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A B S T R A C T   
 

A realistic field study was conducted on compressed air production stations in the Mosul Dairy Factory / 

Iraq, to determine the quantities of field losses resulting from the production of compressed air in the  

factory, and to determine the effect inlet temperature, pressure ratio, electric motor and leakage in the  

production line on the production cost, as all data were taken from the factory, and preparing a mathe- 

matical program to find and calculate the leaks in the compressed air in all parts of the factory production  

line. In addition to that the total cost of the compressed air losses  during the production line was calcu- 

lated. The results were listed in the form of quadrants that determined the relationship of the variables to  

losses in the production line. The typical lifetime compressed air costs in the year had been calculated 

and the percentage of each of the previous effects in the calculation  of  the saved  cost, the results  shows 

that the amount of the leakage, electric motor efficiency, intake temperature, and the reducing of setting  

pressure is about 16%, 54%, 25% and 5% respectively. 

This work leads us to another future work in which how to address these losses in compressed air in 

the factory production line and work to reduce them by technical means in order to reduce the cost 

wasted due to these losses. 

© 2021 Elsevier Ltd. All rights reserved. 
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1. Introduction 

 
1.1. Compressed air:[1] 

 
Compressed air is an important source of energy and is indis- 

pensable in some manufacturing processes when operating machin- 

ery or when performing maintenance operations. Therefore, it is a 

major tool for many industries, with manufacture, while unlucky, 

its production price is among the highest in the manufactured cost: 

 
1.2. Classification of a compressed air system:[1,2] 

 
Compressed air systems consist of two sides 

 
The supply side, which includes compressors and air handling, 

which, correctly, it’s managed will deliver pure, dry and in equi- 

librium state air with appropriate pressure in a reliable and cost 

effective. 
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The demand side, which includes distribution, storage systems 

and end-use equipment. Correct management reduces  air 

waste, selects proper use of compressed air. 

 

 
1.3. Compressor Types 

 
There are two types of compressor, Fig. 1: first one is Positive- 

displacement type and the second is Dynamic type [1]: 

Positive displacement compressors: It come in two types: 

 
Reciprocating compressors: it classified into two types: Single- 

Acting, and Double-Acting 

Rotary compressors have become very popular, especially in the 

US industry, and have become the main parts in factories. 

 
Dynamic compressors [1]: it includes two types: 

 

● Centrifugal type. 

● Axial compressors 

Fig. 1 The compressor Types 
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Fig. 1.  Effect of Polytropic index on Work rev. Compressor. 

 
 

1.4. Compressed air system leaks:[1,3] 

 
Leakage occurs from all parts of the system of compressed air, 

but the biggest problematic parts are: 

 

● Connections, holes, pipes, and fittings. 

● Pressure regulators. 

● Open condensate traps and shut-off valves. 

● Pipe joins, connection parts, and thread sealants. 

The leakages negatively affect the compressed air system, as 

shown below: 

 
Leakages are an important parts of the energy waste in the 

industries parts of the air compressed system, resulting in a 

waste of twenty to thirty percent the output of the compressor. 

In addition, the plant with bad maintenance has a leakage rate 

of twenty percent of compressed air capacity. While, leak iden- 

tification besides, early maintained minimize leaks to less than 

ten percent of the output compressor production. 

Leaks contribute in other operating losses. Leaks lower the sys- 

tem pressure, which decreased the tools efficiently, and affected 

badly on the production. 

Leaks reduce the life of all system equipment, including the 

compressor.by increasing the working time  of the  equipment. 

It also leads to additional maintenance requirements and 

increased unplanned downtime. Finally. 

● Leakages can add unnecessary compressive capacity. 

2. Literature review 

 
1. In 2016, the optimization of the compressed air system 

especially in the food industry or factory in Indonesia which 

was studied by (E. Widayati, and H.l Nuzahar) was done. A 

technical method has been used to optimize the compressed 

air system to determine optimum operating conditions for 

compressors and compressed air systems. This technology 

has significantly saved energy and costs [4]. 

2. (B. Singh, and O. Singh) focused on studying some energy 

storage and energy conversion systems. Especially using 

compressed air instead of other energy sources. And adopt- 

ing it as a source of clean energy free of pollution, in addition 

to alleviating global warming [5]. The work concluded by: 

Compressed Air Energy Storage CAES, was a good use to 

increase the peak hour required for electrical power generation, 

regardless of all other options for energy storage. 

