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Abstract

The article is aimed at assessing the possible negative impact of microclimate factors on work wellbeing, health and work
productivity of the employees of the selected operation. In this paper, the effect of microclimate conditions such as air
humidity, air flow and air temperature on workers comfort perception were studied. The research was carried out on a
sample of 5 workers out of a total of 15 employees in the production hall. The aim of the research was to determine the
level of influence of selected thermal parameters on the physical and mental well-being of employees. Participants were
asked to complete a questionnaire designed to determine the level of perception of the impact of selected thermal
parameters on the most vulnerable body parts. A mathematical model was used for a comprehensive assessment of the
work environment's impact on employees. As the productivity of employees may also depend on employee satisfaction,
research results can be used to improve the comfort of employees and to achieve better work performance.
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1. Introduction

People in the workplace are exposed to several different factors (e.g. air temperature, radiant temperature, air velocity)
that affect their perception of workplace comfort and can have a negative impact not only on their health but also on their
work performance. Numerous experiments have been carried out to investigate the impact of thermal comfort parameters
on employee satisfaction, health, productivity and others.

Fanger [1] was an expert in the field of thermal comfort and indoor environment, creating indoor air quality (IAQ)
measurement units known as olf and decipol. He used climate chamber data to create an index to quantify the degree of
discomfort for a given set of environmental conditions [2]. This index gives Predicted Mean Vote (PMV) to a large group
of subjects by evaluating the state from cold to neutral to warm. The PVM is used to predict thermal comfort based on
activity, clothing, ambient temperature, relative humidity, mean radiant temperature and air velocity. Fanger extended his
concept to allow estimation of the predicted percent of dissatisfied people (PPD). The PPD increases as the predicted
mean vote move away from zero in either direction. Wyon [4] demonstrated that IEQ such as thermal climate, humidity,
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and air quality has a significant effect on worker performance and health condition. He points out that improving health
and productivity can be achieved by providing a better indoor environment, for example by improving the architecture of
buildings. A study made by Fang et al. [5] showed that the impact of both temperature and humidity is highly significant
on the perception of air quality. Wargocki et al. [6], Fang et al. [7] and Lan et al. [8] dealt with the influence of various
factors affecting human comfort, for example, air quality and SBS (sick building syndrome) and their impact on
productivity and health in indoor environments. In his study, he concluded that increasing the ventilation rate had a
positive effect on health, comfort and productivity. Mendell et al. [9] pointed out that improving the indoor environment
can help reduce work-related diseases and injuries such as respiratory infections, asthma or allergic reactions. And that
by improving the indoor environment it is possible to reduce the economic consequences caused by the negative health
effects of the indoor environment. Koehn et al. [10], Thomas et al. [11] conducted several investigations to determine the
effect of temperature and relative humidity on construction productivity. A study made by Mohamed and Srinavin [12]
examined the thermal environment/productivity forecasting models and finds that PMV -based model predictions are most
consistent with the collected data. Hancher et al. [13], Rashid [14], Ibbs and Sun [15] studied the effects of hot or cold
weather conditions on workflow, and labour productivity of construction workers. The response of the organism to
thermal stress and its association with worker performance and health status was addressed in a study by Parson [16]. In
his study, Parson also examined the causes of heat disorders, mechanism of heat stroke origin and human acclimatization
ability. Paul and Taylor [17] and Newsham et al. [18] explored the inner quality of the environment and the comfort of
people in green buildings. The results showed that green buildings give people a sense of higher comfort, environmental
satisfaction, and satisfaction with thermal conditions. Research conducted by Xiong et al. [19] has proven better indoor
air quality of green buildings in some investigated aspects than in conventional buildings. Thermal shocks are becoming
more frequent and they affect the quality of life and human health (cardiovascular risk, allergic reactions and infectious
diseases) [20].

In general, it is a combination of different physical, chemical, biological and psychological factors that can negatively
affect workers but all of the above-mentioned studies have proven a significant impact of IEQ (Indoor Environmental
Quality) on the human physical and mental well-being [3]. Health problems can seriously affect workers concentration
and performance, which may result in low productivity and quality of work. Due to increasing pressure on employees to
achieve the highest performance in the shortest time possible, it is necessary to provide workers with conditions that will
not restrict their full potential [21]. Therefore, it is important that the company management measure employees'
satisfaction with IEQ in the workplace regularly and should take actions to ensure optimal conditions. The inspiration
may be this research, which is using the questionnaire and mathematical model described below, to identify weaknesses
in selected IEQ parameters. The required values of IEQ parameters for thermal comfort can be found in the relevant
standards e.g. ANSI / ASHRAE Standard 55, EN-15251 or ISO 7730 standard [22].

