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ABSTRACT: The buildings sector consumes the largest part of final energy, particularly during its exploitation phase. 

University campus in the exploitation phase which includes several profiles of buildings uses and different users is the 

case of study. These users have complex requirements in different domains such as: energy, environmental, social and 

economic. 

Many certifications are used to assess the evolution of existing buildings, such as LEED, BREEAM, HQE, etc. But 

they often forget their initial objective: the user requirements. Therefore, beyond national or international 

certifications, it is necessary to judiciously prioritize the chosen indicators, to give answers for the improvement of 

building quality. 

This paper describes a methodology, based on optimization method, which identifies and integrates indicators of the 

mentioned certifications. The model takes into account economic issues (reduction in consumption in relation to users 

requirements), social issues (users comfort) and environmental issues (environmental impacts in relation to the 

profiles of uses), finding the degree of appreciation that users give to indicators in different economic, environmental 

and / or social scenarios. 
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INTRODUCTION 

The buildings sector in developed and developing 

countries consumes the largest part of final energy, 

particularly during its exploitation phase. Therefore, 

improving the energy efficiency of buildings (heritage or 

new ones) is one of the major international priorities to 

contribute to sustainable development.  

 

In the construction sector, there are over 150 

environmental certifications [1] to assess the evolution of 

existing buildings, such as LEED [2], HQE [3] and 

others. Taking into account the user requirements as the 

initial objective of national or international certifications, 

it is necessary judiciously to prioritize the chosen 

indicators, to improve the building quality. 

 

Considering that economic, environmental or social 

requirements change from place to place, and that the 

different users (owner, decision maker, and operator) also 

have different requirements [4], is it possible to use a 

common certification for everything and everyone?. 

 

University campus in the exploitation phase will be 

the case of study, considering the user in the assessment 

of quality of the existing buildings. The university 

campus includes several profiles of uses (research, 

teaching, administration buildings) and different users 

(students, researchers, teachers, campus administration); 

all of them have complex requirements [5]. 

 

In France, universities have a heritage evaluated at 

about 14 million m² (floor space) and are a part of the 

most important energy consumption sector (service 

sector), consuming 43% of the national final energy 

consumption (68.1 Mtep) and producing 24% of national 

CO2 emissions [6]. 

 

Therefore, the policy objectives of several universities 

[7] and especially, the University of Bordeaux – Campus 

of Science and Technology (UBx1) [8] as support for this 

study need: to have an environmental certifications of 

tertiary building, to improve environmental quality, to 

improve user satisfaction [9], to reduce their impacts [10] 

and thereby to improve their financial management. 

 

Considering comfort indicators, final energy 

consumption, the rate of renewable energy and CO2 

emissions, this paper describes a methodology which 
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identifies and integrates indicators based on sustainable 

development and inspired from international 

certifications [11]. The methodology determinates the 

degree of users’ appreciation given to each indicator in 

different economic, environmental and/or social 

scenarios. 

 

This methodology takes into account multicriteria 

decision [12] and the prioritisation of indicators. The 

economic scenario (reduction in consumption in relation 

to user requirements), the social scenario (users comfort) 

and the environmental scenario (environmental impacts in 

relation to the profiles of uses) are provided to the 

management of the UBx1 to assess its heritage park. 

 

 

CONTEXT 

What is an Indicator? 

An indicator is a measuring instrument for observing the 

periodic evolution of a phenomenon, compared to a 

pursued objective. Indicators are selected to provide 

information on the operation of a specific system with a 

specific goal to help the management and decision 

making. An indicator is a variable (amount of gas 

consumption) or a function of variables (consumption in 

relation to construction square meters). They are 

quantitative (a scale and evaluation limits) or qualitative 

(degree of satisfaction user in relation to indoor air 

quality). 

 

Elaborating an indicator starts with the collection of 

primary data, objective information able to quantify 

(cardinal or ordinal form). These data are analysed, 

regrouped, to get orders of magnitude and to create the 

indicator to measure of the impact of the decision. The 

Fig.1 shows the different stages. 

