
Master of Science Thesis 

KTH School of Industrial Engineering and Management 

Energy Technology EGI-2013-070MSC 

Division of Applied Thermodynamics and Refrigeration 

SE-100 44  STOCKHOLM 

 

 

 

 

 

 

 

 

 

Energy performance assessment 

of collective housing buildings 

 

 

 

Benjamin Fumagalli 
 

 

 

 

 

 

 

 



Page 2/44 

Benjamin Fumagalli – Master of Science Thesis EGI-2013-070MSC – Kungliga Tekniska Högskolan 

 

 

 

Master of Science Thesis EGI-2013-070MSC 

 

Energy performance assessment 

of collective housing buildings 

Benjamin Fumagalli 

Approved 

09-23-2013 

Examiner 

Jaime Arias Hurtado 

Supervisor 

Jaime Arias Hurtado 

 Commissioner 

ALEC Grenoble 

Contact person 

Jérôme Buffière 

 

 

 

ABSTRACT 
 

This project has been carried out for the ALEC (Agence Locale de l'Energie et du Climat) 

of Grenoble urban area, a French energy and climate agency. It has been composed of 

several missions, all related to energy management in residential buildings. First, an 

annual energy use assessment have been conducted for two different building 

samples:  the eco-district of De Bonne in Grenoble and a sample of about 25 social 

housing buildings over the region. These two assessments showed that the average 

energy performance of newly built buildings is improving every year, notably under 

the stimulation of innovative projects such as De Bonne. Then, a more precise follow-

up of construction and renovation social housing projects enabled to learn more 

about how to maintain energy facilities and to detect some common technical issues. 

The global conclusion of this project is that, although buildings are better designed 

today, energy performance remains fragile notably during construction and 

operation. To cope with that, some solutions exist and should be more systematically 

applied in future construction or renovation projects. 
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1. BACKGROUND AND OBJECTIVES 
 

1.1 Introduction 

 

Today’s situation of the energy sector is complex. The global energy demand is 

constantly increasing, reaching over 13Gtoe of primary energy in 2011, which 

represents a growth of +2.2% compared to 2010, and +30% over the past decade 

(Enerdata, 2012). At the same time, proven resources of fossil fuels, such as oil, natural 

gas or coal, are running low, and improving knowledge about greenhouse gases 

emissions shows that these fuels have a huge impact on global climate change. As a 

result, energy policies are set up all around the world to try to find a path toward a 

more sustainable energy system. The building sector is greatly involved in this 

process, as buildings are one of the most significant energy consumers, along with 

transportation and industries. In 2008, about 36% of the world’s primary energy use 

was accountable for the residential and services sector (Swedish Energy Agency, 

2010). 

In the aim of improving the buildings energy performance, the three-pronged strategy 

“Reduction, Efficiency, Renewable”, as proposed by the United Nations Environment 

Program, proves to be relevant (UNEP, 2006). First, buildings must be energy sober, 

that is to say designed in order to reduce their energy demand to the bare necessities. 

This can be done, for instance, with a high-performance thermal insulation of walls 

and windows that would limit the heat losses during winter. Then, the energy 

facilities in buildings must be efficient, to produce the required amount of useful 

energy from less primary energy, for example by favoring high-efficiency boilers or 

LED-lighting. Finally, renewable energies must be integrated in buildings, in order to 

take advantage of the location’s opportunities without impoverishing and damaging 

the environment. A large range of renewable energy solutions can be applied at a 

building scale, such as solar thermal panels, wood-fired boilers, geothermal heating, 

or photovoltaic electricity. 

Hence buildings are a crucial factor of energy concerns. As a consequence, there is a 

raising need of tools and methods to evaluate their energy performance. The goal of 

this project, initiated by the ALEC (Agence Locale de l’Energie et du Climat) of Grenoble 

urban area, a French energy and climate agency, is to carry out energy evaluation 

campaigns in residential buildings at different scales. One of the key points of this 

project will be to use proper existing tools, often already used by the ALEC, to adapt 

them, if needed, according to the study cases, and to suggest relevant ones, in order to 

draw a path from on-site data collection to useful feedback for building managers. 

This report presents the context in which the project has been conducted, the 

methodology followed to carry it out, as well as the results and conclusions it enabled 

to obtain on the topic of energy assessment of residential buildings. 
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1.2 The ALEC: a local energy and climate agency in Grenoble 

 

 

Figure 1.1 – Map of Grenoble within Europe (http://cuef.u-grenoble3.fr) 

 

The Local Energy and Climate Agency of Grenoble urban area, or ALEC, is a state-

funded organization based in Grenoble (France) and dealing with all aspects related to 

energy management at different scales. Created in 1998, the ALEC is part of a network 

of about 250 energy and climate agencies throughout Europe, of which 29 are located 

in France. 

Guiding private households in all of their energy related projects or questions (heating 

systems, building renovation, transportation, etc.) is one of its main missions, but it 

also supports local authorities, social housing landlords and more widely 

professionals in their approaches to energy management and development of 

renewable energy. In this framework, the focus of this project is the assistance to 

different building managers in the energy performance assessment of some of their 

new or renovated operations. 

 

1.3 The need of energy performance assessment of buildings 

 

In the context of climate change, shortage of conventional energy sources and raising 

energy prices, a growing number of building managers aim to reduce their energy use 

by designing energy efficient buildings. In France, this is also a necessity implied by 

the thermal regulations RT2012 (Réglementation Thermique 2012), which are laws that 

set up minimal requirements towards new and renovated buildings regarding energy 

consumptions, thermal insulation and indoor thermal comfort. However, it is 

commonly recognized in the construction sector that a well-designed building is not a 

guarantee for a high energy performance under the operating phase. That is why a 

regular follow-up of the different energy related parameters in a building, at least in 

the first months or years of operation, is crucial when it comes to check its actual 

performance. More specifically, energy monitoring has several interests: 
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 evaluate the actual energy consumptions and foresee a suitable budget for it 

 check the operation of facilities, detect any punctual dysfunction or progressive 

drift 

 adjust the facilities’ regulations to optimize the energy use and/or improve 

indoor comfort 

 motivate a plan of action for energy use reductions, if needed 

As a matter of fact, the core issue here is to use proper tools, methods and indicators 

to collect and treat the energy data, suit the analysis to the case (occupancy, size of the 

building, facilities, etc.) and to the manager’s objectives, and to transform these results 

into operational information for the decision makers. 

 

1.4 Stakeholders in the collective housing sector in France 

 

During the construction phase 

 

The ordering party of a construction project can be either a real estate developer or a 

leaser. In both cases, they are the ones initiating the investment, thus owning the 

project. In preparation of the construction, the project owner commissions a project 

manager, which is generally the gathering of an architectural firm and an engineering 

office, to build up the project specifications, to take care of the conception phase of the 

project, to consult and choose the companies that will be in charge of the project, and 

to coordinate and supervise these companies during the construction. The figure 1.2 

gives an overview of the organisation of a construction process. 

 

 

Figure 1.2 – Stakeholders in the construction process of a residential building 

 

In this period of construction, the ALEC can be asked by the project owner to support 

them in their collaboration with the project manager and to check that the 

specifications are fulfilled during the handover period. Most of the time, the ALEC is 

consulted by public social landlords within special collaboration agreements. 
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During the operating phase 

 

After the phase of construction and handover, the owner can dispose of his building. 