The possibility of operating the pneumatic engine by the vehi- 

cles that used electricity by replacing it with the compressed 

air storage tank that is filled using electrical energy during the 

rush hour requirements generated by the CAES which resulted 

from the wind turbine farm as a CAES system prepared for this 

purpose. 

The possibility of running the motorcycle air motor without 

pollution while finding the performance efficiency of the new 

compressed air motor suitable for operation ranges between 

72% 97%. 

1. Compressed Air Energy Storage CAES, has been recognized 

as one of the most  efficient  and  economical  technologies 

for conducting long term energy storage on a large scale to 

ensure the stability and reliability of the power grid  by (Li, 

L., et al). CAES has been used for its high energy rating, small 

self-discharge, long life expectancy, relatively low capital 

cost and relatively high cycle efficiency.[6] 

2. A study was conducted by (D. ešlija & et al.) to increase pro- 

duction efficiency of air compressed systems, extended com- 

ponent life cycle and reduce overall operating costs,  that 

lead to increase the economic cost, work process quality. 

This application contains cost-effective activities to greatly 

increase component efficiency. Their study was  conducted 

in the USA, European Union, China, and Serbia [7]. 

3. A study was conducted by (Y. Kim & et al.) To identify the 

main short comings of compressed air energy storage sys- 

tems (CAES) and some innovative concepts of this type and 

were presented such as isolated and constant temperature, 

besides an another cases, that were addressed by analyzing 

the energy to see characteristics  of  each  and  comparing 

the different systems of CAES. [8]. 

4. The idea of operating a car by compressed air using a slider 

crank mechanism has been studied practically and theoreti- 

cally before by (M. Nithin & et al.). Where extensive experi- 

mental research was conducted to investigate the feasibility 

of the air hybrid concept. Then work was done to develop 

models based on results from experimental data for the 

engine [9]. 

5. A new hydro-pump system with a compressed air energy 

storage system PHCA, was proposed by researchers (H. 

Wang, & et al.), to solve energy storage problems in wind 

power generation industry. In a region in China marked by 

drought and water scarcity, they performed thermodynamic 

analysis of these systems. Their results showed that the 

PHCA efficiency is related to  the  efficiency  of  the  pump 

and the efficiency of the water turbine, considering the ther- 

mal process at the inlet and outlet [10]. 

6. (F. Doyle & J. Cosgrove) described a low-cost method for esti- 

mating the energy consumption of compressed air systems 

and lost because of leakage in the system, 

7. and provided different means to reduce consumption of 

energy in a number of industrial facilities. They measured 

energy loss due to leakage in the system across five locations 

and identified approximately 500,000 kWh of energy wasted 

due to leaks of which thirty to sixty percent could be gained. 

And their results showed a 60% reduction in wasted electric- 

ity consumption at one site [11]. 

8. (J. You ,and T. Jianga) designed a 1 MW storage power plant, 

And formulate a strategic study of energy regulation to 

ensure the stable operation of power generation and electri- 

cal conditions. Also, they created a theoretical model for 

every unit of power plant. 

9. In addition they simulated mathematically the hydraulic 

piston operation, and hydraulic piston rod operating speed 

between 0 and 60 s.[12]. 

10. (Fu H., et al.) Design a scheme for an isothermal compressed 

air energy storage power plant, which uses a liquid for com- 

pressed air, a hydraulic press to transmit the potential 
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¼ m 

air 

R 

× × 

    

 

energy, and a hydraulic turbine to generate static pressure. 

They also studied technical features and strategies for con- 

trolling the system. (13). 

 
The work in the current research focuses on determining and 

calculating the quantities of  compressed  air  losses  in  the  field  of 

the Mosul dairy plant / Iraq, where all data are taken from the fac- 

tory, and a calculation program is prepared to find compressed air 

Where: 

Cdischarge = discharge coefficient, Its value range 0.6 for sharp 

edges to 0.97 for a well- rounded circular [1]. 

A = cross sectional area m2 

Pline & Tline is the absolute pressure and absolute temperature in 

the air line respectively 

Reduce power losses ¼ power saved 

leaks in all parts of the factory’s production line, effecting of the 
◦ 

air x wcomp;inReduce power losses 

inlet temperature and pressure ratio, in addition to the total saving 

cost of compressed air losses during the production line. 

