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Chapter 1

Perturb And Observe Control-Based MPPT
Algorithm for Photovoltaic System with Sepic Converter
Under Changing Environmental Conditions

Evren ISEN!, Burcin OZKAYA?

1. INTRODUCTION

Increasing global energy demand, the risk of fossil fuel depletion, and
environmental problems are increasingly driving the importance of renewable
energy sources. Among these sources, solar energy is one of the most essential
alternatives due to its clean, inexhaustible, and environmentally friendly nature
[1-3]. Photovoltaic (PV) systems, which generate electricity directly from solar
energy, are widely used in both small-scale off-grid applications [4-6], and grid-
connected power plants [7-9].

The electrical behavior of PV cells is described by current-voltage (I-V) and
power-voltage (P—V) characteristic curves. The I-V curve shows the relationship
between the cell’s short-circuit current (/,.) and open-circuit voltage (V,.), while
the P—V curve reveals the power that can be generated at different operating
points. These curves are nonlinear and constantly change with irradiance and
temperature [2, 9]. For example, when irradiance increases, the short-circuit
current increases, while increasing temperature generally decreases the open-
circuit voltage. Under these conditions, only one point on each [-V or PV curve
provides the highest power output. This point is known as the Maximum Power
Point (MPP), and it is the point at which the PV cells operate most effectively.
However, one of the main problems with PV systems is that this MPP isn't always
the same [10, 11]. Conditions like changes in solar irradiance, temperature, cloud
cover, or partial shading can change the MPP all the time. If the system works at
a point other than the MPP, a lot of the potential energy production is lost, and
the system often makes less electricity than it could. This situation makes energy
use less efficient from a technical point of view and makes it take longer to get
back the money spent on investments from an economic point of view. These
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losses can have serious economic consequences, especially in large-scale PV
plants. Therefore, the implementation of Maximum Power Point Tracking
(MPPT) methods has become essential in PV systems. MPPT algorithms
continuously monitor the operating points of PV panels, instantly adjusting
operating conditions and ensuring that the system operates at the MPP at all times.
This increases energy efficiency, reduces unit energy costs, and ensures stable
system operation [3]. One of the best ways to implement MPPT algorithms is to
use a DC-DC converter between the PV source and the load. The presence of a
controller effectively changes the resistance seen by the panel, thus allowing the
panel to operate closer to the MPP [1].

Various methods have been developed and applied in various studies by many
researchers in the literature. Among these methods, Perturb & Observe (P&O)
[12-22], Incremental Conductance (INC) [14], Open Circuit Voltage (OCV) [23],
and Short Circuit Current (SCC) [24] are among the most widely used. Among
these methods, P&O is the most frequently studied method by researchers, and
its various versions have been developed. Isen and Sengul presented a
comparative study using P&O, INC, OCV, and SCC methods using boost
converter. These methods were operated under varying environmental conditions
[12]. Ahmed and Salam proposed an improved P&O method, where a dynamic
perturbation step-size was used in the proposed method to reduce the oscillation.
To demonstrate the efficacy of the proposed method, it was compared to the
conventional and adaptive P&O method [13]. Devi et al. introduced a modified
P&O method with directional step size to minimize steady state oscillation and
avoid losing the tracking direction of the conventional P&O based MPPT for PV
systems [15]. Alik and Jusoh presented a modified MPPT method for PV systems
utilizing an enhanced P&O with a checking algorithm. This checking algorithm
compares all peak points to determine the global maximum power before the
improved P&O algorithm determines the voltage at MPP to calculate the boost
converter duty cycle [16]. Abdel-Salam et al. proposed an improved P&O
method, which were tested under step and slope changes of irradiation conditions.
The proposed method outperformed conventional and modified P&O methods in
tracking speed, accuracy, steady-state efficiency, and dynamic efficiency [17].
Majstorovi¢ et al. presented a comparative study using P&O and INC methods
using sepic converter [18]. Singh et al. presented a P&O based MPPT method
using boost converter in PV systems. The method was operated under changing
solar irradiation levels [19]. Chellakhi et al. proposed an improved adaptable
step-size P&0O MPPT method for standalone PV systems using buck converter.
The proposed method was tested under changing solar irradiation and
temperature, and was compared to different MPPT methods [20]. Kumar and



Bindal used the classic P&O method with a buck-boost converter for PV systems.
To determine the efficacy of MPPT, the model was simulated and observed under
partial shading conditions [21]. Jabbar et al. proposed a modified P&O method
to achieve optimal MPPT in a variety of weather scenarios. A more rapid tracking
convergence was achieved using a novel approach to regulate the duty-cycle
perturbation step size [22].

In this study, the performance of a photovoltaic system consisting of a SEPIC
converter, one of the non-isolated dc-dc converters, and a PV panel is investigated
under different irradiance values. 30 PV panels were used in the 6.4 kW system.
The simulation study performed at irradiance values of 1000 W/m?, 800 W/m?,
and 400 W/m? under a constant temperature of 25°C, 6.386 W, 5.152 W, and
2.587 W of power are obtained from the panel, respectively. The system's
transient response is also successful, and the SEPIC converter extracted the
desired power from the panels under the tested operating conditions. The results
show that the SEPIC converter is suitable for photovoltaic systems.

2. PHOTOVOLTAIC PANEL AND MAXIMUM POWER POINT
TRACKING ALGORITHM

PV panels, the primary power source of photovoltaic systems, are crucial
during the design phase to enable system analysis through modeling. Therefore,
single-diode, dual-diode, and triple-diode models of PV panels are presented in
the literature [25]. A single-diode circuit model is also used in this study. Figure
1 shows the single-diode circuit model of a photovoltaic panel [26]. This model
includes a current source, a diode, and a resistor. Multiple diodes are shown
connected in series and parallel. N, and N, represent the number of series diodes
and parallel branches, respectively. The values of the series and parallel resistors
at the output also vary depending on these numbers. Assuming that both values
are 1, the resulting circuit represents a PV panel model.
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Figure 1. PV panel single diode model




When the circuit equation is written based on Kirchhoff's current law in the
single diode PV panel model shown in Figure 1, equation (1) is obtained. This
equation calculates the output current of a PV panel.

=N,y =Ny exp| ———L | =1|-1, (1)

The first part of the equation (1) represents the current generated by irradiation.
The second part represents the current of N, parallel branches formed by N; diodes,
while the last part represents the current of the Ry, resistance at the output. Relevant
studies in the literature can provide detailed information regarding the calculations of
the parameters and unknown expressions [26].

Maximum power point tracking algorithms are used in the control structure of
converters to regulate the power output of the PV panel [27]. The P&O algorithm
works by constantly monitoring the voltage and power changes. It tracks the
variations in voltage and power at specific intervals. Based on these changes, the duty
cycle of the switching element is adjusted. Pseudocode for the P&O algorithm is
shown in Algorithm-1. As shown in the algorithm, current and voltage measurements
are taken first. Here, k and k-1 denote the current and previous measurements. First,
the power value is calculated by multiplying the current and voltage, then the
difference between the voltage and power at the two measurement points is
calculated. From this point onward, the algorithm operates based on the power and
voltage difference values. Firstly, the power difference is checked to see whether it
is zero. If the difference is zero, the system operates at the desired power value, and
no change is made in switching. Operation is continued with the current panel
voltage. If the power difference is different from zero, it is checked whether the
increase of this difference is greater or less than zero. In the next step, the voltage
difference is checked for both cases. Thus, four different situations arise, and as
shown in the figure, the panel output voltage is decreased and increased in each case.
This cycle runs continuously and tries to ensure that the panel operates closest to the
point where it can produce maximum.

Figure 2 shows the voltage depending on the panel output power. As can be seen,
the change in voltage and power is positive in the first region, meaning the power
increases as the voltage rises. This is the region where the power increases. When the
power reaches its maximum point, region 2 begins. The maximum point is reached
in this interval, and the power oscillates. When the algorithm adjusts the reference



voltage, it causes a transition to the right and left of the maximum point. The system
operates around this point rather than at a single point. The last region is the third one.
Here, a decrease in power occurs as the voltage increases. If the system operates in
this region, the voltage must be reduced to return to the second region.

