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Abstract 

Solar energy is a clean and renewable energy for building heating, it is an environmentally friendly technology which can 
effectively reduce building energy consumption. However, so-lar energy has the characteristics of low distribution density, 
discontinuity and instability due to the changeable weather condition, moreover, there is a contradiction in time between the 
building heating demand in night and the solar energy collection in day. Therefore, a cascade utilization of solar energy with solar 
heat collection process, phase change heat storage process and capillary radiation heating process is presented in this study. Firstly, 
a low temperature phase change material is tested and used as an energy storage pool, secondly, the capillary radiation heating is 
adopted as the terminal heating mode due to its features of low temperature operation mode, large heat transfer area and higher
thermal comfort, finally, the performance of the system is calculated and analyzed. The results show that the cascade utilization of 
solar energy system can store and transfer solar energy from day to night, and it has higher efficiency compared with traditional 
heat sink mode. 
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1. Introduction 

Building energy consumption in China's total energy consumption accounted for the proportion has reached 27.6% 
[1], among them, the building heating, air conditioning and hot water on the building energy consumption contribution 
ratio is up to 60%, while in northern China, the building heating energy accounted for 40% of the total building energy 
consumption [2]. Solar energy is a clean renewable energy, since 2005, the solar hot water use in the EU countries 
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grows rapidly [3]. In 2010, as a key development industry of new energy industry, the so-lar thermal utilization is 
listed as one of China's seven strategic industries, in 2015, the nation-al solar energy area reached 400 million square 
meters, and the solar thermal utilization ac-counted for 10% of renewable energy [4]. 

According to the building thermal zoning map of China shown in Fig.1(a), most of land is in the cold or severe cold 
area which the building must be heated in winter, on the other hand, according to the solar radiation distribution in 
China shown in Fig.1(b), the solar radiation re-sources distribution in these areas is relatively rich, the average annual 
sunshine hours are generally more than 3000 hours, and the total annual radiation is more than 5800 MJ / m2, there-
fore, the solar energy application potential is obviously broad [5]. However, the distribution of solar energy density is 
low due to the earth's rotation and climate change, the solar radiation is discontinuous and the radiation intensity is not 
stable. More importantly, the temperature difference between indoor and outdoor in the cold area is relatively high, 
the heating demand in night is higher while the solar radiation is zero in night. Thus, the time lag and contradiction 
between solar energy acquisition in day and solar energy use in night must be solved so that the solar energy can use 
adequately. Moreover, the commercial application of solar hot water widely used in the cold area can easily obtain the 
hot water with temperature of about 60 ℃, it is sufficient to use directly for bath and clean water, however, the 
temperature is lower for traditional heating mode and the solar energy is unstable due to the climate factor. As 
mentioned above, in order to use solar energy adequately in building heating, the solar energy collection process, the 
solar energy heat storage process and the terminal energy supply process should be redesigned with suitable heat 
transfer temperature difference. 

     
(a) Building thermal zoning map of China    (b) Solar radiation distribution in China 

Fig. 1. The thermal zoning map and solar radiation distribution in China 

2. Method 

According to the features of solar radiation and the requirements of building heating, the schematic of cascade heat 
utilization of solar energy is presented in Fig.2. 

The solar radiation is easily affected by the climate and air quality, in solar energy collection process, the 
temperature of any heat transfer medium always showing a state of instability and volatility. Taking Xi'an China as an 
example, Fig.3 shows the annual variation of total solar radiation distribution in Xi’an [5] and the test data of average 
temperature of a solar energy tank with vacuum tube solar collectors. Although the solar radiation is unstable and 
fluctuating, the solar collectors can obtain hot water with temperature of 50-65 °C in winter. As a result, the solar 
energy should be collected and stored with low temperature phase change material as a stable energy pool in order to 
use in night. Furthermore, the radiation heating of capillary network was choosing for terminal energy supply mode 
according to both the low temperature storage mode and the merits of capillary network with low temperature operation 
mode, large heat transfer area and higher thermal comfort. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2017.10.075&domain=pdf


 Zanshe Wang  et al. / Procedia Engineering 205 (2017) 2266–2272 2267

 

Available online at www.sciencedirect.com

ScienceDirect 
Procedia Engineering 00 (2017) 000–000 

 www.elsevier.com/locate/procedia

 

1877-7058 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 10th International Symposium on Heating, Ventilation and Air Conditioning.

10th International Symposium on Heating, Ventilation and Air Conditioning, ISHVAC2017, 19-
22 October 2017, Jinan, China 

Analysis on Cascade Heat Utilization of Solar Energy in Building 
Heating Based on Phase Change Thermal Storage 

Zanshe Wang *, Lisheng Yang, Juntao Hu, and Zhaolin Gu 
Institute of Building Technology and Built Environment, Xi'an Jiaotong University, Xi'an, China 710049 

Abstract 

Solar energy is a clean and renewable energy for building heating, it is an environmentally friendly technology which can 
effectively reduce building energy consumption. However, so-lar energy has the characteristics of low distribution density, 
discontinuity and instability due to the changeable weather condition, moreover, there is a contradiction in time between the 
building heating demand in night and the solar energy collection in day. Therefore, a cascade utilization of solar energy with solar 
heat collection process, phase change heat storage process and capillary radiation heating process is presented in this study. Firstly, 
a low temperature phase change material is tested and used as an energy storage pool, secondly, the capillary radiation heating is 
adopted as the terminal heating mode due to its features of low temperature operation mode, large heat transfer area and higher
thermal comfort, finally, the performance of the system is calculated and analyzed. The results show that the cascade utilization of 
solar energy system can store and transfer solar energy from day to night, and it has higher efficiency compared with traditional 
heat sink mode. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 10th International Symposium on Heating, Ventilation and Air
Conditioning. 