 

 

 

Figure 1: Stages construction of an indicator 

 
 

CONSTRUCTION OF A BASELINE OF 

INDICATORS 

The shared indicators of baseline are identified from the 

comparisons carried out between international 

certifications [11]. The international certifications were: 

- LEED, 1998, Leadership in Energy and 

Environmental Design is a private initiative owned to 

USGBC (United States Green Building Council). 

- CASBEE, 2002 (Comprehensive Assessment System 

for Built Environment Efficiency) is part of the 

Consortium for Sustainable Construction in Japan. 

- HQE, 2005 (Haut Qualité Environnementale), is 

100% focused and designed to evaluate the performance 

of buildings in France. 

- BREEAM, 1990 (Building Research Establishment 

Environmental Assessment Methodology), is the method 

of assessment of new non-domestic buildings in England. 

- DGNB 2007 (German Sustainable Certificate – 

German Sustainable Building Council) and, 

- LBC, 2006 (Living Building Challenge
TM

), is a 

private initiative of International Living Building Institute 

(ILBI) in United Stated.  

 

From this comparison, only the technical aspect (types 

of environmental themes, recipients and purpose of 

certification) was considered for the construction of the 

baseline. Table 1 summarizes the different topics: 

 

 
Table 1: Comparison of International Certifications 

 

 

 

The baseline of this comparison will assess a tertiary 

building in exploitation phase, based on the energy topic 

and user satisfaction. Consequently, the chosen topics are 

interior environment (acoustic, visual, thermal and 

olfactory comfort), consumption of resources (energy and 

energy mix) and environmental impacts (CO2 emissions). 

The management topic will be considered inherently (the 

constant evaluation of these indicators), the site topic is 

not considered because it is not dependent on the heritage 

department of the University. The innovation topic is not 

considered and finally the socio-economic dimension is 

considered from the point of view of the social, 

environmental and economic scenarios. 
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METHODOLOGY 

From the indicators chosen in Table 1, Table 2 shows the 

topics, indicators, criteria and intervals adopted for this 

study. Each interval is defined from the comparison of the 

different certifications, values recommended by the 

World Health Organization (WHO), expert surveys and in 

some cases by the values proposed by local regulations 

(French regulations in the case of consumption of 

resources and environmental impacts). 

 

 
Table 2: Description of selected indicators 

 

 

 

User Profile “type” 

During the exploitation phase of the university, several 

actors are involved: users (students, teachers, 

administrators and researchers), the administrative 

direction of the built heritage (who takes the decision) 

and buildings to assess (administrative, teaching and 

research type) [5]. 

 

The energy consumption indicator is considered for 

the economic scenario, the CO2 emissions and the 

renewable energy production for the environmental 

scenario, and acoustic, thermal, visual and olfactory 

comfort indicators for the social scenario.  

 

These 3 main actors of the university are associated to 

each scenario: the decision maker will be associated with 

the economic scenario, users with the social scenario 

(feeling of comfort) and the use of building with the 

environmental scenario, finding the 3 pillars of 

sustainable development (call management scenarios). 

 

Optimization method – Multicriteria approach 

The optimization is a mathematical swarm that searches 

to analyze and to solve the problems analytically or 

numerically by determining the best element of a set in a 

quantitative sense. 

 

In this study, 7 indicators with 11 different units of 

measurement, are compared and analyzed through 

desirability function [13]. The desirability function 

transforms the objective functions (description of each 

indicator, with its domain, Table 2), with different 

measurement scales into the non-dimensional scale of 

desirability. 

 

The Desirability Function 

The desirability function gives an equivalent in level of 

satisfaction of a response calculated by the model, 

according to the objectives set for this response, i.e. the 

desirability assesses the percentage of satisfaction of the 

objective. 

 

The main desirability functions Z(y): [fmin, fmax]  

[0, 1], defined by [13] and [12] or the approaches [14] 

and [15], have the disadvantages that they must achieve 

the following requirements: reach to zero or one, or not 

taking that value to more than one point and not use step 

values. 

