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Foreword BY Dr. Ibrahim
Sustainability defines humanity’s growth. Together, our knowledge has grown too.
The class of CIVE230: Engineering and Sustainable Development have been trailblazers in the remote learning environment
in the Spring 2020 term. This is the COVID-19 edition of the course!
Learning about sustainability requires systems-thinking and a curiosity to explore. Teaching sustainability is best conducted
when there are learning opportunities created to learn from the course, the world around us, the media and news, and from
each other.
The course introduces the concept of sustainability and how it applies to decision-making in engineering. It begins by
defining sustainability, both practically and technically, and describes the concepts of systems and systems interactions. The
course deals with sustainability on two levels. First, the qualitative concepts and background information is covered. Next, specific, quantitative models which
emphasize core engineering methods are presented and applied to sustainability problems.
Quantitative methods and measures of effectiveness are derived and applied to components of sustainability: air quality, water quality, energy and solid waste.
Attention is given to sustainable urban systems, as they apply to both developed and developing countries. Sustainability concepts covering the triple bottom line are
also presented, and their applicability to sustainable cities are demonstrated.
Students in the course were tasked with making a contribution to sustainability efforts. They have been hard at work throughout the term to share a sustainability idea in
the form of a slide and 2-3-minute audio description. This e-book showcases their slides that cover all course topics as they apply to cities around the world. This
activity encouraged students to explore sustainable cities, infrastructure, solutions and technologies globally to generate an enriched learning experience and create
an opportunity for peer-to-peer learning. Together, they co-created content.
I am proud of their contributions. I am proud of the teaching team who ensured this course was smooth sailing, and the class reps for CIVE and MGTE who helped
throughout, and the online learning assistants who put this e-book together with such skill. They all have forewords in this book. It has been a privilege to teach this
course during these unique and challenging times, and the experience has been doubly rewarding.
This e-book serves as a contribution by the class for the class, and for the wider UW community. Please read through.
Sincerely,
Dr Nadine Ibrahim
CIVE 230 Course Instructor
Lecturer, Civil and Environmental Engineering
and Turkstra Chair in Urban Engineering
Email: nadine.ibrahim@uwaterloo.ca

Foreword BY teaching
assistants
Congratulations to everyone on finishing the course during a very special term - this e-book will stay as a reminder for
our collective accomplishments and lessons learned for the future.
Despite the uncertainty and difficulty of CIVE230 being a fully online course, it was an absolute pleasure to be a part of
the experience to learn and apply our research and background to teach the next generation of students. There were a
lot of first-timers with new software tools, new assignments, new tutorial formats, of which some worked out, and others
not so much. But thanks to our struggles this term, the upcoming terms just might be that much easier, and we can take
pride in that.
In the course, we not only learned about what sustainability looks like - both quantitatively and qualitatively - but how to
apply the ideas in the real world. Although some parts may seem like just another equation and constant, the concepts
and skills learned in this course may become the foundation for clearer skies, greener forests, cleaner waters, and a
more sustainable future.

Sina Golchi

MASc. in Water Quality with Prof. Peter Huck
and Prof. Sigrid Peldszus

Thank you to everyone involved in the course: the students, the Online Learning Assistants, the Class Representatives,
Professor Nadine Ibrahim, and the rest of the teaching team. We persevered through an especially challenging term,
and we have this e-book to celebrate it.
Stay safe. Stay hopeful. Stay positive.
- CIVE 230 Teaching Assistant Team

Kelvin Vianini

MASc. in Water Science, Technology and
Policy with Prof. Monica Emelko

Mahmoud Badawy

PhD. in Water Quality with Prof. Peter Huck
and Prof. Sigrid Peldszus

Mohammad Barkhori Mehni
PhD. in Structural Engineering with Prof. Scott Walbridge
and Prof. Mahesh Pandey

Gene Shim

MASc. in Air Pollution Modelling with Prof.
Saari

Foreword BY the CIVIL class
representatives

Summer 2020 has been quite a journey. From lost co-op opportunities to difficult online experiences, our class has had it’s fair share of struggle. In the midst of this,
the CIVE ‘23 class and the teaching team have been tenacious, adaptable, and hard-working. We believe this is expressed in this e-book.

While going through this term, we have seen the world take a big test—one that calls for cooperation at a global scale. It has required mitigation of the virus spread,
while also adapting to new norms. This is similar to the battle against climate change. As was discussed in CIVE230, climate change is inevitable to some extent. We
need to both adapt to the new reality and mitigate its effect to the best of our ability. The current generation of engineers carries a responsibility to design, maintain
and build with a broader vision than our forerunners. So it makes sense that we, as aspiring civil engineers, need to bring fresh perspectives to take on tomorrow’s
challenges. This e-book showcases all kinds of recent innovations in this growing field, and explores methods to encourage, or mandate changes in communities
around the world. Interestingly, this e-book reflects the students' interests. Each person was given the flexibility to research what they found the most engaging
within their assigned topic. We are proud of what our classmates have put together and hope you enjoy flipping through the book.
- CIVE ’23 Class Representatives

Benjamin Klassen

Farid Mullally

Foreword from the MANAGEMENT
class representatives

Congratulations to everyone for successfully completing the course during such unique circumstances. This e-book is a memento of the key takeaways of this
course and will serve as a reminder of the growing importance of sustainability that we will carry into our lives as engineers.
This term has truly challenged us in unique ways and taught us to make the most of every learning experience. Even though we were unable to physically be in a
classroom together, given the powerful tools and technology at our fingertips we are grateful that Professor Nadine Ibrahim and our Teaching Assistants were
able to create an engaging and collaborative learning environment.
From a Management Engineering perspective, this course has been very insightful to gain exposure to sustainability and its application in Civil Engineering. We
learned about how sustainability is achieved through the interdependency of the economy, society and environment and explored each of these aspects in
detail. This course also brought to light how engineers play a significant role and hold responsibility towards creating a sustainable planet. The learnings from
this course will be valuable as we enter the workforce and will serve as an inspiration to build a sustainable future.
Thank you to everyone involved in making this course memorable: Professor Nadine Ibrahim, the Teaching Assistants and our fellow classmates.
-4A MGTE Class Representatives of CIVE 230

Sunaina Basa

Tanushree Sharma

Foreword by the Online learning
assistants

As past CIVE 230 students, we are delighted to help the next class of future engineers learn about sustainability and its importance in an engineering context. The CIVE
230 course teaches us that sustainable development is present across multiple disciplines and career paths, and across the world. No matter the area we choose to
continue our studies, what our career path will be and where we will find ourselves living, sustainable development should be an important guiding factor in our
decisions. We feel that the sustainability contributions provided by the summer 2020 class echo both the importance and potential in focusing on more sustainable
solutions worldwide.
As Online Learning Assistants (OLAs), our job was to create a final product that showcases the sustainability contributions from each student. This e-book acts as a
summary of what the students have learned (and what we once learned, too!). We believe the students have done an excellent job grasping the various sustainability
concepts presented in the course. They have presented interesting thoughts on sustainable cities, infrastructure and solutions. This contribution project differs from the
one we completed when we took the course, so it was especially exciting to see how the students were able to take the sustainability concepts of the course and apply
them in a different way. Even though we have taken the course, we all agreed that we have continued our sustainable development learning while making this e-book!
It was a pleasure to be reminded of the topics in this course, and Dr. Ibrahim’s students have shown us the concepts through an interesting new lens. We would like to
thank Dr. Ibrahim for giving us this opportunity to help the summer 2020 CIVE 230 class. We hope that the students enjoy this compilation of their hard work and
efforts this semester.
- Spring 2020 OLAs

Brigitte Propper

Carrie Wu

Saida Rezaee
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Project introduction
The Engineering and Sustainable Development class (CIVE 230) at the University of Waterloo has created this sustainability
contribution project comprised of a series of individual submissions from the students enrolled in the summer 2020 course
offering taught by Dr. Nadine Ibrahim.
CIVE 230 introduces the concept of sustainability and how it applies to decision making in Civil Engineering. The course begins
by defining sustainability, both practically and technically, and describing the concepts of systems and systems interactions.
Quantitative methods and measures of effectiveness are derived and applied to components of sustainability: air quality, water
quality, energy and solid waste. Attention is given to sustainable urban systems and alternatives, as they apply to both
developed and developing countries. Sustainability concepts covering the triple bottom line are presented, and their
applicability to sustainability are described. The course deals with sustainability on two levels. Fist, the qualitative concepts and
background information is presented. Next, specific, quantitative models which emphasize core engineering methods (such as
probability and statistics, operations research, or simulation) are presented and applied to sustainability problems.
The students explored sustainable cities, infrastructure, solutions and technologies that relate to specific course topics
discussed throughout the course. The projects cover the following topics: global atmospheric change (including climate
change), air pollution and models of air quality, water resources and water scarcity issues, water pollution and methods to
improve water quality, energy (fossil fuels and renewables), solid waste management, sustainable buildings, sustainable
transportation, sustainable energy, and sustainable water use and urban forests.
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Chapter 1:
Global Atmospheric Change
Including Climate Change

Climate or weather? / Canada Space Agency

WEEKLY CHECKLIST
Introduction
Global atmospheric change in modern history his linked to human activities resulting in releases of greenhouse gas emissions. Climate change is the most important
environmental challenge of the 21st Century. This module introduces some climate change related definitions such as radiative forcing, carbon intensity and global warming
potential and how they are used in calculating greenhouse gas emissions. The greenhouse gas concepts places global warming within the context of the global energy
balance. Examples of climate change impacts are described, and strategies to control climate change is introduced by examples of mitigation and adaptation.

Learning Outcomes
By the end of this week, you will be able to:
•

Differentiate between climate vs. weather

•

Calculate carbon in the atmosphere

•

Analyze climate change, Earth’s controls and the greenhouse effect.

•

Interpret global warming potential (GWP) values

•

Observe the impacts of climate change

•

Use GWP and carbon intensity factors in greenhouse gas (GHG) emissions
calculations

•

Calculate global temperature

•

Define mitigation and adaptation

•

Recognize the work of the Intergovernmental Panel on Climate Change (IPCC)
Assessment Reports, and the Paris Agreement

•
•

Determine global energy balance
Understand radiative forcing

Optional Readings and Resources
Articles:
Levin, K., 2018. 8 Things You Need to Know About the IPCC 1.5C Report, World Resources Institute. Retrieved from: https://www.wri.org/blog/2018/10/8-things-you-needknow-about-ipcc-15-c-report
Videos:
Climate Change in the Canadian Arctic by Canadian Foundation for Climate and Atmospheric Sciences (CFCASmedia). Retrieved from: https://www.youtube.com/watch?
v=Q4xLHU9peuk (2:40 minutes)
An Inconvenient Truth presented by Bill Bradbury, based on Al Gore’s Book “An Inconvenient Truth” by Big Picture Productions. Retrieved from:
https://vimeo.com/15841561 (1:34:47 hours)
Al Gore (2009) What comes after an inconvenient truth? By TED2009. Retrieved from:
https://www.ted.com/talks/al_gore_warns_on_latest_climate_trends?referrer=playlist-truth_and_dare (7:41 minutes)

Engineer’s design decisions will have a lasting impact on
the sustainability effects of the product as long as the
product is used.

QUOTES

“

- Ceiline Zhang
I think engineers have a role in quantitatively assessing the long
term impacts of development and creating various possible
solutions to the problem of unsustainability.
- Shalom Yuen

I also believe that it [sustainability] not only refers to larger changes
needed by governing bodies, but the actions of each individual person to
be more sustainable.
- Emeline Yi Wang

Being a firm believer in technology,
I believe we will have very big
advancements in technology that
will solve current problems in the
world through sustainable
solutions.
- Radhesh Bhatt
I see it [sustainable development] as an investment, if we take the
time and money to solve these problems right now we can save
lots of time and money in the future when the problem becomes
much larger.
- Soleeman Hakimi

The shared mentality of people realizing that
climate change is an issue and the need for
preserving greenspace drives individuals and
companies to prioritize creating the most
sustainable designs.
- Brian Hojung Kim

Engineers should be held accountable
to shape the future in a way that
understands and strives to meet the
goals of sustainable development.
- Matthew Mcparland

As engineers we should ensure that what we
create is sustainable, this could mean using a
reasonable amount of materials for a project
as well as ensuring that the project is
completed in an efficient way.
- Kavin Shah

I think in order for significant progress to be made, governments need
to step in, create policy and take action.

From an engineering perspective, the future poses limitless
opportunities to advance and improve technologically,
allowing us to find new solutions to existing and
prospective problems.
- Tim Zhao

- Tanushree Sharma

Engineers play a major role
in sustainable development
as they are the prime
inventors that create
modern systems which
maintain sustainability.

”

- Shawn Vishnu Skantharajah

Sustainable
Miami’s
Struggle
City inwith
Dubai,
Rising
UAE
Seas
By Tanushree
Shah KavinSharma
THE ISSUE
•
Sea levels are rising around the world due to the effects of Global Warming and Miami one of the worlds most famous
coastal cities is feeling the early effects.
•
Miami, having a porous Limestone geology as well as being located near specific currents makes the effect of rising seas a
growing concern.
•
The increase in tropical storm frequency and severity also caused by the heating planet is a huge threat to Miami.
•
Some areas of the citie are already feeling the effects, street flood and water shooting out of shower drains, is common
place, even without any recent rainfall.
•
The anticipated flooding is changing the real-estate market, the rich who usually reside on the waterfront, are migrating
inland and increasing prices of historically cheap real-estate.
•
A major concern for Miami is the contamination to drinking water reservoirs, this would be devastating, as vegetation would
not survive and droughts are possible because of the Salt water contamination.
What is Miami doing about it?
•
Pumps are being installed to direct water from flooded regions down to Biscayne Bay.
•
30 have been installed as of now but their goal is to install 60 more
•
Water treatment is also essential as floods cause contaminated water to mix into the clean water, the city is building a better
water treatment network.
•
Miami is building higher roads and taller buildings to try and accommodate for the water rise.
•
However, experts say that all these provisions to combat the sea level rise will not keep up, at a certain point it will be
unsustainable to protect the city from floods.
•
Most cities in Europe which are facing the similar issues can create sea walls and barriers to hold back water, however,
Miami is a whole different story the water is coming up from the ground and virtually nothing everlasting can be done about
this.

Sustainable City in Dubai, UAE
By Tanushree Sharma
•

•
•
•
•

•
•
•
•

Dubai is known for its modern architecture, tall sky-scrapers and luxury shopping
malls. The UAE aims to have 75% of Dubai's energy come from clean sources by
2050
As part of this goal, there is a city called Sustainable City which has been
constructed and is designed to be a net-zero settlement
Development began in 2013 and cost $354 million and it has been operational as of
2015
The city consists of 500 villas that house about 3000 people as well as some
commercial spaces
Residential units are precisely mapped out and designed to avoid direct sun
exposure. They are covered in paint that reflects sunlight to keep heat out and keep
the need for cooling to a minimum
All buildings and parking spaces are topped by solar panels which feed the energy
they produce to the grid
Running through the center of the city is over 100 biodomes, that serve as
greenhouses for urban farming
Cars are banned from the area, residents travel on bikes or small electric powered
smart cars
The Sustainable City is an innovative way to test sustainable technologies and
solutions. The research and resources that are being poured into this community
can be applied on a wider scale to help cities and countries meet their sustainability
goals and reduce their impact on climate change

Image: Aerial view of the Sustainable City development in Dubai

Turning CO2 into Stone in Zurich
By Ceiline Zhang
•
•

•

•

Climate Change is a problem that is affecting countries world wide through rising
sea levels, melt icebergs, endangering at-risk animals etc.
In Zurich, there’s a start up called Climeworks that was founded by two mechanical
engineers from the Swiss Federal Institute of Technology, that aims to use Direct Air
Capture to remove carbon from the atmosphere
Direct Air Capture is a technology that are used within Climework’s CO2 collector, it
essentially act like a giant vacuum cleaner and sucks in air, within the collector is a
filter that selectively captures CO2 molecules
They’re selling CO2 removal as a service

•

They turn CO2 into stone through partnering with a geothermal power plant in
Iceland who mixes the CO2 with water and pump it deep underground into basaltic
rock formations. The CO2 will generally turn to stone after two years
In 2017, they built their first commercial Direct Air Capture plant in Zurich.

•

Their biggest plant can remove 900 tons of CO2 per year

•

A plant that can remove several thousand tons per year is in the development

•

Image: CO2, Prensa Latina

FIJI’s Islands & It’s rising sea levels
By Brian Kim
•
•
•
•
•
•

•
•
•
•

Vunidogoloa is was the first of the 40 Fiji villages that the Fijian Government plans
to relocate over the next 10 years
The Fijian government invested half a billion dollars in relocating and redeveloping
the villages to be further up the hills
Sea water extends 300ft past Natewa Bay due to rising sea levels, and is continuing
to seep further inland
Inundation has also been the prime cause of Fiji’s GDP decreasing by 5% each year
Increased frequency of tropic storms such as Cyclone Winston in 2016 dropped the
GDP by 20% that year and cut off the food supply for the nation
Fiji aims to eliminate all their emissions by 2050, Marshall Islands aims to reduce
emissions by 45%, Cook islands aim to transition entirely to renewable energy by
2020
Fiji, Bahamas, and the Marshall Islands grouped together to influence the 2015 Paris
Agreement by spreading awareness on the damages of climate change
Influenced the creation of the Intergovernmental Panel on Climate Change report to
highlight the consequences climate change has on the world
Since the industrial era, the global average temperature has increased by 1ºc.
The IPCC states that if the average global temperature was to increase by 0.5ºc,
some of countries may be be extinct by the end of the century

Image: Pacific Ocean rise on Fiji Island

Reflective Roofs in New York City, U.S.
By Shalom Yuen
• Urban environments are made of materials that absorb more heat and have a lower
albedo than rural environments. Asphalt reflects only 4% of sunlight compared to
grassland reflecting 25% of sunlight.
• The climate around urban areas are hotter with New York City averaging 1-3 oC higher
than the nearby countryside. This results in higher use of air conditioning and
electricity in order to cool down buildings.
• To solve this, the New York CoolRoofs initiative was started in 2009 to paint reflective
rooftops on buildings to reduce carbon emissions from generating the electricity
needed to cool them.
• Discounted installation was offered to eligible buildings that include: non-profits,
affordable housing, hospitals, schools, community centers, museums, and other
cooperatively owned buildings.
• In 2018, over 9.2 million square feet of rooftops were painted from this program.
Cooling costs were reduced by 10-30%.
• Like most solutions, reflective roofs have a couple of downsides depending on its
application. During the winter for example, reflective roofs would actually increase
heating costs as energy is reflected away from the building.
• Reflective roofs could also change the local weather and rainfall in unforeseen ways.
In a study in Florida, it was found that changing the albedo resulted in less local
rainfall. By lowering the average temperature in the area, less water evaporated
around it to form clouds.
• Further studies are needed in this technology in order to prove its sustainability.
• Alternative solutions such as green roofs and photovoltaic panels could work similarly
in cooling buildings. However, reflective roofs have proven to be the most effective
solely in its role to cool buildings.
Image: Man painting a roof white as part of the CoolRoofs initiative in New York City, U.S.

Direct Air Capture in Squamish, Canada
By Matthew McParland
•

•
•

•
•

•
•
•
•

•

As of April 2020, the average carbon dioxide in the global atmosphere hit a level of
413 parts per million. This is the highest concertation of carbon in the atmosphere
in over 800,000 years.
The increase of carbon in the atmosphere has contributed to climate change
through various ways including the raising of the earth’s overall temperature.
Since 2005, 9 out of 10 of the earth’s warmest years on record have occurred and it
is predicted that if the earth’s temperature is to raise another 1.5OC , there will be
some catastrophic effects on the world.
The company, Carbon Engineering, has developed a Direct Air Capture (DAC) system
which removes CO2 in the atmosphere.
This innovative technology collects air with rows of fans and carries the air through
several chemical filters that the CO2 molecules bind to, thus removing the CO2 from
the atmosphere.
The CO2 that is collected is treated so then it can either be reused as a fuel source
or permanently stored underground.
Over 10 years ago Carbon Engineering started working on this DAC system and the
first pilot model was developed and built in Squamish BC, Canada.
In 2015, the DAC was successfully able to remove CO2 from the atmosphere and in
2017, they perfected the process of converting this CO2 into a fuel source.
The pilot model of the DAC can collect 1,000,000 tons of CO2 from the atmosphere
each year. This is equivalent to the average emissions produced by 250,000 cars and
it is also equal to the air cleaning effect of 40 million trees.
Many influential people and companies have invested in Carbon Engineering for
their work on the DAC including Bill Gates and Murray Edwards.

Image: Carbon Engineering’s Direct Air Capture Model

CO2 Reduction in Thermal Power Plants
By Emeline Wang
• Even as global focus shifts to renewable energy technology, thermal power utilizing heat
energy from burning fossil fuels remains the world’s largest source of electrical energy at
80%.
• Moving forward, thermal power plant companies such as the Hitachi Group must look for
ways to improve efficiency while reducing CO2 emissions. The UN Sustainable Development
Goal #7 aims to double the rate of improvement in energy efficiency by 2030.
• The company’s main development is utilization of an integrated coal-gasification combined
cycle (IGCC) system and Carbon Capture and Storage (CCS) technology. They have been
researching this technology since 2001 as part of the EAGLE project.
• ICGCC works by partially oxidizing and “gasifying” coal to recover extra exhaust heat.
• Shown in the image to the right, oxygen gas and pulverized coal are fed into the top and
bottom burners. As they swirl around, CO and H2 gas escapes through the top while melted
slag falls to the bottom.
• Escaping gas is extracted, and the CO is converted to CO2 by undergoing a “shift reaction”.
• Recovering CO2 in conventional power plants that use air for combustion requires the
separation of nitrogen and CO2 from the expelled gas, however with the use of pure oxygen
for combustion, the resulting gas consists of only CO2 and H2.
• Finally, this gas is treated in a CO2 recovery unit which recycles this gas to regulate oxygen
concentration and temperature in the furnace.
• While originating from Japan, the Hitachi Group have multiple branches who have installed
thermal power plants globally, including in the Middle East, North Africa, North America,
and other regions. Their supercritical pressure coal-fired power plant Walter Scott Jr.
Energy Centre Unit 4 in Missouri was awarded Plant of the Year by Power magazine in
2007.

