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Abstract - Detailed energy audit is a very valuable procedure for framing a successful energy management plan. In this 
paper,a comprehensive energy audit of a cooling system for canning and capping industries has been investigated. 
Conservation opportunity is found in the refrigeration system after analyzing the measurements. Two energy measures were 
recommended; the first on is installing cooling tower while the second is increasing the supply water temperature.  
The results show that the chiller efficiency will be increased by about 69% when the supply water temperature is increased 
from 0.0 to 10.0 °C. Moreover, an amount of 3,010 JD will be saved annually with initial investment of 7,540 JD, which 
leads to approximately a payback period of 2.5 years. 
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I. INTRODUCTION 
 
Various studies have concentrated on the energy 
conservation measured in different sectors; industrial 
sector, transportation, residential buildings, sports 
facilities …. etc. 
A study has been done by Pacific Northwest National 
Laboratory (PNNL) in collaboration with industrial 
partners. The energy saving and cost effectiveness 
analyses included developing a prototype building 
model to comply with the minimum requirement of 
required Standard in all climate zones.  The results of 
the project showed that the overall consumption of 
the walk-in cooler and freezers were reduced by 6.8% 
[1]. 
 
An assessment of the characteristics, current energy 
consumption and the potential for energy 
conservation in 29 Hellenic airports is presented by 
Balaraset.al.[2].  The potential for energy savings is 
achieved by the implementation of energy efficiency 
policies in the residential and tertiary sector using 
data from Poland [3]. Moreover, three types of five 
district-heated buildings in south-west Sweden is 
analyzed, the energy-conservation potential was 
between 30– 60% of final energy use [4].  
Restaurants operation consumes enormous amounts 
of energy but consistently gathered information about 
such use lacks [4]. On the other hand, energy audit of 
non-residential buildings is very limited in the 
literature especially for restaurants. For this reason, 
the present study aims at providing a proposal for the 
energy conservation opportunities associated with the 
restaurant.  
 
The selected industry is located in Amman it is has 
two separate hangers; the first one is for can a can 
and the second is for capping the can. Refrigeration 
system was inspected and all available relevant 
documentation were reviewed. Then a detailed 
measurements and data analysis were performed in 

order to give a suitable recommendation to save 
energy consumption. 
 
1.1 Canning Industry  
The cooling system consists of air-cooled chiller 
screw compressor of nominal size 45 tons, mixing 
tank, chiller centrifugal pump and four cooling water 
pumps as shown in Fig. 1Fig. 2. 

 

 
Fig.1: The cooling system in the canning industry. 

 

 
Fig. 2: The existing chiller in the canning industry. 
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The cooling system serves the welding machines in 
the canning industry. The industry has 12 different 
welding machines used for welding processes. Each 
machine requires a certain water flow rate to cool the 
machines welding parts. It was found that when all 
machines are in the full load mode, the total needed 
cooling capacity is about 20 tons (72.2 kW), while 
the total recommended water flow rate is about 160 
l/min (10 m3/h) at head of 5 bar and water 
temperature of about 12˚C as illustrated in the 
machines' catalogues.  
 
Tons of refrigeration (TR) and the specific chiller 
efficiency Coefficient of performance, (COP) were 
estimated by measuring the primary water flow rate, 
chillers power consumption and chilled water 
temperature difference of supplied and returned 
water. Flow meter, electric power meter and 
Thermocouples were used to measure water flow rate, 

chiller power consumption and temperature 
difference, respectively.  
The cooling load calculations were carried out as 
follow: 
퐐퐞 =  퐦 ̇ 퐂퐩(퐓퐫  −  퐓퐬)                                                                                                   
(1) 퐂퐎퐏 =  퐐퐞

퐏
(2) 

Where; 
Qe: cooling capacity, kW, ṁ: mass flow rate, kg/s, Cp 
= heat capacity, kJ/kg °C, Tr : water return 
temperature, °C, Ts: water supply temperature, °C, 
COP: Coefficient of Performance, P: power 
consumption, kW. 
1.1 Capping Industry  
The cooling system consists of two air-cooled chillers 
of nominal size 45 tons each. Each chiller has a 
mixing tank, chiller pump and cooling machine 
pumps as shown in Fig.3. 

 

 
Fig. 3: Cooling System in Capping Industry. 

