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Water scarcity, especially the availability of 
potable water, is exacerbated by global warming 
and poses a significant challenge. The construc-
tion industry significantly impacts water usage, 
prompting the development of certifications and 
standards aimed at mitigating buildings' environ-
mental impact. 

The thesis examines the green building con-
cept with a focus on water conservation, utiliz-
ing Building Information Modeling to analyze this 
concept within the framework of sustainability by 
following the LEED certification system. Despite 
efforts to quantify sustainable buildings clearly, 
the complexity of sustainability and its assessment 
presents challenges. Integrating BIM and LEED as 
a framework for green certifications, this study 
develops a methodology in the Visual Program-
ming Language. This methodology, created in Dy-
namo for BIM modeling software, aims to sim-

Abstract

plify assessment parameters and calculations and 
assist users in selecting appropriate strategies and 
parameters to acquire credits.

A conceptual model of a case study build-
ing was developed to be analyzed using various 
indoor water-consuming fixtures and outdoor 
landscaping choices. The study calculated and an-
alyzed both indoor and outdoor potable water us-
age, demonstrating that strategic design decisions 
can significantly conserve water. For validation, 
a comparative study was conducted across three 
scenarios, providing informative charts, monthly 
water consumption statistics, and reduction per-
centages.

This integrated approach facilitates the 
decision-making process for achieving certifi-
cation and water saving solutions, thus saving 
considerable time and resources.
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Introduction

Water scarcity is one of the most pressing 
global challenges of the 21st century, exacerbated 
by climate change and rapid urbanization. As the 
world deals with the dual crises of declining fresh-
water resources and an increasingly unpredictable 
climate, the need for innovative and sustainable 
solutions becomes paramount. The introduction 
section of this thesis is divided into several chap-
ters, each addressing critical subjects to provide a 
better understanding and prepare for the subse-
quent 'Methodology' section.

The first chapter focuses on the global water 
crisis. It examines the relationship between wa-
ter and climate change, emphasizing the need for 
global action. Subsections within this chapter ex-
plore the causes and effects of climate change on 
freshwater resources in Italy and the role of cities 
in the water crisis.

Moving forward, the second chapter provides 
an overview of international building rating sys-
tems that promote sustainability and water effi-
ciency. It covers various global standards, includ-
ing the Sustainable Development Goals (SDGs), 

and compares different green building rating 
systems such as BREEAM, LEED, CASBEE, and 
Green Star NZ. This chapter highlights the role of 
these systems in sustainable urban development.

The third chapter is dedicated to LEED certi-
fication, a prominent green building rating system. 
It traces the history of LEED, explains its rating 
systems and program requirements, and outlines 
the certification process. The chapter also discuss-
es the benefits of LEED certification and provides 
a detailed case study of a historic building in Italy 
that has achieved LEED certification.

The fourth chapter explores the intersection 
of digital technologies and sustainability assess-
ment. It highlights how modern innovations can 
enhance water management and sustainability 
practices, offering new tools and methodologies 
for effectively tackling the water crisis.

The final chapter concludes by outlining the 
objectives of the research, setting the stage for a 
comprehensive exploration of integrating a meth-
od using digital technologies for automated sus-
tainability assessment.
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The Earth's abundant water resourc-
es are distributed in various forms 
and qualities on Earth, totaling ap-

proximately 1.4 billion cubic kilometers global-
ly. Nearly 97% of this is saltwater in the oceans. 
Despite this vast volume, freshwater essential for 
human use is relatively scarce, with an estimat-
ed 35 million cubic kilometers, much of which is 
inaccessible as it is locked in glaciers, snow cov-
er, or deep groundwater. Only a small fraction of 
freshwater is readily available in river flows, sur-
face lakes, groundwater, soil moisture, or rainfall, 
presenting significant challenges like inadequate 
access to safe water and sanitation, contamination 
from human and industrial waste, ecological dis-
ruptions, and concerns about water shortages ex-
acerbated by climate change.

Covering 70% of the Earth's surface, water is 
a critical resource for human health and well-be-
ing and is recognized as a human right by the 
United Nations. However, data from the United 
Nations Water Program (UN Water) reveal sig-
nificant global disparities in access to clean water 
and sanitation, with millions suffering from wa-
ter-related diseases and socioeconomic depriva-
tion. As the world's population grows, addressing 
water issues becomes increasingly urgent, espe-
cially given the impact of climate change on fresh-
water resources.

The global water crisis, highlighted as the top 
global risk by the World Economic Forum, un-
derscores the urgency of ensuring access to clean 
water and safe sanitation, particularly in develop-
ing and underdeveloped countries where lack of 
access is most acute. Despite constitutional rec-
ognition of the right to water in some countries, 

The Global Water Scarcity Crises

disparities persist, emphasizing the need for a 
global approach to ensure equitable access to wa-
ter resources. This recognition should not imply 
free and unlimited access but rather responsible 
consumption and measures to reduce waste.

By establishing limitations on water con-
sumption and promoting the worldwide recog-
nition of the human right to water, we can mit-
igate the risks associated with water scarcity and 
foster equitable access to this vital resource. Such 
measures address immediate challenges and con-
tribute to long-term sustainability and resilience 
in the face of evolving environmental and demo-
graphic pressures.

Due to its abundance and importance, water 
management is considered one of the critical chal-
lenges facing humanity in the twenty-first centu-
ry. The World Wildlife Fund estimates that over 
1 billion people struggle to source safe drinking 
water, while 2.7 billion people endure water scar-
city for at least one month annually. The lack of 
clean drinking water will continue

 To be one of the greatest humanitarian cri-
ses in the coming years, recognized as one of the 
most significant future threats to global pandem-
ic response efforts, prompting some countries to 
take risk-mitigation measures.

1. The Global Water Crisis
Water stress, a condition where there's insuf-

ficient water of good quality to meet the demands 
of both people and the environment, is on the rise 
globally. Figure 1, a map from the World Resourc-
es Institute, provides a overview of global water 
risk, highlighting regions with varying levels of 
risk from low (yellow) to extremely high (red). 1Tolga Subasi : Urmia Lake,Iran



12 13

Key observations reveal hot spots of water risk 
predominantly in Africa, the Middle East, South 
Asia, East Asia, Australia, and parts of the Amer-
icas. 

These high-risk areas face challenges due 
to limited freshwater availability, increasing de-
mand, poor water management, and environmen-
tal degradation. These challenges have profound 
implications, affecting sustainable development, 
agriculture, industry, and human health. Further-
more, climate change exacerbates these issues by 
altering precipitation patterns and increasing the 
frequency of droughts. To address these urgent 
water-related challenges, strategic interventions 
such as investment in water infrastructure, pro-
motion of sustainable practices, and international 
cooperation are essential.

The second figure projects water stress trends 
for 2050, indicating intensification and expansion 
of high-stress zones, particularly in Africa, the 
Middle East, South Asia, East Asia, and parts of 
the Americas. Factors such as population growth, 
climate change, and economic development con-
tribute to heightened water stress, which neces-

sitate infrastructure investment, sustainable prac-
tices, and effective policy governance. 

By comparing the current and projected wa-
ter stress maps, it's evident that proactive mea-
sures are imperative to manage water resources 
sustainably and ensure water security for affect-
ed regions. Strategic recommendations include 
investing in water infrastructure, promoting sus-
tainable practices, developing climate adaptation 
strategies, and fostering international coopera-
tion to mitigate future risks effectively.

Comparing the two maps reveals that many 
current high-risk areas will continue to experi-
ence high stress, indicating persistent and possibly 
worsening conditions due to population growth, 
economic development, and climate change. 

In contrast, low-risk zones remain stable, 
suggesting effective water management practices. 
The persistence of high-stress zones underscores 
the need for long-term water management strat-
egies, infrastructure investment, sustainable prac-
tices, and strong policy frameworks to address fu-
ture water challenges and ensure water security.

1.1. Water and Climate Change: 
A Global Imperative

Climate change poses a formidable threat to 
the world's water resources, with urgent  conse-
quences for millions of children globally. Accord-
ing to a report by UNICEF released on March 
15, 2024, climate change-induced disruptions in 
weather patterns are leading to more frequent 
and intense extreme weather events, exacerbating 
water scarcity, and contaminating water supplies. 
This has a profound impact on children's access 
to safe water, which is essential for their survival.

The report highlights that extreme weather 
events and changes in water cycle patterns are 
making it increasingly challenging to access safe 
drinking water, particularly for vulnerable chil-
dren. With approximately 74 percent of natural 
disasters between 2001 and 2018 being water-re-
lated, the frequency and intensity of such events 
are expected to escalate due to climate change.  
Around 436 million children live in areas of high 
or extremely high water vulnerability, where wa-
ter scarcity and low levels of drinking water ser-
vice intersect, placing them at heightened risk.

Disasters, such as floods and droughts, can 
destroy or contaminate entire water supplies, in-
creasing the risk of waterborne diseases like chol-
era and typhoid, to which children are particular-
ly vulnerable. Rising temperatures also facilitate 
the proliferation of deadly pathogens in freshwa-
ter sources, further jeopardizing children's access 
to safe water. Contaminated water poses a signif-
icant threat to children's lives, as water and san-
itation-related diseases remain leading causes of 
death among children under 5 years old.

Moreover, climate change exacerbates water 
stress, leading to increased competition for water 
resources and potential conflicts. By 2040, almost 
one in four children is projected to live in areas 
of extremely high water stress. Rising sea levels 
are also compromising freshwater sources, fur-
ther jeopardizing essential water resources relied 
upon by millions.

The urgency of addressing these challenges 
is underscored by the fact that climate change is 
happening now. UNICEF emphasizes the impor-
tance of adapting water and sanitation services 
to mitigate the water-related effects of climate 

Figure 1 : Map of Global water risk ; Source: World Resource Institute Figure 1 : Map of water stress trend in 2050 ; Source: World Resource Institute

https://www.wri.org/aqueduct
https://www.wri.org/aqueduct
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change, which will protect children's health and 
save lives. Transitioning to solar-powered water 
systems and improving water efficiency can also 
reduce greenhouse gas emissions, contributing to 
safeguarding children's futures.

1.2. Safe Water: Right for All
In addition to addressing the impacts of cli-

mate change, ensuring access to safe water, sanita-
tion, and hygiene is critical for children's well-be-
ing, as emphasized in another UNICEF report 
released on March 14, 2024. Safe water, sanita-
tion, and hygiene are fundamental for preventing 
the spread of diseases and promoting maternal 
and child health.

The report highlights that 2.2 billion people 
still lack access to safely managed drinking water, 
and 3.6 billion people do not have access to safely 
managed sanitation. This lack of access dispropor-
tionately affects rural populations, with 8 out of 
10 people who lack even basic drinking water liv-
ing in rural areas.

Moreover, the report emphasizes the criti-
cal role of handwashing with soap and water in 
preventing the spread of diseases, yet 2.3 billion 
people still lack basic handwashing facilities at 
home. Climate change further exacerbates these 
challenges by destroying, drying up, and contam-

inating water sources, placing additional strain on 
already vulnerable communities.

To address these issues, UNICEF calls for 
greater political prioritization and increased 
funding to improve household access to water, 
sanitation, and hygiene, particularly targeting 
communities most at risk. Achieving Sustainable 
Development Goal 6, which aims to ensure access 
to safe water, sanitation, and hygiene for all, re-
quires concerted efforts and investments in build-
ing resilient water and sanitation systems.

In conclusion, addressing the challenges 
posed by climate change and ensuring access to 
safe water, sanitation, and hygiene are critical for 
safeguarding the health and well-being of chil-
dren worldwide. By taking proactive measures 
and prioritizing investments in water and sanita-
tion infrastructure, we can mitigate the impacts of 
climate change and ensure a healthier and more 
sustainable future for all. (UNICEF, 2024)

1.3.Climate Change and Fresh-
water in Italy

Italy, facing many challenges adapting to cli-
mate change, currently experiences widespread 
impacts of climate change, including an increase in 
extreme events such as heatwaves, droughts, and 
more frequent flooding[1][2]. As a result, the pres-

ervation of the coastal city of Venice has become 
crucial due to the impact of sea level rise[3]. The 
economic, social, and environmental impacts of 
climate change, coupled with the escalating health 
risks, pose significant challenges for Italy[4]. In re-
sponse, Italy has taken proactive measures such as 
making education on climate change compulsory 
and incorporating environmental protection into 
its constitution to safeguard future generations[5]

[6]. Additionally, Italy is actively involved in in-
ternational agreements like the Paris Agreement 
and the EU Adaptation Strategy, as well as bilat-
eral treaties focused on sustainable development, 
climate defense, and biodiversity protection[7]. To 
further mitigate its environmental impact, Italy 
is transitioning towards a more sustainable con-
sumption model, prioritizing renewable energy 
over fossil fuels.[8]

1.3.1. Causes
The factors responsible for the greenhouse 

gas emissions in Italy are:
1. Energy consumption: Italy is the 3rd largest 

consumer of energy in the European Union after 
Germany and Franc. Italy's significant consump-
tion of energy, primarily derived from petroleum 
products like petrol and natural gas, contributes 
to greenhouse gas emissions. Italy's dependency 

on imported energy, particularly natural gas from 
Russia, further exacerbates this issue .[9]

2. Transportation: Italy's transportation sec-
tor is a major contributor to greenhouse gas emis-
sions. Over the years, emissions from this sec-
tor have shown fluctuations, with a peak around 
2005. Despite some reduction efforts, emissions 
have remained significant, with Italy emitting ap-
proximately 100 to 106 million tonnes of CO2 
annually until 2019. In 2022, there were attempts 
to weaken EU rules on car emissions, reflecting 
ongoing challenges in reducing emissions from 
transportation.[10] [11] [12]

3. Fossil fuels: Italy's reliance on fossil fuels, 
including petroleum, natural gas, and coal, for en-
ergy production and heating is a significant source 
of greenhouse gas emissions. Although renewable 
energy sources like wind and solar power have 
seen growth, fossil fuels remain dominant.[13] [14] 

[15]

4. Industrial emissions: Industrial activities in 
Italy have historically contributed to greenhouse 
gas emissions. While emissions increased until 
around 2008, efforts to transition to renewable 
energy sources have led to a decline since then. 
Most industrial emissions stem from energy sup-
ply for electricity and manufacturing processes.
[16] [17] [18][19] [20]

Figure 4: Greenhouse gas emissions by sector ,Italy ,2018Source: CAIT Climate Data Explorer via Climate 
Watch(www.ourworldindata.org) . Note: Greenhouse gases are weighted by their global warming potential 
value (GWP100). GWP100 measures the relative warming impact of one molecule of a greenhouse gas, 
relative to carbon dioxide, over 100 years.

Figure3. Land Surface temperature ; Source: ESA Standard Licence  . Note: It is getting increasingly hot all 
over the world, Italy being just one of many feeling the negative affects.

https://ourworldindata.org/co2-and-greenhouse-gas-emissions
https://www.esa.int/ESA_Multimedia/Images/2019/07/Too_hot_to_handle
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5. Forests: While not directly emitting green-
house gases, forest management practices and 
wildfires in Italy can impact carbon sequestration 
and release. Efforts to manage forests and combat 
wildfires are essential in mitigating emissions in-
directly related to forest cover.[21] [22] [23]

1.3.2. Effects
The impacts on the natural environment in 

Italy are substantial and diverse, affecting various 
aspects such as temperature and weather patterns, 
sea level rise, water resources, ecosystems, and 
biodiversity.

1. Temperature and Weather Changes: The cli-
mate in Italy is undergoing notable changes, 
including rising temperatures, melting gla-
ciers, an increase in extreme floods due to 
rising sea levels and heavy rainfall, and more 
frequent and prolonged droughts[24]. These 
variations were particularly evident in July 
2021, where heavy rains caused significant 
damage, followed by a record-breaking 
temperature of 48.8 degrees Celsius in Sic-
ily a month later, prompting red alerts in 
26 cities.[25] Furthermore, Italy has experi-
enced a decrease in precipitation, with the 
winter of 2022 leaving the country with 
one-third less rainfall. Despite this, the av-
erage temperature has increased, both in 

winter and summer.[26] [27]

2. The Italian climate is gradually shifting to-
wards tropicalization, with consequenc-
es attributed to climate change[27]. These 
changes are observable at a regional lev-
el, such as temperature fluctuations in the 
Lazio region, home to Rome, one of Ita-
ly's warmest regions [24]. Rome itself has 
seen a rise in its average temperature from 
14.6°C in 1980 to 16.3°C in 2022, indi-
cating a warming trend over the past four 
decades. Further analysis reveals that be-
tween 1900 and 2018, temperatures in July 
and January have increased by 1.4°C and 
1.2°C, respectively, with this upward trend 
continuing [24].

3. Looking ahead, two scenarios have been 
outlined for Italy based on IPCC re-
ports[28]. The first scenario (RCP4.5) pre-
dicts a gradual increase in greenhouse gas 
emissions before stabilizing and decreas-
ing by the end of the century, while the 
RCP8.5 scenario depicts the most extreme 
case with no regulation of emissions. Both 
scenarios anticipate an increase in tempera-
ture, fewer cold days, longer dry spells, and 
reduced summer rainfall in Italy between 
2021 and 2100, with notable differences in 
precipitation patterns between the north 

Figure5. Population in 1950 , 2024 and 2080; Source: United Nations 

and south of the country.[30]

4. Short-term projections from 2021 to 2050 
indicate a further temperature increase of 
up to +2°C for southern Italy during June, 
July, and August under the RCP8.5 scenar-
io[31]. The impacts of climate change are be-
coming increasingly visible, with the year 
2022 classified as the fifth hottest year ever 
recorded in Italy. These changes not only 
affect temperature and weather patterns 
but also lead to modifications in sea levels, 
highlighting the urgency of addressing cli-
mate change.[32]

5. Sea Level Rise: With global warming, polar 
ice caps and glaciers are melting, leading to 
a rise in sea levels. Coastal areas in Italy are 
particularly vulnerable to flooding, posing 
risks to human settlements, infrastructure, 
and ecosystems. Increased human activities 
along coastlines exacerbate these risks.[33] 

[34] [35]

6. Water Resources: The risk of groundwater 
contamination arises from the anticipat-
ed rise in sea levels and increased flood-
ing along the Italian coastlines. This poses 
a threat of saltwater intrusion into coastal 
freshwater beds, potentially leading to soil 
desiccation due to diminished freshwater 
resources.[36] [37]

7. Studies conducted in southern Italy, partic-
ularly in regions like Murgia and Salento, 
shed light on the local impacts of rising sea 
levels. These areas heavily rely on ground-
water for both irrigation and drinking pur-
poses. However, the natural replenishment 
rate of freshwater into groundwater aqui-
fers is insufficient, rendering them vulner-
able to exploitation (e.g., through illegal 
wells) and intrusion by seawater. Conse-
quently, certain locations along Salento's 
coast have already experienced salinity lev-
els of up to 7 g/L. Continued salinization 
is expected to significantly reduce ground-
water discharge, resulting in up to a 16% 
decrease in water availability for household 
use .[38]

8. The severity of the situation became appar-
ent in the summer of 2022 when the gov-
ernment declared a state of emergency due 
to drought conditions affecting the River 
Po.[39]

9. Ecosystems: Climate change impacts eco-
systems throughout Italy, leading to habitat 
destruction, wildfires, and loss of biodiver-
sity. Sensitive ecosystems like karst land-
scapes are particularly vulnerable to human 
activities such as quarrying, deforestation, 
and pollution. Coastal ecosystems face ad-
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ditional threats from infrastructure devel-
opment like railways and sea walls, con-
tributing to habitat loss and degradation.[40]

[41][42][43][44]

10. Biodiversity: Increased temperatures 
and extreme weather events pose signif-
icant threats to biodiversity in Italy[48][49]. 
Droughts, wildfires, and habitat destruc-
tion due to urbanization lead to declines in 
species populations and ecosystem health. 
Conservation efforts are crucial to pro-
tecting Italy's rich biodiversity, which com-
prises a significant portion of Europe's spe-
cies[48][51].

Overall, these impacts underscore the urgent 
need for mitigation and adaptation strategies to 
address climate change and protect Italy's natural 
environment for future generations.

2. Role of Cities 
Cities play a crucial role in dealing with wa-

ter and climate challenges. They face issues like 
climate change, infrastructure challenges, and 
rapid urbanization  and population growth. They 
stand at a critical nexus where the impacts of cli-
mate change intersect with the demands of grow-
ing urban populations, making them both highly 
vulnerable and potentially transformative in ad-
dressing these challenges. A recent example is the 
water problem in Chennai, India, which shows 
how cities worldwide struggle with similar issues 
, . where natural water resources, exacerbated 

by climate changes, are strained by population 
growth and inadequate management practices. 

Several factors underscore the importance of 
cities in addressing water and climate challenges. 
The United Nations estimate that by 2050, two-
thirds of the global population will reside in cities. 
Concentration of people places immense pressure 
on urban infrastructure, much of which is suscep-
tible to extreme weather events like floods and 
droughts. Moreover, essential services in cities, 
including water supply, from domestic use to in-
dustrial production, are intricately linked to wa-
ter availability and a reliable water supply.

Furthermore, the interconnection between 
water and energy is crucial to consider. Providing 
clean water to people needs a lot of energy, from 
treating water to delivering it to homes and busi-
nesses. So, it's crucial to think about how water 
and energy are connected when planning cities.

But cities face a big problem: there's more 
demand for water, but resources are getting 
scarce because of climate change. This concentra-
tion of people places immense pressure on urban 
infrastructure, much of which results in extreme 
weather events like floods and droughts. This puts 
cities in a tough spot, making it crucial for them 
to deal with water and climate issues.

To tackle these tough challenges, cities need 
to change how they think about things, as Einstein 
suggested. Creating smart cities for the future It 
is essential to look at everything related to water, 
encompassing water demand, supply, and man-

agement. This includes finding ways to reducing 
waste, enhancing efficiency, and reevaluating eco-
nomic priorities to manage water demand effec-
tively. 

Also, any innovative solutions and technolo-
gy to make cities better at water monitoring and 
data analysis must also consider the climate. At 
the same time,  Climate-resilient cities require 
both adaptation and mitigation measures . 

Climate Resilient Cities:          
Adaptation and Mitigation

Addressing climate change involves two pri-
mary strategies: adaptation and mitigation. To 
build resilience and smart cities, they must invest 
in both preparatory and adaptive measures, set-
ting ambitious yet achievable goals that translate 
into tangible risk management strategies. Effec-
tive adaptation efforts are essential for reducing 
vulnerability and enhancing resilience to the ex-
isting impacts of climate change. It's crucial to 
recognize that mitigation and adaptation strate-
gies are interconnected and must be pursued to-
gether to effectively combat climate change.[53][55]

2.1. Mitigation 
Mitigation involves efforts directed at reduc-

ing the severity of climate change impacts by tak-
ing action to prevent or decrease the emission of 
greenhouse gases into the atmosphere. By taking 
action preventing the emission of greenhouse gas-
es into the atmosphere, mitigation endeavors to 
alleviate the overarching impact of climate change 
on the environment and society.[53][55]

Climate change mitigation
Climate change mitigation involves a range 

of strategies and actions designed to prevent the 
long-term impacts of climate change. At its core, 
mitigation focuses on the reduction of greenhouse 
gas emissions. This involves implementing policies 
and practices aimed at managing heat emissions, 
principally working towards a more sustainable 

future for urban areas and their residents.[53][55]

Climate change Mitigation 
Strategies

These strategies aim to comprehensively ad-
dress heat-related challenges from various 
perspectives, catering to different vulnera-
ble groups and fostering urban heat resilience 
within planning frameworks.
• Mobility: To meet the European Union's 

carbon reduction objectives , which aim to 
limit temperature increase to 1.5°C and 
achieve net-zero greenhouse gas emissions, 
and cultivate more livable cities, mobili-
ty strategies must prioritize walkability, 
cycling infrastructure, and improved ac-
cess to public transportation. Additionally, 
promoting shared mobility options at the 
street level can ensure equitable transpor-
tation access for all.

• Grey Infrastructure: Implementing shade 
structures, cool pavements, and optimizing 
building and street orientations are essen-
tial components of grey infrastructure ini-
tiatives.

• Green Infrastructure: Urban greening in-
volves creating a network of planned and 
unplanned green spaces within cities, of-
fering multiple benefits such as cooling 
effects, shading, reduction of heat island 
effect , flood risk reduction, creation of 
ecological habitats, and enhancing psycho-
logical well-being.

• Water Infrastructure: As mentioned pre-
viously, climate change exacerbates water 
demand during extreme heat events, put-
ting stress on water capacity and leading to 
unequal access to potable water. Therefore, 
implementing effective water management 
strategies is crucial to address water scar-
city issues and ensure equitable access to 
water resources.[53][55]

Action that reduce our 
emissions and transi-

tions to net zero 

-Waste reduction  

-Energy efficiency in buildings and 
infrastructure 

-Clean energy  

-Sustainable transportation 

-Monitoring hazards 
and risks

-Infrastructure upgrades

-Planning to reduce exposure 

-Flood protection 

-Disaster management

Action that reduce 
the impacts of climate 
change and maximize 

the opportunities

-Water Conservation 

       -New Food System 

       -Sustainable Cities 

          -New Energy System 

Adaptation

Mitigation

Figure6. Mitigation and adaptation ; Source:Provided by the author
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Developing mitigation & ad-
aptation strategies:  case study 
for Porte de Montreuil

The Porte de Montreuil urban project is a 
comprehensive initiative aimed at revitalizing and 
transforming the area into a sustainable, intercon-
nected, and vibrant metropolitan square. Situated 
on the eastern belt of Paris, covering approxi-
mately 35 hectares, this project is part of a broad-
er strategy to upgrade the gateways to Paris into 
metropolitan areas of Greater Paris. It extends 
from Porte de Bagnolet in the north to Porte de 
Vincennes in the south and is strategically locat-
ed to improve connections between Paris and its 
neighboring cities, particularly Montreuil and Ba-
gnolet.[53][54][55]

The vision for the project revolves around 
creating a dynamic and multi-functional public 
space that serves as a gateway between the three 
surrounding communities. This square will un-
dergo a significant transformation to become a fo-
cal point for social interaction, cultural exchange, 
and economic activity while ensuring landscape 
continuity and environmental sustainability.[53][55]

Key objectives of the project include:
1. Reducing Motor Traffic: A primary focus is 

on reducing motor traffic along the ring road by 
relocating vehicle traffic to the periphery of the 
roundabout. This will improve pedestrian safety 
and accessibility within the area.

2. Enhancing Pedestrian Safety and Accessi-
bility: By prioritizing pedestrians and creating a 
sizable public space at the center of the square, 
the project aims to enhance pedestrian safety and 
accessibility, making it more conducive to walk-
ing and cycling.

3. Fostering Economic Growth: The project 
seeks to stimulate economic growth by revitaliz-
ing the Montreuil flea market and fostering better 
connectivity with neighboring areas. This includes 
creating opportunities for local businesses, entre-
preneurs, and artisans.[53][54][55]

4. Environmental Sustainability: Environ-

mental sustainability is a core pillar of the project. 
It aims to become Paris's first zero-carbon neigh-
borhood by implementing innovative approaches 
to reduce emissions. This includes on-site geo-
thermal and photovoltaic energy production, as 
well as the use of sustainable construction mate-
rials.

5. Green Belt and Biodiversity: The project 
incorporates a green belt strategy, featuring heav-
ily planted permeable surfaces to improve biodi-
versity and provide habitat for urban wildlife. This 
not only enhances the ecological value of the area 
but also contributes to the overall well-being of 
residents.

6. Flexibility and Innovation: The project em-
phasizes flexibility in programming and design, 
with 100% of the spaces designed to be revers-
ible, allowing for adaptability over time. This in-
cludes the ability to convert spaces from offices to 
housing, minimizing the need for future demoli-
tion and construction.[53][54][55]

7. Localized and Responsible Economy: A key 
focus is on promoting a localized and responsible 
economy, with close attention paid to the origin 
of materials and equipment used for the project. 
Approximately 80% of construction materials are 
sourced from the Paris surroundings, supporting 
local businesses and reducing the project's carbon 
footprint.

2.2. Adaptation
Adaptation involves proactively recognizing 

the adverse effects of climate change and imple-
menting measures to prevent or mitigate them. 
Essentially, it requires adjusting to current con-
ditions while anticipating the future consequenc-
es of climate change. From an urban standpoint, 
adaptation relates to the process of responding to 
the challenges and transformations in the urban 
environment. The most important point of un-
derstanding adaptation lies in its post-strategy as-
pect—a response mechanism devised by people, 
communities, and local stakeholders to address 

existing climate-related challenges. Individuals 
within cities and territories are increasingly ex-
posed to the impacts of climate change, and ad-
aptation involves the capacity to respond to these 
challenges through strategic actions and behav-
iors.[53][54][55]

Urban Adaptation

Urban adaptation involves the development 
of strategies and policies aimed at enhancing the 
resilience and sustainability of cities. Urban adap-
tation recognizes cities' vulnerability to multiple 
pressures like climate change, population growth, 
and resource constraints. Successful implementa-
tion requires thorough risk assessments using ro-
bust data and models to develop flexible adapta-
tion measures. Inclusive stakeholder involvement 
is vital for effective decision-making, alongside 
adequate financial and technical resources to sup-
port planning and implementation. [53][54]

City adaptation policies and strat-
egies

Urban adaptation policies and management  
strategies play a crucial role in shaping resilient 
cities able to live alongside the challenges posed 
by climate change. These policies serve as a stra-
tegic framework, guiding actions, resource allo-
cation, and regulatory measures necessary for ad-
aptation efforts. [53][54][55]

Key strategies aimed at enhancing urban re-
silience, sustainability, and livability include:

• Climate-resilient infrastructure: Cities can 
enhance their resilience by investing in in-

References of  Climate Resilient Cities :Adaptation and Mitigation

IPCC (2021), AR6 Climate Change 2021: The Physical Science Basis, Working Group I contribution to the 
Sixth Assessment Report.
C40 Reinventing Cities Porte de Montreuil – Paris, France.
UIC Barcelona –  the only school of architecture in Spain which teaches compulsory subjects on coopera-
tion, sustainability and accessibility.
Université Gustave Eiffel –  multidisciplinary university of national importance.

frastructure designed to withstand the im-
pacts of climate change, such as extreme 
weather events and rising temperatures.

• Integrated urban planning and design: In-
corporating adaptation considerations into 
urban planning processes is essential. This 
involves integrating climate risk assess-
ments and vulnerabilities into land-use 
planning, infrastructure development, and 
building design. Strategies may include in-
corporating green spaces, implementing 
sustainable transportation options, and 
promoting mixed land use to mitigate cli-
mate risks and enhance overall urban resil-
ience.

