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   :الملخص
راء كمسار أساسي لتحقیق التنمیة تهدف هذه الدراسة إلى استكشاف آلیات التحول نحو المدن الخض

اعتمد البحث . المستدامة، مع تحلیل تجربة مدینة مصدر في أبوظبي كنموذج رائد للتخطیط الحضري المستدام
 .على المنهج الوصفي التحلیلي لاستعراض معاییر الاستدامة وتقییم تطبیقها المیداني

والسیاسات  مل بین التخطیط العمراني المستدامأظهرت النتائج أن نجاح المدن الخضراء یعتمد على التكا
عبر دمج العمارة التقلیدیة % 40التشریعیة الداعمة، حیث تمكنت مدینة مصدر من خفض استهلاك الطاقة بنسبة 

 .من مخلفات البناء% 96مع تقنیات الطاقة المتجددة، وتحقیق تدویر 
وتعزیز النقل الذكي والمستدام لتقلیل ") ؤلؤةل"مثل معیار (توصي الدراسة بتبني معاییر استدامة وطنیة 

 .الانبعاثات الكربونیة وتحقیق مدن أكثر كفاءة ومرونة، خاصة في الدول النامیة
  .، معاییر الإستدامة، مدینة مصدر)المستدامة(الخضراءالتنمیة المستدامة، المدینة  :الكلمات المفتاحیة

Abstract:  
This study aims to explore the mechanisms for transitioning to green cities as a key 

pathway for achieving sustainable development, analyzing the experience of Masdar City in 
Abu Dhabi as a pioneering model of sustainable urban planning. The research adopts a 
descriptive-analytical approach to review sustainability standards and evaluate their practical 
implementation. 

The findings indicate that the success of green cities relies on the integration of sustainable 
urban planning (Passive Design) with supportive legislative policies. Masdar City demonstrated a 
40% reduction in energy consumption by combining traditional architectural elements with 
renewable energy technologies and achieved 96% recycling of construction waste. 

The study recommends adopting national sustainability standards (such as the “Pearl 
Rating System”) and promoting smart, sustainable transportation to reduce carbon emissions 
and enhance urban efficiency and resilience, particularly in developing countries. 

Key words : sustainable development, green city, sustainability standards, Masdar City. 
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Introduction: 
Cities consume large amounts of natural resources due to growing consumption of 

materials, energy, and water, and generate waste and air pollution. This high consumption of 
resources can be significantly managed and mitigated if cities are developed in accordance with 
green and sustainable measures. Creating cities that adhere to sustainable development standards 
and linking urban development and related policies with sustainable development goals such as 
clean energy, sustainable cities and communities, sustainable consumption and production, and 
climate change, which has become a major priority, especially in developing countries. 

Reducing carbon emissions through the use of renewable energy and enhancing 
electricity efficiency globally will help achieve the sustainable development goals and 
improve living conditions and the viability of cities. Therefore, sustainable urban 
development must focus on sustainability standards in all aspects of urban development to 
achieve resilience and mitigate the risks of climate change. 
The Problem: 

Cities today are responsible for approximately 80% of global energy consumption and 
approximately 75% of carbon emissions. The urban population is expected to double to 6.5 
billion by 2050. This increasing urbanization poses enormous challenges to sustainability. 
Sustainable development cannot be achieved without a significant shift in the way urban 
spaces are built and managed. The question is: What sustainable solutions and approaches has 
Masdar City in Abu Dhabi adopted to develop the city and address the challenges associated 
with population and economic growth and anticipated urban expansion?: 
1. The Concept of Sustainable Development 

Sustainable development is true development with the capacity to continue and evolve 
from the perspective of its use of natural resources. It is an ethical and humanitarian issue as 
much as it is a developmental and environmental issue. It is a fateful and future-oriented issue 
as much as it requires the attention of individuals, institutions, and governments today. 
1.1. Defining Sustainable Development 

The term sustainable development gained significant global attention after the publication 
of the Brandtland Commission Report "Our Common Future," prepared by the World 
Commission on Environment and Development in 1987. This report formulated the first 
definition of sustainable development as "development that meets the needs of the present 
generation without compromising the ability of future generations to meet their own needs"1. 

