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Dear Editor, 

We wish to submit a new manuscript entitled “A Round Robin Test on the dynamic simulation and the LEED 

protocol evaluation of a green building” for consideration by Sustainable Cities and Society journal. We used 

the Elsevier Journal Finder tool which showed a high text match score of 4/5. 

The green building concept plays a fundamental role in the reduction of the use of resources, as well as in the 

reduction of impacts on human health and the environment, during the whole building life cycle.  

A method to measure the sustainability rate is crucial for comparing various alternatives as far as different 

materials, energy resources, production processes and, therefore, to reduce energy consumption and 

environmental impacts in buildings design, construction, operational, and management phases.  

Many protocols and tools have been proposed to perform the sustainability evaluation of buildings; however, 

different operators applying these certification tools might need to make hypotheses to complete the whole 

procedure, which could be different from one operator to the other.  

In order to evaluate the influence of different operators' choices on the final certification score, a Round Robin 

Test (RRT) among various international partners was carried out. Different local versions of the LEED 

sustainability protocol were applied to the same building by the RRT participants with the aim of verifying 

whether and how the hypotheses formulated by each operator can influence the final score and if and whether 

the different versions affect the final evaluation.  

In this paper, the results provided by the different participants were described, compared, analyzed, and 

discussed. The final aim was to understand which issues have more influence on the final performance rate, 

giving to the users a deeper knowledge of the aspects included in these procedures.  

 

We confirm that this work is original, and it is not currently under consideration for publication elsewhere.  

All necessary permissions have been obtained by the authors. 

The Authors declare no conflict of interest. 

Please address all correspondence concerning this manuscript at:  francesco.asdrubali@uniroma3.it  

 

Best Regards, 

Francesco Asdrubali, 

Corresponding Author, 

On behalf of the Authors. 
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A Round Robin Test on the dynamic simulation and the LEED protocol 

evaluation of a green building 

Abstract. The green building concept plays a fundamental role in reducing the use of resources, as well as on the 

impacts on human health and environment, during the whole building life cycle. Therefore, a method to measure 

the sustainability rate is crucial for comparing various alternatives in terms of use of different materials, energy 

resources, production processes to reduce energy consumption and environmental impacts in buildings design, 

construction, operational, and management phases.  

Many protocols have been proposed to perform sustainability evaluation of buildings; however, different operators 

applying these certification tools might need to make hypotheses, even different from each other, to complete the 

whole procedure. Hence, in order to assess whether and how the hypotheses formulated by each operator can 

influence the final certification score, a Round Robin Test (RRT) among various international partners was 

performed using different local versions of LEED sustainability protocol to the same building. 

In this paper, the results provided by the different participants were described, compared, analyzed, and discussed. 

The final aim was to understand which issues have more influence on the final performance rate, giving to the 

users a deeper knowledge of the aspects included in these procedures. 

 

Keywords: green building rating systems, LEED, Round Robin Test, dynamic simulation, energy efficiency, 

sustainable construction. 

1. Introduction 

The green building concept plays a crucial role when the scope is the decrease in the use of resources, such as 

water and materials, as well as the reduction of effects on human health, human wellbeing, and environment during 

the whole building lifecycle. To provide a rating for building energy performance, several countries worldwide 

already developed their own energy certification procedures. In this framework in the last 20 years, different green 

buildings rating tools have been developed to analyze and rate the building design, construction, operational, and 

management phases regarding energy consumption and environmental impacts.  

The first evidence of the need of paying more attention to the sustainability aspects of buildings appeared in the 

1970s. The energy crises highlighted how difficult it was to pursue high levels of development to rely only on non-

renewable energy resources. Starting from this awareness, the most widely accepted definition of sustainable 

development states that it is a development that meets the needs of the present without compromising the ability 

of future generations to meet their own needs”. This definition traces back to 1987 when it was proposed by the 

Brundtland Commission, the United Nation's World Commission on Environment and Development (Commission 

on Environment and Development, 1987).  

Thus, the sustainability concept incorporates several fields and can be applied to widely different scales. When it 

is necessary to make a choice among various materials, energy resources, and production processes, it is essential 

to provide a measure of sustainability in order to compare competing alternatives (Bisegna et al., 2016; Klemeš, 

2015; Nematchoua et al., 2021). 

In developed countries, buildings are responsible for a very significant share of the total energy consumption 

(approximately 40%) and CO2 emissions (e.g., 30%) (Directive 2010/31/EU of the European Parliament and of the 

Council of 19 May 2010 on the Energy Performance of Buildings (Recast), 2010; Yang et al., 2014).  Due to this, 

over the past years, several Green Building Rating tools have been developed by different countries to evaluate the 

degree of sustainability of buildings construction and operational phases and, eventually, the disposal one, with the 

final aim of controlling and reducing their environmental impacts. Historically, the first type of labeling applied to 

buildings regarded energy efficiency. In Europe, following the request by the Energy Performance of Buildings 

Directive (EPBD), issued by the European Commission, each member country has to make mandatory the need of 

Manuscript (without Author Details) Click here to view linked References
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an Energy Performance Certificate (EPC) for existing and new buildings. Energy efficiency in a building is usually 

one the most important aspects (Agdas et al., 2015; Bisegna et al., 2016; Dall’O et al., 2012) in the overall analysis 

that leads to a Green Building labeling. Moreover, it is worthy to notice that the energy efficiency aspects and the 

sustainability ones may be conflicting (Hanley et al., 2009). While energy efficiency labeling is nowadays 

mandatory, sustainability one is still, in most cases, made voluntarily. The most widespread tool internationally is 

the Leadership in Energy and Environmental Design, better known through its acronym LEED (U.S. Green 

Building Council., n.d.). The United State Green Building Council (USGBC) issued the first version of this green 

buildings rating system in 1998.  

The adjective "Sustainable" is increasingly employed to describe some aspects of the construction sector (Mattoni 

et al., 2018). Even if each of the existing rating systems comes from different nations, they are characterized by a 

common purpose: guaranteeing the application of environmental impact decrease strategies in the design and 

construction of buildings or neighborhoods (Dawodu et al., 2017; Grazieschi et al., 2020). They consist of a 

multidisciplinary evaluation procedure able to rate the building performance taking into account different 

sustainability aspects. Considering the rating tools from other countries, they can differ in the Standard to which 

refer when applying the procedure, in the way of analyzing some specific themes, and in the weights given to each 

evaluating criterion. The most important characteristic of these rating systems is the strong attention paid to the 

energy efficiency aspects, which is the thematic area that has a greater effect on global evaluation and the 

consequence of the environmental impact on the entire building lifecycle. In particular, a building can only be 

considered sustainable if the decrease of its environmental impact has been achieved without reducing the end-

user's quality of life. 

2. State of art 

In the last years, several studies were carried with the aim to analyze and compare the methodological approaches 

that characterize different green buildings rating tools (Bahaudin et al., 2014; Liu et al., 2005; Suzer, 2015). 

More in detail, many researchers focused on the analysis and comparison of specific categories of the studied rating 

systems to assess the different weights given to the subcategory in each tool (Dolezal & Spitzbart-Glasl, 2015; Wei 

et al., 2015; Wu et al., 2016). Today, paying attention to a worldwide sustainability concept and identifying which 

issues have more influence on the final performance rate are very crucial aspects in the environmental sustainability 

research field.  

Round Robin Testing (RRT) is a well-known technique able to evaluate the effectiveness and the reproducibility 

of methodological procedures or laboratory tests. This method can be applied to different research fields with 

different specific goals. The Round Robin Test can be employed to compare different procedures or to investigate 

actual case studies, and it could be applied to the design phase, the labeling, or audit. Starting from this assumption, 

in (Tronchin & Fabbri, 2010) a Round Robin Test among several energy performance building evaluation 

methodologies and software scheduled in the Italian law was performed. The outcomes of the Round Robin Test 

are linked to the relationship between thoroughness of data input and energy evaluation accuracy. The RRT 

approach was used to evaluate the thermal conductivity of innovative insulating materials by sharing a 

measurement procedure among the partners at the aim of limiting the possible physical sources of differences in 

the results (Baldinelli et al., 2019).  

In (Le Baron et al., 2019) the Round Robin Test procedure was employed for different new optical apparatuses 

and methods to measure the emittance of various solar absorbers in air. It is also possible to apply the Round Robin 

Test to compare the result of different techniques, from a quasi-stationary analysis to advanced dynamic data 

analysis methods, which can be used to characterize the thermal performance based on on-site collected data, as it 

is shown by the Authors in (Roels et al., 2017). Also, in the acoustic research field, the Round Robin test method 

was applied in order to evaluate experimental procedures and materials properties. In (Scrosati et al., 2016) a 

comparison between the default procedure and the low-frequency procedure made on the same façade sound 

insulation measurement was performed.  
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By means of a Round Robin Test procedure conducted in a full-scale experimental building, it was also possible 

to evaluate the uncertainty of a façade field measurements (Scrosati et al., 2015). 

The novelty of this work deals with the employment of the RRT procedure on green building rating tool application. 

In particular, the aim of this paper is the assessment of the operator’s discretion during the sustainability labeling 

procedure. In fact, the choices made by the operators can have a significant effect on the final rate, and they need 

to be carefully evaluated. This study can provide users a more profound knowledge of the whole aspects that should 

be taken into account when a reliable and reproducible labeling procedure is needed. It also aims at offering some 

indications to assess sustainability aspects and topics that could be treated differently when different operators have 

to apply the same protocol to the same building in order to provide an objective sustainability certification and to 

compare the buildings sustainability level worldwide. In order to achieve this goal, the employment of a Round 

Robin Test procedure was needed. 

In this study, the Round Robin Test was performed by different operators belonging to different research groups 

in the world, with the common aim of analyzing the results obtained by applying the same tool (LEED) to the same 

building. The features of the analyzed building were properly highlighted, described, and provided to each 

participant, with the final purpose of understanding which issues have more influence on the final performance 

rate provided by different research groups. Moreover, the Round Robin Test outcomes were accurately analyzed 

and compared.   

The paper is structured as follows; Section 3 explains the LEED green building system; section 4 describes the 

study building for which the different versions of the LEED protocol were applied, and the energy simulations in 

dynamic regime carried out by the participants of the RRT; sections 5 and 6, respectively, illustrate the 

methodologies used and the results achieved by applying the LEED protocol and the energy analysis by the 

participants; section 7 compares the results obtained by the different research groups and, finally, section 8 reports 

the conclusions of the study. 

3. LEED protocols for sustainable buildings 

The version of the LEED green building system used for this study is LEED v4, developed in November 2013 by 

the U.S. Green Building Council (USGBC). LEED v4, launched in late 2013, (Kubba, 2016; U.S. Green Building 

Council., n.d.), it is one of the most diffuse and famous rating systems for the design, construction, maintenance, 

and operations of green buildings. This version of LEED was built on the basis of the previous one (LEED 2009) 

but it aims at implementing the number of criteria by considering other aspects and standardizing the methods for 

performance calculation, in order to make this tool suitable for different contexts around the World.  

The most important innovative issues of LEED v4 are:  

- The development of new requirements for different project types such as: data centers, warehouses and 

distribution centers, hospitality, existing schools, existing retail and mid-rise residential projects. 

- The introduction of new impact categories and new credits and the reformulation of the existing ones: Climate 

change, human health, water resources, biodiversity, green economy, community and natural resources. 

The maximum number of points achievable is 100 while 10 extra points can be obtained in the “Innovation” and 

“Regional priority” categories. Based on the number of points achieved, it is possible to obtain four different levels 

of certification: Basic, achievable with a score ranging between 40 and 49 points, Silver, if the case study achieves 

between 50 and 59 points, Gold, characterized by a score which range between 60 and 79 points and, finally, 

Platinum, which is the highest certification, can be obtained with scores over 80.  

The versions of LEEDv4 differ among each other for the type and number of credits achievable in each macro 

area. 

4. Description of the case study 

The object of the Round Robin Test was the residential complex "Le Violette" (Fig. 1), located in the town of 

Foligno (climate zone D, according to the Italian zoning regulatory framework (Decree DPR 412/93. Regolamento 
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Recante Norme per La Progettazione, l’installazione, l’esercizio e La Manutenzione Degli Impianti Termici Degli 

Edifici Ai Fini Del Contenimento Dei Consumi Di Energia, in Attuazione Dell’art. 4, Comma 4, Della Legge 9 

Genna, 1993), in the Umbria region, Italy. 

