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ABSTRACT  

The increase in refrigeration load demand coincides with peak periods of electricity 

consumption during the summer, representing a peak period of electricity consumption a new 

challenge, in this configuration, the use of refrigerated storage in residential complexes for 

reducing the energy consumption of electricity during peak periods, charging cold storage 

tanks outside the peak period until they are used to maximum cover the high cooling load, we 

have chosen a desert area of Ouargla (East-South Algeria) to determine the influence of 

different parameters on energy consumption and to compare the cost of consumption without 

storage and with storage. 

Keywords: Storage Cold; Air Conditioning System; Performance; Energy Consumption 

 

Author Correspondence, e-mail: tguermit56@gmail.com   

doi: http://dx.doi.org/10.4314/jfas.v13i1.27  

   

 

Journal of Fundamental and Applied Sciences 

ISSN 1112-9867 

 
Available online at       http://www.jfas.info     

 

           

 

Research Article 

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.alibrarydirectory.com/
http://www.alibrarydirectory.com/Libraries/_Research_Libraries/Research__Associations/30910.html
mailto:tguermit56@gmail.com
http://dx.doi.org/10.4314/jfas.v13i1.20
http://www.jfas.info/


T. Guermit et al.           J Fundam Appl Sci. 2021, 13(1), 504-515               505 
 

 

1. INTRODUCTION 

The need to reduce energy consumption, studies are still underway to store energy or savings 

in consumption in multi-residential buildings, these are the biggest consumers of energy [1].  

A new challenge for electricity companies and consumers, electricity consumption in Algeria 

has increased in recent years by 4% per year and demand for electricity is expected to grow 

by 7% per year in the long term. Electricity has suffered serious disruption in recent years due 

to increased domestic demand mainly due to the increased use of air conditioners, especially 

in the residential and commercial sector. From 1971 to 1991, per capita, energy consumption 

in Algeria increased from 0.287 toes per person to 0.847 toes, an increase of 300%. In 2014, 

this consumption reached 1,089 toes, an increase of 130% compared to 1991 [2]. 

The storage of thermal energy has been used for several centuries by many ancient 

civilizations. However, ice harvesting is perhaps the oldest and most widely used form of 

using ice or snow as a method of energy storage [3]. This practice consisted of storing ice or 

snow to store food [4]. 60,000 m3 snow storage system, designed at the Lulea University of 

Technology in 1999 [5], was built to meet the air conditioning needs of the regional hospital 

during the summer. China in November and December 2004 and the remainder of winter 2005 

[6], Li participated in the design and experimental design of a seasonal energy storage system. 

In this project, the storage system consisted of two experimental geothermal wells of 53 m 

long U-tubes and one 20 m deep well. These geothermal wells have been used to move 

ethylene glycol at room temperature to the ground during the winter to measure cold storage 

capacity and the energy efficiency of the system demonstrated that the concept Seasonally 

store the cold air energy in winter is achievable [7]. 

 The simulation of a seasonal ice storage system, for the air conditioning of a commercial or 

institutional building. The objective of this work was to evaluate, using digital simulation, the 

feasibility of an air conditioning system, supported by a seasonal ice storage system, for a 

commercial or institutional building [8], Optimization of the operating modes of refrigerating 

machines, The work will then consist of developing several strategies for implementing 

refrigerating machines which will then, when possible, be tested and validated by dynamic 

simulations under Energy [9]. 
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2. STORAGE OF COLD 

 The storage of cold in urban air-conditioning networks is becoming popular because of the 

many advantages they have. Their operation in the field of air conditioning is interesting. 

Storage has a definite advantage; since it adds additional power to the network in summer. 

This added power by night storage of the excess energy compared to the need for a return 

on-peak hours is often economical if the storage cost is related to the power it produces [10].  

Either ice water or ice is used to accumulate cold, cold water can store 10 kWh per m3 of the 

tank, the use of ice is more efficient and can store 50 kWh per m3 of storage [11]. 

2.1. Storage downstream of the evaporator 

The storage tank is placed in series on the departure of the chilled water towards the cold 

batteries. The temperature of the supply water of the cold batteries is stable [12]. 

 

                 Fig.1. Storage diagram downstream of the evaporator 

1: Refrigeration unit -2: Regulator- 3: Compressor- 4: Air conditioner- 5: Chilled water tank 

 

3. OPERATING 

store cold to cover the required cooling load of the building with the cold tank, in times of 

high electricity consumption, to accelerate the production of cold by the cooling unit using a 

refrigerant, cold water is obtained in the tank to be stored, and the tank drain is when the 

electricity consumption is high, the cold water is routed to the air conditioner where the 

chilled water is heated by contact with the air in the room and then returned to the 
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refrigeration unit to be cooled again [13]. 

For chilled water storage tanks, a heat increase constant which is calculated as follows [14]: 

Ca =                                            (I.1)                                 

Q: Exchange flow (W) 

Ca: constant heat increase (Wh / °Kl) 

T: The temperature difference between the ambient air and the water stored in the tank 

V: Actual tank volume in litres (complete filling with chilled water). 

 

4. RESULTS AND DISCUSSION   

The human being is often confronted with problems of adaptation to the climatic conditions 

that prevail around him. Air conditioning is a means capable of creating a micro-climate of 

comfort in a given room by ensuring certain conditions known as conditions of comfort. 