 In general, this definition sets the general framework for sustainable development, 
which calls for equality between generations in terms of meeting basic needs. This has 
prompted many researchers to attempt to provide definitions and interpretations that 
contribute to sustainable development in various fields, including: 
Sustainable development means achieving rates of development in available resources that 
exceed population growth rates,  2 without compromising the capacity of the natural 
environment, so as not to jeopardize the ability of future generations to meet their needs . 3 It 
is economically effective, socially just, and environmentally feasible . 4 

Despite the differences in definitions of sustainable development, its essence is the 
rational use of renewable resources in a way that does not lead to their disappearance, 
deterioration, or diminish the benefits accrued by future generations. It also includes 
controlling the use of non-renewable resources so that future generations are not deprived of 
their benefits. 
1.2. Sustainable Development Goals 

Sustainable development, through its mechanisms, seeks to achieve a set of goals that 
can be summarized as follows :  5   
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- Achieving a better quality of life for the population: by focusing on the qualitative aspects of 
growth rather than the quantitative, through planning and implementing development policies 
to improve the quality of life of the population in society socially, economically, 
psychologically, and spiritually. 
- Respecting the natural environment: Treating natural systems and their content as the 
foundation of human life. It is simply development that embraces the delicate relationship 
between the natural and built environments, developing them into a relationship of integration 
and harmony. 
- Enhancing public awareness of environmental problems: by developing individuals' sense of 
responsibility toward environmental problems, and encouraging them to actively participate in 
creating appropriate solutions through their participation in the preparation, implementation, 
monitoring, and evaluation of sustainable development programs and projects. 
- Achieving rational exploitation of natural resources: The rational use of natural resources, as 
they are limited, by raising the level of natural and environmental resource management and 
avoiding their overexploitation or depletion . 6 
- Linking modern technology to serve societal goals: by raising public awareness of the 
importance of various technologies to the development process, and how to use available and 
new technologies to improve the quality of life for the community and achieve its desired 
goals, without resulting in negative environmental risks and impacts, or at least ensuring that 
these risks and impacts are controlled. 
1.3. Elements of Sustainable Development 

Sustainable development is based on three elements :  7       
A- The economic element: It is based on the principle of maximizing societal well-being and 
eradicating poverty through the optimal and efficient exploitation of natural resources. 
B- The social element: It refers to the relationship between nature and humans, promoting 
human well-being, improving access to basic health and education services, meeting 
minimum standards of security and respect for human rights, and fostering diverse cultures, 
diversity, pluralism, and effective grassroots participation in decision-making. 
C- The environmental element: It relates to preserving and enhancing the physical and 
biological resource base and ecosystems. 
2. Green (Sustainable) Cities 

New definitions of cities have emerged, such as smart cities, renewable cities, and future 
cities. Other definitions, such as those provided by the United Nations, include "resilient 
cities" and "livable cities." The green city is somewhat similar to the sustainable city. 
2.1. The Concept of Green (Sustainable) Cities 

Many institutions define them as "cities around the world that are actively working to 
make changes to become more sustainable by recognizing their interests, motivations, and 
models." A city can be classified as sustainable when it is economically, socially, 
environmentally, and financially viable, with good governance and strengthened institutions. 8 

 Green cities are defined as cities that are environmentally friendly and healthy for their 
residents. They are characterized by the inclusion of all environmental dimensions in the design, 
implementation, and operation of all residential, service, and recreational buildings necessary 
for the lives of their residents .  9   They are characterized as low- or zero-carbon cities because 
they reduce carbon dioxide and other organic compounds that lead to climate change by 
reducing the use of fossil fuels and increasing reliance on renewable energy resources . 10 
2.2. Measuring City Sustainability Indicators: 

Sustainability metrics must be able to measure a city's current performance, its ability to 
mitigate future impacts, and its investment in future capacity. They are ideally measured from 
the citizen's perspective .11 
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The performance and design of any environmentally friendly city can be measured 
using the following standard sustainability indicators: 

Table (01) : Standard Sustainability Indicators for Cities 

 
Source : T. Mezher , G. Dawelbait, I.Tsai and N. Al-Hosany , Building Eco-Cities of the 

Future: The Example of Masdar City, Int. J. of Thermal & Environmental 
Engineering,Volume 12, No 1 , 2016, p 03. 

