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Abstract 

With the global rise in data center developments where Rack Densities keep rising and demanding more power and accordingly more 

cooling to reject the increased heat, optimizing energy efficiency and reducing power consumption are paramount. This study investigates an 

innovative cooling approach leveraging dry coolers and ice Thermal Storage tank systems to enhance data center performance, particularly in 

cold climates such as Nordics, specifically in this study the city of Pyhajoki in Finland. 

Traditional air-cooled chillers (ACCH) dominate cooling infrastructure but consume significant power due to compressors and refrigerants 

circuits. Dry coolers, on the other hand consisting only of fans and heat exchangers, provide a more sustainable alternative, operating efficiently 

without refrigerants. However, their cooling capacity is limited by ambient temperature, restricting their standalone use. 

The proposed hybrid system integrates dry air coolers with ice tanks to capitalize on Finland’s low temperatures, where 96% of the year 

remains below 20°C. In cold conditions, dry air coolers handle the entire data center cooling load while simultaneously freezing ice tanks. 

During warmer periods (above 20°C), the ice tanks discharge, maintaining the required supply temperature for fan wall units to cool the Data 

Halls within ASHRAE Class A Racks (29°C Server inlet Temperature) without relying on chillers. This configuration omits chiller operation 

all over the year and allow for full free cooling during the 4% of the year, significantly reducing power consumption and supporting 

sustainability initiatives. The results demonstrate that this system achieves substantial energy savings, enhanced mechanical efficiency and 

lower environmental impact. 

Keywords: Data center cooling, Dry coolers, Energy efficiency, Heat rejection systems, Ice thermal storage tanks, Mechanical cooling, 

Sustainability, PCM- Phase Changing material 

Abbreviation: Power usage effectiveness (PUE); Carbon Usage effectiveness (CUE)  

Introduction

The exponential growth of digital services, cloud computing and 

AI based Data Centers and data-intensive applications has led to an 

unprecedented rise in global data center construction. As data centers 

scale to meet increasing demand, energy consumption has emerged 

as a critical challenge, with cooling systems accounting for a 

significant portion of operational power use. Traditional cooling 

methods, predominantly air-cooled chillers (ACCHs), rely on 

compressors and refrigerants, resulting in high energy usage and 

increased environmental impact. 

Given the urgent need for more sustainable and cost-effective 

cooling solutions, this study explores an alternative approach 

combining dry air coolers and ice thermal storage tank technology. 

Dry air coolers, which operate solely with fans and heat exchangers, 

eliminate the need for Compressors, significantly improving energy 

efficiency. However, their performance is inherently constrained by 

ambient temperatures. To address this limitation, the proposed system 

strategically integrates ice thermal storage tanks, which store thermal 

energy by freezing whilst utilizing PCM-Phase Changing Materials 

during colder periods and discharge cooling power during warmer 

conditions. 

The study focuses on Finland’s climate, characterized by long 

durations of low temperatures, making it an ideal environment for 

implementing this hybrid cooling strategy. The objective is to analyze 

operational performance, energy savings and sustainability outcomes, 

offering insights into scalable cooling solutions for data centers in 

similarly cold climates. This approach aims to advance the industry’s 

efforts to achieve greener, more resilient infrastructure while 

reducing reliance on traditional power-intensive cooling systems [1]. 

Project Brief 

One primary determinant of cooling design is the type of servers 

being cooled. For air-cooled servers — commonly used in cloud 

computing — the recommended inlet air temperature ranges between 

18°C and 27°C, however, for Class A Servers as per the ASHRAE 

TC 9.9, 29°C server inlet temperature is acceptable to all hyperscale’s 

such as “but not limited to: Microsoft, Google, Amazon, etc. This is 

typically maintained using air-cooled chillers (ACCHs), which rely 

on compressors and refrigerants to regulate temperature. 

However, these systems consume substantial power, limiting the 

overall energy efficiency of data halls. 
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An alternative heat rejection solution involves dry air coolers. 

