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Abstract 

From the end of the past century on, intensive research and development on latent heat storages in 

buildings was done to face increasing overheating issues without rising usage of cooling energy 

demand. The ongoing project called PCM Eval collects real long term experiences gained within 

commercial buildings and public funded demonstration projects of the past two decades to gain 

indications on the real long term stability and experiences made by all involved groups: planner, 

craftsmen, decision maker and user with phase change materials (PCM) products applied to these 

buildings. The real performance of a PCM system, especially in passive cooling concepts using night 

ventilation for regeneration, is very strongly depending on the building user´s behavior. Often contrary 

decisions need to be made by the user e.g. between an increased air quality but also increased heat 

transfer when a window is opened during daytime in summer. In many cases user behavior is not 

sufficiently taken into account during the design phase, leading to an insufficient usage of the PCM 

systems. In the project occupants of PCM buildings were interviewed to evaluate their personal 

feelings in these buildings and how and why they usually control the indoor climate. To determine the 

indoor climate and the chosen control strategy three of these buildings were monitored for several 

months accompanied by a questionnaire filled out up to three times per day to be able to compare 

individual feelings with measured data. In many cases we discovered that the user did not know what a 

PCM is or that PCMs are implemented in the building. Besides user influence material measurements 

were done if possible to determine the real long term stability of the PCM used in these buildings after 

up to 15 years in operation. This contribution will give an overview on the results obtained in the 

monitored buildings in 2018. 

Keywords: Latent Heat Storage in buildings, Phase Change Material, long term stability, User 

experience 

1. Introduction

From the end of the past century on, intensive research and development on latent heat storages in 

buildings was done to face increasing overheating issues without rising usage of cooling energy 

demand. Products with phase change materials (PCM) seem to be a promising – though not yet 

widespread – possibility to enhance room climate in an energy efficient way [1]. One reason for the 

PCM’s niche existence is probably lack of information about long term performance of the materials 

which is quite important as investment decisions for buildings are always made  with a medium to 

long term planning horizon [2]. The topic of aging of PCM has only been addressed so far in 

RAL GZ 896 where requirements for tests of cycle stability are set. According to these guidelines 

samples are heated and cooled alternating over the melting/crystallization point for a certain number of 

repetitions. However, this cycle stability test does not give any information about time-dependent 

aging processes. Especially not about those favored by incomplete melting/crystallization cycles [3]. 
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The ongoing project called PCM Eval wants to close this gap in knowledge and collects long term 

experiences gained within commercial buildings and public funded demonstration projects of the past 

two decades to gain indications on the real long term stability and experiences made by all involved 

groups: planner, craftsmen, decision maker and user with PCM products applied to these buildings. 

During summer 2018 we monitored three buildings over several weeks, carried out user surveys 

simultaneously and took some material samples to our lab in order to learn more about functionality 

after up to 15 years in operation. We wanted to find answers to the questions:  

Do PCM still work after 10 – 15 years of operation? Do users behave ‘optimal’ from a technical 

perspective? If PCM don’t work (well) anymore: why don’t they – due to technical or user behavior 

reasons? 

 

2. Materials and method 

During summer period of year 2018 three different buildings have been monitored (see Table 1). The 

first one was a school building in Diekirch, Luxemburg. The PCM was implemented in teaching 

rooms by Smartboards (microencapsulated paraffin integrated in plasterboards) in 2007. The second 

one was an office building in Tübingen, Germany. The monitored room was used by four people. 

Smartboards have been installed in 2003. The last building was also an office building in Freiburg, 

Germany. In this case we were able to monitor one PCM office and a reference room additionally. 

PCM were combined in all buildings with passive night ventilation. The corresponding length of 

measuring period was determined by weather condition and holiday periods. All buildings were 

equipped with microencapsulated paraffin wax.  

 
Table 1 Monitored buildings during summer 2018. 

Building No Usage Room(s) 

Monitored 

Measuring 

period 

Regeneration 

of PCM 

Year of 

installation 

PCM 

product 

1 school 1 classroom 23.5.-1.8. 

11 weeks 

night ventilation 2007 

Diekirch, 

Luxemburg 

Smartboards* 

on walls and 

ceilings 

2 office 1 office 20.7.-21.10. 

13 weeks 

ventilation 

system without 

cooling 

2003 

Tübingen, 

Germany 

Smartboards 

on ceilings 

3 office 2 office rooms:  

1x PCM  

(1st floor) 

1x reference  

(2nd floor) 

6.6.-8.10. 

16 weeks 

ventilation 

system without 

cooling 

2004 

Freiburg, 

Germany 

Smartboards 

on walls of 1st 

floor room 

 
*Plasterboards containing Micronal, microencapsulated paraffin wax as phase change material 

 

Measured parameters slightly differed between the four buildings due to local equipment of the rooms 

(e.g. presence of ventilation system). Table 2 displays an overview about corresponding measuring 

points. Data were stored locally on a measuring computer and transferred to us via mobile phone every 

night. Hence, we were able to detect problems and failures as early as possible and could act promptly. 

