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Information Modelling and Management (IMM) methods for Most Economically Advantageous Tender (MEAT) can
promote the adoption of environmentally sustainable practices. Despite the wide regulatory framework and existing
drivers, Construction and Demolition Waste (CDW) trend is still upward. The literature review regarding IMM and
CDW management implementation during the design phases is mainly focused on studies and applications from
the designer and contractor’s points of view, although few studies focused on Green Public Procurement (GPP)
and CDW management integration from the Public Client’s point of view. This research aims at investigating the
integration and efficiency of MEAT and IMM to promote the application of sustainable strategies focused on waste
reduction and resource valorization. The study investigates the Public Client’s role in promoting sustainable
practices, introducing digital material inventory and BIM during the design phases, and including environmental
award criteria in the call for tender documents. A Design Build (DB) procurement model is considered in the case
study of a brownfield renovation and the construction of a new school in northern Italy. The methodology provided
the Public Client with a replicable method to evaluate the environmental impact of the bids, allowing for proper
selective demolition planning, CDW decrease, and organization while promoting their integration in companies’

expertise and procedures.

building information modelling (BIM) construction and demolition waste (CDW) design build (DB)

environmental assessment public client waste minimization

| 1. Introduction

The construction sector is an industry with a high intensity of raw material consumption, corresponding to about a
half of the Earth’s raw materials [. In addition, over one half of annual material input returns as waste in the
industrialized countries every year [2. Construction and Demolition Waste (CDW) accounts for one third of the total
amount of waste by volume in the EU, as reported by the EUROSTAT 2019 Waste Statistics [2l. Considering the
high consumption of raw materials and the high level of discard production, the CDW management process must
be reengineered to reduce waste and to take advantage of the high potential for reusing and recycling materials
when construction waste is correctly identified and separated through selective demolition procedures [4l. Waste
management in Architecture, Engineering, Construction, and Operations (AECO) industry requires adopting a
‘cyclic’ rather than a ‘linear’ approach Bl. The transition toward a circular economy approach in AECO sector is

aligned with the global framework to avoid dangerous climate change effects set by the Paris Agreement (&,
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Figure 1. Comparison of current waste generate trends in the construction, mining and quarrying and
manufacturing sectors, excluding major mineral wastes, EU-28, 2004-2018. Data source: EUROSTAT 2019

(env_wasgen).

Most of existing studies adopted Building Information Modelling (BIM) approaches to introduce environmentally
sustainable practices, specifically to AECO industry, in the building design phase from the designer and
contractor’s points of view . Few studies have analyzed the integration of BIM and Green Public Procurement
(GPP) in construction procurement to evaluate the environmental impact of the bids [l. However, a comprehensive
application of Information Modelling and Management (IMM) methods and GPP from the Public Client's point of
view, aiming to evaluate and reduce the environmental impact of a building related to resource and waste
management during design and call for tenders phases, represents a gap in the literature. This can be critical
considering the high purchasing power of public organizations and institutions 2! and the poor competences in the

Iltalian context in drafting calls for tender documents including environmentally sustainable criteria 29I,

The goal of the presented research is to fill this gap by defining a replicable model that adopts IMM and GPP for a
sustainable use of resources and CDW minimization and management in AECO sector. The methodology covers

the design phases and the call for tenders phase of a public construction process.

| 2. Background
2.1 Digital Techniques for Field Surveys

One of the critical steps when dealing with existing buildings is collecting real-world data about the to-be-
demolished structures. There are two main different approaches for digital field surveys: photogrammetry is a well-
established digital image-based survey technique that extracts data from 2D pictures, and places them in 3D

spaces 11 providing 3D measurements and producing points clouds for several engineering fields 12: enabling
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safe 23] Jow-cost 14 field surveys but lacking automatic BIM object modelling capabilities; on the other hand, laser
scanning can enable the automatic conversion from points clouds to BIM models, but it is more expensive and is

