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Abstract: 

Seasonal cold storage presents an eco-friendly and highly efficient solution for capturing natural 

or artificial cold energy during winter, which can then be utilised for cooling during summer. 

This research proposes an innovative cold storage system tailored for mountainous climates. 

The system harnesses refrigeration technology and cold ambient air to produce ice, offering a 

sustainable approach to glacier recovery. Additionally, the stored water within the ice storage 

system reduces surface water evaporation in arid, high-altitude regions. In this study, we detail 

the performance of the proposed system and examine its effectiveness using climate-specific 

equations for the Tafresh region. The system operates with a 5 kW refrigeration cycle and fans 

to direct cold air into the storage compartment at optimal speeds when the ambient temperature 

reaches -3°C. For the case study presented, the system not only decreased energy consumption 

by 13.73% during the summer months and reduced operational costs by 8%, but it also 

conserved 150 m³ of water, transferring it from the rainy season to the warmer months. 

Furthermore, the system successfully achieved peak load shaving of 2 kW during peak demand 

periods. This study highlights the system’s dual benefits in energy conservation and water 

management, making it a compelling solution for sustainable cooling in mountainous regions. 
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1. Introduction 

The global demand for cooling has increased significantly 

in recent decades due to population growth, industrial 

advancements, widespread use of electronic equipment, 

modern construction technologies, and the rise in global 

temperatures. The continuous increase in average global 

temperatures, largely driven by the excessive consumption 

of fossil fuels, has led to the rapid depletion of natural 

glaciers. This alarming trend has motivated a shift toward 

alternative, sustainable energy solutions. Seasonal cold 

storage presents a promising method to both revive glaciers 

and reduce energy consumption. In regions facing water 

scarcity, particularly in Central Asia, seasonal cold storage 

can play a vital role in crisis management by preserving 

water that would otherwise evaporate during winter in the 

form of ice. Additionally, this system aims to decouple 

energy consumption during peak summer hours, ensuring a 

continuous balance of electrical energy demand. 

Research on seasonal storage systems has focused on two 

main objectives: storing heat during the summer for use in 

winter [1-3], and storing cold during winter for use in 

summer, the latter being the focus of this study. The viability 

of such systems depends on several parameters, including 

climatic conditions, economic factors, energy tariffs, and 

the operational demands of buildings and their ventilation, 

heating, and cooling systems [4]. Traditional cooling 

systems rely heavily on thermal and electrical equipment, 

resulting in high levels of fossil fuel consumption. In 

contrast, seasonal cold storage, which captures cold energy 

in the winter and stores it for summer cooling, significantly 

reduces fossil fuel reliance [5]. 

Seasonal storage, though a concept with deep historical 

roots, has evolved considerably over the years. Since the 

https://cste.journals.umz.ac.ir/
https://creativecommons.org/licenses/by/4.0/deed.en
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1970s, modern seasonal cooling storage systems have been 

developed, incorporating a wide range of methods. The 

oldest and simplest approach involves collecting snow and 

ice during winter and using it for cooling in the summer. 

While effective, this method is costly, requiring extensive 

equipment and labour for snow and ice collection. 

Moreover, impurities and contaminants in collected snow 

and ice can damage water pipes [6]. 

In contemporary systems, cooling energy is typically 

produced using advanced technologies such as snow guns, 

heat exchangers, or heat pipes. For instance, in 2002, 

Skogsberg [7] investigated a seasonal snow cooling system 

at Sundsvall Hospital in Sweden. In this system, snow was 

generated using snow guns, where water and air are sprayed 

separately under pressure and mixed in cold air, resulting in 

snow production. The system achieved an energy effciency 

of up to 92% as the storage expanded, with 1 to 3 kWh of 

energy consumed per ton of snow. 

Other innovative systems have been developed over the 

years. In 2016, Yan et al. [5] designed a hybrid system in 

China that utilises an evaporator and condenser to store cold 

energy. The upper portion (condenser) is exposed to the cold 

outside air, while the lower portion (evaporator) is 

submerged in an underground water reservoir. Although this 

system has a higher initial cost, it does not require additional 

energy during operation. Similarly, the Icebox project in 

Canada, researched by Clasen in 1981 [8], and the work by 

Francis and Tamblyn [9], both employed outdoor cold air to 

freeze water into layers of ice, achieving efficiencies 

between 90-100%. 

