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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 

Among bio-based materials, Sugar Alcohols (SA) are very promising Phase Change Materials (PCMs) for thermal energy storage 
at low temperatures due to their low melting temperature, their high energy density, their high and stable undercooling allowing 
long-term storage with reduced thermal losses. When heating is needed, the storage system is discharged by activating SA 
crystallization and its discharge power depends on the SA crystal growth kinetics. This work aims at measuring and modeling 
crystal growth rates in undercooled melts of SA according to the temperature and at determining the involved crystal growth 
mechanisms. Crystal morphologies and morphological transitions are also observed and discussed. 
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1. Introduction 

Considering the current energy and economic issues, the development of new PCMs for solar seasonal energy 
storage, matching building applications requirements, constitutes a technological challenge. Major assets of SA for 
these Thermal Energy Storage (TES) applications are their melting temperature (368-391K) which allows using 
cheap solar collectors, their outstanding energy density (4-5 times superior to the water energy density on a seasonal 
basis), which can lead to highly compact systems, and their high and stable undercooling allowing long-term storage 

* Corresponding author. Tel.: +33556846381; fax: +33556845436. 
E-mail address: marie.duquesne@enscbp.fr 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.11.214&domain=pdf


316	 M. Duquesne et al. / Energy Procedia 139 (2017) 315–321
2 M. Duquesne et al./ Energy Procedia 00 (2017) 000–000

with reduced thermal losses. Crystal growth kinetics of SA are an important issue for TES applications and are 
studied in this work.  

Nomenclature 

Roman letters 
C1,2 fit parameters 
f fraction of interface sites (active growth sites)
k pre-factor 
kB Boltzmann constant
L diffusion jump distance 
R universal gas constant 
v crystal growth velocity 
T temperature at the crystal-melt interface (bulk temperature) 
Tm liquidus temperature 
T0 working temperature (bulk temperature) 
η viscosity of the liquid 
Greek letters 
∆Hls latent heat of melting 
∆Sa entropy difference 
∆T undercooling Tm-T (with T, the temperature at the crystal-melt interface) 
Acronyms 
PCMs phase change materials 
SA sugar alcohols 
TES thermal energy storage 

2. Materials and experimental method 

2.1. Samples 

The crystal growth of four pure sugar alcohols (Erythritol, Xylitol, Adonitol and L-Arabitol) has been studied in 
this work. Table 1 summarizes their specific information. 

Table 1. Specific product information for the studied SA 

SA CAS number Provider Purity (%) 
Erythritol 149-32-6 Cargill 99.5 
L-Arabitol 7643-75-6 Stanford Chemicals 98 
Adonitol 488-81-3 Sigma Aldrich ≥ 99 
Xylitol 87-99-0 Roquette 98.43 

Their melting temperature and energy density are listed in Table 2. The latters and other properties (viscosity, 
density, conductivity etc.) as well as their measurements are detailed in [1]. The sample consists in 300 mg of SA 
deposited on a microscope glass with no control of the thickness. This sample is prepared as follows: 1) the product 
is first molten in a vessel; and 2) the molten product is then poured on the glass slide. 

Table 2. Melting point and Latent heat of the studied SA

SA Melting Temperature (K) Latent heat (J/g) 
Erythritol 391 340.00 
L-Arabitol 376 230.00 
Adonitol 373 250 
Xylitol 368 267.00 
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2.2. Experimental means 

The main elements of the set-up are a CCD camera and a heating/cooling system for temperature control.  
The heating/cooling stage is a layered structure including, from the bottom to the top: i) a cooling element, which is 
kept at constant temperature during the experiments; ii) a flat heating element (80 mm x 115 mm x 1 mm), which is 
an electric resistance (4.7 Ω) placed between a copper layer and a layer made of kapton; iii) a metallic plate (80 mm 
x 115 mm x 10 mm) which is provided with a K-type thermocouple for temperature control. The heating element is 
controlled to heat the sample according to a predefined temperature pattern, whereas the metallic plate acts as a 
thermal diffuser. The used camera is a high speed camera (Genie HM1024) and allows image capture rate from 0.1 
fps to 117 fps in 1024x768 active resolution. The highest spatial resolution is about 4 µm. The set-up allows 
working temperatures ranges from ambient temperature to 200°C and a maximum cooling rate of 10°C/min. This 
set-up is also mounted on a vibration free solid support. 

2.3. Experiments 

The sample is initially in the liquid state at temperature below the melting point (undercooled melt) and the tests are 
carried at constant bulk temperature. The heating/cooling system is used to reach the selected working temperature 
(T0) on the aluminium plate and to keep it constant thereafter. The sample is then placed on the aluminium plate and 
we wait until thermal equilibrium is reached. The studied SA and the corresponding ranges of working temperatures 
are given in Table 3. Afterwards, the crystallization is initiated with a small seed placed in the middle of the studied 
product. The small seeds used to activate the crystallization are carefully prepared: 1) the same product as the 
studied one is first molten in a vessel; 2) droplets of it are deposited on a glass side 3) in contact with the glass slide, 
heterogeneous nucleation occurs generating semi-spherical crystallized droplets; 4) once crystallized, they are 
measured and only the ones of diameters ranging from 200 to 300 µm with a regular semi-spherical shape are used 
to activate the crystallization.  

Table 3. List of the studied SA and the working temperatures 

SA Working temperatures 
Erythritol From 50°C to 110°C, every 5°C 
L-Arabitol From 40°C to 90°C, every 5°C 
Adonitol From 28°C to 93°C, every 5°C 
Xylitol From 30°C to 85°C, every 5°C 

2.4. Data treatment 

The movies recorded during the experiments are then processed in order to determine crystal growth rates using 
the data processing developed in [2]. 

3. Results and discussion 

3.1. Crystal growth kinetics 

The experiments carried out show that the SA crystal growth is interface-controlled with diffusion-limited 
kinetics. The modern form of Wilson-Frenkel model for crystal growth is hence applied and is written as follows 
[1,3]: 
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It is adapted to the crystallization rate of glass-forming materials, where the mobility of the atoms limits the growth 
rate (diffusion-limited kinetics). In these materials a rearrangement of the configuration and positions of the other 
atoms in the liquid is required for an atom or molecule to join the crystal. This rearrangement process is therefore 
thermally activated with the same activation energy as the liquid diffusion and the decrease of the viscosity. Fig.1 
presents the graphs of crystal growth velocities of the four studied SA according to the bulk temperature.  
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