 
3. Mathematical calculation 

¼  power  saved   ¼  m
◦

 

 
3.2. Cost saving of compressed air 

x wcomp;in ð5Þ 

 
Compressed air is one of the most valuable sources of energy 

production for plants; the bigger energy factor loss in the produc- 

ing is resulting from some important factors. All compressors that 

operate by electric motors, except for compressors that operate by 

natural gas, have losses in two directions; The first was external, 

including the leakage in the air transmission lines from production 

source to the places of its use, and the second is internal, which is 

the high temperature of the compressors station and the number 

of operating hours in addition to the aging of the machine, which 

in turn leads to a loss in energy production costs. 

In this research, the study was carried out on the dairy produc- 

tion factory in Iraq as an example for the work of compressors: The 

compressors from Atlas Copco Company oil free air compressor 

Hanshin 

Discharge Temperature: 60 – 105 °C 

Discharge pressure: 7–9.9 kgf/cm2 

Installed Power: 31 kW 

Capacity: 3000 litter / hr 

Supply Voltage: 400 VAC/ 50 Hz 

 
3.1. The compressor work: 

 
The work input to compressor can be calculated by [13] : 

wrev,in = v dp + Ä K.E + Ä P.E (kJ/kg) 

when Ä K.E, Ä P.E are negligible the work is; 

wrev;in ¼ 

Z 

v dp ð1Þ 

The isentropic process is PVk = constant, and integrated eq. (1), 

it becomes: 

wcomp,in = kR(T2 — T1) /k — 1 

¼ kRT1=ðk — 1Þ½ðP2=P1ÞKðk — 1Þ=kÞ— 1] ð2Þ 

Where 

k = specific heat ratio 

R = gas constant 

T1 = inlet absolute Temperature (K) 

P1 = inlet absolute pressure (kPa) 

Then the actual work wasted is 

wcomp;in ¼ wreversible;in =comp ð3Þ 

Energy and cost saving by fixing the air leakage location: 

Several studies refers to that about 40%, of the lost through air 

leakage, in general, joints, elbows, flanges, valves, extension pipes, 

and the equipment devices connection. 

The pressure drops test is the practical and realistic to detect 

compressed air leaks. The mass flowrate of air escapes through a 

leak becomes: 

m
◦ 

air 

 
There is some procedure to saving cost of compressed air in the 

industrial facilities and energy. First must be determined the 

wasted power of compressor, second the usually electricity energy 

and cost saving can be Calculated from the following  equation 

[15]; 

Cost ð$Þ ¼ b:hp: x 0:746 x operating hours xð$=kWhÞ x 

% time x % full — load b:hp =motor Efficiency ð6Þ 

Where:b.hp. = motor full-load horsepower,  frequently  higher  than 

the motor horsepower.conversion between hp  and  kW = 0.746% 

time = percentage of time  running  at  this  operating.%  full-load  b. 

hp = percentage of full-load b.hp. 

 
3.3. Effect of electrical motor 

 
All compressors are driven by electric motors. And these motor 

is not able to convert all electrical energy into mechanical, as there 

are losses occurring. This is expressed by the efficiency of the elec- 

tric motor, can be defined as the ratio of mechanical energy sup- 

plied to electrical energy used. 

The high-efficiency motor reduces the operating cost in com- 

parison with the standard operating cost, so it is desirable to 

replacing the existing a standard electric motor by another with 

a high efficiency to reduce energy losses and this energy saved is 

calculated from the following equation [14]: 

welectric: saved ¼ welectric: standard — welectric: efficient ð7Þ 

= Rated power Load factor (1/ çstandard – 1/ çefficint) 

The energy saved by changing the efficient motor is calculated 

from the following equation: 

Energy saving ¼ welectric: savedx Annual operating hours ð8Þ 

 
3.4. Effect of air intake temperature 

 
The temperature of the space in which the equipment is operat- 

ing has a great influence on the performance of the air compressor 

and the amount of energy spent in operating it. 

Therefore, it was necessary to study the effect inlet temperature 

to the compressor on the amount of energy spent and saved, and 

the lower temperature of the inlet air was the better the compres- 

sor performance. For this reason, the air is drawn from outside sta- 

tion in which the compressor operates because the station 

temperature is higher than a degree of Atmospheric temperature. 