Several other studies have focused on improving cold 

storage performance through various means. For example, 

Ardehali [4] explored cold energy storage using water, ice, 

and eutectic salts, while Elwan et al. [10] modelled heat 

transfer in freezing systems. Singh et al. [11] studied cold 

seasonal storage using heat pipes to control data centre 

cooling, and Popov et al. [12] reviewed energy-efficient 

seasonal storage systems using heat pipes. Additionally, Yan 

et al. [13] developed a hybrid system combining ice and 

cool water storage, resulting in a 40% increase in the 

lifecycle of the stored water. Economic analysis of seasonal 

cold storage systems is also crucial, as Persson and West 

Mark [14] demonstrated their cost-competitiveness with 

conventional methods. Singh et al. [15] evaluated the 

performance of thermal control systems using heat pipes.  

Kranz and Frick [16] conducted a study on the use of 

Aquifer Thermal Energy Storage (ATES) to provide 

efficient cooling for large buildings, specifically using the 

German Parliament Buildings as a case study. They found 

that over a period of nearly 10 years, the system achieved a 

Coefficient of Performance (COP) ranging from 3.6 to 7.8. 

Their findings suggest that the efficiency of ATES systems 

can be further improved by optimizing operational 

parameters such as the cooling network’s temperature and 

the regeneration temperature of the storage. This indicates 

the potential of ATES systems to enhance energy savings 

and cooling efficiency in other similar projects. 

Hamada et al. [17] explored the integration of a hybrid 

system for snow storage and air conditioning in Sapporo, 

Japan. This system used renewable energy for snow storage 

and melting, combined with space cooling through 

cryogenic energy from stored snow. Field measurements 

showed that the system provided up to 74% of the cooling 

needs on the first day of operation during the cooling period, 

closely matching predictions. The authors demonstrated the 

system’s ability to conserve energy and reduce 

environmental impact under severe winter conditions, 

which underscores its potential for use in cold regions with 

abundant snowfall. 

Zhang et al. [18] introduced a low-cost seasonal solar soil 

heat storage system designed for greenhouse heating. Their 

pilot study revealed that the system effectively stored solar 

heat in the soil during warmer periods and released it during 

colder seasons, maintaining optimal greenhouse 

temperatures without relying heavily on conventional 

heating systems. The system’s success in reducing heating 

costs and energy usage presents a sustainable alternative for 

managing greenhouse climate control, particularly in 

regions where solar energy is abundant. 

Yang et al. [19] conducted simulations and experimental 

validations of a soil cool storage system that utilizes natural 

energy. Their work showed that soil could serve as an 

efficient medium for storing cold energy during winter for 

use in cooling buildings during warmer months. This study 

demonstrated significant potential for energy conservation 

by reducing reliance on conventional air conditioning, 

supporting the broader application of seasonal energy 

storage in building energy management strategies. 

Despite these advancements, there remains a significant 

research gap in the optimisation of seasonal cold storage 

systems for specific climates, particularly in regions with 

cold, mountainous conditions and high summer 

temperatures, such as Central Asia and Iran. Most existing 

studies have focused on energy efficiency and economic 

viability, with limited attention to water conservation and 

glacial recovery as primary objectives. 

The novelty of this study lies in the development of a 

seasonal cold storage system that prioritises water storage 

as the primary objective, with cool energy storage as a 

secondary goal. The proposed system addresses the unique 

challenges of mountainous climates, where both water 

scarcity and high cooling demand are pressing concerns. 

