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Definition: Green Building Rating Systems (GBRSs) are typically third-party, voluntary, and market
driven standards that measure buildings’ sustainability level by multi-criteria assessment, and
encourage the adoption of environmentally, socially and economically sustainable practices in design,
construction and operation of buildings (or neighborhoods). GBRSs aim at guiding and assessing the
project throughout all its life cycle, thus limiting the negative impact on the environment, as well as
on the building occupants” health and well-being, and even reducing operational costs. Hundreds of
GBRSs are now available worldwide, varying in approaches, application processes, and evaluation
metrics. BREEAM, CASBEE, Green Star and LEED are among the most applied worldwide. Despite
some differences, they all adhere to the same general evaluation structure: project performances ares
measured using a set of relevant indicators, grouped per topics such as water management, energy
use, materials, site qualities. Each assessed requirement is assigned a score/judgment, the total of
which determines the level of sustainability achieved. In addition to regular updates, a current trend
is to improve the effectiveness of protocols, making them more comprehensive and accurate, while
keeping them easy to use.

Keywords: BREEAM; CASBEE; Green Star; LEED; multi-criteria assessment; sustainable building

1. Introduction

Growing attention to global environmental and societal challenges requires the con-
struction sector to be more sustainable, because of its major impact on these challenges.
Beyond regulations and policy enforcements, a voluntary effort is required of all the stake-
holders to design, construct, run and manage buildings assuming a holistic approach to
sustainability. This requires that the effect of construction features on the triple bottom
line (planet, people, profit), as well as possible mitigation actions, are clearly understood.
Accordingly, sustainability assessment has been recognized as a crucial mean to this end [1],
and Green Building Rating Systems (GBRSs) have emerged as a valuable tool to assess and
guide the whole construction process to be greener.

1.1. Terms and Definition

In a nutshell, GBRSs can be defined as third-party, voluntary, and market driven stan-
dards that measure buildings’ sustainability by multi-criteria assessment, and encourage
the adoption of environmentally, socially and economically sustainable practices in design,
construction and operation of buildings (or neighborhoods).

Since the notion combines two different elements—Green Building and Rating System—
examining them separately may help to provide a suitable definition for the whole. First,
Green Building is a multifaceted notion that refers to a broad variety of issues. The World
Green Building Council (World GBC) defines it as “a building that, in its design, construc-
tion or operation, reduces or eliminates negative impacts, and can create positive impacts,
on our climate and natural environment. Green buildings preserve precious natural re-
sources and improve our quality of life” [2]. Recurrent topics addressed by a green project
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are efficient use of energy, water, and other natural resources; pollution reduction and waste
management; good indoor environmental standards; sustainable use of materials along
their life cycle; occupants health and well-being; design featured flexibility and adaptability
to a changing environment; and quality of open spaces. Since its appearance in the early
1990s [3], the notion of Green Building has mainly addressed physical and functional
features of an eco-architecture, encompassing only few elements of the broader view of
sustainability and its multiple social, economic and institutional issues [4]. However, as the
sustainability goals have been increasingly enlarged, a wider approach to Green Building
has also emerged during the last decades. In fact, the recent ISO 15392:2019 Regulation
(Sustainability in buildings and civil engineering works) set that sustainable construction works
should consider sustainable development in terms of its three primary aspects (economic,
environmental and social), while meeting the requirements for technical and functional
performance [5].

A Rating System (RS) is a tool for classifying objects based on how well they comply
with one or more relevant requirements, which are those that affect the object’s performance
whose level the system is intended to appraise. A RS evaluating the level of sustainability of
a building must take into account several requirements, detecting the level of performance
for each of them respect to a common baseline, which might be regulatory thresholds or
a comparison benchmark with other buildings. In other words, a RS “rates or rewards
relative levels of building performance or their compliance with specific environmental
goals and requirements” [6].

Therefore, the vast range of green buildings’ performances (i.e., different topics such
as energy consumption, water use, indoor environmental quality, location) are evaluated
by means of a specific baseline. Since only an overall assessment of the building’s sus-
tainability can make the system useful and effective, a GBRS must combine “apples and
oranges” [7] into a score that expresses how much that project respects the environment,
the building’s occupants, and the local community (multi-criteria). Thus, the measures
of these performances are weighted, using a balancing process specific to each scheme,
and are combined into a single grade/judgment that shortly communicate the building’s
overall level of sustainability. As a result, the building is “classified” or “rated” by the
organization who manages the GBRS (third-party).

