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Preface 

The International Energy Agency 

The International Energy Agency (IEA) was established in 1974 within the framework of the 
Organisation for Economic Co-operation and Development (OECD) to implement an international 
energy programme. A basic aim of the IEA is to foster international co-operation among the 28 
IEA participating countries and to increase energy security through energy research, development 
and demonstration in the fields of technologies for energy efficiency and renewable energy 
sources.  

The IEA Energy in Buildings and Communities Programme 

The IEA co-ordinates research and development in a number of areas related to energy. The 
mission of the Energy in Buildings and Communities (EBC) Programme is to develop and facilitate 
the integration of technologies and processes for energy efficiency and conservation into healthy, 
low emission, and sustainable buildings and communities, through innovation and research. (Until 
March 2013, the IEA-EBC Programme was known as the Energy in Buildings and Community 
Systems Programme, ECBCS.) 

The research and development strategies of the IEA-EBC Programme are derived from research 
drivers, national programmes within IEA countries, and the IEA Future Buildings Forum Think 
Tank Workshops. The research and development (R&D) strategies of IEA-EBC aim to exploit 
technological opportunities to save energy in the buildings sector, and to remove technical 
obstacles to market penetration of new energy efficient technologies. The R&D strategies apply 
to residential, commercial, office buildings and community systems, and will impact the building 
industry in five focus areas for R&D activities:  
ï Integrated planning and building design 
ï Building energy systems 
ï Building envelope 
ï Community scale methods 
ï Real building energy use 

The Executive Committee 

Overall control of the IEA-EBC Programme is maintained by an Executive Committee, which not 
only monitors existing projects, but also identifies new strategic areas in which collaborative 
efforts may be beneficial. As the Programme is based on a contract with the IEA, the projects are 
legally established as Annexes to the IEA-EBC Implementing Agreement. At the present time, the 
following projects have been initiated by the IEA-EBC Executive Committee, with completed 
projects identified by (*): 
Annex 1: Load Energy Determination of Buildings (*) 
Annex 2:  Ekistics and Advanced Community Energy Systems (*) 
Annex 3:  Energy Conservation in Residential Buildings (*) 
Annex 4:  Glasgow Commercial Building Monitoring (*) 
Annex 5:  Air Infiltration and Ventilation Centre  
Annex 6:  Energy Systems and Design of Communities (*) 
Annex 7:  Local Government Energy Planning (*) 
Annex 8:  Inhabitants Behaviour with Regard to Ventilation (*) 
Annex 9:  Minimum Ventilation Rates (*) 
Annex 10:  Building HVAC System Simulation (*) 
Annex 11:  Energy Auditing (*) 
Annex 12:  Windows and Fenestration (*) 
Annex 13:  Energy Management in Hospitals (*) 
Annex 14:  Condensation and Energy (*) 
Annex 15:  Energy Efficiency in Schools (*) 
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Annex 16:  BEMS 1- User Interfaces and System Integration (*) 
Annex 17:  BEMS 2- Evaluation and Emulation Techniques (*) 
Annex 18:  Demand Controlled Ventilation Systems (*) 
Annex 19:  Low Slope Roof Systems (*) 
Annex 20:  Air Flow Patterns within Buildings (*) 
Annex 21:  Thermal Modelling (*) 
Annex 22:  Energy Efficient Communities (*) 
Annex 23:  Multi Zone Air Flow Modelling (COMIS) (*) 
Annex 24:  Heat, Air and Moisture Transfer in Envelopes (*) 
Annex 25:  Real time HVAC Simulation (*) 
Annex 26:  Energy Efficient Ventilation of Large Enclosures (*) 
Annex 27:  Evaluation and Demonstration of Domestic Ventilation Systems (*) 
Annex 28:  Low Energy Cooling Systems (*) 
Annex 29:  Daylight in Buildings (*) 
Annex 30:  Bringing Simulation to Application (*) 
Annex 31:  Energy-Related Environmental Impact of Buildings (*) 
Annex 32:  Integral Building Envelope Performance Assessment (*) 
Annex 33:  Advanced Local Energy Planning (*) 
Annex 34:  Computer-Aided Evaluation of HVAC System Performance (*) 
Annex 35:  Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*) 
Annex 36:  Retrofitting of Educational Buildings (*) 
Annex 37:  Low Exergy Systems for Heating and Cooling of Buildings (LowEx) (*) 
Annex 38:  Solar Sustainable Housing (*) 
Annex 39:  High Performance Thermal Insulation Systems (*) 
Annex 40:  Building Commissioning to Improve Energy Performance (*) 
Annex 41: Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*) 
Annex 42: The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems  

(FC+COGEN-SIM) (*) 
Annex 43: Testing and Validation of Building Energy Simulation Tools (*) 
Annex 44: Integrating Environmentally Responsive Elements in Buildings (*) 
Annex 45: Energy Efficient Electric Lighting for Buildings (*) 
Annex 46: Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government 

Buildings (EnERGo) (*) 
Annex 47: Cost-Effective Commissioning for Existing and Low Energy Buildings (*) 
Annex 48: Heat Pumping and Reversible Air Conditioning (*) 
Annex 49: Low Exergy Systems for High Performance Buildings and Communities (*) 
Annex 50: Prefabricated Systems for Low Energy Renovation of Residential Buildings (*) 
Annex 51: Energy Efficient Communities (*) 
Annex 52: Towards Net Zero Energy Solar Buildings (*) 
Annex 53: Total Energy Use in Buildings: Analysis & Evaluation Methods (*) 
Annex 54: Integration of Micro-Generation & Related Energy Technologies in Buildings (*) 
Annex 55: Reliability of Energy Efficient Building Retrofitting - Probability Assessment of 

Performance & Cost (RAP-RETRO) 
Annex 56: Cost Effective Energy & CO2 Emissions Optimization in Building Renovation 
Annex 57: Evaluation of Embodied Energy & CO2 Equivalent Emissions for Building 

Construction 
Annex 58: Reliable Building Energy Performance Characterisation Based on Full Scale 

Dynamic Measurements  
Annex 59: High Temperature Cooling & Low Temperature Heating in Buildings 
Annex 60: New Generation Computational Tools for Building & Community Energy Systems 
Annex 61: Business and Technical Concepts for Deep Energy Retrofit of Public Buildings 
Annex 62:  Ventilative Cooling 
Annex 63:  Implementation of Energy Strategies in Communities 
Annex 64: LowEx Communities - Optimised Performance of Energy Supply Systems with 

Exergy Principles 
Annex 65: Long Term Performance of Super-Insulating Materials in Building Components and 

Systems 
Annex 66: Definition and Simulation of Occupant Behavior Simulation 
Annex 67: Energy Flexible Buildings 
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Annex 68: Design and Operational Strategies for High IAQ in Low Energy Buildings 
Annex 69: Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings 
 
Working Group - Energy Efficiency in Educational Buildings (*) 
Working Group - Indicators of Energy Efficiency in Cold Climate Buildings (*) 
Working Group - Annex 36 Extension: The Energy Concept Adviser (*) 
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Summary 
This subtask is divided in two actions: 

Action 2A: Materials Assessment & Ageing Procedures (Experiments & 

Simulation) 

Action 2B: Components & Systems Assessment (Experiments & Simulation) 

As their structures and microstructures are completely different, Super-Insulating 

Materials (SIMs) cannot be compared directly to traditional insulating materials. 