 

 

                                

Fig.2.Temperature variation 

 

Fig.2. Presents the temperature change during one year in the Ouargla region, The maximum 

temperature is reached in July, this is one of the factors that increases the heat input of the 

room, which has an influence directly on the compressor power. 
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The room is located in Ouargla in the south-east of Algeria 

Climatic data: 

Max outside temperature: Tmax = 49.6 ° C 

Average outside temperature: Tem = 44.6 ° C 

Average outdoor relative humidity Φem% = 30% 

Temperature inside the room: Ti = 20 ° C 

Indoor relative humidity Φi% = 50% 

Average wind speed: v = 4 (m / s) 

 

            

                             Fig3. Room dimensions 

 

The average surface of houses in Algeria are assumed to be 80m², and the living space is 

assumed to be the half 40 m². 

 

Table.1. Cost of energy consumption 

 

Month Q0    [kwh] 

Pt  

no storage 

Pt  

with storage 

cost  

no storage 

cost  

with storage 

May 118.566 27.57 17.57 721.64 459.89 

June 130.9 30.44 20.44 796.77 535.01 

July 147.98 34.41 24.41 900.68 638.93 

August 146.72 34.12 24.12 893.09 631.34 

Sep 134.37 31.24 21.34 817.71 558.57 

            

Table.1 By observing the results shown in the table above, we notice that the maximum cost 

of energy consumption is in July without cold storage, since the maximum temperature is 

reached in July, which increases the power of the compressor, and without cold storage, no 

reduction in energy consumption 
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Fig.4. Change in calorific intakes during the summer period in Ouargla 

 

Fig.4. The results show during the summer period for the region of Ouargla where the local is 

located, the value of the maximum calorific input is recorded during July, because the 

temperature reaches its maximum during this month knowing that there is a proportional 

relationship between calorific intake and outside temperature and the minimum calorific 

intake during May. 

1- 4.1. Thermodynamic Analysis 

Power consumption is defined as follows: 

First, the annual need for air conditioning         

𝐸c =                                                   (I.2) 

Ec: annual air conditioning requirement,     (kWh / m²) 

  Qc: Heat loss.                        (KWh / m²) 

COP: coefficient of performance of the air conditioning system 

 Cop =                                                  (I.3)         

Q0= cooling capacity 

P = compressor power 
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Fig.5. Influence of the power consumed by the compressor on the COP 

 

Fig.5. the coefficient of performance increases by decreasing the power consumed by the 

compressor, a better coefficient of performance is obtained for a reduced compression work, it 

is known that the compression work influences the power consumed by the compressor 

 (P = Q .W) , the coefficient of performance is proportional to the cooling capacity and 

inversely proportional to the power consumed by the compressor (Cop = Q0 / P). 

 

 

              Fig.6. variation of the compressor power (Pt) of the clam load 
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Fig.6. Shows the variation in compressor power as a function of heat inputs. The maximum 

value of energy consumption is recorded during July when there is more heat input, we also 

note that the energy consumption without storage is higher than that with storage, because the 

cold storage allows the reduction of electricity consumption and decreases in May and 

September when the temperature decreases. 

 

 

Fig.7. Variation of the power consumed by the compressor 

As a function of the refrigerating capacity 

 

Fig.7. The figure shows the variation in compressor power as a function of heat inputs. The 

cooling capacity depends on the heat input of the room. According to the curve above, the 

cooling capacity is proportional to the capacity of the compressor, knowing that the 

dimensions of the room and the outside temperature have a significant influence on the 

cooling capacity. The power of the compressor without cold storage is greater than the power 

of the compressor with storage; the cold storage allows the reduction of electrical 

consumption, thus saving energy consumed. 

4.2. Cost calculation  

The annual cost of electricity[15] 

Cc =                                                   (I.4)                                     
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Cc: annual cost of electricity 

Ce: electricity cost 

COP: coefficient of performance of the air conditioning system 

Cop =  

 
            

Fig.8. Cost of consumption of the power consumed by the compressor 

 

Fig.8. It can be seen from the graphs that the cost of energy consumption increases with the 

increase in compressor power, because the compressor is the element that consumes the most 

electrical energy which is very expensive, and the cost of electrical energy consumption 

without cold storage is higher than the cost of electrical energy consumption with storage, 

because cold storage allows the reduction of electrical consumption, so can reduce the cost of 

energy consumption. 

 

. 
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Fig.9.Comparison of the cost of energy consumption without storage 

And with storage of cold during the summer period 

 

Fig.9. shows that the maximum value of the cost of electricity consumption is recorded during 

July because the temperature reaches its maximum in July and decreases in may and 

September in the region of Ouargla, and it is noted that the value of the cost of electricity 

consumption without cold storage is higher than the cost of electrical energy consumption 

with storage Because cold storage is one of the responses to energy management, and 

therefore reduction of electricity consumption, by moving of electricity consumption from 

peak to off-peak hours. 

 

5. CONCLUSION 

The storage of cold is one of the answers to energy management: Shifting electricity 

consumption from peak hours to off-peak hours, and managing power consumption and 

improving energy management, more efficient night-time production, reducing Electric power, 

limited additional power consumption. 

The results show during the summer period for the Ouargla region where the local is located, 

the maximum calorific value is recorded during July, and a better coefficient of performance 

increases by decreasing the power consumed by the compressor, so reduced compression 
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work. 

The results show that the maximum value of energy consumption is recorded during July and 

August, and decreases in May and September. It is also noted that energy consumption 

without storage of cold is higher than that with storage, (thus saving energy consume) and the 

cost of consuming electrical energy without storage of cold is higher than the cost of 

electricity consumption with storage. 
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