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Summary 

By the under construction European standard family of CEN TC 350, focused on 
a performance oriented building assessment, an integrated approach is suggested, 
announcing in the future “an overall assessment of integrated building performance”. 

Actually, even if the methodologies, the impact and the performance Indicators at the 
European level are developing following three different drivers (environmental, social and 
economic), in the real case studies of construction works it is not possible to ignore the 
interrelations between each action and the others as so as between the related effects. 

Similarly, to face the challenge of complexity, a multi-scale, multi-stage and multi-
criteria approach is needed, as well as the involvement of the stakeholders in the 
decisional process to give a new social answer and an impulse to the development of green 
economy and sustainable cities. 

The paper will report on the research focused on the development of an inductive, 
logical/operational decision-support method, aimed at optimizing the sustainable 
management of construction works based on the above conceptual model. 

The identification of a multi-criteria strategy, applied to the “Città Studi Sustainable 
Campus” in Milan, with respect to the energy, environmental, social and economic 
performances, is focused on key objectives/criteria/indicators. 

Keywords: building assessment, CEN TC 350, multi-criteria, integrated approach, 
indicators 

1 Introduction 

1.1 Purpose 

The purpose of the research, whose title is “Sustainable management of construction works 
from the building to the context” is offering a contribution to the definition of methods  
and guidelines for the management of sustainability in constructions with a life cycle 
approach [1] [2]. The method aims at supporting decisions by the actors of the construction 
process involved in the decision making stages (i.e. public and private managers, 
designers, developers, policy makers). 

The case study is the "Città Studi Sustainable Campus" project (www.campus-
sostenibile.polimi.it), a multi- and inter-disciplinary intervention aiming improving the 
quality of campus life formed by Politecnico di Milano, Università degli Studi di Milano, 
including the up-grading of the building estate of Politecnico di Milano and the 
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transforming of the university district into a model part of the city in terms of quality of 
life and environmental sustainability [3] [4] [5] [6]. The building so-called “Nave” is in 
particular the case study identified for the application at the building scale. The project 
"Città Studi Sustainable Campus" is member of the ISCN (International Sustainable 
Campus Network www.international-sustainable-campus-network.org) and inserted in the 
European Peripheria framework (http://peripheria.eu). 

1.2 Topics and scope 

An analysis of the state of the art shows that for the assessment of sustainability of the life 
cycle  in constructions: 

▪ The most commonly used tools and methodologies available today are generally 
inconsistent one with each other . 

▪ As declared in the CEN/TC 350 Business plan (2005), in order “to prevent potential 
technical barriers to trade in the internal market, it is a vital condition to have a 
common harmonized language, i.e. a methodology with core Indicators, between all 
stakeholders in the building sector”. 

At European level, there is an ongoing process of standardization by the CEN TC 350, 
selecting a shared set ("core") of environmental (part 2), social (part 3), economic (part 4) 
Indicators and adopting a common methodology (General framework) life cycle based. 
The EN 15643-1,2,3,4 have already been published, as well as standards at product level. 

The EU process opens new perspectives to the research and implementation in the 
directions to: 

▪ Manage the decision-making processes aimed at optimizing sustainability  
throughout Aspects/Impacts / Performances, described by Indicators. 

▪ Move from a mono/multi-disciplinary approach as the current one generally is, in 
which for each alternative are identified Aspects/impacts/performances referred to 
environmental/social/economic areas, to an inter/trans-disciplinary approach, to be 
aided by tools and methods "multi-level" or "multi-layer" in a so-called 
"integrated" perspective. [7] [8] [9] 

▪ Expand, in the assessment, the boundaries of the system in which we study the 
performances of the design options [1] [2], that is, as already experienced in the field 
of LCA [6], beyond the building ("multi-scale" approach). [10] 

At this time, it is possible to highlight two main open questions: 
▪ Some Aspects/Indicators [11] are still little explored. Especially in the social and 

economic standards there are margins of development, as a more precise 
identification or the introduction of new effective Indicators/emerging Aspects, as 
input of the social and economic evolution. [7] 

▪ In the areas of international research and of the current construction management 
[12], the implementation of the strategies suggested by CEN TC 350 on real cases 
are still little applied. [13] 

The present research aims at contributing to fill these two categories of gaps. 
In particular, in application to the case study, the reported research attempts to 

understand: 
▪ If the European core-Indicators are sufficient. 
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▪ How to implement the list of Aspects/Indicators, in base of the results of current 
national and international research and of the emerging needs especially in society 
and economy. 