• Community engagement and capacity 
building: Engaging with local communities, 
stakeholders, and residents is critical for 
raising awareness and building capacity to 
adapt to climate change. This may involve 
education and outreach programs, partic-
ipatory planning processes, and commu-
nity-based adaptation initiatives that em-
power communities to take ownership of 
adaptation efforts. [53][54][55]

• Water management: Effective water re-
source management is essential for urban 
adaptation. Cities can implement strate-
gies such as rainwater harvesting systems, 
constructing water storage facilities, water 
conservation measures, stormwater man-
agement systems, and floodplain zoning to 
mitigate water-related risks and ensure wa-
ter security in the face of climate change-in-

Figure7 : Porte De Montreuil; source : porte-de-montreuil

https://www.c40reinventingcities.org/en/professionals/winning-projects/porte-de-montreuil-1303.html
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preserving institutional knowledge.

3.2. Encompassing All Dimen-
sions

The benefits of smart city implementation in 
terms of cost-effectiveness and performance 
today are just the tip of the iceberg, with po-
tential for rapid expansion into other inter-
connected advantages. For instance, regions 
suffering from periodic water scarcity can 
amplify resource conservation efforts by iden-
tifying and rectifying non-revenue water loss-
es due to leaks, optimizing pipeline pressure, 
and fine-tuning energy consumption. As wa-
ter stress persists or escalates, insights derived 
from smart-water systems can expedite the 
transition to water reuse, marking a significant 
leap in operational efficiency.[58][59]

A smart-city strategy goes beyond current op-
erational management, emphasizing prepar-
ing for the future. The ability to accommodate 
future growth without making existing infra-
structure obsolete is crucial for sustaining eco-
nomic development and preserving residents' 
quality of life while ensuring affordable utili-
ty rates. Integrating data management across 
regional infrastructure — including utilities, 
communication networks, and emerging elec-
tric-vehicle charging stations — creates new 
benefits extending beyond the individual ser-
vices provided. This integration facilitates:

duced challenges like droughts and floods.
• Coastal protection and sea-level rise adap-

tation: Coastal cities facing sea-level rise 
and coastal erosion can implement adapta-
tion measures such as coastal defense infra-
structure, beach nourishment projects, and 
ecosystem-based approaches like mangrove 
restoration to protect coastal communi-
ties and infrastructure from the impacts of 
sea-level rise and storm surges.

• Data-driven decision-making: Investing 
in robust data collection, monitoring, and 
analysis systems is essential for informed 
decision-making in urban adaptation. Cities 
can leverage data and technology to assess 
vulnerabilities, track climate-related risks, 
and prioritize adaptation measures based 
on scientific evidence and local context.

Example of Resilient city: Urban Canopy in 
Toulouse, France:

The Urban Canopy project in Toulouse, 
France, was initiated by start-up Urban Canopy, 
in collaboration with the city council of Toulouse 
and the Pont Paris Tech school. The canopies are 
designed to address the urban heat island effect in 
the area, as well as to increase biodiversity and re-
duce air pollution. The installation process is self 
sufficient, with a reserve supplied by rainwater 
and an electronic box ensuring autonomy. A drip 
irrigation system is installed using sensors linked 
to the control box, which activates automatically 
when the plant is fully grown after three years. 
The canopies create shaded areas, which help to 
reduce the temperature below them by avoiding 
the absorption of heat by the ground. This project 
is a  cost-effective way of improving the outside 
temperature and reducing air pollution while in-
creasing biodiversity. [53][54][55]

3. Smart Cities, Smart Water
Every city facing infrastructure or operation-

al challenges or concerns about maintaining qual-
ity of life in the face of population growth, or a 

changing environment has benefits to gain from 
a unified smart-city approach. Amid the array of 
smart city components, water management strat-
egies emerge as a pivotal aspect. Smart city tech-
nology has proven to be a game changer in water 
management, revolutionizing how cities handle 
their water resources. Harnessing technology to 
optimize water usage, prevent waste, and ensure 
equitable distribution forms a cornerstone of 
smart city sustainability. Leveraging innovation to 
improve water management leads to increased ef-
ficiency, cost savings, and proactive decision-mak-
ing. By optimizing water management processes 
with accurate and real-time data, smart cities can 
increase infrastructure efficiency, reduce ener-
gy consumption, and lower costs.[15][35] Here are 
some concepts for promoting understanding and 
acceptance among utility and government deci-
sion-makers, plus several examples of benefits 
already being garnered by smart cities large and 
small.[56][57]

3.1. Benefits
Cost-Benefit Advantages: The adoption of 

smart-grid advanced metering infrastructure 
(AMI) in the water industry yields economic ben-
efits beyond revenue maximization, extending to 
utility and city management. This includes opti-
mizing maintenance activities to realize addition-
al savings while enhancing water distribution ef-
ficiency.[58]

Energy Efficiency: Utilizing real-time data 
analysis to monitor pump and blower perfor-
mance and aligning operations with forecasted 
demand patterns significantly reduces energy 
consumption. This not only lowers operational 
costs but also contributes to environmental sus-
tainability by minimizing the carbon footprint as-
sociated with water management.

Water Conservation: Smart-city initiatives 
that assess various factors such as source water 
quality, treatment efficiency, and consumption 
patterns enable proactive decision-making to ad-

dress water scarcity challenges. By identifying 
opportunities for water reuse and promoting ef-
ficient usage behaviors, cities can better manage 
their water resources amidst population growth 
and changing climatic conditions.[58][59]

• Future Preparedness: The adaptive nature 
of smart-city strategies ensures resilience 
in the face of evolving urban challenges. 
This includes accommodating the impacts 
of population growth on infrastructure de-
mand through cost-effective solutions and 
leveraging digital technologies to optimize 
resource allocation and infrastructure uti-
lization.

• Optimized Resource Allocation: By pooling 
resources for essential functions like bill-
ing and data communication, smart cities 
achieve economies of scale while maximiz-
ing the efficiency of existing infrastructure. 
Additionally, integrating sustainable energy 
sources into water management processes 
contributes to long-term resource optimi-
zation and environmental stewardship.

• Streamlined Workforce Transition: Smart-
city platforms facilitate seamless knowledge 
transfer as experienced personnel retire, 
ensuring continuity in operations and ser-
vice delivery. Automation and digitization 
of operational support systems simplify on 
boarding processes for new employees, en-
abling smoother workforce transitions and 

Figure 8. Urban Canopy project in Toulouse, France ;  Source : www.urbancanopee.com.au

https://urbancanopee.com.au/
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• Enhanced communication efficiency and 
rapid emergency response times.

• Facilitation of collaborative efforts yielding 
cost-effective outcomes.

• Driving forward environmentally respon-
sive initiatives.

3.3.Water-Smart Cities
Smart city capabilities offer a diverse range 
of applications at various cost and capability 
levels, making them accessible and beneficial 
to cities and water utilities of all sizes. With-
in the realm of water management, solutions 
can broadly be categorized into two main cat-
egories: water-smart innovative-based and wa-
ter-smart low-impact development solutions. 
However, regardless of the chosen approach, 
the consideration of investment costs and po-
tential returns is paramount. [60]

3.3.1.   Water-Smart Innova-
tive-Based Solutions:

The discourse on Information and Communi-
cation Technology (ICT) tools in the water sec-
tor underscores the global challenge of water 
scarcity and the potential of ICT to address it. 
ICT encompasses technologies enabling access, 
storage, transmission, and processing of infor-
mation. The integration of ICT tools in the wa-
ter sector has gained momentum over the last 
decade, with hydro-informatics systems being 
at the forefront. These systems employ ad-
vanced sensors like LIDAR to gather detailed 
data on hydro-environments, aiding in better 
management of water resources. The European 
Union has prioritized ICT applications for sus-
tainable growth, recognizing their role in natu-
ral resource management.[60][61][62][63][64]

ICT tools play a pivotal role in improving land 
and water management, particularly in regions 
facing water scarcity. They facilitate efficient 
water supply and irrigation management, lead-
ing to enhanced food production. These tools 

enable the collection, processing, and manage-
ment of remote data, which would otherwise 
be challenging and costly. Additionally, ICT 
tools offer various capabilities such as saving 
and transferring information quickly, improv-
ing standardized procedures, and fostering col-
laboration and communication. [60][61][62][63][64]

The discussion extends to specific ICT appli-
cations in the water sector, including meters, 
sensors, SCADA systems, and information 
systems like Geographic Information Systems 
(GIS) and Enterprise Resource Planning (ERP) 
systems. These technologies aid in monitoring 
water quality, detecting leakages, optimizing 
energy consumption, and enhancing deci-
sion-making processes. Furthermore, hydrau-
lic models and decision support systems are 
highlighted for their role in effectively manag-
ing water distribution networks and addressing 
challenges in urban water management. Over-
all, the integration of ICT tools holds promise 
for achieving sustainable water resource man-
agement and addressing the complex challeng-
es posed by water scarcity. [60][61][62][63][64]

 Water-smart innovative-based solutions en-
tail the adoption of cutting-edge technologies 
and advanced strategies to optimize water 
management processes. While these solutions 
may require higher initial investments, they of-
ten promise significant long-term benefits in 
terms of efficiency, reliability, and sustainabili-
ty. Some examples include:
1. Smart Metering and Monitoring: De-

ploying sensors and IoT-enabled devices 
throughout the water distribution network 
to monitor usage in real-time, detect leaks, 
and optimize water flow.

2. Advanced Water Treatment Technologies: 
Implementing membrane filtration, re-
verse osmosis, or UV disinfection systems 
to purify wastewater for direct reuse or re-
plenishment of water sources.

3. Integrated Water Management Platforms: 

Utilizing data analytics and modeling soft-
ware to integrate various components of 
the water cycle, from supply and distribu-
tion to consumption and wastewater treat-
ment, for holistic management and optimi-
zation.

4. Desalination Plants: Investing in desalina-
tion infrastructure to convert seawater or 
brackish water into freshwater, thus diver-
sifying water sources and mitigating the 
impacts of droughts or water scarcity.

These innovative-based solutions represent the 
frontier of water management technology, of-
fering unparalleled efficiency and resilience in 
the face of increasingly complex water chal-
lenges. [60][61][62][63][64]

In Västerås, Sweden, despite its modest popu-
lation of 150,000 residents, the municipal util-
ity has embraced a comprehensive smart city 
approach that extends well beyond water and 
wastewater management. Their initiative spans 
data networks, electric vehicle charging infra-
structure, hydropower generation, the power 
grid, emergency management, and predictive 
maintenance for roads, lights, and other city 
assets. [60][61][62][63][64]

Meanwhile, in Ho Chi Minh City, Vietnam, 
home to over 10 million residents, the adop-
tion of a smart city approach was prompted 
by the urgent need to address the significant 
loss of treated drinking water—almost 30 per-
cent—due to aging infrastructure. By harness-
ing real-time insights derived from digital data 
collected across the water distribution net-
work, the city's water utility aims to cut water 
losses, enhance drinking water quality, and im-
prove residents' living standards.
The Pure Water San Diego , United States, 
initiative serves as a example of an integrated 
water reuse program devised to counterbal-
ance the rising costs associated with importing 
drinking water from external sources. Embed-
ded within this smart city's water sustainabil-

ity program, it contains a range of strategies, 
including water conservation, recycling, and 
reuse initiatives. These projects underscore 
how smart city principles help communities to 
manage growth and cope with quality-of-life 
challenges through collaborative resource 
management and information sharing across 
multiple utilities.[60][61][62][63][64]

3.3.2.   Water-Smart Low-Im-
pact Development Solutions:

Water-Smart Low-Impact Development 
Solutions refers to approaches and strategies 
aimed at managing water resources in an en-
vironmentally friendly and sustainable manner 
while minimizing negative impacts on the sur-
rounding environment. This concept integrates 
"water-smart" practices, which emphasize ef-
ficient and responsible water use, with low-im-
pact development techniques, which focus on 
managing stormwater runoff and preserving 
natural hydrological processes. [60][61][62][63][64]

Water-smart solutions often include measures 
such as rainwater harvesting, graywater re-
cycling, water-efficient landscaping, and the 
use of water-saving technologies in buildings. 
These practices aim to reduce overall water 
consumption, promote water conservation, 
and minimize the strain on water resources.[60]

[61][62][63][64]

Low-impact development strategies, on the 
other hand, focus on mitigating the adverse 
effects of urban development on the natural 
water cycle. This can involve techniques such 
as permeable pavement, green roofs, rain gar-
dens, bioswales, and retention ponds, which 
help to capture, treat, and infiltrate stormwa-
ter runoff. By mimicking natural hydrological 
processes, these solutions aim to reduce flood-
ing, erosion, and pollution while enhancing 
water quality and preserving ecosystem health. 
[60][61][62][63][64]

Together, Water-Smart Low-Impact Develop-



26 27

ment Solutions represent a holistic approach 
to water management that balances the needs 
of human development with environmental 
sustainability, resilience, and conservation. [60]

[61][62][63][64]

The section titled "Core Concepts in Water 
Efficiency" within Chapter 3 provides detailed 
information on the subject of Water-Smart 
Low-Impact Development Solutions. Readers 
can find comprehensive coverage of this topic 
within that specific section of the chapter. [60]

[61][62][63][64]

Water Efficiency in Historical 
Buildings

In traditional architecture the theme of Water 
Management has been subject to variations, 
even significant ones, concerning the climatic 
zone to which the building belongs, resulting 
in efficient collection and management devices 
of particular historical value, both integrated 
with the building itself, is located in the imme-
diate surrounding areas.
Even if water is a precious commodity any-
where in the world, in countries where this 
element is scarce, buildings are equipped with 
large cisterns, generally underground, for col-
lecting rain, connected to a network of pipes 
such as drainage channels. gutters and down-
spouts, but also to particular flooring arrange-
ments.
Furthermore, water has historically been used 
as an ornamental element (think, for example, 
of the fountains that completed the architec-

ture of parks and gardens in historic buildings), 
or as a climate mitigation system integrated 
into buildings located in hot-dry areas. The 
rediscovery and re-evaluation of the technical 
components used in historical plant systems 
promote the knowledge and in-depth study of 
traditional techniques, representative of an an-
cient relationship between man-site-resources, 
in which the complex, careful, and sensitive 
use of water presents the characteristics of sus-
tainability, linking the modern culture of sav-
ing water resources to the roots of history and 
local construction tradition.
Carrying out and enhancing interventions in 
historic buildings aimed at saving and sustain-
ability in the use of water can contribute to 
raising people's awareness of the problem of 
over-exploitation of water resources: In fact, 
if the building is used for public functions, in 
addition to the historical and cultural value, it 
can also become evidence of good practices in 
sustainable construction.
Through the credits of the Water Management 
thematic area, in addition to the reduction of 
water consumption for civil uses, it is therefore 
possible to enhance the contribution of pre-in-
dustrial devices for the collection and man-
agement of rainwater restored through resto-
ration or redevelopment, as well as improving 
the efficiency of fountains and water features 
present in the external spaces.
For the integration of new devices, with a view 
to respecting the "minimum intervention," 
which characterizes processes of a conserva-

tive nature, it is preferable to make use, where 
this is technically feasible, of the existing shafts 
present in the historic building, in order to 
preserve the existing elements without com-
promising the historical material or any deco-
rative elements.
The operational strategies to be adopted to 
achieve the environmental objectives set for 
the thematic area of water management are 
developed in the topics listed below:
Reduction in the use of drinking water. Reduce 
drinking water consumption by promoting ef-
ficient use of the resource through the use of 
devices that allow water saving objectives to be 
achieved. Alternatively, it is possible to reuse 
non-potable water for uses that allow it. Both 
strategies can be adopted for both internal and 
external uses, but not without the integration 
of appropriate systems and accessories that can 
have a significant impact on the existing build-
ing. For this reason, priority should be given 
to the refunctionalization of historical devices 
(ducts, drains, cisterns, etc.) for the collection 
of rainwater or the insertion of devices that 
increase the efficiency of the water system. In 
particular, it is important to underline that the 
use of water for uses outside buildings, mainly 
for irrigation and for fountains and water fea-
tures in general, can affect up to 30% of total 
water consumption. Consumption reduction 
strategies such as the use of native plants or the 
introduction of recirculation systems for foun-
tains can therefore induce significant benefits 
for the consumption of the resource.

Monitoring and accounting of the volumes of 
water consumed. The first step in improving 
water consumption efficiency is to determine 
current consumption and usage levels of the re-
source. Taking into account that drinking water 
consumption determines energy consumption 
(e.g., domestic hot water), strategies aimed at 
reducing the use of drinking water contrib-
ute to the general efficiency of buildings. It is 
therefore essential to promote efficient man-
agement of the resource through monitoring 
consumption and the consequent identification 
of water saving opportunities for all internal 
and external subsystems.(Historical GBC )

Consideration of Investment 
Costs and Returns:

While water-smart solutions are undeniably 
appealing, cities and water utilities must care-
fully evaluate the investment costs. Whether 
choosing low-cost or innovative solutions, it's 
crucial to assess financial viability and poten-
tial ROI. This includes considering direct infra-
structure costs, long-term savings, operational 
efficiencies, and environmental benefits.
Additionally, "recovery money" should be a 
key part of the decision-making process. This 
means exploring cost recovery through wa-
ter tariffs, user fees, grants, and incentives. By 
strategically managing financial resources and 
aligning investments with long-term goals, cit-
ies and utilities can maximize the benefits of 
water-smart solutions while ensuring econom-
ic sustainability.

Figure 9 . Västerås, Sweden Figure 10 .Ho Chi Minh City, Vietnam Figure 11 .San Diego , United States
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International Building Rating 
System

The construction industry plays a cru-
cial role in meeting societal needs, 
improving quality of life, and fos-

tering economic growth. However, it faces heavy 
criticism for its significant contribution to carbon 
emissions, environmental degradation, and glob-
al warming due to extensive resource utilization 
and energy consumption. Buildings consume a 
substantial portion of global resources, freshwa-
ter, wood, and raw materials, and account for a 
significant percentage of energy usage and green-
house gas emissions. 

Recognizing the importance of sustainability, 
there's been a push for "green" practices in con-
struction, leading to the introduction of various 
green building rating systems aimed at minimiz-
ing resource consumption and pollution. BREE-
AM stands as one of the earliest rating tools, 
followed by LEED, HQE, DGNB, Green Star, 
CASBEE, BEAM, and BCA Green Mark Scheme. 
Certified buildings typically consume less energy 
and provide better living environments. Despite 
their focus on green credentials.

These systems may overlook broader sus-
tainability aspects. Updates and revisions to these 
rating systems are ongoing to adapt to evolving 
sustainability standards. While numerous studies 
have explored individual rating systems and their 
credits, there's a lack of comprehensive compar-
ison among them and their effectiveness in pro-
moting sustainability. This paper aims to address 
this gap by systematically reviewing the develop-
ment and performance of prominent global rating 
systems, including LEED, BREEAM, CASBEE, 
and Green Star, to identify their similarities, dif-

ferences, strengths, weaknesses, and their com-
prehensive assessment of sustainability aspects.

 1. International Standards
1.1. Sustainable Development 

Goals (SDGs)
The Sustainable Development Goals (SDGs) 

represent a set of interconnected objectives out-
lined within the 2030 Agenda for Sustainable De-
velopment, a framework devised by the United 
Nations to underscore the intricate relationship 
between human well-being and the natural en-
vironment. Adopted by the UN General Assem-
bly on September 25, 2015, this comprehensive 
document comprises 17 overarching goals, com-
plemented by 169 specific targets to be achieved 
by 2030. Replacing the Millennium Develop-
ment Goals established in 2000, which spanned 
a 15-year period, the SDGs encompass a range 
of initiatives, including poverty eradication, im-
proved health and education, reduced inequality, 
economic growth, climate action, and the pres-
ervation of natural resources like oceans and for-
ests. Each thematic area is delineated in detail. 
With unanimous endorsement from all 193 UN 
member states, concerted efforts are underway 
to enact policy measures aimed at realizing these 
goals, with countries encouraged to submit vol-
untary annual national progress reports to track 
advancements towards the SDGs.[1]

The 2030 Agenda's goals and targets are 
based on the concept of 5P:

• People: End poverty and hunger in all their 
forms and dimensions, ensuring that all in-
dividuals can realize their potential in dig-
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nity, equality, and within a healthy environ-
ment.

• Planet: Protect the planet from degrada-
tion by promoting sustainable consump-
tion and production, effectively managing 
natural resources, and taking urgent action 
on climate change to ensure it can sustain 
present and future generations.

• Prosperity: Ensure that all individuals can 
lead prosperous and fulfilling lives, foster-
ing economic, social, and technological 
progress in harmony with nature.

• Peace: Foster peaceful, just, and inclusive 
societies free from fear and violence. Sus-
tainable development relies on peace, and 
vice versa; they are interdependent goals.

In the thesis, I am dedicated to exploring four 
specific targets outlined within the Sustainable 
Development Goals (SDGs):

Goal 3 emphasizes the imperative 
of ensuring healthy lives and pro-
moting well-being for all at every 
stage of life. This multifaceted goal 

encompasses a broad spectrum of health-relat-
ed issues, including maternal and child health, 
infectious diseases, non-communicable diseas-
es, substance abuse, road safety, and sexual and 
reproductive health. By striving for universal 
health coverage and enhancing health equity, 
Goal 3 aims to ensure that individuals world-
wide have access to essential health services 
without facing financial hardships.[1]

Goal 6 centers on the critical objec-
tive of ensuring the availability and 
sustainable management of water 
and sanitation for all. Addressing di-

verse water-related challenges, this goal seeks 
to guarantee access to clean water and ade-
quate sanitation facilities for every individual. 
Its targets span achieving universal access to 
safe drinking water, improving water quality, 
increasing water-use efficiency, and promoting 

integrated water resources management. Ulti-
mately, Goal 6 endeavors to ensure global ac-
cess to clean water and sanitation, essential el-
ements for health, well-being, and sustainable 
development.[1]

Goal 11 underscores the necessity of 
creating inclusive, safe, resilient, and 
sustainable cities and human settle-
ments. Addressing a myriad of urban 

challenges, this goal advocates for the develop-
ment of livable, environmentally friendly cit-
ies accessible to all inhabitants. Targets within 
Goal 11 encompass improvements in housing, 
transportation, urban planning, disaster risk 
reduction, cultural and natural heritage pres-
ervation, environmental sustainability, and 
public space accessibility. Its overarching aim 
is to foster sustainable urban development that 
enhances quality of life, promotes social inclu-
sion, and builds resilience to disasters and cli-
mate change.[1]

Goal 13 prioritizes urgent action 
to combat climate change and its 
far-reaching impacts. Acknowledg-
ing the imperative of addressing 

environmental, social, and economic ramifi-
cations, this goal advocates for a comprehen-
sive approach to climate action. Targets with-
in Goal 13 include strengthening resilience to 
climate-related hazards, integrating climate 
change measures into national policies, en-
hancing education and awareness on climate 
change mitigation and adaptation, mobilizing 
financial resources, and promoting effective 
climate change-related planning and manage-
ment. By emphasizing concerted efforts at all 
levels, Goal 13 aims to mitigate climate change 
and build resilience to safeguard the planet and 
future generations.
Furthermore, the goals advocate for the estab-
lishment of movements and international asso-
ciations to promote and implement sustainable 
principles within the construction sector, ex-

emplified by initiatives like the LEED Certifi-
cation promoted by the World Green Building 
Council.[1]

To assess the advancements towards achieving 
the 17 Sustainable Development Goals, the 
ASviS (Italian Alliance for Sustainable Devel-
opment) was established on February 3, 2016, 
through collaboration between the Unipolis 
Foundation and TorVergata Rome University. 
Its primary objective is to elevate the signifi-
cance of the 2030 Agenda and institute a mon-
itoring system for the goals. Subsequently, ef-
forts are directed towards formulating a viable 
national strategy to attain these objectives and 
catalyze the transition of industries and public 
institutions towards sustainability.[1]

The ASviS report on sustainable development, 
compiled in 2021 with data from 2020, un-
derscores the significant challenges in achiev-
ing annual progress, which is fundamental for 
meeting the 2030 targets. Notably, in 2020, 
only three goals witnessed improvements: 
clean energy (Goal 7), climate action (Goal 8), 
and peace and justice (Goal 16). Conversely, 
three goals remained stagnant: food and ag-
riculture (Goal 2), clean water (Goal 6), and 
innovation (Goal 9), while the others experi-
enced deterioration.
In juxtaposition with other European Union 
nations, Italy's deficiencies are evident, with 10 
indicators falling below the European average. 
The implementation of PNRR (National Re-
covery and Resilience Plan) holds promise in 
advancing towards these targets. Additionally, 
the ASviS proposes several measures:
• Revise the PNIEC (National Integrat-

ed Plan for Energy and Climate) to align 
with European standards, aiming for a 55% 
emissions reduction by 2030.

• Cease public funding for fossil fuels.
• Develop strategies for gender equality and 

reducing youth unemployment.
• Enhance the foundation of research and 

studies for environmental sustainability in 
the future.

2. Green vs sustainable build-
ings

Green and Sustainable building have often 
been used interchangeably, though they are dis-
tinct concepts. it described Green building as 
meeting specific criteria for environmental per-
formance. In 2008, it was characterized as en-
compassing strategies, techniques, and construc-
tion products that are less resource-intensive or 
pollution-producing than regular construction.

 Some times it is detailed it as utilizing land 
and energy efficiently, conserving water and oth-
er resources, improving indoor and outdoor air 
quality, and increasing the use of recycled and re-
newable materials. The concept of Green building 
has evolved to be accepted as providing people 
with healthy, efficient space and natural harmoni-
ous architecture with maximum resource savings, 
environmental protection, and reduced pollution 
throughout its lifecycle.[2]

Similarly, Sustainability has faced ambiguity 
and uncertainty in its definition. The Brundtland 
Commission in 1987 defined sustainable develop-
ment as meeting the needs of the present without 
compromising the ability of future generations 
to meet their own needs. Despite various defini-
tions, sustainability generally revolves around en-
vironmental, social, and economic impacts, with 
the institutional dimension gaining recognition 
more recently. 

The institutional dimension, introduced in 
1995, focuses on interpersonal processes such as 
communication and cooperation, resulting in in-
formation and systems of rules governing societal 
interaction. Various indicators are used to evalu-
ate institutional sustainability, such as participa-
tory political systems, non-discriminatory educa-
tion, social security systems, and gender equity.[2]

While both Green and Sustainability con-
cepts may seem vague initially, they can be clar-
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ified through detailed examination. Green build-
ing evaluations typically focus on environmental 
aspects such as energy, land, water, and materials, 
while sustainability is assessed through four main 
pillars: environmental, social, economic, and in-
stitutional. These concepts continue to evolve, 
with new dimensions like culture and epistemolo-
gy suggested to be integrated into the assessment 
of sustainability.[2]

2.1. Green Building rating sys-
tems

In this investigation, thorough analysis was 
conducted on BREEAM, LEED, CASBEE, and 
Green Star NZ rating systems. These systems 
were chosen due to their global recognition and 
prominence, with BREEAM, LEED, and CASBEE 
being established leaders in the field. Additionally, 
Green Star NZ was included despite being a rel-
atively new system, as it has recently released its 
latest version and New Zealand has experienced a 
notable rise in the registration of green buildings 
as a result.

2.1.1. BREEAM
BREEAM, pioneered by BRE (Building Re-

search Establishment) in the UK, is recognized 
as the world's first green building rating assess-
ment. Launched in 1990, it initially focused on 
offices and has since influenced subsequent major 
green rating systems like LEED, Green Star, and 
CASBEE. Known for its flexibility, BREEAM con-

siders local codes and conditions while also being 
applicable internationally. It assesses a building's 
lifecycle from design and construction to opera-
tion and refurbishment, offering various manuals 
for different stakeholders. Over 560,000 certifi-
cations have been issued to date, with a consistent 
increase projected, reflecting its growing adop-
tion worldwide. BREEAM certifications cover 
80% of the European sustainable building certi-
fication market. While all sustainability pillars are 
evaluated by BREEAM, environmental consid-
erations are predominant, categorized into eight 
main areas: Management, Energy, Transport, Wa-
ter, Materials, Waste, Land Use & Ecology, and 
Pollution.[3]

2.1.2. LEED
LEED, developed by the US Green Building 

Council (USGBC), is a voluntary standard intro-
duced in 1998 with its pilot version, LEED 1.0. 
Despite being launched after BREEAM, LEED 
has become the most widely adopted rating 
scheme globally, with over 79,000 projects across 
135 countries in 2012, expanding to nearly 150 
countries and territories by 2014, and now reach-
ing over 160 countries and territories. The square 
footage of LEED-certified projects has signifi-
cantly increased from around 0.15 billion to over 
15 billion square feet between 2008 and 2016. 
Like BREEAM, LEED primarily assesses environ-
mental factors, including Sustainable Sites, Water 
Efficiency, Energy and Atmosphere, Material and 

Resources, and Indoor Environment Quality. The 
criteria for evaluation span the building's entire 
lifecycle, covering Building Design and Construc-
tion, Interior Design and Construction, Building 
Operations and Maintenance, and Neighbour-
hood Development manuals.[4]

2.1.3. CASBEE
CASBEE, developed through collaboration 

between academia, industry, and local govern-
ments in Japan in 2001, remains focused on the 
Japanese context, resulting in a modest number 

of certified buildings (330 since 2004). Never-
theless, it boasts the broadest evaluation scope 
among the discussed rating systems. Despite its 
Japanese-centric nature, CASBEE began releas-
ing a pilot version for global application in 2015. 
Its assessment covers various stages from design 
to renovation, with criteria outlined in CASBEE 
Buildings, CASBEE for Commercial Interiors, 
and CASBEE for Temporary Construction man-
uals. Additionally, CASBEE for Urban Develop-
ment and CASBEE for Cities manuals serve as 
frameworks for evaluating groups of buildings.[5]

BREEAM LEED CASBEE Green Star NZ

Country UK US Japan NZ

Organizations BRE USGBC JSBC NZGBC

Flexibility 77 countries 160 countries 1 country 1 country

First version 1990 1998 2002 2007

 Building 
adaptations

New Construction . In-
Use Refurbish. and Fit-

Out Communities

New Construction. Existing Buildings. 
Operations and Maintenance Comm. Interiors 

Core and Shell Schools Retail Healthcare 
Homes. Neighbor. Develop.

