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Sustainable urban development is a global imperative.
It seeks to balance economic growth, social inclusion,
and environmental protection—commonly referred to
as the triple bottom line.
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Learning outcomes

By the end of the lecture, you will be able to:

Explain key environmental challenges in urban development.

Understand principles and models of sustainable urban design.

Identify indicators of urban sustainability and resilience.

Evaluate green building, mobility, and waste management strategies.

Apply tools such as the Urban Sustainability Index (USI).

Propose solutions to enhance urban environmental performance.
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1.Introduction

Urban areas are economic, social,
and cultural hubs; however, they
also generate immense
environmental pressures, including
pollution, resource depletion, and
climate change.

Sustainable urban development is
therefore a global imperative. It As cities expand, sustainability
seeks to balance economic growth, principles must guide land use,
social inclusion, and environmental infrastructure, and governance to
protection—commonly referred to ensure livable and resilient

as the triple bottom line. environments.
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2.1 Global Urbanization Trends

Urbanization has accelerated dramatically in developing regions such as Asia and the Middle East.

Cities like Riyadh, Dubai, and Shanghai have experienced population booms that have
transformed their economies but also strained their natural resources.
Urban growth drives economic prosperity but increases energy demand, waste generation, and

greenhouse gas (GHG) emissions.

~
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2.2 Urban Ecological Footprint

Cities occupy only 3% of the Earth’s land surface but consume more than 75% of natural resources.

The ecological footprint: quantifies this impact by measuring how much land and water area a city
requires to sustain its population.

Rapidly urbanizing cities face significant challenges in maintaining ecological balance.

Forest land

Built-up land

\
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2.3 Urban Metabolism

The urban metabolism model
conceptualizes cities as living organisms
with inputs (energy, materials, food,
and water) and outputs (waste,
emissions, and heat).

Managing this flow efficiently is
essential for achieving sustainability.
Figure :Urban Metabolism Model:
inputs (energy, materials, food, water)
— outputs (waste, emissions, heat).

-

URBAN METABOLISM MODEL
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(ﬁ Definition of Sustainability

Sustainability is the ability to meet the needs of the present without compromising the ability
of future generations to meet their own needs.

3.1 The Triple pillars

Environmental: Reduce pollution, protect ecosystems, and use renewable energy.
Social: Ensure equity, health, and safety for all citizens.

Economic: Promote productivity, innovation, and decent employment

~N
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3.2 Circular Economy in Urban Systems
A circular economy replaces the “take—-make—dispose” model with “reduce—reuse—recycle.”
Waste becomes a resource, and energy systems are designed to be regenerative.

Reduce
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Example: Circular Economy in Urban Systems — Amsterdam, The Ml DOCEAI\I
Netherlands

Amsterdam is one of the leading global cities adopting a circular economy model to reduce waste,
optimize resource use, and promote sustainability. The city aims to become fully circular by 2050,
integrating circular principles into urban planning, construction, energy, and consumption systems.
Construction and Demolition Waste Reuse:
The city has developed policies to reuse up to 70% of construction waste in new projects.
Old buildings are mapped for material recovery through the “Buildings as Material Banks”
concept.
Example: The Buiksloterham district is designed as a circular neighborhood where materials
are locally sourced, reused, and tracked.
Circular Food Systems:
Food waste from households and restaurants is collected and converted into biogas or
compost for urban farms.
Partnerships with start-ups promote local food production using vertical farming and
aquaponics.
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Energy and Water Loops:

Waste heat from data centers and industries is captured to heat

residential buildings.

Wastewater is treated and reused in urban agriculture or

industrial processes.

Digital Platforms for Resource Sharing:

The city supports digital sharing platforms for tools, furniture, and g%
transportation (e.g., car-sharing, bike-sharing). s
The goal is to reduce material throughput and extend product life

cycles.

Outcomes:

-

Reduction in CO, emissions and landfill waste.

Growth in green jobs and innovation hubs.
Enhanced resilience of local supply chains.
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4 3.3 The SDGs and Urban Relevance :The UN Sustainable Development Goals (SDGs) guide cities )
toward sustainability.
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Selected SDGs Related to Urban Development

SDG 6

SDG 7

SDG 11

SDG 13

SDG

Objective
Clean Water and Sanitation

Affordable and Clean Energy
Sustainable Cities and
Communities

Climate Action

~

Relevance to Urban Sustainability
Wastewater management, water
reuse
Renewable energy systems
Urban resilience, housing,
transport
GHG mitigation and adaptation
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4.1 Air Pollution
Urban air pollution, mainly from transportation and industry, causes severe health and

environmental problems.
Fine particulate matter (PM,.s) levels in major cities often exceed WHO guidelines.

