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Abstract 

 

The built environment is responsible for 40% of the global energy demand (1). To reduce building energy 

consumption, regulations are enhancing the appeal of sustainable constructions. Nevertheless, the rate of 

construction is low in most of developed countries. Efforts are to be made in existing buildings, namely in 

office buildings, which are statistically more energy-consuming than residential buildings (3).  

To conduct an adapted energy retrofitting, an energy audit can be realized as a pre-study. The first step is 

to realize an inventory of fixture of the building equipment. From that analysis, the building behavior and 

consumption are modeled with the help of dynamic simulation software. A comparison with the real life 

energy consumption guides the study to obtain a model close to reality. Energy retrofitting plans can then 

be created, based on this model and on the inventory of fixture phase. If technically adapted, each 

retrofitting solution is evaluated in terms of investment cost and energy savings.  

Building energy audits and recommendation phases are not unique and normalized procedures. More 

advanced and complex calculations and measurements can improve the result accuracy. Nevertheless, the 

introduced approach gives a first understanding of a building, by analyzing its strengths and its 

weaknesses. As a result, the proposed retrofitting solutions are suited to each specific building. This 

renovation plan can then be used as a first-decision making tool for the various stakeholders included in 

the retrofitting project. 
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1 Introduction 

 

Background and scope 

 

A major issue of sustainable development studies is the increasing global energy demand. A great part of it 

is used in the built environment. An effort is made across the world to change the way buildings are 

constructed to reduce their environmental impact. As far as we can extrapolate this evolution, the overall 

energy consumption in the built environment is hoped to decrease year after year, as the newer and more 

energy-efficient buildings will progressively replace the less efficient ones. A determining concern is that 

building life expectancy reaches several decades, which slows down the turnover of the building stock and 

spread of new building technologies. 

It can be understood that effort also has to be concentrated on existing buildings, through user behavior 

changes on the one hand, and through energy retrofitting on the other. For a given building, user 

behavioral differences can sometimes lead to variations of 40% in energy consumption (1). Energy 

awareness programs have proved for instance that they can lead to a reduction reaching to more than 10% 

of the energy demand in a work environment (2). The user behavior impact has thus to be considered as 

an important factor in energy saving. Nevertheless, energy savings cannot exceed a certain point without 

impacting a given level of comfort of a user without upgrading the energy performance of a building. This 

upgrade in energy performance is known as building energy retrofitting.  

Commercial buildings have a great energy saving potential. To present a deeper investigation, the topic 

will be narrowed down to a particular type of commercial buildings: office buildings. The analysis will also 

be more centered on buildings located in France. Nevertheless, this approach and some of the results can 

be extrapolated to other locations and type of buildings. 
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Objectives 

The aim of this paper is to introduce a “how-to” method to realize building energy audits and retrofitting 

plans, in order to guide a building energy retrofitting from the first steps.  

To understand the increasing importance of building energy retrofitting, an overview of the global and 

political context is first deemed necessary. An introductory goal of this report is to present facts and 

figures that characterize the energy consumption and saving potential of commercial buildings, most 

particularly in office buildings located in France. Energy savings in the built environment are fostered by 

the recent French energy policy evolutions. A description of this changing context will also be introduced. 

First, an energy audit needs to be realized to evaluate the retrofitting potential of a building. Hence, a 

second goal of this report is to show an approach that can be taken by stakeholders to create an energy 

audit that corresponds well to their building. Commercial buildings, and particularly office buildings, have 

followed a great standardization in their conception in terms of material and technical equipment 

(insulation material, HVAC, lighting…), and the diversity of component is nowadays limited. An 

exhaustive review of the most spread characteristics in France will follow with the presentation of the 

energy audit approach.  

To retrofit a building, the next step is to build an adapted renovation plan. The third objective of this 

report is then to present a methodology for achieving retrofitting plans suited for each individual building, 

by evaluating the investments, the technical feasibility and the saving potential. The main technical 

solutions adapted to the renovation of an office building, located in France, will be presented in this part. 

Energy audit and retrofitting plan proposals can be diversified and more or less advanced and precise, 

depending on the need of the study. In consequence, the methodology that will be presented in this report 

should not be taken as the only way to conduct an energy audit. A final part will analyze critically the limits 

and interests of the presented methodology.  

To illustrate the proposed methodology the case study of an office building in France will be presented. 
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2 Office buildings and energy demand 

 

This part aims to put in broad perspective the stake of energy consumption and energy retrofitting in 

office buildings. By giving a general overview detailed by key facts and figures, the impacts of energy 

retrofitting will be evaluated. The incentives and regulations that currently guide and enhance renovation 

will then be presented. 

 

2.1 Energy consumption within commercial buildings: facts 

and figures 

The increasing global energy demand is one of the main issues that need to be tackled in order to reach 

sustainable development goals. The share of the energy used in the built environment varies from one 

study to another, depending on the scope of the study. According to the International Energy Outlook 

produced by the EIA (Energy Information Administration) the built environment represents up to 36 % 

percent of the primary energy consumption (3). The World Business Council for Sustainable 

Development gives a figure of 40% for instance (4). Regardless, buildings represent the largest part of the 

global energy demand, bigger than the industry demand (28%) and transport energy demand (27%) (cf. 

figure 2.1.1 bellow) 

 

 

 

 

 

 

 

 

 

*”Others” include energy losses and other uses that are not taken into account in the three main categories 

Figure 2.1.1: Global energy demand distribution 

 

Industry & 
Manufacturing
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This figure illustrates why a strong focus has been put recently on the energy used in the built 

environment.  

It is interesting to analyze how the energy is used in the built environment from a Life Cycle Analysis 

(LCA) point of view. Most of the LCA conducted on building (and focused on energy) takes into account 

all the energy used from the building construction to its demolition, including the energy use during 

operation and the recurrent embodied energy, which represent the energy used to renovate parts of the 

building. Nicolas Perez Fernandez has conducted LCAs in several commercial buildings to evaluate the 

different energy usages. For a standard building consumption, the embodied energy can vary from 31% 

(for steel constructions) to 15% (for timber constructions), with an average embodied energy percentage 

of 20% (5). These results may nevertheless vary greatly with the building performance. A well isolated 

building will see its energy consumption decrease and its embodied energy increase with the amount of 

insulation added, and vice-versa. The average energy distribution between operating energy and embodied 

energy can be approximated in average to 80%-20%, with a variation degree of 90%-10% for a non-

insulated building to 55%-45% for a very energy efficient building (5).  

A first conclusion which comes out from these statements is that great efforts have to be made 

prioritizing energy used in operation for standard building and low efficiency building. The more energy 

efficient the building becomes, the greater the focus on embodied energy.  

According to statistics announced by the WBCSD (World Business Consulting Sustainable Development), 

the proportion of commercial buildings in the built environment varies within the countries and 

approximates in average up to 25 percent, in terms of square meters of floor in the world (4).  
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Figure 2.1.2: Existing floor area in the world 

 

In terms of energy demand, commercial buildings represent more than 35% of the built environment 

energy demand. This proportion also varies with the part of the world concerned, as illustrated on the 

figure below (4): 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1.3: Building energy consumption in the world 

 

First and foremost, it can be observed that commercial buildings represent 25 percent of square meters 

occupied and 35 percent of building energy consumption. Basic calculations lead to a first approximation 

that a commercial building will consume 58 percent more than a residential building, which can be 
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justified by the level of activity in this category of buildings. In Europe, other studies confirm this higher 

level of consumption by commercial buildings and estimate that the non-residential sector consumes more 

than 37 % than the residential sector in terms of final energy consumption (6). 

It can also be noticed that developed countries have a significantly higher level of energy demand than 

developing countries: developed countries consume five times more energy than China per square meter 

for instance. This fact is obviously due to the differences of activity and comfort required. A major 

concern is that the energy demand in the built environment will most likely increase dramatically with the 

economic development of these countries. 

To compare energy consumptions between two buildings, which may use different sources of energy to 

heat the volumes namely, an indicator commonly used is primary energy. Primary energy represents the 

real amount of energy used to produce the energy sold to a final user, called the on-site energy. For energy 

sources such as gas or fuel oil the primary energy is equal to the onsite energy: there is no loss between the 

quantity of energy included in the substance and the energy provided when it is burnt. For electricity, 

losses are to be considered from electricity production to its distribution and its storage (combustion yield, 

turbine efficiency, transmission losses…). The ratio of primary energy/onsite energy varies also with the 

type of energy source: fossil, nuclear, renewable, etc. The standard ratio between primary energy and final 

energy for France is 2.58 (7), which is relatively high because of nuclear generation. Nevertheless this 

figure does not come out of clear and detailed studies and calculations (8). This figure is the result of a 

compromise coming out of various think-tanks between the major stakeholders who play a role in the 

energy production in France (EDF, GDF, Areva, Total…). The figure of 2.58 is used, by convention, to 

every energy calculation. A clear limit of this method appears directly, as this figure remains constant while 

the energy production sources vary during a day and a year. Nevertheless, every building is compared in 

France according to this methodology; the report will then follow this guideline.  

Based on studies carried out on more than 800 buildings by the French company Sinteo (9), which 

represents more than 5,4 million square meters, the French average primary energy consumption in 

commercial building is equal to 404 kWhPE/m²/year, which is significantly higher than levels of 

consumption expected nowadays in new constructions. 
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Still based on the building stock analyzed, the energy consumption in a commercial building is distributed 

as illustrated in the following diagram: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1.4: Average energy distribution of a French commercial building 

 

It is interesting to note that the HVAC (Heating, Ventilation and Air Conditioning) represent more than 

half of the energy consumption of a commercial building. Lighting also represents a large part of the 

consumption, making up for almost a quarter of the total consumption. This percentage is in average 

relatively high namely because of selling areas in shops, which normally have a high level of luminosity. 

Another major part is the computer and server energy demand, which increases every year as datacenters 

are developing. The category “others” gathers specific utilizations, such as lab processes, or workshop 

activity, etc. 

If the focused is narrowed down to office buildings, which represent approximately a fourth of the 

commercial buildings in terms of floor area (varying between 14% in Germany and 41% in Switzerland 
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and staying between 21% and 28% in France, Austria, Sweden, and the United Kingdom, according to 

(6)), the energy distribution may vary. 

 

The real estate portfolio studied by Sinteo, developed over 4 years, is composed of 64% of office 

buildings in terms of floor area and 620 in terms of property. The statistics obtained lead to an average 

consumption of 445 kWhPE/m²/year, and gives the following energy distribution in the French building 

offices (9) : 

 

 

 

 

 

 

 

 

Figure 2.1.5: Average energy distribution in a French office building 

 

It can be observed that based on this statistic stock, the share size of heating increases greatly in office 

buildings because of a certain level of comfort imposed. The proportion of IT is also increased 

(datacenters are nevertheless not considered as office buildings in this case). The share size of lighting is 

smaller than that of a commercial building, as offices requires less lighting than a commercial center for 

instance.  

Nevertheless, it is important to keep in mind that each building remains unique and that energy demands 

can vary greatly from a site to another, depending on the activity and on the energy efficiency of a site.  
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2.2 Regulations and labels 

Energy savings in the built environment follows the first objectives launched by the Kyoto Protocol. To 

apply the Kyoto Protocol goals to smaller scale projects, two different types of action are taken on the 

existing building energy demand: regulations and labeling.  

The following diagram sums up the top-bottom approach from a regulation point of view: 

Global Scale 

 

 

 

European Scale: 

 

 

 

Figure 2.2.1: From a global scale to an European scale 

The Directive on the Energy Performance of Buildings was the first main agreement at a European scale 

to fix goals on energy use within buildings. The general aim is to reduce the energy consumption in the 

built environment by 20% by 2020, compared to the 1990 level. The main actions taken on the existing 

building stock were: 

- To create a methodology that calculates the integrated energy performance of buildings; 

- To establish minimum standards when an existing building is subject to a major renovation; 

- To create certificates assessing the performance of a building: Energy Performance Certificate; 

- To establish a regular control in HVAC (Heating, Ventilation and Air conditioning) systems. 

The 2010 recast of the Directive on the Energy Performance of Buildings aimed to clarify certain aspects 

of the 2002 Directive and to give the public sector a leading role in promoting energy efficiency. 

Kyoto Protocol 

ratification 
Kyoto Protocol 

effective date 

Copenhagen 

Summit 

Cancun 

Summit 

Directive on the Energy performance 

of buildings (EPBD) 
EPBD 2 EPBD 3 



[15] 
 

Each state within the European Union created its specific methods and goals to respond to the issue of 

reducing the impact of existing buildings. The figure below illustrates this chronology in France: 

 

 

 

 

 

 

 

Figure 2.2.2: France regulation 

 

In France, the main answer to the Kyoto Protocol had been the Grenelle de l’Environnement, in 2007. The 

Grenelle de l’Environnement was a national multi-party debate, which brought together governmental 

organizations and professionals, to define the key points of public policy on sustainable development 

issues. One of the main points which came out of the national debate is that existing buildings were 

regarded as one of the first fields where progress has to be made. The 5th article of the law resulting from 

this national debate, called Loi Grenelle 1, says explicitly that the French State has to reduce energy 

consumption in existing buildings by at least 38%, by 2020. The Loi Grenelle 2, a more detailed and applied 

law which completed the first text, goes further by implying that energy retrofitting work has to be carried 

out on existing commercial buildings within 8 years, from the 1st January 2012. A decree is to come out to 

specify the terms of these proceedings, namely about the performance to reach for commercial buildings, 

including specific constraints that apply to certain buildings, such as historical and architectural value. 

