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Abstract: In recent decades, the international scientific debate has focused on maximizing the
energy performance of the building organization during the operational phase. However, the
energy performance is only partially in line with the strategic environmental objectives defined
by the European Commission which, with Communication 2003/302, also defined the guidelines
for the drafting of the National Action Plans on Green Public Procurement (NAP GPP). Law
no. 296 of 27 December 2006 provided for “... the implementation and monitoring of an Action
Plan for the environmental sustainability of public administration consumption”, drawn up by
the Ministry of the Environment and the Protection of Land and Sea. This work moves in the
direction of identifying design strategies, relating to construction and urban restructuring, compatible
with the criteria of energy and environmental sustainability provided for in the New Code of
Public Procurement (Legislative Decree 50/2016), in accordance with the directives of the European
Community. The parameters that define the methodological articulation (choice of case studies, scope
of reference of stakeholders, etc.) orient the use of the results towards similar cases, i.e. design of
urban districts located in regions with a Mediterranean climate.

Keywords: minimum environmental criteria; bioclimatic design; passive design strategies; low-carbon
design; soil consumption reduction; global warming mitigation; rating systems

1. Introduction

The fourth report of the Intergovernmental Panel for Climate Change (IPCC, 2007) [1] highlighted
the main responsibility of human action in the emission of greenhouse gases responsible for climate
change: “The global increase in the concentration of carbon dioxide is mainly due to the use of
fossil fuels and changes in land use, while increases in methane and nitrous oxide are mainly due to
agriculture.” In September 2008, the authoritative international programme Global Carbon Project
published the results of the Carbon Budget 2007 [2], according to which the annual increase in CO2 in
the chemical composition of the atmosphere for 2007 was equal to 2.2 ppmv (parts per million volume)
compared to 1.8 ppmv in 2006, while in the last twenty years it was equal to 1.5 ppmv. This increase
brought the concentration of carbon dioxide in the atmosphere to 383 ppmv in 2007; i.e., 37% above
that existing at the beginning of the Industrial Revolution (equal to about 280 ppmv). The latest data on
atmospheric CO2 concentration measurements, published on the US National Oceanic and Atmospheric
Administration (NOAA) website, show that the average global concentration of carbon dioxide is
constantly increasing: 410.24 ppm in April 2018, 413.32 ppm in April 2019 [3]. The scientific community
has documented that the current concentration is the highest in 800,000 years [4]. The European
Commission [5] is directing operators in the sector towards a wide range of technological solutions that
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can be used to drastically reduce the energy consumed by real estate assets. The energy consumption
of a building is influenced by several factors, such as the geometry and orientation of the building [6,7],
the performance of the building envelope [7,8] and the efficiency of building systems, as well as usage
patterns, energy management and user behaviour.

Italian legislation has implemented the strategic environmental objectives defined by the European
Commission [9] (in agreement with the National Action Plan on Green Public Procurement—NAP
GPP [10]) through the issuing of the New Italian Code of Public Procurement (Legislative Decree
50/2016) [11,12], adopting the “Minimum environmental criteria for the award of design services and
new construction, renovation and maintenance of public buildings” (Ministry of the Environment,
Decree 11 October 2017) [13,14].

In the literature there are various approaches for assessing the sustainability of construction/

restructuring interventions, with reference to the Italian national context. The study by Fantozzi F. et al. [15]
shows that, in Italy, there are many attempts to apply technical-economic evaluations on energy saving
strategies. In this regard, there are experiments relating to optimal conditions of comfort in relation to costs
for school buildings [16]. Similar approaches have been applied to residential buildings [17].

However, fewer studies consider life cycle cost analysis (LCC) based assessment approaches.
LCC is a management accounting tool for the economic assessment of choices made at the planning
stage [18], and these choices can affect up to 80% of post-construction life cycle costs [19].

In particular, the study by Fantozzi et al. [15] shows that the life-cycle costs of a demolition and
reconstruction operation are higher than those of a renovation operation. And, in the case of demolition
and rebuilding, the costs of selective demolition are higher than those of mechanical demolition.

The study by Bellia L. et al. [16] discusses a methodological approach to the design of energy
remediation measures based on an in-depth energy audit with in situ measurements allowing the
complete characterisation of the building’s HVAC system and internal conditions. Subsequently,
the cost-optimal approach is applied to compare different retrofit scenarios, considering both the
interventions on the building envelope and on the plant systems. The energy efficiency package, which
combines the installation of heat recovery systems, device regulation for HVAC and LED lamps with
automatic control, leads to significant energy savings and a reduction in polluting emissions (−33%) as
well as the greatest reduction in overall cost (−35%).

An interesting study developed by Plebankiewicz E. et al. [20] compares the costs and benefits of
certified buildings, comparing the cost simulation of a certified office building with a non-certified
office building. The comparison was made using the life cycle cost idea and calculating the LCC,
following the example of a six-storey building. This document is mainly about cost comparisons.
The potential benefits of green buildings, in addition to the financial benefits, require further research
(e.g., the impact on the environment and the working conditions of employees in the office building).

The present study defines a model for assessing the environmental sustainability of a multifunctional
urban neighbourhood in Mediterranean climate regions. The method allows identification of, among a
series of projects, the one most compatible with the environmental parameters of the Italian CAM (Criteri
Ambientali Minimi), as well as the costs necessary to reach the minimum thresholds, and, after exceeding
them, by obtaining the rewarding scores. In this way, it is possible to direct the economic investment
choices of the operators in the sector [21].

In particular, the work aimed to deepen the following points:

• Identification of critical factors, of a project of an urban district, with respect to the minimum
thresholds defined by the parameters of the Italian CAM;

• Identification of the strategies, and the relative costs, for the achievement of the basic
minimum thresholds;

• Identification of the strategies, and the relative costs, for the exceeding of the above-mentioned
thresholds; that is to say, for the achievement of the bonuses;

• Evaluation, among various project solutions, of the most suitable one for the choice of the
financial investment.
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2. The Role of Italian CAM in Environmental Certification Protocols

The Italian CAM are environmental requirements defined for the various stages of the purchasing
process, aimed at identifying the best design solution, product or service from the environmental point
of view throughout the life cycle.

CAM are divided into basic and rewarding environmental criteria. The basic criteria are mandatory
minimum thresholds to be respected for each criterion and sub-criterion; the award criteria provide for
the assignment of additional scores, proportional to the number of basic criteria for which a higher
environmental performance is expected than that provided for in the basic criteria.

The update to the Italian Code of Public Contracts [10,13] shows that, “In order to completely
define the design choices made in the specific case, the project must include the drafting of special
tender specifications for the construction of the work and an exhaustive methodological report. To this
end, the contracting authority may find it useful to select the projects subject to a valid verification
phase for the subsequent certification of the building according to one of the protocols of energy and
environmental sustainability of buildings (rating systems) at national or international level (some
examples of such protocols are: Breeam, Casaclima, Itaca, Leed, Well). To better clarify the role of these
protocols, it must be said that they are different from each other and do not contain all the criteria in
this document or even when they contain them, do not always require the same levels of quality and
performance as in this document of CAM, so the contracting station can use these protocols to verify
compliance with a criterion only if, for the award of certification, are included the requirements of the
criteria included in this document of CAM with equal or higher levels of quality and performance.”
This definition shows that sustainability protocols, currently used at the national and international
levels, are different from each other, do not contain all the criteria contained in the Italian CAM, or,
even when they contain them, do not always require the same levels of quality and performance as in
the CAM document.