Fine particulate matter (PM_{2.5}) levels refer to the concentration of tiny airborne particles with a
diameter of 2.5 micrometers or less, which are small enough to be inhaled deeply into the lungs.
These levels are measured in units like micrograms per cubic meter (g/m) and can be high due to
sources like vehicle emissions, industrial processes, wildfire smoke, and indoor activities such as

cooking or burning candles.
High (PM_{2.5}) levels are associated with serious health issues like heart disease, lung cancer,

and respiratory illnesses.

\_
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4.2 Water and Waste Management

Rapid urbanization stresses water resources. Wastewater treatment and recycling systems are vital
for sustainability.

Cities like Singapore have achieved near-complete water reuse through NEWater technology.

NEWater is a brand of highly purified reclaimed water developed by Singapore that uses a four-
stage process to treat used water. The process involves conventional treatment, microfiltration,
reverse osmosis, and ultraviolet disinfection to ensure the water is clean and safe for consumption

~
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[4.3 Energy Consumption and GHG Emissions O

Urban areas account for over 70% of global CO, emissions, primarily from transportation, heating,
and cooling.

GHG emissions, or greenhouse gas emissions, are gases released into the atmosphere that trap
heat, contributing to global warming and climate change. The main sources are human activities like
burning fossil fuels for energy and transportation, deforestation, and industrial agriculture. The
primary gases involved are carbon dioxide (CO_{2}), methane (CH_{4}), and nitrous oxide (N_{2}0).

\_ W,
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Values for annual CO, emissions by major world regions for the year 2021,

Region Estimated Emissions (2021) Approximate % of world total*

Ea§t Asia & Pacific (including ~16.0 Gt CO, ~44%

China)

North America ~ 6.6 Gt CO, ~18%

Europe & Central Asia ~ 4.4 Gt CO, ~12%

South Asia (including India) ~ 3.6 Gt CO; ~10% The built

Middle East & North Africa ~ 2.2 Gt CO, ~6% environment
generates 40%

Latin America & Caribbean ~ 1.9 Gt CO, ~5% of annual

Sub-Saharan Africa ~ 1.2 Gt CO; ~3% global CO2

_ emissions
Oceania ~ 0.7 Gt CO; ~2%
. Y,
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(4.4 Urban Heat Island Effect )
Dense construction, asphalt, and lack of vegetation cause urban areas to be hotter than rural zones.

Rural Zone: Characterized by vegetation, open land, and Urban Heat Island Pattern Across City Zones
low human activity. Surfaces are permeable and allow
evaporation, helping cool the air.

Suburban Zone: Intermediate area with mixed housing,
roads, and green spaces. Temperatures start to rise due tc

Temperature

more paved surfaces and reduced vegetation. =L [Efl i~
Urban Zone (City Center):Highly built-up area with Qm@ @QEEE‘ i
concrete, asphalt, and minimal greenery. Surfaces absorb Rural Suburban Urban

and store h.ea.t.durlng the day and rel.ease. it at night " The UHI pattern highlights the importance of
.Human activities such as transportation, industry, and air  yrhan greening, cool roofs, water-sensitive

conditioning add anthropogenic heat, creating the UHI design, and sustainable materials to reduce
temperature extremes.

\peak y
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4 4.5 Solid Waste

Poor waste collection and disposal practices in developing cities lead to pollution and health
hazards. Integrated waste management—reduce, recycle, recover—must be prioritized.

Integrated Waste Management (IWM) is a systematic approach that combines multiple waste
handling methods — including reduction, reuse, recycling, composting, energy recovery, and safe
disposal — to manage waste efficiently while minimizing environmental impact.