Additionally, this system aims to aid in natural glacial 

recovery, a critical environmental issue. The system 

integrates two main cooling sources: ambient cold air, 

circulated via fans, and a refrigeration cycle that transfers 

cooling energy to the ice storage. This dual-source approach 

offers a new method for reducing both energy consumption 

and water evaporation in regions facing extreme seasonal 

variations. Furthermore, this paper provides a detailed 

model of the system, including thermal dissipation 

calculations and refrigerant charge fatality, filling a critical 

gap in the current literature on cold storage system 

optimisation for water conservation and energy efficiency 

in challenging climates. 
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2. Modeling the Cold Storage System 

2.1. Climates 

In this research, the climate of Tafresh, located in the 

Markazi province of Iran, is thoroughly examined. Tafresh 

is situated in a mountainous region, making it an ideal 

location for studying cold storage systems. Based on climate 

data from the past few decades, Tafresh is classified as a 

cold and semi-arid region, characterised by significant 

seasonal temperature fluctuations [20]. Based on the 

Electric Power Industry Statistics IRAN report, Tafresh, 

with its reliable power infrastructure and energy distribution 

network, is a suitable location for implementing cold 

storage technologies [21]. 

Figure 1 illustrates the monthly average temperatures of 

Tafresh since 2016, revealing that February consistently 

experiences the lowest average temperatures. This makes 

February the optimal month for ice production, as the cold 

conditions during this period offer the greatest potential for 

efficient seasonal cold storage. 

 

Figure 1. Average temperature in months of the year 

2.2. System Design 

Figure 2 presents a schematic representation of a dynamic 

cold storage system, consisting of two primary components: 

ice production and storage. The system is equipped with 

various elements, including multiple fans, thermometers 

placed at both interior and exterior points, a perimeter 

surrounding the ice production and storage areas, cold air 

ducts, and insulated compartments designed to store snow. 

Additionally, the system includes plates for ice formation 

and water sprays to facilitate the freezing process. In this 

system, the cooling mechanism operates by transferring 

cold air over the water in the reservoir and through the ice 

plates, efficiently producing and maintaining ice within the 

storage compartment. The integration of these components 

ensures that cold energy is effectively generated and 

preserved for future use. 

In the proposed system, the cooling process begins when 

the outside air temperature falls below 0°C. Specifically, 

when the thermometer at the cold air inlet detects 

temperatures lower than -3°C, the fans are activated to 

increase airflow, thereby accelerating the freezing process. 

Cooling is further enhanced by water sprayed onto the 

plates, aiding in ice formation. One of the key objectives of 

this system is to maintain the ice produced during the winter 

through the end of the warm months. Another important 

consideration is the placement and design of the ice storage 

reservoir. 

The ground temperature in summer is consistently lower 

than the air temperature, and the depth at which the reservoir 

is located significantly influences temperature variations. 

The primary factor affecting cooling load losses is the 

ambient temperature surrounding the reservoir. To minimise 

energy loss, the reservoir is embedded in the ground, with 

only the upper surface exposed to warmer air. This strategic 

positioning helps retain the stored ice by limiting heat 

transfer from the surrounding environment. 

In cities where outdoor temperatures frequently drop 

below -3°C, cooling can be supplied solely through fan-

driven air circulation and natural processes. However, in 

areas where such conditions are not prevalent, the 

refrigeration cycle serves as an additional source of cooling 

energy. 

As the cooling process continues and water turns into ice 

at sub-zero temperatures, heat transfer from the ground 

becomes a critical parameter. Once the water reaches 0°C 

and begins to solidify, the ice must be cooled further to 

ensure greater resistance to melting. The final temperature 

of the stored ice depends on various factors, including 

environmental conditions, the type of insulation used, and 

the characteristics of the reservoir. 

In this study, based on the climatic conditions and the 

system design, a storage temperature of -3°C was identified 

as optimal for maintaining ice throughout the warmer 

months.

 

Figure 2. sketch of seasonal ice storage system
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2.3. Governing Equations 

In this study, the thickness and mass of the ice are 

calculated transiently using established equations. The ice 

formation is assessed in small time intervals, allowing for a 

step-by-step accumulation of ice mass over time. By 

summing the incremental ice formations over these short 

periods, the total rate of ice production is determined. The 

following section outlines the algorithm used to model and 

compute the ice production process. 

