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Abstract 
This work presents and discusses a detailed thermal conductivity assessment of erythritol, xylitol 
and their blends: 25 mol% erythritol and 80 mol% erythritol using the Transient Plane Source 
(TPS) method with a Hot Disk Thermal Constants Analyzer TPS-2500S. Thereby the thermal 
conductivities of xylitol, 25 mol% erythritol, 80 mol% erythritol and erythritol were here found for 
respectively in the solid-state to be 0.373; 0.394; 0.535; and 0.589  W∙m-1∙K-1 and in the liquid-
state to be 0.433; 0.402; 0.363; and 0.321 W∙m-1∙K-1. These obtained results are comprehensively 
and critically analyzed as compared to available literature data on the same materials, in the phase 
change materials (PCMs) design context. This study clearly indicates that these thermal 
conductivity data in literature have considerable discrepancies between the literature sources and 
as compared to the data obtained in the present investigation. Primary reasons for these disparities 
are identified here as: the lack of sufficiently transparent and repeatable data and procedure 
reporting, and relevant standards in this context. To exemplify the significance of such transparent 
and repeatable data reporting in thermal conductivity evaluations in the PCM design context, here 
focused on the TPS method, a comprehensive measurement validation is discussed along various 
residual plots obtained for varying input parameters (i.e., the heating power and time). Clearly, the 
variations in the input parameters give rise to various thermal conductivity results, where choosing 
the most coherent result requires a sequence of efforts per material, because there are no universally 
valid conditions. Transparent and repeatable data and procedure reporting is the key to achieve 
comparable thermal conductivity results, which are essential for the correct design of thermal 
energy storage systems using PCMs. 

Keywords: phase change materials, thermal energy storage, thermal conductivity, transient plane 
source method, erythritol, xylitol 

Abbreviations 
BE Boundary Exceeded  
dT  Temperature variations (in K) 
Er  Erythritol 
FC  Free convection 
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L  Liquid 
LFA   Laser Flash Apparatus 
LS  Laser Step 
na  not available 
NIST   National Institute of Standards and Technology  
PCM  Phase change material 
S  Solid 
SS   Stainless steel 
TCR  Temperature Coefficient of Resistivity  
TES  Thermal Energy Storage 
THS  Transient Hot Strip 
THW  Transient Hot Wire 
TPS  Transient Plane Source  
USP  Uneven Signal Penetration  
Xy  Xylitol 
 

1 Introduction 
Thermal Energy Storage (TES) can provide effective solutions for better energy management, 
improved energy efficiencies, climate change mitigation, renewables integration, and flexible 
operation. Surplus thermal energy, from e.g. power plants and industries,[1], [2], [3] can be stored and 
used at different locations and time[2], [4], [5] thus realizing better management. Improved efficiencies 
and CO2 mitigation are achieved by storing surplus thermal energy to fulfill existing 
heating/cooling demands which otherwise are met by fossil-based means[1], [6], [7]. Renewable 
energy sources such as solar can be effectively integrated to a TES system (e.g. in solar thermal 
systems[8], [9]) to resolve the challenges due to their intermittent nature. TES also incorporates 
flexibility into an energy system by permitting peak shaving and load shifting[10], [11], [12], also with 
potential cost benefits.  

Phase Change Materials (PCMs) are one effective TES choice, allowing compact storage with 
larger storage densities e.g. as compared to sensible TES. Numerous PCMs-based TES applications 
have been investigated over the years(e.g. [13], [14], [15], [16], [17], [18]). Among these, many PCMs were 
analyzed to be incorporated in buildings for improving the indoor thermal comfort[13]. An example 
is where PCMs suitable for building indoor thermal comfort applications were obtained via the 
fractionation of natural-gas based products to obtain alkenes-based PCMs[14]. The intermittency in 
renewable energy sources like solar thermal and concentrated solar power production can also be 
effectively mitigated by employing TES, among others, employing PCMs[15]. Among such 
investigations, e.g. dodecanoic acid as a PCM has exhibited 20 % more TES capacity than a water 
storage system in a solar thermal system[16]. The overall energy efficiencies of today’s industrial 
processes can also be achieved by means of integrating TES with PCMs, by means of waste heat 
recovery[18]. Thermal management in batteries with PCMs[17] is another emerging technology of 
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TES. To accomplish truly sustainable TES solutions from PCMs, besides their energy-related 
advantages, materials of renewable origin are of great interest as PCMs. Polyols are one such 
renewable material category emerging as candidate PCMs[19], [20], [21], [22], [23], [24] with attractive 
thermal properties suitable for cooling as well as heating applications. 

The polyols erythritol, xylitol, and a eutectic among their blends[23], [24], [25] are found as attractive 
PCM candidates, with melting temperatures (77-120 °C) and enthalpies (~200-370 kJ∙kg-1) suitable 
for low-temperature heating. These materials should also have satisfactory thermal conductivities 
for fast charging and discharging of heat/cold in the TES system. The thermal conductivity of 
erythritol and xylitol are available in literature, however, with considerable disparities and often 
lacking the details on the specific measurement conditions essential for repeatability(e.g. [19], [24], [26], 

[27], [28], [29], [30]).  

Numerous methods are being used today to measure thermal conductivity of solids and liquids. 
From these, some only measure thermal conductivity at steady-state while some others measure at 
unsteady-state (i.e., transient conditions)[31]. The steady-state methods measure thermal 
conductivity employing heat flows that are one dimensional (using e.g. a guarded hot plate, an 
unguarded hot plate, or various other configurations for linear heat flow) or radial (e.g. cylindrical, 
spherical or ellipsoidal)[31]. From the transient methods, some only measure thermal diffusivity, 
using which thermal conductivity is indirectly calculated (e.g. Ångström, Laser Flash Apparatus 
(LFA), and Laser Step (LS) methods). Whereas, some other transient methods measure thermal 
conductivity (e.g. Hot Wire Method (HWM)), or both thermal conductivity and thermal diffusivity 
(e.g. transient hot strip (THS) and transient plane source (TPS) method)[31].  

Among these transient methods, those which can only measure thermal diffusivity are limited so 
because the applied power to the sample cannot be determined (e.g. LFA, Ångström and LS 
methods). The other transient methods do not have this limitation, as in those methods the applied 
power can be precisely determined to measure the thermal conductivity and sometimes even the 
thermal diffusivity (e.g. THS and TPS methods)[31]. Therein, such transient methods clearly come 
with advantages. Considering these transient methods, longer sample sizes are necessary for the 
hot wire and hot strip methods, whereas in the TPS method the sample size requirement is 
minimized by using a sensor made as a double spiral[31]. Another practical advantage of the TPS 
method is that both low and highly conductive powders, liquids, solids and metals can be tested. 
In-contrast, e.g. in the THW method, the range of samples is narrowed to especially low conductive 
powders, liquids and solids that can be easily injected to the sample holder, unlike in the TPS 
method. Therefore, the TPS method appears to have clear advantages over many other thermal 
conductivity measurement methods today.  

The thermal conductivity properties of erythritol, xylitol and their blends of the compositions 25 
mol% and 80 mol% erythritol were presented very concisely in a recent publication by the present 
authors[25]. However, in that study, focused on the determination of the erythritol-xylitol phase 
diagram, comprehensive details of the thermal conductivity assessment of the system were 
excluded. Driven by the disparities observed in various literature, herein, the thermal conductivity 
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investigation of erythritol, xylitol, 25 mol% erythritol (a blend close to the eutectic in the system) 
and 80 mol% erythritol using the TPS method is presented in explicit detail. This procedure and 
the obtained results are then critically compared with the available thermal conductivity data in 
literature. Thereby, the aim of this work is to exemplify the dependence of the final results on the 
employed testing conditions and the underlying data evaluation procedure, and the key information 
crucial for transparency and repeatability, all vital in PCMs characterization and design. Although 
the present study is limited to the TPS method, it is expected here to reach certain common 
conclusions in this respect for unified thermal conductivity assessments and thus results in the PCM 
design context. 