In the case of a leaser, the apartments are rent to private individuals, and the leaser 

stays as building manager. In the case of a real estate developer, the building can be 

sold to a leaser, but most of the time the apartments are sold to private individuals, 

who become then the building managers by gathering through a co-owners 

association (syndicat de copropriété). This association commissions a property 

management company (syndic de copropriété) that represents the co-owners and takes 

care of the administration of common areas and facilities. In particular, it is in charge 

of the energy supply of the building by contracting with the energy suppliers and 

paying the bills. Regarding energy facilities, the property management company 

mandates an operator (exploitant) to maintain and follow-up the common facilities 

such as boilers or mechanical ventilation devices. The exact mission of this operator 

depends on the contract it signs with the property management company, and can 

vary from a simple annual check-up to a frequent upkeep. When the building 

manager is a leaser, it is itself in charge of the energy supply and mandates an 

operator for the energy facilities maintenance. The operator and the energy suppliers 

are then the sources of feedback the building manager (property management 

company or leaser) has about its energy performance. The figure 1.3 illustrates the 

organisation of the management of a building. 

 

 

Figure 1.3 – Stakeholders in the residential building energy management process 

 

During the operating phase of a building, the ALEC can be asked by the building 

manager to control the energy facilities and consumptions, in collaboration with the 

operator, and to give a detailed feedback about it. This task is rarely done by the 

operator, as its mission specifications are generally restricted in order to reduce the 

maintenance costs. However, it is important to conduct this monitoring, especially 

during the first year of operation when the legal one-year guarantee against any faults 

is still applicable to the construction companies. 
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1.5 The study objects and objectives 

 

This project consists in the energy assessment of residential buildings at different time 

and space scales. At the largest scale, an annual evaluation of the energy use of a 

social housing building stock, situated throughout Grenoble urban area, has been 

conducted. This is done every year, as a demand from the regional social landlords 

association called ABSISE (Association des Bailleurs Sociaux de l’Isère). A sample of 

about 25 collective housing buildings is chosen every year, in order to give a 

representative overview of the energy use (heating, domestic hot water and electricity 

in common spaces) of newly built or renovated social housing buildings over the area. 

The energy performance of buildings situated in the eco-district “De Bonne”, in 

Grenoble city centre, has also been assessed. This district has been designed and built 

between 2000 and 2010 in the framework of the SESAC project (Sustainable Energy 

Systems in Advanced Cities) within the European Union’s Concerto initiative, and in 

collaboration with two other cities: Delft (The Netherlands) and Växjö (Sweden). The 

ALEC has conducted this assessment every year since the first building handovers in 

2010, at the request of Grenoble’s city council. In 2013, between 15 and 20 collective 

housing buildings, a school and a mall have been included in this evaluation. The aim 

here is to monitor the actual energy consumptions year by year and to compare them 

with the initial objectives, regarding heating, domestic hot water and electricity in 

common spaces, in order to keep going a beneficial feedback from this project for the 

eco-building sector. 

At a smaller scale, this project included a participation in a more detailed follow-up of 

some social housing buildings, owned by the social landlord OPAC38. This consists in 

two main steps: first, an assistance during handovers by checking that all the energy 

systems in the building have been properly set up according to the project manager’s 

specifications, and by pointing out the necessary corrections; second, a monthly 

energy monitoring during the first year of operation, by conducting a series of 

measures in boiler rooms and common areas, by interviewing occupants about indoor 

comfort, and by giving a feedback to the building owner about energy performance 

and hints on how to improve it. 

 

Indeed, the main task here is to monitor the energy performance of collective housing 

buildings with different designs and at different scales. The overall objective of this 

project is triple: 

 to improve the knowledge about energy use in such buildings over the area 

 to identify strong and weak points in today’s buildings energy management 

 to suggest strategies to enhance these buildings and the ones to be designed. 
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2. ENERGY USE IN BUILDINGS: STATE OF PLAY 
 

2.1 Thermal regulations and associated labels in France 

 

The first thermal regulations 

 

In reaction to the oil shock one year earlier and because of rising energy prices, the 

French government set up the first thermal regulation law in 1974, the RT1974 

(Réglementation Thermique 1974). At that time, it only concerned newly built 

residential buildings, both individual and collective. Its only requirement was about 

the overall heat loss of dwellings, which must not exceed a certain level according to 

the location and heating system in place. This level was set around 300 kWh/m².year, 

including heating, cooling, domestic hot water, lighting and auxiliary uses, i.e. 25% 

lower compared to the average of the time (Heliose, 2012). Since then, thermal 

regulations have been constantly improved, by making criteria more complex and 

restrictive, and by including non-residential buildings. 

 

From the RT2005 to the RT2012 

 

This strengthening of the law has become faster during the past decade, with 

increasing concerns about energy supply issues and global climate change. On 

September 1st 2006, the RT2005 (Réglementation Thermique 2005) came into force. A 

significant part of the building stock reviewed in this project has been erected under 

this law. It was applicable to residential and non-residential buildings or new parts of 

buildings, and stated the minimal requirements they had to fulfil, according to the 

type of occupancy and location, in a wide range of aspects: energy use, thermal 

insulation, indoor comfort, etc. 

Finally, since January 1st 2013, the thermal regulation in effect in France today is the 

RT2012 (Réglementation Thermique 2012). It takes over most of the criteria described 

in the RT2005 and tightens them up, but it also introduces new requirements, notably 

about renewable energy and airtightness. Figure 2.1 draws a comparison of the 

respective key features of RT2005 and RT2012. 
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Figure 2.1 – Main points of comparison of the RT2005 and RT2012 (Habitat Naturel, 2012) 

 

Both RT2005 and RT2012 are mainly based on three aspects: Primary energy use – 

Building envelope – Summer comfort. Concerning the primary energy use Cep, the 

RT2012 embodies an important restriction of the law, as the maximal acceptable value 

Cep_max has been reduced to the third of what the RT2005 specified. Another 

significant evolution is the introduction of the Bbio factor, while the RT2005 only 

related to the overall heat loss coefficient of the building Ubat. This Bbio factor is 

much more complete, and takes into account the building’s envelope characteristics 

(thermal insulation, solar heat and light gains, airtightness), its structure (thermal 

inertia) and its internal organization (room layout and daylight). Finally, the summer 

comfort specifications did not change and the maximal summer indoor temperature 

remains the same between the RT2005 and the RT2012. 

A weakness of these boundaries is that they apply to simulated energy parameters, 

which are calculated with restrictive hypotheses notably about the winter indoor 

temperature, which is legally assumed to be 19°C while most homes are heated up 

much hotter. Then, the theoretical primary energy use can be quite disconnected to 

the real consumptions, and the regulatory simulations is more of a legal tool than a 

guarantee for energy efficiency. In this context, future thermal regulations should 

establish more realistic thermal calculation methods and involve a posteriori 

measurements, in order to evaluate more accurately the actual energy efficiency of 

buildings. On-site controls would also incite building project managers to maintain 

their efforts when installing energy related equipment during the construction phase, 

even after the regulatory calculations have been made. 

The air leakage test required by the RT2012 is probably a proof that future regulations 

will tend to tackle this weakness. This test consists in the measurements of air leakage 

of a building exposed to an over pressure of 4 Pa, created thanks to a “blower door”. 