2.4. Algorithm of the Calculation Process 

As depicted in Figure 2 and explained in the equations 

section, when the ambient air temperature falls below -3°C, 

the cooling energy for the system is provided by both the 

refrigeration cycle and fan-assisted airflow. However, when 

the temperature sensors detect ambient air above -3°C, the 

cooling power is supplied solely by the refrigeration cycle. 

The ice formation process occurs in three stages: first, the 

water is cooled from its initial temperature to 0°C; second, 

the water at 0°C is converted into ice at the same 

temperature; and finally, in the third stage, the ice is further 

cooled to -3°C. The thickness of the ice and the time 

required for each stage are calculated to determine the total 

necessary cooling time and ice thickness.  

2.5. Extraction Equations 

Based on the provided explanation, the ice production 

system operates in two distinct modes: 

• First Mode: Ice production occurs solely through the 

refrigeration cycle. 

• Second Mode: Ice production is achieved through a 

combination of the refrigeration cycle and airflow 

assistance. 

2.5.1.  First Mode Calculations 

In this case, the required time and mass of ice production 

are calculated in three distinct steps: 

Step One: The fan does not circulate outside air over the 

pond. This mode is applied in environments where the 

temperature is above the freezing point, and ice production 

relies solely on the refrigeration cycle. The water enters the 

basin at an initial temperature higher than zero. The time 

required for the water to cool from its initial temperature, 

𝑇1, to the target temperature, 𝑇2, is calculated as follows: 

𝑑𝑡 =
𝑚∗𝑐𝑤∗(𝑇𝑠−𝑇1)

𝑞
  

𝑇𝑠 = 𝑇2 = 𝑇1 +
𝑞∗𝑑𝑡

𝑚𝑐𝑤
  

(1) 

∆𝑡 =
−𝑚∗𝑙𝑓

𝑞
  (2) 

Thickness and the mass of the arched ice at each stage are 

calculated as the following: 

𝑑𝑚 =
−𝑞∗𝑑𝑡

𝑙𝑓
  (3) 

𝑑𝑦 =
𝑑𝑚

𝜌𝑖𝑐𝑒∗𝐴
  (4) 

Stage 3: Once the total ice mass reaches its maximum 

value, the time required for the ice at 0°C to cool further to 

-3°C is calculated. 

𝑑𝑡 =
𝑚∗𝑐𝑖𝑐𝑒∗(𝑇𝑠−𝑇1)

𝑞
  

𝑇𝑠 = 𝑇2 = 𝑇1 +
𝑞∗𝑑𝑡

𝑚𝑐𝑖𝑐𝑒
  

(5) 

2.5.2.  Second Mode calculations 

When the ambient air temperature drops below -3°C, the 

fans installed above the water level in the reservoir increase 

air velocity, thereby enhancing convective heat transfer. As 

a result, the rate of ice production is significantly improved. 

The cooling load between the flowing air and the water in 

the production tank can be calculated using thermal 

resistance, the convective heat transfer coefficient, and the 

temperature difference between the ambient air and the heat 

transfer surface. These factors play a crucial role in 

determining the efficiency of the ice production process. 

The relationship between the convective heat transfer 

coefficient and the fan speed can be expressed by the 

following formula [22]: 

hf = 10.45 - v + 10 v1/2 (
𝑤

𝑚2𝑘
) (6) 

This equation is applicable for airflow speeds ranging from 

2 to 20 m/s. As illustrated in Figure 3, increasing the airflow 

speed up to approximately 15 m/s results in a significant 

enhancement of the heat transfer coefficient. 

