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Abstract 

 

The French historical electricity supplier EDF has lost its monopoly on electricity supply, 

opening the way for other energy companies to take over their market. In order to take advantage 

of such a measure, energy efficiency companies, such as COFELY Services, are developing offers 

for electricity supply with energy efficiency commitment. This commitment allows the final user 

to reduce its bill via energy-efficient improvements and financial engineering on contracts. 

A hospital has huge electricity consumption due to its internal process and surgeries, and it has 

often a non optimum use of their building management system, because the manager focuses 

first on the process. This thesis will deal with the other electricity consuming posts: the one 

related to comfort. 

Such a work needs to have a good understanding of the site. It involves regular audits and 

exchanges with people on site as well as with suppliers and companies in charge of controlling 

the very strict hospital norms. 

Electricity use is more complex than it can seem at first sight. It is not only about lighting, but 

also about heating and cooling and more generally thermal comfort. Such a study then implies 

modelling of air handling units and their impact on the overall energy use. 

Results shown in this thesis show that a better use of the building management system allows 

savings on both electricity and thermal energy use. In addition to this kind of action, a better 

control of a state of the art lighting system help reducing the electricity use of this kind of 

building without damaging the surgeries while respecting norms and surgeons comfort. 

Such a study shows that energy improvements come from works with investments but also from 

a better use of existing resources, coming from a good understanding of a building. Measures 

proposed in this thesis can be duplicated for other buildings, not necessarily with the same use, 

but have to be adapted to both the building and its users.  
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1 Introduction 

 

This thesis is written during a Master’s Thesis from February 2015 to July 2015 for KTH, the 

Royal University of Stockholm. It is written for the Mechanical section as part of the Sustainable 

Energy Engineering Master’s program for the MJ219X course. It is also part of a double diploma 

with the Ecole des Mines, Nantes, France. 

The main subject is the study of the energy performance of an existing hospital in France and the 

suggestion of energy-efficient improvements leading to the attribution of an energy performance 

contract.  

The general context of the study is described in section II. 

This thesis is written as a full offer made by the French company COFELY Services, leader in 

the energy sector, to one of its clients. The company is described in section III. 

The details of the building at issue are described in section IV. 

The project and the study are described in the following parts. 
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2 Context 

In March 2007, the European Union leaders committed to reach 20% of renewable energy in the 

EU energy mix, 20% of greenhouse gases reduction compared to 1991 level and 20% of energy 

efficiency improvement compared to 1991. This commitment, summarized in the 2020 Climate 

and Energy Package, is driving lots of changes, jobs and researches in the building industry. In 

the European Union, the building sector accounts for 40% of the final energy use, which makes 

it the highest consumer of energy before the transportation. 

France has taken a few measures towards this goal, and more specifically during the “Grenelle de 

l’Environnement”. These “Grenelle” were meetings that happened in the mid-2000s and had the 

purpose to raise discussions about environment, sustainable development and biodiversity. 

Following these meetings, the French government adopted two laws – Grenelle I and Grenelle II 

– which put the 268 French commitmentsi towards a greener France into a law.  

Among these commitments, the building sector is specifically targeted and the following are the 

main axis recommended by the law in the sector: 

 Strengthening the thermal regulation for new buildings to reduce both their energy 

consumption and their greenhouse gases (GHG) emissions 

 Lowering the energy consumption of existing buildings by at least 38 % in 2020 

 Promoting the formation of professional in the sector to energy efficiency  

 Promoting wood as a building material 

 Improving waste management in the building sector, especially in the demolition phase 

 Improving indoor air qualityii 

A few tools have also been created to promote energy efficient buildings with these laws. Among 

them, the energy performance contract (“Contrat de Performance Energétique”) is the most 

interesting in the context of this thesis. The EU directive 2012/27/UE defines them as a 

“contractual arrangement between the beneficiary and the provider of an energy efficiency 

improvement measure, verified and monitored during the whole term of the contract, where 

investments (work, supply or service) in that measure are paid for in relation to a contractually 

agreed level of energy efficiency improvement or other agreed energy performance criterion, such 

as financial savings (as defined in Energy Efficiency Directive 2012/27/EU – EED)”iii. 

It is in this specific energy context that the problematic of this thesis has been formulated as the 

study of the energy performance of an existing commercial building and of energy-efficient 

improvements leading to the attribution of an Energy Performance Certificate. This thesis is 

done at the company COFELY Services France and is presented in the next item. 
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3 The company 

 

GDF-Suez is the historical gas provider in France and one of the leaders in the energy sector 

worldwide. The group employs 152,900 people for a sales revenue of 74.7 billion € in 2014. 

 

The group proposes efficient and innovative solutions to individuals, communities and 

companies in 4 key sectors that are: 

 LNG 

 Renewable Energy 

 Energy Efficiency 

 Independent electricity production 

The main focuses of the group are: 

 Answering the energy demand 

 Ensuring the safety of the distribution 

 Fighting the ever growing climate change 

 Optimizing the utilisation of resources 

 

To be able to fulfil its goals, the group is divided into several branches and subsidiaries and 

COFELY Services, which is the company where this thesis is done, is one of them. 

 

COFELY Services is the European brand of the energy efficiency service of GDF-Suez. Within 

the group, COFELY Services is in the Energy Services sector as shown in the following 

organisational chart: 

 

The company employs 12,500 people in France for a sales revenue of 2.8 billion €. At the 

European scale, these figures go up to 35,000 employees and 7.7 billion € of sales revenue. 
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Along with COFELY Ineo (specialised in electricity works, maintenance and exploitation), 

COFELY Axima (specialised in heat works, maintenance and exploitation) and Endel (specialised 

in industrial maintenance and services), COFELY Services aims to provide the best energy 

services to its clients. The company is the leader in its field in France, Belgium, Netherlands and 

Italy and has a strong position on the UK, Germany, Spain, Switzerland and Austria. 

The company splits itself into the 6 following regions (5 geographical and one related to a task): 

 Paris 

 North-East 

 West-Centre 

 South-West 

 South-East 

 Facility Management 

The latter one is not a real geographical region, but is considered as one due to its very specific 

activity. Big commercial buildings represent their area of expertise. 

 

The activity of COFELY Services is oriented towards 5 main axis that are: 

 Local communities and municipalities 

 Public commercial sector 

 Private commercial sector 

 Housing 

 Industry 

 

 

For each axis, 3 different types of offers are proposed: 

 Energy efficiency in buildings: 

o Energy Performance Contracts 

o Technical maintenance 

o Private/Public partnership  
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 Local and renewable energies 

o District heating/cooling 

o Cogeneration 

o Utility management 

o Lighting management 

 Facilities management (FM) 

To be completely accurate, it has to be noticed that the thesis is written at the Commercial Board 

of the South-East regional board. This entity is organised as follows: 

 

 

For each region, the board is in direct relationship with field agencies that help through the 

making of offers and studies. 