still a developing technique 22!,

2.2 Waste Management and BIM Methods adoption

Fundamental objectives to achieve a sustainable development, which are set at international and European level,
are the efficient use of natural resources, the 3Rs approach, i.e., reduce, reuse, and recycle, for waste
minimization and management 28] and the concept of waste as a resource 7. In addition, in 2018 the EU
Commission released guidelines for the definition of waste audits: they have a central role to ensure the proper
identification and separation of demolition materials, thus facilitating the application of selective demolition and
reusing and recycling practices 4. Concerning the ltalian regulatory framework, Legislative Decree 50/2016
introduced the requirement for Public Clients to purchase products and services that are compliant with the
national document called the Minimum Environmental Criteria (CAM—Criteri Ambientali Minimi), which requires the
reuse, recovery, or recycling rate of about 70% by weight of non-hazardous waste in cases of renovation,

maintenance, and demolition L&l

IMM methods play a double role of managerial and technological drivers B, supporting the implementation of
sustainable strategies and waste management practices during all stages of the construction and demolition
processes 29 since better data and information flow means improved decision-making processes and enhanced
capacity to manage and decrease CDW streams. Digital methods and techniques are demonstrated to guarantee
the consistency of the information flow during the entire construction and demolition process [20121][22][23]
Regarding the integration of BIM and CDW minimization and management, most of the existing studies focused on
CDW reduction and management [24[23126]1271[28]129] = highlighting the extensive implementation of BIM
methodologies to support CDW management during the design phases through the parametric modeling,
visualization, and simulation capabilities of BIM, and showing promising results, with possible waste reduction of 4—
15% 39, However, the application of BIM methodologies for CDW minimization and to manage the demolition or
reconstruction of existing buildings that had not been designed following deconstructability principles is a less

investigated topic [Z.

2.3 Green Public Procurement and IMM Methods adoption

Green Public Procurement integrates requirements and criteria in order to achieve value for money in the whole
lifecycle of a project while supporting resource protection B and reducing environmental impacts 2. Since public
organizations and institutions wield a purchasing power of 15 to 30% of the national gross domestic product 2!,
GPP is supported and promoted at the international, European and national level as a means of driving the market
towards innovative and sustainable practices 2334, Concerning the Italian regulatory framework, the Legislative
Decree 50/2016 was a turning point for national procurement regulations, making GPP mandatory in public tenders
and introducing the Most Economically Advantageous Tender (MEAT) approach, which aims to achieve value for

money on a basis of the lifecycle of a construction project 18, However, only around 20% of the Italian Provinces
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have adopted GPP including sustainability criteria so far, while around 50% of municipalities have very poor
knowledge of GPP, caused by a lack of staff training and competence regarding GPP and how to draft tender

documents that include sustainability criteria 29,

Despite the importance of introducing GPP and green purchasing criteria, the majority of purchasers still tend to
favor past practices 33, Two main factors have been identified as facilitators for the adoption of green design
approaches in the construction process: the proactive role of the Public Client in pushing green procurement
adoption, and the application of IMM approaches [BI28l However, little investigation has been conducted on the
integration of IMM approaches and GPP, while it could be critical to define a method for the Public Client
considering the high purchasing power of Public Administrations [ and the poor competence in the Italian context
in GPP adoption 29,

| 3. Methodology

3.1 Preliminary Design Phase: Waste Management and Selective Demolition
Planning within a IMM Approach

During the preliminary design phase, the methodology proposes the creation of a digital material inventory, i.e. a
digital database, for waste audits to plan and manage CDW streams and the selective demolition activities of
existing facilities. In order to collect the information needed to define the digital material inventory, close-range
photogrammetry was considered. This technology enables 3D measurements and the remote analysis of the
images to identify materials and elements. Data collected through field surveys are the basis for the definition of

the digital material inventory, i.e. the output of the waste audit, which includes:

» Basic information, including material estimation and description;

» Detailed information, including material types and European Waste Codes (EWC);

o Three levels of reporting: (a) hazardous, (b) non-hazardous and recyclable, and (c) non-hazardous and
reusable on site;

» The identification of recyclable materials and authorized recycling plants in the proximity of the project site to
minimize the carbon emissions for waste transportation.