 

Figure 3. Heat transfer coefficient of displacement based on 

air velocity [21] 

The second stage of the calculation follows a similar 

process as the first stage, with the key difference being that 

the total cooling time now accounts for both the 

refrigeration cycle and the fan-assisted cooling. In this case, 

the system benefits not only from the cooling load provided 

by the refrigeration cycle (q) but also from the additional 

cooling load generated by the fan (q'), as expressed in the 

equation below: 

𝑞′ =
𝑇𝑖𝑛𝑓−𝑇1

1

ℎ𝑓∗𝐴

  (7) 

At any given time, the amount of heat loss from the 

reservoir is calculated. Since the tank is located 

underground, it is essential to determine the heat transferred 

from the tank walls to the surrounding soil. To compute the 
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cooling energy dissipation, the following equation requires 

four key parameters: 

𝑄 = 𝑈𝐴′(𝑇𝑔 − 𝑇𝑡𝑎𝑛𝑘)  (8) 

As the ground temperature fluctuates across different 

seasons, Equation 8 is employed to calculate the cryogenic 

charge loss. The overall heat transfer coefficient is 

determined by considering the materials used in the 

construction of the storage tank. Given that Tafresh 

experiences a cold and semi-arid climate, the variation in 

ground temperature throughout the year is depicted in 

Figure 4: 

 

Figure 4. Soil (ground) temperature variation chart in 

months of the year 

3. Results and Discussions 

3.1. Performance of Cycle 

In this study, the performance of the proposed system was 

evaluated for Tafresh, a dry mountainous city. The 

calculations are based on temperature data from the year 

2016, recorded at 10-minute intervals. The system 

specifications used in this research are summarised in 

Tables 1 and 2. 

Table 1. System specifications and storage tank wall 

assumptions 

Values Parameters (units) 

5000 Refrigerant load through system (𝑞)- 𝑤 

15 Fan speed (v) -  
𝑚

𝑠
 

0.159 Overall heat transfer coefficient(𝑈) 
𝐵𝑡𝑢

𝑚2.c
 

1 Platform Area (𝐴)- 𝑚2 

1 Water mass in tank (𝑚)- 𝑘𝑔 

-3 Temperature inside the Ice Storage Tank-(𝑇𝑡𝑎𝑛𝑘) - ℃ 

25 Heat transfer surface area (𝐴)́ − 𝑚2 

Table 2. Specifications of the storage tank septum 

Conductive heat transfer 

coefficient (𝑾/𝒎𝟐𝑲) 

Thickness 

(cm) 
Materials 

2.3 20 
Reinforced 

concrete 

- - 
Waterproof 

layer 

0.05 5 Rockwool 

0.7 0.4 
thermal 

insulators 

Figure 5 illustrates the amount of ice produced each month 

of the year, excluding the heat losses from the storage tank 

walls. As shown, the variation in ice mass across different 

months is minimal when heat loss is not considered, as the 

ambient temperature—an important factor influencing heat 

loss—has not been accounted for. During the summer, 

ambient air temperatures are significantly higher than in 

winter, which causes the soil temperature to rise. 

Consequently, heat losses are greater in the warmer months 

compared to the colder months. 

 

Figure 5. Produced ice mass in month per unit 

The heat loss from all six sides of the ice storage 

compartment was calculated, and the daily ice production 

was determined, as shown in Figure 5. As indicated, ice 

production decreases significantly during the warm months. 

The system performs optimally in the winter, particularly in 

February, where ice production and efficiency are at their 

highest. During the coldest six months of the year, the 

system produces approximately 150 cubic meters of ice, 

which is highly efficient given the energy consumption. 

Based on Figure 5 and considering the precipitation 

patterns of the Zagros mountainous region, it is optimal to 

begin ice storage in December. Figure 6 illustrates the total 

mass of ice accumulated in the storage room over a six-

month period. Ice production starts in December and 

continues through May, as these months provide the highest 

potential for ice generation compared to other times of the 

year. 

 

Figure 6. Cumulative ice mass in six months of the year 
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Under the given conditions, including the refrigeration 

load and accounting for heat losses from the reservoir and 

walls, the total mass of ice produced reaches approximately 

135,000 kg. This value reflects the outcome of the modeling 

process, which incorporates losses from the storage tank and 

reservoir. 

To gain a more detailed understanding of ice production 

over shorter periods, a daily ice mass production chart for 

February is presented, along with an hourly ice production 

schedule for February 15th Figure 7 shows the mass of ice 

produced each day throughout February. On some days, it is 

observed that when the ambient air temperature rises above 

0°C, the refrigeration cycle becomes the sole source of 

cooling. During these periods, the rate of ice production 

remains consistent, as it is no longer influenced by ambient 

air temperature, and the impact of heat loss from the 

reservoir is minimal. As a result, similar amounts of ice are 

produced on those days. 