 

Figure 1. Bird view of the studied building. 

The studied building is divided into twelve apartments; it is characterized by a compact shape with balconies 

aligned along the south facade and a flat roof, except for the area occupied by the duplex apartments (Fig. 2). 

Moreover, it is divided into an underground level and three levels above ground. The ground floor is employed as 

private garages and technical rooms, while the other parts of the building are for residential use only. There are six 

apartments on the ground floor and six on the first floor, with surfaces ranging from 71 m2 to 95 m2. The roof 

garden is properly insulated, and the duplex roof was designed to hold solar thermal and photovoltaic collectors.  

 
Figure 2. Rendering of the studied building. 

The orientation and the constructive choices respect the best bioclimatic needs of the site in terms of solar radiation 

and proper internal ventilation for each apartment. From the following figures (Fig.3 and Fig.4) it is possible to 

observe the North and South plants of the study building that were provided among the input data to the participants 

of the RRT. In order to pursue the energy saving objectives and the renewable energy exploitation, specific 

architectural and system solutions were implemented. 

4.1 Architectural solutions 

With the aim of pursuing a performing behavior of "Le Violette" building, different advanced technical solutions 

were applied: 
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- 7.5 cm thick insulation layer, 2 cm of which are made up of air. Thanks to this solution, it was possible to 

achieve the standard of "energy-efficient building" by ensuring compliance with the heat dispersion limits 

imposed by the Italian Legislative Decree 311/06, in terms of new requirements since 1/1/2010; 

- Increased building thermal inertia, which was possible thanks to higher wall thicknesses. The perimeter 

walls of the building are 43 cm thick. Besides, Table 1 summarizes the thermal characteristics of the different 

types of walls present in the study building; 

- Passive systems for controlling sunlight. The direct solar radiation during summer causes an increase in 

terms of internal temperature, especially in the facing south apartments. To reduce this contribution, the 

installation of solar shading devices was evaluated for the South facing windows; 

- Green roofs, in order to ensure higher insulation and improve thermal inertia, were installed;  

- The hygrometric performance of the building components was verified using the Glaser test, following 

the UNI EN ISO13788 (Ente Italiano di Normazione (UNI)., n.d.). 

- Certified biocompatible insulation materials were used. In particular, the Celenit panel was chosen, which 

is characterized by long and 65% resistant mineralized fir fibers coated with a mineral binder with high-

performance thermal and acoustic insulation. 

Table 1. Thermal characteristics of the different types of walls present in the study building. 

Thermal characteristics 

Type of wall 
Thickness 

[m] 
Mass 

[kg/m2] 

Thermal 

Transmittance 

[W/m2K] 

Thermal 

Capacity 

[kJ/m2K] 

Thermal 

Resistance 

[m2K/W] 

Perimeter wall with 

bricks on the outside 0.425 420.0 
0.335 390.6 2.984 

Perimeter wall with 

plaster on the outside 0.425 344.0 
0.279 326.8 3.589 

Internal partition wall 0.330 462.0 0.644 455.3 1.533 

Floor 0.405 529.5 0.677 476.3 1.476 

Garage floor 0.410 469.5 0.317 401.8 3.158 

Attic ceiling (ID) 0.395 393.0 0.293 334.0 3.411 

Roof garden 0.674 840.3 0.312 714.7 3.204 

4.2 Plant solutions 

Concerning plant solutions, the case study is characterized by: 

- A centralized system with separate insulation systems, which allows for higher efficiency of the heat generator 

thanks to the scale effect and therefore significantly reduces fuel consumption during the winter season; 

- The use of low-temperature heating systems. Radiant floor panels with low-temperature hot water supply have 

been provided within the individual housing units. The condensing central heating system has a modulating 

condensing mode of operation, the fuel is methane, and the maximum installed power is 56 kW; 

- Solar thermal domestic hot water (DHW): DHW production occurs through the use of a natural gas condensing 

boiler, with generation efficiency ηgen equal to 0.96. Besides, the solar thermal system has been sized in order 

to cover 60% of the DHW needs; 

- Photovoltaic (PV) panels were also installed for the self-production of electricity using solar radiation; 

- The building is also equipped with a rainwater recovery system for irrigation and toilet purposes consisting of 

two tanks of 7,500 liters. 
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5. Methodology 

The international Round Robin Test was performed by different operators belonging to nine different research 

groups, with the same goal of analyzing the results achieved by applying the same green building rating tool 

(LEED) to the same building. The participants were requested to apply the version of LEED proper of their own 

country to the Italian building proposed as case study, as well as to choose the simulation software to employ.   

Table 2 shows the LEED version and the simulation tool used by the different research groups.   

Table 2. LEED and simulation software employed by the RRT participants. 

Research Group LEED Version Simulation Software 

Roma TRE University, Italy 

GBC (Green Building Council) Home for 

residential buildings 2011, the Italian 

version of US LEED protocol 

TRNSYS dynamic software 

CIRIAF, Italy 
Italian version of LEED 2009 protocol, 

GBC, for new residential buildings 
TRNSYS dynamic software 

University of Perugia, Italy 

GBC (Green Building Council) Home for 

residential buildings 2011, the Italian 

version of US LEED protocol 

EnergyPlus engine with 

DesignBuilder graphical interface 

Universitas Mercatorum, Italy 

GBC (Green Building Council) Home for 

residential buildings 2011, the Italian 

version of US LEED protocol 

TRNSYS dynamic software 

Sapienza University, Italy 

GBC Home for residential buildings v2 

revised in 2018, the Italian version of the 

US LEED protocol 

Grasshopper/Archsim dynamic 

software 

Technical University of Crete & 

National and Kapodistrian University 

of Athens, Greece 

LEED v4 for Building Operations Checklist 

in combination with the LEED v4 for 

Building Design and Construction manual-

guide 

Sketch Up 2017 and Open Studio 

2.7 dynamic software 

Krakow University of Technology, 

Poland 
LEED v4 BD+C 

DesignBuilder software with 

EnergyPlus engine 

University College of London, 

United Kingdom 

LEED v4 for v4 for Building Design and 

Construction: Homes and Multifamily 

Lowrise 

EnergyPlus engine with 

DesignBuilder graphical interface 

Ryerson University, Canada v4 for Building Design and Construction 
EnergyPlus engine with 

DesignBuilder graphical interface 

Each group chose a dynamic simulation software in order to better represent the building behavior and to apply the 

performance approach, starting from the input received.   

5.1 Roma Tre University, Italy 

The dynamic model of the studied building, required in the Energy and Atmosphere section of the LEED protocol 

for estimating energy consumption, was created using the Trnsys simulation software (Trnsys, n.d.). It contains 

"Types", i.e. programs written in "Fortran" language, which correspond to inputs to be defined and outputs to be 

obtained and which in turn can be connected with other Types. 

15 thermal zones have been defined to simulate the analyzed building, subject to the same temperature and 

relative humidity conditions and assuming similar thermal behavior for each room contained in the different 

apartments. The need for such a significant number of thermal zones is also linked to the different geometry of 

the different apartments, for which the software sets a limit: each wall to be defined adjacent to that of another 

thermal zone must have the same surface. 

For each thermal zone, it was also necessary to specify: 

-Infiltration (Schedule type: On /Off). The infiltration was activated all day with a constant value of 0.3 [1/h]; 
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-Cooling setpoint (Schedule type: Temperature). The indoor minimum required operative temperature was set to 

26 °C; 

-Heating setpoint (Schedule type: Temperature). The indoor minimum required operative temperature was set to 

20 °C; 

-Occupancy (type of planning: fractional) varies throughout the day. A type of residential occupation has been 

chosen in which the peak occurs early in the morning as people are still in the apartment, decreases from 8.00 

a.m to 5.00 p.m as people go to work and finally rises again from 6.00 p.m. with the return of people to their 

homes. 

-People's activity (Schedule type: Activity Level). Specific activities that most people follow during the day, such 

as cooking, housekeeping, sleeping, relaxing etc., were used. 

The modeling of the study building took place in compliance with the plant characteristics and the geometries 

and thermophysical properties of the walls and fixtures provided to the participants as part of the RRT. 

Roma Tre University research group applied the Italian version of US LEED protocol, the so-called GBC (Green 

Building Council) Home for residential buildings 2011 version (Green Building Council Italia, 2011). This tool 

was developed by the Green Building Council Italia association, which is joined by the most competitive 

companies and the most qualified Italian professional communities operating in the sustainable construction 

segment. The GBC Home derives from the US LEED but taking into account the housing characteristics and the 

differences in the construction model typical of the Italian reality. The applied rating system promotes healthiness, 

durability, economy, and best environmental practices in the design and construction of buildings. In fact, the 

evaluation system is organized into the following six environmental categories: (a); Sustainable Sites (SS), (b), 

Water Management (WM), (c); Energy and Atmosphere (EA), (d); Materials and Resources (MR), (e); Internal 

Environmental Quality (IEQ), (f); Innovation in Design (ID), (g); Regional Priority (PR).  

In particular, the Energy and Atmosphere (EA)section represents in percentage terms the highest number of points 

that can be acquired with the lowest number of credits, counting an overall score of 30 points. In this macro-area 

two approaches for achieving the prerequisites and available credits are proposed: the so-called Performance 

approached and the Prescriptive one.  

In this study, the Performance approach was adopted in order to perform an energy simulation in the dynamic 

regime of the analyzed building, as it is required by the Round Robin Test guidelines. The building modeling was 

carried out using Trnsys dynamic software to assess the building energy needs. Then they were compared to the 

ones carried out by the simulation of the reference building, “GBC Home Reference Design Home”, characterized 

by the same geometry of the real one but with some characteristics imposed by the GBC rating tool.  

In Table 3, the maximum achievable scores for each Section are summarized. 

Table 3. Sections of the “GBC Home” protocol and maximum achievable score. 

GBC Home 2011 version 

Section Maximum Score 

Sustainable Sites (SS) 25 

Water Efficiency (WE) 10 

Energy and Atmosphere (EA) 30 

Materials and Resources (MR) 15 

Indoor Environmental Quality (IEQ) 20 

Innovation in Design (ID) 10 

Total 110 

As it happens for the US LEED application, also each category of the GBC Home rating tool is characterized by 

prerequisites and credits. All credits counted at least 1 point, the prerequisites have to be satisfied mandatory and 

do not provide the score. The evaluation system allows achieving 100 points, while the Innovation in Design and 

Regional Priorities categories allow obtaining further 10 points, which is a bonus. By adding up the scores obtained 

for each credit of each section, it can be calculated the overall score achieved by the analyzed building. It is worthy 
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to notice that the GBC Home differs from the other two versions of the US LEED Protocol employed in this study 

by other groups, namely the “LEED v4 for Building Design and Construction: Homes and Multifamily Lowrise” 

version and the “LEED v4 for Building Operations and Maintenance Checklist”. Indeed, it presents different 

sections, credits and distribution of scores. In particular, Localization and Transport (LT) is not present in the GBC 

Home version as an autonomous section, but it can be found within the Site Sustainability (SS) section, 

characterized by a higher overall score compared to the US LEED versions. 

On the other hand, the US LEED’s categories "Innovation" and "Regional Priorities" are included within the four 

credits of the GBC Home last section, the so-called "Innovation in Design". 

Furthermore, the first section of the “LEED v4 for Building Design and Construction: Homes and Multifamily 

Lowrise”, Integrative Process (IP), is considered into the GBC Home protocol as a credit of the last section 

(Innovation in Design (ID)). 

5.2 CIRIAF, Italy 

To investigate the building primary energy demand for Energy and Atmosphere section of LEED protocol a 

dynamic energy performance model has been developed by using the TRNSYS dynamic simulation tool (Trnsys, 

n.d.).  By using the Energy performance model, the building annual energy consumption for heating, cooling, 

lightening, ventilation, and other components such as electro-electronic appliances have been calculated. The 

investigated building consists of three floors, with the basement used for car parking, while the ground and the first 

floor consist of 12 residential apartments.  

