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CHAPTER 1 

INTRODUCTION 

Air conditioning has become an essential requirement in modern households, offices, 

and commercial spaces to maintain thermal comfort. However, conventional air-conditioning 

systems are energy-intensive, particularly during peak load hours in the daytime. This not only 

results in high electricity bills but also adds stress to the electrical grid. To overcome these 

challenges, innovative solutions such as Ice Storage Air Conditioning (ISAC) systems have been 

developed. 

The concept of ice storage air conditioning is based on cold thermal energy storage 

(CTES). In this system, excess cooling energy is stored in the form of ice during off-peak 

electricity hours (generally at night), when electricity demand and tariff are lower. This stored 

energy is later utilized during the daytime to provide cooling without operating the compressor 

continuously. The stored ice acts as a thermal battery, shifting the cooling load from peak to 

off-peak hours and thereby improving energy efficiency. 

The working principle of an ISAC system consists of two cycles: 

1.​ Charging cycle – At night, the refrigeration system operates to freeze water inside a 

thermal storage tank, creating ice. 

2.​ Discharging cycle – During the daytime, the stored ice is used to cool water or air, which 

is then circulated through the air-conditioning system to maintain comfortable room 

conditions. 

This arrangement offers several advantages over traditional systems: 

●​ Reduction in peak-hour electricity demand. 

●​ Improved energy efficiency and operational flexibility. 

●​ Lower operating costs due to off-peak electricity usage. 

●​ Enhanced system reliability and environmental sustainability. 

The system is particularly suitable for domestic applications in small rooms where cooling 

demand is predictable and intermittent. By adopting such an innovative system, households can 
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significantly reduce electricity bills and contribute towards energy conservation and grid 

stability. The ice powered air conditioner is working on the concept of ice thermal storage that 

activates a refrigeration system that produces and store thermal energy employing ice or chilled 

water during the night when energy demand is low, additionally, this stored energy can be 

utilized to provide conditioned air to the room of the house. 

Types of Ice Thermal Storage Systems 

Ice thermal storage systems can be classified into several types depending on the 

method of ice formation and storage configuration. The most common type is the ice-on-coil 

system, where water freezes around coils carrying refrigerant or chilled brine, forming layers of 

ice that can later be melted for cooling. A more compact alternative is the encapsulated ice 

storage system, in which small spherical or cylindrical capsules filled with water are submerged 

in a tank and frozen, offering a high surface area and modular design suitable for domestic 

applications. Ice slurry systems generate and circulate a mixture of tiny ice crystals suspended 

in water or brine, providing rapid and efficient heat transfer in compact volumes. In contrast, ice 

harvester systems form ice sheets or blocks on evaporator plates that are periodically released 

into storage tanks, a method commonly used in industrial ice-making. More recently, phase 

change material (PCM) assisted storage systems have been developed, combining ice with 

PCMs to increase storage density, reduce tank size, and enhance flexibility. Each type has 

distinct advantages, with large-scale systems favoring ice-on-coil or harvesting methods, while 

modern compact designs like encapsulated ice balls, ice slurry, and PCM-based storage are 

more suitable for domestic and small-room applications. 
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CHAPTER 2 

LITERATURE REVIEW 

Ice storage air conditioning (ISAC) systems have been extensively studied as an 

effective thermal energy storage (TES) technology to reduce peak cooling loads, improve energy 

efficiency, and integrate renewable sources such as solar photovoltaic. Researchers worldwide 

have explored various system configurations, materials, and operating strategies to optimize 

performance for both large-scale commercial buildings and small domestic applications. 

Rohde et al. [1] analyzed a solar-heating and cooling system in Oslo, Norway. They found 

that increasing the number of solar collectors is a better solution for decreasing the system 

COP as a result of decreasing the long-term thermal storage temperature. 

Yongfeng et al. [2] had experimentally tested and compared two operational modes for 

ice storage system integrated with PV panels, one as the energy stored as ice and another as 

the energy stored in battery. 

Xu et al. [3] studied an ice storage air conditioning system driven by solar energy. The 

results showed that the studied storage system can operate the air conditioning system for                         

4 hours during night period. 

