
Frequencies Rotation at High Sound Pressure Levels Toward Low Frequencies

Hadi Negahdari1, Sirus Javadpour2,* and Faramarz Moattar3

1Department of Environmental Engineering, Faculty of Natural Resources and Environment, Science and Research Branch, Islamic
Azad University, Tehran, Iran

2Materials Science and Engineering Department, School of Engineering, Shiraz University, Shiraz, Iran
3Department of Environmental Engineering, Faculty of Natural Resources and Environment, Science and Research Branch, Islamic

Azad University, Tehran, Iran
�Corresponding Author: Sirus Javadpour. Email: Javadpor@shirazu.ac.ir

Received: 18 April 2020; Accepted: 14 August 2020

Abstract: Today, analyzing of sound pressure level and frequency is considered
as an important index in human society. Sound experts believe that analyzing
of these parameters can help us to better understanding of work environments.
Sound measurements and frequency analysis did to fix the harmful frequency
in all sections in Shiraz gas power plant with sound analyzer model BSWA
308. The sound pressure levels (LP) and the one and one-third octave band were
continuously measured in A and C weighting networks and slow mode for time
response. Excel 2013 and Minitab 18.1 software used for statistical calculations.
Results analyzed by Minitab 18.1 software. The highest harmful frequency in
Shiraz Gas Power Plant (SGPP) was 50 Hz with 115 dB. The sound pressure level
(SPL) ranged from 45 dB to 120 dB in one-third octave band and weighting net-
work C. The maximum sound pressure level was in Craft electricity generator
with 105.3 dB and 67 Hz. Sound pressure level in surrounded environment
was 120 dB. According to the results, in this industry the sound pressure level
exceeded the Occupational Exposure Level of Iran (OEL). The value of sound
pressure level were higher than the Standard of occupational health. SGPP con-
sumes 47000 cubic meters of natural gas per hour to produce 100 MW
(Mega Watt) of electricity. It is very high and it is not economical and cost effec-
tive. These numbers indicate that the power plant’s efficiency is low. It could be
concluded that the noise pollution is an important issue in these industries. More-
over, SGPP produce noise with loss energy. Frequencies rotation at high sound
pressure levels toward low frequencies were happened.

Keywords: Sound waves; noise-induced; occupational safety; industrial health;
noise

1 Introduction

Today, the disturbing sound of the environment has become a major problem for human societies. After
the introduction of noise as an occupational and environmental disease, there are considerable amount of
literature on noise pollution in an industry [1]. In this factory, the noise pollution produced by machinery,
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turbines, generators and powered tools or other activities influences employees’ health and all of them can
even cause diseases [2]. It become one of the most frequent occupational hazards [2]. Noise-Induced Hearing
Loss (NIHL) is known as an occupational disease in the world [3]. The World Health Organization (WHO)
has shown that there is a disturbance between sleep and discomfort of traffic [4].

2 Literature Review

Noise pollution has been widely investigated in deferent cities [5–8]. As others have highlighted,
Nassiri’s approach raises many doubts about the health’s workers in work environments. Many studies
have been published on occupational health in deferent factories [9–13]. Various approaches have been
proposed to solve this issue [14]. In recent years, there has been growing interest in frequency analyzing
for solving problem [15,16]. Many attempts have been made in order to investigate LP in factories [17].
More recent evidence highlights that 35.4% of measurement stations, LP exceeded the occupational
standard level (85 dB) [17,18]. As mentioned by Iraj Ali Mohammadi et al. (2017), AliMohammadi’s
argument relies too heavily annoyance in cities. Bukola Olalekan Bolaji’s et al. (2017) [19], reported that
electricity generating sets produced 26.7% of the overall noise which shows that it is one of the important
sources of noise in the manufacturing companies. We know that sound index has many applications in
the field of noise and environmental pollution. Thus, we can use these indexes for sound analysis in
industrial environments.

