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Abstract 

Building energy efficiency is a key factor in reducing 

CO2 emissions and assuring the comfort level for 

inhabitants. Governments have been valorising the energy 

performance standards through thermal regulations and 

economic incentives. These are often based on results 

from building simulation software, achieved during the 

design stage. However, the real thermal performance can 

significantly deviate from the predicted one. It is 

important to have reliable performance indicators to 

assure new building quality and to estimate the 

improvements achieved after renovation works. The 

application of an in-situ method after construction or 

retrofitting phases enables the measurement of such 

indicators, as the whole heat loss coefficient (HLC) and 

the transmission heat transfer coefficient (HTC).  

Collective housing counts for an important part of the 

building stock, for this reason, mature technologies to 

measure its thermal performance are necessary. The 

current paper studies the applicability of a short duration 

test for identifying the HTC in collective housings and 

how to optimize the test protocol. 

Key Innovations 

 The adaptation of a fast method to measure envelope 

thermal performance in the context of large typology 

buildings. 

 The study of the impact of the test protocol conditions 

on the quality of ISABELE method applied to a 

collective housing. 

Practical Implications 

This work presents a discussion about the challenges of 

applying fast methods to assess the envelope thermal 

performance of collective housings. It further proposes a 

framework for this assessment with reliable results, based 

on the ISABELE method.  

Introduction 

A difference between the planned and actual building 

envelope performances, called performance gap, has been 

presented in different studies (Wang et al., 2012), (Hens 

et al., 2007) (Johnston et al., 2015). This gap can be 

attributed to several factors, such as: the accuracy of the 

models in the simulation tools, the accuracy of the input 

parameters describing the envelopes of the buildings, 

differences between the expected and actual properties of 

the used materials, degradation of the insulation during 

transport, storage and installation, construction problems, 

among others (Cohen et al., 2017), (Zou et al., 2019). 

It is crucial to assess the as built thermal performance to 

ensure quality control and reliability of the energy 

efficiency in the building sector. For this purpose in-situ 

measurements can be applied for the estimation of the 

building envelope thermal performance 

(ZeroCarbonHub, 2014). There are different methods 

available in the literature, varying the mathematical 

modelling, duration and protocol conditions. Three main 

family of methods can be considered, according to the 

consideration of dynamics in the mathematical model that 

are: steady state approach, dynamic input-output models 

(ARX models) and dynamic semi-physical models (gray-

box models) (Madsen et al., 2015). 

From these families, mainly steady state methods have 

been applied in collective housings, such as the energy 

signature and EBBE methods. However, in real 

conditions, building envelope is not under steady-state 

regime. In order to minimize the importance of the 

dynamic heat fluxes, these methods present long time 

steps. Consequently, their total measurement duration are 

longer, ranging from several weeks to more than one year. 

The ARX models describe the dynamical properties of the 

building, however they do not provide values for 

parameters as thermal resistances and heat capacities. The 

gray-box models present the advantage of short time steps 

and physical meaning in the model parameters (Madsen 

et al., 2015). 

The physical model of gray-box models is based on time 

state space representation with input, output and state 

variables in a set of differential equations. Thermal 

resistor-capacitor networks (RC models) are used in a 

gray-box approach to represent the heat fluxes in the 

thermal system (Wang et al., 2019). The thermal 

resistance of the building envelope is used to estimate its 

thermal performance through indicators, such as HLC 

(Bauwens, 2015) and HTC (Thébault, 2017). 

Numerous methods, based on RC models are proposed for 

individual houses, as the gray-box of Bacher & Madsen 

(Bacher and Madsen, 2011), ISABELE, EPILOG and 

QUB methods (Bouchié et al., 2014). These methods have 

been applied in the context of individual houses, but just 

few applications in collective housings are present in the 

literature. 

The challenge for the application of fast methods in 

collective housings concerns the mobilisation of the 
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whole building, especially if the test protocol changes 

building usage. Even though, for new buildings it could 

have less impact if tested before delivering it to normal 

usage. Other difficulty that can be faced for in-situ tests 

could be attributed to instrument the whole building. Most 

of fast methods protocols uses portable electrical radiators 

that are associated to a data collection system. However, 

in the context of large building typologies it is hard to 

bring enough equipment to achieve enough temperature 

difference with the environment. In this case, a possible 

solution is the usage of the local heating system with the 

measurement of the energy delivered to the building 

during the test. There are possibilities of application of 

fast assessment methods in collective buildings, but its 

perimeter can be limited according to the building usage 

and the type of local heating system.  