Another measure which comes out of the Loi Grenelle 2 is the creation of an Environmental Appendix 

which will be linked to the leases signed or renewed after the 1st January 2012, for a surface area bigger 

than 2000 m². This appendix will reinforce the communication and transparency between the property 

owner and the tenant on environmental aspects. 
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Nevertheless, the concrete application of the Loi Grenelle 2 is still under work. The working group 

« Rénovation du parc tertiaire existant » (Existing commercial building stock retrofitting), animated by M. 

Gauchot and gathering more than 200 professionals (included the company Sinteo), has published in 

November 2011 a determining report on this topic. This report namely states that a reduction of 25 % will 

have to be achieved in the French existing commercial building by 2020 (10).  

Aside from the Grenelle de l’Environnemnent, Energy Performance Certificates started to appear in 2007. 

Since the 1st January 2011 these certificates are mandatory for any lease signed or renewed (11).  

Thermal Regulations in the built environment were also extended to energy retrofitting. Thermal 

regulations applied to existing buildings are separated into two categories (9): 

- Global Thermal Regulation (RT Globale) : If the building has been constructed after 1948, if its 

surface is greater than 1 000 m² and if the renovation cost is worth more than 25% of the 

building value, its overall conventional consumption (in short, its overall energy consumption 

without specific processes used by a tenant) has to be reduced by 30%. 

- Thermal Regulation per element (RT par element): for any other cases, the new insulation or 

equipment put in place have to respect standards applicable for new construction. 

 

Each European country has its own regulation system, fixed according to the state strategy to reach energy 

reduction goals determined at an international scale. As illustrated with the case of France, rules may 

become exhaustive and complex when going further into practical details. Common features are observed 

in European countries, which basically follow the Directive on the Energy Performance of Buildings, 

aiming to improve the efficiency of a building at each renovation and to create tools to estimate the 

current performance of a building.  
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The annual large-scale renovation rate is about 1,2% of the European real estate stock (12). These 

renovations and new constructions are in line with the current thermal regulation and are seen as an 

upgrade in terms of energy efficiency. The renovation rate is nevertheless low and the renovation could be 

more ambitious in terms of energy. 

Labels and certifications contribute to encourage valuing the energy performance within a building. 

Standard labels and certification such as LEED, BREEAM, HQE (France), Minergie (Switzerland), 

Passivhauss (Germany), etc. have also been adapted to energy retrofitting. The main labels and 

certification become LEED Renovation, BREEAM-in-Use, HQE-exploitation… These labels impose 

higher level of renovation and permit certification and communication about the value added by a 

renovation, which encourages property owners to renovate their real estate stock, by increasing the “green 

value” of the property (13) (14). The notion and the influence of the “green value” of a property will be 

explained later on in this report.  
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3 Understanding a building energy consumption:  the 

Energy Audit approach 

 

3.1 Introduction of an energy audit method 

 

It has been demonstrated in the last section that the impact of office buildings in the global energy 

demand is determining and that reducing this consumption has become an important issue, namely in 

Europe.  

 

Office buildings present a certain number of common features. By definition, they host an office activity, 

which involves namely a non-permanent activity during a week, computer and server consumption, and 

minimal standards of lighting and air conditioning. The development of office buildings has also faced a 

relative standardization in terms of functional architecture, equipment, materials and building 

management. 

Nevertheless, office buildings have noticeable differences which influence their energy consumption: 

occupant density, activity, technical equipment efficiency, levels of insulation, energy management, etc. As 

a consequence, each building has to be analyzed individually in order to estimate the energy saving 

potential and to propose the most adequate retrofitting solutions. The most widely spread term which 

qualifies this analysis, is “building energy audit”. 

Building energy audits can vary from one to another, depending of the goals of the study. The main 

factors that distinguish two energy audits are the following: 

- The energy scope of the analysis: does the study include a life cycle analysis, transportations, on-

site energy only? 

- Occupier behavior/activity modeling: is the building analyzed independently from the occupier 

activity to evaluate the intrinsic performance of the building, or does interviews are done to 

evaluate the impact of the users?   
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- The method used to evaluate the energy consumption: are the temperature measured on-site over 

a year? Are the consumptions measured, with the help of meters, over a year? Does the study use 

dynamic or static energy simulations?  

- The depth and the accuracy of the study, which mainly depend on the time spent on the 

project… 

 

For economic reasons, stakeholders make a compromise between the most exhaustive energy audit and a 

simple Energy Performance certificate, which are often seen as too superficial to evaluate properly the on-

site consumption in commercial buildings. 

In France, the national environmental agency ADEME (Agence De l’Environnement et de Maîtrise de L’Energie) 

proposes energy audit specifications to help building stakeholders to select an adapted energy audit (7). 

This report will describe an energy audit method that follows these specifications.  

This scope is limited to the on-site energy used. Other considerations such as embodied energy, transport, 

water and other environmental criteria will then be considered out of the scope of this present study.  

The occupier activity and behavior is taken into account during the energy calculations.  

For reasons of time and investment, no field measurements over a year will be conducted. The energy 

consumptions will be modeled by the through the means of dynamic simulation software and other 

spreadsheet calculations. The modeled energy consumption is then validated according to a “conformed 

output” approach, linking the model energy consumption to the energy bills collected (15).  
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The proposed energy audit method can be divided into two main steps, as illustrated on the following 

figure: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.1 : Energy audit approach 

 

These two steps are going to be presented in the following content. 

Each part will present the methodology of the study and give an overview of the most commonly 

observed features in office buildings in France. This overview is based on the data gathered by the 

company Sinteo, which has carried out energy studies on 620office buildings over the last 4 years (9). 
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Case Study: The Site 

 

To illustrate the methodology and the French office building review presented in the following content, a 

specific case will be introduced. 

The building which is used to illustrate the energy audit has been chosen as a “textbook case”, a typical 

case in the current building energy retrofitting approach.  

This property has indeed been built in the late 70s and can be considered as obsolete from an energy point 

of view. Heavy renovations are to be made in the coming years according to the renovation cycle of an 

office building (16). This property has then been chosen because of its great energy upgrading potential. 

The site belongs to one of the biggest French REIT (Real Estate Investment Trust). A REIT is -

technically speaking, a corporate entity investing in real estate, or practically speaking, a company which 

owns, manages, rents, buys and sells buildings. This REIT has chosen to launch an energy audit program 

on most of its building stock, and this building, which will be referred to in this study as the Site, belongs 

to the analyzed stock. 

 

In a first approach, the only information that is known about the Site before this study, is that it is located 

in France, in the suburbs of Paris, in a business park. The building is composed of 10 floors and has been 

built in a “T” shape.  

 

 

 

 

 

 

 

 

Figure 3.1.1: Overview of the Site 
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3.2 Inventory of fixtures phase 

The purpose of this subpart is to illustrate the methodology that has to be followed in order to conduct 

the energy audit approach introduced before. 

The inventory of fixtures is potentially the most determining phase of an Energy Audit project. Every 

piece of information collected and its interpretation will play a role on the rest of the project.  

This phase can be divided in three tasks: 

- Document collecting; 

- Technical visit; 

- Occupant interviews. 

 

3.2.1 Document collecting 

To lead a complete and exhaustive study, documents have to be collected to complete on-site 

observations. The main pieces of information that are worth collecting are the following, on a decreasing 

level of importance: 

- Onsite contacts: Property Manager, Facility Managers, Technical Managers, 

Maintenance Responsible; 

 

- Sketch ups: paper or virtual sketch ups of each floor, cross sections; 

 

- Occupation information: renting lease, surfaces rented; 

 

- Energy and fluid bills over at least a year ; 

 

- Work information: construction date, main works on the structure and the 

equipment; 

In France, non-residential buildings have been constructed in respect to four different 

Thermal Regulations (RT): the RT 88, the RT 2000, the RT 2005, and most recently the 

RT 2012. These thermal regulations impose namely insulation standards for every 
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building constructed (or heavily renovated) after these years. The level of performance of 

a building is then significantly linked to the construction year (or of refurbishment if so).  

- Envelope information: type and thickness of insulation, windows characteristics; 

For a recently built property, this information will be easily found. The older the building 

the harder it is to find any information on the level of insulation. Without this 

information on paper, it is almost impossible to know exactly what is inside the walls 

when the building is visited and hypotheses have to be made. 

- Equipment information: type, brand, age, characteristics; 

 

- Various: previous reports, pictures, maintenance sheets… 

 

 

Based on practical experiences, it can be said as a rule of thumb that the older the building is, the harder it 

is to find out exhaustive documents about it. As energy performance was not a key issue some years or 

decades ago, documents about this topic may not have been inventoried or have been lost time. Key 

documents can be missing, which can handicap the whole study. 
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CASE STUDY - DOCUMENTS GATHERED 

On site contacts  

 

- The Property Manager ; 

- The Technical Manager ; 

- The Maintenance Technician ; 

Sketch ups 

 

The sketch ups had been obtained for the Site.  

The total area is approximately 13 600 m².  

 

 

 

 

 

 

 

Figure 3.2.1.1: Sketch up for each floor of the site 

 

 

 

 

 

 

 

 

Figure 3.2.1.2: Cross Section of the Site 

Occupation  The Site is occupied by three tenant companies. These companies share office 
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activities in the building. “Tenant 1” also has an electronic workshop section on the 

ground floor. A part of the building is currently under-renovation, the zone 

associated to it is then empty: 

 

 

 

 

 

 

Figure 3.2.1.3: The Site Occupation 

From the sketch ups and the renting lease, the different surfaces can be calculated. 

A suitable solution for an energy audit when calculating the energy consumption is 

to assume that the empty zone is occupied with the same type of activity as the rest 

of the building (offices, corridor, bathroom fittings, technical premises, and 

restaurant), once it is restored. 

 

 

 

 

 

Figure 3.2.1.4: Area repartition of the Site 

Energy and fluid 

bills 

The electricity and water bills have been obtained.  

The gas bill is missing due to a recent change of fluid in the heating system (from 

oil fuel to gas). 

Work information The exact construction year is missing.  
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From different interviews, the building is supposed to be built during the late 70’s. 

With the exception of the zone currently under-work, the building envelope has 

not been refurnished for the last 40 years, from the received information.  

Envelope  No information has been found before the visit about this topic 

Equipment  No information has been found before the visit about this topic 

Other information Nothing to report. 

Conclusion: 

- A lot of information is missing to conduct the study from its beginning; 

- The study will be handicapped by the lack of gas bills and by the lack of information on the 

envelope insulation. 
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3.2.2 The technical visit 

To complete the information included in the documents collected, a visit on site is necessary. A first part 

of this visit is to identify the technical equipment of the building.  

Information is collected by every means available on-site: direct observations, discussion with the 

technical manager, identification sheets, technical documents… 

There are 8 major building characteristics that are to be identified properly during the visit: 

- Wall structure: 

As it has been previously stated, it is common that a building does not have any archives which give 

information about the structure of the walls and their level of insulation. As a rule of thumb, office 

buildings in France, if insulated, are mainly insulated from the inside. External insulation is considered as a 

more recent technique, proven to be more efficient, as thermal bridges are reduced. The minimal 

insulation specifications, before the thermal regulation applied in 2005 (RT 2005) was easily reachable with 

internal insulation. As external insulation is more expensive, this technical solution is generally not present 

in office buildings.  

Several practical means are used on-site to gather more information about the level of insulation of a wall. 

Knocking on a wall, for instance, can show whether the building is insulated or not. The thickness of a 

wall also helps to determine the level of insulation of this surface. Another trick is to look at the position 

of the window on a wall. It is usually placed on the solid part of the wall (i.e. not on the insulating 

material). If the window is placed on the outside part of the wall, it reveals that the inside of the wall 

contains insulating material as illustrated on the following example: 

 

 

 

 

Figure 3.2.2.1: Window position and insulation 

Window frame placed on concrete 

Cavity containing insulating material 
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Another way to determine the level of insulation of a wall is to look for a surface where the wall has been 

damaged or where a wall is under work. The material and the thickness of the insulation can then be 

determined.  

If no clue is found on-site and in the collected documents, the level of insulation is by default “guessed”. 

Buildings are built/renovated and insulated in order to respect the contemporary thermal regulations. 

According to the construction year, the level of insulation can be estimated. In order to refine the forecast, 

companies specialized in building energy audits can develop internal databases based on practical 

experiences, according to the building typology. 

- Roof structure; 

If no information is found in the documents previously collected, and if nobody knows about the 

insulation technique used during a roof retrofitting, it is almost impossible to find further more 

information on-site. Roof characteristics such as its shape and the last retrofitting year are then the only 

clues to estimate the level of insulation, with the help of the legislative context. Experience-based 

databases are also a mean to refine the forecast if needed. 

