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The research aims at analyzing the integration of Waste Management (WM) strategies and
Information management in the construction procurement process. The application of
Building information modelling (BIM) methodologies for a Most Economically
Advantageous Tender could address the digital transition in order to adopt
environmentally sustainable practices. Despite the wide regulation regarding waste
minimization, an overview of which is provided, AECO is still one of the most polluting
industrialized sector. Drivers and barriers to the method, and a literature review are
provided: BIM approaches to enable WM practices have been analyzed from the
designer and constructor’s point of view, but few studies investigated the role of the
Client, in particular the Public Client. The goal of the study was to evaluate the efficiency of
Most Economically Advantageous Tender and a BIM methodology to promote WM
strategies during the tender phase. Design Build (DB) and Design Bid Build (DBB)
procurement models are tested through three case studies of Italian schools’ calls for
proposals: the BIM model enabled to verify the bids in terms of WM strategies
implementation. Blockchain and Smart contract future applications are also
investigated in order to ensure transparency of the whole process. The Public Client
could trigger a change in the construction sector regarding the integration of WM
practices, as a central and active actor of the construction process, through the
application of Green Public Procurement and BIM methodologies.

Keywords: Waste minimization strategies, Construction Waste Management (CWM), Building Information
Management (BIM), Green Public Procurement (GPP), Most Economically Advantageous Tender (MEAT),
Blockchain, Smart Contract

INTRODUCTION

Increasing global urbanization has resulted in high levels of waste. The built environment
consumes more natural resources than necessary. The World Resource Institute study
(Matthews et al. 2000) shows that “one half to three quarters of the annual material input was
returned to the environment as waste within 1 year in industrialized countries like Austria,
Germany, Japan, The Netherlands and United States.” International organizations, likewise
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European Union (EU) have realized and are claiming that
resources are finite and that nature can no longer absorb the
vast quantities of waste produced by humankind. However, the
famous Earth Overshoot Day, the date when humanity’s
demand for resources in a year exceeds what the Earth can
regenerate, passed from October to July 29th (in 2019) in just
30 years. In 2019 waste production was still increasing. In order
to contrast the waste phenomenon, European initiatives
involving municipalities, companies and citizens’ groups are
encouraging its members to commit to the elimination of
residual waste, thereby ending landfill and incineration as
waste management (Waste Managemen) practices. EU targets
of zero waste to landfill.

It is estimated that waste produced on a construction site
accounts for up to 30% of the total weight of materials
delivered (Fishbein, 1998). Data about waste in
constructions and demolitions activities and their
environmental and economic impacts cannot be further
ignored. Construction WM (CWM) processes must be
reengineered to reduce construction waste at source.
Rethinking WM in construction requires adopting “cyclic”
rather than “linear” approach to design and construction
(Osmani, 2011). This requires re-engineering current
practice to contribute to a cleaner environment through
efficient and cost effective sustainable waste minimization
strategies. Waste minimization strategies must be adopted
during the whole process of design, construction, operation
and demolition of a building.

The present work would initially provide a review of the
definition of waste and the European regulation framework, in
order to introduce the context for the application of sustainable
strategies and green procurement based processes, with a
specific focus on AECO (Architecture, Engineering,
Construction, and Operations) sector. Existing barriers and
drivers to waste minimization practices in the construction
sector are then presented, that lead to the integration
between sustainable strategies and green procurement, and
Building information modelling (BIM) methods, as provided
in the literature review section. The method proposed implies
the integration of these methods and strategies in order to
introduce and encourage a change in the construction sector.
In particular, both the method presented and the subsequent
case studies are part of the Italian context, with the application
of an innovative tender process implementing waste
minimization strategies. In order to introduce the Italian
context, the adoption of the European regulation in the
Italian legislation framework is presented, and the proposed
innovative tender processes are investigated. Three Italian case
studies of tendering and construction processes at different
levels of completion are then introduced and analyzed in
order to identify advantages and disadvantages of the method
proposed. Some future implementation to improve
transparency and traceability, such as the application of
Blockchain technology and Smart contracts, are finally
provided, followed by conclusions and possible further
developments.

Waste Definition
Zero waste strategy could be the only solution for a world in an
environmental crisis; however, this is really challenging in AECO
industry. In order to reach the goal it will be necessary to involve
and commit all stakeholders and develop efficient WM strategies
taking the industry closer to a “zero waste” vision (Osmani, 2011).
The new common sustainable approach involves a redefinition of
the concept and the idea of “waste”; various interpretations and
definitions of waste can be found in construction waste related
literature. From a waste by-product of a process, the concept of
waste has been redefined as a factor adding costs but not value
(Koskela, 1992). Similarly, waste can be classified as
“unavoidable,” when the costs to reduce it are higher than the
producible value, “avoidable,” when the investment needed to
manage the waste is higher than the costs to prevent or reduce it
(Formoso et al., 1999). Otherwise, Ekanayake and Ofori (2000)
defined construction waste as “any material, apart from earth
materials, which needs to be transported elsewhere from the
construction site or used within the construction site itself for the
purpose of land filling, incineration, recycling, reusing or
composting, other than the intended specific purpose of the
project due to material damage, excess, non-use, or non-
compliance with the specifications or being a by-product of
the construction process.” Mossman (2009) also defined
material waste as anything that is not needed to generate value
for the end-user.

It is possible to claim that there is no generally accepted
definition of waste. As a result, the European Council revised the
Waste Framework Directive in October 2008, which should have
been fully implemented within all EU member states by
December 2010. The European Waste Framework Directive
2008/98/EC define waste as “any substance or object which
the holder discards or intends or is required to discard” (EU).
Reuse and recycling of waste are encouraged, whereas the sorting
out measures are aimed at simplifying the fragmented legal
frame-work that has regulated the waste sector to date.

EUROPEAN REGULATION FRAMEWORK
DEVELOPMENTS

In order to analyze the context of WM is necessary to provide a
review of the major regulations in terms of WM strategies with a
specific focus regarding construction and demolition waste. The
main regulation framework in the European context is defined by
the European Directives, since the common interest in the
context of sustainability and the attempt of the UE to achieve
common objectives among the Member States.

In the paragraphs below construction and demolition waste
main regulations are presented, focusing on the aspects with
major effects and interests for AECO sector. The following
paragraphs, then, summarizes the specific regulation
framework of packaging waste, and, finally, some
considerations and the analysis of Eurostat data regarding the
evolution of construction and demolition wastes production are
provided.
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Construction and Demolition Waste
Regulation Framework
The regulation framework in the field of WM, and in particular
in the context of AECO sector is presented below. The major
evolution of the legislation starts from 1975, with the
definition of waste and WM activities, up to the definition
of specific categories of construction and demolition wastes in
the early 2000s, as shown in Table 1.

In 2008 Directive 2008/98/EC stressed the attention on
the possible uses and treatments of waste, with the definition
of the waste treatment hierarchy. Recycling and recovery
targets are also introduced for the construction sector. The
attention started to focus on the production phases of
products, with an increasing responsibility of the
producer on wastes.

Around 2015 a significant step forward can be seen in the
approach to the phenomenon, as the focus shifts from waste and
how to manage it, to the phases in which wastes are produced and
how they could be reduced; in 2014 there was a first introduction
of sustainability criteria in procurement legislation. Also, major
and important integrations to the Directive 2008/98/EC were
introduced in 2018, as shown in Table 2.

In 2014 the procurement legislation, i.e., Directive 2014/
24/EU, highlighted the need of minimize waste generation
and increase resource efficiency, thus introducing the
possibility to include tender clauses related to WM and
minimization. In 2015 with COM (2015) 614 final of
December 2, 2015 a real turning point emerged as the
focus extended to the whole process, from the design
phase to product disposal stage. As a result, the interest
changed from the only phase in which waste already
exists, to the whole process, with the aim of avoiding or
reducing waste production through the definition of
environmentally sustainable design processes. Regarding
the construction sector, this approach turned the attention
from the only phase of construction and demolition to the
design phase, with major attention to a responsible choice of
construction materials.

The European Commission also pointed out that a large
amount of materials resulting from the demolition of buildings

could be recycled, but as they are not properly identified and
separated they cannot be treated and are landfilled. This leads to
considerable environmental damage, both because of the amount
of waste that could have been recycled and used as secondary raw
materials or energetically recovered, and because the mix of
demolition waste materials often contain hazardous substances
and can be highly polluting to the environment. As a
consequence, the aim would be to maximize the homogeneous
portions of valuable materials so that they could be properly
recycled.

Finally, one of the most important aspects of this document is
a new approach to wastes as resources as “secondary raw
materials” in the circular economy cycle. The major
consequence is the possible profit of construction companies
in selling recycled products, such as metals, and, also, ensure
savings with the re-use of demolition wastes into the next
building cycle.