Another possibility is the partial measurement of the 

building envelope with a test application to one or a group 

of apartments in the building. In this case the main 

challenge concerns the meaning of the final indicator that 

is related to just part of the entire building.  

For these reasons this typology that accounts for an 

important part of building stock has not been deeply 

studied for fast methods. However, few test applications 

with adaptations are present in the literature. 

The ISABELE method was tested in an entire collective 

housing of 800 m², (PACTE, 2019).  The original protocol 

made for individual houses, was adapted to the collective 

housing context. For addressing the difficulty of the 

instrumenting the whole building, the electrical heaters 

were replaced by the local heating system (collective gas 

boiler heating). For measuring the heat delivered during 

the test an ultrasonic calorimeter was placed in the boiler 

output.   The test lasted 13 days, during which each 

apartment was equipped with an ISABELE module 

measuring the indoor temperature.  An HTC value for the 

whole building envelope was estimated, however the 

uncertainties associated to this value were high, related to 

a high uncertainty of the infiltration air flow, low power 

capacity of the local heating system and malfunction of 

the data acquisition. 

An adaptation of QUB (QUB-e) method was applied to an 

apartment in a multi-family housing located in Stockholm 

area. The QUB-e method estimates the thermal resistance 

using QUB mathematical model and flowmeters 

(Meulemans, 2018). However, it was a partial 

measurement of the envelope thermal performance. The 

indicator was the external wall U-value of the tested 

apartment, not a whole building envelope indicator, as 

HTC and HLC. 

Methods  

The lack of experience concerning fast methods 

application for assessing collective housings envelope 

performance motivates the present work. The dynamic 

method ISABELE is going to be tested to measure the 

global building envelope performance 

The first objective is to verify the possibility of 

application of ISABELE method in this collective 

housings with acceptable results of HTC, regarding its 

bias and uncertainty. 

The immobilisation time during test is an important 

factor, since the protocol application disturbs the building 

normal usage. However, an unduly short test duration can 

lead to poor results of indicator. The second goal is then 

to minimize building immobilization time through an 

optimized protocol.  

ISABELE method 

The standard ISABELE protocol, consists in applying a 

heating scenario with electrical heaters into a house and 

observe its thermal response. During the test application 

the building must be unoccupied, with closed shutters and 

the ventilation system stopped. The indoor temperature, 

heat power, air infiltration rate and weather condition 

parameters are measured (Thébault and Bouchié, 2018). 

The following equipment is used: one electrical radiator, 

one fan and one temperature sensor per room, sensors of 

outdoor equivalent temperature (SENS), an electricity 

meter, and a data logger. 

After few days of protocol application, the data is 

processed in a Python algorithm, using the CTSM tool for 

fitting the RC model parameters. This framework, 

provides the identification and estimation of gray-box 

models, based on maximum likelihood and Kalman 

filtering principles (Juhl et al., 2016).   

In total, a set of 20 different thermal models are tested to 

represent the building thermal dynamics. These models 

increases in complexity concerning the number of thermal 

capacities, from one to three. Other variations regard the 

position amount and connections among the thermal 

nodes and resistances. In all the models, the output 

variable is the indoor air temperature (Ti). The boundary 

conditions are: the convective, the outdoor temperature, 

the thermal resistance due to the air infiltration rate (Rinf), 

interior convective and radiative thermal resistance (Ris) 

and the global equivalent outdoor temperatures for heavy 

and light walls (Tem and Tes) which are calculated from 

the data collected by the SENS sensors. 

An example of a model used is shown below in figure 1. 

In this model, the resistances Rms and Rem associated 

with the inertia Cm represent the heavy walls, while the 

resistance Res represents the light walls. Ci represents the 

inertia of the internal mass. 

 

Figure 1. Example of model from ISABELE method  

Source: (CSTB, 2019) 

 

The best model is chosen according to the criteria of 

likelihood ratio. The HTC is then calculated through the 

RC thermal model resistances (in red) estimated with 
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CTSM. The indicator uncertainty is based on a Bayesian 

probabilistic approach, considering the parameters 

uncertainty and the possible bias during measurements 

(Thébault, 2017).  

Case study 

To be able to test different protocol conditions and have a 

reliable reference value for HTC indicator, the method is 

based on a numerical study. Dynamic energy simulations 

were carried out through Pleiades software, which is a 

software for design and energy and environmental 

evaluation of buildings, developed by Izuba Energies 

(GPEI, 2015). The ISABELE protocol was applied to a 

virtual collective housing model. 

