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Abstract 

With the continuous advancement of industrialized modernization, the consumption of 
fossil energy is increasing, and the demand for renewable energy is increasing. In recent 
decades, geothermal energy has attracted much attention due to its sustainable, safe and 
environmentally friendly characteristics.This paper introduces the ground-source heat 
pump technology based on shallow geothermal energy and its research status in China , 
and looks forward to it. 
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1. Introduction 

Energy is a necessary condition for human beings to survive, and it is also the material basis for the 

development and progress of human civilization and the prosperity and development of a country. At 

present, global environmental problems are increasingly prominent, and fossil energy consumption 

is intensifying, and people's exploration of renewable and environmentally friendly energy sources 

has sprung up. Globally, geothermal energy is still considered as a "niche" energy source, but due to 

its unique advantages, the industry has great expectations for the development potential of geothermal 

energy. 

Geothermal energy is the heat generated by the decay of radioisotopes in the deep part of the earth, 

and a small amount comes from the sun. The ground source heat pump system uses shallow 

geothermal energy stored below the ground to a depth of 200m, and the temperature is generally 

lower than 25℃. It realizes the transfer of low-grade thermal energy (including surface water, 

groundwater, and soil energy) to high-grade thermal energy by inputting a small amount of electricity. 

2. Development of ground source heat pump 

The ground source heat pump system is a shallow geothermal energy utilization technology. The 

concept of "geothermal source heat pump" was first proposed by the Swiss H.zoelly. The first ground 

source heat pump system was completed in Oregon in the United States in 1946. It was not promoted 

until the ground source heat pump was rapidly developed in the 1970s due to the impact of energy 

and environmental issues. By the late 1980s, the ground source heat pump technology had matured, 

and more and more attention had been paid to environmental impact issues. The production of ground 

source heat pumps is gradually increasing, and the annual increase rate in Switzerland and Sweden 

exceeds 10%. The ground source heat pump in the United States has developed rapidly and has 

become the number one country in the world in the production and use of ground source heat pumps. 

China's ground-source heat pump technology started late in the 1980s at Tianjin University and 

Tianjin Business School, and began to be popularized in the 1990s. After entering the 21st century, 

the application of ground-source heat pumps has blossomed rapidly. From 2000 to 2003, an average 

of 71.25 patents were obtained each year. As of the end of 2009, China's total engineering area 
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reached 139 million square meters, and by the end of 2015, the heating and cooling area reached 392 

million square meters. As of 2016, China's applied building area has reached 478 million square 

meters. At the end of 2017, the installed capacity of ground-source heat pumps ranked first in the 

world, and the heating and cooling area has exceeded 500 million square meters. According to the 

geothermal energy development and utilization plan in the "Thirteenth Five-Year Plan", by 2020, the 

area of ground-source heat pumps that use shallow geothermal energy will reach 1.122 billion square 

meters [1]. 

3. The classification of traditional ground source heat pump and its research 

status 

According to the different heat exchange media, the traditional ground source heat pump can be 

divided into three types: surface water source heat pump, groundwater source heat pump, and ground 

source heat pump. 

3.1  Surface water source heat pump system 

The surface water source heat pump system uses water sources on the earth's surface such as river 

water, lake water, sea water, sewage, industrial wastewater, etc. as low-grade heat sources. Hou 

Longyu and others analyzed the actual operation of 12 surface water source heat pump systems in 

Chongqing and found that refrigeration in summer at the time, the average COP of the system is 3.53, 

and the heating condition in winter is about 3.28, which has good adaptability [2]. Compared with 

groundwater source heat pump systems and ground source heat pump systems, this system has the 

smallest footprint and high heat exchange capacity. It is suitable for areas with large surface water 

bodies and depths, high surface water flow and velocity, and stable flow rates. However, this type of 

heat pump has a large regional limitation, is easily affected by the hydrological environment, has 

large temperature fluctuations, and is easy to scale the heat exchange equipment, resulting in a short 

life.The form of surface water heat exchange system can be divided into open surface water heat 

exchange system and closed surface water heat exchange system. 1) The open surface water heat 

exchange system is a system that passes the water intake through simple sewage filtration, and then 

sends the treated surface water directly to the heat pump unit or through an intermediate heat 

exchanger under the drive of a circulating pump; 2) Closed surface water heat exchange system is to 

place the closed heat exchange coil directly into the surface water with a certain depth, and the heat 

transfer medium and surface water exchange heat. The research of surface water source heat pump is 

mainly as follows: 

