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Abstract

Electric power generation from renewable energy sources such as solar energy, wind energy and geothermal energy is an alternative
option to energy generation from fosil flues. Renewable energy sources are more advantageous when we consider the environmental
damage caused by fossil flues during energy generation. Our country is rich in terms of renewable energy resources with its location.
When we consider the daily sunshine duration and the wind force in the flat plains, the number of power plants that generate electrical
energy without harming the environment with solar panels and wind turbines is increasing day by day. In this study , as a result of field
observations of a power plant that converts solar energy into electrical energy with solar panels in Corum by instructors who have class
B OHS certificate and field experince, the risk score was calculated by determining the hazards and risks by 5x5 L-type Matrix Risk
analysis which is a qualitative risk assessment. According to the calculated risk score, twenty-four risks which include four high level
risks, fifteen medium-level risks, and five low-level risks were identified and recommendations were made. We think that this study
will make a positive contribution to the power plants to be established and to the actively onoing plants in terms of occupational health
and safety.

Keywords: Solar energy, Occupational health and safety, Risk analysis, Matrix Method

Giines Enerjisi Santralinde Matris Risk Analiz Yontemiyle Tehlike ve
Risklerin Belirlenmesi

Oz

Giines enerjisi, riizgar enerjisi ve jeotermal enerji gibi yenilene bilinir enerji kaynaklarindan elektrik enerjisi tiretimi fosil yakitlardan
enerji liretimine alternatif segenek olmaktadir. Fosil yakitlarin enerji iiretimi sirasinda ¢evreye verdigi zararlari dikkate aldigimizda
yenilenebilir enerji kaynaklar1 daha avantajlidir. Ulkemiz sahip oldugu konumu ile yenilenebilir enerji kaynaklari bakimindan zengindir.
Giinliik giineslenme siiresi ve diizliik ovalardaki riizgar siddetini dikkate aldigimizda giines panelleri ve riizgar giilleri ile ¢evreye zarar
vermeden elektrik enerjisi {ireten santrallerin her gecen giin sayisi artmaktadir. Bu ¢aligmada, B simifi ISG belgesine sahip, saha tecriibesi
olan 6gretim elemanlar: tarafindan Corum ilinde giines panelleriyle giines enerjisini elektrik enerjisine ¢eviren bir santralin saha
gozlemleri sonucu, tehlike ve riskler kalitatif bir risk degerlendirmesi olan 5x5 L tipi Matris Risk analizi ile belirlenerek risk skoru
hesaplanmistir. Hesaplanan risk skoruna gore dort tane yiiksek diizeyde risk, on bes tane orta diizeyde risk ve bes tane diisiik diizeyde
risk olmak {izere yirmi dort tane risk tespit edilerek Onerilerde bulunulmustur. Yapilan bu ¢aligma ile bundan sonraki kurulacak
santrallere ve aktif olarak devam eden santrallere is saglig1 ve giivenligi yoniinden olumlu katki saglayacagini diisiinmekteyiz.

Anahtar Kelimeler: Giines enerjisi, Is saghgi ve giivenligi, Risk analizi, Matris Y dntemi
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Avrupa Bilim ve Teknoloji Dergisi

1. Introduction

Solar energy is one of the world's renewable energy sources,
alternative to fossil fuels and not harming nature in terms of
waste. The occurrence of formations in nature, the flow of matter
and energy are due to solar energy [1,2]. Due to the location of
our country, solar energy potential is high. Therefore, energy
generation plants consisting of solar panels have been established
in many of our provinces to generate electrical energy from solar
energy [3].

It is very important to examine the hazards and risks caused
by dangerous movement and situations in terms of occupational
health and safety by using the heat and light effect of the Sun
instead of manpower in solar energy plants where have very little
human factors. It may be possible to prevent work accidents and
occupational diseases as a result of identifying the existing
hazards and risks with proactive approaches. Hazard is defined as
the potential for harm of anything. This potential could be a
situation or a behavior. Risk, on the other hand, refers to the
probability of events such as death, injury, and loss of limb that
may occur as a result of an event [4,5].