 
The cooling system serves the plastic machines in the 
capping industry. The industry has two identical 
plastic machines that are used for bottle caps (crown-
shape) processes. The machines require a certain 
water temperature level. The control panel of the 
machines shows that the maximum water temperature 
of the mixing tank is 25°C while the minimum water 
temperature can be lowered to -25°C. The existing 
water mixing tank temperature was around 6°C.  
The mass flow rate of the air can be estimated using 
the following formula: 
 

 
 
Where;  
퐦 ̇ : mass flow rate, kg/s, Qe: the cooling capacity of 
the chiller (kW), Pe: the chiller electric power 
consumption (kW), Qc : the heat rejection from the 
condenser (kW), Tc : condenser air temperature, °C, 
Ta: ambient air temperature, °C,  

1. II. MEASUREMENTS AND ANALYSIS  
2.  

Chiller COP is a measure of the energy efficiency of 
a chiller which relates the cooling capacity and the 
power consumption. Therefore; the performance of 
refrigeration system in canning and capping industry 
will be analyzed then energy efficiency measures will 
be addressed. Finally feasibility study of the 
recommended measure will be calculated. 
Assumptions were made to estimate the energy 
conservation measure as follow: 
 
1) The measured chillers performance, such as 

cooling capacity, power    consumption, etc., 
represents the whole winter season (5 months) in 
canning industry and the whole year days, at 
ambient temperature of 17.5 °C for capping 
industry.  

2) Average electric tariff that are charged by the 
factory is 0.047 JD / kWh. 

3) The chiller is running for 12 hours per day in 
canning industry while it is running for 10 hours 
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per day and for 300 days per year in capping 
industry. 

4) The cost of all new equipment based on 
budgetary prices. 

5) Load factor = 0.85 
2.1 Canning Industry  
A statistical performance analysis for the chiller was 
carried out and summarized in Table 1.

 
 

 
Table 1: Statistical Data for the Chiller 

 
The above Table shows that the average cooling 
capacity was about 5.5 tons. The total maximum 
cooling capacity is about 15 tons, which is quite less 
than the nominal capacity of 45 tons. The ambient 
temperature during the above measurement was about 
9°C. 
The chiller (COP) versus ambient temperature data 
were provided by the manufacturer and summarized 
in Fig. 4. 

 

 
Fig. 4: COP as a function of the ambient temperature 

 
The above figure shows that the specific chiller 
efficiency increases as the ambient temperature 
decreases. At ambient temperature of 9° C the chiller 
COP was about 4.5, while the measured COP was 3.1 
at the same temperature. Moreover; it was found that 
the chiller was run for about 3 minutes while it was 
turned off for about 6 minutes. In other words, the 
chiller cycle recurrence is about 120 times during the 
day and consumes more power due to starting during 
the day which consequently decreases the COP.  
It is recommended to install cooling tower to cover 
the cooling load during the winter season instead of 
using the chiller. The primary task of the proposed 
cooling tower is to reject the heat into the 
atmosphere. Water from the heat source is distributed 
over the wet deck surface through large orifice spray 
nozzles or splashing the water down the tower from 
one baffle to another which helps in increasing the 
contact time between water and air. Simultaneously, 
air is blown upward over the wet deck surface, 
causing a small portion of water to evaporate. This 
evaporation removes the heat from the remaining 

water. The cooled water is collected in the tower 
sump and returned to the heat source. Towers usually 
use large fans to force or suck air through circulated 
water.    
Selecting of cooling towers is depending on the 
range, approach and wet bulb temperature. The range 
is the reduction in temperature of the water through 
the cooling tower and the approach is the difference 
between the Wet Bulb Temperature (WBT) of the 
entering air and the temperature of the leaving water. 
 
By referring to the hourly weather data of Amman, it 
was found that the hourly wet bulb temperature 
during Nov, Dec, Jan, Feb and Mar are less than 10 C 
for all day's hours. So,               a cooling tower of 
about 70 kW (20 ton) is selected for the following 
design conditions: 
 
Tower supply temperature = 12 °C 
Range = 7 °C 
Wet bulb temperature = 10 °C 
Water flow rate = 15 m3/h 
Pump head = 55 m 
Pump power = 3 kW  
 
Chiller Energy consumption = 30,220 kWh 
(estimated from the measured data) 
Energy Cost = 30,220  0.047 = 1,420 JD 
 
Cooling tower cost = Initial Cost + Running cost. 
Initial cost = cooling tower cost + pump cost + cost of 
equipment needed in water treatment  
       = 4500 + 1750 + 1290 = JD 7540 
Running cost = (new pumping cost – existing 
pumping cost) + fan energy cost + cost of chemical 
for water treatment + make-up water cost 

