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Abstract: In tropical regions, the roofs of buildings and houses are made of concrete. During summer, 

these roofs absorb heat and act like a thermal storage material. As a result, inhabitants face a great 

thermal discomfort during day and night. In order to overcome this discomfort, people use air 

conditioners, coolers and fans which puts an extra burden on the power plant leading to environmental 

impact. The various existing methods used to cool concrete roof are cool roof, asphalt shingles, green 

roof, phase change material cooling, roof pond and evaporative cooling. Even though all these methods 

provide some reduction in roof temperature, they have many disadvantages like glare issue, water 

leakage, and maintenance problem, issues like durability, water consumption, extra pumping power, cost 

and long-term stability. This paper critically analyzes the previous works on various existing methods of 

concrete roof cooling. The review shows that the real time use of these methods are limited even though 

researchers have reported good thermal performance. As a future work, pulsating heat pipe (PHP) is 

suggested in this paper. Since PHP works on two phase flow, large heat transfers are possible. The 

advantages of PHP promote the use of PHP for concrete roof cooling applications. 
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Introduction 

The atmospheric temperature goes beyond 35o C during summer months and it increases the temperature 

of the concrete roofs of houses and buildings. Conventional concrete roof surfaces can reach a 

temperature of 60o C - 70o C at midday in hot summer. This temperature may go higher in future because 

of climate changes and greenhouse gases. The methods such as truss work, cool roof, green roof etc. are 

used to reduce the temperature of concrete roof. However, these methods are not very effective as the 

concrete roof gets heated up by different modes of heat transfer.  

Similarly, the roofing materials also contract and expand daily as they heat up during the day and cool 

down at night. A roof experiencing such large daily temperature fluctuations will undergo thermal fatigue 

which later leads to degradation of the roof. High roof temperatures also increase the rate of any chemical 

breakdown. High temperature can create cracks in roofs which can be avoided by keeping the roofs at 

lower temperatures. Similarly rains in summer season increases the chances of cracks in concrete as it is 
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suddenly cooled.  A cool roof can increase its life and significantly decrease roof maintenance and 

expenditures. Keeping home cool in hot weather is also becoming increasingly expensive due to rising 

energy, servicing and maintenance costs.  

Urban Heat Island effect experienced in metros and cities aggravate this problem as the buildings and 

houses are closely packed. These buildings absorb heat during day time and radiate heat into the 

atmosphere during night which results in higher atmospheric temperature during night. People use 

various electric appliances for thermal comfort which demands extra power generation from power 

plants. This can cause environmental impact. 

Researchers have attempted different methods to reduce the temperature of the concrete roof. The 

different methods used to cool the concrete roof to reduce the indoor room temperature are ventilation, 

asphalt shingles, Phase Change Material (PCM) cooling, evaporative cooling, green roof, roof pond and 

reflective roof. This paper looks into various existing methods of roof cooling and the previous works done 

by researchers on these methods. At the end, PHP is proposed as a promising solution for concrete roof 

cooling highlighting its advantages. 

 

Existing Methods for Roof Cooling  

Cool Roofs 

Cool roof or reflecting coating use a reflective paint on the top surface of the roof. This paint reflect a part 

of the sunlight hitting the roof surface. This reduces the roof temperature. Various reflective paints are 

available in the market for purchase. The advantages of cool roof are easy implementation and reduction 

in roof temperature. Figure 1 shows the method of applying reflective coating on the roof surface. The 

disadvantages include the issue of glare, water contamination during rainy season, performance reduction 

over time and reduced durability due to high ultraviolet exposure. 

 
Figure 1. Cool roof [1] 

Asphalt Shingles 

These are tile like structures placed on the top of the roof. These tiles have very low thermal conductivity. 

