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Abstract 
Il progetto di ricerca nasce dall’incontro di due diversi settori legati al campo dell'architettura, dell'ingegneria e dell'industria delle costruzioni: la metodologia del Building Information Modelling (BIM) e gli strumenti di valutazione della sostenibilità ambientale degli edifici, entrambi tesi a interpretare e gestire condizioni di complessità.

La progettazione edilizia basata sulla metodologia BIM è destinata a rivoluzionare l’intero processo progettuale che tradizionalmente vede un’estrema frammentazione delle informazioni di progetto: è dunque maturata la necessità di condividere l’archivio di dati IPDB (Integrated Project Database), con altre piattaforme, consentendo l’estrazione di informazioni - non soltanto grafiche - necessarie alla descrizione del manufatto edilizio.
Anche il crescente interesse al tema della sostenibilità ambientale è destinato a cambiare il processo di progettazione, dovendo questa confrontarsi con strumenti di valutazione creati per le prestazioni ambientali dei manufatti.
Il contributo intende illustrare proposte operative per mettere in relazione questi due settori, attualmente disgiunti, attraverso l’utilizzo di sistemi informativi interoperabili.  L’obiettivo di trovare una connessione tra la progettazione edilizia, rappresentata e gestita in ambiente BIM, e gli strumenti di valutazione della sostenibilità ambientale è quello di agevolare il lavoro dei professionisti che intendono conoscere e gestire le prestazioni degli edifici durante l’intero processo di elaborazione del progetto. 
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Abstract
The research project involves two different sectors in the field of architecture, engineering and construction industry: the Building Information Modelling (BIM) methodology and the sustainability assessment tools, both seen as systematic approaches towards complexity.
Nowadays BIM methodology is designed to drastically change the whole design process, which traditionally shows an extreme data fragmentation. Such methodology intend to use IPDB (Integrated Database Project) to share data within different platforms, allowing the extraction of all kind of building information.

The interest in sustainability matters is something will also is designed to rapidly change the design process. Such interest is spreading all over the world increasing the use of rating systems to have an indicator of the environmental performances in buildings.

This paper will outline proposals for linking these two issues, which are still currently separated, through the use of interoperable information systems. The aim in connecting the building design, represented and managed with BIM, and sustainability assessment tools is to facilitate the work of designers who intend to manage, through the entire design process, the environmental features of the building.

Keywords: BIM, Database, sustainability.

1. Introduction
Architecture, Engineering, Construction e Facility Management are the main sectors involved in building process. In order to obtain an performing building all these actors should be facing each other since the beginning and they should have common languages and tool to interchange information. Such common language is not standardised even though digital technologies would now be able to face most of these problems.

But digital technologies are not fairly distributed among all actors, more for architects, a bit less in public offices. During the development of a project it happens to have to manage a high number of document based on different digital formats, often characterized by a low level of interoperability ( for example files .doc, .pdf,. dwg, .xls, etc.).

The use of such a large number of formats brings towards a fragmentation of the information, the increasing the risk of missing or not coherent data, and to have overlapping documents. It happens that some data have to be input manually and because of the low level of software interoperability.

So even though recent technology have been very much improved increasing its potential in many productive sectors, within the building sector its potential is scarcely optimized by users.

A fluent data flow is an essential starting point for a good building process but it is not enough to guarantee that all actors involved in such process fully understand the information exchanged. Information becomes knowledge after an interpretative phase. Such understanding could be better reached if digital devices should be able to be accessed appropriately by the different users in accordance with their needs.
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Fig. 1. The chosen case study: Filzi residential building, designed by Giuseppe Capocchin Atelier. BIM Modelling made by  Simone Capocchin[1].

In recent times the building sector has been involved in an increasing interest to theme linked to the concept of sustainability. Since the Goteborg council in 2001, because of the consciousness about and excessive pressure on the environment by human being activities and which are the global consequences, such theme has become important issue for European Union.

Since then many countries around the world have developed assessment methodology to assess the level of sustainability of human activities. In the building sector t produced rating system based on indicators which gives a synthetic estimation of the building performances in terms of sustainability and respect of the environment. In the Italian context the tool adopted is Protocollo ITACA. This protocol is a rating system which consents express the performance level of a building  with a synthetic score referred to a scale of quality. This tool is based on a multicriteria methodology, known as SB Method, developed by iiSBE (international initiative for a Sustainable Built Environment) an international no profit organisation that develops environmental assessment tools. The Protocollo ITACA is the reference rating system of the regional authorities in Italy and it has been largely used to support public initiatives towards a more sustainable built environment.

