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ABSTRACT

This research aims at exploiting COBie to develop a lean methodology to rate existing
assets using sustainability assessment protocols like LEED, BREEAM, DGNB and
CESBA. The methodology includes an efficient information management process in a
BIM-oriented framework. BIM processes are frequently considered too much expensive
and effort consuming for being applied in the retrofit or in the management of existing
buildings because they demand a lot of data. The proposed methodology is founded on
the idea that a COBie collection of spreadsheets is a BIM model even if it does not have
any 3D geometrical information, which are often very expensive to collect for existing
buildings. The COBie model may be populated of data coming from different sources,
like the analysis of existing documents, inexpensive visual survey, interviews with
peoples living the asset, etc.. The COBie model is used to store both information to be
used in sustainability rating and the (partial) results coming from calculations. The
methodology is presented here with the help of a case study: the rating of an existing
building in the north of Italy, currently used as a private gym, using the CESBA protocol.
The existing documents, managed in a Document Management System, have been
analyzed and then all the information needed for the CESBA protocol have been
transferred to the COBie spreadsheet, being able to satisfy (in terms of data requirements)
the 85% of the CESBA criteria. The innovation in this research does not lie in the
computation of the sustainability score itself, but in the way in which data both used for
and obtained from calculation are organized, stored and shared among the stakeholders.
The COBie spreadsheets, as well as the mapping of the sustainability data contained in
them, allows for the creation of an Asset Information Model (AIM), even if not
geometrical, well integrated in a BIM process. This methodology for sustainability
assessment is well fitted in the BIM Bronze approach by UK Ministry of Justice (MoJ)
to create and manage existing assets data in a BIM environment. Moreover, thanks to its
simple but robust data structure, COBie data can be easily imported in current Computer-
Aided Facility Management software.

Keywords: green BIM, lean process, sustainability rating.
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INTRODUCTION

Rating systems are getting more and more complex, mainly due to the demand by clients
and users to develop different versions, depending on the stage of building life cycle (e.g.
new construction, operation and maintenance, refurbishment and fit-out), or accordingly
to the extension (e.g. LEED-ND, DGNB New Urban District) [1]. The underpinning
question concerns how to develop a methodological approach to support an additional
progress, by associating more directly the aforementioned tools with computational
instruments adopted in lifecycle evaluation and, in perspective, in an Internet of Things
(IoT) approach. Accordingly, BIM represents a privileged environment to enable the
green requirements automatic evaluation and to support decisions about sustainable
strategies during the building life cycle [2]. Data exchange between BIM software and
rating systems must, consequently, be based on a standard exchange protocols like
COBie. Using COBie leads to a more interoperable and open access to data, which could
be used by professionals in several software, in different moments of the building life, to
empower collaborative environment and shared decisions.

When creating a 3D model is too onerous, MoJ proposes a model which, embeds a strong
semantic information content included in COBie schema; good enough to perform
analysis and operations for sustainability evaluations. The implementation of this
approach, called by MoJ BIM Bronze, allows the integration of semantic and geometric
information, if the model is developed further [3].

In this paper, after a brief state of the art about green BIM and sustainability rating
systems, the methodology developed by the authors is presented and eventually a case
study shows its possible applications and potential. This research is conducted as a case
study research [4], therefore a large part of this paper is devoted to the application.

STATE OF THE ART

In this paragraph main topics held in the paper are presented, aiming at contextualising
the research and providing a basis for the methodology development.

Green BIM is a wide and growing topic, including themes like sustainability assessment,
development of design software more integrated over the life cycle and definition of
information requirements. Literature reviews on the topic [5] [6] and researches [7]
showed many possible uses of tools, software, BIM models and indicators to be used over
the life cycle; they highlighted that one of the recurring issues is information
management, understood as information requirements definition, data sharing and access.
This is the reason why in this research authors tried to address the problem of organising
information about sustainability in a robust format, with defined procedures to gather,
update and share them.