3 Experimentation and Observations

According to general electric (GE) power systems, the first ever gas turbine installed in an electric utility
in the United States of America in 1949. GE power system was used in combined cycle mode. However, this
was not the first use of a gas turbine for power generation. The credit for that belongs to the Swiss company
BBC (Brown, Boveri and Companies) which in 1939 installed a 4MW (MegaWatt) open-cycle gas turbine at
a municipal power station in Neuchâtel, Switzerland (see Fig. 1). This unit had a long life. It was finally
retired in 2002 and has since been restored for public display [20–22]. The history of the gas turbine for
power generation can date back to the beginning of 20th century when a British engineer, Sir Frank
Whittle and a German scientist, Hans von Ohain, independently developed a gas turbine for aircraft
propulsion. Also, in the same period, the first gas turbine for power generation was operational in 1939 in
Neufchateau, Switzerland [23] (see Fig. 2).

Ever since, the emergence gas turbine designs in the different parts of the world has never stopped [23].
SGPP is one of them. SGPP is known as the main cause of environmental noise pollution in Shiraz city. This
electricity power plant was selected to sound measuring and frequency analysis. This electricity power plant

Figure 1: A) Diagram of gas turbine electric power generation. B) Schematic of first use of a gas turbine for
electric power generation which in 1939 installed in Neuchâtel, Switzerland [23]
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has 8 unit with 4 active units (see Tab. 1). Tab. 1 summarizes the data on type of generators in SGPP. In terms
of the amount of energy produced, Craft’s unit is the largest generator of this plant.

This study introduces a new view to acoustic experts. This way causes that the sound engineers consider
sound and frequency analyzing at the same time and with more attention to them. There are several ways
among the methods of engineering and theoretical mathematics that are used for measuring different
sound behavior and different goals. In our research project, steps of new view are as follows:

� Sound measurements and frequency analysis at different sections in SGPP at 700 metering station
with Octave Sound Level Meter (SLM) model BSWA 308.

� Determine sound source and harmful frequency in this factory.

� Analyze the results by Excel 2013 and Minitab 18.1 software.

� Analyze of the gas consumption volume amount in the SGPP with household gas subscribers in cold
and tropical regions.

We used sound level meter and frequency analysis model BSWA 308 with class A in order to identify
harmful frequency in different sections. First, the noise source identified in cooperation with the HSE

Figure 2: The first gas turbine for power became operational in 1939 in Switzerland [23]

Table 1: Type of generators in SGPP (2019)

Unit’s name Unit’s number Startup date Nominal strength (MW) Activity

Craft G11 1981 60 Active

Sulzer G12 1965 11.7 Passive

BST G13 1973 25.6 Active

Fiat 1 G14 1967 15 Passive

Fiat 2 G15 1968 15 Passive

Fiat 3 G16 1969 15 Passive

BBC 1 G17 1974 25.4 Active

BBC 2 G18 1975 28.6 Active
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(Health, Safety, and Environment) and technical offices in SGPP. Second, sound level meter and frequency
analysis was carried out at 700 stations from different part of this factory and around the factory (see Fig. 3).
In this study, the ISO 9613 standard were used for measurement mechanism and technical calculations. The
duration of calibration, according to ISO 9613 standard, determined for each measurement was about 90 s
[24]. In this project, Craft and BBC generators and their turbines were selected as a noise source. Craft and
BBC electricity generators are among the biggest source of the last four decades to produce noise pollution in
this industry. Some of important properties of sound’s generators can be referred to the designs and type of
these generators.

4 Result and Discussion

The result of occupational measurements in more than 700 stations in the weighting network A and C are
shown in Figs. 3 and 4. According to these figures, all stations under study were at health’s risk and no safety
limit was recorded. The highest average sound pressure level belonged to the BST and Craft stations and
were equal to 103.5 dB and 115 dB respectively. It should be noted that at the time of the measurement
of the sound pressure level, units of Fiat and Sulzer were shut down. Data were extracted only from the
Craft, BBC and BST unit’s records.

Figure 3: Show some of the measurement stations and the method of measurement in SGPP in 2019 [24]
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Fig. 4 show that sound pressure level (LP, C) variations in one-third octave band weighting network in
slow mode at 20 stations. The results suggest that changes in the sound pressure level varied from 45 dB to
120 dB. According to Tab. 2, all results obtained from the study stations were higher than the Iran’s
environmental standard and Occupational Exposure Level of Iran (OEL).