This technology operates with only a fan and a heat exchanger, 

eliminating the need for compressors. As a result, dry air coolers are 

exponentially more energy-efficient than conventional chillers and 

align with the global sustainability objectives by avoiding 

compressor-based cooling systems altogether. The drawback of this 

approach is that, without compressors, the supply water temperature 

is dictated by ambient conditions and cannot fall below the external 

temperature. Consequently, dry air coolers are typically deployed as 

supplementary systems to chillers in colder climates. In such 

configurations, dry air coolers handle the primary cooling load for 

most of the year (96%) according to ASHRAE bin Weather Data 

profile, with chillers remaining in standby mode and activating only 

when ambient temperatures exceed acceptable thresholds, however, 

this isn’t the case in this study as the standby mode will be Ice thermal 

storage Tank with PCM Material instead to grant Chilled water 

Supply temperature of 24 C to the Fan Wall Units- FWU and 

accordingly grant 29 C server inlet temperature during Normal and 

Failure Scenarios/ operating modes within the Data Halls, whilst 

considering 5°C approach/ LMTD Temperature [2]. 

In Finland, regional weather data reveals a peak ambient 

temperature of 33.8°C at n=20- ASHRAE Handbook 2021 and a 

minimum temperature below -32°C. Analysis based on the Bin 

weather data: 

Bin Weather data: a method to calculate the building’s load by 

determining the number of hours per year that the average outdoor 

temperature of the location under study was contained in a 

temperature band or “BIN”. Adding the load for each of these 

temperature bins determines the yearly energy requirements. 

In the bin weather data of the studied city, it indicates that for 96% 

of the year, ambient conditions remain cold enough to operate without 

chillers- attached as appendix, For the remaining 4% of warmer days, 

the proposed solution incorporates ice thermal storage tanks. These 

tanks absorb heat during the day and re-freeze overnight when 

temperatures drop utilizing PCM. This design significantly enhances 

data center energy efficiency, reduces power demand and achieves 

substantial cost savings in electrical and mechanical infrastructure 

[3]. 

Set Up and Design Parameters 

The table below tabulates the initial information gathered for the 

sites and design basis (Table 1 and Figure 1). 

Parameter Value 

Peak ambient temperature 33°C 

Typical data hall IT capacity 6.25MW 

Dry air cooler capacity 1725kW 

Max. supply/return water temperature (3.5°C increase 

from peak ambient) 36.5/46.5°C 

Fan wall unit supply/return water temperature 24/34°C 

Fan wall unit supply/return air temperature 29/40°C 

Ice tank freezing temperature (from catalogue) 23°C 

Table 1: Design Parameters. 

 

Figure 1: Catalogue from phase change materials products 

limited (23˚C Freezing Temperature). 

Sequence of operations 

The main cooling circuit is as shown on Figure 2. With this 

configuration, there are two dry air cooler loops. One loop is for 

freezing the ice thermal storage tanks (4%) and another loop is for 

cooling the data halls directly (96%). The ice tank is connected to 

both loops and depending on the ambient temperature, the tank is 

either discharging (melting) or recharging (freezing) to maintain a 

supply water temperature of 24°C to the fan wall units. The following 

subsections will discuss this in further detail. 

 

Figure 2: Prototypical data hall set up. 

Tank recharge mode 

At ambient temperatures of <20°C which occurs 96% of the year, 

the dry air coolers provide the cooling to the data halls (Figure 3-7 

and Table 2-7). 

 

Figure 3: Tank recharge mode operation.
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Data hall information      

IT capacity 6250 kW 

Total load (+5% fan gains) 6562.5 kW 

Total heat rejection (+5% tolerance and additional losses) 6890.6 kW 

PUE (Option 1 with air cooled chillers) 1.4   

  8750   

5N/4DR string capacity 2187.5   

PUE (Option 2 with dry air coolers and PCM storage tank) 1.2   

5N/4DR string capacity 1874.77   

Table 2: Data hall information. 

 

Dry air cooler equipment parameters Value Unit Remarks 

Cooling equipment Dry air cooler     

Peak ambient temperature 33.1 deg.C 

Based on the average ASHRAE N-20 Peak ambient dry-bulb 

temperature for the Finland sites. 

Min. approach temperature 4 deg.C 
Value listed is the max. approach temperature deg. C allowable. 
Manufacturer to provide lower figure if available. 

Facility water operating deltaT 10 deg.C 

Facility water deltaT based on optimal temperature difference of 

data hall cooling units. 

Facility water max. supply water 
temperature at peak ambient temperature 37.1 deg.C 

Facility water supply temperature is dependent on the peak 
ambient temperature and approach temperature of cooler. 

