Table 5. Sixty-five percent of the
respondents rated glare in the “disturbing” category followed by twenty percent in the
“unbearable” category.

Table 5. Responses to the measurement of discomfort glare (n = 135).

Rating Scale Score % of Responses

Unbearable 27 20%
Disturbing 88 65%

Just Acceptable 13 10%
Satisfactory 7 5%

Unnoticeable - -

3.3. Hierarchy of Controls for OSH Risk Mitigation

A matrix following the hierarchy of controls was constructed to determine the possible
opportunities for interventions. The interventions were arranged under the categories
of personal protective equipment (PPE), administrative controls, engineering controls,
substitution and elimination. The matrix is presented in Figure 5.
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Figure 5. Hierarchy of controls to mitigate OSH risks under the high- and very high-risk categories
(concepts/interventions not exhaustive).

3.4. Bow-Tie Risk Analysis

Electrocution has been found as a significant OSH risk in the present study. A bow–tie
analysis was carried out to derive risk mitigation opportunities. Bow-tie analysis belongs to
the domain of safety and reliability and has been used in several industries [33]. The bow-tie
diagram (Figure 6) looks like a fault tree on the left-hand side and an event tree on the right-
hand side. The top event (electrocution) is presented at the center, the threats are mapped
at the left side and the consequences are mapped on the right side. A top event can result
into many threats, which can lead to many consequences. The analysis is completed with
the inclusion of prevention barriers (left side) and mitigation barriers (right side). Design
concepts are derived from these barriers. Although bow-tie analysis is predominantly used
as a risk analysis method, it can also be used as a tool for developing concepts for hazard
control and risk management. Analysis of the top event of “electrocution” is presented in
Figure 6.
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The design opportunities derived from bow-tie analysis of electrocution are the following:
Preventive barriers
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(a) Insulated gloves and tools,
(b) Live wire indicator,
(c) Earthing,
(d) Safety signage,
(e) Design of training modules, and
(f) Waterproof equipment (for humid environments).

Mitigation barriers

(a) Emergency switch within worker reach, and
(b) Customized first aid box.

3.5. Opportunities for Design Interventions

The different concepts obtained from the matrix in Figure 5 and from the bow-tie
analysis in Figure 6 were compared to the available literature in the solar PV industry.
A comprehensive review study [6] identified existing design interventions and research
gaps/future opportunities to mitigate OSH risks in the solar PV industry, particularly
in FSPV projects. A study applied the PtD approach in roof-top solar PV projects [26].
These are the only two available studies to date that proposes design as a tool for mit-
igating or neutralizing OSH risks. The comparison elicited several unexplored design
concepts/interventions under various categories. The design opportunities and their
possible applications from an industrial design perspective are summarized in Table 6.

Table 6. Summary of design opportunities (not exhaustive).

Concepts Design Application and Benefits

Anti-glare eye shield Protects workers from glare and solar radiation

Rest shelters/canopies Protects workers from heat stress, solar
radiation and inclement weather

Insulated nuts/connectors/wires Protects workers from electrocution

Safety signages specific to solar photovoltaics Communicates risks and indicates
unsafe locations

Live wire indicators Visual cue for a charged system which acts as a
deterrent from electrocution

First aid box customized
Specific first aid for solar project-related

incidents such as electric shocks and
heat stroke

Redesign of workplace layout Mitigate exposure to ergonomics and other
OSH risks

Several design concepts have been identified and presented in Table 6. Amongst them,
one of the design concept we propose is the anti-glare eye shield to protect the workers
from discomfort glare. Glare has also been identified as a significant OSH risk in this
study (Table 5). The design concept is shown in Figure 7 which is compared to the existing
working situation. The hierarchy of controls matrix and bow-tie analysis (Figures 5 and 6)
can be referred for a more holistic intervention approach at various levels [15] and adoption
of designs of diverse kinds. Development and application of such interventions will form a
part of future work.

Solar PV workers are primarily engaged in long hours of outdoor work under the Sun
which exposes them to the OSH risk of discomfort glare. Discomfort glare is caused from
three main sources. The first source is the sunlight itself, the second source is the reflection
of sunlight from the surface of solar photovoltaic panels and the third source is reflectance
from the surface of the water body. The anti-glare eye shield consists of an anti-glare film
fixed within a frame integrated with the safety helmet (Figure 7). Although anti-glare
safety eyewear is available, they require individual customization in terms of size, shape
and ergonomics. Moreover, standard safety eyewear cannot be used by users wearing
spectacles which requires an overspec design. Storing safety eyewear is also a limitation in
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FSPV projects, where work near water is involved. The proposed adjustable design can be
universally used in all kinds of solar photovoltaic projects and in all occupations involving
outdoor work.
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4. Discussion

This study was planned to collect and compare OSH risk perception scores from
solar PV workers engaged in solar photovoltaics projects across two countries to obtain
a cross-cultural perspective, to find interrelationships between different factors and for
developing design interventions for risk mitigation. The socio-demographic parameters
of the workers show variation in the two countries considered in this study (Table 2). The
difference in age, height, weight and income will have implications for deployment of
workers, design of tools/equipment and design of compensation patterns. The approach of
“fitting the job to the man” to design such interventions can be used for safe and productive
work [15].