The aim of occupational health and safety services is to adopt
proactive approaches against work accidents and occupational
diseases by providing a healthy and safe work environment for
employees. Preventing work accidents and occupational diseases
is possible with regulatory preventive measures by identifying
hazards and risks as a result of risk assessment in workplaces[6].

According to the Occupational Health and Safety Law
No.6331, employer / employer representatives are obliged to
make a risk assessment or have them done in order to ensure the
health and safety of their employees and the continuity of
production in the workplace. With risk assessment, it will be
possible to prevent work accidents and occupational diseases, and
if they cannot be prevented, to reduce their rate [5,7].

STEP4:

Review control
measures

STEP 1:
Identify hazards

STEP 2:

Assess
associated risks

STEP3:
Control risks

Fig. Risk Assessment Process Stages

During the identification of hazards and risks of a business ,
risk assessment is divided into two in terms of quality and quantity
[8]. In the risk assessment application, a change is observed from
qualitative approaches to semi-quantitative and traditional
quantitative approaches [9]. According to Altenbach (1995), there
are differences in the way of implementing risk assessment due to
various reasons such as manpower, time, management perception,
opinion of the OHS expert, applicability and understandability
[10].

e-ISSN: 2148-2683

In the literature, risk analysis methods are divided into three
groups as numerical (quantitative), verbal (qualitative) and
mixed. Mathematical theorems are used when calculating the risk
score with quantitative risk analysis, while performing qualitative
risk analysis, the probability of occurrence of the threat and its
potential effect in case of existence are calculated and the results
obtained are processed with mathematical and logical methods
and the risk score and degree are obtained [11]. Some of the risk
analysis methods in the literature are classified as follows by
dividing them into two groups as qualitatively and
quantitatively[12],

Qualitative Risk Assessment Analysis;
v’ Preliminary Hazard Analysis — PHA ,
v Job Safety Analysis — JSA,
v What if ?
v Risk Assessment Decision Matrix
v Failure Mode and Effects Analysis - FMEA
v’ Hazard and Operability Studies - HAZOP
v Fault Tree Analysis - FTA
v Event Tree Analysis - ETA
v' Hazard Analysis and Critical Control Points
v Preliminary Risk Analysis - PRA
v Preliminary Risk Analysis Using Checklists - PRA
v Safety Audit
Quantitative Risk Assessment Analysis;
v Monte Carlo Simulation
v Markov Analysis,
v’ Bayesian Networks,
v" Decision Tree,

Occupational health and safety experts in our country use
qualitative 5x5 Matrix and Finney-Kinney Risk analysis in
identifying hazards and risks, calculating the risk score and
categorizing the results, creating regulatory and preventive
action plans [14].

1.1.1. Matris Risk Analysis

Although the matrix risk analysis X-Matrix is shown in 5x5
Matrix and L-Matrix shapes, it is the same in logic. It occurs only
when the difference is calculated with 5x5 and the results are
shown different in shape [13-14]. Matrix risk analysis is a method
used to explain the relationship between two or more variables. It
is an easier method in terms of being understandable and
evaluating the results by the risk assessment team [15].

1.1.2. L-Type Matris Risk Analysis

It is a simple understandable method used in interpreting
cause and effect relationship [16]. L matrix is implemented as 3 *
3,4*4,5*5, Itisamethod based on evaluating the data obtained
as a result of multiplying probability and severity each other
which are the concrete components of risk analysis, within a
logical framework. In this method, probability and severity
factors are taken into account while the risk score is calculated.
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It is calculated as Risk Value (R) = Probability = (P) X
Severity (degree of damage).

Probability, the state that a danger occurs in a timeframe;
violence, on the other hand, is defined as the degree of damage
to the workplace if danger occurs [15-18].

