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Abstract: In Italy, resilience and sustainability concepts are generally applied to road infrastructures
(mainly in terms of pavements) in order to minimize the environmental impacts of their construction
and maintenance. In this paper the Envision framework has been adopted to evaluate the sustain-
ability of a road project, optimizing its resilience for both short-term and long-term impacts. The
rating approach has been applied considering not only pavements analysis but also the complete
project process. The authors have upgraded the original Envision framework to road infrastructures,
in compliance with the Italian regulatory framework. Four scenarios have been considered. The first
allowed us to understand which credits can be evaluated with the available project documentation.
The second represents a snapshot of the state of the project. The third evaluates the effect of the
improvement in the performance level obtained by analyzing the potential increases. Finally, the last
considers also for “pending” credits.
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1. Introduction

Sustainability indicates a development that meets the needs of the present without
compromising the capacity to satisfy the needs of future generations.

The 2030 Sustainable Development Agenda is a program for people, for the planet, and
for prosperity, which comprises 17 objectives for sustainable development in a big action
program made of 169 targets. The ninth point of the list is the willingness to construct
resilient infrastructures and promote innovation and equal, responsible, and sustainable
industrialization [1].

Nowadays, there is considerable evidence that road infrastructures have a significant
impact on the environment. Their sustainability and resilience are critical factors for a
sustainable development path. Thus, road transportation systems need to be planned,
designed, constructed, and maintained in order to properly manage the potentially negative
environmental and social impacts and risks. Important benefits can be associated with a
sustainable road project, including improved cost effectiveness, reduced material consump-
tion, increased protection of finite environmental resources, and improved consideration of
a life-cycle approach [2–11].

In Italy, resilience and sustainability concepts have generally been applied to road
infrastructures mainly in terms of pavements in order to minimize the environmental im-
pacts of their construction and maintenance. The aims here are related to using eco-friendly
construction techniques, to reduce the use of virgin raw materials, and to promote the
recycling and reuse of the so-called secondary raw materials (materials which, after com-
plete initial use, may be used repeatedly in production as starting material) [12,13]. Many
innovative and environmentally friendly materials have been launched, and others are still
under study including rubber [14–20], bleaching clays from the food industry [21,22], glass
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powder [23], construction and demolition waste aggregates [24], fly ash aggregates [25,26],
and plastic waste [27–30].

Many systems for the sustainability evaluation of road infrastructure have been devel-
oped worldwide. They can be mainly grouped in three categories: the first one includes the
conventional project appraisal methods for decision-making such as cost-benefits analysis
(CBA) or multi-criteria decision analysis (MCDA) among others. The second one comprises
techniques for assessing environmental and social impact of infrastructure projects includ-
ing life-cycle assessment (LCA) and social life-cycle assessment (SLCA). Rating systems,
frameworks, and guidelines belong to the last category and are used to score infrastructure
projects through sustainability assessment.

Moreover, indices and composite indicators are powerful tools which can be used
for the assessment of technical, environmental, and economic performance of future or
existing roads [31]. Singh et al. investigated the advantages of indices, which are the
multidimensionality and the robust formulation based on scientific rules and statistical
models [32]. Indices and indicators have to be selected and reviewed in accordance with
the boundary condition of the case study to develop a consistent framework.

Focusing on the different type of methodologies, the improvement of assessment
tools towards a complete view of all the aspects of sustainability requires great effort. The
traditional decision-making systems are powerful tools for assessing transport project, but
they present weakness in addressing sustainability issues comprehensively. For example,
life-cycle analysis is strongly affected by the variables and the available data characteristic
of the case study, which influence the results. Moreover, this analysis is only concerned
with the operative phases, overlooking many other important factors [33]. On the other
hand, rating systems provide guidelines to incorporate the best sustainability practices
in the different steps of the project life-cycle from planning right through to construction
and maintenance. Rating systems, due to their highly flexible and resilient structure,
have been largely applied and accepted by practitioners in the civil engineering fields.
The developed framework in support of a rating system provides consistent advice for
transport projects with particular reference to environmental issues. These solutions are
suited for construction process and materials rather than operational phases, establishing
significant criteria for assessing options [34].