Later, in 2018, with Directive 2018/851 the attentions is
highly stressed on the design phase, and, as regards AECO
sector, the following consequences are expected: conscious
choice of materials during the design phase, e.g. avoiding
waste strategies, recyclable, recycled, durable materials,
using raw materials produced in sustainable ways and use
of the least possible quantity of hazardous substances;
implying local workforce and materials, reducing transport
pollution; focus on the quantity of waste produced during the
construction phase, due to the preparation process of the
products before they are installed and quantity of packaging
wastes; possibility of recovering the building at the end of its
life and, when no longer possible, focus on the possibility of re-
use, recycling or recovery of materials and debris resulting
from the demolition of the building. A clearer definition of
selective demolition reflects the need to integrate this phase
into standard practice, so as to increase the proportion of
materials actually recycled at the end of building life cycle.
Also, the introduction of electronic records is a main aspect of
the regulation since wastes must be properly treated and
consequently they must be traceable, avoiding as much as
possible illegal transportation of wastes. The definition of
backfilling introduced the possibility of replacing the

TABLE 1 | Key points of European regulations from 1975 to 2008.

Council Directive 75/442/EEC of July 15, 1975 on waste
• One of the first major waste legislation;
• Definition of waste categories and waste management activities.
Commission decision 2000/532/EC of May 3, 2000
• Definition of the European List of waste (LoW) providing EU-wide common terminology for waste classification to ease waste management, including for hazardous waste;
• The assignment of LoW codes was useful for a wide range of activities, including waste transport, installation permits often referring to specific waste codes, and as a
common ground for waste statistics.

Directive 2008/98/EC of the European Parliament and of the Council of November 19, 2008 on waste
• Definition of a waste hierarchy: prevention, reuse, recycling, recovery for other purposes, such as energy, and disposal;
• Confirmation of the “polluter pays” principle, whereby the initial waste producer has to pay the costs of waste management and introduces the concept of “extended
producer responsibility”;

• Distinction between waste and by-products;
• Introduces recycling and recovery targets that should have been achieved by 2020: household waste recycling of 50%; construction and demolition waste re-using or
recycling of 70% (by weight) of non-hazardous waste excluding naturally occurring material defined in category 17 05 04 in the LoW;

• Updating of the list of waste established by decision 2000/532/EC and providing with the Annex III a list of features of wastes to ease the hazardous waste classification and
recognition.
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TABLE 2 | Key points of European regulations from 2008 to date.

Directive 2014/24/EU of the European Parliament and of the Council of February 26, 2014
• Contracts regulation
• Introduction of the need of minimization of waste and efficient use of resources in contract regulation
Commission decision 2014/955/EU of December 18, 2014
• Amending decision 2000/532/EC on the List of waste (LoW) pursuant to directive 2008/98/EC of the European Parliament and of the Council
Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions COM (2015)
614 final of December 02, 2015, with the title “Closing the loop - An EU action plan for the Circular Economy”
• European action plan setting out EU mandate to support the transition towards a circular economy; attention to all the phases of a product life cycle. It defines targets to be
achieved to implement a circular economy by 2020

• Setting of an important long-term target to reduce landfilling, increase waste preparation for re-use and recycling for major waste flows, i.e. municipal waste and packaging
waste

• Definition of a long-term goal for 2030: ensuring consumption and production patterns that should be sustainable from the environment
• Promoting the establishment of incentives in Member States to achieve the objectives and to support the implementation of a circular economy at every stage of the value
chain: production and production process; consumption; repair; regeneration; waste management; re-introduction into the economic cycle as secondary raw materials

• Design of products with the following features: durability, reparability, possibility of reuse, regeneration, and recovery; also, preferring the use of sustainable raw materials
• Encouraging the cooperation among operators at different stages of the product value chain
• Incentives to the research for reuse, regeneration and recovery of waste from one production sector to another, extending the useful life and value chain of the products
themselves (Horizon, 2020: Research and Innovation funding programme)

• Fighting illegal transport and treatment of waste, implying the need for a correct identification, classification and traceability of wastes
• Construction and demolition waste: among the major sources of waste in Europe, 25–30%waste for about 900 millions tons per year. The major part of this waste could be
recycled but is not recycled: recycling technologies for the construction and demolition phases are well established, accessible and inexpensive, but are often not applied
since valuable materials are not always identified and collected separately preventing their recycling

• Improvement of the design phase so as to reduce the environmental impact, durability and recyclability of the components used
• Introduction of the transition of the concept from waste to resources: in a circular economy, materials that can be recycled are reintroduced into the economic cycle as
“secondary raw materials”

Directive (EU) 2018/851 of the European Parliament and of the Council of May 30, 2018
• Clarification of the waste code for construction and demolition waste according to 2014/955/EU, i.e., chapter 17
• The main objective of the directive is to implement the 2008/98/EC regulation
• Definition of “backfilling”: recovery operation where suitable non-hazardous waste is used for purposes of reclamation in excavated areas or for engineering purposes in
landscaping

• Regarding the “extended producer responsibility scheme”: o Member States must define measures to ensure that producers of products bear financial responsibility or
financial and organizational responsibility for the management of the waste stage of a product’s life cycle

o Product design oriented towards durability, reparability, reusability and reduction as much as possible of the hazardous substances implied in the production
o Internalization of the end-of-life costs of products within the cost of the product itself;
o Promoting sustainability at producer level to prevent waste generation and increase the efficiency of the resources used to produce it
• Introduction of electronic records for the tracking of hazardous waste in order to ensure traceability and control for proper disposal and landfill at specialized sites. Possibility
to extend these methods also to non-hazardous waste if this can lead to benefits in terms of simplification of data recording and control of waste flows by operators and
Municipalities

• Clarification of the definition of selective demolition as the safe removal and treatment of hazardous substances and facilitating high quality reuse and recycling; introduction
of sorting systems for construction and demolition waste for wood, mineral fractions (cement, bricks, tiles, ceramics, stones), metals, glass, plastics and gypsum

• By December 31, 2024 introduction of targets for reuse and recycling of construction and demolition waste and fractions of specific material; 2018/851 to be implemented
by July 5, 2020 in Member States national regulation frameworks

TABLE 3 | Key points of packaging waste regulations since 1985.

Directive 85/339/EEC
• Definition of the first rules on production, sale, use, recycling and reuse of containers for liquids for human consumption were introduced. Subsequently, all Member States
began to implement the European directive, but the disparity required a harmonization of the regulatory framework by the EU, which was defined by the following regulation

Directive 94/62/EC
• The objective of this regulations is to ensure high levels of protection for the environment and the functioning of the internal market;
• In 2004 the directive was amended to clarify the definition of packaging waste and increase the recycling and recovery targets;
• In 2013 a revision of the directive added several new packaging examples to the list of Annex I, in order to define what is considered packaging and therefore what should
follow the directive requirements.

Directive (EU) 2015/720
• Amended the 94/62/EC as regards the consumption of lightweight carrier plastic bags.
Directive 2018/852/EU
• Sub-classification of “metals” into “ferrous metals” and “aluminum” within Annex III and Article 6 directive 94/62/EC, in order to achieve more high-quality recycling of
aluminum;

• Introduction of packaging recycling targets: recycling of 65% by December 31, 2025 and recycling of 70%by December 31, 2030, with specific quotas for different materials
(50% and 55% respectively for plastic, 25 and 30% for wood, 70 and 80% for ferrous metals, 50 and 60% for aluminum, 70 and 75% for glass, 75 and 85% for paper and
cardboard);

• Use of electronic registers or application of technical specifications to homogeneous collected waste to ensure the reliability and accuracy of recycled packaging data.
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excavated soil in the same location, ensuring landfilling
savings for construction companies.

Packaging Waste Regulation Framework
This paragraph shows a brief summary of the main regulation
specifically focused on packaging (Table 3), as this represent a
large part of construction wastes.

The main objective of the regulation development is the
increasing attention to the separation of different types of
packaging ensuring to recycle the most part of them. In
addition, the increasingly detailed sorting of materials, e.g.
the distinction between “ferrous metals” and “aluminum”,
ensures high quality recycling, increasing the profit from
selling them as secondary raw materials. Therefore, one of
the final aims is, once again, to increase the willingness of

companies to sort and recycle waste, turning it from a burden
to a profit.

Waste Statistics in European Union
EUROSTAT study is presented in order to provide an overview of
waste production divided by EU countries and industrial sectors
(Figure 1). In 2016, the total waste generated in the EU-28 by all
economic activities and households amounted to
2,538 million tons.

In the EU-28, construction contributed 36.4% of the total in
2016 and was followed by mining and quarrying (25.3%),
manufacturing (10.3%), waste and water services (10.0%),
and households (8.5%). The data collected underline that
AECO sector is responsible of 924 million tons of waste out
of the total of 2,539 million tons.

FIGURE 1 | Waste generation by economic activities and households, EU-28, 2016. Data source: Eurostat (env_wasgen).

FIGURE 2 |Waste generation graph and current trends for waste production in industrialized sectors, excluding major mineral wastes, EU-28, 2004–2016 (million
tons). Data source: Eurostat (env_wasgen).
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Figure 2 shows the data for Construction, Mining and
quarrying, and Manufacturing sectors in the period 2004–2016
for EU-28 countries. The three sectors produce 72% of total waste
in EU (Figure 1). Figure 2 excludes major mineral wastes that are
more easily reused and recycled, and shows how Mining and
quarrying and Manufacturing sectors have reported a decreasing
trend in waste generation equal to −31.4 and −29.6% respectively
since the introduction of Directive 2008/98/EC. On the contrary,
AECO sector shows an increasing trend in waste production in
the period 2004–2016 equal to +3.9%.

