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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 

In disaster relief reconstructions, the severe indoor thermal environment of the prefabricated temporary house (PTH) limits its 
massive utilization. Here, the application of phase change material energy storage system (PESS) has been proposed in the full-
scale experimental PTH. In the experimental investigations, a movable PESS was designed aiming at regulating the indoor 
environment of the PTH during the daytime in hot summer, by charging the cool energy during the nighttime. The movable PESS 
revealed positive impacts on the indoor environment regulation in the experimental PTH. In addition, the distance between the 
PESS and the west wall also had influences on the cool energy discharging of the PESS and the indoor thermal environment of 
the experimental PTH. 
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1. Introduction 

Prefabricated temporary houses (PTHs) are massively used in disaster relief reconstructions due to their 
convenient transport, easy installation and short construction period. In the 2008 Wenchuan earthquake in China, 
more than 21 million victims were resettled in massive PTHs during post-disaster transitional period, as shown in 
Fig. 1. Mostly, the rapidly installed PTHs were the un-alternative choice of victims during post-disaster transitional 
period. In some conditions, the transitional period of victims may last for several months to several years. However, 
the indoor thermal environment of the PTHs was severe, specifically intolerable in summer [1]. The long-term 
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severe indoor thermal environment could result in physical and mental illness of occupants in PTHs [2]. Improving 
the indoor thermal comfort of PTHs by reasonable methods is in urgent need, extremely in situation of disaster relief 
reconstructions. 

 
Fig. 1. Prefabricated temporary houses intensively used in disaster relief in the 2008 Wenchuan earthquake in China 

In current studies, to reach the target of improving indoor thermal environment, different technologies and 
insulation materials have been used in conventional buildings, such as aerogel, gas filled panel, closed cell foam, 
vacuum insulation panel, phase change materials (PCMs) [3]. PCMs have the characteristics of high latent heat and 
small temperature changes during the phase change process, thus making the PCM application [4-8] possible and 
extensive in buildings. Cabeza et al. [9] developed a kind of innovative concrete, which enabled the use PCMs as 
part of building structure, for good structural strength as well as indoor comfort improvement. The study result 
showed that the buildings using the innovation concrete can provide their occupants with a better indoor thermal 
environment than those using conventional concrete. Castell et al. [10] experimentally compared the indoor thermal 
environment in different passive houses in the Mediterranean regions. The comparisons were based on using 
different bricks, insulation materials and phase change materials. In addition, the actual energy consumption and 
reduced CO2 emissions were also studied. Lee et al. experimentally investigated the thermal performance of PCMs 
incorporated panel [11]. 

Despite majority of PCM applications in buildings, seldom PCM applied in light-weight prefabricated houses. As 
the actual use of PTHs may no longer be temporary, it became highly necessary to explore the use of PCMs in PTHs 
for improving their indoor thermal environment, for the well-beings of disaster victims. 

 
Nomenclature 

Ti The air temperature inside the PTH (oC) 
To The outdoor air temperature (oC) 
Dpw The distance between the PESS and the west wall (mm) 

____________ 
* Corresponding author. Tel.: +86-138-8024-7554. 
E-mail address: xxh36335@gmail.com 

2. Experimental PTH, PESS and measurements 

2.1 Experimental PTH 

For experimental study, a prefabricated temporary house (PTH) was set up in Chengdu, China. The PTH was 
located on flat roof of Sichuan University, as shown in Fig. 2. The full-scale experimental PTH featured 
conventional prefabricated temporary house in market of China, both in materials and construction dimension. The 
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PTH consisted of wood and light-weight prefabricated insulation panels. The detailed information of construction 
materials and their thermal properties are shown in Table 1. Additionally, one T-type thermocouple probe which 
located in the center of the PTH was used to measure the air temperature inside the PTH (Ti), one thermocouple 
probe located outside the PTH was used to measure the outdoor air temperature (To). Before the measurements, all 
the T-type thermocouple probes were calibrated in advance, with accuracy of ± 0.5 oC. All the database of the T-
type thermocouple probes were collected by a data logger, with 5 minutes time interval. 