Both in literature and practice, many names are used to designate these tools that
assess the impact a construction has on both its local surrounding and the broader envi-
ronment. Among the most common include, Green Building Rating Systems, Sustainable
Building Rating Systems, Sustainable Rating Tools, Green Building Assessment systems,
certifications, and protocols. Each of them has a few distinctions, as well as variations
in approaches, methodology and applications that are found within the same family of
tools. Therefore, it is difficult to give a unified definition of these tools. However, the
World GBC has provided a description with the aim of being comprehensive: a GBRS is
a tool “used to assess and recognize buildings which meet certain green requirements or
standards” [8]. This leads to making the rating tools, whose adoption is often voluntary,
a means to recognize and reward organizations or individuals who build and operate
greener buildings (market-driven), thereby encouraging them to push the boundaries of
sustainability forward.

1.2. Background Condition to Development of GBRS

The need to deal with growing global challenges is the context in which these tools
have been developed. As the built environment is one of the main contributors to socio-
ecological issues, above all of which is climate change, the adoption of environmentally-
and socially-friendly approaches in this sector has been recognized as crucial for decades.

This stems primarily from the significant impact the built environment makes in terms
of energy and resource consumption, as well as emissions. In fact, the building sector
accounts globally for 31% of the entire final energy use, 54% of the final electricity demand,
and 23% of the global energy-related CO, emissions, one third of which come from the
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direct consumption of fossil fuels [9]. Even in Europe, where a great effort has been put
on reducing construction-related impact, buildings are still responsible for around 40% of
the EU energy consumption and for 36% of greenhouse gas (GHG) total emissions [10].
The building industry also consumes more than 40% of the raw materials of the global
economy every year, the majority of which are non-renewable, and generates over 35% of
global waste [11]. Water use is also relevant, as over 17% of fresh water is used globally
by the construction and operation of buildings [12]. In addition, the quality of the built
environment affects building occupants” and local communities” health and well-being
(e.g., by indoor VOC emissions, thermo-hygrometric discomfort, and lack of open spaces).

Although the energy demand of the building sector is higher than industry and
transport, the construction has the highest potential of emission reduction, mainly due
to the flexibility of its demand [13]. According to Berardi, large room for improvement
may especially come from adoption of more sustainable building practices. This leads
to the concept of environmentally-friendly building, which has gradually taken place
worldwide [4].

As a result, regulations, codes, strategies, and tools have been developed in the last
decades to push a rapid and effective transition in design and construction processes, with
a particular stress on energy efficiency.

At a global scale, several goals of the 2030 UN Agenda for Sustainable Development
addresses the issue [14], including but not limited to: SDGs n. 11 (Sustainable cities
and communities), n. 9 (Industry, innovation and infrastructures), and n. 7 (Clean and
affordable energy). In Europe, this path is mainly regulated by the EU Directives on
Energy Performance of Buildings (EPBD III) 2018/844/EC [15] and Energy Efficiency (EED)
2018/2002/EU [16] that attempts to improve energy efficiency in both new and refurbished
buildings across the Union. However, less than 40% of energy consumption and less than
50% of CO; emissions from buildings are currently subject to mandatory performance
policies [17]. Hence, beyond regulations, a great voluntary effort is needed to drive the
change toward a more sustainable living environment.

Therefore, the construction industry has gradually taken important steps, especially
boosting the market to improve the building environmental performances by considering
the whole building life cycle, from raw material extraction to the potential reuse of the
outputs coming from the dismissal. In this particular circumstance, sustainability building
assessment systems have spread as a means to detect and mitigate the impacts.

1.3. History: First Appearance and Developments

Although the assessment of the building’s environmental features such as air quality
and indoor comfort had begun earlier, it was only with the introduction of multi-criteria
assessment schemes (e.g., GBRS) that the problem was addressed as a whole, instead
of one topic at a time, using separate indicators and criteria [1]. In this context, GBRSs
appeared as a more comprehensive, user-friendly, and informative way of spreading
sustainable construction, as compared to the more accurate but time-consuming and
extremely technical approaches such as Life Cycle Assessment (LCA) and comparable
frameworks that use a set of complex indicators.