 

The model cannot accept the annulment of an 

indicator. Therefore, the equations proposed by 

Harrington and Derringer and modified by [16] and [17] 

are used to facilitate the requirements imposed by the 

previous authors, because all values of the function Z(y) 

will be between [0.01, 0.99]. These equations allow the 

optimization of the objective function of each indicator, 

depending on the functions of Fig. 2. 

 

 

 

Figure 2: The Desirability Function 

 

 

This process called Interpretation Model transforms 

the indicators in an optimization function, assigning a 

numerical value. The first part of Fig.3 summarizes the 

process and shows the optimization function assigned to 

each indicator. 

 

The second step, called Aggregation Model assigns to 

the given prioritization (hierarchy matrix – users’ 

appreciation) each indicator and then relates each 

indicator with economic, social or environmental 

management scenarios. The desirability index, in this 

study called Design Scenarios Objective (DSO) combines 
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the individuals desirability to find a global desirability, 

the union of all individuals desirability (indicator by its 

weight of importance) on the pillars of sustainable 

development (scenarios by its weight of importance). The 

family of aggregation proposed in the equations (1) and 

(2) [18] achieve the combination between individual 

desirability and the three main pillars of sustainable 

development. 

 

The compensation level (s) is a degree of engagement 

given to each indicator shaped by the final objective. The 

proposed compensation level is: to minimize the final 

objective (s =-), to maximize (s =+), or to deliver the 

same importance (s = 0 or 1) to each indicator.  

 

Design Scenarios Objective (DSO):  
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Global Performance Index (GPI): 
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(2) 

 

 

The second part of Fig. 3 shows the stages of 

Aggregation Model to get the Global Performance Index 

from interpretation variables to objective scenarios. 

 

And the Decision model created from the 

Interpretation model (transformation of indicators in 

mathematical values), and Aggregation model (priority 

level of each indicator in management scenarios and 

priority level of each scenario in the global index) advice 

on the choice of continuing the exploitation, rehabilitation 

or deconstruction of the building. 

 

 

 

Figure 3: Mathematic model 
 

 

RESULTS AND DISCUSSION 

Hierarchy Matrix 

A survey was conducted UBx1, in France to establish the 

degree of appreciation (i.e. wi et w’i in the equation 1 and 

2) of users (university) delivered to the indicators and 

scenarios. The total of responses was 791, reaching a 

level confidence of 95% and an uncertainty of 3%. 

 

According to the survey respondents, the most 

important indicator is the energy (30.3%) and olfactory 

indicator is the less important (3%). The appreciation 

given by the students is quite the same than the 

appreciation of the full sample. Fig. 4 shows the results of 

indicators prioritisation. 

 

 

 

Figure 4: The hierarchy of Indicators (wi – DSO) 

 

 

Fig. 5 shows that the tendency of responses is similar 

for the 3 scenarios: social 40%, economic 30% and 

environmental 29%. 
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Figure 5: The hierarchy of Scenarios Profiles (w'i-GPI) 

 

 

To determinate the desirability function associated to 

each indicator, to create the DSOs and GPIs, the building 

used was built in 1966, its floor area is 11,069 m² and it 

daily houses 550 visitors, 241 of whom are permanents. It 

is a research building and it was chosen because is one of 

highest consuming buildings. 

 

The individual desirabilities (Z(yi)) are established in 

Table 3 based on the Desirability Functions (Fig. 2), as 

functions of the electric and gas consumption (2010) and 

measurement of comfort indicators. 