The factor f reduction, shown in the following equation, 

explains the effect of inlet temperature on the energy expended. 

f reduction ¼  wcomp; inside ——  wcomp; outside   = wcomp; inside 

¼ 1 — ð Toutside = Tinside Þ ð9Þ 
¼ Cdischargeðð2=k þ 1ÞÞð1ðk þ 1ÞÞPline ω A=RTline 

× 
pffi

k
ffiffi
Rð2=ðk þ 1ÞTline ð4Þ 

 

Where:Tinsid

e 

 
and Toutside 

 
are the  absolute  air  temperatures  inside 

and outside device respectively. 
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3.5. Effect of setting air pressure 

 
Eq. (1) shows the calculation of the amount of work performed 

when using a certain pressure to compress a unit mass of air, and 

also noted that the largest pressure P2 when it existing from the 

compressor, the eq. (8) also refer to the power reduction if reduce 

the P2reduction, then the f reduction will be : 

f reduction    ¼ 
 
wcomp; current ——  wcomp; reduced

     
= wcomp; current ð10Þ 

 

freduction ¼ 1 — ½ðP2reduction=P1Þððk — 1Þ=kÞ — 1]=½ðP2=P1Þ 

× ððn — 1Þ=nÞ— 1] ð11Þ 

Cost saving = (current cost) × f reduction 

 
4. Results and conclusion 

 
Fig. 1 illustrates the effect of the Polytropic index or the specific 

heat ratio on the amount of work performed and shown in Eq. (2), 

as the greater the value of n, increase of the work until the value of 

n equals to 1.4, which is the value of air specific heat ratio at which 

the equations were be taken. 

Fig. 2 refer to the effect of the Polytropic index on the compres- 

sor efficiency, and shown maximum value at 1.4, which this value 

taken in the mathematical equations at temperature and pressure 

line 300 K and 900 kPa respectively as a conditions of equation. 

Fig. 3 indicates the effect of the temperature of the conveyor 

line on the amount of mechanical energy wasted. It is noted that 

increase in the line temperature, the amount of work increases 

accordingly when the outlet pressure is fixed, and this leads to a 

loss in the cost of producing compressed air. 

Fig. 4 shows the relation between cost saving and the motor 

efficiency. The motors efficiency which are used to rotated com- 

pressor usually range from 70% to 90% and Electrical energy is 

not completely converted into mechanical energy, but rather part 

of it is converted into heat. For this reason, using less efficient 

motors than designed leads to cost losses. 

Fig. 5 shows the effect of the amount of leakage occurring in the 

compressed air transmission lines represented by the hole area 

with the Leakage Area on the energy saving. 

Fig. 6 refer to the relation between the intakes temperature and 

the cost saving, the figure shows the effect of the temperature out- 

side the station (atmospheric air) on the amount of energy and the 

cost saving for this reason companies have made an air intakes 

from outside the station in order to reduce the cost. 

Fig. 7 shows the effect of reducing air setting pressure ratio on 

the cost saving. The eqs. (9,10) shows this effect on the energy 

saving. 

 

Fig. 2. Effect of Polytropic index on the Compressor Efficiency. 

 
 

 
Fig. 3. Effect of Temperature Line on Work rev. Compressor. 

 
 
 

 
Fig. 4. Relation between Cost Saving and Motor Efficiency. 

 
 
 

 
Fig. 5. Relation between the Leakage hole Area and The Cost Saving. 

 
 
 

 
Fig. 6. Relation between the inside Temperature and The Cost Saving. 



M.S. Al- Dabbagh, Z. Kreshat and R. Farhat Materials Today: Proceedings 42 (2021) 3097–3101 

3101 

 

 

 
 

 
 

Fig. 7.  Effect of Reducing Air Setting Pressure Ratio on the Cost Saving. 

 

 

 
Fig. 8. Typical Lifetime Compressed Air Costs. 

 
 

 
Fig. 8 refer to the typical lifetime compressed air costs in the 

year. The figure shows the percentage of each of the previous 

effects in the calculation of the saved cost as: 

The amount of the leakage about 16% 

The amount of electric motor efficiency about 54% 

The amount of intake temperature about 25% 

The amount of reducing setting pressure about 5%. 
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