The digital material inventory is then used to define proper selective demolition activities and plans, and their

related costs, which can be included in the total budget for the subsequent design and call for tenders phases.

The evaluation of the methodology applied to the case study was performed by comparing the selective demolition
costs calculated through the digital material inventory with the costs of the parametric non-selective demolition of

the same buildings.

3.2 Design Phase: Waste Minimization and Sustainable Resource Use within a BIM
Approach
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During the design phase, the BIM approach was proposed for waste minimization and management and to foster
the sustainable use of resources. The BIM model for the design phase was generated by linking all construction
materials to similar information as the ones collected for the demolition materials in the digital material inventory.
Material quantities, types, related quantities of construction waste, and EWC codes are linked to each construction
material. The BIM model is used to: (i) store all graphic and non-graphic information, drawings, and documents of
all the disciplines of the design phase; (ii) perform design reviews, clash detection, quantity take-off, phase
planning, and site utilization, thus supporting and facilitating the proper management and minimization of
construction waste; (iii) identify materials producing the highest quantities of construction waste. The quantities of
construction materials from the BIM-based quantity take-off and from the digital material inventory can be
compared in order to identify possible reuse strategies on site. It is possible to select the construction materials that
can be replaced by demolition waste materials as secondary raw materials, allowing for a reduced use of raw

materials.

The effectiveness of the methodology applied to the case study is validated by analyzing the advantages enabled
by the use of the BIM model, in particular, regarding the sustainable use of resources through the on-site reuse of

demolition waste materials.

3.3 Call for Tenders Phase: Environmental Award Criteria within IMM and BIM
Approaches

During the call for tenders phase, GPP is adopted to a Most Economically Advantageous Tender (MEAT) procedure
by introducing award criteria to evaluate the bids in terms of their environmental impact and integration of
sustainable practices. All of the data and information from the design stages performed via IMM approaches
support the definition of the tender documents and award criteria. The BIM model allows the management of waste
and the related recycled and reused quantities for construction site planning. The adopted tender process type is
the Design Build (DB) model, in which a single operator is selected to conduct the final design and construction,
enabling a more efficient information transfer with the Public Client and a more collaborative process [BZ,

representing a valuable framework for the application of IMM approaches 58],

The evaluation of the bids is based on objective alpha-numerical criteria, which are aligned with LEED certification
criteria B9, The assessment of the quality of the bids is based on the rankings on the defined criteria, thus
promoting the automation of the evaluation process #9. Throughout the entire process, waste minimization paired
with the definition of safe and efficient selective demolition procedures is promoted with the highest rankings.
Respecting the environmental criteria when presenting the bids would have provided additional points to the
ranking of the companies, covering more than 25% of total points, thus increasing their possibility of winning the
call for tenders, and, at the same time, promoting the application of sustainable practices among the participants.
The main sub-criterion to evaluate the CDW management strategies of the bids is sub-criterion D.2.2. The scoring
of sub-criterion D.2.2 depends on the quantities of reused, recycled and landfilled non-hazardous waste materials,

and of landfilled hazardous waste materials as proposed by the bids.
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Table. Scheme of criteria and sub-criteria for the bid evaluation process.