The first multi-criteria tool for this scope was developed by the Building Research
Establishment (BRE Group) in the United Kingdom, as even prior to today the current
concept of green building had entered international agendas. The British Building Research
Establishment Environmental Assessment Method (BREEAM) was launched in 1993 for
new building sustainable design [18]. Many other GBRSs have been developed follow-
ing this example, though they have adopted different assessment schemes, metrics and
indicators [19].

The Leadership in Energy and Environmental Design (LEED) was launched by the
United States Green Building Council (USGBC) in 1998 [20]. The Japanese Comprehensive
Assessment System for Building Environmental Efficiency (CASBEE) made its appearance
in 2001, three years after LEED [21].
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The need to make these national instruments global soon emerged, pushing the
Natural Resources Canada (NRC) to lead the development of SBMethod, at the end of
1990s. As a common protocol on whose scheme national and even regional adaptations
could be made, SBMethod resulted in several applications, such as Verde (Spain), SBTool PT
(Portugal), SBTool CZ (Czech Republic) and SBTool IT (Italy), this latest re-named ITACA
protocol in 2011 [22].

The success of sustainability assessment tools had been so extraordinary that over 600
schemes were available worldwide in 2004, within just one decade from the first one that
had been launched [13,23]. Although the reason for this abundance lies mainly in the need
of each country to adapt the instrument to its peculiarities (e.g., climate and environmental
priorities, type of building stock, culture, and local codes), this led each rating to adopt
different parameters and metrics as well, making any cross comparison and transnational
collaboration difficult [23]. Therefore, two important standards were developed in order to
harmonize the many available assessment tools: ISO 21931-1, 2010 Framework for Methods
of Assessment of the Environmental Performance of Construction Works [24] and I1SO 15643-1,
2010 Sustainability Assessment of Buildings [25].

Furthermore, many other RSs have been developed and more are being developed by
both public and private organizations. At present, the World GBC alone enlists 58 rating
tools administered by its national Councils [8]: beyond the already mentioned BREEAM
(UK), LEED (US), and CASBEE (JP), quite popular are also DGNB System (D-), Green Star
(AUS), HQE (F), Green Globes (US and Canada), and GBTool (South Africa).

At present, thousands of buildings have been certified by GBRSs worldwide. Table 1
shows key facts about the diffusion and application of the four most predominant,
according to [12].

Table 1. Facts of most diffused GBRSs worldwide according to Say and Wood (2008).

GBRS N. of Certified Buildings Countries Data Source
BREEAM (UK)—since 1993 594,011 (2021) 89 [18]
LEED (US)—since 1998 79,418 (2021) ?Jlls)(mamly [20]
CASBEE (JP)—since 2001 500 (2016) P [21]
GREEN STAR (AU)—since 2003 2827 (2020) AU+NZ+SA  [26]

2. Methods: Among Similarities and Differences
2.1. General Aim and Scope

The main objective of GBRSs is to encourage all stakeholders in the construction
industry to move toward a more sustainable, healthy, and just living environment. This
objective hence aims to elevate the ambition of governments, corporations, owners, and
practitioners.

The specific goal is to provide a structured procedure by which the sustainability
level of a building or a neighborhood can be assessed. However, despite being conceived
for assessment purposes, GBRSs also serve as design support tools [27] and are powerful
means for project management, as they offer a framed protocol to map important synergies
among the building elements and functions.

Moreover, these methods include a comprehensive analysis of the site and its surround-
ings that highlight strengths and weaknesses on which to focus the envisaged enhancement
strategies. By doing so, GBRSs are good instruments to balance the many facets of a project,
seeking for the “best compromise”, on a case-by-case basis

Since green building clients often do not have clearly in mind what that entails, and
at the same time architects are not always able to clearly motivate sustainable design
strategies they envisage, a further scope is to improve communication [28] by making
the building’s performance evident to the market. This is a crucial purpose for the rating
processes, being that they are typically voluntary.
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Accordingly, it derives that the most recurrent motivations for applying a rating
tool are: educational and marketing purposes, as a GBRS tool can provide owners and
design teams with an effective means of ascertaining and communicating the ecological
performance of the building; guidance effects in identifying the green standards to be
followed and in selecting environmentally-friendly products, materials and strategies that
the project can benefit from; and means of supporting stakeholders in becoming more aware
of the value of green building and its long-term benefits.