Algorithm-1: Pseudocode of the P&O algorithm
Inputs: V(k) and (k)
Output: Vier
1.  Calculate AV(k) = V(k) - V(k-1)
2. Calculate P(k) = V(k) * I(k)
3. Calculate AP(k) = P(k) - P(k-1)
4. if AP(k)==0 then
5. Go to line-21
6. else
7. if AP(k) > 0 then
8. if AV(k) > 0 then
9. Decrease Vier
10. else
11. Increase Vier
12. endif
13. else
14. if AV(k) > 0 then
15. Increase Vier
16. else
17. Decrease Vier
18. endif
19. endif
20.  endif
21, Vig(k) = Vier(k-1)
Region 1
- : : : : : - f ?
6000 1
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Figure 2. Voltage-dependent power variation



Table 1 illustrates the operating principle and zones in the power change graph
shown in Figure 2. This table outlines the operating zones based on voltage and
power value changes and the actions to be taken in the next cycle according to
the operating zone. If the AP/AV ratio is positive, the panel output voltage should
be increased; if it is negative, the panel voltage should be decreased.

Table 1. P&O working principle

AV AP AP/AV Region Next AV
+ + + 1 +
+ - - 3 -
- + - 2 -
- - + 2 +

3. SEPIC CONVERTER

The SEPIC converter is one in which the output voltage decreases, increases,
or remains the same according to the input voltage, depending on the conversion
ratio. This feature provides an advantage in terms of use at the output of the PV
panel, whose output voltage varies according to weather conditions. It is also a
preferred converter in applications requiring low input current fluctuations [28].
The polarity of the output voltage and the polarity of the input voltage are the
same. Figure 3 shows the circuit diagram of the SEPIC converter. Unlike the buck
converter, boost converter, and buck-boost converter without a transformer, two
inductances and two capacitors are used in this converter.

L, G D

1
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=
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Figure 3. SEPIC converter circuit

Figure 4 shows the conduction mode of the converter. In this mode, the switch
is in conduction, and the diode is cut off. Energy is stored in the inductance L,
via the input source in this interval. While the energy stored in the capacitor C;
in the previous mode is transferred to the inductance L., the load at the output is
fed from the capacitor C», which is also stored in the previous operation interval.
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Figure 4. Conduction mode

The second operating interval, where the switching element is in cutoff mode
and the diode is in conduction, is shown in Figure 5. In this interval, the energy
stored in inductance L; is transferred to capacitor C;, while the energy stored in
inductance L; in the previous interval is transferred to the output.

=0
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Figure 5. Cutoff mode

Equation (2) gives the mathematical expression of the converter's output
voltage with two operating ranges in terms of input voltage and conversion ratio.
According to this equation, when the conversion ratio is less than 50%, the SEPIC
circuit works as a step-down converter, and when this ratio is above 50%, it works
as a step-up converter.

Dy,
Vo=r— 2
(I-D)

In the equation, V;,, Vy, and D define the input voltage, output voltage, and

duty cycle, respectively.

4. SIMULATION RESULTS

The simulation circuit created in the Simulink/ MATLAB environment within
the scope of the study is given in Figure 6. The PV panel array is located at the
system input. There are a total of 30 panels in this array. This array consists of 3
parallel arms with 10 series-connected panels in each arm. The electrical



parameters of the panels used are given in Table 2. When the total panel array is
considered, the system has a power of 6.387 W.

Irradiation ’
& [

Temperature PV Panel oL v |
PV DCIDC Controller

G

Load

5

Figure 6. Simulation circuit

Table 2 shows the parameters of the PV panel used. These values are obtained
under standard test conditions (STC) of 1000 W/m2 radiation and 25°C temperature.
The panel consists of a combination of 60 cells. While the open circuit voltage is 36.3
V when no current is drawn from the panel, the panel voltage drops to 29 V during
operation at the maximum power point. In a short circuit, 7.84 A can be drawn from
the panel, while the panel gives 7.35 A current at the maximum power point.
According to these data, a panel can produce 213.15 W of power in STC. These
values vary at different irradiation and temperature values.

Table 2. PV panel parameters

Parameter Value
Neelt 60
Prax 213.15W

Voe 363V
Lsc 7.84 A
Vinp 29V

Inmp 735 A




In the simulation environment, a constant temperature of 25°C and irradiance
values of 400W/m?, 800W/m?, and 1000W/m?* were used. To control the power
values obtained during the operation of the system, the voltage-dependent power
change curves of the panel under these operating conditions were first obtained.
Figure 7 shows the maximum power values at 400W/m?, 800W/m?, and
1000W/m? irradiance as 2.587 W, 5.153 W, and 6.387 W, respectively. These
curves will be used to verify the simulation results.

7000 ; ; ] ; . ;
6.387 W
6000 L 1000W/m® 1
800W/m>
5000 400W/m> |

N

S

(=]

(=]
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Power (W)

[
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T

0 5 10 15 20 25 30 35
Voltage (V)

Figure 7. PV panel output power curves at constant 25°C and different
irradiances

The irradiation variation used to test the system's performance in the
simulation environment is given in Figure 8. After applying 800 W/m? irradiation
for the first 0.5 s, 1000 W/m? irradiation is applied for 1-2 seconds, and 400 W/m?
irradiation is applied for 2.5-3 seconds. The transition between constant
irradiation values is provided by a linear change. With this irradiation variation,
the response of the system in the case of increasing and decreasing irradiation can
be analyzed.
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Figure 8. Irradiation in the simulation

As seen in Figure 6, the SEPIC converter is located after the PV panels in the
system. Table 3 gives the values of the circuit elements used in the converter.

Table 3. SEPIC converter parameters

Component Value

Cin 10 pF

Ci 20 uF

C: 470 pF

L 1.2 mH

L 300 pH

Rioad 100 Q
Switching frequency 15 kHz

The variation of the load power and the power drawn from the PV panel under
the determined temperature and irradiance values is shown in Figure 9. After the
transient at the start of the system, the panel output power reached 5.152 W. At
the end of 1 second, the irradiance increased from 800W/m? to 1000W/m?, and
the power value reached 6.386 W. When the irradiance value decreased from
1000W/m? to 400W/m?, the power value decreased to 2.587 W. Considering the
maximum power values in Figure 7, the accuracy of the results obtained can be
understood. While the system can reach the desired power values in the steady
state, it also performs well in transient conditions. When the output power is
analyzed, it is seen that a lower power is obtained compared to the input power
due to losses. When analyzed for the same time intervals with the PV panel
power, the output power reached 4.767 W, 5.916 W, and 2.377 W, respectively.
PV panel and output power values are given in

10



Table 4.
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Figure 9. PV panel power
Table 4. Power values of the PV panel and output
Irradiation PV Power Output Power AP (%)
(W/m?) W) W) AP (W)
400 2.587 2.377 210 8.11
800 5.152 4.767 385 7.47
1000 6.386 5916 470 7.36
When

Table 4 is analyzed, it is observed that the generated power and output power
increase with the increase in irradiance. The power difference represents the
losses in the SEPIC converter. With the increased generated power, the power
losses increase, but a decrease occurs when evaluated in percentage terms.