2 Materials and Methods 
Meso-erythritol (C4H10O4, CAS number 149-32-6) and xylitol (C5H12O5, CAS number 87-99-0) of 
99% purity each[32], and their blends in the compositions 25 mol% erythritol (i.e., a close-to-
eutectic blend) and 80 mol% erythritol were investigated (hereon, mol% erythritol will be referred 
to as mol% Er). The molar compositions of these blends were within the expanded uncertainty of 
1.3 mol% at a 0.95 confidence level[25].  

The thermal conductivity of these pure polyols as well as their blends was analyzed experimentally 
using the TPS method using a Hot Disk Thermal Constants Analyzer TPS-2500S. This employed 
set-up is shown in Figure 1 (a). In this case, the Hot Disk sensor 7577 (2 mm radius) which is 
insulated with polytetrafluoroethylene (PTFE) was used. A specially in-house built sample holder 
made of aluminum (volume: 7 ml, diameter: 24 mm, height: 15 mm) was used, which was mounted 
on a stainless steel (SS) base[33], as shown in Figure 1 (b). This sample holder was built, according 
to the TPS-25000S manufacturer guidelines, to test PCMs at various temperatures besides room 
temperature (because the manufacturer’s PCM testing holder is limited to room temperature 
measurements).  

  
(a) (b) 

Figure 1. The employed TPS (a) experimental set-up and (b) sample containment. 
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The Hot Disk Thermal Constants Analyzer TPS-2500S instrument and TPS sensor was verified 
using benchmark tests conducted on distilled water. In this case another Hot Disk sample holder 
for only liquid samples had to be used. In these thermal conductivity verification tests using the 
TPS method, each sample test was repeated up to three times at each chosen power and time 
condition set. The obtained measured values, reference values (from the NIST[35]) and the standard 
deviations are summarized along with the measurement power, time in Table 1. 

Table 1. Standard deviations of the measured thermal conductivities of distilled water the TPS 
methoda 

Temperature 
(ºC) 

Power 
(mW) 

Time (s) Averaged 
Thermal 

Conductivity 
(W∙m-1∙K-1)  

for 9 repetitions 

Reference Thermal 
Conductivity[35] 

(W∙m-1∙K-1) 

Standard 
deviation  

(W∙m-1∙K-1) 

5 25, 28, 32 2, 3 0.571 0.570 0.005 

10 25, 28, 32 2, 3 0.579 0.580 0.003 

15 25, 28, 32 2, 3 0.588 0.589 0.002 

20 25, 27, 30 2, 3 0.593 0.598 0.004 

25 25, 27, 30 2, 3 0.598 0.607 0.002 

30 22, 25, 28 2, 3 0.613 0.615 0.003 

35 18, 20, 22 2, 3 0.623 0.623 0.004 

40 18, 20, 22 2, 3 0.628 0.631 0.002 
ain this study the experimental pressure was not controlled beyond atmospheric pressure (101±2 kPa) 

As can be seen in Table 1, the difference between the obtained experimental results therein and 
data from the National Institute of Standards and Technology (NIST)[35] for distilled water was less 
than 0.7 % which is significantly below the measurement error of instrument set to be ± 5 % (~ 
0.05 W.K-1.m-1). In these benchmark tests, density and specific heat capacity were used as input 
values for the post processing of thermal conductivity results. The use of this knowledge of the 
volumetric heat capacity (i.e., the product of density and specific heat) in the data post processing 
decreases the thermal conductivity measurement error below 2 %. It is important to underline that 
this post processing method was used to both verify the validity of the Hot Disk TPS-2500S 
instrument measurements, as well as to prove that this TPS testing method can be applied for liquid 
samples in a wider temperature range. These benchmark tests are concentrated on the liquid-state 
measurements, because, liquid-state thermal conductivity measurements are more complex to 
handle generally in all the thermal conductivity measurement methods. 

In this investigation, erythritol and xylitol were considered as the reference cases for 80 and 25 
mol% Er blends, respectively. However, when using these reference measurement parameters for 
testing the blends, some indicated pronounced convection or insufficient signal penetration into the 
sample. Thus, other specific testing conditions were used in those cases as detailed in Table 2. The 
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uncertainty of these thermal conductivity measurements is 5% as specified by the Hot Disk 
manufacturer[34].  

The material samples tested were prepared in this work as following. For the liquid-state 
measurements, the powdered solid samples were filled into the TPS container, while keeping the 
sensor vertical, and sandwiched between the powders. Then the open areas of the container (the 
areas where white powder can be observed as in Figure 1 (b) were then covered with aluminum 
foil. Each respective sample then inside the TPS container was then inserted into the thermal bath 
with a silicon oil connected to the TPS apparatus, maintained at the respective measurement 
temperature as specified in Table 2. These were then maintained in the thermal bath at this set 
temperature, for several hours, to ensure complete melting, before the measurements were 
conducted.  

Table 2. The employed TPS measurement conditionsa on pure erythritol, pure xylitol and their 
blend compositions: 25 mol% erythritol and 80 mol% erythritol 

Sample Liquid/ Solid Temperature (°C) Power (mW) Time (s) 
Erythritol Liquid 125b 17, 19, 20, 22, 25 2, 3, 4 

Solid  20c 18, 20, 21, 22, 25, 30 2, 3, 4 
80 mol% Erd Liquid 125b 18, 20, 22, 25 2, 3, 4 

Solid  20c 18, 20, 22, 25 2, 3, 4 
Xylitol Liquid 110b 18, 20, 21, 22, 25, 30 2, 3, 4 

Solid  20c 18, 20, 21, 22, 25, 30 3, 4 
25 mol% Erd Liquid 110b 18, 20, 25 2, 3, 4 

Solid  20c 18, 20, 21, 22, 25 2, 3, 4 
ain this study the experimental pressure was not controlled beyond atmospheric pressure (101±2 kPa) 
b,c,dwith the respective expanded uncertainties with 0.95 confidence level: b5 °C; c0.1 °C; and e1.3 mol% 

For the solid-state measurements, the samples were prepared using some additional steps. The 
respective solid samples were first melted by heating in an oven respectively at 145 °C- for 
erythritol and 80 mol% Er, and at 120 °C -for xylitol and 25 mol% Er1, until each became a single 
liquid2. Simultaneously, the TPS sample container attached with the sensor, was also subjected to 
the same respective heat-treatment. Once molten, each of these respective samples were carefully 
poured into the TPS container cavity (until reaching a few mm below its maximum height), while 
keeping the sensor vertical and trying to avoid air-bubbles formation (especially around the sensor). 
Afterwards, the heating of erythritol and 80 mol% erythritol was gradually changed into cooling, 
using 10-15 minutes time steps into 120, 110, 95, 80 and 65 °C. The aim of this gradual cooling 
process was to avoid metastable phases that could be triggered in erythritol and 80 mol% erythritol 
samples if they were directly cooled to ambient temperature from 145 °C. As xylitol and 25 mol% 
Er samples have a much slower solidification rate compared to erythritol-rich samples, these were 

                                                 
1 As these have a lower melting temperature, and to minimize thermally-activated change in these, a temperature lower 
than 145 °C was used here. 
2 This melting was a must to ensure that the blends are in-fact blends rather than a physical mixture of the two pure 
components, whereas, the same was performed for the pure components, to maintain a standard procedure. 
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given only one intermediate cooling step at 70 °C for 10 minutes. At the end of such cooling steps, 
a very small amount of the starting powder material was seeded to each melt, to further encourage 
the stable solid-state formation. Erythritol and 80 mol% erythritol completed solidification fast 
(within less than an hour), whereas xylitol and 25 mol% Er samples required several hours in room 
temperature till complete solidification. Then these samples were also covered with aluminum foils 
at the top of the TPS container. 