The RT2012 states that this air leakage flow Q4 must not exceed 0,6 m3/(h.m²) in 



Page 11/44 

Benjamin Fumagalli – Master of Science Thesis EGI-2013-070MSC – Kungliga Tekniska Högskolan 

individual houses and 1 m3/(h.m²) in collective housing buildings. Another 

representative specification introduced by the RT2012 is the obligation to resort to 

renewable energies in individual houses. The renewable share must be at least 5 

kWh(PE)/m².year, thanks to one or several of the technical solutions listed in the 

RT2012: solar thermal, geothermal energy, wood heating, photovoltaic electricity, etc. 

Beyond these elements, the RT2012 includes many criteria, among which thermal 

bridges treatment, glazed surfaces, solar protections, measurement and display of 

energy use, etc. Therefore, the RT2012 is a complete and complex text, which needs to 

be known and understood in order to be correctly applied. 

 

Associated labels 

 

In parallel with these regulations, several labels have been created in order to 

promote the construction of eco-designed buildings with an energy performance that 

exceeds the legal requirements. These labels can give the right to subsidized 

financing, bonuses or fiscal advantages. They are mainly based on the calculated 

primary energy use of the building: 

 HPE “Haute Performance Energétique” (High Energy Performance), attributed if 

the primary energy use Cep is 10% lower than the legal requirement Cep_max 

 THPE “Très Haute Performance Energétique” (Very High Energy Performance), 

attributed if the primary energy use Cep is 20% lower than the legal 

requirement Cep_max 

It also exists versions of these labels including renewable energy (HPE-EnR and THPE-

EnR) adding the requirement of a minimum share of renewables in the building’s 

energy uses, and versions applying to buildings under renovation. 

These two levels of performance have existed under different thermal regulations 

since the RT2000. That is why, when talking about a label, it is important to point out 

the RT it refers to by quoting for instance HPE2005 or THPE2012. Under the RT2005, 

the BBC label (Bâtiment Basse Consommation, Low-Consumption Building) was 

attributable to buildings with energy use lower than 50 kWh of primary energy per 

year (adapted according to the location and type of building). This label does no 

longer exist since 2013 as it corresponds to the current RT2012 requirements. 

 

The next evolution step of thermal regulations in France is planned in 2020. The 

RT2020 will most probably make the design of positive energy buildings, producing 

more energy than what they use, a minimal requirement. 
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2.2 Energy use in social housing buildings 

 

At the request of the local association of social landlords ABSISE (Association des 

Bailleurs Sociaux de l’Isère), the ALEC is in charge of an annual evaluation of energy 

consumptions and costs of a sample of new or renovated social housing buildings over 

Grenoble urban area. The aim is to give an overview of the energy performance of 

recent operations, by analysing the value and the evolution of energy use and bills 

every year in these buildings and by comparing them with the energy use given by the 

regulatory calculations. 

The different social landlords involved can choose the buildings to include in the 

sample, and every building is included two years in the evaluation. The evaluation 

below refers to the energy consumptions and costs in 2012 calendar year for heating, 

production of domestic hot water (DHW), and electricity in common spaces (lighting, 

lifts, pumps, fans, etc.). 

 

The 2012 ABSISE sample 

 

    

Figure 2.2 – Pictures of two buildings included in the 2012 ABSISE sample 

 

The sample assessed over 2012 consists of 25 buildings. 14 of them are assessed for a 

second year, while the others are included for the first time in the evaluation. In total, 

it represents about 900 flats, distributed over more than 50000 m². Figure 2.3 gives an 

overview of this sample and the buildings’ main characteristics. 
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Figure 2.3 – The 2012 ABSISE sample and its main characteristics 

 

This large sample then includes a significant part of the newly constructed social 

housing buildings over the area, which guarantees quite representative results about 

the state of the local building stock. 

 

Method 

 

In a first phase, the data about buildings are collected from the social landlords via an 

input sheet sent to them and on which they have to fill several items: 

 General data: name of the building, city, number of flats, relevant thermal 

regulation and label, surface, etc. 

 Technical data: heating system, renewable energy production, ventilation 

system, thermal insulation, electrical equipment in common spaces, etc. 

 Energy data: results from the regulatory calculations, energy consumptions 

and costs over the year, renewable production, etc. 

These data are then collected and checked. If some of them are missing or 

implausible, it is asked first to the landlord to verify them, then to the operator or the 

energy supplier for more accurate values if needed. 

From these data, different ratios and indicators are calculated for each building, 

giving averages and trends over the sample. The different results are then formatted 

in order to present them to the ABSISE association 
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Calculation hypotheses 

 

The different levels of energy use presented below are expressed in primary energy, 

in order to take into account the losses occurring during production, transportation 

and distribution of energy. The ratio primary energy (PE) / final energy (FE) defined in 

the thermal regulation have been used (Ministère de l’Ecologie, du Développement 

Durable et de l’Energie, 2011): 

 Electricity: 1 kWh(FE) = 2.58 kWh(PE) 

 Others (natural gas, wood, district heating): 1 kWh(FE) = 1 kWh(PE) 

In order to be able to compare different buildings, the energy use is expressed by 

square meter, in kWh(PE)/m². 

Besides, the share of heat used to produce domestic hot water (DHW) is estimated 

from the volume of hot water consumed, as follows: 

                                                      (equation 1) 

The experience about energy monitoring of buildings that the ALEC collected allowed 

to determine the empirical values: 

 q_DHW = 100 kWh/m3 in all cases, except: 

 q_DHW = 70 kWh/m3 if there is solar thermal but the solar production is 

unknown (then Qsolar is set to 0) 

The share of energy used for heating the dwellings is then obtained by subtracting the 

total heat use and the DHW share.  

Besides, the heating demand is weather normalized for a relevant analyse of the 

evolutions year by year without being influenced by the climate particularities of 

winters. This climatic correction is made by applying a ratio calculated from the 

actual weather severity, quantified in heating degree-days (HDD) and the 30-year 

average winter severity in Grenoble area, equal to 2500 HDD according to 

MétéoFrance (French company for weather observation and forecast): 

                                 
    

       
                           (equation 2) 

As an example, the weather severity in 2012 has been 2428 HDD, which is close to the 

30-year average, while 2011 was warmer at 2142 HDD. 

 

Results 

 

The results below are the illustration of the energy use in the buildings for which the 

data have been collected before the end of this project. At that time, some of the social 

landlords did not give all their input datasheets back yet, that is why only 17 buildings 

appear in these results. 

Figure 2.4 shows the average annual energy use of the ABSISE samples since 2009. 
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Figure 2.4 – ABSISE: average annual primary energy use since 2009 

 

The regular decrease of the primary energy use, observed since 2009, is confirmed 

through the 2012 results. This decrease is mainly attributable to heating purposes, 

which are reduced by 14% compared to 2011 and by more than a third in 4 years. The 

efforts made by the social landlords to include energy efficiency issues in their 

operations are thus productive throughout the years. However, figure 2.5 shows the 

very disparate situations inside the 2012 sample 

 

 

Figure 2.5 – ABSISE: Energy use by building in 2012 

 

The energy use differs significantly from one building to another, from 79 to 186 

kWh(PE)/m² in 2012, including heating, domestic hot water and electricity in common 

spaces. In this diversity, the BBC label seems to be a guarantee for energy efficiency, 

as the 3 BBC-labelled buildings of the sample are the less energy-consuming for 

heating and hot water. 