2.3. Green City Standards 
Establishing a green city or transforming it from a traditional city to one requires the 

integration of a set of basic elements and key standards, which will be addressed below: 

2.3.1. Sustainable Urban Planning 
Sustainable urban planning is based on conscious and collaborative efforts to envision 

or reimagine the shape of any city, urban area, or expansion area, and then translate it .12This 
vision reflects the growing interest in urban planning issues with environmental protection, 
enabling safe and environmentally friendly cities with minimal environmental impact and 
lower operating and maintenance costs . 13 British architect Andrew Blowers believes that the 
most important changes necessary for future sustainability are to make city centers as 
attractive as they are for living and working, reducing long commutes to work, increasing the 
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number of workers' housing and the appropriate and selective distribution of activities, 
improving the quality of housing by reducing density and redesigning spaces, increasing 
natural elements, greening, and protected open spaces, improving access through high-quality 
public transportation, reducing parking, reducing road congestion, making local areas self-
sufficient in accessing daily services, increasing pedestrian and bicycle lanes and areas, and 
increasing energy efficiency.14 
2.3.2. Green Buildings 

The emergence of green buildings is linked to the energy crisis of the 1970s, when 
architects proposed more energy-efficient architecture, including William McDonough, Bruce 
Full, and Robert Fox from the United States, Thomas Herzog from Germany, and Norman 
Foster and Richard Rogers from Britain. These architects began exploring and developing 
architectural designs that focused on the long-term environmental impact of building 
operation and maintenance. 15 The United States Environmental Protection Agency (EPA) 
defines green buildings as "the process of applying methods and processes that take 
environmental conditions into account and maximize resource utilization throughout the 
building construction phases, from siting and design through construction, operation, 
maintenance, renovation, and demolition" . 16 These buildings include : 17  
- High efficiency in resource use and consumption. 
- Effectively addressing the climatic, environmental, geographic, and social conditions of the 
building area. 
- Meeting human physical and social needs and providing well-being in the building while 
ensuring the rights of future generations. 

Green buildings are designed in a manner that respects the environment, taking into 
account the reduction of energy, material, and resource consumption, pollution prevention, 18 
environmental compatibility, and the integration of a holistic environmental approach .19 

There are several criteria used to evaluate green buildings, which vary from country to 
country. The most important of these are listed in the following table: 

Table (02) : Green building standards 

 
Source: Al-Bahra, Talal Marwan and Fakoush Aqaba, A Comparative Analytical Study of 

Some Global Residential Sustainability Standards, Damascus University Journal of 
Engineering Sciences, Vol. 29, No. 02, 2013, p 550 .   
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Since our study addresses Masdar City in Abu Dhabi, we will attempt to examine the 
Pearl Rating System. In 2010, the Abu Dhabi Urban Planning Council approved the Pearl 
Rating System, the first sustainable building rating system in the region, providing the 
minimum requirements for public and private buildings in the UAE to obtain a green building 
certification. The Executive Council Resolution stipulates that new buildings, complexes, and 
private villas must meet the criteria for a "One Pearl" rating. All new government-funded 
buildings, schools, and mosques must also meet the criteria for a "Two Pearl" rating . 20 

2.3.3. Green Transportation 
The green transportation policy aims to improve the use of transportation systems to 

achieve economic, social, and environmental goals, without sacrificing the ability of future 
generations to achieve these goals . 21 It is based on providing services and infrastructure for 
the movement of goods and people, necessary for economic and social development and for 
improving quality of life and competitiveness . 22  

The American Institute defined it as achieving basic mobility and access to meet 
development needs without compromising the quality of life for future generations, in a safe, 
healthy, and affordable manner, while minimizing pollution and utilizing renewable and non-
renewable resources .  23  It refers to mobility within modes with a low environmental impact, 
and includes non-motorized modes of transport such as walking and cycling, as well as mass-
produced and environmentally friendly motorized transport such as transit-oriented 
development and green vehicles. 24   

2.3.4. Renewable Energy and Energy Efficiency 
Green cities are characterized by reducing the use of non-renewable energy or fossil 

fuels such as gasoline and natural gas to a minimum, replacing them with renewable energy 
sources such as solar, wind, and water, and increasing their use at the city level, as well as at 
the building level, transportation, and street lighting. Solar photovoltaic energy is the most 
suitable renewable energy for these elements. 