Given the annual amount of waste produced by AECO sector
more effort seems to be needed. In order to analyze the possible
factors that prevent proper WM in the Construction sector,
barriers and possible drivers for waste minimization are
presented in the following section.

CONSTRUCTION WASTE MINIMIZATION
DRIVERS AND BARRIERS

Socio-Economical Barriers
As stated, despite the adoption of several WM strategies, and the
introduction of various legislative measures reducing waste
generated by AECO industry remains challenging. In fact,
increasing waste intensiveness of the industry is not only as a
result of ineffectiveness of the existing WM strategies; waste
intensiveness of the industry is enhanced by certain cultural
and socio-economical values that support construction waste
generation (Teo and Loosemore, 2001). In their study Ajayi
et al. (2016) examine cultural profile of United Kingdom
AECO sector in order to understand cultural factors
contributing to waste intensiveness. Five waste inducing
cultural factors have been identified:

• “Make-do understanding” that usually result in “make-do
waste”:

most error and rework at construction stage is usually due to
incomplete design document or contractors’ poor knowledge of
the design and its documentation (Dainty et al., 2007). The
process which generates this kind of waste is called make-do
waste (Koskela, 2004). The whole process and provisions that
allows construction activities with incomplete documentation is
termed make-do understanding (Ajayi et al., 2016). Documents
and design specifications uncompleted or with unresolved design
issues are cause of reworks and subsequent waste generation
increasing the risks of cost and time projects overrun.

• Non-collaborative culture, which results in reworks and
wasteful activities:

inadequate collaboration between designers, procurement
team and contractors is a key feature that compromises
profitability and effectiveness of AECO industry (Deborah
et al., 2012). It has been proved that the major causes of
construction waste are ineffective communication and
coordination, inconsistent procurement documentation,

unclear allocation of responsibilities (Osmani, 2012),
document delay, and non-involvement of contractors in design
decisions (Arain et al., 2004).

• Blame culture, which encourages shifting of waste
preventive responsibilities between designers and
contractors:

AECO industry is known for its inadequate interdisciplinary
communication. Specialists deal with their own discipline and are
not interested and prepared to take responsibility for choices that
affect other disciplines or which have impacts during a different
phase of the construction process. The whole design and
construction process is interested in passing blame to another
party (Fewings and Henjewele, 2019). This shifting of blame is one
of the major cause contributing to waste production and
inefficiencies in terms of WM strategies; contractors believe that
designers contribute to waste generation and designers posit that
their activities have nothing to do with waste (Osmani et al., 2008).

• Culture of waste behavior, which encourages belief in waste
inevitability:

waste inevitability is evident in the concept of waste allowance,
which is the potential proportion of waste that is added to the
required quantity of materials. The allowance is usually in the
range of 2.5–10% of the quantity of materials (Buchan et al.,
1991). It is a belief that a certain proportion of waste is inevitable
in construction. As a result, optimization strategies to reduce the
amount of scrap materials are not applied in the design phase.
Off-site construction processes and the use of products with a
wide dimensional range, that would help overcoming the waste
issue, have not been implemented as standard practice yet.

In addition, this is a common approach since in the standard
practice the owners and the construction company have already
paid for packaging, construction and demolition wastes, and
landfilling, so they are not encouraged to recycle, and selective
demolition and waste separation are seen as a burden. In order to
change this way of thinking and acting, the European regulation
introduced the concept of waste as a resource and possible source
of income with the COM (2015) 614 final of December 2, 2015
and related European packaging regulation. This enables to
change owners and construction companies’ view of wastes as
a resources and ensuring that sustainable practices become part of
the standard practice.

• Conservatism, which hinders diffusion of innovation across
the industry:

the project-based nature of AECO industry and its temporary
relationship among parties makes it difficult to get innovation
across to the industry. Although, it is usually claimed that little
innovation occurs within the construction industry (Blayse and
Manley, 2004), it is clear that innovation occurs within projects
but there are problems with institutional learning required to
capture them for future projects (Tatum, 1989, Fairclough, 2002).
The temporary work relationship among parties hinders further
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exploration or repetition of innovative approach in other projects
(Fairclough, 2002).

A similar study conducted by Osmani (2011) has identified
and highlighted the vision of designers and construction
companies on the main barriers to the introduction of WM in
the UK construction sector. Some considerations are made by the
author (Osmani, 2011):

• Architects consider “lack of interest from clients” as the
major constraint, followed by “waste accepted as inevitable”
shared by contractors’ vision; it underlines the pervasive
culture of waste behavior, which encourages belief in waste
inevitability.

• “Poor defined individual responsibilities” underlines the
non-collaborative culture of AECO sector.

• Contractors see in “waste accepted as inevitable” the major
barrier to waste minimization, followed by “lack of training”
highlighting the need of more efficient tools and method
of WM.

The public Client introducing incentives that promote the
adoption of waste minimization methods could trigger a
change in AECO industry. As a result, companies would be
encouraged to implement sustainable strategies to maintain
competitiveness.

Architecture, Engineering, Construction,
and Operations Waste Minimization Drivers
Considerable efforts have been made over the last years to
understand the factors driving the sustainability of AECO
sector in terms of WM. Government legislation is one of the
most critical success factors for ensuring the sustainability of the
sector (Osmani et al., 2008). A study conducted on the critical
success factors for WM in construction projects highlights that
WM legislation; WM system, low-waste building technologies,
fewer design changes and research and development in WM
process are the most critical in ensuring waste is sustainably
managed (Adjei et al., 2018). The key drivers for waste reduction
strategy in AECO industry could be categorized into three main
groups which are:

• Legislative drivers;
• Business drivers;
• Managerial and technological drivers.

Legislative Drivers: Green Procurement
Previous paragraph Socio-Economical Barriers identified the
socio-economic barriers of AECO sector, ranging from the
culture of waste to the idea of its inevitability, and the sector’s
reluctance to integrate sustainable strategies into common
practice. In order to trigger a change in the current way of
thinking, the Client can encourage its implementation during
the tendering phase through clauses in the tender contract. As
regards the public construction sector, it is possible to
introduce contract clauses in the tendering phase requiring
the implementation of sustainable design and construction
strategies and waste minimization. Therefore, the public sector

can lead the construction market towards environmentally
sustainable practices. This aspect has been introduced by the
procurement legislation with the European Directive 2014/24/
EU, stating that public purchasers must allow public
procurement to be opened up to competition as well as the
achievement of sustainability objectives. As a matter of fact, by
using their purchasing power to opt for environmentally
friendly goods, services and works, public Clients can
significantly contribute to sustainable consumption and
production, which is the idea behind the concept of Green
Public Procurement (GPP). Furthermore, the European
Commission, through the COM (2015) 614 final of December
2, 2015, attempted to change the concept of waste, from items to
be disposed of, to resources in the broader context of circular
economy. This paradigm shift aimed to highlight the potential
income from proper separation of construction and demolition
wastes, in particular by identifying materials for high quality
recycling, such as aluminum. As a result, wastes could become
secondary raw materials for the construction sector or other
sectors and, at the same time, not resulting in costs, such as
landfill costs, but in an economic benefit, as well as for the
environment.

Business Drivers: Sector Performance
In the previous paragraph the legislative pressure on the
implementation of sustainable practices has been presented, and
public Clients are placing ever increasing attention on
environmentally sustainable practices to be implemented in their
tender and construction processes. In addition, both private and
public clients are increasingly demanding for enhanced sustainable
project performances and are exerting more influence on the industry
to reduce onsite waste and cut costs. As a consequence, a direct effect
on construction companies is the need to adopt sustainable practices,
including waste minimization, in order to improve their performances
and remain competitive. Thus, in response to such pressures,
businesses are abandoning their narrow theory of value in favor of
a broader approach, which not only seeks increased economic value
but also considers corporate social responsibilities and stakeholders’
engagement and commitment (Osmani, 2011).

Managerial and Technological Drivers: Information
Modelling and Management
Waste minimization practices have for years focused on physical
minimization of construction waste and identification of site waste
streams. Tools, models and techniques have been developed to
manage waste on site. Although these tools facilitate auditing,
assessment and benchmarking, their approach to the assessment
of waste sources is limited and fragmented, as it fails to effectively
address the causal issues of waste generation at all stages of a
construction project. As stated in paragraph Socio-Economical
Barriers a barrier pointed out by contractors is the lack of
training and methods to handle the waste stream during the
whole construction process. In addition, in EU regulation the
attentions in WM is highly stressed on the design phase; the
main objective of the standard is to implement waste
minimization strategies in the early design phases in accordance
with the waste hierarchy pyramid.
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The waste hierarchy pyramid (Figure 3) is divided into
different level of WM strategy (EPA, US Environmental
Protection Agency):

• Avoidance: the highest priority strategy to adopt in the
design phase in order to reduce the amount of waste
generated, in a construction project waste generation
must be avoided or reduced during the preliminary
phases of planning and design.

• Reducing source use, reuse, recovery: reuse, recycling,
reprocessing and energy recovery strategies must be the
second priority in the design phase. Designers should
consider the use of construction technologies with a high
level of reusability such as prefabricated and off-site
products and the use of materials with a high percentage
of recycled materials.

