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F E A T U R E D  A R T I C L E S
Environmentally Conscious Technology in Industrial Fields 
Aiming for a Low-carbon Society

1.	 Introduction

Air compressors are an essential air source used in 
facilities such as factories, and the power consump-
tion of air compressors accounts for the majority of 
the total power consumed in factories. Therefore, with 
the growing awareness of the environment and energy 
conservation in recent years, demand has also been 
growing for products with high energy-saving per-
formance, including for air compressors.

The use of inverters is a widely known method for 
increasing the energy savings of air compressors. 

Accordingly, this paper begins by describing oil-
free scroll compressors equipped with an inverter. 

Oil-free scroll compressors offer the advantages 
of clean air and low noise, and various other benefits, 
including energy savings, can be obtained by equip-
ping them with an inverter.

On the other hand, Hitachi screw compressors have 
previously delivered energy savings and high efficiency 
through a variety of mechanisms and control tech-
nologies. In particular, the new Hitachi screw com-
pressor series are equipped with “air use point pressure 
prediction control” which automatically reduces the 
operating pressure on the upstream compressor side 
while maintaining the minimum air use point pressure 
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Air compressors produce compressed air and have a wide variety of industrial uses, 
including as power sources in factories. Hitachi first began manufacturing air compres-
sors in 1911, and since then its air compressors have evolved with the passing decades 
to meet various needs. In recent years, Hitachi has been working in particular on energy 
saving and high efficiency. Hitachi oil-free scroll compressors, which produce clean 
compressed air that does not contain oil, are also equipped with an inverter, which 
reduces power consumption. Furthermore, the new Hitachi screw compressor series is 
equipped with an “air use point pressure prediction control” function that saves energy 
by reducing waste pressure. This control technology is installed standard in the 22- to 
100-kW models of the Hitachi oil-flooded rotary screw compressor series and in the 15- to 
120-kW models of the Hitachi oil-free rotary screw compressor series. Moving forward 
into the future, Hitachi will contribute to reducing CO2 emissions and preventing global 
warming while responding rapidly to customer needs through the manufacture, sale, 
and servicing of air compressors.

New Energy-saving Air Compressors
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in the compressed air pipe system by predicting the 
pressure loss in the piping to increase energy savings 
even further over previous models. This paper gives 
an overview of this air use point pressure prediction 
control and introduces its effectiveness.

2.	 Oil-free Scroll Compressors 
with Inverter

Hitachi Industrial Equipment Systems Co., Ltd. 
developed and began selling 3.7/5.5-kW inverter-
controlled oil-free scroll compressors in 2014, and 
also began selling an oil-free scroll compressor directly 
driven by an amorphous motor in March 2017 
(see Figure 1). The features of these products are 
described below.

2. 1 
Energy Savings
To increase the energy savings of air compressors, it 
is important (1) to perform operation that matches 
the level of air consumption (optimal volume), and 

(2) to avoid operation at a compression level higher 
than needed (optimal pressure). This product deliv-
ers both of the above items simultaneously by con-
trolling the rotational speed of the compressor using 
an inverter. The energy-saving performance has also 
been improved by installing a motor equivalent to 
International Energy Efficiency Class 5 (IE5), which 
is being developed as the highest level of international 
efficiency standards.
(1) Performing operation that matches the level of 
air consumption

The amount of air demanded from the compressor 
changes moment by moment according the level of 
factory operation and the time slot. However, there 
are types of compressors where, for example, the 
power consumption is not halved even if the air con-
sumption is cut in half (unloader-type compressors). 
In contrast, if the rotational speed of the compressor is 
controlled by using an inverter, then power consump-
tion characteristics can be obtained that match the air 
consumption ratio (see Figure 2).
(2) Avoid operation of the compressor at a compres-
sion level higher than needed

In air compressors, power consumption also 
increases as the discharge pressure increases. For Figure 1 — Oil-free scroll compressor directly driven by an 

amorphous motor (7.5 kW)
This air compressor is manufactured by Hitachi Industrial Equipment 
Systems Co., Ltd., which began selling it in 2017. Energy-saving perfor-
mance has been increased by using an inverter to drive the amorphous 
motor, which has efficiency equivalent to IE5. Furthermore, the volume 
of the product has been greatly reduced by combining the amorphous 
motor and compressor into a single unit.

