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Abstract 
 

The projections are clear: by 2050, global energy demand expected to double1. We know that 

the energy plants will not be sufficient to meet demand, or to compensate the decrease of fossil 

energy. Meanwhile, CO2 emissions must be halved to limit global warming. To resolve this 

dilemma, the only way is to implement energy efficiency solutions that can do it better and with 

fewer resources. In scientific terms, energy efficiency is the ratio of the energy consumed on the 

energy produced. Energy efficiency has become one of the first challenges of public policies; it 

aims to bring all economic sectors, companies and individuals to use less energy while 

controlling it. It is in this issue that Schneider Electric is trying to develop its services.  

The study focused specifically on the development of distance energetic analysis tools. The first 

part focuses on the development of relevant counting plans. More or less detailed they would 

study at distance behavior and performance of a building as a whole and across its various 

facilities. To ensure efficiency, the work has to be done by finding the right balance between 

investment and relevant measurement points.  

In the second part data have been analysed through a different point of view. Why not try to 

represent the energy behavior of a building in a mathematical way, using simple functions. So 

once this reference has been built it becomes easy to monitor and control any drifts of the 

system.  

Many tools can still be developed to improve this distant observation. The idea is to bring 

together all these data into a global energy management tool and make this one as independent 

as possible in both energy and cost-saving concerns. 

  

                                                           
1
 http://www.schneider-electric.fr/sites/france/fr/solutions-ts/energy_efficiency/efficacite-

energetique.page 

http://www.schneider-electric.fr/sites/france/fr/solutions-ts/energy_efficiency/efficacite-energetique.page
http://www.schneider-electric.fr/sites/france/fr/solutions-ts/energy_efficiency/efficacite-energetique.page
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Introduction 

Energy use in building can be divided into two categories: the general funtions which represent 

80% of the total consumption (heating, cooling, lighting, hot water production). Those one are 

mainly energy-intensive and present in most buildings. The specific function s or auxiliary 

(ventilation, mechanical energy and cooking, cold, use of professional electronic equipment, 

inverters…. Those one are generally moderately energy intensive (except in special cases), more 

or less specific to some areas.  Nowadays, Building is in France the largest energy consumer 

among all economic sectors, with 43% of the total final energy and 1,1 tons of oil equivalent 

consumed annually by each of us2. Finding a way to optimize their consumption has become a 

critical issue and new debates have emerged, particularly around new concepts. Energy 

Efficiency is one of them  

Energy efficiency consists in producing the same goods or the same services while consuming as 

little energy as possible. That is to say produce energy with the best possible performance, 

supply energy reducing losses as much as possible, and finally use as little energy as possible for 

the same production or comfort. Energy efficiency offers the largest and most cost-effective 

opportunity for both industrialized and developing nations to limit the huge financial and 

environmental costs associated with burning fossil fuels that represent nowadays the main part 

of energy source. Cost-effective investments in energy and water efficiency globally are 

estimated to be tens of billions of euros per year3. However the actual investment level is far 

from those figures. 

If all cost-effective efficiency investments were made public and commercial buildings in Europe 

for example, within a decade it would result in saving of tens of billions of euros per year in 

energy and water costs reducing significantly pollution and creating at a time over hundreds of 

thousands permanent new jobs. For developing countries with rapid economic growth and a 

fast growing energy need, energy efficient design offers a very cost effective way to control the 

surge of energy costs, limiting future energy imports. 

  

                                                           
2
 http://www2.ademe.fr/servlet/KBaseShow?sort=-1&cid=96&m=3&catid=12846 

3
 http://www.nrel.gov/docs/fy02osti/31505.pdf 

http://www2.ademe.fr/servlet/KBaseShow?sort=-1&cid=96&m=3&catid=12846
http://www.nrel.gov/docs/fy02osti/31505.pdf
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1 Master thesis background 

1.1 The company 

1.1.1 General overview 

 

Schneider Electric is a global specialist in energy management, with solutions for power and 

control, critical power, energy efficiency, automation and renewable… 

Indeed Schneider Electric is a global specialist in energy management with operations in more 

than 100 countries. It offers integrated solutions across multiple markets: energy and 

infrastructure, industrial processes, building automation, and data centres/networks, and finally 

residential applications. 

 

 

 

Figure 1: Presentation of the company and its strategy  

 

Some figures 

 22,4 billions euros : global sales in 2011 

 130 000 people in more than 100 countries 

 4-5% sales devoted to Research & Development 

 170 years of history through innovation and leading brands 
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1.1.2 Schneider Electric strategies for a sustainable development 

 

 

For 72% of energy-intensive sectors, Schneider Electric offers energy efficiency solutions that 

actively focus on three main stages: 

 

 Measure the consumption:  

The energy efficiency measures incorporated into the building provide information on its 

operation and its consumption. They have more effect they are totally appropriate by users. 

Their analysis shows direct evidence of peak demand or energy losses resulting in corrective 

action, thus energy saving. 

 

 Optimize consumption 

According to the typology of the building or the constraints of its own, one or more technical 

solutions can be implemented: installation of variable speed drives, control of heating / 

ventilation / air conditioning, lighting management, access control and intrusion detection, etc.. 

 

 Monitor and maintain performance levels 

The immediate results generated by the approach of active energy efficiency need to be 

perpetuated over the long term. This requires the development of management tools for 

control and data analysis, regular maintenance of the installation by trained technicians, and 

consistency of changes made to systems throughout the lifecycle building. Schneider Electric 

proposes both the technological and strategic responses of consulting, training and 

maintenance, with documented results. 

 

 

This approach is now encouraged and validated. The solutions from Schneider Electric, which 

now have a regulatory framework (including RT2012), incentives and verification tools have 

been installed on the Group's own sites. With 80 KWh/m2/year, current energy headquarters in 

Rueil-Malmaison has been divided by 4 compared to that of previous local, and should fall 

further to 50 KWh/m2/year in 2011. A result which illustrates the commitment of the company: 

making energy safer in use, more reliable in critical applications, more efficient to make as much 

with fewer resources, cleaner to limit our environmental impact. 
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1.1.3 My place in the company 

 

I belong to the “Energy Efficiency Solutions” service, with the “Energy Efficiency” branch, which 

is still booming 

 

Figure 2 : My position in the company 

The missions of the Energy Efficiency team can be summed up through the following main ideas: 

 carry out energy studies on sites 

 develop solutions for energy savings 

 monitor implementation of work 

 check the facilities performance 

1.2 General objectives of the work 

1.2.1 My role 

 

My role is directly linked to the method used to set up “Energy Efficiency Solutions” that can be 

explained by the following chart 

 

 

 

 

 

 

 

 

 

SCHNEIDER ELECTRIC 

Power EMEAS 
(Europe, Middle East, Africa and South Africa) 

FRANCE 

Energy Management Services (EMS) 

Energy Efficiency Solutions 
 -> Energy Expertise 

On line 

On site 

Control 

Monitoring 

Renovation 

Optimisation 

Figure 3: My place in the process 
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This step aims to monitor the behaviour of a building in order to analyse the data (concerning 

energy consumption) before or after work. In this way it is found where it could be interesting to 

make some work or if they have already be done, if the system is working as expected. It is a 

distance monitoring. 

Thus I am in charge of developing this distance energetic analysis by defining and setting up a 

counting plan and the different way to analyse it. 

1.2.2 Target  

 

 

1.3 Starting points 
 

1.3.1 Energy efficiency, definition and problem 

 

As far as energy management is concerned; energy efficiency becomes increasingly more 

involved in the field, but what does this concept really mean? 

Energy efficiency can be defined in so many different ways. However the basic definition refers 

to the ratio of the “useful” energy used and the total energy that was available. This ratio tends 

to one in an “ideal” system, i.e. without energy waste and with a “perfect” transport and use of 

this energy. This definition is quite abstract, what can justify the broad range of explanations 

given by the different actors. For instance the electricity supplier will highlight the performance 

of its power plant whereas the manager of the distribution network will be interested in the line 

losses. Those various issues, including a good management could greatly improve the quality of 

the network.  