The most notable characteristics of rating systems are the comprehensive approach
and the quantitative process developed to deal with sustainability issues. Evaluation sys-
tems have been elaborated by trusted private and governmental authorities working with
researchers in academia. In United States, many rating systems have been established to
enhance the sustainability of construction projects. GreenLITES (Green Leadership in Trans-
portation and Environmental Sustainability), developed by the New York State Department
of Transportation, presents two certification programs. The first one is dedicated to project
designs and the second is intended for operations. Each construction program is appraised
with an appropriate certification level. Greenroads is a collection of the best practices,
based on the evaluation of project requirements and voluntary core and extra credit points,
commonly used for roadway constructions [35]. The Envision framework is the most recent
rating system used for project and construction of a sustainable infrastructure. It has been
developed by the Institute for Sustainable Infrastructure (ISI) in collaboration with the
Zofnass Program for Sustainable Infrastructure of the Harvard University Graduate School
of design and it defines the sustainability rating of an infrastructure [36]. The criterion was
established mainly for the design and project development process, but the recent version
has expanded its application also to the process of construction, operation, maintenance,
and demolition. In addition to the certification, the objective of Envision is to promote
sustainable solution in technical, environmental, social and economic terms, providing
goals and performance levels through the guidelines. This rating system consists of five
sections: quality of life, leadership, resource allocation, natural world, and climate and risk,
each of which is further divided in sub-categories (Figure 1).
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Figure 1. Categories and credits.

Each category is characterized by a basket of credits that can be satisfied by presenting
adequate documentation necessary for the definition of the level of performance of the
infrastructure.

Envision’s performance levels of achievement define the level and quality of project
performance in each credit as follows:

• Improved performance superior to conventional;
• Enhanced sustainability performance is on track;
• Superior sustainable performances at a very high level but which still have a residual

impact;
• Conserving performance that has achieved almost zero impact;
• Restorative benefits that restore natural and/or social systems.

The evaluation criteria and the documentation section within each credit outline are
necessary to demonstrate that a level of performance has been achieved. The evaluation
criteria, indicated with letters, include both qualitative and quantitative requirements. All
evaluation criteria are defined as questions, for which it is necessary to provide answers
and supporting documentation if the project is sent for an evaluation verification to a
third-party certification body, the ISI.

The application of a rating system depends on the analysis characteristics and many
critical reviews were carried out to compare the potential of these tools for assisting practi-
tioners in reaching environmentally sustainable goals. Mattinzioli et al. have investigated
the most prominent current rating systems and determined that Envision evaluates the
three-pillars of sustainability, macro-categories and life-cycle more homogenously than
other systems [37]. Moreover, Envision turned out to be the most suitable green rating sys-
tems for Hungarian infrastructure design as a result of the application of a multi-objective
decision-making method for the comparison of traditional rating systems [38].

Among the aforementioned rating systems and in accordance with the previous
considerations, in this paper the Envision framework has been implemented to upgrade the
project of an existing road infrastructure in the north of Italy. The innovative aspect of this
project research is the application of Envision framework to a real Italian road, considering
not only pavements materials analysis but also the complete project process. The authors
have upgraded the original Envision framework to road infrastructures, in compliance
with the Italian regulatory framework.

The paper proceeds as follows: Section 2 explains the upgraded guideline defined for
a road infrastructure, Section 3 illustrates its application to a real case study, and Section 4
shows the obtained results.
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2. The Guidelines for a Road Infrastructure

The authors have upgraded the original Envision framework to road infrastructures,
in compliance with the Italian regulatory framework.

A document which is easy to be interpreted, which clearly defines the requests for
each credit, and the documents to be presented to support them, have been developed.

For each credit the title of the claim (which provided a focus of the scope), its intent,
the measurement method to be adopted, the maximum assignable score, the level of
performance distinguishing the evaluation principles and the paths to be followed to
reach them, the description of the credit provided by the framework, the explanation
of each performance level (from ‘improved’ to ‘restorative’), the evaluation criteria, the
documentation to be presented, and the related credits have been evaluated.

A credit description was developed based on the personal interpretation of the appli-
cation context and the description provided.

The list of requests for the credit evaluation was defined on the basis of those reported
in the framework. The requests contained letters ranging from A to G and could be
cumulative for the satisfaction of the highest credit levels.

The documentation necessary to respond to requests has been outlined in compliance
with Italian legislation. The required documentation may consist of general and specialist
reports technical drawings, calculations of areas, and weights or volumes. However,
anything deemed pertinent to the credit satisfaction can be presented, including photos,
notes, and documents developed in course of work that allow one to achieve a certain score
for a specific credit.

3. The Project Object of Study

The project object of study is the upgrade of a road infrastructure in Italy.
It is a dual carriageway road, with two lanes plus the emergency lane in each direction

(Figure 2), and it is frequently characterized by traffic congestion and very low levels of
service.
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For these reasons the upgrade project has been developed in order to improve its
circulation level and the road safety.

The project involves an internal carriageway with three lanes plus emergency per
direction and of an external one with four lanes plus emergency per direction (Figure 3).
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The road hub was redesigned as an opportunity for development for the city and the
areas directly involved in the work [39]. As a result, the project has paid attention to both
environmental and transport topics consisting of:

• The redevelopment of green areas for environmental integration;
• The creation of wooded strips, flyovers, and noise barriers of architectural value;
• The valorization of cycle and pedestrian paths;
• The creation of important transport works and the improvement of the junctions with

local roads.