Table 1. L-Type Matrix Analysis Probability Table

Value Categorization Frequency
1 Very low Once a year
2 Low Once every three months
3 Medium Once a months
4 High Once a week
5 Very high Every day
Table 2. L-Type Matrix Analysis Loss Level Table
Value Result Rating
. No loss of working hour
1 Insignificant requiring first-aid
) Minor No loss of workmg day, requiring
first-aid
3 Moderate Mild injury requires treatment
4 Major Death, Sfarlous injury,
occupational disease
5 Catastrophic Multiple .deaths, .permanent
ncapacity

1.1.3. X Type Matrix Risk Analysis

It is a risk analysis that requires a disciplined work done as a
team with the establishment of a risk team. L type matrix and X
type matrix risk analysis are similar.There is only a difference in

Tablo 3. L-Type Risk Score Rating Matrix

Very
High
4 | High 8 4
3 | Medi 6 3
um
2 |Low |10 8 6 4
1 | Very |5 4 3 2 1
Low

1-2 Points: Insignificant risk. Risks that do not matter much and
can be accepted.

3-6 Points: Tolerable risk. It is a tolerable risk group that requires
attention in the long term.

8-12Points: Moderate risk. They are significant risks that need to
be taken measures in the short term.

15-16 Points: Significant risk. It is the risk group that is extremely
important and should be taken measures immediately

20-25 Points: Not tolerable risk. It is the risk group that it is not
accepted to start work without any measures.

The fields shown with red color in the risk matrix indicate
unacceptable risks and mean that measures must be taken as soon
as possible. The fields shown in yellow express risks that need to
be fixed as soon as possible. The fields shown in green express
nonurgent risks that need to be fixed in the long term.

shape. The most preferred in practice is 5x5 Risk Matrix Analysis.
The risk score is the same in both methods, but the order and shape
are different from each other.

Tablo 4. A Sample Risk Assessment Analysis
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1.2. Fine Kinney Risk Analysis

It is one of the risk analysis methods used in occupational
health and safety. Although it is a bit more complicated than the
matrix risk analysis, it is a more ordered risk analysis in terms of
separating the business lines from each other by frequency factor.
It was first put forward by Fine in 1971, and then, in 1976, Fine's
proposal was developed by Kinney and Wiruth and became a risk
analysis method [19]. It was first used to protect against

Table 5.Risk Score Calculation Table

RISK=PXSXF

R: Size of the Risk

P: Possibility of Hazard Occurrence

Hazard

S: Potential Violent Damage of the

F: frequency of repetition of work

Tablo 6. Probability Value Chart

explosives in the military field, and then became the most Probability . % .
preferred risk analysis method in dangerous and very dangerous Value Definition Probability
enterprises such as construction and mining when it began to be 10 E)Fpected / Certalg 50
used in the OHS profession.[19-20]. 6 High / Quite Possible 10
Although Fine Kinney Risk Analysis i lex th ) Possible 1
Although Fine Kinney Risk Analysis is more complex than 1 Rarely but Possible 10—3
Matrix risk analysis, it has higher accuracy and frequency factor. -
. . ; . . S 0,5 Unexpected but Possible 10—4
In this analysis method, the risk score is obtained by multiplying 02 Practically Not Possibl 10—5
three variables, namely probability (P), severity (S) and 2 ractically (,)t OssIbie. —
frequency (F). 0,1 Only Theoretically Possible 10—6
Table 7. Severity value definition table
Severity — Scoring The Damage / Element (V)
(Estimated damage to human and / or environment)
S Value Definition
Loss of work Material loss
100 Multiple fatal accidents environmental disaster > 10.000.000
40 Fatal accident / Serious environmental damage 1.000.000 — 10.000.000
15 Permanent damage / injury, loss of work 100.000 — 1.000.000
7 Creathg env1rqnmental barr@ms, significant darpage / injury from the 10.000 — 100.000
immediate environment, getting external first aid
3 Minor damage, injury, internal first aid, limited environmental damage 1.000 — 10.000
on land
1 Escape with littlle or no harm / no environmental damage 100 — 1.000
Table 8. Frequency value definition table
Frequency Scoring (F)
F Value Definition
10 Almost continuously (several times in an hour)
6 Frequently (once or several times a day)
3 Occasionally (once or several times a week)
2 Not often (once or several times a month)
1 Rarely (several times a year)
0,5 Hardly ever (once a year or less)