With such a careful solidification process, the samples were sandwiching the Hot Disk sensor well, 
ensuring a satisfactory contact with it. This solidification process however did not pressurize the 
sensor too much, as it mostly started at the sensor and propagated outwards into the TPS cavity 
which had sufficient volume for the crystals to grow. The prepared solid samples as such were then 
transferred to the TPS thermal bath at ambient temperature (~24 °C), and then were maintained in 
the bath at 20 °C for one hour. Afterwards, the TPS measurements were performed on their solid 
state, also using the conditions as specified in Table 2.  

3 Results and Discussion 
The thermal conductivities measured in this work using the TPS method are compared with 
literature data, in Table 3, beside available measurement conditions. As Table 3 indicates, in the 
PCM literature as a whole, the thermal conductivities of erythritol and xylitol, in solid or liquid 
state, were presented with considerable discrepancies consequent in a large range of values. The 
thermal conductivity of solid erythritol has major discrepancies between various literature, found 
within the range 0.31-0.89 W∙m-1∙K-1. The solid state of xylitol has also been proposed with 
numerous thermal conductivity values, consequent in the largest range of discrepancies found, 
within 0.44-1.31 W∙m-1∙K-1.  

In this work, the thermal conductivities of solid erythritol and xylitol respectively were found to be 
0.59 W∙m-1∙K-1 and 0.37 W∙m-1∙K-1, however, with not many comparable values available in 
literature (c.f. Table 3). The 25 mol% Er was examined using the TPS method by just one study: 
del Barrio et al., 2017[24], presenting the liquid and solid thermal conductivities to be 0.42 and 0.38 
W∙m-1∙K-1. The thermal conductivities of the 25 mol% Er for both liquid and solid states obtained 
in the present work are comparable with del Barrio et al., 2017[24]. However, the pure component 
results are considerably different in the case of erythritol for both solid and liquid states, and of 
solid xylitol. The 80 mol% Er was not studied by any other authors thus far. 

The thermal conductivity measurements found in literature were performed using many different 
methods such as: TPS, C-Therm Thermal Conductivity Analyzer, LFA, Thermo Con Tester M100, 
and Thermal Conductivitymeter EP2C (c.f. Table 3). With LFA, as was mentioned in section 1, 
only thermal diffusivity can be measured directly. Thus, thermal conductivity is an indirect result 
in LFA obtained as a function of thermal diffusivity, combined with specific heat (cp) and 
density[26] (which are also experimentally measured using various techniques).  
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Table 3. The final thermal conductivities of erythritol, xylitol, 25 mol% Er and 80 mol% Er measured in this work compared with 
literature (L: Liquid, S: Solid, Er: erythritol, na: not available, RT: room temperature) 

Mate
rial 

L/ 
S 

Measurement conditions and input parameters  Thermal conductivity 
(W∙m-1∙K-1) 

Sources  
Temperature (°C) Power (mW)/ 

other conditions  
Time (s)/other 
conditions 

Volume (ml) 

Er
yt

hr
ito

l 

L 
125a 20 3 ~6.7 0.321 This workf,c 
120-160, 140, 
110, ~120  

na, na, na, na na, na, na, na na, ~0.23, na, 
~30 

0.327-0.339, 0.330, 0.350, 
~0.370 

[27]f, [26]j,p, [36]h,q, [24]s,r 

S 

20b 20, 18-25  3, 2-4 ~6.7 0.586, 0.589e This workf,c  
nag, nag, nag,  
30, 25, nag, RTg, 
25, 30 (15-60), 
RT, nag, 27, 25, 
29, na, 20 

na, na, na, na, na  
na, ASTM D5470, 
1000m (naj), na, 
na, ASTM D5470, 
25, na, na, na, na 

na, na, na, na, na, 
na, na, 60m (naj), 
na, na, na, 4, na, 
na, na, na 

na, na, na, na, 
~0.16, na, na, na, 
na, na, na, ~30, 
na, na, na, ~0.23 

0.310, 0.326, ~0.369, 0.390, 
0.650, 0.703, 0.710, 0.720m,j, 
0.722 (0.756-0.688), 0.733, 
0.730, 0.761, 0.770, 0.800, 
0.810, 0.890 

[28]l, [37]f, [38]o, [36]h,q, [39]j, 
[40]f, [41]l, [42]m,j, [27]f, [19]j, 
[43]n, [24]f, [44]j, [45]j, [29]j,k, 
[26]j.p 

80 
Er 

L 125a,d 20 2, 2-3 ~6.7 0.363 This workf,c 
 S  20b,d 20, 18-25 2, 2-3 ~6.7 0.553, 0.535e 

Xy
lit

ol
 

L 110a 20, 20-22 3, 2-3 ~6.7 0.412, 0.433e This workf,c  
110, 140, ~90-
110, 100 (30-100)r 

na, na, na, na na, na, na, na na, 0.23, ~30, 
~30 

0.350, 0.360, ~0.395, ~0.400 
(0.390-0.450)r 

[36]h,q, [26]j,p, [24]s,r, [30]s,r 

S  20b 20 3 ~6.7 0.373 This workf,c  
30, 20, 27, 25 na, na, 25, 25 na, na, 4, na na, ~0.23, ~30, 

~30 
0.440, 0.520, 1.314, 1.300 [36]h,q, [26]j,p, [24]f, [30]f 

25
 E

r L 110a,d 20 2 ~6.7 0.402 This workf,c  
~80 na na ~30 ~0.420 [24]s,r 

S  20b,d 20, 20-25 3, 3-4 ~6.7 0.391, 0.394e  This workf,c  
 27 25 4 ~30 0.380 [24]f 

a,b,d expanded uncertainty with 0.95 confidence: a5 °C; b0.1 °C; and d1.3 mol%, can uncertainty of 5%[31], eaverage over the range 
f,h,j,l,m,n,o,s used method: fTPS (Transient Plane Source) method using TPS 2500S, hC-Therm Thermal Conductivity Analyzer using modified TPS method,  jLaser 
Flash Apparatus,  lThermo Con Tester M100, mThermal Conductivimeter EP2C (Neo Tim), nOne-dimensional Steady-state method, using own apparatus, oTransient 
Hot Wire (THW) method, sHot-Disk based method as proposed in literature[46], [47] 
gthe state (whether solid or liquid) was not specified, however, given details imply that the measurements were done of the solid at around room temperature  
kfood-grade material, ptechnical-grade material, qbulk-grade materials, rincluding supercooled liquid 
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Among these numerous evaluations in literature, except for some, a majority do not detail the 
corresponding measurement conditions (as identified with na-not available), as Table 3 indicates. 
Such a lack of procedural reporting has been observed also beyond the context of polyols, by other 
authors (e.g. Warzoha and Fleischer, 2014a[46]). Possible main reasons for the results discrepancies 
in literature are thus here considered as related to the different measurement conditions used, and 
the unavailability of these details alongside the results for later evaluations to produce repeatable 
results. 

Furthermore, it appears that a major lack exists in relevant standards to abide to, for comparability. 
Thermal conductivity directly influences the heat exchanger design and thus the TES system 
functionality. Hence, incomparable thermal conductivities could negatively affect the expected 
TES system performance. 