Worldwide acceptance of these materials will be improved if the hygro-thermal and 

mechanical properties of  SIM can be clearly articulated and reproduced. In particular, 

nano-structured materials used to manufacture a SIM are characterized by a high 

specific area (m²/g) and narrow pores (smaller than 1 µm) which make them very 

sensitive to gas adsorption and condensation, especially in contact with water molecules.  

Therefore, methods of characterization must be adapted, or new methods developed to 

measure the microstructural, hygro-thermal and mechanical properties of these 

materials and their barrier films. 

In parallel, modelling methods to describe heat, moisture and air transfer through nano-

structured materials and films will have to be developed (adsorption and desorption 

models, diffusion models, freeze-thawing é). 

Of course, a few methods will be common to all SIMs, but due to their structural 

differences some specific modelling methods have to be developed. 

SIMs can offer considerable advantages (low thickness, low Uvalue) ; however potential 

drawback effects should be considered in the planning process in order to optimise the 

development of these extraordinary properties (very low thermal conductivity) and to 

prevent negative publicity which could be detrimental to this sector of emerging products. 

This is why ageing tests will be set according to realistic conditions (temperature, 

moisture, pressure, load é) as set out in SubTask 3A. One objective of artificial ageing 

is to understand potential degradation processes that could occur. The durability of 

hydrophobic treatment is one of these processes and will also be subject to discussion 

and investigation. 

At the component scale, additional characterizations are needed as panels or rolls are 

sold by manufacturers. In particular, thermal bridges will be carefully investigated, as the 

extraordinary thermal performance of SIMs are sensitive to the influence of thermal 

bridges. 
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Abbreviations 
Table 1: List of frequently used abbreviations  

Abbreviations Meaning 

A Inorganic layer 

AI Aluminium  

APM Advanced porous material 

ASTM 
American Society for Testing and Materials International,  

an international standards organization 

ATR Air transmission rate 

CEN 
European Committee for Standardization (Comité Européen de 

Normalisation) 

COP Centre of panel 

DHW Domestic hot water 

DIN German Institute for Standardization (Deutsches Institute für Normung) 

EE Embodied Energy 

EN European Norm (european standard) 

EOTA European Organisation for Technical Approvals 

EPBD Energy Performance of Buildings Directive of the European Union 

EPS Expanded polystyrene  

ETICS External thermal insulation compound system 

FEM Finite element method 

FG Fibreglass 

FPC Factory production control 

GHP Guarded hot plate 

GRP Glass reinforced plastic 

GUM Guide to uncertainty of measurement 

HFM Heat flow meter 

IEA-EBC Energy in Buildings and Communities Programme of the International 

Energy Agency ISO International Organization for Standardization 

Lab Laboratory 

LCA Life cycle Assessment 

LCI Life cycle Impact 

LCIA Life cycle impact analysis 

LDPE Linear low density polystyrene 

ME Measurement equipment 

MP Measurement point 

NZEB Net zero energy building or net zero emissions building 

OP Operator 

ɚ Thermal Conductivity in W/(m K) 

P Polymeric layer 

PE Polyethylene 
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Abbreviations Meaning 

PET Polyethylene terephthalate 

PETM1F Polyethylene terephthalate films metallized on one face 

PU Polyurethane 

RH Relative humidity 

SIM Super Insulating Material 

ST 1 
Annex 65 Subtask 1: State of the Art on Materials & Components - Case 

Studies 

ST 2 
Annex 65 Subtask 2: Characterisation of materials & components - 

Laboratory Scale 

ST 3 Annex 65 Subtask 3: Practical Applications ï Retrofitting at the Building 

Scale ï Field scale ST 4 Annex 65 Subtask 4: Sustainability ï LCC, LCA, EE ï Risk & Benefit 

UEATc 
Union Européenne pour l'Agrément technique dans la construction 

a grouping of 18 approval bodies in Europe 

U-value Thermal transmittance of a building element [W/(m²K)] 

VIP Vacuum insulation panel 

VOC Volatile organic compounds 

WI Water intake 

WVTR Water vapour transmission rate 

XPS Extruded polystyrene 
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Definitions 
Definitions of energy performance according to EN 15603:2008 (Official Journal of the 

EU, 19.4. 2012, p. C 115/9) and econcept (embodied energy): 

Å Thermal conductivity: the amount of heat per unit time per unit area that can 

be conducted through a plate of unit thickness of a given material, the faces of 

the plate differing by one unit of temperature. 

Å Energy need for heating or cooling: heat to be delivered to or extracted from 

a conditioned space to maintain intended temperature conditions during a given 

period of time.  

Å Energy need for domestic hot water: heat to be delivered to the needed 

amount of domestic hot water to raise its temperature from the cold network 

temperature to the prefixed delivery temperature at the delivery point.  

Å Energy use for space heating or cooling or domestic hot water: energy input 

to the heating, cooling or hot water system to satisfy the energy need for heating, 

cooling or hot water respectively.  

Å Embodied energy: Embodied energy is the total energy required for the 

extraction, processing, manufacture and delivery of building materials to the 

building site. 

Å Primary energy: Energy found in nature that has not been subject to any 

conversion or transformation process. It is energy contained in raw fuels and 

other forms of energy received as input. It can be non-renewable or renewable. 

Definitions of building life cycle according to ISO 14040:2006: 

Å LCA: Life cycle assessment: compilation and evaluation of the inputs, outputs 

and the potential environmental impacts of a product system throughout its life 

cycle. 

Å LCIA: Life cycle impact assessment: phase of life cycle assessment aimed at 

understanding and evaluating the magnitude and significance of the potential 

environmental impacts of a product system. 
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1 Introduction  
For all kinds of insulation material the provision of reliable thermal and hygric 

characteristics by the manufacturer, as the essential basis for construction work and 

energy efficiency calculations, is the key for a successful market entrance and 

oconfidence in the product. Conventional insulation materials that have been established 

for years are well proven in this manner and therefore enjoy more confidence from the 

market. The reason for this is that the necessary testing methods have been developed 

over many years and are established in harmonised standards, so that the laboratory 

work of testing is comparable across a range of nations.  