- Ground floor structure; 

Determining the level of insulation of the ground floor leads to the same issues that are faced when 

looking at the roof structure. 

- Windows characteristics; 

Three major features characterize a window: its frame, shading components and the glass itself.  

In the existing building stock, four types of frames are used. The two most common frames used in 

French office buildings are aluminum (without thermal break) and PVC frames. Wood frames are less 

common and are present when architectural concerns are to be respected (historical buildings in the city 

centers namely). Frames in aluminum with thermal break frames are considered as a late technique; it is 

only used in recently built/renovated buildings, where glass has higher energetic performances.  

The shading components are also important to define a window. Nevertheless, they are almost always 

limited to simple internal blinds (venetian blinds, roller blinds, awnings…), without any external 

protection or any kind of automation.  
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The glass itself can vary from the simple glass, typically in old buildings, to high performance glass with 

three low-emissivity glazing separated by noble gases (argon, krypton…) in recent buildings. For “standard 

windows”, the number of layers and the thickness of the window are easy to determine. When the 

window is recent, some information is usually written on the frame of the window, as illustrated on the 

following picture: 

 

 

 

 

 

Figure 3.2.2.2: Identification notes on a high performance window frame 

 

- Heating, Ventilation, and Air Conditioning (HVAC) equipment 

The HVAC system is probably the most diversified equipment of a building. This system can be 

centralized or individual for each tenant company.  It can also be sophisticated or simple, the source can 

be electricity, gas, district heating, the system can be efficient, linked to a building automation system, etc. 

At first glance, the HVAC systems seem to be unique and to vary greatly from an office building to 

another. This fact is to be considered as partially true. Because of the standardization of buildings in a 

given country, the panel of solutions for each component (heating production, heating emission, cooling 

production…) is limited. The diversity of the HVAC systems comes from the combination of these 

components. 
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Based on 620 offices visited and analyzed by the company Sinteo (9), the components which can be 

present in a French office building are in great majority limited to the ones included in the following table: 

Energy Source 

- Electricity 

- Gas 

- District heating 

- Fuel oil 

Individual heating 

Individual heating: 

- Convector heaters 

- Radiant Panels 

- Electric/gas unit heater 

- Reversible split systems 

 

Collective Heating 

Production: 

- District heating station 

- Electric boiler 

- Gas/fuel boiler, working at low/high temperature 

- Air/Water Heat Pump 

- Air/Air Heat Pump 

- VRV outdoor unit 

Emissions: 

- Fan coil unit; 

- High temperature radiators 

- Low temperature radiators 

- VRV interior unit 

Cooling system 

- Water cooler with scroll compression 

- Water cooler with screw compression 

- Water cooler with piston compression 

- Split system 

- VRV system 

- District cooling system 

Ventilation 

- Simple extraction in the toilets and infiltration 

- Separated extraction and injection 

- Extraction and injection with exhausted air recovery 
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- Extraction and injection with heat recovery on the exhaust air 

Thermal regulation 

- Binary control : on / off 

- Centralized control on the heating or cooling production 

- Individual control with thermostats 

- Building automation system 

 

During the on-site visits, this information is collected with the help of the Technical Manager and with 

other observations methods, such as direct observation, building skeleton diagrams and identifying the 

equipment.  

 

- Lighting equipment; 

Lighting equipment includes the lighting premises in the literal sense and the equipment used to control 

them. Lighting equipment has been standardized in offices buildings, and for the greatest majority of 

them, the equipment that is installed is the following, according to the panel of 620 office buildings 

studied by the company Sinteo during these last 4 years (9) : 

Picture Location Description 

 

 

The most spread 

technology in 

office zones 

Fluorescent Tube T8 

The unit power varies with the size of the tube. The most 

common unit power are 4 x 18W, 2 x 36W and 2 x 56W. Tubes 

have to be equipped with ballast to produce light. These 

ballasts are usually ferromagnetic.  

Efficiency : Low/Standard 

 

 

 

 

Recent buildings 

or recently 

retrofitted 

buildings 

Mainly in offices 

Fluorescent Tube T5 

More efficient than usual tube T8, they produce the same 

luminosity with a less power. The common unit power is 3 x 14 

W (equivalent to a fluorescent tube T8 4 x 18 W). They are 

usually equipped with electronic ballasts, consuming also less 

energy than ferromagnetic ballasts. 
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Efficiency : High 

 

 

Office buildings 

Mainly in corridors 

and in toilets 

 

Fluo-compacts tubes in downlights 

A shorter version of a tube, and more economic than a tube 

T8, placed in downlights, used mainly in zone where the 

occupation is not constant. The unit power varies around 18 W 

per fluo-compact. The ballast can be either ferromagnetic or 

electronic, depending on the fluo-compact chosen.  

Efficiency : Standard/High 

 

 

Office buildings 

Mainly in corridors 

and in toilets 

Halogen dichroic lamp in downlights 

The halogen dichroic lamp is almost exclusively used where 

occupation is not constant. The unit power varies usually 

between 20 W and 50 W. 

Efficiency : Low 

 

 

 Recent buildings 

Mainly in corridors 

and in toilets 

 

LEDS in downlights 

The LED lamp is almost exclusively used where occupation is 

not constant. The unit power varies usually between 4 W and 7 

W. 

Efficiency : High 

 

 

 

Every building 

Zones with 

permanent 

occupation 

Extra-lamping 

Extra-lamping can be more diversified than the other lighting 

equipment and varies from a company to another. 

Efficiency : Low 
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- Water equipment; 

The aim is to observe the bathroom fittings to evaluate the water flow use. The features are easy to notice: 

simple or double flow to flush the water in the toilets, basin tap equipment (mixer tap, mixer faucet, faucet 

aerator) (cf. figure). Water flows measurements complete the observation. 

 

 

 

 

 

Figure 3.2.2.3: Common basin tap equipment 

 

 

- Other features (IT, renewable energy equipment…) 

The energy audit approach presented here takes into consideration all the consumptions on-site to model 

the tenant company activity. For instance, for an office activity, the number of computers and the server 

equipment is counted, and the power associated is estimated too.  

In the same way, specific equipment such as photovoltaic panels or other special equipment are included 

in the study. 

 

 

 

 

 

 

Faucet tap  Mixer faucet  Faucet aerator 
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CASE STUDY - TECHNICAL VISIT 

Wall structure 
 

- The walls are constituted of a 30 cm wall of concrete, without any thermal 

insulation; 

- U = 1,23 W/m².K  

(RT 2005 = 0,36 W/m².K) 

- The wall constitution has been clearly 

noticed thanks to the part of the building 

which is under-work. 

Figure 3.2.2.4: Zone under-work    

Roof Structure 
 

- The roof is a flat-roof covered by gravel; 

- No information has been given about the 

thermal insulation. According to the building 

age evaluation and the absence of insulation 

on the walls, the roof is considered as non-

insulated; 

- U = 2,63 W /m².K 

(RT 2005 = 0,2 W/m².K) 

Ground Floor 

Structure 

 

- The ground floor considered is by convention the floor above the car park; 

- No insulation has been 

observed in the ceiling of 

the car park. The ground 

floor is considered as non-

insulated 

- U = 2,23W /m².K 

(RT 2005 = 0,27 W/m².K) 

 

Windows 
- The windows are single glazed and the frame is in 

aluminum without thermal breaks; 

- U = 4,95 W /m².K 

(RT 2005 = 2,10 W/m².K) 

- Windows repartition : South: 38%; North :19 %;  

West: 20%, East: 23%. 

 

Figure 3.2.2.5: Roof  

Figure 3.2.2.6: Car park ceiling 

Figure 3.2.2.7: Windows 
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HVAC system Heating system: 

- The Site is heated by three low 

temperature gas boilers, installed in 

2001, but used as high temperature 

boilers as the emitters on-site are not 

suited to low temperatures; 

- The burners are modulated and have been installed in 2010; 

- The hot water produced is distributed to the air handling unit on the roof, to 

the fan coil units in the offices and to some hot water radiators; 

Cooling system 

- The Site is air-conditioned; 

- Cold water is produced by two coolers installed in 2005. The two coolers work 

with screw compressors, and are linked to four dry coolers outside of the 

building; 

- The cold water is distributed to the air handling unit on the roof and to the fan 

coil unit in the offices. 

 

Ventilation 

- The ventilation is done by an air handling unit on the roof which has been 

installed during the building construction; 

- The air is extracted and injected in the building without any heat recovery; 

- The car park has its own ventilation system. 

Thermal regulation 

- The heating system has an automat associated to the burner. Local automats 

are present in each room to regulate the temperature fixed by the thermostats; 

- The same kind of automation controls the cooling systems; 

- The ventilation does not have any control system.  

Figure 3.2.2.9: Water chiller and dry coolers 

Figure 3.2.2.8: Gas boilers 
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Lighting equipment 
 

- The offices, the electronic lab and a part 

of the corridors are equipped with 

fluorescent tubes T8 (4 x 18 W) working 

with ferromagnetic ballasts, controlled 

by simple switches; 

- The restaurant and the other part of the 

corridors are equipped by fluo-compact 

tubes, 2 x 18 W per downlight. They are 

controlled by simple switches; 

- The toilets are equipped with halogen dichroic lamps, also controlled by 

presence detectors; 

- The car park is lit permanently by 58 W fluorescent tubes T8. 

Water equipment 
 

- The basin taps have mixer faucet and faucet aerator; 

- The bathroom fittings only have a unique flush flow;  

Other 
 

- Due to the activity of the tenant companies, some 

rooms are reserved to the servers. These rooms 

are cooled by individual cooling units. 

 

Conclusions: 

- The building’s envelope is not insulated at all and the windows are in single glazing; 

- The heating and cooling systems have good charactertistics but their use is not appropriate, as they 

heat and cool the building constantly; 

- The ventilation system is old and its use is not adapted to the site; 

- The light equipment efficiency is low and no automation is present; 

- Water equipment can be improved. 

 

 

  

Figure 3.2.2.10: Lamps in the 

offices 

Figure 3.2.2.11: Split systems 
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3.2.3 Occupier interviews 

The proposed building energy audit approach aims to model the real energy use of an office building. The 

occupier influence has to be taken into account. During the visit two kinds of interviews are carried out: 

the energy management interview, and the behavioral interview. 

The energy management interview is done with the technical manager and /or the facility manager of a 

tenant company or more generally with a person who is in charge of the building management. The goal is 

to find out how the energy is used on the site. The most determining points that can have a great 

influence on the result are the following: 

- Inside temperature set points during the summer; 

- Inside temperature set points during the winter; 

- Heating and cooling periods; 

- Reduced temperature set points during the night and the weekend they exist, and the heating 

schedule; 

- Lighting management: automation, schedule for extinction… 

- Technical problems. 

 

 

The behavioral interview is more based on the activity of the tenant and on the comfort of the occupants. 

The aim is to find out the time planning to model an activity inside the building, and to model the 

behavior of the occupiers and the local incentives that are set up to save energy or not. Having 

information about the comfort can also influence the simulation and the analysis.  

A clear limit of these two kinds of interviews is the partiality of the results which come out. When a 

building is for instance visited during the winter, the summer temperature cannot be measured and the 

auditor has to take the occupier estimation into account. A technical manager can also hide the truth on 

the building management and pretend that the regulation is properly adapted to the use of the site. Indeed, 

as he is responsible of the energy management, the study can judge his work. Occupier complaints may 

sometimes be more linked to the company atmosphere rather than the building itself. Many more 

examples can be added to this list. 
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The most suited solution would be to record the temperature evolution over years, in different parts of 

the building. Technical equipment, lights and PC extinctions would also have to be recorded by mean of 

electric meters over the year. 

For time and practical reasons, the energy audit methodology presented here does not conduct these 

advanced measurements. Indeed, as energy audits become more and more standardized, the audit 

methodology proposed here is based on the knowledge of energy consultants who had the opportunity to 

conduct this kind of measurements in other specific and advanced studies. This knowledge is capitalized 

as orders of height, such as ratios of PC in sleep mode by night, daily duration of a light in a corridor, 

chosen ambient temperature in an office, depending on the season and the building orientation, etc. This 

company and individual knowledge helps to compensate partially the inaccuracy of the occupier interview. 
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CASE STUDY - OCCUPANTS INTERVIEW 

Energy management 

interview 

 

- The heating system regulation is not operative onsite. Since the burners were 

changed, the automat does not properly work. As a result, the building is 

heated 24h a day, 7 days a week. The heating temperature is set to be 22°C in 

the offices spaces; 

- The cooling systems works only during the days and stops during the 

weekend. The set point temperature is 24°C; 

- There is no overlap between the cooling and the heating period: the heating 

system is stops when cooling is needed; 

- Nobody has the responsibility of turning the lights off at the end of the day. 