 

Figure 7. produced ice mass and the average temperature per 

each day since February 

In February, due to the consistently low temperatures, ice 

production efficiency is at its highest compared to other cold 

months, with a total output of approximately 27,500 kg. 

Figure 8 illustrates the ice production on the 15th day of the 

month, highlighting the increase in production rates as 

temperatures drop. It is observed that the total mass of ice 

produced in a single day of February is around 950 kg, 

equating to a production rate of 0.66 kg per minute. 

Additionally, the hourly ice production rate for this month 

is approximately 39 kg. 

 

Figure 8. Produced ice mass by air temperature per each 

hour of day 

It is important to note that this level of ice production is 

directly proportional to the cooling load provided by both 

the fan and refrigeration cycle. As expected, increasing the 

capacity of the refrigeration cycle would lead to a 

corresponding increase in the amount of ice produced. 

Figure 9 compares the amount of ice produced over six 

months since 1986, providing insight into the system's ice 

production capability for each month. This comparison 

allows us to assess the fluctuations in ice production over 

time and better understand the system’s capacity for 

generating ice under varying conditions throughout the year. 

 

Figure 9. Ice production percentage in the cold season 

According to the chart, February accounts for 21% of the 

total ice production during the cold months of the year, 

representing the highest production rate compared to other 

months. This highlights the critical influence of air 

temperature on ice production. The data from 2017 (1396 in 

the Persian calendar) further demonstrates that February 

experienced lower temperatures than other months, 

explaining its higher efficiency in ice production. 

3.2. Economic Analysis 

In this section, the economic evaluation of the cold storage 

system is presented, highlighting its effectiveness in 

reducing both water and energy consumption, as well as its 

potential for decontamination. In regions with extremely 

cold climates, the initial cost of establishing a seasonal cold 

storage system is typically offset by the energy savings it 

generates over time. However, in areas where winters are 

not as cold but summers are exceptionally hot, the primary 

goal of such projects shifts towards reducing peak energy 

consumption and balancing the load on the hottest days of 

the year, rather than immediate cost recovery or 

profitability. 

The analysis compares two cases: 
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• A house utilising a cold storage system for refrigerant 

load generation. 

• A house cooled by a traditional split cooling system. 

Using the Cold Storage System introduced in this study, a 

166m³ reservoir with a capacity of 5,000 watts can store 

approximately 150 m³ of ice at -3°C, which equates to a 

cryogenic load of 6 × 10¹⁰ J. If this system is used to supply 

refrigeration for three 100 m² homes, as shown in Table 2, 

it becomes evident that the refrigeration load for these units 

can be provided for a duration of three months. It is 

important to note that this system is designed to operate 

continuously throughout the six coldest months, while the 

split systems are assumed to run an average of 10 hours per 

day during the summer. 

Table 3 presents the economic calculations for these three 

100 m² units under two scenarios: one equipped with a 

seasonal cold storage system, and the other using split 

cooling. The comparison reveals that the cold storage 

system not only reduces energy consumption by 13.73%, 

but also lowers costs by 22% based on Iran's electricity 

tariffs. Additionally, the system effectively conserves 150 

m³ of water during the high-demand season, transferring it 

to the warmer months through storage. 

As illustrated in Figure 10, the seasonal cold storage 

system effectively eliminates peak electricity consumption 

for households during the summer months. Instead, this 

peak demand is shifted to the winter, when the system stores 

cold energy for later use.