The thermal model in Pleiades of a 4 storey building with 

16 apartments was used in this case study, which was 

inspired by a real building located near to Lyon, France. 

Figure 2 shows 3D visions on the virtual model. 

 

Figure 2: Axonometric view of the model including 

internal view of top floor (right). 

The geometry of the original model has been maintained, 

but the components have been adapted for a building 

configuration that meets the requirements of the French 

Thermal Regulation for existent buildings. The building 

is insulated from the inside, the roof is of the terrace type 

and the low floor over a crawl space. The thermal bridge 

values used were based on the French Thermal Regulation 

for existing buildings, depending on the compositions of 

the opaque walls, the position of the insulation, the 

thickness and the thermal resistance of the walls. The 

characteristics of the components of this model are 

detailed in the table 1. 

Table 1: Coefficients of surface loss of building 

components. 

 

Definition of a reference indicator 

To have a reference value for the model HTC, the building 

was simulated under steady-state regime. A constant 

indoor temperature and weather condition (without solar 

radiation and with a fixed outside temperature) was 

applied for the duration of one year. No infiltration was 

used, for taking in account only the transmission thermal 

losses. The heating power delivered was divided by the 

difference between indoor and outdoor temperature for 

calculating the HTC. The case study reference value of 

HTC is 889 W/K. 

Experimental plan 

Several virtual experiments of the ISABELE method were 

applied to the case study thermal model. The test 

beginning date was January 1st, and the weather file used 

is for the city of Trappes, France, located close to Paris 

(issued from the French Thermal Regulation 2012). The 

scenarios used in the simulations are described below. 

1. General scenarios 

 100 % of window occultation; 

 No infiltration rate; 

 No ventilation, occupation and electrical gains during 

the test. 

2. Indoor temperature scenarios 

 16 heated thermal zones (HZ), one per apartment; 

 5 unheated thermal zones (UHZ), one per circulation 

area; 

 The representative temperature of the building is a 

volume average of all thermal zones. 

3. Heating scenarios 

 Only applied to heated zones; 

 The maximum power of each heated zone was defined 

as a proportion of the total maximum power respecting 

the volume ratio of zones. 

The influence of time of rising indoor temperature on the 

quality of HTC results was studied during this work. For 

this goal, variations of the test protocol were tested, such 

as: the maximum heating power, the set temperature 

during the test and the preheating temperature before the 

start of the test. In addition, different test durations were 

analysed. The values considered on this parametric study 

can be checked below. 

 Maximum power:  

50 kW, 65 kW and 80 kW; 

 Pre heating temperature:  

Absent, 16 °C, 18 °C and 20 °C; 

 Set point temperature: 

20 °C, 25 °C, 30 °C and 35 °C; 

 Test duration: 

12 hours, 1 day, 2 days, 4 days, 6 days, 8 days and 14 

days. 

The pre heating of the building could be beneficial in the 

context of in-situ tests applied to collective housings 

(Andreotti et al., 2020). It was then considered as a 

potential influent parameter on test quality. For the cases 

without pre heating, since the building is considered as 

unoccupied before the test, the initial indoor temperature 

is a consequence of thermal exchanges with the 

environment during 15 days before the test start. All the 

indoor temperatures are operative temperatures, what is 

the reference for the simulation software P+C. 

The experimental plan was made up of all the 

combinations of the parametric variations presented. In 

total, 48 different simulations were made with P+C. Each 

simulation returns the indoor temperature and energy 

consumption profile. The output data from the virtual 

simulations are used as an input of ISABELE algorithm 
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and an HTC value with an associated uncertainty is 

estimated for each variant. 

Results 

Considering the 48 different test configurations and the 7 

test durations, a total of 336 different experiments were 

performed. 95 % of these experiments converged to a 

result of HTC with the use of the optimization algorithm. 

All test that diverged (the algorithm was not able to 

deliver a HTC) had at most 1 day of measurement 

duration, for longer test durations all results converged. 

The main parameter used to analyse the results quality 

was the bias between the measured and theoretical HTC 

(equation 1). 

 𝑏𝑖𝑎𝑠 =  
𝑯𝒕𝒓,𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒅 − 𝑯𝒕𝒓,𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍

𝑯𝒕𝒓,𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍
               (1) 

 

Dispersion of results 

The dispersion of the results according to the various 

parameters (duration, power, set point and pre heating) 

can be seen between figures 3 and 6. The vertical red lines 

are equivalent to ± 15 % of bias. 

The test duration is, as expected, very influential on the 

dispersion and also on the quality of the results. The red 

vertical lines are a reference of the ± 15 % bias range. The 

longer the test, the lower the dispersion and the observed 

bias in the results (Figure 3). 