 

 
Table 3: Interpretation variables 

INDICATOR Z CRITERIA D(y) yi Z(y i)

Gas

Electricity

Renewable energy Z2
Production renewable 

energy
Max 0 0.01

Equivalent CO2 emission Z3 Carbon footprint Min 212.8 0.01

Ventilations Target 0.45 0.99

Concentration level of CO2 Target ---- ---

Natural Lighting Target 50

Views Target 50

Quantity of light Target 300

Acoustic comfort Z6 Noises level Target 40 0.37

Temperature interior Target 17.5

Air velocity Target 0.15

Humidity Target 50

0.75

0.99

0.99

Energy consumption Z1 298.0

Olfactory comfort Z4

Visual comfort Z5

Thermal comfort  

(Predicted Mean Vote)
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Design Scenario Objective (DSO) 

The DSOs is constructed from the values of Z(yi) and the 

family of aggregation proposed in the equation (1). Fig. 3 

shows that each scenario incorporates a specific 

aggregation between the different indicators. Indeed Z2 

and Z3 are aggregated for the environmental scenario, and 

Z4, Z5, Z6 and Z7 are aggregated for the social scenario. 

 

The construction of the DSOs include 4 possible 

values of compensation level [18]. In this methodology, it 

has been decided to leave the minimum value (i.e. s  - 

). Consequently it emphasises lowly rated the indicators 

for the decision maker. In this case, the worst indicator 

was the renewable energy rate. 

 

The disadvantages of this choice are: 1) leaving out 

the results of the environmental scenario, because it is the 

worst value found equal to 0.01, and 2) the appreciation 

of users is not considered. In Fig. 6 a comparison between 

the 4 compensation levels used for each DSO is shown. 

 

 

 

Figure 6: Compensation level for each DSO 
 

 

Global Performance Index (GPI) 

The GPIs is constructed from the values of DSO and the 

family of aggregation of equation 2. In its construction s 

is chosen equal to 1, i.e. the weighted sum of the all DSO. 

The advantages of this choice are: to consider the 

appreciation that users give to 3 scenarios and even if a 

value scenario is zero the final results are not annulled. 

 

In Fig. 7 the value of university GPI is 0.45. This 

result considered that the teachers / researchers have a 

positive view of the building. 

 

 

 

Figure 7: The Global Performance Index 
 

 

CONCLUSION 

The main requirements in the construction of an indicator 

are to make it understandable and adaptable to different 

contexts [4]. Through the presented optimization method, 

all the indicators have been translated into the same units 

by the desirability function (Z(y)) in order to be 

interpreted. Therefore, it is possible to adapt said 

assessment to different contexts or countries through the 

choice and the construction of the intervals. 
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The methodology here implemented to an university 

campus, allows assessing the performance of its existing 

buildings, which have the particularity to be very 

heterogeneous and used by different users. So the 

strength of the methodology is to consider the opinions of 

its users (weighting) in the assessment of indicators and 

scenarios. Throughout the analysis, the method of 

gathering both indicators and scenarios will depend on 

the specific objective. 

 

It is possible to regroup and present the results at 

different scales with the use of the different levels of 

compensation (s), i.e. only the evaluation of each 

indicator, of each scenario or the final evaluation (GPI). 

On the other side it is also possible to present the results 

for each type of user or a global notation; the strength of 

the methodology using is to present all the results at each 

level. 

 

Finally, from the standpoint of management, it is 

possible to obtain different management scenarios (DSO) 

for decision making: economic, social or environmental. 

These scenarios will be evaluated with more or less 

emphasis depending on the policy established within the 

university. 

 

The next stages of the ongoing research are related to: 

1) Refining the limits of the intervals, directly affecting 

the interpretation values that arise from desirability 

function. 

2) Extending the pilot study to a longer period of 

measures and to the other types of university buildings 

(administration and teaching buildings). 

3) Analyzing the sensibility in the degree of importance 

of the indicator (level of compensation) for DSO and 

GPI, because the choice of level of compensation has a 

direct impact on the results, highlighting a worse or a 

better performance. 

4) Incorporating other indicator topics (such as cost or 

rate of occupation). 

 

The presented methodology, which has been created 

from the comparison of international certifications [11] 

and applying a multicriteria optimization model, is in its 

first version. Further work will focus on quantify the 

definition "good” and “bad" to give the tools to the 

decision maker in the management of their buildings: 

continuing its exploitation, rehabilitation or 

deconstruction. 
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