So these materials prevent the flow of heat into the concrete roof and keep the roof at a lower 

temperature. The various advantages of asphalt shingles are low cost, fire resistance, easy of application, 

and moderate durability. The disadvantages are short lifespan, degradation in performance over time, 
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maintenance and environmental issues as these tiles are not ecofriendly. Figure 2 shows the application 

of shingles.  

 
Figure 2. Asphalt Shingles [2] 

Evaporative Roof Cooling 

In this method, water is sprayed on the concrete roof at intermittent intervals. The water particles absorb 

heat from the roof keeping it at a lower temperature. Hence, a mechanism is required to spay water 

intermittently on the roof surface. So it causes extra electricity consumption for cooling. The advantages 

of this method are low initial cost and effective cooling as it utilizes evaporation. The disadvantages are 

electricity consumption, need of water supply, possibility of water leakage and structural damage to 

building. Figure 3 show the method of evaporative cooling. 

 
Figure 3. Evaporative Cooling [3] 

Roof Ponds 

Roof ponds represents ponds kept on the top of the roof. The water present in the pond will absorb heat 

during the day time thereby preventing the concrete roof reaching a higher temperature. As the name 

suggest, a pond is kept on the top of the roof. The advantages of this method are water can absorb 
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significant amount of heat. The disadvantages are issue of water leakage, maintenance, and issues of 

structural stability. Figure 4 shows the roof pond concept. 

 
Figure 4. Roof pond [4] 

Green Roofs 

Green roofs use plants and vegetation on the top of the roof to reduce the roof temperature. Various 

plants have been identified to use them on the roof top. These plants cover the roof surface preventing it 

from getting heated. The advantages of green roof are improved air quality, reduction in roof temperature 

and ecofrienliness. The disadvantages are high installation cost, water leakage issues, structural damage 

and limited heat dissipation efficiency. Figure 5 shows a building with green roof. 

 
Figure 5. Green roof [5] 

Phase Change Material (PCM) Cooling 

Phase change materials are materials which change their phase on heat absorption. Usually solid type 

PCMs are employed for roof cooling. A layer of PCM is applied on the top of the roof. These PCMs are 

capable of absorbing heat during daytime. These materials reject heat into atmosphere during night. 
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Various PCMs have been identified for use on roof top. The advantages of PCMs are passive operation 

and good thermal performance. The disadvantages are stability concerns, corrosion issues and high cost. 

Figure 6 shows the application of PCM for roof cooling. 

 
Figure 6. Phase change material cooling [6] 

Previous studies on existing methods of concrete roof cooling 

Researchers have attempted various methods as explained above to keep the concrete roof at a lower 

temperature. These studies are described below.  

Wai et al. [7] analysed the effectiveness of reflective coatings using an experimental study in reducing 

urban heat island effect and making the thermal performance better from building. The experimental 

results shows that a temperature reduction of 8.7°C to 34.2°C is possible with cool roof. The experiments 

were performed under realtime conditions. They suggested cool roof as a promising method for cooling 

the concrete roof.   

Alrashidi et al. [8] investigated the effectiveness of evaporative cooling using an experimental study to 

regulate temperature in buildings. In this study, the effect of controlled evaporation of water on the 

temperatures of concrete roof is analyzed. They also considered its effect on indoor temperature. The 

experimental results indicate that evaporative cooling can reduce the roof temperature significantly 

providing thermal comfort conditions inside the room. Authors recommends evaporative cooling as an 

effective method for thermal discomfort. 

Jamei et al. [9] studied the effect of green roof on the thermal performance of concrete roofs under the 

climatic conditions of Melbourne. They used both experimental and analytical methods for this study. 

They studied the effect of vegetation layers on the roof air temperature considering the heat transfer into 

the buildings. They reported a reduction of 1.5°C at roof air temperature during daytime. This reduction 

in temperature provided better thermal comfort. The authors suggested green roof as an effective 

solution for roof cooling. However, they commented that thermal performance can vary depending on 

the plant type, climate and maintenance levels.  