3.1 Validation of Erythritol-Xylitol Thermal Conductivity Measurements using Hot 
Disk Thermal Constants Analyzer TPS-2500S  

For comparability of experimental data, transparent and repeatable data and procedure reporting is 
imperative. This is equally true for the experimental investigations of thermal conductivity of 
PCMs. To exemplify the significance of such transparent and repeatable data reporting, the detailed 
thermal conductivity assessment in this work using the TPS method with the Hot Disk Thermal 
Constants Analyzer TPS-2500S, on erythritol, xylitol and the 25 mol% Er composition is discussed 
here. The detailed assessment on the 80 mol% Er is however excluded due to the lack of reference 
literature data. 

3.1.1 Accurate Data Analysis Approach in Using the TPS Method 
In the Hot Disk Thermal Constants Analyzer, the Hot Disk sensor has two main functions. It acts 
as the heat source for increasing the temperature of the sample, and as a resistance thermometer 
that records the time-dependent transient temperature increase in the sample. For a certain applied 
power within a given time duration, the sensor sends in 200 pulses and measures the thermal 
response of the sample for each pulse. It is important to choose the radius of the Hot Disk sensor 
according to respective experiment and sample type. First of all, the sensor radius must be 
considerably larger than the porosity or the void structure of the sample, if the material in question 
is not dense or homogenous. For homogenous materials where the structure variations are at atomic 
or molecular levels (such as metals), Hot Disk sensors with radii between 3.2 and 15 mm should 
be used. Whereas, liquids should be tested using smaller radii from approximately 0.5 to 3.2 mm[31]. 

By accounting the applied power, time, temperature change in the sample, the sensor radius and 
the probing depth, the Hot Disk Thermal Constants Analyzer software iteratively calculates the 
thermal conductivity, thermal diffusivity and also the specific heat capacity of the sample. The 
detailed thermal conductivity calculation procedure in the TPS method is found in the Hot Disk 
Thermal Analyzer TPS-2500S manual[31]. This calculation is performed for a selected amount out 
of 200 data points representing the temperature increase during the transient test. These calculated 
values are compared with the measured values corresponding to the selected data points and are 
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represented by means of a ‘residual plot’ by the software. In the residual plot, the temperature 
variations in the sample (in K) is plotted versus the square root of time (in √s). Figure 2 is an 
example of a typical residual plot, which has a perfect random scatter of the data points around the 
0 K temperature variation. Obtaining this type of a random scatter in the residual plot is essential 
for a correct thermal conductivity evaluation with the TPS method. In contrast, the residual plot 
data points shifting towards positive or negative temperature variations is characteristic of one or 
more undesirable conditions such as: too little or too high power; too short or too long time; effects 
of free (i.e., natural) convection; or signal reaching the sample boundary[31]. The way these 
undesirable conditions relate to the applied power and time are summarized in Figure 3.  

T
em

pe
ra

tu
re

 D
iff

er
en

ce
 (K

)

√time (√s)

0 

 
Figure 2. A typical residual plot produced after thermal conductivity measurements in a Hot Disk 
Thermal Constants Analyzer (redrawn based on the Hot Disk Thermal Constants Analyser- 
Instruction Manual[31]) 

Free convection effects or uneven signal penetration in the samples give rise to a data points scatter 
in the residual plot taking a sine-wave like shape. Free convection often occurs in liquid samples, 
whereas, if the solid samples contain voids, the entrapped moist air could also give rise to some 
free convection effects. For solids without considerable voids, uneven signal penetration also 
causes a sine-wave shaped residual plot. The thermal conductivity will be overestimated (as 
compared to the real thermal conductivity of the sample) if: free convection occurs, the heat signal 
reaches the sample boundary; a too high power is applied; and/or a too long measurement time is 
used. Conversely, thermal conductivity will be underestimated if a too low power and/or a too short 
measurement time is used[31]. 
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Figure 3. The influence of too low/high power and too short/long time in the Hot Disk measurements 
on (a) solid-state and (b) liquid-state (Here, dT: temperature variations (in K) with + and – indicating 
the direction of shift, FC: free convection, BE: signal exceeds the sample boundary and USP: uneven 
signal penetration) 

Therefore, when testing samples in liquid state, it is of highest importance to avoid free convection 
process. One way of accomplishing this is to limit the testing time to so short durations that any 
movement in the fluid induced by heating the sensor is undetectable. Because of the restrictions on 
measurement times, it is normally advisable to use sensors with the smallest possible radii. As was 
mentioned, another important parameter while testing the thermal conductivity using Hot Disk 
Thermal Constants Analyzer is the applied heating power. Simply, the heating power is the constant 
effect sent to the sensor during a measurement. The aim of correctly setting the heating power is to 
acquire a suitable total temperature increase, typically 2-5 K when using a TPS-2500S[31]. The 
thermal conductivity of the material influences the level of power that should be used. For example, 
insulation materials having low thermal conductivity require only a very small power in mW range, 
while highly conductive materials can handle much higher powers without risking sensor 
damage[31]. 

Another important factor to consider while measuring the thermal conductivity is the measured 
probing depth. The measured probing depth needs to be smaller than the available probing depth. 
This is necessary to avoid the heat wave reaching the sample boundary or sample holder wall during 
the measurement time, which if happens, violates the infinite medium assumption[31].  

As another important step when analyzing the residual plot to obtain the correct thermal 
conductivity, a few of the very first data points and very rarely a few of the last points of the plot 
need to be excluded from the analysis. This ‘cutting’ procedure is necessary since the first few data 
points may contain interferences caused by the extra resistance of the sensor insulation material. 
Whereas, the last few points may contain misinterpretations as the heat signal has most possibly 
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reached the sample boundary by then. Once these adjustments are performed, the correct thermal 
conductivity is calculated by the Hot Disk software[31].  

3.1.2 Erythritol-Xylitol Thermal Conductivity Measurements Validation  
In the investigation by del Barrio et al., 2017[24] the same instrument (TPS-2500S) and the same 
sensor Hot Disk 7577 (2 mm radius) insulated with Kapton has been used for testing the same 
materials (except for the 80 mol% Er blend). Thus, in this study it was decided to work with same 
size of sensor (7577), whereas, more rigid insulation material (polytetrafluoroethylene, PTFE) was 
used to keep the coil of the sensor in position. Among the studies  employing the TPS method (c.f. 
Table 3), only del Barrio et al., 2017[24] have specified both the heating power and time used in the 
solid-state thermal conductivity investigations. However, even in their work, the specific input 
parameters used for the liquid-state measurements were not clear, besides abiding to the 
methodology proposed by Warzoha and Fleischer, 2014[46], [47]. Thus, in the present work, the same 
sized sensor was used, aiming to reproduce previously reported data using the reported heating 
power and measurement time (by del Barrio et al., 2017[24]) and develop the testing method for 
both solid and liquid states of the remaining polyol blends. Although the liquid-state parameters 
were unclear in literature, in this study it was decided to start with the same solid-state conditions 
of del Barrio et al., 2017[24] for the liquid-state as well. The consequent thermal conductivity 
measurements are discussed in detail herein. 

Examples of the residual graphs are presented below for the tests performed in the present work on 
solid erythritol at a temperature of 20 °C with two different test settings: heating power 25 mW 
and time 4 s (c.f. Figure 4) and heating power 20 mW and time 3 s (c.f. Figure 5).  