Pre-design New 
Construction . Existing 

Building and Renovation

Communities Buildings Design 
and As Built Interiors 

Performances

 Categories

Management 
Health and Well-being 

Energy 
Transport 

Water 
Material 
Waste 

Land Use and Ecology 
Pollution 

Innovation

Integrative Process 
Location and Transportation 

Sustainable Site 
Water Efficiency 

Energy and Atmosphere 
Material and Resources 

Indoor Env. Quality 
Regional Priority 

Innovation

Indoor Environment 
Quality of Service 

On-site Environment Energy 
Resource and Materials 
Off-site Environment

Management 
Indoor Environment Quality 

Energy 
Transport 

Water Material 
Land Use and Ecology 

Emissions 
Innovation

Assessment 
method

Pre-weighted categories Additive credits BEE ranking chart Pre-weighted categories

Certification 
levels

Pass ≥ 30
Good ≥ 45 

Very Good ≥ 55 
Excellent ≥ 70 

Outstanding ≥ 85

Certified 40–49 
Silver 50–59 
Gold 60–79 

Platinum ≥ 80

Poor: BEE < 0.5 
Fairy Poor: BEE 0.5–1.0 

Good: BEE 1–1.5 
Very Good: BEE 1.5–3 or 

BEE ≥ 3 and Q < 50 
Excellent: BEE ≥ 3 and Q ≥ 

50

Min. Practice (1 star) 
Average Practice (2) 

Good Practice (3) 
Best Practice (4)

 Austr. Excellence (5) 
World Leader. (6)

Figure 13 .International rating system differences
Source:provided by the author,data extracted from "A critical comparison of green building rating systems"

Figure 12 : International rating system timeline ; Source:provided by the author

https://www-sciencedirect-com.ezproxy.biblio.polito.it/science/article/pii/S0360132317302937
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2.1.4. Green Star NZ
The Green Star NZ rating scheme, initiat-

ed by the New Zealand Green Building Council 
(NZGBC) in 2007, draws its foundation from the 
Australian Green Star model. Being the youngest 
among the mentioned rating schemes, Green Star 
NZ stands out as it doesn't offer a manual for as-
sessing buildings during their performance phase. 
Despite being on the market for just a decade, the 
number of certified buildings has shown a prom-
ising trend, experiencing a tenfold increase since 
2009, totaling 125 certifications.[6]

2.1.5. Overview of BREEAM, 
LEED, CASBEE, and Green Star 
NZ

The establishment of BREEAM, LEED, and 
Green Star NZ by nonprofit third parties con-
trasts with CASBEE, where the government plays 
a dominant role alongside industry and academia. 
This collaborative approach in CASBEE allows 
for more frequent, precise, and thorough updates 
based on feedback received from various stake-
holders. Consequently, CASBEE is regarded as 
a leader in assessing comprehensive area devel-
opment projects, including groups of buildings 
or entire cities. Despite being established after 
BREEAM and LEED, CASBEE has developed rap-
idly, offering evaluations across a wide spectrum, 
albeit with a focus on the Japanese context.

Green Star NZ, being the most recent of the 
rating systems discussed, lacks an assessment man-
ual for the operational phase of buildings. Conse-
quently, the number of certified projects remains 
limited, although there has been a positive trend 
in certifications over the past decade.

Efforts to revise and update criteria are evi-
dent across all rating systems, with the latest ver-
sions being relatively recent. BREEAM and LEED 
have gained significant global adoption, whereas 
CASBEE and Green Star NZ are still in the earli-
er stages, primarily due to their limited flexibility 
and applicability beyond domestic projects.

Despite regional differences, BREEAM and 
LEED can be adopted by countries worldwide, 
utilizing either international or local standards for 
assessment. BREEAM tends to target the Euro-
pean market, while LEED is perceived as having 
a more transparent rating approach compared to 
BREEAM.

In terms of evaluation criteria, BREEAM, 
LEED, and Green Star NZ share similar catego-
ries, reflecting the influence of BREEAM on the 
latter two systems. CASBEE, however, has fewer 
categories, reflecting its unique approach and fo-
cus on the Japanese context.

The weighting of evaluation criteria varies 
across systems, with Energy being consistent-
ly prioritized due to the significant energy con-
sumption of the construction industry. Material 
and Indoor Environment Quality/Health & Well-
being are also given high importance, reflecting 
global concerns such as raw material consump-
tion and occupant health.

The assessment methodology differs among 
the rating systems, with BREEAM and Green Star 
NZ utilizing pre-weighted categories, while LEED 
employs an additive credits approach. CASBEE's 
evaluation method is more complex, considering 
factors such as Built Environment Quality and 
Built Environment Load.

Overall, while these rating systems are vol-
untary, they are increasingly being mandated in 
certain regions or for specific purposes, demon-
strating their growing influence on sustainable 
building practices.

ENVIRONMENT

Economy Society

Figure 14:The Environmental, Economic, and Social Components of Sustainability; 
Source: Provided by the author



36 373 The foremost green building assess-
ment framework in the United States 
is LEED (Leadership in Energy and 

Environmental Design), developed by the U.S. 
Green Building Council (USGBC). The U.S. Of-
fice of Federal Environmental Executive defines 
"green building" as practices aimed at enhancing 
the efficiency of a building or site in energy, wa-
ter, and material usage, while also mitigating its 
impact on human health and the environment.[1]

The emergence of the environmental move-
ment in the 1960s, coupled with the 1973 
OPEC oil embargo and subsequent energy crisis, 
prompted a reevaluation of reliance on fossil fuels 
in transportation and construction. This led to the 
growth of the green building movement through 
national and international conferences and meet-
ings on energy, environmental issues, and build-
ing codes. [1] In 1993, the USGBC was established 
during a meeting at the American Institute of Ar-
chitects (AIA), with key figures including David 
Gottfried, Michael Italiano, and S. Richard (Rick) 
Fedrizzi. Fedrizzi, serving as the CEO, played a 
crucial role in shaping the organization. 

While the UK's BREEAM system took the 
lead in sustainability assessments for buildings 
back in 1990, the USGBC opted to work alongside 
the Natural Resources Defense Council (NRDC) 
to craft their own LEED certification, specifical-
ly customized to meet the needs of the American 
building industry. [4] The first version of LEED was 
solidified, adopted by the USGBC, and launched 
with the help of the Federal Energy Management 
Program in August of 1998.[5]

LEED's evolution from its initial version, 

LEED Certification

Namba Parks, Osaka

LEED v1, to the latest iteration, LEED V4, re-
flects a continuous effort to refine its criteria 
and adapt to changing standards. LEED V2, in-
troduced in 2000 with an expansion from 40 to 
69 credits1, expanded significantly, addressing 
shortcomings found in its predecessor. LEED 
V3, launched in 2007,set a new benchmark with 
increased points,up to 110 points5,and updated 
guidelines, remaining the standard until 2016. 
Despite setbacks delaying the release of LEED V4, 
its impending implementation in 2016 signifies a 
significant step forward. As of year 2023, USGBC 
began to develop LEED v5. LEED v5 is the first 
version of the LEED rating system to be based on 
the June 2022 Future of LEED principles. A draft 
version was discussed at Green building 2023. A 
final version is expected to be published as of year 
2024.

LEED V4 incorporates advancements in 
technology and stricter requirements for carbon 
reduction and human health [6], reflecting evolv-
ing governmental policies and industry standards.  
Additionally, while LEED offers flexibility in cred-
it selection, projects must still meet prerequisites 
and earn a minimum of 40 points to achieve cer-
tification. The possible levels of certification are 
four:

• Certified (40-49 points);
• Silver (50-59 points);
• Gold (60-79 points);
• Platinum (80-110 points).
Buildings certified under LEED are globally 

renowned for their commitment to sustainable 
architectural principles, resulting in reduced con-
sumption and cost savings over their lifecycle. 
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whether they are newly developed or located near 
other buildings completed within the past three 
years. This category can be subdivided into two 
classifications:

• Plan: Intended for projects in the early de-
sign stages or under construction.

• Built Project: Designated for projects that 
have already been developed.

5)The Homes category is utilized for the 
design of residential buildings of various types. 
This includes Single Homes as well as Multifamily 
Lowrise and Midrise structures.

In the updated version of LEED (V4.1), a new 
rating system called Cities and Communities has 
been introduced, which integrates design, social 
equity, and human health factors. This system of-
fers a choice between Plan and Design for devel-
oping cities and communities or for existing ones. 
It builds upon the previous performance-based 
approach to provide a comprehensive framework 
supporting planning, design, operation, and per-
formance management phases for both new and 
existing urban areas. Certification under this sys-
tem is based on various factors such as water ef-
ficiency, energy usage, greenhouse gas emissions, 
materials and resources, quality of life, innova-
tion, and regional priorities.

Given that a project may encompass different 
functions, there exists a specific guideline known 
as the “40/60” rule to aid teams in selecting the 
appropriate rating system. This rule considers the 
percentage of square meters within the project 
dedicated to each function. There are three pos-
sible scenarios:

equipment, such as servers.
• Hospitality: Designated for buildings pro-

viding short-term accommodation, such as 
hotels and motels.

• Healthcare: Designated for facilities pro-
viding long-term care or operating as hos-
pitals with continuous service.

• Warehouses and Distribution Centers: 
Designated for buildings utilized for the 
storage of products and materials.

• Homes and Multifamily Lowrise: Designat-
ed for residential buildings up to three sto-
ries, either single-family or multi-family.

• Homes and Multifamily Midrise: Desig-
nated for multi-family residential buildings 
ranging from four to eight stories.

2) Interior Design and Construction (ID+C) 
is designated for projects requiring the definition 
of internal layouts and space designs. Similar to 
BD+C, it is applicable to Retail and Hospitality 
projects. Additionally, ID+C is suitable for Com-
mercial Interiors, encompassing spaces distinct 
from those designated for Retail and Hospitality 
purposes.

3) Building Operation + Maintenance 
(O+M) applies to buildings that have been in 
operation for at least one year and remain fully 
functional. This designation is suitable for Retail, 
Schools, Hospitality, Data Centers, and Ware-
houses and Distribution Centers. Additionally, it 
is applicable to Existing Buildings that do not fit 
into any other designated category.

4) Neighborhood Development (ND) is des-
ignated for the creation of sustainable districts, 

This not only minimizes harmful emissions into 
the environment but also ensures occupants ben-
efit from healthy and comfortable spaces. The 
certification, outlined by the U.S. Green Building 
Council, encompasses various targets, including 
preserving water sources, biodiversity, and eco-
systems, promoting material sustainability and 
reuse, enhancing quality of life, improving human 
health, fostering a green economy, and combat-
ing climate change.  This comprehensive approach 
highlights the certification system's focus on ad-
dressing a broad spectrum of aspects related to 
both the outdoor environment  and the building. 
The accompanying graph illustrates the signifi-
cance attributed to each principal theme by the 
credits awarded (Figure 16).

1.  Rating Systems: LEED V.4 
The protocol contains five new macro-cate-

gories (Figure 17). There are five primary LEED 
rating systems reference guides, and each is di-
rected towards a specific project type:

1) The Building Design + Construction 
(BD+C) designation is applied to projects involv-
ing new construction or significant renovation. 
Further categorization depends on specific proj-
ect requirements:

• New Construction: Applicable to projects 
involving the construction of new buildings 
or major renovations, including enhance-
ments to the building envelope and HVAC 
systems.

• Core & Shell: Pertains to the exterior 
shell of new construction or major reno-
vations, as well as mechanical, electrical, 
and plumbing systems, excluding interior 
finishes.

• Retail: Designated for buildings intended 
for commercial purposes, such as shops 
and bars.

• Schools: Designated for educational facili-
ties.

• Data Centers: Designated for facilities ded-
icated to storing high-density computer 
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Figure 16: Pie chart of percentage about relevance of thematic given by points ; Source: www.usgbc.org

Figure 15: Certification levels and related score;  Source: www.gbcitalia.org
Figure 17: Rating Systems: LEED V.4  ; Source: www.gbcitalia.org

https://www.usgbc.org/

https://www.gbcitalia.org/leed
https://www.gbcitalia.org/leed
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1) If the percentage of a function within the 
project is less than 40%, the corresponding rating 
system is not considered.

2) If the percentage exceeds 60%, the rele-
vant rating system is automatically chosen.

3) If the percentage falls between 40% and 
60%, the decision is left to the project team to de-
termine the appropriate rating system to pursue.

2. Minimum Program Re-
quirements (MPR) and Pre-req-
uisite

LEED certification hinges on stringent ad-
herence to minimum program requirements 
(MPRs), which meticulously outline project eli-
gibility criteria and serve as the bedrock for main-
taining the program's credibility and consistency. 
These requirements are meticulously crafted to 
offer unequivocal guidance, streamline the certi-
fication process, and uphold the integrity of the 
LEED program.

The minimum program requirements 
(MPRs) outlined below:

1.Permanent Location on Existing Land:
- This requirement mandates that LEED proj-

ects must be situated on permanent land, ensuring 
stability and minimizing disruptions to surround-
ing ecosystems. Projects designed to relocate at 
any point in their lifecycle are ineligible for LEED 
certification.

2.Reasonable LEED Boundaries:
- LEED boundaries must be thoughtfully de-

fined to encompass all contiguous land essential 
for the project's operations. This includes areas 
altered during construction and those predomi-
nantly utilized by project occupants. The goal is 
to prevent unfair advantages by neither excluding 
nor artificially enlarging areas within the bound-
ary.

3.Compliance with project size require-
ments:

- LEED projects must align with specified 
size criteria tailored to different rating systems. 

For example:
- LEED BD+C and LEED O+M projects re-

quire a minimum gross floor area of 1,000 square 
feet (93 square meters).

- LEED ID+C projects necessitate a min-
imum gross floor area of 250 square feet (22 
square meters).

- LEED for Neighborhood Development 
projects should consist of at least two habitable 
buildings and not exceed 1500 acres in size.

- LEED for Homes projects must meet the 
definition of a "dwelling unit" as per applicable 
building codes.

In addition to the general MPRs, each credit 
category has its own prerequisites. Even if certain 
credits within a category are not pursued, adher-
ence to these prerequisites is mandatory. There-
fore, project teams meticulously address the pre-
requisites of each credit category after meeting 
the general MPRs, aiming to earn essential cred-
its for certification while ensuring overall com-
pliance.

3. LEED Credit Categories and 
Scorecard

LEED provides an independent third party 
certification that a building was designed and con-
structed using strategies aimed at an improved en-
vironmental performance in six key areas known 
as credit categories. In addition to this, there are 
two bonus categories “Innovation in Design” and 
“Regional Priorities” and an additional category 
“Integrative Process”.

The following mentioned categories are fur-
ther subdivided into prerequisites and credits. The 
prerequisites are at the beginning of the main rat-
ing system credit categories in LEED v4 and they 
are mandatory. The purpose of prerequisites is to 
ensure a minimum level of achievement within 
each credit category. Points are not given for pre-
requisites. In the early days of LEED, many proj-
ects were registered but never certified due to the 
fact that project teams did not fully understand 

house gas emissions. Additionally, the presence of 
bicycle networks and designated parking spaces 
for bicycles within building premises is encour-
aged.

Sustainable Sites: This category 
directs its efforts towards preserving 
the natural environment surrounding 
the building, with a focus on ecosystem 

protection and biodiversity conservation. Credits 
are awarded for mitigating the heat island effect 
through measures such as avoiding the use of dark 
materials and minimizing light pollution on pub-
lic streets. Additionally, it encourages the inclu-
sion of vegetated open spaces to minimize runoff 
during rainfall events.

Water Efficiency: This category 
adopts an "efficiency first" strategy to 
curtail water wastage, addressing both 
indoor and outdoor water usage and 

metering. Key components include occupancy 
calculations to estimate water consumption and 
the installation of systems to capture rainwater 
for non-potable uses.

Energy and Atmosphere: This sec-
tion of the protocol focuses on credits 
aimed at minimizing the use of oil, coal, 
and natural gas, which contribute to 

greenhouse gas emissions and are non-renewable 
resources. Achieving high performance involves 
implementing technical systems such as high-effi-
ciency HVAC systems and integrating on-site re-
newable energy production, such as photovoltaic 
panels. Additionally, studies on building orienta-
tion are conducted to maximize the utilization of 
solar light and heat.

Materials and Resources: These 
credits prioritize the use of environ-
mentally friendly materials, with a fo-
cus on both material performance and 

the resources required for their production. Life 
Cycle Assessment (LCA) calculations are em-
ployed to evaluate the environmental impact of 
materials throughout their entire lifecycle, from 

the impact of the prerequisites on their projects.
On the other hand,all credits in each rating 

system adaptation are grouped in categories and 
listed after the prerequisites. Each category lists 
the total amount of possible points that can be 
achieved within that category. Each credit is as-
signed a single point or a range of points.

Also, a credit can be obtained for the inte-
grative process, which is not within a category. 
The integrative process is stressed as the foun-
dation for working through all the categories to 
achieve credits. Its purpose is to promote team-
work across all the disciplines and begins at the 
discovery or critical phase of the project. Also, an 
integrative process can help project teams achieve 
synergies across credit categories. A LEED assess-
ment can be undertaken for every building typol-
ogy during any stage of its life cycle.

Integrative Process: This credit 
encourages team members to collab-
orate effectively to enhance environ-
mental and energy performance, as 

well as human well-being. Construction process-
es should be integrated starting from the early 
stages of design. The credits aim to facilitate on-
going communication among team members to 
discover cost-effective solutions together. Various 
disciplines involved in typical construction proj-
ects synergize efforts to mitigate common site is-
sues, thereby reducing time and cost implications 
arising from changes or intersectoral interaction 
problems.

Location and Transportation: 
Credits within this category incentivize 
construction in pre-existing, urbanized 
areas to avoid unnecessary expenditure 

on new infrastructure and land development. This 
encourages efficient utilization of resources and 
reduces the need for additional street networks, 
bicycle lanes, and utility connections like electric-
ity, water, and gas. The emphasis is on promoting 
locations with robust public transportation net-
works to reduce car usage and mitigate green-
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resource extraction to disposal.
Indoor Environmental Quality: 

Green buildings prioritize the well-be-
ing and comfort of occupants, prompt-
ing credits in this category to incentiv-

ize measures enhancing thermal, acoustic, and 
visual comfort within the structure.

Innovation: Given the rapid pace 
of technological advancement, the pro-
tocol allows for the adoption of new 
technologies not covered by other 

credits. Teams must provide documentation sup-
porting the use of these technologies. Additional 
points are awarded for exemplary performances, 
often with stricter criteria, and for the involve-
ment of a LEED Accredited Professional (LEED 
AP) to oversee the process.

Regional Priority: This credit en-
courages teams to address specific envi-
ronmental and public health needs rel-
evant to their region. Documentation 

must be provided to demonstrate how the project 
contributes to local goals and initiatives.

4. Checklists
Each LEED rating system adaptation has a 

centralized point of organization, called a check-

list (sometimes referred to as a scorecard). In 
most cases, the checklist is a single-page list con-
taining the name of the rating system adaptation 
and a series of categories that pertain to the site, 
transportation, water, energy, materials, indoor 
air, and innovation of the project. Within each 
category are prerequisites and credits that a proj-
ect team selects for point attribution to achieve 
LEED certification. At the bottom of each check-
list are the certification levels and their respective 
point thresholds.

The checklist is the first thing a project team 
considers when deciding which rat- ing system 
adaptation to use. During the predesign planning 
phase, a project team should use the checklist to 
roughly deter- mine which credits and certifica-
tion level can be achieved. Figure 18 depicts a 
Scoring Checklist for LEED, specifically the one 
utilized in my case study.

5. LEED Certification Steps
Certification of a building involves several 

key stages:
In the initial phase, known as Pre-Assess-

ment, a comprehensive analysis of the project is 
conducted to determine the feasibility of achiev-
ing a specific certification level. This involves 
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YES ? NO Historic Value Maximum score: 20

YES   Prereq. 1 Preliminary analysis Mandatory

   Credit 1.1 Advanced analysis: energy audit  1 - 3

      I Level Analysis 1

     Advanced analysis: thermography 2

     Advanced analysis: thermography and thermic conductance 3

   Credito 1.2 Advanced analysis: diagnostic tests on materials and 
degradation  2

   Credito 1.3 Advanced analysis: diagnostic tests on structures and 
structural monitoring 1 - 3

     Diagnostic tests on structures 1 - 2

     Diagnostic tests on structures and structural monitoring 2 - 3

   Credit 2 Project reversibility 1 - 2

   Credit 3.1 Compatible end-use 1 - 2

   Credit 3.2 Chemical and physical compatibility of integrated materials  1 - 2

     Compatibility evaluation with fulfi llment of the basic requirements 1

     Compatibility evaluation with fulfi llment of the basic requirements 
and at least two complementary requirements 2

   Credit 3.3 Structural compatibility  2

   Credit 4 Sustainable restoration site  1

   Credit 5 Scheduled maintenance plan  2

   Credit 6 Specialist in restoration of architectural heritage and landscape  1

SI ? NO Sustainable Sites Maximum score: 13

YES   Prereq. 1 Construction activity pollution prevention Mandatory

   Credit 1 Brownfi eld redevelopment  2

   Credit 2.1 Alternative transportation: public transportation access  1

   Credit 2.2 Alternative transportation: bicycle storage and changing rooms  1

   Credit 2.3 Alternative transportation: low-emitting and fuel-effi  cient 
vehicles  1

   Credit 2.4 Alternative transportation: parking capacity  1

   Credit 3 Site development: open spaces recovery  2

   Credit 4 Stormwater design: quantity and quality control  2

   Credit 5 Heat island eff ect: non-roof and roof  2

     Outdoor paved surfaces 2

     High refl entance roofs 2

     Vegetated roofs 2

     Combination of high refl ectance roofs and vegetated roofs 2

   Credit 6 Light pollution reduction  1

YES ? NO Water Effi  ciency Maximum score: 8

YES   Prereq. 1 Water use reduction  Mandatory

   Credit 1 Water effi  cient landscaping  1 - 3

     Outdoor or irrigation water consumption reduction 50% 1

     Outdoor and irrigation water consumption reduction 50% 2

     No irragation required 3

   Credit 2 Water use reduction  1 - 3

   Credit 3 Water metering  1 - 2

     Mixed use building separated water meter 1

     High effi  ciency appliances and process water systems 1

YES ? NO Energy & Atmosphere Maximum score: 29

YES   Prereq. 1 Fundamental commissioning of building energy systems Mandatory

YES   Prereq. 2 Minimum energy performance  Mandatory

YES   Prereq. 3 Fundamental refrigerant management Mandatory

   Credit 1 Optimize energy performance  1 - 17

     Procedura semplifi cata per la determinazione della prestazione 
energetica dell’edifi cio  1 - 3

     Simulazione energetica in regime dinamico dell’intero edifi cio  1 - 17

   Credit 2 Renewable energies  1 - 6

   Credit 3 Enhanced commissioning  2

   Credit 4 Enhanced refrigerant management  1

   Credit 5 Measurement and verifi cation   3

YES ? NO Materials & Resources Maximum score: 14

YES   Prereq. 1 Storage and collection of recyclables Mandatory

YES   Prereq. 2 Demolition and construction waste management Mandatory

YES   Prereq. 3 Building reuse Mandatory

   Credit 1 Building reuse: maintaining existing technical element and 
fi nishing  3

   Credit 2 Demolition and construction waste management   1 - 2

     Reduction of 75% 1

     Reduction of 95% 2

   Credit 3 Materials reuse   1 - 2

     Reused materials for the 15% 1

     Reused materials for the 20% 2

   Credit 4 Building product environmental optimization  1 - 5

     Third part certifi cation 2

     Multicriteria certifi cation 1 - 3

   Credit 5 Regional materials  1 - 2

YES ? NO Indoor Environmental Quality Maximum score: 16

YES   Prereq. 1 Minimum indoor air quality performance (IAQ) Mandatory

YES   Prereq. 2 Environmental Tobacco Smoke (ETS) control Mandatory

   Credit 1 Air monitoring  2

   Credit 2 Outdoor air delivery monitoring  2

   Credit 3.1 Construction IAQ management plan: during construction  1

   Credit 3.2 Construction IAQ management plan: before occupancy  1

   Credit 4.1 Low-emitting materials: adhesives and sealants  1

   Credit 4.2 Low-emitting materials: paints and coatings  1

   Credit 4.3 Low-emitting materials: fl ooring systems  1

   Credit 4.4 Low-emitting materials: composite wood and agrifi ber 
products  1

   Credit 5 Indoor chemical and pollutant source control  1

   Credit 6.1 Controllability of systems: lighting  1

   Credit 6.2 Controllability of systems: thermal comfort  1

   Credit 7.1 Thermal comfort: design  1

   Credit 7.2 Thermal comfort: verifi cation  2

YES ? NO Innovation in design Maximum score: 6

   Credit 1 Innovation in design  1 - 5

   Credit 2 GBC Accredited Professional  1

YES ? NO Regional priority Maximum score: 4

   Credit 1 Regional priority  1 - 4

   Total  Maximum score:  110

GBC Historic Building® - 2016 Edition
100 points; 10 bonus points for Innovation in Design and Regional Priority

Certifi ed 40 - 49 points       Silver 50 - 59 points    Gold 60 -79 points  Platinum 80 and more
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Image 18: Scorecard LEED V4 for BD+C: New Construction

mitted during the design and construction phases 
are clearly delineated. Following the correct load-
ing and revision of all documents, a final check is 
performed by a LEED reviewer before certifica-
tion is requested from the USGBC. These steps 
constitute the "Split Review" approach, where 
assessment occurs separately for design and con-
struction phases.

Alternatively, there's the option of a "Com-
bined Review," where all documentation is eval-
uated at the project's conclusion. However, this 
approach carries greater risk, as changes become 
limited once construction begins, potentially re-
sulting in a lower certification level or no certifi-
cation if prerequisites aren't met.

The split review offers the advantage of as-
sessing credit attainment during the design phase, 
allowing for potential project adjustments. This 
underscores the thesis's central idea: advocating 
for the integration of the LEED protocol into 
project design as a primary sustainability tool, 
rather than viewing it as a mere evaluation done 
later on.

6.  Benefits related to LEED
In our modern world, LEED certification, 

endorsed by the Green Building Council (GBC), is 
widely recognized as a benchmark for eco-friend-
ly building practices. LEED aims to reduce build-
ings' environmental impact while promoting the 
well-being of occupants, as emphasized by this 
organization. This certification plays a crucial role 
in creating a sustainable and resilient built envi-

evaluating the Minimum Program Requirements, 
pre-requisites for each category, and assessing the 
economic viability of obtaining credits.

Following this, the second phase entails On-
line registration, where if the owner deems the 
potential LEED certification level satisfactory, the 
project is registered on the "LEED Online" plat-
form by remitting a fee to the GBCI. The LEED 
AP oversees the process and coordinates the 
preparation of documentation by team members.

The subsequent step is the Application for 
Design review, where the LEED AP uploads all 
relevant documentation for design prerequisites 
and credits onto the LEED Online interface. 
Additionally, clarification may be sought for any 
project-related issues.

Afterward, the Preliminary Design Review 
and Response stage ensues, whereupon all sub-
mitted documents are evaluated by the GBC, re-
sulting in a preliminary assessment.

The process then moves to the Final Design 
Review Decision phase, which involves a thor-
ough revision of all design documentation. Tran-
sitioning to the Application for Construction re-
view stage, all necessary documents pertaining to 
construction-phase credits are uploaded.

Subsequently, the Preliminary Construction 
Review and Response stage occurs, during which 
the revisor conducts a preliminary evaluation 
subsequent to document submission. Finally, the 
Final Construction Review Decision marks the 
conclusive phase of assessing construction credits.

In the LEED manual, the credits to be sub-

Figure 19: Path for a LEED split review



44 45

ronment, as noted by the GBC. It's important to 
consider global trends, like the push for net-ze-
ro CO2 emissions by 2050 and initiatives from 
the European Commission, as highlighted by 
this council. Additionally, the significance of sus-
tainable construction practices, endorsed by the 
GBC, cannot be overstated in combating climate 
change.

1. Environmental Impact Reduction is a core 
focus of LEED certification. LEED-certified build-
ings contribute to reducing energy consumption 
and carbon emissions significantly. Studies, like 
the one conducted by the University of Califor-
nia–Berkeley, emphasize the substantial decrease 
in greenhouse gases associated with LEED-certi-
fied buildings. This reduction is achieved through 
various measures, including efficient water usage 
and waste management practices. Additionally, 
LEED projects divert millions of tons of waste 
from landfills, thus aiding in environmental con-
servation and sustainability efforts.

• Energy Efficiency: LEED-certified buildings 
prioritize energy optimization through strate-
gies like efficient HVAC systems, insulation, and 
lighting. By reducing energy consumption, these 
buildings contribute to lower greenhouse gas 
emissions, mitigating climate change and lessen-
ing the demand for fossil fuels.

• Water Conservation: LEED places a strong 
emphasis on water efficiency by advocating for 
water-saving fixtures, rainwater harvesting sys-
tems, and landscaping practices that minimize wa-
ter consumption. This conserves water resources, 
particularly crucial in water-stressed regions, and 
helps alleviate pressure on freshwater sources and 
ecosystems.

• Waste Management: LEED promotes waste 
reduction and recycling initiatives throughout a 
building's lifecycle. By diverting waste from land-
fills and encouraging recycling and composting, 
LEED-certified projects minimize environmental 
pollution and conserve valuable resources.

• Materials Selection: LEED prioritizes the 

use of sustainable materials, such as recycled con-
tent, rapidly renewable resources, and low vola-
tile organic compound (VOC) emissions. Choos-
ing environmentally responsible materials helps 
reduce the carbon footprint of LEED projects and 
promotes sustainable sourcing practices.

• Site Design and Land Use: LEED encourag-
es thoughtful site selection and design that min-
imizes environmental disruption and preserves 
natural habitats. Strategies like brownfield rede-
velopment, green infrastructure, and urban infill 
development protect ecosystems and promote 
sustainable land use practices.

• Transportation and Access: LEED-certified 
projects prioritize accessibility and promote alter-
native transportation options such as public tran-
sit, cycling infrastructure, and pedestrian-friendly 
design. By reducing reliance on single-occupancy 
vehicles, these projects mitigate traffic congestion 
and air pollution, contributing to a healthier envi-
ronment.

• Health and Well-being: While not directly 
environmental, promoting occupant health and 
well-being is integral to reducing the overall en-
vironmental impact of buildings. LEED-certified 
buildings prioritize indoor environmental quality, 
enhancing air quality, thermal comfort, and access 
to natural light. This not only improves occupant 
comfort but also reduces the need for energy-in-
tensive heating, cooling, and artificial lighting.

2. Accountability and Leadership: LEED cer-
tification ensures accountability in sustainable 
building practices through a rigorous third-par-
ty certification process overseen by the USGBC. 
The LEED plaque signifies that buildings adhere 
to stringent sustainability standards, fostering 
transparency and trust among stakeholders. This 
distinguishes LEED-certified buildings as exem-
plars of environmental responsibility.

3. Financial Benefits: The financial advantag-
es of LEED certification are manifold. In addition 
to higher resale values and faster lease-up rates, 
LEED-certified buildings incur lower utility costs, 

with average energy savings of 25% compared to 
conventional structures. These energy-efficient 
features not only contribute to cost savings for 
building owners but also enhance long-term fi-
nancial sustainability by reducing operational ex-
penses over the building's lifecycle.

4. Employee Satisfaction and Health: 
LEED-certified buildings prioritize occupant 
health and well-being by implementing strate-
gies to enhance indoor environmental quality. 
Features such as optimal thermal comfort, access 
to natural light, and superior indoor air quality 
contribute to increased employee satisfaction and 
productivity. This focus on occupant well-being is 
particularly appealing to younger workers who 
prioritize working in environmentally conscious 
and healthy environments.

5. Meeting ESG Goals: LEED certification 
aligns with Environmental, Social, and Gover-
nance (ESG) goals, providing investors with a 
recognized framework for measuring and manag-
ing sustainability performance in their real estate 
portfolios. Studies show that LEED-certified as-
sets exhibit resilience during market downturns, 
reflecting their attractiveness to socially respon-
sible investors seeking sustainable investment op-
portunities.