▪ If the specific conditions allow all three strategies of approach indicated by CEN TC 
350 (use of the new European harmonized Indicators, interdisciplinary and 
integration, multi-scale [14] approach) and above mentioned. 

▪ How can they be implemented. 
▪ Benefits and limits of implementation. 
▪ Conditions of transferability of this approach to other situations and contexts. 

2 Methodology 

2.1 Multi-criteria approach 

In order to obtain an overview of the results of CEN/TC 350 a complete layout has been 
set out. Starting from the core Indicators identified in the EN 15643-2,3,4 standards and in 
the related 7 Framework Program projects (Open-House, SuPerBuildings), a first panel of 
43 Indicators has been set, grouped in environmental, social and economic Indicators [15]. 

A deeper analysis shows that many interrelations exist between the three sets and this 
actually suggests an integrated approach [7], as by CEN TC 350 reccomended. Thanks to 
a further recognition in literature reporting the results of researches validating additional 
Indicators, an additional list of 12 Indicators has been selected. 

2.2 Multi-scale approach 

The second main step has aimed at identifying the boundaries of the territorial systems 
affected by hypothetical construction works on the building case study and setting out 
a conceptual model reporting the levels of the building, the campus, the city, and the wider 
territorial frames. [16] [17] 

The research of the relationships between the Indicators belonging to the different 
assessment/reporting systems related to the building (included the CEN TC 350 
Indicators) and the territorial scales (Fig. 1), followed by the comparison in between a set 
of operational alternatives on the building [18] case study, supported by multicriteria 
methods, represent the final stages of the research. 
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Fig. 1 Conceptual model of the multi-criteria and multi-scale approach 

The identification of a set of the common assessment/reporting systems at the 
territorial scales (Fig. 1) and coherent with the case study, plus 2 specific of universitary 
international ranking systems, has produced  the following list: 

▪ GRI and STARS 
▪ European Indicators (building) CEN TC 350 (built-in) 
▪ Urban Ecosystem Legambiente (city) 
▪ Urban quality Survey Sole 24 Ore-Legambiente Indicators (city) 
▪ Metropolitan Ecosystem Province of Milan (metropolitan area) [14] 
▪ Green metric Universitary world ranking.  

Into the panels proposed by the respective systems a large number of Indicators have been 
selected in compliance with the case. A navigation matrix was necessary as a support to 
systematize all the Indicators. A large grid based on the three pillars (below reported) of 
the ISCN (International Sustainable Campus Network), whose the project “Città Studi 
Sustainable Campus” is member has been built. 

Principle 1: "To Demonstrate Respect for nature and society, sustainability considerations 
should be an integral part of planning, construction, renovation, and operation of buildings 
on campus" 

Principle 2: "To ensure long-term sustainable campus development, campus-wide master 
planning and target-setting should include environmental and social goals" 

Principle 3: "To align the organization's core mission with sustainable development, 
facilities, research, and education should be linked to create a" living laboratory "for 
sustainability". 
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3 Results and discussion 

3.1 Systematization of the Aspects / Indicators 

The systematization of the environmental, social and economic [19] [20] [21] [22] 
Aspects/Indicators in the general grid ISCN, belonging to the respective panels of the 
different assessment/reporting systems (55 Building European, more than 120 the others) 
has been useful to identify the Aspects/Indicators applicable to the case study and their 
interrelations. 

The enclosion of the Aspects referred to the Building [23], besides the Indicators 
[24] when identified, intents to satisfy the guideline of the CEN TC350 Standards, 
indicating shared key Aspects to the Member Countries and leaving them developing the 
most appropriate Indicators in compliance with the national needs, constraints, policies and 
goals. [25] [26] 

Whereas the options in the case study are limited to extraordinary maintenance 
operations of technological systems, it is necessary also to put in relationship the type of 
construction works with the territorial scale [27] in compliance to the principles of the 
iscn control grid: 

Campus = Building  stock  + External areas and facilities 
Object of application: Building stock/Single  building 
Construction works: New building/Retrofitting (Planning Development/ 

Refurbishment/Single  or  multiple  technologic al systems renovation). [1] [2] 
Two analysis have so been set out:  one focusing the category of construction works 

"Refurbishment", the other one focusing the category of construction works 
"Technological systems renovation", producing different results. 