2. Indoor environment quality parameters

Microclimatic conditions [23] are an important component of the working environment. Among the most important
and most influencing factors for microclimate in the workplace are:

e The operative temperature - t, [°C] is the uniform temperature of a closed black space in which there would be an
exchange of the same amount of heat between flow and radiation between humans and the environment as in a real
inhomogeneous environment.

¢ Relative humidity - Ry [%] indicates the degree of saturation of air by water evaporation. It is defined by the ratio of
the water evaporation density in the air and in the moist air saturated with water evaporation at the same temperature
and pressure.

o Air flow velocity - is a quantity determined by the flow direction and direction, characterizing the air movement in
space.

o Dry air temperature t, [°C] - ambient air temperature in the environment.

e Average radiant temperature t; [°C] and radiation intensity I [W.m-2] from machines, heaters, material, etc..

Figure 1 shows the human perception of thermal comfort depending on the air flow velocity and air temperature, with
or without local control of airspeed and with different clothing insulation (winter clothing = 1.0 clo and summer clothing
= 0.5 clo) at an activity of 1.1 met (metabolic equivalent) which represents the light intensity activity (i.e., sitting) at
humidity ratio 0.01 [24]. The graph depicts still acceptable air velocity and operating temperature values, but the
perception of thermal comfort is highly subjective and it also depends on many other factors than those abovementioned
e.g. sex, health, mental well-being, age, pregnancy.

The graph in Figure 2 illustrates the relationship between relative humidity and temperature and its effect on the
formation of viruses and mould. It is known that higher humidity and air temperature intensifies thermal sensation and
reduces perspiration and evaporation of the body’s capacity, which can lead to lack of sweating and the inability of the
body to cool itself.
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Fig. 1. Acceptable range of temperature and air speed for comfort zone [24]
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Fig.2. Influence of temperature and relative humidity on thermal comfort [25]

If the thermal comfort factors (e.g. air humidity, air temperature, air flow) have adverse results of the measured values
it may be a cause of unpleasant feelings, irritability, non-concentration, and can negatively affect productivity and quality
of the work [26]. Under certain conditions, especially if the values are too high or low, they may even pose a health risk
to the worker. The meaning and further explanation of terms relating to microclimate factors are described in Decree No.
99/2016 [23].

The optimal microclimate conditions for a particular type of work are determined based on the heat production of the
worker's body, which is determined by the manner and intensity of the activity being carried out, whereas: thermal
production of organism = energy expenditure. According to the total energy expenditure, the individual work activities
are classified in the individual working classes [23]. In the case of workplaces where it is not possible to ensure optimal
conditions for the worker, the employer is obliged to implement special measures to protect the health of the worker. For
example, workplaces with high or low ambient temperatures (ironworks, cold stores etc.).

3. Research description

To determine the state of perception of the parameters of microclimate factors by workers and to assess their impact,
research was carried out in a company that manufactures metal structures, cut parts and cylindrical products. Cut
cylindrical gears were made by the hobbing method using CNC machine tools which can successfully be used in the case
of mass production also [27]. Another aim of the research was also to determine which parameters most significantly
affect the discomfort of employees. The production hall, where the research was carried out, has an area of about 200 m?
and 15 employees.
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Using mathematical statistics methods, an original mathematical model [28, 29] was developed, which allows to
express the effect of the negative effect of microclimate factors and to evaluate the workload of employees by

microclimatic conditions during working hours (8 hours). The total load (Z) can be expressed as the result of the action
of the individual load factors using the formula:

ZZZI+Zz+Zj+"'+Zn (1)
where: Z1, Z2, Z3, ... Zy are load factors.

Each of the factors contributes to the same weight or rate to the total load. It is, therefore, possible to assume that the
load factor Z; will contribute to the total load by the value of the indicator a1, load factor Z, by the measure o, to the load
factor Z, with the measure on. This condition must be met:

ap toy +o o, =1 2
where: a; € (0,1) and a1, 02, ¢ ... an - the coefficients of the severity of the impact of individual factors.