Figure 10 and Figure 11 show the current and voltage changes of the PV panel
and load. As can be seen in Figure 10, the current drawn from the PV panel is
17.65 A in the first region, 21.95 A in the second region, and 8.78 A in the last
region. The current value drawn from the panel shows a linear change with the
irradiance, and the current increases when the irradiance increases and decreases
when the irradiance decreases. With this change, the current of the load at the
output also changes. As can be seen from the figure, the load current also shows
a direct proportional change according to the PV current. The load current is 6.9
A, 7.69 A, and 4.87 A, respectively.
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Figure 10. PV and load current

Figure 11 shows the PV panel and load voltages. Due to the power
conservation law, unlike the current, the load voltage takes higher values than the

PV panel. The panel voltage is 295 V on average due to the use of the MPPT
algorithm.
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Figure 11. PV and load voltage

5. CONCLUSION

One of the non-isolated converter types is the SEPIC converter circuit, which
can increase or decrease the output voltage according to the input, such as a step-
up converter. In addition, the input current fluctuates little. For these reasons, this
converter is preferred in photovoltaic system applications. In this study, a 6.4 kW
PV system consisting of 30 photovoltaic panels is controlled by a SEPIC
converter. The P&O technique is preferred as the PV panel MPPT algorithm. The

12



performance of this system is analyzed with a simulation circuit in the
Simulink/MATLAB environment. As a result of the results obtained from the
simulation, it is seen that the system reaches the maximum power point in
different irradiation conditions. Even if the ambient conditions change, the
maximum power that can be produced is drawn from the PV panels. The results
show that the combined use of the SEPIC converter and the P&O algorithm gives
effective results in PV systems.
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Chapter 2

From Forest to Value:
A Life Cycle Assessment of the
Wood Furniture Industry

Merve CAMBAZOGLU', Sezen COSKUN 2, Abdullah SUTCU?

Abstract

In the furniture sector, environmentally responsible production plays a crucial
role in conserving natural resources and promoting sustainable development. Life
cycle assessment (LCA) is among the most widely applied methodologies for
evaluating the environmental impacts of processes, offering a comprehensive
framework that encompasses all stages from raw material extraction and supply
to energy use and product disposal. This study focuses on LCA applications in
the furniture industry and highlights their significance in identifying
environmental hotspots, guiding strategic decisions, and supporting
sustainability-oriented improvements. Strategies such as the use of recycled
materials, environmentally friendly surface finishes, sustainable raw material
selection, and eco-design approaches have been identified as key areas with high
potential to reduce the overall environmental footprint of furniture production.
Moreover, the integration of LCA facilitates collaboration with suppliers
throughout the product life cycle, extending beyond individual companies to
influence broader industry networks. Such collaborative and holistic
implementation of LCA not only enhances environmental performance but also
contributes to improved operational outcomes and competitiveness within the
sector.

Key words: LCA, Wooden Furniture, Sustainabilty, Forest Product Industry
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1. Introduction

Wood-based raw materials stand out among environmentally friendly material
options with their renewable properties. Thanks to sustainable forestry, these raw
materials offer long-term carbon storage capacity and can be an alternative to
fossil fuels (Bergman and Brashaw, 2021). However, additives used in the
production process and recycling limitations can reduce environmental benefits
(Goldhahn et al., 2021). Therefore, efficient use of resources and effective
management of waste are critical for both economic value generation and
ecological balance. In this context, it is necessary to develop a more holistic and
integrated approach between economic value generation and ecological balance
from an environmental sustainability perspective (George et al., 2015).

Life Cycle Assessment (LCA) is a common analytical tool used to assess the
environmental impacts of products, processes or services throughout the entire
life cycle, from raw material extraction to disposal (ISO, 2006). LCA
implementation steps include determining the goal and scope, life cycle inventory
(LCI), life cycle impact assessment (LCIA), and interpretation (Hartini et al.,
2019). Studies on LCA in the forest products sector mainly address impacts on
global warming potential (GWP), as wood-based resources are mainly biogenic,
which facilitates climate change mitigation by transporting fossil fuels through
energy recovery or storing carbon in wood products for long periods of time
(Faraca et al.,2019).

LCA studies are seen as an important tool for achieving the Paris Climate
Agreement's goal of limiting global warming to 1.5 °C by 2050. In this context,
the areas of focus in the furniture sector include various topics such as raw
material selection, production processes (Gonzalez-Garcia et al., 2011), recycling
and waste management (Petersen and Solberg, 2002), and supply chain
management (Sathre and O'Connor, 2010). Thus, it can be said that the LCA
approach provides a scientifically based decision support tool for enhancing the
environmental sustainability of the furniture sector.

Furniture production consists of many stages, including material extraction,
manufacturing, transport, utilisation and end-of-life disposal, each of which
contributes to environmental impacts such as greenhouse gas emissions, resource
depletion and waste generation. Using LCA methodologies, stakeholders in the
furniture industry can systematically identify and quantify these impacts, thus
facilitating the development of more sustainable practices and products
(Gonzélez-Garcia et al., 2012). In the furniture industry, attention should be paid
to the environmental impacts associated with the product life cycle along the
entire value chain, from raw material procurement to furniture production, from
use to end-of-life (Yang et al., 2025).
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In recent years, the need to assess the environmental impacts of furniture
products and to reduce these impacts has been increasingly recognized and has
emerged as a priority area in research. LCA has been adopted as an important
method that analyzes the environmental performance of a product in a holistic
manner, taking into account the entire life cycle of a product, from the acquisition
of raw materials to production, distribution, use and disposal at the end of its life
(Wu et al., 2018).

Although wood and wood-derived products are generally classified as
environmentally sustainable, it should be noted that their actual sustainability
depends on issues such as appropriate forest management, production methods,
field assembly, distance required for transportation, use of adhesives (Asdrubali
et al.,, 2017). The current wood-based furniture industry has significant
development opportunities towards more environmentally friendly approaches
(Coloma-Jiménez et al., 2022). This study focuses on wood-based furniture
products and aims to understand environmental impacts and identify areas for
sustainability-focused improvement.

2. Structure Of The Furniture Industry and Wooden Furniture Sector

The global furniture market size is estimated at $568.6 billion in 2024. The
market is expected to reach $878.1 billion by 2032, with a CAGR of 5.65%. This
growth is supported by increasing housing sales and demand for innovative
furniture products, especially in the US, and the country's market is expected to
reach approximately $130.2 billion by 2032 (Fortune Business Insights, 2025).

Developed economies such as the USA, Germany and Italy have been leaders
in global furniture production for many years. However, in recent years, due to
factors such as lower labor costs and more advantageous tax policies, there has
been a significant shift in furniture production from developed countries to
developing countries (Mexican etc.) (Koridze, 2022). The European furniture
industry is a dynamic sector, accounting for approximately 26% of global
production (Forrest et al., 2017). In the European Union, in terms of primary
materials used in production, wooden furniture constitutes the largest share (57%)
of furniture production percentage (Renda, 2014) (Fig. 1). The European market
is in a leading position with innovative design, sustainable production, efficient
use of natural resources and the use of the latest technologies in production
(Koridze, 2022).
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Other

Fig. 1. Furniture production rates by continent and
European Union furniture type rates

Approximately 51 million tons of furniture are consumed annually worldwide,
of which 48.6 million tons are thrown away (Forrest et al., 2017; CSIL and
CNFA, 2020). In the European Union, 10.5 million tons of furniture are produced
annually, generating 10 million tons of furniture waste, which constitutes more
than 4% of municipal solid waste in the European Union (Forrest et al., 2017).
The EU Circular Economy Action Plan identifies the replacement of fossil-based
products with bio-based products as a priority area due to their renewable and
recyclable advantages. Another factor that directs furniture manufacturers to
more environmentally friendly production is changing consumer behaviour. A
2020 study in the United States found that 76% of Americans would pay more
for eco-friendly furniture (Grand View Research, 2022). This change in consumer
behaviour highlights the importance of conducting a comprehensive assessment
to improve environmental sustainability in the furniture sector.

Although wood and wood-derived products are generally classified as
environmentally sustainable, it should be noted that their actual sustainability
depends on issues such as appropriate forest management, production methods,
field assembly, distance required for transportation, use of adhesives (Asdrubali
et al., 2017). The current wood-based furniture industry has significant
development opportunities towards more environmentally friendly approaches
(Coloma-Jiménez et al., 2022).