The research aim is to find an efficient way to integrate both processes, the project development and the environmental assessment, which are now separated even though strongly dependent one each other. The use of interoperable software based on the Building Information Modelling is considered one of the possible solution for making these processes converging.

The research is carried out working with Autodesk Revit 2010 Educational, software BIM based and with a free licence for researchers of Polytechnic of Turin. The working group adopted this software as a testing tool because it is considered one of the better developed parametric software available nowadays and with best implementable architecture.
2. Objectives
As previously illustrated, Protocollo ITACA is the Italian rating system used to assess building performances in terms of sustainability. It is made of a set of indicators, each one referred to a specific aspect of the environmental (as energy, water, material, indoor environmental quality, quality of site, etc). Such indicators are both quantitative and qualitative, defined aggregating building data by a specific procedure. Some of the calculations required to define the value of indicators are complex and articulated. The assessor has to collect and elaborate a consistent number of data belonging to the architecture project, as well as to the engine one. This means that to define the building performance in term of sustainability the assessor have to access different documents, extracts the requires information and, for most of indicators, aggregate them appropriately following calculation and simulation.
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Fig. 2. Some formula for estimating the solar radiation control, in order to underline the complexity of the method.
The working group believes that to achieve good building environmental performances, assessment tools such as Protocollo ITACA should be used by designer and developers during the whole projecting process. For examples it could be used to set performance targets, to share such targets with the project team, and also to monitor their achievement. A successful integration of an environmental assessment tool into a projecting process is possible only if the assessment can easily follows the project settlement though.

BIM technology seems to have the right potential to create this synergy, speeding up the access to most building data which would come out from the same one model. The research aim is to test if and how a software based on the BIM technology can integrate an environmental assessment tool as Protocollo ITACA.
3. Research program
The Protocollo ITACA take into account a large number of parameters of the project that, after been processed, give the values of the indicators required. Such parameters concerns geometric aspects so as energetic and environmental. The first task of the research is to find and list all building data required by Protocollo ITACA for the assessment. This list becomes the starting point to define the information that can be extract from the BIM model and organised appropriately.

1.1. Working group
The research will be leaded by three working groups, each one with a specific competence:

a)
WP1: Politecnico di Torino – DISET: core group which will define time and procedures of the research and that will test the results on case studies;

b)
WP2: ITACA – iiSBE – ITC-CNR: technical support for a correct understanding of the Protocollo ITACA contents in order to optimize the interface between the assessment tool and the Building Information Modelling;

c)
WP3: Autodesk Inc.: technical support for the creation of software or plug in for the extraction of data required from Protocollo ITACA from the BIM model (dimensional data, energetic performance values, costs, etc.)
The term sustainability involves a large number of issues, so the tools that intend to asses the environmental performance of a building has to be necessarily articulated. The interest goes from consume of resources to the environmental loads, from site quality to service and indoor air quality. As the focus of the research is to integrate BIM based software and sustainability assessment tools, the working group intended to start selecting parameters of the tool that could be related to the properties that BIM can manage.

Protocollo ITACA has different versions related to different regions and to different final use. The working group chose the work on the protocol for residential building used in Piedmont. This because it is the more compact (20 criteria) and it has been largely applied for big public initiatives. In fact Piedmont region has allocated about 750 million euro for support social for a total of 10000 apartments in social housing within six years. These apartments to be founded have to reach a certain score by Protocollo ITACA. This public funding program has just started the second biennial and  gives the opportunity to have a large number of case studies of “sustainable” residential houses, already assessed with the tool ITACA.

1.2. Parameters classification
As previously mentioned, the assessment tool Protocollo ITACA have different kind of indicators: some are quantitative values, obtained following a specific calculation procedure; few others are qualitative values expressed by scenarios and where usually calculations are not required. For both indicators typology, quantitative as well as qualitative, the designer needs to collect and process a large number of data related to the building. The working group intent to divide such data in four groups:

a.
BIM extractable data: properties of the building that are strictly linked to the building geometry and that are elements of the Building Information Model;

b.
Self input data: properties of the building which are not strictly linked to the building geometry but that can be tagged to the BIM element in order to give a new specific propriety to specific elements.

c.
External data: properties of the building which do not come from a simple BIM element but belong to specific software’s output. 

d.
No data: properties of the building which do not belong to any of the previous classification.
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Table 1. Protocollo ITACA’s criteria for Piemonte (residential buildings).
The research started with the analysis of Protocollo ITACA’s criteria where indicators are calculated through the aggregation of data related to the geometry of the building and with the properties of its main elements. From the Protocollo ITACA list, the working group then focused on the following criteria:
2.3 – Materials
2.3.1  Use of recycled materials.