A statistical analysis of the risk perception scores (Table 3) between the two coun-
tries reveals that there is no significant difference in relation to heat stress, solar radiation,
electrocution, ergonomics risks and work organization, indicating agreement regarding
severity of the risks. Significant differences regarding the remaining thirteen risk factors
were found between two countries. These findings have implications for design of in-
terventions in consideration of country-specific needs. Occupational stress, skills gaps,
psychosocial factors and use of power tools have been ranked much higher in the risk
perception scale by the workers from India as compared to workers in Saudi Arabia. This
indicates that the immediate focus should be accorded to stress management, hand, arm
and ear protection during use of power tools, and upskilling of workers engaged in India.
In addition, psychosocial factors such as job demands, job control, workload, interpersonal
relationships, coping style and low support at home are some of the factors that may be
considered while designing jobs and workplaces. For workers engaged in Saudi Arabia,
protection against cold stress, hazardous materials, PPE for protection from falling objects,
noise control at source or provision of ear buds to prevent hearing loss and implementation
of a buddy system to address the problem of working alone can be explored.

An analysis of data presented in Table 4 shows that there is a positive correlation
between age, height and weight with heat stress and use of power tools for workers
engaged in both countries, while there is negative correlation between age and income with
electrocution. Before considering deployment of workers to an outdoor work environment,
age, height and weight of the workers should be taken into consideration. A study has
shown that whole body heat loss reduces with increase in age [34]. According to a report
by International Labour Organization, workers lose approximately fifty percent of their
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work capacity between 33 and 44 ◦C, which negatively affects labor productivity [35].
Therefore, PPE and administrative controls must be adopted to reduce unproductive work
and prevent harm to workers’ health. Psychosocial factors and work organization risk
factors are positively correlated with income and work experience. Fair compensation,
job design, social support, placement of aged workers in low risk jobs and screening of
psychosocial hazards can be some of the approaches in solar PV projects. Amongst workers
in India, ergonomics risks have a positive association with age, weight and work experience
and negative association with height and income. Accordingly, ergonomics assessments
and risk management considering the demographic parameters must be an integral part of
the safety management practices during the installation and maintenance of solar projects.
Since this is a first-of-its-kind study on socio-demographic factors related to solar PV
workers, we have no way of corroborating these findings with previous studies.

There are several cross-cultural aspects emerging from the results. There is significant
difference (Table 3) between how workers perceive psychosocial risks, cold stress, inclement
weather, hazardous materials, occupational stress, working alone and skills gaps in both
the countries. For example, cold stress is an area of concern for workers in Saudi Arabia.
At the same time, heat stress is also high on the risk perception scale. This may be due to
large variations in the microclimate during working hours. Therefore, design of light and
reflective clothing (to combat heat stress) for Indian workers will not be suitable for workers
in Saudi Arabia. Alternatively, design interventions that strike an optimum balance between
neutralizing both heat and cold stress will be beneficial for workers engaged in Saudi Arabia.
Even while addressing heat stress, climatic conditions and the ability of the workers to
adapt physiologically may vary. This implies that interventions must also consider coping
ability, individual factors and acclimatization history related to working under warm
environments. Accordingly, different approaches across countries may be adopted for
OSH risk mitigation. An important aspect that requires attention is the difference in risk
perception of psychosocial factors between the two countries (Table 3). Loneliness, social
standing, behavior of co-workers, stressful life events, traumatic occupational incidents,
size of project, number of co-workers, etc., can have critical implications during working
hours. These factors in relation to migrant workers in Saudi Arabia as compared to local
workers in India may vary significantly and can form a part of future work. There is
a positive correlation between occupational stress and work experience for workers in
India and also a positive correlation between working alone and work experience for
workers in Saudi Arabia (Table 4). This indicates that interventions such as screening of
workers, health promotion and addressing the causes of workplace stress is recommended
for the solar projects in India. Introduction of a buddy system policy to neutralize the
OSH risk of “working alone” can be adopted for solar workers in Saudi Arabia. Under
this system, a set of two workers can work together in close proximity to monitor each
other. This helps in raising an alarm and preventing several unsafe situations. A buddy
system also helps in faster rescue and recovery. The factor of work experience is important
here since solar projects are new and workers may not be previously exposed to different
kinds of projects or work procedures. The association of work experience with different
factors can be addressed through comprehensive training, especially in safety aspects,
deployment of experienced workers in relatively risky jobs, failsafe design interventions to
prevent surprises during work and promoting two-way communication between workers
and supervisors. Work organization is also positively correlated with income and work
experience in both the countries. This has implications for job design, where consideration
of worker skill level, income and work experience should be important priorities. Some
work organization-related macroergonomic dimensions worth considering include pace of
work, supervision, work rules, job allocation, job enlargement, use of technology, work–
rest cycle, job rotation and refreshment facilities. These findings related to cross-cultural
dimensions are in conformity with the aspects of cultural ergonomics pointed out by
different studies [14–17].
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The design of an anti-glare eye shield (Figure 7) is proposed to mitigate the OSH risk of
discomfort glare in all kinds of solar projects. Glare has been identified as an underestimated
outdoor risk that is closely related to occupational safety and visual performance [36]. Glare
can cause severe discomfort while performing work involving dexterity such as connecting
wires, attaching panels to frames, comprehending safety signage, communicating with
co-workers and during general movement along the solar installation. The risk can lead to
falls (as a result of blinding glare), human errors, a decrease in productivity, especially in
close work, problems in readability of signage/labels, and both short-term and long-term
damage to eyesight.