3. LCA Approaches in Furniture Industry

Fumniture is a crucial sector for sustainable development due to its high
environmental impact and potential for sustainable improvement (Yang et al.,
2025). The life cycle of furniture products is usually examined in five stages: pre-
production, production, distribution, use and disposal (Yang, 2022) (see. Fig.2).
Environmental impacts before production are due to the consumption of various
raw materials, primarily wood-based materials (Renda, 2014). In the production
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stage, energy use, chemical consumption and waste generation create significant
environmental burdens (Donatello et al., 2017). While transportation, packaging
and storage activities are prominent in the distribution process, the impact of the
use stage is limited. Furniture waste accounts for more than 4% of total municipal
solid waste (MSW) in the EU annually, 80-90% of which is incinerated or
disposed of in landfills, while the rest is recycled (Donatello et al., 2014). This
negatively affects environmental performance.
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Products

Product
Manufacturing

Raw

Material Use/Service

End of Life ’

Reuse

Remanufacturing

Material Recycling

New product

P a1l 4 New product Information
orward flow

forward flow flow

Fig. 2. Circular product lifecycle flow (Otieno et al., 2020)

Sustainability strategies developed within the scope of LCA for wood-based
furniture products aim to reduce environmental impacts throughout the entire life
cycle of the product (Deng et al.,, 2023). Among these strategies; material
substitution through the use of sustainable alternative materials, adoption of
production technologies with low environmental impacts, increasing energy and
resource efficiency, implementation of circular economy principles such as
recycling and reuse, and promotion of responsible waste management practices
at the end of the product's life cycle stand out (Vandervaeren et al., 2022). Among
the most used wood based materials in the furniture industry are particleboard,
oriented strand board (OSB), medium-density fibreboard (MDF), and high-
density fibreboard (HDF) (Gonzalez-Garcia et al., 2012; Linkosalmi et al., 2016).
Although the use of wood-based materials as raw materials is a more
environmentally friendly approach, the negative environmental effects caused by
the adhesives and additives used should not be ignored (dos Santos et al., 2014).
The impact of raw material selection on environmental performance is
summarized in Fig. 3.
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Fig. 3. LCA application steps, raw materials used in furniture production and
carbon footprint values per ton

While most materials such as steel, aluminum and plastic require high energy
input in the production process, the production of timber products (lumber-wood-
based panels-furniture) uses much less energy than competitive materials
(Adhikari and Ozarska, 2018). LCA practices in a furniture manufacturing
facility largely depend on the pre-production environmental impacts of purchased
semi-finished products (Wenker et al., 2018). Therefore, it should be noted that
the sustainability of furniture production depends on semi-finished products.

The studies compared the environmental impacts of different materials and
processes. For example, particleboard with low formaldehyde content performed
better environmentally, while biocomposites produced from perennial plants such
as hemp fiber can demonstrate better environmental performance due to lower
resource consumption. In addition, the evaluation of wood surface coatings has
shown that 100% UV varnish is the most environmentally friendly option, and
low-density laminate performs 36% better than high-density laminate in terms of
environmental impact. Studies evaluating the environmental impact of different
production processes indicate that the milling saw stage has the highest impact in
wood production, switching from epoxy-based powder coatings to polyester-
based powder coatings in metal processing reduces health risks and
environmental impacts, and wet white coating in leather processing has a lower
environmental impact than traditional chrome coating. Certain furniture products,
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such as school desks, cribs, work desks, and wardrobes, can cause environmental
problems due to the processing of iron parts, the use of MDF, and high electricity
consumption during the manufacturing process (Yang et al., 2025).

When studies on the furniture industry and LCA in the literature are generally
examined, the majority of them focus on eco-design (Cinar, 2005; Gonzalez-
Garciaetal., 2011, 2012; Mirabella et al., 2014) and production using waste wood
(Coloma-Jiménez et al., 2022; de Souza Pinhoo et al., 2023; Russel et al., 2023).
Considering that LCA is an effective tool to evaluate the environmental benefits
of eco-design strategies in the furniture industry (Forrest et al., 2017) and that
sustainable design practices in furniture manufacturing significantly reduce
environmental burdens when integrated into the early design stages of LCA and
circular material flows (Yang et al., 2025), the contribution of research in this
field to reducing environmental impacts and improving design processes is
clearly evident. Literature studies reveal several basic strategies to improve the
environmental performance of furniture products. Considering that
approximately 70% of the environmental impacts of a product are determined at
the design stage (Jeswiet and Hauschild, 2005), decisions taken at this stage
significantly affect the entire life cycle from production to end-of-life evaluations
(Mirabella et al., 2014).

LCA studies in the wood furniture sector have mainly concentrated on three
topic themes: wood waste management, eco-design strategies, and the selection
of sustainable raw materials. Pinho and Calmon (2023) highlighted the critical
role of standardizing LCA approaches to effectively compare environmental
impacts across various wood waste treatment scenarios. Similarly, the application
of eco-design principles such as material certification, modularity, and supply
chain optimization has been shown to reduce life cycle emissions in furniture
production (European Commission, 2014). Furthermore, selecting sustainably
sourced or recycled wood significantly influences the ecological footprint of
wooden furniture, as demonstrated by Yang et al. (2025).

4. Conclusion
In this study, LCA studies in the furniture industry were examined at a basic
level and the current situation was briefly evaluated. The results of the study show
that studies related to sustainability and environmental performance management
in the sector are becoming increasingly important. The prominent issues are
briefly summarized below and opportunities for development are presented;
1) Current LCA studies and environmental assessments support the further
development of biodegradable and bio-based polymers. Careful
monitoring of various environmental impacts is essential for both corporate
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decision-makers and policymakers. When combined with good practice
targets, such monitoring can accelerate ongoing product and process
innovation (Patel and Narayan, 2005).

2) Managers should adopt Product Environmental Footprint-based LCA
changes to increase production efficiency and reduce the environmental
footprint. LCA provides scalable insights that can be effectively applied in
other sectors related to furniture to address environmental challenges while
increasing economic and operational efficiency (Tessitore et al.2025).

3) Most studies contributing to the literature on this subject are concentrated
in Europe and North America. This geographical limitation restricts the
understanding of the global scope and environmental impacts of furniture
production. Therefore, the widespread adoption of LCA studies will play
an important role in determining global potential.

4) Current studies focus on specific stages of the furniture life cycle, placing
greater emphasis on the ecodesign and production stages and less on end-
of-life scenarios. This gap in the holistic analysis may overlook a
significant portion of the environmental impact, including waste
generation and emissions throughout the entire value chain. This situation
demonstrates the need for a thorough examination of LCA studies
conducted in the furniture sector using a holistic approach. .
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Chapter 3

Precautionary Measures in Working with
Hazardous Chemical Substances

Ata Yigit TASKAYA', Ash Ece ACAR FiLiZCi?,
Dilek OZTAS?, Ergiin ERASLAN*

Abstract

Chemical substances are indispensable inputs in industry and laboratories,
yet they pose significant risks due to flammability, explosivity, toxicity, and
environmental impacts. This review synthesizes Turkish legislation and recent
sectoral studies to specify actionable precautions at three levels: (i) legislative
and risk-management foundations, (ii) engineering and organizational controls
with personal protective equipment as a last resort, and (iii) good practices for
high-risk settings. Evidence indicates that collective measures—substitution,
closed systems, local exhaust ventilation, and independent protection layers—
are most effective when paired with routine exposure measurements, training,
and occupational health surveillance; in their absence, risk reduction is limited.
Workplace-specific analyses using Fine—Kinney and ETA/LOPA consistently
lower initiating-event frequencies; consequence reduction additionally requires
design choices that address detection time and released mass. In Tiirkiye, the
“Regulation on Health and Safety Measures in Working with Chemical
Substances” provides the legal foundation for this integrated approach,
operationalized here through checklists and templates [13].
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Introduction

The global production and utilization of millions of chemicals have significantly
facilitated modern life; however, they also pose serious health and safety risks,
particularly through chronic exposure pathways [4, 6]. Establishing sustainable and
safe working conditions becomes challenging without a comprehensive
consideration of the physical (flammability, explosiveness, reactivity), health-
related (acute and chronic toxicity, carcinogenicity, mutagenicity), and
environmental dimensions of chemical hazards [3]. This article aims to provide a
holistic roadmap that spans from the legal framework to field-level practices.