If the project is subject to a verification phase valid for the subsequent certification of the building
according to one of the protocols of energy-environmental sustainability of buildings (rating systems)
mentioned above, compliance with the CAM criterion can only be demonstrated if the international
protocol meets all the requirements relating to environmental performance referred to by the same
CAM criterion. This provision refers to the conformity of the individual criterion, which can be proved
by the adoption of the protocol, provided, however, that the criterion is contained in the specific
protocol [13,14].

The adoption of traditional environmental certification protocols (Breeam, Casaclima, Itaca, Leed
and Well), therefore, although based on common principles, is not sufficient to meet the CAM criteria,
since it is necessary to verify conformity for each individual criterion, which must be demonstrated in
the chosen certification. The Italian regulation hopes that the international protocol organizations will
define the verification and/or compatibility grids of the criteria and requirements, contained in the
respective protocols, with respect to the criteria included in the CAM.

For this reason, GBC Italia (Green Building Council Italia) has issued a document entitled
“Guidelines for the use of LEED-GBC (Leadership in Energy and Environmental Design—Green
Building Council) protocols in support of CAM Construction,” which is a very useful tool for operators
for the reasoned application of the LEED protocol with reference to CAM [13,14].

3. Materials

3.1. Indicators

For the purposes of methodological development, the indicators used were the criteria contained
in the Italian CAM, with regard to the design of urban districts (“technical specifications for groups
of buildings”—article 2.2 of the CAM decree) [13,14]. The structure of CAM for groups of buildings
includes ten categories of intervention, each of which provides a series of indicators and sub-indicators
(Table A1, available in Appendix A).
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3.2. Multi-Criteria Analysis

The contribution was aimed at developing an innovative methodology for the qualitative and
quantitative assessment of the environmental sustainability of projects in urban areas [22], for the
verification of the application of the “technical specifications for groups of buildings” (article 2.2 of
the decree) of the minimum Italian environmental criteria [13]. The CAM structure comprises ten
categories of intervention, each of which includes a series of indicators and sub-indicators. In the
literature there are different methodologies able to carry out multi-criteria analyses, for the verification
of environmental compatibility. These methodologies are able to provide weighting vectors that
allow the comparison of different factors or criteria [23,24]. The most used are: The pair comparison
method [25–27], the AHP method [28–30] and the Delphi method [27,31].

Comparing the methods, it appears that the AHP method is based on the comparison in pairs, but
in order to be applied correctly, alternatives must be identified in order to achieve the final objective;
the Delphi method involves the continuous use of questionnaires to be provided to groups of people
until a unanimous answer is reached. Therefore, given the high number of elements to be evaluated,
the method of comparison in pairs is the only one that allows to carry out a multi-criteria analysis in a
simple way by giving a weight to each criterion.

Given the complexity of the structure of the minimum environmental criteria, a methodology has
been identified that can translate the individual criteria into numbers that can be compared with each
other. In this regard, the method of comparison in pairs has been used: This method allows the sorting
of factors or criteria according to their relative importance.

3.3. Case Studies

The case studies, considered significant for the purposes of this study, concern interventions for
the design of urban districts in southern Italy, in territories characterized by Mediterranean climate.
The typology of these neighbourhoods (to which the application of the method is addressed) has the
following characteristics:

• Urban area extension: From 20,000 to 50,000 m2;
• Project functions: Residential and commercial buildings, appurtenant car parks, outdoor areas

used as public spaces, parks, parking areas;
• Construction of primary and secondary infrastructure works;
• Climatic characteristics of the area: Temperate Mediterranean climate.

3.4. Stakeholders

The persons identified for the evaluation and assignment of weights to the relevant parameters,
were chosen with these criteria:

1. Academic teaching staff;
2. Freelancers.

(1) With regard to the selection of academic staff, first and second level teachers (full and
associate professors) have been identified, belonging to the university institutions of Southern
Italy, belonging to the disciplines related to the topics under study: Technical architecture,
environmental impact assessment, urban planning technique, technical environmental
physics, water resource management, energy and environmental sustainability and economic
evaluation of projects;

(2) With regard to the selection of freelancers, professionals in the sector (private or associated)
operating in Southern Italy have been identified, with over ten years of experience in the
field of architectural and urban design of public works, directly involved in the dynamics
of transformation of the urbanized territory.
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In order to obtain the most objective results possible, the group of people involved has the same
number of subjects inside and outside the university; in this way it was possible to compare the
responses obtained by two groups operating in different sectors (university→ studies and research;
external public procurement→ public procurement).

4. Methods

The methodology is divided into the following phases:

• First phase: Definition of the questionnaire to be administered to the stakeholders, on the basis of
the methodology of the comparison in pairs, for the determination of the weights to be assigned
to each parameter;

• Second phase: Elaboration of the data and determination of the weights of the indicators and
sub-indicators, through the development of the model;

• Third phase: Application of the model to the case studies for the purpose of assessing the
compliance rate of the basic CAM;

• Fourth phase: Improvement strategies for the achievement of the minimum thresholds of CAM,
as well as for the possible exceeding of the same in order to obtain the rewarding scores.

4.1. Definition of the Questionnaire to Be Administered to the Stakeholder

For the objective application of the method, questionnaires were administered to the stakeholders
identified with the criteria expressed in Section 3.4.

The questionnaire was articulated with the method of comparison in pairs; i.e., asking the compiler
to express a relative preference among the various sub-indicators.

The factors belonging to each category were compared to each other in order to assign a weight to
each of them; where there is a single factor, the latter was compared only with the fictitious factor F,
thus resulting in a winner.

Each question allowed three answer options (0/0.5/1) and for each of them it was possible to obtain
a convergence towards only one of the possible values for which the weight resulting from most of the
answers was that then attributed to a given criterion [30].

Depending on the questions and on the basis of the majority of the answers, a weight was assigned
to each factor. Tables were then constructed, with the head of the tables being the factors considered
and the columns representing the pairs to be compared without repetition. Here are some examples
for a better understanding.

4.2. Elaboration of the Data and Determination of the Weights of the Indicators and Sub-Indicators

The sorting of the factors according to their relative importance is carried out through the
systematic comparison of pairs of factors; for each pair of factors the evaluation group is called upon
to identify the “winning” factor to which the score 1 is assigned, while the “losing” factor is assigned
score 0. In case of equal importance or “tie,” both factors are given a score of 0.5. A fictitious factor
F must also be added to the list of factors to be evaluated. By definition, this factor is less and less
important; therefore, it is a loser, compared to all the other factors studied; the fictitious factor is
inserted to prevent one of the real factors from having a final zero score.

The evaluation is carried out by constructing a table, the leaders of which are the different factors
or criteria and the column shows the values that result from their comparison in pairs. N is the number
of factors to be considered. The number of columns required will be equal to N(N−1)/2, which will
also coincide with the sum of the scores awarded. Below is a table as an example (Table 1).
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Table 1. Example of the calculation scheme of the results, resulting from the comparison in pairs.

Indicators A-B A-C A-F B-C B-F C-F Score Weight

A 1 1 1 - - - 3 0.5
B 0 - - 0 1 - 1 0.17
C - 0 - 1 - 1 2 0.33
F - - 0 - 0 0 0 0

At the end of the systematic comparison between all pairs of factors, we proceeded to the sum
of the scores achieved by each factor. The overall score of each factor is divided by the total sum of
the scores, equal to the number of pairs without repetition, providing the coefficient of importance or
weight of the criterion. The set of weights constitutes the weighting vector of the factors considered;
this vector has the following properties:

• All weights are pure numbers included in the interval [0;1];
• The sum of all weights is always equal to 1.