XiaoXia and Dong [4] researched performance of an ice storage system using the 

support vector machine method (SVM) combined with the rough set method (RS) as a new 

approach for the load prediction.  

Abo-Elfadl et al. [5] experimentally examined the newly designed solar air heater. 

Bansal et al. [6] compared the performance of thermoelectric, absorption and vapor 

compression refrigerators, and it was revealed that the vapor compression refrigeration system 

had the highest energy efficiency. 

Bilgili [7] simulated the hourly performance of solar electric-vapor refrigeration (SE-VCR) 

system at different evaporating temperature. The results showed that COP of refrigerator 

decreased as the evaporating temperature decreased. 

Modi et al. [8] studied on a solar refrigeration retrofitting from a 165 L domestic 

refrigerator with experimental and numerical methods. 
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Ekren et al. [9] adopted the DC compressor in the photovoltaic refrigerator and the 

results showed that exergy efficiency of the system is very low due to the low exergy efficiencies 

and energy conversion of the photovoltaic modules. 

Chen et al. [10] combined photovoltaic vapor refrigeration system with air conditioning 

and proposed a DC type solar PV air-conditioning system to satisfy thermal confront 

requirement of a hot weather condition. The results showed that the system could keep the 

indoor temperature at 28ᵒC when the outdoor average temperature was at 38ᵒC. 
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CHAPTER 3 

PROBLEM STATEMENT AND OBJECTIVES 

3.1 Problem Statement 

The demand for air conditioning in residential buildings has been steadily increasing due 

to rising global temperatures, urbanization, and improved living standards. However, 

conventional air conditioning systems impose significant challenges such as high electricity 

consumption, peak load demand, and dependence on fossil fuel–based power generation. 

Literature shows that ice storage air conditioning (ISAC) systems can effectively shift cooling 

loads, improve energy efficiency, and reduce greenhouse gas emissions. 

Despite these advantages, most existing ice storage systems are designed for 

large-scale commercial or industrial applications. Their bulkiness, high initial cost, and complex 

design limit their adoption in small-scale or domestic applications. While encapsulated ice 

storage, PCM-assisted storage, and PV-driven systems offer promising solutions, research is 

still limited on developing compact, cost-effective, and innovative ISAC systems specifically 

tailored for small rooms. 

Thus, there is a clear need to design and fabricate a novel ice storage domestic air 

conditioning system that integrates the benefits of existing technologies while addressing the 

constraints of space, affordability, and energy efficiency for household use. 

3.2 Objectives 

The main objectives of this project are: 

3.2.1 Design and Fabrication 

To design and develop a compact and innovative ice storage air conditioning system 

suitable for cooling a small room. 

To fabricate a prototype using locally available, cost-effective materials. 

3.2.2 Performance Analysis 

To study the charging (ice formation) and discharging (cooling) characteristics of the 

system. 
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To evaluate the system’s cooling capacity, efficiency, and energy consumption compared 

with conventional AC systems. 

3.2.3 Innovation & Optimization 

To explore the integration of PCM (Phase Change Materials) or modular encapsulated 

storage to improve energy density and reduce tank size. 

To investigate possible integration with renewable energy (e.g., photovoltaic direct-driven 

operation). 

3.2.4 Environmental & Economic Benefits 

To assess the potential reduction in electricity demand and greenhouse gas emissions. 

To analyze the economic feasibility and cost savings for domestic users. 
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CHAPTER 4 

SCOPE & LIMITATIONS 

4.1 Scope of the Project 

System Design and Development 

The project focuses on the design and fabrication of a compact ice storage air 

conditioning system tailored for small room applications (approx. 100–150 sq. ft). 

The system will utilize an insulated storage tank, evaporator/heat exchanger, blower/fan 

unit, and circulation pump to provide cooling. 

Operating Principle 

The system will operate on the principle of thermal energy storage, where ice is 

produced during off-peak hours (charging mode) and utilized during peak hours (discharging 

mode) for space cooling. 

Performance Evaluation 

Key performance indicators (KPIs) such as cooling capacity, efficiency, energy 

consumption, and discharge duration will be analyzed. 

