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Bijlage C 
Quality and Testing Regulations for  

Phase Change Materials – PCM  

1 Scope 

These quality and testing regulations define the general principles for PCM including PCM composites, particularly concerning 
definitive properties and requirements, and the content and extent of control measures. 

1.1 Definition of terms 
 

Phase Change Material (PCM) 
In the following, phase change material will be abbreviated as PCM. The term "latent heat storage (material)" is also commonly 
used for the same type of materials. 

PCM’s in the context of these quality-control regulations are materials which change their state between solid and liquid or 
between two different solid crystallisation states over a defined temperature range (phase transition). This process is reversible 
(reproducible phase transition). This change can be used for thermotechnical purposes. 

The advantages of PCM’s compared to other storage materials are that they can absorb large amounts of energy per storage 
volume / mass for a small temperature difference between the storage medium and its surroundings, they can store the energy 
over a period of time with minimal losses and finally, they can release the energy again when needed. 

Phase Change Material Composites (PCM composites) 
are composite materials which always include PCM constituents. By combining the PCM with at least one further material, the 

PCM gains a new or modified property, e.g. 

 graphite -> high thermal conductivity  

 wood fibreboard -> mechanical stability 

 granulate -> free-flowing form of bulk goods 

Examples: PCM graphite matrix, granulates, plaster, wood fibres, PCM foam matrix, PCM film, PC textiles (as fabric, not as 

complete clothing articles), all free-flowing granulate materials. Further examples will be identified by the quality-control 
committee and publicised under www.pcm-ral.de. 
The properties of the PCM and PCM composites listed above can also be determined from samples (small quantities). Powders 

and in particular granulates are usually PCM composites. 

Phase Change Material Objects (PCM objects) 

PCM objects have specific properties, i.e. properties which cannot be determined from samples (parts of  an object) but only with 
the complete object. The thermal conductivity e.g. is not a property of an object. 
Examples: Macro-capsules (panels, packs, spheres), clothing articles made of PCM textiles. 

Phase Change Material Systems (PCM systems) 
PCM systems are products which are positively changed in an essential function by inclusion of PCM, e.g. ski boots, gloves, 

quilts. 

Material Properties and Object Properties 

Properties of materials and material composites are those properties which depend only on the internal composition. An 
example is the thermal conductivity of a material. It is independent of the form and amount of the material.  
Properties of objects are those properties which do not depend solely on the internal composition but are also determined by 

the outer form and ambient conditions. 
An example is the amount of heat released by a panel. This depends both on the form and dimensions of the panel, and on the 
ambient conditions. 

2 Quality Regulations 

2.1 Requirements for PCM and PCM composites 
Manufacturers’ specifications for the definitive properties named in paragraphs 2.1.1 to 2.1.3 are permissible only according  to 
the following definitions: 

2.1.1 Quality Criterion 1: Phase transition temperature and stored heat 
The stored quantity of heat must be specified in the pre-defined temperature intervals for the cases of melting and solidification. 

Specifications of enthalpy are to be with respect both to mass and to volume. Similarly, a measure for sub-cooling is to be 
specified. When specifications are made with respect to volume, the larger volume is to be used, i.e. usually the volume in the 
liquid state. 

2.1.2. Quality Criterion 2: Reproducibility of the phase transition 
PCM must survive a defined number of cycles (see 3.6.2.2.2) without damage. One cycle is defined as complete melting and 

recrystallisation of the PCM. 

http://www.pcm-ral.de/en/text1.htm


Damage criteria 

The product is defective if one of the following changes with respect to the initial state has occurred:  

 change in total enthalpy ≥ 10%,  

 change in enthalpy-temperature profile: 1 K max. deviation  

 mass change > 3%; testing is imperative if the manufacturer specifies "encapsulated"; not required for "not 

encapsulated". 

Cycling category 
The reproducibility is to be specified by cycling categories as follows: 

Cycling category Number of cycles  

A 10000 cycles 

B 5000 cycles 

C 1000 cycles 

D 500 cycles 

E 100 cycles 

F 50 cycles 

Table 2.1.2: Cycling categories and required number of cycles 

2.1.3 Quality Criterion 3: Thermal conductivity 

The thermal conductivity in both the solid and the liquid state is to be specified in predefined temperature intervals. 

2.1.4. Product data sheet 
Manufacturers must prepare a product data sheet for every product, which includes at least specifications for the following 
properties: 

 Product name with specification of: 

o encapsulated PCM or not encapsulated PCM,  

o operating range (this is the temperature range in which the main properties specified by the manufacturer 

are valid),  

o maximum permissible temperature (If the maximum permissible temperature is exceeded, the definitive 

properties specified according to Sections 2.1.1.1 – 2.1.1.3 are lost irreversibly, either partly or completely),  

o specific weight.  