     Table 1 Properties of used materials in the PTH 

Properties  Envelopes 
Thickness 

(mm) 

Thermal 
conductivity 

(W/ m·K) 

Density 

(kg/m3) 

Specific 
heat 

(J/ kg·K) 

Steel Wall and 
roof 

0.5 45.28 8000 460 

EPS Wall and 
roof 

75 0.035 20 1100 

Wood Floor 13 0.15 521 1630 

 
Fig. 2. Illustrations of the experimental PTH 

2.2 Experimental PESS 

A movable PCM energy storage system (PESS) was specially made to be placed inside the experimental PTH. It 
consisted of (ⅰ) a supporting steel shelf, (ⅱ) a plastic net-shape container for holding PCM-tubes and (ⅲ) PCMs 
inside tubes. The physical and thermal properties of PCMs and the details of PESS are given in Table 2 and Table 3, 
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respectively. Totally there were 1240 tubes which were horizontally tiled onto the plastic net-shape container. Inside 
each tube, 120g PCM was filled. The container was suspended on the steel shelf, with variable distances from the 
west wall, as shown in Fig. 3. Such a configuration for the PESS would enable the largest possible heat transfer 
surface area between the PCMs and indoor air. Furthermore, since the solar heat gain by the west wall would be the 
highest in the afternoon, the PESS was therefore placed close to the west wall, as shown in Fig. 4. In addition, since 
the PESS was movable, the distance between the PESS and the west wall (Dpw) was variable. Therefore, 
experiments can be carried out with the PESS be placed at different Dpw for comparison purposes. 

Table 2 Properties of the PCM in PCM energy storage system 

Properties  Value 

Base material Inorganic salts 
Phase change temperature 18-26 oC 
Latent heat 216kJ/kg 
Specific heat capacity 1785J/(kg•K ) 
Thermal conductivity  0.25-0.5W/(m•K) 
Density at (16-28 oC) 1300kg/m3 
Encapsulation material Aluminum composite membrane  
Flammable Nonflammable 
Toxicity  Non-toxic 

Table 3 The detailed configuration of PCM energy storage system 

Parameters Value 

Parameters of phase change material tube  
Weight of one PCM tube 120g 
Length of one PCM tube 175mm 
Width of one PCM tube 35mm 
Thickness of PCM tube 15-20mm 
Total PCM tubes in PESS 1240 
  
Dimension of PESS  
Length of PESS 5500mm 
Height of PESS 3500mm 
Thickness of PESS 20mm 

   

        Fig. 3. The movable PESS placed inside the PTH                                  Fig. 4. Top view of the PESS placed inside the PTH 

Dpw 
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3. Measured results and discussions 

The experiments were carried out in the summer of August and September, with two Stages. In Stage 1, the 
movable PESS was not placed inside the experimental PTH, and in the Stage 2, the movable PESS was placed 
inside the experimental PTH. During the experiments period, doors and windows were closed and there was no 
mechanical ventilation provided. 

The measured indoor and outdoor air temperatures on the selected 48 hours for Stage 1 are shown in Fig. 5, and 
those for Stage 2 are in Fig. 6. As seen, although on four different days, the To in two Stages had similar hourly 
variation trends, with the starting and ending temperatures at around 23.5 oC and 26 oC, and the lowest and the 
highest temperatures at around 20 oC and 32 oC, respectively. For the four days, the daily average outdoor air 
temperatures were at around 24.8 oC. On the other hand, in the Stage 1, the air temperature inside the PTH, Ti, was 
20-42 oC. However, in the Stage 2, the air temperature inside the PTH, Ti, was 20-33.5 oC. Due to the exist of the 
PESS, the highest temperature value of Ti was declined from 42 oC to 33.5 oC. 