The processing of the collected data has allowed to define the relative weights between the various
parameters of the CAM (Table 2).

Table 2. Summary of the results of the weights in percentages, obtained for each macro-category.

Italian CAM Parameters (for Design of Groups of Buildings) Weights

Naturalistic and Landscape Integration 12%
Green Areas Design 7%
Soil Consumption Reduction and Maintenance of Soil Permeability 13%
Conservation of Morphological Characters 7%
Energy Supply from Renewable Sources 12%
Reduction of the Impact on the Microclimate and Air Pollution 13%
Reduction of the Impact on the Surface and Underground River Basin System 11%
Primary Infrastructure 8%
Secondary Infrastructure and Sustainable Mobility 10%
State of the Environment Report 7%

100%

4.3. Application of the Model to the Case Studies for the Purpose of Assessing the Compliance Rate of the Basic CAM

Given the complexity of the structure of the minimum environmental criteria, it is necessary to
identify a method capable of providing a qualitative and quantitative model for the assessment of the
application of these criteria. Some of them are quantitatively measurable, others are qualitative.

In order to translate the previous scheme into numbers, an evaluation scale has been identified
for each criterion, ranging from 0 to 10: The minimum score for compliance with a CAM is 6/10 for
each criterion. For qualitative indicators, the score will always be 6/10 (if they respect the CAM); for
quantitative indicators the score can vary and be higher than 6, if they exceed the minimum limits
allowed by CAM.

For the criteria that exceed the minimum threshold set by the CAM, two evaluation scales are
identified [32]: The first has a linear course and is used for a maximum overrun of up to 50% of the
minimum set by the criteria and is based on the following mathematical equation: y = 0.08x + 6
(Figure 1).
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This last equation is used, starting from the first one; that is, when there are criteria that exceed
the minimum threshold by more than 50%: In this case each percentage increase above 50% that is
read in the abscissa corresponds to a value squared in the ordinate. Each criterion is then assigned
the score that is read on the axis of the ordinates: Each criterion must, however, have its own weight
with respect to the whole. To determine the weight of each criterion, as already mentioned above, the
method of comparison in pairs was chosen, which allows the criteria to be sorted according to their
relative importance [24]: This method involves the presence of an evaluation group that highlights the
relative importance between the factors considered; a systematic comparison is made between pairs of
factors in which the group must assign the score 1 to the “winning” factor, 0 to the “losing” factor and
0.5 to both in the case in which they have equal importance [26].

The evaluation is carried out by drawing up a table in which the head of origin are the factors or
criteria considered and the results of the comparison are shown in the column; to the list of criteria
to be considered, a fictitious criterion “F” that will always be loser compared to the others (so it will
always have zero score) must also be added. It is necessary to avoid some real criterion having a score
of 0. The number of pairs to be compared with each other should not be repeated so, given N factors to
be compared, the number of comparisons will be equal to N(N−1)/2 which will also be equal to the
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number of columns in the table to be filled in [24]. Once the table is completed, the sum of the scores
for each row (and therefore for each criterion) is made and this score is divided by the total sum, equal
to the number of pairs without repetition: Once this is done, the weight of each criterion is obtained.
The set of weights of all the criteria provides a weighting vector that has certain characteristics:

• All weights are numbers in the range [0,1];
• The sum of all weights is always equal to 1.

In order to apply the method objectively, it was decided to provide a series of questionnaires
to operators in the sector [32], belonging to the geographical context of reference for the case study
(southern Italy/Mediterranean climate region). Each question allows three answer options (0/0.5/1) and
for each of them it was possible to obtain a convergence towards only one of the possible values, for
which the weight resulting from most of the answers was that then attributed to a given criterion [30].
Depending on the questions and on the basis of the majority of the answers, each factor was given a
weighting. Tables were then constructed, with the head of the tables being the factors considered and
the columns representing the pairs to be compared without repetition. The weight of each criterion
is multiplied by the respective score, which is read from the previous graphs, in order to obtain a
weighted score: It may happen that a single criterion has a very high score but, at the same time, has a
very low weight so that the final weighted score (obtained by multiplying the score by the weight) will
be lower. Once the weighted scores of each criterion have been identified, they must be added together
in order to obtain an overall score to be attributed to the project under study. Beyond the weight given
to each criterion, necessary for the identification of an overall score of the project, it is interesting
to know the level of compliance with CAM. On the basis of questionnaires similar to those used in
the previous phase, comparisons are made in pairs, between the categories of intervention, in order
to obtain a percentage for each of them. Starting from the percentages relative to each category, we
obtain those relative to the criteria belonging to each category, on the basis of the weights previously
calculated: The weight of each criterion indicates a certain percentage of the category of intervention.

Table 3 shows the weights and percentages assigned to each criterion: If a category has only one
criterion, it assumes the weight and percentage of the entire category.

Table 3 shows the model parameters, each of which is divided into further sub-parameters.
The model has been generated by imposing the value “1,” for each of the parameters, as the maximum
weight to satisfy the requirement. This value “1” is broken down into the relative weights of the
various sub-parameters that define each parameter. Therefore, it has been imposed that the sum of
the sub-parameters of each parameter must be equal to “1.” It is evident, therefore, that the weight of
each sub-parameter has been compared only with the weight of the other sub-parameters of the same
reference parameter. This means that, for the same method of defining the model, it is not possible to
compare the weight of two sub-parameters that belong to two different parameters.
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Table 3. Model development.

Weight Percentage

1. Naturalistic and landscape integration 1 12%

1.1 Conservation of habitats in the area 1 12%

2. Green areas design 1 7%

2.1 Using native species with low allergen pollens 0.23 1.61%
2.2 In the case of species with moderate to high allergenic power, favour female plants, sterile or with
entomophilous pollination 0.23 1.61%

2.3 Avoid stinging or spiny species 0.07 0.49%
2.4 Use deep-rooting herbaceous species in the case of steeply sloping green areas 0.23 1.61%
2.5 Do not use tree species with fragile roots, stems or foliage. 0.23 1.61%

3. Soil consumption reduction and maintenance of soil permeability 1 13%

3.1 Avoiding the construction of new buildings or the extension of existing buildings in protected areas 0.07 0.91%
3.2 Permeable land area of not less than 60% of the project area not built 0.17 2.21%
3.3 Area to be allocated to green areas equal to at least 40% of the project area not built on and 30% of the total
area of the lot 0.24 3.12%

3.4 In public green areas, at least 40% tree cover and at least 20% shrub cover with native species must be
guaranteed. 0.24 3.12%

3.5 Use of drainage materials for pedestrian and vehicular urban areas 0.21 2.73%
3.6 In the execution phase, the realization of a surface scotic of at least 60 cm must be envisaged. 0.07 0.91%

4. Conservation of morphological characters 1 7%

4.1 Maintenance of existing morphological profiles 1 7%

5. Energy supply from renewable sources 1 12%

5.1 Construction of cogeneration/trigeneration plants 0.166 2%
5.2 Installation of photovoltaic parks 0.166 2%
5.3 Installation of solar thermal collectors for domestic hot water heating 0.166 2%
5.4 Installation of low-enthalpy geothermal systems 0.166 2%
5.5 Installation of heat pump systems 0.166 2%
5.6 Installation of biomass systems 0.166 2%