 Definitive properties  

o phase transition temperature and stored heat,  

o reproducibility of the phase transition,  

o thermal conductivity.  

An informative, non-obligatory example of a product data sheet can be found in Appendix I. 

2.1.5 Safety data sheet 
The safety data sheet must comply with the legal requirements of the intended country of sale and include all relevant warnings. 

2.2. Requirements for PCM objects 

2.2.1PCM constituent materials 
PCM objects may contain only approved PCM or PCM composites. 

2.2.2 2. Phase transition temperature and stored heat 

Analogous to PCM / PCM composites 

2.2.3 Reproducibility of the phase transition  

Analogous to PCM / PCM composites2.3. Requirements for PCM systems 



2.3.1 PCM constituent materials 

PCM systems may contain only approved PCM, PCM composites or PCM objects.  
They must be encapsulated. The cycling category according to 2.1.2 must be appropriate for the intended application. 

2.3.2. Product specifications 
Manufacturers of PCM systems must specify the PCM-specific utility for each product group of PCM systems. 
This specification must be accessible to the customer at the time of purchase, e.g. on the packaging, operating instructions, in 

certain cases by specification of an Internet link. 

3 Testing regulations 

The basic testing principles and additions or modifications to these basic testing principles of the quality-control association, 
"Gütegemeinschaft PCM e.V", based on recommendations of the external inspection institutions, as publicised under www.pcm-
ral.de , are to be observed in all measurements made by the external inspection institutions. The following regulations about the 

tests apply exclusively to external tests. 

3.1 Scope of the tests 
For the definitive properties, phase transition temperature, stored heat, reproducibility of the phase transition and thermal 

conductivity, the conducted tests apply within the following limits: 

 PCM: Only for one single product with a unique manufacturer’s product 

name.  

 PCM composites: For composite materials with identical components 

(including identical particle size), but variable mixing ratios. Interpolation 
between measured mixing ratios is permissible. The calculation method must 
agree with test results.  

 PCM objects: For objects with an identical construction but variable volumes 

and comparable geometrical configuration.  

 N.B. The dimensions may be so large that the object does not fit inside the 

testing equipment, e.g. panels with the same width and thickness but 
variable height. Then the maximum dimension cannot be tested.  

 PCM systems: Within the same product category according to the 

specifications of the quality-control committee.  

3.2 Transferability of the test results 

After consultation with an external inspection institution, the quality-control committee can transfer test results on request to 
untested product variants if the manufacturer’s specifications are based on the widely accepted state of the art or plausible tests 
or calculations. 

3.3Adaptation of tests to the state of the art 
With regard to the dynamic development of measurement methods, the quality-control committee can continually authorise new 

measurements corresponding to the state of the art in measurement technology after consultation with the external inspection 
institution. The authorisation is valid from the date of Internet publication under www.pcm-ral.de . 

3.4 Accuracy of the measured values 
As a general principle, the functionality and accuracy of the applied measurement system is to be assured to guarantee the 
accuracy of the measured values. 

3.5 Sample requirements 
Test sample 

The test sample (PCM, PCM composite, PCM object) must be typical of the product to be investigated and must be carefully 
prepared and handled (based on the specifications in the corresponding product data sheet). The preparation procedure for test 
items must be documented. 

Sample density  
The minimum density of the PCM in the operating temperature range must be used as the sample density (tolerance ± 1%).  

3.6 Special testing regulations for PCM and PCM composites 

3.6.1 Phase transition temperature and stored heat for 
PCM / PCM composites 

3.6.1.1 Determination of the stored heat as a function of temperature 

The stored heat is determined according to one of the following measurement methods:  

 hf-DSC dynamic measurement with constant rates of heating and cooling,  

 hf-DSC quasi-stationary measurement with a step profile for heating,  

 m-DSC,  



 T-history method,  

 CALVET calorimeter,  

 multi-layer calorimeter procedure.  

3.6.1.2 Making the measurement 

When the measurements are made, the requirements of the quality-control association, Gütegemeinschaft PCM e.V., must be 
observed particularly with regard to 

 number of samples and measurements and  

 procedures to ensure thermal equilibrium within the sample with sufficient accuracy.  