• Disposal: waste hierarchy recognizes that some types of
waste, such as hazardous chemicals or asbestos, cannot be
safely recycled and direct treatment or disposal is the most
appropriate management option.

Regarding previous statements the current challenge is to
provide methods, tools and techniques to identify and solve
the root causes and origins of construction waste (Osmani,
2011). The basis for such an approach could be BIM and
related technologies.

In addition, BIM methodology could overcome the barriers
stated in paragraph Socio-Economical Barriers (Ajayi et al., 2016)
by:

• Reducing design errors and lack of information resulting
from incomplete and incoherent documentation;

• Improving collaboration among actors and anticipating the
involvement of key stakeholders in the process;

• Enabling the shift from a traditional procurement route to a
more collaborative system;

• Overcoming the waste inevitability culture since the
possibility of computing actual quantities of wastes in a
rapid and efficient way.

In order to investigate the state of art of Information
Modelling and Management method in AECO sector a concise
literature review about applications and case studies of combined
Information Modelling and WM is provided.

LITERATURE REVIEW

Information Modelling and Waste
Management
As introduced, BIM could help to minimize the amount of
Construction and Demolition (C&D) waste. Therefore, several
previous studies have proposed BIM-based systems to handle
C&D waste (Cheng and Ma, 2013; Hamidi et al., 2014) and have
introduced potential use of BIM to minimize waste in AECO
sector (Liu et al., 2011; Ahankoob et al., 2012; Porwal and
Hewage, 2012; Rajendran and Pathrose, 2012). In the
following paragraphs, several applications and methodologies
of information modeling for WM are presented.

BIM-Based Planning and Estimating System of
Construction and Demolition Waste
Several studies have stressed that the lack of benchmarking is an
obstacle to the implementation of sustainable practices in AECO
industry and that decision making should be based on the most
accurate data, information and estimations possible (Yuan and
Shen, 2011). Therefore, the quantification of C&D waste is
essential for effective WM. The results of the estimations can
provide key data to assess the real waste dimension and support
decision making for minimization and sustainable WM (Jalali,
2007). The authors Cheng and Ma (2013) propose a BIM-based
system for estimating and planning Demolition and
Reconstruction waste. Existing tools and methods are not
convenient for contractors, too much time and effort are
needed since information such as material volume needs to be
either measured or retrieved from available documents manually.
The BIM-based approach proposed by the authors aims to fill this
gap. Authors claim that their system “could extract and process

FIGURE 3 | Sustainable Materials Management: Non-Hazardous Materials and Waste Management Hierarchy. Information source: EPA, US Environmental
Protection Agency.
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the component information of each building element in a digital
virtual BIMmodel for waste estimation,” providing an automated,
fast and accurate waste estimation trough a BIM-model.

A similar and subsequent study proposed by Cheng et al.
(2015) investigates how BIM can be implemented to minimize
and manage C&D waste on a construction site. Typical BIM uses
that can be implemented in planning, design, and construction
phases have been identified by the authors through literature
review. The study also investigates BIM-based approaches to
manage C&D waste in design, construction, and demolition
phases, linking BIM uses with hierarchy of WM strategy. The
study highlights the potential of information modelling to
support integrated building design and construction processes
to eliminate the main causes of C&D waste generation and
manage waste production. Specifically, the study explores the
possibility to reduce and manage waste during the design phase
performing design reviews, clash detection, quantity take-off,
phase planning, site utilization, and digital prefabrication
trough a BIM approach. Considering that C&D waste can be
reused and easily recycled if divided into homogeneous fractions,
information modelling could help designers and contractors to
maximize mono-material fractions minimizing heterogeneous
waste. Moreover, authors conclude that the minimized and
disposed wastes could be monitored by BIM-based WM
planning and execution system (Cheng et al., 2015).

BIM and Design for Deconstruction
The study conducted by Akinade et al. (2015) aims to develop a
BIM-based Deconstructability Assessment Score (BIM-DAS)
to predict if and how difficult a building can be deconstructed
from the early design phase. Critical design principles
influencing effectual building deconstruction and key
features for assessing the performance of Design for
Deconstruction (DfD) have been found to develop BIM-
DAS using mathematical modelling approach based on
efficient material requirement planning (Akinade et al.,
2015). Deconstruction is defined as the whole or partial
disassembly of buildings to facilitate component reuse and
recycling (Kibert, 2016), DfD could lead the sector to reach the
long-term aim of attaining a zero-waste economy (Addis and
Jenkins, 2008). Despite the disagreement on the possibility of
completely avoiding construction, demolition and excavation
waste (Yuan and Shen, 2011; Zaman and Lehmann, 2013),
studies show that the application of DfD could lead AECO
industry towards a zero waste strategy (Guy et al., 2002;
Tingley and Davison, 2012; Akbarnezhad et al., 2014). The
study highlights the role and potential of BIM systems for
assessing the deconstruction of buildings during the design
phase (Akinade et al., 2015). Authors also claim that the results
help to understand how BIM functionalities could be
employed to improve the effectiveness of existing
Construction, Demolition and Excavation Waste
management tools and BIM software.

Computational BIM for Construction and Demolition
Waste Management
As said, BIM systems could be used to support designers to
compare different design options, or contractors to evaluate
different construction schemes, both with the objective to
avoid or minimize construction waste. The management of a
construction project involves the use of available data,
information and knowledge to make a series of highly
interdisciplinary decisions (Flanagan and Lu, 2008).
Considering that the main objective of Information
modelling and management is to support decision making
by ensuring accurate and available information (Chen et al.,
2015), BIM can provide this decision support information for
Construction WM (CWM). However, Lu et al. (2017)
conducted a study that demonstrates how the digital
representation of a building itself cannot manipulate
information to enable informed decision making for
CWM; BIM systems and models must be based on
algorithms tailored for this purpose; in order to achieve an
efficient use of BIM for CWM authors identify two necessary
pre-requisites (Lu et al., 2017):

• Information readiness;
• Computational algorithms.

Lu et al. (2017) aim to demonstrate the importance of
organizing data, information and knowledge in a structured
form to efficiently apply Information modeling to C&D
management. The study explores computational algorithms
that can process data and product information and knowledge
to assist decision-making process for CWM. In addition, the
authors propose a framework for computational BIM by
linking it to prevalent procurement models, e.g., Design Bid
Build (DBB) and Design Build (DB) (Lu et al., 2017).

The literature review highlighted the wide use of BIM
methodologies to handle the waste related data and
information and to manage a waste minimization process.
Also, the case studies presented in the literature showed
positive results from the application of such methods
during the design and construction phase. However, the
studies mainly focused on the promising use of BIM
approaches for process optimization from the designer and
constructor’s point of view. The application of BIM
methodology in the preliminary stages of the design and
construction process could be more efficient, as the
strategies are anticipated at a preliminary stage (Di Giuda
et al., 2020a). Therefore, the case studies presented in this
work, and described in the next section, focus on the
implementation of BIM methodologies for Green
procurement. The aim is to anticipate sustainable WM
strategies during the design and procurement phases and,
at the same time, manage the information flow throughout
the whole process.

Frontiers in Energy Research | www.frontiersin.org November 2020 | Volume 8 | Article 5764629

Pellegrini et al. Digital Transition and Waste Management in AECO Industry

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles#articles


METHODOLOGY: DIGITALIZATION FOR
WASTE MANAGEMENT AND GREEN
PROCUREMENT
The main drivers defined in the previous section, legislative and
information technology’s once, can direct the contractors’ bid
towards a more sustainableWMprocess. Green procurement and
BIM methodology seem to be the key factors to implement
sustainable practices in the Construction industry. In this
section, the authors present the method developed for the
evaluation and comparison of bids submitted in tender phase
for public school projects in the Italian context from 2015 to date.
A focus is kept on aspects concerning environmental impact and
WM. A first part is dedicated to the Italian regulatory framework.
Then, the method of evaluation of the bids in tender phase is
presented, with specific criteria following the best practices and
indications of the EU. Also, the use of BIM methodology for the
information management process, promotes the collaboration
among stakeholders.

The Italian Regulation Framework
Within the Italian regulatory framework concerning the
environment protection and sustainability, the main legislation
until 2016 was the Decreto Ministeriale (D.M.) (Ministerial
Decree) 203/2003, defined as the “30% Decree.” On the basis
of the D.M., Public Clients were required to purchase recycled
products for at least 30% of their annual needs in the provision of
goods and services. The decree, however, had various rigidities,
especially with respect to its application in the construction
sector.

In 2016, the Decreto Legislativo (D.Lgs.) (Legislative
Decree) 50/2016 on procurement marked a turning point
through the requirement of applying GPP in public tenders,
according to European indications. Article 34 of the D.Lgs.
requires all Public Clients to purchase products that comply
with the Criteri Ambientali Minimi (CAM) (Minimum
Environmental Criteria) issued by the Ministero
dell’Ambiente (Ministry of Environment), for all classes of
products and services and for the total amount of the tender
(with exceptions only for construction, that has specific
criteria for different construction waste types). In addition,
the D.Lgs. 50/2016 includes an invalidation clause for a
contract concluded between a Public Client and a
company based on a “GPP non-compliant” tender. As a
result, the GPP requirement caught the attention of both
Public Clients and companies; the process needs, indeed,
guarantees at all levels. This aspect is mostly important
regarding the quality of “green” products and services
offered during the tendering phase and awarded “forcibly.”
The aim would be to ensure that the objectives of GPP
application, i.e., environment care and “green” products
diffusion and promotion, are not only a possibility on paper.