 
Figure 4. Residual plot for a single thermal conductivity test performed for solid erythritol at 20 °C 

(heating power 25 mW, time 4 s), indicating a thermal conductivity of 0.583 W∙m-1∙K-1 



13 
 

 
Figure 5. Residual plot for a single thermal conductivity test performed for solid erythritol at 20 °C 

(heating power 20 mW, time 3 s), indicating a thermal conductivity of 0.585 W∙m-1∙K-1 

As was mentioned in section 3.1.1, in the ideal case, the residual plot should be a random scatter 
around a horizontal line of 0 K variations. When this condition is obtained, the model fits the 
measurement data and the results are concrete. However, there are several common deviations 
(detailed in section 3.1.1) such as: large fluctuations in the initial part of the graph, pronounced 
sine wave shape, and deviations in the later part of curve. As seen in Figure 4, the residual plot 
shows slight sine wave-like shape that may be the result of uneven penetration of signal within the 
sample resulting in some misleading results or free convection when too high heating power or/and 
too short/long time are applied. Thus, it is recommended to repeat the measurement after allowing 
sufficient waiting time so that the sample temperature decreases to the initial testing temperature 
(controlled by the thermostat bath) while trying to apply other heating powers and/or times. In 
Figure 4, the whole curve is shifted more toward positive temperature difference in the y-axis, and 
therefore, based on the previous experience of testing different materials it can be decided that 
lower heating powers should be applied. Moreover, too many agglomerated points (uneven 
scattering of points) can indicate the use of a too high heating power. 

Interestingly, in the present investigation, applying the same measurement conditions (i.e., input 
parameters) as in the study by del Barrio et al., 2017[24] did not result in similar results. That is, the 
measured thermal conductivities which are up to 25% lower than those of del Barrio et al., 2017[24], 
for four repetitions with the same chosen input parameters on pure erythritol, xylitol and 25 mol% 
Er, were obtained.  

Therefore, it was decided to repeat the measurement and apply a lower heating power of 20 mW 
and a shorter time of 3 s. The resultant residual plot for this thermal conductivity test performed 
for solid erythritol at 20 ºC is presented in Figure 5. Additionally, applying different input 
parameters for solid erythritol resulted in very similar thermal conductivity results giving more 
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confidence in these obtained results. These obtained thermal conductivity results, summarized in 
Table 3, vary compared to other previously reported values by numerous studies[19], [26]-[29], [36]-[45]. 

As was mentioned before, the liquid-state investigation input parameters used by del Barrio et al., 
2017[24] were unclear in their published work. Nevertheless, in the present study it was decided to 
apply the same high heating power and long time (25 mW and 4 s) used on the solid erythritol to 
validate the testing methodology that could be applied for liquid erythritol. An example of these 
results is presented in the residual plot in Figure 6. As seen in Figure 6, the residual plot exhibits 
a sharp sine wave-like shape that may be the result of the unstable temperature in the sample or 
free convection when too high heating power or/and too short/long time were applied. Thus, the 
thermal conductivity tests were repeated at different heating powers and/or times. Based on the 
previous experience of testing liquids at high temperatures, it was here decided to decrease both 
the heating power and testing time. Figure 7 presents the residual plot for one such single test 
performed for liquid erythritol at 125 ºC with a heating power 20 mW and a time of 3 s. Applying 
the same testing input parameters as in the case of solid erythritol resulted in thermal conductivity 
results for liquid erythritol similar to those reported by Wang et al., 2016[27], Höhlein et al.,2017[26] 

and Puupponen et al., 2016[36]. 

 
Figure 6. Residual plot for a single thermal conductivity test performed for liquid erythritol at 125 

°C (heating power 25 mW, time 4 s), indicating a thermal conductivity of 0.486 W∙m-1∙K-1 
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Figure 7. Residual plot for a single thermal conductivity test performed for liquid erythritol at 125 

°C (heating power 20 mW, time 3 s), indicating a thermal conductivity of 0.320 W∙m-1∙K-1 

Figure 8, a residual plot of a single thermal conductivity test performed for liquid xylitol at temp 
110 °C (heating power 25 mW, time 4 s), also shows the effect of free convection, with a distinct 
sine wave shape. Moreover, in that, slightly lower thermal conductivity values were obtained as 
compared to del Barrio et al., 2017[24]. Here, despite decreasing either the heating power or time, 
some free convection was still observed. Thus, tests were repeated at different heating powers 
between 20 and 22mW, and times 2 and 3 s to further decrease the free convection occurrence and 
confirm the thermal conductivity results. As shown in Figure 9 the most coherent thermal 
conductivity results for liquid xylitol were obtained for the input parameters of 20 mW and 3 s. 
Remarkably, applying these same input parameters as in the case of liquid erythritol resulted in 
thermal conductivity results for liquid xylitol similar to those reported by del Barrio et al., 2017[24], 
Höhlein et al.,2017[26] and Puupponen et al., 2016[36]. 
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Figure 8. Residual plot for a single thermal conductivity test performed for liquid xylitol at 110 °C 

(heating power 25mW, time 4s), indicating a thermal conductivity of 0.377 W∙m-1∙K-1 

 
Figure 9. Residual plot for a single thermal conductivity test performed for liquid xylitol at 110 °C 

(heating power 20mW, time 3s), indicating a thermal conductivity of 0.405 W∙m-1∙K-1 

Figure 10 and Figure 11 present the residual plots each for a single thermal conductivity test 
performed for solid xylitol at 20 °C using two different heating power and time combinations. As 
seen in Figure 10, the residual plot for a single thermal conductivity test performed for solid xylitol 
at temperature of 20 °C (heating power 25 mW, time 4 s) also displayed the effect of free 
convection. Thus, tests were performed at different heating powers between 18 and 30 mW and 
times between 2 and 3 s for solid xylitol at 20 ºC. From those, the most coherent results were 
obtained for the input parameters 20 mW and 3 s as shown in Figure 11.  Interestingly, applying 
the same input parameters as in the study by del Barrio et al., 2017[24] did not result in similar 
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results. In contrast, a significantly lower thermal conductivity value, consecutively for four 
repetitions using the same input parameters, was obtained. Curiously, in the present work, the 
application of the same input parameters used on liquid xylitol (i.e., 20 mW and 3 s) gave rise to 
thermal conductivity results for the solid xylitol similar to those reported by Höhlein et al., 2017[26] 
and Puupponen et al., 2016[36]. 

 
Figure 10. Residual plot for a single thermal conductivity test performed for solid xylitol at 20 ºC 

(heating power 25mW, time 4s), indicating a thermal conductivity of 0.359 W∙m-1∙K-1 

 
Figure 11. Residual plot for a single thermal conductivity test performed for solid xylitol at 20 ºC 

(heating power 20mW, time 3s), indicating a thermal conductivity of 0.375 W∙m-1∙K-1 

Figure 12 and Figure 13 present the residual plots each for a single thermal conductivity test 
performed for the solid 25 mol% Er using two different heating powers and times. The thermal 
conductivity tests (heating power 25 mW, time 4 s) performed for the solid 25 mol% Er showed 
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slightly higher vales compared to the results of del Barrio et al., 2017[24]. Nevertheless, the thermal 
conductivity results obtained by using the input parameters of 20 mW and 3 s showed results rather 
similar to those reported by del Barrio et al., 2017[24]. 