6. Tax Incentives: LEED certification may 
qualify for tax incentives in certain jurisdictions, 
offering additional financial benefits to building 
owners. These tax breaks, along with potential 

financial support opportunities through partner-
ships , enhance the affordability and attractiveness 
of pursuing LEED certification for building proj-
ects.

7. Data-driven Performance Measurement: 
LEED provides valuable data on building perfor-
mance through its rating systems, enabling prop-
erty managers, portfolio owners, and service 
providers to monitor and optimize operational 
efficiency. By tracking metrics such as energy, 
water, carbon emissions, waste generation, and 
human experience, LEED-certified buildings can 
continuously improve their sustainability perfor-
mance and enhance overall operational effective-
ness.

In summary, LEED certification provides a 
range of benefits, including environmental stew-
ardship, financial viability, occupant well-being, 
and market competitiveness. These advantages 
highlight the significance of embracing sustain-
able building practices and showcase the value of 
pursuing LEED certification for building projects.

7.  LEED At Present: GBC in 
2023

The landscape of sustainable building prac-
tices in Italy, as outlined by the Green Building 
Council (GBC) and supported by data analysis, 
reflects a dynamic evolution over the past decade. 
With a focus on LEED and GBC certifications, 
this report delves into the remarkable growth and 
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From a first analysis of the many numbers describing 
the composition of the LEED and GBC certified built 
environment, it emerges that 80% of these buildings 
have achieved a high level of certification (Gold or 
Platinum). This means that the level of sustainabili-
ty achieved is the result of pursuing multiple objecti-
ves related to all thematic areas, reflecting a holistic 
approach to sustainability in both design and con-

struction phases. The data also indicate that the trend 
of certified sustainable construction is doubling in a 
few years: in addition to the 9 million square meters 
already certified, there are approximately another 
10 million square meters currently undergoing cer-
tification. The direction seems to be taken, although 
the progress appears to vary in different regions of 
the country.

Number of buildings and their respective areas for 
LEED and GBC:

Total number of projects: 1460

Number of registered projects: 890

Number of certified projects: 570

Total Gross Surface Area [square 
meters]: 19.851.417,45

Certified Gross Surface Area [square 
meters]: 9.191.525,18

LEED + GBC Certification Levels:

TORTA
356
Gold

48
Certified

101
Platinum

65
Silver

Territorial distribution
LEED and GBC projects (Total and certified)

The current scenario indeed shows an uneven distribution 
of certified buildings, both in terms of geographical loca-
tions and intended use. Some regions, such as Lombardy, 
have significant areas and numerous certified buildings. 
However, it’s important to note that almost all Italian re-
gions show some level of presence. While sustainable 

construction in the city of Milan benefits from factors re-
lated to the influence of international investors, its spread 
and growth in more peripheral areas are also associated 
with the cultural diffusion efforts promoted by GBC Italia 
throughout the Italian provinces.
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Figure 21: Number of buildings and their respective 
areas for LEED and GBC; Source: extracted from 
"impact report 2023" in gbcitalia.org

Figure 20: Pie chart of certified projects number for 
each level; Source: extracted from "impact report 2023" 
in gbcitalia.org

https://forms.gle/tNvjmu23TD1nvoTU7
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distribution of registered and certified projects 
across various regions. Notably, the emphasis on 
achieving high levels of certification underscores 
a holistic approach to sustainability, evident in the 
pursuit of multiple objectives throughout the de-
sign and construction phases. As Italy embraces 
sustainable principles, exemplified by the dou-
bling trend in certified construction, this study un-
veils the diverse geographical spread and intended 
uses of certified buildings. From the bustling ur-
ban centers like Milan to the more peripheral re-
gions, sustainable construction is gaining traction, 
propelled by both international investment influ-
ence and grassroots efforts spearheaded by GBC 
Italia. Through rigorous certification systems 
like LEED, designers are equipped with essential 
tools to navigate the complexities of sustainable 
design and construction, fostering a culture of 
environmental stewardship and innovation. This 
introduction sets the stage for a comprehensive 
exploration of Italy's sustainable building journey, 
highlighting trends, challenges, and opportunities 
shaping the built environment in the 21st century.

From an initial examination of the various 
figures within the report describing the compo-
sition of the LEED and GBC certified built envi-
ronment, it becomes apparent that 80% of these 
structures have attained a high level of certifica-

tion (Gold or Platinum), as declared by the Green 
Building Council (GBC). This indicates that the 
achieved sustainability level results from pursuing 
diverse objectives across all thematic areas, re-
flecting a comprehensive sustainability approach 
in both design and construction phases. Figure 21 
data also suggest that the trend of certified sus-
tainable construction is experiencing a twofold 
increase within a few years: in addition to the ex-
isting 9 million square meters already certified, 
approximately another 10 million square meters 
are presently undergoing certification. The prog-
ress seems to differ across various regions of the 
country.

Figure 22 demonstrates an uneven distribu-
tion of certified buildings, both in terms of geo-
graphical locations and intended use. Certain re-
gions, such as Lombardy, boast significant areas 
and numerous certified buildings. However, it's 
noteworthy that nearly all Italian regions exhib-
it some level of presence. While sustainable con-
struction in Milan benefits from factors related to 
international investor influence, its proliferation 
and expansion in peripheral areas are also linked 
to cultural diffusion efforts promoted by GBC 
Italia across Italian provinces.

Figure 23 showcases disparities in total and 
certified certifications in the territorial distribu-

tion of LEED and GBC projects across different 
Italian regions. Lombardy and Veneto stand out 
with high numbers of both registered and certi-
fied projects, indicating a firm commitment to 
sustainable building practices. Conversely, regions 
like Basilicata, Calabria, and Valle d'Aosta appear 
to have relatively lower involvement in green 
building initiatives based on the provided data.

Lombardy leads in the number of total regis-
tered projects with 517, followed by Veneto with 
344, and Lazio with 163. Other regions with sig-
nificant numbers of total registered projects in-
clude Emilia Romagna (107), Piemonte (90), and 
Trentino Alto Adige (77). Some regions have very 
few or no registered projects, such as Basilicata, 
Calabria, and Valle d'Aosta. Lombardy also leads 
in the number of certified projects with 253, fol-
lowed by Veneto with 53, and Lazio with 69. Emil-
ia Romagna, despite having a significant number 
of registered projects, has 48 certified projects, 
indicating a lower certification rate compared to 
its registration rate. Some regions have very few 
or no certified projects, similar to the registered 
projects data.

Figure 23 highlights the diverse intended uses 
of certified buildings, emphasizing the possibility 
of applying these principles to all types of con-
structions and engaging the entire supply chain in 
terms of activities and scale, as declared by the 
Green Building Council.

The trend for registered and certified proj-
ects in figure 24, particularly under LEED and 
GBC, has experienced significant growth over the 
past decade according to the provided report from 
GBC Italia. Compared to 10 years ago, the number 
of buildings registered and certified under LEED 
and GBC in a year is now 10 times higher. Notable 
increases in professional attendance at GBC Ital-
ia's courses in 2016 and 2017 were mirrored by 
similar jumps in the number of buildings certified 
under LEED and GBC. In 2019, another notable 
increase in the number of trained individuals was 
observed, accompanied by a corresponding rise in 
LEED and GBC certified buildings. Overall, there 
has been a consistent upward trend in the number 
of registered and certified projects over the years, 
indicating the impact of GBC Italia's efforts on ac-
celerating and spreading applied sustainability in 
the built environment.

Moreover, the Italian GBC website offers an 
Excel file for download, providing detailed data 
on buildings that are already certified and those 
awaiting certification as LEED projects. This file 
includes pertinent information such as project lo-
cation (city, region, address), the adopted LEED 
rating system, associated points, certification lev-
el, and gross surface area, facilitating a compre-
hensive understanding of the context and aiding 
further analysis and decision-making processes.
(Figure 25)
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Figure 23: Territorial distribution LEED and GBC 
projects (Total and certified); Source: extracted 
from "impact report 2023" in gbcitalia.org
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GBC Italia is currently composed of over 360 companies 
and institutions that share the goal of transforming the 
construction sector towards sustainability, in line with the 
Sustainable Development Goals. In addition to the 360 
regular members, there are over 100 individual professio-
nals registered with the association’s regional sections. 
This size positions GBC Italia among the leading Europe-

an Green Building Councils. Since its establishment, over 
1000 organizations and institutions have participated in 
its various activities, including collaboration agreements 
and specific research projects, which now allow GBC 
Italia to be considered the reference point for promoting 
sustainable construction in Italy.

Cities, Sustainability, and Climate 
Challenge
By Edoardo Zanchini
Director of the Climate Office of the Municipality 
of Rome

Today, cities are both the most interesting and the most 
complex laboratory for the climate challenge. They are 
the spaces where the most significant and ambitious 
decarbonization processes are taking place - such as 
those set by the European Mission 100 carbon-neutral 
and smart cities by 2030, in which Rome has been se-
lected - but they are also experiencing the impacts of 
heatwaves and floods in various continents.
Regarding Rome, we are deepening our understan-

ding of the various areas of the city and advancing in 
mitigation and adaptation choices, demonstrating that 
we need a profound change in approach to respond 
to this new scenario. First and foremost, in the inter-
twining of intervention objectives in public spaces and 
buildings, we need to consider energy and water ma-
nagement, resource circularity, and healthiness. Then, 
we need to pursue the transparency of objectives, re-
porting qualitative and quantitative results, and disse-
minating sustainability protocols. As demonstrated by 
GBC’s Impact report, we already know the answer to 
these challenges; now we must accelerate and multiply 
its dissemination to build innovative responses to the 
demand for more livable and safe neighborhoods with 
zero emissions.

The trend of registrations and cancellations - Figure 
1 - has been compared to the data from the ANCE 
Studies Center on investments in the Construction 
sector during the same period from 2008 to 2022. As 
seen from the comparison, the decline in GBC Italia 
memberships corresponds to the crisis phase of the 
sector, a structural crisis characterized by a 25% de-
crease in investments over 4 years. The sector slowly 
started to recover, taking sustainability of the built 
environment as one of its key axes for revitalization.
During the decline phase, GBC Italia experienced an 
increase in collaborations with Associations, Univer-
sities (Appendix A), and Research Institutes, which 

also led to the development of new protocols or po-
sition papers (Appendix B). At a global level, there 
are currently 77 Green Building Councils affiliated 
with the World Green Building Council, comprising 
approximately 40,000 members in total. This broa-
der dimension further highlights the strength of each 
Green Building Council, including GBC Italia, which 
can benefit from the synergistic work not only within 
its national community but also within the entire glo-
bal community. Each member of GBC Italia can feel 
part of a larger universe, which is unique and not 
available in other association frameworks.

A famous African proverb that says 
“If you want to go fast, go alone.
  If you want to go far, go together,” 

accurately represents the strength of any association: the community of 
its members.

The Association

The ability to produce tangible results is a key aspect 
of GBC Italia’s work. The constant growth of registered 
and certified LEED and GBC projects is one indicator of 
this. The impact of GBC Italia’s work can be measured 
by the acceleration and spread of applied sustainabili-
ty. Compared to 10 years ago, the number of buildings 
registered and certified LEED and GBC in a year is now 
10 times higher, a result that the association has wor-
ked towards. Initially, this involved adapting the LEED 

protocol for the Italian market and subsequently deve-
loping four proprietary rating systems, like only a few 
other green building councils have done. course of 10 
years, GBC Italia has trained more than 3,500 profes-
sionals from various backgrounds. This is an interesting 
statistic, but it becomes even more significant when 
comparing it, for example, to the trend, over the years, 
of classroom training provided to professionals and the 
number of buildings registered and certified LEED and 

Registered and Certified Projects
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GBC. In 2016 and 2017, the significant increase in profes-
sionals who attended at least one course offered by GBC 
Italia was mirrored by a similar jump in the number of buil-
dings certified under LEED and GBC. Furthermore, in 2019, 
there was another notable increase in the number of trained 
individuals, accompanied by a corresponding rise in LEED 
and GBC certified buildings. These results were achieved 

through a continuous action on the entire supply chain, as 
evidenced by over 30 agreements signed with various natio-
nal associations, the training of 3,500 professionals over 10 
years, the involvement in six funded projects in the past five 
years and its active participation in all the global projects of 
the World GBC.
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Fig 1. GBC Italia Members Trend. Comparison with Investments Trend in Construction

Fig 2. LEED and GBC registered and certified buildings. Comparison with Investments Trend in ConstructionFigure 24: Territorial distribution LEED and GBC projects (Total and certified)
Source:extracted from "impact report 2023" in gbcitalia.org 

Figure 22: Territorial distribution LEED and GBC 
projects (Total and certified); Source: provided by 
the author ,data extracted from "impact report 2023" 
in gbcitalia.org
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Furthermore, in 2022, Assorestauro, in col-
laboration with Politecnico di Milano, initiated 
a research doctorate program focusing on the 
green conservation of architectural heritage. This 
research aims to assess the interest and commit-
ment of Italian economic operators in the resto-
ration sector towards sustainability. Notably, 44% 
of the surveyed operators were found to invest in 
sustainability, prompting further inquiry into en-
hancing data quality and expanding the project's 
international scope.

Special attention should be given to the ap-
plication of the GBC Historic Building protocol, 
which introduces a specific section on the Histor-
ical Value of the building in addition to the tra-
ditional environmental themes. Within the Green 
Building Council Italia’s Protocol, the credits for 
the various thematic areas have been developed 
with many similarities to the references in version 
4.0 of the LEED protocol. Therefore, it is reason-
able to compare them with the application num-
bers of the latest version of the LEED protocol.

As shown in figure 26, there is a clear differ-
ence in the distribution of credit weights and the-
matic areas compared to LEED 4.0 protocol. The 
“Historical Value” area in the GBC HB protocol 
serves the purpose of guiding a deep understand-

8.  Italy GBC Historic Build-
ing

In recent years, Italy has witnessed a signif-
icant drive towards the restoration of its histori-
cal buildings, marking a shift where conservation 
practices take precedence in the construction 
industry. Latest statistics indicate that over two-
thirds of the entire production value is attribut-
ed to interventions on the built heritage. Despite 
this, there remains a disconnect between resto-
ration projects and existing sustainable manage-
ment standards and tools.

In 2017, Assorestauro and GBC Italy forged 
a partnership aimed at fostering a culture of sus-
tainable design for historical properties. Through 
joint efforts, they've conducted various aware-
ness-raising activities such as webinars, seminars, 
and site visits, implementing the Historic Build-
ing protocol. Additionally, they facilitated the for-
mation of an interministerial committee in 2021, 
comprising the Ministry of Culture and the Min-
istry of the Environment, to revise the Minimum 
Environmental Criteria (CAM) for construction, 
particularly focusing on historical and protected 
buildings. The resulting updated document re-
mains in use.

Figure 25: scheme about economic calculation of cost difference for LEED project  -Model input data 
flowchart ; Source:provided by the author,data extracted from  Initial cost assessment stochastic model for 
green buildings based on LEED score, Energy and Buildings, Volume 245, 2021

Figure 19: scheme about economic calculation of cost difference for LEED project
Source: Initial cost assessment stochastic model for green buildings based on LEED score, Energy and Buildings, Volume 245, 2021

ing of the historical building under renovation, en-
abling more conscious and effective application of 
sustainable redevelopment and restoration strate-
gies. It is possible to redistribute the points of the 
individual credits from the “Historical Value” area 
to other thematic areas based on their relevance. 
Credits VS 2, VS 3.1, VS 4, and VS 6 can be asso-
ciated with the LT (Location and Transportation) 
and SS areas, credit VS 1.1 with the EA Energy 
and Atmosphere) area, credits VS 1.2, VS 1.3, VS 
3.2, and VS 3.3 can be associated with the MR 
(Materials and Resources) area, and credit 5 with 
the IEQ (Indoor Environmental Quality) area.

The redistribution of VS credits shows how 
the GBC HB protocol, compared to LEED 4.0 
protocol, emphasizes more on materials and in-
door environmental quality. In a historic building, 
it is important to ensure the reuse of existing ma-
terials, combining a circular approach with the 
guarantee of preserving its historical value. The 
area related to indoor environmental quality ac-
quires significant weight because, in historic ar-
chitectures, due to existing constraints, it is more 
challenging to incorporate technological solu-
tions for controlling air quality, ambient tempera-

Figure 26: Comparison of the weight in total points for thematic areas in the LEED BD+C 4.0 and GBC 
HB protocols ; Source:extracted from "impact report 2023" in gbcitalia.org

Figure 20: Comparison of the weight in 
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Focus on the 
GBC Historic Building

The data shows that the GBC Historic Building protocol can serve as a tool to guide the desi-
gn and executionof integrated works to achieve the conservation of the historical value of the 
building, while increasing its sustainability.

GBC Historic Building can also be a valuable guide 
for the application of the Decree on Minimum 
Environmental Criteria in Construction

Special attention should be given to the application 
of the GBC Historic Building protocol, which introdu-
ces a specific section on the Historical Value of the 
building in addition to the traditional environmental 
themes . Within the Green Building Council Italia’s 
Protocol, the credits for the various thematic areas 

have been developed with many similarities to the 
references in version 4.0 of the LEED protocol. The-
refore, it is reasonable to compare them with the ap-
plication numbers of the latest version of the LEED 
protocol.

As shown in Chart 1, there is a clear difference in the 
distribution of credit weights and thematic areas com-
pared to LEED 4.0 protocol. The “Historical Value” 
area in the GBC HB protocol serves the purpose of 
guiding a deep understanding of the historical buil-
ding under renovation, enabling more conscious and 
effective application of sustainable redevelopment 
and restoration strategies. It is possible to redistribute 
the points of the individual credits from the “Historical 

Value” area to other thematic areas based on their re-
levance. Credits VS 2, VS 3.1, VS 4, and VS 6 can be 
associated with the LT (Location and Transportation) 
and SS areas, credit VS 1.1 with the EA Energy and 
Atmosphere) area, credits VS 1.2, VS 1.3, VS 3.2, and 
VS 3.3 can be associated with the MR (Materials and 
Resources) area, and credit 5 with the IEQ (Indoor En-
vironmental Quality) area.

Comparison of the weight in total points for thematic areas in the LEED BD+C 4.0 and GBC HB protocols

Focus on the GBC 
Historic Building 
protocol by GBC Italia
By Marco Caffi

Comparison of the distribution of scores 
between LEED 4.0 and GBC HB protocols

Credit points LEED BD+c thematic areas Credit points LEED GBC HB thematic areas

Historical
Value
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The redistribution of VS credits shows how the GBC HB 
protocol, compared to LEED 4.0 protocol, emphasizes 
more on materials and indoor environmental quality. In 
a historic building, it is important to ensure the reuse of 
existing materials, combining a circular approach with 
the guarantee of preserving its historical value. The area 
related to indoor environmental quality acquires signi-
ficant weight because, in historic architectures, due to 
existing constraints, it is more challenging to incorporate 
technological solutions for controlling air quality, ambient 
temperature, and natural lighting.
The energy efficiency area of GBC HB carries the same 
weight as in the corresponding area of LEED 4.0 protocol. 
Through deep energy investigations of historic buildings, 
as envisaged in the VS area, it is possible to leverage 
construction characteristics and bioclimatic solutions 
that are often already present in the existing historical 

architecture. Together with the integration of renewable 
energy production systems or the procurement of energy 
from renewable sources, a historic building can achieve 
high levels of efficiency.
Building regulations often exempt historic buildings from 
meeting minimum energy efficiency standards to preser-
ve their historic and architectural value. However, the 
GBC HB protocol, through the EA and VS credits, sup-
ports and encourages significant engagement in energy 
efficiency.
The impact on the external environment is less empha-
sized in GBC HB compared to LEED 4.0, as historic bu-
ildings, by definition, are located within existing conso-
lidated urban contexts, limiting the measures to reduce 
their impact on the overall context.

Comparison of the weights of thematic areas in the LEED BD+C 4.0 and GBC HB protocols with redistributed VS 
points

Comparison of the distribution of scores between LEED 4.0 and GBC HB 
protocols with redistributed VS points

Attività di restauro - ASSORESTAURO

This introduction is useful for a comprehensive under-
standing of the data of the buildings certified under the 
GBC Historic Building rating. On average, these buildings 
have achieved certification with a total score of 61 poin-
ts, compared to the average of 67 points out of 100 ear-
ned by LEED 4 BD+C NC certified buildings This initial 
data shows that the application of the GBC HB protocol 
enables, within its specific scope, to achieve a reasonably 
good level of overall sustainability for the implemented in-

tervention.
An interesting comparison can be made between the indi-
vidual thematic areas of the two protocols.
Particularly, the Materials and Resources area highlights 
that GBC HB certified buildings utilize a higher availability 
of scores given by the number of VS credits related to the 
use and conservation of materials.

For both protocols, on average, only half of the available 
points are accounted for, indicating that the credits still 
represent a useful benchmark level to drive the market 
towards low-impact solutions. Regarding the Indoor En-
vironmental Quality (IEQ) area, the average score achie-

ved by GBC HB projects is higher than that of LEED 4 
BD+C NC certified buildings which aligns with the grea-
ter availability of points for the IEQ area in the GBC HB 
protocol compared to LEED.

Average score for the MR (Materials and Resources) area

Average IEQ (Indoor Environmental Quality) area score

Comparison of scores for the Materials area of buildings certified in Italy with LEED BD+C 4.0 NC and GBC HB ratings

Comparison of scores for the Indoor Environmental Quality area of buildings certified with LEED BD+C 4.0 NC
and GBC HB ratings

Credit points LEED BD+c thematic areas Credit points LEED GBC HB thematic areas with redistributed VS points

Average points BD+CAverage points HB+VS Average points HB

Average points BD+CAverage points HB+VS Average points HB

Historical
Value

Figure 27: Comparison of the weight in total points for thematic areas in the LEED BD+C 4.0 and GBC 
HB protocols; Source:extracted from "impact report 2023" in gbcitalia.org

ture, and natural lighting. The energy efficiency 
area of GBC HB carries the same weight as in the 
corresponding area of LEED 4.0 protocol. 

Through deep energy investigations of his-
toric buildings, as envisaged in the VS area, it is 
possible to leverage construction characteristics 
and bioclimatic solutions that are often already 
present in the existing historical architecture. 
Together with the integration of renewable en-
ergy production systems or the procurement of 
energy from renewable sources, a historic build-
ing can achieve high levels of efficiency. Building 
regulations often exempt historic buildings from 
meeting minimum energy efficiency standards to 
preserve their historic and architectural value. 
However, the GBC HB protocol, through the EA 
and VS credits, supports and encourages signifi-
cant engagement in energy efficiency. The impact 
on the external environment is less emphasized 
in GBC HB compared to LEED 4.0, as historic 
buildings, by definition, are located within ex-
isting consolidated urban contexts, limiting the 
measures to reduce their impact on the overall 
context.

Source : https://gbcitalia.org/public_documents/IR_ReportGBC_

https://forms.gle/tNvjmu23TD1nvoTU7
https://forms.gle/tNvjmu23TD1nvoTU7
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8.1.  Example in Italy
The stables of the Rocca di 

Sant'Apollinare (PG)
The former stables of the Sant’Apollinare 

Fortress in Perugia are the first certified buildings 
according to HB GBC protocol. Dating back to 
the 17th-18th century, this ancient architectural 
construction is part of the Benedectine complex 
of historical buildings in the Umbrian countryside 
and today it houses offices and laboratories of the 
“Università degli Studi di Perugia”. The complex, 
owned by the Foundation for Agricultural Educa-
tion since 1892, was significantly damaged during 
the 2009 earthquake and therefore the project has 
focused on implementing cutting-edge strategies 
for seismic upgrading and energy efficiency im-
provement, with innovative measures linked to 
circular economy, energy efficiency and environ-
mental sustainability.

Thematic Area of Excellence:
 Water Management 
The project of the former stables Sant’Apol-

linare includes several strategies aimed at pre-
serving water resources. The construction phase 
included recovery of stormwater and in its op-
erational phase, the building is equipped with a 

rainwater recovery system. Harvested rainwater 
is stored in a tank for irrigation in relevant green 
areas (although, during the design phase, the ma-
jority of the plant species were chosen to require 
minimal water) and for wc tank supply. Further-
more, specific technological elements have been 
introduced to reduce drinking water consump-
tion, such as dual-flush wc tanks, faucet aerators 
and timed taps. Recently, the same project team 
has won European funding for a geothermal sys-
tem which benefits from ground hydration from 
collected rain water, as envisaged in the GBC HB 
protocol.

Other Credit Categories
Historical Values
 The former stables Sant’Apollinare resto-

ration project ensured the reintegration of the 
historical image and the functional renovation of 
the building. Within the building, several pre-ex-
isting historical elements have been recovered and 
enhanced, while achieving high thermal and high 
energy performance levels. Moreover, innovative 
brick tiles with an antique effect and a spray en-
gobe were employed on the roof, providing pas-
sive cooling benefits, while maintaining a tradi-
tional aesthetic appearance.

GBC Historic Building ® - Edizione 2016
EX SCUDERIE SANT’APOLLINARE
Loc. S Apollinare - Voc. Rocca - Marsciano (PG)

codice progetto: GBCHB16001

Livello di certificazione raggiunto: 72/110 ORO 

Valenza Storica Punteggio conseguito: 3/20
Prereq. 1 Indagini conoscitive preliminari Obbligatorio

Credito 1.1 Indagini conoscitive avanzate: indagini energetiche  -

Credito 1.2 Indagini conoscitive avanzate: indagini diagnostiche su 
materiali e forme di degrado  -

Credito 1.3 Indagini conoscitive avanzate: indagini diagnostiche sulle 
strutture e monitoraggio strutturale -

Credito 2 Reversibilità dell’intervento conservativo -

Credito 3.1 Compatibilità della destinazione d’uso e benefi ci insediativi 1/2

Credito 3.2 Compatibilità chimico-fi sica delle malte per il restauro  -

Credito 3.3 Compatibilità strutturale rispetto alla struttura esistente  -

Credito 4 Cantiere di restauro sostenibile  1/1

Credito 5 Piano di manutenzione programmata  -

Credito 6 Specialista in beni architettonici e del paesaggio  1/1

Sostenibilità del Sito Punteggio conseguito: 6/13
Prereq. 1 Prevenzione dell’inquinamento da attività di cantiere Obbligatorio

Credito 1 Recupero e riqualifi cazione dei siti degradati  -

Credito 2.1 Trasporti alternativi: accesso ai trasporti pubblici  1/1

Credito 2.2 Trasporti alternativi: portabiciclette e spogliatoi  1/1

Credito 2.3 Trasporti alternativi: veicoli a bassa emissione e a carburante 
alternativo  1/1

Credito 2.4 Trasporti alternativi: capacità dell’area di parcheggio  1/1

Credito 3 Sviluppo del sito: recupero degli spazi aperti  -

Credito 4 Acque meteoriche: controllo della quantità e della qualità  -

Credito 5 Effetto isola di calore: superfi ci esterne e coperture  2/2

Credito 6 Riduzione inquinamento luminoso  -

Gestione delle Acque Punteggio conseguito: 7/8
Prereq. 1 Riduzione dell’uso dell’acqua  Obbligatorio

Credito 1 Riduzione dell’uso dell’acqua per usi esterni  3/3

Credito 2 Riduzione dell’uso dell’acqua  3/3

Credito 3 Contabilizzazione dell’acqua consumata  1/2

Energia e Atmosfera Punteggio conseguito: 29/29
Prereq. 1 Commissioning di base dei sistemi energetici Obbligatorio

Prereq. 2 Prestazioni energetiche minime  Obbligatorio

Prereq. 3 Gestione di base dei fl uidi refrigeranti Obbligatorio

Credito 1 Ottimizzazione delle prestazioni energetiche  17/17

Credito 2 Energie rinnovabili  6/6

Credito 3 Commissioning avanzato dei sistemi energetici  2/2

Credito 4 Gestione avanzata dei fl uidi refrigeranti  1/1

Credito 5 Misure e collaudi   3/3

Materiali e Risorse Punteggio conseguito: 5/14
Prereq. 1 Raccolta e stoccaggio dei materiali riciclabili Obbligatorio

Prereq. 2 Gestione dei rifi uti da demolizione e costruzione Obbligatorio

Prereq. 3 Riutilizzo degli edifi ci Obbligatorio

Credito 1 Riutilizzo degli edifi ci: mantenimento degli elementi tecnici e 
delle fi niture esistenti  -

Credito 2 Gestione dei rifi uti da demolizione e costruzione   2/2

Credito 3 Riutilizzo dei materiali   2/2

Credito 4 Ottimizzazione ambientale dei prodotti  -

Credito 5 Materiali estratti, lavorati e prodotti a distanza limitata  1/2

Qualità ambientale Interna Punteggio conseguito: 13/16
Prereq. 1 Prestazioni minime per la qualità dell’aria (IAQ) Obbligatorio

Prereq. 2 Controllo ambientale del fumo di tabacco Obbligatorio

Credito 1 Monitoraggio dell’aria ambiente  2/2

Credito 2 Valutazione della portata minima di aria esterna  2/2

Credito 3.1 Piano di gestione della qualità dell’aria indoor: fase di cantiere  1/1

Credito 3.2 Piano di gestione della qualità dell’aria indoor: prima 
dell’occupazione  1/1

Credito 4.1 Materiali basso emissivi: adesivi e sigillanti, materiali 
cementizi e fi niture per il legno  1/1

Credito 4.2 Materiali basso emissivi: vernici e rivestimenti  1/1

Credito 4.3 Materiali basso emissivi: pavimentazioni  -

Credito 4.4 Materiali basso emissivi: prodotti in legno composito e fi bre 
vegetali  -

Credito 5 Controllo delle fonti chimiche e inquinanti indoor  -

Credito 6.1 Controllo e gestione degli impianti: illuminazione  1/1

Credito 6.2 Controllo e gestione degli impianti: comfort termico  1/1

Credito 7.1 Comfort termico: progettazione  1/1

Credito 7.2 Comfort termico: verifi ca  2/2

Innovazione nella Progettazione Punteggio conseguito: 5/6
Credito 1 Innovazione nella Progettazione  4/5

Credito 2 Professionista GBC HB AP  1/1

Priorità Regionale Punteggio conseguito: 4/4
Credito 1 Priorità Regionale  4/4

Progetto architettonico:   Arch. Francesco Ernesto Ventura

Progetto strutture:              Ing. Paolo Ceccarini

Progetto impianti meccanici:  Ing. Carlo Chiattelli, Ing. Stefano Cotana e

      Ing. Alessandro Petrozzi

Progetto impianti elettrici:       Ing. Carlo Chiattelli e Termolux

Progettazione domotica:              Termolux  

Direttore tecnico di cantiere:              Ing. Andrea Biagiotti

Impianti elettronici e domotici:              Termolux 

Impianti idraulici e meccanici:              Termolux

Impianti di ventilazione meccanica forzata:             Termolux

Serramenti:     Fapi 

Lavori di muratura:    Gallano Edilizia Srl, Restaura Srl e Gustinelli Srl

Committenza del progetto:        Prof. Ing. Franco Cotana - Resp. Scientifi co di progetto per conto di 
             Fondazione per l’Istruzione Agraria in Perugia

Coordinamento generale:                    Ing. Anna Laura Pisello

Consulenza GBC HB:        Ing. Carlo Battisti, Ing. Veronica Lucia Castaldo, Ing. Valeria Berellini e Ing. Mario Pertosa

Commissioner:                       Ing. Gian Paolo Perini

Consulente GBC HB AP:               Ing. Carlo Battisti

Anno di registazione:                     2016

Data di certifi cazione:           08/02/2018

Organismo di Verifi ca Accreditato:                RINA Services SpA e TüV Italia Srl
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GBC HISTORIC BUILDING

Figure 28: Scorecard ex Scuderie ; Source: "GBC Italy" in gbcitalia.org

Figure 29: Scorecard ex Scuderie ; Source: "GBC Italy" in gbcitalia.org

Indoor air quality
 During the design phase, indoor air quality 

was ensured through various measures, including 
the installation of a controlled mechanical ventila-
tion system based on Class I standards and on CO2 
monitoring in the rooms. Indoor environmental 
quality was taken into account also by including 
prescribed lighting characteristics for the intend-
ed spaces and zone control of thermal conditions 
in order to maximize occupants’ well-being.