Therefore, as seen from Fig. 5 and Fig. 6, the use of the PESS helped lower the air temperatures inside the 
experimental PTH, thus providing an improved thermal environment inside the experimental PTH in summer. 

        
 Fig. 5. Comparisons of indoor and outdoor air temperatures in Stage 1        Fig. 6. Comparisons of indoor and outdoor air temperatures in Stage 2 

The comparison studies of the PTH with and without the PESS showed that the PESS had significant influences 
on regulating the indoor air temperature and providing better indoor thermal environment of the PTH. Additionally, 
the optimisation of the distance between the PESS and the west wall (Dpw) was further studied. 

Fig.7-9 show the results of cool energy release situations after whole night’s cool energy charging of the PESS. 
In Fig.7, when the Dpw was 200mm, the indoor air temperature profile of the PTH had a shape increase at the 
beginning, and then rose with a slowing down coefficient till the moderate changing. It could be seen that the PESS 
(Dpw = 200mm) maintained the room air temperature between 22-30 oC for 35 minutes. In Fig.8, when the Dpw was 
100mm, the indoor air temperature profile of the PTH had a quick increase, and then rose steadily. The PESS (Dpw = 
100mm) maintained the maintain the room air temperature between 22-30 oC for 70 minutes, 35 minutes longer than 
the time duration when Dpw was 200mm. In Fig.9, when the Dpw was 0mm, the indoor air temperature profile of the 
PTH rose almost in a same stable rate. The PESS (Dpw = 0mm) maintained the maintain the room air temperature 
between 22-30 oC for 100 minutes, 65 minutes longer than the time duration when Dpw was 200mm. 

It could figure out that, after a whole night’s cool energy charging of the PESS, the comfort temperature (22-30 
oC) time duration of the PTH varied when the Dpw of the PESS was different. The comfort temperature time duration 
of the PTH was 100 minutes when the Dpw was 0mm, was 70 minutes when the Dpw was 100mm, was 35 minutes 
when the Dpw was 200mm. In other words, the PTH provided longer comfort indoor thermal environment when Dpw 
was 0mm. 
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Fig. 7. Temperature profiles of indoor air temperatures (Dpw=200mm), Fig. 8. (Dpw=100mm) and Fig. 9. (Dpw=0mm) 

4. Conclusions 

In this study, a full-scale TPH with PESS was designed and experimentally investigated. With applying the PESS 
to the PTH, effective indoor thermal regulation became feasible, the average indoor air temperature of the PTH with 
PESS was lower than it of the PTH without PESS. Due to the exist of the PESS, the highest temperature value of Ti 
was declined from 42 oC to 33.5 oC. Additionally, after a whole night’s cool energy charging of the PESS, the 
comfort temperature (22-30 oC) time duration in the daytime of the PTH varied with the different Dpw of the PESS. 
The comfort temperature time duration of the PTH was 100 minutes when the Dpw was 0mm, was 70 minutes when 
the Dpw was 100mm, was 35 minutes when the Dpw was 200mm. The PTH provided 65min longer comfort indoor 
thermal environment with the Dpw=0mm when compared with the Dpw=200mm. Therefore, the Dpw=0mm was 
preferred when selecting the distance between the PESS and the west wall. The distance between the PESS and the 
west wall had influences on the cool energy discharging of the PESS and the indoor thermal environment of the 
PTH. 
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3. Measured results and discussions 

The experiments were carried out in the summer of August and September, with two Stages. In Stage 1, the 
movable PESS was not placed inside the experimental PTH, and in the Stage 2, the movable PESS was placed 
inside the experimental PTH. During the experiments period, doors and windows were closed and there was no 
mechanical ventilation provided. 