 
Figure 12. Residual plot for a single thermal conductivity test performed for solid 25 mol% Er at 20 

°C (heating power 25 mW, time 4 s), indicating a thermal conductivity of 0.390 W∙m-1∙K-1 

 
Figure 13. Residual plot for a single thermal conductivity test performed for solid 25 mol% Er at 20 

ºC (heating power 22 mW, time 3 s), indicating a thermal conductivity of 0.387 W∙m-1∙K-1 

Figure 14 presents the residual plot for a single thermal conductivity test performed on the 25 
mol% Er in the liquid state, using the heating power 20 mW and time 2 s. As seen (c.f. Table 3), 
the thermal conductivity tests using different heating powers and times showed rather similar 
results compared to the values presented by del Barrio et al., 2017[24] for 25 mol% Er. 
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Figure 14. Residual plot for a single thermal conductivity test performed for liquid 25 mol% Er at 

110 ºC (heating power 20mW, time 2s), indicating a thermal conductivity of 0.410 W∙m-1∙K-1 

Besides the examples presented here, numerous residual plots obtained within the entire 
measurement regime were comprehensively scrutinized in this work. The most coherent residual 
plots were chosen through such a careful scrutiny, while discarding the other over- and under-
estimating residual plots. Thereby, the optimal measurement conditions and thus the final thermal 
conductivities of these polyols were identified. The over- and under-estimating residual plot 
examples shown here (e.g. Figure 4, Figure 6, Figure 8, Figure 10 and Figure 12) only concern 
the use of too high powers and too long times. Whereas, the entire measurement regime (c.f. Table 
2) consists of too low powers and too short times as well, besides the optimal conditions. However, 
residual plot examples for such too low powers and too short times are excluded here in this 
discussion, to avoid repetition, because these are similar by appearance to the presented examples 
herein.   

Overall, as shown along numerous examples of the residual plots obtained throughout the thermal 
conductivity evaluation of this polyols system, it is clear that each and every material required a 
sequence of input parameters to finally achieve coherent results. Therefore, it is always essential 
to see how the variations in the input parameters influence the residual plot and to choose the 
correct data scatter, avoiding free convection and still ensuring sufficient signal penetration. 
Concerning the TPS method, it is therefore of utmost importance to specify the measurement 
conditions such as solid/liquid state, the measurement temperatures, and the specific input 
parameters, i.e., the heating power and time, used to conclude on each material’s thermal 
conductivity. 

The solid-state thermal conductivity of materials is influenced by the actual solid-state that is 
analyzed, if the material can have metastable states and/or different polymorphic structures. Many 
materials in nature have such metastable and/or polymorphic structures almost all the time. These 
various states formation is governed by their solidification (i.e., the cooling) rate. That is because, 
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materials are prone to metastability when the cooling rates are insufficiently slow to reach 
thermodynamic equilibrium. In reality, materials often solidify under such too fast conditions, 
unless this is specifically controlled. Thus, the thermal conductivity discrepancies between many 
of these literature and this work could also be due to the differences in the solid state that was 
analyzed, triggered by different cooling rates. Therefore, on one hand, the systematic control of the 
sample cooling rates (to achieve stable phase changes) along with transparent reporting of that 
procedure and the thermal conductivity results is imperative. On the other hand, for practical 
applications that very often employ fast cooling rates, which thus could trigger metastable states in 
PCMs, it is crucial to determine the thermal conductivity of these metastable states as well. 

In this work, the sample solidification was performed by natural cooling of the hot liquid samples 
within room temperature, without any systematic control of the cooling rate otherwise. However, 
a minute amount of the original crystals in powder form were seeded into these liquid samples to 
facilitate the growth of their stable crystalline form. In the blends’ case, with the same expectations, 
the physically mixed polyol powders of the corresponding blend composition were seeded into the 
supercooled liquids. This overall sample solidification procedure is nevertheless one aspect that 
can be improved in future, to obtain more accurate and repeatable thermal conductivity results.   

Repeatability of the measurements directly influence the measurement reliability. In this thermal 
conductivity evaluation using the TPS method, each sample test was repeated at least up to four 
times at each chosen power and time condition set. However, at the end of these tests, it was 
observed that not all the tests yielded coherent results for each power and time input parameters 
set. Thus, in the cases when there were not many coherent results per parameters set, some other 
power and time conditions were also compared (e.g. for solid erythritol, solid xylitol and 25 mol% 
Er in liquid state). Their standard deviations are summarized along with the measurement power, 
time and measured thermal conductivities in Table 4. For the liquid state of erythritol and 25 mol% 
Er, however, only two instances of coherent result were obtainable per composition, from seven 
repetitions. A possible main reason for these incoherent results relates to the challenge in avoiding 
free convection in the liquid-state.  

All the measured compositions nonetheless produced very consistent results with very small 
standard deviations (within 0.001-0.036 W∙m-1∙K-1) between these repetitions, as Table 4 shows. 
Thus, it can be concluded that the measurements in the present work have very satisfactory 
repeatability. 

Although this thermal conductivity analysis is restricted to the TPS method and polyols, it indeed 
exemplifies the necessity of transparency in the procedural aspects that are essential to maintain 
repeatability and thereby to achieve comparable results. This necessity is universally valid for all 
the thermal conductivity assessment methods, where, each method will have its own set of 
conditions crucial for repeatability. Then again, for each material, a number of evaluations are 
inevitable before coherent results can be obtained, and there are no universal measurement 
conditions that fit all materials.  
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Table 4. Standard deviations of the final measured thermal conductivities of erythritol, xylitol, 80 
mol% Er and 25 mol% Er in this work using the TPS method for up to four measurements 

repetitions. (S: solid, L: liquid, Er: erythritol)a 
Material S/

L 
Power, Time (mW, s) Thermal Conductivityc 

(W∙m-1∙K-1) for up to 4 
repetitions 

Average 
(W∙m-1∙K-1)  

Standard 
deviation 
(W∙m-1∙K-1)  

Erythritol 
S 22,3 0.593; 0.592; 0.593; 0.593 0.593 0.001 

L 20,3 0.322; 0.320 0.321 0.001 

80 mol% 
Erb 

S 20,2 0.558; 0.546; 0.553; 0.553 0.553 0.004 

L 20,2 0.364; 0.364; 0.363; 0.360 0.363 0.002 

Xylitol 
S 20,3 0.378; 0.371; 0.372; 0.370 0.373 0.003 

L 22,2; 20,2; 20,2; 20,3 0.454; 0.388; 0.479; 0.412 0.433 0.036 

25 mol% 
Erb 

S 20,3; 20,3; 20,4; 20,4 0.383; 0.399; 0.396; 0.395 0.393 0.006 

L 20,2 0.404; 0.401 0.402 0.001 
ain this study the experimental pressure was not controlled beyond atmospheric pressure (101±2 kPa) 
bwith the expanded uncertainty with a 0.95 confidence level: 1.3 mol%, and can uncertainty of 5% 

Round Robin Tests are one effective way of achieving common standards in these experimental 
investigations of thermal conductivity, where one such is currently being instigated at the IEA 
Annex 33/Task 58[48]. Similar international experts’ collaborative networks are valuable platforms 
for reaching standardization of thermal conductivity investigations (among other experimental 
assessments) in the PCM design context.  

4 Conclusions 
The thermal conductivities of xylitol, its blends with erythritol: 25 mol% erythritol and 80 mol% 
erythritol, as well as erythritol are found in this work using the TPS method, in the solid state 
respectively to be: 0.373; 0.394; 0.535 and 0.589 W∙m-1∙K-1, and in the liquid state respectively to 
be: 0.433; 0.402; 0.363 and 0.321 W∙m-1∙K-1. When comparing these thermal conductivities with 
available literature in the PCM-context so far, clearly, major discrepancies exist particularly on the 
values for erythritol and xylitol. The main reasons for these dissimilarities are the missing 
measurement and sample preparation conditions, and standards to abide to, for comparability. 
Thermal conductivity directly influences the heat exchanger design and thus the TES system 
functionality. Incomparable thermal conductivities could hence negatively affect the expected TES 
system function. Therefore, as shown here, not only on polyols, but overall in the PCM-context, a 
major need exits in standardizing the thermal conductivity measurement approaches and data 
reporting, for accurate design of TES systems.  