These coefficients characterize the rate of load on the human body. To assess the significance of these coefficients,
the following condition shall be followed:

aj close to 0 => insignificant impact of Z;,
ajclose to 1 => significant impact of Z;.

The values of the individual coefficients of gravity are determined by the point method, which is based on the
allocation of points (0 to 10) for each type of partial load (Z;) and the individual organs of the human organism (Ti) in a
particular work activity. Whether the total workload of a particular working environment is the result of the action of the
individual load factors Zi, Z, ..., Zs, and let this working environment affect the organs of the human organism Ty, T,
..., Tm, Where m, n € N according to the following scheme [25]:

o The effect of the load factor Z; on the body organ T; is evaluated by the point value by, = 1, by the body value T, by
the point value b, = 1, to the body organ Tm with the point value b, = 1, following the above standards and regulations.

e Subsequently, the procedure is analogous and the effect of the load factor 2, on the body organ T; is evaluated by the
point value by = 2, on the body organ T by the point value b, = 2 to the body organ Tm with the point value bm = 2.

In this way it is possible to get a matrix:
B = (b;) 3
where: bj; - assigned load point value Z; on the human body part T;,i=1,2,.., m

The principle of the described point method and the determination of the severity coefficients for the individual load
factors of a given working environment is shown in the following table (Tab.1).

LOAD
71 Zo Z3 Zn
> T b11 b1z b13 b1n
<§‘: E E T2 b21 b2z b23 bon
(@]
SEa
T Tm bm1 bm2 bm3 bmn
m m m m m
> by > by > b > b > b
=1 i=1 i=1 i=1 i=1

Table 1. The point method principle [25]

All three parts of the system are equally important and influence each other, and therefore it is necessary to look at
them as a whole and pay enough attention to every single one of them. In the literature, the work environment is often
characterized as a set of physical, chemical, biological, social and cultural factors that may affect a person at the
workplace, Figure 2. The calculation model presents the formula:
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4)

j=1 i=1 j=1 i=1 j=1 i=1 j=1 i=1

The described model for the determination of complex human organism load during continuous work enables to use
of the method of objective as well as subjective evaluation in the point method for determining the coefficients of severity.
To obtain information about employees' feelings due to the microclimate parameters of the workplace environment, the
point method of evaluation was used, while the required data were obtained based on a questionnaire survey filled by 5
workshop employees.

The point method results of the questionnaire survey are displayed in Tab. 2.

Worker 1 LOAD
Air flow Air temperature Air humidity
> T1 2 8 4
k=]
S5 T2 2 6 5
5+
ge T3 2 6 8
EE[ 3 2 1
T Ts 8 1 1
SUMA 17 23 14
LOAD
Worker 2 Air flow Air temperature Air humidity
> T1 3 7 8
k=]
S5 T2 3 6 3
5+
ge T3 4 6 4
EE[ 5 1 1
T Ts 8 0 0
SUMA 23 20 1
LOAD
Worker 3 Air flow Air temperature Air humidity
> T1 3 / 4
k=]
Sg| T 3 7 4
ge T3 3 7 4
EE[ ™ 5 1 1
T Ts 7 0 0
SUMA 21 22 13
LOAD
Worker 4 Air flow Air temperature Air humidity
> T1 2 7 4
k=]
85| T 3 6 4
«©
ge T3 3 7 3
E = T4 5 2 1
T Ts 8 0 1
SUMA 21 22 13
LOAD
Worker 5 Air flow Air temperature Air humidity
> T1 2 8 5
k=]
Sg| T 3 6 5
s g T3 2 6 3
EE 5 1 0
T Ts 7 1 0
SUMA 19 22 13

Table 2. Workers individual load perception - point method

Where: T1- Perspiration, T, - Breathing difficulty, T3 - Mental wellbeing, T4 - Cervical and lumbar spine, Ts — Inner ear.

-0127 -



30TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

4. Evaluation of results and discussion

The aim of the research was to evaluate the impact of microclimate parameters (temperature, air flow, air humidity)
on the wellbeing of employees. The presented mathematical model (6) was used for the complex evaluation of the
microclimate parameters of the workplace. The evaluation results are presented in Tab. 3 and Tab.4.