Facility water max. return water 

temperature at peak ambient temperature 47.1 deg.C 

Facility water return temperature is dependent on the facility 

water supply temperature and operating deltaT. 

Heat rejection capacity 1723 kW 
Max, heat rejection capacity based on the cooling load for one 
data hall. 

Max. power input manuf. To advise kW   

Electrical data 400V/3ph/50Hz     

Fluid Flow Rate 41.14 L/s   

Fluid Composition 45%   Based on min. ambient temperature of -28 deg. 

        

Air-cooled chiller equipment 

parameters (for air-cooled server data 

halls only) Value Units Remarks 

Cooling equipment Air-cooled chiller     

Compressor type Magnetic bearing oil-free     

Peak ambient temperature 32.5 deg-C   

Operating CHW temperature 

(supply/return) 20C/30C deg-C   

Operating water deltaT 10 deg-C   

Heat rejection capacity 1723 kW   

Max. power input manuf. To advise kW   

Electrical data 400V/3ph/50Hz     

Fluid flow rate 41.14 L/s   

Fluid composition 45%   Based on min. ambient temperature of -28 deg C 

Free cooling?     Provide two options, with and without free cooling 

Table 3: Calculations. 
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Description Units Value Remarks 

Cooling load per data hall 6890.625 kW Considering additional losses 

Equivalent water flow rate 164.57 kg/sec   

PCM storage capacity 40 kW-hr/cu.m Average based from PCM vendors 

Hours of storage (full discharge) 4 hrs based on Finland worst-day data from HAP weather file 

Hours of storage (partial discharge) 10 hrs based on Finland worst-day data from HAP weather file 

Weather bin data worst-day peak temperature 26 deg.C   

Operating water temperature (tank discharge water 

temp) 24 deg.C   

Operating water return temperature (from fan wall 

units) 34 deg.C   

Tank supply water temp 23 deg.C   

Ambient temp to start discharge 20 deg.C Considering 24C/34C operating temperature 

Total cooling capacity storage (full discharge) 27562.5 kW-hr   

Total cooling capacity storage (partial discharge) 41343.75 kW-hr 

Considering that at other temperatures, partial cooling is 

provided by the dry air coolers 

Total stored capacity requirement 68906.25 kW-hr   

Provision (10% capacity) 75796.88 kW-hr   

Min. volume requirement per data hall 1894.922 cu.M   

Tank quantity (N) 2 nos.   

Tank quantity (N+R) 3 nos. Uptime requirement N+1 

Diameter 8.9679 m   

Height 15 m   

Recharging duration 10 hrs   

Total additional kw capacity on dry air coolers 7579.7 kW   

Additional dry air coolers (for recharging) 4.4 nos.   

Table 4: PCM tank sizing. 

Date: 03-Aug   

Worst day temperatures   

Hours Temp., C Discharging? 

0 19.7 0 

100 18.8 0 

200 18 0 

300 17.6 0 

400 17.2 0 

500 16.8 0 

600 18.1 0 

700 19.4 0 

800 20.7 1 

900 22.1 1 

1000 23.6 1 

1100 25 1 

1200 25.3 1 

1300 25.7 1 

1400 26 1 

1500 26.1 1 

1600 26.1 1 

1700 26.2 1 

1800 25.2 1 

1900 24.1 1 

2000 23.1 1 

2100 20.7 1 

2200 18.4 0 

2300 16 0 

      

Hours discharging 14 

% hours of day discharging 58% 

Table 5: Tank sizing for 14 hours. 
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Weather summery   Ambient temp, C Numbers hours 

Maximum DB temp, C 28.7  50 0 

Maximum DB temp, C -21.7  45 0 

Max WB temp, C 20.2  40 0 

Coincident DB temp, C 24.2  35 0 

     30 44 

Ambient temp, C Number of hours  25 305 

52 0  20 932 

51 0  15 1598 

50 0  10 1388 

49 0  5 1776 

48 0  0 2717 

47 0  Total 8760 

46 0    
45 0    
44 0  Ambient temp, C Number of hours 

43 0  50 0 

42 0  45 0 

41 0  40 0 

40 0  37.6 0 

39 0  33.8 0 

38 0  33.2 0 

37 0  32 0 

36 0  30.1 1 

35 0  28.6 18 

34 0  26.5 55 

33 0  24.2 116 

32 0  22 143 

31 0  20.2 244 

30 0  18.2 408 

29 5  16.1 98 

28 9  15.7 1796 

27 12  10 1388 

26 18  5 1776 

25 40  0 2717 

24 44  Total 8760 

23 62    
22 71    
21 88    
20 118    
19 143    
18 188    
17 211    
16 272    
15 290    
14 310    
13 362    
12 315    
11 321    
10 305    