 

Finally, to be completely precise, the study is done in the engineering office of the Commercial 

Board. Its goal is to interact with commercials of the 8 agencies of the region by doing the studies 

and accompanying them in the financial phase of the offer (post-study) and the presentation to 

the clients. This office is constituted of 1 manager, 1 assistant, 3 project managers and 3 

engineers.  

 

Now that the context is clear and that the company is known, the remaining of this thesis will 

deal with the study itself. After a presentation of the building and its energy demand, a set of 

actions will be proposed to lower its consumption. A model will be developed to quantify the 

impact of the different measures and the following steps will be presented. 

  

Regional Board 

HR Finances 
Technical 

Management 
Commercial 
Management 

District 
Heating/Cooling 

Management 
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4 The building 

 

The object of this study is a hospital situated in Northern Lyon, France. The exact location is 

shown in the following picture extracted from Google Maps: 

 

A closer view (from Google Earth) is shown hereafter: 

 

 

Consultation building 

Hospitalization building 
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The object of the study is separated into two buildings, each with a different purpose: 

- The “hospitalization” building is used for general hospital duties, i.e. admission, surgery 
of various types and technical activities (heating, cooling and electricity) 

- The “consultation” building is rented by private doctors for specific consultation 
purposes 

 

The study will only focus on the hospitalization building due to the following reasons: 

 

The consultation building is the less-consuming of the 2-buildings site. Not only does it account 

for one third of the total surface (6 500 out of 22 500 m²), but also has it an electricity bill of 118 

k € compared to 320 k € for the hospitalization building. 

This building is also the newest. Its opening dates back to 2011. Two main reasons explaining 

this choice are that the consultation building already has an improved lighting system with LEDs 

and motion and solar detectors. 

Finally, due to the renting status of the “consultation” building, taking actions for this building 

will not be considered in this study. Indeed, as many different doctors rent their own part of the 

building, they all have to agree on improving measures, which can take much more time than 

allowed for this thesis. 

 

On the contrary, the “hospitalization” building’s technical aspect is only run by its technical 

manager and his team of biomedical engineers and technicians. Taking actions on this building is 

also eased by the fact that COFELY Services – the company at which this thesis work is done – 

is already the owner of the services contract for both heating and cooling. 

 

For a better understanding, the building is shown on the following picture: 

 

 

From http://www.infirmerie-protestante.com/batiment-hospitalisation 

http://www.infirmerie-protestante.com/batiment-hospitalisation
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* “Bat 2” stands for building 2, which is the Consultation building 

6th floor Direction, Psychology 

5th floor Respiratory health, Bedrooms 

4th floor Social services, Tobaccology, Bedrooms 

3rd floor Bedrooms 

2nd floor Cardiology, Surgery, Reanimation 

1st floor Outpatient treatment, Gastro- and Endoscopy, Chemo 

Ground floor Entrance, Admission, Shop, MRI 

Basement General services (Kitchen, Laundry, …) 

 

The total consumption of the building is divided by end uses as follows: 

Heating 1 680 MWh 

Cooling 1 241 MWh 

Domestic Hot Water 523 MWh 

Electricity (including heat pumps) 3 234 MWh 

 

Heating and cooling are provided by specific facilities: 

- 2 gas-fired boilers and 1 heat pump aim to cover the heating demand 

- 1 water-to-water heat pump aims to cover the cooling demand 

- 1 gas-fired boiler is dedicated to DHW production 

The level of consumption of the building should be expressed in terms of primary energy. Energy 

from natural gas should be expressed in LHV, i.e. 1 kWh consumed =   
 

    
 kWh (PE), 

because the efficiency of the boilers is 90%. Energy from electricity is calculated as 1 kWh (el) = 

2,58 kWh (PE)iv. 

 

Cooling is 100% provided with electricity. The yearly SPF (seasonal performance factor) of the 

cooling unit was 1,42 in 2014.  Electricity consumption for cooling is then      
 

    
 

          

For heating, the cover ratio of the heat pump was 31% and their yearly SPF was 2,52 in 2014. 

Electricity consumption for cooling is then           
 

    
           

 

The remaining of the heating demand and the total DHW demand is covered by gas-fired boilers, 

which gives                         

 



-14- 
 

The total primary energy consumption of this building is then 
 

   
                   

                       

 

The total surface of the hospitalization building is 17 364 m², which gives a consumption of 

587,1 kWh (PE) / m². 
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The following graph* defines the energy performance levels for commercial buildings. 

 

 

* from http://www.developpement-durable.gouv.fr/-Diagnostic-de-Performance,855-.html 

 

The energy consumption of the building is far from what is considered a good behavior, which is 

why the improvement of its energy consumption is interesting. 

 

COFELY Services has already improved the heating and cooling production and consumption 

with the recent installation of new heat pumps on the building’s roof. The study will then only 

focus on the electrical use. 

 

  

Reference 

consumption 

http://www.developpement-durable.gouv.fr/-Diagnostic-de-Performance,855-.html
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5 Improving the electricity consumption 

 

5.1 Methodology 

The first thing is to know the building. Two different ways have been used to achieve this 

purpose. 

First, the results of the study, which led to the installation of the heat pumps, are the starting 

point of this thesis for understanding the heating and cooling demand. 

Then, to go more into details and to extend the perimeter of the knowledge of the site, audits 

have been carried with the help of the team of the company’s technicians on site. A first audit 

should provide a general overview of the building and its facilities, to understand the general 

functioning of the building and to raise determining questions. The following audits aim to 

answer these questions to feed the study. They give specific understanding of the identified 

crucial areas. 

Data collection also includes being aware of the norms. These norms can be obtained from the 

company, which has access to them from previous studies. 

 

A calculation model is then developed in order to evaluate the energy demand of the building and 

the savings from improvements. As the model raises questions about entry parameters or 

setpoints, the above mentioned audits give the missing elements. 

 

All of this leads to a pre-study, which results aim to convince the hospital general manager to 

continue the study.  If he agrees to go further, measuring devices will be installed to check the 

parameters and to confirm the results of the pre-study. 

 

5.2 Audits 

3 audits were carried to identify the possible improvements. 

 

A first audit provided a general overview of the building and its facilities as described in section 

IV. It was the starting point for the pre-study and consisted into a listing of equipments and 

understanding of the demand. The first audit also shed light onto the possible zones to improve. 

 

The second audit aimed to have a better understanding of the specific equipments of the 

improvement zones. It also brought the useful parameters to the study such as lighting power 

and AHU (air handling unit) features. 