Contribution and Limitations of the Study:

This review integrates legislation, process safety, and industry practices under a
single framework, offering actionable examples and control checklists. As a
limitation, it should be noted that the applicability of the proposed measures must
be verified in situ, depending on the type of enterprise, chemical inventory, and
specific process conditions.

Methodology and Scope of the Review

This study is based on legal texts, academic publications, and industry reports
that outline risk assessment and process safety methodologies, including the Fine—
Kinney method and techniques such as Event Tree Analysis (ETA) and Layer of
Protection Analysis (LOPA) [3, 9]. Concrete examples of good practices and
control checklists have been developed based on case studies from fuel stations,
laboratories (forensic toxicology, organic chemistry, drinking water analysis), textile
production, and compressor rooms [1, 2, 4, 8, 10, 11, 14].

Conceptual Framework and Regulatory Context

The regulation defines the employer's primary obligation as '"preventing
exposure; or, if not possible, reducing it to the minimum level" and mandates the
implementation of a formal risk assessment process [13]. This assessment must
consider the hazardous properties of the chemical, the Turkish-language Safety
Data Sheet (SDS), exposure level and duration determined by accredited laboratory
measurements, occupational and biological limit values, as well as the potential
interactions between multiple chemicals (Article 6).

The hierarchy of control measures, as outlined, is as follows: substitution,
process/engineering controls, collective protection methods, and as a last resort,
personal protective equipment (PPE) (Article 7). Furthermore, it is compulsory to
repeat exposure measurements following any process modifications and to maintain
ongoing health surveillance [9, 13].
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Classification, Labeling, and Hazard Communication

The processes of chemical classification and labeling, access to Safety Data
Sheets (SDS), proper storage and transportation, waste disposal, and record-
keeping/documentation form the backbone of organizational control mechanisms
[3]. The effective implementation of REACH and its Turkish counterpart KKDIK
regulations in operational practices is reinforced through institutionalized
information flow across the supply chain and the systematic adoption of
substitution decisions [9].

Risk Management and Analysis Methods

The fundamental steps in chemical risk management include hazard
identification,  evaluation of exposure routes (inhalation, dermal,
ingestion/injection), quantitative or qualitative risk assessment, and monitoring of
control measures. The Fine—Kinney method is a highly practical tool with strong
field applicability; for instance, in a drinking water laboratory, it was demonstrated
that improved SDS literacy and proper use of PPE significantly reduced risks
previously classified as “intolerable” or “substantial” [10].

From a process safety perspective, methods such as Event Tree Analysis (ETA)
and Layer of Protection Analysis (LOPA) are employed to analyze scenarios
involving flash fires, jet fires, explosions, and toxic releases. The influence of
Independent Protection Layers (IPLs) on both the frequency and severity of such
events is evaluated in an integrated manner [5].

Table 1. Hierarchy of Controls and Example Applications

Level Example Note

Substitution Use of low-benzene fuel Risk is reduced
instead of benzene; less at the source
hazardous coating compounds
instead of chromium(VI)

Process/Engineering Closed systems, LEV, Performance
inerting, ESD/interlocks, verification s
leak/gas detection systems essential

Collective Protection Ventilation, area isolation, Verify
secondary containment/sealing effectiveness

through
measurement

PPE (Supplementary) A1/AX cartridge respirators, Last resort in the
chemical-resistant gloves, control
eye/face protection hierarchy
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Engineering and Process Safety Measures

Source control is fundamental: key measures include closed systems, local
exhaust ventilation (LEV), inerting, process automation (such as ESD and
interlocks), rapid detection and isolation, containment basins, and proper
material and pipeline design. In a facility storing 1,3-butadiene, evaluated
Independent Protection Layers (IPLs) were found to reduce the frequency of
incidents; however, when detection time was short and the mass released
remained constant, impact distances did not change significantly in non-
explosive scenarios. This finding underscores the necessity of designs that aim
not only to reduce frequency but also to mitigate consequences [5, 12].

Table 2. Summary of LOPA/IPL Scenarios (Representative)

Scenario Initiating IPL Expected Effect
Event
Jet fire Flange leak Flame detection Frequency decreases;
+ ignition + rapid radiation impact distance
shutdown is minimally affected
Toxic Tank top Gas detection + Frequency decreases; if
release valve failure automatic mass is not reduced,
isolation impact distance remains
similar
Explosion Vapor cloud Pressure relief Overpressure impact is
+ ignition + explosion reduced; distance
vent panel shortens

Organizational and Administrative Measures

Chemical inventory management, labeling, access to Safety Data Sheets (SDS),
compliant storage and transportation, cleaning and waste handling, exposure
monitoring and medical surveillance, training, and recordkeeping/documentation
are the foundational pillars of operational safety at the enterprise level [3, 9]. The
need for institutionalization and regulatory guidance is particularly evident in small
and medium-sized enterprises (SMEs) [15].

Personal Protective Equipment (PPE)

PPE does not replace collective protective measures; rather, it complements
them. Training and proper selection are critical when choosing respiratory
protection, gloves, eye/face protection, and chemical-resistant work clothing. In
laboratories with VOC (volatile organic compound) risks, fume hoods and adequate
ventilation must be combined with personal exposure monitoring and the use of
appropriate PPE [13, 14].
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Table 3. Example PPE Selection Matrix (Summary)

Chemical Type of Recommended PPE Note
Exposure
Acid/base Splash Face shield + chemical Glove material must
solutions goggles; comply with SDS
nitrile/elastomer gloves
Aromatic Vapor + Al/AX cartridge Cartridge service life
solvents dermal half/full face respirator; plan required
(BTEX) chemically resistant
gloves
Oxidizing Splash Goggles/face shield; Compatible
agents PVC/Neoprene gloves storage/separation is
essential

Monitoring, Measurement, and Health Surveillance

Employers are responsible for conducting regular measurement and analysis
of hazardous chemicals, ensuring repetition when working conditions change,
and maintaining compliance with occupational and biological exposure limits as
well as health surveillance programs [13]. At fuel stations, monitoring of BTEX
compounds, adherence to safety procedures, and the use of appropriate PPE
contribute significantly to risk reduction [4].

Storage, Transportation, and Waste Management

Chemicals must be stored in accordance with their compatibility; oxidizers,
acids, bases, organics, and peroxide-forming substances should be segregated.
Proper labeling and access to Safety Data Sheets (SDS), secondary
containment, adequate ventilation, and fire protection systems are essential [13].
In organic chemistry laboratories, regular segregation of solvents and wastes,
along with emphasizing carcinogenic hazards, is particularly important [14]. In
textile finishing facilities, automatic dosing systems and well-ventilated storage
areas serve as good practice examples [2, 8].

Training, Labeling, SDS, and Hazard Communication

Hazard identification, label and SDS literacy, emergency response/first aid
instructions, and clear signage and labeling practices are key components of
regular training programs [3, 13].
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Table 4. Sample Annual Training Matrix

Target Group Module Frequency Content Note
All employees SDS/label 12 months Pictograms, H/P
literacy statements,  storage
compliance
Laboratory Fume hood 6 months Spill  kit,  waste
and spill classification
response
Field (fuel stations) BTEX 6 months Monitoring
exposure forms/limits, PPE
control implementation
Maintenance/process LOPA/IPL 12 months Barriers,
awareness testing/validation

Good Practices in High-Risk Areas

Fuel Stations (BTEX):

Exposure to benzene, toluene, ethylbenzene, and xylene primarily occurs via
inhalation and dermal contact. Due to benzene being classified as a Group 1
human carcinogen, implementation of proper ventilation, appropriate PPE,
workplace air monitoring, and strict adherence to safety procedures is
mandatory [4].

Laboratories:

In forensic toxicology laboratories, tracking the shelf-life of peroxide-forming
chemicals, securing gas cylinders, conducting regular inspections, providing
spill kits, and maintaining an emergency response plan are essential [1]. In
organic chemistry labs, controlling VOC exposure requires the use of fume
hoods, appropriate PPE, and robust waste management systems [14]. In
drinking water laboratories, the effectiveness of SDS and PPE compliance in
reducing risk classes has been demonstrated through the Fine—Kinney method
[10].