ALL LOAD
WORKERS Air flow Air temperature Air humidity
2 T1 12 37 20
8% T2 14 31 21
g2 T3 14 32 17
E-= T4 23 7 4
T Ts 38 2 2
SUMA 101 109 64

Table 3. The overall perception of load by all workers - point method

Complex load calculation according (4):

b, b,

a, = i=1 L, = i=1 'a3 — i=1 (5)

~

.MB
o
w

j=1 i=1l j=1 i=1 j=1 i=1l
Where:
(o + a; + a3) * 100 = 100 [%] (6)
Environmental Indicator Numeric value Percentage value
o1 Air flow velocity 0,3686 36,86%
02 Air temperature 0,3978 39,78%
o3 Air humidity 0,2336 23,36%
Sum of the factors 1 100%

Table 4. Value expression of factors and percentage of the impact of factors on the workers

Five of a total of 15 employees were involved in the survey. From the values obtained it is possible to analyze the
influence of temperature, humidity and air flow on individual parts of the organism. It follows from the calculation that
air temperature was a factor that had the greatest negative impact on the employees with load a, = 39,78%%. According
to the results of the chosen method, the temperature has a considerable impact on excessive sweating at work, excessive
breathing and, last but not least, it has a significant impact on workers well-being, concentration and performance. The
graphical representation of the results is shown in Figure 3.

The air flow load coefficient is only a slightly lower than temperature load coefficient with its value of a; = 36,86%.
This value is relatively high in a workplace with permanent employee movement and can affect not only their comfort
but also their health when working for eight hours. The fact that it is not clear if employees use, appropriate working
clothes, headgear and other protective equipment can affect research results. In this case, it is necessary to train staff and
ensure that they use the available protective equipment. The air flow in the production hall harms the unprotected auditory
organs, the cervical and the lumbar part of the spine. Workers complained about problems with their middle ear and pain
in the cross caused by air flow velocity. Such burden on the body can cause long-term health complications for workers
and at the same time their incapacity for work, so measures should be taken to protect workers from the negative effects
of the air flow. The difference between these factors is insignificant but the effect of air temperature can be considered
as more severe as the effect of air flow rate [30]. In the summer months, air temperatures can be even higher, and in the
absence of air conditioning and inadequate air exchange, employees are likely to feel sick. The research results also show
that the least burdensome parameter is air humidity with its load coefficient oz = 23,36%. Looking at the results of the
point method in assessing the impact of humidity on workers, it is obvious that most body parts are not negatively affected
by it. Potentially increased humidity in the workplace, according to the staff, manifests itself in breathing problems,
excessive sweating and mental well-being.. The average value of point 1, in areas of the body such as the ear and upper /
lower spine, suggests a low impact of air humidity on these parts.
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Fig. 3. Influence of examined factors on human body of workers
5. Conclusion

In this article, the effect of microclimate parameters at the comfort and health of workers was studied by using a
questionnaire and mathematical model. The results of the research showed that the well-being and health of the employees
of the selected company were most influenced by the temperature and airflow at the workplace. Participants complained
about excessive perspiration and breathing difficulty due to high ambient temperature and discomfort in the middle ear
and spinal cord due to draft. A healthy, suitable and comfortable work environment is an important indicator of the cultural
maturity of organizations. Man is the most sensitive element of the production process and his cognitive abilities are
irreplaceable, so it is necessary to create optimum working conditions for workers to fully exploit their work potential.
Based on the survey's results, it would be appropriate to modify the indoor environmental quality conditions (reduce draft
and ambient temperature) in the workplace. It would also be advisable to redesign ventilation technology and install an
air conditioning system both with regard to energy saving. As the research mentioned in the introduction of the article
points to a significant link between productivity and thermal comfort, by reducing the negative effect of selected
parameters it is possible that the company will achieve higher profits.

Based on the interim results of the questionnaire survey, future research will deal with methods of monitoring
individual performance by specialized personal sensors and monitors concerning environmental criteria. The
environmental criteria against which the monitoring results are compared may vary depending on the circumstances in
the workplace and some professional judgment is required. The main objective should be to determine which criteria are
to be used in determining what physical activities a worker can perform in the working environment. This is important to
take into account in the context of many ongoing experiments related to performance and environmental factors that affect
health and behaviour in terms of physical activity.
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