Finally, data of all three buildings were analyzed with regard to user behavior: opening of windows, 

use of ventilation and shutters. Results are presented in the following section. 

Simultaneously, user experiences in the monitored rooms were recorded by means of the App Offline 

Surveys, a free open source software survey tool which is built on top of LimeSurvey [4]. We 

provided tablets where the App was installed and users were asked to answer the survey questions 
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after every lesson (in building 1) or three times a day (in buildings 2 & 3): shortly after arriving, 

around noon and before leaving. The questions to answer were the following: 

 Please insert an abbreviation according to following pattern: first two letters of your mother’s 

first name (e.g. Maria), the first two numbers of her birthday (e.g. 01.01.1960), second letter 

of your first name (e.g. Laura): Ma01a.  

 How do you feel about air temperature at your place of work?  

hot – warm – agreable – fresh – cold  

 How do you feel about air quality at your place of work? 

Very bad  - bad – moderate – good – excellent  

 Have you taken any action in order to improve air temperature or quality?  

a) window opened b) door opened   c) window dimmed  

d) clothes adapted  e) ventilator switched on f) nothing  

g) other 

 

Data were analyzed in order to get information about users’ sensation of room climate and whether 

PCM could make a difference. In the following section we show results of building 2, where we got 

data of two comparable rooms. 

 
Table 2 Measured parameters in three PCM buildings in summer 2018. 

 1 Diekirch, school 2 Tübingen, office 3 Freiburg, office 

1 Movement Movement Movement 

2 Temperature rear PCM wall 1 Operative room temperature Temperature wall  

3 Temperature rear PCM wall 2 Air temperature  Operative room temperature 

4 Temperature surface PCM wall 1 Ambient air humidity Air temperature  

5 Temperature surface PCM wall 2 Ambient air temperature Ambient air temperature 

6 Operative room temperature Door opening Door opening 

7 Air temperature 1 Opening window 1 rotating Opening window 1 

8 Air temperature 2 Opening window 2 rotating Opening window 2 

9 Ambient air humidity Opening window 3 rotating Opening window 3 

10 Ambient air temperature Opening window 1 tipping Light incidence lower edge of 

window 

11 Door opening Opening window 2 tipping Light incidence center of window 

12 Opening window 1 Opening window 3 tipping Temperature ceiling front 1 

13 Opening window 2 Light incidence lower edge of 

window 1 

Temperature ceiling front 2 

14 Opening window 3 Light incidence center of 

window 1 

Carbon dioxide room air 

15 Light incidence lower edge of 

window 

Temperature PCMceiling 1 Temperature incoming air 

16 Light incidence center of window Temperature PCMceiling 2 Irradiance on facade 

17 Temperature PCM ceiling rear 1 Carbon dioxide room air  

18 Temperature PCM ceiling rear 2 Temperature incoming air 1  

19 Temperature PCM ceiling front 1 Temperature incoming air 2  

20 Temperature PCM ceiling front 2 Temperature outgoing air 1  

21  Temperature outgoing air 2  

22  Light incidence lower edge of 

window 1 

 

23  Light incidence center of 

window 1 

 

24  Light incidence lower edge of 

window 2 

 

25  Light incidence center of 

window 2 

 

26  Light incidence lower edge of 

window 3 

 

27  Light incidence center of 

window 3 
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Furthermore, PCM material samples were collected in as many buildings as possible. Unfortunately 

only few building owners allowed us to pick a peace of their PCM walls or ceilings leading to a rather 

small sample size of 11 objects so far. The samples were measured by differential scanning 

calorimeter (DSC) using a Setaram microDSCIIa device to indicate the real material aging since 

installation. The Tian-Calvet construction principle, with heat flux sensors surrounding the crucibles 

containing sample and reference, enables the usage of larger samples up to 1 ml compared to standard 

heat flux DSCs. Determination of phase transition temperature and stored heat was done according to 

the German standard RAL GZ 896 Phase change materials. But due to the small available sample 

masses, only one sample measurement, including 3 heating and cooling cycles, were processed in the 

DSC. By simultaneously measuring a crucible containing the sample and a similar empty crucible the 

resulting heatflux into the sample can be determined by substracting the heatflux of the empty crucible 

from the sample crucible. 