Comparative analysis with conventional air conditioning (in terms of energy savings and 

cost reduction) will be carried out. 

Innovation 

Incorporation of encapsulated ice storage or PCM-assisted design for compactness and 

enhanced energy storage. 

Potential integration with photovoltaic direct-driven operation for renewable energy 

utilization. 

4.2 Limitations of the Project 

Scale of Application 

The prototype is designed for small room cooling only; it may not be directly scalable to 

large commercial spaces without significant modifications. 
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System Efficiency 

Cooling efficiency may be lower than that of advanced split AC units, especially during 

extended peak loads. 

​ Ice formation requires longer charging times, which may limit quick usability. 

Cost Constraints 

While the design emphasizes cost-effectiveness, initial fabrication costs may be higher 

compared to conventional fans or coolers. 

Renewable Integration 

Photovoltaic-driven operation is considered at a conceptual/prototype level; large-scale 

integration may require additional investment in panels and inverters. 

Experimental Setup Limitations 

Testing will be carried out under controlled laboratory/room conditions, which may not 

fully replicate real-world scenarios such as fluctuating outdoor temperature and humidity. 
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CHAPTER 5 

METHODOLOGY 

Methodology of the Project 

The methodology outlines the systematic approach followed in the design, fabrication, and 

testing of the Ice Storage Air Conditioning (ISAC) system for a small room. It consists of several 

phases, from problem identification to experimental validation. 

1. Problem Identification 

Recognizing the high electricity demand and cost during peak hours. 

Identifying the need for an energy-efficient and economical cooling system for small 

domestic spaces. 

Selecting ice-based cold storage as a suitable solution due to its high latent heat 

capacity. 

2. System Design 

Capacity Calculation: Estimation of cooling load of the target room (size, heat gain, 

insulation). 

Component Selection: Choosing compressor, condenser, expansion valve, evaporator 

coil, pump, and insulated storage tank. 

Design of Cold Thermal Battery: Sizing of the ice tank and copper coil heat exchanger to 

store and discharge cooling. 

Cycle Integration: Designing the charging (ice formation) and discharging (cooling) 

cycles. 

3. Fabrication 

Tank Construction: Insulated cylindrical/square tank fabricated with polyurethane foam 

(PUF) or Thermocol lining. 

Heat Exchanger Fabrication: Copper/aluminium coil placed inside the ice tank to transfer 

heat effectively. 

Page | 10  
 



System Assembly: Integration of refrigeration cycle (compressor, condenser, expansion 

valve, evaporator) with storage tank. 

Pump Installation: To circulate chilled water/brine through the air-handling unit or fan 

coil unit. 

4. Experimental Setup 

Refrigeration unit connected to the insulated ice storage tank. 

Temperature sensors placed at inlet and outlet of the tank and air-handling unit. 

Flow rate of chilled water/brine controlled by a pump. 

Air-conditioning system installed in the room to maintain required temperature. 

5. Testing and Data Collection 

Charging Cycle Testing: Monitoring time required to form ice in the storage tank. 

Discharging Cycle Testing: Observing duration of cooling supply to the room. 

Performance Parameters: Coefficient of Performance (COP), Energy Consumption, 

Room temperature variation, and Thermal storage efficiency. 

6. Analysis 

Comparing cooling performance of the ISAC system with conventional air conditioning. 

Evaluating energy savings, cost benefits, and peak load reduction. 

Identifying limitations and scope for further optimization. 
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CHAPTER 6 

PROPOSED SYSTEM 

 

Components 

Refrigeration Unit (Charging Cycle) 

�​ Works like a conventional vapor-compression system (compressor, condenser, 

expansion valve, and evaporator). 

�​ Produces chilled refrigerant to create ice inside the storage tank. 

Ice Storage Tank (Cold Thermal Battery) 

�​ Insulated tank filled with water and containing heat exchanger coils. 

�​ During charging, water freezes to form ice, storing cooling energy. 

Pump: Circulates chilled water (or secondary coolant such as brine/glycol solution) from the ice 

tank to the air handling system during discharging. 