3.6.1.3Contents of the test result and the test report 
The stored heat as a function of temperature must be specified separately for the cases of heating and cooling, as there 

will be differences in the dependence on temperature in most cases. It will be tabulated in a pre-determined temperature range. 
This must be done in each case with respect to  

 the sample mass in J/g  

 sample volume in J/ml.  

The values with respect to the sample volume will be calculated from the values with respect to the sample mass by 
multiplication with the minimum sample density in the operating temperature range. For example:  

Bild 3.6.1.3: Example 
for presentation of the stored heat as a function of temperature for the heating case  

In addition, the degree of sub-cooling is to be specified for the selected operating range according to the requirements of the 
quality-control association. 

3.6.2 3.6.2 Reproducibility of the phase transition 

No comparable national or international standards exist concerning the investigation of cycling stability. In practice, usually 
thermal cycling is done with equipment that has been designed specially for the relevant product, which can cycle many times in 
the shortest possible testing time. 

3.6.2.1 Testing for damage criteria: 
Total enthalpy: 

The enthalpy, being an essential damage criterion, is to be determined analogously to the measurement requirements for the 
test according to Section 3.6.1 for phase transition temperature and stored heat. The control measurement is deemed to be 
successful if it deviates less than 10 % from the corresponding measurement at the beginning of cycling. 

Enthalpy–temperature profile: 
Deviations in the enthalpy-temperature profile of max. 1 K for each of the onset, offset and peak temperatures 

(supercooling) are permissible (see Fig. 3.6.2.3.1 for definitions). Larger deviations in at least one of these three temperatures 
are to be regarded as a case of damage. The measurement regulations are to be found in Section 3.6.1 on phase transition 
temperature and stored heat and must be applied. Changes in the enthalpy curves can be an indicator for changes in the 

composition of the PCM or changes in the nucleating agent. 

Change in mass: 

The density of encapsulated PCM can be monitored by determining changes in mass. The changes in mass can be caused by 
outgassing or incorporation of materials from the surroundings. If the mass changes by more than 3 % from the initial value, it 
can be assumed that the sample composition has changed significantly. 



3.6.2.2 Cycling category 

Before cycling is begun, it is recommended to decide on the intended category, as this determines the time and frequency of the 
control measurements. 
In accordance with the intended category, the control measurements will be made every n cycles.  

Depending on the number of cycles tested, a total of 6 different categories concerning cycling are achievable. 
Control tests for the damage criteria presented in Section 3.6.2.1 are to be carried out initially and repeated after different 
numbers of cycles, depending on the intended category. The categories and the corresponding frequency for control 

measurements are documented in Table 3.6.2.1. 
For the control measurements, parts of the samples will be removed from the cycling equipment and measured. The removed 
parts may not be cycled further after the control measurement. Sensitive samples (e.g. hygroscopic, encapsulated, etc.), for 

which the sample composition can be affected by removal of part of the sample for a control measurement, must be removed as 
a complete unit (e.g. pack) and may not be used thereafter for further cycling. For this reason, sufficient individual samples must 
be included from the beginning of the cycling process. 
If the criteria for the intended category are not met successfully, a new test with the control criteria for the previously achieved 

category is to be conducted, if the number of control measurements for the lower class is insufficient.  

Cycling category Number of cycles  Control measurements for 

damage criteria every 

A 10000 cycles 1000 cycles 

B 5000 cycles 500 cycles 

C 1000 cycles 200 cycles 

D 500 cycles 100 cycles 

E 100 cycles 20 cycles 

F 50 cycles 10 cycles 

Table 3.6.2.1: Cycling categories, required number of cycles and frequency of control measurements.  

3.6.2.3 Making the measurement  

Measurement principle 

First of all, the temperature profile for cycling must be defined. To do this, a detailed measurement of the total enthalpy and the 
temperature-dependent enthalpy must be made analogously to the requirements of Quality Criterion 1. These measurement 

results are used to determine the switching temperatures and the upper and lower driving temperatures. The duration of the 
pauses at a given temperature and the lowest and highest temperatures should be taken from the manufacturer’s specifications. 
After the initial measurement, the samples are subjected to temperature cycling until the number of cycles for the first cont rol 

measurement has been reached. The number of cycles must be documented by the time series of temperatures measured in 
the sample. The control measurements should be made as described. 
The sequence of cycling and control measurements is continued until damage occurs or the desired number of cycles has been 

reached. 

Temperature limits: 

The PCM’s are cycled through a pre-defined sequence of heating and cooling periods, with pauses between them under certain 
circumstances. 