A review of relevant sustainability rating protocols is important to analyse contents and
relevant areas to be addressed by the methodology under development [8]. Table 1 shows
that great attention is paid to energy, materials and health of the occupants; moreover it
shows that each protocol has its own peculiarities, being more focused on specific aspects,
like economy, process or transport.
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Table 1 Sustainability protocols comparison

LEED BREEAM CESBA DGNB ITACA Minergie
9] [10] [11] [12] [13] [14]
Sustainable Management Quality of Site quality Site quality
sites location and
Site equipment
Regional
priority
Energy and Energy Energy Environmental Resource Air
atmosphere demand and  quality consumption  exchange
supply rate
Land use and Environmental
energy impacts
Building
envelope
Energy
demand
Energy / Heating
impacts demand
Hot water
Electricity
demand
Electricity
production
Monitoring
Summer
thermal
comfort
Materials and Materials Building
resources materials
and
. construction
Materials Water Water
efficiency
Pollution
Waste
Indoor Health and Healthand  Socio-cultural Indoor
. environmental wellbeing comfort and functional ~environmental
Quality . . .
quality quality quality
Service quality
. Innovation in  Innovation
Innovation .
design
Transport
Process and  Process quality
planning
Various quality -
Economic
quality
Technical
quality

GREEN BIM LEAN METHODOLOGY

In this paragraph the methodology developed is shortly presented, aiming at outlining the
main steps to be carried out to achieve: (1) a robust organisation of the information, stored
in the Asset Information Model (AIM), based on COBie protocol; (2) a rating according
to a sustainability assessment protocol. Figure 1 summarises the process leading from the
joint analysis of rating criteria and COBie standard, to the definition of a semantic model
and then to a rating.
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Figure 1 Scheme of the main steps of the methodology under development

Main steps to be performed are: (A) definition of rating system data needs and rating
system report structure analysis; (B) COBie standard analysis and definition of data
directly stored in a COBie project and creation of custom property sets; (C) creation of
BIM guidelines for sustainability analysis; (D) creation of a web service to automatically
extract data from IFC files stored in a BIM Server; (E) creation of an html report template
according to rating report structure; (F) creation of a web app that fills the report template
with data extracted from the COBie BIM model and computes the sustainability rating of
the project. These steps must not be conceived as the as the only feasible procedure, but
as the best to achieve the aim of the research. In this paper, only COBie has been used,
not storing the data into IFC attributes, because the focus was mainly to analyse points
(A) and (B), as described in the following paragraphs.

CASE STUDY

In this paragraph the methodology previously explained is applied to an existing building,
to show its potential and applicability.

The building selected as a case study is a sporting club owned by a private society. The
building is located in the north of Italy, in Gallarate (province of Varese). The gym, built
in the 80s, provided limited performances in terms of spaces, functions and energy, so it
has been recently refurbished, increasing also the floor area, to better satisfy users’ needs
(Figure 2). All the documents (drawings, reports, design documents, systems layouts,
etc.) have been provided by the engineering society involved in the refurbishment.

The starting point of the application of the methodology developed to the building has
been the analysis of the documentation provided. 215 documents have been checked and
a hierarchical system has been adopted, so to better handle them and, more important, the
data included. Three main categories (design documents, compliance with laws, building
operation) have been created and then divided into sub-categories according to specific
needs. Presence or absence of documents has been checked using the UNI 10998:2002 as
guideline. Main goal of the due diligence has not been to check the fulfilment of Italian
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laws requirements (although they were respected), but to organise documents, so to better
extract data useful for the CESBA protocol calculation.

a) <)

- -

Figure 2 a) original building, b) refurbishment, external view, c) refuibishment, internal view

Data extraction from the previously organised documents has been the most effort and
time consuming activity, nevertheless it cannot be compared with a complete modelling
of a BIM model (intended as a 3D model with attributes and documents associated to
each object). This activity allowed to perform important activities: 1) to map the data
required for the CESBA protocol calculation (“CESBA - Indicator Catalogue for Public
Buildings Refurbishment™ has been chosen); 2) to transpose previous mentioned data into
a more organised, robust and computer/human-readable format (COBie); and 3) to obtain
the CESBA rating (for the criteria which have been possible to calculate).