Sub-Criterion

Category Criterion Evaluation Sub-Criterion
Value
A.1—Material A.1l.1—Distance of the production site of
production site distance  materials
A.3.1—Contractor certification according
A—Passive to UNI EN 1SO 14001
element
requirements
A.3—Environmental A.3.2—Producer certification according to
requirements UNI EN I1SO 14001
A.3.3—Recyclability of materials at end- .

of-life

D.1.1—Contractor certification according
D.1—Safety 1
to OHSAS 18,001

D—Construction

and demolition

phase D.2—Constructive N
_ _ D.2.2—Demolition plan and CDW
solutions and site 10
management
management
] E.1—Building E.1.1.—Maintainability and durability of
E—Maintenance ) ) ) 7
maintenance construction materials

The evaluation of the methodology applied to the case study was performed by analyzing the results of the call for
tenders, and the responses of the participants, particularly the winning one, to the optional award criteria regarding

environmentally sustainable aspects.

| 4. Case Study
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The case study involved the decontamination and renovation of a brownfield in the Municipality of Inveruno in the
Province of Milan, Italy, including an extensive demolition phase of the existing buildings in the industrial site and
the subsequent construction of a new school complex for a total amount of EUR 15 M. Brownfields are defined as
polluted and abandoned sites where urban transformation interventions combine remediation and reuse . Soil
protection, reducing land degradation and consumption are fostered both at International, European and National
level [22143]44]  consequently the recovery of existing abandoned buildings and brownfields are prioritized by CAM
at project level (28], Despite that, land consumption in Italy maintained a rate of 2 square meters of land irreversibly
lost every second in 2019, and the highest percentage of consumed land belongs to the Lombardy Region 41,
justifying the choice of the case study, since brownfield renovation is critical for the Province of Milan. The main
goals of the case study application are: to integrate environmental sustainability by recycling demolition materials,
and by reducing the use of raw materials and green fields during the construction phase; to integrate social
sustainability through the transformation and rehabilitation of a brownfield into a new school complex area that will

be open to the municipality.

| 5. Results

During the preliminary design phase, the output of field surveys supported by close-range photogrammetry were
image planes of the to-be-demolished facilities, used for measuring, material recognition, and for conducting
analysis in remote mode. All the data and information regarding construction techniques, materials, and related
data were gathered and digitized in the digital material inventory, enabling the maximization of the quantity and
quality of the recyclable materials by obtaining the fractions of mono-materials that were suitable for reuse or
recycling as secondary raw materials. In addition, it supported a detailed demolition planning, allowing to quantify
the costs associated with the selective demolition activities by linking each activity to the related expected cost of
execution. Consequently, it was possible to obtain a reliable prediction of the selective demolition costs, which

represented 127% of the estimated non-selective demolition costs.

During the design phase, the BIM model allowed the estimation of the quantities of the needed construction
materials by means of the quantity take-off. Construction materials quantities were then compared with waste
guantities stored in the digital material inventory, and finally, some applicable on-site reuse strategies were

selected.

During the tender documents definition, the digital material inventory supported the verification of the feasibility of
the selective demolition strategies and the identification of selective demolition costs. Regarding the scoring of the
bids participating to the call for tender, the average score of the bids was equal to 23.4, with the winning company’s
score equal to 25.7/100, i.e. the 95% of the total available score (27/100) in the environmental criteria. Regarding
the winning company, based on the waste audit and digital material inventory and on the suggestions from the
tender documents regarding selective demolition, as described above, the company proposed an entire plan and
site layout for the demolition phase. In addition, they could identify all waste quantities and could select the specific
authorized plants needed for recycling and landfilling, starting from the authorized plants suggested in the tender

documentation.
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Figure 2. Reused, recycled, and landfilled waste proposed by winning company and divided by material type.

Starting from the BIM-based suggestions for the on-site reuse strategies included in the tender documents, the
winning company proposed to reuse most of the concrete, bricks, and ceramic demolition waste materials as
secondary raw materials for on-site reusing, comparing the quantities of materials extracted from the BIM model of
the designed buildings to the quantities of waste materials recorded in the digital material inventory. Regarding the
new school complex construction phase, the winning company used the BIM model in order to define and manage
all quantities of waste and recyclable materials from the project, reaching total percentages of reused, recycled,
and landfilled waste materials of around 45%, 46%, and 9% respectively.
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Figure 3. Total percentages of reused, recycled, and landfilled waste.

| 6. Discussion

Regarding the preliminary design phase, the application of the proposed methodology allowed the definition of a
precise and complete waste audit and digital material inventory, which supported the planning and optimization of
reuse and recycling practices and selective demolition plans. Close-range photogrammetry for field surveys was
the easiest and safest survey technique. The use of a digital database as a material inventory promoted always
available and up-to-date data that were organized and structured in a machine-readable form, thus ensuring data
readiness and processability and agile data management.