Fig. 5 clearly showed that sound pressure level was higher than OEL. Therefore, it was in danger range.
Administrators, especially those who are involved in industrial construction, can use the result’s charts for
acoustic design of the buildings so that they can provide the quiet side for the users and consider the
Threshold Limit Values (TLVs), see Fig. 6.

As can be seen in Figs. 4 and 5, with the increase in the SPL (LP, C) of the SGPP, the rate of low
frequencies in the main turbine has increased. The noise pollution to the main turbine (Craft) was
changeable between 105.3 dB and 120 dB, and the largest effect observed at 120 dB (see Fig. 6). The
response of the other power tools such as, oil pump and gas pump individually analyzed with using a
sound frequency analyzer and also one-third octave band weighting network to separate the frequency
range in which each part operated. In this case, frequency analysis showed that the observed SPL was
equal to 4.7 dB. Results indicated that the power tools had not a significant effect on the increase of the
sound pressure level of the frequency. The increasing of internal reflections could increase SPL. In this
factory’s building, the amount of reduction in the sound pressure level will increase significantly if the
appropriate absorbers uses.
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Figure 4: Maximum sound pressure level (LP, A) changes in the one-third octave band weighting network in
slow mode at 700 stations measured in SGPP during 2019

Table 2: Results of the sound pressure level and harmful frequency are shown in the turbines of SGPP in
2019

Unit’s name Unit’s number Startup date Nominal strength
(MW)

Sound Pressure Level
(Lp, dB)

Harmful frequency
of noise of turbine (Hz)

Craft G11 1981 60 115 67

Sulzer G12 1965 11.7 – –

BST G13 1973 25.6 103.5 74

Fiat 1 G14 1967 15 – –

Fiat 2 G15 1968 15 – –

Fiat 3 G16 1969 15 – –

BBC 1 G17 1974 25.4 101 73

BBC 2 G18 1975 28.6 102 82
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Today, from the technological point of view, the development of technology has reduced the level of
sound production in these electricity generators but, it seems that along with the worn-out industry with
noise pollution is caused that the sound in the industrials’ environment is moving toward low
frequencies. One of the reasons of neglecting the issue of frequency measurements and sound analyzing
has been more attention to the air and expensive cost of frequency measurements. In our country, the goal
and high lightened of introducing a new view was considering the problem of noise pollution such as:
frequency analysis, effects of barrier, reflections and worn-out industries. The most remarkable result to
emerge from data is that 50 Hz. Interestingly this correlation is related to lower frequency. In our view,
the result emphasize the validity of our measurement. These results offer powerful evidence for frequency
at old electricity generators. As expected, these results showed that frequency analysis is very important
procedure in noise measuring.

At the time of measurement, two units of the generators were outside the circuit and were not involved in
the overall measurements of the sound pressure level. These finding thus need to be noticed other factory’s
part. The conclusions of the review should be analyzed with caution. We aware that our research may had
three limitations. The first was reflection’s effects, the second was shutting down of some units and the
third was impossibility of turning off some parts during measurement. There is evidence to support the
hypothesis that our life moved towards lower frequencies in industries and cities. We saw that a growing
body of literature has investigated in noise pollution and occupational health, but at the end of any
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literature is only said the necessity for improvement of controlling and protection measures has prime
importance. To be honest, there is a need to offer a new attitude for presentation of solutions in any literature.

One of the major results of this study is that frequencies changes occur in the current society. The burn
out of the mother industries, especially in the industry of electricity production is effective in changing the
characteristics of noise production. Until now, a comprehensive study of this issue has not been carried out
scientifically. Much work on the potential of noise pollution has been carried out yet, there are still some
critical issues on analyzing of sound [25–31]. The characteristics of frequency’s effect are not well
understood in depth in Iran. It is not yet known whether low frequency can do health’s effects. One of
the main issue in our knowledge of sound’s frequency is lack of research in this topic. Although, this
approach is interesting but, it suffers from to take into account for research management in some
industries. We know that most studies have only focused on health’s effect without any applicable
suggestions [32].