Image: Concept of Coal Gasification

Empire State Building in New York City, U.S.
By Tim Zhao
• New York City is without a doubt, the largest metropolitan area in the world. With a
population of almost 23 million reported in 2019, the city is also recognized as the
most populous and densely populated area in the United States. The burgeoning
human activity has placed this city at the heart of many environmental issues.
• The Empire State Building in Midtown Manhattan became one of the world’s most
renowned LEED certified buildings after its $550 million remodel project finished in
2011, paving the path for the city’s “Green Buildings” enterprise.
• The building also obtained the Energy Star certification in 2010.
• This project was launched with the goal of improving energy efficiency and reducing
energy emissions by 38% within the first 5 years.
• After the project was complete, the sustainable improvements were projected to
reduce carbon emissions by approximately 105,000 metric tons over a 15-year
period, saving $4.4 million in energy costs annually.
• The Empire State Building became carbon neutral in 2011, after an agreement was
made to buy carbon offsets amounting to 55 million kilowatt hours per year of
renewable energy
• The remodel project implemented several sustainability measures. This included:
window refurbishment and radiator insulation retrofit to regulate heat transfer and
insulation, upgrades to lighting and air handling units, and a revamp of tenant energy
management systems.
• In 2015, the program exceeded its initial energy goals and surpassed the projected
38% by 15.9% in emissions reductions, saving $2.8 million. It also generated a sum of
$7.5 million in energy savings since the project’s inauguration.
• This project serves as a milestone in the long-term sustainable development practices
of New York City, as the state is rapidly transitioning to embracing “Green Building”
guidelines in order to reduce its immense carbon footprint.
Image: Empire State Building in New York City, U.S.A
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“From an engineering perspective, the future poses limitless opportunities to
advance and improve technologically, allowing us to find new solutions to existing
and prospective problems.“

Climate Change Strategy in Ontario, Canada
By Radhesh Bhatt
•

Ontario is the second largest province in Canada with over 14 million residents and is Canada’s largest economy.
The real GDP of Ontario increased by 1.6% in 2019 and is increasing slowly but surely. Due to economic growth
and comparatively high population, Ontario is the second-biggest carbon polluter in Canada.

•

Ontario has made significant progress to address climate change. The total green house gas emissions have
dropped by 22% since 2005.

•

On November 29th 2018, the province released a “Made in Ontario Environment Plan” strategic plan that
considers the province’s priorities, challenges, and opportunities, and commits to reduce emissions to 30% below
the levels in 2005, by 2030.

Ontario will address Climate change by:
•

Helping Families and communities prepare:
• Prepare families and communities for the costs and impacts of climate change
• Improve understanding of how climate change will impact Ontario
• Will be following through on commitment of performing the first-ever broad, multi sector climate
change impact assessment to identify where the province is most vulnerable, and which economic
sectors are most likely to be impacted
• Practical and affordable options for basement flooding

•

Making Polluters accountable: ensuring polluters pay their fair share for their greenhouse emissions, while also
ensuring industries continue to make advancements
• Due to the recent elimination of the Ontario Cap & Trade program, Ontario finalized its new emissions
performance standards, to reduce green house gas emissions from large polluters without a carbon tax
• Finalizing amendments to Ontario fuel regulations to increase access to clean and affordable energy for
families
• Encourage the usage of lower carbon fuels to help with emissions from the transportation sector

•

Activating the Private Sector:
• Collaborating with the private sector as they have the capital, capabilities, and the knowledge to know
how to transform clean tech markets and transition Ontario to a low-carbon economy
• Incorporate the private sector’s best ideas and projects to reduce emissions while still being affordable
to taxpayers
• Use public resources to drive private sector investment

Image: Downtown Toronto Smog in Ontario, Canada

Chapter 2:
Air Pollution And Models of Air
Quality
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WEEKLY CHECKLIST
Introduction

Air pollution is responsible for human mortality and respiratory-related diseases in large numbers globally. Much of the work on air pollution focuses on a small set of
substances known as criteria pollutants. Pollutants are predominantly anthropogenic and therefore controlling their emissions would be beneficial for human health and the
environment, so an understanding of their sources and impacts is important. This module briefly touches upon the historical developments in air quality and presents some
Air Quality Indices to enable an interpretation of the resulting numbers and their impacts, in addition to a quick glance at indoor air quality. Lastly, emission dispersion is
described using models of air quality for point source pollution which is covered in detail, and line-source pollution; and the box model for area-source pollution presented
only conceptually.

Learning Outcomes
By the end of this week, you will be able to:
•
•
•
•
•

•

Identify the qualities of good air and polluted air
Recall the composition of air
Recognize the importance of air quality
Define the types of air pollutants – primary and secondary pollutants
Analyze the six criteria pollutants including their sources and impacts (CO, O3,
NO2, SO2, PM10 and PM2.5, Pb) and Volatile Organic Compounds (VOCs)
Describe historical developments in air quality

•

Calculate the Air Quality Index

•

Interpret AQI values in Canada, US, and globally

•

Recognize indoor air quality (briefly)

•

Describe emission dispersion

•

Calculate emission dispersion using the Gaussian plume model for point source
pollution

•

Calculate emission dispersion using the line-source emission dispersion model

•

Identify emission dispersion for area sources using the box model

Optional Readings and Resources
Articles:
O’Sullivan, F., 2019. The Notre Dame Fire Spread Toxic Lead Dust Over Paris, WIRED. Retrieved from: https://www.wired.com/story/the-notre-dame-fire-spread-toxic-leaddust-over-paris/
Videos:
Air Pollution by AFP news agency. Retrieved from:
https://www.youtube.com/watch?v=11oawjSncYM (1:28 minutes)
Killer Smog in Donora, Pennsylvania by Decades TV Network. Retrieved from:
https://www.youtube.com/watch?v=moLys7UhGxY (1:27 minutes)

QUOTES

“

I am optimistic when looking to the future with regards to sustainable development because there is currently a lot of
companies that are working on getting more efficient technologies out to the market.
- Jesus Antonio Lopez

From skyscrapers to package tracking systems, engineers are the backbone of infrastructure development. They play a
major role in building a foundation for society.
- Nicole Balles

I have personally lived under the grey skies and unbreathable air, and I
want to do anything in my power to make sure this does not happen to
any countries again.

I am fairly pessimistic, mainly due to
the social issues of public
manipulation and corrupt political
involvement.

- Yining Huang

- Walter Ricardo Illman

Not taking car place a huge part of being sustainable
and if more people do this, it will definitely reduce the
air pollution and change our climate condition better for
our future generations.
— Justin Lee

I am optimistic about future developments
because of the state we live in now. Since
global warming is so evident in today's world,
developing sustainable technologies is of the
utmost importance.
- Luca Mortillaro

Sustainability allows for continuous
stability within the process.
- Hashim Vekar

As engineers we should ensure that what we
create is sustainable, this could mean using a
reasonable amount of materials for a project
as well as ensuring that the project is
completed in an efficient way.
- Kavin Shah

I try to make a conscious effort to be environmentally
friendly. I do this through carpooling with friends and trying
to buy groceries that do not produce a lot of landfill waste.

Sustainability to me means living in
harmony with the material world that we
are blessed with, where each individual
consciously steps towards global
prosperity and unity
- Farid James Mullally

- Ethan Amero

Air Pollution in Beijing, China 1998 - 2020
By Yining Huang
• In 1998, Beijing started its intensive measures against air pollution
• The average lifespan for Beijing citizens are 5-6 years shorter than the
southern China citizens, and lung cancer rates have risen over 60% in the last
decade, despite smoking rates staying the same (2005)
• In 2017, PM2.5 concentration fell by 35% in Beijing and 25% in nearby cities
compared to 2013 levels
• In 2019, Beijing reached its lowest PM2.5 concentration since 2013
• Catalysts: The 2008 Olympics and 2020 COVID-19 pandemic
• However, the battle is ongoing. “The efforts are counterproductively making
the pollution worse” - Bin Chen and colleagues from Beijing Normal University

Top right image : The Bird Nest in Beijing, China
Bottom right image: NO2 Density around Beijing, NASA Earth Observatory

CityTree in Glasgow, Scotland
By Hashim Vekar
• The urban population around the world is exposed to a high level of air contaminants.
The reduction of greenery and space has led to this problem becoming worse.
• The World Health Organization states 80% people living in urban environments are
exposed to high levels of contaminants.
• Green City Solutions, a Germany based company, developed CityTree, a product that
filters CO2, nitrogen dioxide, and ozone.
• The product is a vertical garden made up of mosses that eat particulate matter. The
plant has the same effect as up to 275 trees, and only requires 99% less space.
• The company claims that CityTree can remove 240 tonnes of CO2 per year.
• The product uses Internet of Things technology to survey the environment and
weather conditions in order to regulate the water and nutrient levels that the plants
need.
• The CityTrees are paired with AirCare, a software that displays the data collected by
the CityTrees. Dashboards and reports are compiled which can be accessed by the
owners.
• The founders came up with the idea when they travelled to Asia and experienced the
problems of polluted air in cities.
• The CityTree costs €24,900 and is currently in 9 different European countries.
• A CityTree only requires a few hours of maintenance each year, making it attractive to
buyers.
• The company is in talks with multiple municipalities in selling their products to
improve air quality and remove pollutants from the air.
• Certain buyers are considering using the CityTree for advertising and marketing
campaigns. Green City Solutions is exploring these offers as well.
• Green City Solutions continues to do research with universities in Germany to
improve their product.
Image: a CityTree near the Gallery of Modern Art in Glasgow, Scotland

Rapid Bus Transport (Curitiba City)
By Sahra Hassan
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The major contributor to Air Pollution is traffic congestion, but it’s cities like Curitiba
that are making a difference.
About 30 years ago, Curitiba’s urban planners introduced a public transport system that
would meet public needs without need for private automobiles.
This City which has been termed, “the greenest city in the world”, has a population of
about 1.77 million and is known for its Rapid Bus Transport system.
About 80% of the population travel by bus. This results in pollution and congestion free
streets, which is why the buses are uninterrupted by traffic signals and congestions that
would have otherwise been caused by to a lot of vehicles on the road.
The city’s fuel usage is 3% less than most major cities in brazil. This results in better
quality of air and health benefits.
The buses travel on dedicated lanes and are organized into different types depending
on their routes. This eliminates various types of delay while improving speed and
reliability of the buses.
This system allows buses to run as often as every 90 seconds. As a result, it is the most
heavily used form of transport and at the same time most affordable form of
transportation.
For instance, some buses function in high speed with few stops, that is, it provides
express services to the city center which is useful to workers.
Other buses are for leisure and allow movement between housing regions and parks.
Bus fare collection prior to boarding makes passenger loading and offloading a much
faster process. In addition, bus fare is the same everywhere and every building is
located no more than 400 m from a bus location.
The city received the Global City Sustainable Award in 2010 for not only its transport
system but is sustainable urban planning system in general.
This model of transport is being and should be implemented by other countries in the
world.

Image: Public Transportation – Curibita, Brazil

Port Emission Rules, Hong Kong
By Farid Mullally
• The ports of Hong Kong play a very big role in the economic growth of the area and
supply chain related to manufacturing that takes place in the region. The container
terminals are among the busiest in the world. With all this marine vessel traffic, the
reduction of air quality due to port-related pollution leads to health consequences for
the local population.
• On July 1st, 2015, new control measures were put into place to reduce the rate of SO2
emissions by 12% and respirable particulate matter by 6%.
• The Hong Kong Legislative Council approved a comprehensive regulation requiring
ships to switch to a fuel with a sulfur content less than 0.5% within their fist hour in
Hong Kong waters.
• This was in addition to a rule from 2014 that required all locally supplied marine fuel
to have less than 0.05% sulfur.
• High financial penalties and possible prison are terms some of the consequences of
not following the regulation.
• In order to remain competitive with neighboring ports that did not have this
regulation, they also expanded their fuel switching incentive program.
• Other port cities with high-marine traffic have introduced regulations with the intent
of improving local public health and managing air quality.
• Besides fuel sulfur content and fuel switching, other green port practices are: onshore
power supply (using renewables for energy while at berth), vessel speed reduction,
and technology development (exhaust gas scrubbing, selective catalytic reduction).
• In the future, success regarding air pollution from international shipping will largely
depend on the requirements of the International Maritime Organization and how
they are enforced.
Image: Kwai Tsing Container Terminals, Hong Kong

Aamjiwnaang First Nation in Chemical Valley
By Nicole Balles

• The Aamjiwnaang First Nation (Chippewas of Sarnia) is located in Sarnia, Ontario.
Since the signage of Treaty 29 in 1827, their land was reduced from 10,000 acres to
3,100 acres due to the encroach of industrial facilities. Today, the 2400 Aamjiwnaang
are in the bullseye of Chemical Valley, a mass-producer of air pollution.
• Chemical Valley is Ontario’s largest concentration of chemical plants. Within a 25km
radius of Sarnia, there are 57 plants that are registered polluters.
• In 2014, an independent company measured benzene levels at 50ppm after a
suspicion of a facility leak. A cumulative effects assessment disclosed benzene levels
of 2.2 times the provincial ambient air quality criteria that year.
• Chemical Valley contributed to about one-third of Ontario’s benzene emissions of 162
tons in 2016. In the following year, benzene levels were three times greater than the
annual limit.
• A 2019 study shows that the incident rate of myeloid leukemia in Sarnia, an illness
caused by chronic exposure to benzene, was three times the national average.
• In 2009, Ada Lockridge of the Aamjiwnaang First Nation obtained a commitment from
the Ministry of Environment to review the regulation procedures for air pollution. The
review was not fulfilled until 2017.
• In 2017, the Clean Air Sarnia and Area website was established to provide
transparency to the community with real-time hourly data from monitoring stations.
• Currently, the Ontario government has erected 7 monitoring stations in collaboration
with the Aamjiwnaang First Nation. The stations monitor local levels of pollutants
such as sulphur dioxide, nitrogen oxides, and particulate matter.
• The hourly reports indicate a 50% decrease of SO2 and NO2 since 2009. However, the
benzene levels are similar those a decade ago.
• Although a solution has not been developed, the monitoring stations provide a
concrete step towards environmental and social sustainability.
Image: Aamjiwnaang Resource Centre in Sarnia, Ontario

Air Pollution from Construction, Toronto
By John Podgorniak
• Toronto is one the fastest growing cities in the world. New Highrise buildings are erected in
the city every year wherever possible. The city is becoming increasingly more dense and
populated. While this is great for a number of reasons including the economy, aesthetic
appearance of the city, and more living options, there are drawbacks to construction for the
environment
• There are a few categories of construction which are: Demolition, earthworks, construction
and dragout (trucks dragging dirt offsite).
• Demolition of buildings and earthworks tend to create more air pollution than construction
and dragout (“Construction & Air Pollution)
• In Toronto it is not uncommon for a small-medium size building to be demolished so that a
high-rise may be put up in its place. Additionally excavations (earthworks) are very prominent
and almost always if not always present in the construction of buildings.
• Because so much of this is going on at one time, all in one dense location, the City of Toronto
is at risk of significant air pollution
• Soil and gravel dust that are excavated or poured create dust that can be blown offsite. Clay
and silt materials are especially prone to create dust when dry because their particles are
relatively small. These are much more dangerous because they are easier to inhale and
impact your respiratory system (“Types of Construction Pollution”)
• Luckily, there are sustainable infrastructure options to combat air pollution. These practices
include installing devices such as tire washing stations to remove dirt form vehicles. This will
avoid dragout where trucks leave the site and the dried mud begins to spew from the tires as
dust in residential or commercial (populated) areas.
• Another practice is to reduce the length of unpaved roadway onsite. When vehicles even
onsite drive on unpaved roads dust is created which effects workers and can be easily carried
by wind offsite. Especially in downtown Toronto when everything is so close together
• Sometimes it is necessary to transport dirt, soil, gravel, or something that is simply prone to
dust. An industrial practice to reduce the potential for air pollution is to wet the material
prior to transport. Water can be used for this “wet sweeping” however there are actually
chemical dust suppressants that are used as well. Tarps are also to be used when possible
which fortifies the measures of wet sweeping (“Construction Best Practices Chart)
• These methods discussed should be used as they can significantly reduce air pollution from
construction.
Image: Grass in Toronto with CN Tower in background, Toronto
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Image: Grass in Toronto with CN Tower in background, Toronto

“From skyscrapers to package tracking systems, engineers are the backbone of
infrastructure development. They play a major role in building a foundation for
society. Thus, they should be at the frontline of sustainable development.“

Innovative Technologies Used in London to Fight
Air Pollution
London

By Jesus Corrado

• London, England, is currently facing an air pollution crisis. Since 2019 two million people
living in the city reside in areas where the air pollution surpasses the legal limit (40.45
μg/m3).
• This in turn has led to 3800 deaths per year in London due to air pollution.
Biosolar Leaf
• Imperial College scientists are working alongside start up Arborea to produce large panels
covered with tiny plants that absorb carbon dioxide and give off oxygen at a rate that would
match 100 trees while only taking up the surface area of a single tree. One tree consumes 48
pounds of carbon dioxide a year.
• The process works due to the process of photosynthesis which plants use to convert carbon
dioxide and water into sugars and oxygen.
CityTree
• The German based company Green City Solutions’ CityTree walls act as air filters and take in
harmful air pollutants such as nitrogen dioxide.
• This is accomplished through using mosses that naturally absorb nitrogen oxides and other
harmful chemicals.
• The walls also take in and redistribute rain water via an irrigation system which helps keep
the mosses alive. The walls are powered by solar panels.
• The walls are said to absorb as much pollutants as 250 trees.
Data Collection
• Transport for London and the Bosch Connectory are collaborating to install 17 air quality
sensor arrays that will measure the amount of nitrogen dioxide and tiny solid particles in the
air.
• AI will then be used to compare the data collected by the arrays to traffic flow data
representing the areas surrounding the monitoring stations.
• These two sets of data will then be used to optimize traffic flow to reduce pollution by up to
20%.
Image: A CityTree Installed By the Glasgow City Council

Yellow Dust in Seoul, South Korea
By Jeseung (Justin) Lee
•
•
•

•
•
•
•
•
•

•
•
•

South Korea is popular for its spectacular rise form one of the poorest countries in the world to a
developed, high-income country in just a few generations. Air pollution has been one of the major
problem Korea has been dealing with for a long time and the most famous case is the yellow dust.
China is the largest producer of yellow dust particles according to international journal Nature and it is
affecting People’s health and the economy of Korea as well.
China is the world’s most populous country with the largest population and 3rd largest land size. China
has the world’s fastest-growing major economy with growth rates averaging 6% over 30 years. Due to
the rapid development, sustainability in environmental resources is poor and it is causing a huge
impact on the air quality.
Yellow dust is mainly caused by desertification and it is resulted from global warming and damaging
the environment by getting rid of trees, making factories and etc. Due to these artificial factors,
desertification has been happening faster lately which is also resulting in more yellow dust.
Yellow Dust in China slowly moved to Korea in 2002 and by 2009 it got serious and fully covered Korea.
Usually, between March and May happens to be the time when the air pollution is the worst due to
yellow dust, and the particle size is about 2.5-10 µm.
Yellow dust causes people and animal’s respiratory diseases, cardiovascular disease, eye diseases and
more. It also blocks the sun light which interrupt the growth of the plants which is also affecting
human.
Due to these diseases caused by yellow dust, 30,900 people in Korea died every year and total 411,100
people worldwide died prematurely died due to yellow dust from outside their countries in around
2017.
Due to more industrialization and urbanization of China, the number of hazardous substances such as
sulfate, nitrate and heavy metal is increasing and being included in yellow dust which is spreading all
over the world especially the surrounding countries such as Korea.
Korea has been increasing the number of forest and windbreak trees. According to the scientist in
Korea, with 2m windbreak trees, it can purify the air condition within 20m. But, it is hard to do that in
the middle of the city, therefore they are still working on finding a solution of curing the air quality
with China and other countries affected by yellow dust.
Korea has also been working on reducing the emission of greenhouse gases campaign by walking if it is
a short distance or try taking public transportation to reduce the emission of CO2 or protecting trees
and environment from getting destroyed.
We individually have to participate on preventing disease from yellow dust by doing our own thing as
well such as closing the window or door so that the yellow dust doesn’t come inside, wear masks and
always keeping our hands clean and sanitizing everything that has been exposed to yellow dust.
Yellow dust is a serious problem that is still affecting everyone worldwide, so we need everyone to try
their best on preventing disease and to develop a way to purify our air quality.

Image: View of Seoul with and without yellow dust, South Korea

Chapter 3:
Water Resources and Water Scarcity
Issues

Taylor Binkley / Unsplash

WEEKLY CHECKLIST
Introduction
The quality of our life very much depends on the sustainability of our water resources, as such, the sustainability of water resources requires a look at both the quantity and
quality of water. This module looks at the “quantity” part of water, by exploring water availability and scarcity globally. An understanding of the hydrologic cycles puts in
perspective all our water resources, and an understanding of the biogeochemical cycle highlights pathways of substances through air, water and land. This module
introduces the water budget equation, and tracks water use in society by analyzing the water footprint and tapping into the meaning behind virtual water.

Learning Outcomes
By the end of this week, you will be able to:
•

Analyze global trends of water resources by mapping water availability and
scarcity

•

•

Explain the parameters of the water budget equation

Review the hydrologic cycle

•

Determine the objectives for sustainable water resources and uses

•

Locate water resources and human influence on the natural water cycle

•

Track water use in society

•

Define very briefly the biogeochemical cycle to identify the magnitude of water
repositories and residence times

•

Define virtual water

•

Interpret the water footprint of products

Optional Readings and Resources
Videos:

Our Thirsty World by National Geographic. Retrieved from:

https://www.youtube.com/watch?v=2pXuAw1bSQo (3:28 minutes)
The Future of Water by Quartz. Retrieved from: https://www.youtube.com/watch?v=4URapRHxsmE (10:10 minutes)
Water Changes Everything by CharityWater. Retrieved from:
https://www.youtube.com/watch?v=BCHhwxvQqxg (3:23 minutes)
First City to Run Out of Water? The Cape Town Water Crisis by AJ+. Retrieved from:
https://www.youtube.com/watch?v=hg6cwdc19Rw (10:29 minutes)

Book Chapters:

Kabbes, K., Reichenberger, J., Briggs, C., Davidson, C., and Perks, A., (2017). Chapter 16: Water Resources: Sustaining Quality and Quantity, in in Engineering for Sustainable
Communities – Principles and Practices by Kelly, W. E., Luke, B.; Wright, R. (eds), American Society of Civil Engineers (ASCE). Retrieved from: https://app.knovel.com/hotlink/
toc/id:kpESCPP004/engineering-sustainable/engineering-sustainable

QUOTES

“

I incorporate aspects of sustainability in my life by walking if I am going somewhere near and taking public
transportation to classes and co-op jobs.
- Sarra Hassan Alhassan

An engineer’s responsibility from a sustainable development side is to
be conscious in the designing stages and to account for sustainability by
being aware of current of future issues that may rise.
- Buse Celik

I make sure not to put anything down the
drain other than what is intended,
particularly fats and so-called "flushable"
wipes, in the interest of reducing costly
and environmentally harmful sewer
maintenance.