The first step has been carried out by analysing each document according to the guidance
provided by CESBA, so to match documents with the relevant criteria. As instance, for
the criteria B3 (simplified calculation of efficiency) some documents about systems
(schemes, descriptions, costs, etc.) have been selected (Figure 3) and associated to
specific requirements of the criteria. As can be seen, not all the documents needed are
present: some of them are missing, but many can be either retrieved from analysis (e.g.
the correct inflation rate to be used) or with interviews to the tenant/owner (e.g. annual
costs and fees).

B3] Simplified calculation of efficiency (M) | ‘max Points: 40
| Document
Presence Code Title

Parameter Descripition Points

Average annual costs to |/ ""UtY Of the building costs(at least in each case energy-related building

take into account for the
with a building
that fulfil the minimum

[Annuity of fees
Average annual maintenance costs

requirements of national
Average annual energy costs
directives

Life of constructional measures (insulation, windows, 104
etc)
Assumptions for calculating CU03.03.01.03.03 LIBRETTO COLLETTORE SOLARE SIME
efficiency
LIBRETTO MANUTENZIONE ED USO DELLA CENTRALINA DIFFERENZIALE TDC IMPIANTO
(additional costs) CU03.03.01.03.04 SoLARE
Life of building services (heating, cooling etc.) 20a v
CU03.03.01.03.05 LIBRETTO USO E MANUTENZIONE IMPIANTO RISCALDAMENTO CAMPO TENNIS
CU03.03.01.03.06 MANUALE INSTALLAZIONE BOLLITORE SIME
Calculation period = credit period 20a
General inflation rate 2.50%
Rising prices for energy (all energy sources) 5.50%
Required rate of return 5%

Evidences for building owner/contractor

CU02.01.01.06.06  ALL. 06 - RELAZIONE EX LEGGE 10_DIA 14214-2014_11.04.2014
Description of the technical data of the energy-related building components v
CU03.01.01.01.02  ALL 02 - COMUNICAZIONE ESEGUITA ATTIVIT PROT_29.09.2014

Additional documentation CU02.01.01.06.06  ALL 06 - RELAZIONE EX LEGGE 10_DIA 14214-2014_11.04.2014

Energy demand calculation for reference and improved variant(s) v

of simplified efficiency g. using the excel-tool
mentioned below

Figure 3 Mapping between documents and CESBA requirements

CU03.01.01.01.02  ALL. 02 - COMUNICAZIONE ESEGUITA ATTIVIT PROT_29.09.2014
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The second step, more effort consuming but extremely useful especially on the long
period, has been the transposition of the data from documents to the COBie spreadsheet
created for the purpose. Main sheets used in this phase are: document, facility, floor,
space, component and attribute. Only the information relevant for CESBA calculation
have been inserted in COBie: as instance only 70 components, mainly related to systems,
have been added to the “component” sheet. The “attribute” sheet has been filled with the
data coming from the documents, divided by criteria, with the only purpose of retrieving
them in a faster way. As instance the attributes related to the criteria D6 (hygiene and
soundproofing) have been listed in the “attribute” sheet, in association with the objects
(components and spaces), according to what has been found in the documents (Figure 4).

o -

g < § g E 4 4

b B = ] & = ®

w 2 & = = 3 Z 2 3

E ] o = = Q -]

& o @ @ = & k4] =

= S S 2 = S Pl ] &

D2_Comfort ventilation - hygiene and soundproofing

InternalSoundEmission Eleonora_ldra 30-lug Component UTARistorante 45|d8
InternalSoundEmission Eleonora_ldra 30-lug Component UTASpogliatoi_1 45|d8
InternalSoundEmission Eleonora_ldra 30-lug Component UTASpogliatoi_2 45|d8
InternalSoundEmission Eleonora_ldra 30-lug Component UTAFitness 45(d8
InternalSoundEmission Eleonora_ldra 30-lug Component UTASaleCorsi_1 45(d8
InternalSoundEmission Eleonora_ldra 30-lug Component UTASaleCorsi_2 45(d8
InternalSoundEmission Eleonora_ldra 30-lug Component HeatingPump 80|d8
InternalSoundEmission | ra_ldra 30-lug Space Floor 30|d8
InternalSoundEmission Eleonora_ldra 30-lug Space GroundFloor 30|d8
InternalSoundEmission Eleonora_ldra 30-lug Space FirstFloor 30|d8

Figure 4 Extract of the “attribute” sheet

More than 450 attributes have been extracted from documents and inserted in the
“attribute” sheet, always in association to physical objects (facility, components), spatial
objects (floors, spaces) and even to documents.