The institutional bodies involved, moreover, decided to have a public discussion open
to all townspeople before the definitive design with the aim of explaining the project,
answering questions, and collecting comments and suggestions.

4. Methods

The application of the Envision framework to the project required a deep study due
to the amount of available technical documentation. It started from the knowledge of the
work, going back through its history, to what it is today.

The final project was evaluated in order to determine the possible interventions and
improvements to be made in the executive project phase in order to obtain a higher Envision
rating.

A rating was defined in relation to the current status of the project, and subsequently
it was decided to face a credit for each category, defining the actions to be taken to move to
the next level of performance.

Since the documents relating to the construction and operation phase will be available
only at the end of the construction of the work, project assessment scenarios have been
hypothesized.

Four scenarios have been considered: two limited to the actual state of the design, and
two defined assuming a series of actions to be undertaken. Both allow the designers and
the owner of the work to understand the current level and the future increase of the rating.

So, the evaluation process was divided into two different phases, each containing two
scenarios.

Firstly, for all the credits envisaged by the framework, a colored scale has been defined,
in order to obtain a simple tool to analyze and explain the score for each performance level
achieved by one credit. According to this scale:

• Yellow: the credit is consistent with the project and so it is considered in the total score;
• Green: the credit is consistent with the project phase object of study and so it is

considered in the total score;
• Red: the credit assumes a valuation equal to zero since there is not documentation

about it;
• Blue: the credit is inconsistent with the project and so it is not considered in the total

score.

Then, in the first phase, two evaluation scenarios limited to the actual state of the
design have been considered, assuming that:

• The credits that can be assessed are only those in the planning phase;
• The available documentation satisfies the credit;
• Credits inconsistent with the type of work are not considered in the total score;
• Credits without documentation assume a valuation equal to zero.

The first scenario (Scenario 1), in particular, analyses which credits of the framework
the available project documentation can answer. Figure 4 shows the maximum value that
each credit can assume. In this way, it is possible to understand the project position in the
framework evaluation scale and provide feedback on the missing documents.
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The second evaluation scenario (Scenario 2), instead, has been defined assuming that
the consulted documentation allowed the real value of the credit to be defined (Figure 5). In
this way is possible to associate the right value of the project documentation to the credits
selected in Scenario 1. In this way the Envision evaluation of the project’s status is obtained.
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A series of suggestions were outlined to be able to raise credit to a higher level and
achieve a higher score in the executive project phase. A total of five credits were considered,
one for each category.

For the “quality of life” category, the “QL2.2 Encourage Sustainable Transportation”
credit was chosen, which responds to the need to expand sustainable transport choices,
including shared and mass transport, in order to reduce emissions and improve the air
quality. Based on the first assessment, the credit was at the ‘enhanced’ level. By providing
a document which highlights the infrastructure proximity with active, shared and/or mass
transport options, explaining the distances, the ‘superior’ level can be reached.

For the “leadership” category, the “LD1.3 Provide for Stakeholder Involvement” credit
was chosen, which analyzes the commitment of the project team in relation to local issues.
It enhances the comparison activities between all those involved in the work, promoting
shared planning and with attention to the needs of the population. Based on the first
assessment, the credit was at the ‘superior’ level. By providing a document which reports
the degree of satisfaction of stakeholders with regard to the decision-making process, the
‘conserving’ level can be reached.

For the “resource allocation” category, the credit “RA1.2 Use Recycled Materials” was
chosen, which enhances the choices of the project team aimed at reducing the use of virgin
materials and avoiding the sending of materials still potentially usable to landfill, through
their reuse within the project. Based on the first assessment, the credit was at the ‘improved’
level. By providing a document showing the type of recycled materials and their percentage
based on weight or volume or cost, certifying the use of recycled material greater than 25%,
the ‘superior’ level can be reached.

For the “natural world” category, credit “NW2.2 Manage Stormwater” was chosen,
which assesses the accumulation capacity of rainwater in the areas affected by the project
and the infiltration and evapotranspiration capacity of the area is also assessed. Proper
rainwater management reduces the exposure of infrastructures to risks. Based on the
first assessment, the credit was at the ‘improved’ level. By providing a document that
studies the area from a hydrogeological point of view, considering the levels of infiltration,
evapotranspiration and reuse, it will be possible to access higher levels of performance.
Considering the treatment or reuse of 100% of the 95th percentile of a daily event with a
return time of 50 years, the ‘conserving’ level can be reached.