3.2 Key Indicators 

The Fig. 2 and Fig. 3 show the systematization grid of the Aspects/Indicators limited to the 
combination of Building – Campus (ISCN Principle 1) and Single or multiple technologic 
systems renovation, that is the specific kind of construction works considered in the case 
study  (Building "Nave" in Città Studi Campus). 

As it is easily to observe, referring to the European building Aspects/Indicators (CEN 
TC 350 integrated by additional Indicators as mentioned in par. 2.2), and both in case of 
Principle 1 and 2) it is possible to identify the following categories: 

▪ Building European Aspects/Indicators having at least an homologous (coincident or 
similar) Indicator in one of the territorial systems 

▪ Building European Aspects/Indicators having no homologous Indicator in any of the 
territorial systems. 

The following step has been selecting a set of homologous key Indicators [8] common in 
the different panels. The metric stage has been founded on collecting the estimation and 
particularly measurement data, referred on one side to other Campus at the international 
level, on the other side to Milan City, in comparison to benchmarks in the metropolitan and 
national areas. 
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Building – Campus

Related Aspects / Indicators

Resource use

Exported energy (MJ)

Water use

Manteinance operations

Waste production per capita (kg/inhab.)

LCC (Euro)

GPP – supplies

GPP – works
GPP – services

Solid waste

Hazardous waste to disposal (kg)
Radioactive waste (kg)

Recycling Material for recycling (kg) Separate waste collection (%)
Re-use Components for use (kg)

Emissions PM10 emissions (kg/inhab)

NOx emissions (kg/inhab)

SO2 concentration (μg/m3)
Users
Handicap access

Stakeholders Involvement

User related indicators

Legend

Priority 
topics / 
Topics

European Indicators 
(building)

Ecosistema urbano 
Legambiente Indicators (city)

Indagine qualità urbana Sole24 
Ore-Legambiente Indicators 

(city)

EcoSistema metropolitano 
Provincia di Milano 
(metropolitan area)

Energy use / 
direct energy 
consumption

Use of renewable primary energy 
excluding energy resource used 
as raw material (MJ, net calorific 
value)

Solar photovoltaic – funded set 
power (KW/1.000)

Use of non-renewable primary 
energy excluding energy 
resource used as raw material 
(MJ, net calorific value)
Use of renewable secondary 
fuels (MJ)
Use of non-renewable secondary 
fuels (MJ)

Consumption of electricity (Annual 
domestic electric consumption per capita 
kWh/inhab.)
Energy policy (Index formed by: 
economic incentives implementation and 
energy saving measures a/o renewable 
sources implementation, simplification of 
the procedure for the setting of di solar 
thermal/fotovoltaic, execution of energy 
saving operations, Energy manager 
presence, renewable elettrictric energy 
procurement, execution of energy audits, 
execution of certified buildings data bank 
– 0-100)

Energy use | 
indirect energy 
consumption
Energy use | 
energy saved by 
conservation

Embedded 
(grey) building 
energy

Use of renewable primary energy 
used as raw material (MJ, net 
calorific value)
Use of non-renewable primary 
energy used as raw material (MJ, 
net calorific value)
Use of net fresh water (m3) Domestic water consumption (daily 

per capita – l/inhab.)
Network losses (difference between 
water input and the amount consumed for 
domestic, industrial and agricultural 
products (as % of water entered)

Periodic 
maintenance on 
the building

Energy and 
water costs, and 
savings achieved 

Overall 
purchased 
products/material
s (Auto emissions 
and green 
cleaning product 
requirements) 

Sourcing of Materials and 
Services

Waste production per capita 
(kg/inhab.)

Waste, 
recycling, local 
emissions, and 
non-
compliance 

Non hazardous waste to disposal 
(kg)

Waste production per capita 
(kg/inhab.)