= 159 + 26 + 100 + 300 = JD 585 
 
Energy Saving = Energy Consumed by chiller – 
Energy Consumed by Cooling Tower.  
The Energy consumption in the cooling tower is due 
to the pump and fan. Thus the energy consumed by 
cooling tower is 3,936 kWh. Therefore; 
Energy saving = 30,220 – 3,936 = 26,284 kWh 
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Total saving = 26,284  0.047 =JD 1,235 
Payback period = 7540 / 1,235= 6.0 years 
 
2.2 Capping Industry  
The calculation of the condenser duty involved 
measuring the air flow rate across the fans, as well as 
the temperature difference of the air across that 
condenser. The velocity of the air was measured 
using an anemometer for the four fans of the chiller. 
For the sake of acceptable accuracy of the 
measurements, three different regions over each fan 
was selected namely, A1, A2 and A3, as shown in 
Fig. 5 and Fig. 6, and four non-related points were 
appointed for measuring the air velocity for each of 
these regions. While the measurement of the 
condenser air temperature for each fan, ambient air 
temperature and power consumption were carried out 
and logged for every 1 minute for a week. The area of 
the fans’ outlet was also calculated. The above 

measurement procedure was carried out for both 
chillersseparately. 

 

 
Fig. 5: Air velocities regions

 
 

 
Fig. 6: Air velocities regions 

 
The calculations are summarized as follows: 
Site elevation  = 780 m  
Atmospheric pressure = 0.0985 MPa. 
Air density =1.213 kg/m3 

Specific heat capacity (cp) = 1 kJ/kg C 
Diameter of fan                   = 0.71 m 
 
A statistical performance analysis for the chiller was 
carried out and summarized in Table 2 

 

 
Table 2: Statistical Data for Chillers. 

 
The above Table shows that the average total cooling 
capacity for both chillers is about 9.0 tons. The total 
maximum cooling capacity is about 23 tons. The 
average COP is about 1.6 for       chiller #1 and is 
about of 2.0 for chiller #2.   
 

It is found that the supply water temperature for both 
chillers is about 0.0°C, and the working temperature 
(mixing tank temperature) is about 5°C and the 
manufacturing accepted working temperature is less 
than 25°C, as mentioned above.  
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Theoretically; COP is the direct proportion with 
supply water temperature. The COP and supply water 
temperature, which are provided by the manufacturer, 
were analyzed and summarized in Fig. 7. This figure 
shows a trend line which represents the effect of 
increasing water temperature on COP. The Figure 
shows that the COP was about 3.1 at water 
temperature of 0.0 °C, while the COP was 4.5 at 
water temperature of 20 °C. The estimated slope of 
the trend line equals to 0.069. This means that the 
COP increased by 6.9% for every 1 °C increase in 
water temperature.  
 
Therefore; the chiller efficiency will be increased by 
about 69% when the supply water temperature is 
increased from 0.0 to 10.0 °C.  

 

 
Fig. 7: COP versus supply water temperature for Petra chiller. 
 
Practically, the same percentage of increasing in 
chiller efficiency is applicable for most chillers with 
small deviation. Therefore; it can be assumed that the 
percentage of increasing in COP is 69% for both 
chillers.  
 
The average measured energy consumption for chiller 
#1  
= 80.8 kWh / day 
The average measured energy consumption for chiller 
#2 
= 133.9 kWh / day 

Annual energy cost = annual energy consumption  
energy cost. 
Annual energy consumption= (24,240 + 40,156) 
kWh/year 0.85 = 54,737 kWh  
 
It is recommended to increase the chiller temperature 
from 0.0 °C to 10 °C and the new chillers 
performance will be increased by 69%. The Payback 
Period of applying this measure is immediate. Then; 
Annual energy saving = (Annual energy 
consumption) – 0.31 * (Annual energy consumption) 
Annual energy saving =54,737 - 16,970 = 37,770 
kWh 
Annual cost of energy savings = JD 1,775 
 
The investment needed = Nil 
Pay Back Period = immediate 
 
CONCLUSION 
 
The secret to a feasible plan is to have people who are 
required to implement the plan involved in the 
planning process. As a summery, it’s estimated that 
an annual of 64,054 kWh can be saved in canning and 
capping industry.  
The audit proved that there is an encouraging 
potential to save around 3,010 JD from the annual 
energy consumption of the refrigeration system with 
2.5 years Payback Period. 
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