2.3.2  Use of materials obtained from sustainable sources

2.1.5 Solar radiation control.

2.1.6 Thermal wave reduction

4.3 - Indoor Environmental Quality
4.3.1 - Daylighting in primary occupancy areas.
1.3. Solving critical situation
After an accurate study on the contents of Protocollo ITACA, on all the technical regulations required for its application, the intentions of the working group was to propose solutions which could answer to more critical situations at one, instead of trying to solve them as singular cases.

The way available to solve the peculiarity of the assessment protocol are:

-
the implementation of the parameters

-
the definition of specific template

-
the personalisation of system families

-
the use of programming codes

-
the creation of template.

The purpose is to remain as mach as possible coherent to the default setting of BIM based software.

1.4. Exploration of recyclable and renewable resource material
The research started dealing with the criteria that intend to assess the incidence of “green” materials within the building. Such incidence is expressed in weight, considering only the building envelope. The elements included are: roof, external walls and ground floor. The intermediate floors, the inner walls and the structure are not considered in the calculation. The assessor is then asked to: collect all information about building envelope as surface, density, material typology and so on; calculate the total building envelope weight; calculate the total weight of the “green” materials used for the building envelope.

Every single step required to define this kind of indicator values can become quite dragging on whenever the project is not yet defined, requiring to recalculate all the quantity as soon as a change occurs.

The challenge is to make BIM based software able to manage this calculation automatically.

For both criteria 2.3.1 and 2.3.2, which concern the total weight of the recyclable and renewable resource material the following parameters have been set:

· IT_M_volumic mass (Kg/m3)

· IT_M_mass (Kg/m2)

· IT_M_weight for linear meter (Kg/m)   -for windows-

· IT_M_percentage of renewable resource material (%)

· IT_M_ percentage of recyclable material (%)

· For schedules the parameter adopted are:

· IT_M_ weight of renewable resource material (Kg)

· IT_M_weight of recyclable material (Kg)
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Table 2. Schedule of weight of renewable resource material. Data processing in Revit 2010.
Both criteria about “green” materials consider only elements that belong to the external building envelop. 
To give this additional property to the element in the BIM model a new parameter has been added to the system families which in Italian it has been called “funzione” (function). This additional parameter consents to select only the required elements.
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Table 3. The stratigraphy of a wall element, identified by the key note included into the wall instance properties. Data processing in Revit 2010.
4. Results and conclusion
This paper presents a work in progress research. This means that the purpose should be intended not as the best solution reachable but the result obtained so far. Those results are still constantly reviewed by the working group involved in the testing activities.

Some other criteria linked to geometric properties have still to be fully developed For example the criteria related to the solar radiation control. These are extremely complex  both from a geometric point of view as well as for the high amount of data to be processed at the same time (orientation, angles on the horizon, radiation, length and position of the solar screen, and so on). The challenge is to calculate all the parameter required by the protocol without an external plug-in as well as without make substantial changes in the default objects families. This is a quite ambitious goal and some application are already in action. Assessing a building through Protocollo ITACA requires also a number of data extractable from specific energetic simulation. For such simulations many professional software are already available but an objective will be to connect or integrate these software with the one used to model the building.

The first output that will confirm the effective integration of the BIM software and the assessment tool is planned to be a digital document in which all final information needed for the assessment are collected and organised in order to rapidly fill up the Protocollo.

A future scenario, much more efficient, is to realized a template or plug in manageable from Revit interface which allows to extract data and some calculations to become automatic.

A further scenario sees a larger integration between parametric software for architectural project, for energetic simulation and for sustainability assessment in order to optimize the information flow and to favourite a more organic and successful design and construction building process. The result obtained are planned to be tested on some case studies. As soon as the proposed solution will be carried out and the approach confirmed, it will be possible to extend the results to buildings with other uses (offices, schools, etc.).
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