Commercial building 

Industrial buildings 

Computer rooms 

Electricity 

Cooling 

HVAC 

Compressed air 

Water 

Gas 

Steam 

Figure 4: Target market of Energy Efficiency 
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Energy efficiency in building is, according to the definition, the ratio of the amount of “useful” 

energy and the total amount of energy that has been provided. There are obviously various 

energy losses and different activities that consume wastefully. In most cases the energy 

efficiency of a building stays quite far from 1; to which it ideally should aim.  

However, there are axes of improving this energy efficiency, and these are listed and explained 

in the following lines. 

Increase passive energy efficiency 

 The passive energy efficiency is the ability of a building to use naturally and in the best way the 

different supplied energy. It may be noted for example , insulation, which allows in a non-active 

way to overcome the heat loss for example. Many other factors come into account in 

determining this parameter: The inertia of the walls, the quality of ventilation system, 

orientation of buildings and the natural ability to enjoy the light energy… there are also 

important factors that enable to increase passive energy efficiency. However apart from during 

the design of the building or in a stage of major renovation, it is obviously not really easy to 

increase the passive energy efficiency of a building. The various laws concerning construction 

lead more and more people to take into account those several parameters, at least during the 

stages of construction and renovation. 

Decrease in the “wasted” energy 

A certain amount of energy is completely unnecessary to the operation of a building, but is still 

consumed. In the operation of a building there are various examples of wasted energy: all the 

energy consumed by the standby equipment (television, computer), the bulb lit unnecessarily, 

the phone left plugged in even after charging, heaters left on even during unoccupied periods 

etc…These simple examples coupled with old inefficient equipment consume additional 

important amount of energy, reducing the efficiency of a building. Different everyday gestures 

can reduce this amount of wasted energy. 

Increase of active energy efficiency 

The increase in the so-called active energy efficiency is logically in the continuity of the decrease 

of the “wasted” energy. This is actually an optimization that allows using the right level of 

energy to be able to combine user comfort and non-waste. The process for increasing this 

efficiency is a deep study on the specific use of a building and how to use it “better”. This 

generally involves the followings steps: 

 Measurement: accurate measurement and monitoring tools have to be established in 

order to dissociate the different positions and analyse them independently. 

 

 Study of improvement potentials: The first results obtained by the measurement 

enable to see critical positions. Reflection then undertakes to study the various 

solutions as far as material, economy and practical are concerned. 
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 Implementation of different solutions: the solutions are then effectively implemented. 

They can be from different kinds: automation solutions for lighting, specific processes 

for heating and air conditioning, automatic sleeping mode for unused products etc…all 

fields where something can be done are considered. 

 

 Verification and monitoring: Measurements of all consumption is already set up on this 

process, thus the impact of each measure can be accurately followed over time. Various 

settings to optimize the solutions can then be implemented. 

1.3.2 Theoretical support: International Performance Measurement & Verification 

(IPMVP) 

Overview 

The International Performance Measurement and Verification Protocol (IPMVP) was proposed 

and developed by the Efficiency Valuation Organization, a private non profit organization 

supported by subscribers from around the word.   

The IPMVP provides an overview of current best practice techniques available for verifying 

results of energy efficiency, water efficiency, and renewable projects. It may also be used by 

facility operators to assess and improve facility performance. Energy efficiency measures 

covered in this document include fuel saving measures, water efficiency measures, load shifting 

and energy reductions through installation or improvement of equipment or modification of 

operating procedures. 

Goal and scope 

The M&V techniques can be used by facilities owners or energy efficiency projects investors for 

the following reasons: 

 increase energy savings 

 document financial transactions 

 increase funding for energy efficiency projects 

 improve engineering, facilities operation and maintenance 

 manage energy budgets  

 increase the value of reduced emissions 

 increase public understanding of energy management as a public policy tool 

The IPMVP tries to promote investments in energy efficiency with the following activities: 

 It develops common terms and methods to evaluate the performance of efficiency 

projects for buyers, sellers and financiers. 

 It delivers methods with several levels of costs and accuracy in order to assess energy 

savings or for the whole installation either for some specific and isolated systems. 

 It detailed the content of the Measurement and Verification Plan (M&V plan). This plan 

follows the principles of Measurement & Verification (M&V) and should produce 

verifiable reports of energy savings monitoring. 

 It applies to wide types of facilities, including new buildings, existing buildings and 

industrial processes. 
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The target audience 

The people the most concerned by this protocol are: 

 Facility energy managers 

 Projects developers or implementers 

 Energy service companies 

 Water service companies 

 Finance firms 

 Consultants 

 Non governmental organizations 

 Government policy makers 

 Utility executives 

 Environmental managers 

 Researchers 

Relationship to others Programs 

ASHRAE 

The American Society of Heating, Refrigeration and Air conditioning Engineers (ASHRAE) 

provides further details in its draft guideline 14P: Measurement of Energy  and Demand Savings. 

The ASHRAE document focuses on technical details whereas the IPMVP develops a general 

framework to assist the different stakeholders. 

LEED 

The IMPVP is become also a part of the US Green Building Council’s Leadership in Energy and 

Environmental Design (LEED) Rating system. 

Why measure and verify?  

Most of time energy saving measures represent a significant investment, that is why companies 

want to know how much and how long will be the savings. Thus the assessment of energy 

savings must follow a specific methodology ensuring a given accuracy. 

A lack of accuracy is often the cause of failure in long-term energy management projects. To 

sum up the purpose of the IPMVP is to increase investment in energy efficiency and renewable. 

This method has been used throughout the thesis in order to justify the results. Some parts of 

the protocol will be developed later on, and will be directly illustrated by real studies. 
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1.3.3 Walk trough audit 

 

Distance energetic analysis for buildings aims to improve the efficiency of energy savings studies 

thanks to a distance analysis that enables to reduce real audit. Indeed a complete energy audit 

requires precious hours and thus represents a certain cost. By carrying out the study with a 

distant method time and cost savings are realised. However several cases have shown that at 

least a walk through audit is necessary. To properly conduct the distance analysis it is essential 

to know the basic functions and main systems of the studied buildings. 

 

Definition 

Energy audits enable to assess the energy performance of buildings and facilities by clearly 

understand how different systems work together. Those information need to be noticed to be 

able to identify several potential for energy savings. The aim of an energy audit depends on the 

objectives of the study, indeed energy audits are generally classified ino three levels 

 Level I: Walk thought audit (the one concerned here) 

 Level II: Energy survey and analysis 

 Level III: Detailed energy audit 

Realisation 

The walk trough audit aims to gather general information about the building and its main 

facilities. The required information can be divided in the four following categories: 

 general information 

 year of construction 

 total area 

 total occupied area 

 heated volume 

 building envelop characteristics 

 technical information 

 incoming energies (type; contract, i.e. power subscription) 

 heating facilities (production and distribution) 

 cooling facilities (production and distribution) 

 ventilation facilities (production and distribution) 

 building energy management system (BEMS) 

 schedule (operating ranges) 

 others 

 Parking (number of places) 

 restaurant (area; number of seats) 
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2 Own work description 

2.1 Time schedule and milestones 
 

 

Figure 5: Gantt chart of my work 

 

 

2.2 Development of a relevant counting plan 
 

Significant potential energy savings exist within operation facilities. The implementation of best 

practices can significantly improve the energy performance and thus generates gains. Perform a 

detailed counting plan the appropriate approach to start identifying these potential gains. The 

goal is to roughly determine the changes at the following levels: 

 processes 

 utilities and auxiliary fluids 

 operation and maintenance 

The definition of a clear counting plan is became a milestone in a project to optimize the energy 

consumption. I will also help for developing a tool for analysing consumption and costs with 

indicators. 
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2.2.1 Purpose 

 

The goal of this counting plan is to develop all the potential energetic analyses that can be 

deduced from a minimum amount of data. Indeed establish a counting plan means installing 

different electricity meters or similar devices and it quickly represents a significant investment, 

since the investment cost is directly linked to the amount measures.  

In most cases the amount of available data is limited so that the study does not cost too much. 

The goal of this document is to use these few data as relevant as possible, by developing ratio 

and ratings to compare buildings between themselves and to deeper understand how a specific 

building behaves. 

This study could later on become a systematic programmed method, which could be strongly 

efficient and time saving. Buildings behaviors tend to be comparable, since they are studied 

following the same method. This point can be really useful in multi-buildings studies. The main 

difficulty lies in the fact of finding a general solution that can fit the maximum number of cases, 

while being quite accurate. 