 

Occupation habit 

interview 

 

- The working hours are 9h to 19h for the majority of the employees; 

- People are arriving from 8h to 10h, everyone takes one hour-long lunch break 

between 12h and 14h, and they progressively leave the building between 18h 

and 20h; 

- There is one computer per person on average; 

 

Conclusions: 

- Building energy is not managed properly: the building is heated and cooled during nights and on the 

weekend; 

- Without any measurements over the year, the announced set point temperatures will be considered 

as a first hypothesis during the following simulation phase; 

- The work schedule is standard for an office building in France. 
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3.3 Energy Analysis 

3.3.1 Method 

After collecting information in the inventory of the fixture phase, by gathering documents, visiting the 

technical installations and interviewing the building occupiers, this collected information has to be used to 

analyze the energy consumption of a building.  

To reach this goal, the energy audit approach presented her proposes the following methodology: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3.1.1: Simulation Approach 
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As illustrated in this diagram, and as said previously, the aim of the study is to create a theoretical model 

based on the information collected, and to compare it with real life consumption, based on energy bills. It 

can be considered that there are two different approaches to simulate the consumption of an existing 

building: the “conformed input” and the “conformed output” (17).   

In the “conformed input”, the energy consumption is simulated based on the given input data. A specific 

methodology is followed and no modification is allowed to be made after the simulation to adjust the 

model to the real life consumption. In the “conformed output”, the consultant responsible of the study 

also uses all the information to simulate the building consumption. The difference is that the model is 

then compared to the energy bills. The consultant is then allowed to alter any given input to make the 

model match with the real consumption.  

The energy audit presented has chosen to follow the “conformed output” methodology. 

 

The reasons for choosing a “conformed output” methodology in the modeling phase: 

This methodology is the one followed by energy consulting companies in France because of the 

specifications proposed by the French agency ADEME (7). Indeed, as it has been explained in the part 

2.2, the energy saving goals fixed by the state are based on the real onsite energy consumption.  

The main disadvantage of the “conformed input” approach is its lack of accuracy to model the real energy 

consumptions in an existing building. Three aspects are seen as an important source of error (18): 

- The quality of the default values in component lists linked to the calculation model; 

- The quality of data acquisition; 

- The quality of the calculation model itself. 

From the beginning of the model phase, default values can lead to a lack of accuracy of 5% (18). This 

source of error can be considered as incompressible from the modeler point of view. Researches and a 

global increase of know-how can nevertheless contribute to reduce this figure on the long run. 

 As it has been pointed out in the part 3.2, many reasons can provide the energy consultant from gathering 

exhaustive and accurate data about a building. Data acquisition accuracy by qualified engineers can lead to 
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divergence of up to 30% (18). Experimented and knowledgeable consultants can help to reduce this range, 

but lacking or inaccurate documents can remain a determining barrier. 

The quality calculation model is the last source of error during the model phase, which can be as high as 

10%. A modeled building is by definition a simple version of the real world property. Based on practical 

experiences, energy modeling can become more and more accurate, but sources of error are still 

numerous, as it will be illustrated in the following section. 

Summing these three sources of error leads to the following illustration:   

 

 

 

 

 

 

 

Figure 3.3.1.2: Error propagation in an energy audit 

 

As shown above, the “conformed input” approach is not suited to model the real energy consumption of 

a building with an accuracy range up to 45%. Error compensation, exhaustive data acquisition and 

experienced consultants may reduce the amount of error, down to a level of about 20% in general, which 

is still considered as pretty high. 

With the “conformed output” approach, the comparison with the energy bills helps to correct those 

hypotheses to modify the model. Little by little, the theoretical model matches the actual energy 

consumption and the model is then validated. 
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In order to build the model, two types of calculation are used, depending on the complexity of the 

calculation: spreadsheets calculations and building energy simulation tools. 

 

3.3.2 Spreadsheets calculations 

In this energy audit methodology presented in the report, spreadsheets are used to calculate the 

consumptions from lighting, hot water, and other equipment such as IT or a specific process.  

For these consumptions, simulation programs have not been considered as the most suited solution in 

regards of the study goals. As it has been explained in the last subpart, a great factor of accuracy to factor 

in is the data acquired on-site. Because of time constraints, it is necessary to understand where efforts 

have to be made to obtain the most accurate results, based on the impact of each assumption on the final 

results (19).  

A simple example can illustrate practically this idea: lighting energy consummation estimates: 

To evaluate the annual consumption from lighting, programs, such as Daysim or Ecoinsight for instance, 

can be used. These programs are indeed adapted to advanced and specific studies which are principally 

used in “Preliminary project studies” or “Detailed project studies” when a renovation is planned.  

In the present study, the lighting consumption is given by the formula: 

𝐸𝑙𝑖𝑔ℎ𝑡 = (𝑃𝑖 ∗ 𝐶𝑏𝑎𝑙𝑙𝑎𝑠 𝑡_𝑖 ∗ 𝑁𝑖 ∗ 𝐷𝑖 ∗ 𝐶𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜𝑛 _𝑖)/1000  

Where: 

𝐸𝑙𝑖𝑔ℎ𝑡  =Energy consumption from light equipments (kWh) 

𝑃𝑖 = Power of a lamp (W) 

𝐶𝑏𝑎𝑙𝑙𝑎𝑠𝑡 _𝑖  = Coefficient due to the use of a type of ballast: 

- 𝐶𝑏𝑎𝑙𝑙𝑎𝑠𝑡 _𝑖  = 1 if the lamp works without any ballast (7) 

- 𝐶𝑏𝑎𝑙𝑙𝑎𝑠𝑡 _𝑖  = 1,1 if the lamp works with an electromagnetic ballast (7) 

- 𝐶𝑏𝑎𝑙𝑙𝑎𝑠𝑡 _𝑖  = 1,2 if the lamp works with an ferromagnetic ballast (7) 

𝑁𝑖= Number of lamps 

𝐷𝑖= duration of use, based on occupant interviews (h) 
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𝐶𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜𝑛 _𝑖= Coefficient due to the use of special automation systems: 

- 𝐶𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜𝑛 _𝑛𝑜𝑛𝑒  = 1 (7) 

- 𝐶𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜 𝑛_𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒  = 0,9 (7) 

- 𝐶𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜𝑛 _𝑚𝑜𝑡𝑖𝑜𝑛 _𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 = 0,8 (7) 

- 𝐶𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜𝑛 _𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 = 0,7 (7) 

 

If we take an example of an office building in France of 3 000 m², typical lighting energy consumption will 

be calculated as follow: 

 

Zone 
(Equipment) 

Power 
of lamp 

(W) 

Number 
of lamps 

C_ballast 
Total power 

installed 
(kW) 

Automation 
factor 

Duration 
per day 

(h) 

Number of 
days a week 

(day) 

Duration 
per year 

(h) 

Annual 
consumption 

(kWh) 

 a b c d=a*b*c/1000 e f g h=e*f*g*52 i=d*h 

Offices 
(T8) 

4x18  157 1,15 12,9 1 9 5 2 340 30 419 

Open-spaces 
(T8) 

4x18  174 1,15 14,4 1 10 5 2 600 37 459 

Meeting room 
(T8) 

4x18  58 1,15 4,8 1 3 5 780 3 746 

Corridors 
(halogen 
dichroic) 

1x35  129 1 4,5 0,9 5 5 1 170 5 282 

Toilets 
(halogen 
dichroic) 

1x35  34 1 1,1 0,8 2 5 416 495 

Entrance 
(halogen 
dichroic) 

1x50  60 1 3,0 1 11 5 2 860 8 580 

Technical 
rooms 
(T8) 

1x36 4 1,15 0,2 1 1 1 52 9 

TOTAL 85 989 kWh 

 

Based on this consumption, it is worth giving some examples of a sensitive analysis leaded on some 

factors to understand the impact of a variation of each parameter:  

 

 

 

Parameter of variation - Source of mistake Variation New consumption 
Impact of the 

variation 



[45] 
 

Mistake in the evaluation of the number of lamps in the 
offices and in the open-spaces: 350 instead of 331  

5% 90 080 kWh 4,7 % 

Duration of occupation in the offices: 8h instead of 9h 11 % 82 609 kWh 3,9 % 

Mistake in the evaluation of the number of lamps in the 
corridors : 110 instead of 129 

15 % 85 211 kWh 0,9 % 

Automation factor in the toilets: 0,5 instead of 0,8 37 % 85 804 kWh 0,2 % 

 

Most obviously, the impact of the number of equipment and their duration over a day in offices influences 

more the global results than other variation in corridors (as a 5% variation in offices leads to an overall 

variation of 4,7%, whereas as 37% variation in the toilets only leads to a 0,2% variation on the total). 

Thus attention has to be given first and foremost during the visit for counting phase and during the 

occupier interviews to evaluate their use. The sources of error can be great on large scale buildings, namely 

because of the occupier use modeling. This error can be compensated thanks to the “conformed output” 

approach followed in this energy audit methodology.  Trying to model more precisely other details such as 

“automation factors” with programs can be considered as not efficient in terms of time spent at this point 

of the study.  

3.3.3 Building energy simulation 

For more complex energy consumptions, such as heating and cooling, spreadsheets are not suited to 

evaluate and to predict the building behavior. Indeed, a large amount of parameters play a role on the 

heating and cooling demand. The most determining are the following: 

- Daily and seasonal outdoor condition variations; 

- The building shape (building compacity, window proportion …); 

- The envelop insulation level; 

- The ventilation and the amount of outdoor air infiltrations; 

- The heating and cooling temperature set points; 

- The efficiency of the heating and cooling systems; 

- The human activity; 

- The amount of energy consuming appliance which release heat (computers, lamps, 

process…) 

In order to take all these parameters into account, programs have been designed to model the building in a 

three dimension environment, where all the building characteristics are set in. 
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An example of software which is commonly used is DesignBuilder. The software has been created by 

DesignBuilder Software Limited. DesignBuilder is a tool used to work on all the main topics linked to the 

energy within a building: 

- Detailed three dimension modeling; 

- Detailed activity and building management modeling, organized in planning; 

- Energy demand calculations on different time period (hour, day, month, year) based on dynamic 

simulation; 

- Heat gains and heat losses calculation through the different parts of the building envelop; 

- HVAC sizing; 

- Lighting gains. 

 

 

 

 

 

 

 

 

 

Figure 3.3.3.1: DesignBuilder interface  

DesignBuilder is an interactive interface built around the energy simulation program EnergyPlus. 

EnergyPlus is one of the most competitive and accurate programs used nowadays. It is recognized and 

used namely by the U.S. Department of Energy, as a building energy simulation program for modeling 

building heating, cooling, lighting, ventilating, and other energy flows. The interaction between the user, 

the 3D interactive interface DesignBuilder and the simulation program EnergyPlus is illustrated in the 

figure 3.3.3.2: 

 

http://www.eere.energy.gov/buildings/energyplus/


[47] 
 

 

 

 

 

 

 

 

 

Figure 3.3.3.2: Interaction between the user, DesignBuilder and EnergyPlus 

On an energy audit, all the information gathered is entered into the software.  

The first step is to create the “skeleton” of the building, based on the sketches. The “skeleton” of a 

building is the 3D representation of a building without any physical characteristics. Then this skeleton is 

completed by the different surface characteristics.  

The heating and cooling system is modeled and the temperature set points and schedules are modeled, 

depending on the different zones within the building. All the other features are entered in order to model 

the reality as well as possible: human activity, computers, lamps, processes… These characteristics have 

indeed an influence on the internal heat gains, which lead to a greater or smaller heating or cooling 

demand. 

Simulations are then launched over several days in a year, several months and finally a year. At each step 

an advanced control is done to make sure that the temperature evolution corresponds to the schedule set, 

and that the heat losses and gains stay between “standard values”. “Standard values” are a pool of classic 

values which characterize a building according to its topology. These values have been obtained on more 

than one hundred dynamic simulations matching real building energy consumption. When an unusual loss 

or a gain is detected, the model is analyzed to be validated or not. Based on yearly simulation, the heating 

and cooling consumption values are obtained. 

DesignBuilder 
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3.3.4 Theoretical energy consumption validation 

To obtain the overall theoretical energy consumption of a building, spreadsheets and simulations results 

are created. 

The final step of the simulation phase is to certify that the theoretical energy consumption corresponds, to 

a certain extent, to real life energy consumption which is given on energy bills. Comparisons are made 

between the variation of the theoretical and real energy consumption over a year. 

On complex, large or unusual building, noticeable differences can be found. The analysis of the results 

over a year is necessary: it helps to understand which part of the consumption has been under or over-

estimated. 

The aim of the comparison is to raise interrogation. Further investigation is then done to understand and 

to correct the theoretical model, in order to be as close as possible to the building studied. 
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Example: 

The graph below gives an example of a comparison between the theoretical and real energy consumption 

on a building which is not cooled during the summer. 

 

 

 

 

 

 

Figure 3.3.4.1: Example of a yearly comparison between theoretical and real energy consumption 

During the summer, when the heating is virtually shut down, it can be observed that the theoretical 

consumption is greater than the real energy consumption. On the other hand, during winter the opposite 

statement can be made. Interpretations can  be made from of these statements: 

- The lighting, the activity or the different processes which stay almost constant within a year are 

slightly underestimated; 

- The heating consumption is overvalued: the planning and building management modeled has to 

be analyzed and questioned. If everything seems to be coherent, the building envelope and the 

heating system have to be analyzed. 