To me, sustainability means to have a
good balance and relationship between
the ecosystem/environment and
civilization.
- Jessica Deng

- Kyle Davis
I think that engineers have the capability to not just
implement sustainable measures for our societies
development but go beyond what is expected.
- Russel Dyce

It is very promising that sustainability and the
environment are becoming much more
important to the young people of today.
- Lefu Fang

I am optimistic in regard to the future of
sustainable development because technology
is evolving at a rapid rate.
- Manpreet Singh Ghotra

An engineering’s role in sustainable engineering is to make sure that
everything they build or consult on considers as many social &
environmental factors as possible.
- Jordan Kool

I believe engineers participate in the data
collection to predict and prevent the
society from reaching an unsustainable
state while also looking for ways to be
more sustainable in the future to come.
- George Harper

As engineers, it’s our job as
designers and innovators to
assure that we are doing
what we can to align our
project goals with
sustainability.

”

- Stefanie Anne Kurtz

QUOTES

“

I am optimistic when looking into the future, because I think that sustainability has to be an integral part of future
designs.
- Phillip Liu

I believe there's a lot of politics involved in environmental/sustainability,
and there are not enough advocates at the top to improve regulations.
- Ghazal Malekanian

While I understand the optimistic and
pessimistic future of sustainability, I am
optimistic that the cons of the future of the
subject will halt with futuristic solutions.

I believe in the ability of future engineers to
recognize the important of sustainability and
work towards achieving it.

- SeJoon Park

- Herman Li

I incorporate sustainability into my personal life by
reducing my footprint. At school, all my travel was
walking, biking and the bus.
- Levi Prinsen

If something is sustainable, I see it to mean
that it can be maintained for a long time.

Sustainability means using practices that
won't harm our environment, while still
producing the desired results in the present
and not negatively affecting the ability of
future societies to achieve their desired
results.
- Joshua Winger

- Rebecca Anna Rust

I think the role of engineers is to
incorporate the environment into their
designs whether it is a new highway or a
new building.
- Ahiesh Thampaiyah

To me, sustainability is using our knowledge
and skills to continuously develop
communities around the globe, with the goal
of achieving basic needs for each
person.impact on the sustainability effects of
the product as long as the product is used.

”

- Emmanuel Omorose Akpata

Thirst Project in eSwatini & Kenya
By Ghazal Malekanian
• The Global Water Crisis:
• 785 million people worldwide lack access to water, free from contamination.
• Individuals in developing communities must walk an average of 3.75 miles to gain
access to water.
• Every 21 seconds, a child dies from water-related diseases.
• The Thirst Project’s mission is to end the global water crisis in developing communities
that need access to safe drinking water and agricultural development by building
freshwater wells.
• The Kingdom of eSwatini is the second smallest country in Africa, with only 74% having
access to safe drinking water.
• Thirst Project committed to increasing that number to 100% and ensuring that the entire
country has access to water by 2022.
• eSwatini is one of the most HIV-infected countries in the world and access to water plays a
significant role in effectively treating and managing AIDS.
• To date, 446 project have been funded and 251,219 people in eSwatini have been served
clean water.
• Climate change has resulted in extreme droughts in northern Kenya, causing low food
production and agricultural activity in those regions.
• Without the access to a close and safe water supply, these communities cannot obtain a
sustainable agriculture production for food security.
• Since 2012, the Thirst Project has committed to building 2 water projects in Kenya every
year to increase the population’s access to drinking water as well as clean water used for
crops and livestock.
• To date, 11 project have been funded and 5,692 people in Kenya have been served clean
water.
Image: Hand Pump Fresh Water Wells Built by Thirst Project

Water Scarcity Issues in Ethiopa
By Buse Celik
• 62 million Ethiopians lack access to safe water and 97 million lack access to improved
sanitation where 23 million practice open defecation.
• In rural Ethiopia there is also a lack of access to clean water resources as many
women and children walk more than three hours to collect water, often from shallow
wells or unprotected ponds they share with animals.
• Many Ethiopian children, especially girls, face problems with school as only 45% of
kids attend primary school while the others are put to work collecting water each
morning to help their families earn money.
• Recurring droughts lasting months or years in the country result in famine, food
shortages, and water-related diseases, as people are forced to rely heavily on
contaminated water sources.
• There is often not enough water for people to bathe, leading to water borne
infections and sickness in children like cholera or diarrhea which are the leading
cause of death in children under five years old in Ethiopia.
• Over the years with the help of organizations implementing water projects like
building wells, rehab neglected wells, rain catchment tanks and protect springs, there
has been improvements within water scarcity in Ethiopia.
• In the year 2000, 75% of the population relied on unsafe drinking water. That
percentage has been cut in half in just 15 years and continues to fall.
• In the year 2000, nearly 80% of Ethiopians were using the restroom outside and in
the open. In 2017, that number dropped to 22.35%.
• To accomplish this, many communities developed structures called “pit latrines.”
These bathrooms, by definition, have four walls, a roof, and a door to keep flies out.
These structures help keep disease from spreading.
Image: Children enjoying clean water coming from a well, Ethiopia

Sustainable Water Management System in
Singapore
by SeJoon Park
•

Singapore holds a country with a dense population – prone to fault when resources are falsely
distributed and mistakes have been made. Despite being surrounded by a body of water, the
demands for freshwater are still high and are not always met

•

In 1977, the government declared a 10-year program to clean the Singapore river; since 1987, it
has been cleaned, unpolluted and serves as a primary water resource.

•

Shifted its focus for water through stormwater optimisation, by controlling flooding and water
supply – there is an extensive system of canals and drains that length over 8000km.
• Reduced flood prone areas by 98%

•

New system developed consists of rainwater collection, recycled water, and desalination with a
sustainable goal to become entirely self sufficient in water before 2061.

•

Currently holds 19 fresh water reservoirs, 9 water treatment plants and 17 reservoirs for purified
water

•

Rainwater collection: Marina Bay, an estuary closed off with a dam to prevent salt water from
entering
• Provides freshwater and protects from flooding

•

Recycled water: In 2001, PUB (public utilities agency) integrated a drainage system where all
recycled water went through a plant, which accounts for 30% of the city’s water supply.
• Four stage treatment process (Conventional treatment – microfiltration – Reverse
osmosis – UV treatment)

•

Desalination and spillage: First desalination plant (one of the largest globally) in 2005, provides
10% of city water supply.
• Goal is to multiply this production by doubling plant capacity.

•

Introduced economic incentives per capita water consumption – 155L per person per day

•

40% recycled water, 30% desalination, 20% rainwater collection.

•

Currently introduced new management called ABC waters to integrate water management closer
with urban environment – over 100 projects in the next 10 years

Images (Above) : The Ulu Pandan Water Reclamation Plant located in Singapore.
Images (Above) : Circular water management plant located in Singapore.

Fog Catchers in the Andean Region
By Herman Li
• At high altitudes in the Andean Region, water is scarce. While there is little resource
for surface water and ground water extraction, there exists fresh, easily collectible
water within fog. Fog is created when hot, humid air (Atacama Desert) condenses
against cool air (Andes mountain range).
• Fog catchers are meshes made from polyethylene or polypropylene that catch fog and
turns it into fresh, usable water.
• Fog catchers have been successfully implemented in many dry regions such as Chile,
Peru, Spain, and Saudi Arabia
• Many communities in Ecuador exist at high altitudes of 3000m >, where rainfall
averages at ~600mm/yr and evapotranspiration rates are at ~615mm/yr
• Fog catchers installed in the Palmira Parish in Ecuadoran Andes in 2014-2015
• Communities rely heavily on agricultural means to make a living. They primarily farm
potatoes, corn, and raise livestock.
• Fog catchers can catch an average of 5.5L of water per m2 of mesh area per day and
around 20L per day during rainy seasons
• Provides 5% of local agricultural water demand, which is enough to supply the growth
of potatoes and corn
• Groundwater wells typically costs tens of thousands to drill + the costs of filtration,
while fog catchers for a small community costs only a few hundred to a few thousand
without filtration needs.
• Since installed, the catchers have been received well by the community and can
provide the necessary water supply for agricultural needs

Images: Andes mountain range cloaked in fog (top)
Fog catchers collecting water in fog (bottom)

Land Reclamation in Lagos, Nigeria
By Emmanuel Akpata
• Lagos, Nigeria has the 19th largest urban population in the world with 11,614,000
inhabitants but is still growing at a remarkable rate of 3.90%. With 70% of Lagos’
population living in slums, 20% higher than the global average, civil engineers have
looked into reclaiming land lost to the Atlantic Ocean to accommodate more
Lagosians. This new subregion is called Eko Atlantic.
• This project consists of multiple purposes that should benefit the city of Lagos which
include financial stabilities, commercial, residential areas and accommodation for
tourists.
• As of 2020, 10 million square meters of land has been reclaimed from the ocean and
is protected by 8.5 km of sea wall to prevent erosion of the land.
• Several measures have also been taken to assure fewer emissions of CO2 which
include, the use of round abouts instead of intersections to reduce traffic time, more
sidewalks to encourage civilians to travel by foot, and a 200,000-tree nursery 40
minutes away from Eko Atlantic.
• The sea wall also protects Victoria Island, and Lekki, two dense subregions of Lagos.
• Eko Atlantic will solidify Lagos’ title as the economic capital of West Africa as it
harbors a 700 000 square meter business district in which 2 of the 13 business towers
have already been taken up.
• It will also contain a Marina that can withstand up to 400 boats, comparable to world
renown harbors like the Dubai Marina and Singapore Marina Bay.
• Most of Nigeria’s power is governed by the Power Holding Company of Nigeria
(PHCN) which is very inconsistent with its power delivery, but Eko Atlantic will take
extra measures such as taking advantage of solar panels and using dual-fuel plants to
capitalize on the availability of natural gas for cleaner emissions.
Image: Eko Atlantic City, Lagos, Nigeria

Droughts in California
By Phillip Liu
• California has had a long history of being affected by droughts, the latest being from
2011-2019, resulting in water scarcity issues.
• The latest drought lead to a decrease in agricultural production. In addition, some
rural communities were heavily affected, as they struggled to identify alternative
water sources after domestic wells went dry.
• There were severe impacts on environmental conditions, with the warm and dry
climate resulting in a destruction of animal habitats, as well as killing trees and
causing forest fires.
• Many ranchers could deal with the drought by using short-term strategies, this
included fallowing land, purchasing water from others, and most importantly
pumping groundwater.
• An effort was also made by urban communities to use less water, which included a
state ordered limit on how often outdoor watering could occur.
• Short term water conservation policies, enforced through regulations, were to reduce
urban water use in California by 25%.
• The state spent $3 billion between 2013-2016 to mitigate the effects of the drought.
• Short term activities supported by the fund included providing bottled water and
rescuing fish, these activities were only meant to deal with the effects of the current
drought.
• Longer term projects were also supported, such as building more wastewater
treatment plants, and were to be helpful for future droughts as well.
• Other projects with long lasting effects included lawn removal and water efficiency
upgrades.
Image: Drought damage on the Fresno Harlen Ranch in Fresno, CA in 2014

Safe Drinking Water in Haiti
By Rebecca Rust
• Access to safe drinking water is very limited in Haiti; up to 70% of the population is
without. This is in part due to the corrupt government and the fact that majority of
citizens live below the poverty line.
• The water that they gather most often comes from contaminated bodies and is the
source of many illnesses and therefore deaths.
• Clean water has been in issue in Haiti for years, but the earthquake in 2010 make
problems even worse as it destroyed many of the existing sanitation systems.
• Among others, an organization by the name Clean Water for Haiti has spent many
year developing, implementing and refining a model to provide clean drinking water
and empowering people with education about clean water.
• They sell filters for $4, which is a day’s wage, to households and families.
• They have found it be most effective when they sell to households rather than to
communities.
• When a household sacrifices in order to invest in one of these filters, they will take
very good care of their filter and it will last a much longer time.
• This does not satisfy Sustainable Development Goal 6 as it is not the best solution,
but it is a step in the right direction towards this goal and will provide a way for
further progress in the future.
Image: Haitian Wash Day

Solar Desalination Plant in Al Khafji, Saudi Arabia
By Jessica Deng

• Saudi Arabia is one of the driest regions in the world, with no rivers and lakes. It has
the most oil in the world but suffers from water scarcity issues. Saudi Arabi uses more
than four times the water that renews on average. This has made it harder for the
country to obtain renewable water for a sustainable future.
• Saudi Arabia obtains their water from non-renewable groundwater from deep fossil
aquifers, desalinated water, surface water, and renewable groundwater from shallow
aquifers.
• This project is estimated to cost $130m and will supply 60,000m^3 of desalinated
seawater a day to Al Khafji, which is located in the north-eastern part of Saudi Arabia.
This system will provide a regular supply of water to the region throughout the year.
• New construction of the solar-powered desalination plant would have taken place in
2017, but the company in charge of the project filed bankruptcy.
• The desalination plant will include a dissolved air flotation unit system, a second-stage
ultra-filtration unit, chemical-dosing systems, a reverse-osmosis unit, and storage
tanks for carbon dioxide, chlorine and lime, as well as a centralised control room for
power and water.
• The desalination facility will incorporate an ultra-high concentrator photovoltaic plant
to supply power for the desalination plant. The usage of renewable energy will reduce
operational costs and carbon dioxide emissions.
• The plant will have a maximum capacity of 15MW and once the peak power of
photovoltaic power plant surpasses the actual needs of the desalination plant, the
extra stored energy will be fed into the national grid for the public
• It is a great solution and alternative to the regular desalination plants due to its
reduction in carbon emissions and ability to transfer extra electricity to for public use
Image: Main desalination plant at King Abdullah University of Science and Technology in
Central Thuwal, Saudi Arabia

The Positive Impact of LifeStraw and Vestergaard

By Ethan Amero

• The lack of clean water across the globe is no new
issue and has been an important area of focus for the
UN, and many other organizations for some time now.
Some facts about clean water issues include:
• 2.2 billion people lack access to safely managed
drinking water services. (WHO/UNICEF 2019)
• 2 billion people live in countries experiencing high
water stress. (UN 2019)
• 80 per cent of wastewater flows back into the
ecosystem without being treated or reused. (UNESCO,
2017)
• Some facts about Vestergaard and the development
of their various LifeStraw products:
• The LifeStraw give back program as of 2019 has
reached more than 3,367145 students, 1,870 schools,
delivered more than 12,220 filters, and conducted more
than 15,831 follow up visits.
• LifeStraw offers a variety of products used to filter
water and uses a large portion of proceeds in their give
back programs.

Singapore’s Water Solution: Recycling
By Levi Prinsen
• Singapore is booming economically, it has the great healthcare and education and is
considered a very safe and clean city. But one thing it lacks is access to fresh water to meet
all of its water needs.
• Singapore is an island state and is surrounded by salt water, but their lack of fresh water has
led to the Food and Agriculture Organization (FAO) classifying it as “water poor”.
• To meet water demands, Singapore uses various water sources:
• Around 30% of water supply is imported from Malaysia through pipelines.
• There was another 30% that came from island reservoirs (17 of them)
• 10% of water supply comes from the desalination of salt water, but this isn’t costeffective.
• In 2003, the government funded a project called NEWater which was essentially recycling
water
• This is not a new idea, but Singapore is internationally know for their efficient process that
will satisfy a large percentage of the water supply.
• The process NEWater uses is demonstrated in the picture, which uses filtration to extract
large particles, reverse osmosis to sift out even smaller particles and finally ultraviolet
disinfection guarantees pure and drinkable water
• NEWater is very clean and exceeds all of FAO’s safety standards
• Singapore has four purification plants that produce 430 million liters of pure water. It
already produces a large percentage of Singapore's water supply.
• This project is Singapore's plan of being independent for their water needs. It is expected
that eventually NEWater will provide over half of the water supply.
• This project is great for the sustainability of water, as it cleans water that’s already been
used
• This project can be used as a model for other cities to meet their water needs.
Image: Singapore's NEWater reclamation process for water sustainability

Clean Drinking Water Using Solar Technology,
Texas
By: Stefanie Kurtz
•

Drinkable water can be created through solar power from tanks called solar stills

•
•
•

Sunlight is used to evaporate clean water and the vapour is condensed into drinking water
Large, expensive stills only create enough water for a small family
The traditional still is a black-bottomed vessel topped with clear glass or plastic

•

The bottom of the still absorbs the sunlight allowing the water to be heated and evaporated
leaving the contaminant behind
This traditional still has a theoretical output of 1.6 liters per hour per square meter of the
covered water’s surface area.
A group of material scientist at the University of Texas in Austin are developing a new
material that speeds up the evaporating process
They have developed an absorbent network of hydrogels and polymer materials
•
Polymers include a water-binding polymer called polyvinyl alcohol (PVA) and a light
absorber called polypyrrole (PPy)
The polymers are placed on top of the water surface
The water molecules to bond tightly with the PVA to form multiple hydrogen bonds,
allowing the molecules to bond only slightly with nearby water molecules

•
•
•

•
•

•
•
•

•

•
This creates “intermediate water”
The PPy attracts the sunlight allowing more sunlight to be used in evaporation processes.
The evaporation process is easier and faster than regular water and produces 3.2 L/h/m2 of
water
The next step was adding a third polymer, chitosan which strongly attracts water creating
more intermediate water
•
This new and improved gel produces 3.6 L/h/m2
Using the new polymers a 1 meter3 still could provide 30 liters of drinking water per day

Image: Solar Still used for experimentation at the University of Texas

Desalination as a Solution to Water Scarcity
By Lefu Fang
• Desalination is the process of converting sea water into fresh water which is fit for
human use and consumption.
• There are over 21,000 desalination plants around the world which produce more than
3.5 billion gallons of fresh water per day.
• The majority of the desalination plants worldwide are located in the Middle East, in
countries such as Saudi Arabia or Israel.
• The Middle East region is classified as “Approaching physical water scarcity”
and as having “Physical water scarcity”.
• Thus, desalination is an integral part of the water supply in those regions in
the face of physical water scarcity.
• There are two types of desalination technologies currently in use:
• Thermal: Evaporates seawater, leaving salts and minerals behind, then
condensing it
• Reverse Osmosis: Forcing seawater under high pressure through a membrane,
which traps salt and other minerals
• Both processes are very energy-intensive. However, many countries are turning to
renewable energy sources such as solar farms to power these plants.
• ‘Brine’ is released back into the ocean. Brine is a hypersaline liquid containing
extremely high concentrations of salt.
• Brine sinks to the ocean floor and creates an inhospitable environment for many
forms of marine life.
• New technologies are being developed that reduces the impact of desalination:
• Use of graphene sieves to filter out the salts from brine before release.
• The reclamation of raw materials from desalination byproducts for use in
industry and agriculture
Image: Reverse osmosis desalination plant in Barcelona, Spain

Solar Desalinization in La Union, Philippines
By Nathan Jamieson
• In the Philippines, clean water is a major problem. The Philippines is ranked 97th
among global access to clean drinking water and also has the highest water cost in
South East Asia. The reason why the prices are so high is due to the cost to transport
water as the water facilities in the Philippines are very centralized. The water is
trucked to the communities daily with a high water tariff of 6 $/m3
• Elemental Water Makers is a company that makes small scale and large scale
desalinization systems that run entirely on renewable energy
• Their system produced 11 m3/day of fresh water using 4 kW of solar panels to save 11
t/yr of CO2 emissions for a community in the Philippines
• It works by using reverse osmosis to separate the salt from the water and then the
fresh water leaves the system and is stored in a holding tank or tanks nearby
• The system uses solar power and residual energy from the excess salt water that
creates enough power to decrease the amount of solar panels by 4 times
• Hybrid system that can produce energy day and night with solar energy in the day
then boosting production 2 times by using grid power at night
• The system can save up to 70% on water expenses
• Has uses in residential, industry, small communities and water utilities
• Costs approximately 1 $/m3 to produce fresh water
• This specific desalinization system in the Philippines was constructed in 2 weeks
• The system is extremely automated and can be remotely monitored and operated
• A successful system that could help bring clean drinking water to coastal communities
in need in the future
Image: Elemental Water Makers in La Union, Philippines

Water Scarcity in Cairo, Egypt
By Ahiesh Thampaiyah
• The ancient city of Cairo is one of the largest cities in the world and is known for its
dense population. Cairo’s population has been increasing by about 2% each year and
is expected to double in size within the next 50 years.
• As the population continues to increase, the contamination of the Nile River
intensifies due to the untreated agricultural and residential waste.
• The Nile River provides Egypt with 97% of its water resources and is expected to
provide an average of 500 cubic meter per person by 2025, which is much lower than
the World Bank’s water scarcity threshold of 1000 cubic meters.
• Farmers are still practicing inefficient flood irrigation procedures leading to
evaporative loss and over-irrigation, causing permanent soil damage and rises in
groundwater tables
• Researchers are currently exploring the idea of utilizing drought-resistant plant genes
to reduce the salinity in the soil in attempt to improve its richness
• Egypt has made several advancements in the field of water management to cope with
the impacts of water scarcity. For instance, 10% of Egypt’s agricultural water is
recycled water.
• Professor Nader El-Din from Cairo University proposed the idea of shifting Egypt’s
reliance of domestic water from surface water to groundwater and seawater
desalination.
• Studies show that Egypt’s domestic water is divided into 2 primary sources. The main
sources are surface water and ground water which supplies 88.99% and 10.77%
respectively, of the total demands. The remaining 0.24% is supplied by seawater
desalination
• The government is currently committed to increasing the use of natural, cost-effective
techniques including, soil aquifer and wetland treatments to resolve the water crisis.
Image: Life by the Nile River; The land of fertile soil