The building is divided into 12 thermal zones, where the indoor temperature, the relative indoor humidity and the 

ventilation rate is kept the same in all rooms, in each apartment. During the winter season, the indoor minimum 

temperature setpoint is 20 °C ((Schedule type: Temperature) and the heating system is switched on from 15th Oct 

to 15th April. In summer season, the indoor cooling temperature is set to 26 °C (Schedule type: Temperature), from 

16th April to 14th Oct. The infiltration is kept the same in each apartment, operating all day with a constant value 

of 0.5 vol/h.  

Occupancy and people activity level was included considering 4 or 5 persons, depending on the apartment size. 

The occupancy level is considered minimum during the weekdays from 09:00 to 18:00 hr, while in the rest of the 

day period and in weekends it is the maximum. The schedule type for human activity was set to ‘Active level’, 

with the most common activities normally done by residential occupants such as relaxing, watching television, 

sleeping, cooking, and housekeeping were included in the model. 

The CIRIAF research group at University of Perugia participated in the International Round Robin Test for LEED 

certification. The objective of this study consisted of applying the Italian version of LEED 2009 protocol, GBC, 

for new residential buildings, on the Italian residential buildings (Green Building Council Italia, n.d.). A LEED 

2009 protocol rating system is applied to a residential building located in Foligno (PG), Italy, to investigate the 

impact on the environment, economy, design, and construction of buildings. To understand the impacts of the GBC 

Home rating system and to evaluate the work, seven environmental categories were considered: a); Sustainable 

Sites selection (SS), b); Water management and efficiency (WME), c); Energy and Atmosphere (EA), d); Materials 

and Resources (MR), e); Internal Environmental Quality (IEQ), f); Innovation in Planning (IP), g); Regional 

Priority (PR). 

Taking into account the Sustainable Sites selection (SS) macro-area, the location and public transport were assessed 

by using Geo-referencing supports from local city maps, Google map or other mobile base GPS apps. 

For the energy simulation, a dynamic energy simulation software (Trnsys) has been used and the results were 

compared with the reference building “GBC Home Reference Design Home”.  

Table 4 presents the maximum achievable scores according to the Italian version of LEED 2009 protocol rating 

system “New Construction and Major Renovation” for each section. 
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Table 4. Sections of the “GBC Home” protocol and maximum achievable score. 

GBC Home v4/LEED 2009 Italian version 

Section Maximum Score 

Sustainable Sites (SS) 26 

Water Efficiency (WE) 10 

Energy and Atmosphere (EA) 35 

Materials and Resources (MR) 14 

Indoor Environmental Quality (IEQ) 15 

Innovation in Design (ID) 6 

Regional Priority 4 

Total 110 

5.3 University of Perugia, Italy 

As regards the Energy and Atmosphere category, the Performance approach was adopted by carrying out the 

dynamic energy simulation of the analyzed building. To quantify building annual energy needs, the structure was 

modeled within the EnergyPlus simulation environment (Crawley et al., 2001) with DesignBuilder graphical 

interface v6 (DesignBuilder Software, 2018). The dynamic simulation of the residential complex allowed 

calculating the annual primary energy consumption for heating, cooling and DHW demand and electrical 

components. During the building modeling, several assumptions were made. Based on the knowledge about the 

design of the building in order to meet high energy efficiency performance, it was assumed that materials 

characterized by high solar reflectance capability (ρsolar) were used for blinds (ρsolar = 0.8) and for the sloped 

roof external coating (ρsolar = 0.6). Furthermore, based on the current standard in force, airtightness equal to 0.3 

ac/h was considered. As concerns the heating and DHW system, a total efficiency equal to 0.88 (taking into account 

emission, generation, distribution, and regulation) was considered, while EER equal to 3 was used for the 

autonomous air-conditioning systems (split) installed in each residential unit. As regards ventilation, given the 

indication on the proper internal ventilation of the individual apartments thanks to the double facing, the “minimum 

fresh air per person” setting were set for natural ventilation. This natural ventilation setting defines the natural 

ventilation rate according to the minimum fresh air requirement for the specific activity performed in the zone, 

calculated as the fresh air (l/s person) per occupancy density (persons/m2) per zone floor area (m2).  

Moreover, although not indicated, mechanical ventilation was considered as a system that ensures the efficient 

operation of the building, especially in the cold season. Occupancy and activities, including lighting and equipment 

and appliances use, were modeled using the standard schedules available in DesignBuilder database (same for the 

case study building and the reference building), which vary along the day. Occupancy density was calculated based 

on the expected number of occupants per unit, i.e., 3 or 4.  For each thermal zone, the following inputs were also 

defined: 

- constant air infiltration equal to 0.3 [1/h]; 

- cooling setpoint temperature equal to 26 °C; 

- heating setpoint temperature equal to 20 °C.    

The research group at the University of Perugia applied the same protocol as Roma Tre University, i.e. the GBC 

Home for residential buildings 2011 version  (Green Building Council Italia, 2011) (the Italian version of US 

LEED protocol). Therefore, the evaluation was organized following the same Sections and principles detailed in 

the previous section 5.1, which consider as maximum achievable scores for each Section reported in Table 3. Both 

the analyzed building and the reference building were modeled and compared according to the protocol. The 

reference building is the “GBC Home Reference Design Home”, characterized by the same geometry of the 

building to be certified and with technical characteristics defined by the GBC rating protocol. The weather file 

used for the simulation was specifically developed for the building location in Foligno using the Meteonorm 

software based on database interpolation (Software, n.d.). 
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5.4 Universitas Mercatorum, Italy 

The building under analysis consists of 12 apartments and a basement where solar exposure on the surfaces of the 

buildings, the geometries and the thermophysical properties of the walls and fixtures was provided as part of the 

RRT. 

The basement is a thermal zone characterized by a temperature conditioned by the external environment, while the 

presence of radiant floor panels led to the choice of dividing each apartment into two thermal zones: night and day, 

with 2 distinct temperature regulation systems. The winter set point temperature (months between November and 

April) has been set at 20 °C for the living area and 17 °C for the sleeping area. From September to May, the summer 

set point temperature was set at 26 ° C for the living area and the sleeping area. 

For each thermal zone other parameters have also been set such as: Infiltration (0.3 [vol/ h]); Occupancy was 

considered constant all the time (Nobody for the Night zone in the day time) and 3 people have been considered 

for the little apartments and 4 people for the big ones); People's activities mainly consist of sleeping for the night 

zones and light activity for the day zones. 

The Universitas Mercatoum research group participated in the International Round Robin Test for LEED 

certification, applying the Italian version of LEED 2009 protocol, GBC (Green Building Council) for residential 

buildings 2011 version (Green Building Council Italia, 2011). 

 Information and methodologies used to score each section of GBC Home4 are reported below: 

(a) Sustainable site (SS); (b) Water management and Efficiency (WME); (c) Energy and Atmosphere (EA): Energy 

building performance was estimated through a dynamic simulation with Trnsys (Performance approach); (d) 

Materials and Resources (MR): For the building components used, the hygrometric verification of "Glaser" was 

carried out in accordance with UNI EN ISO13788 (Ente Italiano di Normazione (UNI)., n.d.), to establish the 

effective absence of condensation zones on the walls; (e) Internal Environmental Quality (IEQ); (f) Innovation in 

design and Planning (IP). 

In Table 3, it is possible to observe the maximum scores obtainable for each section of the LEED protocol used for 

this application. 

5.5 Sapienza University, Italy 

Differently from the other partners of the project, The Sapienza research group applied the protocol the GBC Home 

for residential buildings v2 revised in 2018 (the Italian version of the US LEED protocol) which represents a 

revised version of the GBC Home published in 2011 (Green Building Council Italia, 2018). This version is 

organized into the following categories, as the older version of the protocol: (a) Sustainable Sites (SS); (b) Water 

Management (WM); (c) Energy and Atmosphere (EA); (d) Materials and Resources (MR); (e) Indoor 

Environmental Quality (IEQ); (f) Innovation in Design (IP); (g) Regional Priority (PR).  

The main differences between the two versions are: the distribution of the maximum achievable scores per category 

and the credits which each category is divided into. 

In this study the building modeling was carried out using a dynamic energy simulation software, 

Grasshopper/Archsim (a tool of Rhinoceros company) (Dogan, 2013).  The results were then compared to the ones 

obtained with the energy simulation of the reference building, “GBC Home Reference Design Home”, which is 

characterized by the same geometry of the real one but with standard characteristics defined by the GBC rating 

tool. For summing up, in Table 5 the maximum achievable score for each Section is shown. 

Table 5. Maximum score and score achieved by the application of the Sapienza University for each section of the GBC Home 

protocols. 

GBC Home for residential buildings v2 

Section Maximum Score 

Sustainable Sites (SS) 22 

Water Efficiency (WE) 12 
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Energy and Atmosphere (EA) 32 

Materials and Resources (MR) 14 

Indoor Environmental Quality (IEQ) 20 

Innovation in Design (ID) 10 

Total 110 

5.6 Technical University of Crete (TUC) & National and Kapodistrian University of Athens (NKUA), Greece 

The building model was carried out using Sketch Up 2017 and Open Studio 2.7 dynamic software, in order to 

access building’s energy needs. The simulation made by taking into consideration the Round Robin Test 

Guidelines, concerning thermal and hygrometric characteristics of the opaque components of the building 

envelope. According to Round Robin Test Guidelines, the building model is composed of 3 floors: a basement 

used as a garage, a ground floor and a first floor consisting of six apartments each. In Sketchup, 3 different space 

types (apartments, common areas, garage) are created as it is shown in Figure aa. Specifically, red color represents 

the garage, white color is the apartment and pink color is the common area. Moreover, the building has been divided 

into 21 thermal zones. A weather file from Perugia was used, as it was the closest location from Foligno.  

For the operation of the building, certain assumptions were made in the absence of real data. After the building 

simulation, the second step is to calculate the indicators of thermal comfort. The thermal sensation scale of 

ASHRAE is used to calculate the Predicted Mean Vote (PMV) and the percentage of people dissatisfied (PPD), in 

order to evaluate residents’ level of comfort.  

Outputs from Open Studio are collected in order to investigate the thermal conditions. The measured parameters 

include Indoor Air temperature (℃), Relative indoor Humidity (%) and Radiant temperature (oC)). Taking into 

consideration these parameters the operative temperature is therefore calculated. Other parameters taken into 

account for the calculations are the activity level and the clothing insulation. In terms of clothing, different values, 

concerning thermal comfort indicators, are used for each season. Specifically, for the summer period Iclo=0.5 is 

used and for winter period Iclo = 0.7. For the middle seasons as autumn and spring the same value of Iclo=0.6 is 

used, respectively. 

During all year, the activity level is assumed as 1.2 met. It should be noticed that only the apartments with people 

loads are used for the calculation. In the framework of this project the LEED v4 for Building Operations Checklist 

in combination with the LEED v4 for Building Design and Construction (U.S. Green Building Council, 2016) 

manual-guide were applied by the two Greek research groups (TUC and NKUA).  

The applied rating system promotes the uniqueness of different projects, brings smart grid thinking to the forefront, 

focuses on performance throughout a project’s life cycle, as well as delivers a more comprehensive and holistic 

approach regarding the materials, water use-supply and indoor air quality.  

In fact, the evaluation system is organized into eight categories: (a); Location and Transportation (LT), (b); 

Sustainable Sites (SS), (c); Water Efficiency (WE), (d); Energy and Atmosphere (EA), (e); Materials and Resources 

(MR), (f); Indoor Environmental Quality (EQ), (g); Innovation (I), (h); Regional Priority (RP). Table 6 shows the 

maximum achievable score for each section of LEED v4 for Building Operations Checklist. 

Table 6. Sections of the “LEED v4 for Building Operations Checklist” and maximum achievable score. 