Textile Industry:

Dust-based dyes, bleaching agents such as hypochlorite/peroxides, and
finishing chemicals pose risks of inhalable dust, VOC exposure, and fire. Key
preventive measures include local exhaust ventilation (LEV) during powder
weighing, automated chemical dosing systems, appropriate storage/ventilation,
training, and consistent PPE use [2, §].
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Chemical Storage Facilities:

Applications of ETA and LOPA methodologies have shown that Independent
Protection Layers (IPLs) reduce event frequencies; however, when detection
time and release quantity remain unchanged, the impact distances—except in
explosion scenarios—are only marginally affected [5, 12].

Compressor Rooms and Pressurized Air Lines:

Compliance with SDS guidelines for compressor oils/chemicals, use of
hearing protection, and isolated work zones are essential. Periodic inspections
and maintenance procedures must be consistently applied for pipelines and
storage tanks [11].

Emergency Management and First Aid

Emergency response plans, scenario-based drills, and chemical spill
procedures—including area isolation, appropriate PPE use,
containment/absorption, waste management, and post-incident reporting—must
be documented and readily accessible. In laboratories, emergency
showers/eyewash stations, spill kits, and warning signs are fundamental safety
requirements [1, 3, 9].

Performance Monitoring and Continuous Improvement

Leading indicators include: SDS accessibility rate, training completion rate,
frequency of LEV (Local Exhaust Ventilation) performance tests, and the
number of IPL (Independent Protection Layer) tests/validations.
Lagging indicators include: exceedance of exposure limits, frequency of spill
incidents, and records of occupational accidents or diseases.
Management reviews should be conducted using measurable objectives and the
PDCA cycle (Plan-Do—Check—Act) as a structured approach to ensure
continuous improvement [9].

Conclusion

Safe handling of hazardous chemicals relies on the consistent and integrated
application of legal compliance, risk analyses, and layered controls
encompassing engineering, organizational, and personal measures. The
regulation defines clear minimum requirements for substitution, collective
protection, monitoring, training, and health surveillance [13]. Sector-specific
studies demonstrate that BTEX exposure can be effectively managed through
procedural adherence and PPE use; that fume hoods, LEV systems, automated
dosing, and disciplined storage practices are effective in laboratory and textile

35



environments; and that in process safety, the IPL/LOPA approach should
address both the frequency and consequences of potential incidents [2, 4, 5].

Policy and Practice Recommendations

Conduct process-based evaluations of substitution and closed-system
alternatives.

Validate the performance of LEV and general ventilation systems
(through measurement and verification).

Review the frequency and severity mitigation capabilities of barriers
using ETA/LOPA methods.

Deliver periodic and hands-on training programs on SDS literacy,
labeling, and chemical compatibility.

Update authorized laboratory measurements and health surveillance
protocols following management of change (MOC) processes.

Ensure accessibility of spill and first-aid equipment, and standardize
emergency drills.

Appendix A. Fine-Kinney Risk Assessment Template (Summary)

Table 5. Fine—Kinney Risk Assessment Template (Summary)

Activity | Hazard Probability | Frequency | Severity | Risk | Control / Measure

n

Acid Splash 3 0.5 15 — Eyewash station, face

titration shield; indicator
training

BTEX Vapor 3 1 15 — Cartridge

filling inhalation replacement  plan,
ventilation, operating
procedure

Sample Skin 6 6 7 — Glove selection,

collectio | contact written instructions

Appendix B. Comprehensive Spill Response Checklist

Alert and isolate the area: Notify nearby personnel and restrict access
using warning signs, barricades, or caution tape.

Assess the situation: Identify the spilled substance using labels or the
Safety Data Sheet (SDS).

Don’t appropriate PPE: Wear suitable personal protective equipment
(PPE) based on the substance’s hazard classification (e.g., gloves,
goggles, respirator, chemical suit).

Stop the source (if safe to do so): Turn off valves, upright tipped
containers, or stop the leak to prevent further release.
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Deploy containment barriers: Use absorbent socks, booms, or spill berms
to prevent spreading.

Apply absorbent material: Cover the spill with suitable absorbents (e.g.,
pads, granules) compatible with the chemical type.

Prevent environmental release: Block drains and prevent the spill from
reaching water sources or ventilation systems.

Collect and dispose of waste: Place used absorbents, PPE, and
contaminated materials into proper hazardous waste containers.

Label the waste: Clearly mark containers with the appropriate hazard
label and description based on waste classification.

Decontaminate surfaces: Clean the affected area using appropriate
neutralizing agents or cleaning protocols.

Report the incident: Complete a formal spill/incident report including
time, location, substance, volume, and personnel involved.

Conduct root cause analysis: Use appropriate methods (e.g., 5 Whys,
Fishbone Diagram) to identify the underlying cause.

Review emergency plans: Evaluate the response and identify gaps in
training, procedures, or equipment.

Restock supplies: Replace used spill kits, PPE, or materials immediately.
SDS consulted and updated if needed.

Training records updated for involved personnel.

Equipment inspection and maintenance logs reviewed.

Management notified and corrective actions initiated.
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Chapter 4

Types of Personal Protective Equipment (PPE)

Vuslat Beyza TUNCKILICOGLU', Ash Ece ACAR FiLiZCi?,
Dilek OZTAS?, Ger¢ek Budak®, Ergiin ERASLAN?®

1. Introduction

With the advancement of industrialization, rapid changes in working life
have led to the modernization of production processes and increased complexity
in work operations. These developments have created new physical and
psychological risks and threats for employees. As a result, there has been a
significant rise in occupational accidents and diseases, leading to serious
societal consequences.

The growing importance of occupational safety methods has become evident
alongside the progression of industrialization (Kartal, 2016). Through the
enactment of Law No. 6331 on Occupational Health and Safety, various
responsibilities have been established to ensure that employees can work in safe
and healthy environments. These responsibilities include providing occupational
training, supplying personal protective equipment (PPE), and implementing
machine safety guards. In accordance with this legislation, workplace
physicians and occupational safety specialists are responsible for delivering
necessary training, conducting regular monitoring, and implementing preventive
measures.
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Figure 1. Types of Personal Protective Equipment (PPE)

The primary objective of occupational health and safety (OHS) practices is
to minimize the occurrence of workplace accidents and to create a safe
environment for employees. Until the 21st century, awareness of OHS was
relatively limited; however, with the implementation of training programs,
machinery safeguards, and personal protective equipment, a greater level of
awareness has been achieved, and the importance of OHS has significantly
increased over time. The provision of personal protective equipment aims to
eliminate risks or bring potential hazards under control at their source.

1.1. Personal Protective Equipment (PPE)

Personal protective equipment (PPE), which plays a significant role in
reducing occupational accidents and diseases, is one of the most critical
components of occupational health and safety (OHS). This section aims to
provide a detailed overview of PPE by compiling information from the existing
literature. In Tiirkiye, there are various laws and regulations regarding
occupational health. The Law No. 6331 on Occupational Health and Safety
came into force in June 2012.

According to the “Regulation on Personal Protective Equipment” published
in the Official Gazette dated 29 November 2006 and numbered 26361, and
within the scope of Law No. 6331 on Occupational Health and Safety, personal
protective equipment is defined as:

1. All tools, instruments, equipment, and devices designed to be worn, held,

or carried by the employee to protect them against one or more health and
safety risks arising from the work being performed.
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2. Equipment composed of devices, instruments, or materials assembled by
the manufacturer to function as a whole in order to protect the individual
against one or more risks.

3. Protective devices, instruments, or materials that are used together with
equipment worn or carried for purposes other than protection, whether
detachable or not.

4. Interchangeable components that are necessary for the comfortable and
functional operation of PPE and are intended solely for use with such
equipment.