Water Desalination in Dubai, UAE
By Manpreet Ghotra
• Dubai is one of the world’s most popular tourist attractions and serves as a central
figure in driving business in Asia. However, the city faces challenges in providing fresh
water to its 3.331 million citizens. One way it overcame this obstacle is water
desalination.
• The UAE meets 42% of its water demand through thermal desalination. Its water
supply is generated by 70 desalination plants that produce 14% of the world’s
desalinated water supply.
• Continued development of water desalination processes stems from the strain on the
city’s already scarce freshwater sources. The hot and humid climate creates an
environment where fresh water is not readily available.
• Reverse osmosis is the main mechanism that drives Dubai’s desalination plants. The
main principle behind it is that water is passed through osmotic membranes under
high pressure that also filter out salt, bacteria, and viruses.
• Water also undergoes distillation, which can be done through multiple-effect
distillation and multiple-stage flash distillation. These processes use heat and steam
to further purify water.
• The Jebel Ali power station is the largest water desalination plant in the UAE, and it’s
situated in Dubai. It is equipped with six gas turbines that have the capacity to
produce 2060 MW of power and 140 million imperial gallons of water per day.
• Although there are concerns over the high amount of energy desalination requires,
the energy required to produce water for a family of four per day is the same as
powering an air conditioner for one hour.
• The government is looking to continue to its efforts to provide clean water to its
citizens through more sustainable practices in the future.
• The UAE Water Security Strategy 2036 outlines the development of a new storage
capacity for water production and additional networks to link water and electricity
production that will cut consumption per capita by half.
Image: Jebel Ali Power Station, Dubai

Clean Water in Busembatia, Uganda
By Russel Dyce
• Busembatia is a rural town that is surrounded by swampland, which is ideal for
growing rice but not for drinking and sanitation. This town has no water services
and women and children have to make multiple daily trips to bring water back to
their communities.
• When fetching water, children do not have the opportunity to attend school and
women can not work.
• 2/3 of the Uganda population do not have access to clean water. This worsens
sanitation and health issues, which drastically increases sickness and infant
mortality rate.
• In 2007 the IFC created a project along with Trandint Ltd to install local water
stations in and around the growing community.
• Over the next several years, 700 new stations have been constructed and the town
is now working with the local government and banks to keep the project running
themselves.
• New stations are serving over 15,000 people in the town and surrounding area, and
they are working on extending the pipeline to neighboring towns.
• helped improve sanitation in Busembatia which lowered the sickness and infant
mortality rate.
• Local women and children now have an opportunity to work and go to school since
they are not fetching water everyday.
Image: Walk for water

Sand Dams in the Lekurruki Conservancy and
Oldonyiro Conservancy, Kenya
By Joshua Winger

• Sand dams are dams built across seasonal riverbeds during the dry season. During the
rainy season, the heavier sand sinks to the bottom of the riverbed and accumulates
behind the sand dam (This process occurs over a few years after construction of the
dam)
• Water from the river is then stored in the pores of the accumulated sand where it is
protected from diseases and evaporation and helps to raise the water table of the
surrounding area.
• 14 sand dams have been constructed in the Lekurruki and Oldonyiro Conservancies
between 2015 and 2019. (12 in Lekurruki, 2 in Oldonyiro) by Excellent Development
in combination with the African Sand Dam Foundation
• This region of Kenya has a harsh semi-arid environment with a history of drought
• The sand dams are helping to provide water for 10450 people across the two
conservancies, as well as the environment in the area as there has been increased
vegetation surrounding the sand dams and wildlife being spotted more frequently in
the conservancies.
• The Sand Dams have reduced the walking distance to obtain water for the average
person from just under 6 kilometers to 2 kilometers
• The sand dams have also increased the water collected during the dry season from
1.7 liters per person in 2015 to 8 liters per person in 2018
• The constructions of these sand dams have also increased the quality of education for
children as the no longer have to travel as far to get water and can spend more time
at school learning.
• Due to the success of the sand dams in Lekurruki and Oldonyiro the NRT an umbrella
organization for multiple conservancies in Kenya are working with Excellent
development to learn how to construct more sand dams, including the construction
of 5 more sand dams from 2019 to 2021
Image: Sand dam construction

Water Scarcity in Libya, Africa
By: George Harper
-

Water Scarcity is one of the greatest challenges in Libya, North Africa is one of the driest regions in the world.

-

Population of about 6.5 million, 90% of the people live along the coast, being about 5% of the overall land.

-

Annual rainfall ranges from 100 to 600mm in the northern areas in places such as Libya while the southern more
central areas receive less than 10 mm of rainfall annually.

-

The country has very limited surface water resources, with surface water contributing less than 3% of their total
water resources, no continuing river, few natural lakes and several natural springs.

-

Groundwater represents over 98% of the water use in Libya, there is an estimated total volume of approximately
99,500 km3 of water. There are shallow aquifers that contain renewable water basins and deep aquifers that
contain non-renewable basins.

-

A great solution already in place is the Man-Made-River-Project. This project is known to be one of the largest civil
engineering projects in the world. The main idea of the project was creating an underground pipeline that draws
waters from the aquifers beneath the Sahara, the Nubian Sandstone Aquifer system to be specific.

-

At the time this decision was made it was deemed 5 time more cost effective than any other alternative water
supply option.

-

The people using this water grew skeptical about the quality of water they were receiving through the pipeline
due to the lack of recurring maintenance and treatment on the water within the system.

-

An alternate solution would be for the government to invest more funds into the
desalination technology and wastewater treatment facilities. The issue with this solution is
that it is very expensive took acquire and maintain.

-

All of these challenges Libya has been facing have been influenced by the civil war that
started in 2014 and is still on going.

-

During this time many power and water control systems have been heavily damaged due
to the war, and that being a factor in worsening their water shortage.

-

The war has also put projects such as the MMRP on hold ever since the revolution began
in 2011.

Image: Model Representing the Man-Made-River-Project

The Water Nexus, Zeeland, Netherlands
By Jordan Kool
• Climate change is leading to longer periods of Draught in the Netherlands. This is
leading to a lack of fresh water for the population and increased salinization of the
ground water as there is a lack of counter pressure.
• The Water Nexus project stems from research conducted by the Wageningen
University of research in 2015 into the effect of climate change on the Netherlands. In
2017, with funding provided by a group of 24 companies in the Zeeland province, The
Water Nexus project was created, with the goal of creating iprved water recycling
technology and processes for use across the country.
• Through years of research into what is causing the draughts in the Netherlands and
how demand on the water supply could be lessened, researchers were able to
develop more sustainable water infrastructure and processes.
• The project seeks to create wetlands filled with water from Industries, agriculture,
and residences.
• The wastewater from these sources will be purified using natural methods such as
organisms, and plants. Natural methods can not purify all the wastewater though,
heavy metals, pesticides, and medical residues will have to be separated and purified
using modern electro chemical techniques and membrane technology.
• To reduce fresh-water demand for industry, researchers developed improved
electrochemical membranes to remove salts from Reactor coolant so that it can be
reused elsewhere.
• The project hasn’t necessarily created new technology to refine wastewater but is
instead aiming to improve and scale up existing technology for industry and
agricultural use.
• The improvement of electro dialysis techniques is currently being tested in the
agricultural industry to remove sodium and chloride ions so that wastewater can be
reused for crop growth.
• Development of a bacteria that can live in salt water and clean up industrial
pollutants creates the ability to use dirty ocean water for industrial use instead of
using potable water resources.
• The project hopes to instill a mind set of “salt if possible, fresh if necessary” in locals
to reduce demand on the water supply.
Image: Artificial fresh water lakes in Biesbosch National Park, Netherlands

Water Scarcity in Cape Town, South Africa
By Kyle Davis
• In 2018, Cape Town had been struggling with years of sub-average rainfall and a
seeming unwillingness of residents to reduce water usage
• The area’s drought may have been brought about by climate change
• The city was approaching emergency and implementing ever-increasing water usage
restrictions
• Cape Town’s dams rely almost exclusively on rainfall
• In May 2017, dams were around 21% of their normal capacity, holding only around
190 000 megalitres of water
• Urban usage makes up a significant portion of the area’s water usage
• As a result, pools, car washing, and fountains were banned
• Showers were to be restricted to under 2 minutes
• The South African government announced a so-called “day zero,” at which point taps
would be turned off and water would only be accessible from communal collection
points
• The extreme measures were very effective; the city’s daily water usage dropped over
15% in an area where water is already stretched thin
• Alternative agricultural approaches allowed economical use, including irrigation at
night and mulching, both of which are intended to get more of the water used into
the plant in questions rather than the atmosphere or ground
• Water pressure was reduced, forcing a lower usage in the same amount of time
running a tap
• By September 2018, the dams were back to high capacity, and water usage
restrictions were lifted
• Desalination plants were introduced to reduce dependency on rainfall
• Reduction of water-heavy invasive plants is suggested to aid in the ongoing efforts
Image: Theewaterskloof Dam near Cape Town at low capacity in Feb. 2018. This dam is
the largest of the 6 main reservoirs providing water for Cape Town.

Rainwater Harvesting in Rotterdam, The
Netherlands
By Sarra Alhassan
•

•

•
•
•
•
•

•
•
•

Climate change has posed major impacts in the Netherlands. Precipitation has
increased by over 20% and sea levels are rising. With 60% of people in the
Netherlands living below sea level, the country has invested in sustainable water
management systems to help deal with heavy rainfalls and changing weather
patterns.
The city of Rotterdam is in the delta of the Meuse river and is about 30 km from the
North Sea to which it is connected through the New Waterway canal. During the
past century, sea levels in the Dutch coast have risen by about 20 centimeters which
puts Rotterdam at a higher risk due to its geographic location.
Rotterdam ranks the highest out of 50 cities worldwide in the Arcadis Sustainable
Cities Water Index. The core elements of sustainability assessed in the index were
resiliency, efficiency and quality.
Being a leader in water sustainability, the city of Rotterdam has implemented
numerous innovative solutions such as green rooftops.
A green rooftop includes a layer of vegetation, a moisture retention layer, drainage
system and a water-proof membrane.
In Rotterdam, over 185,000 m2 of rooftops have been transformed to green
rooftops over the past years to harvest rainwater. The city aims to achieve
1,000,000 m2 by the year 2030.
Green rooftops greatly assist in stormwater management as they reduce
stormwater runoff. During periods of heavy rainfall, they decrease the rate of
rainwater runoff which reduces the stress imposed on sewer systems during peak
times and reduces local flood risks. Therefore, by absorbing precipitation, green
rooftops act as an innovative method of temporarily storing water.
They can sustain about 70-90% of precipitation in the summer months and about
25-40% in the winter months. Green rooftops have increased Rotterdam’s water
storage capacity by over 1.6 million gallons.
The use of green rooftops for water retention can decrease water treatment costs
by up to $75,000 annually.
The green rooftops can also act as natural filters for runoff water in addition to
moderating runoff water temperature.

Image: DakPark in Rotterdam, The Netherlands

Chapter 4:
Water Pollution and Methods to
Improve Water Quality
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WEEKLY CHECKLIST
Introduction
Water that had been withdrawn from a water source to serve some purpose for for human activities is returned back polluted in some way or another. Since the list of water
pollutants is a lengthy one, this module groups these pollutants in terms of human influences: atmospheric influence, ground influence and accumulating influence. To
cover this very broad topic in one week, this module touches upon atmospheric influence conceptually; ground influence insofar as it relates to surface water and
stormwater runoff and understanding the solids in waters; and accumulating influence as it relates to impacts of agriculture on water quality. Quantitative models of water
quality that are introduced include the biochemical oxygen demand, oxygen sag curve, and the Streeter-Phelps Equation. Methods to improve water quality are presented
in terms of reducing quantity of runoff, reducing quantity ofpollutants, and application of engineering methods to mitigate the impacts.

Learning Outcomes
By the end of this week, you will be able to:
•

Identify water pollutants

•

Identify measures of aquatic health

•

Describe water quality parameters

•

Analyze the biochemical oxygen demand

•

Review the atmospheric influence of human activities

•

Describe the Oxygen Sag Curve

•

Describe the concept of buffering in lakes

•

Execute computations using the Streeter-Phelps equation

•

Identify surface water sustainability

•

•

Identify measures of surface water transport effectiveness

Identifying sustainable mitigation measures to reduce human influence on
waterways

•

Methods to reduce the quantity of runoff

•

Methods to reduce the amount of pollution entering waterways•

•

Engineering methods to mitigate impacts of water pollution

•

Demonstrate the characteristics of storm water runoff

•

Categorize and calculate solids in water

•

Describe impacts of agriculture on water quality

Optional Readings and Resources
Website:
Rational Method Equation Calculator. Retrieved from
https://www.lmnoeng.com/Hydrology/rational.php
Videos:
Malaysia and Singapore’s Water Dispute (2013) by MaxMediaAsia. Retrieved from
https://www.youtube.com/watch?v=fBbK9oFlOpA (8:48 minutes)

I believe that engineers are problem solvers and have the
ability to help others around them by providing solutions in
various industries.

QUOTES

“

- Riya Sandeep Adukia
Sustainability to me means the ability of humanity and the environment to coexist together so that future generations
continue to be successful economically and environmentally.
- Riber Alvarez

I am optimistic, because it seems the general public has accepted
that there needs to be change for the future.
- Louisa Has Yu Chan

Engineers make a variety of
important decisions throughout
their career and should look to
provide prosperity for future
generations through those
decisions.

Sustainable means building products
while also preserving nature, and living
in harmony with it.
- Nikhar Dhingra

- Anthony Ferazzutti
I see the future to be a time where many sustainable
products and buildings are created, and companies that
care about sustainability and putting funding aside to
achieve it.
- Anahita Jam-Torki

I am optimistic when looking to the future
regarding sustainable development because I
do not think it is too late to change our ways
of thinking.
- Louis Shin

Sustainable for me mainly comes from bring as
diligent as possible with sorting recycling and
food waste.
- Owen Nicol

Engineers, being at the frontlines of innovation, have this responsibility
to change our society to a sustainable one.
- Liam Jacob Sy

I think the sustainable development would
progress significantly only if the majority
starts to have it in mind.
- Yifei Peng
Engineers should plan carefully so that our
future generations will not pay for the
sacrifice we make today.
-Jaco Ye

I am pessimistic [regarding
sustainable development in the
future] because most people don't
care about the future and are only
concerned with things that are
presently urgent.

”

- Denis Xi Tan

Clean OsloFjord in Oslo, Norway
By Nikhar Dhingra
•

•

•

•
•

•
•
•
•

•
•

Oslo, the capital of Norway, sits on the country’s southern coast at the head of the Oslofjord.
Norway’s fjords have long inspired the country’s artists and drawn streams of tourists. In winter,
their ice-laced surfaces shimmer beside snow-capped mountains: a vision of natural beauty, blissfully
untouched
Mostly, though, the fjord is filled with garbage, like unwanted cars. The seabed in the Inner Oslo
Fjord was heavily contaminated with environmental toxins from industry, shipyards, sewerage
discharge, paint from ship bottoms, wood burning and onshore traffic over many years. The
pollution spread through the fjord and settled on the seabed.
The Oslo Fjord Clean Up project ran from 2006 to 2011. The clean-up project is part of an integrated
plan of remediation measures for marine areas within the Oslo Fjord. The project is also a step in a
concerted national effort to remediate contaminated sediments.
The measures taken consisted of dredging, capping and placing the contaminated sediments in an
approved disposal facility.
The sediments were dredged using a specially designed closed grab to minimize resuspension.
Approximately, 650,000 m3 of contaminated sediments from shallow parts of the harbor were
dredged.
The contaminated sediments will be capped using clean clay recovered from other city tunneling
projects. The deeper zones of harbor, outside the dredged areas were capped with clean clay.
The sediments were stored in a deep-water deposited site located next to the head of Oslo Fjord.
To monitor the disposal site, a number of wells were installed locally, in piers and in rockfill dam.
Three types of survey were carried out in April and June 2015: sampling of biological life on the
seabed, sampling of sediments on the seabed, and sampling of surface water basins. Life on the
seabed was investigated in 15 locations in Oslo's port areas. The results showed that biological life
on the seabed was in the process of regenerating itself, although it is still too early to assess the total
effect.
“The Oslo Fjord Clean Up project has now been completed, but we will continue to focus on the
water quality”, says Heidi Neilson, Head of Environment, Port of Oslo.
Currently, Oslo Fjord is kept clean by using VEAS, Norway’s largest water treatment plant.
Wastewater from approximately 700,000 inhabitants travels in large underground pipes to be
treated at the VEAS plant.

Image: Oslo Fjord in Oslo, Norway

Four Actions to Improve Water Quality in
Shenzhen, China
By Jaco Junhao Ye
• Shenzhen, China
Ø Leading global technology hub, dubbed by the media as the
China’s Silicon Valley.
Ø One of the fastest-growing cities in the world in the 1990s and the
2000s
Ø Ranked second on the list "top 10 cities to visit in 2019" by Lonely
Planet.

• Water Quality Issues
Ø 159 black colored and smelly bodies of water
Ø The water quality of the five major rivers, were categorized as
Class V water quality
Ø Historical issues that were caused by the outdated environmental
infrastructure
Ø The sewer network is lacking 5,938 kilometers
Ø Not separating the pipelines for effluent and the rain water

• Four Actions
Ø Mechanism for water control with responsibility
Ø Corporations will take the responsibility of managing the whole
watershed
Ø Cure from the root of the problem and separate effluent and the
rain water
Ø Involving varies sources to manage together

Shade Balls in Los Angeles, US
By Anahita Jamtorki
• The Los Angeles reservoir uses chlorine to get rid of Algae growth and Bromide is a
naturally occurring substance in salt water which is harmless but impossible to
remove.
• When water gets disinfected with Ozone, the Bromide in the water turns into
Bromate, which is carcinogenic, so there are regulations to ensure that the level of
Bromate is below a certain level when Ozone is used in filtration plants.
• Later it was realized that Bromide and Chlorine form Bromate under sunlight in the LA
reservoir, so the Bromate level also needed to be regulated in the reservoir.
• Many solutions were analyzed and eventually shade balls were discovered.
• The shade balls prevent the sunlight from reaching the water which prohibits
Bromate from forming.
• Many tests were conducted to ensure that the ball was safe to use. For example,
they use 3 kiddy pools to test 3 different methods to reduce levels of Bromate and
the shade balls were the most effective.
• The black color on the shade balls block any sunlight from reaching the water, the
pigment is safe when in contact with drinking water, food grade material, and remains
stable for at least 10 years under the sun.
• The shade balls are also stable against wind, because they’re filled with water to
prevent them from moving too much.
• Another benefit of the shade ball is the further prevention of Algae growth and
reduction of Chlorine usage in drinking water, because even with Chlorine, Algae can
grow while staying under the drinking water standards but without sunlight Algae
cannot grow.
• Lastly, the shade balls prevent water evaporation from the reservoir, because less of
the water surface is exposed to the heat from sunlight, and the shade balls stay cool
on the side not exposed to sunlight, so the heat is not transferred to the water.
Image: Shade balls covering the LA reservoir, US

STORMWATER POLLUTION IN SAN
FRANCISCO, CALIFORNIA
BY: RIYA ADUKIA

• Stormwater is the largest source of water pollution to the San Francisco Bay
• When it rains, many toxic pollutants such as: trash, oil, pesticides, fertilizers or household chemicals, are washed
into the Bay
• Asphalt surfaces on roofs, driveways, streets, buildings and parking lots send rainwater into gutters and storm
drains
• Streets cover about 25% of the city’s surface, thus contributing significantly to the stormwater pollution
• Pollutants have negative impacts on the plants, animals and people that depend on the Bay, such as:
o
o
o
o
o
o

Unhealthy fish population in the Bay Area creeks, due to the pesticide contamination
Fertilizers contribute to growth of algae and reduction of oxygen in the Bay
Oil and grease are toxic for the fish, and nickel is dangerous for the shorebirds
Fish are unsafe to eat due to the high amount of chemicals (PCBs) and mercury concentrations
Bacteria and other pathogens make the water unsafe for recreational activities such as boating and swimming
Garbage (plastic bags and bottles) clogs waterways and can suffocate the wildlife

• More than 1300 industrial facilities release polluted rain runoff into the storm drains which lead into the Bay
• The city’s stormwater infrastructure is one of the methods being used to control the stormwater pollution
• The underground sewer system is an essential part of the city, as it carries sewage and stormwater away from
the Bay; there are two types of sewer systems: combined sewer system and separate sewer system
• A combined sewer system transfers wastewater and stormwater in the same set of sewer pipes, to a treatment
plant where it is treated to secondary treatment standards before being discharged into the Bay or ocean
o During heavy rainstorms, the excess water can exceed the capacity of the city’s treatment plants, so it is treated to the
primary treatment standards before being discharged; this is a combined sewer discharge
o Heavy rainfall can also lead to flooding in low lying areas of the city such as creek beds
o One of the city’s goals is to decrease the quantity of runoff traveling to the combined sewer system

• In areas with a separate storm sewer systems, stormwater and sewage travel in separate sets of pipes, where
the street runoff usually flows untreated directly to the Bay or ocean
o In San Francisco, approximately 10% of the city utilizes a separate storm sewer system (including Mission Bay, Hunter’s
Point, the Presidio, and Lake Merced)
o One of the city’s goals for the separate sewer system, is to improve the quality of stormwater runoff before it reaches the
Bay

• The city is continuously working to develop multiple solutions to improve the stormwater management, some
solutions include:

o Upgrading the grey infrastructure (i.e. pipes and treatment plants), and the green infrastructure
o Integrating low impact design-based solutions into streetscape projects as they have benefits like greening and traffic
calming; low impact development aims to reduce stormwater pollution by designing buildings, roads and public areas to
naturally process rainwater (i.e. letting it filter, drain, and gradually flow into groundwater, creeks, and the Bay)

The Four National Taps in Singapore
By Louisa Chan
• Singapore is a growing economy, being the hub for exports in electronics, chemicals
and pharmaceuticals. Despite having a small area of land, the country has a very high
population density. In addition, Singapore is one of the largest oil refining centres,
with the largest port and biggest bunker services in the world. Despite the booming
economy, water is scarce in Singapore and is highly prone to water pollution.
• Singapore’s Public Utility Board (PUB) introduced a solution in the form of a project
called the “Four National Taps”. These taps are comprised of imported water from
Malaysia, local catchment, desalinated water and NEWater.
• The local catchment tap consists of the collection of rainwater in urban areas around
the country and transporting it through more than 8000 kilometers of underground
waterways to one of the 17 reservoirs located in the country.
• The desalination tactic involves removing salt from seawater. This tactic allowed PUB
to meet 25% of the nation’s water need with only two desalination plants.
• The NEWater tap involves the use of advanced technologies to treat used water so
that it can be reused for drinking and other uses. This method is used to supply 30%
of Singapore’s water demand and is proven to be cost-effective and efficient.
• The water collected from various sources is transported through pipelines to water
treatment centres, where it is then treated, filtered, and disinfected.
• PUB is currently exploring the use of robotic swans to monitor water quality in the
reservoirs. The swans will collect real-time water quality data and monitor key
indicators of water quality, such as pH value, dissolved oxygen, turbidity, chlorophyll
and algae growth.
• Since then, Singapore’s tap water quality is well within the Singapore Environment
Public Health Regulations 2019 and the World Health Organisation Guidelines for
Drinking-water Quality.
Image: Tuas Desalination Plant in Singapore