e-ISSN: 2148-2683

Table 9. Risk Score Definition Table
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Risk Identification
Risk Rating R Value Risk Class What to Do
R <20 Minor risk Precaution is not a priority
20<R <70 Acceptable risk Should be applied under observation
3 70 <R <200 Moderate risk Should be improved in the long term
4 200 <R <400 | Significant risk (Sle’t‘}llllfl Zefehvlvlpr;?niﬁsi)n the short term
Necessary precautions should be taken
R | o | I o ity bt
closed.

2. Material And Method

This study was made as a result of the field observations of  risks identified as a result of the observations using the 5x5 Matrix
OHS experts who have Class B occupational safety certificates in ~ qualitative risk analysis method and recommending regulatory
the profession of occupational health and safety of a power plant ~ preventive actions. Calculation method for 5x5 Matrix Risk score
consisting of solar panels where manpower is not used. It is a  analysis is as follows
study that consists of calculating the risk scores of the hazards and

Tablo 10. Risk Score Calculation Table
Risk Factor Calculation System: The one with a higher risk parameter will be taken.

Probability (Exposure-Incident frequency) Severity (Possible Losses)
Occurrence Rating
Parameter Probability . Parameter Severity
requency (For Human)
1 Very low Once a year 1 Negligible Absent
) Low Once every three ) Minor FlI‘St.—ald
months required

Loss of labour

3 Medium Once a months 3 Moderate
force <3 Days
Death, L f
4 High Once a week 4 Severe cath, Loss 0
limb
. .. Multiple
5 Very high E d 5 Critical
ery hig very day ritica deaths
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Tablo 11. Risk Score Definition Table

Risk Score Severity
Probability 1 (Negligible) 2 (Minor) 3(Moderate) 4 (Severe) 5 (Critical)
Meaningless Low Low Low Low
1(Very low) 1 g 2 3 4 5
Low Low Low Medium Medium
2 (Low) 2 4 6 8 10
. Low Low Medium Medium
3(Medium) 3 6 9 12
. Low Medium Medium
4 (High) 4 8 12
5(Very high) Low Mef(')”m

Table 12. Acceptability Values of Results and Order of Priority

The work should not be started until identified risk is reduced to an acceptable level,
and if there is an ongoing action, it should be stopped immediately. If it is not possible
to reduce the risk in despite of the measures taken, the action should be prevented.

The work should not be started until the identified risk is reduced, if there is an
ongoing action, it should be stopped immediately. If the risk is related to the
continuation of the work, urgent measures should be taken and as a result of these
measures, it should be decided to continue the action.

Moderate Risks Actions should be started to reduce the identified risks. Risk reduction measures can

take time.

(8,9,10,12) - Priority 3

Additional control processes may not be needed to eliminate identified risks. However,
existing controls should be continued and it should be checked that these controls are
continued.

L It may not be necessary to plan control processes and keep records of actions to be

(1) — Priority 5 carried out to eliminate identified risks.

be taken and the risk score that can be reduced as a result of the
actions are as follows. . There are no part-time or full-time
employees in this solar power plant. Only technical personnel
coming from outside can enter the power plant. The system is
remotely controlled.

Risk Score = Probability X Severity

In the light of the above data, the hazards and risks identified
in the solar power plant, the regulatory and preventive actions to

e-ISSN: 2148-2683 502
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Table 13.Acceptability Values of Results Matrix risk analysis data applied to the solar power plant
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Panel and Panel Platforms
Metal Burrs
Injury
ALL EMPLOYEES,

VISITORS

w

~

=)

WORKING AREA ( GENERAL)

Cleaning to prevent damage caused by metal burrs

EMPLOYER / REPRESENTATIVE OF THE EMPLOYER
In 2 months at the latest
There are metal burrs on some panels and platform parts in the enterprise.