Innovation in design
 The project aimed to transform the former 

stables Sant’Apollinare into a pilot building for 
post-seismic structural retrofit and thermal-en-
ergetical efficiency improvement interventions in 
historically and artistically valued contexts. Inno-
vative aspects in design include the use of proto-
typed material, implemented for the first time in 
this project to be introduced later in the market. 
The building now serves as an open-air laboratory 
for educating University students and research-
ers.

 Energy and atmosphere
 The complex of the former stables Sant’Apol-

linare is highly energy efficient. The building’s en-
ergy needs are met by a pilot trigeneration plant 

based on oleaginous biomasses from agricultural 
fields and by an innovative low-enthalpy geother-
mal plant. Both are renewable energy sources 
with a low environmental impact. The use of a 
radiant floor system for air conditioning reduc-
es energy waste from thermal machines. These 
plant precautions together with active and passive 
strategies of efficiency improvement minimize 
the building’s environmental footprint and ensure 
optimal conditions of environmental well-being 
inside the structure

Materials with reduced environmental im-
pact and locally sourced were used:

Roof tiles:  have been partially recovered. 
The new tiles have an aged effect which allows 
for a high albedo and are photocatalytic to reduce 
pollution.

The flooring  is made of local gravel selected 
on the basis of the type of stone and its grain size 
(4/6 mm) in such a way as to be with a high albe-
do and permeable.

The external coat  (10 cm) is made of locally 
sourced recycled cork and completely removable 
as requested by the Superintendency.

https://gbcitalia.org/certificazione/gbc-historic-building/gbc-hb-progetti/
https://gbcitalia.org/certificazione/gbc-historic-building/gbc-hb-progetti/
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8.2.  Example in Turin
The city of Turin provides compelling exam-

ples that underscore the significance of adher-
ing to the LEED protocol for sustainable inter-
ventions in historical buildings, such as Palazzo 
Santander. This is particularly crucial given Italy's 
vast historical heritage and the pressing need to 
enhance energy and water efficiency, as well as in-
door environmental quality, in protected ancient 
structures.

Palazzo Santander
Palazzo Santander is the headquarters of 

Santander Consumer Bank. Due to the great at-
tention to the environment, the Bank wanted 
the headquarters to be housed in a building with 
sustainability certification according to a coun-
try protocol. The building is a protected historic 
building:

The building, with a rich history spanning 
120 years, was initially constructed in 1899 as the 
headquarters for a Turin-based car manufacturer. 
Over the years, it underwent expansions and ad-
ditions, including an Art Nouveau office building 
in the early 20th century. Following periods of 
serving as a school and training center for various 
organizations within the Fiat Group, it officially 

closed in 2008. Since 2010 a redevelopment plan, 
the choice of protocol fell on GBC Historic Build-
ing, has been underway for the entire area, culmi-
nating in the transformation of the building into 
Palazzo Santander over the past 20 months.

In line with contemporary values of environ-
mental sustainability and social responsibility, the 
building underwent redesign to reflect these prin-
ciples.

The location of the building is well connected 
by public transport and numerous bicycle racks 
have been provided inside the courtyard in order 
to reduce the use of cars by employees. A green 
area has been created in the courtyard that can be 
used by employees.

The surfaces of the internal courtyard have 
been designed to minimize the contribution to 
the urban heat island effect: there are large green 
surfaces or paving in light colours, with high solar 
reflectance.

The energy used for the building is 100% 
from certified renewable sources (from hydro-
electric plants) eliminating the use of fossil fuels. 
During the construction site activities, 100% of 
the waste was separated. Inside the building it was 
preferred to use materials equipped with EPD.

Thanks to the incorporation of a dual net-
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PRINCIPALI ATTORI

work for rainwater collection and the adoption 
of low-water requirement sanitary equipment, 
the building achieves a 39% reduction in water 
usage for internal purposes and a 100% reduc-
tion for irrigation compared to the reference 
case. An advanced plant system has been installed 
to manage space utilization intelligently and sus-
tainability, supported by a monitoring system and 
equipment that enable real-time adjustments to 
environmental conditions. Energy consumption 
data for each area are monitored using dedicated 
devices, accessible both locally and through the 
building's Ethernet network for immediate ref-
erence. Self-service activation of meeting rooms 
and conference systems is easily achievable, acces-
sible intuitively from individual workstations or 
touch monitors in interactive areas. Implement-
ing dimmable lighting not only enhances visual 
comfort but also presents significant energy-sav-
ing opportunities. Furthermore, presence sensors 
are installed to automatically deactivate lighting in 
unoccupied rooms, ensuring optimal electricity 
usage and reducing overall lighting loads. Thanks 
to the internal insulation system, which cannot 
be applied to the external facade due to histor-

ical-artistic constraints, and the air conditioning 
via groundwater heat pump, the building was de-
signed with great attention to occupant comfort, 
verified via questionnaire during the first year of 
occupancy. The sophisticated geothermal system 
comprises a groundwater withdrawal well, a heat 
exchanger for the multi functional heat pump's 
condensation, and a groundwater return well. The 
power plant incorporates a versatile refrigeration 
unit capable of simultaneously generating hot and 
chilled water. The distribution system provides 
both cold and hot fluids concurrently, adjusting 
heating and/or cooling contributions according 
to specific area requirements. Each terminal can 
independently supply hot and cold fluids as need-
ed based on desired room temperatures and in-
ternal loads. The entirely LED lighting, coupled 
with intelligent management via BMS, further 
enhances energy efficiency; the lighting system is 
programmed to automatically switch off in unoc-
cupied rooms. Overall, these features contribute 
to the building saving 24% of energy compared to 
the reference building.

Figure 31: Scorecard Santander Palace ; Source : www.lastampa.it

Figure 30: Scorecard Santander Palace ; Source: "GBC Italy" in gbcitalia.org

https://gbcitalia.org/certificazione/gbc-historic-building/gbc-hb-progetti/
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9. Core Concepts in Water ef-
ficiency

All water conservation practices rely on the 
use of potable water, which refers to water meet-
ing minimum standards for drinking, cooking, 
and domestic purposes. Potable water serves var-
ious functions beyond drinking, such as irrigation, 
handwashing, and toilet flushing. However, since 
significant resources are expended in treating wa-
ter for safe consumption, using potable water for 
non-essential purposes is wasteful.

The Water Efficiency (WE) category within 
LEED rating systems takes a comprehensive ap-
proach to water management, addressing indoor 
and outdoor usage, specialized needs, and me-
tering. It encourages the use of non-potable wa-
ter sources and alternative water usage, aiming 
to minimize potable water use for non-drinking 
purposes and promote gray water treatment and 
reclamation.

Implementing a holistic plan that reduc-
es both indoor and outdoor water consumption 
and explores alternative water sources can lead 
to substantial savings in potable water usage. Cal-
culations in the WE category adhere to the Ener-
gy Policy Act (EPAct) of 1992, which establish-
es maximum flush and flow rates in buildings. 
Approximately 70% of daily water usage occurs 

indoors, encompassing activities in bathrooms, 
kitchens, and industrial processes.

To effectively reduce indoor water consump-
tion, project teams must gain insight into water 
usage patterns within buildings. The primary 
objective of LEED water efficiency standards is 
to minimize potable water use indoors through 
conservation and recycling measures. LEED v4 
mandates a minimum 20% reduction from base-
line indoor water usage, emphasizing sustainable 
practices in water management.

Systems thinking plays a pivotal role in un-
derstanding and addressing water management 
challenges. By viewing water use as part of a larg-
er system, organizations can identify interrelated 
factors and potential leverage points for change. 
Leverage points, where small adjustments can 
yield significant results, offer avenues for transfor-
mative action. For instance, by providing building 
occupants with data on energy and water usage, 
similar to the "Prius effect," behaviors can be in-
fluenced towards greater efficiency, thereby pro-
moting sustainable water management practices.

9.1. Reducing INDOOR Water 
Use Strategies:

The strategies to reduce indoor water use 
reflect the WE category knowledge domains of 
indoor water use and water performance man-
agement. These strategies include using high-effi-
ciency or no-flush fixtures, implementing a gray-
water or rainwater water reclamation system, and 
installing submeters that measure and report wa-
ter flow.

1. Efficient Fixtures
Efficient fixtures, carrying labels like Water-

Sense, offer significant water savings compared 
to traditional models. Technologies such as ultra-
low-flow water closets, dual-flush systems, and 
low-flow aerators contribute to reducing indoor 
water consumption while maintaining perfor-
mance standards.

• Ultra-low-flow water closets: These em-

ploy pressure tanks for pressure-assisted or 
vacuum-assisted flushing, reducing water 
use from 6 lpf to 4.8 lpf. Though requiring 
more maintenance, they are increasingly 
utilized in commercial and industrial set-
tings.

• Dual-flush water closets: Offering separate 
flush options for liquid and solid waste, 
they use 3 lpf to 3.7 lpf for liquid waste 
and 4.8 lpf to 6 lpf for solids, optimizing 
water usage without compromising flush-
ing effectiveness.

• Ultra-low-flow urinals: Utilizing optimized 
valves for pressure-assisted flushing, these 
urinals reduce water use to 0.473 lpf.

• Low-flow aerators: In scenarios where fix-
ture replacement is cost-prohibitive, low-
flow aerators offer a cost-effective alterna-
tive by reducing water flow by up to 50% 

while maintaining perceived flow. Careful 
selection and periodic maintenance are 
necessary to preserve fixture performance.

2.   Waterless Fixtures 
 Waterless urinals and composting toilets 

have been in use for centuries. The use of water-
less fixtures can result in considerable water sav-
ings, but the fixtures require more maintenance 
than traditional water-consuming fixtures. How-
ever, waterless urinals and toilets have increased 
in popularity due to the need to conserve water.

• Waterless urinals are designed to allow 
urine to flow through a trap device with-
out the use of water. They are gaining pop-
ularity due to their water-saving potential, 
particularly in commercial settings where 
traditional urinals can consume significant 
amounts of water. These urinals can be 
found in various large venues like sports 

Figure  35: Low-flow aerators; Source: LEED hand-
book . It contains a flow restricter that reduces the 
flow and  a mixer that adds air to the flow of water.

Figure 32: Leverage point approach  
 Source: provided by the author

Figure 33: waterless urinals
Source: LEED handbook

Figure 34: Waterless toilets; 
 Source: LEED handbook
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stadiums and museums. Some waterless 
urinals use replaceable cartridges contain-
ing a liquid sealant to create an airtight bar-
rier that prevents sewer gas from entering 
the room. Others utilize a trap with liquid 
sealant without the cartridge. Despite the 
term "waterless," these urinals still require 
regular maintenance and cleaning, often in-
volving the use of water.

• Composting toilets are designed to convert 
solid waste into organic matter without us-
ing water. They consist of a single unit with 
a composting compartment, or multiple 
units connected to a remote composting 
tank. Aerobic microorganisms break down 
the waste using available water and oxygen, 
significantly reducing its volume. These toi-
lets are an environmentally friendly option, 
especially in areas where water scarcity is a 
concern.

3. Water Reclamation Systems
Water reclamation system is a system de-

signed to process water that was initially intend-
ed to be disposed of through sanitary or storm 
sewers. This processed water, known as reclaimed 
water, can then be reused in various applications 
instead of using potable water. The content men-
tions three subcategories of water reclamation 
systems:

• Rainwater harvesting: This involves col-
lecting water from rooftops and paved or 
vegetated ground for reuse. Rainwater can 
be used for landscaping irrigation, bathing, 
clothes washing, or other nonpotable uses. 

It can also supplement water used in cool-
ing tower applications.

• Graywater: it refers to water collected 
from showers, baths, lavatory sinks, and 
clothes washers within a building. It can be 
treated and reused for flush fixtures like 
toilets. Graywater may be filtered before 
reuse, and precautions such as back flow 
prevention are typically implemented.

• Reclaimed water: Reclaimed water is 
wastewater that has undergone treatment 
to meet regulatory standards for its in-
tended nonpotable use. It may come from 
wastewater treatment plants and undergo 
treatment to remove harmful pathogens, 
organic material, and heavy metals. Re-
claimed water can be used for various pur-
poses such as landscaping, irrigation, dust 
control, fire protection, toilet flushing, in-
dustrial processes, and utility cooling. The 
level of treatment and quality of reclaimed 
water depend on its intended use and must 
be approved by the relevant authorities.

4. Submeters 
Submeters is a device used for monitoring 

and measure total potable water usage in a build-
ing and its associated grounds. Metering water us-
age in kitchens and bathrooms allows buildings to 
track use, catch leaks, and make improvements. 
A leaking commercial faucet can use hundreds 
of liters of water a day. Installing submeters can 
reduce overall building water consumption by 
30% to 40% in the first few months. Submeters 
can be installed in various areas such as irrigation 

Figure 36 :green (vegetated) roof Figure 37 : Xeriscaping Figure 38 : Pevious surfaces Figure 39 : Water storage tank
systems, indoor plumbing fixtures, domestic hot 
water heaters, boilers, reclaimed water systems, 
and other process water uses like humidification 
systems, dishwashers, clothes washers, and pools.

5. Process water
It refers to all the water within a building 

that is used for industrial purposes in building sys-
tems. This includes water used in boilers, cooling 
towers, and, in the case of restaurants or hotels, 
water used in dishwashers, clothes washers, and 
ice machines. 

Efficient building systems are encouraged to 
reduce process water usage, as emphasized in WE 
Credit-Cooling Tower Water Use. Methods such 
as using reclaimed water or closed-loop water 
circulation systems can help reduce the reliance 
on potable water for industrial purposes. Closed-
loop systems maintain water cleanliness and en-
able the reuse of process water for multiple cy-
cles, reducing the need for fresh potable water. 

Submeters play a crucial role in reducing 
potable water use for process water. By install-
ing submeters to measure process water use, 
consumption trends can be tracked, fixture per-
formance can be determined, and leaks can be 
pinpointed. Without submeters, it becomes chal-
lenging to efficiently track and measure these ele-
ments related to process water usage.

9.2. Reducing OUTDOOR Wa-
ter Use Strategies

Outdoor water encompasses all water used 
outside the building, primarily for landscaping 
irrigation. Sprinklers and drip irrigation are the 

most prevalent methods. The WE category focus-
es on various approaches to reduce outdoor water 
consumption. Its intent is to reflect the knowl-
edge domains of outdoor water use and water 
performance management within the WE cate-
gory. Several strategies address landscaping types, 
while others target water sources and usage simi-
lar to indoor water use reduction. 

1.   Plant Native and Adapted Species
Native and adapted plant species require lit-

tle to no water or pesticides. They are native to 
the region of the project and can survive the pre-
cipitation, drought cycles, and pests indigenous 
to that region. These considerations are aspects of 
the regional design part of the Project Surround-
ings and Public Outreach knowledge domain. The 
financial and environmental savings achieved in 
the use of water, pesticides, and labor (as opposed 
to the use of nonnative species) by incorporating 
all native and adapted species in landscaping are 
significant. Native species can be an important 
part of restoring habitats to their natural state. 

2.   Xeriscaping
Xeriscaping is a landscaping design approach 

that prioritizes water conservation through var-
ious strategies. It involves soil enhancements, 
efficient irrigation methods, and the use of na-
tive or adapted plant species to minimize water 
usage while maintaining an aesthetically pleasing 
outdoor environment. The process of xeriscap-
ing typically encompasses several steps, includ-
ing careful planning and design, strategic plant 
placement, soil improvements, adoption of effi-
cient irrigation techniques such as drip irrigation, 
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Figure 41 : Gabions
Figure 42 : Harvesting Rainwater Cycle

Figure 40 : Bioswales

consideration of turf alternatives, application of 
mulching, and ongoing maintenance practices. 
Drip irrigation, in particular, is highlighted as a 
highly efficient watering method compared to 
traditional sprinkler systems, as it delivers water 
directly to the roots of plants, minimizing water 
loss due to evapotranspiration or runoff. With 
its focus on sustainable water management, xe-
riscaping offers a practical and environmentally 
conscious approach to landscaping.

3. Selecting Efficient Irrigation Tech-
nologies: 

Drip irrigation is highlighted as a highly ef-
ficient method compared to traditional sprin-
kler systems, as it delivers water directly to plant 
roots, minimizing water loss.

4. Harvesting Rainwater 
Capturing and harnessing rainwater rep-

resents a pivotal step in integrating nonpotable 
water sources into irrigation practices. Commer-
cial rainwater collection often relies on cisterns, 
substantial tanks strategically positioned in or 
around buildings. Conversely, residential rainwa-

ter collection commonly involves the use of rain 
barrels and hoses. These methods not only pro-
mote water conservation but also serve as region-
al design considerations within the Project Sur-
roundings and Public Outreach domain.

Rainwater management typically involves 
two key steps. Firstly, minimizing impervious 
areas such as hardscapes helps reduce excessive 
runoff. Secondly, employing green infrastructure 
and low-impact development techniques aids in 
managing runoff effectively, replicating natural 
hydrology and water balance on-site. A compre-
hensive approach integrating both methods can 
yield optimal results.

• Reduce Impervious Hardscape :To re-
duce impervious hardscape, various pervi-
ous surface alternatives can be employed. 
Green roofs, adorned with native plant 
beds, intercept rainwater, preventing run-
off. For sidewalks and parking lots, porous 
pavement, asphalt, and grid pavers offer 
viable alternatives. However, the mainte-
nance of porous surfaces is essential to re-

tain their permeability, as they are prone to 
clogging over time.

• Implement Rainwater Management : it in-
volves collecting rainwater for reuse in ir-
rigation, process water, or flushing fixtures 
within buildings. Sophisticated collection 
systems may even distribute rainwater 
through pipes within the building. Howev-
er, it's important to note that rainwater is 
not suitable for drinking and may be subject 
to regulations in drought-prone regions.

• Passive rainwater management systems re-
direct rainwater to designated planted ar-
eas, facilitating natural infiltration into the 
soil. Rain gardens, dry ponds, and bioswales 
serve as effective features to capture and 
filter rainwater before draining it back into 
the earth. Similarly, inexpensive methods 
like berms or swales can channel rainwater 
to landscaped areas for irrigation, mitigat-
ing runoff and soil erosion. In areas vulner-
able to flash floods, gabions offer protec-
tion against soil erosion by slowing down 
water movement. These structures, com-

posed of rocks held together by wire mesh, 
allow water saturation into the soil while 
preventing erosion.

• Active rainwater management systems 
are essential for supplementing irrigation 
needs during dry periods. These systems 
capture, store, and transport rainwater to 
desired areas between rainfall occurrenc-
es. Typically, commercial buildings utilize 
large cisterns for rainwater collection, 
which may undergo treatment for drinking 
water purposes using filters and pumps.

5. Using Nonpotable Water for Irriga-
tion: 
Reclaimed water, treated to nonpotable stan-
dards, is utilized for irrigation in many areas, 
particularly in the western United States, help-
ing to reduce reliance on freshwater sources.
6. Installing Submeters: 
Metering outdoor water usage is essential for 
effective management and achieving reduc-
tions in water consumption, aiding in cost sav-
ings and conservation efforts.
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The Architecture, Engineering, and 
Construction (AEC) sector faces sub-
stantial challenges, such as climate 

change and rising energy costs.  Effective water 
management has become increasingly crucial due 
to population growth, urbanization, and environ-
mental concerns. To address these challenges, it is 
essential to utilize water resources efficiently and 
optimize consumption and distribution systems.

Professionals in the AEC sector, responsible 
for various stages of building and infrastructure 
projects, are under growing pressure to adopt 
sustainable building practices. The urgency for 
sustainability has intensified, leading to a focus on 
innovative solutions to reduce environmental im-
pact and enhance energy efficiency. Over the past 
three decades, national and international green 
building certification bodies have emerged, pro-
viding frameworks to promote sustainability in 
construction projects. One prominent certifica-
tion system in this domain is the Leadership in 
Energy and Environmental Design (LEED) green 
building rating system, which is the focus of chap-
ter three of the introduction of the thesis. Although 
LEED is globally recognized, various regions may 
have their own localized green building standards 
and rating systems. Central to green building cer-
tification programs is the accumulation of points 
across different categories to achieve the final cer-
tification level. The LEED system offers multiple 
choses to earn points, including water efficiency. 
However, meeting the specific sustainability cri-
teria within the LEED framework often requires 
advanced digital analysis and modeling tools.

In response to these sustainability demands, 

Digital Technologies and Sustain-
ability Assessment

the concept of green Building Information Mod-
eling (BIM) has become important. As concerns 
about the consequences and depletion of nonre-
newable resources grow, BIM is increasingly em-
ployed to predict and monitor the environmental 
impacts of construction. Research has shown that 
BIM can significantly contribute to various as-
pects of sustainable design and support the LEED 
certification process.[1][2][3][4]. Autodesk highlights 
that addressing decision-making challenges ear-
ly in the design and construction process allows 
project stakeholders, including clients and design-
ers, to collaborate effectively and access a shared 
source of information. BIM technologies provide 
a strong foundation for meeting sustainability rat-
ing requirements, prompting a surge in research 
interest in BIM-based technology for sustainabili-
ty certification.

In recent decades, alongside the implemen-
tation of green and sustainable construction, BIM 
has offered a collaborative three-dimensional plat-
form to digitally model and investigate all stages 
of the construction process of green buildings in 
a virtual environment. With BIM, designers can 
make environmentally friendly choices early in 
the building life cycle, providing insight into how 
different design alternatives influence building 
sustainability and performance, thereby avoiding 
the time spent re-entering building information 
and secondary data needed for investigation. Con-
sequently, project members can design, evaluate, 
organize actions, and identify potential com-
patibility among equipment and spaces within a 
three-dimensional digital environment. Addition-
ally, employing BIM tools enables owners to bet-
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6 Transforming Infrastructure Performance: Roadmap to 2030

4.1. The purpose of Transforming 
Infrastructure Performance is to 
transform how government and industry 
intervene in the built environment to 
drive a step change in infrastructure 
performance.2

4.2. Since launching TIP in 2017 there has 
been considerable progress in improving 
infrastructure performance in design and 
construction. This Roadmap to 2030 
builds on that success and goes further 
to encompass the challenges of delivering 
infrastructure in the context of net zero 3 
and the wider requirements of society to 
balance building with the natural 
environment.

4.3. The Roadmap to 2030 presents a vision 
for the future where we collectively 
prioritise the societal outcomes we need, 
and use data, technology and improved 
delivery models to achieve them through 
our interventions in the built environment.

4 Purpose and vision

Figure 1 – The Built Environment Model
Figure 43 : Integration of green building and technology; 
Source : "Transforming Infrastructure Performance: Roadmap to 2030 "

ter monitor the progress of their building design 
and construction phases.[3][4]

Developing a three-dimensional parametric 
model within BIM facilitates information-centric 
project management, contrasting with the con-
ventional document centered method, by serving 
as a central storage of project-related informa-
tion. This allows project members to examine and 
adapt the building design before its physical im-
plementation. Furthermore, designers and engi-
neers can efficiently integrate, manage, and share 
information among architectural, structural, elec-
trical, mechanical, construction, design, and fa-
cility-management teams throughout the building 
life cycle within an integrated working system, 
enabling reliable integration of sustainability anal-
ysis into the design process. Sustainable strategies 
combined with BIM can create high-performance 
and efficient building designs, replacing conven-

tional drawing-based design. 
Parametric modeling is recognized as a useful 

tool for achieving this objective, as it produces ad-
justable models that can be combined with assess-
ment, optimization, and automation tools.

Software providers also reference sustainabil-
ity demands, offering several parametric modeling 
tools based on 3D software for managing either 
the entire project or specific parts of its life cycle. 
Revit, for instance, is widely utilized by owners, 
architects, engineers, mechanic engineers and de-
signers to generate parametric models. 

Numerous information levels and data are 
entered into BIM models, known as BIM dimen-
sions. These dimensions include: 3D (geometric, 
graphical, and non-graphical information), 4D 
(timeline, scheduling, and extent), 5D (cost as-
sessment), 6D (sustainability), and 7D (facility 
management during the project life cycle).  

Apart from these dimensions, BIM implies 
five levels of development (LOD), an industry 
standard specifying how the 3D geometry of the 
building model can achieve various levels of so-
phistication. The LODs include: LOD 100 (build-
ing location and space), LOD 200 (quantity, size, 
and form), LOD 300 (clash detection, scheduling, 
and visualization), LOD 400 (MEP systems), and 
LOD 500 (building operation and maintenance).

BIM data can be integrated with building per-
formance and simulation applications, such as Au-
todesk Green Building Studio, Ecotect, Autodesk 
Project Vasari, IES-VE, and Bentley AECOSim. 
This integration allows these applications to be 
effective decision-making tools for designing 
high-performance buildings. Additionally, these 
tools can be personalized through plug-ins, which 
expand their initial capabilities. These plug-ins, 
often designed by third parties, enable the inclu-
sion of performance simulations within the BIM 
environment, facilitate problem-solving using 
optimization methods, and significantly automate 
processes.

One fundamental issue in some projects is 
the use of a dynamic description to flexibly con-
trol the parameters of the designed object, best 

achieved through a mathematical description. 
Utilizing third-party software is common for as-
sessing LEED credits. Project teams can use the 
software platform to perform the required LEED 
estimates for credits that need comprehensive 
numerical evaluation, such as energy simulation, 
lighting evaluation, water utilization, material 
characteristics, and integrated design. Coordinat-
ing BIM software and LEED credit requirements 
is an initial step in integrating BIM with LEED. 

Autodesk Dynamo, a VPL intended for use 
with Autodesk Revit, is a graphical programming 
interface that lets you customize your building in-
formation workflow. Dynamo is an open source 
visual programming platform for designers. It is 
installed as part of Revit along with Revit specific 
programming nodes. It can be used to assess if a 
building developed in Revit would gain points for 
LEED Credits. The Dynamo tool obtained the re-
quired data from the Revit model and determined 
a "Pass" or "Fail" for LEED Credits.

Ur Rehman et al.22 identified and im-
plemented methods to achieve green build-
ing parameters for energy and water saving for 
multi-family houses provided by the LEED certi-
fication scheme using BIM tools such as Autodesk 

Figure 44 : Table of Level Of Detail ; Source : "4mgroup.it"

https://assets.publishing.service.gov.uk/media/613b7b7fd3bf7f05b5a902db/IPA_TIP_Roadmap_to_2030_v6__1_.pdf
https://4mgroup.it/blog/i-lod-del-bim-spiegati-bene
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Revit, Insight, and Green Building Studio.[3] Since 
a visual programming language (VPL) allows fea-
turing a third party without any skills in C-cod-
ing language, several researchers have adopted 
it to streamline the integration process. Kensek 
et al.23 demonstrated an application of BIM for 
LEED using a VPL as an intermediary.[5 ]

 Sanhudo and Martins(2018) aimed to ad-
dress the challenges of assessing sustainability in 
the construction industry by integrating Build-
ing Information Modeling (BIM) with green 
certifications, specifically LEED. They propose 
a BIM-based software plugin that simplifies and 
automates sustainability assessments, with a fo-
cus on stormwater runoff management. This tool 
helps users easily calculate runoff and implement 
low-impact development best practices, ultimate-
ly promoting more efficient and sustainable build-
ing practices.[4] For this purpose, Revit was used 
as the BIM model inventor, Dynamo as the visual 
programming language, and Dynamo player as 
the user interface.

Dynamo contains nodes and packages, each 
designed to perform specific functions. Users can 
also incorporate Python scripts within Dynamo, 
significantly extending its capabilities. Python 
scripts in Dynamo allow for more complex and 
customized operations that might be cumber-
some or impossible with standard nodes alone. 
This includes advanced data manipulation, cus-
tom algorithms, and intricate geometry process-
ing. Through Python scripting, users gain direct 
access to the Revit API (application programming 
interface), enabling interactions with and manip-
ulations of Revit elements beyond the predefined 
capabilities of Dynamo nodes. (Figure 45)

Python scripts empower users to create cus-
tom functions and reusable scripts, automating 
repetitive tasks, streamlining workflows, and im-
plementing unique solutions tailored to specific 
project requirements. For those already famil-
iar with Python, scripting in Dynamo provides a 
powerful and intuitive way to interact with Re-
vit, reducing the learning curve and facilitating 

Figure 45 : Dynamo in Revit Environment; Source : Provided by the author Figure 46 : Python scripts in Dynamo Environment ; Source : Provided by the author

the quick implementation of complex solutions. 
Python scripts often offer performance advantag-
es over complex node-based solutions, especially 
when handling large datasets or intricate opera-
tions.(Figure 46)

The integration of Python in Dynamo for 
Revit grants users greater control and flexibili-
ty, allowing them to utilize a wide array of pro-
gramming techniques to enhance their design and 
automation processes within the Revit environ-
ment. Additionally, artificial intelligence (AI) can 
provide robust error handling and debugging ca-
pabilities, which are invaluable when developing 
complex workflows and ensuring reliable execu-
tion.

AI,a branch of computer science focused on 
creating intelligent machines with human-like 
reasoning, learning, and problem-solving capabil-
ities, has seen numerous applications in the archi-
tecture, engineering, and construction (AEC) in-
dustry. Studies have explored using AI techniques, 
such as machine learning (ML), to address AEC 
challenges. 

In my research, ChatGPT, as an AI tool, sup-
ported the debugging and optimization of my 
code in the chart-providing process. AI facilitated 
the detection and correction of syntax and logical 
errors, offered optimization suggestions, assist-
ed in tracing runtime errors, and contributed to 
code documentation. While AI provided valuable 
support, all final decisions and implementations 
were made by the author to ensure the accuracy 
and integrity of the code.
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Objectives

The primary objective of this thesis is 
to develop an automated sustainabil-
ity assessment methodology using 

Building Information Modeling (BIM) to facili-
tate water efficiency in building design. Given the 
increasing concerns over water scarcity exacer-
bated by global warming, the thesis emphasizes 
the importance of integrating sustainable practic-
es within the construction industry, particularly 
through the implementation of green building 
certifications like LEED (Leadership in Energy 
and Environmental Design).