2.3.5. Reducing Water Consumption 
This is achieved by rationalizing drinking water consumption and utilizing other water 

resources as much as possible, such as rainwater, and recycling and treating wastewater to use 
it instead of drinking water for plant irrigation . 25Green cities also work to reuse"greywater" 
from kitchens , bathtubs, washing machines , and dishwashers to meet water needs in areas of 
scarcity.Water coming out of toilets is considered "black water".26 

2.3.6. Sustainable Waste Management 
Green cities deal with waste by managing it at several levels :27  
- Level 1 (reduction at the source): Purchasing recyclable materials, reducing packaging, 
maintaining and repairing durable products, and utilizing organic materials and food scraps as 
animal feed or fertilizer. 

- Level 2 (sorting at the source): Allocating bins for different types of waste. 
- Level 3 (recycling): Establishing factories that recycle waste, converting organic materials 
into fertilizer, or utilizing this waste to generate electricity or heat. 

3. Masdar City's Role in Achieving Sustainability 
Masdar City was established in 2008 in the Emirate of Abu Dhabi, United Arab 

Emirates. The city is located 17 km from downtown Abu Dhabi, near Abu Dhabi International 
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Airport, and extends over a total area of 700 hectares. 28  Masdar City aims to be a model for 
cities in effectively dealing with rapid urban expansion and providing a high-quality, friendly 
environment for residents. Masdar City uses solar energy and employs green building 
standards. It also uses electric cars and buses, and works to ensure efficient energy 
management across commercial and residential areas. 29 

3.1. Urban Planning 
Masdar City was planned to maximize the use of solar and wind energy using passive 

strategies. The streets were planned to run from northeast to southwest, achieving an optimal 
balance between sun and shade. The residential complexes were also planned in a compact 
fabric, interspersed with courtyards and courtyards to maximize the use of prevailing winds 
on the site and create corridors to increase the penetration of fresh air between buildings to 
cool the natural air. Openings were also designed to accommodate the high levels of direct 
solar radiation, while ensuring self-shading in all buildings. Water features were used between 
buildings to cool the natural air, in addition to green gardens separating built-up areas, which 
help lower temperatures and direct cool breezes throughout the city . 30 

Figure(01): Masdar City's urban planning 

 
Source: https://www.almrsal.com/post/223026 

3.2. Urban Design 
The building facades were designed with multiple layers and clad with a 30 cm thick 

GRC outer layer. The roofs were designed to increase wind flow, with circular openings in 
the balcony roofs to enhance natural ventilation and natural lighting in the residential units. 
The design of the openings relied on the use of long openings to enhance natural ventilation 
and reduce heat gain. Mashrabiyas were also used, along with projecting balconies, to 
increase shading. In addition to the self-shading of the building, proper building insulation 
was considered, along with the use of reflective glass, which reduces indoor temperatures. 
Furthermore, internal courtyards and solar chimneys were used to provide natural ventilation 
and passive cooling.  31   

Figure (02): Masdar City Urban Design 

 
Source: https://www.almrsal.com/post/223026 
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3.3. Building Materials Used 
All buildings in Masdar City are constructed using low-carbon cement and 90% 

recycled aluminum. All are designed to reduce energy and water consumption by at least 
40%, meeting the Leadership in Energy and Environmental Design (LEED) standards and the 
core criteria of the Pearl Rating System used to rank building sustainability performance 
under the Estidama program developed by the Abu Dhabi Urban Planning Council . 32 

Masdar has developed the Future Build Portal (www.thefuturebuild.com) to support the 
green building supply chain. The first portal of its kind in the Arab world, the portal helps 
architects, engineers, and contractors identify and source green building products and 
materials that have been independently evaluated to ensure they deliver the claimed 
environmental benefits. 33 

3.4. Sustainable Transportation 
Masdar's public transportation system provides transportation within the city, including 

electric buses, electric cars, and other clean energy vehicles. Masdar is connected to other 
areas. In Abu Dhabi, the city's railways and metro provide transportation within the city, 
passing through the city's various modes of transportation. Most private vehicles remain in 
designated parking areas and are connected to various parts of the city via public 
transportation.  