 

The third audit gave a deeper look inside the above mentioned parameters. It also gave an 

understanding of the Building Management System managing the AHUs. Finally, information 

about the last improvements such as LEDs lighting system was obtained during this audit. 
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A few shorter audits (calling them visits might be more appropriated) had to be done to verify 

the possibility to physically implement the solutions. A visit aimed to see if the BMS can be 

improved or needed some outside help. Another one aimed to check with the technicians if they 

can fulfill the recommended solutions. And a few others aimed to visit the site with the suppliers 

to show them where their help was needed. 

 

The aim of these audits evolved through time. They became more complex as the project went 

further. From a first visit aiming to know the site, they became oriented towards problems related 

to the study: first for calculations, then for the possibility of implementing the solutions.  
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6 Electrical use 

 

After all the different audits and meetings, the end-uses and the parameters that affect them can 

be described more into details.  

 

The building’s electricity consumption can be split into 4 main categories: 

 

- HVAC 

- Lighting 

- Process 

- Other 
 

Each category is then split into specific consumptions: 

 

6.1 HVAC 

The climatic part is about heating and cooling. Heating is provided at 31% by the heat pumps 

installed on the roof and at 69% by the gas-fired boilers. Cooling is 100% provided by the water 

to water heat pump. It must be noticed that cooling also occurs for a large part in the specific 

hospital devices such as the MRI and scanners. 

 

For heating, the electricity consumption depends on the percentage of heat produced by the heat 

pump, its coefficient of performance and outside conditions (temperature and humidity). 

 

For cooling, the parameters are the same except for the percentage as the cooling needs are fully 

covered by the heat pump. 

 

The last parameter concerns the AHUs, and more specifically the power of the motors. The 

intermittent AHUs will depend on the opening hours, while the others will be on 24/7. 

 

6.2 Lighting 

Lighting is installed in all the building and has different parameters for each zone. 

Lighting consumption depends on the zones where the devices are installed. 

 

In bedrooms, it depends on the number of hours during which the lights are on and the number 

of occupied rooms.  
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The following zones have an intermittent occupancy: 

- Reception 

- Basement and Ground floor 

- Offices (6th floor) 

- Outpatient surgery 

- Gastro- and Endoscopy 

- Consultation (1st floor) 

- Pharmacy 
In these zones, lighting consumption depends on the opening hours only. 

 

In the corridors, the lighting is divided into security devices and non-security devices. The 

security equipment is switched on 24/7, while the remaining is only lit during the opening hours, 

during which the motion detectors give a certain percentage of economy. 

 

The exterior lighting is on at nighttime. 

6.3 Process 

The process part is about the tools used for surgery, the MRI, the scanners and the kitchen 

(fridges and cooking devices). 

 

The surgery tools are used only during surgeries. 

 

The scanners and MRI electricity consumption depends on the number of surgeries performed. 

Their duration will be estimated with a mean value. 

 

For the kitchen part, the fridges are on 24/7, while the cooking devices depend on the number of 

cooked meals. It can be noticed that these meals depend on the number of nights for each 

bedroom. The relation is directly 3 meals per night. 

 

6.4 Other 

This part is about the remaining electrical devices such as elevators, computers and inverters. 

 

The computer use can be split into sleeping mode outside opening hours and full mode during 

these hours.  

 

For the remaining items, a mean value will be applied. 
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7 A formula for electricity consumption estimation 

 

The aim of this paragraph is to present a model of the electricity consumption for each category 

(HVAC, Lighting, Process, Other). Not only does it give a more precise understanding of the 

consumption, but it will also allow the company to compare electricity savings from one year to 

another. Each year, the gains on the electricity bill will be estimated in comparison with the 

previous year (n-1) with the parameters of the current year (n).  

 

A formula for each category will be given: 

 

7.1 HVAC 

The HVAC consumption is divided into heating from heat pumps, cooling and motors of AHUs. 

 

The heating demand is calculated as: 

  
                                             

 

The cooling demand is: 

  
                                             

 

The energy consumed by the motors is their power times the duration of their use, because they 

run at 100% 24/7 before actions. 

 

For bedrooms, the demand is: 

  
                                    

 

           
                           

                
 

           
                                           

                       

 

Where  

- COPs are the yearly coefficients of performance of the heat pumps 

-    the air mass flow in kg/s 

- h the enthalpies of the air in kJ/kg.K 

- T the temperatures of air in °C 

-   the humidity of air in % 

- the temperature of the rooms should be 21°C 24/7 and their humidity is calculated with 

the outdoor water content because humidifiers are down 
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For the intermittent zones, the formula is the same, only the mass flow changes to the total mass 

flow of these zones. 

 

For the blocks, the formula is: 

  
               

                           
 

           
                              

                
 

           
                                              

                       

 

Temperatures in the blocks have been taken as the mean value for 2014. 

Relative humidity of the surgery blocks must be between 45 and 65% according to the norm, so a 

mean value is taken for the calculations of the pre-study and to the measured value (56%) for the 

next step. 

 

The last cooling need comes from the MRI and scanners which heat a lot due to their magnets. 

  
                             

 

7.2 Lighting 

Electricity demand for lighting is divided into different zones: 

- Lighting in bedrooms are turned on during daytime, when patients are up (from 6 am to 

10 pm) 

- In intermittent zones, it is turned on during opening hours, i.e. from 6 am to 19 pm 

- In surgery blocks, lighting is on during surgeries 

- In corridors, lighting is on 24/7  

- Exterior lighting is turned on during nighttime 

 

The demand can be translated into: 
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7.3 Process 

Process is divided as described in section VI.  

- Specific tools for the blocks consume power during surgeries only 

- MRIs and scanners consume electricity when used, so their consumption is       

                                                                        

                    

- Fridges are on 24/7 

- Cooking depends on the number of meals cooked 

Process consumption is then                                                   

                                                                        

                                                                           

                             

 

7.4 Other 

This category includes inverters, elevators and computers. Inverters and elevators can be 

considered constant over the year, as they only have short peaks calls. 

Computer use can be divided as full demand during opening hours and sleep mode out of 

opening hours. 

 

This part of the demand is then                                            

                                                                              

The end-uses that appeared to be relevant for the pre-study are the lighting system and the 

AHUs. They are the ones that are the least dependent of the building’s activity, they only have to 

meet norms and comfort feeling. Process for instance is totally linked to the activity and its 

consumption cannot be reduced by energy efficient actions on the building use. 
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8 Possible zones to improve 

 

This section deals with the zones that seem interesting for the pre-study. 

 

8.1 Lighting system 

Changing the whole lighting system is not the point of this study. The two main parts that are 

considered relevant are the corridors and the bedrooms. 