To achieve this, the thesis analyzes LEED  sus-
tainability criteria related to water and establishes 
a framework for automated building sustainability 
assessment using BIM, leveraging its capabilities 
to simplify the evaluation of sustainable building 
practices during the early design stages. By focus-
ing on water conservation, the study aims to en-
hance the accuracy and efficiency of sustainability 
assessments, providing a tool for architects ,de-
signers ,engineers and owners . Recognizing the 
early design phase as crucial for making impact-
ful sustainability decisions, the thesis evaluates 
various design alternatives that prioritize water 
efficiency. By implementing low-impact devel-
opment strategies, the study identifies leverage 
points where small changes can lead to significant 
water conservation outcomes.

Furthermore, the thesis integrates digital 
technologies, specifically Visual Programming 
Language (VPL) tools like Dynamo, to automate 
the sustainability assessment process. This inte-
gration simplifies the complex calculations and 
assessments required for obtaining LEED cred-

its, making the process more accessible and less 
time-consuming for users. The use of VPL allows 
for the creation of parametric BIM models that 
include LEED requirements, enabling users with-
out extensive informatics knowledge to engage in 
sustainable design practices effectively.

In addition, the thesis focuses on developing 
an easy-to-use in-program add-in utilizing Dyna-
mo and Dynamo Player. This tool is designed to 
expedite decision-making processes and assist us-
ers in selecting effective strategies to attain LEED 
credits. By simplifying the assessment parameters 
and calculations, the add-in helps users make in-
formed decisions quickly, enhancing the overall 
efficiency of the sustainable design process.

Overall, this thesis aims to create a practical 
methodology that integrates BIM and LEED, fo-
cusing on water efficiency to promote sustainable 
building practices. The developed tools and meth-
ods will provide invaluable guidance to various 
stakeholders, enabling them to achieve significant 
water conservation and contribute to broader 
sustainability goals.



Methodology

The assessment of water management strate-
gies within the framework of smart cities involves a 
multifaceted decision-making process that requires 
a structured approach for thorough evaluation. To 
tackle this complexity, a comprehensive framework 
has been adopted, integrating the GBC Histor-
ic Building certification and LEED protocols. This 
framework holds particular relevance in Italy, tar-
geting "historic buildings" specifically. Structured 
around various categories, such as Historic Value, 
Sustainable Sites, Water Efficiency, Energy and At-
mosphere, Materials and Resources, Indoor Envi-
ronmental Quality, Innovation, and Regional Pri-

ority, the rating system provides a holistic approach 
to assessment.

This chapter describes the development meth-
odology of a quantitative approach for evaluating 
water efficiency based on LEED protocols of the 
Historical Green Building Council. Implementation 
of the evaluation approach consists of two methods: 
manual assessment of water consumption, which is 
traditional yet time-consuming, and evaluation via 
integration between LEED, Building Information 
Modeling (BIM), and Visual Programming Lan-
guage (VPL). 
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ed into three phases: "input data," 
"process data and evaluation," and 

"output and results." The methodology initiates 
with the data collection phase, gathering essen-
tial information for subsequent stages. Input data 
encompasses climate surveys and investigations 
into building placements and green areas. Climate 
survey data, including historical rainfall data from 
reliable sources like Agenzia Regionale Per La 
Protezione Dell'ambiente Della Piemonte (Arpa 
Piemonte) is utilized, along with software tools 
like Climawat and ET0 Calculator for determin-
ing evapotranspiration parameters. 

The processing phase necessitates creating a 
digital replica of the case study using Revit 2024. 
This choice was made because Revit is not only 
a modeling tool but also a BIM software, where 
each component contains its own information. 
Using Revit also helps avoid potential issues re-
lated to data exchange and interoperability. As the 
aim of this research is to explore water efficien-
cy during the conceptual and preliminary design 
stages with low-impact development, a BIM mod-
el is created at a sufficient level of detail (LOD) 
to ensure the authenticity and cross-validation of 
the results. As the methodology achieves its goals 
by simply requiring users to input the horizon-
tal areas of the case study, a fundamental key to 
the correct performance of the software is the 
adequate categorization of the elements corre-
sponding to these areas. In simpler terms, these 
horizontal areas consisting of buildings and green 
zones must each correspond to the following Re-
vit Categories:Buildings as Mass model category 

General Workflow

and Green zones as Floors category. In addition, 
it should be stressed that the low LOD adds to 
the pursued methodology simplicity, allowing its 
application in the earliest project phases, elimi-
nating unnecessary burdens with model detailing.

To apply LEED water efficiency protocols, 
Visual Programming Language tools like Dynamo 
are employed due to their interoperability with 
Revit. Dynamo's scripts, through dynamo-player 
,as interface, facilitates accessibility for users re-
gardless of their familiarity with VPL and enabling 
to engage with the process.

Ultimately, the output generated through 
this methodology aids in monitoring, calculating, 
simulating, evaluating, and making decisions re-
garding water-efficient strategies. These strate-
gies encompass a range of measures such as wa-
ter-saving fixtures, rainwater harvesting systems, 
greywater recycling, and minimizing potable 
water usage. Furthermore, innovation in design 
addresses specific water management challeng-
es, including landscaping practices and the inte-
gration of tailored water-efficient technologies. 
While this study focuses on the preliminary rating 
assessment of water efficiency, further research 
into life cycle cost assessment is warranted for a 
comprehensive understanding.
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Water Efficiency

All water conservation is based on the 
use of potable water. Potable water 
is water that meets the minimum 

requirements for drinking, cooking, or domestic 
purposes. According to data from the European 
Commission, in Europe, buildings account for 
14% of all potable water consumption. People 
use potable water not just for drinking but for 
irrigation, handwashing, and flushing toilets as 
well. Since a large amount of energy, cost, and in-
frastructure goes into treating water so it is safe to 
drink, it is wasteful to use potable water for pur-
poses in which it is not required. The Water Effi-
ciency (WE) category in the LEED rating systems 
addresses water holistically, looking at indoor use, 
outdoor use, specialized uses, and metering. It 
also recognizes nonportable water usage and al-
ternative water sources.

As mentioned previously, implementation of  
the methodology requires a digital replica of the 
case study ,typically achieved with a  lower Lev-
el of Detail . According to the provided guideline 
from Historical GBC, the rating system is a four-
step process.(Table 1)

1. Prerequisite
The prerequisite mandates the presence of at 

least one toilet room in the building used daily. To 
achieve a 20% reduction in overall indoor water 
usage compared to the baseline case (excluding ir-2Default Uses per Day

Baseline Reduced Employees
(FTE)

Credit Title Score

Toilet (male) 6 lpf 4 lpf n/a 1 Prerequisite 1 Reduction of water use Obligatory
Toilet (female) 6 lpf 4 lpf n/a 3 Credit 1 Reduction in the use of water for external purposes 1-3 Points
Urinal 4 lpf 2 lpf n/a 2 Credit 2 Reduction of water use 1-3 Points
Public lavatory (restroom) faucet 2 lpm 2 lpm 15 3 Credit 3 Accounting for water consumed 1-2 Points
Kitchen faucet 9 lpm 6 lpm 30 1
Bidets (Female) 9 lpm 5 lpm 30 1
Bidets (Male) 9 lpm 5 lpm 30 0.5
Showerhead 10 lpm 7 lpm 300 0.1

Baseline Reduced 

Toilet (male) Conventional toilets
HET, single flow with 

pressure regulator

Toilet (female) Conventional toilets
HET, single flow with 

pressure regulator

Urinal Conventional urinal High efficiency urinal

Public lavatory (restroom) faucet Conventional public 
lavatory faucet

Low flow public lavatory 
faucet

Kitchen faucet Conventional kitchen sink Low flow kitchen sink

Bidets (Female) Conventional bidet Low flow bidet

Bidets (Male) Conventional bidet Low flow bidet

Showerhead Conventional shower Low flow shower

Percentage Reduction Points (BD+C)

25% 1
30% 2
35% 3
40% 4
45% 5
50% 6

Maximum Installed Flush/Flow Rate 

Applied  Strategies 

Maximum Installed Flush/Flow Rate 
Duration

(sec)

Points Reducing Water Use

Fixture Type

Fixture Type

Table 1 : Water Efficiency Historical GBC

rigation), specific strategies must be implement-
ed. The baseline case calculation should consider 
data for commercial and/or residential activities. 
In this methodology, the building's function is as-
sumed to be an office, encompassing fixtures like 
toilets, urinals, taps, showers, and kitchen sinks. 
Certain equipment and appliances such as com-
mercial steam cookers, dishwashers, ice-makers, 
and washing machines are excluded from the wa-
ter consumption reduction calculation.

Calculation
The calculation methodology for determin-

ing prerequisite involves comparing the calculat-
ed designed case with the baseline case. The re-
duction in water use is measured as the difference 
between these two cases, expressed as a percent-
age. This methodology considers the consump-
tion levels of accessories and fixtures by estimated 
consumption of occupants by taking into account 
of each fixtures' duration or flow rate.

Occupancy consumption estimation relies on 
calculating Full-Time Equivalent (FTE) occupants 
and users, connected to the specific utilization of 
fixtures.  FTE is used to calculate the number of 
occupants in a building with associated average 
daily water fixture use. FTE is determined based 
on a standard 8-hour per day presence period (40 
hours per week), with an 8-hour presence having 
an FTE value of 1.0. Assuming that the case study 
is an office or commercial and industrial proj-
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ect, in the absence of precise occupancy data, the 
guideline book of the GBC of Italy offers a refer-
ence point for estimation, suggesting an average 
allocation of 55 m² per employee.

 To facilitate calculations, facilities are cate-
gorized into groups according to their equipment 
usage levels. These groups include Toilet (Female 
and Male), Urinals (Male), Taps and basin , Bidets 
(Female and Male), Kitchen sink taps, and Show-
ers.(Table 2)

Dynamo Script
At this stage, the calculations are started by 

extracted data from shared parameter of Revit 
masses,such as Gross Floor Area, and the input 
data entered by the Dynamo-player user, to cal-
culate the improved percentage of  reduced wa-
ter usage (equation 3) by calculation of daily wa-

Image 2 : Prerequisite script Workflow on Dynamo

Plumbing Equipment and 
Accessories

Flow 
Rate(lpf)

Plumbing Equipment and 
Accessories

Flow 
Rate(lpm)

Conventional toilets 6.0 Public conventional basin 0.475

High efficiency toilets (HET), 
single gravity drain

5.0 Public Efficient basin 0.38

HET, single flow with 
pressure regulator

4.0 private conventional  basin 9.0

HET, double flow (full jet) 6.0
private medium Efficient 

basin
6.0

HET, double flow (reduced 
jet)

4.0 private High Efficient basin 4.0

HET, nebulized flow 0.2 Conventional Bidet 9.0

Toilet without water 0.0 Medium Efficient Bidet 6.0

Conventional urinal 4.0 High Efficient Bidet 4.0

High efficiency urinal 2.0 Conventional kitchen sink 9.0

Urinal without water 0.0 Low flow kitchen sink 6.0
Conventional shower 10.0

Low flow shower 7.0

Example of plumbing equipment and accessories and water consumption

Table 3 : Example of plumbing and accessories and 
water consumption
lpm : Liter per minute
lpf : Liter per flow

Where,
Duration of use = Default Uses of Sanitary equipment-uses per day (FTE),(Table3)
Baseline flush or flow rate = Baseline Flush Duration Flow rate (lpf)
User per day = Number of Users 
Baseline Volume = Sum of all actual daily water usage from each fixture per day
Reduced Volume = Sum of all reduced daily water usage from each fixture per day

EQUATION 1. Basic Indoor water use
Daily water for    =  Duration of use × Baseline flush or × User per day
each fixture type                                           flow rate                               

EQUATION 2. Reduced Indoor water use
Daily water for    =  Duration of use × Reduced flush or × User per day
each fixture type                                           flow rate                               
EQUATION 3. Indoor Water -Use Reduction

Improvement Percentage       = {Baseline Volume - Reduced Volume }      From Baseline                                         Baseline Volume

ter use for each fixture type in baseline scenario 
(equation 1)and designed scenario(equation 2).

It is important, among the various options 
in the input data (Table 3) entered by the Dy-
namo-player user, strategies should be based on 
low-impact development strategy. Data on the 
flow rate of fixtures and equipment , as illustrated 

in Table 3, help in selecting optimal options for 
the designed case study.

Upon completion of the calculations in dyna-
mo player, confirmation will be received in out-
put section regarding whether the prerequisite 
has been achieved or not.

Default Uses per Day

Baseline Reduced Employees
(FTE)

Credit Title Score

Toilet (male) 6 lpf 4 lpf n/a 1 Prerequisite 1 Reduction of water use Obligatory
Toilet (female) 6 lpf 4 lpf n/a 3 Credit 1 Reduction in the use of water for external purposes 1-3 Points
Urinal 4 lpf 2 lpf n/a 2 Credit 2 Reduction of water use 1-3 Points
Public lavatory (restroom) faucet 2 lpm 2 lpm 15 3 Credit 3 Accounting for water consumed 1-2 Points
Kitchen faucet 9 lpm 6 lpm 30 1
Bidets (Female) 9 lpm 5 lpm 30 1
Bidets (Male) 9 lpm 5 lpm 30 0.5
Showerhead 10 lpm 7 lpm 300 0.1

Baseline Reduced 

Toilet (male) Conventional toilets
HET, single flow with 

pressure regulator

Toilet (female) Conventional toilets
HET, single flow with 

pressure regulator

Urinal Conventional urinal High efficiency urinal

Public lavatory (restroom) faucet Conventional public 
lavatory faucet

Low flow public lavatory 
faucet

Kitchen faucet Conventional kitchen sink Low flow kitchen sink

Bidets (Female) Conventional bidet Low flow bidet

Bidets (Male) Conventional bidet Low flow bidet

Showerhead Conventional shower Low flow shower

Percentage Reduction Points (BD+C)

25% 1
30% 2
35% 3
40% 4
45% 5
50% 6

Maximum Installed Flush/Flow Rate 

Applied  Strategies 

Maximum Installed Flush/Flow Rate 
Duration

(sec)

Points Reducing Water Use

Fixture Type

Fixture Type

Table 2 : Default uses of sanitary equipment, by type of occupa-
tion/presence.
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Low Medium High Low Medium High Low Medium High

Trees 0.2 0.5 0.9 0.5 1.0 1.3 0.5 1.0 1.4

Shrubs 0.2 0.5 0.7 0.5 1.0 1.1 0.5 1.0 1.3

Flowers 0.2 0.5 0.7 0.5 1.0 1.1 0.5 1.0 1.2

Mixed 0.2 0.5 0.9 0.6 1.1 1.3 0.5 1.0 1.4

Turf 0.6 0.7 0.8 0.6 1.0 1.0 0.8 1.0 1.2

Type of Irrigation IE

Aspirators and watering 
cans

0.625

Drip systems 0.9

Species Factor (Ks) Density Factor(Kd) Microclimate factor(Kmc)
Type Of Vegetation

Factors of the Relevant External Area

Table 4: Species ,Density and Microclimate factor in classified vegetation

Low Medium High Low Medium High Low Medium High

Trees 0.2 0.5 0.9 0.5 1.0 1.3 0.5 1.0 1.4

Shrubs 0.2 0.5 0.7 0.5 1.0 1.1 0.5 1.0 1.3

Flowers 0.2 0.5 0.7 0.5 1.0 1.1 0.5 1.0 1.2

Mixed 0.2 0.5 0.9 0.6 1.1 1.3 0.5 1.0 1.4

Turf 0.6 0.7 0.8 0.6 1.0 1.0 0.8 1.0 1.2

Type of Irrigation IE

Aspirators and watering 
cans

0.625

Drip systems 0.9

Species Factor (Ks) Density Factor(Kd) Microclimate factor(Kmc)
Type Of Vegetation

Factors of the Relevant External Area

Table 5 : Type of irrigation
Credit 1 Points Conditions 
Option 1 1 Reduction in consumption for irrigation or ornamental purposes by 50% 

Option 2 2 Reduction in consumption for irrigation and ornamental purposes by 50% 

Option 3 3
No use of drinking water for external and/or ornamental purposes

(1.Use only water collected from rainfall, reclaimed waste water 2.particular 
types of vegetation that do not require permanent irrigation systems)

Table 6 : LEED score for credit 1

Month
Average 

Rainfall [mm]
Average 

ET0 [mm]

January 29.45 9.3
February 10.2 17.4

March 14.9 43.4
April 52.55 69
May 121.55 93
June 151.25 111
July 68.75 127.1

August 107.85 99.2
September 44.8 63
October 53.95 34.1

November 44.8 12
December 32.55 6.2

Annual 732.6 684.7
Table 7 : Monthly Rainfall and ET

0

2. Credit 1 
This credit can only be obtained if there are 

green areas requiring irrigation constitute at least 
5% of the total lot area.

Calculations
To determine the percentage of the  reduction 

in potable water usage for credit 1, it is necessary 
to establish the current water consumption for 
the project and then compare it to the designed 
situation. Separate calculations are required for 
water used in irrigation, fountains, and water fea-
tures. Each green area, must be consistent across 
both baseline and designed scenarios,is assessed 
individually to determine its water usage in irriga-
tion. These areas are classified into five categories 
: Trees ,Shrubs , Flowers , Mixed and Turf (Table 
4). Determination of specific class for the green 
areas is rather subjective ; Despite this, landscape 
planning professionals should still give a general 
idea of classification,Ks,Kd and Kmc,that are ex-
plained in the following paragraphs. It's import-
ant to note that assuming 100% of any category 
for whole project is not realistic, especially if the 
project includes significant areas for trees, shrubs, 
and flower beds. It is recommend selecting the 
category in which a species comprises over 60% 

of that kind. 
The Coefficient of External Areas of Rele-

vance (KL) quantifies the volume of water loss due 
to Evapotranspiration Rate (ET0). ET0 represents 
the total water required to cultivate a specific ref-
erence plant and is expressed in millimeters. The 
value of ET0 is typically referenced to the months 
with the highest evapotranspiration effects and 
consequently, the greatest demand for irrigation, 
for example, the month of July .For the monthly 
ET0 calculation, two software developed by the 
FAO has been used:

• Climawat, that provides the climatic data of 
the nearest station, according to the case 
study was Torino;

• ET
0 
Calculator, that reads the data exported 

from Climawat and provides the values of 
the evapotranspiration coefficient (ET0) in 
mm/day for each month of the year.  

ET0 is influenced by factors such as plant spe-
cies (Ks), local microclimate (Kmc), and plant den-
sity (Kd), as outlined in Equation 4 and 5.These 
factors must be determined  for each relevant 
outdoor area.

• The Species Factor (Ks) accounts for the 
variation in water requirements among 

different species, which are categorized as 
high, medium, or low (as illustrated in Ta-
ble 4).

• The Density Factor (Kd) accounts for both 
the number of plants and the total leaf area 
of the green zone. It helps to quantify how 
dense the vegetation cover is in a particular 
area. Areas with sparse vegetation will have 
lower Kd values, indicating lower evapo-
transpiration rates. Conversely, areas with 
denser vegetation will have higher kd val-
ues, indicating higher evapotranspiration 
rates. The kd value varies depending on the 
percentage of land shaded by trees or cov-
ered by shrubs and bushes. For instance, a 
low percentage of shade cover (e.g., 25%) 
corresponds to a lower kd value, while 
higher percentages of shade cover result 
in higher kd values. In systems with mixed 
vegetative cover, where trees cover un-
der-story species and bushes, evapotrans-
piration tends to increase. This represents 
the highest level of density, with kd values 
ranging between 1.0 and 1.3.

• The Microclimate Factor (Kmc)considers 
environmental factors such as tempera-
ture, wind, and humidity in the external 

area under consideration. Various external 
features, such as buildings, paved areas, re-
flective surfaces, and slopes, can influence 
the microclimate of an area. For example, 
parking areas can increase the effects of 
temperature and wind on adjacent areas. 
The average value of kmc is 1.0, which is 
applicable to conditions where the evapo-
transpiration rate is not significantly influ-
enced by external features such as build-
ings, paved surfaces, reflective surfaces, or 
slopes. High Kmc values indicate situations 
where the evaporation potential is in-
creased due to specific environmental con-
ditions. These conditions include surfaces 
that absorb or reflect heat, areas exposed 
to particular ventilation conditions, or ar-
eas affected by factors like traffic islands 
and wind tunnel effects. Examples of areas 
with high Kmc values include parking lots, 
western sides of buildings, western and 
southern slopes, and areas prone to wind 
tunnel effects. Conversely, low Kmc values 
correspond to areas where the microcli-
mate is less influenced by external factors. 
Examples include the north side of build-
ings, courtyards, areas under large over-
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Image 3 : input ,output and calculation process  of Credit 1 

hangs, and the north side of slopes.
The specific Evapotranspiration Rate (ETL) is 

calculated for each area by multiplying the value 
of ET0 with the KL, as indicated by equation 5. It is 
also necessary to determine irrigation efficiency 
(IE), identifying the types of irrigation used for 
each relevant outdoor area.(See Table 5)

And finally,the  Controller Efficiency (CE) 
represents the percentage reduction in water 
consumption resulting from the application of 
controllers with weather sensors or humidity sen-
sors. This value can be derived from manufactur-
ers' documentation or from detailed calculations 
by the outdoor space designer.

Dynamo Script
The initial step involves defining the Re-

vit floor compound as green areas(see Image 3).  
Then , Python script is utilized in dynamo to  ap-
ply table 4 on input data. For instance, these data 
must be inserted by user in shared parameter of 
each garden or by selecting in dynamo player and 
python transforms them to the values that listed 
in table 4 and 5.

The baseline and designed case is calculated 
separately for each garden. By defining the spe-
cies factor (ks), density factor (kd), and efficien-
cy of irrigation (IE) the designed case could in-

volve the replacement of species in the relevant 
external areas  characterized by low water con-
sumption (such as shrubs) with others with high-
er consumption (such as turf). Obviously ,due to 
the location ,the same values of the microclimate 
factor (kmc) and the evapotranspiration rate (ET0)
is calculated in dynamo script.

In the next stage, Potable water Reduction Per-
centage (equation 9) is obtained from TAU and 
TAPU; Total Water Used (TAU) is calculated 
for both baseline and designed case (equation 
6 and 8) and Total Potable Water Used (TAPU) 
is calculated for each relevant outdoor area by 
applying equation 7 and 11 for designed case.
The percentage of reduction is calculated from 
the total amount of potable water used for ir-
rigation, indoor flushes. To decrease the con-
sumption of potable water, a solution is to har-
vest rainwater and store indoor wastewater/
greywater.
As mentioned previously, the calculation re-
quires location-specific data, including monthly 
rainfall amounts and monthly ET0. This meth-
odology is applicable to any other case study by 
simply changing the rainfall data and month-
ly ET0 values(Table 7). For the case study, this 
data is obtained from the Torino Giardini Reali 

station of Arpa Piemonte, and ET0 data ob-
tained from Climawat and ET

0 
Calculator. The 

case study data can be modified or input by the 
user using the Dynamo Player. These data in-
clude:
• Area of rain collection (m2)
• Area of irrigation(m2)
• Surface material of rain collection area: The 

Runoff Coefficient is the percentage of the 
total precipitation that falls on a collection 
area and runs off the surface to potential-
ly be collected.  Surfaces that are smooth 
and non-porous generally have a higher 
percentage of runoff.  These values are ap-
proximations and are based on the typical 
construction method of the roof type.  It 
does not account for wind, evaporation, 
etc., and assumes that the gutter system is 
properly installed and maintained.  The val-
ue is unitless and is from usgbc.org.1

• Plant water used coefficient : The Plant Wa-
ter Use Coefficient is the percentage of the 
evapotranspiration (ET0) that a given type 
of plant needs for growth and/or healthy 
appearance.  The value may also be referred 
to as the crop coefficient, plant factor, or 

1 . https://www.usgbc.org/resources/homes-ta-
ble-8-common-runoff-coefficients

landscape coefficient, and is typically in 
the range from 0.1 (low) to 1.2 (high).  
Drought-tolerant, native plants are in the 
lower end of this range, and plants like 
cool-season turf grasses and garden vegeta-
bles are at the higher end of the range.  The 
value is unitless and is from FAO.org.2

• Supplementary water to store: Grey wa-
ter or wastewater used in the building can 
be stored and used for irrigation and toilet 
flush purposes.

• Estimated monthly indoor water demand 
(liter) : it is required to replace the amount 
of potable water used in toilet or urinals 
flush with collected water

• Capacity of the storage tank(liter)
In collecting water, supply and demand dy-
namics revolve around the collection and utili-
zation of rainwater, so the calculations are con-
sist of two parts:

Supply:
The supply refers to the amount of supplemen-
tary water to store  and rainwater that can be 
collected from precipitation. This depends on 
factors like rainfall patterns, catchment area 
(such as rooftops or land surface), and the ef-
ficiency of the harvesting system (like capacity 

2 .Crop evapotranspiration - Guidelines for com-
puting crop water requirements - FAO Irrigation 
and drainage paper 56, 1998 
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thermore, it helps assess whether the capacity 
of the user-inserted storage tank is adequate. 
Conversely, if supply exceeds demand, there 
may be opportunities to store excess rainwater 
for future use or to release it into the environ-
ment to recharge groundwater reserves.

Once the amount of TAPU is calculated, 
and the percentage of reduction in drinking wa-
ter in consumption for irrigation or ornamental 
purposes reaches 50%, it receives 1 point. If the 
reduction in consumption for both irrigation and 
ornamental purposes reaches 50%, it receives 2 
points. Additionally, if there is no use of drinking 
water for external and/or ornamental purposes, 
it receives 3 points. (See table 6)

3. Credit 2
The credit score is determined based on the 

calculations of prerequisites, as outlined in Table 
8.

Percentage Reduction Points (BD+C)

30% 1
35% 2
40% 3

Credit 2

Table 8: LEED score for Credit 2

EQUATION 11. Demand of Designed scenario

Total monthly demand (L) =   EQUATION 6 +  Monthly indoor demand (L)

EQUATION 10. Supply

Estimated monthly   
= Average monthly × 

n(Area of rain  ×  Runoff    )+ Monthly 
supply to collection               rainfall(L/m2)                collectioni(m

2)     coefficienti            indoor
      tank (L)                                                                                                                 supply(L)

n

i=1

Image 4 : Calculation of LEED scores

of storage tanks ,gutters and pipes).
The supply of rainwater is inherently variable 
and depends on historical rain data of the case 
study.(Equetion10)

Demand:
Demand refers to the usage or requirement of 
water for various purposes like irrigation or in-
door purposes.
The demand for rainwater depends on factors 
such as area of the irrigation ,type of  existing 
plants .
The result of these calculations provide deci-
sion-makers with valuable insights, such as the 
amount of potable water used for irrigation 
and the identification of months when rainfall 
directly on the irrigation area is insufficient, 
prompting the need for rainwater storage. 
If demand exceeds supply, additional water 
sources like greywater collected from washing 
basins and kitchen sinks may be necessary. Fur-

tioned in Prerequisite- Reduction of water 
use. This meter accounts for direct or indi-
rect water use, subtracting any other mea-
sured volume.

• Domestic hot water: Monitoring at least 
80% of the total volume of domestic hot 
water usage, with provisions for systems 
employing hot water recirculation.

• Cooling towers: Metering the replacement 
water for all cooling towers serving the 
system.

• Recycled water: Tracking recycled water 
regardless of usage rate, with special atten-
tion to systems with makeup water supply 
connections to accurately determine recy-
cled water components.

• Other process waters: Monitoring at least 
80% of expected daily process water con-
sumption, encompassing various subsys-
tems like humidifiers, dishwashers, wash-
ing machines, and swimming pools.

• Water for external uses, excluding irriga-
tion: Recording water usage for fountains 
and water features, covering a minimum of 
80% of the total usage.

Implementing these options ensures compre-
hensive monitoring and efficient management 
of water resources within the project, contrib-
uting to sustainability goals and resource con-
servation efforts.

EQUATION 4. The Coefficient of Relevant Outdoor Areas
KL = Ks × Kd × Kmc

EQUATION 5. Evapotranspiration Rate
ETL [mm] = ET0 [mm] × KL

EQUATION 6. Total Used Water of Designed Outdoor

TAU [L]  = {Area (m2) × ETL [mm]} ×  (1 - CE) × 1.0 [L/(m2 ×mm)]
                                                       IE [-]

EQUATION 9. Potable Water Reduction Percentage

Reduction [%]  = {1 _  TAPU designed case } × 100
                                                        TAU baseline case

EQUATION 8. Total Used Water of Baseline Outdoor

TAU [L]  = {Area (m2) × ETL [mm]} ×  1.0 [L/(m2 ×mm)]
                                                             IE [-]

EQUATION 7. Total Potable Used Water of Designed Outdoor

TAPU [L]  = TAU [L] - (Collected Grey water + Rain water ) [L]

4. Credit 3
General and permanent meters for water 

measurement, dividing the water for external 
uses (irrigation, fountains, etc.) and for internal 
uses.

• Interventions with the presence of 
multiple functional units

(1 Point) 
For projects with multiple functional units, 

such as offices, residential areas, commercial 
spaces, and museums, it is essential to implement 
separate accounting for each functional unit. This 
includes both internal and external water usage, 
irrespective of whether the unit is rented to third 
parties or owned by the same properties. This in-
tervention ensures comprehensive monitoring of 
water consumption within the project.

• Installation of water meters
(1 Point) 

Alternatively, the installation of additional 
water meters can further enhance water manage-
ment practices. Alongside the general require-
ment, one additional meter should be installed to 
monitor specific subsystems:

• Irrigation: Accounting for a minimum of 
80% of the irrigated area, excluding areas 
with native vegetation that don't  require 
routine irrigation.

• Interior taps and accessories: Covering at 
least 80% of the taps and accessories men-
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Ex Manifattura Tabacchi 

The city of Turin, Italy, has undergone 
significant historical and industrial 
transformations, shaping its identity 

and urban landscape over the years. Initially serv-
ing as the capital city of Italy from 1861 to 1865, 
Turin held prominence as one of Europe's leading 
political centers. However, its trajectory took a 
new direction in the 20th century with the rise of 
industrialization.

During the Italian economic boom, Turin 
emerged as a vital industrial hub, earning the title 
of the "Automobile Capital" due to its association 
with major automotive manufacturers like FIAT. 
This industrial expansion spurred rapid urban de-
velopment, nearly tripling the city's population 
through immigration and attracting a workforce 
to support the growing industries. By 1971, Tu-
rin's population had surged to 1.2 million, ac-
companied by a significant expansion of urban in-
frastructure, with industrial buildings dominating 
the skyline.

However, the prosperity of the industrial era 
was not immune to challenges. The industrial cri-
sis of the 1970s and 1980s dealt a severe blow to 
Turin's economy, leading to the closure or down-
sizing of many industrial giants. This downturn re-
sulted in widespread unemployment and a sharp 
decline in population, leaving behind a legacy of 
abandoned industrial areas and buildings such as 
Ex Nebiolo ,Palazzo del Lavoro, Ex Tecum-
seh , Ex Fimit and other examples depicted in 
the following page's map.