3.1.1 Study of surface water temperature 

Surface water temperature fluctuates greatly due to the influence of climatic conditions, flow and 

other factors, and surface water temperature plays a key role in the feasibility and economics of the 

system. However, the current water temperature data in various regions are not yet complete. Actually, 

the water temperature is usually predicted by actual measurements or models. The Chinese Academy 

of Building Sciences used TRNSYS to establish a model of the average temperature change of the 

water body throughout the year based on different meteorological conditions; Zhao Jian et al. Used 

mathematical calculations to establish a surface water source heat pump temperature model. 

3.1.2 Research on the Control Strategy of Dynamic Water Intake Temperature Difference 

The traditional research on water temperature difference is usually carried out under the condition of 

constant water temperature. Wang Zuolin et al. carried out continuous observation on the water 

temperature in the Hongyadong area of the Chongqing section of the Jialing River and found that the 

temperature change within a single day is small, usually less than 1 ° C, which can be ignored, but 

the temperature fluctuates throughout the year, the lowest is lower than 10 ℃, the highest can reach 

30 ℃ ;so often the traditional static water temperature difference cannot meet the load demand of the 

building when the water temperature is unfavorable, and the operating energy will be wasted when 

the water temperature is favorable; Wang Zuolin, etc. divided the water temperature of the river water 
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into three phases during the cooling period, and took different water temperature differences and 

compared them with traditional static water temperature differences. It was found that the dynamic 

water temperature difference during the cooling period saves 3% of energy compared to the static 

water temperature difference. The maximum energy saving rate per day is 12.87% [3].Xie Wenli et 

al. used programming software combined with energy efficiency mathematical models to perform 

simplified calculations on the energy efficiency of surface water source heat pump energy utilization 

systems in winter and summer. Based on the calculated output data and three-dimensional graphs, the 

analysis and research were conducted, and the maximum temperature difference corresponding to the 

highest energy efficiency ratio EER at different water temperatures was obtained by using the 

maximum statement of the programming software. 

3.1.3 Research on design optimization of heat exchangers 

There are many factors involved in the design of heat exchangers and they affect each other. The 

optimization of heat exchanger design has always been a research hotspot. Shi Zhigang and others 

made a design analysis of the heat exchanger with a capillary tube as the surface water source heat 

pump by establishing a mathematical model and a large number of calculations. They gave line 

diagrams in different situations and pointed out that the main factor affecting its efficiency is the flow 

rate and tube length of the heat transfer medium in the capillary tube. Sun Fujie et al. Established a 

simplified capillary heat transfer model and used a linear weighting method to convert the multi-

objective optimization problem into a single-objective optimization solution, which provided new 

ideas for the design and optimization of heat exchangers; Zhang Hongtao Et al. Through numerical 

simulations obtained through numerical simulation that a capillary heat exchanger was used as the 

surface water source heat pump at the front end of the coastal shoal. The heat exchange effect was 

good at 125W / ㎡ in summer and 100W / ㎡ in winter. The flow velocity in the tube was 0.05-0.15m 

/ s is more appropriate; Wu Shuang et al. Experimentally explored the effects of cooling and chilled 

water flow on heat transfer performance and system energy efficiency. 

3.2 Groundwater source heat pump system 

The groundwater source heat pump system is mainly limited by the following conditions in practical 

application: 1) whether there are abundant groundwater resources. According to the project, the 

amount of groundwater required for an air-conditioning area of 10,000 square meters is 120 m³/h, 

and the recommended groundwater flow rate is 0.027—0.054(L/S)/KW; 2) Whether the aquifer burial 

depth is economical, if the burial depth is large, not only the initial investment is large, and the 

operating cost of the pump is also high 3) to ensure recharge, the system can only use groundwater 

The shallow geothermal energy contained in the medium cannot consume and pollute the 

groundwater resources. After the heat exchange, the effect of recharge must be guaranteed, including 

the amount of recharge and the depth of recharge. At present, the commonly used recharge methods 

include vacuum recharge, gravity recharge and pressure recharge. The pumping efficiency of the 

pumping well determines the performance of the system and the recharge efficiency of the refilling 

well determines the protection of groundwater resources. 1) 2) Two points are the key factors for the 

availability of groundwater source heat pump systems, and 3) are the technical problems to be solved. 