1.1 General context 

For a defined application, normally several different material characteristics are 

essential. Some applications are characterised by advanced hygric stress (e.g. perimeter 

applications), others require enhanced mechanical stability due to long-time stress 

loaded situations (e.g. insulation of bottom plates). 

As it is not possible to investigate the suitability of all types of testing for SIMs by this 

programme, the focus of this study is on the determination of thermal properties. The 

main properties of importance in this context are the determination of: 

Å thermal conductivity (VIPs and APMs), 

Å linear thermal bridges (especially for VIPs with different edge design), 

Å internal pressure (VIPs), 

Å ageing behaviour (VIPs and APMs). 

1.2 Objectives of SUBTASK 2: Characterisation of materials & 

components - Laboratory scale 

The methods of characterisation for SIMs must be adapted and in some cases new 

methods must be developed. Therefore, an inter-laboratory testing programme was 

developed to check for differences in thermal conductivity measurement, determination 

of linear thermal bridge effects, and determination of internal pressure and ageing 

effects. Each participating laboratory provided a detailed description of the measurement 

process.  

The results have been screened for any differences and double-checked with the 

description of the measurement process, to work out the critical parts of methodology 

that have to be considered to provide reproducible testing.  
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Beside this practical approach, an extended error calculation for both the guarded hot 

plate (GHP) and heat flow meter (HFM) methods has been developed. Based on this 

model the general error of thermal conductivity measurement is calculated and 

compared to the level of confidence for conventional insulation materials.  

To carve out the essential parameters that are crucial to achieve a sufficiently low 

measurement uncertainty for SIMs, a sensitivity analysis was also carried out. By varying 

the uncertainty of the involved measurands and calculating the combined measurement 

uncertainty for the thermal conductivity, useful minimum requirements on measurement 

accuracy for the measurands like temperature difference, thickness, heat-flux resp. 

heating power, etc. can be defined. This knowledge can be used for future revisions or 

amendments of the relevant standards to extend the range of thermal conductivity 

measurements defined therein, so that typical low values for SIMs are met. (EN 

12664:2001, EN 12667:2001, ISO 8301:1991, ISO 8302:1991, EN 1946-2:1999, EN 

1946-3:1999, ASTM C1045-07(2013), ASTM C518-15, ASTM C1667-15).  

SIMs can offer considerable advantages, however potential drawback effects should be 

known of and considered in the planning process to optimise the development of these 

extraordinary properties and to prevent negative publicity detrimental to this sector of 

emerging products. This is why ageing tests will be determined according to realistic 

conditions (temperature, moisture, pressure, load, etc.) defined in Subtask 3A. One 

objective of artificial ageing is to understand potential degradation processes that could 

occur. The durability of the hydrophobic treatment is one of these processes and will also 

be subject to discussion and investigation. 

Artificial ageing is a never-ending story and requires a comparison of natural ageing with 

the results of artificial ageing for each specific material, if a precise estimation of 

characteristics as a function of time is required. The general problem is that product 

development life cycles today are often very dynamic processes with fast changing raw 

materials, additives and production technologies. After naturally ageing for ten or more 

years, the products often have changed significantly. Therefore, it is difficult to develop 

precise life time estimation testing procedures.  

Beside the question of representative ageing conditions, the reproducibility of an 

elevated degradation due to elevated temperature and moisture stress is dependent on 

the accuracy of the climate chambers in use. 

Therefore, an ageing procedure defined in the draft product standard for VIPs is 

integrated in the inter-laboratory testing programme mentioned before. VIPs are stored 

in a climate of 50°C and 70% RH for 30, 60, 90 and 180 days. APMs are stored in a 

climate of 60°C and 80% RH for the same time frame. The chosen ageing conditions 

reflect the current practice for ageing these materials in the scientific community and are 

not necessarily designed to represent a time-lapse scenario for any real exposure. The 

thermal conductivity of VIPs and APMs as well as the internal pressure of VIPs by time 

is investigated and compared from lab to lab to check for reproducibility again.  
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Especially VIPs show a time-and-condition-dependent ageing behaviour due to the 

unavoidable permeation of dry gases and water vapour through the barrier film. Based 

on the results from a research project funded by the research initiative ñFuture of 

Buildingsò of the German ministry ñBundesministerium f¿r Umwelt, Naturschutz, Bau und 

Reaktorsicherheit (BMUB)ò service life estimations are calculated for different example-

applications in locations all over Europe. 

The results will be compared with the ageing behaviour based on the chosen climate 

conditions of 50°C and 70% RH to check for an adequate time span of artificial ageing.  

At the component scale, additional characterisations are needed for general panels or 

rolls sold by manufacturers. Thermal bridges will be particularly and carefully 

investigated, as the extraordinary thermal performance of SIMs is sensitive to the 

influence of thermal bridges. 

1.3 Deliverables & target audience 

The deliverables from Annex 65 will comprise a well-defined set of documentation, 

including: 

Å recommendations on how to characterise SIMs with respect to thermal 
properties, 

Å recommendations on how to perform reliable artificial ageing that provides results 
that are meaningful for lifetime expectations. 

The target audience and annex beneficiaries are: 

Å ISO, CEN, UEAtc, EOTA, 

Å the building research community, 

Å the supply chain: material, component and system, 

Å engineering offices and consultants,  

Å building contractors with an interest in high performance systems. 

The specific deliverables and related subtask are listed in Table 2. 
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Table 2: The specific deliverables and related subtasks. 

Ref. Deliverables Related 

subtask 

Target Audience 

D1 State of the Art and Case Studies report ST1 Supply Chain 

D2 Scientific Information for Standardisation 

Bodies dealing with Hygro-Thermo-

Mechanical Properties & Ageing report 

ST2 CEN, ISO, EOTA, 

UEAtc,  

Testing laboratories 

Materials manufacturers 

D3 Guidelines for Design, Installation & 

Inspection with a special focus on 

Retrofitting 

ST3 Designers, Engineers, 

Contractors, Builders 

D4 Report on Sustainability Aspect (LCC, 

LCA, EE ï Risk & Benefit) 

ST4 Engineers & Designers 

Table 3: The foreseen outreach activities with corresponding target groups. 

