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Abstract. The purpose of the current research is to review the technologies 
of a phase change material application. The principles and peculiarities of 

the operation of a material with a phase change have been studied. 
Experimental studies conducted by Nan Yu, Chao Chen, Khamid 
Mahkamov, Irina Makhkamova, Qiong Li and Jing Ma based on the method 
of curing of precast concrete elements under fallow have been described. 
The research methodology proves the effectiveness of the application of 
materials of this kind in the construction industry. The options for using wall 
panels with a phase change material inside the construction have been 
considered. The study of the wall model with a phase change material 

namely paraffin in the enclosing structure conducted by such author as 
Babaev B.D. is presented. The calculation method for the system introduced 
by the researcher for assessing the effectiveness of passive heating obtained 
from the original construction has been studied. A comparative analysis of 
constructions with heat-retaining materials such as a building envelope with 
a phase change material and a concrete floor was carried out. A method of 
climate forecasting that makes it possible to choose the most rational passive 
strategy for the future use has been studied. The possibilities of using 
bioclimatic maps and the Givoni’s chart for analyzing weather conditions 

and evaluating the efficiency of using a particular energy-efficiency system 
have been considered.  

1 Introduction 

The amount of energy consumed in buildings appears to be a significant problem for both 

developed and developing countries. There is an opportunity to reduce these figures due to 

passive designs that aim at the rational consumption of energy and obtaining it from the 
outside using solar radiation and various energy conversion devices. A great deal of 

researches has been carried out on the topic, but since these studies have appeared relatively 

recently many aspects of energy-efficient technologies in construction require further study 

and development. Energy efficiency is closely related to the study of microclimate 
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maintenance systems [1–4], building thermal physics [5–9] and architectural and planning 

solutions [10–12]. 

2 The application of wall panels with phase change heat-

retaining material 

In his study, Babaev B.D. has considered a model of a wall with a double translucent coating, 

a heat-retaining wall, a phase-change heat-retaining material namely paraffin and an inner 

flat wall with a capacitive heat-retaining material (Fig. 1) [13]. 

 

 

Fig. 1. A wall panel with phase-change heat-retaining material according to the data of Babaev B. D. 
a) Cross section; b) General view [13]. 

The principle of the operation of the construction is as follows: solar energy penetrates 

through a transparent double coating and reaches a heat-retaining wall with a phase change 

heat-retaining material. To increase the thermal conductivity in the latter, high thermally 

conductive inclusives are installed. The heat-retaining wall is heated due to the melting of a 

phase change heat-retaining material, which makes warm air rise along the channels and 

penetrate through the hole into the room. Cold air permeates through an inlet at floor level 
into the construction. In this way the room is heated. When the temperature exceeds the 

permissible value, the dampers close and warm air is simply accumulated for further heating. 

The temperature is controlled by the degree of dampers closure [13]. 

To conduct a comparative analysis of the proposed panel and the model in which the 

concrete floor acts as a heat-retaining substance, it is necessary to calculate the area of the 

sun-catching glazed surface, the area of the wall panel and the volume of a phase change 

heat-retaining material required for efficient passive heating of a room with an area of 40 m2 

for the southern regions of Russia at a temperature of 0...2°С [13]. 
The total volume of concrete elements is calculated with the formula [13]: 
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where 
,,

concrete
C

– is a specific thermal capacity, W·h/(m3·°C); C – is a total thermal 

capacity per 1 m2   of sun-catching glazed surface, W·h/(m3·°С); glazingA
– is a glazed area, 

m2. 

The temperature rise of the accumulating elements is found by the formula [13]: 
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where absorbed
Q  – the amount of absorbed energy, J. 

The amount of absorbed energy can be determined by the formula [13]: 
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where V  – is a volume of heat-retaining material, m3; 
s
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 – a specific thermal 

capacity of a phase change heat-retaining material in solid and liquid state, respectively, 

W/(m3·°C); m
H – is an enthalpy of fusion of a phase change heat-retaining material, J. 

The volume of paraffin can be found by the formula [13]: 
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After the calculations are performed, it becomes clear that the proposed wall panel with 

paraffin will reduce heat losses, whereas the presence of a phase change will help protect the 

building from overheating. Thus, the use of a phase change heat-retaining material is a fairly 

effective and efficient solution in passive heating [13]. 

3 Experimental studies of phase change materials 

Such researchers as Nan Yu, Chao Chen, Khamid Mahkamov, Irina Makhkamova, Qiong Li 

and Jing Ma have considered the possibility of using building elements with a phase change 

as an energy-efficient and environmentally friendly building heating construction [14]. 