 

In the end the building audit leads to a first understanding and valuation of the energy used within the 

building. The result of the study gives namely a distribution of the impacts of each source of energy 

consumption (heating, cooling, lighting…) on the annual energy consumption. The consumption study is 

completed by the analysis of the equipment which has been presented before, which points out the causes 

of significant energy demand.  
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CASE STUDY - AUDIT RESULTS SUMMARY 

Annual losses 

distribution 

Annual losses: 2 468 MWh 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis: 

- The annual heat loss amount is here important for this kind of building.  

- Compare to an average building, the heat losses through the windows are significant. 

This can be explained by the simple glazing and the age of the windows.  

- The air renewal is also a major source of losses. The high infiltration rate and the non-

efficient and obsolete ventilation system lead to this conclusion; 

- The wall and roof losses are relatively small, but are still significant in net value: the 

surfaces are not insulated at all; 

- The ground losses are small: the building stands on a car park, reducing the losses 

during the winter. 

Annual heat 

gains 

Annual gains: 1 313 MWh 

 

 

 

 

 

 

 

 

Windows : 40% 

Air renewal : 30% Roof : 14% 

Wall: 12% 

Ground: 4 % 

Solar gains

40%

Lighting

21%

IT

30%

Occupation

4%

Restaurant

5%

Annual Heat gains
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Annual 

performance 

 

 

 

 

 

Energy Performance (kwhPE/m².year) GHG emissions (kgCO2/m².year) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy 

distribution 

 

 

 

 

 

 

 

 

 

Comments: 

- The annual energy consumption is high compared to the average of the offices built 

in the 1970s.  

- More than the half of the energy is used to condition the air temperature within the 

building.  

- Light and IT equipments represent virtually the same amount of consumption in 

this study.  

- The rest of the expenses can be considered as minor, and due to the different fluid 

subscription. 

kgéqCO2/m2.an 

34,3 

≤50       A

51 à 90       B

91 à 150           C

151 à 230              D

231 à 330                     E

331 à 450                           F

451 à 500                                G

501 à 750                                      H

>750                                                       I

≤5          A

5 à 10         B

11 à 20             C

21 à 35                   D

36 à 55                          E

56 à 80                                F

81 à 110                                  G

111 à 145                                      H

>146                                                       I

kWhEP/m2.year 
426 

Average office 70s: 372 (9) 

Average office 70s: 42,3 (9) 

Electricity + Gas + 

Water subscription

8%

Heating

31%

Office cooling

9%
Ventilation

11%

IT cooling

4%

Hot Water

1%

Lighting

17%

IT: Computer

5%

IT: Servers

5%

Elevator

1%

Restaurant

4%
Water

4%

Energy bill distribution
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4 Recommendations to retrofit a building 

In order to retrofit an existing building, a first energy audit phase is necessary. Adapted solutions are then 

needed to respond to the issue of energy saving in the built environment. The first aim of this part is to 

present an approach which leads to an effective and feasible energy renovation plan. An overview of the 

commonly proposed and applied solutions will then be presented. We will finally see how solutions can be 

gathered in scenarios to respond to the problematic of energy savings in a building in-use. 

 

4.1 Approach 

The audit phase gives an overview based on technical and practical aspects and gives a clear overview of 

the overall energy consumption decomposed by source. The retrofitting potential evaluation is based on 

these two aspects. Indeed, energy renovation in a building has to tackle mainly great sources of expense, in 

order to save a large amount of energy, but it also has to point out practical defects to correct, according 

to what is technically doable or not. 

Another determining factor which comes out of the energy audit is the analysis of the building 

obsolescence cycle. A way to facilitate energy renovation is indeed to follow as far as possible the building 

life cycle (16). Each part of a building has to be automatically renovated in a building according to its 

lifetime. To make the retrofitting more cost-efficient, the action scheme can take advantage of this 

necessity: the energy renovation can be introduced when work is done on a piece of a building. For 

instance, as a rule a thumb, the water-tightness has to be reviewed on a flat roof every 15 to 20 years. If 

the water-tightness has been done the year before, without proper insulation, proposing a new one the 

year after will have great chances to be rejected by the investors and decision-makers (10). 
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In the end, recommendations to retrofit a building have to be properly adapted to each building, taking 

into consideration four criteria: 

- Energy expenses; 

-  Technical defects; 

-  Technical feasibility; 

-  Time line.  

When an idea responds (to a certain extent) to these last four criterions, its costs and its energy saving 

potential are analyzed then estimated.  

Costs can be calculated with many different methods, taking into consideration different parameters: 

investment cost, overinvestment cost, global cost (which includes maintenance cost, replacement cost, 

etc.)… As the results are presented to stakeholders and investors, costs have to be presented in order to 

be compared to other costs. According to the ADEME specifications (7), costs are calculated to 

correspond to a direct investment cost if the retrofitting is applied directly after the study. Costs are then 

calculated according to the characteristics of each building: building envelop surfaces, HVAC power 

sizing, necessity to change the only equipment or to adapt the whole system, etc.   

Savings can be also calculated taking into account different perimeters, including annual energy savings, 

obsolescence parameters (which impact the energy savings of a system due to its aging), maintenance, 

external costs, energy prices evolution… Energy savings depend on the equipment installed, the work 

done during the retrofitting, the maintenance frequency, the energy management quality, etc. In a first 

approach, energy savings are estimated following a standard case scenario, based on assumptions. Savings 

are then calculated as the money subtracted from a building energy bill over a year thanks to energy 

savings. To remain impartial in the analysis proposed here, no assumption is made on energy prices 

evolution or on other costs at this step of the study: the financial savings are postulated as constant and 

only due to energy savings.   
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The final step is to evaluate the pertinence of the proposed action. Each action can be graded or 

appreciated with a subjective criterion which is based on five indicators: 

- The energy saving potential; 

- The level of investment; 

- The technical feasibility; 

- The gross payback time; 

- The value added to the building (comfort, communication, obsolescence risk reduction, …) 

 

For instance, resolving a specific technical problem is often a solution highly recommended:  high energy 

saving potential, cheap to implement compare to other solutions, leading to a good time of return on 

interest, easy to put in place, and often important to reduce the aging of an equipment and to increase the 

comfort level. 

A panel of solution is then proposed to the property owner, giving him a general overview of the potential 

of each action. 
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4.2 Commonly proposed solution panel 

The goal of this subpart is to introduce the most common solutions which are today adapted to retrofit an 

office building located in France. The following table does not give an exhaustive recommendation list, as 

innovation and site specific recommendations are to be added. 

The retrofitting solutions are presented with a brief description, giving the “generic guidelines” for each 

renovation. The “generic guidelines” sum up guidelines followed by the energy consulting company Sinteo 

to select the most adapted energy retrofitting solution more to a specific building. As each building is to 

be considered individually to adapt an action plan, the following table does not have to be understood as 

an entire and accurate methodology.  

Solution Generic guidelines 

 

Reinforcing the building envelop 

Roof insulation 

- Technical recommendation : to reach a level of insulation of 0,15 W/m².K 

(equivalent to 15 cm of polyurethane board ); 

- Best planning : when work is forecasted on the roof  water tightness; when the 

roof is not insulated; 

- High saving level: for important non insulated roof area; 

Insulation over false 

ceiling 

- Technical recommendation : not adapted to the case of French office 

buildings for condensation and molding risks;  

- Best planning : - 

- High saving level: - 

Internal wall insulation  

- Technical recommendation : to reach a level of insulation of 0,30 W/m².K 

(equivalent to 10 cm of polystyrene board ); 

- Best planning: when a building part is empty, during an office renovation; 

when external insulation is not possible for technical reasons; 

- High saving level: for buildings with important non insulated wall surfaces; for 

building with few thermal bridges. 

External wall 

insulation 

- Technical recommendation : to reach a level of insulation of 0,30 W/m².K 

(equivalent to 10 cm of polystyrene board ); 

- Best planning: when a heavy renovation is done on the external walls, when 

windows are to be replaced; 
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- High saving level: for buildings with important non insulated wall surfaces; for 

building with many thermal bridges (many floors for instance). 

Ground insulation 

- Technical recommendation : to reach a level of insulation of 0,20 W/m².K 

(equivalent to 12 cm of polystyrene board ); 

- Best planning: only when the building is to be restructured or when heavy 

works are to be done on the ground floor. 

- High saving level: for low height building, for non-insulated floor  

Ceiling insulation at 

the parking floor 

- Technical recommendation : to reach a level of insulation of 0,20 W/m².K 

(equivalent to 12 cm of polystyrene board ); 

- Best planning: whenever if the parking ceiling has not been renovated recently; 

- High saving level: for low height building, for non-insulated floor 

Windows replacement 

by low-e glazing 

- Technical recommendation : to select windows with high performances : 

Uw=1,4 W/m².K and low-emissivity glazing; 

- Best planning : when window replacement is forecasted; when a part of a 

building is renovated; when an external insulation is forecasted;  

- High saving level: when infiltration problems are noticed; when the current 

windows have low performance (simple glazing, aluminum frame…) 

Canopy installation  

- Technical recommendation : On the south face of the building 

- Best planning: When a complaint from the occupier has been declared;  

- High saving level: When the cooling demand is high over a year 

Solar filter on the 

glazing 

- Technical recommendation : On the south face of the building 

- Best planning: When a complaint from the occupier has been declared;  

- High saving level: When the cooling demand is high over a year 

Work on the window 

air tightness   

- Technical recommendation : To propose when the window quality is 

considered as adapted; 

- Best planning: When a complaint from the occupier has been declared;  

- High saving level: When the air leakage is important 

 

 

Improving the heating system efficiency 

VRV (Variable 

Refrigerant Volume) 

system 

- Technical recommendation : Mostly adapted for a building which has no 

central heating system and for small buildings (< 2000 m²); 

- Best planning: When a heavy renovation is done on a part or on the entire 

building; 

- High saving level: for a non insulated building; for a building with electric 

convector 
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Air/air Heat pump 

installation 

- Technical recommendation : in most cases, not adapted to renovation 

- Best planning: when an entire restructuration is forecasted, including an high 

improvement on air tightness 

- High saving level:- 

Air/air Heat pump 

replacement 

- Technical recommendation : Adapted for a building with existing air ducts 

and a heating system based on the air distribution;  

- Best planning: When the existing air/air heat pump or rooftop has to be 

replaced;  

- High saving level: When the existing system has a low energy efficiency; when 

the air flow rate is not adapted or when its regulation is not adapted 

Air/water Heat pump 

installation 

- Technical recommendation : For a building where heat generation is 

centralized and distributed thanks to a hot water network (the action may include 

radiators or fan coil unit replacement if they are not adapted to low or medium 

temperatures); When a building has no central heating system and a entire 

renovation is forecasted; 

- Best planning: When an heavy renovation is forecasted on the entire building; 

- High saving level: for a non insulated building; when the existing system has a 

low energy efficiency 

Air/water Heat pump 

replacement 

- Technical recommendation : in replacement of an old air/water heat pump; 

- Best planning: if the existing air/water heat pump uses HCFC refrigerant 

(forbidden in 2015);  

- High saving level: in replacement of a defective or low efficient heat pump. 

Ground source heat 

pump installation 

- Technical recommendation : For a building where heat generation is 

centralized and distributed thanks to a hot water network (the action may include 

radiators or fan coil unit replacement if they are not adapted to low or medium 

temperatures); When a building has no central heating system and an entire 

renovation is forecasted; When the ground potential is adapted to the generation; 

- Best planning: When an heavy renovation is forecasted on the entire building; 

- High saving level: for a non insulated building; when the existing system has a 

low energy efficiency 

Wood furnace 

- Technical recommendation : For a building where heat generation is 

centralized and distributed thanks to a hot water network; When a building has no 

central heating system and an entire renovation is forecasted; When premises are 

available to the wood furnace installation; 

- Best planning: When a gas furnace has to be replaced; 

- High saving level: for a non-insulated building; when the existing system has 

low energy efficiency.  
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Condensing furnace - 

Low temperature 

furnace 

- Technical recommendation :To optimize the efficiency of the furnace, the 

action may include radiators or fan coil unit replacement if they are not adapted to 

low or medium temperatures; 

- Best planning: When a gas furnace has to be replaced; 

- High saving level: for a non insulated building; when the existing furnace has a 

low energy efficiency. 

Modulating burners 

- Technical recommendation : To optimize the energy management, external 

and internal probes are to be coupled together with an hourly regulation;  

- Best planning: When a gas furnace is not adapted to the intermittent 

occupation of an office building; 

- High saving level: for a non insulated building; when the existing furnace has 

low energy efficiency; when the regulation is not adapted to the regulation. 

