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According to the literatures, compressed-air systems account for about 10 % of total industrial-energy use
for few countries. Compressed air is typically one of the most expensive utilities in an industrial facility.
These compressors are ordinarily driven by constant-speed electrical motors supporting varying load
conditions; i.e., substantial energy is lost since the loading conditions mismatch the designed optimal
energy consumption needs of the desired purpose.

In this paper, the electric energy consumption of one-cylinder reciprocating air compressors has been
experimentally investigated, once by the use of variable speed drive (VSD) and then by the use of
mechanical speed drive.

Based on the experiment, the reduction of energy consumption in various compressors' discharge
pressures falls between 43.6 % and 60.5 %.

The results indicate that the use of a variable speed drive reduces electrical energy consumption and thus
reduces greenhouse gas emissions due to the reduction of fossil fuel consumption.

1. Introduction

Due to the constraints of fossil fuels and the environmental problems caused by the combustion of them,
the necessity of energy management and enhancing the energy efficiency has been more evident than
ever, especially in countries where producing electrical energy is dependent on these fuels. Energy
dissipation of devices leads to climate change and eventually global warming which is the major problem
for earth and its lovers (Jayamaha, 2006).

Electrical energy consumption in Iran has increased approximately from 2,220 GWh to 100,000 GWh,
through the years 1976 to 2000. In Iran, about 50 percent of total energy is used to drive industrial motors
(Massarrat, 2004).

Optimal energy use is fulfilled when less energy is consumed to deliver a service or, when more services
are delivered by the same amount of energy (Jarvinen, 2013).

Industrial units will consume more energy than other units (Abdelaziz et al., 2011). Air compressors are
one of the most high-cost utilities among the industrial units and take about 10 % of the industry’s total
energy. Compressed air manufacturers in the US account for ten percent of the total electricity used in all
industries (Senniappan, 2004). At least one type of compressor is used in 70 % of America's
manufacturing industries (Xenergy Inc., 2013). In Europe (Saidur et al, 2011) and Africa (Marais, 2009),
respectively, 10 and 9 % of industrial electricity consumption is devoted to air compressors. In Malaysia,
10 % of industrial electricity consumption is devoted to air compressors (Saidur et al, 2011). Therefore,
any effective action towards improving the energy efficiency of the compressors is highly attended by
researchers, policy makers and manufacturers.

Several measures towards reducing compressors energy consumption, such as application of high-
performance engines, application of VSD, prevention of leakage, reducing pressure drop, and application
of efficient nozzles in compressors system have been reported (Abdelaziz et al., 2011).

Data auditing was employed to estimate the energy use of the boiler fan motors. VSD was also used to
estimate energy savings by modulating fan speed. It was found that 139,412 MWh, 268,866 MWHh,
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159,328 MWh, and 99,580 MWh electrical energy could be saved up to 40 %, 60 %, 80 % and 100 % of
the motor loadings, respectively with 60 % reduction in speed (Saidur, 2003). Two energy saving
strategies, using high efficient motors and VSD, were adopted to reduce the energy consumption of
motors while, reducing the emissions released into the atmosphere. It was reported that the use of VSDs
and energy-saving motors would lead to substantial energy savings and an enormous reduction in
emissions (Saidur, 2010). An experimental study was performed on energy saving in centrifugal pumps
using a VSD (Dizadji et al., 2012a). The registered energy savings were recorded within the range of 15-
40 % margin in this study. Also, by the replacement of the mechanical pulley and the belt drive with an
electrical VSD in fans, reduction of energy loss up to 38.5 % was reported for the different flow rates
(Dizadiji et al., 2012b).

A VSD is an electronic power converter that generates a multi-phase, variable frequency output that can
be used to drive a standard AC induction motor, and to modulate and control the motor's speed, torque
and mechanical power output. Utilization of VSD's in industrial applications results in considerable energy
saving (Mecrow et al., 2008).

Due to the importance of this issue, the aim of this study was to investigate the effect of applying VSD in
single-cylinder piston reciprocating compressors instead of mechanical belt- pulley drive, on the amount of
energy consumption.