6. Reduction of the impact on the microclimate and air pollution 1 13%

6.1 Use plant species with CO2 absorption capacity for green areas 0.30 3.9%
6.2 Use permeable materials for pedestrian and driveway areas with an SRI Index of at least 29 0.20 2.6%
6.3 Use of garden roofs should be preferred for roofs. 0.25 3.25%
6.4 For roofs other than garden roofs, materials with an SRI index of 29 for slopes greater than 15% and 76 for
slopes less than or equal to 15% must be used. 0.25 3.25%

7. Reduction of the impact on the surface and underground river basin system 1 11%

7.1 Preserve and/or restore the naturalness of river ecosystems, river beds and their riparian belt, excluding
the release of unpurified effluents. 0.23 2.53%

7.2 Ordinary and extraordinary maintenance through the removal of waste and woody material deposited
along the riverbed and in the ditches 0.20 2.2%

7.3 Realize plants for the purification of first rain water from draining surfaces subject to pollution 0.17 1.87%
7.4 Carry out interventions to prevent or prevent phenomena of compaction, landslides or floods 0.20 2.2%
7.5 Controlling the release of pollutants into the soil and subsoil 0.20 2.2%

8. Primary infrastructure 1 8%

8.1 Road system (Interventions for parking areas) 0.17 1.36%

8.1.1 Coverage with suitable masts equal to at least 10% of the gross area 0.051 0.41%
8.1.2. The perimeter shall be bounded by a green belt at least 1 m high and more than 75% opaque. 0.034 0.27%
8.1.3 Creating roofs with photovoltaic shelters to serve the lighting system of the car park 0.0425 0.34%
8.1.4 Provide space for motorcycles, mopeds and bicycle racks based on the number of potential inhabitants 0.0425 0.34%

8.2 Collection, purification and reuse of rainwater 0.19 1.52%

8.2.1 Create a system for the purification and de-oiling of water coming from polluting surfaces according to
UNI/TS 11,445 standard for the reuse for irrigation purposes or to feed the storage boxes of toilets

8.3 Public green areas irrigation network 0.17 1.36%

8.3.1 Use drip irrigation systems powered by renewable energy sources designed according to UNI/TS 11,445

8.4 Material and waste collection and storage areas
0.14 1.12%

8.4.1 Establishing areas for local separate collection

8.5 Public lighting system 0.17 1.36%

8.5.1 Designing a public lighting system in compliance with the requirements of the CAM document
"Lighting" issued by the Ministerial Decree of 23 December 2013

8.6 Subservices/channels for technological infrastructures 0.17 1.36%

8.6.1 Creating channels to place all technological networks for proper management of underground space
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Table 3. Cont.

Weight Percentage

9. Secondary infrastructure and sustainable mobility 1 10%

9.1 Provide a mix of residences, workplaces and services to contain travel 0.30 3%
9.2 Implementing public services or short-distance underground stations 0.20 2%
9.3 Provide shuttle services to reach public services (if not within a short distance) 0.17 1.7%
9.4 Bicycle racks at interchange points 0.10 1%
9.5 Network of protected footpaths and/or cycle paths with suitable tree and/or shrub accommodation 0.23 2.3%

10. State of the environment report 1 7%

10.1 The planned measures must lead to an environmental improvement of the site 1 7%

The results obtained from the previous table can be inserted on a graph, that on the axis of the
abscissa, shows the percentage of satisfaction of the CAM and on the axis of the ordinates for the
weighted score of each criterion. In the ideal case, the CAM are 100% satisfied and each criterion
reaches at least the minimum score (i.e., 6); this situation is therefore obtained (Figure 3):Sustainability 2019, …, x FOR PEER REVIEW  10 of 24 
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When estimating the score of a real project, however, not all the criteria are met, and therefore
reach a minimum value of 6, just as it is possible that some criteria exceed the minimum compared
to those provided for, thus reaching a score above 6; moreover, it is difficult to identify a real project
that includes all the interventions identified by the CAM, and that meets the target 100%. From this
it follows that, in the analysis of real projects, the graph will present a different trend from that just
seen. The model thus formulated is completely generic; for a clearer understanding, two projects
have been identified, both falling within the same city (close to Salerno, Campania Region, Southern
Italy), which concern the redevelopment of urban areas through the construction of residential and
tertiary settlements. The two case studies have been analysed on the basis of the indications found
in the technical-illustrative reports and in the design graphs, in order to certify compliance with the
minimum environmental criteria. The following graphs (Figure 4) show the results obtained.

In the first case the trend is almost linear while in the second case you notice a jump due to
the excessive score of one of the criteria. A higher score does not necessarily mean a better quality
of the project: A higher score may be associated with a lower percentage, and conversely, with the
same percentage of CAM satisfaction (as it happens for the two case studies analysed in which the
percentage is almost identical) it is preferable to choose the project with the highest score.
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4.4. Improvement Strategies for the Achievement of the Minimum Thresholds of CAM

By comparing criteria with other criteria, it can be seen that the case study 1 is the one which,
between the two, meets the minimum thresholds set by the CAM least, and also reaches a lower score
than the second: It was decided to use the first case study as a reference for carrying out improvements.
The aim was to identify a design solution capable of obtaining an improvement in the minimum
environmental criteria, i.e., awards, without intervening on the type of buildings and their planimetric
system. The project area is identified in Figure 5, and in particular, action is taken on the three buildings
highlighted, which are the same in shape, size and planimetric system.
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Figure 5. Plan of case study 1.

The methodological approach identifies two strategic actions aimed at optimising:

(a) Arrangement and orientation of buildings within the area;
(b) Interventions concerning the entire building complex.

(a) Arrangement and orientation of buildings within the area

Changing the position of buildings inside the area necessarily implies a different arrangement
of outdoor spaces compared to the original state: Given the complexity of CAM, it is possible to
identify a key parameter able to suggest the best solution among the different proposals, without the
need to necessarily analyse the whole list of criteria. Looking at the percentages of the categories of
intervention (Table 3), it appears that category 3, “Reduction of soil consumption and maintenance
of soil permeability” has the highest percentage together with category 6, “Reduction of the impact
on the microclimate and atmospheric pollution”: Among the criteria belonging to those categories,
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only criterion 3.2 relating to the minimum percentage of permeable surface area compared to the
entire project surface was taken as a reference. The choice falls on this criterion because it depends
exclusively on the surface of the entire sector (which does not vary according to the changes); the other
criteria, moreover, are dependent on the permeable surface itself. Following these considerations, three
provisions were analysed (Figure 6):
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Figure 6. Representation of the three project hypotheses: (a) Original orientation/different layout;
(b) west-east orientation; (c) north-south orientation for the calculation of the score of the criteria that
exceed the minimum thresholds of the CAM by more than 50%.

Once the three different provisions have been identified, the percentage of permeable land area is
calculated with the relative variation in the awarding score (Table 4).

Table 4. Summary of model results. Comparison between the variation of the percentage of permeable
surface area and the variation of the rewarding score, for the three hypotheses.

Hypothesis ∆ Permeable Territorial
Area (CAM Threshold) ∆ Reward Score

1 original orientation/but different
layout of buildings +7% 0.42

2 west-east orientation +11% 0.65

3 north-south orientation +8% 0.23

The above table shows that in the second hypothesis it is possible to achieve the best result, so the
west-east orientation is the solution chosen.