MADFORWATER Project in Northern Africa
By Riber Alvarez
• The Middle East and Northern Africa are the driest regions of the world with only 1%
of the planet's freshwater resources.
• These regions are projected to have a 47% increase in water demand for 2015-2035
due to population and economic growth.
• Agriculture account for 80-85% of freshwater consumption in these regions.
• MADFORWATER is a research and innovation project funded by the European Union’s
Horizon 2020 programme and is coordinated by the University of Bologna.
• Their goal is to develop a set of technological and management solutions to
strengthen wastewater treatment, treated wastewater reuse for irrigation and water
efficiency in agriculture.
• The MADFORWATER project is based on the sustainable balance between water
supply, water demand, adaptation and integration.
• An analysis was conducted to analyze the effects the MADFORWATER projects would
have on food security and socioeconomic developments.
• The improvements of irrigation efficiency and treated wastewater reuse are expected
to lead to improvements in food security
• The improvements in the availability of water resources and a reduction of water
stress levels would result in socioeconomic growth balancing the expected negative
effects of climate change on food security.
• Currently four field pilot plants of integrated wastewater treatment and efficient
reuse in agriculture have been implemented into these countries.
• A plant for the treatment and reuse of municipal wastewater in Chotrana, Ariana,
Tunisia.
• A plant for the treatment and reuse of textile wastewater at the Gwash industry
(Nabeul, Tunisia).
• A plant for the treatment and reuse of municipal wastewater in Agadir, Morocco.
Water is then reused for the irrigation of olive tree fields.
• A plant for the treatment and reuse of drainage canal water near Lake Manzala in
Egypt. Water is reused to irrigate cotton and beet crops.
• MADFORWATER has set an example for future innovative water projects in Africa, it
being one of the”7 water for Africa” projects tackling the many water related
problems in Africa.
Image: Field Irrigated with treated wastewater in Morocco

Effectiveness of Low Impact Development at Elm
Drive, Mississauga (Canada)
By Denis Tan
• Low Impact Development (LID) is becoming more common in urban infrastructure
design to enhance stormwater management and water quality; LID is designed to
emulate the natural movement of water in the environment through infiltration,
filtering, and storing stormwater runoff
• The Great Lakes have seen significant urban runoff contamination due to fast-paced
population growth amplified by climate change
• Credit Valley Conservation’s Infrastructure Performance and Risk Assessment program
has one location at Elm Drive to evaluate
• Effectiveness of LID practices in treating and managing stormwater runoff
• Long-term maintenance needs and impact of maintenance on performance
• Quality and quantity performance of LID designs in clay or low infiltration soils
• Elm Drive site is located on a mixed-use street with residential homes and an
education centre
• The site was re-graded to direct runoff to a LID facility through six catchbasins; it was
also retrofitted with permeable pavement sidewalk and parking layby and six
bioretention cells connected with an underdrain
• Continuous monitoring of precipitation, flow, water quality, water temperature,
turbidity, infiltration, and soil quality sampling; collected biweekly
Outcomes (Measured from 2011-2016)
• Water Quantity: achieved substantial volume reduction for events of all sizes
compared to uncontrolled; 80% of precipitation events produced no flow and events
in the range of 2-25 mm, which is 90% of events in the area, achieved a reduction of
93%
• Water Quality: reduced total phosphorous by 90%, total nitrogen by 92%, lead and
zinc by 96% plus other significant contaminants to achieve a reduction by 90% total
suspended solids
• Annual cost: $1000-2000 for cleaning and maintenance
Image: Stormwater Management in Hinsdale, IL

Industrial Water Pollution in Manila, Philippines
By Liam Sy
• The Philippines is composed of more than 7,107 islands in Southeast Asia. Its capital,
Manila, is one of many cities suffering from excess waste and industrial pollution.
• Due to exponential population growth, the surrounding water in the Philippines is
slowly deteriorating. Mass industrialization, urbanization, and agriculture continue to
affect the quality of water.
• Majority of water pollution is caused by wastewater, according to Greenpeace, which
includes industrial, agriculture, and sewage waste.
• Industrial pollutants include lead, mercury, cyanide, etc. According to the Water
Environment Partnership in Asia (WEPA), agriculture contributes to 32% of landmass
used in the Philippines.
• In a previous study, around 58% of groundwater in the Philippines is contaminated by
coliform. A third of illnesses monitored over five years was also found to be caused by
water contamination.
• Of Philippines 421 rivers, 50 rivers are “dead” and cannot sustain life, according to
Greenpeace.
• The WEPA estimates an annual cost of $1.3 billion due to water pollution.
• The government, along with other groups, have implemented regulations and
standards such as the Pollutant Release and Transfer Register (PRTR), a database
containing information about dangerous pollutants.
• The “Clean Production” concept also seeks to inform the public about the dangers of
water pollution while implementing alternative production practices.
• The World Bank and the Manila Third Sewage Project (MTSP) continues to mitigate
sewage issues in highly populated places.
Image: Massive Plastic Waste Aftermath of Typhoon Ompong in Manila Bay

Suzhou Creek Treatment in Shanghai, China
By Yifei Peng
• Shanghai has been one of the fastest-developing cities in the world over the past two
decades. It is now the financial center of China, making up 3.85% of China’s GDP in
2019. Back to 1930s it had undergone serious water pollution in Suzhou Creek along
with the industrialization of the city.
• Suzhou creek was completely black and smelly after decades because of the direct
discharge of industrial and domestic wastewater from warehouses and factories.
• Shanghai municipal government had launched a Suzhou Creek Rehabilitation Project,
carried out in three stages throughout 1998-2011.
• New construction of three new corridors of bus lanes that span 49.3 km was
completed between 2016 and 2017.
• The first stage started from 1998 to 2002
•
•
•
•

220 kilometers of intercepting pipelines were laid;
A daily capacity of 400,000 m3 wastewater treatment plant was built
1.25 million cubic meters of sediment was dredged
Oxygenating contaminated sections to improve the self-purification ability of the water body

• Second stage started from 2003- 2005
•
•

rainwater storage tanks were built to store the first half hour rainfall
150,000 !! of afforestation & 300,000 !! of riverside green space expansion

• Third phase in 2008 to 2011 continued sediment dredging, completing wastewater
treatment system and eliminating pollution source.
• In 2012, water quality is stabilized at the standard for agricultural and general
landscape water. Ecosystem is recovered and surrounded areas are more livable.
• The city is still working on increasing drainage capacity, eliminating combined sewer
flows as well as expanding water treatment to small river channels for the future
sustainable development.
Image: Top: Suzhou Creek in the 1990s
Bottom: Suzhou Creek in 2019

Shade Balls in Los Angeles, U.S.A.
By Eklil Alimi
• Los Angela has a 1.2km by 0.5km open reservoir that holds 3-billion-liter
and is the direct source of water for all its residents.

Problem
•
•
•

In 2012 unhealthy amount of Bromate was being found in their water.
They discovered the natural Bromide in their water when combined with
the reservoir Chlorine and direct sun light, created extreme amounts of
Bromate.
Bromide is almost impossible to remove from water and the Chlorine
was needed for the Algy growth. Therefore they decision was to
eliminate sunlight, but How?

Solution
•
•
•
•

Solutions included Tarps or Dome structure, but these were
uneconomical and not ecofriendly
Then they came across Bird Balls, which are spherical, food grade plastic,
black balls partially filled with water and slightly larger than a baseball.
Why Bird Balls? Economical and Eco Friendly.
These balls in large masses can completely cover bodies of water and
eliminate any direct sunlight.

Results
•
•

Eliminated Bromate, Algy and Evaporation. Reduced water temperature
and Chlorine use.
Now referred to Shade Balls after the large-scale use in Los Angels

Sources For Imagines
https://www.youtube.com/watch?v=uxPdPpi5W4o

Enhanced-Multi Effect
Thermal Separation [E-METS]
By: Anthony Ferazzutti
•

In a world with a constantly increasing population, the
demand for clean drinking water follows the same growth.

•

This has become an issue in areas that do not have access to
fresh water to process into drinking water.

•

While a majority of the countries in the world do not have
direct access to freshwater, a lot of them have access to ocean
water.

•

Ocean water traditionally has been overlooked as a solution
due to the complexity involved with desalinating it, until EMETS.

•

The E-METS process includes boiling and cooling the water
with an added solution to facilitate the chemical reaction.

•

This device allows countries to utilize their ocean water, that is
close to them rather then finding a solution that involves
importing freshwater.

•

The E-METS uses low grade waste heat to provide energy to
the reaction while being environmentally conscious.

•

The only CHG footprint that this product produces would be
from the manufacturing of the E-METS solution.

Improvement of Water Pollution Control in China
By Yoonhwan Shin
• China has made significant improvements in water environmental protection over the
last few decades, but analysis still reveals that the water pollution in the nation is not
sufficiently controlled.
• Currently, number of surface waters are suffering varying degrees of pollution. High
nitrogen and phosphorous concentrations in many great lakes, causing eutrophication
problems, and the frequency of blue algal bloom has increased.
• River pollution has not been adequately controlled, as nitrogen, phosphorous, organic
compounds, and heavy metals are omnipresent in China’s rivers, with up to 80% of
urban rivers contaminated to varying degrees, and a situation that continues to get
worse.
• Eutrophication has occurred in many large reservoirs, with large amounts of toxic
substances affecting the water quality negatively.
• Over-exploitation has caused groundwater quality to worsen, and pollution from
heavy metal, nitrates, fluorine, and random organic matter has become a primary
water quality issue.
• A large amount of water in China are undrinkable, and some of them are so polluted,
it is unfit for human contact.
• To fight this complex environmental problems, water pollution control/quality
improvement technology have been rapidly developed in China during recent years.
Ecological restoration, biological disposal, advanced chemical oxidation, highefficiency absorption, and flocculation technologies have been prominent in these
efforts.
• China needs to perform systematic research on management, pollution control and
treatment, ecological restoration, and related water treatment and purification
technologies over the next 5 to 15 years in order to ensure drinkable water supplies,
also to prevent and control the pollution of lakes and rivers
Image: Rubbish-strewn beach in Anquan village

Marine Life In Burrard Inlet, Vancouver, Canada
By Owen Nicol

• The Burrard Inlet is the central waterway for Vancouver and most of its metropolitan
area. Stretching 25 kilometers inland, it was once a vibrant habitat for a multitude of
marine life including orcas, seals, and many species of fish. However, it has also
become home to power generating plants, oil refineries, and Port Metro Vancouver,
the largest port on the west coast of North America.
• With over 3,000 ships coming into the inlet each year, and various effluent being
discharged into the inlet, the water quality has dwindled over the years, greatly
impacting marine life, and which is not sustainable for an area with such biodiversity.
• Political and environmental pressure has proved to be the greatest solution to
cleaning up and restoring the inlet.
• Many initiatives have been set forth since 1990, starting when the BC government
created the Burrard Inlet Water Quality Objectives in partnership with the TsleilWaututh First Nation, to set regulations on the temperature of discharges, along with
the amounts of pollutants allowed per kilogram in the discharges, these regulations
have been updated to stricter amounts in 2020.
• The Burrard Inlet Generating station, an LNG fired thermal power plant that
significantly warmed the 5-20°C water of the inlet by discharging 32°C cooling water,
was closed in 2016 for environmental reasons after 56 years of operation.
• Trans Mountain and other companies along the shoreline have given over $3 million
to help clean and restore the inlet and its tributaries, efforts started in 2013.
• Many species of fish have returned to their traditional spawning grounds due to this.
• Since 2014, the Port of Vancouver has increased is efforts to clean up any type of
spills that occur within and around the inlet, as well as focusing on the impact of ship
noise on wildlife, particularly whales.
• Now, for the first time in many years, pods of orcas can now be seen in the inlet.
Image: Burrard Inlet CN Railway Bridge (Looking Inward) in Vancouver, Canada

Chapter 5:
Energy - Fossil Fuels and
Renewables

Are Sonneveld / Unsplash

WEEKLY CHECKLIST
Introduction
Energy is a broad and complex topic and would be the largest of all modules to truly reflect a comprehensive coverage, so we barely touch the surface of energy issues
and sources in this module. The module begins by defining a number of energy-related concepts, and then delves into nonrenewable sources of energy (i.e. fossil fuels),
and renewable sources of energy, in addition to nuclear energy which is tucked between the two, since nuclear energy is usually considered another nonrenewable energy
source, although nuclear energy itself is low carbon like renewable energy, the material used in nuclear power plants is not. For the non-renewable and renewable energy
sources, the global and Canadian generation and/or production sources, technology demonstration, and sustainability implications are explained very briefly.

Learning Outcomes
By the end of this week, you will be able to:
•

•
•
•
•
•

Define energy-related concepts of energy poverty, energy security, energy cycle,
energy chain, energy efficiency, energy density, energy ladder, and energy
reserve
Identify the context for global energy consumption
Classify non-renewable energy sources of oil, coal, natural gas
Analyze energy reserves
Discuss a mathematical model to assess sustainable energy
Describe the technical functioning of electricity generating technologies

•

Identify the major negative environmental impacts of fossil-fuel based electricity
production.

•

Describe mitigation technologies for PM, SOx, NOx

•

Describe nuclear energy production

•

Assess the sustainability of nuclear energy

•

Recall nuclear energy disasters

•

Describe renewable energy sources of solar, wind, hydropower, geothermal,
biomass/biofuels

Optional Readings and Resources
Articles:
Mire, Sam (2019). What Is The Future Of Energy? 16 Experts Give Their Insights, Disruptor Daily.
Retrieved from: https://www.disruptordaily.com/future-of-energy/
Videos:
Rosei, F. and Rosei, R (2017). Can 100% renewable energy power the world? - Federico
Rosei and Renzo Rosei by TED-Ed. Retrieved from: https://www.youtube.com/watch?v=RnvCbquYeIM (5:54 minutes)

QUOTES

“

We [as engineers] can use our knowledge to benefit the environment while still uplifting the economy and
people’s needs.
- Julian Ghobrial

Engineers are problem solvers and have a natural role in sustainable development as creators of systems that are able to
thrive for generations while not depleting natural resources of the present.
- Tiana Nicole Anandappa

I believe my current generation, and the
generation that follows are extremely involved
in protecting the environment and strives to
find new ways to use sustainable methods.

I I believe we are capable of creating
innovative methods to account for the
unsustainability.

- Catherine Yokhana

- Madhvi Aggarwal

Sustainability is the obligation that
humanity owes to nature in
recognizing that natural resources
are shared with other species and
are they key to a prosperous and
healthy future.

I think Engineers should use/apply natural science
into the real world and try to reduce the waste in
the production procedure, as well as maintain or
improve the ecosystems.

- Julian Dong
Engineers have the responsibility to make ethical
decisions and create designs that not only benefits the
client economically but also strives to preserve the
environment and existing resources.

-Erica Qin
My sustainable practices incorporate elements of
sustainability as they cut costs, save on energy.

- Yifang Fu

While cycling is environmentally friendly, I
think it is just as important to make cycling
more visible in urban spaces, as it contributes
to the need for sustainable urban
development.
- Ian Kemp

Personally, I try to have less of an
environmental impact by saving water and
creating minimal waste in order maintain
sustainability for the environment.
- Sheng Sheng Lai
Engineers should work with the government
and the public to come up with alternatives to
established practices which are deemed bad
for the environment.
-Ahmad Tariq Mujadidi

- Rohan Saxena

Sustainability to me means maintaining a healthy planet to live day by
day.
- Jack Taylor

To act sustainably, humans must
use resources selflessly, making
sure they can be replenished and
be used by the next person.
- Brandon Wong

”

Dangers of a 100% Renewable Energy Plan
By Ian Kemp
• Renewable energy accounts for 21% of the total energy generated in US in 2020,
while coal has decreased by more than 10%, to 20% of total energy generated, in five
years
• Radical environmentalist plans call for US to adopt 100% renewable energy generated
using water, wind and solar by 2050
• 100% renewable energy generation would reduce climate change and increase
population health, however challenges make plan less advantageous than mix of
renewable and non-renewable energy sources, such as nuclear and biofuels
• Electric energy is more efficient than combustion, and could represent a 39.3%
decrease on America’s energy load compared to the current mix of power generation
• Solar and wind power generation are unreliable. If conditions are not perfect, they
are unable to meet peak consumer energy demand. Ensuring the demand can always
be satisfied would require increasing current energy storage capacity 25 times, which
would be incredibly expensive and nearly impossible with today’s battery technology
• Scale of renewable energy farms is immense, requiring significant landscape
transformation, and are often rejected.
• The Cape Wind project would have installed 468 megawatts of wind turbines off Cape
Cod, but project collapsed following opposition from the local government and
fishermen
• 100% renewable energy plans eliminate nuclear since mining and refining uranium
means nuclear emits more carbon than wind, and has additional risks
• Nuclear energy has extremely high capacity factor, meaning it can produce almost all
its potential energy. More efficient than coal, natural gas and renewables (see chart
on right)
• Nuclear is more efficient and more reliable than other zero-carbon alternatives
• A zero carbon future is essential, but it is important to recognize that if you try to
push any one of these pieces too far it ends up being more costly and difficult to
manage than the optimal system.
Image top: Monthly Capacity Factors for Select Fuels and Technologies
Image bottom: Cape Wind Project Digital Rendering

Landfill Gas Installations in Hong Kong
By Brandon Wong
• Since 1970, Hong Kong has seen significant growth in its economic development and
energy consumption. In 2015, the energy consumption is recorded to be 9.3 times
that of 1970. In the last 15 years, Hong Kong has shifted its economy from being
manufacturing based to service based, the resulting economic growth led to a rapidly
growing city with one of the highest population densities in the world at 6000 people
per square kilometer. The growth demanding the development of renewable energy.
• Landfill Gas Installations is technology that takes advantage of the waste stored in
landfills to produce energy. The decomposition of solid waste releases gaseous
products such as carbon dioxide and methane is collected by the gas installations and
is treated to be blended with natural gas for consumers.
• To prevent the potential of landfill gas waste migrating to adjacent areas, the
government also commissioned the installation of gas extraction systems at the
landfills that is also used as an energy source to treat wastewater.
• The government of Hong Kong started the construction of landfill gas installations in
February 1999 and by 2017 there are 13 landfill facilities with landfill gas installations
located at Shuen Wan, Drinkers Bay, Jordan Valley, Tseung Kwan O Stage I, II, and III,
and Pillar Point Valley
• In these 13 landfill facilities, a total of 1202 cubic meters of gas per hour are
processed to be used as fuel, electricity generation, and heating for various industrial
processes in 2017
• In addition to these 13 landfill facilities, strategic landfills WENT, SENT, and NENT,
have landfill gas installations that collect and process gas primarily for the onsite
treatment of wastewater
• The WENT, SENT, and NENT strategic landfills processes a total of 14227 cubic meters
per hour of gas used for the leechate treatment in 2017
• According to estimates in 2017, the utilization of landfill gas in Hong Kong reduces the
emission of carbon dioxide by 200 000 tonnes per year.
Image: Northeast New Territories (NENT) Landfill in Hong Kong

The Story of Coal in Ontario
By Sheng Sheng Lai
•

In 2001, there was a record breaking of 7 smog advisories that covered a total of 23 days.
This event sparked Ontario’s action for sustainable and cleaner energy. At the time, Ontario
had 5 coal powered stations comprised of 19 units located in Lakeview, Atikokan, Lambton,
Nanticoke, and Thunder Bay.

•

On the same year, Ontario announced it will shut down the Lakeview Coal-Fired Generating
Station, producing 2,400 MW at the time.

•

In 2003, Ontario had announced it would eliminate all coal powered energy by 2007 using a
phased approach. Several gas powered generators were built to help balance the missing
energy as coal powered plants were closed down. These gas powered generators were used
mainly during the peak seasons.

•

In 2005, Ontario fulfilled its promise in 2001 and closed down Lakeview.

•

In 2007, Ontario had changed it’s promise date to close coal power to December 31, 2014.

•

Atikokan ceased operations in 2012, which was quickly followed by Lambton and Nanticoke
in 2013, and lastly Thunder Bay in 2014.

•

By the end of 2014, coal-fired power plants in Ontario were officially eliminated. The level
of emissions was 6% below the levels of 1990. This single action still stands today as the
largest Greenhouse Gas emission reduction on the continent.