In addition to environmental benefits, achieving a certification is also proven to offer
a series of economic gains/savings, especially those related to the lowering of building
operating costs [28]. For example, the LEED Concepts Guide reports several studies that
prove maintenance costs in green buildings are lower than traditional buildings (around
12% less), occupants satisfaction is higher (from 2 to 27%), while the average additional cost
is 2%, despite the general public’s perception that it is higher. Furthermore, the USGBC
reported that certified green office buildings are usually rented for 2% more than similar
buildings nearby [29].

2.2. Comparison in Approaches

Given the large number of GBRSs available today, as well as the wide range of methods,
terms, models, and indicators they use, there is a consistent body of literature that analyzes
and compares them [1,4,12,13,19,23,28,30-37].

There are features and approaches common to all GBRSs representing the foundations
of this type of tool, e.g., adopting a multi-criteria structure and presenting the final result
as an overall score. Many other differences can be found in each RS, which should be
analyzed in detail to discuss specific features. However, a good picture of this variability—
but not exhaustive—can be given by comparing the four most widespread GBRSs at global
level [12], as an opportunity to discuss different approaches. Hence, based on the most
frequently addressed issues in the above-mentioned publications, a comparison among
BREEAM, LEED, Green Star and CASBEE is made in Table 2, by highlighting: i) available
building adaptation schemes; ii) core evaluation categories; iii) assessment procedures;
and iv) certification levels. This led to pinpoint both the main similarities (that are also
basic elements of other GBRSs) and crucial differences. As a result, also strengths and
weaknesses of each can be identified and discussed.

Table 2. Comparison of most diffused GBRSs worldwide.

BREEAM LEED CASBEE Green Star
New Construction
Exist. Buildings Operations
and Maintenance Communities
New Construction Comm. Interiors Pre-design Buildines
(i) Building In-Use Core and Shell New Construction Desion and Es Built
adaptations Refurbish. and Fit-Out Schools Existing Building and gI .
Communities Retail Renovation nterlors
Performances
Healthcare
Homes
Neighbor. Develop.
Management Integrative Process Management
Health and Well-being Location and Indoor Environment
Energy Transportation Indoor Environment Quality
Transport Sustainable Site Quality of Service Energy
(ii) Categories Water Water Efficiency On-site Environment Transport
Material Energy and Atmosphere Energy Water
Waste Material and Resources Resource and Materials Material
Land Use and Ecology Indoor Env. Quality Off-site Environment Land Use and Ecology
Pollution Regional Priority Emissions
Innovation Innovation Innovation
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Table 2. Cont.

BREEAM LEED CASBEE Green Star
(iif) Assessment Pre—welghted Additive credits BEE ranking chart Pre-welghted
method categories categories
Poor: BEE < 0.5 . .
. Min. Practice (1 star)
Pass > 30 i Fairy Poor: BEE 0.5-1.0 .
Good > 45 Certified 4049 Good: BEE 1-15 Average Practice (2)

(iv) Certification
levels

Very Good > 55
Excellent > 70
Outstanding > 85

Silver 50-59 Very Good: BEE 1.5-3 Good Practice (3)

or BEE > 3 and Q <50
Excellent: BEE > 3 and
Q>50

Gold 60-79
Platinum > 80

Best Practice (4)
Austr. Excellence (5)
World Leader. (6)

Data source

[18] [20] [21] [26]

2.2.1. Building Adaptations and Diffusion

As CASBEE and Green Star are specifically designed to their own geo-political context,
their diffusion is significantly lower than the other two (as shown in Table 1), which instead
offer flexibility in adapting to different areas, offering international equivalent codes as
reference standards.

Since sustainable performances may depend not only on geographical features but
also on the building and intervention type, many GBRSs have scheme adaptations [6].
All of the main four have been updated and new version with building adaptations released
over the years, so that today they are available for many types of buildings, both existing
and new. Specific schemes include, for example, single-family houses, multi-family rise,
commercial buildings, schools, offices, and warehouses, as well as campuses and entire
neighborhoods. Some credits and indicators may vary for new construction, renovation,
interior fit-out or existing building operation.