In order to ensure the greatest possible comparability of the results, the sequence of heating and cooling periods must follow a 
defined profile between temperature limits that have been determined specific to the material being tested. It is essential that the 
sample temperature at the position furthest away from the heating/cooling element must be sufficiently removed f rom the 

melting range to ensure a complete cycle. The following specifications of the material properties such as onset/offset refer to 
measurements according to Quality Criterion 1. The width of the melting peaks is understood to be the difference between the 
onset and offset. 

Two possible sequences for the heating and cooling periods are defined in the following sections. In exceptional cases, different 
limits can be permitted by the quality-control committee. 

Limits relative to peak width 

The upper driving temperature must exceed the offset temperature of the melting curve by at least three 

times the peak width. If the sample at the position furthest from the heating surface reaches a temperature 
which is higher than the offset temperature by at least 2.5 times the peak width (the so-called "switching 
temperature"), the heating cycle is considered to be complete (possibly after a pause period specified by 

the manufacturer). Analogously, in the cooling case, the lower driving temperature must be at least three 
times the peak width lower than the offset temperature of the solidification curve. If the sample at the 
position furthest from the cooling surface reaches a temperature which is lower than the offset temperature 

by at least 2.5 times the peak width (the so-called "switching temperature"), the cooling cycle is considered 
to be complete (possibly after a pause period specified by the manufacturer).  



Absolute limits 

For materials with very broad or several overlapping melting peaks, the definition above can lead to 
unrealistically large temperature ranges. In this case, a minimum driving temperature which is 5 K above 

the offset of the melting curve is permissible for the heating case. If the sample at the position furthest from 
the heating surface reaches a temperature which is at least 4 K higher than the offset temperature (the so-
called "switching temperature"), the heating cycle is considered to be complete (possibly after a pause 

period specified by the manufacturer). Analogously, a maximum driving temperature which is 5 K lower than 
the offset of the solidification curve is permissible in the cooling case. If the sample at the position furthest 
from the cooling surface reaches a temperature which is at least 4 K lower than the offset temperature (the 

so-called "switching temperature"), the cooling cycle is considered to be complete (possibly after a pause 
period specified by the manufacturer).  

 

Fig. 3.6.2.3.1: Definition of the peak width and the resulting switching temperatures and extreme driving temperatures for cycling 

based on relative limits. 

Fig. 3.6.2.3.2: 

Example of a complete cycle with pause phases. 

Measurement of the sample temperature 

If at least two heating surfaces on opposite sides of the sample are used, the temperature is measured with a sensor positioned 
in the centre of the sample. If the sample is heated from only one side, the temperature sensor must be placed at the position 

furthest removed from the heating surface. 

Temperature profile 



A heating rate of 1 K/min (± 0.1 K/min) at the metal contact or in the thermostat bath liquid is recommended. The quality-control 

committee can allow other values. However, the heating rate within the sample is lower. Furthermore, it can be necessary for 
some PCM’s to include pause phases to allow thermal relaxation of the PCM. The manufacturer’s specifications must be 
observed in this point. This must be noted in the documentation. 

3.6.2.4 Contents of the test result and the test report 

The formulation is based on DIN EN ISO 11357-1, "Polymers, Dynamic Scanning Calorimetry (DSC), Part 1: General 
principles". 
The test report must include the following points, if applicable: 

1. reference to this "Recommendation for carrying out the initial audit or external inspection by the quality-control 
association, Gütegemeinschaft PCM",  

2. all necessary information for complete identification of the investigated material,  
3. preparation of the test samples for cycling,  
4. cycling method (air, liquid or metal contact),  
5. cycling category achieved,  

6. initial measurement and control measurements, 
        a. number of cycles up to measurement, 
 

a. preparation of the test samples, 
     i. preparation procedure for the test samples, 
b. determination of the sample density 

     i. description of the measurement procedure, 
     ii. result, 
c. determination of the stored heat as a function of temperature, 

     i. selection of the sample container, 
          1. material and  
          2. dimensions, 

     ii. selection of the measurement method, 
          1. measurement procedure used,  
          2. type of equipment used, 

     iii. conduction of measurement, 
          1. temperature range, 
          2. measurement procedure, parameters of the temperature profile, including initial           temperature, heating 

rate, final temperature and cooling rate, 
          3. result of testing whether sample is isothermal, 
     iv. result, 

          1. number of samples, mass, 
          2. measurement curves and result of individual analysis, 
          3. stored heat as a function of temperature as tables for the heating and cooling cases           after averaging 

the individual results  
          relative to the sample mass in J/g, 
          relative to the sample volume in J/l, 

          4. standard deviation of the measurement results, 
d. determination of the sample mass, 
    i. result,  

7. cycling, 
a. parameters of the temperature profile, including switching temperatures, driving temperatures, duration of pause 
phases, 

b. proof of number of cycles (graph), 
 
date of testing.  