 Outreach Activities Target Group 

01 Internet Site & Annex Newsletter Building Research Community 

IEA-EBC program 

02 Network of Excellence on Measurement 

Methods 

Building Industry & Research 

Community 

03 International Workshops Building Industry Stakeholders 
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2 State of the art 
In the following chapter state of the art methods for determination of thermal conductivity, 

linear thermal bridging, internal pressure measurement of VIP and ageing methods are 

described.  

To ensure consistent reading the methods are described generally followed by individual 

descriptions of how these measurements are performed in different labs. The results are 

summarized and recommendations about best practice are given in Chapter 7.  

2.1 Methodology for measurement of thermal conductivity 

Thermal conductivity is the key property for thermal insulation materials. Therefore, the 

control of the production process regarding the performance of the produced material is 

essential. In this manner, factory production control is mandatory in any case, and 

requires a good knowledge about measurement principles for the engineers as well as 

for the laboratory staff. In the following the most important measurement principles are 

explained: more details can be found in the Sub Task (ST 1) Report, Chapter 4.5. 

2.1.1 Guarded hot plate - GHP 

The reference method with highest accuracy for determining thermal resistance and 

thermal conductivity results of building and insulating materials is the guarded hot plate 

measurement (GHP). The measurement is carried out by measuring the energy 

consumption of a hot plate, when using it to apply a defined temperature gradient to a 

specimen.  

The method requires plane and plate-shaped specimens which are installed between 

heating and cooling plates. The installation is thermally decoupled to avoid outward heat 

flows perpendicular to the heat flow to be measured. This is achieved by an insulating 

guard ring, surrounding the installation with a small gap and temperature controls that 

zero out any differences in temperature between the specimen and the guard ring. When 

reaching a stationary temperature state, the heat flow becomes constant. At this point, 

the temperature gradient and the heat flow can be used to calculate the equivalent 

thermal conductivity of the specimen directly from thermal resistance using the thickness 

of the specimen. 

The duration of the test is mainly dependent on the size and the thermal properties of 

the specimens and ranges between several hours and days (until steady state conditions 

are sufficiently met).  

Compared to a HFM the GHP is more accurate because all necessary values for 

calculating the thermal conductivity are measured directly. On a laboratory scale the 

method is described in ISO 8302:1991, EN 1946-2:1999, EN 12667:2001, EN 

12664:2001, ASTM C1045-07(2013) and ASTM C177-13. 
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Figure 1: Schematics of GHP apparatus with symmetric alignment and two specimens. Source: 
FIW München. 

2.1.2 Heat flow meter ï HFM 

To measure the thermal conductivity of plate-shaped products the heat flow meter (HFM) 

can also be applied. A grid of thermocouples generates a voltage proportional to the heat 

flux through the element. 

 

Figure 2: Schematics of HFM apparatus with symmetric alignment and single specimen. 
Source: FIW München. 

The HFM measurement is suitable for components consisting of homogenous layers 

perpendicular to the heat flow. In steady state, with a constant temperature gradient 

through the subject, the equivalent thermal conductivity can be derived directly from heat 

flux, the thickness of the specimen and the temperatures of the surfaces only (described 

in ISO 8301:1991, EN 12664:2001, EN 12667:2001, EN 1946-3:1999, ASTM C1045-

07(2013), ASTM C518-15 and ASTM C1667-15).  

HFMs are in most cases easy to maintain and will reach steady state conditions often 

faster than guarded hot plate (GHP) apparatus. On the other hand, the measurement 

uncertainty is connected to the quality of the calibration standard and in general higher 

than for GHP because the measurement uncertainty of the calibration standard must be 

factored in.  
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2.2 Methodology for measurement of linear thermal 

transmittance (ɣ values) at butt joints 

Linear thermal bridges occur due to geometrical (e.g. corner of the building) or material 

induced inhomogeneity (e.g. materials with different thermal conductivity installed side 

by side). In the case of VIPs, two main things must be considered. In comparison to the 

centre of panel (COP) measurement, at the edge of the panel the barrier film (plastic and 

aluminium/metal films) will enhance heat flux and the unavoidable gap between two 

panels is of influence on the measurement result.  

For rigid boards or loose fill material (e.g. APMs) the butt joints can be designed in a 

more sophisticated way so as to oppress or minimize the effect of linear thermal bridges, 

but for VIPs this effect is of special interest.  

The methodology for measurement of linear thermal bridge effects is always based on a 

comparative study of the heat flux through an undisturbed material in comparison to the 

heat flux through a set of samples that are connected. In principle, the investigation can 

be performed by measurement in the laboratory or by using thermal modelling with 

numerical simulations (according to ISO 10211:2007).  

A detailed study on how to perform measurement of linear thermal bridge effects of VIPs 

is given in Sprengard [2016]. It is necessary in every case for the measurement of the 

thermal conductivity of the undisturbed material to use measurement methods as 

described in Chapter 2.1 of this report. For accuracy reasons, it is preferable that the 

same apparatus should be used as for the determination of the linear thermal bridge 

(GHP or HFM).  

The very heart of the measurement procedure is the definition of several areas over the 

sample surfaces that are thermally affected by the increased heat flux through the butt 

joint (Figure 3).  

 

Figure 3: Highly affected (joint area), slightly affected and centre of panel area of two VIPs 
arranged for determination of ɣ values. Source: FIW München. 

The temperature distribution in the three areas defined in Figure 3 is measured with 

thermocouples. It is recommended to use at least two thermocouples for the joint and 

the slightly affected area and three thermocouples for the COP area (Figure 4). 
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Figure 4: Exemplary distribution of thermocouples for determination of temperature differences 
in defined areas of the panel surface for determination of ɣ values. Source: FIW 
München. 

For calculation of the equivalent thermal conductivity (including linear thermal bridge 

effects), the measured temperature differences are averaged and area weighted 

according to equation (1). 

ЎὝ  
ὃ Ͻ ЎὝ ὃ  ϽЎὝ ὃ  ϽЎὝ

ὃ ὃ ὃ
 

(1) 

Where 

ЎὝ  area weighted temperature difference for joint assembly in K, 

ЎὝ  temperature difference for COP area in K, 

ЎὝ  temperature difference for slightly affected area in K, 

ЎὝ  temperature difference for joint area in K, 

ὃ  centre of panel area in m2, 

ὃ  slightly affected area in m2, 

ὃ  joint area in m2. 

 

The equivalent thermal conductivity including the influences of the specific joint assembly 

(‗ ȟ ) is then calculated using the area weighted temperature difference (Ў— ). To 

determine the linear thermal transmittance for the joints (‪), the thermal conductivity in 

the centre of panel area is subtracted and the values are converted to 1m of joint length 

(equation (2)).  