LEED v4 for Building Operations Checklist 

Section Maximum Score 

Location and Transportation (LT) 

Sustainable Sites (SS) 

15 

10 

Water Efficiency (WE) 12 

Energy and Atmosphere (EA) 38 

Materials and Resources (MR) 8 

Indoor Environmental Quality (IEQ) 17 

Innovation (I) 

Region Priority (RP) 

6 

4 

Total 110 
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5.7 Krakow University of Technology, Poland 

Krakow University of Technology performed building simulations using DesignBuilder software with EnergyPlus 

engine that accurately model the potential of passive features including natural ventilation, shading and 

electrochromic glazing, solar renewables, thermal mass and PCM, earth tubes, high-performance facades and more 

(DesignBuilder Software, 2018). This tool can predict annual building energy uses for HVAC systems, hot water, 

lighting, process loads etc. with time steps of every 0.5 hour. It can also assess building CO2 emissions and life 

cycle costs as well as thermal comfort of the residents. It enables to simulate daylighting and illuminance. This 

tool allows us to perform Computational Fluid Dynamics calculations to achieve distribution of air properties in 

the building as well as around it. The CAD model of the building was used to create the 3-D building structure in 

DesignBuilder program. The original CAD building model was slightly simplified, i.e. rooms of the same 

designation created the same zone. The model consisted of one zone in the underground garage, nine zones on both 

first and second floors and three zones on the third floor. The zones for residential part were divided in the same 

way as apartments. All the input data described in sections 4.1 and 4.2 were applied in order to model the building 

opaque elements, its HVAC systems and domestic hot water system. PV system was additionally projected on the 

building roof. The set point temperatures for heating season (from 15th October till 15th April) were set as 20oC and 

for cooling season (from 16th April till 14th October) 26oC. Natural ventilation was assumed with the air infiltration 

equal to 0.5 ac/h. The occupancy level was set to be 0.0188 people/m2 with the schedule like for domestic purposes 

and multiplier: 1 untill 7:00, 0 untill 16:00, 0.5 until 18:00 and 1 untill 24:00. 

To perform LEED protocol calculations, Krakow University of Technology used the "v4 for Building Design and 

Construction: Homes and Multifamily Lowrise" calculator. This rating system promotes the best environmental 

practices in the design and construction of buildings, healthiness, durability and economic convenience. In fact, it 

is organized into the following nine environmental categories: (a); Integrative Process (IP), (b); Location and 

Transportation (LT), (c); Sustainable Sites (SS), (d); Water Efficiency (WE), (e); Energy and Atmosphere (EA), 

(f); Materials and Resources (MR), (g); Indoor Environmental Quality (IEQ), (h); Innovation (IN) and (i) Regional 

Priority (PR). If the project checklist score is 40 to 49 points, the project result is: certified, 50 to 59 points - silver, 

60 to 79 points - gold and 80 to 110 points - platinum. 

Table 7 shows the thematic sections and the maximum achievable scores for each of them for this protocol. By 

adding up the scores obtained for each credit of each section, the overall score was obtained. 

Table 7. Sections of the “LEED v4 for v4 for Building Design and Construction: Homes and Multifamily Lowrise” and 

maximum achievable score. 

LEED v4 for Building Design and Construction: Homes and Multifamily 

Lowrise 

Section Maximum Score 

Integrative Process (IP) 2 

Location and Transportation (LT) 15 

Sustainable Sites (SS) 7 

Water Efficiency (WE) 12 

Energy and Atmosphere (EA) 38 

Materials and Resources (MR) 10 

Indoor Environmental Quality (IEQ) 16 

Innovation (IN) 6 

Regional Priority (PR) 4 

Total 110 

5.8 University College London, United Kingdom 

University College London, as well as Krakow University of Technology, employed the "v4 for Building Design 

and Construction: Homes and Multifamily Lowrise" version for the application of the LEED protocol, which is 
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divided into the following nine macro-areas: (a); Integrative Process (IP), (b); Location and Transportation (LT), 

(c); Sustainable Sites (SS), (d); Water Efficiency (WE), (e); Energy and Atmosphere (EA), (f); Materials and 

Resources (MR), (g); Indoor Environmental Quality (IEQ), (h); Innovation (IN) and (i) Regional Priority (PR).  

It is possible to observe the maximum scores achievable for each protocol’s thematic section in Table 7. 

5.9 Ryerson University, Canada 

The participation of Ryerson University was strategic as Canada is the country outside the United States where the 

LEED protocol has the largest adoption. The BeTOP group of Ryerson University joined the international effort 

and used the "v4 for Building Design and Construction" version of the US LEED protocol. This version is 

organized into the following categories, as the older version of the protocol: (a); Sustainable Sites (SS), (b); Water 

Management (GA), (c); Energy and Atmosphere (EA), (d); Materials and Resources (MR), (e); Internal 

Environmental Quality (IEQ), (f); Innovation (IP).  

The main novelty that this system brought over previous version of the protocol was in the maximum achievable 

scores per category and the credits which each category is divided into.  

The dynamic model of the studied building, required in the Energy and Atmosphere section of the LEED protocol 

for estimating energy consumption, was created using Design Builder v4. This tool uses a graphical user interface 

which takes advatanges of EnergyPlus engine to perform all the calculation. The building was divided in 15 thermal 

zones, to take advatanges fo the different exposure and the related energy-thermal balance. In each thermal zone, 

the Infiltration Cooling/heating setpoint and the related schedules were carefully set according to the shared design 

data input. This means that no template ofr typical usage was considered and the data were manually set. The 

opportunity to model tridimensionally the building offered the possibility to model thermal bridges with high 

accuracy. For example, the wooden window frames were equipped with aluminum shutters, which resulted in main 

thermal bridges within the envelope. A particularly challenging element in the modelling was the green roof, whose 

energy behavior is heavily affected by the water saturation levels of the soil. For this, the researchers assumed a 

dry Mediterranean climate, modelling dry soil based on David Sailor and Umberto Berardi heat transfer models 

within green roofs (La Roche & Berardi, 2014). 

6. Results 

6.1 Roma Tre University, Italy 

Through the GBC Home application to the case study, the Roma TRE University research group obtained a score 

of 89/110 (Table 3), pursuing the highest level of "Platinum" certification.  

(a); Sustainable Sites (SS): in this section it was obtained an overall score of 21 points out of 25. It was not possible 

to reach the maximum score with the regard to Credit 5 and Credit 11, "Proximity to public transport" and namely 

"Common areas: spaces for relations and common spaces", respectively. In the first case, due to a minimum 

distance for the achievement of public stops higher than the minimum value imposed by the protocol, the second 

one, since the building complex "Le Violette" did not satisfy the requirement "Spaces for internal relations". In 

particular, the latter involves the construction of common spaces aimed at playful activities, meeting and 

communication with particular attention to the elderly, but “Le Violette” is not provided with these facilities.  

(b); Water Management (WM): this section achieved the maximum score (10 points). Both Credit 1 GA “Reduction 

of water consumption for domestic use” and Credit 2 GA “Reduction of water consumption for irrigation purposes” 

are fully satisfied. In particular, the analyzed building obtained a water saving of 20% compared to a reference 

building, with characteristics and consumption set by the protocol. Assuming the use of low-flow devices, a water 

saving higher than the 36 % was achieved. Furthermore, the option requesting the installation of a rainwater 

recovery system for internal non-drinkable uses, such as those intended for toilet use, was also satisfied. 
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Finally, also the credit "Reduction of water consumption for irrigation purposes" was assumed as satisfied, taking 

into account both its phases, namely "Characteristics of the soils, the species used and the irrigation systems" and 

"Presence of a collection and accumulation system of rainwater ". 

c); Energy and Atmosphere (EA): here the performance approach was adopted, which consider 2 credits: 

"Optimization of energy performance" (1EA) and "Efficient production and distribution of domestic hot water" (6 

EA). The dynamic energy simulation of the studied building showed an improvement of the energy performance 

index equal to 56.2% compared to the estimated primary energy consumption value of the reference building "GBC 

Home-Reference Design Home ", leading to a final score of 23/27 points. The energy modeling of the" Le Violette 

"residential complex, carried out by Trnsys dynamic software, allows assessing the annual primary energy 

consumption due to heating and cooling demand, electrical component and production of domestic hot water. 

The obtained result underlines the effectiveness of the plant solutions employed in the studied building. In fact, a 

primary energy consumption decrease leads to lower management costs, lower environmental impact and reduced 

greenhouse gases emissions, due to the combustion of fossil sources and their supply. Furthermore, with regard to 

the “Efficient distribution of hot water”, “Insulation of piping” and “High efficiency domestic hot water production 

devices” requirements were assumed as satisfied. This choice was made paying attention to energy efficiency and 

savings. Therefore, a total score of 26 out of 30 points was obtained. 

(d); Materials and Resources (MR): this section obtained 10 over a total of 15 points. Despite the use of certified 

and low-emission materials, three credits were not fully satisfied, namely: the 1 MR "Reuse of structural and non-

structural elements of buildings" (0 points), the 2 MR "Construction waste management" and the 4 MR "Recycled 

content" which obtained 1 out of 2 points. 

(e); Indoor Environmental Quality (IEQ): here 17 out of 20 points were achieved. The building is characterized by 

design features aimed at protecting against pollutants and controlling indoor contaminants. Moreover, certified 

biocompatible and sound-absorbing construction materials were employed and a good building orientation (North-

South) was chosen, also ensuring satisfactory internal lighting The compact shape is able to minimize the external 

dispersing surface, with sunshades in order to protect the internal environment from direct solar radiation during 

the summer and guarantee it during the remainder of the year. Credit 1 QI "Ventilation with external air" does not 

obtain the maximum score, assuming the "Dual flow ventilation" option not verified and Credit 5 QI "Distribution 

of heated and cooled spaces", assuming that only one over three options was satisfied. This one provides for the 

use of "HVAC" systems without pipes or hydronic systems such as fan coils with or without internal fan and 

heating panels. 

(f); Innovation in Design (ID): here it was possible to obtain only 5 out of 10 points. Table 8 shows the maximum 

achievable score and that obtained for each section of the GBC Home rating tool by the Roma Tre University 

research group application. 

Table 8. Maximum score and score achieved by the application of the Roma Tre University for each section of the GBC Home 

protocols. 

Roma Tre University 

Section Maximum Score Score obtained 

Sustainable Sites (SS) 25 21 

Water Efficiency (WE) 10 10 

Energy and Atmosphere (EA) 30 26 

Materials and Resources (MR) 15 10 

Indoor Environmental Quality (IEQ) 20 17 

Innovation in Design (ID) 10 5 

Total 110 89 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



15 
 

6.2 CIRIAF, Italy 

The CIRIAF research group at Perugia University applied LEED 2009 Protocol and GBC Home application on a 

residential building located in the locality of Sterpete, at Violette street in Foligno Italy, taken as a case study and 

achieved a score of 85/110 (Table 9), obtaining the highest level of "Platinum" certification.  

a); Sustainable site (SS): the score achieved in the selection of the sustainable site is 18/26. The selected building 

does not achieve the maximum score because of Credits 2, 3, 4.1, 4.3, 4.4, and 6.2, which are corresponding to 

building density and proximity services, recovery and requalification of contaminated sites, alternative transport 

(access to public transport, low emission transport, limited capacity, and space, and rainwater quality control, 

respectively). The conditions imposed by the protocol was not fully satisfied by the building, as the proximity 

services, access to the public transport and low emission transport, parking capacity and open space for meeting 

and gathering was not sufficient, and proper management for the rainwater quality control is lacking the constraints, 

therefore, the points were deducted. 

b); Water management and efficiency (WME): in this section, the total score achieved by the building is 8/10. 