Given that CASBEE is the system where government plays a predominant role, the
extent to which a project can be applied is broad up to the city level [4], while the others
reach only the neighborhood scale.

2.2.2. Categories

Topics in different tools are referred to as Credit Category, Evaluation Area, Topic,
Theme, etc., and gather a set of Criteria, Credits, Requirements, and Core Indicators that
measure specific performances, by Indicators [36].

Despite differences in names and details, almost all GBRSs address the same core
topics, confirming that the green building industry shares the same concerns at a global
level.

The main assessment categories of BREEAM target low impact design and carbon
emissions reduction, durability and resilience, adaption to climate change, ecological value
and biodiversity protection. Similarly, LEED covers a comprehensive set of sustainability
goals as a means of coping with climate change, enhancing occupants” well-being, and
protecting water resources, as well as promoting biodiversity, regenerative material cycles,
green economy, community justice, and quality of life. Accordingly, the other two GBRSs
use very analogous categories.

What usually emerges from comparisons in the literature is that energy is the most
important category for all, followed by materials, and health and well-being. Transport,
land use and ecology are usually weighted less. Regarding sustainability pillars, the
comparison performed by Doan shows all the ratings address well the environmental
sphere; the social sphere is given less but fair importance, while very few credits address
the economic sustainability of the project [4].

Except for CASBEE, the schemes include an Innovation category that demonstrates
the willingness of being updated and even preceding new steps and approaches from the
construction industry.
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In addition, particularly worth mentioning is the Integrative Process (IP) by LEED,
the general principle of which is common to many other rating schemes [29]. In this topic,
the tool assesses and promotes the project team to collaborate tightly, looking for synergies
among systems and components, in order to achieve high levels of building performance,
human comfort, environmental benefits and cost-effectiveness. The many professionals
involved work closely and simultaneously from the beginning rather than separately as in
more conventional design processes.

2.2.3. Assessment Method

The multi-criteria structure of these tools allows each design team to select their proper
method (i.e., credits) to reach the desired target (i.e., certification level). Therefore, for
example, one can decide whether to gain LEED points by eight credits in the Energy and
Atmosphere category or by five credits scattered through all categories. Some GBRSs,
however, have set a number of mandatory credits in order to avoid only particular topics
being addressed (i.e., prerequisites in LEED and BREEAM).

Each credit has in general a maximum number of points allocated over the entire
assessment, and the overall assessment of sustainability is determined by adding up
the results. The weighting process adopted by BREEAM and Green Star consist of pre-
weighting categories before adding up selected credits, whilst the “additive credits” method
of LEED allows a simple sum up of all selected credits. CASBEE adopts a totally different
and more complex approach: instead of calculating single credits and summing up, all the
measurements are divided in internal and external loads and visualized on a graph.

Despite that the final score can be quantitative or qualitative (e.g., points out of the
total, qualitative judgment, graphs or diagrams), the LEED points system is considered all
in all the more user-friendly method to calculating the final result [4].

2.2.4. Certification Levels

According to the score achieved in the assessment, a project earns a certification level
or grade. BREEAM rates from Acceptable (existing buildings only) to Pass (>30), Good,
Very Good, Excellent, up to Outstanding (>85), corresponding to an increasing number of
stars reported on the certificate. LEED uses four levels: Certified (>40), Silver, Gold, and
Platinum (>80). Green Star assigns an increasing number of stars from Minimum Practice
(1 star) to World Leadership (6).

Being based on the concept of closed systems, CASBEE differs the most, as it only fo-
cuses the assessment on two elements: building performance and environmental load. The
rating is expressed as an eco-efficiency gauge (BEE) given on a graph with environmental
loads (L) on one axis and quality (Q) on the other; more sustainable buildings have the
lowest environmental loads and highest quality.

Each rating system adopt its own levels of certification, which are hardly comparable
each other. However, what can be observed is that all associate a qualitative or symbolic
description to the numerical score or index. This demonstrates that the communication of
results to the market and non-technicians is of utmost importance for GBRSs.

The process to earning the certification varies for each GBRS. BREEAM has five stages,
LEED has six, and Green Star has four. Despite the number, a registration phase is usually
required by paying fees, followed by the assessment of project performance and submission
of forms, which are then verified by a third-party organization who is usually in charge of
issuing the certificate.