Waste audit and digital Traditional process (without
material inventory definition definition of waste audits)
*  Quantification and classification of = & Definition of non-selective demolition

costs, that are lower than selective
demolition ones by about 25-30%

waste materials for waste collection and
transport to authorized plants

* Precise planning of selective demolition
activities

» DPossible use of parametric demolition
costs to define total non-selective
demolition costs (but lower accuracy
than selective demolition costs
defined through digital material
inventory)

» Identification of reuse strategies for
waste materials and elements

+ Identification of authorized recycling
plants and minimization of their . .

) e Not possible identification of waste
distance from the construction site

quantities for reuse, recycle or reuse

+ Identification of selective demolition strategies

costs to be included in tender

+ Increasing uncertainties in the
documents

definition of demolition plans

Figure 4. Comparison between the proposed methodology with waste audit and digital material inventory

definition, and a traditional process.

The selective demolition costs represented 127% of the estimated non-selective demolition ones, clearly
highlighting the importance of applying proper waste audits and selective demolition planning, in order to correctly

identify selective demolition costs to ensure the proper development of the tender and construction phases.

Considering the design phase, the creation and use of a BIM model of the designed buildings allowed the reduction
of construction waste and the promotion of waste minimization during design reviews and clash detections
between design disciplines. In addition, the possibility of defining on-site reuse strategies, in particular by using
concrete wastes as secondary raw materials, resulted in savings for the purchase of a considerable amount of new

raw materials.
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Concerning the call for tenders, the proposed methodology enabled to:

» Support the Public Client in including sustainability criteria for the evaluation and scoring of the bids, and in
analyzing the environmental impact of the bids, while acquiring the necessary competences for proper GPP
implementation;

« Promote the integration of CDW management and minimization, sustainable resource use, and
selective demolition procedures among the participants.

The high scores of most bids in the environmental criteria demonstrated that:

» All of the bids and the participants recognized the importance of the optional award criteria and decided to gain
competences and know-how on the topic;

» The well-defined award criteria supported by the digital material inventory and by the BIM-based design data
led the participants to more easily apply and integrate sustainable practices in their procedures.

Regarding the actual winning bid, the environmental factors represented a fundamental part of the offer since

numerous points had been assigned to the company on the environmentally sustainable award criteria. The

process enabled the maximization of the quantities of recycled and reused waste materials, the proper selection of

reuse strategies, and the selection of authorized recycling and landfilling plants by the company.

The Design Build (DB) procurement model allowed the contractor to manage the process flow and information right
from the final design stage, enabling the optimization of CDW management and selective demolition plans, and the

decrease of CDW production.

| 7. Conclusions

The construction sector is one of the most polluting industrial sectors in the European Union. Consequently, the
adoption of CDW management and minimization strategies and GPP is paramount and is promoted at
international, European and National level. However, the literature review showed that a comprehensive application
of IMM methods and GPP from the Public Client's point of view aiming to evaluate and reduce the building

environmental impact during the design and call for tenders phases, represents a gap in the literature.

The research proposes a replicable methodology during the preliminary design, design and call for tenders phases
to introduce selective demolition planning, CDW management and GPP supported by IMM and BIM methods. The
methodology was tested on the case study of a brownfield renovation that included extensive demolitions and the

construction of a new school complex in the Province of Milan.