‪  
ὃ

Ὠ Ͻ ὰ
 Ͻ‗ ȟ ‗   

(2) 

Where 

‪ linear thermal transmittance for the joints in the metering area in W/(m K), 

ὃ metering area of the GHP or HFM apparatus used for the measurement in 

m2, 

Ὠ thickness of the specimens in m, 

ὰ length of the joints within the metering area in m, 

‗ ȟ  equivalent thermal conductivity including edge effects in W/(m K), 
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‗  two specimens mean thermal conductivity for centre of panel in W/(m K). 

 

A different approach can be followed, using commercial measurement apparatus (GHP 

and HFM) without any external device or thermocouples (Lorenzati et al., 2016). This 

method represents a more practical way to determine the thermal bridging effects, with 

less control over the different surface temperatures. In this way the actual overall heat 

flux through two adjoining VIP panels with a thermal bridge in-between is measured, and 

the related equivalent thermal conductivity (‗ ), in W/(m K), and thermal bridge linear 

thermal transmittance (‪), in W/m K, can be evaluated.  

The linear thermal transmittance (‪) can be assessed accordingly to ISO 10211-1:2007 

considering the extra-flux (Ў‰ in W), or the additional heat transmission, caused by the 

linear thermal bridge. Because the joints between the panels cause a distortion of the 

temperature field, the measured heat flux (‰ ) will be higher than the heat flux that 

would cross a single VIP panel alone (‰ : the difference, Ў‰, between these two heat 

flux values is the extra-flux (see Figure 5 for more details). 

Ў‰ ‰ ‰  (3) 

Where 

‰  mono-dimensional (centre of panel) specific heat flux in W, 

‰  measured bidimensional heat flux due to the thermal bridge in W. 
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The heat flux ‰  is determined starting from the knowledge of the centre of panel 

thermal conductivity (‗ ) of the VIP specimens. In fact, at steady state, it holds: 

‰
‗

Ὠ
Ͻὃ ϽῳὝ 

(4) 

where 

‗  two specimens mean thermal conductivity for centre of panel in W/m K, 

Ὠ panel thickness in m, 

ὃ  metering area in m2, 

ῳὝ temperature difference between the plates in K. 

 

The equation adopted for the calculation of the thermal bridge linear thermal 

transmittance is: 

‪
ρ

ί
Ͻ
‰

ῳὝ
ςϽ
‗

Ὠ
Ͻὃ Ƞ  (5) 

Moreover, the equivalent thermal conductivity of the assembly, ɚeq, is defined as: 

‗
•

ὃ ϽῳὝ
ϽὨ (6) 

 

Figure 5: Schematics of HFM apparatus method for the determination of ɣ values. Source: 
Politecnico di Torino. 
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2.3 Methodology for internal pressure measurement 

Probably the most important process parameter in the production of VIPs is the internal 

pressure of the panels, as this is directly connected to the thermal conductivity of the 

VIP. In this context the measurement of internal pressure becomes important in several 

ways. First, a quality production control should cover the determination of internal 

pressure directly after the production to prove the correct settings of the vacuum-press 

and check for any significant leakage in the barrier film. Second, the internal pressure is 

measured to document the evolution of gas permeation due to dry gases and water 

vapour while ageingthe material. 

The accuracy requirement of the result is normally in inverse proportion to the time effort 

and cost of the equipment necessary to perform the measurement. Therefore, different 

test methods have been established in recent years that offer a range of performance 

between fast and easy to maintain test procedures for factory production control (FPC) 

and scientific requirements for accuracy. The most important methods are presented 

below.  

For small internal pressures in the range of 0.1-100mbar, different measurement gauges 

are common (Table 4) that vary with respect to the accuracy of measurement.  

Table 4: Different principles of pressure measurement. 

Measurement principle Measuring range 

Piezo-membrane-vacuum-gauge 10-1 ï 103mbar 

Capacitance-membrane-vacuum-gauge 10-5 ï 103mbar 

Pirani-vacuum-gauge (hot-wire method) 10-4 ï 10-1mbar 

Spinning Rotor Gauge 10-7 ï 10-3mbar 

A direct measurement of internal pressure with one of the mentioned methods would 

require a connection between the core material of the VIP and the measurement gauge. 

As this is only possible for scientific measurements in the lab, different methodology for 

determination of internal pressure on normal VIPs were developed, based on the foil lift-

off method and indirect measurement of dependent physical characteristics like thermal 

conductivity (Table 5). 

Table 5: Internal pressure measurement on VIP. 

Measurement principle Accuracy 

Vacuum chamber (foil lift-off method) medium ï high 

Vacuum suction-bell (foil lift-off method) medium ï high 

va-Q-check (indirect measurement) low ï medium 

Thermal conductivity (indirect measurement) low ï medium  

The accuracy of the measurement varies due to the specific method and as mentioned 

above, is normally in inverse proportion to the required effort. Methods developed for 

FPC (e.g. the va-Q-check method) are easy to perform and offer quick results. The 
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measurement principle is based on the inter-connection between the thermal 

conductivity of a small piece of fleece installed directly below the barrier film of the VIP 

that can be determined very quickly, using the special measurement gauge developed 

by the manufacturer. As the measurement is quick and can be performed automatically 

directly after production, statistical data evaluation for quality control purposes is easy to 

derive using this system. On site a quick check of the functionality of the panels can also 

be performed.  

However, for scientific purposes, methods with higher accuracy are required. Therefore, 

the foil lift-off methods are preferred. The measurement principle is based on the lift-off 

of the barrier film as soon as the internal pressure of the VIP becomes higher than the 

surrounding pressure.  

In general, two different approaches are common. The panel is placed in a vacuum 

chamber to evacuate the surrounding atmosphere (vacuum chamber method, Figure 6), 

or only a limited space over the barrier film is evacuated using a suction bell (suction bell 

method, Figure 6) 

          

Figure 6: Principles sketch of vacuum chamber method (left) and suction bell method (right). 
(Regauer, 2017) 

In any case it should be mentioned that the lift-off of the barrier film observed with laser 

measurement gauges can be influenced by the specific VIP assembly, concerning 

positioning of the welding and unavoidable kinks in the panel surface as well as from the 

specific support situation (compare Figure 6, distance sensor 1, 2 and 3). Therefore, 

differences between measuring from the top of the panel and from the bottom are likely 

to occur.  

The data evaluation can be performed with different methods. Most common is the 

tangent method, that defines the internal pressure (ὴ) of the VIP as the intersection of 

two tangents defined by linear regression on the curve from the foil displacement (ί) as 

a function from the vacuum chamber pressure (ὴȟ) (Figure 7). 
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Figure 7: Raw data (red line) of the distance (ί) between laser measuring gauge and the VIP 

surface as a function of the internal pressure of the chamber (ὴȟ) and the tangents to 

derive the internal pressure of the VIP (ὴ). Source: FIW München. 