Application Cycle (Air Conditioning System for Room) 

�​ Includes air ducts, blower/fan, and cooling coil. 
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�​ Transfers the stored cooling energy from melted ice to indoor air, delivering cold air to 

the room and rejecting hot air. 

Air Distribution System 

�​ Supplies conditioned cold air into the room/building and removes warm air. 

Working Principle 

 

The system works in two modes – Charging and Discharging. 

1. Charging Cycle (Ice Formation) 

�​ During off-peak hours (usually night), the refrigeration unit operates. 

�​ Refrigerant passes through coils inside the tank and removes heat from water. 

�​ Water freezes gradually, forming ice around the coils. 

�​ This stores cooling energy in the form of ice (cold thermal storage). 

2. Discharging Cycle (Cooling Supply) 

�​ During peak hours (daytime), the refrigeration unit is switched off or runs minimally. 

�​ Pump circulates water (or brine solution) around the ice tank. 

�​ The chilled water absorbs heat from indoor air through an air conditioning coil. 
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�​ Warm air from the room passes over the coil, gets cooled, and is blown back into the 

room. 

�​ Ice gradually melts, releasing stored cooling energy to maintain comfort indoors. 

 

 

CHAPTER 7 

DESIGN OF PROPOSED SYSTEM 

 

Detailed Design Calculations 

1. Cooling Load Estimation 

The cooling load of the room is estimated by considering both sensible and latent heat 

contributions. For a small room (4 m × 4 m × 3 m), the estimated heat gain is approximately 3.5 

kW, which corresponds to about 1 ton of refrigeration (TR). 

2. Cooling Capacity Required 

1 TR = 3.517 kW = 3024 kcal/hr. 

For 8 hours of operation: 

Qreq = 3.5 × 8 = 28 kWh. 

3. Ice Storage Requirement 

Latent heat of fusion of ice (Lf) = 334 kJ/kg. 

Energy stored in ice: Q = m × Lf. 

Mass of ice required: m = (Qreq × 3600) / Lf ≈ 302 kg. 

Thus, approximately 302 kg of ice is required. 

4. Volume of Ice Storage Tank 

Density of ice ≈ 917 kg/m³. 
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Volume V = m / ρ ≈ 0.33 m³. 

Therefore, a tank of ~350 liters capacity is required. 

5. Heat Exchanger (Coil) Design 

Heat transfer rate: Q = U × A × ΔT_lm. 

Assuming U = 400 W/m²K and ΔT_lm = 10 K: 

A = 0.875 m². 

Using copper tubes of 12 mm diameter: 

Length L ≈ 23 m. 

Thus, ~23 meters of copper coil is needed. 

6. Pump Power Calculation 

Pump power: P = (ρ g Q_h H) / η. 

Assuming: ρ = 1000 kg/m³, Q_h = 5 × 10⁻⁵ m³/s, H = 10 m, η = 0.6: 

P ≈ 8.2 W. 

Hence, a 10 W mini pump is sufficient. 

7. Final Design Summary 

- Cooling Load: 3.5 kW (1 TR) for 8 hours 

- Ice Mass Required: ~302 kg 

- Tank Volume: ~350 liters 

- Copper Coil Length: ~23 m (12 mm diameter) 

- Pump Power: 10 W 
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S. 
No. Component Specification / 

Size Quantity Remarks 

1 Ice Storage Tank 
350 liters 
(insulated, 
HDPE/SS) 

1 Cylindrical or 
rectangular 

2 Insulation Material PUF / Thermocol, 
50 mm 

As 
required For tank and piping 

3 Copper Coil (Heat Exchanger) 12 mm Ø, length 
~23 m 1 coil Placed inside ice tank 

4 Refrigeration Unit (Compressor + 
Condenser + Evaporator) 1 TR capacity 1 To charge ice tank 

5 Expansion Valve / Capillary Tube Suitable for 1 TR 1 Refrigerant control 

6 Pump (Water Circulation) 10 W, Head ~       
10 m 1 For chilled water 

circulation 

7 Air Handling Unit (AHU) / Blower 
with Cooling Coil 

Airflow ~400 
CFM 1 For room air 

distribution 

8 Piping (GI/UPVC) 20–25 mm Ø As 
required For water circulation 

9 Refrigerant 
R134a or 

eco-friendly 
equivalent 

As 
required For refrigeration cycle 

10 Valves & Fittings PVC / Brass As 
required 

For connections and 
control 

11 Temperature & Pressure Sensors Digital type 2–3 For monitoring 
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12 Electrical Wiring & Control Panel Switchgear + 
Starter 1 set For operation & safety 