For the “climate and resilience” category, the “CR2.6 Improve Infrastructure Integra-
tion” credit was chosen, which assesses the degree to which the project is integrated into
other connected systems, where advantageous and appropriate, in order to increase the
resilience and performance of the system. According to the first assessment, the credit
was at level 0. By providing a document that demonstrates that the project improves
the efficiency of the infrastructure asset beyond the boundaries by considering integrated
infrastructures, the ‘superior level’ can be reached.

So, in the second phase two evaluation scenarios have been considered.
The first one (Scenario 3) has been defined assuming the proposed suggestions

(Figure 6).
The last one (Scenario 4), instead, was a final evaluation scenario considering a prelim-

inary assessment also for “pending” credits (Figure 7).
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5. Obtained Results

The first scenario (Scenario 1) allowed us to understand which credits can be evaluated
with the available project documentation without going into the merits of the performance
level obtained for the single credit. The percentage ratio achieved is less representative of a
project evaluation. With the documentation available, it is possible to assess 51 of the 64
total credits of the framework, corresponding to about 80% of the credits.

The second scenario (Scenario 2) represents a snapshot of the state of the project,
attributing a performance level to the credits for which it was possible to make an assess-
ment. In this case, the percentage ratio reached exceeds the validation threshold, reaching
a ‘Verified’ certification level. It should be noted that the rating of the project took place by
treating the “pending” credits (credits whose evaluation can be confirmed only after the
construction of the work) similarly to credits “not applicable”.

The third scenario (Scenario 3) considers the effect of the improvement in the perfor-
mance level obtained by analyzing the potential increases. For the five credits previously
identified, one for each category into which the framework is divided, it was assumed that
a higher level of performance had been achieved than the previous evaluation. In this case,
the percentage ratio obtained stands at a rating level equal to Silver.

In the fourth and last scenario (Scenario 4), a preliminary assessment also for ‘pending’
credits have been evaluated. By entering the evaluation of these credits, the rating at the
‘Silver’ level is confirmed.

It has been seen that the highest scores were totaled in the ’quality of life’ and ‘natural
world’ categories (credits QL1.1, QL1.4, QL2.1, NW1.1, N.W1.2, N.W1. 3).

In particular, in the ‘quality of life’ category, specific studies relating to the needs,
objectives, and problems of the community and stakeholder participation in the decision-
making process determined the attribution of the score. Extensive research about the
evaluation of noise and vibrations will be expected during operation and of strategies
to mitigate and reduce them, contributing to the score. In addition, the credits related
to the accessibility and mobility of the community and, above all, the ways in which the
infrastructure helps to improve them were also influential. Improving the practicality and
mobility of the community is the main reason for the up-grading project, which aims to
reduce congestion and decrease travel times.

For the ‘natural world’ category, the enhancement or new construction of cycle paths,
the landscape protection of critical areas, the creation of green areas, and specific tree bands
were decisive, since these actions aimed at perfecting the environmental integration of the
work.

The factor that would make it possible to obtain a high level of credits (up to the
highest level of certification) is the analysis of the risks associated with the work (CR2.3
credit). The risks include all those that the infrastructure could face during its operation
(e.g., seismic events, hurricanes, floods), including those connected to integrated works.

Studies relating to the ‘climate’ and ‘resilience’ category are those that have most
affected the attribution of the current score. If they are increased in the next phase of the
design, they will allow one to reach the highest levels of Envision certification.

6. Conclusions

The obtained results have highlighted that the Envision framework is a very useful
support for the evaluation of the sustainability of a road project. Using it from the prelimi-
nary studies to the end of construction, it allows one to determine the level of sustainability
of the upgrading work project and to raise its level of verification by means of appropriate
documentation in the subsequent design phases, reaching of the highest levels of certifica-
tion. For the project object of study, the highest scores were totaled in the ‘quality of life’
and ‘natural world’ categories.

In the first one the strategies to mitigate and reduce noise and vibrations represent the
more important contribute to the score. In addition, the credits related to the accessibility
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and mobility of the community and, above all, the ways in which the infrastructure helps
to improve them were also influential.

For the ‘natural world’ category, the enhancement or new construction of cycle paths,
the landscape protection of critical areas, the creation of green areas, and specific tree bands
were decisive.

The factor that would make it possible to obtain a high level of credits (up to the
highest level of certification) is the analysis of the risks associated with the work, including
those connected to integrated works.

The results obtained allow to outline the current level of the work that is verified for
the framework evaluation criteria (Verified) and highlighted the percentage increase in
evaluation until the next performance level (Silver) that is reached in the last two scenarios.

The future of infrastructure design is sustainability. Until recently, it was believed
that sustainability represented a cost and a brake on growth. Now it is believed that
being sustainable is an added value. Sustainability therefore becomes necessary for the
development of communities. Creating a sustainable world is therefore possible, so long as
we have adequate guidelines. Tools such as the developed framework are essential to meet
the needs of future generations in the context of infrastructure design.
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