In some cases, as in LEED and BREEAM, certification can be broken down into
multiple stages, such as the Design and Construction stages. Goals are specified throughout
the design process, and techniques and materials are chosen accordingly; nonetheless,
it is the contractor’s responsibility to purchase materials and ensure compliance with
designated credits, as well as construction waste management.
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3. Evolutions, Research Directions and Development of GBRSs
3.1. Limits and Improvements of Available Tools

This brief overview of the tools highlighted that there are some limitations to GBRSs.
Beyond differences and weaknesses specific to LEED, BREEAM, CASBEE or Green Star,
three main issues are usually criticized in the literature for almost every GBRSs on the
market: a) regionality and different languages; b) lack in considering of social and economic
issues; and c) affordability and risk of green washing.

3.1.1. Regionality and Different Languages

Most GBRSs have been initially designed to assess buildings in a specific country or
region. Some of them have then decided to adapt and become more flexible to spread all
over the world, by including, for example, equivalent international codes and regulations
for single credits calculation or even an entire evaluation category (i.e., LEED Regional
Priority). However, each has continued to adopt their own metrics, procedures, and levels:
in other words, their own language. As a result, a LEED Platinum is hardly comparable
with a BREEAM Outstanding (both are top levels) and the stakeholders become confused,
especially the non-technicians (e.g., owners, tenants, estate managers).

On the one hand, this has pushed some Councils to seek common metrics, as in the
case of BREEAM, LEED, and Green Star, which in 2009 announced to collaborating in a
common measurement of CO, emissions equivalents from new homes and buildings [38].
On the other hand, although these and other rating systems are spending efforts to be
comparable, some authors point out that a “one size fits all” approach to ranking buildings
across the world would be questionable [12], because geographical, cultural, social and
economic differences impact sustainability level and it is not possible to have the “winner”
or the world’s most sustainable building.

Therefore, some effort has been put at the very least in making the general features
more coherent. To this purpose, in 2015, the World GBC published the Quality Assurance
Guide for Green Building Rating Tools, a step-by-step guidance for operators of forthcoming,
emerging, and established rating tools to ensure that their development and implementa-
tion are reliable, transparent, and of high quality [39].

3.1.2. Lack of Social and Economic Issues

Because the public is becoming more aware of negative externalities, GBRSs are
increasingly required to address the triple bottom line of sustainability by introducing
categories or specific credits to assess the social and economic impact of constructions,
a lack of which has frequently been criticized [1].

However, the vast majority of these systems still focus on environmental issues, as
the relative weights of related topics demonstrate. Taking for example LEED—as the most
diffused system—social and economic topics are mainly related to accomplishing two of
the less relevant impact categories: building a greener economy, and enhancing social
equity, environmental justice, and community quality of life. These are both given 5%
weight compared to reverse contribution to global climate change, which is given 35% [40].

To take the pace with new challenges and global targets (e.g., Sustainable Develop-
ment by SDGs) many GBRSs have evolved during the years by including new topics and
evaluation categories, by including and balancing within them both environmental and
social issues, as well the economic aspects. Even though many criticize the weight assigned
to this topic is not enough yet, an excellent example is given by Germany, whose rating
tool DGNB—that is taking exceptional ground in Europe—assigns proper credits for the
evaluation of social and economic aspects [13].

3.1.3. Affordability and Green Washing

The extraordinary success that GBRSs have had in recent times raised the risk of green
washing, in that the cost of certifications are sometimes prohibitive, and only big clients
can afford it. In reality, the real cost is not much in the registration fee itself, rather in
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the consultants fees to prepare and submit the project documents to certification. As a
result, instead of being a powerful tool for spreading sustainable buildings, it may become a
marketing tool for the elite. This also raises another issue, which is to focus on gaining more
rewarding credits rather than developing effective case-by-case solutions: the phenomenon
is also called “‘LEED brain’ [23] or ‘point-chasing’ [12].

3.2. Integration of Existing GBRSs

While several Green Building Councils and other organizations around the world are
updating and improving their rating tools to fill the gap and eliminate the detected flaws,
other important elements are being integrated to enhance and expand their applications.