This study measures the contextual OSH risks and proposes several interventions from
a design perspective. Immediate adoption of design opportunities (Figure 5) to address
risks in the very high- and high-risk categories should be priorities for the stakeholders in
the solar photovoltaic industry. The deleterious cost of injuries, occupational diseases and
accidents can have significant implications for worker health, sustainability of the industry
and safety practices. We discuss the direct and indirect effects of the OSH risks in very high-
and high-risk categories identified in the present study. Unaddressed heat stress can lead to
heat stroke, heat syncope, heat cramps, heat edema and rhabdomyolysis at a physiological
level. Indirect effects of workers suffering from heat stress-related injuries include stoppage
of work, lower productivity, increased health care costs, absenteeism and avoidance of
work in hot outdoor environments. A study has positively linked exposure to heat with
incidence of work-related injuries [37]. Long-term exposure to solar radiation can affect
the skin and the eyes [38]. Electrocution is an invisible risk. Health effects include muscle
spasm, burns, unconsciousness, respiratory and cardiac arrest and even death. Electric arc
flash and fire (a resultant outcome of arc flash) have similar or even more harmful health
effects. Other effects of electrocution incidents and arc flash events include temporary
shutdown of the solar photovoltaic plant affecting electricity generation and damage to
various components of the installation. Effects of glare include eye pterygium, ocular
melanoma, photoconjunctivitis (inflammation of the conjunctiva), photokeratitis, cataracts,
and macular degeneration [38,39]. All these alarming direct and indirect negative effects
can be avoided by the adoption of design interventions at the earliest. Most of the proposed
interventions are low cost and can be implemented quickly.

This study is in pursuance of the Sustainable Development Goals (SDGs) of the
UN [40], many of which are intertwined with each other. The SDGs include Goal 3 (good
health and well-being), Goal 7 (affordable and clean energy), Goal 8 (decent work and
economic growth) and Goal 13 (climate action). Safe, comfortable and productive working
conditions are important requirements for the sustainability of the solar PV industry.
Accordingly, implementation of design interventions from an OSH perspective is expected
to aid in achieving these goals.

Jobs associated with the solar PV industry fall in the category of green jobs. Green jobs
not only mean the generation of electricity from renewable energy sources but also signify
that such jobs must be safe for the workers engaged in the sector. In pursuance of these
objectives, OSH issues need to be considered for design of these jobs to protect the workers
wherever human and machine interactions are taking place. The different strategies within
the scope of human factors and ergonomics (HFE) can be adopted to achieve sustainable
systems [41] in the solar photovoltaic industry. This study is an effort in that direction.

Strength and Limitations

To the best of the authors’ knowledge, this is a first-of-its-kind cross-cultural study
in the solar photovoltaic industry that surveys the socio-demographic status of the work-
ers. Although previous studies have identified multiple risk factors in the solar industry,
measurement of OSH risk perception scores is addressed for the first time. The use of the
PtD approach and development of the proposed designs adds to the strength of the present
study and to the existing body of knowledge on the safety aspects of solar photovoltaic
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projects. A limitation of this study is that the proposed designs have not been tested in
field trials in actual work environments, which will form part of future studies.

5. Conclusions

Rapid growth in the solar PV industry is expected to increase the size of the solar
PV workforce considerably [2]. Solar PV workers, who are mostly engaged in fixed-term
employment, are an emerging workforce who are exposed to several types of OSH risks in
terms of both severity and vulnerability [42]. The current research is first-of-its-kind study
that found varied risk perception responses to the same OSH risks across two different
countries, indicating a cross-cultural dimension and also variation in socio-demographic
parameters. Such findings are important inputs for achieving designs that are detailed,
population specific, context specific, holistic, and robust from an OSH standpoint. Research
findings will also enable comfortable and productive use of design interventions by the
solar photovoltaic workers in a sustained manner. Therefore, this study bridges a critical
knowledge gap and attracts attention towards critical work-related dimensions not explored
in the past.

Early adoption of mitigation measures is crucial in preventing both short-term and
long-term health effects. “Designing out” of risks is therefore an effective strategy for
neutralizing unsafe work, near-miss incidents, injuries, occupational diseases, accidents
and even fatalities. By proposing several design concepts, this study is an attempt to attract
attention towards the need to adopt design interventions for a safe and sustainable solar
photovoltaic industry. The findings would be of interest to health and safety profession-
als, industrial designers, ergonomists, solar project developers, policy makers and other
stakeholders.
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