In addition to noise pollution, this electric gas power plant consumes a lot of energy annually. Further
analysis showed that the Craft, BBC and BST units consume 18,000, 10,000 and 9000 cubic meters of
natural gas per hour, respectively. In this study, it was found that a total of 47000 cubic meters per hour
of natural gas was consumed when all the units were on. Scientific information in specialized articles on
the performance and efficiency of gas power plants with old technology showed that the maximum
efficiency was 20% to 35%. Therefore, 70% of the consumed gas in this power plant was wasted. It is
generally accepted that a more appropriate analysis will be done if now we turning to compare with the
average consumption of household gas subscribers in different regions, especially tropical and cold
regions. Tab. 3 shows the data from this analysis.

Tabs. 3 and 4 demonstrates that the gas consumption of this power plant is not affordable.

Table 3: Gas consumption volume amount of Kraft and BBC units in SGPP in an 8 hr work shift in 2019

Parameter (m3) Annual Monthly Daily

Gas consumption volume of Kraft unit 52560000 4320000 144000

Gas consumption volume of BBC unit 58400000 4800000 160000

Gas consumption volume of BST unit 26280000 2160000 72000

Table 4: Comparison table of the gas consumption of the SGPP on a daily, monthly and annual basis for an
8 hr work shift in 2019

Parameter (m3) Annual Monthly Daily

Gas consumption volume of SGPP 137240000 11280000 376000

Table 5: Comparison table of average consumption of household subscribers in cold and tropical regions of
Iran with the monthly consumption of SGPP in 2019

Parameter Average of gas consumption
volume of household
subscribers in cold
regions (m3)

Average of gas consumption
volume of household
subscribers in tropical
regions (m3)

Gas consumption
volume of shiraz gas
power plant (m3)

Gas consumption
volume (Monthly)

3000 700 11280000
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5 Conclusion

This paper has high lightened the importance of frequency measuring of sound in all sound
measurements. It can be concluded that this factory wastes energy while polluting the noise. This old
power plant has generated annoying low frequencies. We have obtained results demonstrating that sound
changing in our human life. These finding add a growing body of literature to our understanding of noise
pollution in internal environment of factories and cities’ environments.

The effects of the noise will be critical in residential areas where many companies and homes are sited to
gather in the same area. The present findings might help to have important applications for solving several
courses of actions in order to solve noise pollution. In our view, these result represent an excellent initial step
toward solving noise control in industry and making a better design in noise barrier. We believe that our
results may improve importance knowledge about sound frequency and could help a useful aid for
support decision makers because they need to know that Changes in industrial disturbance frequencies.
Then, they can design noise barriers better. Further work needs to be done to established whether each
generator how much does acoustic energy produce? And how worn-out can change the frequency of
sound. It seems that along with the development of the new industry, repairs and major overhaul must be
taken seriously in the old industry.

As can be seen in Tab. 5, the monthly gas consumption volume of the power plant for 8 h of work shift is
equal to 1128,000,000 cubic meters. This number is equal to the gas consumption volume of
32022 subscribers of domestic gas in cold regions and 137240 subscribers of domestic gas of tropical
regions. If we consider the calculations based on the annual consumption, the amount of consumption is
equal to 137240000 cubic meters per year. The maximum amount of electricity generated by all active
units indicates that approximately 70% of the consumed energy is converted into heat.

With the current technology, this gas turbine electric power generation consumes 47000 cubic meters
of natural gas per hour to produce 100 MW of electricity, which is very high and it is not economical and
cost effective. These numbers indicate that the power plant’s efficiency is low. In this case, the efficiency of
the factory is about 35%. At the same time, there are common and inexpensive alternatives to power
generation. Thus, taking into account the current location of the plant’s construction, an alternative
solution, thought with high overheads is turning the factory into a museum for public display.
Therefore, it is recommended that these power plants be turned into museums. With turning this factory
into a museum, simultaneously, resulting in preventing energy waste, it is possible to reduce noise
pollution in the surrounding residential areas.

For offshore power plants, there is the possibility of using exhaust Outlet heat for the preparation of
sweet water. Another alternative solution, which can be affordable, is to accompany a desalination
system. It seems that in the cases stated, the efficiency of the plant is about 90%.
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