Moreover, this study shows that it is necessary to test the same materials with different input 
parameters to verify the obtained results as well as to check the sample sensitivity to free 
convection especially in the liquid state. For instance, in the use of the TPS method, a material 
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needs to be investigated while varying the input parameters such as the heating power and time. 
Further studies of the thermal conductivity of different polyols are recommended to validate the 
data presented herein. The systematic control of the sample’s cooling rates, even beyond simple 
steps of cooling and seeding as used herein, to obtain the expected solid states is another important 
future consideration to obtain more consistent thermal conductivity measurements. 

Overall, to achieve comparable thermal conductivity results, abiding to transparent and repeatable 
data and results reporting is primordial. For that, establishing and maintaining standards in the 
relevant context is imperative. This could be achieved through international collaboration platforms 
working towards such common goals.  

5 Acknowledgements 
The authors express their gratitude to the Swedish Energy Agency (Energimyndigheten) for 
funding the research project 34948‐1, that initiated this work. 

6 ORCID 
Saman Nimali Gunasekara https://orcid.org/0000-0002-1806-9749  
Monika Ignatowicz https://orcid.org/0000-0001-8516-0609  
Justin NingWei Chiu https://orcid.org/0000-0001-6982-2879  
Viktoria Martin https://orcid.org/0000-0001-9556-552X  

7 References 
[1] D. Connolly, H. Lund, B. V. Mathiesen, S. Werner, B. Möller, U. Persson, T. Boermans, D. Trier, 

P. a. Østergaard, and S. Nielsen, “Heat Roadmap Europe: Combining district heating with heat 
savings to decarbonise the EU energy system,” Energy Policy, vol. 65, pp. 475–489, Feb. 2014. 

[2] A. I. Fernández, C. Barreneche, L. Miró, S. Brückner, and L. F. Cabeza, “Thermal energy storage 
(TES) systems using heat from waste,” in Advances in Thermal Energy Storage Systems, Elsevier, 
2015, pp. 479–492. 

[3] F. Dal Magro, A. Meneghetti, G. Nardin, and S. Savino, “Enhancing energy recovery in the steel 
industry: Matching continuous charge with off-gas variability smoothing,” Energy Convers. Manag., 
vol. 104, pp. 78–89, Nov. 2015. 

[4] T. Nomura, N. Okinaka, and T. Akiyama, “Technology of latent heat storage for high temperature 
application: a review,” ISIJ Int., vol. 50, no. 9, pp. 1229–1239, 2010. 

[5] J. N. Chiu, J. Castro Flores, V. Martin, and B. Lacarrière, “Industrial surplus heat transportation for 
use in district heating,” Energy, vol. 110, pp. 139–147, Sep. 2016. 

[6] E. Solgi, R. Fayaz, and B. M. Kari, “Cooling load reduction in office buildings of hot-arid climate, 
combining phase change materials and night purge ventilation,” Renew. Energy, vol. 85, pp. 725–
731, Jan. 2016. 

[7] E. Oró, L. Miró, M. M. Farid, V. Martin, and L. F. Cabeza, “Energy management and CO2 mitigation 
using phase change materials (PCM) for thermal energy storage (TES) in cold storage and transport,” 
Int. J. Refrig., vol. 42, pp. 26–35, Jun. 2014. 

[8] V. Brancato, A. Frazzica, A. Sapienza, and A. Freni, “Identification and characterization of 
promising phase change materials for solar cooling applications,” Sol. Energy Mater. Sol. Cells, vol. 
160, pp. 225–232, Feb. 2017. 

[9] M. Noro, R. M. Lazzarin, and F. Busato, “Solar cooling and heating plants: An energy and economic 
analysis of liquid sensible vs phase change material (PCM) heat storage,” Int. J. Refrig., vol. 39, pp. 

https://orcid.org/0000-0002-1806-9749
https://orcid.org/0000-0001-8516-0609
https://orcid.org/0000-0001-6982-2879
https://orcid.org/0000-0001-9556-552X


23 
 

104–116, Mar. 2014. 
[10] F. Kuznik, J. P. Arzamendia Lopez, D. Baillis, and K. Johannes, “Design of a PCM to air heat 

exchanger using dimensionless analysis: Application to electricity peak shaving in buildings,” 
Energy Build., vol. 106, pp. 65–73, Nov. 2015. 

[11] R. Barzin, J. J. J. Chen, B. R. Young, and M. M. Farid, “Peak load shifting with energy storage and 
price-based control system,” Energy, vol. 92, pp. 505–514, Dec. 2015. 

[12] K. O. Lee and M. A. Medina, “Using phase change materials for residential air conditioning peak 
demand reduction and energy conservation in coastal and transitional climates in the State of 
California,” Energy Build., vol. 116, pp. 69–77, Mar. 2016. 

[13] A. A. A. Abuelnuor, A. A. M. Omara, K. M. Saqr, and I. H. I. Elhag, “Improving indoor thermal 
comfort by using phase change materials: A review,” Int. J. Energy Res., no. December 2017, pp. 
2084–2103, 2018. 

[14] J. Kurdi, S. Al-Muhtaseb, B. Madadkhahsalmassi, and M. Farid, “Screening alternatives for 
producing paraffinic phase change materials for thermal energy storage in buildings,” Int. J. energy 
Res., vol. 41, no. May 2017, pp. 1932–1940, 2017. 

[15] N. P. Siegel, “Thermal energy storage for solar power production,” Wiley Interdiscip. Rev. Energy 
Environ., vol. 1, no. 2, pp. 119–131, 2012. 

[16] A. Joseph, M. Kabbara, D. Groulx, P. Allred, and M. A. White, “Characterization and real-time 
testing of phase-change materials for solar thermal energy storage,” Int. J. energy Res., vol. 40, no. 
April 2015, pp. 61–70, 2016. 

[17] Y. Huo, Y. Guo, and Z. Rao, “Investigation on the thermal performance of phase change 
material/porous medium-based battery thermal management in pore scale,” Int. J. Energy Res., no. 
September, pp. 1–12, 2018. 

[18] N. Şahan and H. Paksoy, “Developing microencapsulated 12-hydroxystearic acid (HSA) for phase 
change material use,” Int. J. Energy Res., no. March, pp. 1–10, 2018. 

[19] T. Oya, T. Nomura, M. Tsubota, N. Okinaka, and T. Akiyama, “Thermal conductivity enhancement 
of erythritol as PCM by using graphite and nickel particles,” Appl. Therm. Eng., vol. 61, no. 2, pp. 
825–828, Nov. 2013. 

[20] SAMSSA, “-Sugar Alcohol based Material for Seasonal Storage Applications,” European 
Community’s 7th Framework Programme, Dec. 2013. 

[21] T. Nomura, M. Tsubota, T. Oya, N. Okinaka, and T. Akiyama, “Heat release performance of direct-
contact heat exchanger with erythritol as phase change material,” Appl. Therm. Eng., vol. 61, no. 2, 
pp. 28–35, Nov. 2013. 

[22] A. Solé, H. Neumann, S. Niedermaier, I. Martorell, P. Schossig, and L. F. Cabeza, “Stability of sugar 
alcohols as PCM for thermal energy storage,” Sol. Energy Mater. Sol. Cells, vol. 126, pp. 125–134, 
Jul. 2014. 