EU construction sector environmental impacts at a glance

all raw materials 250 annual CO
mt ) =
1 /2 consumed @ footprint
1.6 billion tonnes per yvear from building materials alone

of fresh 1 of waste
1 I3 water used 9 13 generated

\ § N o
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2. Components of San Francisco’s Integrated Waste System
Source Reduction and Reuse:
Policies encourage businesses and residents to reduce packaging waste and reuse materials.
Plastic bag bans and reusable container programs have been implemented citywide.
Recycling Programs:
The city provides a three-bin system:
Blue bin: Recyclables (paper, metals, glass, plastics).
Green bin: Compostable materials (food and garden waste).
Black bin: Residual landfill waste.
Recycling rates exceed 80%, among the highest globally.
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Composting:
Organic waste from households and restaurants is collected and converted into compost for
local farms and parks.
San Francisco processes more than 600 tons of organic waste daily.
Waste-to-Energy and Recovery:
Non-recyclable waste is minimized, but some residual waste is used in energy recovery
facilities before landfilling.
The city partners with industries to convert waste oils into biofuels.
Public Education and Policy:
Strong community participation is promoted through education campaigns, incentives, and
strict enforcement of waste separation laws.
\_ W,




| | MIDOCEAN
4. Key Environmental Issues in Urban Areas

3. Results and Impacts

Landfill diversion rate: Over 80%.

Reduction in greenhouse gas emissions: Significant, due to decreased methane from landfills.
Economic benefits: Green jobs in recycling and composting industries.

Social engagement: Public participation and awareness integrated into community life.

4. Lessons for Other Cities

Integration and coordination between waste types and treatment technologies are essential.
Policy support (such as bans and mandates) ensures compliance.

Community participation is key to long-term success.

Urban waste systems should aim for a circular economy, transforming waste into resources.
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Example: Waste Management in the Kingdom of Saudi Arabia

Overview:

Saudi Arabia is undergoing a major transformation in waste management as part of its Vision
2030 strategy

1. Background and Challenges

KSA produces more than 15 million tons of municipal solid waste (MSW) annually.

Major sources: households, construction, commercial, and industrial sectors.

Historically, more than 80% of waste has gone to landfills or open dumps, leading to
environmental and health concerns.

Rapid urbanization in cities such as Riyadh, Jeddah, Dammam, and Makkah has intensified the
need for an integrated approach.
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2. National Waste Management Strategy

As part of Saudi Vision 2030 and the National Center for Waste Management (MWAN)
established in 2019, KSA aims to:

Divert 82% of waste from landfills by 2035.

Recycle 35% of waste, recover 30% for energy, and treat 47% through sustainable
technologies.

Encourage private sector participation and public awareness through PPP (Public-Private
Partnerships)

MWAN ulg—o
eulall 812l ibgll j4 roll

National Center for Waste Management

Fror’ 'u."\ te lo
sustalnablllty
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3. Key Initiatives and Projects
a. Waste Recycling and Material Recovery: Riyadh Integrated Waste Management Project:
Developed by the Saudi Investment Recycling Company (SIRC), a subsidiary of the Public Investment
Fund (PIF). Includes sorting facilities, recycling plants, and energy recovery systems.
Target: recycle 5 million tons of waste annually by 2035.
b. Construction and Demolition (C&D) Waste:
Riyadh C&D Waste Recycling Plant (2020):
 QOperated by SIRC; processes 600 tons per hour.
* Converts waste into reusable materials for road construction and new buildings.
* Part of efforts to recycle up to 60% of C&D waste nationally.
c. Waste-to-Energy (WtE):
* Planned Waste-to-Energy Plant in Riyadh with a capacity of 850,000 tons/year, expected to
generate 50 MW of electricity.
* Similar projects are being planned in Jeddah and Dammam.
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Urban sprawl—the unplanned expansion of cities—leads to inefficient land use, traffic congestion,
and loss of agricultural land. WRLT FuBT
5.1 Impacts

Habitat destruction and loss of biodiversity.

Higher per-capita infrastructure and transport costs.
Increased vehicle emissions and commuting times.
5.2 Smart Growth and Compact City Models 2
Compact cities encourage mixed-use, high-density development near publlc transport The Smart
Growth model promotes efficient infrastructure, pedestrian-friendly neighborhoods, and community
participation.

5.3 GIS and Remote Sensing Tools

Geographic Information Systems (GIS) are used to monitor urban expansion, environmental
degradation, and green cover changes.

\- y
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Climate Change and Urban Resilience

r

Cities face dual roles in climate change: as major emitters and as vulnerable areas.