Keywords: Solar energy, Cascade utilization, PCM, Capillary radiation 

1. Introduction 

Building energy consumption in China's total energy consumption accounted for the proportion has reached 27.6% 
[1], among them, the building heating, air conditioning and hot water on the building energy consumption contribution 
ratio is up to 60%, while in northern China, the building heating energy accounted for 40% of the total building energy 
consumption [2]. Solar energy is a clean renewable energy, since 2005, the solar hot water use in the EU countries 

                                                           
* Corresponding author. Tel.: +86-29-83395100; fax: +86-29-83395100. 

E-mail address: wangzs@xjtu.edu.cn

 

Available online at www.sciencedirect.com

ScienceDirect 
Procedia Engineering 00 (2017) 000–000 

 www.elsevier.com/locate/procedia

 

1877-7058 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 10th International Symposium on Heating, Ventilation and Air Conditioning.

10th International Symposium on Heating, Ventilation and Air Conditioning, ISHVAC2017, 19-
22 October 2017, Jinan, China 

Analysis on Cascade Heat Utilization of Solar Energy in Building 
Heating Based on Phase Change Thermal Storage 

Zanshe Wang *, Lisheng Yang, Juntao Hu, and Zhaolin Gu 
Institute of Building Technology and Built Environment, Xi'an Jiaotong University, Xi'an, China 710049 

Abstract 

Solar energy is a clean and renewable energy for building heating, it is an environmentally friendly technology which can 
effectively reduce building energy consumption. However, so-lar energy has the characteristics of low distribution density, 
discontinuity and instability due to the changeable weather condition, moreover, there is a contradiction in time between the 
building heating demand in night and the solar energy collection in day. Therefore, a cascade utilization of solar energy with solar 
heat collection process, phase change heat storage process and capillary radiation heating process is presented in this study. Firstly, 
a low temperature phase change material is tested and used as an energy storage pool, secondly, the capillary radiation heating is 
adopted as the terminal heating mode due to its features of low temperature operation mode, large heat transfer area and higher
thermal comfort, finally, the performance of the system is calculated and analyzed. The results show that the cascade utilization of 
solar energy system can store and transfer solar energy from day to night, and it has higher efficiency compared with traditional 
heat sink mode. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 10th International Symposium on Heating, Ventilation and Air
Conditioning. 

Keywords: Solar energy, Cascade utilization, PCM, Capillary radiation 

1. Introduction 

Building energy consumption in China's total energy consumption accounted for the proportion has reached 27.6% 
[1], among them, the building heating, air conditioning and hot water on the building energy consumption contribution 
ratio is up to 60%, while in northern China, the building heating energy accounted for 40% of the total building energy 
consumption [2]. Solar energy is a clean renewable energy, since 2005, the solar hot water use in the EU countries 

                                                           
* Corresponding author. Tel.: +86-29-83395100; fax: +86-29-83395100. 

E-mail address: wangzs@xjtu.edu.cn

2 Zanshe Wang et al./ Procedia Engineering 00 (2017) 000–000

grows rapidly [3]. In 2010, as a key development industry of new energy industry, the so-lar thermal utilization is 
listed as one of China's seven strategic industries, in 2015, the nation-al solar energy area reached 400 million square 
meters, and the solar thermal utilization ac-counted for 10% of renewable energy [4]. 

According to the building thermal zoning map of China shown in Fig.1(a), most of land is in the cold or severe cold 
area which the building must be heated in winter, on the other hand, according to the solar radiation distribution in 
China shown in Fig.1(b), the solar radiation re-sources distribution in these areas is relatively rich, the average annual 
sunshine hours are generally more than 3000 hours, and the total annual radiation is more than 5800 MJ / m2, there-
fore, the solar energy application potential is obviously broad [5]. However, the distribution of solar energy density is 
low due to the earth's rotation and climate change, the solar radiation is discontinuous and the radiation intensity is not 
stable. More importantly, the temperature difference between indoor and outdoor in the cold area is relatively high, 
the heating demand in night is higher while the solar radiation is zero in night. Thus, the time lag and contradiction 
between solar energy acquisition in day and solar energy use in night must be solved so that the solar energy can use 
adequately. Moreover, the commercial application of solar hot water widely used in the cold area can easily obtain the 
hot water with temperature of about 60 ℃, it is sufficient to use directly for bath and clean water, however, the 
temperature is lower for traditional heating mode and the solar energy is unstable due to the climate factor. As 
mentioned above, in order to use solar energy adequately in building heating, the solar energy collection process, the 
solar energy heat storage process and the terminal energy supply process should be redesigned with suitable heat 
transfer temperature difference. 

     
(a) Building thermal zoning map of China    (b) Solar radiation distribution in China 

Fig. 1. The thermal zoning map and solar radiation distribution in China 

2. Method 

According to the features of solar radiation and the requirements of building heating, the schematic of cascade heat 
utilization of solar energy is presented in Fig.2. 

The solar radiation is easily affected by the climate and air quality, in solar energy collection process, the 
temperature of any heat transfer medium always showing a state of instability and volatility. Taking Xi'an China as an 
example, Fig.3 shows the annual variation of total solar radiation distribution in Xi’an [5] and the test data of average 
temperature of a solar energy tank with vacuum tube solar collectors. Although the solar radiation is unstable and 
fluctuating, the solar collectors can obtain hot water with temperature of 50-65 °C in winter. As a result, the solar 
energy should be collected and stored with low temperature phase change material as a stable energy pool in order to 
use in night. Furthermore, the radiation heating of capillary network was choosing for terminal energy supply mode 
according to both the low temperature storage mode and the merits of capillary network with low temperature operation 
mode, large heat transfer area and higher thermal comfort. 



https://isiarticles.com/article/149260