(b) Interventions concerning the entire building complex

For the purpose of achieving the minimum environmental thresholds imposed by the CAM,
given the characteristics of the case study, the following parameters, of Table A1, were considered to
be improvable:

• Reduction of soil consumption and maintenance of soil permeability.

(3.2) Permeable territorial area;
(3.3) Area to be used as green area;
(3.4) Arboreal and shrub cover in public green areas;
(3.5) Drainage materials for pedestrian and driveway surfaces.

• Reduction of the impact on the surface and underground river basin system.

(7.3) Realize first rain water purification plants.
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• Primary infrastructure.

(8.1) Roads (Interventions for parking areas);
(8.1.1) Cover with masts suitable for parking;
(8.1.3) To realize the covers of the parking lot with photovoltaic shelters;
(8.1.4) Provide space for motorcycles, mopeds and bicycle racks;
(8.2) Collection, purification and reuse of rainwater;
(8.2.1) Establish a separate network for collecting rainwater;
(8.3) Irrigation network of public green areas;
(8.3.1) Use drip irrigation systems powered by renewable energy sources;
(8.4) Areas for collection and storage of materials and waste;
(8.4.1) Establishing areas for local separate collection.

• Secondary infrastructure and sustainable mobility.

(9.5) Network of protected cycle and pedestrian paths with adequate tree and/or shrub accommodation.

- Improvement of Parameter Number Three (Reduction of Soil Consumption and Maintenance of Soil Permeability).

This category is directly linked to the layout of the buildings within the lot: The interventions also
concern criteria already met by the original project, but which are affected by the new land area, so
they vary according to it (Table 5).

Table 5. Comparison between the minimum threshold set by the CAM and the results of the project, in
relation to parameter number 3.

CRITERION CAM
THRESHOLD PROJECT VARIATION RESPECTED to

CAM THRESHOLD

(3.2) Permeable territorial area not less than 60%. 26,434 m2 29,368 m2 +11%
(3.3) Surface to be assigned to green:

At least 40% of the project area 15,398 m2 19,140 m2 +24%
At least 30% of the total area of the lot 13,217 m2 +45%

(3.4) In public green areas:
40% tree cover 2325 m2 2520 m2 +8.5%
20% shrub cover 1163 m2 1221 m2 +6%

Point 3.5 provides for the use of draining materials for urbanised pedestrian and cycle areas:
Open mesh concrete is used for parking areas. While filtering concrete, which is permeable thanks to
its porosity, is useful for both squares and pedestrian areas (Table 6).

Table 6. Results from the forecast of interventions related to the improvement of parameter number
3—reduction of soil consumption and maintenance of soil permeability.

CRITERION SCORE % CAM SATISFACTION

(3.1) Avoid the construction of new buildings or
extension of existing buildings in protected areas 0.07 × 6 0.91%

(3.2) Permeable territorial area not less than 60%. 6.88 × 0.17 2.21%
(3.3) Surface to be assigned to green:

At least 40% of the project area 7.92 × 0.12 1.56%
At least 30% of the total area of the lot 9.6 × 0.12 1.56%

(3.4) In public green areas:
40% tree cover 6.68 × 0.12 1.56%
20% shrub cover 6.48 × 0.12 1.56%

(3.5) Use of drainage materials for pedestrian and
vehicular crossings 0.21 × 6 2.73%

TOTAL 6.53 12,11%
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The following is a comparison between the initial project scores and the improvement
proposal scores:

SCORE % CAM SATISFACTION

INITIAL PROJECT (CASE STUDY) 3.29 6.76%

POST-MODIFICATION PRJECT 6.53 12.10%

DIVERGENCE +3.24 +5.34%

Considering the interventions foreseen for the external accommodation, the percentage rises to
73.41% compared to the initial state with a score of 45.2.

- Improvement of Parameter Number Seven (Reduction of the Impact on the Surface and Sub-Surface River
Basin System).

The compliance with parameter number 7 consists, in the forecast, of a water purification plant
for the first rain water, able to guarantee interventions for the correct flow of the surface water from
the waterproofed surfaces (Table 7).

Table 7. Results from the forecast of interventions related to the improvement of parameter number
7—reduction of the impact on the surface and underground hydrographic system.

CRITERION SCORE % CAM SATISFACTION

(7.3) Construction of water purification plants for first rain water and
ensure interventions for the proper flow of surface water from the
waterproofed surfaces

0.17 × 6 1.87%

TOTAL 1.02 1.87%

In this case, we reach a score of about 43 with a percentage of 70%: An intervention of this kind,
therefore, involves a small variation in terms of score and percentage of compliance with CAM, but it
is excellent from an environmental point of view, as a realization of this type allows to avoid spills into
the ground, thus avoids pollution of both the ground itself and underground aquifers.

- Improvement of Parameter Number Eight (Primary Infrastructure)

(8.1) Roads (Interventions for Parking Areas)

In order to obtain this parameter, it was necessary to intervene on the parking areas: The new
position of the buildings leads to the absorption of a small part of the area intended for public parking,
which is compensated through the creation of level parking in the area of intervention. The need to
provide sufficient room for manoeuvring has led to the reduction of green areas on the sidewalk that
divides the two rows of parking: It is possible, however, to provide for the installation of photovoltaic
shelters to cover the parking spaces.

The CAM provide for a green cover of at least 10% of the gross area of the car park: This criterion
has been met by creating an adequate green cover for the new car parks along the perimeter of the
intervention area.

In the latter case, the minimum is exceeded by 60%, so that, only for the green coverage of the
parking areas, a score of about 5.61 is reached (Table 8).
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Table 8. Results from the forecast of interventions relating to the improvement of parameter number
8.1—road conditions (interventions for parking areas).

UNDER-CRITERION SCORE % CAM SATISFACTION

(8.1.1) At least 10% of the car park is covered with trees 0.051 × 10
0.41%

0.051 × 102

(8.1.3) Realizing photovoltaic shelters for the roofing of car parks 0.0425 × 6 0.34%
(8.1.4) Provide space for motorcycles, mopeds and bicycle racks 0.0425 × 6 0.34%

TOTAL 6.12 1.09%

Remember that up to 50% of the minimum threshold is exceeded using the linear graph (in this case 0.051 ×
10 = 0.51); for the remaining 10% the score is calculated using the second graph (in this case 0.051 × 102 = 5.1).

It is interesting to note that, in this case, a rather high score is obtained, which does not correspond
to an equally high percentage of CAM satisfaction: This occurs because these are sub-criteria belonging
to the criterion “road system,” which in turn belongs to the category “Primary infrastructure” (point 8
of the Table A1), so their weight compared to the others is lower.

Additionally in this case, the intervention concerns criteria that are already satisfied in the original
project, so it is necessary to evaluate the difference between the initial project and the project following
the planned interventions:

SCORE % CAM SATISFACTION

INITIAL PROJECT (CASE STUDY) 0.60 0.75%

POST-MODIFICATION PRJECT 6.12 1.09%

DIVERGENCE +5.52 +0.34%

The interventions provided for in compliance with criterion 8.1 allows the project to achieve a
score of 67.5 with 68.4% of compliance with the minimum environmental criteria.

- Improvement of Parameter Number Eight (Primary Infrastructure)

(8.2) Collection, purification and reuse of rainwater

Compliance with this parameter requires the construction of a water purification plant for first
rainwater: the reuse of rainwater allows the preservation of the water resource because the recovered
water can be reused for irrigation of green areas and for domestic use, for non-drinking uses.