The electricity consumption in common spaces is less easy to comment, as it may 

differ depending on the equipment of each building: lifts, car park lighting, water 
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superchargers, etc. Besides, not all of the social landlords have easy access to these 

data, that is why some values are missing. Therefore it seems more interesting here to 

analyse the energy consumption for heating and DHW production. 

 

 

Figure 2.6 – ABSISE: Heat consumption and DPE grading 

 

The average heat consumption is 109 kWh(PE)/m² in 2012. Compared to the DPE 

(Diagnostic de Performance Energétique) grading scale (ADEME, 2012), which is a legal 

tool used to evaluate the energy performance of buildings, quite similar to the English 

Energy Performance Certificate, most buildings are within the class C range. Among 

the 5 most energy-efficient buildings, graded B, 3 are BBC-labelled and 4 are situated 

in the eco-district of De Bonne, which will be discussed later. 

 

 

Figure 2.7 – ABSISE: heat consumption evolution 2011/2012 
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The evolution of heat consumption between 2011 and 2012 for buildings evaluated 

over these two years, seen in figure 2.7, shows an overall downward trend which can 

be explained by the fact that the operators get familiar with the facilities and their 

controls, and by the drying of concrete that can contribute to the heat consumption up 

to 12.5 kWh/m² over the first year of operation (Enertech, 2013). 

This assessment was also an opportunity to compare the actual energy uses with the 

theoretical ones from the regulatory RT calculations. Figure 2.8 presents this 

comparison. 

 

 

Figure 2.8 – ABSISE: Actual vs. theoretical energy use in 2012 

 

Only two buildings do not exceed their theoretical consumption, while others 

sometimes exceed it twice or three times. This observation points out that, as 

mentioned above, the regulatory calculations are not a forecast because they are 

based on standards and assumptions sometimes far from the reality of the operation 

of buildings. 

 

 

Figure 2.9 – ABSISE: Energy costs (including heating, DHW and common electricity) 
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As seen in figure 2.9,  the cost of energy averages 8.58 €/m² in 2012, 9% less than in 

2011. The lower energy consumption therefore able to compensate the overall 

increase of energy prices. For an average apartment of 70 m², it is about 600€ per year 

for energy expenditures. 

The assessment was also an opportunity to judge the usefulness of solar thermal for 

domestic hot water. 

 

 

Figure 2.10 – ABSISE:  Heat for DHW production with and without solar thermal 

 

The results in figure 2.10 speak for themselves: the two buildings not equipped with 

solar thermal are the most energy consumers for DHW production. They exceed by 

more than 60% of the average consumption of buildings with solar thermal. In 

addition, the fact that 15 out of the 17 buildings evaluated here are equipped with 

solar panels, while they were only 17 out of 26 last year, shows that social landlords 

are more and more willing to integrate renewable energy their operations in order to 

improve their energy performance. 

 

 

So the results of the ABSISE energy use assessment 2012 are quite encouraging. 

Indeed, the energy consumption is largely decreasing compared to 2011 and confirm 

the downward trend observed every year so far. This evaluation shows the rate at 

which the building stock of the area improves on energy performance. The design of 

low energy buildings, led today by most building owners and social landlords, was 

largely inspired at a regional and national level by the experience of the De Bonne 

eco-district. 
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2.3 Energy use in eco-designed buildings: De Bonne eco-district  

 

The development of the eco-district of De Bonne, located on the site of ancient military 

barracks in the city centre of Grenoble, took place between 2000 and 2010 under the 

leadership of Grenoble city council and within the framework of the European 

CONCERTO project in partnership with two other cities: Växjö in Sweden and Delft in 

the Netherlands. The Grenoble project was developed according to three main axes: 

the development of bioclimatic approaches in the design of buildings, the emergence 

of a new constructive approach promoting energy efficiency and the development of 

innovative energy management, including renewable (Grenoble City Council, 2010). 

This ambitious project has made De Bonne one of the most advanced eco-districts of 

the time. 

Since the first handovers of buildings in 2008, the city council of Grenoble has shown 

the will to maintain the efforts of performance achieved in the district and to learn 

more about the actual operation of such innovative buildings. One the one hand, the 

engineering office Enertech has been commissioned to undertake a careful 

monitoring of many consumption and comfort parameters through a large 

instrumentation. Between 400 and 700 sensors were placed on each of eight buildings 

(blocks A, B and G) and recorded, at intervals of 10 minutes for a full year, 

temperatures, instant powers, air flows, etc. (Enertech, 2011). On the other hand, the 

ALEC has been charged of an annual assessment of energy consumption in the 

district, taking the baton from the broader study of Enertech. This mission sets up a 

monitoring of energy use in order to improve the knowledge on the behaviour of the 

efficient buildings of De Bonne over time. 

 

The buildings in De Bonne eco-district 

 

The requirements of high environmental quality and accessibility included in the De 

Bonne project have been translated by the integration of spaces with different uses, 

limiting the transportation needs for its occupants and providing a convenient and 

enjoyable environment: 850 dwellings including 35% social housing, 5 acres of 

parkland, about fifty shops, a cinema, a school, 5000m² of offices, etc. Figure 2.11 

illustrates this diversity of spaces. 
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Figure 2.11 – Plan du quartier de la ZAC de Bonne à Grenoble (www.debonne-grenoble.fr) 

 

During the first year of follow-up by the ALEC, only the four residential blocks A, B, G 

and H were concerned. This year, atypical buildings (by their function or type of 

occupancy) were included in the monitoring. The buildings evaluated this year are: 

 18 residential buildings (orange on the map): residential blocks A, B, G, H, J, the 

two renovated buildings in the main square General Alain Le-Ray at the centre 

the district and the two student residences, northwest and southwest of the 

district. 

 2 non-residential buildings (green on the map): the shopping centre Caserne De 

Bonne and the Lucie Aubrac elementary school. 

 

 

Figure 2.12 – The three buildings of block J : Les Alpins, Le Graphite, Le Partisan 

 

Figure 2.13 gives an overview of these buildings and their main characteristics. 
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Figure 2.13 – Buildings included in the De Bonne evaluation over 2012 

 

The most notable elements of the design of these buildings are the gas-fueled micro-

cogeneration units (CHP – Combined Heat and Power) in blocks A, B, G and H, 

simultaneously providing heat and electricity, the presence of the district heating grid 

ensuring the heat supply to the rest of the district and the solar thermal installations 

on all residential buildings, sized to cover 50% of the annual hot water needs. 

 

The energy use objectives 

 

The performance objectives included in the CONCERTO project include three types of 

energy use: heating, production of DHW (excluding solar contribution) and electricity 

in common areas (for lighting, ventilation, heating and cooling auxiliaries). They 

cover residential buildings, and specific targets have been defined elsewhere for the 

school and the mall, because of their particular functions. 

