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Abstract: Heat storage technology is one of the key technologies in the field of solar thermal power generation and co-
generation. It uses heat storage materials as the media to store solar thermal energy, industrial waste heat, low-grade 
waste heat and other kinds of thermal energy, and release it when needed, so as to solve the mismatch between energy 
supply and demand. This paper introduces the classification and characteristics of heat storage technology, analyzes the 
research progress of heat storage technology in the fields of solar thermal power generation, heat storage materials and 
industrial drying, and forecasts the development trend of heat storage technology in the future. The results indicate that 
heat storage technology is beneficial to improve industrial production efficiency, broaden industrial energy conservation 
and emission reduction ideas, and has a great application prospect under the continuous improvement of practitioners 
with innovative spirit. 
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1. Adjustment and optimization of 
solar thermal storage technology 
under the demand of solar thermal 
power generation 
1.1 Requirements introduction 

Solar thermal power generation technology was 
faced with the problem that the output of electric energy 
cannot be produced continuously and steadily from 
the beginning of the application. And this is because of 
the intermittent and unsteady solar irradiance. The situa-
tion was initially improved with a two-tank heat storage 
scheme which is mainly composed of a cold tank and a 
heat tank through a simple endothermic and exothermic 

cycle. Although most solar thermal power generation and 
heat storage systems have adopted this solution up to 
now, both tanks are required to have the capacity to pro-
vide storage space for the entire medium, which results 
in producing some empty unused volume in the tank 
during operation, and the high cost caused by structural 
waste is one of the obstacles to the replacement of ther-
mal power model[1]. 

1.2 Solutions 

To solve this problem, an improved scheme com-
bining single-tank heat storage with solar energy-assisted 
coal-fired power stations is proposed. Compared with the 
double-tank technology, it does not need to add circula-
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tion pump and nitrogen protection device in the heat 
storage medium, which greatly simplifies the structure 
and reduces the cost. Especially for the double-tank heat 
storage system of oil-salt heat exchanger, the advantages 
of a single tank system of the same size are apparent. 

1.3 Single-tank thermocline theory 

The single-tank heat storage technology is based on 
the theory of the inclined temperature layer. It can get the 
heat moved from the end of endothermic to the end of 
exothermic by controlling the movement of the inclined 
temperature layer. In order to improve the effect of the 
inclined temperature layer, the tank should be filled with 
porous media, and the single-tank in-
clined-temperature-layer system can be divided into two 
types: the direct contact system and the indirect contact 
system. 

Several researches have been done on single-tank 
heat storage system at home and abroad. Some of the 
conclusions are as follows: refractory ceramics should be 
selected as solid materials for heat storage; The experi-
mental results of Laing et al. show that metal debris 
can be added into the heat transfer medium for enhanced 
heat transfer. The CFD numerical simulation method of 
Han Jingxiao et al. shows that the plate heat storage 
structure has obvious comprehensive advantages, the 
mass flow rate in the heat storage structure, the Height 
and cross-sectional area of the heat storage unit have 
great influence on the heat storage performance[2]. 

Recent innovations in the field of medium and low 
temperature heat storage include, but are not limited to, 
the above contents. It can be seen that with the maturity 
of the technology, researchers in the field of large-scale 
solar power generation are more focused on the innova-
tive research of single-tank heat. 

2. Research achievements of low 
temperature heat storage materials 

The functional thermal fluid is a new material for 
heat storage and transfer, and its application research is 
in the ascendant in developed countries. Latent function-
al heat fluid is a kind of multiphase fluid which is com-
posed of single phase heat transfer fluid and phase 
change microcapsule. Compared with the ordinary sin-
gle-phase heat transfer fluid, the apparent specific heat 
capacity of the heat transfer medium can be greatly in-

creased in the phase transition zone, which can theoreti-
cally enhance the heat transfer. 

Some functional thermal fluids mixed by ordinary 
materials have become the research focus in the field of 
thermal energy storage in some developed countries such 
as the United States, Japan and Germany. These materi-
als usually have the following characteristics: high heat 
storage density, high heat transfer rate, wide application 
temperature range, heat storage, heat transfer process 
heat loss is small. They can reduce the size of the heat 
exchanger and the corresponding pipeline and can be 
divided into five types: ice-water mixture, latent heat 
microemulsion, latent heat seal packaging material, 
cage-type inclusion compound, and shaped phase change 
heat storage material[3]. 

The potential applications of functional thermal 
fluids are wide ranging, but they mainly focus on the 
areas of building heating, hot water supply, air condi-
tioning systems and other energy storage. With the 
deepening of the research, its application is developing to 
a wide range and depth, which is worthy of attention 
researchers in the field of energy storage in China. 