Table 3. Comparison and Economic Calculations of 3, 100 m² Apartments with Two Cooling Systems 

Electricity consumption ratio of 

three heat pumps to storage 

system 

Electricity consumption 

for three units (𝐤𝐰𝐡) 

Daily 

usage 

hours 

Numbers of daily 

usage for every 3 

units 

Cryogenic 

load(𝐰) 
 

1.1 
5428.8 10 90 7033.733 

Three Heat Pumps 

with Energy Class 

B 

6171.4 24 180 5000 Cold storage system 

 

Figure 10. Electricity consumption decoupling diagram

4. Conclusion 

Seasonal cold storage is a highly efficient and 

environmentally sustainable method for capturing and 

storing cold energy during the winter months for later use in 

the summer. This approach allows cooling energy to be 

stored in the form of ice, snow, or cold air, reducing energy 

consumption and shifting demand away from peak periods. 

In this study, a computational model was developed to 

evaluate the performance of a seasonal cold storage system 

in a dry, mountainous climate. The system utilises both a 

refrigeration cycle and fan-assisted cooling to generate ice, 

and the model was applied to assess ice production over a 

given year. The key findings from this research are as 

follows: 

• The cooling load required to supply cold energy was 

achieved using two methods. The first method relies on 

a refrigeration cycle to produce cryogenic energy, which 

requires electricity consumption. The second method, 

which uses fan-assisted cooling, is more suitable for 

colder regions. In this study, both methods were 
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employed to meet the cooling load, demonstrating the 

system's flexibility and adaptability to different climate 

conditions. 

• Ambient temperature emerged as the most critical factor 

in ice production. In areas with extremely cold winters, 

such as high-altitude regions, it is possible to produce ice 

without consuming additional energy. However, in 

regions like Tafresh, where winters are not as severe, the 

use of a refrigeration cycle becomes necessary. Although 

fan-assisted ice production is not feasible in such 

climates, it is essential to ensure that the energy 

consumption for ice production is justified by the 

benefits it provides. 

• The calculations indicated that, by consuming 5,000 

watts of energy through the refrigeration cycle and 

operating the fan at 15 m/s, approximately 150 cubic 

meters of ice can be produced at a temperature of -3°C. 

This amount of ice, produced over six months, 

corresponds to a total cryogenic load of 6 × 10¹⁰ J. 

• The cold storage system not only reduced energy 

consumption by 13.73% and costs by 8%, but it also 

conserved 150 m³ of water during the rainy season. By 

storing ice during the cold months, this water was shifted 

to the warmer season, addressing both energy and water 

resource management challenges. 

5. References 

[1] Pinel, P., Cruickshank, C. A., Beausoleil-Morrison, I., & 

Wills, A. (2011). A review of available methods for seasonal 

storage of solar thermal energy in residential applications. 

Renewable and Sustainable Energy Reviews, 15(7), 3341–

3359. doi:10.1016/j.rser.2011.04.013. 

[2] Johari, A., Hashim, H., Ramli, M., Jusoh, M., & Rozainee, M. 

(2011). Effects of fluidization number and air factor on the 

combustion of mixed solid waste in a fluidized bed. Applied 

Thermal Engineering, 31(11–12), 1861–1868. 

doi:10.1016/j.applthermaleng.2011.03.013. 

[3] Quaranta, E., & Revelli, R. (2018). Gravity water wheels as a 

micro hydropower energy source: A review based on historic 

data, design methods, efficiencies and modern optimizations. 

Renewable and Sustainable Energy Reviews, 97, 414–427. 

doi:10.1016/j.rser.2018.08.033. 

[4] Ardhali, M. (2016). Cooling energy technology and energy 

management in buildings. Proceedings of the Second 

National Iranian Energy Conference, 18-19 February, 2016, 

Takestan, Iran. (In Persian). 

[5] Yan, C., Shi, W., Li, X., & Wang, S. (2016). A seasonal cold 

storage system based on separate type heat pipe for 

sustainable building cooling. In Renewable Energy (Vol. 85). 

Tsinghua University. doi:10.1016/j.renene.2015.07.023. 

[6] Johansson, P. (1999). Seasonal cold storage in rock caverns. 

Master Thesis, Luleå University of Technology, Luleå, 

Sweden. 

[7] Skogsberg, K. (2002). The Sundsvall Regional Hospital snow 

cooling plant—results from the first year of operation. Cold 

Regions Science and Technology, 34(2), 135–142. 

doi:10.1016/s0165-232x(01)00067-2. 

