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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 

With the rapid development of social economy and people's living standards continue to improve, summer air-
conditioning energy consumption has gradually become the focus of modern society energy consumption. At the 
same time, the traditional residences are an important part of the ancient Chinese architecture culture and heritage, 
which contain rich experience in ecological construction, but limited to the economic level and construction 
technology at that time, and the traditional residences have their flaws. As one of the largest energy consumption of 
the envelope, the roof is the need for renovation. In this paper, energy-saving renovation of the demonstration 
building on the town of Chongqing was taken as an example. It puts forward the practice of using the controllable 
ceiling and uses DesignBuilder software to compare the energy consumption before and after the transformation and 
the indoor temperature in summer. The results show that the building energy efficiency rate is 54.35%, and the 
cumulative percentage of the length of the temperature of bedroom1 over 30 ℃, while over 28 ℃ is reduced by 7%. 
The cumulative percentage of the intermediate bedroom temperature over 30 ℃ is reduced by 16 %, and over 28 ℃ 
by 12%. By taking the control of the ceiling to reduce the cumulative time of the indoor high temperature, which can 
be delayed air conditioning opening time by the next day, to achieve energy-saving effect. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CPESE 2017. 
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1. Introduction 

In recent years, reducing the energy consumption of summer air conditioning has become an important aspect of 
building energy-efficiency research. As one of the technologies to reduce summer energy consumption, night 
ventilation cooling technology is more and more attention by scholars [1]. Many studies have shown that nighttime 
ventilation uses low temperatures at night to remove the heat that the building heaters have stored in the daytime, 
which can reduce indoor air temperature, and reduce cold load and then delay the open time of air conditioning the 
next day [2-6]. 

One of the weak links in the traditional residential insulation is the roof [7]. Its thermal performance is very poor, 
resulting in indoor environment comfort cannot meet the living requirements of modern people. The traditional 
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residences below the ceiling to increase the roof is to improve the thermal performance on the roof of the common 
measures [8, 9], which can effectively reduce the outdoor heat into the room, but this will greatly reduce the cooling 
effect of the roof at night. Studies have shown that the energy-saving renovation of the roof heat loss is significant, 
indicating that the renovation of the traditional residential thermal environment, and the roof of the renovation 
potential is very large, which is urgent and the most effective part of the renovation [10]. 

This paper proposes a combination of ceiling insulation and tile roofing. The controllable ventilation device is 
increased in the ceiling, using night ventilation cooling technology to renovate the traditional residential roof energy-
saving. 

2. Method 

A typical residential building in Anju ancient town of Chongqing, China is chosen as an experimental building. It 
is situated at the west of a mountain, due east of Vulcan Temple Street, and the north and south sides are closed to 
neighbors (Fig.1). The main building was the wooden bone wall, and the roof was the roof, and the ground was the 
simple cement floor before the renovation. It was two layers. The height of the first layer was 3. 00m, while the 
second was 2.65m (Fig.2). 

 

Fig. 1 the location of typical traditional residence 

 
 

 

Fig. 2 (a) first floor plan; (b) second floor plan; (c) 1-1sections 
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residences below the ceiling to increase the roof is to improve the thermal performance on the roof of the common 
measures [8, 9], which can effectively reduce the outdoor heat into the room, but this will greatly reduce the cooling 
effect of the roof at night. Studies have shown that the energy-saving renovation of the roof heat loss is significant, 
indicating that the renovation of the traditional residential thermal environment, and the roof of the renovation 
potential is very large, which is urgent and the most effective part of the renovation [10]. 

This paper proposes a combination of ceiling insulation and tile roofing. The controllable ventilation device is 
increased in the ceiling, using night ventilation cooling technology to renovate the traditional residential roof energy-
saving. 

2. Method 

A typical residential building in Anju ancient town of Chongqing, China is chosen as an experimental building. It 
is situated at the west of a mountain, due east of Vulcan Temple Street, and the north and south sides are closed to 
neighbors (Fig.1). The main building was the wooden bone wall, and the roof was the roof, and the ground was the 
simple cement floor before the renovation. It was two layers. The height of the first layer was 3. 00m, while the 
second was 2.65m (Fig.2). 

 

Fig. 1 the location of typical traditional residence 

 
 

 

Fig. 2 (a) first floor plan; (b) second floor plan; (c) 1-1sections 
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