Efficient water management for irrigation: 4 credit points were given to the building as in the building the water 

management and its efficiency is reached. Innovative technologies reduced by 30% the water consumption in 

wastewater through smart water scheduling technology, hence, 2 credit points were given for the water 

management. Reduction of water use: 2 points were given as water metering system and smart scheduling reduce 

the water utilization in the building, so the total water reduction is 30%.  

 c); Energy and Atmosphere (EA): for the Energy and Atmosphere section the building achieved a total score of 

27/35. For Credit 1, 1EA, “optimization of energy performance”, a performance approach is implemented, and it 

achieved 19 points.  According to the LEED 2009 protocol if the energy reduction reaches 48% for new 

construction and 44% for renovation, then the full points will be given. In the energy model of the residential 

building, the energy demand is reduced by 52%, which is higher than the protocol benchmark. For Credit 2, on-

site renewable energy production, a value higher than the protocol set value (13%) was reached, so the 7 maximum 

points were assigned, thanks to the installation of integrated solar panels and hot water collectors. According to 

the given building datasheet, the Credit 3, 4 and 5, the projected building does not satisfy the set values of LEED 

2009 protocol, so 0/2, 0/2, 0/3 points were given for each credit respectively. The building hot water distribution 

system pipes were properly covered by an insulation material, which makes the distribution of hot water efficient, 

so it achieved the maximum score of 3/3.  

d); Materials and Resources (MR): for materials and resources the building achieved a total score of 7/14. The four 

credits that did not fully satisfy the requirements, because the information given in the datasheet was not fully 

satisfied to reach the full score: they are Credits 1.1, “reuse of building” achieve 1/3 credits, Credits 2, “construction 

waste management” achieve 1/2, Credits 4, “recycled contents” achieved, 1/2, while the credit 5, “regional 

materials extracted, processed and produced at a limited distance” achieved 1/2 points, because of the limited 

information given in the building datasheet.  

e); Internal Environmental Quality (IEQ): in this section, the total score achieved by the building is 15/15 maximum 

points. The two prerequisites and all the 8 credit points were satisfied by the building design topographies, 

prevention against pollutants, and internal contamination control. The material used is certified and biocompatible, 

and the internal air quality control and ventilation system satisfied the building requirements, as per the LEED 

protocol.  

f); Innovation in design and Planning (IP): for this section, the building achieved the maximum score of 6/6. For 

the innovation in design of the building, there is a total of 5 Credit points which are achieved by following and 

satisfying all prerequisites and PATH 1 of the LEED 2009 GB rating system. As Credits 1.1, to Credits 1.5, 

respectively, building design, exemplary performance, strategies of IAQ improvement, integration of renewables, 

and thermal comfort improvement by geothermal energy each have achieved 1/1 credit points and for Innovation 

and design, all points were given to the building, since, following the PATH 1 of LEED 2009 protocol and building, 
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they satisfy all the proposed credits. Credits 2, LEED Accredited Professional, obtained 1 point of 1, given because 

one principal participant is LEED Accredited Professional.  

g); Regional Priority (PR): for the Regional priority section the score achieved is 4/4 points. According to the 

database of the Italian Green Building Council, the regional priority section is divided into four specific credits, 

and each has 1 specific credit point: geographically specific environment, public health, social safety, and social 

equality. The building is located in the well-developed part of the city, and, according to the given building 

information, satisfies each and every specific credit point, of GBC Italian LEED 2009 protocol, hence, all 4 credit 

points were selected for the building. 

The table 9 presents the score for the analysed residential building, with the score of each category separately; the 

overall score is 85, so achieving the highest level of certification level “Platinum”.  

Table 9. Maximum score and score achieved by the application of the CIRIAF Perugia University for each section of the GBC 

Home protocols. 

CIRIAF Perugia University 

Section 
Maximum 

Score 
Score obtained 

Sustainable Sites (SS) 26 18 

Water Efficiency (WE) 10 8 

Energy and Atmosphere (EA) 35 27 

Materials and Resources (MR) 14 7 

Indoor Environmental Quality (IEQ) 15 15 

Innovation in Design (ID) 6 6 

Regional priority (RP) 4 4 

Total 110 85 

6.3 University of Perugia, Italy 

The application of the GBC Home protocol carried out by the research group at University of Perugia led to a score 

of 82/110 for the case study building (Table 10). Accordingly, the building obtained the highest level of "Platinum" 

certification. 

(a); Sustainable Sites (SS): this category reached a score of 15 points out of 25. The case study complex is located 

in a rural area intended for edification according to the local zoning plan. It was not possible to achieve any point 

for Credit 2 “Settlement methods”, Credit 4 “Proximity to services”, Credit 5 “Proximity to public transport”, and 

Credit 11 “Common areas: spaces for relations and common spaces”. In the first case, neither Option 1 nor Option 

2 are respected, namely (i) there is no indication regarding the fact that the site was previously a brownfield site 

and, from the orthophoto, (ii) it seems that the perimeter of the lot is less than 75% bordering on land already 

developed (a large part seems still under development). As regards the second in the list, according to Google 

maps/Google earth search, there appear to be less than ten basic services, i.e. a tobacconist, a hairdresser, a primary 

school, a church, a bar, and a municipality office building within 500 m from the building. The area, indeed, seems 

mainly residential. As of Credit 5, the minimum distance between the building and the closest train station higher 

than the minimum value imposed by the protocol. There is no metro in the area and there seems to be only one bus 

line crossing the area. Finally, the complex "Le Violette" is not provided with indoor nor outdoor common areas. 

Also, there seems to be no bike parking.  

(b); Water Management (WM): taking into account this category, a score of 7 points out of 10 is obtained. In fact, 

only Credit 2 “Reduction of water consumption for irrigation purposes” is fully satisfied, since the surface of the 

green areas is at least 20% of the external areas, including the green roof, and fits the protocol requirements. As 

regards Credit 1 “Reduction of water consumption for domestic use”, only 3 out of 6 points are achieved since the 

building is provided with a rainwater recovery system for washing machine and toilet use, also thanks to the 

presence of the roof garden. Accordingly, Option 2 is achieved, while Option 1, i.e. the adoption of specific 

strategies for water saving in building equipment, is not considered based on the available information on the 

building. 
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(c); Energy and Atmosphere (EA): the Performance approach was implemented, as previously mentioned, which 

involves two credits: Credit 1 “Optimization of energy performance” and Credit 6 “Efficient production and 

distribution of domestic hot water”. The results of dynamic simulation showed an energy performance 

improvement in the analyzed building compared to the reference building equal to 54.1% in terms of estimated 

primary energy consumption as defined in the protocol, leading to a score of 22 out of 27 for Credit 1 and stressing 

the effectiveness of the energy efficiency solutions implemented in “Le Violette” complex. Moreover, Credit 6 

about the efficiency of the DHW system is assumed to be fully satisfied thanks to the efficient design and 

installation, the existence of a proper thermal insulation of piping, and the fact that the building was provided with 

a solar thermal system able to cover 60% of the DHW requirement. In conclusion, the total score reached in this 

category is equal to 25 out of 30 points. 

(d); Materials and Resources (MR): in this section almost the full score was achieved, with 13 out of 15 points. In 

the building design and construction, indeed, particular attention was paid to the use of certified, sustainable, and 

durable materials and the collection and recycling of waste. Only two credits were partially satisfied, i.e. Credit 2 

“Construction waste management”, since it is assumed that during the construction phase 75% of waste was 

recycled or recovered, and Credit 4 “Recycled content”, where 10% recycled content is considered. 

(e); Indoor Environmental Quality (IEQ): this category obtained 18 out of 20 points, given the attention paid in the 

building design to comfort and healthiness in inhabited environments, also thanks to the requirements of the related 

Italian building regulation in force. In particular, certified construction materials and the green roof were 

implemented to unsure biocompatibility and acoustic insulation. Also, building sunshades, shape, and orientation 

were properly designed to ensure the optimal use of solar radiation, natural daylight, and natural ventilation, in 

addition to advanced systems for mechanical ventilation. Finally, the installed low temperature radiant floor panels 

for heating are the best solution in terms of thermal comfort, since they minimize the vertical temperature gradient 

working mainly by irradiation. However, Credit 4 “Extraction systems” is not achieved, since no indication about 

advanced air extraction systems was provided. 

(f); Innovation in Design (ID): in this section 6 out of 10 points were reached, also considering the fact that the 

building received a price for green and sustainable value. Table 10 summarizes the total scores for each category 

vs. the maximum achievable scores according to the GBC Home v4 rating tool obtained by the research group at 

the University of Perugia. 

Table 10. Maximum score vs. score achieved for each section of the GBC Home protocol by the application of the University 

of Perugia. 

University of Perugia 

Section Maximum Score Score obtained 

Sustainable Sites (SS) 25 15 

Water Efficiency (WE) 10 7 

Energy and Atmosphere (EA) 30 25 

Materials and Resources (MR) 15 13 

Indoor Environmental Quality (IEQ) 20 18 

Innovation in Design (ID) 10 6 

Total 110 84 

6.4 Universitas Mercatorum, Italy 

"Platinum" certification” was achieved with a score of 82/110 by Unimercatorum research group analysis through 

GBC Home application.  

(a); Sustainable Sites (SS): this first section obtained an overall score of 20 points out of 25. Transports information 

data highlighted that just 2 bus stops (with a stop a day) are in proximity (distance less than 200 m) to the building 

instead of 60 stops a day. No common spaces are available. Therefore, the building complex "Le Violette" did not 
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fulfill the requirement "Spaces for internal relations". Just 1 point was given thanks to the availability of the parking 

for the bicycles at a common area. 

(b); Water Management (WM): this section achieved 9 points out of 10.  The low earth thickness on the roof (0.3 

m) involves that no tall trees can be planted on the roof. Therefore, according to the GBC protocol criteria, Credit 

2 GA “Reduction of water consumption for irrigation purposes” can reach 3 points out of 4. 

(c); Energy and Atmosphere (EA): The performance approach was adopted for Energy and Atmosphere section.  

In particular, 1EA:"Optimization of energy performance” obtained 20 points out of 27 due to an improvement of 

energy performance index equal to 52%. The renewable energy produced by thermal solar and PV system, solar 

shading use and the higher efficiency of heat and cooling system allowed to reach such percentage. 

 "Efficient production and distribution of domestic hot water" (6 EA) got the maximum score (3 points) thanks to 

use of insulation thickness of heating and cooling pipelines higher than ones recommended. 

(d); Materials and Resources (MR): 9 points out of 15 were awarded to the Materials and Resources section. The 

building taken into account is a new construction and no information about structural elements is known. Therefore, 

no score is assigned to 1 MR "Reuse of structural and non-structural elements of buildings " and 2 MR" 

Construction waste management”. 

e); Indoor Environmental Quality (IEQ): Just 1 point was assigned to Credit 1 “Ventilation with external air" due 

to the absence of a dual ventilation system. The employment of heat pump allows to avoid flue gases production 

adding 1 point to the final score.   Air pollution and humidity control is guaranteed by the presence of a cooling 

system with radiant floor and WC without windows (+2 points). The choice of radiant floor for the heating and 

cooling gains other 3 points for the Credit 5 QI "Distribution of heated and cooled spaces". Thanks to the 

independent entrance of garages, thanks to the low risk for radon contamination in Foligno territory and thanks to 

the buildings shape and materials that allow a good use of sunlight and a good acoustic insolation levels, the other 

QI credits obtained the maximum score. 

(f); Innovation in Design (ID):  regarding the Innovation in Design section, it was possible to obtain only 5 out of 

10 points. Table 11 shows the maximum score and the one for each section of the GBC Home rating tool by the 

Universitas Mercatorum research group application. 

Table 11. Maximum score and score achieved by the application of the Universitas Mercatorum for each section of the GBC 

Home protocols. 

Roma Tre University 

Section Maximum Score Score obtained 

Sustainable Sites (SS) 25 20 

Water Efficiency (WE) 10 9 

Energy and Atmosphere (EA) 30 23 

Materials and Resources (MR) 15 9 

Indoor Environmental Quality (IEQ) 20 16 

Innovation in Design (ID) 10 5 

Total 110 82 

6.5 Sapienza University, Italy 

The building “Le Violette” obtained the highest score “Platinum level” with the GBC Home protocol for residential 

buildings v2 2018 (Green Building Council Italia, 2018), presenting an overall score of 83 credits (Table 12). As 

expected, this result is in line with the applications of the other participants.  

(a); Sustainable Sites (SS): the first category reaches a score of 21 points out to 22. All the credits (SS 1-2-3-4-5) 

achieved the maximum points, except the “Common space: spaces for relations and common spaces” (SS 6), due 

to the absence of a shared space inside the building. Regarding the SS 1 (Site selection) credit, which involves the 

calculation of the average building density, a value of 1.56 m2/m2 was obtained: it is higher than the threshold 

value of 0.4 m2/m2. The SS 2 regards the proximity with basic services (pharmacy, bar, gym, supermarket etc) 
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within 500 m; regarding the “Site Management” (SS 3) and the “Rainwater and Green Space Maximization” (SS 

4) credits, the building achieved a score of 3 and 4, respectively. The “Heat Island Effect” (SS 5) includes multiple 

strategies involving the use of flooring and roofing materials with high solar reflection properties, the construction 

of green roofs and shaded areas. Those solutions (roof garden and the reduction of surface extension paved) were 

applied and estimated in line with the GBC Home guide. 