The case studies tried to apply the criteria according to Italian
and European regulations in order to promote sustainable
processes and introduce waste minimization strategies in
Italian AECO industry.

An Innovative Tender Process
Implementing SustainableWaste Strategies
This section regards the types of tenders mainly used in Italian
context, with their features and peculiarities. A focus is kept on
the evaluation systems of Most Economically Advantageous
Tender (MEAT) used during the tender phase in the case
studies, and in particular on the criteria related to
environmental impact and WM. The potential integration of
this information in BIM models is presented.

Tender Process Types
Contract management models currently present in the
construction market are: Design Bid Build (DBB), Design
Build (DB), Construction Management at Risk and Integrated
Project Delivery (IPD). The latter two models represent the most
integrated and virtuous forms of design, but they are rarely
applied in Italy and are not taken into account. The most
common models and their peculiarities are here presented,
also in relation to BIM methodology.

The DBB approach is used for almost 90% of public buildings
and 40% of private buildings (Di Giuda and Villa, 2016). In this
procurement model, two sequential phases are identified without
direct reciprocal influences: a design tender to realize all levels of
the project until the construction design, and a construction
tender to identify the construction company with the best bid for
the realization of the building. In the context of Building
information modelling, this method generates slowdowns and
limited exchanges of information due to the proprietary know-
how of each company that causes re-processing of information.

The Design Build (DB), increasingly adopted to replace the
Design Bid Build (DBB), stands out thanks to the merging of
design and construction in a single operator. In this way, the
Client dialogues with a single actor, increasing the efficiency of
information transfer. Thanks to the presence of a unique actor in
the building construction process management, this approach
represents an excellent scenario in which to exploit BIM
methodology and carry out a coordinated management of
information, also considering the entire life cycle.

Given the current possibilities in terms of collaboration made
by cloud services and Common Data Environments, along with
the diffusion of Information modeling methods, the efficiency
gap between the two procurement models is reducing. In order to
evaluate the actual efficiency of the procurement models for waste
minimization strategies, the two models were tested with real case
studies, presented in Application on Three Case Studies. A deep
explanation of the waste minimization strategies implemented in
a DB procurement model is provided in the following paragraphs,
since the DB model has proved to be the most promising in terms
of collaboration and efficiency.

Method and Criteria for Bid Evaluation
One of the main innovations introduced by D.Lgs. 50/2016 is the
introduction of the reward criterion with Most Economically
Advantageous Tender (MEAT), based on the quality/price ratio
calculated on the life cycle of the building (Art. 95, c. 2, D.Lgs. 50/
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2016). In order to properly implement this evaluation system, a
breakdown of the building’s elements and of the phases involved
in the building life cycle, and a detailed definition of their
evaluation must be carried out. This process leads to the
definition of guidelines, schemes and annexes to be shared
with the participants in the call for proposals. These
documents identify criteria, sub-criteria, methods and specific
formulas for the evaluation of the MEAT. Defining a detailed set
of objective criteria and their evaluation systems allows an
objective, non-discriminatory and transparent comparison
between all the bids received during the tender process.

Table 4 shows the scheme used for the evaluation of the case
study set out below. A number of aspects that could be improved
were identified at a general level: building envelope performance,
building services performance, management and safety in
construction phase, and maintenance. The evaluation of the
bids is based on the definition of quantitative and qualitative
criteria, that can be linked to quantitative classes, or to qualitative
classes (when requiring a subjective assessment, e.g., in the case of
aesthetical features). In such a way, the evaluation system is based
on objective alpha-numerical criteria to define the quality of the
bids. In conclusion, the rankings are determined based on linear
interpolations for the quantitative criteria and on the
compensatory aggregative method on the whole bid. This
method also allows an automation of the evaluation process.

Table 4 highlights all the criteria and sub-criteria that
contribute to the general assessment of the environmental
impact of WM. It should be noted that C&D WM is evaluated
directly through the individual criterion C.2.3 within the
management phases of the building site, but also indirectly by
considering construction materials, their degree of maintenance,
distance of production site and process certifications for
contractors and manufacturing companies. Among others, the
contractor’s EMS (Environmental Management Systems)
certifications (UNI EN ISO 14001) are rewarded, in order to
promote the adoption of voluntary performance targets, and
environmental certifications of the building construction
products. Considering the goal of this research, indirect
aspects have been omitted to focus on those strictly related to
WM. As presented in the previous sections, GPP tenders are
stressing the attention on the minimization of the environmental
impacts throughout the entire building life cycle, as introduced by
European and Italian regulations. The fulfilment of the
environmental criteria can increase the ranking of the
participant to the tender. As a matter of fact, regulatory
imposition and, above all, reward criteria are a valuable
method of promoting the implementation of environmental
aspects in AECO sector.

Regarding the category C–Construction site, the construction
phase focuses on technical solutions that guarantee an increased
in durability, maintenance, construction ease, safety, and WM.
The sub-criterion C.2.3–WM is used for detailed forward-looking
analyses of qualitative and quantitative waste production during
the building construction.

The measures outlined in C&D WM planning consists in
reducing, reusing, and recycling the waste, where the reduction
and, if possible, avoidance, of waste production is the most

effective solution. C&D waste that can not be reused or
recycled can only be landfilled. According to this approach,
some priorities are defined among waste categories, used to
provide compensations and assign additional points during
the competition phase: reduction waste strategies are
promoted with higher rankings. On the other hand, to
evaluate qualitative aspects, the competitors are asked to
provide a report that describes processes and methods
adopted to manage waste on site. The presence of a
quantitative definition of WM combined with a technical
report makes it possible to carry out detailed controls
during the execution phase, verifying the application of the
methods proposed by the contractor and comparing them with
site and transport documents. The linear interpolation used to
obtain the final score on this specific sub-criterion is described
in detail below, using an extract from the guidelines of the
tender.

Extract From Guidelines for Tenders’ Preparation:
Sub-Criterion C.2.3 - Waste Management
What Was Evaluated. It is requested to formulate an offer to
define the amount of waste that will be produced. It is necessary to
underline the amount of non-hazardous waste from construction
activities (excluding excavated soil and debris) that will not be
sent to landfills or incinerators, reusing the recyclable resources
recovered in the production process and redirecting the materials
to specific collection sites, according to one of the following
alternatives:

• Re-use of waste materials on site: indicate the quantities of
waste expected to be reused on the same site, the methods of
use and any necessary treatment for reuse.

• Recycling of waste materials: indicate the methods of
separation of the waste on site in a differentiated manner
to be collected by an authorized company, which will carry
out the differentiated storage and recycling directly and/or
transfer the differentiated waste to third parties.

• Disposal: indicate the quantity and type of special hazardous
waste (EWC code) that will be produced on site and the disposal
methods envisaged with an indication of the companies and
sites envisaged for treatment and controlled disposal.

A technical report must therefore be produced, indicating:
the quantity of waste (with suitable units of measurement) for
each material and divided by processing (Table 5); the
methods and checks that will be carried out for the reuse of
the materials.

In addition, for each waste material, it is necessary to fill:

• EWC codes;
• A description of construction activities involving those

materials;
• Total quantity Qi

Rif , m of mth waste material (expressed
in kg);

• Percentage of non-hazardous waste material that will be re-
used in the construction site;
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TABLE 4 | Scheme of criteria and sub-criteria for the bid evaluation process.

Category code Estimated category Criterion code Estimated criterion Evaluation
sub-criteria

A Passive elements requirements A.1 Thermal transmittance — —

A.2 Building materials requirements A.2.1 - distance to the production site of the materials
A.3 Environmental requirements A.2.3 - degree of materials maintenance

B Active elements requirements B.1 Plant system operation — A.3.1 - Contractor certification according to UNI EN ISO 14001
B.2 Plant system components — A.3.2 - Producers certification according to UNI EN ISO 14001
B.3 electricity from renewable sources — —

B.4 Smart use of resources — —

C Construction site C.1 Safety — —

C.2 Constructive solutions and site management C.2.2 - Construction site layout
D Maintenance D.1 Building maintenance — C.2.3 - waste management

D.2 Plant system maintenance — —

TABLE 5 | Example of table to define percentages of wastes to be reused, recycled, or landfilled, with the proper EWC code.

EWC CODE Construction activities producing
waste

Amount of waste [kg] Non-hazardous Hazardous

Percentage of materials
to be reused

%i
Riu,m

Percentage of materials
to be recycled

%i
Ric,m

Percentage of materials
to be disposed

of %i
Sma,m

Percentage of materials
to be disposed
of in authorized
landfills %i

Sma,p

Non-hazardous material EWC Description of the construction activity Qi
Rif, m Example Example Example —

Hazardous material EWC Description of the construction activity Qi
Rif, p — — — Example
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• Percentage of non-hazardous waste material, excluding
excavated land and tillage waste (%i

Riu, m) that will be re-
cycled in authorized sites;

• Percentage of non-hazardous waste material, excluding
excavated land and tillage waste, that will be sent to
landfills or incinerators (%i

Sma, m);
• Percentage of hazardous waste material, as defined by

directive 2008/98/CE, that will be disposed of in
authorized landfills (%i

Sma, p)
For each EWC code, the following verification will be done: for

non-hazardous materials the sum of percentages (%i
Riu, m,%

i
Ric, m,

%i
Sma, m) shall be equal to 100% of declared scrap quantity; for

hazardous materials, the percentage (%i
Sma, p) is equal to 100% of

declared scrap quantity.