The IMM approach and the BIM model for the design and tender activities, permitted to maintain consistency
during the entire process. The selective demolition costs, calculated through the digital material inventory and the
demolition plans, represented 127% of the estimated non-selective demolition ones. The correct identification of
the demolition costs represents a fundamental aspect that ensures that the whole procedure can be conducted

without resulting in disputes, delays, and budget increases.
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The demand of the call for tenders was highly focused and accurate, hence ensuring that the offers met the
requirements and complied with environmental strategies. In general, the methodology ensured effective CDW
management and the precise identification of reuse and recycling strategies. The winning company proposed over
90% of recycled and reused waste materials, minimizing the total quantity of landfilled waste accordingly. The
demand guided and pushed the application of sustainable practices by the construction companies. In addition, the
method allowed the Public Client to assess the environmental impact of the bids. Furthermore, the Design Build
(DB) procurement model enabled an increased collaboration between the Client and the constructor and a less

fragmented and more efficient information flow.

The research highlighted the critical role of the Public Client as the actor that can trigger a change in the
construction sector by implementing GPP and applying best practices during all the phases, supporting a
sustainable construction process. In addition, the study demonstrated the positive effects and results of the
application of the methodology for brownfield recovery. The proposed methodology was previously tested with
positive results in another case study with a simpler design and without almost any demolition 8], The positive
results of the presented case study, which had a more complex design and included extensive demolitions,
resulting in more complex CDW management, selective demolition planning and sustainable resource use, aim to
demonstrate the replicability of the methodology.

References

1. Council of The European Union Circular Economy in the Construction Sector; Bruxelles, 2019;

2. Matthews, E.; Amann, C.; Bringezu, S.; Fischer-Kowalski, M.; Huttler, W.; Kleijn, R.; Moriguchi, Y.;
Ottke, C.; Rodenburg, E.; Rogich, D.; et al. The weight of nations. Material outflows from industrial
economies; Hutter, C., Ed.; World Resources Institute: Washington, 2000; ISBN 1569734399.

3. Eurostat Waste Statistics Available online: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Waste_statistics#Waste_generation_excluding_major_mineral_waste
(accessed on May 14, 2021).

4. European Commission Guidelines for the waste audits before demolition and renovation works of
buildings. UE Construction and Demolition Waste Management; 2018;

5. Osmani, M. Construction Waste; Elsevier Inc., 2011; ISBN 9780123814753.
6. United Nations Paris Agreement; 2015;

7. Chong, H.Y,; Lee, C.Y.; Wang, X. A mixed review of the adoption of Building Information Modelling
(BIM) for sustainability. J. Clean. Prod. 2017, 142, 4114-4126, doi:10.1016/j.jclepro.2016.09.222.

8. Barbini, A.; Malacarne, G.; Romagnoli, K.; Massari, G.A.; Matt, D.T. Integration of life cycle data in
a BIM object library to support green and digital public procurements. Int. J. Sustain. Dev. Plan.

https://encyclopedia.pub/entry/13829 11/14



BIM, GPP for CDW Management | Encyclopedia.pub

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2020, 15, 983-990, doi:10.18280/IJSDP.150702.

. United Nations Environment Programme Sustainable Public Procurement Implementation

Guidelines; 2012;
Osservatorio Appalti Verdi | numeri del Green Public Procurement in Italia; 2020;

Dai, F.; Lu, M. Assessing the Accuracy of Applying Photogrammetry to Take Geometric
Measurements on Building Products. J. Constr. Eng. Manag. 2010, 136, 242—-250,
doi:10.1061/(asce)c0.1943-7862.0000114.

Nebiker, S.; Bleisch, S.; Christen, M. Rich point clouds in virtual globes - A new paradigm in city
modeling? Comput. Environ. Urban Syst. 2010, 34, 508-517,
doi:10.1016/j.compenvurbsys.2010.05.002.