The measured indoor and outdoor air temperatures on the selected 48 hours for Stage 1 are shown in Fig. 5, and 
those for Stage 2 are in Fig. 6. As seen, although on four different days, the To in two Stages had similar hourly 
variation trends, with the starting and ending temperatures at around 23.5 oC and 26 oC, and the lowest and the 
highest temperatures at around 20 oC and 32 oC, respectively. For the four days, the daily average outdoor air 
temperatures were at around 24.8 oC. On the other hand, in the Stage 1, the air temperature inside the PTH, Ti, was 
20-42 oC. However, in the Stage 2, the air temperature inside the PTH, Ti, was 20-33.5 oC. Due to the exist of the 
PESS, the highest temperature value of Ti was declined from 42 oC to 33.5 oC. 

Therefore, as seen from Fig. 5 and Fig. 6, the use of the PESS helped lower the air temperatures inside the 
experimental PTH, thus providing an improved thermal environment inside the experimental PTH in summer. 

        
 Fig. 5. Comparisons of indoor and outdoor air temperatures in Stage 1        Fig. 6. Comparisons of indoor and outdoor air temperatures in Stage 2 

The comparison studies of the PTH with and without the PESS showed that the PESS had significant influences 
on regulating the indoor air temperature and providing better indoor thermal environment of the PTH. Additionally, 
the optimisation of the distance between the PESS and the west wall (Dpw) was further studied. 

Fig.7-9 show the results of cool energy release situations after whole night’s cool energy charging of the PESS. 
In Fig.7, when the Dpw was 200mm, the indoor air temperature profile of the PTH had a shape increase at the 
beginning, and then rose with a slowing down coefficient till the moderate changing. It could be seen that the PESS 
(Dpw = 200mm) maintained the room air temperature between 22-30 oC for 35 minutes. In Fig.8, when the Dpw was 
100mm, the indoor air temperature profile of the PTH had a quick increase, and then rose steadily. The PESS (Dpw = 
100mm) maintained the maintain the room air temperature between 22-30 oC for 70 minutes, 35 minutes longer than 
the time duration when Dpw was 200mm. In Fig.9, when the Dpw was 0mm, the indoor air temperature profile of the 
PTH rose almost in a same stable rate. The PESS (Dpw = 0mm) maintained the maintain the room air temperature 
between 22-30 oC for 100 minutes, 65 minutes longer than the time duration when Dpw was 200mm. 

It could figure out that, after a whole night’s cool energy charging of the PESS, the comfort temperature (22-30 
oC) time duration of the PTH varied when the Dpw of the PESS was different. The comfort temperature time duration 
of the PTH was 100 minutes when the Dpw was 0mm, was 70 minutes when the Dpw was 100mm, was 35 minutes 
when the Dpw was 200mm. In other words, the PTH provided longer comfort indoor thermal environment when Dpw 
was 0mm. 
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Fig. 7. Temperature profiles of indoor air temperatures (Dpw=200mm), Fig. 8. (Dpw=100mm) and Fig. 9. (Dpw=0mm) 

4. Conclusions 

In this study, a full-scale TPH with PESS was designed and experimentally investigated. With applying the PESS 
to the PTH, effective indoor thermal regulation became feasible, the average indoor air temperature of the PTH with 
PESS was lower than it of the PTH without PESS. Due to the exist of the PESS, the highest temperature value of Ti 
was declined from 42 oC to 33.5 oC. Additionally, after a whole night’s cool energy charging of the PESS, the 
comfort temperature (22-30 oC) time duration in the daytime of the PTH varied with the different Dpw of the PESS. 
The comfort temperature time duration of the PTH was 100 minutes when the Dpw was 0mm, was 70 minutes when 
the Dpw was 100mm, was 35 minutes when the Dpw was 200mm. The PTH provided 65min longer comfort indoor 
thermal environment with the Dpw=0mm when compared with the Dpw=200mm. Therefore, the Dpw=0mm was 
preferred when selecting the distance between the PESS and the west wall. The distance between the PESS and the 
west wall had influences on the cool energy discharging of the PESS and the indoor thermal environment of the 
PTH. 
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