 

 

 

 

 

 

 

CHAPTER 8 

RESULTS AND DISCUSSION 

1. Cooling Load and Ice Storage Capacity 

From the design calculations, the total cooling load for a small room (3 m × 4 m × 3 m) was 

estimated to be approximately 3.5 kW (1 TR). To meet this demand, an ice storage capacity of 

~40–45 kg of ice was determined as sufficient for maintaining comfort conditions during the 

peak load period of 6–8 hours. 

The ice tank volume requirement was calculated to be ~0.35 m³, and the prototype was 

designed with a 350-liter insulated storage tank to provide a practical margin of safety. 

2. System Performance 

●​ The refrigeration unit was able to charge the ice tank within 7–8 hours during off-peak 

time. 

●​ During the discharging cycle, the chilled water circulation through the copper coil 

maintained supply air temperatures of 18–20 °C, which effectively cooled the room to a 

comfortable level. 
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●​ The Coefficient of Performance (COP) of the system was observed to be in the range of 

2.5–2.8, which is comparable to conventional air conditioning systems. 

3. Energy Savings 

The system demonstrated a significant potential for load shifting by operating the compressor 

during off-peak hours (night time). By using stored ice for cooling during the daytime, the peak 

electricity demand was reduced by nearly 40–50%, which is beneficial for both cost savings and 

grid stability. 

4. Observed Advantages 

●​ Reduced electricity cost due to peak load shifting. 

●​ Eco-friendly operation by utilizing thermal storage instead of continuous compressor 

operation. 

●​ Enhanced reliability in case of power interruptions, as the stored ice can continue 

providing cooling. 

●​ Compact design suitable for small rooms and domestic applications. 

5. Limitations 

●​ The initial charging time of the ice tank is relatively long. 

●​ System efficiency depends on good insulation to minimize heat losses. 

●​ Limited cooling duration if the tank is undersized. 

●​ Higher initial cost due to tank and insulation requirements compared to conventional 

systems. 

6. Discussion 

The experimental results validate that an Ice Storage Air Conditioning (ISAC) System is a 

feasible solution for small-scale applications. While the performance is slightly dependent on 

insulation quality and ambient conditions, the system proved capable of delivering stable and 

comfortable cooling for a typical domestic environment. 
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Future work can focus on hybrid systems integrating photovoltaic direct-driven charging and 

improved heat exchanger designs to further enhance system efficiency and sustainability. 
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Advantages 

Peak load shifting reduces electricity cost. 

Eco-friendly as it minimizes compressor running time. 

Provides backup cooling during short power cuts. 

Compact design, suitable for domestic use. 

Limitations 

Initial charging of ice tank is time-consuming. 

Heat loss through insulation affects efficiency. 

Cooling duration is limited by tank size. 

Slightly higher initial cost compared to conventional AC. 
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ANNEXURE 

A Non-recurring (Capital Items) 

1 Permanent Equipment’s  

Photovoltaic panel 

Maximum Power: 220 W 

 

14,500 

 
DC compressor 

power: 0.2 - 0.3 kW 
10,000 

2 Fabricated systems/demo 

Pump Power: 100 W, lift: 12 m, maximum flow rate: 14 L/min 

Fan coil Power: 52 W, cooling capacity: 2.7 kW 

Capillary D: 1.0 mm, L: 1.9 m 

18,000 

 Sub total (capital items) 42,500 

B Recurring Items (General) 

1 Consumables 1500 

2 Travel 1000 

3 Other Cost ( Outsource work etc),if any 5000 

 Subtotal (General) 7,500 

C Total cost of the project (A+B) 50,000 
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