2014, Energy Source and Percentage of Generation
Energy Supply

Percentage of Total Generation

Nuclear

60%

Gas

9%

Hydro

24%

Non-Hydro Renewables

7%

The Renewable Energy Transition
By Rohan Saxena
• Fossil Fuels contribute to climate change, impact the environment and health, and are
destined to run out. For example, 38% of the U.S’s carbon dioxide emissions contribute to
climate change, 66% of the country’s sulfur dioxide creates acid rain and by 2060 we will run
out at the current rate fossil fuels are being burned
• Modern Renewable energy includes hydro, wind, solar, geothermal and biofuel power that
produces no greenhouse emissions. The production of renewable energy has increased 5-6x
since the 1960’s (~5.9TWh in 2016) with hydropower accounting for 70% of production
followed by wind and solar production
• Nearly 50 countries have agreed to use 100% renewable energy by the year 2050 including
developing and developed countries
• The one challenge that renewable energy still has is the cost for building renewable plants
• The average gas plant still costs less than $1000/kW whereas solar modules range for
$2000-$3700/kW for residential areas and wind farms still cost around $1200$1700/kW
• However it is the lifetime usage that research shows to be cheaper in the long-run.
• In 2017 the cost to generate wind power was $30-60/MWh and solar cost $43-53/MWh
whereas the most efficient natural gas plants still cost approximately $42-78/MWh and coal
plants at least $60/MWh
• Costs for renewable energy products have also dramatically fallen. Since 2009 the
International Renewable Energy Agency reported that solar panels are 80% cheaper than
they were in 2009 and the price of wind turbines has fallen around 50% in the same time
period.
• Projections have also been made on the usage of renewable sources. The U.S Department of
Energy has predicted that if the U.S were to supply 10% of its electricity a from renewable
sources:
• Consumers will save $22.6-$37.7 billion dollars in electricity and natural gas bills
• 91220 new jobs will open up to supply these renewable sources, almost twice as
many due to generation of fossil fuels
• Positive environmental impact which includes the equivalent reduction of taking 2532 million cars off the road
• Solar Power Image: Multi-Crystalline Silicon Modules from Chinese Solar Panel Trina Solar

The Thunder Bay Generating Station, closed in 2014

Net Zero Energy Home In Canada
By Yifang Fu
• In 2017, Canada’s residential sector was the largest energy user at 23.8% of total
energy consumption. The annual household energy use per person amounted to 76.0
gigajoules. In terms of greenhouse gas emissions, household represent 18% of total
emissions in Canada, totaling to 141,448 Kilotons.
• A net zero home is an energy efficient home that generates as much renewable energy
onsite as it uses.
• Net zero homes achieve high energy efficiency by being as airtight as possible with
45% more insulation than normal homes. They are also equipped appliances with the
highest efficiency ratings. The home has a solar power system that produces enough
clean energy to offset the energy consumed throughout an entire year.
• The net-zero homes built by Reid’s Heritage Homes on average consume two thirds
less energy than a home that complies with the current building code.
• A fully net-zero home cost at least $35,000 more than a regular home with $20,000
allocated to solar power system, and $15,000 to maximize efficiency.
• The savings from a net-zero ready home is expected to be about $1600 annually. The
money saved on energy would be greater than the additional mortgage payment for
purchasing a net-zero home.
• Five net-zero homes has been built in Guelph by Reid’s Heritage home as part of a
national demonstration project in 2013. Along with several other developers across
Canada, a total of 26 net-zero homes were built. Various sites in Ontario are being
considered for future net-zero developments.
• All five net zero homes in Guelph, ON have been sold. The homebuilder’s new singlefamily homes will have the ability to go fully net-zero upon customer’s request.
Various sites in Ontario are being considered for future net-zero developments.
• In order to tackle climate change and reduce GHG emissions, changes are being made
to Canada’s Energy and Building Code. The increase in energy efficiency standards is
expected to enable provinces and territories to reach net-zero levels by 2030.
Image: Solar panel configuration on a Net Zero Energy home by Reid’s Heritage Homes in
Guelph, Ontario.

Electric Transit System Development in China
By Erica Qin
• Transportation demand has been growing quickly for the past decades in China
due to its fast-growing economy and GDP. Because of this increasing demand,
the associated demand for gasoline has put continual pressure on China's
energy security.
• Carbon emission is very high. Auto exhaust emissions already account for 70%
of the country's air pollution in major Chinese cities, which results in serious air
pollutions country wide.
• In 2001, China started the "863 EV Project" (pure EV, hybrid EV, and fuel cell
vehicles are included).
• The project has the potential to reduce carbon dioxide emissions by
approximately 13-68%, and greatly reduce the noise level, especially in urban
areas.
• The government is making great efforts to regulate policies and accelerate
electric-vehicle technology development, including supports in research and
industrial development. • The government also encourages market transformation from gasolinepowered vehicles to electricity-powered vehicles by various methods, such as
license restriction on purchasing gasoline-powered vehicles and enforcing laws
and regulations.
• Since the project, the country saw a significant increase in the use of
electricity-powered vehicles (cars, buses, etc.), and considerably reduced noise
level and improved air quality.
Image: A BYD Co. E6 electric taxi is charged at the Company’s charging station in
Shenzhen, China

India’s Shift from Fossil Fuels
By Ahmad Tariq Mujadidi
Issue at hand:
● With one of the fastest growing economies in the world, India has seen a rapid shift in
industrialization translating to a high demand for energy as consumption soars.
● India has heavily relied on coal mines and coal power plants as its main source of energy since
the 1970s as coal is easily accessible and affordable.
● Burning coal carries with it many environmental implications as it is a fossil fuel that releases
harmful chemicals such as CO2, NOx and SOx, many of which are criteria pollutants.
● These pollutants remain a relevant issue as in addition to their environmental impact, they
pose a major health risk to the general population.
Efforts towards change:
● In an effort to address the issue at hand, India has recently been investing in renewable energy
and has seen significant development within its solar energy industry.
● As the global prices for solar electricity generation fall, India has jumped at implementing it at a
relatively large scale.
● In the past few years, India has been able to significantly increase it’s solar energy production
capacity from 4 gigawatts in 2015 to more than 30 gigawatts now, about 8% of its total current
capability.
● Increased investment and intervention in the solar energy industry has brought the price of
generating electricity to about 3 US cents per kilowatt-hour, making it a relatively affordable
and viable option for many large energy consumers.
● Comparatively, the average price for solar electricity in the United States is presently about
13.2 US cents per kilowatt-hour.
● To maintain this positive development trend and in an effort to curb the use of fossil fuels, the
government has implemented a goal to reach 175 gigawatts of renewable energy by 2022, 100
gigawatts of which are coming directly from the solar energy industry
● Further plans for 2030 include expanding the amount of electricity generated from renewable
energy sources by more than 5 times.
Image: Workers at one of India’s many Coal Power Plant

Dependence of Coal Power in China
By Catherine Yokhana
• As the largest nation in the world, China requires an abundance of energy to keep its
country running.
• China relies on a variety of fossil fuels for energy primarily coal as it is used for almost
60% of their energy use and has increased its coal consumption from 0.99 billion tons
to 4.64 billion tons between 1990 and 2018.
• As China is responsible for 20.8% of total carbon emissions, the country is committed
to make non-fossil fuel energy 20% of its energy supply by 2030. There have been
large investments in clean energy between 2013 and 2018 ranging from $53.3 billion
to $125 billion.
• Hydroelectric power became the most common renewable source of energy in China
and has become a world leader in hydropower with 4 of the largest hydroelectric
dams in the world.
• Along with hydropower, China is a world leader in wind and solar energy and is home
to two-thirds of the world’s capacity.
• Despite being world leaders in renewable energy, recent discoveries have shown
plans to construct new coal power station as the country is “still faced with
challenges of developing the economy”, as stated by Zhao Yingmin, China’s vice
minister of ecology and environment.
• While there is great progress in the countries renewable energy sources, construction
of new power plants could jeopardize the targets pledged in the Paris agreement.

Image: People tend to vegetables near cooling towers of a coal-fired power station in
Tongling, Anhui province, China.

Coal – Fuel Consumption in Wales, UK
By Madhvi Aggarwal
• Coal is a nonrenewable fossil fuel and causes various environmental problems;
produces the most amount of carbon dioxide of any energy source, acid rain,
mercury, arsenic, etc.
• In 2013, the Aberthaw Power Stations located in South Wales produced a vast
amount of electricity, enough to keep the lights on in 3 million homes every year.
When the station first opened in 1971, the plant produced 88% of the electricity
provided to the UK market. Supplying this amount of electricity was not sustainable.
• UK’s solution was to reduce the amount of coal burned by shutting down coal power
plants and producing electricity through other sources of power.
• In 2014, the amount of coal used in UK dropped by a fifth and continued to drop in
the years thereafter. In 2016, the demand for the use of coal dropped by two thirds
and three large coal plants were closed. During this year, more electricity was
generated through solar energy than was generated through coal.
• In 2015, the government committed to phase out the country’s coal power by the
year 2025.
• In 2018, the UK coal production decreased by 95% since the 1960s to 2.6 million
tonnes, which is 100 times lower than the peak in 1913.
• Coal production is being reduced through using other sources of power to generate
energy, such as wind turbines, solar energy, and gas.
• In 2019, Britain did not use coal for a total of 1000 hours. Only 10% of the power
used by Britain was produced through coal.
• Now renewable sources to produce energy are the second most used power
generation sources, with gas being first.
• Due to the coronavirus outbreak, Britain has not burned coal to produce electricity
for 2 months.
Image: UK Phasing out of Coal Use

Lake Turkana Wind Power in Marsabit, Kenya
By Tiana Anandappa
• Kenya is seeking to reduce its carbon emissions while creating much needed jobs for
its nation. They are already leaders in green energy and 70% of its electricity is from
renewable sources.
• This is in line with Kenya’s development plan, Vision 2030. This vision outlines goals
to transform Kenya and provide its citizens a clean environment by 2030.
• The Lake Turkana Wind Power plant is located in Marsabit County, north of Nairobi. It
is built by the Turkana Wind Corridor where strong winds originating from the Indian
Ocean blows all year round.
• The power plant consists of 365 wind turbines covering 160 km2. Each turbine can
produce up to 310MW of low cost- renewable energy.
• The energy provided by the wind plant will cover up to 20% of the Kenyan power grid.
An estimated 9 million Kenyan households have access to the off-grid renewable
energy and this number is expected to rise.
• The Lake Turkana Wind Power was the largest single private investment in Kenya. The
group claims that the wind farm will reduce and possibly eliminate Kenya’s reliance
on fossil fuels as an energy source.
• During construction, approximately 2,500 workers were hired and completed, the
wind farm employs 200 full-time staff.
• The Lake Turkana Wind Power has the lowest power tariffs in Kenya. It is estimated
that Kenya will save up to $120 million a year in fuel cost by reducing reliance on
diesel power plants.
Image: Lake Turkana Wind Power in Marsabit, Kenya

Solar Energy Microgrids in India
By Julian Dong
• Using a cluster of 7 solar energy microgrids, 700 homes on India’s Satjelia and
Kumirmari islands were able to avoid blackout following Cyclone Amphan, which
made landfall in the Bay of Bengal on May 20th, 2020.
• Hundreds of thousands were displaced from villages and rural areas around the coast
and the powerlines that deliver electricity and cellphone signal to the villages were
destroyed. Some areas are still in the dark even weeks after the cyclone hit.
• These microgrids were installed by WWF India in 2016 as part of a project to
decentralize energy systems in vulnerable landscapes like the Sundarbans, which are
highly vulnerable to extreme weather events.
• A microgrid connects a small energy system, such as a solar panel equipped with a
battery, to a local distribution network. The microgrid provides clean and reliable
energy within a defined area to help break the dependence that many rural
communities have on using non-renewable energy such as kerosene.
• The cyclone uprooted trees and electric poles but the solar microgrids, being smaller
and closer to the ground, only sustained minor damages and were up and running
within a few days.
• These 7 solar microgrids have a combined installed capacity of 84.12 kW and provide
electricity to roughly 700 rural households, with 60% falling below the poverty line.
They are also managed by the local community, allowing for quick repairs.
• The microgrids are important because conventional energy sources are highly
susceptible to natural disasters, such as earthquakes, and in this case, cyclones.
• The solar microgrids provide clean and decentralized energy generation that is owned
and operated locally and have great potential in providing resilience for vulnerable
communities in the face of climate change.
Image: Community solar microgrids on Satjelia island in the Indian Sundarbans

Hydroelectricity Power In Ontario, Canada
By Joshua Ghobrial

• Mill-over-wheel plan was deemed too inefficient and costly. No suitable way to transmit the
power had been developed and a decision as to what type of motor that would be used in
power generation had not yet been made.
• In the start up of harnessing Niagara Falls’ power a gristmill and tannery was built which
stayed in business for twenty years
• The hydraulic Canal was the next step in harnessing power, bringing water from the falls to
mills located below the falls generating hydroelectricity. As mentioned above the companies
which attempted this all went bankrupt and had to sell their assets.
• Jacob Schoellkopf purchased the hydraulic canal land and water and power rights and used his
water turbines to illuminate the Falls electrically for the first time.
• The direct current of electricity that was being utilized could not be transmitted more than
two miles. Many world famous experts saw the far reaching hydro-electric power generating
potential at Niagara Falls. Engineer Thomas Evershed proposed to bore a wide ice proof
tunnel 2.5 miles (4 kms) under Niagara Falls to feed 38 vertical shafts containing turbines
which would feed power to factories above
• In 1883, Westinghouse created an illumination system for Niagara Falls using AC current.
Eventually powerhouses were created using DC current and large turbines
• Today 11 generators produce 100,000 horsepower (75 megawatts) and operate as part of the
Niagara Mohawk and Fortis Incorporated Power Group (all which contribute to utilizing and
transmitting this electricity long distance)
The amount of electricity the power plants at Niagara Falls have the capacity to output is close
to 4.9 million kilowatts. That's enough to power 3.8 millions homes
Image: Niagara Falls in Niagara Ontario, Canada

COVID-19 Oil Crisis in Alberta, ON
By Jack Taylor
• Alberta is known as the oil capital of Canada. Dating way back to 1911 when an entrepreneur,
William Stewart Herron, from Ontario struck oil in Turner Valley, Alberta. Herron was out
with his two horses and wagon collecting coal when he stumbled upon the natural gas
bubbling from the ground.
• Herron then went on to establish the Calgary Petroleum Products Co. Ltd. Partnering up with
Archibald Dingman, for his experience in running successful natural gas businesses. The
company soon started drilling at the beginning of 1913.
• That year 387 barrels of oil were produced in Alberta, accounting for 0.18% of Canadian
production. By 1940, Alberta made for 90% of the total nations production.
• Since the discovery of oil in Alberta, it leads the country in oil production. In 2018 it
accounted for 81.8% of the countries total.
• As of the end of the 2019 year, breaking into 2020, the demand for oil has crashed due to the
COVID-19 pandemic. On April 20, 2020, something never witnessed before happened, oil was
selling for $-38 per barrel.
• Due to pandemic shutting down economic activity around the world, forcing the majority of
the worlds population to stay at home. The global energy demand has dropped 6%, largest
drop in 70 years. Seven times larger than that caused by the global financial crisis.
• Alberta is facing its greatest economic crisis since that of the Great Depression. With oil
revenues representing $5.1 billion of the $41 billion of overall revenues.
• With all this bad news comes a great outcome, the largest decrease in emissions ever
recorded! Energy related emissions are set to fall approximately 8%, equally the emissions of
that in 2010. And renewable energy production is picking up momentum, as it is the only
source resilient to the pandemic, increasing by 5%.
• The solution for this crisis is by means of a $15 billion bailout package for the oil and gas
industry.
• The next step is to continue with the renewable energy production as this crisis soars us
flying ahead towards SDG Goal 7 of sustainable renewable energy.

Image: TORC Oil Gas pump jack near Granum, Alberta

Chapter 6:
Solid Waste Management
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WEEKLY CHECKLIST
Introduction

When disposing our waste, it does not just cease to exist when we throw it away. Disposal is a form of treating the waste produced, however, solid waste management is
the practice of managing what we have discarded. Better yet, this practice is better known as resource recovery by recovering reusable material and even recovering
energy. This module introduces waste types, categorizes the objectives of waste management systems, and identifies a hierarchy for waste management. Several
treatment methods are described including those that constitute waste disposal such as landfilling and incinerating; and those that consisting waste diversion such as
recycling, and composting, while highlighting the impacts on air, water, and other relevant environmental impacts. Because there is an economic value to the waste when
recovered, this module also considers waste management as an optimization problem using linear programming to determine the optimum mix of products to maximize
profit.

Learning Outcomes
By the end of this week, you will be able to:
•

Categorize solid waste

•

Define waste management systems and their objectives

•

•

Identify air, water and other environmental impacts associated with waste
treatment methods

Identify the solid waste management hierarchy

•

Make decisions using linear programming to optimize waste treatment options

•

Differentiate between waste disposal and waste diversion strategies

•

Formulate a linear program for optimization

•

Describe waste treatment methods including landfilling, incinerating, recycling
and composting

•

Solve a linear system graphically

Optional Readings and Resources
Articles:
Cagle, Susie (2019). United States of Plastic: Humans have made 8.3bn tons of plastic since 1950. This is the illustrated story of where it's gone in The Guardian, June 24
2019. Retrieved from:
https://www.theguardian.com/us-news/2019/jun/23/all-the-plastic-ever-made-study-comic
Videos:
The Great Pacific Garbage Patch Is Not What You Think It Is | The Swim S1 E2 (2018) by Seeker. Retrieved from:
https://www.youtube.com/watch?v=6HBtl4sHTqU (7:50 minutes)
What happens at the Landfill by City of San Diego (2019). Retrieved from:
https://www.youtube.com/watch?v=RmLhY7f8WxQ (7:45 minutes)
Book Chapters:
Khisty, C. Jotin, Mohammadi, Jamshid, Amekudzi, Adjo A. (2012). Systems Engineering with Economics,
Probability and Statistics (2nd Edition) - 10.6.1 The Graphical Method. J. Ross Publishing, Inc. Retrieved
from: https://app.knovel.com/hotlink/pdf/id:kt00C849V2/systems-engineering-with/the-graphical-method

QUOTES

“

Sustainable living is enduring you’re sharing the burden of
the world and not exploiting resources for selfgratification.
- Kanika Dutta

I believe that engineers should strive to present and
recommend feasible designs to their clients that promote
sustainable development and infrastructure.

Some ways I try to incorporate
sustainability is by limiting the
amount of waste I produce.
- Noah Ermers

- Dominique Morrison

Sustainability to me tries to focus on
ensuring that all current action's do
not lead to future harmful
problems.

Engineers are responsible for designing the most creative ways of
carrying out a task.
-Jayant Aurora

- Jason Wong
Ultimately, it [sustainability] is about protecting life and
ensuring wellness over a vast period of time.

As much as one likes to make changes for the better, the
truth is that many people, especially corporations and
industries don’t give regards to efforts in becoming
sustainable.

- Ethan Truman

- Hamzah Mamoon Smadi

Engineers are the foundation of sustainable development.
-Jocelyn Cao

While cycling is environmentally friendly, I
think it is just as important to make cycling
more visible in urban spaces, as it contributes
to the need for sustainable urban
development.
- Ian Kemp

Engineers should be encouraging sustainable
designs and ideas throughout their daily lives in
order to constantly make the world a better place.
-David Herrington
I am optimistic [regarding sustainable
development in the future] because
technology is leaning towards more
sustainable development.
- Jaskaran Singh Khosa

”

Solid waste management in New Delhi
by Kanika Dutta
• New Delhi is the capital of India and is the second most populated city in the
world
• Delhi has one of the least regulated, most hazardous and largest number of
landfills in the world due to their poor waste management
• 9500+ tons of garbage is is generated in Delhi everyday
• Delhi has 150 000 rag pickers to clean out these landfills and put themselves at
a huge risk health wise
• Many are subjected to airborne diseases, chemical poisoning, and other
diseases
• Delhi has dumps for this garbage due to the compact nature of the city and
thus a lot of the waste has nowhere to go
• These open dumbs release methane after being decomposed due to the
biodegradable waste in anaerobic conditions
• Methane is a gas that is known to cause fires and contributes to global
warming and the greenhouse effect
• These garbage also migrates the leachates to receiving waters as there is no
proper way of collecting this garbage
• These dumps collect water and allow mosquitoes to breed which increase the
risk of other diseases such as malaria
• The waste when burnt at dump sites causes smog and releases fine particles
which lead to respiratory diseases
• These emit around 22000 tones of pollutants into the atmosphere including
carbon monoxide which is extremely dangerous
• UN environmental program is working on defining landfills as controlled
disposals to mitigate contact and health risks
• Engineered landfill is being introduced for safe disposal of waste

Bruce Power Hazardous Waste Management
By David Herrington

• Bruce power is a nuclear generation station in Kincardine, ON. It operates 8 nuclear
reactors on Lake Huron and displaces 6,400 megawatts at one time. It is responsible
for the production of roughly 30% of Ontario's electricity.
• Bruce power produces low and intermediate level radioactive waste from it’s energy
production, this waste cannot simply be thrown out, it must be stored until it is not
radioactive anymore.
• Low level waste is defined as materials that have become contaminated during
cleanup and maintenance procedures, such as mop heads
• Intermediate level waste is the actual reactor core components, resins, and filters
being used.
• Low and Intermediate waste is stored in steel lined concreate containers and then set
into the ground.
• In a year, roughly 5 Olympic sized swimming pools worth of concrete storage is
created
• Nuclear fuel is the highest radioactive component, and it is stored on site in the
station’s used fuel bay for a minimum of 10 years. After that, It can go into the
concrete containers mentioned above.
• There are roughly 2.7 million nuclear fuel bundles being stored in Canada
• Nuclear fuel waste is considered a stable solid under Canadian regulations, but still
has many precautions while being stored. The attached picture is an example of a
storage pool for nuclear fuel that is used for cooling. This is where the fuel stays for at
least 10 years.
• Radioactive waste is being actively reduced by Bruce Power, with them being lower
than their 2018 and 2019 expected numbers
• Commitment to the future by contribution funds to long term management systems.
• Partnered and funding Deep Geologic Repository and Nuclear Waste Management
Organization

Solid Waste Management in Chandigarh, India
By Jayant Arora
• Solid Waste Management has often received little to no attention in urban
development policies of low- and middle- income countries like India.
• The total urban population of India in 2011 stood at 373.1 million and is projected to
reach approximately 600 million by 2030. This population is responsible for over 42
million tonnes of solid waste annually, or 0.2 and 0.6 kilograms per person each day.
• Even with stringent policies and measures put in place by the local municipalities,
solid waste management still is an undefeatable feat to a city which was planned for a
population of half a million and is now sitting at over a million in numbers.
• Over the years, multiple disposal methods are practiced in Chandigarh. Efforts have
been made to process and dispose 125 metric tonnes of waste out of 375 metric
tonnes generated every day through a landfill. Most of this accounts from hotels,
vegetable markets, and drainage pipes.
• Approximately 245 metric tonnes of waste is now processed at a processing plant set
up in 2008 by Jai Prakash Associates Ltd. to produce refuse-derived fuel.
• Employed a total of 3,450 sanitary workers to manage the increase of solid waste and
effective disposal.
• Enabled public-private partnerships to install a major processing plant at the cost of
US $3.68 million
• Chandigarh Municipal corporation raised US $157.44 million in revenue towards solid
waste management in 2014.
• The biggest concerns faced by the city is waste segregation as it is not heavily
practiced by the residents. Concerns revolve around the fact that the waste will not
be maintained segregated.
Image: Dumping ground in Sector 23, Panchkula, India

“Waste-to-energy” Power Plant in Linköping, Sweden
By Dominique Morrison

• There are 34 “waste-to-energy” power plants in Sweden that burn trash instead of
coal or gas.
• In every four tons of garbage, the energy equivalent of 1 ton of oil, 1.6 tons of coal,
and 5 tons of wood waste is contained.
• Less than 1% of household waste in Sweden ends up in landfills due to drastic
diversion methods that have been implemented across the country. Between 2002
and 2005, organic and combustible waste was banned from landfills reducing the
waste-per-capita from 430lbs/person in 1975 to 6.6lbs/person in 2016.
• It is approximated that in Sweden, 49% of waste is recycled and 50% of the remainder
is incinerated at a power plant.
• Sweden’s power supply is comprised of 83% hydro and nuclear energy, 7% wind, and
the remainder is generated from trash.
• An example is the municipally owned Tekniska Verken Power Plant in Linköping,
Sweden. It runs 24 hours a day periodically dropping five tons of trash down a 10story shaft into a boiler running at 1500 degrees Fahrenheit. The heat creates steam
that spins turbines and generates electricity through a process similar to coalpowered and gas-powered power plants.
• Approximately 40% of the energy from conventional power plants is usable due to
the cooling towers that dissipate heat. In contrast, the Tekniska Verken plant utilizes
90% of its energy by supplying electricity and hot water for commercial and
residential use.
• The plant also produces biogas that fuels city buses from the 100 000 tons of organic
waste it processes each year.
• This alternative system reduces the methane emissions from waste in landfills but
does result in emissions from the incineration process. Toxic flue gas residue must be
removed, treated, and stored in an abandoned mine.
Image: Tekniska Verken Power Plant in Linköping, Sweden

The Father of Recycling
By Matthew Abdelmessih

•

•

•

•
•

•
•

Nyle was born in 1927 to farmers Albert and Edna Ludolph. From a
young age, Nyle was taught the importance of reusing and recycling the
products we use in our daily life.
Nyle first started out as a garbage collector in the 1970’s for Superior
Sanitation in Kitchener. This is where he learned the truth of waste
management. That reusable items such as plastic and cans were
discarded instead of recycled.
He began a mission in his home to sort the trash from the recycling for a
period of 12 months. He discovered that in that period, his family
generated only 102 pounds of garbage.
In 1981, Nyle started a subsidiary of Superior Sanitation called Total
Recycling Systems, with the backing of the of the City of Kitchener.
In that same year, a pilot project was started. 1,100 houses in a test
area were given a recycling box. The results far exceeded the projected
collection, and in 1983, the blue boxes were launched across the
Kitchener area.
Nyle continued his mission by traveling across the country meeting
waste management officials to preach his blue box idea.
Today, over 35,000 tonnes of recycling is collected every year through
the blue box program.

