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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

The sewage flow rate of the urban drainage system is relatively large and generally stable, its sewage temperature 
range varies relatively lightly and maintains 10~15
grade thermal source for building heating and cooling. Sewage source heat pump technology can efficiently extract 
or discharge the amount of heat from the sewage in the drainage system for building heating or cooling. The field 
test of the actual operation thermal performance of the 
The sewage source heat pump system were continuously measured for 72 hours. Based on the test datum, 
average COP of the heat pump was 4.5. The relationship between energy consumption of system 
consumption of transportation are analyzed. The analysis shows that the pump of this system cannot match the load 
change well and the use of variable frequency pump can improve the energy efficiency of the system. Before the use 
of the sewage source heat pump system, the traditional coal
cooling system of this building. Compared with the traditional coal
advantages of sewage source heat pump system in
analyzed. The results show that: Compared with the 
pump system can save 53% of the primary energy consumption, reduce the annual operatin
the initial investment by a factor of 14.3%, and the payback period of incremental investment is about 4.7 years.
This method not only has better energy saving, saving capital benefit, but also can reduce the local pollutant 
emission, and has better environmental emission reduction benefits.
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The sewage flow rate of the urban drainage system is relatively large and generally stable, its sewage temperature 
range varies relatively lightly and maintains 10~15℃ in winter. The sewage in the drainage system can be the low 

lding heating and cooling. Sewage source heat pump technology can efficiently extract 
or discharge the amount of heat from the sewage in the drainage system for building heating or cooling. The field 
test of the actual operation thermal performance of the sewage source heat pump were carried out and investigated. 

were continuously measured for 72 hours. Based on the test datum, 
average COP of the heat pump was 4.5. The relationship between energy consumption of system 
consumption of transportation are analyzed. The analysis shows that the pump of this system cannot match the load 
change well and the use of variable frequency pump can improve the energy efficiency of the system. Before the use 

urce heat pump system, the traditional coal-fired boiler and air-cooled chiller are the heating and 
cooling system of this building. Compared with the traditional coal-fired boiler and air-cooled chiller, the 
advantages of sewage source heat pump system in energy saving, economy and environmental protection are 

Compared with the original system, direct heat exchange type sewage source heat 
pump system can save 53% of the primary energy consumption, reduce the annual operating cost by 11%, increase 
the initial investment by a factor of 14.3%, and the payback period of incremental investment is about 4.7 years.
This method not only has better energy saving, saving capital benefit, but also can reduce the local pollutant 

n, and has better environmental emission reduction benefits. 
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1. Introduction 

Urban sewage water temperature and rate of flow stable throughout the year, and the characteristics of the 
temperature warm in winter and cool in summer[1]. Urban sewage contains rich resources of low grade thermal 
energy[2]. Chinese 13th Five Year Plan points out in the hot summer and cold winter areas to actively push the 
sewage source heat pump[3].The sewage source heat pump is a heat pump as cold heat source by sewage , through a 
small amount of electricity heating and cooling for the building[4].The sewage source heat pump system has 
significantly energy saving efficiency. According to the way of sewage heat exchanger, the sewage source heat 
pump system can be divided into direct sewage source heat pump system and indirect sewage source heat pump 
system[5]. Indirect sewage source heat pump system is a kind of system that is not directly connected with heat pump 
heat pump, first, the sewage and clean water heat exchange, then the intermediary water into the heat pump heat 
pump. The direct sewage source heat pump system is the system of the heat transfer of the sewage directly into the 
evaporator or condenser of the heat pump heat pump. 

2. Direct heat exchange sewage source heat pump system scheme 

The sewage source heat pump system for the hotel building air conditioning system, located in Changchun of the 
cold area. The hotel construction area of 15 thousand square meters, the main purpose is to provide high standard 
rooms. Prior to the transformation of the project, the use of coal-fired boiler room heating, cooling air cooling 
chillers in summer;now direct heat exchange sewage source heat pump system for heating / cooling. The 
reconstructed heat pump is shown in Figure 1, the system flow chart is shown in Figure 2. 

  
Fig.1 Sewage source heat pump heat pump Fig.2 Direct sewage source heat pump system 

  
Fig.3 Sewage temperature and outdoor temperature in summer Fig.4 Sewage temperature and outdoor temperature in winter 

Sewage flow and sewage temperature have a great influence on the operation of sewage source heat pump system. 
There is a diameter of 1000mm trunk sewer distance 15 meters from the building. The actual measurement of the 
minimum flow rate is 1000m3/h-1500m3/h. In winter, the temperature of sewage water is 12 ~13℃, and the 
temperature in summer is 22~24 ℃, pH value is neutral. After operation, the inlet temperature and outdoor air 
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temperature in summer and winter were tested.
higher than the outdoor air temperature of 7
temperature of the sewage temperature is 12.9
as 29℃, as shown in figure 4. 

3. Test and performance analysis of sewage source heat pump system

3.1. Test method 

After the operation of the system is stable, the system is tested in 
condition. The test includes: indoor and outdoor temperature, 
chilled water supply and return water temperature and flow rate, 
temperature and flow rate, heat pump power consumption and 

3.2. Analysis of refrigeration condition of sewage source heat pump system

Fig.5 Comparison of test results of unit data
Figure 5 is the change curve of the system COP and unit COP calculated according to the test results of the 

system. We can see from figure 5 the average COP of the heat pump is 6.0 and the average COP of the system is 
3.9.It can be seen that the sewage source heat pump system wo

Fig.7 Heat pump, pump and system power in refrigeration
condition 

As can be seen from Figure 5, the unit cooling capacity of up to 319.7kW, the 
198.5kW, the difference between the two 61%;The system power consumption is not a change in the day, because of 
the constant flow of water pump operating constant power consumption of about 25.2kW.As can be seen from 
Figure 8, the pump power consumption accounts for about 34% of the system power consumption, while the general 
air-conditioning pump power consumption accounted for 15%~20%
consumption in the system accounts for a large share of the system power consumption, it is recommended to use 
variable frequency pump to match the system l
of system performance. 
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temperature in summer and winter were tested. The sewage average temperature in summer is 21 
of 7℃,  up to 13~14 ℃, as shown in figure 3.In winter, the average 

temperature of the sewage temperature is 12.9℃, which is higher than the average outdoor temperature by as much 

Test and performance analysis of sewage source heat pump system 
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5 Comparison of test results of unit data Fig.6 Refrigeration condition heat pumps and system

curve of the system COP and unit COP calculated according to the test results of the 
We can see from figure 5 the average COP of the heat pump is 6.0 and the average COP of the system is 

3.9.It can be seen that the sewage source heat pump system works well in refrigeration condition. 

 
efrigeration Fig.8 Heat pump power and pump power in refrigeration
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