This point foresees, in particular, the presence of two separate networks (Table 9):

• the first collection network, sends water directly to the tanks;
• the second network first purifies the water (if it comes from polluted surfaces such as roads) and

then sends it to the tanks (this is linked to the point “Reducing the impact on the surface and
underground hydrographic system”).

Table 9. Results from the forecast of interventions related to the improvement of parameter number
8.2—collection, purification and reuse of rainwater.

CRITERION SCORE % CAM SATISFACTION

(8.2) Construction of a separate network for the collection and reuse of rainwater 0.19 × 6 1.52%

TOTAL 1.14 1.52%

The improvement, in terms of CAM satisfaction, resulting from this intervention is 43 points and
the percentage of CAM satisfaction is 69.4%.

- Improvement of Parameter Number Eight (Primary Infrastructure)
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(8.3) Irrigation network of public green areas

The irrigation of public green areas involves the use of drip systems powered by renewable energy
sources: in this case it is possible to use the energy produced by photovoltaic shelters to operate the
irrigation system (Table 10).

Table 10. Results from the forecast of interventions relating to the improvement of parameter number
8.3—network of irrigation of public green areas.

CRITERION SCORE % CAM SATISFACTION

(8.3) Use drip irrigation systems powered by renewable energy sources 0.17 × 6 1.36%

TOTAL 1.02 1.36%

The improvement, in terms of CAM satisfaction, resulting from this intervention is 43 points and
the percentage of CAM satisfaction is 69.4%.

- Improvement of Parameter Number Eight (Primary Infrastructure)

(8.4) Areas for collection and storage of materials and waste

Compliance with this parameter requires the creation of an area for the temporary storage of
waste, in compliance with the regulation on the separate collection of waste (Table 11).

Table 11. Results from the forecast of interventions relating to the improvement of parameter number
8.4—areas of collection and storage of materials and waste.

CRITERION SCORE % CAM SATISFACTION

(8.4) Localization of areas for local separate collection 0.14 × 6 1.12%

TOTAL 0.84 1.12%

This type of intervention involves a low variation, reaching 69.2% of CAM satisfaction and a score
of 43; the low result is due to the fact that the weight of this criterion is lower than the others.

- Improvement of Parameter Number Nine (Secondary Infrastructure and Sustainable Mobility)

The project involves the design of adequately protected pedestrian paths: The residential area
is flanked by a long sidewalk, as a boundary between the built area and the undeveloped area.
The improvement proposal included the design of a covered tunnel to make the pedestrian path more
comfortable, especially in case of rain (Table 12).

Table 12. Results from the forecast of interventions relating to the improvement of parameter n.9.5—network
of protected cycle and pedestrian paths and with adequate tree and/or shrub accommodation.

CRITERION SCORE % CAM SATISFACTION

(9.5) Creation of a network of protected footpaths with adequate tree
and/or shrub accommodation 0.23 × 6 2.3%

TOTAL 1.38 2.3%

This type of intervention does not involve a significant increase, both in terms of score and
percentage of CAM satisfaction, allowing the achievement of 70.4% and 43.3 points.

Table 13 summarises the results achieved, in terms of percentage of CAM satisfaction and
relative score.
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Table 13. Interventions on the whole sector, with relative the percentages of CAM satisfaction and
corresponding scores.

Satisfaction
CAM Score

3. Soil consumption reduction and maintenance of soil permeability

3.2 Permeable land area of not less than 60% of the project area not built

+5.34% +3.24
3.3 Area to be allocated to green areas equal to at least 40% of the project area not
built on and 30% of the total area of the lot
3.4 In public green areas, at least 40% tree cover and at least 20% shrub cover
with native species must be guaranteed.
3.5 Use of drainage materials for pedestrian and vehicular urban areas

7. Reduction of the impact on the surface and underground river basin system

7.3 Realize plants for the purification of first rain water from draining surfaces
subject to pollution +1.87% +1.02

8. Primary infrastructure

8.1 Road system (Interventions for parking areas)
+0.34% +5.528.1.1 Coverage with suitable masts equal to at least 10% of the gross area

8.1.3 Creating roofs with photovoltaic shelters to serve the lighting system of the
car park

8.2 Collection, purification and reuse of rainwater +1.52% +1.14

8.2.1 Create a system for the purification and de-oiling of water coming from
polluting surfaces according to UNI/TS 11,445 standard for the reuse for
irrigation purposes or to feed the storage boxes of toilets

8.3 Public green areas irrigation network

8.3.1 Use drip irrigation systems powered by renewable energy sources designed
according to UNI/TS 11,445 +1.36% +1.02

8.4 Material and waste collection and storage areas +1.12% +0.84

8.4.1 Establishing areas for local separate collection

9. Secondary infrastructure and sustainable mobility

9.5 Network of protected footpaths and/or cycle paths with suitable tree and/or
shrub accommodation +2.3% +1.38

4.5. Economic Evaluations

The economic aspect has a decisive influence on the policy of choosing interventions.
The verification of the environmental compatibility of a project determines the forecast of a series of
works (partly not foreseen in the initial project), with a consequent increase of the costs of realization
of the intervention.

The attention, therefore, was focused on the convenience of providing for certain interventions,
based on the ratio between the cost of the individual intervention and the percentage increase in
compliance with environmental requirements (CAM).

The initial amount of the project is 16,748,700,00 € (calculated on the basis of Italian costs), for an
intervention having the following characteristics:

• Residential function: 1200 m2;
• Commercial function: 1800 m2;
• Arrangement of outdoor areas (parking, public gardens, sidewalk and rest areas): 38,000 m2.

The cost of each additional intervention (necessary to reach the minimum thresholds of the CAM)
has, therefore, been calculated. The costs of the various interventions (relating to the fulfilment of the
parameters) were related to the contribution (in percentage) that each intervention is able to provide in
terms of satisfaction of the CAM.
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The following table (Table 14) shows the percentage increase in the initial cost, in relation to the
implementation of each individual intervention.

Table 14. Percentages of increase of initial costs, relative to the implementation of every single intervention.

CRITERION % MODIFICATION RESPECT TO INITIAL
PROJECT COST

(C3) Reduction of soil consumption and maintenance of soil permeability +0.5%
(C7.3) Construction of first rain water purification plants +0.06%
(C8.1) Construction of photovoltaic shelters +2.3%
(C8.2) Construction of a separate stormwater collection network +0.1%
(C8.3) Construction of drip irrigation systems +0.45%
(C8.4) Creation of areas for the separate collection of waste +0.04%
(C8.5) Construction of a covered pedestrian crossing +0.4%

TOTAL +3.85%

5. Discussion

It can be noted that the interventions, taken individually, do not bring great variations in the
score of the project compared to the initial state; for the hypothesis of being able to achieve everything
that was expected, we obtained a variation of +14% for the satisfaction of CAM and +14 for the score.
The project, compared to the initial state, has undergone changes that lead to an improvement from the
point of view of compliance with minimum environmental criteria, retaining the initial design ideas.
It is possible to construct a weighted-percent score graph of CAM satisfaction after the interventions
(Figure 7).
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The choice of suitable materials and the optimal rotation of the buildings, allows us to increase the
percentage of satisfaction CAM from 68% to 82%; the score increases from 42 to 56 points. The proposed
interventions represent one of the possible solutions, but not the only one, that allows us to respect the
new environmental indications foreseen, without changing the initial project.