Despite these setbacks, Turin experienced a 
resurgence in the early 21st century, buoyed by a 
revival of its cultural and tourism sectors. The city 
became a magnet for students, tourists, and inter-
national events, such as the 2006 Winter Olympic 
Games and the 2022 Eurovision Song Contest.

In recent years, Turin has embraced a pro-

cess of urban renewal, repurposing its industrial 
infrastructure to meet the demands of contempo-
rary city living. Former industrial sites have been 
transformed into vibrant public spaces, univer-
sity campuses, museums, and commercial hubs, 
breathing new life into the urban fabric.

Among these sites, A prime example is the 
former Tabacco factory, which  in 2002 designed 
to be transformed into public service zones, with 
the University Enrollment Center housed with-
in its historic walls. This adaptive reuse not only 
honors Turin's industrial legacy but also showcas-
es its forward-thinking approach to urban devel-
opment.

Preserving Turin's industrial heritage while 
propelling its urban development forward demon-
strates the city's commitment to sustainability. 
Thus, the integration of sustainability principles, 
such as LEED certification and water efficiency, 
is vital. Therefore, my thesis focuses on assessing 
the water efficiency rating of the former Tobacco 
factory, adhering to the standards and guidelines 
established by GBC Italy, as outlined in Chapter 3 
of the introduction.

1. Brief History Of Former To-
bacco Manufacturing Area

The history of the Tabacco factory, situated in 
the northern region of the city, intertwines with 
the socio-economic evolution of Turin, Italy, from 
the 16th century to the present day. Initially es-
tablished as part of the Viboccone park commis-
sioned by Duke Emanuele Filiberto in the mid-
16th century, it served various purposes including 
sericulture, breeding, and leisure. However, suc-
cessive generations showed less interest, and the 
property suffered damage during French sieges in 
the 17th and 18th centuries. [2] 

In 1758, under the reign of Carlo Emanuele 
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III, the factory underwent a transformation. Ar-
chitect Benedetto Ferroggio was commissioned to 
construct the tobacco production facility within the 
park, converting the ruins of the Viboccone palace 
into the new complex. This marked the beginning 
of the factory's prominence in the city's industrial 
landscape, alongside a paper mill for playing cards, 
both state monopolies.[1]

By the early 19th century, the Tobacco Factory 
emerged as the city's largest production company, 
with locations in via della Zecca and Regio Parco. 
Consolidation efforts led to the relocation of oper-
ations primarily to the Royal Park section by 1855. 
Renovation works in 1858 further solidified its sta-
tus as a key industrial site.[1]

Throughout its history, the factory complex 
expanded to accommodate various functions, in-

MPT_Manifattura Tabacchi 07

Estratto da: Debrevi, Ginevra (2013). Manifattura Rehab Centre: il riuso della Manifattura Tabacchi di 
Torino come centro di riabilitazione. Tesi discussa presso il Politecnico di Torino. Relatore: Croset P., 
Ambrosini G., Berta M., Rolando A.

Estratto vincolo da “ALL.4-Vincolo-Mibac-113-2019” e sviluppo storico

Extracted from: Debrevi, Geneva (2013). Manifattura Rehab Centre: the reuse of the Manifattura Tabacchi of 
Turin as a rehabilitation centre. Thesis discussed at the Polytechnic of Turin. Speaker: Croset P., Ambrosini G., 
Berta M., Rolando A

es. A museum dedicated to the history of indus-
try and innovation will be established, along with 
spaces for exhibitions and public discussions.

Implementation and Guidelines : Detailed con-
servation efforts will maintain the historical in-
tegrity of the buildings while adapting them for 
modern uses, preserving significant architectural 
features and integrating new technologies sensi-
tively. An educational path will showcase the site's 
historical and architectural evolution, enhancing 
its cultural value.

University Residences : The redevelopment 
includes constructing university residences to 
support the local student population. These res-
idences will be integrated with other university 
facilities and cultural institutions, creating a dy-
namic educational environment.

Overall, the redevelopment of the Manifat-
tura Tabacchi site in Turin is a multifaceted proj-
ect aimed at preserving its historical significance 
while transforming it into a modern, functional, 
and sustainable urban space. Today, the tobacco 
factory stands as a testament to Turin's industrial 
past, its adaptive reuse reflecting the city's com-
mitment to heritage conservation and urban re-
newal.2

cluding the presence of the Financial Police, work-
shops, railway connections, entertainment areas, 
and schools for employees' children. Notably, 
during World War II, it played a role in the resis-
tance movement, with employees actively involved 
in anti-fascist activities.[2]

However, from the mid-20th century, the fac-
tory experienced decline, culminating in its closure 
in 1996. Despite its cessation, efforts were made to 
repurpose the area. 

In 2002, a variant to the Master Plan was ap-
proved, transforming the site into areas for public 
services. The building's architectural and historical 
significance was recognized, leading to interven-
tions aimed at preserving its heritage while adapt-
ing it for contemporary use, involves transforming 
the former Manifattura Tabacchi site in Turin into a 

multi-functional hub.2 The key objectives and fea-
tures of the project include:

Urban Redevelopment and Urban Planning:
The project aims to revitalize the area by 

integrating new functionalities and improving 
urban mobility. This includes the construction 
of Metro line 2 and the inclusion of the nearby 
municipally owned complex called Ex Fabbri-
ca FIMIT. Integration with the new Metro line 2 
will significantly improve connectivity, linking the 
site to major transport hubs and the city center. 
The project emphasizes regenerating public spac-
es to make them more accessible and integrated 
with surrounding areas, including redesigning the 
connection between the Metro stop and the site. 
The plan also focuses on green and sustainable de-
velopment by increasing green areas, improving 
energy efficiency, and installing photovoltaic sys-
tems on new buildings.

Monumental Protection:   The property is pro-
tected under DCR 113 of 2019 and legislative 
decree 42/2004, ensuring its historical and archi-
tectural elements are preserved.

Vision and Purpose ; The redevelopment aims 
to create a multifunctional hub with university 
residences, cultural institutions, and public spac-

MPT_Manifattura Tabacchi 03

Estratto Carta tecnica - Tavola n. 12

Area d’intervento Area d’intervento

Estratto PRGC - Tavola 1 Azzonamento

Stato di fatto - Localizzazione

Area of intervention Area of intervention

Regularity zones Service Areas
Mixed residential urban areas Public services

University education

Extracted from: pdf of "Relazione Illustrativa" in www.manifatturatabacchitorino.concorrimi.it

https://www.manifatturatabacchitorino.concorrimi.it/allegati/2_Relazione%20Illustrativa.pdf
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2.Application of Methodolo-
gy on Ex Manifattura Tabacchi

To evaluate the capabilities of the proposed 
method, the case study was developed. The meth-
odology was applied to a BIM model to acquire 
a LEED assessment for the building site and to 
generate solutions enabling proper water man-
agement. 

A BIM model with a LOD 500 in Revit can 
provide a comprehensive amount of information, 
making it exceptionally useful for both precise 
and preliminary assessments across various sub-
categories of the GBC checklist. The detailed data 
encompassed in an LOD 500 model includes spe-
cific elements related to historical features, de-
tailed energy modeling, precise material specifi-
cations, and exact water usage calculations. Such 
a level of detail is invaluable for finalizing design 
decisions and achieving high accuracy in sustain-
ability assessments, allowing for thorough analysis 
and precise scoring in each subcategory.

In the preliminary design phase, however, 
the level of detail required can vary depending on 
the subcategory being assessed. For instance, in 
the context of water efficiency, an LOD 100 is 
generally sufficient. This level includes basic esti-
mations of water use reduction based on planned 
efficient fixtures and preliminary irrigation plans, 
which provides an approximation of water savings 
without the need for complete detail like exact 
plumbing layouts and water usage calculations 
found in LOD 500. In contrast, other prelim-
inary LEED assessments might require a higher 
LOD than 100. For example, assessing energy 
and atmosphere might benefit from an LOD 300 
to perform simplified energy modeling, consid-
ering general HVAC system efficiency and basic 
insulation values, which provide more precise 
early-stage energy performance estimates than an 
LOD 100 model could offer.

The focus of this thesis is specifically on water 
and water efficiency; however, working on a case 
study and calculating LEED scores involves all 
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GBC 
checklist Goals Detailed and Precise Assessment Conceptual Design Assessment 

LOD LOD

Table 9 : Level of Detail in different phases for different GBC categories

categories of the GBC checklist. Hence, it is ad-
vantageous to have a central BIM model with high 
LOD, that can link different approaches of the 
categories’ calculations. This integrated approach 
ensures that as various aspects of the project are 
developed, all related data can be centrally man-
aged and updated, facilitating a more coordinated 
and comprehensive sustainability assessment. By 
leveraging a central BIM model, different cate-
gories of LEED calculations can be automated 
and connected, providing a complete view of the 
building’s performance across all relevant sustain-
ability metrics.

In conclusion, LOD 100 is enough for water 
efficiency calculations in a conceptual and pre-
liminary assessment, it is important to highlight 
that this level of detail captures the essential in-
formation needed for early decision-making. An 
LOD 100 model can provide basic, yet reliable, 
estimates of water savings through efficient fix-
ture selection and preliminary irrigation planning. 
This streamlined approach allows for timely and 
cost-effective assessments, aligning with the ear-
ly stages of design where detailed specifications 
are not yet finalized. Furthermore, future studies 
and theses can build upon this foundation by inte-
grating higher levels of detail for other categories 
of LEED calculations, progressively automating 
and integrating these aspects into the central BIM 
model. This evolution towards a complete BIM 
model dataset will enhance the accuracy and ef-
ficiency of sustainability assessments, ultimately 
leading to more informed and sustainable build-
ing designs.

The following processes were applied:
The model was initiated by importing ar-

chitectural drawings of the Manifattura Tabac-
chi, which is acquired from Drawing To The Fu-
ture Lab, in CAD format to Revit. Few elements 
needed to be accurately modeled: buildings were 
modeled as mass models from In-Place Mass of 
the massing and site tabs, and the Floor category 
was used to specify green zones and the territory 

of the site. These three layers from top, illustrated 
in the image 5, are the only elements contributing 
to the methodology. 

Once the LOD 100 of the case study was 
completed, the Dynamo Player was opened to 
run the simulation, and the Dynamo script should 
be launched. By inserting a few inputs or select-
ing options from the list of each parameter on the 
Dynamo Player, the solution priorities must be 
established.

By running the Dynamo Player, the program 
can assist the user in differentiating between pur-
suable and non-pursuable LEED credits, enabling 
the identification of the best strategy for water-ef-
ficient design in preliminary phases. The results 
are discussed in the result section of this chapter.

To assess the effectiveness of the proposed 
methodology , various strategies were applied to 
show outputs in different scenarios. The first sce-
nario involves low water consumption, the sec-



92 93

Level 0

0 m

Level 1

4 m

sky

57 m

Level 4
10 m

Level 5

13 m

{3D} Copy 1 Copy 1
1

{3D} Copy 1 Copy 1
1

Level 0

0 m

Level 1

4 m

Level 5

57 m

Level 3
16 m

Level 2
10 m

Level 0

0 m

Level 1

4 m

sky

57 m

Level 4
10 m

Level 5

13 m

{3D} Copy 1 Copy 1
1

ID:364289
ID:364929

ID:363850

ID:364449

ID:364668

ID:364841

ID:364754

ID:365018

ID:365609

ID:365359

 1 : 2000
Site - Dependent 1

1

Image 5 : Revit environment

ond scenario involves medium water consump-
tion, and the third scenario involves high water 
consumption.

3.Scenarios
Common Parameters
In all scenarios, the baseline situation remains 

constant and location-based data such as ET0 
(evapotranspiration rate), rainfall, Kmc (microcli-
mate factor), and the area of the case study remain 
constant as well. The determination of the Con-
troller Efficiency (CE) value is not considered in 
any of the scenarios. Additionally, the selections in 
credit 3 are the same in all scenarios.

It is noteworthy that although all green areas 
could have been selected their own species type, 
Ks (species factor), and Kd (density factor), a stan-
dard framework for comparing the scenarios was 

adopted, using the same values for species type, 
Ks, and Kd.

Upon selecting the strategies, those strategies 
were chosen in which the prerequisites reached 
above 20% to proceed with the rest of the pro-
cedure.

Implementation and Results
In this section, the proposed methodology is 

applied to the case study under these three dif-
ferent water consumption scenarios: low, mod-
erate, and high,and the results are analyzed to 
understand the effectiveness of each scenario in 
terms of water usage, savings, efficiency and con-
sequently help to make decisions. The table below 
summarizes the key parameters and settings for 
each scenario.

Low water 
consumption 

scenario

Moderate water 
consumption scenario 

senario 1 senario 2

Toilet Toilet without Water
Single Flow with 

pressure regulator
Conventional Toilet

HET,Single Gravity 
Drain

Urinal Urinal without Water High Efficient Urinal Conventional Urinal High Efficient Urinal

Basin Public Efficient Basin Public Efficient Basin
Public Conventional 

Basin
Public Conventional 

Basin

Bidet High Efficient Bidet
Medium Efficient 

Bidet
Conventional Bidet

Medium Efficient 
Bidet

Kitchen sink
Low Flow Kitchen 

Sink
Low Flow Kitchen 

Sink
Conventional Kitchen 

Sink
Low Flow Kitchen 

Sink

Shower Low Flow Shower Low Flow Shower Conventional Shower Conventional Shower

Species type Shrubs Turf Mixed Mixed

Ks low medium high high

Kd low medium high high

Irrigation type Drip system Drip system
Aspirators and 

watering
Aspirators and 

watering

Catchment area rooftop rooftop rooftop rooftop

Tank capacity(L) 0 600,000 600,000 600,000

Pr
er

eq
ui

si
t -
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re

di
t2

C
re

di
t 1

senario 3

High water consumption scenario

Table  10 : Table of Scenarios

Properties

Mass
Gross Floor Area : 61224.45 m2

Gross Surface Area : 95510.5 m2 
Gross Volume :323119.8 m3

Footprint : 22382 m2

Floors
Area : 45952 m2

Linked Revit Model 
Manifattura Tabacchi

Linked Revit Model 
Site of Case study

Properties

Properties

Properties

Properties

DATA

   DATA

Floors
Area : 7651.14 m2

ID                                                                                                                   
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Designed)                                                                                 
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Species factor Ks 
(Designed)                                                                                
Enter number 1.low 2.medium 3.high for Species factor Ks 
(Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Density factor Kd 
(Designed)                                                                                 
Enter number 1.low 2.medium 3.high 
for Density factor Kd (Baseline)                                                                                                                                       
Enter number 1.low 2.medium 3.high for Microclimate 
factor Kmc                                                                                                                    
Enter number for Type of irrigation 1.Aspirators and water-
ing 2.Drip systems (Designed)                                                                                                   
Enter number of Type of irrigation 1.  Aspirators and water-
ing 2.Drip systems (Baseline)                                                    
Enter Controller Efficiency (CE)                                                      
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How it works as an example:
1.Lunching the Dynamo-Player 

LEED Water Efficiency Rating
Water Efficiency Rating system based on LEED

SCAN ME!
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LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

01|Select The Type Of Designed Toilet
02|Select The Type Of Designed Urinals
03|Select The Type Of Designed Basin
04|Select The Type Of Designed Bidet
05|Select The Type Of Designed Sink
06| Select The Type Of Designed Shower
07|Make sure to fill out the data in properties of each 
Green Area(drawn as Floor family) . Then check "True"
08 |Select Catchment Area
09| From the list,enter which corresponds 
to the primary type of material used for the surface of the catchment 
area (Rooftop)

10|If catchment area is consisting of 
pedestrian path,from the list,enter which corresponds to the primary 
type of material used for the surface of the pavement, otherwise select 
non

14|Is your designed case equipped with a meter dividing 
external irrigation , interior taps and fixtures ,domestic hot 
water,and recycled water?
15|Check "True" if you want to visual Reports.

12|Do you plan to irrigate during the months of 
November to April?

16|Define a path for Report 1.
17|Define a path for Report 2.
18|Define a path for Report 3.
19|Define a path for Report 4.
20|Define a path for Report 5.

11|Enter the capacity of the storage tank(L)

13| Is your designed case equipped with a general meter 
for water measurement?

Inputs
Single Flow Pressure Regulator       

High Efficiency Urinal                       

Public Efficient Basin                         

Medium Efficient Bidet                     

Low Flow Kitchen Sink                    

Low Flow Shower                               

Browse
Browse
Browse
Browse
Browse

Rooftop , Pedestrian Pavement...     

Clay tile                                               

Permeable Paving                              

600000

? ..
.

False                  True

False                  True

False                  True

False                  True

False                  True

How it works as an example:
2.Filling out input data 
3.Run the calculation

RunBack

Rooftop , Pedestrian Pavement...     
Rooftop
Rooftop , Pedestrian Pavement 
and Green Areas  

Single Flow Pressure Regulator       
Conventional Toilet
HET,Single gravity drain
Single Flow with pressure 
regulator
HET, Double Flow (Full Jet)
HET, Double Flow(Reduced Jet)
HET,Nebulized Flow
Toilet without Water

Clay tile                                               
Metal or Glass
EPDM rubber membrane
Asphalt shingle
Tar and Gravel 
Cement tile
Clay tile
Greenery

Permeable Paving                               
Metal or Glass
EPDM rubber membrane
Asphalt shingle
Tar and Gravel 
Cement tile
Clay tile
Greenery
Permeable Paving

High Efficiency Urinal                      
Conventional Urinal
High Efficient Urinal
Urinal without Water

Public Efficient Basin                        
Public Conventional Basin
Public Efficient Basin
Private Conventional Basin
Public medium Efficient Basin
Public high Efficient Basin

Medium Efficient Bidet                     
Conventional Bidet
Medium Efficient Bidet
High Efficient Bidet

Low Flow Kitchen Sink                     
Conventional Kitchen Sink
Low Flow Kitchen Sink

Low Flow Shower                               
Conventional Shower
Low Flow Shower

The Runoff Coefficient is the percentage of the total precipitation that falls on a collection area and runs off the surface to potentially be col-
lected. Surfaces that are smooth and non-porous generally have a higher percentage of runoff. These values are approximations and are based on 
the typical construction method of the roof type. It does not account for wind, evaporation, etc., and assumes that the gutter system is properly 
installed and maintained. The value is unitless and is from the look-up table in the Data tab of this spreadsheet.

Interventions with the presence of multiple functional units
If more than one functional unit is foreseen within the project (for example, offices, residential, commercial, museum spaces, ...), both internally 
and externally to the building, permanent separate accounting is envisaged for each of the functional units, regardless of the tenant of the unit itself, 
or both for functional units rented to third parties and owned by the same properties.

SCAN ME!
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How it works as an example:
4.Results 

Outputs

? ..
.

01|State of Prerequisite
02|State Of Prerequirement of Credit 1
03|Score: Credit 1 (out of 3 points)
04|Score: Credit 2 (out of 3 points)
05|Score: Credit 3
06|LEED Water Efficiency Score out of 8
07|In these months Water should be      
Collected
08|In these months Potable Water should be 
Used
09|Amount of Potable Water should be 
Used In mentioned months(L)
10|Estimated total supply to collection in 
tank (L)
11|Potable Water Reduction Percentage 

Prerequisite achieved

3 POINTS

2 POINTS

You meet prerequirement of credit1 , you may exceed

1 POINT

6

No need to store in any months

No need to irrigate in any months

0

Potable water reduction is 96 %

13976925

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

If the "Demand is greater than (>) the supply," you may want to consider decreasing the size of the 
irrigation area, choosing plants that use less water, increasing the size of the collection area, or adding 
storage capacity.

SCAN ME!
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LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

Inputs of  Scenario 1

01|Select The Type Of Designed Toilet
02|Select The Type Of Designed Urinals
03|Select The Type Of Designed Basin
04|Select The Type Of Designed Bidet
05|Select The Type Of Designed Sink
06| Select The Type Of Designed Shower
07|Make sure to fill out the data in properties of each 
Green Area(drawn as Floor family) . Then check "True"
08 |Select Catchment Area
09| From the list,enter which corresponds 
to the primary type of material used for the
 surface of the catchment area (Rooftop)
10|If catchment area is consisting of 
pedestrian path,from the list,enter which 
corresponds to the primary type of material used for the surface of the 
pavement, otherwise select non

14|Is your designed case equipped with a meter dividing 
external irrigation , interior taps and fixtures ,domestic hot water,and 
recycled water?

12|Do you plan to irrigate during the months of 
November to April?

11|Enter the capacity of the storage tank(L)

13| Is your designed case equipped with a general meter 
for water measurement?

Inputs
Toilet without Water                                    

Urinal without Water                                  

Public Efficient Basin                                   

High Efficient Bidet                                      

Low Flow Kitchen Sink                               

Low Flow Shower                                          

Rooftop                                                           

Clay tile                                                           

Non                                                                  

0

? ..
.

False                  True

False                  True

False                  True

False                  True

RunBack

Outputs of  Scenario 1

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

Outputs

? ..
.

01|State of Prerequisite
02|State Of Prerequirement of Credit 1
03|Score: Credit 1 (out of 3 points)
04|Score: Credit 2 (out of 3 points)
05|Score: Credit 3
06|LEED Water Efficiency Score out of 8
07|In these months Water should be      
Collected
08|In these months Potable Water should be 
Used
09|Amount of Potable Water should be 
Used In mentioned months(L)
10|Estimated total supply to collection in 
tank (L)
11|Potable Water Reduction Percentage 

Prerequisite achieved

3 POINTS

2 POINTS

You meet prerequirement of credit1 , you may exceed

3 POINT

8

No need to store in any months

No need to irrigate in any months

0

Potable water reduction is 100 %

8198521

Image 6 : Scenario 1

If the "Demand is greater than (>) the supply," you may want to consider decreasing the size of the 
irrigation area, choosing plants that use less water, increasing the size of the collection area, or adding 
storage capacity.

Properties

   DATA

Floors
Area : 7651.14 m2

ID                                                                                                                   
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Designed)                                                                                 
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Designed)                                                                                
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Density factor 
Kd (Designed)                                                                                 
Enter number 1.low 2.medium 3.high 
for Density factor Kd (Baseline)                                                                                                                                       
Enter number 1.low 2.medium 3.high for Microclimate 
factor Kmc                                                                                                                    
Enter number for Type of irrigation 1.Aspirators and 
watering 2.Drip systems (Designed)                                                                                                   
Enter number of Type of irrigation 1.  Aspirators and 
watering 2.Drip systems (Baseline)                                                    
Enter Controller Efficiency (CE)                                                      

                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       4                                                 
                                                                                                                                                      
       1                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       1                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       1                                                                                                                                                
       1                                                                                                                                                
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 Peport1 - scenario1 -Used Potable Water in Gardens by ID

3.1.  Scenario 1
For Scenario 1, which involves low water 

consumption, the methodology was applied to as-
sess water efficiency. The image 6 illustrates the 
strategies implemented and the  followings  are 
their respective outcomes.

The pie chart of report 1 illustrates the distri-
bution of potable water usage across 10 gardens. 
Notably, one garden (ID 364299) accounts for 
49.9% of the total water usage, while the rest is 
distributed among the other gardens with smaller 
percentages.

The bar chart of report 2 shows the irrigation 
demand of each garden during a month with high 
water demand. Garden ID 364299 has the highest 
demand at 4279.35 liters, while Garden 364619 
has the lowest at 103.52 liters.

The chart of report 3 compares the baseline 
and reduced indoor water usage across various 
fixtures and equipment. Significant reductions 
are observed in the designed situation, especially 
for toilets and bidets, contributing to the overall 
reduction in water consumption.

Th chart of report 4 compares the total 

 Peport2  - scenario1-Irrigation Demand of Gar-
dens on High Demand Month (Liters)

 Peport3  - scenario1-Indoor Used Water (Li-
ters)

 Peport4  - scenario1- Outdoor Irrigation De-
mand vs. Direct Irrigation by Rain (Liters)

 Peport5  - scenario1 -Monthly Demand and 
Supply

monthly outdoor irrigation demand with the 
amount of irrigation directly provided by rain. It 
shows that direct rain irrigation always exceeds 
the demand, ensuring that neither potable water 
is required for outdoor irrigation ,nor stored rain 
water.

The report 5 illustrates the monthly demand 
for net irrigation and indoor flushes (both zero) 
against the supply from rainwater and indoor 
greywater in this scenario. The consistent supply 
from rainwater and greywater indicates an ample 
water source to meet the demands. 

Conclusion
For Scenario 1, the proposed methodology 

has successfully achieved significant water savings, 
meeting all prerequisites and earning full points 
for the GBC water efficiency credits. The charts 
and data illustrate that the irrigation demands are 
well-managed with harvested rainwater, and in-
door water usage is substantially reduced in the 
designed situation compared to the baseline.

These results indicate the effectiveness of the 
methodology in promoting water efficiency and 
sustainability, aligning with GBC standards.
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Input and Output of Scenario 2 - First run

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

01|Select The Type Of Designed Toilet
02|Select The Type Of Designed Urinals
03|Select The Type Of Designed Basin
04|Select The Type Of Designed Bidet
05|Select The Type Of Designed Sink
06| Select The Type Of Designed Shower
07|Make sure to fill out the data in properties of each 
Green Area(drawn as Floor family) . Then check "True"
08 |Select Catchment Area
09| From the list,enter which corresponds 
to the primary type of material used for the
 surface of the catchment area (Rooftop)
10|If catchment area is consisting of 
pedestrian path,from the list,enter which 
corresponds to the primary type of material used for the surface of the 
pavement, otherwise select non

14|Is your designed case equipped with a meter dividing 
external irrigation , interior taps and fixtures ,domestic hot water,and 
recycled water?

12|Do you plan to irrigate during the months of 
November to April?

11|Enter the capacity of the storage tank(L)

13| Is your designed case equipped with a general meter 
for water measurement?

Inputs
Single Flow with pressure regulator         

High Efficient Urinal                                   

Public Efficient Basin                                   

Medium Efficient Bi-

Low Flow Kitchen Sink                               

Low Flow Shower                                          

Rooftop                                                           

Clay tile                                                           

Non                                                                  

600000

? ..
.

False                  True

False                  True

False                  True

False                  True

Properties

   DATA

Floors
Area : 7651.14 m2

ID                                                                                                                   
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Designed)                                                                                 
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Designed)                                                                                
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Density factor 
Kd (Designed)                                                                                 
Enter number 1.low 2.medium 3.high 
for Density factor Kd (Baseline)                                                                                                                                       
Enter number 1.low 2.medium 3.high for Microclimate 
factor Kmc                                                                                                                    
Enter number for Type of irrigation 1.Aspirators and 
watering 2.Drip systems (Designed)                                                                                                   
Enter number of Type of irrigation 1.  Aspirators and 
watering 2.Drip systems (Baseline)                                                    
Enter Controller Efficiency (CE)                                                      

                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
       5                                                                                                                                                
                                                                                                                                                      
       4                                                 
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       1                                                                                                                                                
       1                                                                                                                                                

Outputs

? ..
.

01|State of Prerequisite
02|State Of Prerequirement of Credit 1
03|Score: Credit 1 (out of 3 points)
04|Score: Credit 2 (out of 3 points)
05|Score: Credit 3
06|LEED Water Efficiency Score out of 8
07|In these months Water should be     
 Collected

08|In these months Potable Water should be 
Used
09| Amount of Potable Water should be 
Used In mentioned months(L)
10|Estimated total supply to collection in 
tank (L)
11|Potable Water Reduction Percentage 

Prerequisite achieved

2 POINTS

2 POINTS

You meet prerequirement of cred-

1 POINT

5

Potable water reduction is 97 %

8198521

93802

January 

February

March

April

September

November

December 

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

March Demand > Supply

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

RunBack

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

01|Select The Type Of Designed Toilet
02|Select The Type Of Designed Urinals
03|Select The Type Of Designed Basin
04|Select The Type Of Designed Bidet
05|Select The Type Of Designed Sink
06| Select The Type Of Designed Shower
07|Make sure to fill out the data in properties of each 
Green Area(drawn as Floor family) . Then check "True"
08 |Select Catchment Area
09| From the list,enter which corresponds 
to the primary type of material used for the
 surface of the catchment area (Rooftop)
10|If catchment area is consisting of 
pedestrian path,from the list,enter which 
corresponds to the primary type of material used for the surface of the 
pavement, otherwise select non

14|Is your designed case equipped with a meter dividing 
external irrigation , interior taps and fixtures ,domestic hot water,and 
recycled water?

12|Do you plan to irrigate during the months of 
November to April?

11|Enter the capacity of the storage tank(L)

13| Is your designed case equipped with a general meter 
for water measurement?

Inputs
Single Flow with pressure regulator         

High Efficient Urinal                                   

Public Efficient Basin                                   

Medium Efficient Bi-

Low Flow Kitchen Sink                               

Low Flow Shower                                          

Rooftop                                                           

Clay tile                                                           

Non                                                                  

600000

? ..
.

False                  True

False                  True

False                  True

False                  True

Properties

   DATA

Floors
Area : 7651.14 m2

ID                                                                                                                   
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Designed)                                                                                 
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Designed)                                                                                
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Density factor 
Kd (Designed)                                                                                 
Enter number 1.low 2.medium 3.high 
for Density factor Kd (Baseline)                                                                                                                                       
Enter number 1.low 2.medium 3.high for Microclimate 
factor Kmc                                                                                                                    
Enter number for Type of irrigation 1.Aspirators and 
watering 2.Drip systems (Designed)                                                                                                   
Enter number of Type of irrigation 1.  Aspirators and 
watering 2.Drip systems (Baseline)                                                    
Enter Controller Efficiency (CE)                                                      

                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
       5                                                                                                                                                
                                                                                                                                                      
       4                                                 
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       1                                                                                                                                                
       1                                                                                                                                                

Input and Output of Scenario 2 - Second run

RunBack

Outputs

? ..
.

01|State of Prerequisite
02|State Of Prerequirement of Credit 1
03|Score: Credit 1 (out of 3 points)
04|Score: Credit 2 (out of 3 points)
05|Score: Credit 3
06|LEED Water Efficiency Score out of 8
07|In these months Water should be     
 Collected

08|In these months Potable Water should be 
Used
09| Amount of Potable Water should be 
Used In mentioned months(L)
10|Estimated total supply to collection in 
tank (L)
11|Potable Water Reduction Percentage 

Prerequisite achieved

3 POINTS

2 POINTS

You meet prerequirement of cred-

1 POINT

6

Potable water reduction is 100 %

8198521

0

January 

February

March

April

September

November

December 

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

No need to irrigate in any months

Image 7 : Scenario 2
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 Peport2 - scenario2(first run) -Irrigation Demand 
of Gardens on High Demand Month (Liters)

 Report 3 - scenario2(first run) -Indoor Used Water (Liters)

3.2.  Scenario 2
The pie chart shows the percentage of water 

used in each garden categorized by ID. Since it 
remains the same as Scenario 1, it indicates that 
the distribution of water usage among the gardens 
did not change.