 

8.1.1 Corridors 

Corridors’ lights have been changed in 2014 to LEDs after a previous energy audit dating back to 

2013. These lights are only controlled by manual switches, one at the end of each corridor, as 

shown in the following schematics: 

 

 

 

 

 

 

 

The total installed power for the corridors is 8.536 kW, divided as follows: 

 

503 LED lights 10 W 

20 LED lights 15 W 

410  LED spots 7 W 

42 LED lights 8 W 

 

After discussions with the team of technicians, who are very familiar with the site, and due to the 

manual switches, the lighting system in corridors is on 24/7. 
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8.1.2 Bedrooms 

Lights in bedrooms have not been changed with the corridors’ and are still fluorescent T8 tubes. 

The following schematic shows the lighting arrangement on a bedroom’s wall: 

 

       

   36 W    

       

   18 W    

       

       

   Bed    

       

       

 

 

Each bedroom is also equipped with a bathroom with two 50W-spots. 

 

The hospital has 262 beds divided into 179 single and double bedrooms. The whole bedroom 

lighting accounts for 32 kW, divided as follows: 

 

Amount of lighting points Description Power (W) 

262 T8 fluorescent tubes 36 

262 T8 fluorescent tubes 18 

358 Bathroom spots 50 
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8.1.3 Air Handling Units 

Air handling units are spread all over the building. The AHUs correspond either to a medical 

service or a zone. The list of AHUs is as follows: 

 

Reception 2 160 m3/h 

Basement and Ground floor 4 760 m3/h 

Offices (6th floor) 700 m3/h 

Outpatient surgery 1 500 m3/h 

Gastro- and Endoscopy 1 830 m3/h 

Consultation (1st floor) 750 m3/h 

Pharmacy 500 m3/h 

Total 12 200 m3/h 

 

The AHUs dedicated to surgery rooms are very specific, because they are almost considered as 

white rooms as described section V.  

They match the 2003 European norm for all parameters, i.e. flow rate, air velocity, temperature, 

humidity and overpressure. 

 

All AHUs are controlled by a Building Management System (BMS). Up to now, they run 24/7 in 

full mode. The only specific feature sued from the BMS is in the bedrooms, where supply is cut 

when windows are open.   
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9 Actions 

 

The following set of actions has been modeled in the pre-study. They affect the previously 

mentioned areas. 

 

9.1 Lighting 

In the corridors, the lighting system has already been changed to LEDs, which shows a will to 

continue on this way. Two solutions can then be considered. 

 

In corridors, the already installed LED system can be improved with motion detectors that will 

lower the consumption by turning off the lights when nobody crosses the corridor. 

 

As the client is already familiar to LEDs, fluorescent T8 tubes can be converted to their LEDs 

equivalent. Such a measure can lead to savings estimated at 70% compared to the already 

installed power. 

 

9.2 AHUs 

Currently, AHUs are on 24/7. In the previously defined intermittent zones, a clock can be 

implemented in the Building Management System, with a functioning shown in the following 

graph: 

 

 

The graph above suggests that AHUs are cut out of the building opening hours during the week. 

It can be improved with a Sunday closing, as the hospital is closed on Sundays. 

 

Besides management of the AHUs, other improvements could have been investigated. As the 

AHUs supply air at 100% from the outdoor, heat recovery could have been added on the 

intermittent AHUs. However, due to the arrangement of AHUs in the building, this solution is 

impossible to set up. Supply and exhaust intermittent AHUs are as shown in the following 

schematics: 
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10 Calculations 

 

10.1 Lighting 

The electricity consumption for lighting is calculated as the installed power times the duration of 

its use. 

 

The installed power in the bedrooms is 30 554 W. The current consumption has been estimated 

with lights on from 8 am to 10 pm during winter and from 8 am to 9 am and 8 pm to 10 pm 

during summer. Bathrooms are supposed to be on 2 hours per day. According to statistics given 

by the client, the rooms have an occupation ratio of 85% over the year. 

 

The bedroom consumption lighting can be estimated at 87,9 MWh per year with the following 

calculation: 

                         
    

 
                    

                             

 

In the circulations, the LEDs consume 24,68 MWh. The motion detectors can allow the user to 

spare 33% according to the following graph during a day, the new consumption would be 16,54 

MWh. 

 

 

  

Motion detectors savings vs time of the day 

Time of the day 

S
av

in
gs
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The mean value is 33%. It can be explained with the mandatory security lighting. Public access 

building must have one third of their lighting on 24/7 for safety reasons as mentioned in the 

French lawv. Lighting systems are thus always wired as 2 out of 3 on one circuit breaker and 1 on 

another. This way, motion detectors can be wired on the 2 “non-security” thirds of each corridor. 

Each motion detectors has a reach of 10 meters. Due to the geometry of the building, they will 

be wired as follows on this top view of a corridor: 

 

The unnecessary lighting devices, i.e. decorative spots, represent 701 kWh. It is important to 

notice that this action is free of invest. 

10.2 AHUs 

The AHUs of the intermittent zones are for hygienic air regeneration and do not have heat 

recovery from the extracted air. Adding a recovery loop is not yet considered, because the 

investment might be high and even higher if the flows are reduced. 

 

The energy given to the air is calculated as the difference between the outdoor air (outdoor 

temperature and humidity) and the inside which is supposed to be at 21°C.  

 

The heat given to the air is then: 

                                            

 

For cooling, the formula is quite close: 

                                            

 

The outdoor conditions have been obtained from a weather station located in Lyon – Bron, at 13 

kms from the hospital as shown below. 

Locations of the hospital (North-West) and the weather station (South-East): 
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The air flow rates from the AHUs are: 

 

Reception 2 160 m3/h 

Basement and Ground floor 4 760 m3/h 

Offices (6th floor) 700 m3/h 

Outpatient surgery 1 500 m3/h 

Gastro- and Endoscopy 1 830 m3/h 

Consultation (1st floor) 750 m3/h 

Pharmacy 500 m3/h 

Total 12 200 m3/h 

 

This results in a total heat consumption of 534,93 MWh per year and a cooling consumption of 

55,20 MWh per year. To calculate the electricity consumed, the cover ratio of heat pumps is 

supposed equal to 43% (yearly value from 2014) and the yearly COP to 2,52 for 2014. For 

cooling, the COP is supposed equal to 1,42 (also the 2014 value). The electricity consumption is 

then            
 

    
        

 

    
                  

 

2 measures can be taken:  

- Turning off the AHUs at night (from 8 pm to 6 am) 

- Turning them off also during Sundays 

The savings are presented in the following table: 
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Heating 
New consumption Savings 

MWh (heat) MWh (el) MWh (el) % 

Night 305,95 52,21 39,07 43% 

Night + Sunday 262,44 44,78 46,50 51% 

 

Cooling 
New consumption Savings 

MWh (heat) MWh (el) MWh (el) % 

Night 34,66 24,41 14,47 37% 

Night + Sunday 29,92 21,07 17,80 46% 

 

The motors from the above mentioned AHUs have a combined power of 12,82 kW. If the 

AHUs were turned off at night, the consumption would go from 112,30 MWh to 79,55 MWh. If 

they are also turned off on Sundays, it can go down to 74,88 MWh. 