This study consists of two parts. In the first one, called the “basic” plan, only the main 

information is available, that is to say all the incoming energy. Whereas in the second part 

several optional plans will be developed, each one concerns a specific point, the heating 

production by instance. 

 

2.2.2 Several counting strategies 

 

There are several counting strategies, which on the way energy is distributed throughout the 

building. Indeed a building can be divided into two parts: the common one and the exclusive 

one. They differ in that they do not have the same energy facilities and thus not the same 

consumption distribution.  

Several typologies can then be defined according to heating and cooling distribution: 

 Those supplied by the common part: heating district, cooling district, boiler, chiller… 

 Those supplied by the private part: fan coil (2 coils type); individual heat pump, 

additional power devices… 

Finally it can be concluded that counting private OR common parts prevents any comparison of 

energy performance of all the sites studied; on the contrary of counting all the incoming 

energies (private AND common parts). 

In order to include in the study as many cases as possible, for each point that will be developed; 

the facility concerned will be also noted. 
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2.2.3 Development of a basic counting plan 

 

As a first step a “basic” counting plan has been developed, starting from the minimum data we 

could have to lead general analysis of a building and its consumption. In this case all the 

incoming energy (electricity, gas, district heating, district cooling…) are counted as well as the 

indoor and outdoor temperatures ( outdoor temperatures and degree-days). Some data of the 

site must also be known: area, time table, set point temperature…. 

As explained above, the analysis can be divided in two parts  

 a benchmark between the different studied buildings 

 a deeper analysis of the concerned building : its load curve and the link with the outdoor 

conditions 

In order to draw up the programming part that will come later on in the project, the desired 

criteria are described and developed as clearly as possible. 

Benchmark among the cases studied 

It is often really hazardous trying to compare buildings behaviours between them. Indeed more 

than its own envelope and parameters, every building has a specific function which requires 

defined equipments. However some ratios can be described, enabling to get an idea of buildings 

performance. 

In the same area 

In the same limited area, the influence of the outdoors conditions can be neglected. The 

comparison between buildings focuses on the amount of energy consumption according to the 

building area. If the studied buildings belong to the same type, their main characteristic can take 

part into the ratio. By instance, for two schools it could be relevant to compare the amount of 

energy consumed per student. 

In different areas 

Conversely, for distant locations, the outdoor conditions influence the benchmark, so that they 

have to be taken into account in ratios. To erase the climate differences the Degree Days are 

added to the previous ratios. 

Constancy of benchmark overtime 

In the previous step, a benchmark among the cases studied has been built for a certain period. 

However the performance of a building depends on this period since its characteristics (activity, 

weather...) can vary. Thus, the benchmark has to be observed on a certain time and during 

different periods of the year. In this way the performance of buildings is well known in winter 

(heating) period and summer (cooling) period. 
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Definition of an energy savings potential 

Energy savings measures can be done in most buildings; however the part of real economy 

varies a lot, depending on the type of building and the way they are used. Before starting work 

in a building, the potential energy savings must be evaluated and considered sufficiently 

profitable. Thanks to the use of a “energy savings potential” only the buildings with the highest 

potential will be automatically selected. 

This potential is defined as following: 

                        
         

         

 

With 

    The mean consumption of the studied building (kWh/m²) during a selected time period 
    The mean consumption of all the buildings selected for this study on the same period  
  The area of the studied building 
   The ratio of occupation of the building depending on open hours and schedule 
     The number of open days on the same time period 
 
In this way this potential tries to gather several factors that directly influence the energy 
consumption of a building and that represent more or less important source of energy savings. 
 

Deeper analysis of the load curve  

As explained above each building has its own way of behaving depending on several parameters, 

among them the kind of activities and their schedule. This part of the study aims to analyse 

more in detail the behavior of the building depending on its every day functioning. 

About consumption in unoccupied hours   

A commercial building is not used 24 hours a day, thus it could be really relevant to study the 

energy consumed during “unoccupied” hours. Ideally this energy should be almost zero, 

however some equipment must operate. In this way there is often an important energy saving 

potential in the accurate study of the optimization of this consumption. 

For a chosen period P, different consumptions need to be precisely followed: 

 the total consumption 

 the consumption in occupied hours 

 the consumption in unoccupied hours-during night 

 the consumption in unoccupied hours-during weekend 

This information is then used in order to finally be able to evaluate several ratios characterizing 

the studied functioning. By instance, the ratio of the consumption in unoccupied hours 

(respectively during night and weekend) over the total consumption of this chosen period gives 

a good idea of the energy management applied in the concerned building. 
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About night and week end average load  

The mean load during night and week end can represent a non negligible part of the total 

consumption and thus requires a special attention. Indeed it is not uncommon to find errors in 

programs that are responsible for an important part of wasted energy. The goal of this point is 

to reduce as much as possible those wasted consumptions. In this way the mean consumption 

(respectively during night and week end) must be monitored and subjected to alarms to avoid 

abnormal functioning and wasted energy. 

About thermal comfort  

Implement energy saving measures does not mean reducing thermal comfort; on the contrary it 

is to make it reliable when there is a demand, i.e. during occupied hours. This criterion tries to 

evaluate the correlation between the set point and the actual value of the indoor temperature. 

This correlation assesses the quality of the regulation of the building energy management. By 

instance the following ratios reflect the useful and the wasted energy used in the studied 

building 

 Useful energy: On a defined time period, the ratio between the number of hours with 

comfortable conditions over the total number of hours of this period (during occupied 

hours) 

 Wasted energy : On a defined time period, the ratio between the number of hours with 

comfortable conditions over the total number of hours of this period (during 

unoccupied hours) 

Simultaneous cooling and heating consumption  

This point concerns the mid season period. Indeed for a certain range of temperature (specific 

to each building), nor heating neither cooling are required to reach the set point conditions. 

However at the boundaries of this range the energy management is quite difficult so that there 

can be heating and cooling consumption at the same time, which is obviously illogical and 

energy wasted… 

A way to evaluate this malfunction is to count (in time unit) the simultaneous functioning. This 

study should be conducted carefully, indeed if there is a datacenter, cooling is required 

throughout the year. 

“Monotonic curve” and electrical network design 

This graph represents the power demand as a function of the frequency of call. From this graph 

the required power demand is deduced and then it becomes easy to assess the choice of the 

subscription. Indeed to get the French electricity network, the society has to purchase a contract 

power (a power demand), that better it is sized the cheaper it becomes. 
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Figure 6: Example of monotonic curve and optimization of the power contract 

Monitoring and alarms on monitoring 

When the monitoring of a building consumption starts, there is no recorded data that help to 

understand the behaviour of the building. To avoid abnormal consumption a system of alarms 

can be implemented. It consists of comparing the average daily consumption every seven days, 

by instance, the first and the seventh of the month. In this way a Monday will be always 

compared to a Monday, what is really important when there is both occupied and unoccupied 

days. 

 

2.2.4 Development of additional counting plans 

 

Heating/cooling production monitoring 

Regulation analysis 

This analysis consists of studying the evolution of the water temperatures (supply and return 

line) in the primary circuit in function of the outdoor temperature. This curve indicates the 

degree of regulation thanks to specific criteria, including the standard deviation and the 

coefficient of determination. This equation is called “the water logic” and determines the 

system behaviour regarding the outdoor conditions. 

Correlation answer system/needs 

In order to assess how the system is able to answer to the needs of the building, the water 

temperatures (supply and return line) have to be monitored and counted. During a defined 

period we can observe the evolution of temperature difference on both side of the network 

(cooling and heating) regarding the energy needs. Then the conclusion can be translated 
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through the ratio of the cooling/heating operation time and the time where there is a 

cooling/heating need. The need is directly assessed thanks to the outdoor temperature value. 

Heating/cooling production performance 

The idea is to assess the performance of the system in operation, i.e. to find the efficiency of the 

system. It depends on the available data, however the total heating/cooling consumption can be 

quite easily approximated: 

                                                     

Thus the efficiency can be defined by the ratio 

  
                     

                              
 

Simultaneous heating and cooling consumption 

As it has been already explained, temperature differences in both hot and cold water supply 

system indicate when and how much heating and cooling are consumed. Thus if there is at the 

same time a temperature difference on both networks, it directly means that both heating and 

cooling systems are used in the same time, i.e. some energy is wasted.  