 

 

Figure 2.14 – Energy use objectives in De Bonne eco-district 

 

CONCERTO objectives for residential buildings are quite ambitious and exceed by 40% 

the requirements of the RT2005, which these buildings are subjected to. Adjusted 

targets have been used since the beginning of this energy assessment, because of the 

difficulty to obtain data about CHP units located in blocks A, B, G and H from the 

energy supplier. Consumption generally known are those indicated in the energy bills, 

measured at the heat exchanger between the CHP units and the buildings, where stop 
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the operating responsibilities of the energy supplier GEG (Gaz et Electricité de 

Grenoble). The consumption of heat in the results presented in this report are thus 

expressed at the heat exchanger supplying the building, regardless of its source of 

heat. On the one hand this is actually the only consumption data that we have access 

to most of the time, but it also allows not to discriminate buildings with CHP, one of 

the technical  innovations of the project, from those connected to the district heating 

grid and which are not subject to a production efficiency. The initial objectives of the 

CONCERTO project are adjusted with a performance of cogeneration assumed to 85%, 

and all buildings are then placed on an equal footing, facing these goals regardless of 

their source of heat. 

This assumption has been taken since the beginning of the evaluation in de Bonne. 

However this year and for the first time, the energy supplier GEG gave access to data 

about the actual operation of the CHP units. This helped initially to compare these 

data with the assumption of an 85% efficiency, but also to compare the actual 

consumption of CHP-equipped buildings (CHP efficiency included) to the initial 

CONCERTO objectives, which had never been done so far. 

 

Method 

 

The method used to collect data about consumption and energy billing is different 

from that described above for the study of social housing. Indeed, the different 

building managers does not necessarily have the time or the knowledge to deal with 

such data, where the social landlords services are more likely to do so. Therefore, raw 

data for the year 2012 have been requested to the different managers: 

 Copies of heat bills (gas or district heating) 

 Copies of electricity bills for common areas 

 Measurement of DHW individual meters 

These various elements are then treated at the ALEC in order to determine the annual 

consumption and costs for heat and electricity, as well as the total volume of 

consumed hot water. This data is verified and consolidated with meter readings, 

asked to boiler room operators and energy suppliers. 

All of this information  is used to complete a datasheet for each building, which 

compiles its characteristics and consumption over the previous year. In these sheets 

are calculated different ratios and indicators, used as a basis for the analysis. These 

are combined into a summary file, gathering all the collected data and allowing to 

draw graphs and calculate averages which are the deliverable of this study. 

The last step is then the formatting of this deliverable. Several types of materials have 

been produced this year: a presentation used to explain the results of the evaluation 

to the city council of Grenoble, a summary document with the main results by 

building and a more detailed sheet for each buildings. 
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Calculation hypotheses 

 

As for the evaluation of ABSISE social housing buildings, the results presented below 

are expressed in primary energy to account for loss of production, transport and 

distribution of energy, ratios are per square meter and heating consumption are 

weather normalized with the HDD method explained earlier. All these arrangements 

facilitate comparisons between buildings, between years of operation, and place the 

results in the same framework as the one used by the CONCERTO specifications. In 

addition, the useful heat for DHW production is also estimated from the volume of hot 

water, when the meter readings collected from the operators or energy suppliers do 

not allow a more accurate calculation of the share Heating / DHW. 

 

Results 

 

Figure 2.15 shows the energy consumptions of buildings for which data are available. 

They notably do not include the buildings in block H, as the data could not be collected 

from the buildings managers. 

A first indicator is the evolution of the average energy use in blocks A, B and G, for 

which data are available since the first year of evaluation in 2010. 

 

 

Figure 2.15 – De Bonne: average annual energy use in blocks A, B and G 

 

This first result is surprising. Indeed, after observing a 6% decline between 2010 and 

2011, explainable by adjustments in boiler rooms and drying of concrete over the first 

year of operation, the trend reverses and the energy consumption increases by 9% 

compared to 2011. The details of this average shows that this is mainly due to the 

heating consumption, those related to DHW and common electricity remaining quite 

stable. It should be noted that this increase is not related to weather conditions, as 

heating consumptions are weather normalized. Besides, it may be noted that the 

CONCERTO objectives are exceeded by 51% in average. However, these general 

observations appears to be made up of various situations. 
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Figure 2.16 – De Bonne: energy use by building in 2012 

 

It may be noted in figure 2.16 that the standard deviation of consumption is quite 

large throughout the district. For residential buildings, the total energy use (electricity 

and heat) range is 94 – 159 kWh(PE)/m² in 2012. Besides, no building reached the 

CONCERTO objectives, even if one or two of them are quite close, and the two 

renovated buildings (ALR1 and ALR2) prove to be as efficient as new buildings. These 

results are mixed, especially concerning the heat consumption in blocks A, B and G, 

which are above the district average. 

 

 

Figure 2.17 – De Bonne: evolution of heat consumption 2011/2012 

 

The 7% average increase of the heat consumption between 2011 and 2012 is largely 

due to three buildings. The spectacular nature of this increase in building G2, B3 and 

G1 suggests a significant change in the operation of these building: newly heated 
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spaces, failure in boiler rooms, etc. Even if the operator did not notice any problem 

there, observations and testimonials revealed dysfunctions related to ventilation in 

these buildings. Odour problems were reported, and over-ventilation to fix them may 

have caused this increase in heating consumption, but also the increase in electricity 

consumption observed in parallel. On the other hand, the situation is quite 

satisfactory in block J, where the heat consumption has been reduced of about 10%. 

This decrease occurs between the first and second year of operation of these 

buildings, which have been put into service in 2010, and coincides with lowering of 

heating curves by the operator. 

As mentioned earlier, for the first time this year real data of production and 

consumption CHP units installed in blocks A, B, G and H were made available by the 

operating company GEG. These units are powered by the natural gas grid, and 

simultaneously produce heat and electricity during the heating period. In summer, 

one gas boiler per block takes over to produce extra DHW when solar thermal does 

not suffice. 

 

 

Figure 2.18 – De Bonne: CHP heat and electricity generation (including backup boilers) 

 

The respective share of heat and electricity generation is clearly observed in figure 

2.18. The electricity generation is maximum when the heat demand is highest during 

winter peaks. In summer, there is no power generation as CHP units are off and the 

backup boilers provide DHW. 

Data provided by GEG (natural gas consumption, heat and electricity generation) for 

each block enabled the calculation of the actual efficiency of the heating system CHP – 

Boilers. In 2012, these efficiencies were as follows: 

• Block A: 90.2% 

• Block B: 83.5% 

• Block G: 83.2% 

• Block H: 95.3% 

It can firstly said that the assumption of 85% efficiency is rather realistic. In addition, 

the efficiencies seem dependent on the number of micro-cogeneration units per block. 
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In fact, there are three CHP units in blocks B and G, which have the lowest efficiencies, 

two CHP units in block A and one in block H, which shows the best performance. With 

this observation, it can be concluded that larger power CHP units perform better. 

However, the gain in efficiency of the installation of a single high-power CHP unit 

rather than two or three less powerful ones has to be balanced with biggest heat 

losses in the hot water circulations implied by a more centralized production. 

These data of actual efficiency made possible, for the first time since this evaluation 

started 3 years ago, the comparison between the heat consumption in 2012 and the 

initial CONCERTO objectives 50 kWh(PE)/m².year for heating and 20 kWh(PE)/m².year 

for DHW. 

