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Abstract. Geothermal water is a material widely used to provide thermal energy for heating supply 
in China. To protect the water resource, save energy and ensure the sustainable economic 
development, more attention must be paid to reach the rational utilization of the geothermal water. 
In this paper, gradient utilization of the geothermal water in Donggu area in Tianjin China is studied 
with the analysis of the heating operation case of the heating control center in Donggu. Analysis 
results show that, both the direct geothermal supply at the beginning and the end of the heating and 
the direct geothermal supply combined adjusting heat by the heat pump in the middle of the heating 
alleviate the shortage situation of the heating water source in Donggu area by the gradient 
utilization of the geothermal tail water. In this way, the stability of the heating is ensured, and it 
meets the heating temperature requirements. And the purposes of saving energy, reducing 
consumption and protecting the resources are achieved. 

Introduction 
Geothermal energy has become a kind of groundwater resource which cannot be ignored[1] and 

it has low emission and energy generation cost[2-3]. However, it is not taken from the inexhaustible. 
Generally, geothermal energy is used for electricity generation and direct usage[4-5]. Some scholars 
also found that novel cogeneration system can make the best of geothermal resources[6-9]. In this 
paper, gradient utilization of the geothermal water in Donggu area in Tianjin is studied. The heating 
system in Donggu area is divided into industrial and civil heating system. There are 9 Guantao 
geothermal wells in Donggu area, including 5 extraction wells where the water is about 70℃. Wells 
used in the heating dispatching center are three Guantao wells (1th, 5th and 9th east wells), three 
Guantao recharge wells and 6th well in Minghua town group( the water is about 39℃). At present, 
the production ability of the three Guantao wells is basically between 85 to 100 m³/h, and it is 
about 50m³/h for the 6th well in Minghua town group. That is, the total production ability of the 4 
wells is 305 to 350 m³/h. While the circulating water needed in the heating dispatching center is 
about 400 m³/h, and there is a lack of 50 to 95 m³/h water. Therefore the gradient utilization of the 
geothermal water must be taken into account. As the temperature requirements of the civil (18±2℃) 
and the industrial (16±2℃) are different, and the heating system can be divided into two levels, 
which makes the gradient utilization of the geothermal tail water feasible. 

There is a new added apartment building of 23000 square meters in the 6th area of Lanyuan in 
Donggu, and it requires to be heated in the winter. Based on the shortage of the geothermal water, a 
proposal, that changes the original wall heating method into floor heating way so that the 
geothermal water can be better used, is put forward. 

A pipeline of DN 200 is educed from the recharge pipeline of the 4th well and it is used as a 
special water resource line for the heating supply water of the apartment building. Therefore, the 
backwater of the civil system at the beginning and the end of the heating can not only fill water for 
the industrial system, but also can supply water for the new apartment building by the recirculation 
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pump. And after the heat transfer in the apartment building, the backwater recharges into the 4th 
well as the recharge water resource. 

Performance coefficient of heat pump (COP) is an index which measures the heating effect and 
power consumption of the heat-pump unit. The higher COP is, the better the heating effect is, and 
the power consumption is less. On the contrary, lower COP indicates worse heating effect and more 
power consumption. The calculation method of COP is as follows: 

COP = Q
W

                                                                   (1) 
Q = c ∙ m ∙ ∆t                                                                (2) 
∆t = t1 − t2                                                                 (3) 

where, Q is the heating effect of pump, w; W represents the power consumption of pump, w; C 
refers to the specific heat capacity of water, J/(kg ∙ ℃); m is water quality, kg; t1 represents 
water-supply temperature of heat pump, ℃; t2 refers to backwater temperature of heat pump, ℃ 

Considering that geothermal water has no significant changes after heating users and 
water-supply temperature of heat pump t1 is constant, lower backwater temperature t2 can get a 
great heating effect Q, that makes COP higher and heating effect better, so the use of geothermal 
energy is more fully.  