Through this point it can be deduce the amount of simultaneous consumption and thus the 

amount of expected energy savings. Indeed the problem appears in mid season period, i.e. the 

inlet air achieves almost the designed temperature but not exactly….  

Electricity sub-counting 

Consumption distribution among uses and areas 

This sub counting enables to understand how the electricity consumption is distributed into the 

building; depending on the counting system it can be easy to get this distribution regarding uses 

or areas. Obviously the power distribution depends on the use and the type of building, 

however for a commercial building by instance there is common figures concerned electricity 

consumption divided between lighting, heating and cooling facilities… 

Consumption distribution during occupied and unoccupied hours 

Another important criterion is the ratio of the consumption between occupied and unoccupied 

hours. As explained in the previous part the consumption should be ideally the lowest during 

unoccupied part, however it is common to have non negligible and uncontrolled consumption 

during those hours. By an accurate monitoring those abnormal consumptions can be noticed 

and reduced. 

By adding electric sub meter it is quite easy to monitor this consumption and its regulation 

between occupied and unoccupied hours. In this criteria it is interesting to calculate and analyse 

the ratio between the consumption during occupied/unoccupied hours and the total 
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consumption. Some cheap and efficient energy saving measures can be deduced from this 

study, like a simple change in the scheduling. No investment is required, while a huge amount of 

wasted energy is avoided. 

Heating/cooling supply monitoring 

Mean consumption in occupied/unoccupied hours 

Here it is exactly the same reasoning explained for the electricity sub counting but concerning 

the heating/cooling supply. Although some of cooling or heating circuit must operate even 

during unoccupied hours there may be energy saving measures. For example with new 

technologies tools peak loads can be reduced by an other programming. 

Networks balancing 

This is to see if the different networks are well balanced. The notion of balancing networks is 

really important and provides huge advantages although it is not always well clear. Indeed an 

adequately balanced facility provides four main significant advantages: 

 Comfort: The hydraulic balancing, either for terminals or for the production unit enables 

to provide the required flow, neither more nor less and thus provides at all points of the 

facility the expected amount of heat. The problem often occurs in the case of apartment 

building: some are overheated while others remain too cold.  

 Energy savings: Providing directly the necessary power enables obviously to spend only 

the required energy. The example of apartment building illustrates clearly this idea: the 

overheated flats will open their windows while the whole heating circuit remains 

working to heat the coldest flats. This problem results often from improper and 

unbalanced flow distribution which does not allow control loops to ensure their mission 

properly. 

 Control: A building in which the installation is well balanced will benefit in all its 

premises from the same temperature in the same time, inducing a much shorter heat 

production, starting much less frequently. Thanks to the presence of specific control and 

balancing organs either flow rates, differential pressures or temperatures at any point of 

the network can be measured. This allows to check the proper functioning of the facility 

and otherwise it indicates the element causing a disturbance. 

 Redevelopment: if the installation is well balanced from the beginning ; one or several 

extensions can be made thereafter without interfering with the proper functioning of 

the existing network. Of course these extensions will be to balance and some points will 

be to review since the starting flow rate will be increased. 

To conclude, balancing an installation allows to provide, at any point, the desired flow rates and 

thus produces the exact amount of energy to provide in a fair and controlled way. To provide 

this distribution leads logically non negligible energy savings and comfort. 

To judge about the distribution quality we will study the monotonous curves for the mean delta 

T observed on the network and study it regarding at two fixed value (a minimum and a 
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maximum). This chart shows the frequency of each mean delta T observed and thus the quality 

of the balancing can be easily deduced from the result. 

Incoming air monitoring 

Set point compliance 

A building has to ensure comfort for its occupants and the temperature of the air is one of this 

criteria. To have a good idea of the indoor temperature, i.e. to take into account the internal 

gains, a sensor will measures the temperature of the return air and compares it with the set 

point temperature. The correlation between the incoming air temperature and the outdoor 

temperature can also be studied. 

 

2.2.5 Conclusion about counting plan 

 

This work is obviously not finished. The thinking part is well started and almost done. However 

as it has been said at the beginning the following milestone would be to make this study 

automatically in order to realise an important time saving during energy audit. 

Moreover it means that all cases studied are surveyed in the same way and will then constitute 

a relevant data base for future general study or comparison. As explained in the definition of 

energy efficiency, the measurement part plays a major role in the overall energy consumption 

optimization. Indeed all the following steps will be deduced from its conclusion since the ideal 

counting plan reveals all the operating problems and all the potential energy savings sources. 

Once several measurements are available, the main issue becomes to know how to use them. 

The baseline is a way to use this information in order to analyse the building operation. 

 

2.3 Baseline 
 

2.3.1 Definition and purpose 

 

In our case, a baseline consists of a consumption model specific to the studied site. It resulted 

from an accurate correlation between building consumption and outdoor conditions. Thus, it 

enables to characterize the building behavior in its environment. 

A baseline has concretely three main uses: 

 estimate the savings after works 

 predict consumption 

 identify abnormal consumption 

In the following parts the construction and the use of this model will be developed. 



26 
 

 

Figure 7: Construction of a baseline 

The process was first developed in a theoretical way and then applied to practice cases: five 

commercial building located throughout France. This study will be presented step by step in the 

following parts, since it has been used to develop the notion of baseline. 

 

Figure 8: Buildings location 

Consumption 
modelisation 

Actual 
consumption 

Surrounding 
environment 

conditions 
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2.3.2 Prerequisites and hypothesis 

 

Before starting to model the behavior of a building, several prerequisites have to be known. 

Indeed as in all scientific approaches the initial assumptions must be as clear as possible. 

 

Parameters influencing indoor conditions in buildings  

Three types of gains 

 transmission 

 radiation (solar gains) 

 depends on the orientation of the building, its location (latitude) 

 internal gains 

Heat transfer throw a wall depends on 

 the thermal conductivity of materials 

 the thickness of the several layers 

 the value of the convection on both sides of the wall 

 the sunshine 

Parameters influencing the indoor conditions 

 number of occupants 

 time table of the occupation 

 lighting (power) 

 type of glazing 

 type of wall 

 type of ground  

 roof 

 flow rate of fresh air 

 location  

Hypothesis on influencing parameters  

Use of degree day 

The weather is a key parameter influencing the energy consumption of a building. When 

analysing the energy use in function of weather data in a mathematical modelling; daily mean 

temperature or degree days are required to be used.  

Weather data are daily recorded and then published by the government and they can be 

considered as the most accurate and verifiable, that is why they will be used. They are published 

through the data base “meteociel”. 

A degree day is a measure of the heating or cooling load created by outdoor temperature. 

Stated references are fixed; such as 18°C under which heating is necessary and 23°C above 

which cooling is required. Thus when the daily mean outdoor temperature is one degree below 
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the chosen reference for heating, it is defined there is one heating degree day and reciprocally 

when the ambient temperature is one degree above the chosen reference for cooling there is 

one cooling degree day. As it will be seen in the model development the references for cooling 

and heating depend on the building itself and its location. 

Thus using degree days instead of mean temperature enables  

 to compare buildings in different locations 

 to separate the energy use depending on the season (heating/cooling) 

The degree days (cooling and heating) can be manually calculated from the weather data 

(minimum and maximum temperatures of the day). The following formula express directly what 

was explained in the last paragraph: the needs to get the set point temperature: heating in 

winter and cooling in summer. 

Heating degree days (HDD) 

          
         

 
 

Cooling degree days (CDD) 

     
         

 
       

They are both counted only for positive values. In those formulas 18°C and 23°C have been 

chosen but as it will be seen later on it can depend on the building and its characteristics. 

Occupied /unoccupied days  

The activity of a building is one of the most important criteria that can explain the building 

behavior. As soon as there is a human activity in the building, comfort conditions must be 

verified, which requires a certain amount of energy consumption. On the contrary during an 

unoccupied day the energy consumption should be ideally almost or completely null. Most part 

of buildings has two types of days during those they do not behave in the same way, i.e. the set 

points differ. Thus occupied days must be distinguished from unoccupied ones (example: 

holidays). 