2.4 Methodology for ageing 

Ageing of building materials describes the time dependent change of characteristics. For 

an intended use, minimum requirements regarding material characteristics are normally 

set that should be met by the material over the full-service life time. As natural ageing 

requires long term monitoring, or at least the decomposition of building elements after 

many years to measure characteristics, artificial ageing is applied to speed up the 

process of degradation.  

Therefore, it is essential to evaluate the key parameters that occur in real life and make 

the conditions severe enough to speed up the degradation process without breaking any 

threshold value that will trigger physical effects that are not realistic (e.g. for polymers 

the application of temperatures higher than the softening temperature). 

Below, the relevant ageing parameters for VIPs and APMs are introduced.  

2.4.1 Ageing parameters 

For VIPs the most important ageing parameter is the unavoidable increase of the internal 

pressure. Assuming a defect-free panel this characteristic is highly dependent on the 

temperature and the relative humidity of the specific application. In Germany an ageing 

condition developed by the Deutsches Institut für Bautechnik (DIBT), the so called DIBT 

procedure, was applied for years that is based on 7 days of climatic changes between -

15°C and +80°C (one temperature cycle per day) followed by 2 times 90 days of storage 

in elevated temperature at 80°C and ca. 3% RH. According to the actual draft of the 

product standard for VIPs, the ageing procedure is reduced to 180 days of climatic stress 

with 50°C and 70% RH to include the effect of water vapour permeation through the 

envelope that is relevant for applications in the construction sector. 

A study on the influence of climatic impact on the internal pressure increase of VIP was 

performed by Sprengard et al., 2016. This research project focussed on the 

determination of internal pressure increase as a function of temperature and relative 

humidity. For both impact factors, an Arrhenius behaviour that describes the reaction 
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rate as a function of the temperature (Sprengard et al., 2016) was observed and used to 

calculate the pressure increase of VIP under realistic climate conditions that are specific 

to certain exemplary construction and installation sites.  

As the thermal performance of APM is highly dependent on the microstructure, changes 

of the porous structure are crucial with respect to ageing. Several impact factors can be 

determined as relevant such as heat, moisture, freezing and thawing but also the 

adsorption of VOC (volatile organic compounds), dust and settling phenomena for loose 

filled materials.  

Detailed information about the ageing of APM and VIP is included in the Annex65, Sub 

Task (ST) 1 report Chapter 3.3 for APM and Chapter 4.5.3 for VIP. 

2.4.2 Modelling 

Modelling can be applied on different scales and oftenrequires simplification to achieve 

useful results with economical effort. Detailed modelling on the microscale, (e.g. for VIPs) 

the investigation of defects in the welding zone, or the thermal transport phenomena in 

APMs with changing porous distributions enables enhanced understanding of potential 

failure risks and gives the opportunity for material developments by improving production 

technologies or material.  

On the other hand, more generalist models can also be applied; those reflect a higher 

degree of simplification but enable the researcher to investigate the interdependencies 

of varying boundary conditions on interesting material characteristics.  

In this report, detailed modelling about film barrier permeation (Chapter 5Erreur ! 

Source du renvoi introuvable.), defect zones in VIP envelopes (Chapter 5.1), and 

different approaches to describe the gas permeation through VIP barrier films and 

calculate the associated changes in the thermal properties under a broad variety of 

climatic conditions and constructions (examples for Germany) are shown (Chapter 5.2). 
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3 Inter-laboratory test programme - 
VIP and APM 

To check the variability of measurements on SIMs and to define potential improvements 

on the applied methods, an inter-laboratory test programme was developed. 

3.1 Principle and approach 

The principle of the test programme was the allocation of VIPs and APMs by several 

manufacturers and the testing of these materials at several laboratories. Each laboratory 

provided extended information about the individual methodology of measurement. To 

ensure a uniform data exchange several excel templates were developed to collect the 

necessary information about the test methods and the obtained values.  

It was the purpose of the study to discuss methods and not individual material quality. 

To encourage the manufacturersto cooperate, confidentiality was ensured by an 

anonymous material distribution, performed by FIW München. 

All in all, 6 different types of VIPs (4 products with fumed silica core and 2 products with 

fibreglass cores ï that represent the two most common core materials for VIP) and 2 

different types of APMs (1 loose filled granulate and 1 rigid board) were chosen to be 

tested.  

Tested characteristics were thermal conductivity in the centre of the panel (COP), linear 

thermal bridge effect represented by ɣ-values and internal pressure. The thermal 

conductivity and the internal pressure were tested both for non-aged values (values of 

the panel not subjected to an ageing procedure) and after different steps of ageing, while 

the ɣ-values were tested only for the non-aged values due to a meaningless result 

obtained for the ageing steps.  

The tests were carried out at 20 different labs (institutes, companies and universities) 

spread all over the world (Germany, France, Italy, Sweden, Belgium, Switzerland 

Greece, South Korea) that agreed to participate in the project. Due to the partial 

presence of specific laboratory equipment and so as not to exceed effort, not all tests 

were carried out at all laboratories.  
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3.2 Common exercise 

Below, the necessary information about the material and the methods used in the inter-

laboratory test programme are explained. 

3.2.1 Material 

Table 6 shows the material included in the test. As one can see, the material VIP 2 is not 

represented. This is because this material was not supplied by the manufacturer. 

Therefore, the number of VIPs included in the test was reduced to 5 VIPs. Due to 

consistency in the statistics and documents received from the labs, the numbering of the 

VIPs remains from VIP 1 ï VIP 6. To ensure the confidentiality of the participants, the 

name of the lab that performed the measurement is not indicated. 

 

Table 6: SIMs included in the test and distribution of materials on the participating labs. 

Laboratory 
Material 

APM1 APM2 VIP1 VIP2 VIP3 VIP4 VIP5 VIP6 

1 X X       

2     X    

3  X       

4  X X    X  

5 X    X    

6  X X      

7  X       

8 X X X  X X X X 

9   X    X  

10      X X  

11       X X 

12      X   

13     X   X 

14      X   

15  X X   X   

16  X       

17  X       

18        X 

19 X X       

20     X    

There were many laboratories testing APM 2 with ten different labs participating. Except 

for VIP 6, all the VIPs in the test were tested at 5 different labs. A comparison of 

measurement results carried out by different labs in one group of materials points to first 

conclusions about the reproducibility of the measurement.  
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However, several things should be considered in this context.  