9 270    
8 282    
7 252    
6 279    
5 268    
4 256    
3 264    
2 469    
1 519    
0 2717    

Total 8760    
Table 6: Weather summary. 
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Operation Ambient temp. C No. of hours % Operation 

Full chiller cooling 20.1 349 4% 

Full free cooling 20 8411 96% 

  Total hours 8760   

Table 7: Annual cooling requirements. Note: Consideration is 4C approach temp. for dry air coolers. 

 

Figure 4: Psychrometric chart. 

 

 

 

Figure 5: Ashrae climatic design conditions. 

https://doi.org/10.70844/ijas.2025.2.33
https://doi.org/10.70844/ijas.2025.2.33


 Innovative Journal of Applied Science 

  7 Copyright © 2025 | ijas.meteorpub.com Volume 2, Issue 4 (Jul-Aug) 2025 

https://doi.org/10.70844/ijas.2025.2.33 

 

 

 

Figure 6: Abbreviations. 
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Figure 7: Data sheet. 

The flow of water and heat rejection are as listed below starting 

from the fan wall unit: 

1. Warm water from the fan wall unit goes to the dry air 

cooler. 

2. The dry air cooler rejects the heat and cools the water. 

3. The cooled water bypasses the ice tank (melted) and goes 

to the fan wall unit. 

4. The fan wall unit receives cold water. 

5. The fan wall unit supplies cold air into the servers. 

6. The fan wall unit received warm air from the servers. 

7. The fan wall unit converts the cold water into warm water. 

8. The process repeats from step 1. 
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The flow of water and heat rejection for tank freezing are as listed 

below: 

1. The salt mixture in the ice tank is melted. 

2. Cold water from the dry air cooler enters the tank. 

3. The cold water/glycol mixture comes into contact with the 

tank. 

4. The salt mixture freezes. 

5. The water/glycol mixture exits the tank as warm water. 

6. The warm water returns to the dry air cooler and converts 

to cold water. 

7. The process repeats from step 1 until the entire tank is 

frozen. 

8. If the entire tank is frozen, the tank can be bypassed. 

Tank recharge mode 

During hours where the ambient temperature is >20°C, the dry air 

coolers cannot reduce the supply water temperature to the fan wall 

units to the required temperature. In this case, the ice tanks will 

provide the necessary cooling until the temperature drops to <20°C 

again. 

 

Figure 14: Tank Recharge Mode Operation. 

The flow of water and heat rejection are as listed below starting 

from the fan wall unit: 

1. Warm water exits the fan wall unit. 

2. The warm water enters the ice tank (frozen) and interacts 

with the ice. 

3. The ice melts. 

4. The warm water is converted to cold water and exits the 

tank. 

5. The cold water is supplied to the fan wall units. 

6. The fan wall unit supplies cold air into the servers. 

7. The fan wall unit received warm air from the servers. 

8. The fan wall unit converts the cold water into warm water. 

9. The process repeats from step 1. 

The dry air coolers for ice tank recharging are shut off while the 

ambient temperature is >20°C and will operate only once the 

temperature drops back down and restart the tank recharge mode. 

Conclusion 

This study presents an innovative, sustainable cooling approach 

integrating dry air coolers and ice tanks to optimize data center 

efficiency in cold climates. By leveraging Finland’s favorable 

temperature profile, the proposed hybrid system demonstrates 

significant reductions in power consumption, minimizing reliance on 

traditional air-cooled chillers. With dry air coolers handling the 

primary cooling load for 96% of the year and ice tanks providing 

supplemental cooling during warmer periods, chiller operation is 

limited to just 4% of the year. This configuration not only achieves 

considerable energy savings but also reduces the mechanical and 

electrical infrastructure burden, promoting long-term operational 

sustainability. As data center expansion continues worldwide, this 

model serves as a scalable, energy-efficient cooling solution 

adaptable to other cold climate regions, supporting the industry's 

commitment to greener and more resilient infrastructure. The PUE 

hence is reduced from approximately 1.4 to 1.2 and the CUE is 

significantly reduced. 
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