 

These measures should not have an impact on the building, because only the new air is cut. 

Terminal fan coils will still be on in order to keep the building in temperature. 
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11 Meeting with the client 

 

A meeting with the building general manager and his biomedical engineers has been set to discuss 

the results of the pre-study. The aim of the discussion was to convince the client to continue with 

the improvements and to install measuring devices to develop the study. It was a necessary point 

to go further with the study. 

 

The devices aim to check the actual motor consumption and heating and cooling demand of 

AHUs to validate the model. 

 

The following savings have been proposed to the client and result from calculations developed in 

the last part. 

 Consumption 

(2014) 
Savings 

 MWh (el) / year MWh (el) / year % € 

Intermittent HVAC 350 130 4% 13 130 

Lighting (bedrooms and circulations) 190 100 3% 10 100 

Total* 3 234 230 7% 23 230 

 

*The total represents the reference consumption and does not only represent the 2 above 

mentioned categories, which are only a part of the consumption. 
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12 Next step 

 

Following the above mentioned meeting, the hospital general manager and his team of 

biomedical engineers were convinced enough to continue the study with instrumentation of the 

AHUs.  

The measuring devices on AHUs were decided to be implemented on only 3 AHUs in order to 

reduce the costs. The “Basement and Ground floor” AHU can be representative of this zone, the 

pharmacy, reception, offices and consultation. The “Gastrology” AHU can be representative of 

itself and outpatient surgery.  

 

The exchange also led to further improvements. The manager was eager to look into the non 

intermittent AHUs, i.e. the surgery blocks. One measuring device can be implemented on an 

AHU blowing into the old surgery blocks to check the heating and cooling demand. Flow rates 

can also be checked even if they are already known. Audits from a specialized company are made 

each year to check the parameters of the surgery blocks to see if they meet the AFNOR NF S90-

351 norm. The parameters are as follows: 

 

- When the surgery is performed in the blocks: 

ISO level Risk ACH  Relative humidity Overpressure Temperature 

5 4 50 45 to 65 % 15   5 Pa 19 to 26°C 

7 3 15 45 to 65 % 15   5 Pa 19 to 26°C 

8 2 10 45 to 65 % 15   5 Pa 19 to 26°C 

 

- When the block is at rest, i.e. without any people inside, the ISO level does not matter 

anymore and the parameters are as follows: 

ISO level Risk ACH  Relative humidity Overpressure Temperature 

All All 6 45 to 65 % 15   5 Pa 15 to 30°C 
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Up to now, the blocks were meeting the 2003 norm. However, in year 2013, it was changed (as 

shown above) and it concerns the ACH (air changes per hour) of the blocks. It affects the 

following areas of this study: 

 

Bloc ISO Risk ACH measured ACH norm Measured flow rate Air flow (norm) T in Air flow at rest 

n° 
  

vol/h vol/h m3/h m3/h °C m3/h 

1 7 3 38 15 3557 1410 17 570 

2 7 3 38 15 2804 1110 17 450 

3 7 3 47 15 4378 1400 17 560 

4 7 3 36 15 3386 1420 19 570 

5 7 3 26 15 2941 1700 18,5 680 

6 7 3 26 15 2907 1680 18,5 680 

7 5 4 92 50 10163 5530 17 670 

8 5 4 61 50 9308 7630 17,5 920 

9 5 4 60 50 8765 7310 19 880 

10 5 4 59 50 8605 7300 18,5 880 

 

Measuring devices on blocks 7, 8, 9 and 10 are not necessary, because they are high risk zones 

and the norm has not changed for them.  
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13 Focus on surgery rooms 

 

Surgery blocks follow very strict norms in terms of indoor air quality and thermal comfort. In 

particular, if they do not meet them, the hospital can lose their right to perform surgeries. This 

part will describe the norm and show the process that led to finding energy improving measures. 

 

13.1 NF S 90-351 norm 

 

The NF S 90-351 norm gives strict measures on different parameters having an impact on the 

indoor air quality (IAQ) for white rooms and more specifically surgery rooms. These rooms are 

split into risk categories from 1 to 4 – 1 being the lowest and 4 the highest – with corresponding 

ISO classes as follows: 

Risk ISO 

2 8 

3 7 

4 5 

 

The parameters that have an influence on the IAQ are: 

 

- Particles removal 

- Microorganisms removal 

- Temperature 

- Humidity 

- Air velocity 

- ACH 

- Fresh air 

- Overpressure 

- Sound 
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The following table gives the required parameters for each risk: 

Parameter Target value 

Particles removal 

For a size of 0,5   

ISO 5: < 5 minutes 

ISO 7: < 10 minutes 

ISO 8: < 20 minutes 

 

Microorganisms removal ISO 5: < 1 cfu*/m3 

ISO 7: < 10 cfu/m3 

ISO 8: < 100 cfu/m3 

 

Temperature 19 to 26°C** 

 

Humidity Only for MRIs 

 

Air velocity ISO 5: 0,25 to 0,35 m/s 

ISO 7: none 

ISO 8: none 

 

ACH ISO 5: none 

ISO 7:   15 ACH 

ISO 8:   10 ACH 

 

Fresh air   6 ACH 

 

Overpressure 15 Pa   5 Pa 

 

Sound level   48 dB (A) 

 

* cfu stands for colony forming unit and is used to count the number of particles subject to forming bacteries colonies 

** this value can be lowered in case of harsh types of surgeries as heart surgery 

These values are for surgery rooms when occupied. The norm also gives values for unoccupied 

rooms. They will not be displayed in this thesis, because the biomedical engineer does not want 

to shut rooms in case of emergencies during nighttime. Each room having its own specialty, they 

all need to stay open and ready to be used.  
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13.2 Current situation and comparison to the norm 

 

Each year, a mandatory regulatory control is performed by an external company. These audits are 

then transmitted to the hospital manager and the biomedical engineers in charge of running the 

building. They have been shared for this study. The parameter with an influence on the energy 

consumption is the air flow rate. The following table shows the current flows and the ones 

required by the norm according to the risk of each surgery room: 

 

Surgery 

room 
ISO Risk 

ACH 

(measureme

nt) 

ACH 

(required by 

norm) 

Air flow 

(measureme

nt) 

Air flow 

(required by 

norm) 

n° 
  

vol/h vol/h m3/h m3/h 

1 7 3 38 20 3 557 1 880 

2 7 3 38 20 2 804 1 480 

3 7 3 47 20 4 378 1 870 

4 7 3 36 20 3 386 1 890 

5 7 3 26 20 2 941 2 270 

6 7 3 26 20 2 907 2 240 

7 5 4 92 / 10 163 / 

8 5 4 61 / 9 308 / 

9 5 4 60 / 8 765 / 

10 5 4 59 / 8 605 / 

 