Masdar City is seeking to implement a pilot project for a rapid freight transport system 
and a rapid passenger transport system consisting of single-cab electric vehicles, providing 
privacy, comfort, and a non-stop taxi service, as well as a sustainable public transportation 
system. In addition, Masdar City, in cooperation with Mitsubishi Heavy Industries, launched a 
pilot electric vehicle project to select a point-to-point transportation solution in the city, which 
uses Mitsubishi Motors' five-door i-MIEV. These technologies and projects make Masdar 
City convenient and easy to navigate. 34 

Figure (03): Sustainable Transportation in Masdar City 

 
Source: https://www.mubasher.info/news/3214748/- 

Masdar City has also been  extensively designed with features such as shaded 
courtyards and walkways that encourage convenient, carbon-neutral ways to get around the 
city, such as walking and cycling . 35 

3.5. Waste Management 
Masdar City and its contractors divert up to 96% of construction waste from landfill and 

reuse it in the construction of the city. Masdar City works to reduce waste during the 
construction process by striving to reuse and recycle all steel, concrete, and wood waste 
generated during construction. To achieve this, all Masdar City construction waste is brought 
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by contractors to the on-site Materials Recycling Center (MRC) for separation and 
processing. The 12-hectare site is divided into areas for concrete, wood, metal, and other 
materials, which are then made available for use by other contractors working on-site. The 
wood is separated and stored for reuse in the city's construction or for processing in a wood 
chipper. Other steel, metals, and plastics are collected and sent off-site for recycling, while 
concrete waste is disposed of using a crusher for reuse in construction.  36 

Masdar City is also working on waste-to-energy, a process that involves generating 
energy in the form of electricity or useful heat from the incineration of solid waste or garbage. 
In 2017, Masdar signed a partnership agreement with Bee'ah in Sharjah to develop the UAE's 
first waste-to-energy facility. Upon completion, the plant will divert 300,000 tons of solid 
waste annually, preventing it from being sent to landfills. This will help the UAE achieve its 
2021 goal of diverting 75% of solid waste from landfills. 

Figure (04): Waste to energy generation plant 

 
Source:https://masdar.ae/ar/masdar-clean-energy/projects/sharjah-waste-to-energy-project 

3.6. Water Management 
Masdar's headquarters building implements a water conservation strategy to conserve 

70% of the water used in the building by collecting and storing rainwater and using it with 
graywater from showers, sinks, and toilets to irrigate the shaded roof garden (using graywater 
in toilet flushing – using blackwater from toilets and kitchens as biofuel for diesel engines 
after treatment).37 

In January 2013, Masdar launched a program dedicated to desalination using renewable 
energy. This forward-looking initiative has helped guide Masdar towards developing and 
piloting advanced and innovative seawater desalination technologies with the goal of 
achieving water security and energy conservation in this sector, thus meeting the UAE's 
energy consumption reduction goals. 38 

Figure (05): Ghantoot Experimental Water Desalination Plant 

 
Source: https://masdar.ae/ar/masdar-clean-energy/projects/ghantoot-desalination-pilot-plant 
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3.7. Renewable Energy 
Masdar is committed to driving innovation in clean technology by developing the 

renewable energy sector and enhancing its commercial viability. It offers renewable energy 
projects to international markets and operates the world's largest solar power plants. It works 
with global companies, governments, and countries to advance sustainability. 39 

Masdar has built a 10-megawatt photovoltaic solar power plant to meet the needs of the 
Masdar Institute buildings and the temporary Masdar office building, as well as the ongoing 
construction of the city. The plant, the largest of its kind in the Middle East, covers an area of 
22 hectares and supplies surplus energy to the Abu Dhabi main grid.  40 Masdar also uses 
several types of concentrated solar power systems, such as the 100-megawatt Shams 1 plant 
and the 20-megawatt Gema Solar plant. 

Figure (06): Renewable energy sources in Masdar City 

 
Source: https://masdar.ae/ar/masdar-clean-energy 

3.8. Sustainable Villa Project 
Masdar City is committed to providing sustainable housing solutions to accommodate 

population growth in the Emirate of Abu Dhabi through continuous innovation. The 
Sustainable Villa in Masdar City aligns with the Emirate of Abu Dhabi's initiative to promote 
innovation by introducing a new and pioneering concept for the design, construction, and 
operation of sustainable family homes. 