 
  

 
Fig.1. Heat supply process at the beginning and the end of the heating 

Heat Supply System at the Beginning and the End of the Heating 

At the beginning and the end of the heating, the outdoor minimum temperature is above -3℃, 
and direct heat supply mode is adopted in this stage. Heat supply process is shown in Fig.1. Most 
extractive water at high temperature (70℃) flows into civil heating system for the circular heating, 
and the cycling backwater is collected by the water collector. A little part of the water (70℃) 
remained is used as the supplement in order to adjust the heat peak for the industrial system. Part of 
the cycling backwater at 30℃ from the industrial system enters into the water tank of low 
temperature and flows into the recharge well by the recharge devices so that the geothermal 
resource is protected. The other part of the water (30℃) remained is used for the cycling heat 
supply in the industrial system. For part of the cycling backwater (45℃) of the civil system, it is 
used as the heat source water for the new apartment building and the heat which is equivalent to 10℃ 
is extracted, and the backwater at 35℃ flows directly into the 4th recharge well by the recharge 
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device. The other part of the cycling backwater (45℃) of the civil system, which is used as the 
replenishment water of the industrial system, enters into the pressurization system of the industrial 
cycle to heat the system. The rest of the cycling backwater (45℃) of the civil system continues to 
heat the civil system. 

 

 
 

Fig.2. Heat supply system in the middle of the heating 
 

Heat Supply System in the Middle of the Heating 
Different heat supply systems adopt different heat supply modes in the middle of the heating. 

Heat supply process in the middle of the heating is shown in Fig.2. For the industrial system, direct 
geothermal supply mode is applied and the extracted hot geothermal water (70℃) directly enters 
into the heat supply system of the industrial cycle through the pressurization system. And part of the 
cycling backwater (40℃) of the industrial system mixes with the hot geothermal water (70℃) so 
that the temperature of the water becomes 50℃, and then continues to supply heat for the industrial 
system. While the other part of the cycling backwater (40℃) of the industrial system enters into the 
water tank of medium temperature and mixes with the backwater of the civil system, and the 
temperature of the mixed water becomes 45℃. Then it is used as the waste hot water of the heat 
pump and participates in the heat supply process of the civil system. For the civil system, the mode 
of the direct geothermal supply combined adjusting heat by the heat pump is adopted. Part of the 
cycling backwater (50℃) of the civil system is heated to 65℃-70℃ by the heat pump and enters 
into the cycling system of the civil heat supply. And it mixes with the cycling backwater (50℃) in 
the water segregator and then enters into the civil heat supply system to supply heat. Part of the 
cycling backwater (50℃) enters into the water tank at medium temperature and mixes with the 
cycling backwater (40℃) of industrial system, little part of extracted hot geothermal water (70℃) 
and low-temperature water (25℃-30℃) from waste hot water after the heat transfer process of the 
heat pump, and then becomes mixed water at 45℃ and used as waste hot water of the heat pump. 
The heat of part of the water at 45℃, which is equivalent to 20℃, is extracted and is used to heat 
the backwater at 50℃ and makes its temperature increased to 65℃-70℃, and then is sent to the 
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civil heating system for the cycling heating. The waste hot water of the heat pump at 45℃ becomes 
low-temperature water at 25℃-30℃ after the heat extracted, and then is collected into the water 
tank of low temperature and is recharged by the recharge device. Part of the mixed water at 45℃ is 
used as the water source of the apartment building and heat which is equivalent to 10℃ is extracted. 
After the heating exchange process, backwater at 35℃ flows into the 4th recharge well. 

In this way, gradient utilization of the geothermal water is adopted in the whole heating period, 
which alleviates the tense situation of the shortage of the geothermal water in Donggu area and it 
meets the heating requirement of the new apartment building. With the effective use of the 
geothermal water, the heat of the geothermal water is extracted at the greatest extent. 

Conclusion 
Both the direct geothermal supply at the beginning and the end of the heating, and the direct 

geothermal supply combined adjusting heat by the heat pump in the middle of the heating alleviate 
the shortage situation of the heating water source in Donggu area by adopting the effective method, 
that is, gradient utilization of the geothermal water. The stability of the heating is ensured, and it 
meets the heating temperature requirements. And the targets of saving energy, reducing 
consumption and protecting the resources are obtained. 
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