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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

The building industry is called to a generalized use of eco friendly materials for a climate change limitation. In this context, the 
EU project ‘Rehafutur’ aims to promote the use of bio-based materials in building. Thus, a traditional north France house was 
renovated using 8 bio-based materials and was instrumented. The instrumentation allows different parameters monitoring during 
several months and seasons. In this article, we present an over view of the project and the first recorded data. Then, we focus on 
the south-east wall data to apply an inverse heat transfer method. The method was developed and applied in our laboratory, it 
allows thermophysical properties estimation. 
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1. Introduction 

Recently COP21 and Paris agreement were achieved. Building is one of the major axes of reduction in energy 
consumption and greenhouse gas emissions. In this context, Rehafutur 1 is one of the multiple demonstration sites of 
the EU project called Cap’Em. The project was achieved thanks to partners (Cd2e -sustainable activities 
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organisation- , Maisons et Cités -social housing landlord-, Ekwation -Cluster- and others). All participants aim to 
promote the use of bio-based materials in building through this project. 
Nomenclature 

C Volumetric heat capacity J K-1 m-3

T Temperature   °C
t Time   s
x Space (Thickness) m
λ Thermal Conductivity W K-1 m-1

α Thermal Diffusivity m2 s-1

p Parameters array
F Objective function

It is also considered as a reference in hygrothermal buildings’ studies in the actual conditions of renovation: north 
France old mining houses, more than 100 000 units. Rehafutur 1 concerns the rehabilitation of a 20’s built mining 
engineer house using at least 8 bio-based materials. It is now considered as a close to passive establishment open to 
public  [1] (Figure 1).  

The original constructions’ walls were non-insulated traditional north France bricks based. Now, roof and walls 
thermal performances are enhanced thanks to an interior insulation by using: hemp concrete bloc (HCB), cellulose 
wadding, and sheep, linen and wood wools. The actual work aims to share an in situ experience. The first months’ 
data and the first conclusions made on its light are exposed. 

Fig. 1. Rehafutur: before and after renovation

2. Instrumentation 

To analyse the building behaviour a complete instrumentation was performed. The building was instrumented 
during renovation using more than 50 sensors. Thus, 70 parameters are monitored to study the building behaviour for 
a middle term: 2 years.  

The building is equipped with an Air Handling Unit (AHU) for an optimum inside air quality and energy 
exchange between the in and out air. 6 sensors were placed in the basement nearby the AHU for temperatures, 
relative humility (RH%) and air velocity monitoring at different locations of the unit. A compact Local Telemetry 
Unit is used to record the building consumptions. Thus, power consumption at different locations is monitored. In 
the same time, the four buildings’ facades were similarly instrumented. Each wall was equipped with heat flux 
meters and thermocouples placed at the inside, outside and at the insulation/brick interface. Hygrothermal sensors 
were also placed at the interfaces (Figure 2). The inside building temperatures and RH% in addition to CO2 amounts 
are all monitored at different locations. The outside temperatures and RH% are also recorded.  
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Fig. 2. Instrumentation details 

Fig. 3. Instrumentation  network 

An instrumentation network was imagined to gather the whole data in one accessible monitor. Thus, a 
programmable display monitor is used to communicate with the measurement network, record different physical 
variables and display live results (Figure 3). 
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