Evaluation. The evaluation will be performed on the percentage,
related to the quantity, of recycled, reused, and disposed of waste
material. The score will be based on the following formulas:

Qi
Riu, m � Qi

Rif , m · %i
Riu, m

Qi
Ric, m � Qi

Rif , m · %i
Ric, m

Qi
Sma, m � Qi

Rif , m · %i
Sma, m

Qi
Sma, p � Qi

Rif , p · %i
Sma, p

Where Qi
Riu, m indicates the amount of mth material to be reused,

related to the ith offer,Qi
Ric,m indicates the quantity of mthmaterial

to be recycled for the ith offer, Qi
Sma,m indicate the quantity of mth

material to be disposed for the ith offer, and Qi
Sma,p indicates the

quantity of pth material to be disposed of for the ith offer.
The total amount (in kg) of waste materials to be reused

(Qi
Riu), recycled (Qi

Ric), disposed of (Qi
Sma−Nper e Qi

Sma−per) will be
calculated:

Qi
Riu � ∑

N

m�1
Qi

Riu, m

Qi
Ric � ∑

N

m�1
Qi

Ric, m

Qi
Sma−per � ∑

N

m�1
Qi

Sma, m

Qi
Sma−per � ∑

N

p�1
Qi

Sma, p

Where N is the number of materials of Table 5.
The total amount of waste/scrapmaterial is equal to the sum of the

quantities related to recycle, reuse, dispose of, both for non-hazardous
(with subscript Nper) and for hazardous materials (subscript per).

Qi
TOT−Nper � Qi

Riu + Qi
Ric + Qi

Sma−Nper
Qi

TOT−per � Qi
Sma−per

Qi
TOT � Qi

TOT−Nper + Qi
TOT−per

This value allows calculating the percentage of materials to reuse,
recycle, and dispose of:

%i
Riu �

Qi
Riu

Qi
TOT

%i
Ric �

Qi
Ric

Qi
TOT

%i
Sma−Nper �

Qi
Sma−Nper
Qi

TOT

%i
Sma−per �

Qi
Sma−per
Qi

TOT

It is necessary to define aWM coefficient, as shown in Table 6.
For each offer (i), it will be necessary to calculate the value of

D%i
C.2.3, with the following formula:

D%i
C.2.3 � %i

Riu · coefRiu + %i
Ric · coefRic + %i

Sma−Nper · coefSma−Nper

+ %i
Sma−per · coefSma−per

For each offer (i), it will be necessary to evaluate the score with
the following formula:

Pi
C.2.3 � D%i

C.2.3 · PC.2.3

Where Pi
C.2.3 is the score of the ith offer, refered to the criterion C.2.3,

and PC.2.3 is the maximum score that sub-criterion C.2.3 can reach.
The score of the sub-criterion will be adjusted following the

methodology provided in the Determinazione AVCP n. 7 del 24
Novembre 2011, “Linee guida per l’applicazione dell’offerta
economicamente più vantaggiosa nell’ambito dei contratti di
servizi e forniture”.»

Once the evaluation is described, the following paragraph will
underline how BIM methods and BIM authoring software
provide quantitative evaluations based on the use of
parameters, resulting in faster and more efficient processes,
and guaranteeing the consistency of the information flow
during the whole building life-cycle.

The Information Modelling Method and the
Implementation of Waste Management Strategies
One of the main problems of MEAT tenders is the lack of
consistency among project drawings and, in general, among the
tender-based documentation. In this sense, Guidelines of the

TABLE 6 | Waste management coefficients for non-hazardous and hazardous
waste materials related to waste treatments.

Waste management class Waste management coefficient
(coef) (%)

Non-hazardous waste materials to be
reused

100

Non-hazardous waste materials to be
recycled

80

Special hazardous waste materials
disposal

75

Non-hazardous waste materials disposal 50
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Autorità Nazionale Anticorruzione for contracting authority, that
are administrative law documents drawn up by the Italian national
anti-corruption authority, suggest “to develop templates, also in
electronic format, which facilitate the preparation and submission
of bids, both technical and economic, by competitors.”

The adoption of BIM methodology is highly suitable to meet
this indication and to partially overcome the above-mentioned
problems. The Building information model represents, in fact, a
single source of all the drawings and information, both graphic
and non-graphic, of all the disciplines involved in a construction
project, allowing to maintain consistency throughout the
preparation of the tender and consequently in the preparation
of bids. It is therefore possible to extract all the project outputs -
such as building plans, sections, documents like quantity take-off
or also performance specifications - as well as the bid sheets,
directly from the BIM model. To make efficient use of
Information modelling methods, it is essential to organize
data, information and knowledge in a structured form.
Parameters are set for each object and organized in easily
recognizable homogeneous sections, so that they are also
ordered and easily manageable for the creation of tables and
the extraction/import operations.

As introduced earlier in the literature review, BIM could help
to manage and minimize the amount of Construction and
Demolition waste. It could enable the management, the
reduction and, in the best situations, avoidance of waste by
means of design reviews, clash detection, quantity take-off,
phase planning, site utilization, and digital prefabrication. Some
relevant example of these activities are presented in the case studies.

These applications are possible when the BIM model is
properly set with the goal of quantity and WM, both in the
design phase and in the construction phase. The proposed
method implies that each type of material in the BIM library
is identified with a parameter that specifies the EWC code of the
waste material related (Figure 4). This approach allows the
evaluation of C&D WM based on quantities of waste

materials. During the tender, it could be possible to identify
materials producing the higher quantity of waste, and therefore
structure criteria for the evaluation of bids that will promote a
better second-life management of these materials.

As previously stated, considering the current state of art
regarding BIM-based software, an interaction between
different tools is required to provide detailed analysis on waste
information management. Waste generated by the packaging of
building construction materials, and scraps deriving from
construction activities, are difficult to manage and quantify
within the BIM model. To overcome these issues, the
proposed framework combines the use of BIM models with
external data sheets to support the elaboration and analysis of
the bids during the tender phase. These spreadsheets allow
comparisons among data, and the customization of criteria
and calculation methods. The information contained in the
spreadsheets can be linked with the BIM models helping
information management and storage during the entire
building life cycle. This information could be valuable also to
manage tender processes of building disposal and demolition.

APPLICATION ON THREE CASE STUDIES

Three case studies of Design Build and DBB tenders are
presented. All projects are related to public schools in Italy
designed using BIM methodology. The first project is a DB
tender process for a primary school in Melzo (MI). The
construction was completed in 2017; the tender process
implied the criteria of the MEAT method set out above, before
the introduction of C&D WM EU directives and the Italian
regulations. The second case study presented is a DBB tender
process regarding the project of a secondary school in Liscate
(MI). A comparison with the DB tender is also provided. Finally,
the ongoing DB tender process for a primary and secondary
school in Inveruno (MI) is introduced focusing on the evolution

FIGURE 4 | Information regarding EWC (Italian CER) codes assigned to building materials in the BIM model.
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of the environmental management system of the construction
site. This represents a work in progress that will be implemented
and monitored throughout the design and construction process,
in order to analyze further advantages and disadvantages of the
method. This project is based on current legislation, and
especially on the CAM (Minimum Environmental Criteria),
which integrate many aspects of environmental management
of the building process illustrated so far.

Primary School in Melzo: Design Build
This case study concerns the detailed design and construction of
the new primary school for 500 students in Melzo (MI) and has a
€5 M construction budget. This project was developed in 2015
therefore the CAM are not applied. The Italian legislation related
to environmental sustainability was defined by D.M. 152/2006
“Norme in materia ambientale (Environmental standards),”
which also regulates WM, and by D.M. 203/2003, which
defines the minimum quantities of recycled materials to be
guaranteed in public contracts. This regulatory framework
demanded only a control on hazardous waste. This control
was carried-out by means of site-specific instructions and
loading register for transport to other sites. For all other
materials, it was not mandatory to draw up documents for
WM on site and, above all, the selection of materials with
recycling rates was not required.

To improve the environmental impact value, BIM
methodology framework was used in this case both in the
project design phase and in the tender process drafting.
Considering the design phase, the main advantages resulting
from the application of the proposed methodology are the
possibility to avoid and reduce waste production during design
reviews and clash detection between disciplines, processing of
quantity take-off and digital prefabrication for walls and facade
systems. For instance, the finishing panels of the main facade of
the building were optimized in terms of size, quantity and colors
of each individual panels in relation to the client’s requirements,
to reduce the amount of waste on site. During the tendering
phase, the possibility of making further improvements in site
management and C&D WM was promoted. Each company
illustrated in the offer how it could manage environmental
factors affecting the construction also in relation to other aspects.