IE5: International Energy Efficiency Class 5
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Figure 2 — Air Consumption Ratio versus Power 
Consumption Ratio
This graph shows an example of the power consumption ratios of 
inverter-controlled compressors and unloader-type compressors. The 
ratio of power consumption per unit of air consumption increases as the 
amount of air consumption decreases in unloader-type compressors, but 
the ratio of power consumption to air consumption remains constant in 
inverter-controlled compressors.
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example, if the discharge pressure of a compressor 
can be reduced by 0.1 MPa, then the electricity bill 
can also be reduced by around 7% to 8%.

This product can maintain a constant pressure 
even when the amount of air consumption by the 
user changes. This is accomplished by controlling the 
rotational speed of the motor through installation of 
an inverter, delivering a high energy-saving effect by 
not operating the compressor at a compression level 
higher than needed (see Figure 3).

2. 2 
Expanding the Range of Discharge Air Flow and 
Pressure
This product is equipped with a “PQ* wide control” 
function that can change the upper limit of the com-
pressor’s rotational speed and increase the discharge 
air flow rate depending on the pressure used. A con-
trol pressure of 0.65 MPa results in an increase in 
discharge air flow rate of approximately 15% over that 
of previous models.

Furthermore, this single model covers the 0.8-MPa 
specifications and 1.0-MPa specifications that had 
been divided into separate models depending on the 
demand pressure in previous models (see Figure 4).
*	 P represents pressure and Q represents discharge air flow rate.
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Figure 3 — Constant Pressure Control
This graph shows differences in pressure fluctuation by different control 
methods. Constant pressure control can maintain a more optimal pres-
sure compared with pressure switch control.

Specification
Conventional compressor with 

pressure switch control  
(0.8-MPa specification)

Conventional compressor 
with pressure switch 

control  
(1.0-MPa specification)

Developed compressor  
with single-unit amorphous motor,  

inverter control

Output (50/60 Hz)

Item/units
kW 3.7 5.5 5.5 3.7 5.5 7.5

Com-
pressor

Maximum 
pressure (control 
pressure ON-OFF)

MPa 0.8 (0.65-0.8) 1.0 (0.8-1.0) 1.0

Constant 
pressure control 
setting range

MPa — 0.30-0.90
(Standard setting 0.65)

Discharge air 
flow rate L/min 420 630 500 370 (@0.9 MPa)

500 (@0.65 MPa)
565 (@0.9 MPa)
725 (@0.65 MPa)

740 (@0.9 MPa)
850 (@0.65 MPa)

Dew point of drier outlet air °C 15 or less under pressure

External dimensions  
(width × depth × height) mm 750 × 715 × 1,150 560 × 690 × 950

Mass kg 191 219 219 177

Noise level dB (A) 47 50 50 47 50 53

Table 1 — Specifications
This table shows a comparison of specifications between conventional compressors and the developed compressor.
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Figure 4 — Discharge Pressure Air Flow Rate versus Pressure 
Range
This graph shows the range of pressures and discharge air flow ratios 
that the developed air compressor can handle. A single model can cover 
a range that would require two models of conventional compressors.
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2. 3 
Other Features
Three other features are listed below (see Table 1).
(1) An automatic electrical drain trap is installed stan-
dard in the drain outlets of each air tank and air drier.
(2) Power supply frequency is common to 50/60 Hz.
(3) Unpleasant noise while starting the compressor 
is reduced by means of a soft start using the inverter.

3.	 Air Use Point Pressure 
Prediction Control

In the compressed air pipe system running from 
the air compressor to the use points where the air is 
used, pressure loss occurs that increases as the pipes 
become longer and narrower and as the number of 
bends increases. The pressure loss also increases as the 
amount of compressed air that is used (pipe flow rate) 
becomes larger. However, if the operating pressure of 
an air compressor is reduced by 0.1 MPa, then theo-
retically the power can be reduced by approximately 
8.4% in a one-stage compressor or by approximately 
7.4% in a two-stage compressor.