As far as the evaluation of costs is concerned, it is possible to note that, in order to carry out all the
possible interventions for the maximum fulfilment of the minimum environmental criteria, in relation
to the case under examination, it is necessary to face an increase in the cost of intervention equal to
about 3.85% of the cost of the initial project.

The results of Table 15, graphically represented in Figure 8, show the trend of the increase in costs,
according to the percentage of CAM satisfaction, for each intervention.
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Table 15. Comparison between type of intervention, costs, and percentage of compliance with
environmental criteria.

CRITERION ∆ INITIAL COSTS SCORE % CAM
SATISFACTION

(C3) Reduction of soil consumption and maintenance of soil permeability +0.5% 3.24 +5–34%
(C7.3) Construction of first rain water purification plants +0.06% 1.02 +1.87%
(C8.1) Construction of photovoltaic shelters +2.3% 5.52 +0.34%
(C8.2) Construction of a separate stormwater collection network +0.1% 1.14 +1.52%
(C8.3) Construction of drip irrigation systems +0.45% 1.02 +1.36%
(C8.4) Creation of areas for the separate collection of waste +0.04% 0.84 +1.12%
(C9.5) Construction of a covered pedestrian crossing +0.4% 1.38 +2.3%

TOTAL +3.85% 14.16 +13.85
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The economic aspect could be one of the objectives behind the choice of the integrative interventions
necessary for the improvement of the environmental performance of the project. However, the choice of
priorities for action must be assessed on a case-by-case basis and depend on the type of objective to be
achieved: Economic savings, higher scores and greater compliance with environmental requirements.

6. Conclusions

The Italian Minimum Environmental Criteria (CAM) represent, in theory, a valid regulatory tool for the
implementation of sustainability policies initiated by the Commission of The European Communities [33].
The obligation to apply these parameters is very recent, so there are no methodological studies in the
literature aimed at verifying the application in real cases. To date, the contracting authority does not have
a parametric model for assessing whether the environmental requirements imposed by the regulations
have been met (or exceeded). The methodology developed makes it possible to analyse any project
(new construction or redevelopment of groups of buildings) and to obtain a score according to the
peculiarities of the individual project: The analysis of the case studies identified gives different results,
even though they are similar projects. The mathematical relationships allow to identify objectively, a
score for each criterion and then to compare them in order to obtain an overall view of the project; the
results obtained are specific to each project as they vary depending on the characteristics of the site,
and the needs and peculiarities of the project itself. The study proposed here is aimed, in perspective,
at the drafting of Project Standards, as an appendix to the Italian CAM, or guidelines, which can
allow the contracting stations to assess the level of sustainability of a project for the construction or
renovation of a group of buildings, with a double objective: To verify the compliance of the project
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with the parameters of the CAM, and for the awarding of points, for the purpose of awarding contracts,
in case of exceeding the above thresholds.

The method tested is also able to provide useful indications to investors, in order to orient
themselves, among a series of projects, towards the one most suitable for the award of the contract [21].

The adoption of traditional environmental certification protocols (LEED, BREEAM, and ITACA,
just to mention the most used), even though based on common principles, is not sufficient to meet the
CAM criteria, since it is necessary to verify conformity for each individual criterion, which must be
demonstrated in the chosen certification. The Italian regulation [13,14] hopes that the international
protocol organizations will define the verification and/or compatibility grids of the criteria and
requirements, contained in the respective protocols, with respect to the criteria included in the CAM.

Table 16 shows the comparison between the weights (by macro-category) of the parameters
defined in this study, and the parameters of the international protocols (rating systems) derived from
the literature of the sector [34–37].

Table 16. Comparison between the weights of the parameters, by macro-category, between the CAM
decree and international environmental protocols (rating systems).

LEED BREEAM ITACA CAM

(generic for all types of
new construction)

(generic for all types of
new construction)

(generic for all types of
new construction)

(specific for groups
of buildings)

SITE 21% 18% 5% 26%
RESOURCES 56% 50% 44% 36.6%

ENVIRONMENTAL PRESSURES 4% 12% 18% 25.7%
INDOOR QUALITY 15% 11% 14%

SERVICES 9% 19% 11.7%
GENERAL QUALITIES 4%

100% 100% 100% 100%

The following considerations emerge from the values shown in Table 16: The model tested in
this study, in relation to the environmental assessment of an intervention for the design of an urban
district, favours the factors that concern the protection of the site and the environmental pressures,
with a slight reduction in resources and services. It should be noted that the absence of the parameter
indoor quality is due to the fact that this factor is considered in other technical specifications of the
CAM (technical specifications of the building—article 2.3 of the decree). In the same way, the general
qualities are provided for in a specific section of the CAM (article 2.6 of the decree).

The final consideration that emerges from the comparison, therefore, is that the parameters
of the CAM guarantee the possibility of specific evaluation for each type of intervention (on
a scale of neighbourhood, building, and building components), compared to the parameters of
international protocols that are generalized and adaptable, in an undifferentiated manner, for each
type of intervention.

It is hoped, therefore, that this model can be recognized and adopted at an international level,
overcoming the generalized approach of the traditional protocols of the rating system.
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Appendix A

Table A1. Minimum environmental criteria—technical specifications for groups of buildings.

1. Naturalistic and landscape integration (*)

The project must indicate a selection of tree and shrub species to be planted in these areas, taking into account the function
of absorption of pollutants in the atmosphere, and regulation of the microclimate and using species that have the following
characteristics: reduced water requirement; resistance to phytopathology; absence of harmful effects on human health
(allergenic, stinging, thorny, poisonous, etc.).

1.1 Conservation of habitats in the area

2. Green areas design (*)

The project must include actions to facilitate subsequent management and maintenance, so that the positive effects of
adopting the environmental criteria adopted in the project can continue. During the execution of the works, techniques for
the maintenance of the existing green heritage must be adopted with control interventions (e.g., mowing) prior to the
flowering period in order to avoid the spread of pollen.
2.1 Using native plant species with low allergen pollens
2.2 In the case of species with moderate to high allergenic power, favour female plants, sterile or with
entomophilous pollination
2.3 Do not use stinging, thorny or toxic plant species (es. Gleditsia triacanthos L.—Spino di Giuda, Robinia
pseudoacacia L.—Falsa acacia, Pyracantha—Piracanto, Elaeagnus angustifolia L.—Olivagno) or toxic (es. Nerium
oleander L.—Oleandro, Taxus baccata L.—Tasso, Laburnum anagyroides Meddik—Maggiociondolo)
2.4 Use deep-rooting herbaceous species in the case of green areas with steep slopes or subject to landslides
2.5 Do not use tree species with fragile roots, stems or foliage that could cause damage in the event of intense
weather events

3. Soil consumption reduction and maintenance of soil permeability (*)

The project must ensure a reduction in soil consumption by containing the new building, increasing the permeable surface
area and using draining materials.
3.1 Avoiding the construction of new buildings or the extension of existing buildings in protected areas
3.2 Permeable land area of not less than 60% of the unbuilt project area not built
3.3 Area to be allocated to green areas equal to at least 40% of the project area not built on and 30% of the total
area of the lot
3.4 In public green areas, at least 40% tree cover (trees at least 5 m high) and at least 20% shrub cover (bushes or
hedges) with native plant species must be guaranteed
3.5 Use of draining materials (capable of absorbing rainwater and disposing of it underground in a natural
way) for pedestrian and vehicular urbanised areas
3.6 In the execution phase, a surface scotic of at least 60 cm must be provided for the areas where excavations
and embankments are planned