First, the variability of measurements describes in principle the influence of the user and 

equipment whilst taking a measurement in a defined way. Due to variations in equipment, 

temperature differences, assembling of the samples meanthe measurement method is 

not identical in each participating lab. These influences may also vary from material to 

material depending on the simplicity of handling. In this connection uneven, brittle or 

loose filled material can require more experience in product-handling than rigid, plane 

and stable building materials like rigid foams or wood-based materials.  

Secondly, especially for VIPs, each panel represents an individual piece of material with 

a specific internal pressure. The material is transported in different ways (shipping, road, 

etc.) which means that different climatic stresses were induced before the material was 

measured in the lab. Therefore, the internal pressure may vary from case to case, leading 

to differences in the thermal conductivity that is not connected to differing test methods 

but to real differences in thermal conductivity. It is not possible to separate these 

influences with certainty.  

3.2.2 Methods 

The methods were assessed according to details in Chapter 2 of this report. As remarked 

before not all labs were undertaking all types of measurement.  

The thermal conductivity in the centre of panel (COP) was measured according to EN 

12667:2001 with the guarded hot plate apparatus (GHP) and the heat flow meter 

apparatus (HFM). The ɣ-values were determined by applying the weighted temperature 

to the heat flow measured in the GHP or HFM respectively. The internal pressure was 

measured using the lift-off foil method.  

3.2.2.1 Thermal conductivity measurement in the COP 

The focus of the following explanations is firstly on the handling of the material in the 

labs. Some of the descriptions by different labs are summarized, some are explained 

more in detail due to the degree of unique information included. 

Loose filled granulate APM 

One of the two investigated aerogels is a loose filled granulate that requires a special 

specimen holder to ensure a proper installation in any kind of apparatus. Some 

participants used accessories made by the manufacturer of thermal conductivity 

measurement apparatus; others used a self-made specimen holder made of wooden 

frames or EPS frames with plastic membranes or very thin metal plates as boundary 

layers to the heating and cooling plates of the apparatus. 
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Figure 8: Specimen holder for loose filled granulate made of EPS frame, provided as accessory 
from the manufacturer of thermal conductivity apparatus. Source: Deutsches Zentrum 
für Luft- und Raumfahrt. 

            

Figure 9: Self-made specimen holder for loose filled granulate made of wooden frame with thin 
metal plates (thickness of 0.4mm). Source: Università di Perugia. 

It is assumed that the metal plates in Figure 9 have negligible thermal resistance. The 

construction would have ensured good thermal contact with the hot and cold plate of the 

apparatus. Information about thermal conductivity measurement of loose filled granulate 

is enclosed in ASTM C687 - 12 (ñStandard Practice for Determination of Thermal 

Resistance of Loose-Fill Building Insulationò, which includes granular types such as 

vermiculite, perlite and pelletized products, comparable to granular aerogels). 

 

Figure 10: Self-made specimen holder for loose filled granulate made of EPS frame; the sample 
is sealed in a PE bag at ambient pressure. Source: Électricité de France. 
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Figure 10 shows another self-made specimen holder for loose filled granulate made of 

EPS. To ensure that the material was properly in place whilst handling the sample and 

to avoid drying or moistening during measurement the sample was sealed in a PE bag 

at ambient pressure.  

All specimen holders used were designed to fit the specific measurement apparatus with 

respect to the maximum sample size that can be installed. Therefore, no additional 

insulation in the area of the guard ring was necessary. The sample sizes therefore varied 

from 0.25m edge length up to 0.5m in square. Also, the thicknesses varied. Samples 

with greater dimensions were installed in sample holders with higher normal thickness. 

Thickness varied from 25mm up to 40mm.  

In any case an appropriate pressure must be applied by the measurement apparatus. 

The specific force is dependent on the size of the apparatus, the raw density installed (if 

the material tends to creep or undergoes relaxation effects) and the compressibility of 

the specimen holder. The forces applied by the different labs are between 2N and 265 

N. 

Rigid board APM 

The rigid APM boards in the test were tested with several sample sizes. The variation of 

sample size is between 0.2 m and 0.6 m in square. The thickness was about 30mm.  

Some labs were testing the rigid APM boards with extra insulation at the edge to minimize 

heat losses through the edge of the material (Figure 11), others only placed the sample 

inside the apparatus (Figure 12). Some limitations in the sample size were considered 

due to limited space in the conditioned apparatus for artificial ageing. In any case it 

seems recommended practice to use the full size of the apparatus, thus it is advisable to 

use extra insulation e.g. made of compressible insulation wool (mineral fibre, etc.) at the 

edge.  

        

Figure 11: Rigid APM board installed in the heat flow meter apparatus with PU foam frame. 
Source: Università di Perugia.  
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Figure 12: Rigid APM board installed in the heat flow meter apparatus without insulation at the 
edge. Source: Deutsches Zentrum für Luft- und Raumfahrt. 

Laboratory staff observed partial damage to the samples when they arrived. Damage on 

the edges of the boards were documented (Figure 13). As long as the damage was not 

situated in the measurement area this would not influence the results of thermal 

conductivity.  

   

Figure 13: Obvious damage to the samples before measurement. Left: source: CRMgroup; right: 
source: Deutsches Zentrum für Luft- und Raumfahrt. 

As with the loose filled granulate, the rigid APM boards were partly wrapped in plastic 

bags by some labs to prevent water vapour adsorption and drying during the 

measurement (Figure 14).  

 

Figure 14: Rigid APM board wrapped in a plastic bag to prevent water vapour adsorption during 
measurement. Source: Politecnico di Torino. 

As the material itself enables good thermal contact between the sample and the heating 

and cooling plates, no additional layers were used. 
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Vacuum insulation panels 

In contrast to the APM materials in the test, the VIPs normally have more uneven 

surfaces and include welding seams on the surface. For this reason, the thermal contact 

between the heating and cooling plates and the panels is not ideal.  

To guarantee good thermal contact, additional layers are commonly used that can even 

out the surface. Labs used, for example, polyethylene foam of 2mm thickness, thin 

silicone mats or cellular rubber for this purpose.  

Some used very thick layers of 10mm para rubber sheets (Figure 15). This procedure 

was proposed to bypass some limits of the apparatus regarding the measurable thermal 

conductivity, thermal resistance and thickness. With two para rubber layers of 10mm 

thickness, the equivalent thermal conductivity of the three layers together increase 

enough to be (theoretically) measured by the device without exceeding the maximum 

available thickness ( ‗   ~ 0.2W/m K). But with this configuration some different 

problems occurred, the main one due to the lateral heat flux dispersions through the 

conductive para rubber layers. However, it could be an interesting solution but needs to 

be deeply investigated per the suggestion in Chapter 7.1.3. 