The method of curing elements from prefabricated reinforced concrete under fallow was 

taken as a basis. The process consists of four stages: static phase, heating, maintaining a 

constant temperature and cooling. The essence of modeling is the division of the building 

space into energy zones, the compilation and solution of energy balance equations that take 

into account energy input from various sources, air and moisture transfer and heat losses [14]. 

Figure 2 shows the design scheme that was incorporated into EnergyPlus [14]. 
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Fig. 2. Calculation scheme of heating & curing building in EnergyPlus according to the data of N. 
Yu, Ch. Chen, K. Mahkamov, I. Makhkamova, Q. Li, J. Ma [14]. 

Using the software, conductive, convective and radiative heat transfer have been 

calculated. The energy balance method was applied to calculate the heat load of the building. 

To model moisture transfer, correlations of heat and mass transfer were used [14]. 

Two approximately similar designs took part in the experiment (Fig. 3). They were built 

in 1:3 scale of the same size in Jixian County. The north wall is made of a block brick with 

an expanded polystyrene board on the outside; the east and west walls are made of 

polystyrene boards. The roof is sloping and transparent and contains insulation which is laid 

from 10:00 to 17:00 [14]. 
 

 

Fig. 3. Experimental test bench (layout plan) according to the data of N. Yu, Ch. Chen, K. 
Mahkamov, I. Makhkamova, Q. Li, J. Ma [14]. 

Having analyzed monthly heat load of the building for curing and changing temperature 

of the wall with PCM, we may come to the conclusion that the wall temperature should be at 

least 2-3 °C higher than the air temperature in the room. This will enable us to achieve greater 

efficiency [14]. 
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For comparison, the authors chose two types of PCM - GH-33 and GH-37. In order to 

identify the most efficient PCM, it is necessary to take into account the temperature and 

enthalpy of phase changes, the temperature at the interface between the structure, the PCM 

and the wall [14]. 

The comparison results are shown in Figure 4 [14]. 

 

Fig. 4. The thermal state of the PCM layer between the inner surface according to the data of N. Yu, 
Ch. Chen, K. Mahkamov, I. Makhkamova, Q. Li, J. Ma [14]. 

Based on the study, it can be concluded that the use of composite panels with PCM is 

quite rational and can lead to energy savings. When comparing the two models, the GH-37 
panel appeared to be more effective. The method of choosing material for this type of heating 

needs to be improved and requires thorough consideration of additional parameters [14]. 

4 Prediction of global warming and its impact on energy 

savings 

Such author as Yusuf Yildiz proposes to consider passive strategies for a climate that has 
been changing over time, to determine their potential and expediency of use by the example 

of Turkish cities [15]. 

The study is divided into four stages: determining the climate of the cities; climate change 

generating in the near future; selecting bioclimatic maps; researching and analyzing passive 

strategy based on thermal comfort [15]. 

To generate climate change, the TMY2 hourly weather code from 1961 to 1990 was taken. 

Six weather scenarios were foreseen. They formed the basis for calculating climate change. 

HadCM3-A2 was used as a script generator. The time interval was 2020, 2050, 2080. Figure 

5 demonstrates the generated scenarios for the selected time intervals [15]. 
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Fig. 5. Monthly relative humidity, temperature and direct solar radiation for the present, 2020s, 2050s 
and 2080s in Izmir and Istanbul according to the data of Y. Yildiz [15]. 

It can be seen from the graphs that the average annual temperature will increase by 

approximately 4 °С, 5 °С, 4 °С; solar radiation will increase by 5 %, 7 %, 9 %; relative 

humidity will decrease by 10 %, 10 %, 12 % [15]. 
Bioclimatic maps are the important elements of the research. Due to them, thermal comfort 

can be assessed. The Givoni diagram was based on the prevailing external climatic 

conditions. Afterwards, it has been expanded. The scheme obtained was combined with 

passive heating strategies. This made it possible to define the boundaries of the rational use 

of the particular “passive tool” [15]. 

Based on the results in Istanbul, the need for additional heating decreases over time. The 

efficiency of solar heating increases from 10.7 % to 15.5 % over time. It has proved to be the 

most effective strategy until 2050, since thermal comfort is improved by 17.4 % [15]. 

The Izmir data analysis revealed good potential for using passive systems for both heating 

and cooling. Although thermal comfort zone decreases over time, it amounts to 31.0 % – 33.9 

%, which is still larger than in other cities [15]. 

Based on the data obtained, it is possible to find a more effective solution for the particular 
region. 

5 Conclusion 

In current research, the computational methods for constructions with phase change materials 

proposed by the authors Nan Yu, Chao Chen, Kha-mid Mahkamov, Irina Makhkamova, 

Qiong Li, Jing Ma and B.D. Babaev have been considered. The results show that the 

computation systems appear to be quite efficient. The issue of global warming and weather 

scenarios forecast has been studied based on the research of Yusuf Yildiz. 
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