Fan coil unit 

replacement 

- Technical recommendation : To chose low temperature and high efficiency 

fan units; 

- Best planning: when the existing fan coil unit replacement is forecasted;  

- High saving level: when the existing fan coil units are not adapted to an 

existing low temperature furnace / heat pump  

Radiator replacement 

- Technical recommendation : To chose low temperature units; 

- Best planning: when the existing radiator replacement is forecasted;  

- High saving level: when the existing radiators are not adapted to an existing 

low temperature furnace / heat pump 

Variable frequency 

drive on water pumps 

- Technical recommendation : To select high efficiency water pumps; 

- Best planning: When a pump replacement is forecasted; 

- High saving level: when the water distribution system works constantly during 

a day. 

Thermostatic faucet 

on radiators 

- Technical recommendation : Programmable thermostatic faucets can improve 

the regulation;  

- Best planning: when the radiators are equipped by simple faucet; 

- High saving level: when the heating demand is high and the centralized 

regulation is not adapted; when the radiators are equipped by simple faucet; 

Insulation on the 

heating distribution 

system 

- Technical recommendation : To insulate each part which placed in premises 

not occupied during the day; 

- Best planning: From now for parts in technical premises; when an office 

renovation is done for ducts circulating in the building;  

- High saving level: for non-insulated distribution network. 
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Improving the cooling system efficiency 

Replacing refrigerating 

unit 

- Technical recommendation : To install high efficiency refrigerating unit; 

- Best planning: if the existing air/water heat pump uses HCFC refrigerant 

(forbidden in 2015); 

- High saving level: when the existing refrigerating unit is old or has low 

efficiency. 

Ground source heat 

pump 

- Technical recommendation : When the ground potential is adapted to the 

generation; when heat production is also possible forecasted; 

- Best planning: When an heavy renovation is forecasted on the entire building; 

- High saving level: when the existing refrigerating unit is old or has low 

efficiency. 

 

 

Improving the ventilation system efficiency 

Heat recovery on the 

exhaust air 

- Technical recommendation : When the air is also blown inside the building; 

when the building envelop air tightness is high (in low air tightness creating an 

extra airflow with new air ducts can increase the heat losses); 

- Best planning: when a dual flow air handling unit is installed but not equipped 

by a heat recovery system; 

- High saving level: when the ventilation rate is high or not adapted to the 

building occupation. 

Free-cooling 

- Technical recommendation : To optimize the regulation with external and 

internal probes; 

- Best planning: - 

- High saving level: if the cooling demand is high in a building; 

Dual flow air handling 

unit (equipped with an 

heat recovery system) 

- Technical recommendation : When air ducts exists for extraction and 

insufflations (in low air tightness creating an extra airflow with new air ducts can 

increase the heat losses); 

- Best planning: when air extraction and insufflations are realized independently; 

- High saving level: when the ventilation rate is high or not adapted to the 

building occupation. 

Variable frequency 

drive on fans 

- Technical recommendation : To optimize the regulation internal probes; 

- Best planning: - 

- High saving level: when the ventilation rate is high or not adapted to the 

building occupation. 
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Improving the use of the HVAC system through automation 

Building management 

system 

- Technical recommendation: To incorporate other equipments to the 

automation (lighting, computers, alarms…);  

- Best planning: When a renovation is forecasted on the entire building; 

- High saving level: When the existing regulation is not appropriate; 

Automats on electric 

convector heaters 

- Technical recommendation : For light renovation which doesn’t include high 

investment;  

- Best planning: When the convector heaters have been installed recently and are 

not planned to replaced; 

- High saving level: When the heating demand is great; 

Set point temperature 

optimization 

- Technical recommendation : For every installation; 

- Best planning: - 

- High saving level: When the temperature set point is still presently to high 

during when the building is not occupied; 

Feedback regulation 

with outdoor 

temperature probe 

- Technical recommendation : More adapted to centralized heating and cooling 

systems; 

- Best planning: - 

- High saving level: When the existing regulation is not appropriate; 

Optimizing ventilation 

to the real need 

- Technical recommendation : For every installation to reduce the heat losses; 

- Best planning: -  

- High saving level: When no heat recovery is done on the exhausted air; 

Car park ventilation 

based on CO detector 

- Technical recommendation : For every installation if the extraction is not 

controlled; 

- Best planning: - 

- High saving level: For great underground parking area; 

Motion sensors for the 

HVAC system 

- Technical recommendation : For premises when the activity is not permanent 

during a day ( meeting rooms…); when an automation system is already present 

on site; 

- Best planning: When a renovation is forecasted on the premises concerned;  

- High saving level: When the existing regulation is not appropriate; 

Feedback regulation 

with window opening  

- Technical recommendation : when an automation system is already present 

on site;  

- Best planning: - 

- High saving level: When the cooling demand is great; 
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Improving the lighting equipment efficiency and increasing automation 

LEDS in corridors and 

bathrooms 

- Technical recommendation : To limit the number of lamp in zones when 

occupation is not intermittent; To couple the lamps together with motion sensors; 

- Best planning: Progressively when existing lamps have to be replaced; 

- High saving level: When no automation is present on site; 

High efficiency 

fluorescent tube 

- Technical recommendation : To replace simply the lamp when no renovation 

is done in the offices; to analyze and to reduce the number of installed lamp when 

an office renovation is forecasted; to couple the lamps together with motion and 

light sensors; 

- Best planning: When an office is renovated; 

- High saving level: When the lighting power installed is high, involving great 

energy consumption. 

Light gradation with 

luminosity detection 

- Technical recommendation : To include motion sensor to control optimize 

the automation; To change the lamps if not adapted to the gradation; 

- Best planning: When an office is renovated; 

- High saving level: When the lighting power installed is high, involving great 

energy consumption. 

Motion sensors in 

corridor and 

bathrooms 

- Technical recommendation : To couple the sensors with high efficiency lamps 

- Best planning: - 

- High saving level: If no automation is installed. 

Acoustic sensors in the 

car park 

- Technical recommendation :  To couple the light automation to the 

ventilation automation; 

- Best planning: - 

- High saving level: If no automation is installed. 

 

Optimizing the IT consumption 

Energy optimization 

program 

- Technical recommendation : To install the program on each computer used; 

- Best planning: - 

- High saving level: When the computing activity is high; 

Optimizing the set 

point temperature in 

the server room 

- Technical recommendation : To increase the set point temperature until 24 

°C; to investigate with more technical control to increase the set point 

temperature to 27 °C; 

- Best planning: - 

- High saving level: When the computing activity is high; 

Free cooling in the - Technical recommendation : To use the heat produced by the servers to 
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server room warm up the offices in the buildings through air ducts and fans; to use the cold 

outdoor air to cool the server room; 

- Best planning: when a tenant company is designing its server room; 

- High saving level: When the computing activity is high; 

 

 

Water and hot water management 

Water saving faucets 

- Technical recommendation : To install electronic mixer faucet with low water 

flow aerator (4-5 L/min); 

- Best planning: When bathrooms renovation is forecasted; 

- High saving level: If the current water flow is high;  

Low water flow aerator 

- Technical recommendation : To install low water flow aerator (4-5 L/min); 

- Best planning: When the bathroom are equipped by mixer faucet 

- High saving level: If the current water flow is high; 

 

Installing renewable energies 

Photovoltaic panels 

- Technical recommendation : To have the photovoltaic panels integrated to 

the roof water tightness in order to follow architecture constraints and to increase 

the price of the energy sold back to the French grid;  

- Best planning: When the roof water tightness is renovated; 

- High saving level: When the building has a roof inclined in the south direction; 

When the building is situated in favorable regions; 

Solar thermal collector 

- Technical recommendation : When a building is heated with a hot water 

network;  When the hot tap water network is centralized; 

- Best planning: when works are done on the boiler room to integrate the solar 

system; 

- High saving level: When the building has a roof inclined in the south direction; 

When the building is situated in favorable regions; 
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The main retrofitting guidelines that can be summed up from this solution listing are the following: 

- A retrofitting solution can generate great energy savings if it tackles an important source of 

expenses or if it replace a low efficient system; 

- The technically most adapted solutions are the ones which follow the building renovation cycles; 

- The diversity in terms of work importance is great between two solutions. Some renovations can 

only be proposed when a major renovation is forecasted because of the work involved (ex: 

Air/Water heat pump heating system  installation when no hot water network is present) while 

other renovations can be applied at anytime (ex: LEDs and automation installation in corridors 

and bathrooms); 

- When a major renovation is done on a building, the best nowadays technology is advised, as the 

overinvestment will remains small compare to the other costs involved by the renovation itself 

(shell work, false ceiling replacements, wall paintings, carpet tile renovation…) 

 

This commonly proposed solution panel has been applied to the case study, following the approach 

detailed in the part 4.1. The main results coming out of the study are summed up in the following table:  
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CASE STUDY - RETROFITTING EVALUATION 

            

Action Technical Feasibility 
Investment 

Costs 

Main Annual Savings 
Opportunity 

Costs Primary Energy 

  

Reinforcing the building envelop 

Roof insulation 
Adapted to the building life cycle as no work has been done on the 
roof water tightness for more than 15 years 

203 k€ 9,6 k€ 
15 % on heating 

consumption 
★★★★☆ 

Insulation over the 
false ceiling 

Not adapted because of moisture risks - - - ☆☆☆☆☆ 

Internal wall 
insulation  

Adapted to the building life cycle as a part of the building is currently 
vacant. The renovation can be done part by part for a limited 
investment. 

464 k€ 7,7 k€ 
12 % on heating 

consumption 
★★★☆☆ 

External wall 
insulation 

Adapted to the building life cycle if the building appearance is to be 
upgraded. The level of investment is higher than the internal wall 
insulation, but the capital value of the building can be raised. Energy 
savings are also higher. 

884 k€ 9,7 k€ 
15 % on heating 

consumption 
★★★★☆ 

Ground insulation Not adapted because of the presence of a parking  - - - ☆☆☆☆☆ 

Ceiling insulation at 
the parking floor 

Technically adapted. The action will not perturb significantly the 
activity of the occupier and the insulation material will also represent a 
firebreak layer. 

61 k€ 2,5 k€ 
4 % on heating 
consumption 

★★★★☆ 

Windows 
replacement by low-e 
glazing 

Adapted to the building life cycle as simple glazing windows are 
obsolete and cause discomfort to the occupier during the winter. 
Selective low-emission windows will also reduce the cooling needs and 
increase the comfort within the building 

1 791 k€ 19,9 k€ 
31 % on heating 

consumption 
★★★★★ 

Canopy installation  
Not seen as a priority as the cooling demand is not high. In case of a 
major façade renovation canopy installation could be to be forecasted. 

511 k€ 2,5 k€ 
16 % on cooling 

consumption 
★☆☆☆☆ 
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Solar filter on the 
glazing 

Not seen as a priority as the cooling demand is not high. Moreover the 
windows are to be replaced in the coming years and will have low 
emission filters integrated 

127 k€ 4,6 k€ 
29 % on cooling 

consumption 
★★☆☆☆ 

Work on the window 
air tightness   

Technically difficult here as the infiltrations come from different parts 
of the window. Moreover the windows are to be replaced in the 
coming years 

- - - ☆☆☆☆☆ 

  

Improving the heating system efficiency 

VRV (Variable 
Refrigerant Volume) 
system 

Not technically adapted to the building because of its size. VRV 
systems are more adapted to small buildings with a greater flat roof 
area 

- - - ☆☆☆☆☆ 

Air/air Heat pump 
installation 

Technically difficult because new  ducts would have to be installed in 
the entire building, requiring drilling and work on false ceilings 

- - - ☆☆☆☆☆ 

Air/water Heat 
pump installation 

Technically feasible. The action will not perturb significantly the 
occupier. Deeper studies would have to be done to evaluate if the 
current fan coil units would be adapted to the new system. As 
electricity has a ratio "primary energy"/ "on site energy" equal to 2,58, 
compared to 1 for gas, the gains in terms of primary energy will not be 
significant here. Financial gains will be influenced by the changes of 
contract subscription. 

 335 k€ 16,1 k€ 
16 % on heating 

consumption 
★★☆☆☆ 

Ground source heat 
pump installation 

Not technically feasible for reasons of space ground space - - - ☆☆☆☆☆ 

Wood furnace 
Technically difficult due to a lack of space in the boiler room. The 
only significant gain would be on GHG emission, not specially in 
terms of cost or energy 

- - - ☆☆☆☆☆ 

Condensing furnace - 
Low temperature 
furnace 

Not adapted as the furnaces are recent - - - ☆☆☆☆☆ 

Modulating burners Not adapted as the burners are already modulating - - - ☆☆☆☆☆ 
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Automat on the 
modulating burners 

Highly adapted. The burners in place can adapt the water temperature 
to different levels. No automat is in place to control the burners 
hourly. A simple installation will permit to reduce the indoor 
temperature during the night and the weekend 

5 k€ 11,5 k€ 
18 % on heating 

consumption 
★★★★★ 

Fan coil unit 
replacement 

Technically adapted and adapted to the building life cycle as the fan 
coil units have never been replaced. An adapted automation should go 
along with this renovation to optimize the energy use. The gains due 
to the simple fan coil unit replacement (without taking into account 
any automation) are low. 