Chalioris, C.E.; Tsioukas, V.E.; Favvata, M.J.; Karayannis, C.G. Recording Historic Masonry
Buildings Using Photogrammetry- Two Case Studies. In Proceedings of the ECCOMAS Thematic
Conference on Computational Methods in Structural Dynamics and Earthquake Engineering;
2013; pp. 1401-1409.

Aguilera, D.G.; Lahoz, J.G. Laser scanning or image-based modeling? A comparative through the
modelization of San Nicolas church. Proc., ISPRS Comm. V Symp. Image Eng. Vis. Metrol. 2006,
36, 1-6.

Macher, H.; Landes, T.; Grussenmeyer, P. From point clouds to building information models: 3D
semi-automatic reconstruction of indoors of existing buildings. Appl. Sci. 2017, 7, 1-30,
doi:10.3390/app7101030.

United Nations Transforming Our World: The 2030 Agenda for Sustainable Development; New
York, 2015;

The European Parliament and the Council of the European Union Directive 2018/851 amending
Directive 2008/98/EC on waste Framework; Bruxelles, 2018; pp. L-150/109-140;.

Italian Parliament and Government Decreto legislativo 18 aprile 2016, n. 50 Codice dei contratti
pubblici; Rome, 2016;

Adjei, S.D.; Ankrah, N.A.; Ndekugri, I.; Searle, D. Sustainable construction and demolition waste
management: Comparison of corporate and project level drivers. Proceeding 34th Annu. ARCOM
Conf. ARCOM 2018 2018, 99-108.

Ahankoob, Alireza Abbasnejad, Behzad Wong, P.S.P. The Support of Continuous Information
Flow Through Building Information Modeling (BIM). In Proceedings of the The 10th International
Conference on Engineering, Project, and Production Management; Panuwatwanich, K., Ko, C.,
Eds.; Springer Nature: Singapore, 2020; pp. 125-138.

https://encyclopedia.pub/entry/13829 12/14



BIM, GPP for CDW Management | Encyclopedia.pub

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Russell, A.; Staub-French, S.; Tran, N.; Wong, W. Visualizing high-rise building construction
strategies using linear scheduling and 4D CAD. Autom. Constr. 2009, 18, 219-236,
doi:10.1016/j.autcon.2008.08.001.

Wu, Y.; Xu, N. BIM information collaborative framework based on supply chain management. In
Proceedings of the International Conference on Construction and Real Estate Management;
American Society of Civil Engineers (ASCE): Kunming, 2014; pp. 199-2017.

Zhang, S.; Teizer, J.; Lee, J.K.; Eastman, C.M.; Venugopal, M. Building Information Modeling
(BIM) and Safety: Automatic Safety Checking of Construction Models and Schedules. Autom.
Constr. 2013, 29, 183-195, doi:10.1016/j.autcon.2012.05.006.

Cheng, J.C.P.; Ma, L.Y.H. A BIM-based system for demolition and renovation waste estimation
and planning. Waste Manag. 2013, 33, 1539-1551, do0i:10.1016/j.wasman.2013.01.001.

Cheng, J.C.P.; Won, J.; Das, M. Construction and demolition waste management using bim
technology. In Proceedings of the Proceedings of IGLC 23 - 23rd Annual Conference of the
International Group for Lean Construction: Global Knowledge - Global Solutions; 2015; Vol. 2015-
Janua, pp. 381-390.

Akinade, 0.0.; Oyedele, L.O.; Bilal, M.; Ajayi, S.O.; Owolabi, H.A.; Alaka, H.A.; Bello, S.A. Waste
minimisation through deconstruction: A BIM based Deconstructability Assessment Score (BIM-
DAS). Resour. Conserv. Recycl. 2015, 105, 167-176, doi:10.1016/j.resconrec.2015.10.018.

Liu, Z.; Osmani, M.; Demian, P.; Baldwin, A. A BIM-aided construction waste minimisation
framework. Autom. Constr. 2015, 59, 1-23, doi:10.1016/j.autcon.2015.07.020.