 

 

Figure 2.19 – De Bonne: Comparison to CONCERTO objectives, including generation efficiency 

 

This inclusion of CHP efficiency is particularly advantageous for buildings in blocks A 

and H, as the real efficiencies are significantly higher than the 85% assumption. They 

are then closer to the targets than the former evaluations have made thought. 

In addition to providing heat with high performance, one of the objectives of these 

CHP units was to produce electricity locally, as geographically closer production and 

consumption reduce power losses on the electrical grid. 

 

 

Figure 2.20 – De Bonne: CHP electricity generation vs. consumption in common spaces 
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The CHP electricity generation is quite important in De Bonne, representing nearly 

130% of the common electricity consumption in the blocks where they are installed. 

 

The following table shows the observed consumption in non-residential buildings. 

 

 

Figure 2.21 – De Bonne: energy use in non-residential buildings 

 

Regarding the heat consumption, the Lucie Aubrac school approaches its objectives, 

while the shopping centre improves to be less efficient. It must still be emphasized 

that shops’ heat needs are generally quite large, because they are large volumes with 

great heat loss through entrances. For electricity, the objectives are largely exceeded. 

However, a comparison to these objectives is not very relevant as electricity meters 

are used for consumptions including more uses than those specified in the objectives. 

This is a point that can be generalized to other buildings, which may partly explain 

the discrepancy between the observed consumption and objectives. 

The energy use in student residences is also interesting to analyse. The consumption 

of heat there is slightly above the average of the district, around 100 kWh(PE)/m² in 

2012. The DHW consumption is quite important per square meter (38 kWh(PE)/m² for 

23.5 in average over the district) due to denser occupancy than in other buildings, and 

low per dwelling (13m3/dwelling for 25 in average over the district), as there is usually 

only one occupant per dwelling (student rooms) and the occupation is fragmented 

throughout the academic year. Finally, the  total electricity consumption (common 

and specific) is 663 kWh(FE)/dwelling, which is a rather low annual consumption for a 

person, explainable by the intermittent occupation during the academic year and the 

few electrical equipment in student rooms. 

The energy use assessment of De Bonne eco-district is quite mixed for the year 2012. 

Indeed, the average heat consumption is up compared to the previous year. This fact 

is however largely due to large consumption increases of three buildings, the situation 

in the rest of the district being more stable compared to 2011. These results illustrate 

how difficult it is to reach and maintain energy efficiency in a building. However, the 

important point of this assessment is to continue to learn about the behaviour of 

efficient buildings over time and to prove that there are innovative solutions to design 

energy-efficient buildings. 
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2.4 Synthesis of these different results 

 

Facing a more and more restrictive thermal regulation,  innovative building designs 

show that it is possible to construct energy-efficient buildings. As a proof, De Bonne 

buildings have 30% lower energy consumptions compared to the ABSISE sample of the 

same time (buildings put into service in 2008). In addition, the growing efforts of 

various project owners, including social landlords, are materialized by a more and 

more efficient building stock each year. The economic argument is also eloquent: for 

an average 70m² apartment, energy costs account for only 586€ per year in de Bonne, 

for 742€ on average for social housing buildings of the same period (put into service in 

2008) and of the same size in Grenoble urban area. These expenses amounted to 600€ 

in 2012 in social housing, which proves the innovation that De Bonne represented at 

the time. 

The design of energy efficient buildings is now more and more improved, even if the 

actual performance is often below the expected performance. It is worth 

remembering however that the regulatory calculation is not a forecasting tool, 

because it relies on restrictive assumptions rather distant from the reality of the use of 

a building by its occupants. This explains a part of the discrepancies between reality 

and theoretical consumption of the ABSISE sample. In De Bonne, there are noticeable 

gaps to the objectives as well. Some problems of implementation, particularly 

highlighted by the Enertech study can explain this: poor air tightness, untreated 

thermal bridges, etc. In this case, these defects are difficult to treat a posteriori. It 

therefore seems important in the context of building construction to be vigilant 

during the construction phase and to check regularly that the work of the construction 

companies corresponds to the requirements in the contract documents. 

Moreover, evolutions in consumption from year to year, sometimes substantial, 

upward or downward, observed in the two evaluations presented above show that 

even after the completion of construction, the energy performance of a building 

remains fragile and strongly depends on the operation of the facilities. Improper 

operation can indeed significantly degrade the performance of a building, even eco-

designed: misuse of regulation of boilers, solar water heaters and other equipment, 

non-detection of defects, sludge in circuits, etc. Only close and regular monitoring of 

facilities can allow to detect and treat these issues as they arise and to optimize the 

energy performance even after construction. 

Finally, we must remember that the energy consumption of a building is largely 

dependent on its occupants' behaviour. Knowing their habits can help to better 

understand the levels of consumption and raise awareness on the rational use of the 

building equipment is an effective way to optimize energy use and comfort in homes. 
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3. MONITORING FOR A BETTER PERFORMANCE 
 

 

Figure 3.1 – Boiler room on the roof of one of the followed operations, in Vif 

 

Under an agreement signed with the local social landlord OPAC38, a close monitoring 

of some construction or renovation operations is carried out by the ALEC to help this 

landlord to optimize their energy performance. This monitoring takes place during 

the phases of handovers, during which the work of the companies are controlled, and 

continues during the first year of operation of the building in which regular 

monitoring of energy facilities and a survey with occupants are carried out, in order  

to extend the efforts of energy performance even after construction. 

 

3.1 Vigilance during handovers 

 

In close collaboration with the landlord OPAC38 and the project managers, the ALEC 

monitors the work of some operations construction or renovation. The main purpose 

is to ensure the proper implementation of the various facilities related to energy 

(thermal insulation, hydraulic heating circuit, lighting, etc.) to optimize the energy 

performance. For this, several site visits are made, usually one or two during the 

construction work and one upon the handover of the building. To keep in mind all the 

elements to control once on site, the ALEC uses a checklist containing the items to 

examine: 

 Heating – Domestic Hot Water – Cold Water 

 Solar thermal 

 Ventilation 

 Lighting 

 Envelope 

 

For each of these items, several key points are listed and must be subject to 

verification. The following paragraphs presents some of these key points. 
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Heating – Domestic Hot Water – Cold Water 

 

 

Figure 3.2 – Diagram of the heating system, in Meylan 

 

The main task related to the heating system is to check the hydraulic circuit. Its 

consistency with what is planned in the project specification documents must be 

checked, all the elements must be present and well implemented. For example, it has 

already been observed non-return valves positioned in the wrong direction, making 

the heating system inoperative. It is also important to check that the power of the 

boiler which is installed is in line with the sizing made by the engineering office, and 

that the outdoor temperature sensor for its regulation is well placed, if possible north 

in order to prevent solar gain from affecting the measurement of the temperature. 

 

 

Figure 3.3 – Some elements in a boiler room, in Vif 
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The hot water circulations (for DHW or heating) must be properly insulated in both 

ways from the boiler room to the heat emitters. The labelling of these circulations in 

the boiler room is also important in order to recognize easily the various branches of 

the hydraulic circuit. 

 

 

Figure 3.4 – Correctly insulated and labelled circulations, in Saint Ismier 

 

Finally, verifications are made in the flats, notably the presence of water flow 

restrictors in kitchens and bathrooms. When the building has been connected to the 

water grid, the performance of these restrictors is controlled by measuring the water 

flows. 