Third and last step of this case study has been the calculation of the CESBA rating of the
building: this has been done manually, not only to obtain the rating, but to understand
how many criteria could be fulfilled with the data currently available.

RESULTS

The result is that this process allowed to extract from the documents around the 85% of
the data necessary for the calculation of the CESBA rating. The 15% missing is mainly
related to information that cannot be directly retrieved from documents (either about
design or operation) but calculated using other software (i.e. Passive House Planning
Package and Ecosoft). The result of this assessment, although partial, is equal to 424
points. This final result, as well as the partial ones associated to single criteria, have been
inserted in the “attribute” sheet, associated to the entire facility; the column “CreatedOn”
has an important role, as it allows to update the attribute over the building life, updating
it according to the modifications occurred, but without losing important data (otherwise
contained in scattered documents).

DISCUSSION

This case study cannot be considered a full application of the methodology developed,
although it shows benefits and potential of creating an Asset Information Model, without
modelling the geometrical part (at least in the first steps). The analysis of this building
allowed also to achieve an important result: the mapping between documents and CESBA
criteria, as well as the mapping between data (organised in COBie) and the CESBA
criteria. These connections can be used and further improved with other case studies,
easing future assessments.
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The analysis has been affected also by the lack of some documents and data, not required
by Italian laws but needed to very CESBA requirements. Nevertheless, most of the criteria
have been assessed, except for the two requiring third-party software (criteria C1 to C4
and E1). The calculation has been carried out manually by the authors, as the main goal
is to test the methodology; an automated algorithm would be required to speed up the
calculation process.

For now, authors decided to apply the methodology only to CESBA, but the same steps
can be carried out for other rating systems, facing issues related to specific
criteria/protocols. The application to the building demonstrated the possibility of
organising the data in a robust structure, being able to fulfil the stakeholders’ needs, which
in this case are represented by the client’s need of organising asset information and
obtaining a sustainability certification.

A possible improvement could be represented by the use of IFC (Industry Foundation
Classes) for storing sustainability data: some property sets can be created and associated
to specific IFC entities, so to allow protocols calculations directly from IFC models, like
some researchers did form BREEAM [15]. This of course includes the modelling of the
asset, but it opens for the development of automated code checking applications.

CONCLUSION

The proposed methodology can be considered an important step toward the
standardisation of the information about sustainability over the life cycle, with a BIM-
compliant structure and process. Having the data structured in an internationally
recognised and robust format, computer and human readable like COBie, can be
considered the first step to be done to enter the BIM process: indeed one of the most
important tasks for an organisation willing to adopt BIM, is the definition of the strategy
and of the information requirements. Moreover, the use of COBie allows to adopt the
BIM approach without beginning with a geometrical model, usually very effort and time
consuming; the model can be created later, when the organisation has more robust
foundations about BIM processes, whilst in the meanwhile the spreadsheet can be used
to structure data, to calculate ratings and eventually to connect the data to the model or to
other CAFM (Computer-Aided Facility Management) software.

Some additional steps need to be performed to create a more efficient process: an
important improvement would be the creation of an automatic algorithm to analyse data
contained in the COBie spreadsheet and to show the results in a clear and detailed way.
Nevertheless the case study really helped in the definition of the information requirements
for the calculation of the CESBA rating; these can be used also in the modelling of BIM
objects, with attributes embedded, so to model buildings (both existing and new
construction) with the attributes ready to be filled.

Eventually, CESBA has been selected, being one of the most comprehensive protocols,
but the same process can be applied to other important protocols, as well as to other
relevant topics, like maintenance, energy and space management. Moreover, COBie
format is compliant with the BIM Bronze approach by UK MolJ, allowing to create and
manage data about existing assets in a BIM environment.
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