The villa spans an area of 405 square meters, and the prototype villa is designed to 
supply the national electricity grid with approximately 40,000 kilowatt-hours of electricity 
through 80 solar panels installed on the roof. 
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Figure (07): Sustainable Villa Pillars 
 

 
Source: Masdar City (B), The Sustainable Villa in Masdar City is a practical step towards 

home energy self-sufficiency,p3. 
The Sustainable Villa relies on photovoltaic solar panels to generate all of its energy 

needs. It consumes four times less energy than a traditional villa, resulting in environmental 
and economic benefits, as illustrated in the following table. 
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Table(03):illustrates the environmental and economic objectives of the Sustainable Villa. 

Sustainable Villa 
Economic Rate 

Sustainable Villa Environmental Goal (Energy 
Consumption) 

Sustainable villa 
with photovoltaic 

panels 

Sustainable villa 
without 

photovoltaic 
panels 

traditional villa 

Annual energy cost 
savings of AED 32,500 

0  kWh 
per square meter 

per year 

97 kWh 
per square meter 

per year 

350 kWh 
per square meter 

per year 

Prepared by the researcher based on: https://masdar.ae/ar/masdar-city/the-city/sustainability 

3.9. Innovation and Sustainable Thinking 
Masdar City is centered around innovation, representing a growing ecosystem based 

on knowledge and specialized projects to support creativity. It combines education, research, 
development, and commerce, providing investment opportunities that form a pioneering 
collaborative environment within a single investment free zone. 

The Masdar Institute of Science and Technology is the core of this ecosystem, an 
independent graduate-level research university focused on finding and developing advanced 
and sustainable renewable energy solutions. The institute encourages companies, tenants, and 
partners to work together to help accelerate the commercialization of advanced technologies. 
The institute's laboratories can be used for research activities, in addition to benefiting from 
its wide pool of talent and the innovations of more than 500 graduate students. 41 

Masdar City hosts a group of leading research and development facilities that advance 
knowledge, in addition to sponsoring and implementing several pioneering projects in the 
fields of solar energy, energy storage, green buildings, and urban sustainability. 

Conclusion 
Contemporary cities face significant challenges, including rapid urban expansion, high 

energy consumption, and depletion of natural resources, making the transition to green cities 
an essential pathway for achieving sustainable development. In this context, the experience of 
Masdar City in Abu Dhabi demonstrates how sustainability standards can be translated from 
theory into practical application, providing a pioneering model that can be emulated in similar 
urban contexts. 

The analysis of Masdar City revealed several key findings: 

 Efficiency of Passive Planning: Smart urban morphology, characterized by narrow 
streets and strategic orientation of building blocks, created a city-specific 
microclimate, reducing perceived temperatures by 10–15°C and thereby decreasing 
reliance on mechanical air conditioning. 
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 Success of Zero Waste Strategy: 96% of construction and demolition waste was 
recycled, highlighting that sustainability begins during the construction phase rather 
than only after occupancy. 

 Economic Feasibility of the Pearl Rating System: Compliance with sustainability 
standards led to a 40% reduction in electricity and water consumption, demonstrating 
that investment in green cities is economically viable. 

 Water System Resilience: The reuse of gray water for irrigation, combined with 
renewable-energy-based desalination programs, ensures water self-sufficiency even in 
harsh desert environments. 

 Integration of Academic Research and Urban Practice: The presence of the 
Masdar Institute within the city enables the continuous updating of technologies based 
on real-time field data, enhancing sustainable innovation throughout the urban fabric. 

Recommendations: 
Based on these findings, the study recommends several practical measures to enhance 

the sustainability and resilience of future urban developments: 
 Implement a mandatory green building code inspired by the “Pearl Rating System” or 

LEED standards. 
 Support eco-entrepreneurship by creating investment zones for startups in renewable 

energy and waste recycling. 
 Design cities to be fully pedestrian-friendly, while promoting smart public transport to 

reduce reliance on private vehicles. 
 Localize technology and research through university-linked centers to develop 

solutions suited to the climatic and social context of each region. 
 Adopt zero-waste policies and recycle construction waste to reduce the carbon 

footprint of the building sector. 
 Ensure ongoing investment in research and development to sustain innovation in 

energy and water management 
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