2.1 Cross-season heat storage technology 

And there is a long-term heat storage area for the 
collection of heat in spring, summer and autumn for 
winter heating. Compared with short-term heat storage, it 
needs to improve the system’s ability of long-term and 
stable heat storage. Solar Energy inter-seasonal heat 
storage technology mainly includes sensible heat storage, 
latent heat storage and thermal chemical heat storage, 
among which sensible heat storage technology has been 
widely used, it can be divided into four types: water tank 
heat storage, rock heat storage, buried pipe heat storage, 
and underground aquifer heat storage. Zhao Xuan et al. 
summarized the achievements in the field of sensible 
heat storage in recent years[4]. 

2.2 Buried pipe system is a widely used and 
feasible choice 

It can store heat in the stable shallow surface, and it 
is also an excellent heat and cold source of soil coupled 
heat pump. The study of this system should pay attention 
to the influence of different layout structure and soil en-
vironment on heat storage efficiency. 

Basing on the principle of linear heat source and 
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energy conservation, Yan Lijun et al. derived the expres-
sion of heat action radius in a certain error range, and 
studied the temperature variation characteristics of soil 
around u-tube with constant inlet temperature and varia-
ble heat flow boundary by numerical simulation[5]. 

The thermal stratification and thermal insulation 
material of the thermal storage tank are the research 
hotspots. The experimental results show that the seasonal 
thermal storage efficiency of the system reached about 
60% from 1997 to 2003[6]. 

3. Technology optimization of low 
temperature heat storage under 
industrial drying demand 
3.1 An improved case based on drying de-
mand 

In the field of food processing and wood supply in-
dustry, drying process is very important and can not be 
neglected. However, the traditional electric heating dry-
ing and air supply drying methods often need a lot of 
energy. Especially in the field of wood processing, dry-
ing is becoming the most energy-consuming process. The 
solar drying and heat pump drying methods have solved 
this problem. Researchers at home and abroad have car-
ried out a large number of studies, of which the phase 
change heat storage research is more in-depth and ma-
ture. 

The application of phase change material (PCM) 
has greatly improved the energy-saving efficiency of the 
system. Wang Jianfeng et al. compared the efficiency of 
heat storage with drying system and the efficient of sys-
tems without drying system, and found that phase change 
material (PCM) can save at least 20% energy than the 
original system in the later stage of drying[7]. Gan Xuefei 
et al. have carried out systematic experiments to compare 
the effectiveness of paraffin heat storage systems in dif-
ferent weather conditions[8]. 

In the field of solar drying, most of the heat storage 
systems researches are based on phase change heat stor-
age technique. Considering the need for temperature and 
cost saving, the most widely used heat storage medium is 
paraffin, and many heat storage devices which are based 
on this medium have been developed at home and 
abroad. 

Feng Xiaojiang et al. developed a set of heat storage 

device for wood drying, using solar energy for energy 
supplying, storing heat in a heat storage system when the 
sunshine is plenty[9]. Huang Jijie et al. developed a dryer, 
The heat storage structure is a box structure with heat 
conducting copper pipes in it, and the paraffin is filled in 
the gap as a heat storage material[10]. 

The heat storage tank, a relatively basic heat storage 
device, has also been quite innovated in the industrial 
drying field. Zhang Li et al. (solar energy water source 
heat pump drying system) has developed a combined 
drying system of solar energy and heat pump. The heat 
storage tank, which is essentially a heat exchanger, is 
selected for heat storage. However, the heat storage tank 
is innovatively upgraded into a low-temperature water 
tank and a high-temperature water tank. In addition, a 
part of the hot water in the heat storage tank is used for 
heating the refrigerants of the air source heat pump, 
which makes the system far more effective than heating 
with air[11]. 

3.2 Summary of improvement ideas 

The essence of industrial drying determines that it 
has higher requirements for heat storage craft. Recent 
innovations in this field for heat storage systems in-
clude but not limited to the above contents. As can be 
seen from the above examples, thermal storage systems 
are improved to match the function of the whole drying 
system, which is the criterion of the thermal storage sys-
tem and even most of the science and technology. 

4. Conclusion 
After carding the research results and technical in-

novation of heat storage technology under various indus-
trial demands, we can draw the conclusion that the heat 
storage technology is becoming increasingly mature. It 
can be seen that different emphasis on heat storage 
methods combined with the use of the environment there 
will be a variety of technological innovation when dif-
ferent emphasis on heat storage methods are combined 
with the use of the environment. 

However, the main problems in the field of 
low-temperature heat storage now is still how to further 
improve the heat storage efficiency, and how to improve 
the efficiency while reducing the cost as much as possi-
ble. The above examples of innovation coalesced with 
the actual industrial requirements also provide inspira-



 

30 | Zhenrui Zhang Progress in Energy & Fuels 

tion for further research. And it is the knowledge of tank 
design for the inclined temperature layer that makes the 
heat storage technology in this field mature. 
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