Choice of the measurement period 

As explained above, the goal is to find the most adapted model that represents the building 

behavior, i.e. its model of consumption. This model has been calculated from statistical data 

that correspond directly to recorded consumptions (during the measurement period). That is 

the reason the choice of the measurement period is so important and influencing in the results. 

This measurement period is also called reference base period, since the future consumption of 

the building will be compared to this reference. The base reference period should be chosen in 

order to represent all the operating modes of the site. This period must cover a whole operating 

cycle, including the highest and the lowest energy consumption periods, i.e. at least one year 

which is considered as a good retranslation of the different seasons. 
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2.3.3 Construction 

 

From the starting point to first data processing 

Daily consumption 

The power demand is averaged on a certain period (5, 10 or 15 minutes depending on the 

country). In France the mean power demand is calculated by the national supplier EDF 

(Electricity of France) on a 10 minutes base. Thus the first milestone is then to convert these 

mean power demands in hourly and finally daily consumption since we want to build a daily 

model of energy consumption. 

 
Figure 9: From power values to daily energy consumption 

Data separation  

As explained above, unoccupied and occupied days behaviours cannot be compared since they 

do not have the same set points and the same regulation. 

In order to simplify the separation of data, the point is to find the most judicious filter that 

enables to separate automatically the data into two groups:  occupied days / the unoccupied 

days. The first method would be to exclude all the days corresponding to holidays or non-

working days, referring to the calendar. However this method is not really adapted to 

commercial buildings which are expected to open even during some holidays. Moreover this 

timetable is specific to each building and cannot be generalized. Thus the second method would 

be more suitable in this case. It consists of fixing a minimum consumption (Clim) below which 

only non-working days are counted.  

 

Figure 10: Data separation 

 

Power demand  

(10 minutes base)  

Energy consumption 
on every 10 minutes 

period  

Daily energy 
consumption 

All days of the 
reference base period 

Consumption > Clim occupied day 

Consumption < Clim  unoccupied day 
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Choice of the regression form 

Once daily energy consumption is available; the next step consists in finding out the most 

suitable regression form. In the chart below daily consumption is represented in function of 

mean temperature, calculated for each day as followed  

      
         

 
 

 

Figure 11: Representation of the daily consumption in function of the mean temperature 

 

The first idea was to use directly the value of the mean temperature to find the most suitable 

mathematic model. 

The scope is to find the simplest model, since it does not take too much time to build it while 

being easy to use it for a large sample of buildings.  
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Figure 12: First models in function of the mean temperature 

 

As it is clearly demonstrated by this chart; if we want to keep the simplest model (linear 

equation); the consumption over one year must be correlated by a multiple linear regression in 

order to separate the different temperature ranges and their corresponding needs. Thus the 

first step consists in determining precisely those different temperature ranges. All the variables 

we have are the degree days: cooling and heating; finally it appears that the suitable equation 

must be first written as a plan equation in function of both degree days; i.e. in the following 

form 

                                 

With  
HDD: Heating Degree Day 
CDD: Cooling Degree Day 
A, B, C: constant 
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This equation corresponds to a plan; as it is easier to work with a graphical view; this equation is 

kept but represented in function of the mean temperature. Indeed for each degree days 

calculated; there is one mean temperature corresponding. 

 

And the results lead to   

 

 

Figure 13: Daily consumption represented in function of degree days 

 

This model seems to be suitable to our requirements: simple and apparently accurate. The next 

problematic consist in evaluating the validity of this model through a study of its accuracy and 

quality. 
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Model quality assessment 

This part is directly linked to the IPMV, indeed as specified above one of the goals of M&V is to 

determine reliable energy savings. In order to be considered as reliable the energy savings 

summaries must have a reasonable level of uncertainty. Statistical methods are used on the 

given data, in order to find the most suitable mathematical model. Obviously some errors occur 

in this method, they appear in three ways: 

 Modelling: Errors are due to the function form which is not adapted; i.e. some included 

variables are not relevant and some others that are excluded would be appropriate. 

 Sampling: When only a part of the whole population is considered to build the model 

the choice of sampling may lead to errors. 

 Measuring: Measuring errors result from the accuracy of probes, a poor calibration, 

errors in the data monitoring… 

In order to evaluate the model in a valid statistical way; results must be given with the 

confidence and the uncertainty associated. The confidence level is related to the probability that 

the estimated result will belong to the uncertainty interval. In the following uncertainty 

assessments several statistical terms will be used; it is important to clearly define them. 

Coefficient of determination (R²): The first milestone to assess the accuracy of a model is to 

observe the coefficient of determination R²; a measure from which the variations from the 

variable Y regarding its mean value are explained thanks to the regression model. Thus, in a 

mathematical way R² is defined as: 

   
                        

                    
 

And more clearly; 

   
          

         
 

Where; 

     The value of the energy consumption calculated by the model for the point i 
    The mean value of measured consumptions 
    The measured value of energy consumption 

R² varies between 0 and 1, if R² equals to 0, it means that no variation is explained by the model, 

i.e. the independent variables that have been chosen cannot account for the observed 

variations. Although there is no universal norm 0,75 is often the minimum value of R² that is 

considered as an reasonable indicator proving the causal relationship between actual 

consumptions and independent variables. 

Measured average         This is the most commonly used measure for the overall tendency of 

series of measures. It is calculated by summing several points (Yi) and by dividing the result by 

the number of points. 
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with n the number of data given. 

Variance (S²): the variance measures the point which observed values vary between themselves, 

i.e. the deviation. The greater is the deviation, the higher is the uncertainty on the average. The 

variance is calculated by averaging individual deviation; square values are used to remove 

negative values. 

   
         

   
 

Standard deviation(s): It is the square root of the variance. It enables to get a the measure of 

the deviation in base units. 

      

Standard error (ET): This measure is estimated in the uncertainty calculation. In the case of 

modelling, the number of independent variables must be taken into account; the standard error 

of the calculated values (estimate) is calculated with the following formula 

      
          

     
 

With p the number of independent variable 
 

Uncertainty (or precision): The uncertainty measures the total or relative interval in which the 

real value is expected to be located (with a specific confidence level). 

 Total: It is calculated with the standard error and a value of distribution t given by the 

following table (see next formula); 

Finally  

                     

 

 Confidence level 

Samples 
number 

0,5 0,8 0,9 

2 1 3,08 6,31 

3 0,82 1,89 2,92 

4 0,76 1,64 2,35 

5 0,74 1,53 2,13 

6 0,73 1,48 2,02 

7 0,72 1,44 1,94 

8 0,71 1,41 1,89 

9 0,71 1,4 1,86 

10 0,7 1,38 1,83 

11 0,7 1,37 1,81 

12 0,7 1,36 1,8 

13 0,7 1,36 1,78 

14 0,69 1,35 1,77 

15 0,69 1,35 1,76 

16 0,69 1,34 1,75 

17 0,69 1,34 1,75 

18 0,69 1,33 1,74 

19 0,69 1,33 1,73 

20 0,69 1,33 1,73 

21 0,69 1,33 1,72 

22 0,69 1,32 1,72 

23 0,69 1,32 1,72 

24 0,69 1,32 1,71 

25 0,68 1,32 1,71 

26 0,68 1,32 1,71 

27 0,68 1,31 1,71 

28 0,68 1,31 1,7 

29 0,68 1,31 1,7 

30 0,68 1,31 1,7 

>30 0,67 1,28 1,64 

 

Table 1: t values in function of sample and confidence level 
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 Relative: It is calculated by dividing the total uncertainty by the estimate 

                    
    

          
 

2.3.4 Improvement on the model 

 

Adjustment with DD 

As developed in the previous part, degree days have been chosen as main independent 

variables to explain the energy consumption of studied buildings. In standards common degree 

days are respectively for heating and cooling 18 and 23 °C. However those values are not fixed 

at all since they are specific to the building. By changing the values of the degree days; the 

scopes are changed and the model improves its uncertainty. Thus for each model; there is one 

couple of values (heating and cooling degree days) that give the best uncertainty. This 

adjustment has to be done manually. Moreover the graphical view provides visual information 

about the model and the actual points. 