4. Conservation of morphological characters (*)

The project must justify the choice of suitable and functional plant species for the site of inclusion. The best possible
vegetative conditions and the quality of the substrates must be guaranteed. Instructions must be given on the next
technique for the maintenance of green areas.
4.1 Maintaining existing morphological profiles, i.e., preserving the natural course of the land in which the
project will be carried out

5. Energy supply from renewable sources (*)

The project must provide for the reduction of greenhouse gas emissions into the atmosphere, through the use of plants
powered by renewable sources. The share of coverage by renewable sources of the energy needs of the complex of buildings
cannot be less than the sum of the specific shares of the individual buildings, as increased in accordance with the
provisions of criterion 2.3.3 below (e.g., in the case of a complex made up of two buildings A and B with different uses and
requests for coverage by different renewable sources for each of the two buildings, the coverage by renewable sources of the
overall energy needs is increased by a share of at least 10%).
Is required an energy supply system capable of covering part or all of the requirements through one or more of
the following systems:
5.1 Construction of cogeneration/trigeneration plants
5.2 Installation of photovoltaic parks
5.3 Installation of solar thermal collectors for domestic hot water heating
5.4 Installation of low-enthalpy geothermal systems
5.5 Installation of heat pump systems
5.6 Installation of biomass systems
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6. Reduction of the impact on the microclimate and air pollution (*)

In order to reduce emissions into the atmosphere and limit the effects of solar radiation (heat island effect), the design of
new buildings or the renovation of existing buildings must provide for the creation of a green area with a high biomass
that ensures adequate absorption of pollutant emissions into the atmosphere and promotes sufficient evapotranspiration, in
order to ensure an adequate microclimate. For new planting areas, native tree and shrub species with reduced water
requirements, resistance to phytopathology and a preference for species with predominantly entomophilous reproductive
strategies should be used. A management and irrigation plan for green areas must be prepared.
6.1 Use plant species with adequate capacity to absorb CO2 so as to ensure evapotranspiration and promote an
adequate microclimate (for the types of plant species to be used see the table in the decree of 11 October 2017 [13])
6.2 Use permeable materials for pedestrian and driveway areas with an SRI Index of at least 29, to facilitate
proper rainwater drainage [13])
6.3 The use of garden roofs should be preferred for roofs.
6.4 For roofs other than garden roofs, materials with an SRI index of 29 for slopes greater than 15% and 76 for
slopes less than or equal to 15% must be used.

7. Reduction of the impact on the surface and underground river basin system (*)

The project should include actions aimed at the maintenance and conservation of river ecosystems and corresponding
riparian strips, in order to ensure the proper flow of rainwater and reduce the risk of erosion of these ecosystems.
7.1 To preserve and/or restore the naturalness of river ecosystems, river beds and their riparian belt by
avoiding the discharge of untreated waste water.
7.2 Ordinary and extraordinary maintenance through the removal of waste and woody material deposited
along the riverbed and in the ditches
7.3 Realize first rain water purification plants (first 5 mm of each independent rain event) from draining
surfaces subject to pollution
7.4 Preventing or preventing erosion, compaction, landslides or floods (gullies or consolidation of banks and
slopes along ditches)
7.5 Preventing the release of pollutants into the soil and subsoil through control and purification measures

8. Primary infrastructure (*)

The project will have to include:
the use of "cold" type flooring (reinforced grass, brick, light stone, cobblestone, gravel, wood, limestone and opting for

permeable self-locking);
the conveyance of unpolluted water (from pavements, pedestrian or cycle paths and areas, gardens, etc.) into collection

basins for reuse for irrigation or to feed the storage boxes of toilets. The water coming from draining surfaces subject to
pollution (driveways, car parks) must be previously conveyed to purification and de-oiling systems, also of a natural type;

in order to minimize water consumption, installation of automatic drip irrigation systems (reusing rainwater), powered
by renewable energy sources;

special areas for the separate collection of waste from residences, offices, commerce, etc., such as paper, cardboard, glass,
aluminium, steel, plastic, textiles/leather/leather, rubber, wet, WEEE;

realization of canalizations of the technological networks foreseen, for a correct management of the space in the subsoil.

8.1 Road system (Interventions for parking areas)

8.1.1 Coverage with suitable masts equal to at least 10% of the gross area
8.1.2. The perimeter shall be bounded by a green belt at least 1 m high and more than 75% opaque.
8.1.3 Creating roofs with photovoltaic shelters to serve the lighting system of the car park
8.1.4 Provide space for motorcycles, mopeds and bicycle racks based on the number of potential inhabitants

8.2 Collection, purification and reuse of rainwater

8.2.1 Create a system for the purification and de-oiling of water coming from polluting surfaces according to
UNI/TS 11445 “Installations for the collection and use of rainwater for uses other than human consumption
-Design, installation and maintenance” [38] and the UNI EN 805 standard “Water supply—Requirements for
systems and constituents outside buildings”

8.3 Public green areas irrigation network

8.3.1 Use drip irrigation systems powered by renewable energy sources designed according to UNI/TS 11445
standard [38]

8.4 Material and waste collection and storage areas

8.4.1 Special areas must be provided for, which may be used for the local separate collection of waste from
residences, offices, commerce, etc. such as paper, cardboard, glass, aluminium, steel, plastic,
textiles/leather/leather, rubber, wet, WEEE, in line with municipal regulations of waste management.
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8.5 Public lighting system

8.5.1 Designing a public lighting system respecting the requirements of the CAM document “Lighting” (decree
23 December 2013) [39]

8.6 Subservices/channels for technological infrastructures

8.6.1 Creating channels to place all technological networks in order to properly manage underground space

9. Secondary infrastructure and sustainable mobility (*)

The project must provide the necessary infrastructure to reduce the movement of people. In addition, it must ensure and
encourage sustainable mobility, through the use of bicycles or environmentally friendly shuttles, in order to reduce the
environmental pressure associated with the movement of people.
9.1 Provide a mix of residences, workplaces and services to contain travel (expressed in% of internal travel)
9.2 To realize public services or metropolitan stations at short distance less than 500 m from the houses, in case
of residential projects; metropolitan stations at less than 800 m and/or railway stations at less than 2.000 m from
the new complex.
9.3 Provide shuttle services to reach public services (if stations are not available at less than 800 m)
9.4 Bicycle racks at interchange points
9.5 Network of protected footpaths and/or cycle paths with suitable tree and/or shrub accommodation

10. State of the environment report (*)

10.1 The planned interventions must guarantee an environmental improvement of the site, through the
preparation of a report (Report on the State of the Environment) drawn up by a qualified professional who
reports on the ante-operam status, the planned interventions and the post-operam status.

(*) The indicators and sub-indicators have been described briefly. More detailed information for each of them
can be found in the CAM decree [13]. In order to demonstrate compliance with this criterion, the designer must
submit a technical report, with annexes to the graphic works, highlighting the ante-operam status, the planned
interventions, the consequent achievable results and the post-operam status. If the project is subject to a verification
phase valid for the subsequent certification of the building according to one of the protocols of energy/environmental
sustainability of buildings (rating systems) at the national or international level, compliance with this criterion can
be demonstrated if the certification meets all the requirements relating to environmental performance referred to in
this criterion. In such cases, the designer is exempted from the presentation of the above documentation, but the
presentation of the drawings and/or documents required by the specific sustainable building certification protocol
pursued is required.
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