(Mevzuat Bilgi Sistemi, 2012)

2. Types of Personal Protective Equipment

Personal protective equipment (PPE) refers to all tools, materials, or devices
that can be worn, carried, or attached to protect employees against potential
risks in the workplace, within the scope of occupational health and safety
measures (Yilmaz, 2025). The provision of PPE is the responsibility of the
employer. Employers are required to provide employees with appropriate
training and information regarding the use of PPE. Furthermore, they are
obliged to encourage the regular and proper use of PPE among employees
(Yilmaz, 2025). Employees, in turn, are responsible for using the PPE provided
to them.
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Figure 2. The Importance of Personal Protective Equipment Materials
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According to various studies, personal protective equipment (PPE) has been
shown to significantly reduce workplace accidents. However, a critical point to
note is that PPE must be selected in accordance with its intended purpose. The
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type of personal protective equipment varies depending on the working
environment and the specific nature of the job being performed.

2.1. Head Protection (Safety Helmets)

Head injuries are of critical importance and can be life-threatening. A head
protector must be selected in accordance with the characteristics of the
workplace and the requirements of the job. Safety helmets are used to protect
the head area against electric shocks, metal splashes, burns, impacts, and
collisions with objects.

The areas where safety helmets are commonly used include:

¢ Construction work

¢ Road construction and maintenance

e Mining

¢ Shipbuilding

¢ Blacksmithing and foundry work

¢ Industrial furnace and machine operations

o Workplaces with a high risk of explosion

-
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Figure 3. Examples of Safety Helmets

There are several important considerations in the proper use of safety
helmets. Helmets must not be exposed to deformation or conditions that would
compromise their performance. Proper storage and maintenance are also
critical. Maintenance instructions are provided by the manufacturer, and users
must follow these guidelines accordingly. Usage and maintenance instructions
for safety helmets are as follows:
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a) The helmet should be adjustable or properly fitted to the user's head size.

b) Deformed helmets must not be used.

¢) Helmets must be replaced immediately if exposed to electric shock,
impacts, accidents, or chemical substances.

d) No additional parts should be attached to the helmet, and existing parts
should not be removed.

e) Solvents, paint, or adhesive labels should not be applied unless permitted
by the manufacturer’s instructions.

f) If the helmet is to be used with accessories such as earmuffs or lamps,
these accessories must be compatible with the helmet and must not impair its
protective function.

g) Helmets should not be stored under direct sunlight.

h) Helmets should be kept in a cool and dark environment.

i) Helmets have both shelf life and service life, which must be strictly
followed.

j) To prolong the service life of a helmet, regular maintenance should be
conducted. Cleaning may be done using lukewarm water and a mild detergent
solutio

k) The helmet must be used strictly in its original form. Modifications such
as painting, applying stickers, or drilling ventilation holes are strictly prohibited
(T.C. Ministry of Labor and Social Security [CSGB], 2025).

2.2. Hearing Protectors

Various types of hearing protectors are available to prevent hearing damage
caused by noise in the workplace (Beser, 2019). When noise levels exceed 85
decibels, the use of hearing protection becomes mandatory. However, not only
the intensity (dB) but also the frequency of the noise plays a critical role. Low-
frequency noise, in particular, requires more effective sound insulation.

Hearing protectors are categorized into three types: earplugs, earmuffs, and
helmet-mounted earmuffs.

 Pa—

Figure 4. Hearing Protection Equipment
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Earplugs must comply with Directive 89/686/EEC and bear the CE marking.
They should meet the standards of TS EN 352-2. Earplugs should be corded and
disposable. The average noise reduction rating must be above 28-30 decibels.

Earmuffs must comply with TS EN 352-1 standards and be CE certified.
Helmet-mounted earmuffs should meet the TS EN 352-3 standards and be CE
marked. These earmuffs must be easily attachable to the helmet, and the inner
padding should be replaceable.

Common usage areas include:

a) Ground services at airports

b) Workplaces where heavy machinery is used

¢) Industrial environments involving pressing operations

d) Areas where various types of drills are used

2.3. Hand and Arm Protectors

Employees must use appropriate protective gloves to avoid or minimize risks
posed by chemicals, burns, electric shocks, abrasions, cuts, punctures, and other
hazardous materials. In addition to gloves, protective equipment has also been
designed for the arms. Protective gloves must not harm the user and should be
specifically designed for the nature of the task being performed.

All types of protective gloves must comply with TS EN ISO 21420
standards. The relevant standards for protective gloves are provided in the table
below.

Table 1. Standards Related to Protective Gloves

Standard Description
TS EN ISO Protective gloves (General requirements and test methods)
21420
TS EN 388+A1 Protective gloves against mechanical risks
TS EN ISO Protective gloves against dangerous chemicals and microorganisms
374-1 (Terminology and performance requirements for chemical risks)
TS EN ISO Protective gloves against dangerous chemicals and microorganisms
374-5 (Terminology and performance requirements for biological risks)
TS EN 407 Protective gloves against thermal risks (heat and/or fire)
TS EN 421 Protective gloves against ionizing radiation and radioactive
contamination
TS EN 511 Protective gloves against cold
TS EN 659+A1 Protective gloves for firefighters
TS EN 12477 Protective gloves for welders
TS EN 60903 Gloves and sleeves of insulating material for working under voltage
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Figure 5. Types of Hand and Arm Protective Equipment

2.4. Respiratory Protective Equipment

Respiratory protective equipment, such as masks, aim to reduce exposure to
harmful or toxic gases, dust, fine particles, and hazardous vapors by filtering
them out. Employees must use masks suitable for their specific working
environment. The provision of protective masks is the employer’s responsibility,
and employees must be properly informed about their correct usage. Respiratory
protective equipment is generally divided into two categories: dust masks and
gas masks.

2.4.1. Dust Masks

Dust masks are designed to protect workers from inhaling harmful dust
particles present in the working environment. Depending on the conditions in
the workplace, masks manufactured in accordance with TS EN 149 standards
must be selected. Initially, personal exposure measurements must be conducted
in the workplace to determine the level of exposure. Based on these results, the
appropriate type of dust mask can be chosen. The types of dust masks are as
follows:

e FFP1 Type: Effective up to 4 times the occupational exposure limit

o FFP2 Type: Effective up to 12 times the occupational exposure limit

e FFP3 Type: Effective up to 50 times the occupational exposure limit
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Figure 6. Types of Dust Masks

When using dust masks, the inner surface of the mask should not be touched.
After use, masks should be properly sealed in packaging or stored in a zip-lock
bag.

2.4.2. Gas Masks

Gas masks are used to prevent the inhalation of harmful and/or toxic gases.
These masks must be produced in accordance with the relevant standards: TS
EN 136 for full-face masks and TS EN 140 for half-face masks.

Figure 7. Respiratory Protective Equipment — Example of
Full-Face Gas Mask

Gas masks are equipped with filters that must be replaced periodically based

on the concentration and type of gas exposure in the working environment. If
air leakage occurs inside the mask, it must be repositioned properly on the face
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and, if necessary, secured with head straps. Masks should be appropriately fitted
to the user’s face and must be provided by the employer (BIMA).

2.5. Body Protectors
Protective work clothing plays a crucial role in ensuring occupational safety.
Depending on the nature of the job, the level of protection provided by work

clothing may vary. It is the responsibility of the employer to supply suitable
protective garments to employees (isbu, 2025).

The relevant protective clothing standards are listed below:

EN 343: Standard for rainwear. Necessary for workers operating in rainy,
wet, or humid environments.

EN 467: Standard for aprons used when working with liquid (fluid)
chemicals.

EN 465: Protective clothing standard for chemical resistance.

EN 20471: Standard for high-visibility clothing, especially for workers in
low-light or high-glare conditions.

EN ISO 11612: Standard for protective clothing (excluding hands)
against heat and flame.

EN 469: Standard specifically designed for firefighters, offering
protection in extreme heat and flame conditions.

EN ISO 11611: Standard for protective clothing used in welding, offering
protection against small splashes of molten metal.

EN 1149: Protective clothing standard for dissipating electrostatic
charges.

EN 61482: Clothing standard offering protection against thermal hazards
of electric arc exposure.

EN 412: Standard for protective aprons designed to prevent cutting
injuries.

EN 464: Protective clothing standard against liquid and/or gaseous
chemicals.