The first to mention is certainly the integration of LCA methods and indicators within
GBRSs. Since they aim at driving the building industry toward more sustainable design,
construction, operation, maintenance, renovation and demolition practices, the assessment
protocols have more and more adopted a life cycle perspective [6]. This means not only
the design or construction stages are evaluated, but also some projections are made of
previous and following phases. Many GBRSs have integrated a cradle-to-grave approach,
some others have even included the disposal and reuse practices within the scoring, as well
the recycling potentials of building components and materials (focusing on the cradle-to-
cradle assessment stage). Several have now included LCA indicators and EPD certification
requirements within their credits [34,41], albeit adopting different approaches and imputing
different relevance to the outputs [42]. Although these types of credits are generally
attributed a lower relative weight than energy-related credits [35], the involvement of these
topics within the RSs suggests a growing attention to construction materials and products
lifecycle which, thanks, for example, to EPDs, can positively stimulate the construction
market to be greener [43].

On the same wave length, another attempt of integration that deserves mention is
Level(s), the framework for assessing and reporting on the sustainability performance of
buildings recently released by the European Union [36,44]. In line with the call to uniform
GBRSs’ languages, the EU proposes a common set of simple indicators that relates the
various building energy performances to the EU priorities as set by the Circular Economy
Action Plan (CEAP) in 2020. As a result, many international sustainability certification
tools are aligning to Level(s), ensuring common EU policy objectives are being integrated.
Additionally, as an open-source tool, Level(s) allows an easy integration within GBRSs by
means of modules to fill and attach.

3.3. Transformations/Mutations of GBRS

Beyond continuous upgrading and refinements of existing schemes, the most recent
developments in the field are giving birth to other families of instruments. These share the
same structure and approach but vary in scope.

A group of tools shifts from sustainability to resilience, as considered a more suitable
framework to the changing paradigm of global challenges. Among the most known are the
Resilience-based Earthquake Design initiative (REDi) by Arups Advanced Technology and
Research team [45] and Resilience Action List (RELi) by the USGBC [46]. These combine
resilience-based innovative design criteria with integrative design processes for assessing
and guiding the design of neighborhoods, buildings, homes and infrastructures according
to acute events (e.g., earthquakes, flooding) or chronic critical status of the ecosystem.
In parallel, the USGBC also attempts to integrate principles of resilience into the most
common international RSs, such as LEED [47], by adding specific pilot credits to existing
schemes.

Another interesting branch is instead focusing on measuring, certifying and moni-
toring those aspects of buildings that impact occupants” health and well-being (e.g., air,
water, light, and comfort). This is the approach of the WELL rating system, by International
WELL Building Institute (IWBI), or Fitwel, by US Centers for Disease Control (CDC) and
Prevention, and US General Services Administration.
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4. Conclusions and Prospects

GBRSs have been primarily developed to assess the sustainability level of construc-
tions. However, their actual contribution goes much further. For nearly three decades these
tools have played a critical role in encouraging institutions, practitioners, constructors,
owners, and managers to transform the built environment in a sustainable manner.

Since BREEAM was launched on the market, GBRSs have had extraordinary success
and hundreds of schemes are accounted today, varying in approaches, methods, and diffu-
sion. The open, consensus-based process that most of them adopt to engage stakeholders,
and keep continuously updating, are certainly important factors of this achievement.

With their aim of shaping the construction market to become greener, rating tools
have also been precursors for important international codes such as International green
Construction Code (IgCC) [48].

In addition, these tools highly contribute to raise the awareness of owners, tenants,
practitioners, and constructors on the issue. As proven by indicators, sustainable buildings
have significant environmental benefits, as well as economic and social values (e.g., reduced
operational costs and improved indoor air quality of working place). This is mainly due
to the structured methodology that steers stakeholders and provides them information
and proof of the benefits of their decisions, as well as encourages new and more effective
ways of collaboration among professionals (e.g., Integrative Process) and the harnessing of
value and opportunities not yet included within the system (e.g., system thinking and life
cycle thinking).

In spite of specific criticisms and need for improvements, GBRSs are demonstrating to
be valuable and flexible tools to support the transition of the built environment toward a
more health, smart and just future, under the large umbrella of Agenda 2030 for Sustainable
Development. The open challenge is now to strengthen and expand their role in leading
the design and construction process toward truly holistic sustainability.
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