The maximum heating power seems to have less impact 

on the dispersion of the results, with a similar behaviour 

for each them (Figure 4). 

Figure 5 present a nonlinear y-axes, due to the variants 

without preheating (0 °C). The results have lower 

dispersion and bias for the variants with 20 °C of 

preheating temperature. The variants without pre heating 

shows higher dispersion than the others.  

In Figure 6, the variants with the lowest set point 

temperature (20 °C) are more centred in low bias region. 

Although these both temperature parameters seem to have 

an influence in the results quality, this trend is less clear 

than for the duration parameter. To better understand the 

influence of indoor temperature, these two parameters 

were combined into a temperature delta, which is directly 

related to the time of temperature rise during the test. The 

temperature delta (∆T) is calculated as in the equation 2. 

 

 𝛥𝑇 = 𝑇𝑖𝑛𝑑𝑜𝑜𝑟,𝑠𝑒𝑡𝑝𝑜𝑖𝑛𝑡 − 𝑇𝑖𝑛𝑑𝑜𝑜𝑟,𝑠𝑡𝑎𝑟𝑡 (2)     

 

The dispersion of this parameter can be seen in the      

figure 7, where we observe a tendency of less dispersion 

and better precision of the results for a moderate 

temperature delta, between 10 K and 15 K. Considering 

the high bias among results with duration shorter than 1 

day, this same analysis was also made eliminating them 

(figure 8). For durations equal or longer than 2 days, very 

low temperature deltas also give results with little 

dispersion and bias. While the results with a large 

temperature delta still show a very large dispersion. This 

could be explained since with higher temperature delta, 

the dynamical phenomena are more relevant during the 

first days of test and HTC is a steady state indicator. 

 

 

 

Figure 3: Dispersion of HTC bias according to the test 

duration 

 

 

  

Figure 4: Dispersion of HTC bias according to 

maximum power 

 

 

 

 

Figure 5: Dispersion of HTC bias according to the pre 

heating 
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Figure 6: Dispersion of HTC bias according to the set 

point temperature 

 

 

Figure 7: Dispersion of HTC bias according to the delta 

of temperature for all durations  

  

Figure 8: Dispersion of HTC bias according to the delta 

of temperature for duration superior to 1 day 

 

Acceptable results 

The HTC results should have a value close to the 

reference, with an uncertainty high enough to comprise 

the reference value and low enough to keep its 

significance. For classifying a result as acceptable a limit 

of 15 % was considered to the HTC bias. Regarding the 

uncertainty, a threshold of 35 % was required for the 

demi-interval of 95 %. 

Among the convergent results, 61 % of the results meet 

the bias criterion and 81 % of the values meet the 

uncertainty criterion. A total of 185 results, or 58 % of 

convergent experiments, meet these two criteria at the 

same time. The following figures show the characteristics 

of the experiments which presented results considered 

acceptable. 

Figure 9 shows the histogram of the HTC bias for tests 

with at least 4 days of measurement. We can observe a 

concentration of results within 10 % HTC bias. Among 

these results 94 % of the results meet the bias criterion and 

98 % of the values meet the uncertainty criterion, with 93 

% of them respecting both criteria. The results that did not 

meet these criteria are mostly those without preheating. 

Figure 10 shows the percentage of acceptable results as a 

function of temperature deltas, with a distinction between 

tests with and without preheating. Between the virtual 

experiments, for each duration and power, the following 

temperature deltas were studied: 0, 2, 4, 5, 7, 9, 10, 12, 

14, 15, 17, 19, 20, 25 and 30 K. For the experiments 

without preheating have an initial indoor temperature of 5 

°C. Thus, we obtain four configurations without 

preheating with the four set point temperatures used, 

which give the following four temperature delta values: 

15 K, 20 K, 25 K and 30 K. The combination of the three 

preheating temperatures with the four set point 

temperatures yielded twelve temperature delta values. For 

this reason, some bars contain a result with preheating or 

without preheating or a combination of these two. 

A lower percentage of acceptable results is observed for 

the higher delta of temperature (30K). When analysing the 

results with and without preheating, for tests that show a 

similar temperature delta, the temperature difference 

appears to be more influential than the preheating. The 

temperature delta of 15 K is the only case in which the 

two tests were carried out: with a configuration without 

preheating and set temperature at 20 ° C and the other 

configuration with preheating at 20 °C and set 

temperature at 35 °C. The percentage of acceptable results 

between these two configurations is equal. The 

percentage is also equal for two tests with a similar 

temperature delta (with preheating 19 K and without 

preheating 20 K delta). 