Jiang et al. [10] performed experimental study and numerical study to analyze the heat transfer 

performance of phase-change-material (PCM) for concrete roof cooling. The study mainly focused on the 

heat transfer behaviour of PCM and the possible temperature reductions on roof. They reported a roof 

temperature reduction of 30°C with the use of PCM. Similarly a reduction of 6°C is reported for indoor air 

temperature. This provided better thermal comfort.  As a conclusion the authors recommended the use 
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of PCM for concrete roof cooling. However, they pointed out that proper PCM selection is important for 

better performance in various climatic conditions. 

Tang et al. [11] analysed the thermal performance of a roof pond configuration in reducing the roof 

temperature to enhance thermal comfort in buildings. The authors studied new designs of roof pond using 

floating wet cloth systems to analyze the thermal performance of roof pond. The experimental results 

indicate that the new configuration of roof pond has better thermal performance prospects compared to 

old roof pond systems.  Finally authors recommended the use of optimized roof pond designs for passive 

cooling of the concrete roof. They also highlighted the challenges such as maintenance and structural 

issues during real time application.  

From these previous studies it can be concluded that the existing methods provide significant reductions 

in roof temperature with better thermal comfort. However there are many disadvantages for each 

method when it comes to real time application. Table 1 summarizes the various studies conducted on 

existing methods of concrete roof cooling. 

Table 1. Experimental studies on various existing methods of concrete roof cooling 

Sl No Title Major results 

1 

Experimental Analysis of Cool Roof Coatings 

as an Urban Heat Mitigation Strategy to 

Enhance Thermal Performance [7] 

Surface temperature reductions of 8.7–34.2 °C 

under real outdoor conditions. 

2 

Thermal regulation for buildings using 

evaporative cooling technique: 

Experimental study [8] 

Significant indoor cooling and roof surface 

temp reduction with minimal water 

consumption 

3 
Investigating the cooling effect of a green 

roof in Melbourne [9] 

Green roofs reduced daytime air temperature 

at roof level by ~1.5 °C 

4 

Experimental and numerical study on 

thermal performance of phase-change-

material cool roofs in summer [10] 

PCM cool roofs reduced peak roof 

temperatures by up to ~30 °C externally and 

~6 °C internally 

5 

Experimental studies on a novel roof pond 

configuration for the cooling of buildings 

[11] 

Floating wet cloth systems reduced 

temperatures more effectively than 

traditional static ponds 

 

Future direction-Pulsating Heat Pipe Technology 

Pulsating heat pipe (PHP) is a passive heat transfer device that can be used for roof cooling application. It 

consists of a copper coil having capillary dimensions bent into many turns as shown in Figure 7 and its 

ends are joined by brazing process. It contains a working fluid at a very low pressure. PHP works on boiling 

and condensation principles thereby giving high heat transfer rates. The PHP can be divided into 

evaporator and condenser region. The portion of the PHP going inside the concrete roof is the evaporator. 

The portion projecting outside is the condenser region. There is no need of adiabatic region in concrete 
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roof cooling. When concrete gets heated, the working fluid inside the PHP absorbs this heat and 

vapourises. The vapours move to condenser side where it is converted into liquid. The liquid will come 

back to evaporator. PHP is continue to work as long as heat is applied at the evaporator. The advantages 

of PHP are high heat transfer capability, electricity free operation, reliability, maintenance free and 

passive operation. 

 
Figure 7. Pulsating heat pipe [12] 

 

Conclusion 

Concrete roof cooling is an important area of research requiring new methods for concrete roof cooling. 

Thermal comfort demand more promising solutions for concrete roof cooling. The existing methods 

provide significant reduction in roof temperature. However, their disadvantages limit their use in real time 

applications. Pulsating heat pipe is suggested as a promising solution for concrete roof cooling as it relies 

on boiling and condensation for its operation. More research has to be performed on PHP before it is 

applied on a real concrete roof.  
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