The drafting of the tender documents was carried out as
previously described in An Innovative Tender Process
Implementing Sustainable Waste Strategies, but the use of the
BIMmodel was not mandatory for the submission of tenders. The
procurement systems used in Melzo process is detailed in Di
Giuda et al. (2016); data reported in the received bids are
congruent, complete and unequivocal. The analyses provided
can therefore count on valid and unambiguous proposals.

Since the use of BIM in the tender phase was not required, the
entire process was conducted in parallel with the traditional
management of documentation both in the tender phase and
in the construction phase. The model was a verification tool for
companies and designers to verify and validate their project and
documentations. Also, it allowed to test the defined method from
the research point of view. Since the use of an information
exchange platform has not been contractually agreed upon, the

procedure for acceptance and approval of materials by the Works
Management was carried out in a traditional way. In parallel, the
same documents are placed on an experimental platform
connected to the modelled elements, in order to deliver to the
client an as-built BIM model, containing all the information and
documents regarding the construction.

Data Analysis and Discussion
Regarding the first case study, environmental criteria regarded
more than 40 points and, within these, WM criteria involved
directly and indirectly 15 of the 100 total points. In particular, the
previously illustrated sub-criterion C.2.3–WM (Extract From
Guidelines for Tenders’ Preparation: Sub-Criterion C.2.3 -
Waste Management) allowed to collect a maximum score of 3
points.

Considering the nine technical bids admitted to tender, all the
construction companies filled the quantitative table and attached
the specific report for WM, as required in the sub-criterion
“C.2.3–WM”. This result shows that the presence of WM
among the improvement criteria has succeeded in stimulating
interest on this subject (Figure 5). Most of the proposals
developed a good degree of detail on the issue, but only half
of the proposals described how the most virtuous waste reduction
and reuse activities are carried out on site. Moreover, compared to
the average 2.35 of the points obtained, only two offers showed
significantly lower results, due to the high quantity of material
classified as general mixed waste. In general, the bids with the
highest scores appear to be directly related to the detail in
analyzing and separating at the highest level the types of waste
in relation to the planned site operations. Both these observations
show that the majority of the companies have interest in proper
WM. Due to their own technical background and thanks to the
requests of the call for tenders, the companies have integrated the
organizational and technical skills for a proper WM.

All seven offers performing above average included high
quantities of material for reuse and recycling. Based on these
two types of treatments, it is also possible to identify a second
important split linked to the quality of WM and selective

FIGURE 5 | Comparison between percentages of waste management
strategies and rankings in sub-criterion C.2.3.
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demolition. These offers show percentages that exceed 75% on
one of these two possible activities related to waste (reuse and
recycling). Companies that manage to obtain a greater quantity of
material to be reused -compared to that to be sent for recycling-,
that results in a lower environmental impact, can be
distinguished.

Considering EWC codes (Italian CER) used in the four bids
with reuse percentages of waste materials around 80%, including
the winning bid, the prevailing materials to be reused are cement,
bricks, tiles and ceramics (Figure 6). These materials are used for
the construction of the sub-bases of the pitches and roadways on
site, or as filler for the planned embankments, or as recovered
aggregates for concrete mixes. In the background, partial reuses of
wood-based and gypsum-based materials, bituminous mixtures
or insulating materials can be highlighted: in these cases, it is
certainly necessary to investigate the procedures of reuse adopted
by the contractor. In fact, for these materials there is a lack of
homogeneity in the methods of waste treatment implemented in
the four offers. Finally, considering recycling, materials deriving
from packaging and metal alloys play a predominant role.

It is generally observed how the Design Build (DB) contract
allows the contractor to obtain greater awareness and integration
of WM strategies. The possibility for the constructor to manage
the information, documentation and the process flow since the
final design phase, minimizes the production of wastes, that in a
traditional process would have been linked to project
incompleteness or rework. Moreover, thanks to all these
aspects, the waste produced in the operational phase can be
better managed guaranteeing high reuse and recycling
percentages.

Secondary School in Liscate: Design Bid
Build
The project concerns the construction of a secondary school in
Liscate (MI) for 150 students and €5 M of construction costs. The
school was developed in 2017 through a BIM approach and
applies the Framework Alliance Contract (FAC-1) as part of the
project, showing a high level of complexity. The project
development was carried out through a Document
Management System (DMS) linked to a BIM-based data
management, as detailed in Di Giuda et al. (2020b).

This second case study, only related to construction tender,
was carried out in an advanced scenario due to the introduction of the
CAM. For the DBB tendering phase, the CAM legislative framework
only provide for the application of the contractual clauses according
to point “2.7 Conditions of execution.” The design requirements
imposed by CAM, previously defined by the appointing party during
the design tender, should in this phase only be applied and
guaranteed by the Contractor. The use of a bid evaluation system
based on reward criteria is suggested, but still optional.

For the project tender, the contractor has requested the total
application of CAM without specific prescriptions. Therefore,
quantitative criteria for the evaluation of participants regarding
environmental aspects, including WM, were not integrated. In
the second phase of the construction contract, a variant of the
MEAT evaluation system set out in this paper was applied and
adapted to the needs of a DBB contract.

Compared to the first case study ofMelzo, a relevant difference
can be underlined, regarding the role of the contractor and of the

FIGURE 6 | Percentages of reused, recycled and landfilled materials of
the four bids with higher rankings.

FIGURE 7 | Waste management process based on Blockchain technology.
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appointing party. In this case, the evaluation ofWMwas based only
on certifications concerning the production of prevailing products,
and on the management of the building site and its impact on the
surrounding area. In general, the entire bid evaluation system
reflected the greater attention on the construction phase, since the
Contractor could not intervene on the purely design aspects. As a
result of the separation of the two phases of the design and
construction tender processes, data on quantities of reused,
recycled, and landfilled materials are not available, since the
Contractor could not intervene in the design phase.

Primary and Secondary School in Inveruno:
Design Build
This third case study concerns the construction of a school
complex in the municipality of Inveruno (MI) by means of a
DB call for design and construction for a total amount of €15 M.
The setting of the call for tenders is currently under development.
The appointing party is proceeding with the application of CAM
on the whole process, realizing a total integration of their
requirements in the tender documentation. Unlike the DBB
process, the DB tender involves the mandatory compliance
with all the technical specifications of CAM and all the related
methods. The reward criteria required by CAM will be integrated
with additional ones, including the quantitative criteria related to
WM exposed in this paper.

Within this project, WM plays a fundamental role. The project
includes selective demolition of old school buildings. In addition,
the building site hosted parts of a disused industrial building, not yet
demolished. Detailed plans regarding the management of materials,
and of excavated soils will be required to encourage the processing
of waste for local reuse or the regeneration of by-products. Both the
Client, and the Contractor aim at developing with the best methods
these regeneration activities of materials included in the DB tender.
The Client will obtain a correct environmental management of the
common good and can exploit in advance the economic value of the
waste to be reconverted to resources, by compensating other
economic items of the initial investment. At the same time, as
the Contractor owns excavated soil and regenerated products
resulting by the selective demolition activities, an important
form of incentive for the correct management of the waste is
created. This approach represents in a clear way the shift from
waste to resource to be applied tomaterials derived fromdemolition
and excavation, as promoted by the European Directives.

As previously stated, this project is still under development;
the whole project is being carried out through a BIM approach.
Design review, quantity take-off, phase planning, site utilization,
and digital prefabrication options will be detailed and developed
through the BIMmodel. These will be joined by other aspects that
participate in improving the environmental impact of design and
execution development. Given the importance of collaboration,
BIMmethodology will be applied and combined with a Common
Data Environment platform. This platform will facilitate the
verification phases of the on-site WM. Dashboards would be
set for the graphical visualization and comparison of the
quantitative results expected during the tender phase and
those achieved during the construction. The commitment to

environmental protection will be guaranteed by a specific
criterion to be included in the tender phase, requiring LEED
certification. As a result, a guarantee method for the Client
developed by a third party will be applied.

BLOCKCHAIN FOR GREEN
PROCUREMENT: A THEORETICAL
ANALYSIS OF THE BENEFITS

In Construction and DemolitionWaste Regulation Framework, the
introduction by the European Directive 2018/851 of electronic
registers for the homogeneous collection of data on waste has been
highlighted. The use of electronic register aims at guaranteeing the
reliability and accuracy of data on recycledmaterials. The creation,
maintenance and sharing of such register improves both the
clarity on products or components designed and prepared for
re-use and the understanding of what has actually been recycled as
a result. The electronic register therefore makes it possible to set
recycling targets for all components used in the process, bearing
the final WM and subsequent treatment in accordance with the
principles of circular economics.

The presence of an electronic database created and enriched
from the design phase enhances the activities of recording,
collection and traceability of data, promoting a lean development
of the life cycle of materials. In addition, the electronic sharing of
information relating to waste makes it easier for designers,
companies and suppliers to record all data relating to the life
cycle of materials and products, improving the related control
activities and, consequently, increasing collaboration among them.

The process based on the creation of the electronic registers
becomes truly beneficial when the data it contains are reliable,
transparent and immutable. For these reasons, this section
introduces Blockchain technology to support the WM process
in the construction industry. Thanks to the immutability and
transparency offered, the development of sustainable processes
and green procurements can benefit from the use of the
technology. The potential benefits and the theoretical
implementation of the technology in the construction process
are presented in order to encourage further researches and real
case studies of green supply chains development through the use
of Blockchain platforms.