Guerra, B.C.; Bakchan, A.; Leite, F.; Faust, K.M. BIM-based automated construction waste
estimation algorithms: The case of concrete and drywall waste streams. Waste Manag. 2019, 87,
825-832, do0i:10.1016/j.wasman.2019.03.010.

Guerra, B.C.; Leite, F.; Faust, K.M. 4D-BIM to enhance construction waste reuse and recycle
planning: Case studies on concrete and drywall waste streams. Waste Manag. 2020, 116, 79-90,
doi:10.1016/j.wasman.2020.07.035.

Won, J.; Cheng, J.C.P.; Lee, G. Quantification of construction waste prevented by BIM-based
design validation: Case studies in South Korea. Waste Manag. 2016, 49, 170-180,
doi:10.1016/j.wasman.2015.12.026.

International Organization for Standardization International Standard ISO 20400- Sustainable
procurement — Guidance; 2017,

United Nations Environment Programme ABC of SCP. Clarifying Concepts on Sustainable
Consumption and Production; 2010;

https://encyclopedia.pub/entry/13829 13/14



BIM, GPP for CDW Management | Encyclopedia.pub

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

United Nations Environment Programme Global Environment Outlook (GEO-6). Healthy planet,
healthy people; 2019;

European Commission The European Green Deal; 2019;

Palmujoki, A.; Parikka-Alhola, K.; Ekroos, A. Green public procurement: Analysis on the use of
environmental criteria in contracts. Rev. Eur. Community Int. Environ. Law 2010, 19, 250-262,
doi:10.1111/j.1467-9388.2010.00681.x.

Wong, J.K.W.; Chan, J.K.S.; Wadu, M.J. Facilitating effective green procurement in construction
projects: An empirical study of the enablers. J. Clean. Prod. 2016, 135, 859-871,
doi:10.1016/j.jclepro.2016.07.001.

Beard, J.L.; Loulakis, M.C.; Wundram, E.C. Design-Build: Planning Through Development;
McGraw-Hill Education: New York, NY, USA, 2001; ISBN 978-0070063112.

Eastman, C.M.; Teicholz, P.M.; Sacks, R.; Liston, K. BIM Handbook. A Guide to Building
Information Modeling for Owners, Designers, Engineers, Contractors, and Facility Managers;
John Wiley & Sons: New York, NY, USA, 2011; ISBN 978-0470541371.

U.S. Green Building Council LEED v4.1 Building Design and Construction; 2021;
Comune di Inveruno Linee guida alla compilazione dell'offerta tecnica; Milano, 2021;

Sistema Nazionale per la Protezione del’Ambiente (SNPA) Consumo di suolo, dinamiche
territoriali e servizi ecosistemici. In Report SNPA 08/19; Munafo, M., Ed.; Digital Print Store s.r.l.:
Roma, 2019; pp. 1-224 ISBN 9788844809645.

United Nations United Nations Conference on Sustainable Development: “The future we want”;
Rio de Janeiro, 2012,

European Commission Living well, within the limits of our planet 7th EAP — The new general
Union Environment Action Programme to 2020; Bruxelles, 2013;

Italian Parliament and Government Strategia nazionale per lo sviluppo sostenibile; Rome, 2017,

Italian Parliament and Government Decreto ministeriale 11 ottobre 2017 Criteri ambientali minimi
per I'affidamento di servizi di progettazione e lavori per la nuova costruzione, ristrutturazione e
manutenzione di edifici pubblici; Rome, 2017;

Pellegrini, L.; Campi, S.; Locatelli, M.; Pattini, G.; Di Giuda, G.M.; Tagliabue, L.C. Digital
Transition and Waste Management in Architecture, Engineering, Construction, and Operations
Industry. Front. Energy Res. 2020, 8, 1-21, doi:10.3389/fenrg.2020.576462.

Retrieved from https://encyclopedia.pub/entry/history/show/32613

https://encyclopedia.pub/entry/13829 14/14