Conventionally, because the operating pressure 
setting on the compressor side is fixed, the operat-
ing pressure setting of air compressors was set high 

in order to maintain the minimum use point pres-
sure on the usage side during maximum compressed 
air consumption.

If only a small amount of compressed air was being 
used, then the pressure loss in the compressed air pipe 
system was also relatively small, so the compressed 
air pressure at the use point would greatly exceed the 
minimum pressure and waste pressure was applied 
(see Figures 5, 6, and 7). Therefore, when the amount 
of compressed air used differed greatly, for example, 

Compressor pressure P1: Variable
P1

P2

Air use point pressure P2:
Constant

∆P : Predicted

Figure 5 — Schematic of Installation of Air Use Point Pressure 
Prediction Control in Factory
The outlet pressure P1 of the air compressor is supplied through the 
compressed air pipe via a pressure loss ΔP to the air use point pressure 
P2 that is consumed. Air use point pressure prediction control predicts ΔP 
from changes in the air consumption ratio and adjusts the operating pres-
sure in order to control the air use point pressure P2 so that it is constant.
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Figure 6 — Concept of Air Use Point Pressure Prediction Control
Whereas pressure loss occurs between the compressor outlet and use point due to the increased air consumption ratio in (1), in (2) this air use point 
pressure is predicted and controlled to be constant, thus reducing waste pressure. In the calculation example, an energy-saving effect of 7.2% is obtained 
at an air consumption ratio of 60%.
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during the daytime on weekdays and on weeknights 
and holidays, this was conventionally handled by the 
user changing the pressure setting to some degree.

3. 1 
Predicting Pressure by Air Use Point Pressure 
Standards
The amount of compressed air being used can be pre-
dicted in real time from the discharge air flow rate 
from the compressor itself, the volume of the com-
pressed air piping system (total pipe capacity), and 
variations in pressure over time for fixed speed com-
pressors, and from the speed ratio of the compressor 
for variable speed compressors. Furthermore, Hitachi 
has developed air use point pressure prediction control 
that automatically increases or decreases the operating 
pressure of the air compressor to keep the use point 
compressed air pressure within a fixed range by also 
focusing on the fixed relationship between the amount 
of compressed air used and pressure loss in the com-
pressed air pipe system (see Figures 5, 6, and 7).

3. 2 
Energy-saving Effect
The energy-saving effect when the pressure loss in the 
compressed air pipe system is 0.15 MPa and the air 
consumption ratio is 60% during use of the air use 
point pressure prediction control function is 7.5% 
for the model OSP-37VAN2 oil-flooded compressor 
and 7.2% for the DSP-37VATN2 oil-free two-stage 
compressor (see Figure 8).
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Figure 7 — Control Schematic of Air Use Point Pressure Prediction Control
Compressor outlet and use point pressure loss increase during high load and decrease during low load. Whereas conventional compressors operated at 
a wastefully high pressure during low load because of the air compressor outlet pressure standard, air use point pressure prediction control operates by 
reducing the compressor outlet pressure while maintaining the air use point pressure.

Figure 8 — Rotary Screw Compressors Equipped with the Air 
Use Point Pressure Prediction Control Function
In 22- to 100-kW models of the Hitachi oil-flooded rotary screw com-
pressor series (55/75/100-kW models shown in the figure) and in 15- to 
120-kW models of the Hitachi oil-free rotary screw compressor series, 
(one-stage 22/55-kW and two-stage 22/30/37/55/75-kW models shown 
in the figure) the air use point pressure prediction control function is 
installed standard.
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4.	 Conclusions

This paper has described the installation of inverters in 
oil-free compressors and air use point pressure predic-
tion control that reduces operating pressure.