3.6.3 Thermal conductivity  

3.6.3.1 Thermal conductivity as a function of temperature 
The thermal conductivity is determined as a function of temperature with an accuracy of at least:  

±  5 % in the thermal conductivity, 

±  0,5 °C in the temperature. 

This accuracy corresponds to the currently known state of the art. More stringent demands on accuracy can be made in future 
by the quality-control association, Gütegemeinschaft PCM e.V., if the state of the art develops further. 

3.6.3.2 Determination of the thermal conductivity above and below the melting point According to the current state of 
knowledge, suitable measurement methods are: 

Type of sample  Measurement method (solid Measurement method (liquid 



PCM)  PCM)  

Paraffins  Hot wire,  

GHP (Guarded Hot Plate) to a 

limited extent  

Hot wire  

Salt hydrates  Hot wire,  

GHP to a limited extent  

Hot wire  

Micro-encapsulated PCM  Hot wire  

GHP  

Hot wire  

Composite panel of  
carbon/PCM  

Rod instrument according to DIN 
51908,  

hot wire, if sample isotropic  

Rod instrument according to DIN 
51908,  

hot wire, if sample isotropic  

Composite panel of matrix 

material/ micro-encapsulated 
PCM  

GHP,  

hot wire, if sample isotropic,  

rod equipment, if sample has high 

thermal conductivity (> 0.4 
W/(mK))  

GHP,  

hot wire, if sample isotropic,  

Rod equipment, if sample has 

high thermal conductivity (> 0.4 
W/(mK))  

Table 3.6.3.2: Suitable measurement methods 

Due to their individual characteristics, the measurement methods are not equally well suited for all PCM’s. The most suitable 
measurement method for the relevant sample should be selected. The quality-control committee can specify testing for only one 

state for certain products. 
Other measurement methods can be authorised by the quality-control association, Gütegemeinschaft PCM e.V., as new 
knowledge becomes available. 

In all of the listed measurement methods, the temperature measurement points and the measurement parameters must be 
chosen such that melting processes in the sample do not affect the determination of the thermal conductivity. This selection 
must be based on a mandatory enthalpy curve for the material to be tested. 

At the beginning of each individual measurement, it must be ensured that thermal equilibrium exists within the sample. 
To ensure the reliability of test results, the functionality and accuracy of the measurement system used must be checked by test 
measurements of standard materials and documented immediately before an initial audit or external inspection.  

3.6.3.3 Making the measurement 
When the measurements are made, the requirements of the quality-control association, Gütegemeinschaft PCM e.V., must be 

observed particularly with regard to  

 number of samples and measurements and  

 special aspects of sample preparation or preparation of the measurement method used.  

3.6.3.4 Contents of the test result and the test report 

The following points should be observed during the test and specified in the test report:  

1. Identification of the measurement method used with process-specific parameters  

2. Specification of the thermal conductivity at pre-determined temperatures above and below the melting point or the 
melting range  

3. Specification of the sample density at the beginning and end of the measurements  

4. Documentation of the air humidity, air temperature and normal pressure during the measurement  
5. Documentation of specific observations during the measurement, e.g. "precipitation" or "phase separation".  

3.7 Special testing regulations for PCM objects 

1. PCM constituents 

The PCM constituents must be confirmed in writing by a PCM manufacturer who has been awarded the quality 
certificate for PCM’s that are included in PCM objects. 
   

2. Phase transition temperature and stored heat 
Phase transition temperature and stored heat should be calculated from the data for the tested PCM constituents and 
specified. In addition, the degree of supercooling for the selected operating range is to be specified according to the 

requirements for PCM objects of the quality-control association  



3.7.3 Reproducibility of the phase transition 

As for PCM/ PCM composites in encapsulated form. It must be tested that the capsules do not leak. A negative effect of the 
encapsulation on the PCM constituent must be excluded. 

3.8 Special testing regulations for PCM systems 

1. PCM constituents 

The PCM constituents of PCM, PCM composites or PCM objects and their cycling category must 
be confirmed in writing by a PCM manufacturer who has been awarded the quality certificate for 
PCM composites or PCM objects that are included in the PCM systems. 

2. Product specifications 
The specified fundamental utility must be confirmed, without quantitative differentiation, in the test 
report of a testing institution that has been accredited by the quality-control association. 