6.1 Urban Vulnerabilities

Urban areas are highly exposed to floods, heatwaves, and storms. Poorly planned settlements
increase disaster risks.

6.2 Urban Resilience Planning

* Resilience means the ability to anticipate, absorb, and recover from shocks Strategles include:

* Green infrastructure (parks, green roofs)
* Flood control and water retention systems

e Early warning and emergency management

~
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6.3 Case Study: Jeddah, Saudi Arabia
Jeddah has experienced recurrent flash floods.

The municipality implemented stormwater drainage systems, green corridors, and flood retention
basins to enhance resilience and environmental quality.

In response, the government has invested in flood control projects, including new drainage tunnels,
retention basins, and early warning systems.
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7.1 Green Buildings

Green building standards such as LEED, BREEAM, and Estidama guide
sustainable construction. Features include energy-efficient materials,
solar systems, and natural lighting.

ﬁ Green Building Standards: LEED (Leadership in Energy and
Environmental Design)

Developed by:

U.S. Green Building Council (USGBC) — first launched in 1998.
Purpose:

LEED provides a global framework for designing, constructing,
operating, and certifying green and sustainable buildings. It helps
reduce energy use, water consumption, and carbon emissions while
improving occupant well-being.

\_
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1. LEED Certification Levels

Projects earn points based on performance across
categories.

The total points determine the certification level:

Certification Level Points Range (out of

110)
Certified 40-49 points
Silver 50-59 points
Gold 60—79 points
Platinum 80+ points

\_

Sustainability of green
buildings
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(2. Main LEED Categories
Category

1. Sustainable Sites (SS)

2. Water Efficiency (WE)

3. Energy & Atmosphere (EA)

4. Materials & Resources (MR)

5. Indoor Environmental Quality (IEQ)

6. Innovation (IN)

\7. Regional Priority (RP)

Description

Encourages minimizing environmental impact of site development and
preserving ecosystems.

Promotes smart water use, efficient irrigation, and greywater reuse.

Focuses on energy performance, renewable energy integration, and reduced
carbon emissions.

Encourages use of recycled, regional, and low-impact materials with waste
reduction.

Enhances air quality, natural lighting, and occupant comfort.

Rewards creative and exceptional sustainability strategies.

Awards extra points for addressing local environmental priorities.

~
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4. Key Benefits

Reduces energy and water consumption

Lowers operational costs

Improves indoor air quality and occupant health
Enhances property value and marketability
Supports climate change mitigation and sustainable
urban growth

5. Example

King Abdullah Financial District (KAFD) in Riyadh is
designed following LEED Gold standards, focusing on
energy efficiency and sustainable materials.

- _/




7 . Sustainable Urban Infrastructure

MIDOCEA

UNIVERSITY

-

Q Example: Energy and Cost Savings from LED Lighting Upgrade A
A green office replaces conventional lighting with LED lights and smart sensors.
ltem Value
Baseline energy use 200,000 kWh/year
New system energy use 120,000 kWh/year
Energy saved 80,000 kWh/year
Electricity cost $0.15 per kWh
Annual cost savings 80,000 x 0.15 = $12,000/year
Installation cost (LED + sensors) $30000
W,
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Q Example: Energy and Cost Savings from LED Lighting Upgrade

Payback Period (Return on Investment)
Installation Cost

Payback Period = :
Annual Savings
~ 30,000 )
= 12000~ years

CO; Reduction
80,000 kWh x 0.5 kg CO,/kWh = 40,000 kg CO,/year = 40 tons CO,/year
Result
Annual savings: $12,000
Payback period: ~2.5 years
CO, reduction: 40 tons/year
After 2.5 years, the building operates with pure savings and lower environmental impact
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@ Example: Green Building Components
— The Edge Building, Amsterdam,
Netherlands

Overview:

The Edge in Amsterdam, developed by
Deloitte and designed by PLP Architecture,
is one of the world’s most sustainable and
smart office buildings.

It earned a LEED Platinum certification
with a record sustainability score (98/110).
This project demonstrates how green
building components integrate technology,
design, and environmental performance.

\_

|
65,000 sq. ft. of
solar panels

;;;o
658 %

Collection of
rainwater on roof

®

Ecological
Corridor

Smart building
design and
orientation
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Key Green Building Components

Component Description and Features

High-performance glass facade with smart shading systems reduces heat
gain while maximizing daylight. The double-skin facade and insulation
minimize energy loss.