 

Solar thermal 

 

 

Figure 3.5 – Solar thermal panels on a roof, in Saint Ismier 
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When there is one, the solar thermal system is controlled at several levels. In boiler, 

the good connection to the hydraulic circuit is checked. On the roof, it must be 

checked that the number of collectors corresponds to what was expected in the 

specification documents. Finally, the insulation of the coolant circulation must be 

done properly everywhere in the solar circuit, from the collectors on the roof to the 

water tank in the boiler room. 

 

Ventilation 

 

 

Figure 3.6 – Air extraction unit on a roof, in Vif 

 

On the roof, it must be checked that the power of the extraction fan, the size of the 

sound attenuator and the duct diameters are consistent with the sizing of the 

engineering office. In the flats, the installation of air intake and exhaust vents are 

checked. Finally, balancing the ventilation system throughout the building must have 

been done by the engineering office, and tests of pressure and/or airflow are usually 

carried out to verify that the fresh air requirements are met in all homes. 

 

Lighting 

 

 

Figure 3.7 – Test with a light meter, in Saint Ismier 
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The type (incandescent, compact fluorescent, LED, etc.) and the light output is 

controlled in homes and common areas. Lamps installed must meet the requirements 

of the specification documents, and a light meter test can be performed to verify that 

the lighting standards are respected in practice. 

 

Envelope 

 

 

Figure 3.8 – The blower door test, in Saint Ismier 

 

The airtightness is generally evaluated in the dwellings by observing the singular 

points which can sometimes be a problem (roller shutter boxes, window frames, etc.). 

The nature and thickness of the thermal insulating material and windows, as well as 

their effective implementation are controlled. It is also interesting to read the report 

of the airtightness test ( blower door test), when available,  in order to know the actual 

performance of the envelope and locate its main flaws. 

 

 

So all these elements are controlled, and a report containing all the flaws and 

proposals for corrective actions is provided after each visit to the person in charge of 

the operation at OPAC38, so that he can transmit his guidelines to the project 

manager, who will inform the companies in charge of the construction about the 

modifications to be made. 
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3.2 Follow-up of energy facilities 

 

Once the construction work completed, the ALEC is responsible for the monthly 

monitoring of energy facilities in the same OPAC38 operations. Each month, different 

indicators are collected on site: 

• General gas meter reading 

• Different energy sub-meters reading (heating and DHW) if available 

• Water volume for DHW meter reading 

• Temperatures at various points (heating flow and return, DHW flow, etc.). 

• Production of solar hot water 

• Common electric meter and potential sub-meter reading 

This work is done in collaboration with the operators, who also usually conducts 

meter readings in boiler rooms. All these data are used to feed a tracking sheet, used 

to calculate consumption ratios and plot graphs over the site visits. 

These visits are also the opportunity to verify that corrective actions proposed  during 

the handover phases have been completed, which may take several weeks. 

The purpose of this monitoring is to verify the proper operation of facilities, and alert 

OPAC38 in case of malfunction or overconsumption. Some of these problems are 

directly identifiable on site: error displayed on the solar control, water leakage, DHW 

temperature setting too high, etc. Others, notably related to overconsumption, are 

highlighted by the monitoring indicators calculated in the tracking sheet mentioned 

above. The following paragraphs describe some of these indicators. 

 

Energy use for heating purposes 

 

 

Figure 3.9 – Gas consumption monitoring graph, in Fontaine 
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The energy consumption for heat production, usually from natural gas, is monitored 

monthly. It is expressed in Wh per square meter for a comparison between buildings, 

and per day for a comparison between periods between meter reading visits, which 

are not always exactly the same length. The graph in figure 3.9 allows to monitor gas 

consumptions throughout the year, and to detect any overconsumption problems soon 

enough. 

 

Energy signatures 

 

The energy signature of a building is the straight line corresponding to the heating 

consumption as a function of the climate severity, expressed in HDD. This is a 

representation of the building’s response for different weather conditions. 

 

 

Figure 3.10 – Energy signatures for 4 OPAC8 operations 

 

One can observe in figure 3.10 that, for the same weather severity, the residence 

Ganterie 1 in Fontaine needs less heat while the residences in Eybens and Meylan 

have the higher heat demand. This tool is very useful to compare the energy 

performance within a building stock. In addition, the layout of the energy signature of 

a building on its first year of operation gives a reference which is interesting to 

compare, month by month, to the energy signatures of the following year. 

 

DHW production : solar and support 

 

It is important to follow the solar thermal systems, because these are investments that 

are worth only if production is maintained. For this, the evolution of DHW 

consumption in kWh/day is visualized, showing the solar / gas support detail. 
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Figure 3.11 – DHW consumptions (gas support and solar), in Fontaine 

 

Figure 3.11 gives a good overview of the solar fraction throughout the year and allows 

to detect any dysfunction, like the one that happened here in June 2012 when the solar 

control had a failure. 

 

Electricity in common spaces 

 

Finally, a visit in the common parts (entrance halls, landings, corridors) of the 

different buildings is performed. This allows to control that the regulation system of 

lighting (timer or presence detection) works well, and to read the common electricity 

counters. 

 

 

Figure 3.12 – Electricity use in common areas, in Eybens 
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In the case shown in figure 3.12, the presence of several electric meters allows to 

decompose the consumption by use: lifts, lighting of garages, others (mainly lighting 

common). The advantage is to compare these readings with the regulatory 

calculations, which relate only to certain uses. Again, monitoring over months can 

detect sudden overages that might otherwise not be detected before reception of the 

electricity bill. 

 

 

All these information will be compiled in order to give a feedback to OPAC38 about its 

operations. The objective is to take stock of these missions and draw possible 

improvements for the future construction or renovation operations. Neither the 

substance nor the form of this review are still determined at the time of writing this 

report. 

 

3.3 Survey within occupants 

 

In addition to these technical aspects, the ALEC is also charged to perform surveys 

within occupants to learn more about their feelings and habits concerning the comfort 

of their homes. Some apartments are visited in each followed operation, and a 

questionnaire is filled with the occupant. The questions are oriented along different 

themes: 

• General information 

• Winter thermal comfort 

• Summer thermal comfort  

• Lighting 

• Soundproofing 

• Indoor air / ventilation 

• Water 

The answers are then collected and analysed through a summary file. This ensures 

that comfort is ensured in all accommodations and that the setting of the various 

facilities is performed correctly: balancing of the heating circuit, ventilation rates, 

lighting timer, etc. It is also an opportunity to make people more sensitive to energy 

savings. For example, it was noticed that in winter, most people heat their apartment 

up to 21 or 22°C and open their windows more than an hour a day, while 19 or 20°C 

and a dozen minutes are more than enough to ensure thermal comfort in homes. 
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Figure 3.13 – Some observations from the survey within occupants 

 

The collected information are therefore subject to two types of feedback: to the 

occupants themselves, by educating them on the best practices to adopt, and to the 

landlord, by informing him about the level of comfort that he provides to its tenants 

and the actions to be implemented in case of a detected problems. 
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4. OVERALL SYNTHESIS AND CUES FOR IMPROVEMENT 
 

The different missions presented in this report enabled a better knowledge about 

energy use in recent collective housing buildings. The raising awareness of building 

owners regarding energy efficiency and the recent technical innovations enable a 

constant progress of the building stock's performance. However, a large scope for 

improvement remains. Indeed, some issues are regularly observed and a systematical 

treatment of these issues could enhance the buildings' energy efficiency even more. 