Image: Nyle Ludolph

Out of Trash in Sweden
By Hamzah Mamoon Smadi

• Canadians produce the most garbage per capita than any other country, and only
recycle 30%. On the other hand, Sweden has become so effective at recycling and
waste management, they import garbage to keep with the demand.
• Sweden generates 4.4 million tonnes of household waste per year. 99%
is almost equally split between recycling and energy recovery, while only 1% enters
the landfill.
• From a European perspective, approximately 150 million tonnes enter the landfill
every year.
• The incineration plants provide over 810,000 households with heat during the cold
winters and power over 250,000 houses with electricity.
• The sources of waste: households and industrial waste. The waste is sorted before
incinerating, from scrap metal to glass to plastic.
• With 2.2 million tonnes from household waste being sent to these plants, they are
not yet at full capacity allowing them to import waste.
• Up to 20% of a plant’s waste can be imported, as seen in a plant located in southern
Sweden.
• While Europe aims to be at 65% recycling by 2030, Sweden is amongst the
highest ranked in reaching that goal.
• Despite incinerating, Sweden remains at half of the permitted emission levels.
• With such great efforts, Sweden still recognizes that a large amount of waste is being
produced and must be reduced.

Image: ZME Science's Mihai AndreiTha

Solid Waste Management in Pakistan
By Ethan Truman
• Pakistan is the 6th most populated country in the world and the solid waste management
sector in Pakistan is afflicted by many different economic, social, and cultural issues.
• The amount of waste being produced drastically outnumbers the facilities able to manage it.
• The solid waste management system in Pakistan is a severely important topic as more than 5
million people die every year due to waste-related disease.
• Approximately 20 million tons of solid waste is produced every year in Pakistan. The annual
growth rate for solid waste production is 2.4 percent.
• The main issues surrounding solid waste management in Pakistan are the following: very few
controlled landfill sites, Poor education on environmental effects of pollution, waste is not
separated, all types of waste are dumped on local streets and walkways. Poor waste
collection.
• Because of the points listed above, waste can be found piled up in the streets, rivers, and any
public place. A solution some of the locals use for trash management is lighting trash piles on
fire. Burning garbage emits toxic chemicals that further decline the quality of health in
Pakistan.
• Karachi is the financial epicenter and the largest industrial hub of Pakistan. Although Karachi
is so important to Pakistan's economy it ranks among the worst cities in the entire world for
sustainability.
• One of the major targets of the United Nations Sustainable Development Goals is to
significantly reduce the per capita environmental impacts of cities by improving municipal
waste systems.
• There are six current plans towards the goal of an efficient waste system in Pakistan put in
place by the United Nations Environmental Program. These plans will hopefully begin
improving the solid waste management system problem that Pakistan is facing.
• One of the plans Pakistan recently put into action was their first ever dumpsite which met all
international standards for sustainability.
• This disposal facility was built in Lakhodair and this dump site will be able to house 2500 tons
of waste daily for approximately 10 years with no effect to atmosphere, ground, and water
sources.
Image: Garbage in the streets of Karachi, Pakistan.

Processing Recycling in Toronto, Ontario
By Luka Frankovich
•
•
•
•
•

•
•

•
•

Toronto is the most densely populated city in Canada with just under 3 million
citizens. With this large population, Toronto produces the most waste in Canada and
therefore must have a very efficient system in order to control.
The Blue Bin system has been a crucial part to the Toronto waste management
system for over 30 years and continues to help organize
Currently, Toronto’s contamination rate sits at 26% of everything collected.
Many of these recyclable materials are finding their way into landfills. This happens
when residents contaminate their food waste and household garbage with many
plastic and paper items.
The City of Toronto adopted a single-stream recycling system where paper is
mingled with glass and plastic. Using this system, Toronto can collect more recycling
per day, but this leads to the problem of mixing all different types of recyclable
materials together.
Materials and packaging are getting more advanced and the city does not have the
technology to keep up and properly recycle it all.
Single use coffee cups are a great example. These wax-lined cardboard cups are
assumed to be recyclable and are thrown away in recycling bins with some
unfinished liquid still inside. The entire bag is now considered contaminated and will
go directly to landfills.
An estimated 180,000 tonnes of recyclable material goes through the blue bun
program each year in Toronto and about 30% (or 54,000 tonnes) go to landfills.
While there are being bans on specific packaging rules for many of these products,
the best thing common residents can do is to avoid using non-reusable items, such
as plastic grocery bags, plastic water bottles or coffee cups. Instead, invest in
reusable items. Not only will it help the recycling process and plastic pollution, but it
will save money in the long run.

Image: Garbage and Recycling bins on the street of Toronto

Solid Waste Management
in Toronto, Canada
By Noah Ermers
• The population of Toronto is approximately 6.2 million people and is still
rapidly growing each year. The current growth rate of this area is 1.10%
annually, which results in a large growth in the amount of solid waste
production each year.
• Currently Toronto produces about 900,000 Tonnes annually of solid waste.
With this amount of waste, which is only increasing, and limited landfill
space in the city, a new strategy is being implemented.
• In 2016, the City Council approved the Long-Term Waste Management
Strategy. Their goal being to divert 70% of all waste from Green Lane Landfill
by 2026.
• The total budget of the Long-Term Waste Management Strategy is $144
Million over the first 10 years and then is reviewed every 5 years.
• To help tackle the organic waste that the city produces, another organics
processing facility was built and finished construction in 2019. Toronto
currently produces 160,000 Tonnes of organic waste and these 2 facilities
can process all of it.
• Toronto also launched reuse and reduce programs in July of 2018 to help
encourage recycling and reduce waste.
• In 2019, Toronto managed to divert 399,824 Tonnes of solid waste from
landfills. This was achieved through the use of programs such as: Green Bin
Organics, Blue Bin Recycling, Backyard composting, grasscycling, and
electronic waste pickups to name a few.
Image: Green Lane Landfill in St Thomas, Ontario

Solid Waste Disposal in Osaka, Japan
By Adrian Simone
•
•
•
•
•
•
•
•
•
•

•
•
•

Osaka lies in the northwest of japan directly on the water, it covers 223 km² and has a
population of roughly 2.7 million.
It is one of the economic hubs with the 3rd largest GDO by city and having the same as
the entire country of Finland.
Modern Osaka started being developed in the early 1900s and by 1970 the city was
experiencing severe air and water contamination due to heavy industry around Osaka
Bay.
In response the local government made large investments into public transportation
and waste management.
Between 1991 and 2014 the city reduced the volume of waste sent to landfills by half.
Most MSW now is sent to their high tech incinerator which reduces the volume of
waste down to 5%
The incinerator produces electricity for roughly 125,000 homes and also provides
municipal hot water.
The ash is sent to one of several manmade islands in Osaka Bay to be repurposed as
infill.
The incinerator was built in 2001 and was designed by Austrian architect
Friedensreich Hundertwasser.
He was an eco-activist who wanted the incineration plant to symbolize how one of
Japan’s biggest cities transformed itself from a major polluter to a frontrunner in
environmental care.
Islands built by ash from the incinerator have seen reuse in multiple ways.
One houses Kansai International Airport, another is a port island, and several are a
part of Seto Inland Sea National Park.
The incinerator itself sits on one of the older artificial islands along with other waste
and sewage plants.

Image 1: Osaka incinerator, Image 2: Osaka Bay

Green Exchange Program in Curitiba, Brazil
By Jocelyn Cao

• Curitiba is the largest city in Parana, Brazil. In the early 1900s, it was considered an
outpost for neighbouring cities and agricultural regions, but with industrialization
and European immigration in the 1940s, its population growth began to spike. The
Curitiba Metropolitan Area population was over 3.6 million in 2019.
• To accommodate the rapid population growth, the city government implemented a
master plan in the late 1900s, which included the Green Exchange Program.
• The Green Exchange Program in Curitiba, Brazil is an initiative that started in June
1991 by Nicolau Kluppel, a civil engineer and environmentalist, for the purpose of
food waste prevention, reduction and management.
• The specific goals of the program were to assist farmers with crop sales, prevent
waste among farms with excess crop, make produce accessible and affordable for
low-income families, improve nutritional patterns in residents, and incentivize
recycling and environmental preservation.
• Government funds are used to purchase excess crops from regional farms, and
crops are provided to city residents in exchange for recyclable materials (e.g. paper,
cardboard, glass, metal, oil).
• Exchanges are executed every 15 days from 101 locations across the city. Every 4kg
of recyclables or 2L of plant/animal-based is traded for 1 kg of fruits and vegetables.
• Jobs to support the program were created for low-income residents, lowering the
unemployment rate.
• 1992: 2/3 of the city’s total garbage produced was recycled. Residents recycled 70%
of their garbage. Paper recycling was equivalent to 1200 trees/day.
• 2007: 45 thousand tons of waste were diverted from landfills. “Special Green
Exchange Program” established to target waste management in schools.
• 2016: 90% of city residents participated in the program.
Image: Green Exchange Day in Curitiba, Brazil

Solid Waste Management in Singapore
By Jaskaran Singh Khosa
• Singapore has a growing population and a rapidly growing economy which has
resulted in a 7 times increase in solid waste disposed from 1260 tonnes a day in
1970 to 8559 tonnes a day in 2016.
• The city-state is land scarce, so it is running out of space to manage waste.
Landfills are not the most efficient method to dispose of solid waste because of
the limited space available on the island.
Solution:
• Singapore has started incinerating solid waste in order to control the amount of
waste produced and reduce the volume of solid waste sent to landfills. The
volume of waste sent to landfills has decreased by 90% since the introduction of
the Waste to Energy Program.
• RecycleRight Campaign had been introduced to re-educate and restructure the
city’s recycling program. This program informs citizens of correct recycling
practices and informs them of how recycled material is addressed.
• An extended producer responsibility framework is being implemented. This
involved adding the environmental costs associated with a product throughout
its life cycle to the market price of the product. It also involved introducing a
tax/ban on plastics to pay for future green initiatives.
• Packaging producers would also have to report and submit a recycling/disposal
plan for packaging introduced into Singapore markets. In order to enforce
these practices, legislation must be placed. These enforced green, more
sustainable initiatives and forces larger corporations to think about waste
management.

Image: Senoko Waste-to-Energy Incineration Plant in Singapore

Utilizing Toronto’s Organic Waste for Energy
By Jason Wong
• Each year, the City of Toronto produces over 900,000 tonnes of waste. Of the 900,000
tonnes, 160,000 tonnes of waste is organic. With new technologies, organic waste
can now be converted into energy.
• In collaboration with Enbridge Gas Inc., the City been installing new biogas upgrading
equipment at the Dufferin Solid Waste Management Facility as of 2018.
• The construction of this project is planned to be completed by the end 2020.
• This facility is planned to manage 55,000 tonnes of organic waste each year, which
will then be used to produce 3.2 million cubic metres of renewable natural gas.
• The renewable natural gas, is planned to power waste collection vehicles and city run
facilities.
• In addition, this project pushes the City’s agenda regarding long term waste
management strategies and has been recognized internationally with a 2018 Energy
Vision Leadership Award.
• How does the system work? Instead of flaring the biogas produced from the organic
waste, one can further process the biogas by removing any impurities to create a
much more valuable renewable natural gas.
• In the future, the goal is to upgrade 3 additional waste management facilities in
Toronto to be able to turn organic waste into renewable natural gas.
• If all 160,000 tonnes of organic waste is processed, about 9.3 million cubic metres of
renewable natural gas can be produced.
• All in all, this is a good step towards our future and long-term sustainability by
optimizing the use of our waste to provide energy for the citizens of Toronto.

Image: Dufferin Solid Waste Management Facility

Chapter 7:
Sustainable bUILDINGS

Aryanne Valgas / Unsplash

WEEKLY CHECKLIST
Introduction

The built environment within which we live, work and play is the human-made environment that provides for society’s needs and activities – it is the cities that
encompasses all the urban systems. Cities are interdisciplinary by nature because they include all the building blocks that help shape them, and one cannot discuss
buildings without discussing the enabling transportation, and the energy within them, the water consumption by its occupants and the green spaces that make them
healthy and liveable. This module starts with the context of the built environment, and a brief about their planning and environmentally sensitive design and
development. This is then followed by a snapshot of sustainable buildings and sustainable transportation, to first define the criteria that makes them sustainable and then
showcase some examples from around the world.
This module covers both Chapters 7 and 8 of this book.

Learning Outcomes
By the end of this week, you will be able to:
•
•

Recognize the built environment and relation to environmentally sensitive design
Define the purpose of zoning in land-use planning and the shift to new urbanism

•

Describe smart growth and its principles for sustainability of the built environment

•

Explain with examples the three paradigms of environmentally sensitive design
(green infrastructure development, low impact development and conservation
design)

•

Define sustainable buildings

•

List criteria for green building rating systems

•

Identify factors affecting energy consumption

•

Describe strategies for overall energy conservation

•

Demonstrate low energy building strategies

Optional Readings and Resources
Articles:
Frangmoul, Anmar. (2014). Ten of the World’s Most Sustainable Buildings, CNBC Business News, Energy
Future. Retrieved from: https://www.cnbc.com/2014/08/11/ten-of-the-worlds-most-sustainablebuildings.html
CaGBC – Canada Green Business Council (2020). LEED (Leadership in Energy and Environmental Design).
Retrieved from: https://www.cagbc.org/CAGBC/LEED/CAGBC/Programs/LEED/_LEED.aspx?hkey=43680f7a-955c-4345- 9983-

e8cb8683121a

Considering sustainability usually not only affect the local environment and community, but also affect the
whole world.

QUOTES

“

- Bohengtai Xu

I think this course is taught both qualitatively and quantitatively because its important to understand the numerical
statistics of the sustainability along with real world examples of what sustainability is.
- Jivan Garcha

Engineers have the responsibility to maintain a
balance between environment, society and
economy, in order to ensure sustainable
development
- Aasil Ahmed

I try to incorporate elements of
sustainability in my life by trying to
reduce my carbon footprint through
reducing energy consumption and
carpooling with other people if I go
anywhere.
- Connor Mizzen
If we as people keep abusing
the Earth’s resources, things
like climate change will destroy
our planet.

I am optimistic about the future for
sustainable development due to
our continued advancements in
technology around the world.

Sustainability to me means the
ability or action to maintain a state
of efficiency.

- Labeeb Khalid Khan

- Mazen Hassan

As engineers we are in a place of
power and responsibility to actually make a change,
even if it is on a small scale.
-Kelly Hannah

Understanding both the why and how
behind sustainable development is
essential to ensuring it is taken into
consideration in all aspects.

I think it [this course] is taught
both qualitatively and
quantitatively because being
sustainable is a joint effort
between technology and people.
- Kamande Muiruri

- Ryan Janzen

- Shaheer Muhammad

If I If I think back to history and look at all the
achievements humanity has made in such little
time, I have no doubt that we will continue to
thrive and innovate our way to a sustainable
future.
- Ben Busca

As engineers we have a very large part in
determining how the earth's resources are
to be used, and how we as a human race
decide to progress our economy.
- Claudia Golebiowski
I I think that engineers should think about
sustainable development when it comes to
thinking of innovative solutions to minimize
environmental damage while still being able
to meet the needs and demands of society.
-Jane Tong

What sustainability means to me is to be aware of your actions so that our economy,
and ecosystem stays healthy but also remains healthy for future generations.
- John Miranda

I think sustainability is taught both
qualitatively and quantitatively because
of the complex nature of the systems
that pertain to sustainability.
- Thomas Charky

”

Engineers have to not only build what
they might be asked but, they also have to
think about how it will affect the economy,
environment and any other situation that can
occur if a client/consumer uses this new
invention.

- Joao Martins

CopenHill in Copenhagen, Denmark
By Jane Tong
• Copenhagen has a goal of becoming the world’s first carbon-neutral city by 2025.
• CopenHill is located within a dense area of Copenhagen and is Denmark’s largest
single environmental initiative with its budget of 3.5 Billion DKK.
• CopenHill is a public infrastructure that replaced a 50 year old neighboring energy
powerplant. It was constructed in 2019 totaling a 41,000m2 area.
• The building is a clean energy powerplant which creates energy by burning waste
instead of fossil fuels to produce electricity.
• The furnaces, steam, and turbines convert 440,000 tons of waste annually which
delivers clean electricity and heating for over 150,000 homes.
• This new waste to energy powerplant has a built-in ski slope, hiking trail, climbing
wall, and environmental education hub.
• There is a 10,000m2 green roof which helps absorb heat, remove air particles, and
minimizes stormwater runoff.
• The design of the building allows natural light to flood the deep interiors of the
building and has larger openings to illuminate workstations on the administrative
floors
• CopenHill is an architectural expression and has become a clear example that a
sustainably city is not only better for the environment but is also more enjoyable for
the lives of its citizens.

Image: CopenHill Power Plant in Copenhagen, Denmark

Sustainable Building in Shanghai, China
By Bohengtai Xu
• Presently, China is one of the countries most proactively pursuing green building
projects globally. Since 2008, total green building space in the country has grown 154
times to a total of about 320 million square meters, causing China to overtake the US
in terms of green gross floor area, according to a report released by global real estate
consultancy CBRE.
• In less than 30 years, the Shanghai skyline has transformed beyond recognition. Today,
towering, futuristic structures jostle for space, trying to outdo one another in scale
and grandeur.
• The newest addition, Shanghai Tower, stands 632 meters tall and is the second-tallest
building on the planet, after Dubai’s Burj Khalifa. Only recently completed, it is hoped
that the skyscraper will be a model of sustainability.
• Wind turbines located near the top of the structure power its outer lighting as well as
park areas, while transparent inner and outer “skins” will allow natural light to flood
the building, cutting down the need for artificial lighting.
• Smart controls will monitor everything from ventilation to heating and lighting,
helping to cut energy bills in the process.
• According to the tower’s architects, Gensler, over $556,000 will be saved thanks to
lighting controls alone, with the other sustainable features helping to reduce the
building’s carbon footprint by 34,000 metric tons annually.

Image: tangi bertin, CC BY 2.0

Apple Campus 2, Silicon Valley, USA
By Aasil Ahmed
• Apple plans to power the campus with a 100% renewable energy source, it also pledges
to plant at least 7,000 new trees that were displaced, and use recycled and reused
materials for construction .
• Apple Campus 2’s curved glass exterior composing of 3,000 solar panels that are each 46
feet long and 10.5 feet wide, covering approximately 70,000 square feet of the building’s
rooftop.
• In addition to this, the impressive building structure will also have the largest freestanding carbon-fiber roof that has ever been constructed. The roof has 44 identical radial
panels that average 70 feet long and 11 feet wide.
• Apple has also intended to collaborate with First Solar, a solar energy firm situated in
Monterey California, for a multi-year bargain (25 years), which is really the longest clean
energy deal the US has seen to date.
• Apple currently projects the maximum energy consumption of the entire 5.9 million sq ft
(548,000 sq meters) campus – including office spaces, research centers, parking
structures, and other buildings – to be around 142,000,000 kilowatt-hours per year.
According to the total area of all the buildings on site, Apple Campus 2 will have an
energy use intensity of about 257 kWh per sq meter per year.
• Apple’s massive partnership with Monterey based, 2,900 acres solar farm would supply
portion off about 1,300 acres of the farm’s energy to Apple Campus 2.
• The amount of energy powering Apple’s HQ is equivalent to the amount of energy that
could power around 60,000 homes.
• This $850 million project is seen not only as a great investment to provide 130 megawatts
of energy to the Apple Campus 2 but also to 53 of Apple’s retail stores in California and its
main data center.
• Apple’s increased adoption of renewable energy brings us closer to a planet where the
integrity for the current generation and future generations is preserved for subsequent
years to follow.