If no external thermo-couples are used to directly measure the temperature difference 

on the surface of the VIP, the thermal conductivity of the additional layers must be known 

very accurately to eliminate the influence on the result. The utilization of very thick layers 

is not recommended, because it influences the heat flux significantly.  

 

Figure 15: Extra layers of 10 mm thick para rubber. Source: iNRiM. 

To avoid lateral heat losses during measurement most participants used extra insulation 

at the edges. In most cases, flexible materials like mineral wool or other fibre-based 

paddings were used (Figure 16). It seems helpful to use a guard insulation that is slightly 

thicker than the panel. In doing so, the insulation at the edge is compressed during 

measurement and ensures a proper insulation without any gaps. 
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Figure 16: VIP in the heat flow meter apparatus with a guard of mineral wool around the 
specimen. Source: Centre Scientifique et Technique du Bâtiment. 

      

Figure 17: VIP in the heat flow meter apparatus with a guard of fibre based padding around the 
specimen (left) and mineral wool (right). The padding is thicker than the panel to 
ensure a proper insulation during measurement. Left: source: FIW München; right: 
source: KTH Royal Institute of Technology. 

In some apparatus, no extra insulation at the edge was used due to lack of space (Figure 

18, left) or the apparatus having a fixed installed EPS insulation (Figure 18, right). 

 

      

Figure 18: Left: Samples installed without extra insulation at the edge. Source: NTUA ï National 
Technical University of Athens. Right: Sample in an apparatus with fixed installed EPS 
insulation. Source: Chalmers University of Technology. 

Another approach to minimise lateral thermal losses is to control the temperature inside 

the apparatus. A thermal condition during measurement to the level of the mean 
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temperature over the height of the sample (e.g. 10°C or 23°C) helps to prevent lateral 

heat losses. According to the individual temperature of the hot and cold plate (e.g. 5°C 

and 15°C) a temperature gradient is introduced over the sample height that comes close 

to the temperature gradient inside the sample.  

To ensure proper contact of the VIP panel with the adjacent hot or cold plates a variety 

of pressure force was applied between 375N and 875N. The reason for deviating 

pressure force is due to individual setup of the apparatus, which may vary with respect 

to the dimension of the apparatus, the insulation on the edge and the individual panel 

that is measured.  

The direction of heat flux depends on the apparatus used. It seems that most of the one 

plate apparatus have the hot plate on top of the sample so that the heat flux is directed 

downward. The two-plate apparatus will lead to one sample with an upward and one 

sample with a downward heat flux.  

Most of the thermocouples used are of type E (Nickel-Chromium/Constantan). The 

uncertainty of the measurement performed by the thermocouple depends on the type of 

material the thermocouple is made from. Detailed explanation of this topic is included in 

6.6.2. In many cases thermocouples are installed directly on the heating/cold plate. 

Thermocouples are also partially attached directly to the sample surface. In this case the 

thermocouples are fixed using an adhesive tape (Figure 17, right) or they are glued on a 

thin foil. The use of a foil as support guarantees an exact and repeatable positioning, 

however it limits the freedom to position the thermocouples (e.g. when a welding seam 

is crossing the measuring area).  

A very important measurement required for testing of thermal conductivity is the correct 

determination of thickness. Two principles are common. First, the thickness of the panel 

is measured outside the apparatus by means of a micrometre or other adequate 

measuring tools. Second, the thickness is determined in the apparatus by measuring the 

distance between the hot and cold plate using a calliper or adequate spacers or by the 

interpretation of the recognized traverse path. 

Both routines have advantages and disadvantages. The measuring of the thickness 

outside the apparatus can be performed with a different type of measuring equipment 

(e.g. calliper, digital gauge and dial gauge) that is of specific accuracy depending on the 

thickness and individual behaviour of the panel. Also, in many product standards defined 

parameters e.g. with respect to the pressure force, the pressure area, and the number 

and distribution of measuring points on the surface are given, and they require the use 

of different measuring tools for different kinds of panels. 

For VIPs it is crucial to guarantee that the panel is flat on the support table during 

measurement. Many panels show a certain torsion or concavity that must be evened out 

during measurement. In most cases this is done by applying a certain force by hand on 

the sample (Figure 19). 
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Figure 19: Measurement of thickness using a micrometer measuring gauge. The sample is 
pressed flat by hand that may cause differing pressure on the surface of the panel. 
Source: Chalmers University of Technology. 

Differences are visible according to the dimension of the tip of the measuring tool. Some 

labs use small round tips (Figure 19), others use measuring plates (Figure 20, left) or 

even additional rectangular plates to enlarge the area that is in contact with the VIP 

surface. A larger surface helps to even out small slots due to kinks in the barrier foil. On 

the other hand, it may be more problematic if uprising kinks occur, and may lead to an 

overestimation of the thickness.  

      

Figure 20: Measurement gauge for determination of panel thickness using a measuring plate 
(left) or additional rectangular plates (right). Source: KTH Royal Institute of 
Technology. 

Also, different types of digital slide callipers were used which can only measure the 

thickness at the edge of the sample.  

When the measurement was done by the HFM or GHP apparatus directly, some labs 

used a reference specimen in a calibration routine to increase the accuracy of 

measurement. A reference specimen (e.g. with 20-30mm thickness) is installed in the 

apparatus as substitute to the original VIP but with all the measurement equipment like 

thermocouples and extra layers to improve the thermal contact. The displayed thickness 
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of the apparatus is calibrated to the known thickness of the reference specimen. 

Afterwards the reference specimen is replaced by the VIP and the measured thickness 

is used for calculation of thermal conductivity.  

For determination of panel size, measuring tapes (Figure 21, right) or a digital slide 

calliper (Figure 21, left) were used. Using a digital slide calliper the measurement values 

were dependent on the pressure applied by the measuring gauge, which are adjusted 

by hand and therefore might increase the error.  

      

Figure 21: Determination of panel size using a digital slide calliper (left; source: Kongju National 
University) or a measuring tape (right; source: Centre Scientifique et Technique du 
Batiment). 

The number and distribution of thermocouples varied depending on the size of the 

measuring area and the equipment used. Most labs used five thermocouples on each 

side of the panel with a distribution pattern according to Figure 22. 

   

Figure 22: Positioning of thermocouples during measuring. Source: FIW München. 

It is important to guarantee good thermal contact of the thermocouple with the surface of 

the VIP. Due to differing production technologies with varying positions of the sealing 

seam or glued labels on the surface, it is recommended to use free thermocouples that 

can be rearranged if necessary to guarantee measurement in the undisturbed zone. 

 
















































































































































































































































































































