In order to this, the amount of energy consumed by the compressor for producing compressed air at
different pressures were compared in two cases: first, by the application of VSD and second, by the
application of mechanical drive.

2. Materials and Methods

A single-cylinder piston reciprocating compressor is used in this experiment, and a HITACHI D106010
three-phase electric motor is used for running it.

Figure 1 shows the system used in this research. Regarding the fact that the revolutions per minute (rpm)
of the three-phase electric motors used in this experiment are 1,420 to 1,460 and the reciprocating motion
of the compressor’s piston in the aforesaid model is equal to 1,030 rpm, a mechanical belt- pulley drive is
required. The existence of a mechanical drive with two pulleys and belt shifters leads to energy dissipation.
Thus an electrical inverter was applied in order to prevent dissipation, so that changing the electrical power
provides the required power for the movement of piston.

Figure 1: Setup used in this research
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A simplified schematic of the compressor apparatus used in this series of experiments is shown in figure 2
(A and B).

The experiments were done at the vessel pressures of 0 to 883 kPa and in different mass flow rates of
0.0044, 0.0043, 0.0040, 0.0038, 0.0037, and 0.0036 kg/s, once by applying mechanical drives and once
by applying VSD.

All the experiments were done at temperature of 20+1 °C and operation temperature of 40+2 °C and
relative humidity of 55 %.
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Figure 2: Compressor system A) with mechanical drive B) with electrical inverter

A resistance thermometer was used to measure the temperature and an optical tachometer and
stroboscope was used for measuring the rotation speed of the shaft. The compressor was connected to a
pressure vessel so that its pressure could be read in each step by using a digital manometer. A sharp-
edged orifice was also used to measure the mass rate of air and the power consumption in electrical and
mechanical drives was recorded for each pressure and mass flow rate.

Flow rate measurements were conducted on the basis of JIS B8320 - Japanese Industrial Standard which
is entitled Testing Methods for Compressors and refers to for testing axial, centrifugal, and reciprocating
machines with air (Van Laningham).
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3. Results

With reference to the methodology and the experimental set up described above, the following
experimental results were derived.

The results show significant reduction in power consumption of single-cylinder piston reciprocating air
compressors, if the mechanical belt- pulley drive is replaced by the electrical one.

Based on the results obtained in this study, as the pressure is increased to about 500 kPa the energy
consumption reduction is increased.

Figures 3 and 4 represent the amount of reduction in power consumption and the percent of compressors’
energy consumption at different pressures of the vessel, in case an electrical inverter is used instead of
the mechanical one.
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Figure 3: The amount of energy consumption reduction versus pressure
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Figure 4: The percent of energy consumption reduction versus pressure



155

=
oo

>

/
¢

<
w

o
-

<
w

<
o

o
i

o

Energy Consumption Reduction (kWh)

[

0.001 0.002 0.003 0.004 0.005
Mass Flow Rate (kg/s})

Figure 5: The amount of energy consumption reduction versus mass flow rate

Figure 5 represents the electrical energy consumed by the compressor at different mass flow rates of the
vessel, if an electrical inverter is applied instead of the mechanical one.

The consumed energy is reduced by a minimum of 43.6 and a maximum of 60.5 %, at the studied
pressures.

Annual financial saving can be calculated based on energy consumption reduction and the unit price of
energy.

The calculations used for achieving the monetary value of energy savings show that the cost savings of
only one compressor with eight thousand hours of performance per year and industrial electricity price of
0.5 $/kWh, would be equal to at least $ 1,744 and at most $ 2,420.

4. Conclusions

Energy saving in single-cylinder piston reciprocating compressors widely used in industrial applications
was studied in this research.

The study suggests that applying electrical inverters instead of mechanical drives causes an efficient
reduction in power consumption which eventually leads to a significant electrical cost reduction of 43.6 to
60.5 %.

It also, with reducing the use of fossil fuels, declines the greenhouse effect and pleases the environment
lovers.

Using electrical inverters is a potential method for reducing these sorts of emissions and is strongly
recommended.
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