728 k€ 9,3 k€ 

44% on ventilation 
consumption and  3% on 

heating and cooling 
consumption 

★★★★☆ 

Insulation on the 
heating distribution 
system 

Not adapted as the pipes in non-heated rooms are already insulated - - - ☆☆☆☆☆ 

  

Improving the cooling system efficiency 

Replacing 
refrigerating unit 

Not adapted as the refrigerating units have been installed recently and 
are considered as efficient 

- - - ☆☆☆☆☆ 

Ground source heat 
pump installation 

Not technically feasible for reasons of space ground space - - - ☆☆☆☆☆ 

  

Improving the ventilation system efficiency 

Heat recovery on the 
exhaust air 

Technically not adapted. The air handling units are old and obsolete. 
The replacement of the entire system is advised instead. 

- - - ☆☆☆☆☆ 

Free-cooling 
Technically not adapted. The air handling units are old and obsolete. 
The replacement of the entire system is advised instead. 

- - - ☆☆☆☆☆ 

Dual flow air 
handling unit 
(equipped with an 
heat recovery system) 

Technically recommended. The air handling units are old and obsolete 
and are to be replaced in the coming years. When the equipment will 
be replaced a dual air flow air handling unit with heat recovery, free-
cooling option, and variable frequency drive on fans is recommended. 

 128 k€ 8,3 k€ 
15% on ventilation,  5% 
on heating and 9% on 
cooling consumptions 

★★★★★ 
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Variable frequency 
drive on fans 

Technically not adapted. The air handling units are old and obsolete. 
The replacement of the entire system is advised instead. 

- - - ☆☆☆☆☆ 

  

Improving the use of the HVAC system through automation 

Building 
management system 

Technically doable only if the fan coil units and the air handling units 
are replaced in order to be able to be controlled by a centralized 
automat. 

190 k€ 12,4 k€ 
42% on ventilation,  26% 

on heating and 6% on 
cooling consumptions 

★★★★☆ 

Set point temperature 
optimization 

Currently impossible. New automation systems have to be installed 
(cf. Building management system or Program on the modulating 
burners). 

- - - ☆☆☆☆☆ 

Feedback regulation 
with outdoor 
temperature probe 

Already in place on site. - - - ☆☆☆☆☆ 

Optimizing 
ventilation to the real 
need 

Currently impossible with the existing air handling units, which are too 
old and obsolete to be equipped by an automation system modulating 
the air flows. 

- - - ☆☆☆☆☆ 

Car park ventilation 
based on CO 
detector 

Technically feasible. The gains are nevertheless low compare to the 
overall annual energy bill. 

16 k€ 0,9 k€ 
4% on ventilation 

consumption 
★★☆☆☆ 

Motion sensors for 
the HVAC system 

Technically doable only if the fan coil units and the air handling units 
are replaced in order to be able to be controlled by a centralized 
automat. 

- - - ☆☆☆☆☆ 

Feedback regulation 
with window opening  

Technically doable only if the fan coil units and the air handling units 
are replaced in order to be able to be controlled by a centralized 
automat. 

- - - ☆☆☆☆☆ 

  
 
 
 

Improving the lighting equipment efficiency and increasing automation 
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LEDS in corridors 
and bathrooms 

Technically adapted and applicable when the building is occupied 52 k€ 3,4 k€ 
11% on lighting 

consumption 
★★★★☆ 

High efficiency 
fluorescent tubes 

Technically adapted. The operation requires that the offices zone is 
vacant to change the lamps. 

188 k€ 10,7 k€ 
36% on lighting 

consumption 
★★★★☆ 

Light gradation with 
luminosity detection 

Adapted only if the lights are changed in the offices. Special lamps 
adapted to gradation will replace the high efficiency lamps. The 
investment is to be understood as an overinvestment compare to the 
preceding line. 

73 k€ 3,4 k€ 
11% on lighting 

consumption 
★★★☆☆ 

Motion sensors in 
corridor and 
bathrooms 

Technically adapted and applicable when the building is occupied 20 k€ 1,5 k€ 
5% on lighting 
consumption 

★★★★☆ 

Acoustic sensors in 
the car park 

Technically adapted and applicable when the building is occupied 4 k€ 1,1 k€ 
4% on lighting 
consumption 

★★★★☆ 

  

Optimizing the IT consumption 

Energy optimization 
program 

Technically adapted. 9 k€ 3,5 k€ 
40% on computer 

consumption 
★★★★☆ 

Optimizing the set 
point temperature in 
the server rooms 

Technically adapted. The server rooms’ set point temperature can be 
increased by at least 2°C without any risk for the servers. 

- 1,0 k€ 
14% on IT cooling 

consumption 
★★★★☆ 

Free cooling in the 
server room 

Not adapted as the servers are not decentralized in many small server 
rooms. 

- - - ☆☆☆☆☆ 

  

Optimizing the IT consumption 

Water saving faucets 
Not adapted as the faucets have been renovated recently and are 
considered as efficient 

- - - ☆☆☆☆☆ 

Low water flow 
aerator 

Not adapted as the faucets have been renovated recently and are 
considered as efficient 

- - - ☆☆☆☆☆ 
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Optimizing the IT consumption 

Photovoltaic panels 
Technically adapted. The investment proposed here is to install a 
surface of 1000 m² on the building roof. It is considered that the 
photovoltaic panels will be integrated to the roof water tightness layer.  

600 k€ 35,2 k€ 
8% on the electric 

consumption 
★★☆☆☆ 

Solar thermal 
collector 

Not adapted as the hot water production is decentralized in each 
bathroom. A centralized hot water production would require heavy 
works. 

- - - ☆☆☆☆☆ 

Analytic conclusions: 

- The best retrofitting solution in terms of technical feasibility, investment and gains is to install an automat on the burners to regulate the indoor 

temperature hourly during the week; 

- As the building is not insulated and as the windows in simple glazing are sources of discomfort, the renovation of the envelop is here considered as an 

adapted retrofitting solution, adapted to the building life cycle, even if the direct payback times are not attractive for an investor; 

- The fan coil units are also to be replaced in the coming years according to the building life cycle. An advanced building management system could be 

installed during the replacement for an adapted overinvestment; 

- The air handling units are also old and obsolete and can be changed by a new and efficient equipment; 

- According to the tenant activity, important savings can be realized with the use of software to reduce the activity impact on the energy bill; 

- Lighting energy consumption can here be reduced either progressively, replacing progressively every lamp, or during the renovation of the different zones; 

- Replacing heating and cooling productions are not seen as adapted solutions as they have been changed recently and are considered as energy efficient. 
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4.3 Action plans as scenarios 

As it has been illustrated in the case study a certain number of recommendations can be given on a 

building.  

Building renovations are often planed on several years. The main document which summarizes the 

financial incentives on a building is called the Multi-Year Work Plan. Broadly said, a Multi-Year Work 

Plan describes the amount of investment which is planned to be allocated each year to repair, to ensure 

conformity or to renovate a part of a building. 

To improve the understanding of the recommendations, their application, and to associate them to a 

pragmatic real estate strategy, the methodology followed here is to present the different actions into 

scenarios. A recommendation could be cost-effective and suited or not, depending on when it is applied. 

The different scenarios indicate when to invest on each action according to the building life cycle.  

One of the most determining questions to ask is whether or not the building is occupied by a tenant. 

Some recommendations do not disturb the activity of the tenant, some other do. For instance, changing a 

frigorific unit on a building roof during the heating period will not be noticed, while internal wall 

insulation will disturb greatly the work office.  

The other variable is the investment policy of the different stakeholder. Sustainability increases as 

Corporate Social responsibility is being developed, companies tend more and more to occupy a building 

with a higher “green value” (20). Moreover, as introduced in the second part, the various French and 

European regulations have pushed to increase building energy efficiencies year after year. Obsolescence 

risks are then considered as an important risk from a real-estate strategy point of view (16): a building far 

from nowadays energy standards will have a higher chance to have its capital value decreased.  

Different strategies are then developed by the different stakeholders to prevent this obsolescence risk. The 

investment policy can vary from the minimum investment to limit this risk to important retrofitting 

investments to reach high energy standards, in order to increase the green value of the property. 
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In the methodology followed here, four main scenarios are usually proposed to integrate the different 

retrofitting solutions to a real state strategy:  

- The in-use energy retrofitting: the building is not vacant; investments are made to improve the 

energy efficiency of a building as long as they do not disturb the activity of the tenant; 

 

- The continuous energy retrofitting: the building is not vacant; investments are made to improve 

the energy efficiency of a building when a technical element is supposed to be replaced or 

repaired. The element will be replaced by a more energy efficient element. For instance, an old 

frigorific unit to take out will be replaced by a new one with a higher Coefficient Of Performance; 

 

- The light energy retrofitting: the building is partially or completely vacant; investments are made 

to ensure that the building energy efficiency will increase. Nevertheless important investments will 

be avoided, investments will be more focused on the worst features of the building ; 

 

- The heavy energy retrofitting: the building is partially or completely vacant; important 

investments will be engaged to make the building exemplary from an energy efficiency point of 

view. 

The following diagram illustrates these four different scenarios with the types of recommendation which 

compose them. 
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Figure 4.3.1: Four types of energy retrofitting scenarios 

In-use energy retrofitting 

Vacancy ?

Light energy retrofitting

Level of 

Investment

Heavy energy retrofitting

Time of 

Investment

Continuous energy retrofitting

Problem solving

[light]

Immediate
When work is needed 

on the building element HighLow

Lighting [light]

Water

IT [light]

HVAC [light]HVAC [light]

Lighting [light]

WaterWaterWater

Others [light]

No Yes

Renewable

Problem solving

[heavy]

Problem solving

[heavy]

Problem solving

[heavy]

Envelop [light]Envelop Envelop

HVAC [heavy]

Lighting [heavy] Lighting [heavy]

IT [light] IT [heavy] IT [heavy]

Others [heavy] Others [heavy]Others [heavy]

HVAC [light]

[light] : does not disturb the activity / moderate investment 
[heavy]: disturb the activity / high investment 



 

[73] 
 

CASE STUDY – RETROFITTING SCENARIOS 

SCENARIO ACTIONS INVESTMENT 

ANNUAL 

COST 

SAVINGS 

PRIMARY 

ENERGY 

SAVINGS 

ANALYSIS 

In-Use 

Energy 

Retrofitting 

1. Program on the modulating burners 

2. Car park ventilation based on CO 

detector 

3. LEDS in corridors and bathrooms 

4. Motion sensors in corridor and 

bathrooms 

5. Acoustic sensors in the car park 

6. Energy optimization program 

7. Optimizing the set point 

temperature in the server rooms 

106 k€ 

(8 €/m²) 

22 k€  

(PBT : 

5 years) 

10% 

 

 

 

 

 

 

383 kWhPE/m² 

This scenario does not represent a heavy 

investment in terms of cost and work.  

The actions mainly focus on energy 

management, with sensors and indoor 

temperature optimization, without any 

significant change in terms of equipment. 

This scenario is seen as interesting in terms of 

direct costs.  

Nevertheless, the forecasted primary energy 

level of the building is still considered as high. 

 

Continuous 

Energy 

Retrofitting 

 

 

1. In-Use Energy retrofitting actions 

2. Roof insulation 

3. Ceiling insulation at the car park 

level 

4. Dual flow air handling unit 

(equipped with an heat recovery 

system) 

 

 

498 k€ 

(36 €/m²) 

37 k€  

(PBT :    

13 years) 

19% 

 

 

 

 

 

 

345 kWhPE/m² 

This scenario is adapted to a short/medium 

term strategy:  

- the current air handling units will be 

out of use soon; 

- the roof water tightness is to renovate 

in the coming years; 

- The car park ceiling is to insulate for 

fire risks reasons.  

The energy saving level does not permit 

nevertheless to reach the Grenelle energy saving 

goal (-38% by 2020). 

≤50       A

51 à 90       B

91 à 150           C

151 à 230              D

231 à 330                     E

331 à 450                           F

451 à 500                                G

501 à 750                                      H

>750                                                       I

≤50       A

51 à 90       B

91 à 150           C

151 à 230              D

231 à 330                     E

331 à 450                           F

451 à 500                                G

501 à 750                                      H

>750                                                       I
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Continuous 

Energy 

Retrofitting 

1. Continuous energy retrofitting 

actions 

2. Internal wall insulation  

3. Windows replacement by low-e 

glazing 

4. Fan coil unit replacement 

5. High efficiency fluorescent tubes 

6. Building management system 

3 859 k€ 

(283 €/m²) 

84 k€ 

(PBT :   

45 years) 

44% 

 

 

 

 

 

 

238 kWhPE/m² 

As this Site has not been vacant for a long time, 

the offices are far from nowadays standards in 

term of equipment. The obsolescence risk is 

then considered as high and a heavy renovation 

is actually forecasted on this building.  

This scenario introduces the minimum energy 

retrofitting actions that will have to be included 

in this renovation. 

The renovation will lead to great energy savings. 

The Grenelle energy saving goal will be easily 

reached.  