EN 1073-1: Standard for protective garments preventing radioactive
contamination.
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Figure 8. Types of Protective Work Equipment

The EN 340 standard is a general standard for protective work clothing. All
protective garments must comply with the EN 340 standard. However, this
standard alone does not provide specific protection features and should be used
in conjunction with other relevant standards based on the type and level of risk
present in the working environment (Lindstrom, 2025).

2.6. Foot Protection

Protective work footwear must be selected based on the nature of the task
and the individual worker’s needs. These shoes should not be used outside the
work environment and must be aired after use. If the shoes are torn, punctured,
or otherwise damaged, they should be replaced with new ones. Cleaning and
maintenance of protective footwear should be carried out at regular intervals.

Workers wearing safety shoes should use cotton socks to prevent fungal
infections and excessive sweating.
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Figure 9. Types of Foot Protection

Protective work shoes must be manufactured in accordance with Turkish and

European standards and selected based on the specific requirements of the job.
Relevant standards are as follows:

TS EN ISO 13832-1-2-3: Standard for footwear protecting against
chemicals.

TS EN ISO 20345: Safety footwear standard designed for protection
against injuries.

TS EN ISO 20346: Protective footwear standard with a lower safety
requirement than 20345.

TS EN ISO 20347: Standard for occupational footwear not requiring toe
protection.

TS EN ISO 20349-1: Protective footwear standard for workers in
foundries.

TS EN ISO 20349-2: Protective footwear standard for workers engaged
in welding and related processes.

TS EN 50321: Electrical insulating footwear standard for workers
operating under voltage. (T.C. Ministry of Labour and Social Security,
2022)
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3. SECTORAL WORK ACCIDENT CASES CAUSED BY THE
ABSENCE OF PERSONAL PROTECTIVE EQUIPMENT (PPE)

3.1. Case 1

A survey was conducted with 1,000 workers employed in six ceramic
factories in Boziiyiik district of Eskisehir, Tiirkiye. After eliminating invalid
responses, 551 valid questionnaires were evaluated using the Chi-Square test in
a statistical software package.

It was observed that employers had provided appropriate PPE for the type of
work, but workers’ use of PPE was insufficient. According to the survey results,
workers stated that PPE hindered their movement, caused physical discomfort,
or was of poor quality — leading them to avoid using it.

This data indicates that PPE should be designed in compliance with
standards to ensure consistent use. It was also concluded that workers need to
receive adequate training on PPE use. Periodic inspections and audits conducted
by employers and occupational safety specialists are considered crucial to
preventing work accidents (Ag¢ikalin, 113177).

3.2. Case 2

On February 19, 1984, a worker named T.D. employed at an industrial textile
factory suffered an eye injury resulting in partial vision loss. The accident
occurred when a hook, rotating at 4,000 rpm on a yarn twisting machine, was
ejected and struck the worker’s eye. T.D. was determined to have a 24.2%
disability.

T.D. filed a compensation lawsuit (material and moral damages). The
Supreme Court confirmed that the employer bore 20% fault and 80%
inevitability. Investigations revealed that although safety goggles and
occupational safety training had been provided to employees, including T.D.,
their use was not enforced during operation.

Under Article 43 of the Turkish Code of Obligations (then in effect), the
court ruled T.D. 27% at fault, and the employer 73% at fault. The Kocaeli 1st
Labour Court finalized the ruling, and T.D. received compensation and other
benefits.

Several years later, T.D.’s visual impairment worsened, increasing his
disability rate to 39%. Based on this updated evaluation, he earned the right to
file a second compensation claim for the additional 14.8% impairment. Despite
the employer’s objections, the court again ruled in favor of T.D., recognizing
that the increased disability was a direct consequence of the initial work
accident, and awarded him additional compensation with legal interest (Caligma
Ortami Journal, 2025).
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3.3.Case 3

Between April 2022 and January 2023, a survey regarding workplace
accidents was conducted with hospital personnel working at Kirklareli Research
Hospital. After eliminating invalid responses, a total of 405 valid questionnaires
were evaluated.

The surveys were conducted face-to-face with participants at random time
intervals, including both working and non-working hours on weekdays and
weekends. Prior to the survey, informed consent was obtained from all
participants. The survey form consisted of two sections and 23 questions,
focusing on personal characteristics and experiences related to occupational
accidents.

As a result of the study, it was determined that:

¢ Two out of every three employees encountered potential accident risks,

e One in two experienced at least one occupational accident throughout

their career,

¢ And one in four experienced a work accident within the past year.

The most frequent accident risks involved sharp or penetrating objects, with
the most common injuries occurring on the forearm, wrist, inner wrist, hand,
and palm. The primary causes of these incidents were identified as distraction,
fatigue, and lack of attention. Additionally, a lack of occupational health and
safety (OHS) training and insufficient awareness of personal protective
equipment (PPE) were reported.

It was recommended that periodic risk assessments be carried out by the
employer and safety specialists, and that identified risks be addressed with
preventive measures. To minimize such risks, all hospital employees should be
provided with appropriate PPE and mandatory OHS training. It is expected that
the number of workplace accidents will decrease significantly following the
implementation of these measures (Pancar, 2024).

3.4. Case 4

A survey on the use of personal protective equipment (PPE) was conducted
among construction workers in the province of Trabzon, Tiirkiye. The survey
took place between January and February 2015, covering 398 construction
workers randomly selected from 30 different construction sites across the
region. The collected data was analyzed using a statistical software package.

According to the survey:

e 9598% of the participants believed that PPE provides effective

protection against work accidents.
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e However, field observations revealed a significant discrepancy between
these beliefs and actual practices — many workers did not use the
available PPE, or used it improperly or carelessly.

When asked who would be at fault if an accident occurred despite wearing
PPE:

e 92.21% of respondents blamed themselves,

e 3.52% blamed the employer,

e 2.76% held the site supervisor responsible,

e And 1.51% blamed the OHS specialist.

However, according to current Turkish regulations, in the event of an
occupational accident, primary responsibility lies with the employer, followed
by the project manager, health and safety coordinator, and OHS expert,
respectively. Employees are considered to have the least responsibility.

The study also revealed that most workers across these 30 construction sites
had not received sufficient training and had not been adequately informed about
PPE use (Atasoy, 2025).

Conclusion

The use of personal protective equipment (PPE) within the scope of
occupational health and safety plays a vital role in preventing work-related
accidents and occupational diseases. Research and case studies indicate that
while employers are responsible for providing PPE, the effective reduction of
workplace injuries significantly depends on proper and consistent use by
employees. The effectiveness of PPE does not solely rely on its availability, but
also on ensuring its suitability for specific working conditions, compliance with
established safety standards, regular maintenance, and correct usage. Survey
results and field observations reveal that employee reluctance to use PPE is
often linked to discomfort, lack of proper training, and insufficient supervision.

In this regard, employers must go beyond fulfilling legal obligations and
actively engage in raising awareness among employees about the importance of
PPE through continuous training and regular inspections. In high-risk sectors in
particular, the use of PPE affects not only individual health but also corporate
productivity and operational continuity. In conclusion, the effective,
appropriate, and consistent use of personal protective equipment is an
indispensable element in building a sustainable occupational safety culture.
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Recommendations

To effectively prevent occupational accidents, employers should not limit
their responsibilities to merely providing personal protective equipment (PPE);
they must also offer regular and hands-on training for employees. These
trainings should go beyond theoretical knowledge and be supported with field
applications and case analyses. Furthermore, PPE should be ergonomically
designed based on employee needs and feedback to encourage consistent usage.
Establishing feedback mechanisms to quickly identify and address user
complaints or difficulties will enhance overall compliance and effectiveness.

At the institutional level, PPE usage should be systematically monitored,
with regular reports on usage frequency and correct application. Based on this
data, targeted improvements can be implemented in departments where
deficiencies are detected. Moreover, sector-specific national awareness
campaigns and public service announcements should be launched to raise
awareness of the importance of PPE. Establishing a strong safety culture at the
workplace requires more than regulatory enforcement; it depends on active
employee participation and management's firm commitment to occupational
health and safety principles.
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