Reliability of Waste Information Issue
As in many other industries, the research shows that also in the
construction sector the WM represents a relevant challenge that
affects the environment and the pursuit of a sustainable and green
supply chain. The possibility to pursuit a green procurement
addressed issues such as WM, carbon footprint, packaging and
transportation and in this way guarantees a high efficiency of the
process and low pollution levels (Rane and Thakker, 2019). For
these reasons, in the recent years many regulations have been laid
down to manage these procedures. The main goal is to close the
circle that characterizes the life cycle of the product, from its
production to themanagement of waste or secondary rawmaterials.
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In order to be able to close, i.e., make circular, the life cycle of a
product, its correct design becomes fundamental. Since buildings
in the built environment have a long-life span, improving the
design of materials, products and components is essential to
reduce the building environmental impact and improve the
durability and recyclability of its parts, with consequent
reduction of waste production.

There is no doubt that technological advancements have
caused a revisiting of sustainability practices inside the
construction sector. Thanks to its nature as an integrated
design system that allows all participants, such as designers,
contractors and suppliers, to operate in a concerted manner
by managing all information on the same platform, Building
InformationModeling contributes directly to the implementation
of the circular economy. Unfortunately, due to the large number
of participants and the information created and exchanged, the
platform used in the BIM process does not always ensure the
reliability, traceability, origin and ownership of the information,
hindering the effective pursuit of sustainable procedures due to
the scarcity or lack of data. These BIM issues could be resolved
through the vertical and horizontal integration of Blockchain
inside the circular and sustainable construction processes (Di
Giuda et al., 2020c).

Blockchain as an Enabler for Waste
Management Optimization
Despite first uses of Blockchain lies in banking and finance
sectors, recently other industries such as energy and supply
chains have realized its potential. Indeed, Blockchain
technology, thanks to its structure, is consider as a
technology that could disrupt every industry in the world.
Since it belongs to Distributed Ledger Technologies, the
distributed nature of Blockchain guarantees the shift form a
centralized storage database to a distributed ledger shared
among all the process participants. The procedures used by
Blockchain to store, link and transact data assure the
information of avoiding any attempt of manipulation or
counterfeiting. In addition, the programmable nature of
Blockchain enables some applications such as Smart
Contracts that represent self-executing computer codes that
perform specified actions (releases funds, sends information,
makes purchase, etc.) when certain conditions are met, in the
real world (a payment is received, the outcome of an event is
determined, etc.) (Kouhizadeh and Sarkis, 2018). Due to their
structure and functioning these contracts reduce the amount of
human involvement required to create, execute and enforce a
contract, thereby lowering its cost while raising the assurance of
execution and enforcement processes. The European
Regulation EIDaS–Electronic Identification, Authentication
and Trust Services Regulation (EU Regulation no. 910/2014)
recognizes the Blockchain validity and functions, based on
distributed ledger that legally guarantees the identity, as well
as the electronic time validation of document stored on the
platform.

In view of the legal recognition of Blockchain, it can improve
and be integrated with the BIM platform in two ways. A vertical

integration would allow the creation of a combined platform for
the digitalization of the entire process, with a guarantee about the
identity of participants, the immutability of the documents
entered and the consequent possibility to provide for the
adoption of Smart Contracts. A horizontal integration would
allow to trace the entire life cycle of the product used during
construction until its reduction to the state of waste would extend
the radius of the circular economy, ensuring evidence from the
design phase until the waste of construction and demolition. The
latter integration is fundamental to support an efficient
development of a green procurement based on a Blockchain-
based BIM process through which is possible to track the product
right from its raw material phase to the end of its life, such as
recycle or reuse (Figure 7). The tracking of items from supplier to
customer is characterized by all the information about the
processing, the location and the quality of the items, giving a
transparent development of the process and improving its control.

The distributed system provides the needed trust and
transparency within the information exchange among all the
participants of the construction process. Blockchain technology
can potentially improve the transparency and traceability issues
within the supply chain through the use of immutable record of
data, distributed storage, and controlled user accesses. Blockchain
can overcome BIM barriers related to lack of data, lack of trust in
data and the gap in regulatory framework supporting the
implementation of circular economy principles (Bolier, 2018).
Blockchain indeed promises tamper-proof recording of data
related to materials, products or component supporting the
improvement of information management for the entire
supply chain enabling the development of sustainable business
(Vogel et al., 2019).

Smart Contracts Supporting the Green
Procurement Process
In order boost the WM and the circular economy principles inside
the construction industry, a novel approach based on Blockchain is
proposed as a further development. The presence of a distributed
ledger that stores information in an immutable and transparent
manner is beneficial to all participants in the process. In addition,
the ability to define and execute the various contractual tasks
through Smart Contracts not only streamlines procedures but also
provides incentives for the contracting parties to perform their
tasks in accordance with the contractual terms. All information
produced and exchanged during the design phase of the building,
including the life cycle planning of materials, products and
components and the prediction of their reuse, recycling and
disposal, are recorded on the Blockchain. This data is accessible
at all times in order to understand the correct pre-design of the
construction waste and its impact on the environment.

On the basis of the design, the client may request in the
invitation to tender specific WM methods and include reward
clauses for the choice of reusable or recyclable materials. The
reward clauses can be translated in computer codes of a Smart
Contract that releases automatically the reward when the request is
satisfied. All communication between companies and suppliers is
recorded on Blockchain and allows transparent observation and
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access to the complete life cycle of materials and products chosen
and used in construction. The ability to have this information
recorded on Blockchain allows to create a truthful identity card of
the materials used, useful not only for those involved in the
construction of the building, but also for those who will use the
building and especially for those who will have to demolish or
break it down. Thanks to the registration of the entire life cycle of
the product and the planning of its reuse, recycling or disposal, it is
easy to guarantee the circularity of all components of the building.

For these reasons, the distributed database offered by
Blockchain can transform the traditional supply chain in a
green one, supporting the reduction of energy usage and
efficient waste disposal. The development and management of
product life cycle based on Blockchain could result in a positive
impact on construction resources and materials utilization and
recycle. Since that Blockchain archived the identity card of every
material from the design phase to the demolition one, the
information flow could be more effective and it could
maintain the value of products and services during its whole life.

In conclusion, Blockchain can be considered as a useful
technology, able to offer ecological and economic benefits. The
distributed ledger promotes both a better integration among the
participants network and a suitable monitor of the materials and
waste cycle, by recording all information or actions (Abeyratne
and Monfared, 2016).

CONCLUSIONS

Increasing global urbanization has resulted in high levels of waste.
The construction sector is one of themost polluting industrial sector,
with an estimated waste production of about 36%. Also, AECO
sector shows a still increasing trend in waste production, especially in
comparison with other industries. An overview regarding European
and Italian regulations showed the attention on the need to reduce
the production of wastes and to perform environmentally
sustainable processes. In this sense regulations promote the
adoption of waste minimization strategies. In addition, waste is
no longer seen as a burden but as a resource and a profit for all actors
and stakeholders involved in the whole construction process.

Several drivers for the implementation of waste minimization
strategies in AECO industry and to overcome the barriers
identified, can be summarized as follows:

• Promotion by regulations and public Clients’ requirements
of sustainable strategies;

• Competitiveness for construction companies is strongly
intertwined with the implementation of sustainable
strategies into their own business models;

• Information modelling methods could allow the avoidance
of waste production since the preliminary phases of the
construction process, enabling the collaboration among
parties, the integration of WM strategies and an easier
definition of waste quantities to be reused and recycled.

Previous applications in the literature investigated efficiency of
BIM methodology for waste minimization strategies from the
designer and constructor’s point of view.

The present work analyzed by means of three case studies the
integration of waste minimization and management strategies
during the tender phase. The application of BIM methodology to
handle the tender phase is also tested from the public Client’s
point of view. Two types of procurement models, i.e. DB and
DBB, have been applied in order to identify the related feasibility
to promote sustainable practices in the construction sector. The
collaboration between Client and constructor and a less
fragmented information flow, enabled by the DB procurement
model, allow a better implementation of waste minimization and
management strategies. The DB model seems to be the most
promising in terms of collaboration and efficiency. In particular:

• Environmental reward criteria led the participants at the tender
phase to integrate sustainable practices in their procedures;

• Sustainable requirements as reward criteria in the tender
phase promoted the participants to apply and extend their
know-how in the field of waste management;

• BIM approaches in a MEAT framework allowed the Client
to verify the compliance of the bids with the requirements in
terms of sustainability, and the participants to more easily
apply waste minimization strategies.

• Almost a half of the participants, including the winning one,
proposed a reuse strategy for about the 80% of wastes.

The case studies showed the possibility for the public Clients to
trigger a change in the construction sector regarding the
integration of waste minimization and management practices,
through the application of GPP and BIM methodologies.

Furthermore, a distributed ledger technology, i.e. the
application of Blockchain for the implementation of Smart
contracts, could promote both a better integration among the
participants’ network and a suitable monitor of the materials
and waste cycle. The information recorded on the Blockchain
can be accessed at any time in order to monitor the correct
planning of the construction waste and its impact on the
environment, recording all information or actions in a full
transparent way.
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