The following charts illustrate this manual work which consists in finding the suited couple of 

values (heating and cooling temperatures) corresponding to the studied model. Working in both 

cases with a 90% confidence level and starting from the initial values (heating temperature: 

18°C, cooling temperature: 23°C) the coefficient of determination and the precision are tried to 

be improved until they reach their best value, i.e. respectively the highest and the lowest. 

  

A example of calculation is given in the first appendix 1. 
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Figure 14: Initial consumption model 

R² 0,862 

Standard deviation 358,7131943 

Confidence level 90% 

Distribution coefficient 1,64 

Total precision (kWh) 588,2896387 

Relative precision 23% 

 

Figure 15: Optimized consumption model 

R² 0,804 

Standard deviation 427,7232921 

Confidence level 90% 

distribution coefficient 1,64 

Total precision (kWh) 701,4661991 

Relative precision (%) 27% 
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Removal of extreme points 

As we have seen during the work on several cases, there are often few extreme points, 

especially on three years study. Indeed some days are exceptional and cannot be classified as 

occupied and unoccupied since they have a specific schedule. The first heating days can also 

seem different; the rise in energy needs can be sudden. 

These extreme points degrade the model accuracy since they do not follow the same trend as 

the majority of the points. As they are unusual it can be reasonably decided to remove those 

points from the model; they do not describe the general behavior of the buildings but only 

represent some specific cases that may be associated with a single event. However as those 

cases are not so common quality of the model will not be significantly improved even if they are 

no taking into account. 

3 Final results and discussion 

3.1 Final results and application 

3.1.1 Final result 

 

As it has been Thanks to last calculations energy consumption is represented by the following 

equation form 

                                 

With  
HDD: Heating Degree Day 
CDD: Cooling Degree Day 
A, B, C: constant 

 
The drawback of this representation is that it requires some preliminary calculations: the 

heating and cooling degree days of the day in question. Furthermore as it was explained above 

the choice of heating and cooling temperatures is specific to the studied building and cannot be 

generalied.  

A better solution would be to use directly the average temperature; which actually represents 

the same information (see the definition of HDD and CDD in the part 2.3.2.). However the model 

cannot be represented by a single equation; three segment equations are required to respect 

the three different periods that are clearly obvious on the figures 10 and 11. Each period can be 

modelised by a straight line and the chosen degree days determine the intervals of each period. 

                                 

                                               

 
 
 
 
 

Heating part : winter period Cooling part : summer period 

Constant part: during 

the whole year 
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With  

      
         

 
 

HT: Heating temperature corresponding to the studied building 
CT: Cooling temperature corresponding to the studied building 
 

Thus for each period there is a linear equation: 

 

 Winter period: there is no need in cooling 

                                  

                                      

 Mid season period: neither heating nor cooling are required 

                     

 Summer period: there is no need in heating 

                                  

                                       

In this final equation (that are composed by three linear equations), consumption depends 

directly on the mean temperature. It only requires being adapted in function of the season and 

thus the needs of the building. Indeed during wintertime the building must be heated in order to 

reach the set point temperature (18°C) and on the contrary during summertime cooling is 

required in order the ambient temperature not to exceed 23°C for instance. The coefficient of 

the unused part equals to zero during the concerned period. 

Finally over one year; 

 

Figure 16: Multi linear model 

Precision of 

the model 

Heating period Cooling period Mid season 

HT CT 
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From this point we have a clear model of the consumption of our studied building. As soon as 

one day is over; only its mean temperature is required to check if the building behaviour was 

normal or not. As it has been explained in previous parts there are several stages to finally come 

to this result and it would be a waste of time having to repeat them for each case studied. The 

ultimate goal of this part of the work was to make this method automatic thanks to excel and 

visual basic function. 

The code is given in detailed in appendix 3; it is divided into two parts 

 Modelling: from the energy values it calculates the plan equation by itself and then 

deduces the three segments equation thanks to the degree days that have been chosen 

manually by the user. Those chosen degree days are those that give the best precision 

and the highest coefficient of determination. 

 

 Initialisation: allows to clean the worksheet and make it ready to start a new modelling 

3.1.2 Analysis 

 

Once the baseline has been obtained several conclusions about the building behavior and its 

characteristics can be made and can lead to energy savings measures. 

Heat transfer coefficient 

The heat transfer coefficient indicates the amount of heat flow that is exchanged across a unit 

area of a system in a unit amount of time with a unit of temperature difference between the 

boundaries of the system  

  
 

    
 

With 

Q: heat flow  
H: heat transfer coefficient (W/m².K) 
A: heat transfer area 
    Temperature difference between the solid surface and the surrounding fluid area 
 

As far as buildings are concerned, we speak about overall heat transfer coefficient U which 

measures the overall ability of a series of conductive and convective layers to transfer heat. It 

can also be written as the reciprocal sum of a series of thermal resistances and the heat transfer 

coefficient of each barrier 

 

  
  

 

  
    

Depending on the insulation in-place there will be more or less losses through walls or window. 

The more insulated is a building; the smaller will be the heat transfer coefficient. This 

characteristic is directly translated through the previous chart (see figure 14). During winter 

time the slope of the concerned straight line indicates how the consumption has to increase in 

order to keep providing comfortable indoor conditions. 
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This slope is also linked to another important ventilation parameter which is the flow of 

incoming fresh air. Indeed the more important is this flow rate; the more energy will be 

consumed to adapt this air to the required indoor conditions. 

Mid season 

As it has been shown on the figure 14, once a baseline has been built the three period of the 

year with the corresponding behaviors of the studied building can be clearly identify. The mid 

season characterizes the period with intermediate temperatures, it is also during this period 

that the less energy is consumed since no more heating and no cooling yet is necessary. The mid 

season period is specific to each building, indeed it depends on several parameters: some 

concern the construction materials (insulation) others are related to the timetable. Thanks to 

the tool that has been developed this mid season period is determined precisely  

 

 

Figure 17: Example of several baseline from different locations 

 

The example above represents several baseline corresponding to five different commercial 

buildings located throughout France. As it has been explained in the previous section, it is clearly 

proved on this chart that the position and the length of the mid season period can vary since it 

depends on the site main characteristics 
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Quality of the regulation 

The regulation is another important parameter that can represent an interesting energy saving 

potential. Indeed although a building is equipped with the most efficient facilities, its 

consumption can remain very high if the regulation is maladjusted. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Those charts represent the daily consumption in function of the mean outdoor temperature for 

two different years for the same studied building. Both charts concern the same temperature 

range nevertheless buildings behaviors are clearly different. On the first one points are very 

gathered what leads to non-negligible approximations i.e. the final accuracy of the model will be 

low. Indeed for one temperature there is a quite wide range of consumption values. On the 

other hand, the second chart shows an efficient regulation: the influence of the outdoor 

temperature is clear and much more accurate: the tunnel of all values is much narrower and 

sensitive to external conditions. Moreover when the midseason appears the consumption has 

decreased from 2500 kWh to 1500 kWh, which represents a huge amount of energy at the end 

of the year. 

Buildings comparison 

A baseline represents the behavior of the building, thus it depends obviously on the equipments 

present on the site concerned. If we look deeper on the figure 15 used in the previous section, 

different facilities are represented throughout the studied buildings. 

Figure 18: Regulation and consumption 
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Figure 19: Buildings operating with rooftops 

 

Figure 20: Buildings operating with gas boilers 

The red baselines represent 

the behavior of two 

buildings equipped with 

roof tops 

The green baselines 

represent the behavior of 

two buildings equipped 

with gas boiler 
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As illustrated on the previous charts, the type of the existing facilities influences the general 

shape of the baseline. Even on the figure 17, the two red baselines, which seem to be quite 

different in their order of magnitude, have actually really closed slope coefficients that are also 

clearly distinct from the ones of the other studied examples. 

In this way it become easy to compare the efficiency of specific facilities, since as it has been 

explained in the first main part of this report only comparable things can be compared! 

 

3.1.3 Estimate the savings after works 

 

Energy or water savings cannot be directly measured, because those savings represent an 

absence of demand or consumption. Thus the savings are rather assess by comparing the 

consumption or demand before and after the program implementation; while taking into 

account the changes in outdoor conditions. 