These burrs should be cleaned and their damages such as pricking and
cutting should be prevented. In addition, unnecessary metal parts must be cut.

3. Results And Discussion

Due to its location, Turkey has high potential in terms
of solar energy. Our country has an average of 7.5 hours of
sunshine per day [21]. In the works done during the conversion of
solar energy into electrical energy through energy panels, fixed
electrical circuits and panels are used rather than manpower.
There are no insured and full time employees. However, during
the control of the system, the occupational safety of the technical
staff who come to the power plant during outsourcing should be
ensured in order to install new technological circuits and solve
various problems caused by the environment.

Various hazards and risks are at stake during the
installation of panels based on energy generation in the solar
power plant, doing periodic controls and the installation of new
panels by technical staff. These hazards and risks can be evaluated
with a 5x5 L type Matrix risk analysis and work accidents and
occupational diseases can be prevented by taking the necessary
measures. The aim of occupational health and safety practices is
to provide employees with a healthy and safe working
environment by showing the necessary proactive approaches to
work accidents and occupational diseases.

As a result of the 5x5 L type Matrix risk analysis, high-level
risks were shown as four and red, medium-level risks as fifteen
and yellow, low-level risks as five and green. The probability
score was calculated for the identified risks and the regulatory and
preventive action was specified. Hazards such as the lack of
location, number and control of fire tubes, unauthorized and
uninformed persons coming to the power plant for technical
support, not taking measures against the possibility of fire and
explosion in the battery room, and lack of grounding installation
that should be done once a year at the latest or not being checked
constitute high -level risks. Regulatory measures should be taken
in a short time.

Risks arising from dangerous movements and situations
such as not showing the passage route of the cables in the ground
inside the facility,the entrance of people from outside the power
plant to the power plant,loosening, abrasion and breakage of the
electrical transmission cables and connections,the transformer
cabinets are not in compliance with hygiene rules, the lack of
insulating mats in front of the panels, the lack of fire detection and
siren system in emergency situations or not working, not using
pure water during cleaning of solar panels, not taking the

e-ISSN: 2148-2683

necessary measures when working at height in the power plant,
the lack of emergency stop buttons and lightning rod are included
in the medium-level risk group. Regulatory and preventive actions
should be taken in the medium term to control these risks and
prevent their harm.

Failure to store waste in the work area, to pest control and
spraying, lack of a suitable walking corridor for employees and
visitors in the work area, sunstroke in summer due to weather
conditions, and lack of suitable place in case of cold and freezing
in winter, damage caused by metal burrs in and around panel poles
are defined as a low- level risk. Necessary measures should be
taken in the long term.

Although the degree of risks identified may vary
according to the prediction and interpretation of the observing
occupational health and safety expert, the risk level remains the
same. The necessary measures should be taken for identified risks
and should be followed regularly. The risks identified in solar
power plants are also close to each other in other solar and wind
power plants. They are plants with low human factors. The risk
analysis performed is a qualitative risk analysis. The response of
the data obtained is expressed verbally as low, medium and high
levels. In our country, occupational health and safety experts
working actively in the field have difficulties in applying and
interpreting Fine Kinney, which is not a quantitative analysis but
a qualitative analysis. Therefore, 5x5 Matrix risk analysis is used
to identify hazards and risks in the profession of occupational
health and safety.

A study was done by Diindar and Ethem (2016) on the issues
related to the measures to be taken in terms of occupational health
and safety during the installation and field phase of solar power
plants [22,24]. Celik and Utku (2013) contributed to the literature
on OHS in energy studies by working on the examination of
possible situations to be experienced during the installation phase
of the wind power plant in terms of occupational health and safety
[23].
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