  

 

Figure 9: Histogram of HTC bias for tests longer than 2 

days 
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Figure 10: Percentage of acceptable results per 

temperature delta 

As a large number of variants were tested, not all the 

temperature and results evolution are illustrated here. But 

two extreme cases, regarding the temperature delta, are 

detailed to illustrate the difference in temperature 

dispersion between zones for each case. The evolution of 

temperature, boundary conditions and model selection for 

these two experiments can be seen between figures 11 and 

14. 

The first case presents a temperature delta of 30 K 

considering that the outside temperature at the start of the 

experiment is 5 ° C. This experiment has also the lowest 

maximum heating power tested, which further increases 

the time for reaching the set point temperature. The 

second case has a temperature delta of 2 K, presenting less 

dispersion among the zones temperature than the first 

case. In addition, the optimization algorithm converges 

faster to acceptable HTC results in the experiment with 

less dispersion of temperatures between zones. 

Figures 15 and 16 supplement the information in figure 9, 

with an additional axis for test time. Each position in the 

Z axis represents the percentage of acceptable results 

between the three powers tested. Thus 4 values are 

possible on the Z axis: 0 %, 33 %, 67 % and 100 %. This 

shows that for high temperature deltas it is necessary to 

have a longer test time to have a higher percentage of 

acceptable results. Note that after 6 days (except for the 

test with the highest delta) the tests have 100 % acceptable 

results. 

This phenomenon is perhaps explained by the dispersion 

of temperatures between the zones. By analysing the 

evolution of temperatures between the different zones, we 

note the following trend: the greater the temperature 

difference between the set point and the initial 

temperature, the more time is needed to have uniformity 

between the zone temperatures. This temperature 

dispersion phenomenon is particularly important for this 

building, due to the presence of five non heated zones 

which are considered in the test perimeter. Temperature 

dispersion can prevent the algorithm from working 

properly, once the thermal models used have a single node 

for the indoor temperature. The interior temperature 

considered by the optimization algorithm is the volume 

average of the temperatures of each zone, which remains 

only a representation of the multiple temperatures 

measured. 

When the test measurement time is limited, moderate 

temperature deltas should be preferred. For this building 

in the winter weather condition tested, four days of testing 

time would be sufficient to have 100 % acceptable results 

using a temperature delta between 5 K and 15 K. 

 

 

 

Figure 11: Heating power and temperature (variant: 50 

kW and 30 K of temperature delta) 

 

 

 

  

Figure 12: HTC progression with test duration (test: 50 

kW and 30 K of temperature delta) 
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Figure 13: Heating power and temperature (test: 80 kW 

and 2 K of temperature delta) 

 

 

Figure 14: Figure 13: HTC progression with test 

duration (test: 80 kW and 2 K of temperature delta) 

 

 

Figure 15: Percentage of acceptable results per delta of 

temperature and duration - lateral vision 

 

 

Figure 16: Percentage of acceptable results per delta of 

temperature and duration - superior vision 

 

Conclusion 

We modelled in a thermal dynamic simulation software a 

real collective housing in France. 336 variations from a 

protocol inspired by ISABELE method were tested with 

this model in order to study the impact of several key 

parameters of the protocol (duration, heating power, set 

point temperature, preheating) in the quality of the HTC 

estimation. 

The test duration and the temperature difference from the 

beginning and the end of the test were the most influential 

parameters in the quality of the HTC indicator. The longer 

the test duration the lower the influence of the protocol in 

the HTC quality. However, one of the objectives is to 

reduce the building immobilization time. It was observed 

that in four days of measurement, the variants with a 

moderate temperature delta presented acceptable results, 

with an HTC bias inferior to 15 %. 

As a conclusion of this work, the usage of preheating in 

the building and the use of a temperature delta of at most 

15 K are recommended for winter conditions. 4 days of 

test measurement time is enough for reliable results in this 

collective housing. 

In this work high temperature delta is associated to non-

acceptable results, however most of these variants were 

not preheated. Future works could separate the effects of 

pre heating and temperature delta in the quality of HTC 

results. 

In the course of SEREINE project, the algorithm and the 

protocol presented in this paper have been adapted, based 

on ISABELE and EPILOG methods. Moreover, other 

perspectives are being investigated for assessing the 

building envelope thermal performance in collective 

housings, as measuring sample apartments, instead of the 

whole building. It would limit operational constraints, 

such as the whole building inoccupation, the amount of 

sensors and the use of existing heating system. 
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