 
 

Figure 21: Energy saving assessment developed by the IPMVP
4
 

This method was used to assess the energy gains realised in studied building, by comparing the 

building consumption before and after work. 

The following example concerns one of the studied examples. The previous method was 

followed to finally come up with the energy saving estimate. 

                                                           
4
 From the IPVP : http://www.nrel.gov/docs/fy02osti/31505.pdf 
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Figure 22: Practical example of baseline and energy saving estimate 

The daily data of three years (2009 to 2011) were used to build the baseline, which constitutes 

the reference base. Some works have been achieved during last December, so that new energy 

consumption are monitored and compared with the baseline. 

This figure clearly shows that energy savings measures are efficient during the heating period. 

The mid season seem not to be really far from the reference, but any way the cooling period has 

to be finished before assessing the energy saving over one whole year and building the new 

base reference. However by comparing point by point the actual and the expected energy 

consumption as described in the figure 19, we can estimate the energy savings realized over the 

monitored period. The energy gain was around 14%. 

3.1.4 Predict consumption  

 

Once the model has been updated, if the outdoor temperature is known it became easy to 

predict the expected energy consumption of the building, more or less the accuracy that has 

been assessed in the baseline calculation. 

The choice of the new equation of the baseline given in function of the outdoor temperature is 

here well justified. Indeed this information is one of the most accessible, either by “meteociel” 

data which is the national station of weather observations, or by the presence of a temperature 

sensor on the studied site. 
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3.1.5 Identify abnormal consumption 

 

An abnormal consumption often means wasted energy, indeed the regulation of the system is 

likely to have malfunctions and it will consume more energy to counter this problem. As it is 

now quite easy to evaluate the expected energy consumption of the building, an abnormal 

consumption will be quickly pointed out. A system of alarms can also be linked to this 

calculation in order to warn about this malfunction. These alarms must be precisely settled, so 

that they do not become too frequent. 

 

As it has been explained in the “model quality assessment” part (2.3.3) the precision which is 

calculated with a confidence level of 90% enables to draw the range of acceptable values i.e. all 

the values corresponding to a “normal” behavior. In this way any point outside this range will be 

defined abnormal and probably linked to one or several dysfunctions. The chart below illustrates 

this explanation on the heating period for one of the studied building. Indeed most of points, i.e. 

most of daily energy consumption, are really closed to the theoretical values: the baseline. 

However there are five points that are located outside the “acceptable” range; they may 

correspond to dysfunctions. 

 

 

 
Figure 23: Baseline, range of values and dysfunctions 

 

 

The point is then to be able to identify automatically the source of the malfunction in order to 

react as quickly as possible and minimize the wasted energy. 
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3.2 Baseline, counting plan and energy monitoring tool 

3.2.1 Presentation of Vizelia 

 

Presentation 

Vizelia green has been created in 1985 and belongs to Schneider Electric for one year. Vizelia is a 

specialist in real-time reporting of energy consumption in buildings. The software reconciles the 

different data of Building Management System (BMS) and equipment such as air conditioning, 

lighting, heating, etc. 

 

As far as our work is concerned we will focus on the energy management field, which comes up 

to complete our work done so far. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Use and advantages of Vizelia 

  

Vizelia green operates mainly in three different fields 

 Energy management 

 Maintenance management : computerized managed 

maintenance system (CMMS) 
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Main uses of Vizelia 

The different functions of the software can be summed up in the following table that give a 

good idea of the uses of the tool. 

Collection of energy 
consumption information 

Communication of results 
 

Real time alerts 
 

 Integrated solutions: 
 Several meters: 

water, gas, 
electricity… 

 Wireless sensors: 
temperature, 
humidity… 

 Building Management 
Software (BMS) with 
a multi-protocol 
interface: OPC, 
Modbus, Lon, 
Bacnet… 

 All the results are 
communicated in 
detail via the intranet 
in a clear and 
attractive format 

 Key energy 
consumption 
indicators can also be 
easily displayed 

 

 Generates 
automatically alerts in 
order to resolve 
operating problems 
as quickly as possible 

 Implements an 
efficient counting 
system 

 Monitors energy bills 
 

 
Table 2: Uses of Vizelia 

 

Example of utilisation 

The user creates his own dashboard; depending on what he wants to monitor. A dashboard 

consists of several indicators that are chosen regarding the facilities and the purpose of the 

study. The following figure presents an example of dashboard in which different values are 

monitored. 

 

Figure 25: Example of a dashboard created in Vizelia 

Cooling HVAC/ 
ventilation 

Water Electricity Restaurant Temperatures 

Building 1 

General 
information Lighting 
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All those indicators can be presented in different shape depending on what is really monitored 

and what it has to be shown. 

A lot of different indicators can be deduced from this monitoring; they can be then presented in 

several shapes. The following figures illustrate some examples. 

 

 

 

 

 

 

 

Stacked bar chart Pie chart Energy performance diagram 

Ranking 

Curves chart 

Figure 26: some examples of indicators shapes 
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3.2.2 Baseline, counting plan and Vizelia 

 

As it has been developed, each of those three notions enable to analyse the behavior of the 

studied building, the point of view is different but all deduced information are complementary  

They have all the same scope:  the energetic monitoring of building. 

 

 
Figure 27: Constitution of an efficient building monitoring 

 

As it has been developed during this whole report those three processes aim to know precisely 

the building behaviour. By combining them it could be easy to became more accurate and 

moreover save quite important amount of energy. Through the example I have worked on 

during those months, it is proved that an alarm system can be set and enables to monitor and 

identify an abnormal consumption and thus save energy, what was illustrated through the 

Figure 21. To go further the energy monitoring tool can then be used to identify the cause of 

this dysfunction. 

 

For the moment this “alarm system” has only been verified in theory and in some practical cases 

but the final goal would be to implement it in an energy monitoring tool. In this way the energy 

consumption would be automatically monitored and the maintenance manager would be 

directly contacted in case of abnormal consumption. 

 

This example concerns the total energy consumption of the studied building; however we can 

imagine that this function could be developed so that every important facility of the building 

may have its own baseline. In this way, the consumption of each facility could be monitored 

through Vizelia and compared with the recorded reference. 

The following figure tries to explain the applied reasoning to find out precisely the origin of an 

abnormal consumption 

 

Counting Plan 

Which variables are 
relevant to monitor? 

Monitoring Tool 

How make the 
monitoring  

automatic and 
efficient? 

Baseline 

Which model  
corresponds to 

the studied 
building? 
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Some abnormal consumptions have been noticed by 

the baseline: indeed these points are outside the 

allowed range of values. 

By finding out the day corresponding to 

these values, we can observe the values 

and the hourly evolution of the total 

electricity consumption meter 

19th to 21st March 

31st March to 2nd April 

March 

After analyzing the profile 

of this abnormal 

consumption, the 

identification through a 

sub-meter becomes easier 

By observing the 

sub electricity 

meter dedicated to 

lighting, it is clear 

that light stayed on 

during those nights 

and increase the 

total electricity 

consumption  
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Finally this system enables to stop operation drift after one day of abnormal consumption and 

as on one year this alarm system can prevent several percentages of wasted energy. Indeed the 

study has been done during four months, and with an alarm system the total gain is increased 

by at least 2%; which represent an important amount of energy, especially on one whole year of 

consumption. 

3.3 Limitations and future work 
 

3.3.1 Difficulties 

 

The amount of required data 

As it has been seen during the whole study, it is much more easy and efficient to work with an 

important amount of data and this for many reasons. First of all the deduced results cannot be 

considered as reliable if there are based only on few figures, it can concern exceptional cases 

instead of the usual behavior of the building. In a specific counting plan some criteria that 

require less information can be developed. On the contrary, to have a reliable baseline at least 

one year of data is required, and it is even better to have two or three years. Indeed modeling a 

building  behavior cannot be done with few points. By instance I tried to build a baseline on the 

gas consumption following the same method, but with only 17 points for three years of data the 

result was completely unusable. The result of this example is shown through the following chart. 

 

 
Figure 28: Difficulty to get reliable result with few data 

 

The main problem is that the several points are too distant for the same approximate 

temperature. Consequently the characteristics of this regression make the model totally 

unvalued. The precision equals to 95%.  