[23] G. Diarce, I. Gandarias, Á. Campos-Celador, A. García-Romero, and U. J. Griesser, “Eutectic 
mixtures of sugar alcohols for thermal energy storage in the 50–90°C temperature range,” Sol. 
Energy Mater. Sol. Cells, vol. 134, pp. 215–226, Mar. 2015. 

[24] E. P. del Barrio, A. Godin, M. Duquesne, J. Daranlot, J. Jolly, W. Alshaer, T. Kouadio, and A. 
Sommier, “Characterization of different sugar alcohols as phase change materials for thermal energy 
storage applications,” Sol. Energy Mater. Sol. Cells, vol. 159, pp. 560–569, Jan. 2017. 

[25] S. N. Gunasekara, J. N. Chiu, V. Martin, and P. Hedström, “The experimental phase diagram study 
of the binary polyols system erythritol-xylitol,” Sol. Energy Mater. Sol. Cells, vol. 174, pp. 248–262, 
Jan. 2018. 

[26] S. Höhlein, A. König-Haagen, and D. Brüggemann, “Thermophysical Characterization of 
MgCl2·6H2O, Xylitol and Erythritol as Phase Change Materials (PCM) for Latent Heat Thermal 
Energy Storage (LHTES),” Materials (Basel)., vol. 10, no. 4, p. 444, Apr. 2017. 

[27] Y. Wang, L. Wang, N. Xie, X. Lin, and H. Chen, “Experimental study on the melting and 
solidification behavior of erythritol in a vertical shell-and-tube latent heat thermal storage unit,” Int. 
J. Heat Mass Transf., vol. 99, pp. 770–781, Aug. 2016. 



24 
 

[28] H. K. Shin, K.-Y. Rhee, and S.-J. Park, “Effects of exfoliated graphite on the thermal properties of 
erythritol-based composites used as phase-change materials,” Compos. Part B Eng., vol. 96, pp. 350–
353, Jul. 2016. 

[29] H. Ji, D. P. Sellan, M. T. Pettes, X. Kong, J. Ji, L. Shi, and R. S. Ruoff, “Enhanced thermal 
conductivity of phase change materials with ultrathin-graphite foams for thermal energy storage,” 
Energy Environ. Sci., vol. 7, no. 3, pp. 1185–1192, 2014. 

[30] H. Zhang, M. Duquesne, A. Godin, S. Niedermaier, E. Palomo del Barrio, S. V. Nedea, and C. C. 
M. Rindt, “Experimental and in silico characterization of xylitol as seasonal heat storage material,” 
Fluid Phase Equilib., vol. 436, pp. 55–68, Mar. 2017. 

[31] Hot Disk AB, “Hot Disk Thermal Constants Analyser- Instruction Manual,” Hot Disk AB, Sweden, 
User Manual Revision date 2015-04-15, Apr. 2015. 

[32] Alfa Aesar, “Alfa Aesar.” Alfa Aesar, A Johnson Matthey Company, 2014. 
[33] M. Ignatowicz, J. Acuña, Å. Melinder, and B. Palm, “Distributed thermal response tests: new insights 

on U-pipe and Coaxial heat exchangers in groundwater-filled boreholes,” 2015. 
[34] Hot Disk AB, “TPS 2500S,” Hot Disk AB, Sweden, Hot Disk | TPS 2500 S, 2017. 
[35] M. M. O. Lemmon, E.W., Huber, L.M., “Standard Reference Database 23, Version 9.0, REFPROP 

Reference Fluid Thermodynamic and Transport Properties.” NIST, 2017. 
[36] S. Puupponen, V. Mikkola, T. Ala-Nissila, and A. Seppälä, “Novel microstructured polyol–

polystyrene composites for seasonal heat storage,” Appl. Energy, vol. 172, pp. 96–106, Jun. 2016. 
[37] L. Gao, J. Zhao, Q. An, D. Zhao, F. Meng, and X. Liu, “Experiments on thermal performance of 

erythritol/expanded graphite in a direct contact thermal energy storage container,” Appl. Therm. 
Eng., vol. 113, pp. 858–866, Feb. 2017. 

[38] S. Guo, Q. Liu, J. Zhao, G. Jin, X. Wang, Z. Lang, W. He, and Z. Gong, “Evaluation and comparison 
of erythritol-based composites with addition of expanded graphite and carbon nanotubes,” Appl. 
Energy, vol. 205, pp. 703–709, Nov. 2017. 

[39] Y. Wang, S. Li, T. Zhang, D. Zhang, and H. Ji, “Supercooling suppression and thermal behavior 
improvement of erythritol as phase change material for thermal energy storage,” Sol. Energy Mater. 
Sol. Cells, vol. 171, pp. 60–71, Nov. 2017. 

[40] B. Li and X. Zhai, “Experimental investigation and theoretical analysis on a mid-temperature solar 
collector/storage system with composite PCM,” Appl. Therm. Eng., vol. 124, pp. 34–43, Sep. 2017. 

[41] S.-Y. Lee, H. K. Shin, M. Park, K. Y. Rhee, and S.-J. Park, “Thermal characterization of 
erythritol/expanded graphite composites for high thermal storage capacity,” Carbon N. Y., vol. 68, 
pp. 67–72, Mar. 2014. 

[42] M. Karthik, A. Faik, P. Blanco-Rodríguez, J. Rodríguez-Aseguinolaza, and B. D’Aguanno, 
“Preparation of erythritol–graphite foam phase change composite with enhanced thermal 
conductivity for thermal energy storage applications,” Carbon N. Y., vol. 94, pp. 266–276, Nov. 
2015. 

[43] C. S. Heu, S. W. Kim, K.-S. Lee, and D. R. Kim, “Fabrication of three-dimensional metal-graphene 
network phase change composite for high thermal conductivity and suppressed subcooling 
phenomena,” Energy Convers. Manag., vol. 149, pp. 608–615, Oct. 2017. 

[44] Q. Zhang, Z. Luo, Q. Guo, and G. Wu, “Preparation and thermal properties of short carbon 
fibers/erythritol phase change materials,” Energy Convers. Manag., vol. 136, pp. 220–228, Mar. 
2017. 

[45] I. Kholmanov, J. Kim, E. Ou, R. S. Ruoff, and L. Shi, “Continuous Carbon Nanotube–Ultrathin 
Graphite Hybrid Foams for Increased Thermal Conductivity and Suppressed Subcooling in 
Composite Phase Change Materials,” ACS Nano, vol. 9, no. 12, pp. 11699–11707, Dec. 2015. 

[46] R. J. Warzoha and A. S. Fleischer, “Determining the thermal conductivity of liquids using the 
transient hot disk method. Part I: Establishing transient thermal-fluid constraints,” Int. J. Heat Mass 
Transf., vol. 71, pp. 779–789, Apr. 2014. 

[47] R. J. Warzoha and A. S. Fleischer, “Determining the thermal conductivity of liquids using the 
transient hot disk method. Part II: Establishing an accurate and repeatable experimental 



25 
 

methodology,” Int. J. Heat Mass Transf., vol. 71, pp. 790–807, Apr. 2014. 
[48] IEA ECES & SHC, “Task 581 / ECES Annex 33- Material and Component Development for 

Thermal Energy Storage,” International Energy Agency (IEA), Nov. 2016. 
 
 


	Abstract
	Abbreviations
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	3.1 Validation of Erythritol-Xylitol Thermal Conductivity Measurements using Hot Disk Thermal Constants Analyzer TPS-2500S
	3.1.1 Accurate Data Analysis Approach in Using the TPS Method
	3.1.2 Erythritol-Xylitol Thermal Conductivity Measurements Validation


	4 Conclusions
	5 Acknowledgements
	6 ORCID
	7 References