 

3. Results and discussion 

Main finding of the user survey was that room temperature of building no 1 was too high during the 

measured period although the installed PCM should have positive effects. A comparison of room vs. 

outside temperatures shows, that amplitudes of room temperature are much smaller than those of 

outside temperatures (Figure 1). Although room temperatures cross melting temperature of PCM several 

times during the monitored timespan, a clear effect of PCM cannot necessarily be concluded from the 

data. To answer this question, building simulations have to be carried out.  
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Figure 1 Comparison of temperatures (inside vs. outside) for building no. 1 during June 2018. 
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Despite the fact whether the PCM still works or not users of the class room have two adjusting screws 

to influence room climate: windows and shutters. In terms of summer room temperature, it’s 

unfavorable to open windows when outside temperatures exceed room temperatures. Nevertheless, 

need for fresh air often conflict with the before mentioned aspect leading to open windows although 

this might increase room temperature. Figure 2 shows, that often at least one out of three windows was 

opened – independent of temperature conditions. Looking on the use of shutters, it becomes obvious 

that in contrast to the windows’ usage shutter use does not have any optimization potential: Light 

incidence is very low – probably as well due to the facade orientation towards east as to good user 

behavior in terms of adjusted shutter use.    

 

 

Users of the office in Tübingen (building no 2) were quite satisfied with temperature conditions in 

their office. Data analysis also showed that there was hardly any optimization potential in respect of 

 
Figure 3 Insolation at the bottom of windows during three weeks in June 2018 
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Figure 2 Opening of windows at un-/favorable weather conditions in building no. 1 during teaching hours. 

unfavorable unfavorable 
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window opening and shutter use. Nevertheless it cannot be concluded from these data, whether it’s 

really the PCM benefit. Therefore also building simulations have to be implemented.    

 

Main result of the user survey in building no 3 was that people of 2
nd

 floor were rather unsatisfied with 

room temperature, whereas the user of 1
st
 floor office really appreciated climate conditions in her 

office (Figure 4).  

 

  
Figure 4  Temperature sensations of the two rooms in building no 3.  

 

This corresponds to our expectations based on the PCM installation in 1
st
 floor offices. The 

temperature profiles of the two rooms (Figure 6) confirm, that room in OG2 (2
nd

 floor) is warmer 

(mean temperature: 26.4±2.0 °C) than the room on OG1 (1
st
 floor, 25.6±1.8 °C, Wilcoxon signed rank 

test: V=47394, p<0.01). In respect of air quality sensations also differed between the two rooms (Figure 

5). Whereas on the 1
st
 floor air quality was mainly perceived as moderate to good, users of the 2

nd
 floor 

office also often valued air quality as moderate to good, but also several times very good and very bad. 

In both rooms a strong negative correlation could be found between perceived air quality and 

temperature (Spearman -0.60, p<0.01 for OG1, and -0.57, p<0.01 for OG2): the warmer it was the 

worse air quality was valued.  

 

  
Figure 5 Air quality sensations of the two rooms in building no 3.  
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However, there are several influencing parameters that may cause higher temperatures of OG2: no 

PCM, user behavior (window opening, shutter usage), occupancy (only one person in OG1 vs. up to 

two persons in OG2) and heat input due to location under flat roof. Going into detail of user behavior 

Figure 7 shows that windows in OG1 are used more efficiently in terms of temperature control. 

They’re mainly kept closed when outside temperature exceed room temperature whereas users of OG2 

often open door in order to improve air quality regardless of warming up of the office. 

 

 

Figure 8 shows differences in shutter use: Insolation through windows in OG2 is higher than in OG1. 

Users of OG2 don’t like to “work in the dark”. As a consequence they often raised blinds even though 

good user behavior would have meant to keep light – and simultaneously warmth – outside. This 

behavior also favored warming of the room. 
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Figure 6 Temperature profiles of two rooms in building no. 3. OG1 = 1st floor/PCM room,  

OG2 = 2nd floor 

melting/crystallizing at 24 °C 
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Results of DSC analyses of PCM after several – up to 15 – years of operation are displayed in Figure 3. 

Although we could only collect few samples, measurement results indicate that aging processes 

influence functionality of PCM materials. All tested materials contain microencapsulated paraffin, 

therefore this statement is only true for this material and is not necessarily true for other materials.  

Furthermore, reliable statements on the extent of reduction of thermal capacity require further samples. 

It is also important to mention: at the time of installation in these buildings microencapsulated PCM 

Figure 7 Opening of windows at un-/favorable weather conditions in building no. 3 during working 

hours. 

Figure 8  Insolation at the bottom and in the middle of windows during June to Semptember 2018. 
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were still under development. Several improvements have been made in the meantime on both the 

gypsum plasterboard and the microencapsulation. But as take-home message we’d like to mention that 

functionality of paraffin based PCM is affected by daily melting and crystallizing processes or 

diffusion processes and thus lose capacity over time.  
 

 

 

 
Figure 3 Results of DSC measurements of PCMs after several years of operation 

4. Conclusions 

Our previous findings indicate that aging processes play an important role in long term functionality of 

PCM in buildings also for microencapsulated PCMs. But also user behavior has a large influence on 

room climate and user satisfaction. Unfortunately at this point we cannot yet state whether the PCM in 

our monitored buildings work properly or not. For such conclusions we need to do further building 

simulations to isolate the PCM effect from others, especially from user influences. 
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