A rooftop solar array (65,000 sq ft of panels) generates a significant

2. Renewable Energy Systems portion of the building’s electricity. The building also uses aquifer thermal
energy storage (ATES) for heating and cooling.

1. Energy-efficient Building
Envelope

Rainwater is harvested for toilet flushing and irrigation. Water-saving

3. Water Conservation Systems . .
y fixtures reduce consumption by over 40%.

LED lighting integrated with sensors detects occupancy and daylight levels,

4. Smart Lighting and Controls reducing energy use by up to 70%.

Natural ventilation, non-toxic materials, and extensive greenery improve air

5. Indoor Environmental Quality . :
quality and occupant well-being.
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(Key Green Building Components

6. Waste Reduction and Recycling
7. Sustainable Materials
8. Smart Building Technologies

9. Green Roof and Biodiversity

10. Transportation and Accessibility

\_

~N

Construction materials were selected for recyclability; a waste
management system promotes separation and reuse during building
operation.

Recycled steel, FSC-certified wood, and low-VOC paints are used to
minimize embodied carbon and pollutants.

Connected sensors monitor temperature, humidity, light, and
occupancy. Employees use an app to adjust their workspace settings for
comfort and efficiency.

The building integrates green roofs that provide insulation, absorb
rainwater, and enhance urban biodiversity.

Features include bike parking, electric car charging stations, and
proximity to public transit to reduce carbon footprint.

Y

)



MIDOCEA|

UNIVERSITY'

7 . Sustainable Urban Infrastructure
4 )

performance Results

Energy consumption: 70% lower than comparable office buildings.
CO, emissions: Reduced by over 50%.

Occupant satisfaction: 90% (due to comfort, light, and air quality).

Lessons for Sustainable Urban Design

Integrating smart systems with environmental design maximizes efficiency.
Data-driven management helps maintain performance after construction.
Human-centered design supports well-being and productivity alongside sustainability.

G W,
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7 . Sustainable Urban Infrastructure

(Building Information Modeling (BIM) helps
achieve sustainability by :
Energy Efficiency: Simulates lighting,

ventilation, and energy use ) OBIMA‘ LEED
Material Optimization: Reduces waste by Q st S\
calculating exact material quantities. b 0 - (Y _\‘!;';Lmy

Lifecycle Analysis: Assesses environmental " SR
. . .. il Priority
impact from design to demolition. @/ BIM:: .

MO( 01 g

Water Management: Models efficient gy '
plumbing and rainwater systems. . 4C " 4?

Environmental
Collaboration: Integrates architects, @ e Mm,ia[sa
Operation & Consinuction Resources

engineers, and sustainability experts
Facility Management: Monitors energy and
maintenance to reduce operational costs.

- W,

Energy &
Atmosphere
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7.2 Sustainable Transport
Sustainable mobility—public transport, cycling, electric vehicles—reduces emissions.

& Example: Sustainable Mobility in Copenhagen, Denmark

Copenhagen is a global model for sustainable urban mobility. The city has invested heavily in
bicycle infrastructure, with over 400 km of dedicated bike lanes. More than 50% of residents
commute by bicycle daily, reducing traffic congestion and CO, emissions.

The city also integrates electric public buses, metro expansion, and pedestrian-friendly streets,
encouraging low-carbon travel. Digital tools such as real-time traffic apps help optimize routes and
reduce travel time.

As a result, Copenhagen has achieved a 45% reduction in transport-related emissions since 2005
and aims to become carbon neutral by 2030.

\_
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7.3 Water-Sensitive Urban Design (WSUD)

WSUD integrates water management into urban design through rain gardens,
permeable pavements, and green roofs.

C Example: Water-Sensitive Urban Design in Melbourne, Australia
Melbourne is a pioneer in applying Water-Sensitive Urban Design (WSUD)
principles to manage stormwater sustainably. The city integrates green roofs,
rain gardens, permeable pavements, and wetlands to capture, filter, and
reuse rainwater.

One notable project is the Docklands precinct, where stormwater is collected | "
from streets and roofs, filtered through wetlands, and reused for irrigation ané i}

toilet flushing. This reduces runoff, improves water quality, and enhances

urban greenery.