The revealed difficulty is the amount of available data. Indeed gas consumption are not daily but 

monthly what multiplies the length of the required reference period. In some study it is not 

possible to wait for several months until having enough data. 
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The reliability of data 

Another important barrier is the reliability of data. For example a temperature sensor is often a 

source of error. Whether for measuring the temperature inside or outside there are many 

factors affecting the measures and even for few degrees difference, the final result changes 

quite a lot. That is the reason why all the measures have to be considered very carefully. There 

is a risk to make automatic calculations, as these errors may go unnoticed. This point was an 

important brake in my work since some errors remained present during several months before 

being noticed and finally it causes a lack of available data. 

 

3.3.2 Future work 

 

Many improvements can still be done to go further and deeper in the study, here I quote some 

of them, some idea that came up during my work. 

 

A tool for checking the coherence of data 

 

As explained in the last part, the reliability of data was an important problem during my work. 

The point would be to develop a tool which can automatically check the coherence of the 

monitored data and correct them when it is required. By instance in the power demand (reading 

every 10 minutes) it is quite common to have data holes. Instead of keeping this false value 

which will influence future calculations, the tool could delete it and replace it with a mean value. 

This tool can be started with basic operations and then developed to become more accurate. 

This point is quite important because it takes a lot of time to check and correct data manually. 

 

A tool for sorting the different kind of days 

 

In a normal week there can be three types of days. From the Monday to the Friday, those are 

quite the same, with a fixed timetable and regular consumption. Then there is the Saturday; for 

all shops or some industrials there is no lunch break: all the facilities work normally. Finally ion 

Sunday if the building is closed it is considered as unoccupied period. Each building has it own 

schedule and thus different groups of data. In most cases there are only two: occupied and 

unoccupied days. As it has been explained in the construction of the baseline the current 

method is specific to each case and requires a pre study of the data. A useful tool would be to 

develop a method to make this sorting automatic by observing the different behaviors and 

consumption profiles. This method presents two main advantages: the first one is the time 

saving and the second one the accuracy. Indeed with the method used so far some days could 

be misplaced, which influence the final results. 
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Development of baseline for specific equipments 

In this work the concept of baseline was developed, but the examples of application are 

currently quite limited. The idea would be to develop further this method and why not try to 

apply it for each facility, such as a baseline for the boiler or for, the chiller. This could afford to 

be more accurate in monitoring, especially for estimating gains and malfunction alarms. There 

were not enough available data in the studied building to try to implement these baselines, but 

they may be tried in the future examples 
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Conclusion 
 

All this work leads us to different conclusions. 

First of all we could see that develop a counting plan applicable to a maximum of building is 

not easy. Instead, since each building has its own characteristics that make it unique. The point 

is here to find common criteria that enable to evaluate and compare different buildings 

between themselves. All these criteria meet the same problem: find the most relevant 

information with the minimum installation. This is also why a building audit fully based on 

distant study turns most often unsuccessful, indeed a brief visit of the premises is essential to 

understand the flow of energy and their management. 

 

In the second section it was shown that the behavior of a building can be represented by simple 

mathematical functions. Once verified this model, it can be very useful to monitor building 

consumptions: energy savings estimate and operations monitoring. But there is still a lot to 

do to make this model even more useful, particularly by inserting it into a monitoring 

software in which several functions may be combined and constitute  a comprehensive 

energy management tool. 

 

Many advances are still needed in order to meet growing demand from all sectors in the market. 
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Appendix 1: Calculation for an example of baseline modelling 
 

     DJU heating DJU cooling 

Date Tmin T max T mean Energy (kWh/day) 10 13 

01/01/2011 -0,6 °C 2,6 °C 1,0 °C 3007,83 9,0 0,0 

02/01/2011 0,5 °C 3,8 °C 2,2 °C 4675,33 7,9 0,0 

03/01/2011 -0,4 °C 3,3 °C 1,5 °C 4934,00 8,6 0,0 

04/01/2011 -0,7 °C 1,5 °C 0,4 °C 4872,50 9,6 0,0 

05/01/2011 -2,2 °C 10,2 °C 4,0 °C 4831,17 6,0 0,0 

06/01/2011 3,8 °C 12,6 °C 8,2 °C 3777,67 1,8 0,0 

07/01/2011 10,6 °C 12,4 °C 11,5 °C 3207,67 0,0 0,0 

08/01/2011 10,6 °C 13,2 °C 11,9 °C 3033,33 0,0 0,0 

09/01/2011 4,5 °C 8,7 °C 6,6 °C 2934,83 3,4 0,0 

10/01/2011 -0,1 °C 8,0 °C 4,0 °C 3315,50 6,1 0,0 

11/01/2011 1,6 °C 10,1 °C 5,9 °C 4009,00 4,2 0,0 

12/01/2011 5,8 °C 12,9 °C 9,4 °C 4472,33 0,7 0,0 

13/01/2011 12,0 °C 14,6 °C 13,3 °C 4338,00 0,0 0,3 

14/01/2011 9,5 °C 14,1 °C 11,8 °C 3926,00 0,0 0,0 

15/01/2011 7,7 °C 11,6 °C 9,7 °C 4190,50 0,4 0,0 

  

Energy 
(Real)(kWh/jour) 

Energy 
(Calculated) 
(DJU) (Cr-Cc)² (Cr-mean(Cr))² (Cc-mean(Cc))² 

3007,83 4398,25 1933246,08 478639,71 488006,02 

4675,33 4267,13 166633,14 951916,49 322005,00 

4934,00 4346,94 344641,87 1523567,44 418954,14 

4872,50 4466,66 164709,62 1375527,26 588265,09 

4831,17 4056,19 600581,32 1280281,86 127109,07 

3777,67 3577,32 40137,23 6083,28 14968,88 

3207,67 3372,09 27036,18 242068,52 107307,20 

3033,33 3372,09 114758,44 444006,23 107307,20 

2934,83 3759,75 680489,04 584977,05 3609,57 

3315,50 4061,90 557106,53 147587,56 131206,54 

4009,00 3845,26 26809,61 95684,27 21197,13 

4472,33 3446,20 1052940,45 597006,68 64245,41 

4338,00 3395,40 888490,41 407463,58 92579,59 

3926,00 3372,09 306812,43 51224,70 107307,20 

4190,50 3412,00 606063,18 240912,85 82755,10 

 

RESULT 

DJU coef DJU cooling coef DJU heating constant 

  77,6960718 114,0168939 3372,093487 

  8,2547618 10,32149539 35,73585935 

R² 0,29524181 433,2474187 #N/A 

  R² 0,295 

  standard error 469,9228045 

  confidence level 90% 

  dispersion 1,64 

  precision 770,6733993 

  precision (%) 21% 
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Appendix 2: Calculation Sheet (Excel) 
 

Data Screen 

The user has to enter the data concerned, following the example 
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Result Screen 
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Appendix 3: code for automatic calculation (VBA) 
 

Button “Réinitialiser” 

Sub initialiser() 

Worksheets("donnees").Rows("9:5000").Clear 

Worksheets("calcul").Columns("A:C").Clear 

Worksheets("donnees").Activate 

End Sub 

Button “Lancer” 

Sub copie_donnees() 

Worksheets("donnees").Range("C9:E5000").Copy Worksheets("calcul").Range("A1") 

Worksheets("calcul").Activate 

Range("D1").Select 

    Selection.AutoFill Destination:=Range("D1:D5000") 

    Range("E1").Select 

    Selection.AutoFill Destination:=Range("E1:E5000") 

    Range("F1").Select 

    Selection.AutoFill Destination:=Range("F1:F5000") 

    Range("G1").Select 

    Selection.AutoFill Destination:=Range("G1:G5000") 

    Range("H1").Select 

    Selection.AutoFill Destination:=Range("H1:H5000") 

    Range("I1").Select 

    Selection.AutoFill Destination:=Range("I1:I5000") 

    Range("I1:I5000").Select 

    Range("J1").Select 

    Selection.AutoFill Destination:=Range("J1:J5000") 

    Range("J1:J5000").Select 
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    Columns("A:J").Select 

    Selection.SpecialCells(xlCellTypeFormulas, 6).Select 

    ActiveWindow.SmallScroll Down:=21 

    Selection.ClearContents 

Sheets("resultats").Activate 

End Sub 

 