(b); Water Management (WM): Both the two credits involved in this section obtain the maximum score. The first 

one “Reduction of water consumption”, which foresees the installation of two rainwater recovery system for 

internal non-drinkable uses each one of 7500 litres capacity, was satisfied allowing a consistent reduction of water 

usage (about 50%). The other one, the “Efficient water management for irrigation purposes”, reached the maximum 

score (7), thanks also to the presence of different vegetation types in the green areas. 

(c); Energy and Atmosphere (EA): Regarding this third section, an overall score of 21 points out to 32 was 

achieved. Dynamic simulations were carried out using Grasshopper/Archsim, a free plug-in of Rhinoceros. This 

software uses as energy engine Energy Plus and as a graphic interface Grasshopper (Dogan, 2013) .A reference 

building was firstly modelled, characterized by the same geometry of the case study and provided with thermal 

proprieties established by the manual.  

Lately, a model of the real building was developed, to be compared with the reference one. Results highlighted a 

considerable improvement in term of the energy performance (including the HDW) up to 30%, providing a score 

of 12 points. The second credit, the “Availability of renewable energy sources”, was completely satisfied due to 

the presence of photovoltaic panels on the roof, which guarantee an electricity production able to cover the 55% 

of the building energy demand. Due to the adoption of high-efficiency household appliances, EA 3 (Electrical 

appliances) obtained 1 point out to 2. In general, those results are in line with the building energy systems, able to 

guarantee high performances and to reduce the amount of energy consumption. 

(d); Materials and Resources (MR): In this category the building got a score of 9 over a total of 14 points. As 

aforementioned, this section is divided into 5 credits: the “Reuse of structural and non-structural elements of 

buildings” (MR 1), the “Construction waste management “(MR 2), the “Multicriteria Certification” (MR 3), the 

“Environmental optimization of products” (MR 4) and the “Materials extracted, processed and produced remotely” 

(MR 5). The MR 1 could not be satisfied since it is a new construction and any recycled material was used of 

previous buildings. Both credits MR 2 and MR 5 obtained a score of 1 out of 2. In the other credits (M3 and M4) 

building reached the maximum points due to the use of biocompatible materials able to satisfy the requirements of 

the Multicriteria certification defined in the protocol. 

e); Indoor Environmental Quality (IEQ): Moving to the Indoor Environmental Quality (QI) section, the application 

of those six credits allowed to obtain 13 points out to 20. In details, only three credits, the Low-emission materials 

(QI 3), the Balancing of distribution networks (QI 5) and the Indoor air quality under construction (QI 2), were 

satisfied, reaching 3, 5 and 2 points respectively.  

(f); Innovation in Design (ID): this last section provides a score of 8 out of 10 points. Below, Table 12 reports the 

final ranking of the GBC Home for residential buildings v2 applied by the Sapienza University research group to 

the building “Le Violette”. 

Table 12. Maximum score and score achieved by the application of the Sapienza University for each section of the GBC Home 

for residential buildings v2 protocol. 

Sapienza University 

Section Maximum Score Score obtained 

Sustainable Sites (SS) 22 21 

Water Efficiency (WE) 12 11 

Energy and Atmosphere (EA) 32 21 

Materials and Resources (MR) 14 9 

Indoor Environmental Quality (IEQ) 20 13 

Innovation in Design (ID) 10 8 
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Total 110 83 

6.6 Technical University of Crete (TUC) & National and Kapodistrian University of Athens (NKUA), Greece 

The main goal of this project is to calculate the building’s energy needs by taking into consideration the Round 

Robin Test Guidelines. The building consists of 14 different thermal zones that belong to all the apartments. The 

energy needs differ for each operating month because of the external climatic conditions, as well as for each thermal 

zone due to the location of the building (the floor, how many external walls it has etc.), the construction materials 

and the occupancy.  Apart from the building simulation, through the LEED v4 for Building Operation and 

Maintenance Checklist application to the case study, the Greek team (TUC and NKUA) obtained a score of 82/110 

(Table xx), pursuing the highest level of "Platinum" certification. Many hypothesis and assumptions have been 

made due to the lack of real/actual data about many aspects concerning the building itself and the surrounding area. 

(a); Location and Transportation (LT): this section obtained an overall score of 12 points out of 15. The residential 

building is located in the municipality of Sterpate, at “Violette Street”, in a new neighborhood of Foligno (PG, 

Italy). Foligno is an ancient town in Italy in the province of Perugia in east central Umbria, on the Topino river 

where it leaves the Apennines and enters the wide plain of the Clitunno river system. It is located 40 kilometers 

(25 miles) south-east of Perugia, 10 km (6 mi) north-north-west of Trevi and 6 km (4 mi) south of Spello. Foligno 

railway station forms part of the main line from Rome to Ancona, and is the junction for Perugia; it is thus an 

important rail centre. The city's position in the plain and again its rail connections have led to a considerable 

suburban spread with the attendant problems of traffic and air pollution, as well as a severe encroachment on the 

Umbrian wetlands. Foligno is on an important interchange road junction in central Italy and 2km (1 mi) away from 

the centre of the city there is the Foligno Airport. 

(b); Sustainable Sites (SS): this section obtained an overall score of 7 points out of 10. In the Foligno area a great 

percentage (close to 40%) of the land is preserved as greenfield areas. Also, the building under study has a green 

roof.  

(c); Water Efficiency (WE): in this section 9 points out of 12 were achieved. We assume that there are water meters 

especially for the domestic hot water due to the solar collectors that can cover the 60% of the total DHW demand. 

Apart from that, the building is occupied with a rainwater recovery system for irrigation and toilet use.  

(d); Energy and Atmosphere (EA): here it was achieved almost the maximum score (36/38 points). The total points 

in this category mainly arise from the EnergyPlus simulation and analysis and the usage of solar collectors, PVs 

and the presence of green roof in the flat parts of the roof. Furthermore, the bioclimatic architecture of the building 

plays an important role to its microclimate impact.  

(e); Materials and Resources (MR): here 4 over a total of 8 points were obtained. The total points in this category 

mainly arise from the thermal and hygrometric characteristics of the opaque components of the building envelope.  

(f); Indoor Environmental Quality (IEQ): in this section 9 out of 17 points were achieved. The building is 

characterized by its design features aimed at protecting against pollutants and controlling indoor contaminants. 

Moreover, certified biocompatible and sound-absorbing construction materials were employed and a good building 

orientation (North-South) was chosen, also ensuring satisfactory internal lighting. The compact shape is able to 

minimize the external dispersing surface, with sunshades in order to protect the internal environment from direct 

solar radiation during the summer and guarantee it during the remainder of the year. Furthermore, according to the 

dynamic simulation and thermal comfort analysis the indoor air quality is quite satisfactory. 

(g); Innovation (I): Regarding this section, it was possible to obtain a score of 5 out of 6 points. The total grades 

of this category was achieved because of the exemplary performance point, which is typically earned for achieving 

both the credit requirements and the next incremental percentage threshold. 

(h), Region Priority (RP): in this last section there is no rating due to the lack of data/information about this part. 

Table 13 depicts the maximum score and obtained one for each section by the Greek team application. 
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Table 13.  Maximum score and score achieved by the application of Greek Team. 

Technical University of Crete (TUC) & National and Kapodistrian University of Athens 

(NKUA) 

Section Maximum Score Score Obtained 

Location and Transportation (LT) 

Sustainable Sites (SS) 

15 

10 

12 

7 

Water Efficiency (WE) 12 9 

Energy and Atmosphere (EA) 38 36 

Materials and Resources (MR) 8 4 

Indoor Environmental Quality (IEQ) 17 9 

Innovation (I) 

Region Priority (RP) 

6 

4 

5 

0 

Total 110 82 

6.7 Krakow University of Technology, Poland 

The results of annual energy end use in the analyzed building calculated by the Krakow University of Technology 

team in DesignBuilder application are given in Table 14.  

Table 14.  Building energy end uses calculated in Design Builder application of the Krakow University of Technology. 

Krakow University of Technology 

 Electricity [kWh/yr] Natural Gas [kWh/yr] 

Heating 22 56061 

Cooling 3805 0 

Interior Lighting 34018 0 

Interior Equipment 15928 0 

Fans 3791 0 

Pumps 71 0 

Water systems 17941 0 

Total End Uses 75575 56061 

The electricity coming from Photovoltaic cells is equal to 20243 kWh/yr, which is 26.8% of total annual building 

electricity use. The water use of the building equals 304 m3/yr.  

The results of filling the LEED project checklist are listed in Table 15 The results show the maximum required 

number of points and the obtained score. 

Table 15. Maximum required score vs. score achieved for each section of the GBC Homes and Multifamily Lowrise protocol 

by the application of the Krakow University of Technology. 

Krakow University of Technology 

Section Maximum Score Score obtained 

Integrative Process (IP) 2 0 

Location and Transportation (LT) 15 15 

Sustainable Sites (SS) 7 4 

Water Efficiency (WE) 12 7 

Energy and Atmosphere (EA) 38 38 

Materials and Resources (MR) 10 5 

Indoor Environmental Quality (IEQ) 16 9 

Innovation in Design (ID) 6 4 

Regional Priority (RP) 4 4 

Total 110 88 
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6.8 University College London, United Kingdom 

The application of the "v4 for Building Design and Construction: Homes and Multifamily Lowrise" version of the 

LEED protocol allowed the University College London group to award the study building an overall score of 

85/110 points, also pursuing the maximum “platinum” certification level. 

The only sections that recorded a null score are Integrative Process (IP) and Innovation (IN): in fact, they require 

the adoption of an integrated approach and innovative solutions for sustainable design and construction, which the 

“Le Violette” studio building complex is lacking. 

(a); Localization and Transport (LT): this section achieved an average score of 10 points out of 15. Although the 

location of the building is adequate and it is not situated in an alluvial area, this section is not performing 

particularly well in terms of alternative transport, reachability on foot, and in the minimization of environmental 

damage through development of the territory. 

(b); Sustainable Sites (SS): in this section 5 points were granted compared to the maximum of 7, by matching 

credits related to the reduction of heating caused by the “Urban Heat Island” phenomenon, the management of 

rainwater and the reduction of problems due to parasites and the risk of exposure to pesticides. 

(c); Water Efficiency (WE): this section, which aims to reduce the use of drinking water and promote integrated 

recovery strategies, achieved a high score, 11 points out of 12, due to the reduction of the total consumption of 

internal water and external by at least 10% compared to standard practices through highly efficient appliances and 

efficient landscape practices. 

(e); Energy and Atmosphere (EA): the energy section of the Protocol recorded a high score, 36 out of 38. This 

result was obtained thanks to the performance of an energy analysis in dynamic regime using the Design Builder 

software of the study building, which made it possible to quantify the annual consumption of primary energy due 

to the heating and cooling needs, the electrical component and to the production of domestic hot water. 

(f); Materials and Resources (MR): this section achieved a score of 7 points compared to the total 10. The 

uncertainties found in the attribution of the score relate to the management of construction waste and the reduction 

of the consumption of materials, exploiting minimum quantities of recycled and recyclable material, similar to 

what has been verified in other applications. 

(g); Indoor Environmental Quality (IEQ): this section achieved a high score too, 13 out of 16, ensuring the 

promotion of indoor air quality, comfort and well-being of people. 

(h); Regional Priority (RP): Finally, the fulfilment of the credits relating to this last section allowed the achievement 

of 3 additional points. 

Table 16 summarizes the maximum achievable scores for each section of the Protocol used and those obtained. 

Table16. Maximum score and score achieved by the application of Greek Team. 

University College London 

Section Maximum Score 
Score obtained 

Integrative Process (IP) 2 0 

Location and Transportation (LT) 15 10 

Sustainable Sites (SS) 7 5 

Water Efficiency (WE) 12 11 

Energy and Atmosphere (EA) 38 36 

Materials and Resources (MR) 10 7 

Indoor Environmental Quality (IEQ) 16 13 

Innovation (IN) 6 0 

Regional Priority (PR) 4 3 

Total 110 85 

6.9 Ryerson University, Canada 
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In this section, the challenge encountered by Ryerson researchers during the assessment of the building are reported 

and in particular, the attention will be given to the possible variations in the building’s energy calculation. The 

building “Le Violette” obtained the highest score “Platinum level” with the GBC Home protocol for residential 

buildings an overall score of 83 credits (see Table 17), a result in line with the applications of the other participants. 