Rooms 7 to 10 do not follow the ACH anymore. The air quality is assured by the air velocity in 

the new norm. 
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The air flows are all above the recommendation of the norm. It leaves room to interesting energy 

savings. Indeed, the heating and cooling demand linearly follow the air flow rate. Electricity 

demand follows the evolution of the air flow rate not linearly but cubicly. X % saved on the air 

flows correspond to X3 % saved in electricity as shown in the following graph: 
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13.3 Proposed solution and needed steps to validate the 

solution 

 

The first step was to evaluate the savings of reducing all air flows. According to the graph above, 

the following savings were identified: 

 

Surgery room n° Air flow reduction Electricity savings on fan 

motor 

1 -47% 85% 

2 -47% 85% 

3 -57% 92% 

4 -44% 83% 

5 -23% 54% 

6 -23% 54% 

7 -46% 84% 

8 -18% 45% 

9 -17% 42% 

10 -15% 39% 

 

This was meant to show the client that he can save a lot while just following the new norm. This 

way, he communicated the contact of the company in charge of the yearly audit, called Air 

Controle (AC), in order to validate the proposition. 

 

From this point, the second step could start. ACH are not the only parameter that counts in the 

norm. Particles decontamination and overpressure also matter. Discussion with AC was then 

necessary. After exchanges with them, it was decided that AC would verify the maximum flow 

reduction to keep the extraction of 0,5    and 5,0    as they have all testing models required. 

After that, COFELY Services (i.e. the writer) would verify the over pressure and compatibility 

with the system installed on site. 
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AC returned with the following possible savings on air flows: 

Surgery room n° Air flow reduction 

1 -20% 

2 -20% 

3 -20% 

4 -20% 

5 0% 

6 0% 

7 -30% 

8 -20% 

9 -20% 

10 -20% 

The solution of this table cannot be implemented on site due to the following technical 

difficulties:  

 Rooms 1 to 3 have one supply fan and one extraction fan. The same goes for rooms 4 to 

6.  Room 4 then cannot be treated separately from 5 and 6 

 Rooms 7 to 10 all have their own supply fan, but a common extraction fan. So, again, 

they cannot be treated separately 

The possible improvements and their impact on electricity consumption are as follows: 

Surgery room n° Air flow reduction Electricity savings on fan 

motor 

1 -20% 48,80% 

2 -20% 48,80% 

3 -20% 48,80% 

4 0% 0,00% 

5 0% 0,00% 

6 0% 0,00% 

7 -20% 48,80% 

8 -20% 48,80% 

9 -20% 48,80% 

10 -20% 48,80% 

At this point, the solution respects the minimum air flow and ACH, the decontamination and 

that it is technically possible. 

Overpressure will be kept at existing levels, because actions are on both supply and exhaust air.  
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14 Second phase 

 

After meeting with the client, the installation of measuring devices was decided. Two kinds of 

measurements were set up: one for the air handling units (thermal power to the supply air and 

electricity to the fan motors) and one for the global electricity consumption. The next paragraph 

will deal with these issues. 

 

14.1 Measurements on Air Handling Units 

 

There are 3 types of AHUs at the hospital: 

- 100% fresh air without heat recovery 

- 100% fresh air with heat recovery 

- With recirculation 

The following schemes – extracted from the BMS – show a representation of each type: 

100% fresh air without heat recovery 
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100% fresh air with heat recovery 

 

 

With recirculation 

 

 

 

Measuring probes were installed on one AHU for each type, because the last type applies to the 

high-risk surgery blocks that are the most recent ones and are already equipped with measuring 

probes that are connected to the BMS. The main reason of installing these devices is to validate 

the model described in paragraph X.2. and to validate the functioning of AHUs, i.e. setpoints, 

timetables… 

 

For each type, power meters were installed on the fan motors in order to verify the timetable of 

the AHUs. In the mean time, temperature and humidity probes were put in the points where the 

air properties change, i.e. fresh air, after heating and cooling, return air and exhaust air. 
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The following schemes show the place of the different probes: 

100% fresh air without heat recovery 

 
 

In addition, temperature probes were installed on the glycoled water circuit of the hot and 

cold coils. 

 

100% fresh air with heat recovery 

 
 

In addition to these probes, temperature probes have been installed on the glycoled water of 

the hot and cold batteries and on the heat exchanger. 

 

The measurement campaign shows that humidifiers are turned off in intermittent zones. This 

decision was taken by the building manager during the construction phase to save energy. So, for 

the model, it implies to have the same water content of air circulating in AHUs inside the rooms 

and outside.  

Each AHU has its own control for supply air properties. They control the supply temperature 

according to the outdoor temperature. They are implemented in the BMS and allow the building 

to adapt its thermal energy demand to outdoor conditions while keeping a good indoor air quality 

for the occupants.  
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The implemented program for supply air in the gastrology AHU is verified, as shown in the 

following graph: 

 

Significant variations can be seen during the measurement period. It is then interesting to 

compare the values to the air law. 

 

 

The graph above shows the evolution of the supply air temperature according to the outdoor 

conditions. The red dotted line is the air law implemented on the BMS and the plain black line is 

the observed results. It can be noticed that both lines are very close. The slight difference can be 
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due to the uncertainty on the probes. The conclusion is that the BMS really controls   the AHU 

as decided during the conception phase. 

 

However, for the entrance and basement, the supply temperature is constant at 17°C to assure 

24°C indoor. 

 

This last law does not follow the BMS requirements. It always blows at 17°C, while it should 

follow the outdoor temperature. New probes have to be installed to let the BMS control the air 

as it should be. 
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In surgery rooms, air temperature is requested by surgeons. The harder the task, the lower is the 

in-room temperature asked by the surgeon. Generally, in summer air is blown at around 17°C in 

all surgery rooms but heart surgery, where supply temperature is around 14°C. This specific part 

is not automatically controlled. The technicians go to the technical room to change settings in the 

BMS. Generally, surgeons ask for 17°C in heart surgery rooms and 20°C in the others. Installing 

probes on non-heart surgery rooms allowed verifying this information as shown below. 

 

 

The motors run at full load 24/7 as shown in the following graph. The slight variations come 

from the dimmers, which try to follow the frequency of the grid. 
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The fall on May 27th corresponds to the monthly try on the safety power generator. 
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14.2 Measurements on surgery rooms 

 

In order to be able to forecast the electricity use of surgery rooms, watt-metering recording 

devices were directly installed on the control cabinet of surgery rooms. AHUs are not wired to 

this cabinet. During the construction phase of the building, the choice was made to connect all 

AHUs to the same cabinet. The following graph then shows the use of lighting and biomedical 

devices for surgery rooms. 