3.2.1 Groundwater recharge 

The rate of groundwater recharge is generally lower than the extraction rate, and the smaller the gravel 

in the aquifer, the more difficult it is to recharge. The irrigation and pumping ratio of fine gravel 

aquifers is usually only 30% -50%, while the irrigation and pumping ratio of coarse gravel aquifers 

can reach more than 80%.But due to water hill phenomenon, corrosion, blockage of recharge wells, 

etc., the irrigation and pumping ratio often decreases year by year, which causes the groundwater 

level to fall year by year. Zhang Fengzhi et al. Used Visual Modflow software to simulate 

groundwater level changes and predict the future dynamics of groundwater. It provides a theoretical 

basis for the evaluation of groundwater quality and quantity. In practice, the traditional one-pump 

and one-irrigation cannot meet the demand very well. The pumping and irrigation wells will adopt a 

1: 2 mode or even a multi-irrigation mode [4]. 
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3.2.2 Thermal penetration of pumping and irrigation wells 

Due to the unreasonable layout or improper management of pumping and irrigation wells, the 

underground temperature field may interfere with each other with the operation of the system, leading 

to problems such as cold and heat imbalance, thermal penetration, and water quality deterioration. 

Zhou Qiang et al. Used FLOW HEAT to simulate the groundwater source heat pump with multiple 

pumping well groups and optimized the layout of the well groups; Xu Yuliang and others established 

a three-dimensional model of groundwater source heat pump pumping and irrigation systems to 

simulate different pumping and irrigation arrangements. The geothermal field and heat transfer of 

different pumping and irrigation arrangements were simulated, and the layout of pumping and 

irrigation wells was optimized based on the time and extent of thermal penetration; Wang Yang et al. 

Based on the actual test data of a groundwater source heat pump system project that has been built 

and put into operation, using The FEFLOW software simulates the changes in the ground temperature 

field of the 10a energy harvesting area of the project. In view of the imbalance of cold and heat loads 

and long-term operation that may cause thermal break-through, the system's operating strategy is 

optimized. 

3.3 Ground source heat pump system 

The ground source heat pump system is also known as a buried pipe ground source heat pump system, 

a soil coupled heat pump system, etc. It uses the earth as a heat source or heat sink. Its research 

focuses on the following points: 

3.3.1 Optimization of heat transfer performance of buried pipes 

The heat transfer between the buried tube heat exchanger and the soil is a non-steady-state, infinitely 

large area heat transfer. Various factors affect each other. The heat transfer process is complex, and 

its heat transfer performance is the key to the ground source heat pump system. Research on heat 

transfer of buried pipes has always been a key and difficult point. Jia Junchong et al. Used the BBD 

test design to analyze the response surface to obtain the optimal buried pipe design scheme and 

compared with the parameters of an actual engineering project to find that the heat transfer effect was 

improved by 32.08%; Zhou Yingying et al. Used Monte Carlo stochastic simulation method to 

optimize the drilling length by taking the ground source heat pump system project of a villa in 

Shandong Jimo as an example; Wei Junhui and others analyzed the differences between the five types 

of typical civil buildings in Beijing in the six types of typical stratigraphic environments using the 

one-meter heat transfer method design and the GLD system numerical simulation method design; 

Wang Junqing et al. Established an analytical-numerical well group heat transfer model and analyzed 

the mutual interference between well groups; Liu Yi and others verified the numerical calculation 

three-dimensional model based on the actual engineering test data, and simulated and analyzed the 

effect of seepage on the heat transfer of the system and the surrounding rock and soil temperature 

changes during continuous operation for one week under heating conditions. Compared with non-

seepage in winter, permeate heat transfer per unit depth of the well increased by 33.4% and heat 

exchange efficiency increased by 32.5% [5].Wang Yang et al. Established a three-dimensional tube 

group heat transfer model based on an actual buried tube ground source heat pump test site in 

Shanghai, and analyzed the influence of factors such as the structure of the buried tube, the fluid in 

the tube, the layout and operation mode of the tube on heat transfer performance. 