Table 17. Maximum score and score achieved by the application of Canadian participant. 

Ryerson University 

Section Maximum Score Score obtained 

Sustainable Sites (SS) 25 18 

Water Efficiency (WE) 10 8 

Energy and Atmosphere (EA) 30 26 

Materials and Resources (MR) 15 9 

Indoor Environmental Quality (IEQ) 20 17 

Innovation in Design (ID) 10 5 

Total 110 88 

(a); Sustainable Sites (SS): this category reached a score of 18 points out to 25. The building lost some available 

points in the criteria about site selection (SS1) and (SS2) as for the proximity to public transportation (SS5) and 

urban heat island mitigation strategies (SS8). In particular, the reason behind this was that the site is not a 

contaminated site and the density of the housing is not particularly high; moreover, the exterior bricks suggest 

partial consideration of UHI issues. This last aspect was controversial as “Heat Island Effect” may include multiple 

strategies involving the use of flooring and roofing materials with high solar reflection properties, the construction 

of green roofs and shaded areas. Among these solutions, some were applied (roof garden and the reduction of 

surface extension paved), in line with the GBC guide, but the dark bricks were considered an element that prevent 

to award the full available points. 

(b); Water Management (WM): for both the credits in this category, the maximum points were assigned. I 

particular, the “Reduction of water consumption” was positively assessed based on the rainwater recovery system 

for internal non-drinkable uses, which represented a consistent reduction of water usage; moreover, the green roof 

planning demonstrated an “efficient water management for irrigation purposes”; 

(c); Energy and Atmosphere (EA): this category reached a score of 26 points over the 30 available ones. Dynamic 

simulations were carried out using Design Builder which uses as energy engine Energy Plus. A reference building 

was firstly modelled, characterized by the same geometry of the case study; then, a model of the final building was 

developed and compared with the reference one. In general, those results are in line with the building energy 

systems, able to guarantee high performances and to reduce the amount of energy consumption. Results highlighted 

a considerable improvement in term of the energy performance. Looking at the results and their comparison with 

other researchers, it emerges that a different inlet temperature of the water was used by Ryerson team, which 

assumed the temperature of the water to be 15 C; another major difference regarded the quantity of DHW that 

Ryerson team assumed to be 100 liters per day, a quantity below that assumed by other researchers; 

(d); Materials and Resources (MR): In this category, the building obtained 9 points over a total of 15 points. The 

criteria in which the building was not able to obtain the maximum available points were: the use of material with 

low emissions (MR3), and the use of recycled materials (MR4), together with the net point obtained against the 

thee available ones for the “Reuse of structural and non-structural elements of buildings” (MR 1); 

(e); Indoor Environmental Quality (IEQ): In this category, the building obtained 17 points over a total of 20 points. 

In particular, the ventilation with exterior air (IEQ 1) and the effective floorplan distribution for ventilation (IEQ 

5) were two indicators were the researchers did not award the total available points, as they were considered not 

fully satisfactory; 

(f); Innovation in Design (ID): this last section provides a score of 5 out of 10 points, due to the lack of a strong 

emphasis to regional priorities in the design approaches. 
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7. Discussion 

This section compares and discusses the results of an international Round Robin Test on the application of the 

LEED protocol. 

The version of the LEED protocol to be adopted was not specified to the international research groups involved in 

the RRT in order to assess whether this could affect the final assessment and, therefore, the level of certification 

achieved by the study building. Therefore, five different versions of the LEED protocol were used in this study, 

shown in table 18 with the relative distribution of scores between the thematic sections. 

Comparing all LEED protocol versions considered in this study, it is possible to observe that the section with the 

highest overall score is always the Energy and Atmosphere, characterized by maximum achievable scores between 

30 and 38 points. In addition, by combining the section Location and Transport for homogeneity of the themes 

with the section Sustainable Sites, it is noted that the maximum scores for each section respect the following 

hierarchy: Energy and Atmosphere, Sustainable Sites, Indoor Environmental Quality, Materials and Resources, 

Water Efficiency. 

Instead, the Location and Transportation section is present only in the LEED v4 for Building Operations and 

Maintenance Checklist and LEED v4 for Building Design and construction: Homes and Multifamily Lowrise 

versions while in the Italian versions GBC Home 2011, v4 and v2 is included in the form of credits directly in the 

Sustainable Sites section. The Integrative Process section, contained in the LEED v4 for Building Design and 

construction: Homes and Multifamily Lowrise version, is also present in the form of credit in the Innovation in 

Design sections of the other versions of the LEED protocol analyzed in this analysis. 

The research has shown that, although the versions of the LEED protocol used have a different distribution of 

credits and of the maximum scores obtainable among the various thematic sections, the set of sections and credits 

present address the same issues, also giving similar weights. Consequently, the choice of the LEED protocol’s 

version used in the RRT did not significantly affect the level of certification achieved by the various research 

groups. 

Table 18. Comparison between the thematic sections of the LEED protocol versions used in the RRT. 

LEED protocol's  

sections 

GBC 

Home 

v2011 

GBC 

Home 

v4 

GBC 

Home 

v2 

LEED v4 for 

Building 

Operations and 

Maintenance 

Checklist 

LEED v4 for 

Building Design 

and 

Construction: 

Homes and 

Multifamily 

Lowrise 

Integrative Process (IP) 0 0 0 0 2 

Location and Transportation (LT) 0 0 0 15 15 

Sustainable Sites (SS) 25 26 22 10 7 

Water Efficiency (WE) 10 10 12 12 12 

Energy and Atmosphere (EA) 30 35 32 38 38 

Materials and Resources (MR) 15 14 14 8 10 

Indoor Environmental Quality (IEQ) 20 15 20 17 16 

Innovation in Design (ID)* 10 6 10 6 6* 

Regional Priority (RP) 0 4 0 4 4 

Total 110 110 110 110 110 
*Only for the “LEED v4 for Building Design and construction: Homes and Multifamily Lowrise” protocol this section is named 

“Innovation (IN)”. 

The following paragraph summarize and compare the results pursued among the participants in the RRT. 

In order to make the results of the various applications comparable, the percentage value was used; this was 

calculated as the ratio between the score obtained and the maximum achievable for each section of the protocol. 
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Finally, a percentage value relative to the sum of the maximum achievable scores of the sections compared to the 

total ones was also attributed in a similar way. 

7.1 Results comparison among RRT participants  

The Italian research groups involved in the Round Robin Test belong to the following universities: Roma Tre 

University, University of Perugia, Universitas Mercatorum, CIRIAF and Sapienza University. 

The Italian participants adopted the local versions of the LEED protocol, specifically the GBC Home 2011 version, 

GBC Home v4 and GBC Home v2. In addition to the Italian research groups, the other participants involved in the 

Round Robin Test belong to the following universities: Technical University of Crete -TUC- and National and 

Kapodistrian University of Athens (Greece), University College London (United Kingdom), Ryerson University 

(Canada) and Krakow University of Technology (Poland). These research groups applied different versions of the 

LEED protocol, in particular the LEED v4 for Building Operations and Maintenance, the LEED v4 for Building 

Design and Construction: Homes and Multifamily Lowrise and the GBC Home 2011 version.  

Table 19 summarizes the dynamic energy simulation software used, the versions of the LEED protocols adopted 

and the results of their applications. From Table 19 it is possible to observe that all the applications have reached 

a score higher than 80/110, thus reaching the maximum certification level, “Platinum”. 

The research groups that obtained the highest score belongs to Roma TRE University (89/100) and to the Krakow 

University of Technology (88/110), followed by the CIRIAF research group and the University College London 

(85/110), the University of Perugia (84/110), the Ryerson University (83/110), the Sapienza University (83/110) 

and by the Universitas Mercatorum and the Technical University of Crete (TUC) & National and Kapodistrian 

University of Athens (NKUA), who obtained a score of 82/110. 

The dynamic energy simulation software used for the compilation of the Energy and Atmosphere section of the 

LEED protocol were Trnsys, DesignBuilder, Grasshopper/Archsim and Sketch Up 2017 and Open Studio 2.7 

dynamic software. Instead, the versions of the LEED protocol adopted are the Italian local versions GBC Home 

2011, GBC Home v4 and GBC Home v2 and the two different LEED v4 for Building versions, LEED v4 for 

Building Operations and Maintenance and LEED v4 for Building Design and Construction: Homes and 

Multifamily Lowrise. However, the use of different dynamic simulation software for building energy analysis did 

not significantly affect the score in the Energy and Atmosphere section to the different versions of the LEED 

protocol. 

Table 19. Summary table of the dynamic energy simulation software, the LEED protocols’ versions used and the results of 

their applications by the different research groups.  

 University 
Roma Tre 

University 

University of 

Perugia 

Universitas 

Mercatorum 
CIRIAF 

Sapienza 

University 

Energy simulation 

software 
Trnsys EnergyPlus Trnsys Trnsys 

Grasshopper/ 

Archsim 

LEED protocol's  

versions 

GBC Home 2011 

version 

GBC Home 

2011 version 

GBC Home 

2011 version 
GBC Home v4 GBC Home v2 

Sustainable  

Sites (SS) 
21/25 84% 15/25 60% 20/25 80% 18/26 69% 21/22 95% 

Water Efficiency  

(WE) 
10/10 100% 7/10 70% 9/10 90% 8/10 80% 11/12 92% 

Energy and Atmosphere 

(EA) 
26 /30 87% 25 /30 83% 23 /30 77% 27 /35 77% 21/32 66% 

Materials and Resources 

(MR) 
10/ 15 67% 13/ 15 87% 9/ 15 60% 7/ 14 50% 9/14 64% 

Indoor Environmental 

Quality (IEQ) 
17 /20 85% 18 /20 90% 16 /20 80% 15/15 100% 13/20 65% 

Innovation  

in Design (ID) 
5/10 50% 6/10 60% 5/10 50% 6/6 100% 8/10 80% 

Regional - - - - - - 4/4 100% - - 
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 Priority (RP) 

Total 89/110 81% 84/110 76% 82/110 75% 85/110 77% 83/110 75% 
 

University 

Technical 

University of Crete 

(TUC) & National 

and Kapodistrian 

University of Athens 

(NKUA), Greece 

University College 

London, United 

Kingdom 

Ryerson University, 

Canada 

Krakow University 

of Technology, 

Poland 

Energy simulation  

software 

Sketch Up 2017 and 

Open Studio 2.7 

dynamic software 

DesignBuilder 

software with 

EnergyPlus engine 

DesignBuilder 

software with 

EnergyPlus engine 

DesignBuilder 

software with 

EnergyPlus engine 

LEED protocol's 

 versions 

LEED v4 for 

Building Operations 

and Maintenance 

LEED v4 for 

Building Design and 

Construction: Homes 

and Multifamily 

Lowrise 

GBC Home 2011 

version 

LEED v4 for 

Building Design and 

Construction: Homes 

and Multifamily 

Lowrise 

Integrative 

 Process (IP) 
- - 0/2 0% - - 2/2 100% 

Location and  

Transportation (LT) 
12/15 80% 10/15 67% - - 15/15 100% 

Sustainable  

Sites (SS) 
7/10 70% 5/7 71% 18/25 72% 4/7 57% 

Water Efficiency  

(WE) 
9/12 75% 11/12 92% 8/10 80% 7/12 58% 

Energy and  

Atmosphere (EA) 
36/38 95% 36/38 95% 26/30 87% 38/38 100% 

Materials and 

 Resources (MR) 
4/8 50% 7/10 70% 9/ 15 60% 5/10 50% 

Indoor Environmental 

Quality (IEQ) 
9/17 53% 13/16 81% 17 /20 85% 9/16 56% 

Innovation  

in Design (ID) 
5/6 83% 0/6 0% 5/10 50% 4/6 67% 

Regional  

Priority (RP) 
0/4 0% 3/4 75% - - 4/4 100% 

Total 82/110 75% 85/110 77% 83/110 75% 88/110 80% 

Figure 3 reports total results and scores obtained by participants from different countries for each section in the 

LEED protocol’s applications; in particular Fig. 3 a shows the results of the Italian applications and Fig. 3b 

illustrates those coming from other countries.  