 

It can be seen that surgery rooms’ consumption starts at 6 am and stops at 8 pm, which is, 

according to the biomedical engineer in charge of the site, the opening hours of surgery rooms 

during the period of measurement. The remaining consumption from 8 pm to midnight is due to 

the cleaning of the rooms.  

 

There are still a few peaks on weekends. After another discussion with the biomedical engineer 

on-site, these peaks are explained by emergency heart operations that can occur at night or, as 

shown on the graph, on weekends. 

 

We can also see that the consumption is quite the same every day of the week. An extrapolation 

of this consumption on working days allows estimating the consumption of surgery rooms to 

177,28 MWh, i.e. 5,5 % of the total electricity consumption. 

 

This consumption will not change with the improvement suggested in this thesis. They are 

identified as hospital process and will be extracted from the consumption formula. Hence, the 

company does not take commitment on this part, which is totally inherent to the hospital activity 

and not to the good energy management of the building.  

Weekends peaks 
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14.3 Measurements on the Main Low-Voltage Board 

(MLVB) 

 

A measurement was also conducted on the “normal” MLVB, which supplies the tertiary part of 

the building. This MLVB feeds all uses except the heat pumps, the surgery rooms and the MRIs. 

 

This measurement was performed using a smart analyzer from Smart Impulse.  

Smart Impulse is a start-up linked to GDF-Suez, which records electricity consumption on a 

given period (one month for this study) and then splits it into different categories. To do so, 

Smart Impulse’s engineers use harmonics of main electrical devices (mainly resistive, three-phase 

motors, lighting, inductances, …) and then cross-check the results with the engineer in charge of 

the general study (i.e. the writer in this case). The reason for using the device only on this part 

and not on the whole supplied electricity is that Smart Impulse does not have the technology to 

identify biomedical material to this day. 

 

To be able to identify the supply of the “normal” MLVB, a measurement plan had to be 

designed. The hospital technical manager provided the initial wire plan. The hand-written points 

have been added by the writer to show the different measuring points. This plan is as follows: 

 

 

 

The SI stands for Smart Impulse and AR for the watt-metering recorders. 
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The following scheme is a simplified version of the former: 

 

In this case the period of study was from June 9th to July 6th. The period of one month was 

decided because the period of study from Smart Impulse is of one month, as written in their 

contracts. They can rent their material longer, but it would cost money to both the company and 

the hospital for no significant improvements on the study. As the heat pumps and process are 

not involved in this part of the study and the consumption is quite the same over weeks, one 

month is enough. 

The following graph shows the results for the whole period of study: 

 

 

 

Each recognizable end use is shown on the graph above. The outdoor temperature is also 

displayed in order to verify the correlation of the consumption with the temperature. Here, no 

item follows the outdoor temperature. 
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This one shows the AHU motor and circulation pumps: 

 

 

We can notice a full-on schedule for AHUs 24/7 with slight variations due to circulation pumps. 

It corresponds to the surgery rooms and bedrooms demand for cooling at daytime.  

The following shows the distribution of the consumption on a typical working day: 

 

The displayed uses are (from top to bottom): 

- Resistive devices i.e. ovens and sterilization 

- Other 

- Lighting 

- Computers and inverters 

- Motors with dimmers 

- Motors without dimmers 

The consumption breakdown has been done as a weighted average of the consumption. Weights 

used are the probability of a demand occurring at each hour of the day. This particular graph 

shows a huge demand with a resistive signature. After discussing with the building manager, it is 
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due to the electric oven in the kitchen (3 peaks before each meal) and to the sterilization of 

surgery tools, where electrical heat chambers are used to clean the biomedical materials for 

surgeries. 
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After reworking the data to identify the categories and adding the hospital process, the demand 

can be displayed as follows: 

 

 

Reworking the data consisted in gathering information to identify the categories with more 

details. AHUs and pumps had to be gathered in one category because they have similar 

signatures. The differentiation should have been made between motors with and without variable 

speed drives. However, only a few AHUs have VSDs, so it was decided to create only one 

category for AHUs and pumps. 
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15 Solutions 

 

This paragraph will describe the actions that will allow a lowering of the building electricity 

consumption. These actions are divided into two sets: one for the AHUs and one for the lighting. 

 

15.1 AHUs control through the BMS 

 

This set of actions is the first to be implemented. The main reasons are the cost and the 

knowledge of the BMS.  

COFELY Services already has two technicians on-site (one permanent and one on-call). They 

know the BMS, because they extract monthly data to follow the performance of the installations 

and to write the bills.  

It is estimated to take half a day for a technician to change the daily program for the intermittent 

AHUs. The flow rate reduction in surgery rooms can take one day for a technician to adjust them 

to 20% less as suggested and cross-checked with the company in charge of the yearly audits for 

air quality of these rooms.  

Such a solution will cost 11 830 €. This cost corresponds to 15 working days from Indea, the 

maintenance company for the BMS. They have to rewrite the existing programs to include the 

possibility to change schedules. COFELY Services also need to pay for the time Indea spend on-

site to change air flow rates, because only they have security codes to act on the BMS parameters. 

Using data from part XIV., AHUs fan motors consumption will evolve as shown in the following 

graph: 
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The pumping system and the AHUs are gathered as they almost have the same electrical 

signature. They are indeed tri-phased motors, so it is not possible to separate one consumer from 

the other. 

 

The above graph highlights 2 main points. First, during daytime, the surgery AHUs’ consumption 

has a significant impact on the consumption of the whole AHUs and pumping system. Electricity 

savings on the type of fan motors studied here according to air flow evolves as follows: 

 

 

 

In the case of this study, a 20% reduction of the air flow in surgery rooms is suggested 24/7. As 

shown in this graph, it implies a 48% reduction of the electric consumption. 

 

Moreover, at nighttime, the whole constant consumption is significantly lowered, because of the 

air flow reduction. It could have been lowered a bit more according to the new norm for surgery 

rooms. However, the client does not want the solution of reducing air changes per hour (ACH) 

at night. The reason is that the hospital can have emergency surgeries at night and all surgery 

rooms have a very specific task, i.e. a heart surgeon cannot perform surgery in an amputation 

room due to the lack of tools and the different indoor air quality. Putting rooms in condition can 

take up to an hour, which is not acceptable for emergencies. So, all rooms have to be kept in 

active mode 24/7.  
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15.2 Lighting system 

 

To change the lighting system, a partner had to be found. The easiest way was to ask the 

company in charge of the relamping of the corridors called Atlantic Led.  

A representative came during a visit coordinated by the writer to check the current lighting 

system and to propose an equivalent LED solution. Tests allowed checking the compatibility of 

the new lamps in the existing installation. These tests aim to verify a light flux of 2 000 lm for 120 

cm tubes, 1 000 lm for the 60 cm tubes and 450 lm for the bathroom spots. These figures have 

been provided by Atlantic Led for hospital rooms. 