WSUD in Melbourne has significantly decreased flooding risk, lowered potable
\water demand, and supported local biodiversity.
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8.1 Environmental Policy Instruments

Governments use regulations, taxes, and incentives to
promote sustainability. Examples include pollution
charges and green building codes.

8.2 Smart Governance >

Data-driven urban management systems use digital 4 ﬁ
twins, loT, and Al for monitoring air quality, waste, and airports Buildings iltary
traffic. complexes
8.3 Saudi Arabia’s Vision 2030 ' ﬁ .ﬁ
Vision 2030 emphasizes sustainability through mega- K

prOjeCtS like NEOM and The Line, which integrate Highways Parkdand Sthar propossd

renewable energy, car-free transport, and conservation
of biodiversity.

\_ _/
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Urban Sustainability Index (USI)

The Urban Sustainability Index (USI) is a composite measurement tool used to assess how well
cities balance economic growth, environmental protection, and social equity to achieve
sustainable urban development. It provides a quantitative framework for comparing cities’
sustainability performance and identifying areas for improvement.

Purpose
The USI helps policymakers, planners, and researchers:

= Evaluate a city’s sustainability progress.
= |dentify strengths and weaknesses in urban systems.

= Guide urban planning, investment, and policy design toward sustainability goals.

~N
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(Dimensions and Indicators
Dimension

Economic Sustainability

Environmental Sustainability

Social Sustainability

Institutional & Governance

\_

Key Indicators

- GDP per capita - Employment rate -
Innovation index (R&D expenditure /
GDP)

- CO, emissions per capita - PM,.s
concentration (pug/m?3) - Green space
per capita (m%person) - Waste recycling
rate (%)

- Education index (school enrollment
rate) - Healthcare access (hospital beds
per 1,000 people) - Affordable housing
ratio - Public transport accessibility

- Urban planning efficiency - Citizen
participation programs - Transparency
of data reporting

Explanation

Measures economic productivity and
innovation capacity.

Evaluates environmental quality and
ecological management.

Reflects quality of life and social equity.

Assesses how governance supports
sustainability.

~N
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Shanghai’s Results (Example Year: 2021)

Indicator
GDP per capita

Employment rate
CO, emissions per capita

Green space per capita
Waste recycling rate
PM..s concentration
Education index

Public transport accessibility

Citizen participation index

Shanghai Result
USD 25,000
96%

6.3 tons/year

8.5 m?/person
40%

35 pg/m?

0.88 (on 1 scale)

>85% population coverage

0.72 (on 1 scale)

MIDOCEAN

Interpretation
High economic performance
Stable job market

Moderate; improving with clean
energy

Improved urban greenery
Growing circular economy
Reduced from 60 pg/m?3in 2013
Strong educational performance
High mobility and connectivity

Moderate; increasing through
digital governance
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Composite Urban Sustainability Index (Score)

Dimension Score (out of 100)

Economic Sustainability 90

Environmental Sustainability 72

Social Sustainability 80

Governance & Institutional 75

Overall Urban Sustainability Index (USI) 79 / 100 (High Sustainability)
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Key Insights

Shanghai shows strong economic and social sustainability, supported by innovation and public
infrastructure.

Environmental performance is improving but remains the main challenge due to industrial
emissions and urban density.

Governance innovation (e-government, smart city platforms) enhances data transparency and
community engagement.

Policy Implications

Strengthen renewable energy use to lower CO; intensity.
Expand green corridors and parks to improve livability.
Continue public participation initiatives for inclusive planning.

\_
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Sustainable urban development faces financial, institutional, and technical challenges:

= Lack of funding for green infrastructure
=  Weak enforcement of environmental laws
= |nsufficient data for monitoring

= Need for skilled professionals

Future directions emphasize collaboration among governments, private sectors, and citizens.
Education and community awareness are key drivers of behavioral change.

\_ _/
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Conclusion

Urban sustainability is not an option
but a necessity for the survival of
modern societies. Cities must evolve
from growth-driven models to
sustainability-centered systems that
integrate technology, environmental
stewardship, and social equity. The path
forward depends on visionary
leadership, inclusive governance, and
innovative planning tools

lecture
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Exercises
-Using leed standard assess the
sustainability of building in a project
you work on?
-Using Urban Sustainability Index (USI)
Asses the sustainability of your city?



MIDOCEAN

Thank You