Heavy 

Energy 

Retrofitting 

1. Continuous energy retrofitting 

actions 

2. External wall insulation  

3. Windows replacement by low-e 

glazing 

4. Fan coil unit replacement 

5. High efficiency fluorescent tubes 

6. Building management system 

7. Light gradation with luminosity 

detection 

8. Photovoltaic Panels 

4 952 k€ 

(365 €/m²) 

123 k€ 

(PBT :    

40 years) 

54% 

 

 

 

 

 

 

200 kWhPE/m² 

This scenario introduces a higher level of energy 

retrofitting in the case of a heavy renovation.  

The overinvestment is relatively high compare 

to the preceding scenario, for limited extra 

energy gains.  

This action plan can nevertheless permit to 

obtain green certifications or labels (BREEAM 

in use, HQE Rénovation…). The Site green 

value will then be increased. 

 

 

≤50       A

51 à 90       B

91 à 150           C

151 à 230              D

231 à 330                     E

331 à 450                           F

451 à 500                                G

501 à 750                                      H

>750                                                       I

≤50       A

51 à 90       B

91 à 150           C

151 à 230              D

231 à 330                     E

331 à 450                           F

451 à 500                                G

501 à 750                                      H

>750                                                       I
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Case study – Retrofitting conclusion: 

As the Site was built in the late 70s and has not been renovated since, except the heating and cooling 

production equipment, its energy performance is low and energy gains can be significant here.  

An energy saving level up to 10% can be obtained with light work and investment, with an interesting 

payback time, just taking into account direct energy saving. Maintenance gains for instance would be also 

to add to the cost savings. 

According to the building life cycle and real-estate strategies, a heavy renovation is forecasted in the 

coming years for this Site. Two retrofitting strategies can be followed during this renovation: a strategy 

which aims to avoid the obsolescence risk with new and efficient equipment, and a strategy which aims to 

transform this building as an example in terms of green building, reaching for certifications and labels. In 

these two cases, the investment levels are high compared to the direct energy saving costs (which do not 

justify the energy retrofitting by themselves here).  

Energy savings are nevertheless important: the Site consumption will be reduced by two with this 

renovation.  
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5 Discussion 

In parts 3 and 4 a methodology has been illustrated to realize an energy audit of a building and to propose 

a retrofitting plan adapted to its specificities.  

Nevertheless it has been introduced that the methodology is not unique to realize an energy audit and a 

retrofitting plan. The described approach is indeed the result of an economical compromise between the 

depth of the study that a stakeholder is willing to conduct and the quality of the result coming out of it. 

This part describes the limits and the interests of the proposed approach. 

 

5.1 Limits and interests of the presented energy audit 

approach 

It has been shown that the energy audit approach presented here permits to give a first understanding of 

how energy is used in a building.  

Nevertheless, as it has been introduced along the methodology presentation, sources of error are 

numerous and can influence the whole study: 

- During the document collecting phase: 

Some basic and fundamental information is sometimes missing to determine the age of the building or the 

insulation level. The data can be lost in archives, or not even archived at all when a work is done on a 

building. From the beginning of a study, a certain number of hypotheses have to be taken, hence a lack of 

accuracy. 

- During the technical visit: 

The access can be in some cases limited. Some tenants do not want to allow the access to their offices or a 

part of them during the technical visit. This can happen for privacy concerns or other reasons. If so, 

nothing can legitimate the visit from a technical and legal point of view. The study is then based on 

hypotheses or on an oral description of the building. 
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- During the occupier interview: 

As the visit is usually guided by a technical manager, an issue is that he may have the impression to be 

judged in his work by the audit mission. False information can then be given about the way he manages 

the temperature or technical equipment. As the energy management is evaluated by the study and as 

wrong management can be underlined, it is complex to solve the information withholding problem. 

Another issue which is usually faced is the lack of time and resource to conduct an entire social study on 

the habits of the occupier, to determine for instance how long do they turn on the lights during a day, or 

at what temperature they heat or cool their workplace. The only objective and impartial way to analyze 

properly the occupier habits is to measure their energy use over one or several years thanks to captors or 

meters. This task is to be considered as heavy in terms of time, resource and investment. Average 

occupation hypotheses have to be taken into account if standardized energy audits are to be developed.  

- During the modeling phase: 

Derived from the last comment, the limits of the inventory of fixtures phase lead to a calculation that are 

to be considered more as estimations rather than accurate real life consumptions.  

The dynamic simulations realized with a program such as DesignBuilder gives an estimation of the heating 

and cooling energy consumption. A first point to admit is that a difference is by definition always present 

between a real building and its model on a computer, leading by consequence to differences between the 

simulation results and the real consumptions. Another point is that such a program is used here as “black 

box”. Inputs are set in, and outputs come out. A perfect understanding of how the inputs are precisely 

treated can be considered as virtually impossible or time consuming. Different studies have compared 

different programs and methods with the actual energy consumption of a given building. The conclusion 

which comes out of this study is that different programs and methods do not lead to comparable results 

(21). Here, comparison with monthly energy bills can improve the accuracy of the simulation. 
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- During the modeling validation phase: 

It has been said that energy bills are systemically used when they are obtained to adapt and correct the 

modeled building to the real life consumption. But according to the current French legislation, there is no 

obligation for the tenant to share its energy bills with any entity. Different situations can happen: the 

tenant does not want to share its bill for privacy or time questions, the bills are gathered in the archives of 

the tenant headquarters, the tenant has moved out or just moved in… Without energy bills, the only way 

to control that the theoretical consumptions are close to the reality is to compare the theoretical 

consumptions with other similar cases, which is less accurate.  

To face this issue, a new law in France will appear in 2012: the creation of an environmental appendix in 

leases signed for a surface bigger than 2000 m². This appendix will namely commit the tenant to transmit 

its energy bills with the property owner.  
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Because of these difficulties, the error range can be significant with this energy audit method, more 

particularly when a lot of information is missing on a building (structure, equipment characteristics, energy 

bills…).  

To evaluate precisely the real energy consumption of a given building, measuring precisely consumptions, 

temperatures, and the impact of each occupier on the energy use over a year is the most adapted method. 

A compromise can be found between this and the presented energy audit methodology, with namely 

several visits onsite, infrared measurements, light and temperature probes placed over several days, more 

advanced and detailed occupier interviews, etc. 

These methodology improvements are nevertheless seen as a cost from a time, resource and financial 

points of view. Moreover, a very precise evaluation of the energy consumption is not compulsory to 

evaluate the retrofitting potential of a building. 

The interests of this energy audit method have then to be limited to the following points: 

- To analyze the building insulation level, the equipment quality and its use; 

- To point out defaults, misusages, or low performance equipment; 

- To give an estimate of the annual energy consumption of a Site -which can present a certain 

degree of inaccuracy if no energy bills are transmitted - to compare its consumption to the French 

Office Building average consumption for instance;  

- To estimate the energy consumption division between the different spending categories, knowing 

that the accuracy depends on the amount and quality of the transmitted documents; 

- To underline which consumptions are considered as alarming compared to the building activity. 
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5.2 Limits and interest of the introduced retrofitting 

recommendation approach 

For the same reasons of time and cost issues, the retrofitting recommendation approach has its limits: 

- Technical Feasibility: 

When an action is proposed, the technical feasibility is sometimes complex to estimate in a first approach. 

The technical feasibility evaluation will vary significantly from an action to another: replacing a lamp will 

not be a source of question while the installation of a dual flow air handling unit may requires extra work 

if air ducts cannot be easily installed for instance. To evaluate the real technical feasibility of each action, 

accurate measurements and other visits on site would be necessary. 

- Cost estimates: 

As a consequence of the issue of technical feasibility evaluation, the cost estimates can be far from the real 

cost. Non-expected work results indeed in added costs. For example if an air duct has to pass through a 

wall, the creation of a hole will be added to the investment.  

The estimates come mainly from works done on other buildings and are applied to the building study by 

analogy. Different key parameters can nevertheless have an influence on the investment: 

- The size of the renovation : the unit price will decrease significantly if the action is included in a 

broader renovation work or for great building size; 

- The quality expected: for a high standing building, the construction cost, namely for the finishing 

work will be greatly higher. The evaluation of this overinvestment requires a perfect 

understanding of a global renovation; 

- The site location : if the site is built in the city center the price will be higher compared to a 

property built in the countryside;  

- The company selected to achieve the work, as great differences can be found between two 

estimates for a single market. 

Cost estimates are then just given as a first range and are difficult to evaluate more precisely at this phase 

of the project.  

- Energy savings evaluation:  



81 
 

It has been said previously that the energy audit give a first estimate in terms of energy consumption but 

cannot be understood as an accurate result. The forecasted energy savings cannot be taken as accurate 

results from this point.  

The level of energy saving will also vary depending on the use of the equipment. For example, for a given 

cooling unit, cooling down the water from 12°C to 7°C will be less efficient (in terms of COP) that 

cooling down the water from 15°C to 10°C, for the same cooling demand. This parameter cannot be 

forecasted precisely during the energy saving calculation.  

The maintenance will also play a role on the equipment efficiency year by year. Taking into account the 

efficiency loss over years, depending on the maintenance quality, will give an energy saving estimate more 

precise but difficult to evaluate. 

 

- Cost saving estimates:  

In addition to energy saving evaluation, costs savings estimates are also difficult to calculate. The costs 

directly linked to the energy consumptions can vary depending on the energy savings level first, and on the 

energy prices then. The energy prices will evolve progressively year by year, but it can be considered as 

partial to postulate an annual price increase rate.  

Other costs would also have to be taken into account to evaluate the financial impact of a renovation. A 

global cost calculation approach, taking namely into account maintenance costs and replacement 

frequency, would be more appropriate.  

A last point which is to mention is that the calculated payback time is a gross payback time: investment 

divided by annual savings. This choice is the one advised by the ADEME, for reasons of simplicity and 

not to postulate any growth rates on energy prices. Other methods can be seen are more accurate, as the 

actualized PBT, which takes into account an actualization rate. An actualized PBT will always be lower 

than a Gross PBT, which can have an impact on decision makers when the action will be analyzed. 
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- Real estate strategies understanding 

To propose an adapted retrofitting plan on a property, the real estate strategies have to be known and 

understood. Without any information, time is wasted on actions that will never been applied. As an 

example, if a light renovation is forecasted in the coming years, presenting a heavy renovation aiming to 

reach a retrofitting label will not be interesting for the stakeholder. More time and focus could have been 

reserved to actions that could be included in the coming renovation. A better understanding of a real 

estate company strategy is necessary to propose adapted solutions. Real estate priorities could be indeed 

different from a pure scientific approach. The lack of communication between these two sectors can be a 

brake to the whole renovation process.  

 

In the end the approach presented to propose a retrofitting plan does not have to be considered as a final 

work scheme with precise and accurate cost and energy evaluation. 

The main interests of the methodology proposed are the following: 

- To identify the strength and the weakness of a building in terms of energy and comfort;  

- To propose the most adapted ideas, according to what is nowadays done on other 

building retrofitting;  

- To give a first estimate of the different investment, even if the figures may vary; 

- To evaluate the energy saving level of an action, underlining the most energy saving 

actions; 

- To propose retrofitting strategies in order to reach a defined goal (short payback time, -

25% by 2020; BREEAM-in-use certification, etc.)  
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6 Conclusion 

 

Energy within the built environment is a determining topic to decrease the energy consumption at a global 

scale. As the annual building renewal rate is low at a global scale and particularly in France, building energy 

retrofitting is necessary to reduce on a short and medium term the global energy demand. Office buildings 

represent a significant part of the energy used in the built environment. Regulations, certifications and 

labels have been developing over these last decades to enhance and promote energy retrofitting, at a 

global, European and French scale.  

 

To conduct an energy retrofitting, a commonly followed methodology is to start by a first energy audit of 

the current building. The energy audit includes a description of the building and its equipment and an 

analysis of its annual energy consumptions. Based on this energy audit, retrofitting plans are created to 

propose the most adapted solution to each specific building.  

 

An approach has been introduced in this report to realize these two phases. The energy audit phase is 

decomposed in two main approaches: the inventory of fixture phase and the energy analysis. The 

inventory of fixture phase aims to describe and to analysis the main features of a building. The energy 

analysis gives an evaluation of the annual energy consumptions based on a “conformed output” approach, 

a method using a comparison between the theoretical model and the real life energy consumptions.  

 

Based on the energy audit, a retrofitting action panel is applied to the building. If a given action is 

technically feasible, matches the building life cycle, corrects a defect and/or tackles a great source of 

energy consumption, the action is then included in the renovation plan. Investments and expected gains 

are then evaluated. In the methodology proposed here, these actions are then gathered into renovation 

scenarios. These scenarios are design to be integrated in a long term real-estate strategy.  

The approaches presented are nevertheless not unique. It has been seen that results quality can be affected 

by a lack of information. For a higher level of accuracy in the results, more complex and advanced 
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calculations and measurements would have to be realized. A study is nevertheless limited by time and 

resources constraints. The approach presented here aims to give a first understanding of a building in 

terms of energy consumption and retrofitting potentiality. This approach is to be seen as a first step which 

can lead to an entire energy retrofitting project. 
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