4 Control 

4.1 General 
The following forms of control are distinguished: 

 External control  

o initial audit,  

o external inspection,  

o repeat external audits.  

 In-house control 

The external inspection institution selects the test samples. The candidate for the quality certificate can make 
suggestions. A variety of products should be subjected to external inspection. The aim is that the scope of tests, as 
defined in Section 3.1, should cover the largest number of products.  

4.2 Initial audit  
Passing the initial audit is the pre-condition for being awarded and using the quality certificate of the quality-control association. 

As part of the initial audit, it will be tested whether the candidate PCM products presented by the applicant for the quality 
certificate fulfil the requirements specified in the quality and testing regulations in all respects. The applicant is obliged to submit 
all documents required for initiating and carrying out the audit to the quality-control association and to provide products for 

external testing according to Section 4.1. 
The initial audit will be ordered by the quality-control committee of the quality-control association, which will commission the 
Bayerische Zentrum für angewandte Energieforschung e.V. or the Fraunhofer-Institute for Solar Energy Systems or an officially 

recognised testing authority or an expert under oath to carrying out the audit.  
Further, the initial audit serves to determine whether the pre-conditions exist for regular compliance with the quality and testing 
regulations. 

Initial audits must be carried out when 

 an application for the quality certificate for a product is submitted for the first time,  

 relevant changes in the product have been made. 

The external auditor will prepare a test report on the initial audit. For PCM, PCM composites and PCM objects, this 

includes:  

 name and function of the auditor,  

 name and function of the laboratory manager,  

 date of sample selection,  

 exact name of sample,  

 origin of sample,  

 date of testing,  

 specifications of sample preparation,  

 measurement procedure applied, with complete specification of all relevant measurement parameters,  

 test result.  

The applicant and the quality-control committee of the quality-control association will each be sent a signed copy of the test 
report. 

4.3 In-house control 
To comply with the quality and testing regulations, each holder of the quality certificate must carry out continuous in-house 
control, which must be reproducible at all times, of all approved-quality PCM products.  

The holder of the quality certificate must prepare thorough documentation of the in-house control. For PCM and PCM 
composites, these include at least 

 name and function of the person responsible for testing,  

 name and function of the laboratory manager,  



 date of sample selection,  

 exact name of sample,  

 origin of sample,  

 date of testing,  

 specifications of sample preparation,  

 measurement procedure applied, with complete specification of all relevant measurement parameters,  

 test result,  

 comparison with the initial audit and statement on fulfilment of the quality criteria  

These documents (without samples) are to be kept in a suitable form for five years and must be presented during subsequent 

external audits. 

4.4 External inspection 
External inspection serves to determine whether the quality and testing regulations and the specified requirements for correc t 

implementation of the tests are still fulfilled by the certificate holder. 
The certificate holders are required to grant the external inspector access to the company for selection of samples.  
As part of the external inspection, the inspector must check the implementation of the in-house control and must evaluate the 

completeness and consistency of the results. 
The protocol forms specified by the quality-control association should be used for this purpose. They can be downloaded from 
the Internet home page: www.pcm-ral.de 

External inspection will be carried out on the basis of random samples. Samples will be selected in accordance with statistical 
principles. 

4.5 Repeat external audit 
If, during the external inspection, the commissioned external inspector finds deficiencies in quality control by the cert ificate 
holder as specified by the quality and testing regulations, he/she is obliged to report this without delay to the quality-control 

association, independently of the corresponding test report.  
In response, after consultation with the quality-control committee, the executive of the quality-control association can order a 
repeat external audit, whereby the date, content and extent of the audit will be determined by the quality-control committee of 

the quality-control association. 
If the certificate holder also fails to pass the repeat external audit, the executive of the quality-control association, in consultation 
with the quality-control committee, can order that further measures be taken in compliance with Section 5 of the implementation 

regulations. 

4.6 Auditing costs 

The costs for each initial, subsequent or repeat audit are to be borne by the applicant or certificate holder.  
 
4.7 Audit reports 

An audit report must be written by the commissioned external auditor on each initial, subsequent or repeat audit carried out. The 
auditor must send signed copies of the test report to the applicant or certificate holder and the office of the quality-control 
association. 

5 Product marking 
Products which have been manufactured in compliance with the quality and testing regulations and which have been awarded 

the certificate of the quality-control association may be marked with the quality seal as illustrated here: 

 
The quality certificate and seal may be awarded and used solely in accordance with the implementation regulations of the 
quality-control association, "Gütegemeinschaft PCM e.V". 