Among Italian applications it can be observed (Fig. 3a) that the Energy and Atmosphere section obtained an 

average percentage score of 78%. The Universitas Mercatorum and the CIRIAF University of Perugia achieved a 

score of 77%, the University of Perugia of 83 %, the Roma Tre University of 87% and the Sapienza University of 

Rome 66%. Furthermore, in this section the lowest level of variability was reached in the overall score achieved 

by the different universities involved (variance equal to 0.005).  

The Materials and Resources section has the lowest average percentage score among the various applications, equal 

to 66%, followed by the Innovation in Design section, characterized by values between 50% and 60%, except for 

the University application La Sapienza di Roma which reaches a percentage score of 80% and an average 

percentage value of 68%. Instead, the sections with the highest percentage scores are Water Efficiency and Indoor 

Environmental Quality, with an average percentage score of 86% and 84% respectively.  

The Water Efficiency section has in fact a percentage score between 80% and 100%, except for the University of 

Perugia which reaches a percentage score of 70%, and an average value of 86%.  
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The Indoor Environmental Quality section also obtained the same percentage score range, apart from the La 

Sapienza University of Rome which reaches a percentage score of 65%, and an average value of 84%. Finally, the 

Sustainable Sites sections obtained an average percentage score of 78% from the applications of Italian universities.  

By analyzing the results obtained for each section by the Italian participants, the sections can finally be ordered 

according to the level of diversity assumed in the attribution of the scores (variance): Innovation in Design (0.038), 

Sustainable Sites (0.015), Materials and Resources (0.014), Indoor Environmental Quality (0.013) Water 

Efficiency (0.011) and Energy and Atmosphere (0.005). Therefore, it can be concluded that among the Italian 

applications, the section most affected by variation in assigned score is Innovation in Design (0.038). 

Comparing the LEED applications’ results of the other countries (Fig.3b), an average percentage value of 94% was 

found in the energy section and scores equal to 87% for the Ryerson University, 95% for the Technical University 

of Crete (TUC) & National and Kapodistrian University of Athens (NKUA) and the University College London, 

and 100% for the Krakow University of Technology.  Furthermore, also from this comparison, it emerged that the 

lowest level of variability in the attribution of the score of the various universities involved belongs to this section 

(variance equal to 0.002). 

The Innovation in Design section has the lowest percentage score with an average value of 50%. Only in the 

application of the Technical University of Crete (TUC) & National and Kapodistrian University of Athens (NKUA) 

was the percentage score of 83%. Furthermore, the sections that follow the Energy and Atmosphere thematic area 

for the average percentage score achieved in the various applications of the LEED protocol are Location and 

Transportation (82%), Water Efficiency (76%), Indoor Environmental Quality (69%), Sustainable Sites (68%), 

Materials and Resources and Regional Priority (58%). 

By analysing the results obtained for each section by participants from different countries, it is possible to order 

the various sections according to the level of diversity assumed in the attribution of scores (variance) as fallows: 

Regional Priority (0.181), Innovation in Design (0.097), Indoor Environmental Quality (0.021), Location and 

Transportation (0.019), Water Efficiency (0.014), Materials and Resources (0.007), Sustainable Sites (0.004) and 

Energy and Atmosphere (0.002). Therefore, it can be concluded that the sections most affected by the variation in 

the score obtained are Regional Priority and Innovation in Design. 
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Figure 3. Total results and scores obtained for each section for the LEED protocol applications. 

Table 20 summarizes the dynamic energy simulation software used, the versions of the LEED protocols adopted 

and the results obtained from the applications of all the research groups involved. The purpose of this research was 

in fact to verify whether the hypotheses formulated by operators from different parts of the world, using the same 

protocol, albeit with different declinations, could affect the level of certification achieved.  

From the comparison of the various applications, it emerged that the use of different versions of the LEED protocol 

did not lead to evident variations in terms of the total scores achieved, in fact all the research groups achieved a 

score higher than 80 points, pursuing the certification level "Platinum".  
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In terms of variations found in the attribution of scores between the common sections of the protocols, the one with 

the greatest dispersion is Innovation in Design, followed by Materials and Resources, Sustainable Sites, Indoor 

Environmental Quality, Water Efficiency, while the section Energy and Atmosphere. 

Even the energy section (EA), characterized by the highest possible score in all versions, although influenced by 

the use of different dynamic software, was the one with the lowest level of variability in terms of percentage score 

achieved from the various universities. This section is also characterized by the highest average percentage score, 

equal to 85%, followed by the Water Efficiency and Location and Transportation sections with a score of 82%, the 

Indoor Environmental Quality with 77%, Sustainable Sites with 73%, Regional Priority with 69%, Materials and 

Resources with 62%, Innovation in Design with 60% and finally the Integrative Process section with a percentage 

score of 50%. 

Furthermore, by comparing the applications of the participants who used the local Italian versions of the LEED 

protocol (GBC Home) with the US LEED ones, minimal variations in the average percentage values were recorded. 

In particular, the common sections of these two macro-groups recorded the following percentage differences: 

26.5% for the Innovation in Design section, 21.0 % for Energy and Atmosphere, 18% for Indoor Environmental 

Quality, 13% for Sustainable Sites, 12.2% for Materials and Resources and 11.7% for Water Efficiency. 

Therefore, the research showed that although the sections of the LEED protocol present different distributions of 

scores and credits, they nevertheless manage to contain all the elements necessary for a homogeneous assessment 

of the concept of environmental sustainability applied to buildings. This study therefore confirmed the 

effectiveness of these important environmental certification systems for buildings, regardless of the assumptions 

adopted by the operator, the version of the protocol chosen and the energy software used for the dynamic energy 

simulation of the study building.
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Table 20. Summary table of the dynamic energy simulation software, the LEED protocols’ versions used and the results of their applications by all RRT research groups. 

University 

Roma Tre 

University 

 -Italy- 

University  

of Perugia 

-Italy- 

Universitas 

Mercatorum-

Italy- 

CIRIAF 

 -Italy- 

Sapienza  

University 

-Italy- 

Technical 

University of 

Crete & 

National and 

Kapodistrian 

University of 

Athens 

-Greece- 

University 

College 

London 

 -United 

Kingdom- 

Ryerson 

University 

 -Canada- 

Krakow 

University of 

Technology 

- Poland 

Energy simulation  

software 
Trnsys 

DesignBuilder  
software  

with EnergyPlus  

engine 

Trnsys Trnsys 
Grasshopper/ 

Archsim 

 Sketch Up 

2017 and 

Open Studio 
2.7 dynamic 

software 

DesignBuilder 
software  

with EnergyPlus 

engine 

DesignBuilder 

software  

with 
EnergyPlus 

engine  

DesignBuilder 

software  

with 
EnergyPlus 

engine 

LEED protocol's 

versions 

  GBC Home 2011 
version 

  GBC Home  

2011 version 

  GBC Home 
2011 version 

GBC Home 
v4 

GBC Home v2 

LEED v4 for 
Building 

Operations 

and 
Maintenance  

LEED v4 for 

Building Design 
and 

Construction: 

Homes and 
Multifamily 

Lowrise 

  GBC Home 
2011 version 

LEED v4 for 

Building 
Design and 

Construction: 

Homes and 
Multifamily 

Lowrise 

Integrative Process (IP) - - - - - - - - - - - - 0/2 0% - - 2/2 100% 

Location and 

Transportation (LT) 
- - - - - - - - - - 12/15 80% 

10/15 67% - - 15/15 100% 

Sustainable Sites (SS)   21/25 84% 15/25 60% 20/25 80% 18/26 69% 21/22 95% 7/10 70% 5/7 71% 18/25 72% 4/7 57% 

Water Efficiency (WE)   10/10 100% 7/10 70% 9/10 90% 8/10 80% 11/12 92% 9/12 75% 11/12 92% 8/10 80% 7/12 58% 

Energy and Atmosphere 

(EA)   
26 /30 87% 25 /30 83% 23 /30 77% 27 /35 77% 21/32 66% 36/38 95% 36/38 95% 26/30 87% 38/38 100% 

Materials and Resources 

(MR) 
10/ 15 67% 13/ 15 87% 9/ 15 60% 7/ 14 50% 9/14 64% 4/8 50% 7/10 70% 9/ 15 60% 5/10 50% 

Indoor Environmental 

Quality (IEQ) 
17 /20 85% 18 /20 90% 16 /20 80% 15/15 100% 13/20 65% 9/17 53% 13/16 81% 17 /20 85% 9/16 56% 

Innovation in Design (ID) 5/10 50% 6/10 60% 5/10 50% 6/6 100% 8/10 80% 5/6 83% 0/6 0% 5/10 50% 4/6 67% 

Regional Priority (RP) - - - - - - 4/4 100% - - 0/4 0% 3/4 75% - - 4/4 100% 

Total 89/110 81% 84/110 76% 82/110 75% 85/110 77% 83/110 75% 82/110 75% 85/110 77% 83/110 75% 88/110 80% 
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8. Conclusions 

Building environmental certification protocols are internationally established tools for assessing environmental, 

ecological and social quality in the construction sector. In fact, they were born in the 90s with the aim of spreading the 

culture of sustainable building and of guaranteeing and evaluating the application of strategies aimed at reducing the 

environmental impact of the building during the entire life cycle of the building: its disposal or redevelopment. 

By incorporating various aspects, they are very popular tools to measure the sustainability rate of buildings and compare 

different alternatives. In particular, energy efficiency is the thematic area that generally has the greatest weight on the 

overall assessment of the building. Other common aspects, albeit with different declinations, are the management of 

waste, materials and resources, internal environmental quality, water management, internal environmental quality, design 

and executive innovation, sustainability and location of the site and finally the proximity to public and green transport 

systems. 

This research aimed to investigate whether, regardless of the version of the protocol used and the hypotheses set by the 

different operators, these tools could return a similar and comparable final performance rate. In reality, the building level 

of sustainability, by transversally collecting the above thematic areas, should be the same. 

Consequently, through an international RRT on the application of the LEED environmental building certification 

protocol, one of the most widespread, to the same study building, the issues that most influence the final performance rate 

were studied, providing users have a deeper understanding of the aspects included in these procedures. In fact, by virtue 

of the great detail of the inputs necessary for their compilation, it was assessed whether and how the hypotheses formulated 

by each operator can influence the final score and whether the different versions affect the final evaluation. 

Operators of different nationalities from Italy, Greece, England, Canada and Poland were involved in the RRT. 

Furthermore, after providing the documents and information relating to the same study building, the participants were 

given the opportunity to choose the most appropriate version of the LEED protocol and the dynamic software for future 

energy analysis. 

In particular, the participants used 3 local Italian versions of the Protocol (GBC Home 2011, GBC Home v4 and GBC 

Home v2) and two different LEED v4 for Building versions (LEED v4 for Building Operations and Maintenance and 

LEED v4 for Building Design and Construction: Homes and Multifamily Lowrise) while, with regard to different dynamic 

energy simulation, four softwares were used (Trnsys, Grasshopper / Archsim, Sketch Up 2017 and Open Studio 2.7 and 

Design Builder). However, this did not significantly affect either the level of variability of the scores obtained in the 

different thematic sections or the final scores achieved as all the applications obtained the highest level of certification, 

namely Platinum, getting total scores over 80 points. Even the Energy and Atmosphere section, which constitutes the 

most critical part in terms of the overall score, has not undergone particularly significant changes, obtaining homogeneous 

results and even the lowest variability between the various applications and the various versions of the Protocol. 

Therefore, this study has allowed confirming the potential of these critical building environmental certification systems, 

capable of offering a transversal level of environmental sustainability, regardless of the version of the protocol adopted 

and the energy software used for the dynamic energy simulation of the study building.  

As possible future developments, it would be interesting to repeat and extend this approach through an international RRT 

on the application of different sustainability protocols in order to verify if all the issues contained in each of them are 

realistic and complete for a similar attribution of the level of sustainability of the study building.  

Furthermore, an extensive study of the similarities and differences of the concept of building sustainability assumed by 

the various protocols would allow identifying the essential problems for correct attribution of the building sustainability 

level with the final aim of proposing a future Cost Action for the identification of a unique sustainability protocol, 

unmatched in any country in the world. 
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