 

4.1 Technical issues 

 

Some technical issues have been regularly observed throughout this project. As a 

consequence, better vigilance all along the life cycle of a building (design, 

construction, operation) is necessary in order to quickly detect these issues as, most of 

the time, simple and quick solutions exist. 

The air tightness of dwellings is quite often subject to defects. The blowing door test, 

required by the RT2012, makes the realisation of the building envelope a crucial step. 

Defects in air tightness are usually encountered around windows and rolling shutters. 

 

 

Figure 4.1 – Air tightness default due to rolling shutters, in Saint Ismier 

 

To fix these defects, a good follow up of the work of the companies in charge of these 

equipment is essential, as well as the choice of these in accordance with their 

performance. 

 

The lack in thermal insulation of hot water pipes, for heating or DHW, is another 

important source of thermal losses. The thermal insulation of such pipes is quite often 

neglected, especially in landings and slabs. 
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Figure 4.2 – IR views of non-insulated circulations in landings (left) and slab (right), in Fontaine 

 

These infrared pictures clearly show the thermal losses implied by this lack of 

insulation. Non-insulated pipes in slabs literally make floors and ceilings radiate as 

heaters, and temperatures in corridors are quite often measured around 24°C 

whereas they are not meant to be heated. Better insulating pipes in landings is quite 

easy to implement, and some technical solutions such as thinly (but efficiently) pre-

insulated pipes for slabs exist today and solve the problem of lack of space that 

implies a classical thermal insulation. 

 

Other technical issues have been encountered, notably in relation with the regulations 

of facilities such as boilers and solar thermal systems. For this specific issues, and 

more widely for all technical issues, it is crucial for the operator to be skilled 

regarding the facilities he maintains, in order for him to perform the necessary 

adjustments for better indoor comfort and lower energy use and to be able to 

interpret potential defects for quick and lasting fixing. 

 

Hence, most of the time there are solutions to the main technical issues that have been 

regularly observed and that degrade the energy performance of residential buildings. 

Nevertheless, these solutions require a serious involvement of the different 

stakeholders (building owner, project manager, operator, occupants) throughout a 

building's life cycle for them to be correctly implemented. 

 

4.2 Commissioning and involvement issues 

 

Building owners are increasingly aware of the need of energy-efficient building 

design. However convinced, they often do not know exactly how to plan it. In 

addition, most project managers are not sufficiently involved in energy efficiency 

efforts during construction. It is the same for operators once the building in service. 

 

To overcome this, building owners must rely on more comprehensive and explicit 

contracts: 
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 The project management contracts must clearly specify what the owner expects 

in terms of construction site monitoring, control of the different companies' 

work (tests of facilities, supply of system balancing reports, etc.) and actions to 

take in case of non-compliance with the initial specifications. 

 The operation contracts must be more specified as well, and include a detailed 

monitoring of facilities. The implied overcost would be largely offset by the 

generated energy savings. 

 

By improving these two points, building owners can avoid many defects and 

malfunctions, in both construction or operation phases. This implies a parallel need 

for training and sensibilizing of the different stakeholders, especially operators who 

are not always skilled enough about the equipment. This is why these issues must be 

tackled well in advance in the construction process, and favouring exchanges between 

designers, suppliers and users is a good way to do so. 

 

4.3 The occupancy parameter 

 

Energy use in buildings, especially in residential ones, is always very dependent on 

the occupants: heating temperature setting, continuous or fragmented occupation 

throughout the day, number of showers or baths, etc. People's behaviour, often 

unpredictable and difficult to influence, is one of the main reasons of the gap between 

expected and actual consumptions. 

 

One of the risks of eco-building design is the rebound effect. Indeed, in a poorly 

insulated building, the energy costs will be the limiting factor, and occupants will 

probably prefer to heat their home up at 19°C and limit their energy bills, which are 

already quite important. In a highly insulated building, heating is much cheaper and 

the thermal comfort is then more important: the occupants may prefer to set the 

temperature to 23°C for the same cost, rather than continuing heating at 19°C and 

reducing their bills. In this case, the energy savings enabled by the efficient buildings 

are very limited. So there is an equilibrium to find between comfort and savings, 

although it is difficult to incite people to warm to 19 or 20°C when they want 4°C more. 

The question of giving the possibility for the occupants to set the heating temperature 

themselves can then arise, especially in the case of social landlords who are only 

legally obliged to maintain their dwellings at 19°C during the winter. 

 

The energy cost is an effective mean to influence the behaviour of the occupants. This 

is often what limits and makes people aware of their responsibilities in their use of 

energy. Then, there is the dilemma between a billing based on a common or 

individual metering, mainly for heating purposes. Individual metering of energy 

consumptions may be unfair because all the apartments in a building are not equal 

regarding thermal losses, and "heat stealing" may also take place between apartments 

(an apartment in the centre of a building may close its radiators and enjoy free 

heating from its neighbours). However, individual metering involves the occupant in 
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the monitoring of his own consumptions more, because he directly pays what he uses. 

On the other hand, collective metering (then dividing the energy costs according to 

each apartment surface) seems more egalitarian, especially in energy efficient 

buildings where heat exchanges between apartments are important. However, it can 

lead to occupants ignoring their energy consumption, because their bills are not 

directly affected by their behaviour. The current trend is to install individual meters, 

which is also required by law and increasingly applied in France. An intermediate 

solution to this could be a mixed pricing, with a common part for all occupants and a 

variable part based on the consumption of each one. 

 

 

In terms of behaviours, raising people's awareness is an important mean to be 

involved in a project that aims at energy performance, but more binding tools such as 

energy pricing or other legal obligations (through an environmental taxation, for 

example) are generally the most effective ways to encourage occupants to be 

reasonable when using energy in their homes. 
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CONCLUSION 
 

The various missions included in this project gave a good overview of the current 

state of energy efficiency of recent residential buildings. First, it has been observed 

that the energy use in residential buildings gets lower and lower every year. The 

energy supply issues, the growing environmental concerns, the rising energy prices 

and the tightening of thermal regulations encourage the development of innovative 

materials and technologies for energy efficiency. In addition, the gap often observed 

between actual and expected consumption (regulatory calculation, project objectives, 

etc.) is generally related to some assumptions and  does not reflect the intrinsic 

performance of buildings. 

The design of energy-efficient buildings is then more and more improved. As seen in 

this project, a large progress is still to be done, in terms of construction quality and 

operation of facilities. Indeed, the energy performance of a building is very fragile 

even after it is put in service, as shown by some results in De Bonne. Only a regular 

and careful monitoring of the implementation of energy-related equipment by the 

project manager during construction, and of their use once in service by the operator 

may enable the optimization of the energy use throughout the life cycle of a building. 

A building designed as energy-efficient cannot fulfil its objectives if it is not used in 

consistency with the way it has been designed. This requires the involvement of the 

different stakeholders in this process: building owner, project manager, operator and 

occupants. 

 

There are solutions to continue improving the energy performance of buildings: more 

regular monitoring, more specific contracting, incentives to occupants. The next step 

towards sustainable buildings is the systematic implementation of these solutions. 
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