6 Changes 
Changes to the quality and testing regulations, also of an editorial nature, require prior written approval of RAL to become 
effective. After an appropriate transition period, they will put into force by the executive of the quality-control association, after 

prior approval by a General Meeting of the members, by information sent to the certificate holders.  

7 Glossary 

Abbreviations 
Phase Change Material PCM 



Phase Change Material composites PCM composites 

Phase Change Material objects PCM objects 
Phase Change Material systems PCM systems 
Differential Scanning Calorimeter DSC 

 
Definitionen 
Terms relating to testing and measurement procedures 

Enthalpy 
The change in enthalpy is equal to the heat which is absorbed or released in a system under constant pressure. Thus, it is also 
used for the amount of energy which is stored or released during the phase change in the form of both latent and specific heat. 

The units are J (or kJ) per mass unit or per volume unit. 

Differential Scanning Calorimetry 

Differential scanning calorimetry (DSC) allows measurement of the change in the heat flux difference between the sample and a 
comparison sample while these are subjected to a temperature change. Information can be obtained on the stored amount of 
latent and specific heat as a function of temperature. 
The following types of DSC are distinguished: 

Heat Flux DSC (hf-DSC) 
Heat flux DSC is a dynamic measurement with a constant heating and cooling rate or a quasi-stationary measurement achieved 

with a stepped heating profile. Heat is fed to or extracted from the sample via a defined heat-conducting path, changing the 
sample temperature. The measurement is made with individual spot or plate thermoelements. 
Calvet DSC (CALVET Calorimeter) 

Calvet DSC (CALVET Calorimeter) is a special and uncommon version of hf-DSC for very large samples. In a CALVET 
calorimeter, heat is conducted to the sample via a large number of thermoelements (thermopile), changing the sample 
temperature. The thermopile displays an average surface temperature. Losses are assumed to be symmetric and are 

determined by using a reference. 

Temperature-modulated DSC (m-DSC) 

In m-DSC, the sample temperature is scanned following e.g. a linear temperature ramp. Small values of the intrinsic heat 
capacity and resistance of the equipment allow a relatively small temperature modulation to be superimposed on the linear 
ramp. The stored heat can be determined from the sample reaction to this temperature modulation. The measurement is made 

with individual spot or plate thermoelements. 
 
Triple-layer calorimeter procedure 

In the triple-layer calorimeter procedure, a relatively large sample is placed in a special accessory in a commercially available 
climatic chamber. The analysis is made by comparison with a reference material. 
 

T-History method 
The T-history method is an alternative procedure. The heating and cooling behaviour of the sample and a reference in a defined 
environment are recorded during a pre-determined temperature step. The sample properties are determined from the 

temperature profiles of the sample and the reference. 

Characteristic parameters of the measurement procedures 

Onset or peak onset temperature  
is the temperature at which the measured curve begins to deviate from the extrapolated initial baseline. It marks the beginning 
of the melting or crystallisation process. 

 
Offset or peak end temperature  
is the temperature at which the measured curve rejoins the extrapolated final baseline. It marks the end of the melting or 

crystallisation process. 
 
Peak  

is the section of the measurement plot of amount of heat versus the temperature which corresponds to the melting / 
crystallisation process. 
 

Peak width 
is the temperature interval in °C over which the melting or crystallisation process takes place. 

Appendix 1 Page: 1/1 

Template for a Product Data Sheet 

(Minimum requirements) 

1. Identification of material, preparation and company 

Application: Raw material 
Phase Change Materials 

Company: 
Emergency information: 



Phase transition temperature and stored heat 

Reproducibility of the phase transition 
Thermal conductivity 
PCM encapsulated or not encapsulated 

Operating range 
Maximum permissible temperature  

Appendix 2 (informative)  

Equipment for cycling  

The figure in Appendix 2 serves as an example. It shows the schematic configuration of universal cycling equipment, in which 
air, water or metal contact can be used for temperature cycling, depending on the requirements of the application. The samples 
are inserted into the sample chamber, which can be thermostatted from four sides. It is possible to cycle encapsulated samples 

both via a direct metal contact and with a water bath. Powder samples can be filled into separate recesses of a block that can 
be inserted into the equipment. The height of the cover is adjustable. The cover seals the sample chamber as tightly as possible 
to minimise the heat loss to the surroundings. If samples of only one material are cycled simultaneously, one temperature 
sensor in the centre of the samples is sufficient. If samples of several similar materials are tested simultaneously, 

correspondingly more temperature sensors are required. The metal surfaces of the sample chamber are kept at the required 
temperature via a hydraulic circuit which is controlled by a thermostat. 
No particular equipment is specified for cycling. All types of equipment are permissible which technically implement the required 

measurement regulations. In general, it is recommended to cycle encapsulated PCM and mixed products with integrated PCM 
by contact to metal, whereas larger numbers of samples of pure PCM can be cycled very efficiently in a glass flask in a water  
bath. 