3.3.2 Research on Underground Thermal Equilibrium  

The ground source heat pump system cannot extract energy from the soil without limit. The essence 

is to use the underground soil as a large heat storage body. It absorbs heat from it in winter and 

releases heat to it in summer, so it maintains balance throughout the year. However, in some areas, 

the absorption and release are not balanced, and the soil temperature increases or decreases year by 

year, which causes the system efficiency to decline or even fail to operate. Therefore, the research on 

the underground heat balance is particularly important. Zhang Yujin and others combined the building 

dynamic load, the buried tube heat exchanger model, the unit model, and the pump model into a 

complete set of soil-source heat pump systems through APDL programming. The problem of soil 
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cold accumulation after 10 years of continuous operation of the heat pump was analyzed. It shows 

that the cold accumulation rate of soil within 5m of the buried pipe is 0.27°C per year [6]. Most of 

the problems of cold and heat imbalance are compensated for cold (heat) with auxiliary heat sources 

or adjusted by starting and stopping. Bai Li et al. Studied the continuous operation data of a soil 

source heat pump system in Changchun from 2014 to 2017 and found that the area compensation 

method can alleviate the cold accumulation problem in cold regions. The ratio of ground source heat 

pump heating to cooling area is (1: 1.789), and the soil temperature change is controlled within ± 0.5 ° 

C, and the effect is good[7]. 

3.3.3 Research on System Operation Strategy 

The system's good operation strategy can not only save energy and improve the energy efficiency 

ratio of the system, but also improve the soil thermal imbalance problem to a certain extent. Feng 

Yangjie and others conducted experiments on the system's sub-regional operation and found that 

under the condition of meeting the load, opening part of the buried pipe area not only has obvious 

energy-saving effect but also benefits soil temperature recovery, thereby improving the efficiency of 

the entire system. Wang Liang et al. used a buried pipe heat transfer model and a variable-frequency 

pump energy model to simulate and analyze the zoning operation strategies under different load rates, 

different time periods, and different outlet temperatures. Its energy-saving rate is about 20%, which 

is better than the energy-saving effect of the ground-source variable measurement flow operation 

strategy [8]. 

4. Composite ground source heat pump system and its research status 

Because the above-mentioned single-source ground-source heat pump system has many limitations, 

the composite ground-source heat pump system can not only alleviate the problem of underground 

soil cold and heat imbalance, but also has good economic and social benefits. Therefore, the research 

of composite ground source heat pump systems has developed rapidly in recent years. Common 

auxiliary equipment of composite ground source heat pumps are: cooling towers, solar collectors, gas 

boilers, etc. According to the different connection methods, it is divided into series, parallel, and 

hybrid composite ground source heat pump. 

4.1  Analysis and optimization of system operation strategy 

The composite ground source heat pump system can have multiple operation strategies according to 

the heat source utilization mode and the operation mode of the heat pump unit, and there is an optimal 

operation mode for different climates, different loads and other conditions. Tang Siyi et al. Used 

TRNSYS simulation to compare the operation modes of four solar-soil composite ground-source heat 

pumps. By analyzing the unit COP and soil temperature, they proposed that the ground-source heat 

pumps and cooling towers operate simultaneously in summer to share the cooling load, and that the 

ground-source heat pumps in the winter bear heat. The operating mode of the load has better 

performance, but its energy saving economy has not been analyzed [9].Yang Jingjing et al. Used 

TRNSYS software to simulate the control strategy of cooling tower opening in the cooling tower-soil 

source heat pump system. From the analysis of soil temperature, unit COP, system energy 

consumption, and reliability economics, a control strategy for turning on cooling towers in winter is 

recommended [10]. 

5. Outlook 

1) Innovative development in combination with new energy, such as photovoltaic energy, biomass 

energy, and wind energy; combined use with new technologies such as waste heat recovery 

technology and energy storage technology. Under the concept of green environmental protection and 

sustainable development, the development and utilization of new energy and the recycling and 

classification of energy are bound to become hotspots in future research. 
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2) For the optimization of the operation mode strategy, the quality of the operation mode can not only 

make the system more energy-saving and environmentally friendly, but also provide a guarantee for 

the system's long-term operation. Although research on the optimization of operating modes has been 

conducted, it is not yet accurate and flexible. With the forthcoming of the fourth industrial revolution, 

people will certainly study more about intelligent automation. 

3) Research on high-efficiency heat exchangers based on bionics. This kind of heat exchanger has a 

compact structure and good heat exchange performance, which has high research value. 
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