[8] Klassen, J. (1981). Project icebox and annual energy storage 

system. ASHRAE Transactions, 1456-1460. 

[9] Francis, C. E., & Tamblyn, R. T. (1987). Annual cycle ice 

production and storage. ASHRAE Transactions, 1760-1765. 

[10] Alwan, A., & Hameed, R. H. (2017). Methodology design to 

predict the solidification process of pure water inside a 

cylindrical enclosure. International Journal of Thermal 

Technologies, 7(1). 

[11] Singh, R., Mochizuki, M., Mashiko, K., & Nguyen, T. (2011). 

Heat pipe-based cold energy storage systems for data center 

energy conservation. Energy, 36(12), 661–673. 

doi:10.1016/j.energy.2011.05.006. 

[12] Popov, A. P., Vaaz, S. L., & Usachev, A. A. (2010). Review of 

the Current Conditions for the Application of Heat Pipes 

(Thermosyphons) To Stabilize the Temperature of Soil Bases 

Under Facilities in the Far North. Heat Pipe Science and 

Technology, An International Journal, 1(1), 89–98. 

doi:10.1615/heatpipescietech.v1.i1.60. 

[13] Paredes-Sánchez, J. P., García-Elcoro, V. E., Rosillo-Calle, F., 

& Xiberta-Bernat, J. (2016). Assessment of forest bioenergy 

potential in a coal-producing area in Asturias (Spain) and 

recommendations for setting up a Biomass Logistic Centre 

(BLC). Applied Energy, 171, 133–141. 

doi:10.1016/j.apenergy.2016.03.009. 

[14] Wijaya, M. E., & Tezuka, T. (2013). Measures for improving 

the adoption of higher efficiency appliances in Indonesian 

households: An analysis of lifetime use and decision-making 

in the purchase of electrical appliances. Applied Energy, 112, 

981–987. doi:10.1016/j.apenergy.2013.02.036. 

[15] Singh, R., Mochizuki, M., Mashiko, K., & Nguyen, T. (2011). 

Heat pipe based cold energy storage systems for datacenter 

energy conservation. Energy, 36(5), 2802–2811. 

doi:10.1016/j.energy.2011.02.021. 

[16] Lin, L., & Strand, M. (2013). Investigation of the intrinsic 

CO2 gasification kinetics of biomass char at medium to high 

temperatures. Applied Energy, 109, 220–228. 

doi:10.1016/j.apenergy.2013.04.027. 

[17] Hamada, Y., Nakamura, M., & Kubota, H. (2007). Field 

measurements and analyses for a hybrid system for snow 

storage/melting and air conditioning by using renewable 

energy. Applied Energy, 84(2), 117–134. 

doi:10.1016/j.apenergy.2006.07.002. 

[18] Yu, L., Wang, Z., & Tang, L. (2015). A decomposition-

ensemble model with data-characteristic-driven 

reconstruction for crude oil price forecasting. Applied 

Energy, 156, 251–267. doi:10.1016/j.apenergy.2015.07.025. 

[19] Clark, J., & Novoselac, A. (1970). Flow and mixed 

convection heat transfer in buoyant jets from floor registers. 

Energy and Buildings, 61, 140–145. 

doi:10.1016/j.enbuild.2013.03.006. 

[20] Markazi Province Meteorological Organization. (2021). 

Analysis of crop precipitation and its extreme events in 



Mehdipour et al./Contrib. Sci. & Tech Eng, 2024, 1(3) 

59 
 

Markazi Province during the statistical period of 1991-1992 

to 2020-2021. (in Persian). Markazi Province, Arak, Iran. 

[21] Iran's Power Generation and Distribution Company 

(Tavanir), Tehran, Iran. Available online: 

http://www.tavanir.org.ir (accessed on February 2024). 

[22] Khabari, A., Zenouzi, M., O’Connor, T., & Rodas, A. (2014). 

Natural and forced convective heat transfer analysis of 

nanostructured surface. Proceedings of the world congress on 

engineering, 2-4 July, 2014, London, United Kingdom. 

http://www.tavanir.org.ir/