 

Figure for Appendix 2: Schematic configuration of equipment for temperature cycling 

Use and publication of the testing methods with reference to the source 
only.  

  



Bijlage D 

 
Emissiecoefficient (Ɛ) 
Absoluut zwart voorwerp 1 
Edelmetaal, gepolijst  0,02-0,05 
Niet-edelmetaal, gepolijst 0,05-0,25 
Aluminium, onbewerkt 0,12 
Aluminium, gepolijst  0,04 
Staal, onbewerkt  0,80 
Staal, geoxideerd  0,65 
Staal, verzinkt   0,25 
Koper, gepolijst  0,04 
Koper, zwart geoxideerd 0,75 
Messing, gepolijst  0,04 
Messing, geoxideerd  0,60 
Aluminium/bronsverf  0,5 
Emaillelak, radiatorlak 0,9 
Olieverf   0,95 
beton, baksteen  0,95 
gips, hout, porselein  0,9 
water, ijs, rijp   0,85 
menselijke huid  0,85 
papier    0,9 
Glas    0,95 
  



Bijlage E 

 
Warmtegeleidingscoeffficient (λ) W/m.K 
Water    0,60 
Lucht    0,026 
Beton    1,7-2,3 
Baksteen   0,6-0,9 
Mineraal wol   0,04 
Glas    0,81 
Hout    0,17-0,23 
PVC-hard (PVC)  0,16 
Polyetheen (PE)  0,23-0,29 
Polystyreeen (PS)  0,04 
Polypropyleen (PP)  0,22-0,24 
Staal    46  
Aluminium   240 
Koper    400 
Paraffine   0,18 
Zouthydraten   0,57 
  



Bijlage F 

 
Overzicht pH waardes 0 t/m 14 
 
pH 14  : natronloogoplossing van 1 mol/L 
pH 15  : natronloogoplossing of kaliloogoplossing van 0,1 mol/L 
pH 11,5 : huishoudammonia 
pH 10,5 : zeepsop 
pH 9,5  : bleekwater 
pH 8,5: : zeewater 
pH 7,5  : eieren 
pH 7,4  : menselijk bloed 
pH 7  : zuiver, gedemineraliseerd water(neutraal) 
pH 6,7  : melk 
pH 6,5  : speeksel 
pH 6  : natuurlijke regen 
pH 5  : lichte zure regen 
pH 4,5  : tomaten 
pH 4  : zure regen 
pH 3  : consumptieazijn 
pH 2  : maagzuur 
pH 1  : zwavelzuur 
pH 0  : zoutzuur 
  



Bijlage G 

 

 

Stroomprijs 

 

Gasprijs 

  



Bijlage H 

 

  



 

  



Bijlage I 

 

  



 

  



Bijlage J 

TERUGVERDIENTIJD/OPBRENGSTEN 

        

Prijsontwikkeling 6%     

        

Terugverdientijd -627,9 jaar   

(gelijkblijvend energietarief)       

        

INVESTERINGEN -€ 1.780  

Meer Minder 

inductie-units € 5.950  koudeopwekking -€ 3.660  

    distributie -€ 4.070  

        

        

        

Totaal: € 5.950  Totaal: -€ 7.730  

        

VARIABELEN € 3  

verwarming 

verbruik met PCM 14410 kWh/jaar 

verbruik zonder PCM 14960 kWh/jaar 

COP 4 - 

Energieprijs 0,27 €/kWh of €/m3 

  -€ 37  €/jaar 

koeling 

verbruik met PCM 1950 kWh/jaar 

verbruik zonder PCM 3150 kWh/jaar 

COP 100 - 

Energieprijs 0,27 €/kWh of €/m3 

  -€ 3  €/jaar 

Ventilatie 

verbruik met PCM 570 kWh/jaar 

verbruik zonder PCM 410 kWh/jaar 

Energieprijs 0,27 €/kWh 

  € 43  €/jaar 

        

OPBRENGSTEN 

0 jaar € 1.780  

5 jaar € 1.777  

10 jaar € 1.774  

15 jaar € 1.771  

30 jaar € 1.768  

 

 



Bijlage K 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Bijlage L 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bijlage M 

 

 