Waste costs, and 
savings achieved

Emissions 
contributing to 
local air pollution

PM10 concentration (μg/m3)
NO2 concentration (μg/m3)
CO concentration (mg/m3)

Accessibility for people with specific 
needs

Stakeholder 
participation in 
planning 
(integrated 
design)
How present 
conditions affect 
users behaviour

bold black = building european aspect / indicator having at least an homologous indicator in EcoSistema metropolitano  (or in one of the other territorial system), also bold black

bold blue = building european aspect / indicator having no homologous indicator inany of the territorial systems  
Fig. 2 Systematization grid of the Aspects / Indicators limited to the combination of Building – 

Campus (ISCN Principle 1) and Single or multiple technological systems renovation (1/2) 
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Building – Campus

Related Aspects / Indicators

Indoor Air quality

Acoustic characteristics (dB)

WLC – Whole Life Cost (Euro)

Social and ethical responsibility

GPP – supplies
GPP – works
GPP – services

Improving building productivity

Adaptability Urban area (PRG) (% land area)

Stability of value
Service life Urban area (PRG) (% land area)

Use of secondary material (kg)
Material for energy recovery (kg)

Resistance to climate change
Accidental actions

LCC (Euro)

Financial value (Euro)
Market value (Euro)
Risk factor indicator ESI 
Changes in economic system GDP per capita in thousands of euro

Exports / GDP
% young people (25-34 years) employed

% female employed
Access to building services

Space efficiency
Spatial characteristics
Noise (dB)
Glare / overshadowing
Shocks / vibrations
Building aesthetics and context

Legend

Priority 
topics / 
Topics

European Indicators 
(building)

Ecosistema urbano 
Legambiente Indicators (city)

Indagine qualità urbana Sole24 
Ore-Legambiente Indicators 

(city)

EcoSistema metropolitano 
Provincia di Milano 
(metropolitan area)

Indoor 
Environmental 
Quality

Characteristics of indoor and 
quality, IAQ (PPD)

Indoor Thermal 
Comfort

Thermal characteristics (PMV – 
oH)

Indoor Ligthing 
Comfort

Characteristics of visual comfort 
(PPD)

Increasing 
natural light 
performance

Characteristics of visual comfort 
(PPD)

Indoor Acoustic 
Comfort
Building 
design aspects

Sustainable 
building 
standards 
applied and 
explored

Sustainable 
building 
standards 
applied and 
explored
Long-term use 
flexibility

New building volumes (m3)

Life-cycle 
assessment 
(LCA)

New building volumes (m3)

Personal safety and security 
against intruders
Security against interruptions of 
utility supply

Life-cycle costing 
(LCC)

Evaluation of 
design 
consequence on 
people well-
being and on 
efficient use of 
space

Landscape 
integration of 
building design

bold black = building european aspect / indicator having at least an homologous indicator in EcoSistema metropolitano  (or in one of the other territorial system), also bold black
bold blue = building european aspect / indicator having no homologous indicator inany of the territorial systems  

Fig. 3 Systematization grid of the Aspects / Indicators limited to the combination of Building – 
Campus (ISCN Principle 1) and Single or multiple technological systems renovation (2/2) 
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4 Conclusions and further developments 

The results of the activities carried on the evaluation systems and Indicators applied to the 
case study show essentially that: 

▪ The harmonized European panel of 43 core Aspects/Indicators could be completed 
with 12 Aspects/Indicators validated at European level but not yet shared to describe 
the impacts/performances of the building. 

▪ Interrelations exist between the Indicators belonging to different categories 
(environment/society/economy). 

▪ There is an interrelation between the panel of European Indicators of the building 
and the territory, namely relations with different scales (building, campus-area), 
due to the relapse of effects (impacts) produced by building operations and 
consequently affecting the territorial performances from a sustainable point of view. 

▪ The comparison and systematization between the panels of Indicators (European, 
territorial, universitary ranking systems) highlights such  similarities and 
congruences. 

▪ The research of measurement and reference values for each one of the territorial 
Indicators, similar or identical to the Building Impacts/Performance Indicators, 
referred to the case study, shows a sufficient amount of available data to put in 
relationship the Building, the Campus and the wide territory. 

▪ The futher development is expected to develop a MCDM method based on a rating 
procedure aiming to evaluate, as a downstream of a analysis on a limited number of 
construction works options, their respective contributes to the Impacts/Performances 
at the different territorial scales. 
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