Report3 compares indoor water usage in the 
baseline situation versus the designed scenario. It 
shows a significant reduction in water usage in the 
designed scenario, especially in the "Toilet" and 
"Bidet" categories.

Report 4 shows the irrigation demand for 
each month and how much of it is met by direct 
rain irrigation. The direct irrigation by rain gen-
erally exceeds the irrigation demand, except for 
the months of February, March, April, July, and 
September, where the demand is higher than the 
supply. The demand is highest in July, while di-
rect rain irrigation peaks in June. This indicates 
the need for additional water sources or storage 
during these months.

Report5 shows the supply significantly ex-
ceeding the demand in most months. The tank 
capacity limit line is at 600,000 liters, indicat-
ing  that the rainwater supply generally exceeds 
the irrigation demand, especially during the 
months when irrigation is not required (May, 
June, October, November, and December). 
In March, there is a notable shortfall 
where the demand exceeds the supply, in-
dicating the need for potable water usage. 
The system's tank capacity of 600,000 liters is 
adequate for most months except for a few peak 

rainwater collection months like June and July, 
where the supply can exceed the tank capacity.

Conclusion
Scenario 2 (First Run) demonstrates a 

high potential for reducing potable water usage 
through effective rainwater harvesting and grey 
water reuse systems. The overall water manage-
ment strategy is effective, but there are specific 
months that require additional attention to bal-
ance demand and supply. By addressing the iden-
tified gaps and optimizing storage and usage prac-
tices, further improvements in water efficiency 
can be achieved, leading to better GBC scores and 
more sustainable water management.

Comparison of Both Runs in Scenario 2:
In the first run, irrigation is carried out year-

round, ensuring consistent water supply through-
out the year. Conversely, in the second run, ir-
rigation is restricted to the period from April 
to November, aligning with the growing season 
and eliminating irrigation demands during the 
non-growing months.

The irrigation demand in the first run is high-
er overall due to the need to supply water contin-
uously throughout the year. This approach leads to 
significant peaks in demand during the mid-year 
months when irrigation needs are at their highest. 
In contrast, the second run focuses on meeting 
the irrigation demands only during the growing 
season, resulting in higher demands during these 
specific months and no irrigation demand during 
the off-season.

Rainwater plays a significant role in both 
 Peport5 - scenario2(first run) -Monthly Demand 
and Supply

 Peport4 - scenario2(second run) - Outdoor Irrigation 
Demand vs. Direct Irrigation by Rain (Liters)

 Peport5 - scenario2(second run) -Monthly De-
mand and Supply

 Peport4 - scenario2(first run) - Outdoor Irrigation 
Demand vs. Direct Irrigation by Rain (Liters)

runs, contributing notably throughout the year 
in the first run, with the highest contributions 
occurring in May and June. In the second run, 
the pattern of rainwater contribution is similar 
during the irrigation months, but there is no con-
tribution during the non-irrigation months.

In the first run, the net irrigation demand 
is spread across the entire year. During some 
months, the demand exceeds the supply from 
rainwater and greywater, necessitating the use of 
potable water to meet the shortfall. However, in 
the second run, the net irrigation demand is con-
centrated within the growing season months and 
is effectively managed using rainwater and grey-
water, thus eliminating the need for potable water 
altogether.

The indoor flush demand remains constant at 
11,200 liters per month in both runs. This base-
line water usage is unaffected by the changes in 
irrigation strategies, highlighting a steady require-

ment for indoor water use regardless of seasonal 
irrigation demands.

The overall water efficiency in the first run 
results in a 97% reduction in potable water use. 
Despite this high efficiency, some months still 
require additional potable water due to higher 
irrigation demands. In the second run, the effi-
cient use of rainwater and greywater during the 
irrigation months results in a 100% reduction in 
potable water use, indicating no need for potable 
water at any time. This demonstrates a superior 
water management strategy compared to the first 
run.

Reflecting these efficiency improvements, 
the GBC water efficiency score for the first run is 
5 out of 8 points. The second run, with its more 
efficient water management strategy, achieves a 
higher score of 6 out of 8 points, underscoring its 
enhanced effectiveness in reducing potable water 
use.
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Input and Output of Scenario 3 - First run

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

01|Select The Type Of Designed Toilet
02|Select The Type Of Designed Urinals
03|Select The Type Of Designed Basin
04|Select The Type Of Designed Bidet
05|Select The Type Of Designed Sink
06| Select The Type Of Designed Shower
07|Make sure to fill out the data in properties of each 
Green Area(drawn as Floor family) . Then check "True"
08 |Select Catchment Area
09| From the list,enter which corresponds 
to the primary type of material used for the 
surface of the catchment area (Rooftop)
10|If catchment area is consisting of 
pedestrian path,from the list,enter which 
corresponds to the primary type of material used for the surface of the 
pavement, otherwise select non

14|Is your designed case equipped with a meter dividing 
external irrigation , interior taps and fixtures ,domestic hot water,and 
recycled water?

12|Do you plan to irrigate during the months of 
November to April?

11|Enter the capacity of the storage tank(L)

13| Is your designed case equipped with a general meter 
for water measurement?

Inputs
Conventional Toilet                                    

Conventional  Urinal                                   

Public Conventional Basin                         

Conventional Bidet                                      

Conventional Kitchen Sink                        

Conventional Shower                                   

Rooftop , Pedestrian Pavement and Gr... 

Clay tile                                                           

Permeable  Paving                                        

600000

? ..
.

False                  True

False                  True

False                  True

False                  True

Properties

   DATA

Floors
Area : 7651.14 m2

ID                                                                                                                   
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Designed)                                                                                 
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Designed)                                                                                
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Density factor 
Kd (Designed)                                                                                 
Enter number 1.low 2.medium 3.high 
for Density factor Kd (Baseline)                                                                                                                                       
Enter number 1.low 2.medium 3.high for Microclimate 
factor Kmc                                                                                                                    
Enter number for Type of irrigation 1.Aspirators and 
watering 2.Drip systems (Designed)                                                                                                   
Enter number of Type of irrigation 1.  Aspirators and 
watering 2.Drip systems (Baseline)                                                    
Enter Controller Efficiency (CE)                                                      

                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
       4                                                                                                                                                
                                                                                                                                                      
       4                                                 
                                                                                                                                                      
       3                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       3                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       1                                                                                                                                                
       1                                                                                                                                                

Outputs

? ..
.

01|State of Prerequisite
02|State Of Prerequirement of Credit 1
03|Score: Credit 1 (out of 3 points)
04|Score: Credit 2 (out of 3 points)
05|Score: Credit 3
06|LEED Water Efficiency Score out of 8
07|In these months Water should be     
 Collected
08|In these months Potable Water should be 
Used
09|T Amount of Potable Water should be 
Used In mentioned months(L)
10|Estimated total supply to collection in 
tank (L)
11|Potable Water Reduction Percentage 

CERTIFICATION NOT ALLOWED

Prerequisite is not achieved

Prerequisite is not achieved

Prerequisite is not achieved

Prerequisite is not achieved

Prerequisite is not achieved

Prerequisite is not achieved

Prerequisite is not achieved

Prerequisite is not achieved

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

RunBack

Prerequisite is not achieved

Prerequisite is not achieved

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

01|Select The Type Of Designed Toilet
02|Select The Type Of Designed Urinals
03|Select The Type Of Designed Basin
04|Select The Type Of Designed Bidet
05|Select The Type Of Designed Sink
06| Select The Type Of Designed Shower
07|Make sure to fill out the data in properties of each 
Green Area(drawn as Floor family) . Then check "True"
08 |Select Catchment Area
09| From the list,enter which corresponds 
to the primary type of material used for the
 surface of the catchment area (Rooftop)
10|If catchment area is consisting of 
pedestrian path,from the list,enter which 
corresponds to the primary type of material used for the surface of the 
pavement, otherwise select non

14|Is your designed case equipped with a meter dividing 
external irrigation , interior taps and fixtures ,domestic hot water,and 
recycled water?

12|Do you plan to irrigate during the months of 
November to April?

11|Enter the capacity of the storage tank(L)

13| Is your designed case equipped with a general meter 
for water measurement?

Inputs
HET,Single Gravity Drain                          

High Efficient Urinal                                   

Public Efficient Basin                                   

Medium Efficient Bidet                               

Low Flow Kitchen Sink                               

Conventional Shower                                  

Rooftop                                                           

Clay tile                                                           

Non                                                                  

600000

? ..
.

False                  True

False                  True

False                  True

False                  True

Properties

   DATA

Floors
Area : 7651.14 m2

ID                                                                                                                   
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Designed)                                                                                 
Enter number 1.Tree 2.Shrubs 3.Flower 4.Mixed 5.Turf 
(Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Designed)                                                                                
Enter number 1.low 2.medium 3.high for Species factor 
Ks (Baseline)                                                                                    
Enter number 1.low 2.medium 3.high for Density factor 
Kd (Designed)                                                                                 
Enter number 1.low 2.medium 3.high 
for Density factor Kd (Baseline)                                                                                                                                       
Enter number 1.low 2.medium 3.high for Microclimate 
factor Kmc                                                                                                                    
Enter number for Type of irrigation 1.Aspirators and 
watering 2.Drip systems (Designed)                                                                                                   
Enter number of Type of irrigation 1.  Aspirators and 
watering 2.Drip systems (Baseline)                                                    
Enter Controller Efficiency (CE)                                                      

                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
       4                                                                                                                                                
                                                                                                                                                      
       4                                                 
                                                                                                                                                      
       3                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       3                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       2                                                                                                                                                
                                                                                                                                                      
       1                                                                                                                                                
       1                                                                                                                                                

Input and Output of Scenario 3 - Second run

RunBack

Outputs

? ..
.

01|State of Prerequisite
02|State Of Prerequirement of Credit 1
03|Score: Credit 1 (out of 3 points)
04|Score: Credit 2 (out of 3 points)
05|Score: Credit 3
06|LEED Water Efficiency Score out of 8
07|In these months Water should be     
 Collected

08|In these months Potable Water should be 
Used
09| Amount of Potable Water should be 
Used In mentioned months(L) 
10|Estimated total supply to collection in 
tank (L)
11|Potable Water Reduction Percentage 

Prerequisite achieved

2 POINTS

2 POINTS

You meet prerequirement of cred-

0 POINT

4

Potable water reduction is 90 %

8198521

January 

February

March

April

September

November

December 

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

Supply < Tank capacity

LEED Water Efficiency Rating
Description: Water Efficiency Rating system based on LEED
Author: Faezeh Nikmandan
URL: https://GBCitalia.org/

March

July

Demand > Supply

Demand > Supply

March

July

154132

151622

Image 8 : Scenario 3
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 Peport3 - scenario3(second run) -Indoor Used 
Water (Liters)

 Peport4 - scenario3(second run) - Outdoor 
Irrigation Demand vs. Direct Irrigation by Rain 
(Liters)

 Peport5 - scenario3(second run) -Monthly 
Demand and Supply

 Peport2 - scenario3(second run) -Irrigation 
Demand of Gardens on High Demand Month 
(Liters)

3.3.  Scenario 3 
In the first simulation run for Scenario 3, 

where gardens are in a high water-consuming 
state due to a mixed variety of species and high 
density, and all fixtures and equipment were con-
ventional. This led to the simulation being halted 
because the prerequisites were not met. To visual-
ly indicate this failure, the buildings in the simula-
tion turned red.

In the second run, low-impact development 
strategies were applied to the water fixtures and 
equipment. The second run provided the follow-
ing results:

Since the pie chart is the same as in all Sce-
nario , report 2 indicates that the garden 364299 
uses 5000  liters each month.

According to Report 3, low-impact develop-
ment strategies were applied to the water fixtures 
and equipment, except for the shower fixture, 
which was kept conventional. As a result, the total 
reduction is above 20%, and the prerequisite has 
been achieved.

The report 4 revealed that irrigation de-
mand reached its peak in July, with a requirement 
of 1,264,198.41 liters. This high demand high-
lights the intense water needs during this summer 
month. On the other hand, rainwater contributed 
significantly to irrigation in May and June, with 
direct irrigation amounts of 929,996.47 liters 
and 1,157,235.42 liters, respectively. Despite this 
substantial contribution from rain, the demand in 
July still surpassed the available rainwater, indi-
cating a gap that must be addressed either by tap-
ping additional water sources or by implementing 
more efficient irrigation practices.

Report 5 shows distinct peaks in net irri-
gation demand during March, April, July, and 
September, with July again being the highest at 
738,182.31 liters. Indoor water demand for 
flushing remained steady throughout the year. 
While the greywater supply was consistent, it was 
relatively minor compared to both the demand 
and the rainwater supply. The highest rainwater 

supply was observed in May and June, mirroring 
the findings from Report 4. These months provid-
ed sufficient water, but the irrigation demands in 
July and March still exceeded the available supply, 
necessitating the use of additional potable water 
to meet the needs.

Overall, these analyses underscore the im-
portance of considering seasonal variations in 
both water demand and supply. Efficient irriga-
tion strategies and supplemental water sources 
are crucial for managing high-demand periods, 
particularly during the peak summer months.

Conclusion 
The scenario demonstrated that high wa-

ter-consuming gardens significantly increase wa-
ter demand, particularly for irrigation. While 
increasing the tank capacity achieved a 90% re-
duction in potable water usage, additional pota-
ble water was still required during peak demand 
months, notably March and July. Contributions 
from rainwater and greywater were substantial 
but insufficient to fully meet the high irrigation 
needs. This highlights the challenges of manag-
ing high water-consuming landscapes and under-
scores the importance of efficient irrigation prac-
tices and supplemental water sources. The LEED 
Water Efficiency Score of 4 out of 8 indicates 
room for improvement, particularly in reducing 
potable water use during peak demand periods.
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Results

The three scenarios highlight the effec-
tiveness of the proposed methodolo-
gy in guiding sustainable design and 

decision-making processes for achieving LEED 
certification. Each scenario provides valuable in-
sights into the interplay between water efficiency 
and compliance with LEED requirements.

Scenario 1
This scenario demonstrates that utilizing effi-

cient fixtures and low water consumption species 
can achieve 100% potable water reduction. The 
catchment area was limited to rooftops, and the 
collected rainwater, managed by gutters, was effi-
ciently utilized. This approach shows that focusing 
on indoor efficiency and appropriate plant selec-
tion can lead to significant water savings without 
the need for large-scale infrastructure.

The success achieved without permeable 
paving indicates that high-tech indoor fixtures 
and low-demand greenery can meet sustainabil-
ity goals in a cost-effective manner. This empha-
sizes the potential of achieving water efficiency 
through targeted, low-cost measures rather than 
expensive infrastructure changes.

Scenario 2
Both the first and second runs in this sce-

nario succeeded in achieving LEED compliance. 
The first run, covering the entire year, resulted 
in a LEED score of 5 due to the water demand 
in March. The second run, which focused irri-
gation from April to November, improved the 
LEED score to 6 by avoiding unnecessary irriga-
tion in March. This scenario illustrates how stra-
tegic planning and operational adjustments can 

enhance LEED scores.
This scenario showcases the potential for sig-

nificant water savings through operational strate-
gies. It demonstrates that not all efficiency gains 
require high-cost infrastructure changes, high-
lighting the value of strategic adjustments in op-
erational practices to achieve water savings and 
improve LEED scores.

Scenario 3
 The first run with conventional fixtures did 

not meet prerequisites, underscoring the limita-
tions of high water demand scenarios. The sec-
ond run, incorporating low-impact development 
strategies, showed improved outcomes but still 
required supplemental potable water during peak 
demand periods in March and July. This scenar-
io reveals the challenges of managing high wa-
ter-consuming landscapes and the importance of 
efficient irrigation practices.

The use of permeable materials for pedestri-
an paths in the first run did not meet prerequi-
sites, suggesting that investing in high-efficiency 
indoor fixtures yields better results. This high-
lights the importance of prioritizing investments 
in areas with the highest impact on water efficien-
cy. The findings indicate that focusing on indoor 
efficiency and low-demand greenery can be more 
effective than investing in permeable pavements 
for achieving sustainability goals.

Final Outcome
The three scenarios were used as exam-

ples to demonstrate the efficacy of the proposed 
methodology in steering sustainable design and 
decision-making processes to attain LEED certi-
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fication, particularly in water efficiency. Each sce-
nario serves as a rich source of insights into the 
intricate relationship between water efficiency 
strategies and the fulfillment of LEED prerequi-
sites. 

However, stakeholders must bear in mind 
that achieving LEED certification requires a ho-
listic approach that balances the water efficiency 
category with other pivotal categories such as 
Sustainable Sites, Energy and Atmosphere, Mate-
rials and Resources, Indoor Environmental Qual-
ity, Innovation in Design Process, and Regional 
Priority. 

For instance, in Scenario 1, where shrubs 
were chosen due to their low density and species 
factor, were in contrast with LEED's emphasis on 
green sites. Moreover,in scenario 1 and 3, the im-
plementation of high-efficiency fixtures and the 
application of permeable paving , although ben-
eficial for water management, incurs additional 
expenses. Consequently, decision-makers face the 
challenge of weighing municipal water costs and 
sustainability goals against investments in perme-
able paving, high-capacity tanks and advanced in-
door water fixtures. 

These scenarios serve as compelling illustra-
tions of the effectiveness of the proposed method-
ology. They provide invaluable guidance to archi-
tects, landscape planners/designers, owners, and 
other stakeholders, empowering them to make 
informed decisions during the preliminary and 
design phases of water-efficient projects and to 
ascertain the LEED score .
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Conclusion

This study presents a methodology using a 
Dynamo script, developed as a tool to automate 
LEED credits, contributing to the water efficien-
cy aspect of the LEED assessment system. This 
methodology was successfully implemented for 
Manifattura Tabacchi, facilitating the integration 
of potable water conservation within the LEED 
framework during the early stages of design.

The case study and implemented scenarios 
confirmed that this methodology is effective using 
a low Level of Detail (LOD) model requirement, 
requiring minimal effort and easily obtainable in-
puts. It provides invaluable guidance to architects, 
landscape designers, owners, and other stake-
holders, enabling them to make informed deci-
sions during the preliminary and design phases 
of water-efficient projects and to determine the 
LEED score.

A key aspect of the study is its emphasis on 
balancing water efficiency strategies with the 
fulfillment of LEED prerequisites. It provides 
five informative charts and texts addressing the 

following questions: how much water is used to 
irrigate each garden, which garden has a high de-
mand for irrigation, in which month it is neces-
sary to store water, in which months the stored 
water was insufficient thus requiring the use of 
potable water and how much (in liters), whether 
the tank capacity is adequate, which months have 
a high demand for stored water, the percentage 
of reduced potable water, and the final scores of 
LEED credits.

Although this study focuses solely on the pre-
requisites and credits related to water efficiency, 
it suggests that the concept of automating the 
remaining LEED categories is viable. Achieving 
LEED certification requires a holistic approach 
that balances the water efficiency category with 
other LEED categories.

Furthermore, while the study includes calcu-
lations for water conservation goals, it does not 
consider the life cycle cost and pay-back period. 
It is recommended that future research addresses 
these aspects.
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Glossary
- BIM: Building Information Modeling
- BREEAM: Building Research Establishment 

Environmental Assessment Method 
- DGNB: German Sustainable Building 

Council 
- EA: Energy & Atmosphere 
- EC: Embodied Carbon
- EE: Embodied Energy
- CLT: Cross Laminated Timber
- GBRS: Green Building Rating Systems
- GHG: Greenhouse Gas
- LCA: Life Cycle Assessment
- LCC: Life Cycle Costing
- LCI: Life Cycle Inventory
- LCIA: Life Cycle Impact Assessment
- LEED: Leadership in Energy and Environ-

mental Design 
- MR: Materials & Resources 
- OC: Operational Carbon
- OE: Operational Energy
- WBLCA: Whole Building Life Cycle Assess-

ment 
- WE: Water Efficiency 
-Process water: water used, in fact, for in-

dustrial processes and for some systems serving 
buildings, such as, for example, cooling towers, 
boilers and chillers

-Non-potable water: see drinking water.
-Drinking water: water intended for human 

consumption defined by Presidential Decree 
236/1988 –  Implementation of Directive no. 
80/778/EEC concerning the quality of water in-
tended for human consumption pursuant to art. 
15 of law 16 April 1987, n. 183, art. 2, as “all wa-
ter, whatever its origin, in its current state or after 
treatment, which is supplied for consumption; or 
reused by food companies through incorporation 
or contact for the manufacture, treatment, con-
servation, placing on the market of products and 
substances intended for human consumption and 
which may have consequences for the healthiness 
of the final food product.” According to the same 
Presidential Decree, art. 3, point 1 “The quali-
ty requirements are assessed on the basis of the 
values and indications relating to the parameters 

referred to in Annex I.” For the values, in this re-
gard, see Annex I of the aforementioned Decree.

-Gray water: waste water that does not con-
tain faecal matter or urine (Source: UNI EN 
12056-1:2001 – Gravity drainage systems inside 
buildings - General requirements and perfor-
mances, point 3.1.4).

-Sewage: waste water containing faecal mat-
ter or urine (Source: UNI EN 12056-1:2001 – 
Gravity drainage systems inside buildings - Gen-
eral requirements and performance, point 3.1.5).

-Wastewater: water contaminated by use and 
all water that flows into the waste system; for ex-
ample domestic and industrial waste water, con-
densation water and also rainwater if discharged 
into a waste water drainage system” (Source: UNI 
EN 12056-1:2001 - Gravity drainage systems in-
side buildings - General requirements  and per-
formances, point 3.1.1).

-Aquifer: An underground rock formation 
that passes through water or a group of forma-
tions that supplies surface water, wells, or springs.

-Compost-toilets (dry toilets): sanitary dry 
waste installations that collect and treat human 
excreta through microbiological processes.

-Dual-flush: cassettes with two modes of 
operation, one dispensing more than the other, 
where the highest.flush option (full) is no greater 
than 6 l and the reduced flush option ( partial), is 
not greater than two thirds of the quantity of the 
largest drain” (Source UNI EN 997:2012 - Sani-
tary appliances - Independent toilets and toilets 
combined with cistern, with integrated siphon, 
point 3.21).

-Waterless (or composting) toilets: dry san-
itary equipment and accessories that contain and 
treat human waste through microbiological pro-
cesses.

-Full-Time Equivalent – FTE: The standard 
building occupant, who spends 40 hours per week 
within the designed building. For part-time or af-
ter-hours occupants, the FTE value is calculated 
by dividing the hours they spend inside the build-
ing by 40. Obligatory Multiple shifts are includ-
ed or excluded based on credit purposes and re-
quirements.

-Waterless urinal: sanitary equipment that 
receives urine, conveying it to the drainage sys-

-Historic garden: A historic garden is an ar-
chitectural composition which from a historical 
or artistic point of view presents a public interest 
and whose material is mainly vegetal, therefore 
living and as such perishable and renewable. They 
are relevant in the architectural composition of 
the historical garden: 

. Its plan and the different soil profiles

. Its vegetal masses: their essences, their vol-
umes, their play of colours, their spacings, their 
respective heights

.Its built or decorative elements

. Moving or stagnant waters
Expression of the close relationship between 

civilization and nature, it is testimony to a cul-
ture, a style, of an era, possibly of the originali-
ty of a creator. The designation of historic garden 
applies both to modest gardens and to orderly or 
landscape parks. Whether or not it is linked to a 
building, of which it is then the inseparable com-
plement, the historic garden cannot be separated 
from its urban or rural, artificial or natural envi-
ronmental surroundings.

-Drip Irrigation: High efficiency irrigation 
system through which water is delivered at low 
pressure, with a net, at ground level or under-
ground. From these devices, water is distributed 
to the ground through a network of perforated 
pipes or emitters. Drip irrigation is a type of mi-
croirrigation.

-Conventional Irrigation: Most common ir-
rigation systems used in building location areas. 
Usually, these irrigation systems use pressure to 
convey the water and allow its distribution to the 
heads of the sprinklers located in the area.

-Micro-irrigation: irrigation systems with a 
low number of sprinklers and micro-spouts or 
drip systems designed to save water with small 
volume applications The waterers and sprinklers 
are installed at a distance of about a few centime-
ters from the ground, while the drip system is po-
sitioned on the ground, or just below the ground.

tem, operating completely dry (Source: UNI EN 
13407:2007 – Wall-mounted urinals - Functional 
requirements and test methods, point 3.6).

-Flow regulators: limit the time the water 
flows. There are generally manual opening and 
automatic closing devices, most commonly in-
stalled on sink and shower taps.

-Timed Push Button Faucets: Manually acti-
vated, automatic shut-off control devices that are 
used to limit the duration of water flow. These 
types of automatic controls are most commonly 
installed as sink or shower taps.

-Automatic component sensors: motion sen-
sors that automatically switch washbasins, sinks, 
toilets and urinals on and off. Sensors can be 
mains- or battery-powered.

-Waste water treatment: transport, storage, 
treatment and disposal of waste water of waste 
water generated at the project site

-Drinking water: water intended for hu-
man consumption defined by Presidential De-
cree 236/1988 –Implementation of Directive no. 
80/778/ EEC concerning the quality of water in-
tended for human consumption pursuant to art. 
15 of law 16 April 1987, n. 183, art. 2, as "all wa-
ter, whatever its origin, in its current state or after 
treatment, which is supplied for consumption; or 
reused by food companies through incorporation 
or contact for the manufacture, treatment, con-
servation, placing on the market of products and 
substances intended for human consumption and 
which may have consequences for the healthiness 
of the final food product." According to the same 
Presidential Decree, art. 3, point 1 “The quali-
ty requirements are assessed on the basis of the 
values and indications relating to the parameters 
referred to in Annex I.” For the values, in this re-
gard, see Annex I of the aforementioned Decree.

-Gray water: waste water that does not con-
tain faecal matter or urine (Source: UNI EN 
12056-1:2001 – Gravity drainage systems inside 
buildings - General requirements and perfor-
mances, point 3.1.4)

-External area of relevance on the site in 
question: total area of the site from which the 
building's own area has been deducted, including 
walkways, paved surfaces, bodies of water, patios, 
etc.
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https://www.manifatturatabacchitorino.concorrimi.it/
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        Kd = 1.0
    elif IN[2][i] == "Flower" and IN[3][i] == "high":
        Kd = 1.1
    elif IN[2][i] == "Mixed" and IN[3][i] == "low":
        Kd = 0.6
    elif IN[2][i] == "Mixed" and IN[3][i] == "medium":
        Kd = 1.1
    elif IN[2][i] == "Mixed" and IN[3][i] == "high":
        Kd = 1.3
    elif IN[2][i] == "Turf" and IN[3][i] == "low":
        Kd = 0.6
 elif IN[2][i] == "Turf" and IN[3][i] == "medium":
        Kd = 1.0
    elif IN[2][i] == "Turf" and IN[3][i] == "high":
        Kd = 1.0
    
    # Calculate Kmc
    if IN[4][i] == "Tree" and IN[5][i] == "low":
        Kmc = 0.5
    elif IN[4][i] == "Tree" and IN[5][i] == "medium":
        Kmc = 1.0
    elif IN[4][i] == "Tree" and IN[5][i] == "high":
        Kmc = 1.4
    elif IN[4][i] == "Shrubs" and IN[5][i] == "low":
        Kmc = 0.5
    elif IN[4][i] == "Shrubs" and IN[5][i] == "medium":
        Kmc = 1.0
    elif IN[4][i] == "Shrubs" and IN[5][i] == "high":
        Kmc = 1.3
    elif IN[4][i] == "Flower" and IN[5][i] == "low":
        Kmc = 0.5
    elif IN[4][i] == "Flower" and IN[5][i] == "medium":
        Kmc = 1.0
    elif IN[4][i] == "Flower" and IN[5][i] == "high":
        Kmc = 1.2
    elif IN[4][i] == "Mixed" and IN[5][i] == "low":
        Kmc = 0.5
    elif IN[4][i] == "Mixed" and IN[5][i] == "medium":
        Kmc = 1.0
    elif IN[4][i] == "Mixed" and IN[5][i] == "high":
        Kmc = 1.4
    elif IN[4][i] == "Turf" and IN[5][i] == "low":
        Kmc = 0.8
    elif IN[4][i] == "Turf" and IN[5][i] == "medium":
        Kmc = 1.0
    elif IN[4][i] == "Turf" and IN[5][i] == "high":
        Kmc = 1.2
    
    # Calculate KL using the formula
    KL = Ks * Kd * Kmc
    
    # Append the result to the result list
    result.append(KL)

# Output the result list
OUT = result

# Get the inputs
dataEnteringNode = IN

# Initialize the result list
result = []

# Iterate through each pair of input lists
for i in range(len(IN[0])):
    # Initialize the variables for Ks, Kd, and Kmc
    Ks, Kd, Kmc = 0, 0, 0
    
    # Calculate Ks
    if IN[0][i] == "Tree" and IN[1][i] == "low":
        Ks = 0.2
    elif IN[0][i] == "Tree" and IN[1][i] == "medium":
        Ks = 0.5
    elif IN[0][i] == "Tree" and IN[1][i] == "high":
        Ks = 0.9
    elif IN[0][i] == "Shrubs" and IN[1][i] == "low" :
        Ks = 0.2
    elif IN[0][i] == "Shrubs" and IN[1][i] == "medium":
        Ks = 0.5
    elif IN[0][i] == "Shrubs" and IN[1][i] == "high":
        Ks = 0.7
    elif IN[0][i] == "Flower" and IN[1][i] == "low" :
        Ks = 0.2
    elif IN[0][i] == "Flower" and IN[1][i] == "medi-
um":
        Ks = 0.5
    elif IN[0][i] == "Flower" and IN[1][i] == "high":
        Ks = 0.7
    elif IN[0][i] == "Mixed" and IN[1][i] == "low" :
        Ks = 0.2
    elif IN[0][i] == "Mixed" and IN[1][i] == "medium":
        Ks = 0.5
    elif IN[0][i] == "Mixed" and IN[1][i] == "high":
        Ks = 0.9
    elif IN[0][i] == "Turf" and IN[1][i] == "low" :
        Ks = 0.6
    elif IN[0][i] == "Turf" and IN[1][i] == "medium":
        Ks = 0.7
    elif IN[0][i] == "Turf" and IN[1][i] == "high":
        Ks = 0.8
    # Calculate Kd
    if IN[2][i] == "Tree" and IN[3][i] == "low":
        Kd = 0.5
    elif IN[2][i] == "Tree" and IN[3][i] == "medium":
        Kd = 1.0
    elif IN[2][i] == "Tree" and IN[3][i] == "high":
        Kd = 1.3
    elif IN[2][i] == "Shrubs" and IN[3][i] == "low":
        Kd = 0.5
    elif IN[2][i] == "Shrubs" and IN[3][i] == "medium":
        Kd = 1.0
    elif IN[2][i] == "Shrubs" and IN[3][i] == "high":
        Kd = 1.1
    elif IN[2][i] == "Flower" and IN[3][i] == "low":
        Kd = 0.5
    elif IN[2][i] == "Flower" and IN[3][i] == "medi-
um":