The new lighting system for the lamps will then cost 27 940 € 

The following table shows the distribution of the investment: 

 

262 T8 LED tubes 120 cm 40,07 € apiece 

262 T8 LED tubes 60 cm 24,04 € apiece 

358 7W spots 26,63 € apiece 

36 Motion detectors 44,65 € apiece 

 

Reaching Atlantic Led also allowed choosing the right motion detectors for the LED system to 

install in the corridors. The company does not sell such devices, but they can recommend the 

ones that are the most adapted to their lamps. The chosen detectors are Luxomat PD3N-1C-FPvi 

from the German company BEG. They cost 44,65 € apiece, which represent an investment of 

1 607,40 €. 

Using data from part XIV., lighting consumption will evolve as shown in the following graph: 
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The blue area is the expected consumption and the yellow is the difference between both 

scenarios. This graph shows the impact of the new lighting system in bedrooms, bathrooms and 

waiting rooms on the total current consumption. The morning and evening more important 

savings are due to the hypothesis that all bathrooms will be occupied at the same time. However, 

the bathroom consumption will be more spread over the day, reducing the peak consumption. 

 

15.3 Heat pumps 

 

Reducing air flow rates on AHUs also has an impact on heating fresh air supplied to the hospital. 

Hourly temperatures and humidity were used in the model described in part X.4. The cover ratio 

of heat pumps was taken at 31%, which is the cover ratio over the last two years of operation at 

the hospital. Savings are only calculated on heating and cooling of fresh air and not on building 

envelope losses. This specific energy demand does not change with the air flow, the same energy 

is needed to keep the building in temperature for a given supply air temperature. These gains 

represent 314 MWh per year. With a cover ratio of 31% and a SPF of 2,52, this represents 38,71 

MWh_el or 1,2% on the yearly electricity consumption. 
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16 Final model and savings 

 

This part will show the distribution of electricity consumption for a year. It will then show the 

impact of the proposed solution. 

 

The reference scenario on the non-climatic use is shown in the following as a reminder of how 

the situation is expected to evolve: 

 

 

 

Electricity use of the Heat pumps is not displayed because it would not be representative of the 

year. The non-climatic use is not dependent on daily variables such as temperatures, so a 

representative week can be extrapolated from the data collected during the measurement period. 
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The following graph shows every use with more details. Its purpose is to show the end-uses 

where savings are made and the efficiency of each solution. 

 

 

 

The above graph splits the consumption by end-use, using the method described in the previous 

paragraph. The aim is to show to the client the savings in each category, so he can compare them 

with the investment for each solution. 

 

The reference consumption is 3 236 MWh. This is the base to evaluate the savings. 

 

The highlighted zones are those where actions are suggested. It can be noticed that significant 

savings are made for each use except “other lighting”. However, this use takes all lightings but 

bedrooms and corridors. The slight impact is due to the waiting rooms, where power installed 

drops from 150W to 7W for each lamp. 
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The following graph shows the savings over a typical week: 

 

 

 

This graph shows the new consumption by end use and the savings that the hospital can expect 

on the electricity consumption excluding the heat pumps. 

 

Gains on heat pumps are calculated considering the cover ratio of 31% and the COPs given at 

the beginning of the study. Savings on this part can be estimated by calculations at around 1,2% 

of the total electricity bill. 

 

These gains are estimated with the AHU model described in part X.2. and come from changes on 

schedules and ACH. 

 

With the end of the EDF-regulated electricity tariffs, the hospital will change its supplier. The 

role of COFELY Services is also to counsel the hospital manager on his future contract. In 

France, tariffs depend on the length of full power use and peak demand. The described actions in 

this thesis will allow the client to reduce the power he subscribed in his contract by 18 kW. The 

economic savings made from this can be estimated at 1 368 €. This saving is calculated with EDF 

electricity contracts, in which the power subscribed cost 76 € per kW. 
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17 Final offer 

 

This part sums up the proposed solution to the client in terms of energy savings and payback 

time. A planning of realization of the solutions and of the expected annual savings will finally 

show what the client can expect. 

 

The reference bill is taken at 329 868 € for an electricity cost of 102 €/MWh_el, as given by EDF 

for the hospital’s tariff in 2015.  

 

Savings would then represent 30 776,68 €. The payback time of this solution would be 1,3 years. 

However, COFELY Services takes 3 out of the 9,59% to pay the study and the bill management 

for the hospital, so the real payback time from the hospital point of view is 1,9 years, which is 

commercially acceptable, considering that many offers are sold with a PBT of 2 years. 

 

Real savings from the hospitals’ point of view represent then 20 880,64 €. After two years of 

paying for the solution, the hospital will be able to pay the equivalent of 1,16 nurse more each 

year. The salary of nurses is fixed by the lawvii. This comment is not just a commercial argument. 

The hospital does not make any profit, so each € saved will be spent to improve the standard of 

living of patients at the hospital. 

 

The hospital will also gain one category in the energy-consuming buildings chart: 

 

 

 

  

Improved consumption 

532 kWh/m² 

Reference consumption 

587 kWh/m² 
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The planning of realization is as follows: 

 

Week Action on HVAC Action on Lighting 

35   Order after signature of the contract 

36 Visit of Indea on-site   

37 Work on BMS Manufacturing 

38 Work on BMS Manufacturing 

39 Work on BMS Manufacturing 

40   Manufacturing 

41   Shipping 

42   Installation 

43   Installation 

 

According to this planning, savings will be seen on the first year of the contract, i.e. 2016. 

 

  



-63- 
 

18 Acknowledgement 

Special thanks go to my colleagues for their warmth welcome and their help on technical points 

related to this thesis and to the other work given.  

Thanks also go to the company’s technicians on site for their help and openness. 

Thanks go to the hospital team for their cooperation during this work. 

Finally, thanks go to the company for the trust expressed by signing me for a job.  



-64- 
 

Bibliography 

      

                                                      
i http://www.developpement-durable.gouv.fr/-Les-engagements-du-Grenelle-de-l-.html 

ii http://www.developpement-durable.gouv.fr/-Le-Grenelle-de-l-environnement-de-.html 

iii http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:en:PDF 

iv 

http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000022959397&dateTexte=

&categorieLien=id#JORFARTI000022959426 

v http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000025055364 

vi http://www.luxomat.com/fr/pdf/fr/ba/MAN_6745_PD3N-1C_F.pdf 

vii http://archives.coordination-nationale-infirmiere.org/index.php/Grille-des-salaires/ 

http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000022959397&dateTexte=&categorieLien=id#JORFARTI000022959426
http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000022959397&dateTexte=&categorieLien=id#JORFARTI000022959426
http://www.luxomat.com/fr/pdf/fr/ba/MAN_6745_PD3N-1C_F.pdf
http://archives.coordination-nationale-infirmiere.org/index.php/Grille-des-salaires/