An oil-free scroll compressor directly driven by an 
amorphous motor introduced in this work successfully 
obtained even higher energy savings by installation of 
inverter control in a press switch-type air compressor 
that already offered excellent energy-saving perfor-
mance. Hitachi Industrial Equipment Systems per-
forms in-house manufacturing, sales, and servicing of 
inverters and motors installed in air compressors, and 
will continue to contribute to reducing CO2 emissions 
and preventing global warming by quickly proposing 
and applying these components.

Furthermore, Hitachi air compressors achieve 
energy saving and high efficiency through various 
mechanisms and controls in addition to air use point 
pressure prediction control, and Hitachi will continue 
to respond quickly to customer needs.

References
1)	 Hitachi Industrial Equipment Systems Co., Ltd., “Hitachi 

Compact Compressors General-purpose Air Compressor 
Data Book ’15” (Dec. 2015) in Japanese.

2)	 Hitachi Industrial Equipment Systems Co., Ltd., “Air 
Compressor Energy Saving and Environmental Solutions,” 
(Sep. 2015), http://www.hitachi-ies.co.jp/pdf/catalog/
HC-268.pdf in Japanese.

Authors
Yoshiyuki Kanemoto
Air Compressor Design Department, Air Compressor 
Systems Division, Business Operations Group, Hitachi 
Industrial Equipment Systems Co., Ltd. Current work 
and research: Development of scroll compressors.

Zhijia Ren
Air Compressor Design Department, Air Compressor 
Systems Division, Business Operations Group, Hitachi 
Industrial Equipment Systems Co., Ltd. Current work 
and research: Development of scroll compressors.

Masakazu Hase
Air Compressor Design Department, Air Compressor 
Systems Division, Business Operations Group, Hitachi 
Industrial Equipment Systems Co., Ltd. Current work 
and research: Development of screw compressors.

Hideharu Tanaka
Air Compressor Design Department, Air Compressor 
Systems Division, Business Operations Group, Hitachi 
Industrial Equipment Systems Co., Ltd. Current work 
and research: Development of screw compressors.

Akira Iyozumi
Air Compressor Design Department, Air Compressor 
Systems Division, Business Operations Group, Hitachi 
Industrial Equipment Systems Co., Ltd. Current work 
and research: Development of screw compressors.

Takeshi Tsuchiya
Home Appliances Research Department, Center for 
Technology Innovation - Mechanical Engineering, 
Research & Development Group, Hitachi, Ltd. Current 
work and research: Development of efficiency 
improvement technology for air compressors. Society 
memberships: The Japan Society of Mechanical 
Engineers (JSME), and Japan Society of Refrigerating 
and Air Conditioning Engineers (JSRAE).

Kotaro Chiba
Home Appliances Research Department, Center for 
Technology Innovation - Mechanical Engineering, 
Research & Development Group, Hitachi, Ltd. Current 
work and research: Development of efficiency 
improvement technology for air compressor.

Koichi Tashiro
Intellectual Property Department, R&D Center, 
Hitachi Industrial Equipment Systems Co., Ltd. 
Current work and research: Management and 
exploitation of intellectual property rights.



Hitachi Review is a technical medium that reports on 
Hitachi's use of innovation to address the challenges 
facing society. 

The Hitachi Review website contains technical papers written by Hitachi 
engineers and researchers, special articles such as discussions or interviews, 
and back numbers. 

Hitachi Hyoron
(Japanese) website

https://www.hitachihyoron.com/jp/

Hitachi Review
(English) website

https://www.hitachihyoron.com/rev/

Hitachi Review newsletter delivers the latest information about Hitachi Review 
when new articles are released.

https://www.hitachihyoron.com/jp/?utm_campaign=pdf&utm_source=jp&utm_medium=appx
https://www.hitachihyoron.com/rev/?utm_campaign=pdf&utm_source=rev&utm_medium=appx

	評論�
	スライド 1: 日立評論は、イノベーションを通じて社会課題に応える 日立グループの取り組みを紹介する技術情報メディアです。
	スライド 2: Hitachi Review is a technical medium that reports on Hitachi's use of innovation to address the challenges facing society. 