Apple Campus 2 - the greenest building on the planet? Photograph: Apple

Manitoba Hydro Place in Winnipeg, Canada
By Jivan Garcha
• Manitoba Hydro is an energy corporation located in Winnipeg, Canada dedicated to sustainability and energy
efficiency. Thus they set out to build a sustainable and energy efficient office tower.
• The Manitoba Hydro Place construction began in August 2005, completed in December 2008 and cost $278
million to construct.
• Today, Manitoba Hydro Place stands 115 meters tall, has 22 floors and a total area of 64,000 m2 with over
1600 employees working inside.
• Construction started with 5 goals in mind; to create a healthy workplace, create a landmark, have a positive
impact on downtown Winnipeg, setting a global standard in sustainability and lastly, setting a global standard
in energy efficiency.
• In May of 2012, the Manitoba Hydro Place received a LEED Platinum certification, making it the most energy
efficient tower in North America. This is a staggering feat as temperatures in Winnipeg can range from -50℃
and +40℃ making energy efficiency a difficult task due to extreme heating and cooling needs.
• The tower achieves energy efficiency and sustainability using a solar chimney and a geo-thermal HVAC
system for 100% natural heating and cooling regardless of external temperature, natural lighting to reduce
use of lightbulbs, plants to reduce stormwater run off and several design optimizations.
• Originally with a goal of using 60% less energy than the average building, Manitoba Hydro Place exceeds the
goal and uses 70% less energy.
• The average building in North America has an electric usage of about 400 kWh/m2 and the average building in
Manitoba has an electric usage of about 495 kWh/m2, due to Manitoba’s drastic climate. In contrast,
Manitoba Hydro Place uses a very impressive and significantly less 85 kWh/m2.
• Manitoba Hydro Place is now known as one of the most energy efficient towers in the world and has inspired
construction of many other sustainable buildings.

Image: Manitoba Hydro Place in Winnipeg, Canada

The Crystal in London, United Kingdom
By Ryan Janzen
• According to the Organization for Economic Cooperation and Development (OECD),
the building sector accounts for around 25-40% of final energy consumption in OECD
countries.
• The OECD sustainable building project identifies five objectives for sustainable
buildings: resource efficiency, energy efficiency (including greenhouse gas emissions
reduction), pollution prevention (including indoor air quality), harmonization with
environment, and integrated and systemic approaches.
• There are many challenges associated with adopting the practice of sustainable
construction, however. Cost, information, design processes, construction processes,
and materials and technology all play major roles in preventing a higher rate of
adoption of these sustainable building practices.
• The Crystal, conceived by Wilkinson Architects, incorporates most, if not all, of the
five objectives identified by the OECD.
• The Crystal is a 6300 square meter building housing exhibition spaces, conference
facilities and a technology and innovation centre.
• It is powered entirely by electricity and consumes no fossil fuels.
• It is also 90% water self-sufficient, harvesting rainwater and cleaning it to drinking
quality.
• The Crystal also includes an extensive range of controls into the building which allows
it to operate in mixed ventilation modes, both natural and mechanical, and provide
users an unprecedented degree of control over temperature, light and air.
• These accomplishments have allowed the Crystal to be hailed as one of the world’s
most energy efficient buildings with BREEAM “outstanding” accreditations.
Image: The Crystal in London, UK

One Central Park in Sydney, Australia
By Joao Martins
• One Central Park is one of the greenest buildings in the world. It was constructed
from 2007 to 2013 with a goal of benefiting the community and environment around
it. The building covers 5.8 hectare and includes retail, commercial, residential, and
community spaces.
• The building consists of several different gardens which are placed alongside the
building as well as its rooftop. The building also has smart-metering systems to
monitor consumptions (energy and water).
• The building has a heliostat with LEDS nodes to provide better lighting during the day
and night.
• One Central Park also comes with its own two-megawatt thermal tri-generation plant
and water recycling plant. This is to try to minimize carbon emissions, water demand
and to supply any additional water and electricity to nearby neighbourhoods.
• The generator runs on natural gas and is twice as more efficient compared to a coal
power plant. It produces low-carbon thermal energy in order to provide
heating/cooling to 3,000 residences and 65,000 sqm of retail/commercial space. It
also supplies low-carbon electricity to the Heritage County Clare Hotel and the
Brewery Yard building. This generator was estimated alleviate 190,000 tonnes of
greenhouse gas emissions over its design life of 25 years.
• The tri-generator was funded by the Environmental Upgrade Agreement ($26.5
million).
• One Central Park also consists of a Membrane Bioreactor and Reverse Osmosis water
facility to service its residents (4,000), workers (15,000) and visitors daily.
• Due to the water recycling system, residents are able to use 40-50% less of drinking
water. This saves money and drinking water supplies.
• The water system requires little space, makes no disturbing noises and is odourless.
Image: One Central Park in Sydney, Australia

The Crystal in London, United Kingdom
By John Miranda
• The Crystal was built to serve as an education and exhibition space to foster and birth
new ideas to find solutions that will create more sustainable cities. The design of the
building was inspired from multi-faceted urban life, depicting complexity and
challenges. It is the first building in the world to reach both BREEAM® Outstanding
and LEED ® Platinum Statues.
• The Crystal was designed with many sophisticated technologies to make it one of the
most sustainable buildings in the world. This includes:
• Heating and Cooling: Ground source heat pumps supply virtually all of the heating
and cooling needs of the building. Water is pumped through a pipe that loops as deep
as 150m into the ground. Two ground source heat pumps create hot and cold water
and pump it to underfloor pipes for heating or chilled beams for cooling. Around 60%
of outgoing heat or cooling energy is recovered with the use of thermal wheels, and
the use of 100% natural heat sources, results in no heating bill.
• Water: Rainwater is collected directly from the buildings roof and stored in a storage
tank underground. The rainwater is treated using filtration and ultraviolent
disinfection. Blackwater receives the highest level of treatment (anoxic and aerobic)
and once recycled is used for irrigation and toilet flushing across the building. 80% of
The Crystals hot water is heated from a combination of heat pumps and solar thermal
water heating from the roof.
• Light: The Crystal uses high performance solar glass that self shades and allows 70%
of visible light through but only 30% of solar energy through. The glass is made up of
3 layers and an Argon cavity. The Crystal also uses a combination of 35% LED and 65%
fluorescent lights with Siemens advanced control system to provide the right amount
of lighting and saves electricity.
• Energy: The Crystal is a 100% electric building, that generates 20% of its power from
solar photovoltaic panels that covers two-thirds of the roof.
Image: The Crystal

Building Maintenance in Malaysia
By Connor Mizzen
• Malaysia has taken great steps in becoming a prominent leader in the Asian economy
however they are still lagging behind more developed countries as they have recently
adopted a building management system.
• Malaysia can provide world-class infrastructure but can not support it with good
building maintenance.
• Without a good building maintenance system the risk of an injury occurring is greatly
increased. As well, the building life would be reduced significantly if it is not being
maintained properly.
• There are many regulations and standards for the health and safety of buildings
however they are not followed as strictly as they are in Canada as there are little to
no inspections of these buildings to make sure they are up to code.
• The codes in place are only considering the mechanical and electrical aspects of the
building and do not consider the civil and structural components.
• A group of experts recently released some recommendations to fix this issue:
• The first recommendation to improve the building management system was to
establish cooperation between the government, the department of Public Works and
the private sector to make sure that all policies are followed.
• Another recommendation was to require an inspection by government officials every
three to five years to ensure the building is in good condition and is safe.
• These two recommendations should be put into place through a professional
organization that could overlook all the public buildings in Malaysia to make sure all
the codes and regulations are followed like there is in many developed countries.
• The implementation of these recommendations can help to create more sustainable
buildings as they would make sure that the building is being maintained which in turn
would lengthen the lifespan of the building as small issues would be noticed sooner
and could be fixed before they turn into large issues that would cost a lot to fix.
• The minister announced last year that they will be monitoring buildings on a five year
basis to help improve building maintenance which is a big step in the right direction.
Image: Crack on wall of a PKNS Flat in Kuala Lumpur, Malaysia

Copenhill in Copenhagen, Denmark
By Claudia Golebiowski
• As climate change and the negative effects it brings on the Earth's environment
becomes a greater and more common topic of discussion, processes to reduce its
impacts have become necessary to maintain current ways of life
• Copenhagen, for decades, has maintained the reduction of climate change as a
driving factor when it comes to new infrastructure and public processes, with an
overall goal of becoming the world's first carbon neutral country by 2025
• Copenhill (also known as Amager Bakke) was a project originally procured by the
Danish architect Bjarke Ingels in 2011 to combine the production of power, heating,
and waste disposal to create a cohesive clean energy (low carbon) power plant
• The plant was opened in 2017 and converts nearly 440 000 tons of waste that
emanates from its 5 surrounding municipalities, annually into clean energy that
provides 150 000 homes with heating and electricity
• This accumulates to nearly 97% of homes surrounding Copenhagen to receive their
heat as a bi-product of energy production from one specific clean energy power
plant
• The project does not only solve many underlying issues behind clean production of
energy, it also combines this energy production with public recreation and leisure
• The "garbage hill" as referred to by Bjarke Ingels himself, provides many public
attractions that make use of latest technologies which include skiing on artificial
terrain, rock climbing along the exterior of the building, hiking up the artificial hill
and more
• Final intentions behind this project were to not only provide Copenhagen with its
essential energy, but to break worldwide stereotypes rooted in sustainability
• The idea that we need to lose productivity in order to gain sustainability is a dated
concept broken by the new boundaries this project has set in place, that
sustainability comes in all forms and that humanity does not necessarily need to
back track in order to move forward
Image: Amager Bakke – Copenhill in Copenhagen, Denmark

Bahrain World Trade Center in Manama, Bahrain
By Ben Busca

• Bahrain is a country located in the Middle East. Their abundance of petroleum
production and processing, make it their largest export accounting for 60% of export
receipts, 70% of government revenues and 11% of the GDP.
• This fast-growing economy has allowed the country to invest in sustainable buildings
such as the Bahrain World Trade Center.
• The Bahrain World Trade Center was completed in 2008 making it the first skyscraper
in the world to incorporate wind turbines into its design.
• The building won several awards for sustainability including
• The 2006 LEAF Award for Best Use of Technology within a Large Scheme
• The Arab Construction World for Sustainable Design Award
• The 240-meter, 50 story buildings are linked via three sky bridges, each carrying a
225kW wind turbine. That’s 675kW of wind power capacity. This significantly reduces
the building’s energy consumption and carbon discharge.
• The wind turbines provide 10-15% of the power consumption for both towers. This is
roughly 1.2 GWh a year.
• The sail-shaped towers funnel the wind coming from the ocean into the three
turbines. This was created to mimic airfoils, funneling and accelerating the wind
velocity between the towers
• Deep gravel roof in multiple locations provides kinetic insolation.
• Intentional balconies paired with the sloping elevation provide shading.
• Dense concrete core and floor slabs level loads and reduce the peak demand with
associated reductions in are and chilled water transport systems.

Image: Bahrain World Trade Center, Manama, Bahrain

Sustainable Buildings in Idaho, America
By Labeeb Khalid Khan
• A sustainable building focuses on concepts that increase efficiency of the use of
resources such as energy, water and materials. By doing so, they reduce impacts on
human health and the environment.
• An example of a green building is the Banner Bank Building located in Boise, Idaho.
Not only is it a shell platinum rated LEED building, but it is also regarded as one of the
most sustainable buildings in America.
• When compared to an average building of similar size, the Banner uses 50% less
energy, 65% less domestic water, 80% less sewage conveyance. Also, about 42% of
the materials used for its’ construction were recycled of which 90% came from
construction debris in landfills.
• Despite all the sustainable accomplishments, the cost of the bank was competitive
with the average cost of competing commercial buildings. The cost of operating a
green building is also about 13.6% lower when compared to non-green buildings.
• The Banner Bank is heated with geothermal hot water and is recycled back into an
aquifer. It also uses 50% less energy than non green buildings due to lighting controls
and underfloor air and power distribution.
• The exceptional water conservation of the bank reduces water use of urinals and
lavatories by 0.5 gpf and 0.5 gpm respectively. It also has a closed loop water prechiller.
• The bank also harvests stormwater from surrounding land including public streets and
sidewalk. The stormwater along with the graywater from lavatories is treated for
purity and is reused to flush toilets and urinals while also providing all irrigation
water.
• It is conveniently located near public transportation, has indoor bike storage and
shower stalls to encourage green use.
Image: Banner Bank Building in Boise, America

Energy Environment Experiential Learning Centre
Calgary, Canada
By: Kamande Muiruri

• The University of Calgary wanted to address its challenge of a fast growing student
population in all its faculties. This prompted talks on how to expand the available
learning spacing and it was quickly decided that a new building dedicated to students
in energy and environmental programs would be built to reduce the burden on the
present infrastructure.
• In addition to offering more learning spaces the building was intended to be a role
model in regards of sustainable buildings for the University, city and surrounding
regions.
• The building orientation was one of the first things considered in the design phase,
this was important to the design team so they can take full advantage of incoming
daylight as well as the known wind patterns in the area.
• In the construction phase, environmentally friendly methods were enforced leading
to an outcome of 75.1% construction waste being recycled.
• A large building operating cost comes from lighting the entire building. This energy
cost has been greatly reduced by a building design that has very high daylight
penetration into hallways and classrooms which are all fitted with occupancy sensors
should artificial lighting be needed.
• Large curtain walls on each side equipped with sunshades give a 35% energy savings
in regarding to interior climate control. These same sunshades feature a glazed
coating that keeps light pollution to a minimum.
• The building grounds are also designed to tackle the issue of runoff by investing in
permeable walkways and more green spaces with native vegetation.
• Being a learning center, the building itself has interactive displays that tell its
occupants information regarding the energy/resource consumption of the building
while also giving ways to be more responsible with energy usage.
• Completed in 2011 it granted space for 1000 more students and saved 68% in energy
cost in additional to achieving the LEED platinum certified.

Vancouver Convention Centre, BC
By: Kelly Hannah
-

The Vancouver Convention Centre is a double LEED Platinum
certified facility.
6 acre living roof is the largest in all of Canada featuring
more than 400,000 indigenous types of plants and grasses.
Also encourages wildlife with 4 beehive and many nests for
various species of birds.
The building also promotes marine life underneath the
building with a large variety of sea life.
Recycles water for washrooms and the irrigation system.
The surrounding seawater is also used for cooling in the
summer and heating in the winter.
Energy efficiency rating 65% better than the Model National
Energy Code for Buildings.
The convention center was built with many sustainable and
locally harvested materials.
Also adopt sustainable practices within the building as well.
Has received over 8 environmental awards for sustainable
design practices.
Has a positive economical, social, and environmental impact
on society.

Image: Vancouver Convention Centre in British Columbia,
Canada

A Green Façade in Fukuoka, Japan
By Shaheer Muhammad
• In 2017, Japan was the fourth largest electricity consuming country in the world,
consuming 964 TWh of electricity.
• In 2017, they had the seventh largest carbon emissions compared to the rest of the
world, totaling to 1290 Mt of CO2 equivalent.
• Out of 47 prefectures, Fukuoka is the 9th largest prefecture, in terms of population. It
had a population of approximately 5 million people in 2015.
• Fukuoka’s city centre is an urban environment that is home to many structures of
concrete and steel, with not a lot of greenery in sight.
• The lack of greenery can impact an area’s temperature, and its level of greenhouse
gases in the air.
• Emilio Ambasz was the architect behind the ACROS Fukuoka Prefectural International
Hall
• This $380.0M project was completed in 1994.
• The building is shaped almost like a staircase, and each “step” has a lot of local plants
on it.
• The plants absorb carbon dioxide and other pollutants in the air.
• By removing these pollutants and CO2, their air quality can be improved, and their
carbon footprint can be reduced.
• The plants also absorb sunlight for photosynthesis.
• By doing so, they prevent the sunlight from directly hitting the surface of the building.
• This leads to reduced temperatures in the building, and less energy being used on
cooling.
Image: ACROS Fukuoka Prefectural International Hall in Fukuoka, Japan

Manitoba Hydro Place in Winnipeg, Canada
By Thomas Charky
•
•

•
•
•
•
•

•
•

Winnipeg frequently experiences yearly temperatures on both extremes of the
spectrum, from 30+ degrees below freezing to 30+ degrees above freezing (Celsius). To
remain sustainable in these weathers is a difficult task.
The project started its planning phase from 2002-2004 and opened in 2009 as one of
the most efficient buildings out there. It was projected to use less than
100kWh/m^2/a, while most other office towers in north America require
400kWh/m^2/a.
To allow sunlight into the building for natural lighting and heating, the floor plates do
not take up a lot of space and the envelope is glazed all the way from the bottom of
the room to the top.
To protect against the extreme temperature variation, there is a one meter buffer zone
for insulation between a double curtain wall using low-iron glass.
Automatic window blinds allow for the building system to regulate heat intake and
specially radiant concrete slabs exchange heat with the ground.
The building also has a solar chimney, which acts as a natural convection system,
drawing out hot air from the building in summer, while offering increased solar warmth
in the winter months.
All air intakes are completely fresh, with no used air re-transmitted through the
building. Gardens draw in outside air and let it acclimatize while a massive waterfall in
each of the buildings atria control the air’s humidity. From there, the air is drawn to
where it is needed. When it is used, the solar chimney expels the air.
The building also employs a geothermal heating system to heat the building during the
winter. Deep boreholes are used to access the earth’s heat to warm glycol which
warms water in the buildings heat exchanger.
By planning and working with city transit, the Manitoba Hydro has reduced its
employees car usage by 50%. Employees are instead using public transit to get to
work. Planners also placed it on bus routes to neighbourhoods where 80% of Manitoba
Hydro employees live. This allowed for a large reduction in parking spaces, lowering
the buildings footprint and giving it more space.

Image: Manitoba Hydro Building

Sustainability in Shanghai Tower, China
By Mazen Hassan
• Buildings are known to be the greatest contributor towards climate change, due to
the construction, operation and maintenance that come along with them.
• A study conducted by the United Nations Environmental Programme (UNEP)
discovered that buildings are responsible for approximately 30-40 percent of global
energy use, while also creating 40 percent of solid wastes.
• UNEP discovered that by creating sustainable buildings, greenhouse gas emissions
can be reduced significantly.
• China has tackled this issue by now introducing multiple sustainable building projects.
• A project that began in 2008 and completed by the year 2015, was the construction
of the Shanghai Tower.
• This tower encompasses a total of 43 different sustainability technologies
• It focuses on utilizing renewable energy sources and substantial landscaping to cool
the building, which are contributing factors to lowering the total energy consumption
by 21 percent.
• Its unique design helps improve its resistance to wind, and also lowers its
construction cost.
• These 43 different sustainability technologies have reduced the towers carbon
footprint by 37000 metric tonnes on a yearly basis, and will also save a total of US
$58 million in material costs.
• The tower is also known to consist a total of 6700 water control valves, which assist
with the towers ventilation, heat efficiency and air conditioning system.
• The tower also uses 660 variable speed drives. These help by allowing pumps, fans
and compressors to reduce their energy output by approximately 20-40 percent.
• The Shanghai tower is now seen as a sustainability building approach others will now
follow.
Image: Shanghai Tower, China
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Sustainable Transportation
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WEEKLY CHECKLIST
Introduction

The built environment within which we live, work and play is the human-made environment that provides for society’s needs and activities – it is the cities that
encompasses all the urban systems. Cities are interdisciplinary by nature because they include all the building blocks that help shape them, and one cannot discuss
buildings without discussing the enabling transportation, and the energy within them, the water consumption by its occupants and the green spaces that make them
healthy and liveable. This module starts with the context of the built environment, and a brief about their planning and environmentally sensitive design and
development. This is then followed by a snapshot of sustainable buildings and sustainable transportation, to first define the criteria that makes them sustainable and then
showcase some examples from around the world.
This module covers both Chapters 7 and 8 of this book.

Learning Outcomes
By the end of this week, you will be able to:
•

Recognize the built environment and relation to environmentally sensitive design

•

Define the purpose of zoning in land-use planning and the shift to new urbanism

•

Describe smart growth and its principles for sustainability of the built environment

•

Explain with examples the three paradigms of environmentally sensitive design
(green infrastructure development, low impact development and conservation
design)

Optional Readings and Resources
Articles:
Sustainable Transportation (2020) by David Suzuki Transportation. Retrieved from:
https://davidsuzuki.org/project/sustainable-transportation/
Videos:
Growing Up: The Story of ION Light Rail Waterloo Region (2019) by rideION. Retrieved
from: https://www.youtube.com/watch?v=1yClmnhDrAo (57:28 minutes)

•

Define sustainable transportations

•

Describe the components of a transportation system

•

Classify the impacts of urban transportation modes

•

Identify strategies to increase the sustainability of transportation

•

Demonstrate four types of transit metropolises

•

Locate innovations in public transportation

QUOTES

“

I believe that it is the responsibility of engineers today to fully assess the situations surrounding us and be
thoughtful in our design.
- Ana Campos

Sustainability is taught both qualitatively and quantitatively because there are technical details about sustainability and how to
implement it but also there is a lot of social and political implications of sustainable development.
- Maya Gupta

For me sustainability means to conserve/
maintain something over a large period of time
for the future
- Kamil Brzyski

I’m optimistic when looking at sustainable
development, as climate change awareness
is a lot more prominent.
- Andrew Gordon

To me, sustainability is a coherent balance between the
planet, the people, and the profit working in an
interdependent relationship that can support current
quality of life without hindering the future's life quality.
-Jacob Ly

A modern engineer's role is to
integrate better ways of designing
so that there is less of an effect on
the environment.
- Ge Zhao

I believe in the future, with more enhanced technology, there will be more
methods to how to make developments more sustainable.

Engineers should aim to
develop sustainable
approaches to prevent the
depletion of resources.

- Mable Wong

- Manraj Grewal

I am pessimistic when looking to the future with regards to sustainable development
because we constantly work to develop and the negative impacts that follow are
inevitable.
- Somi Nim

I am pretty optimistic because people in
general have started to think about nature and
earth and working towards creating a
sustainable future.
- Devarshi Pandya

Sustainability to me means being able to
repeat a process while being able to
replace resources needed and prevent
degrading the ecosystem.
- Jacob Alexander

While engineers can design sustainable
infrastructure, policymakers are the ones
who affect real change.
- Madeleine Maclsaac-Sun

”

As engineers we contribute to
sustainability by developing technology/
practices that reduce the amount of resources
needed to develop a system and ensures that
the system endures little change over a long
period of time.

- Azaan Ali

Sustainable Transportation – Hyperloop
By Maya Gupta
Background
• The goal of hyperloop is to revolutionize transportation with a sustainable, fast,
efficient, and environmentally-friendly solution to transport people long distances.
• Hyperloop is a concept introduced by Elon Musk in 2012 that aims to remove friction
and air resistance as speed hindrance factors. SpaceX hosted a student engineering
competition to build hyperloops. The University of Waterloo has a team called
Waterloop.
Problem statement
• The number of cars is predicted to double worldwide by 2040. Carbon dioxide
emissions from cars are the leading cause of climate change.
• In 2017, flights produced 946 million tons of carbon dioxide. It is predicted that
hyperloop could replace flights that are 310-930 miles in distance and reduce emissions
by 58%.
Sustainability
• The hyperloop is 100% electric with zero direct emissions. The system can draw power
from energy sources along the route and will support the transition to a renewable
energy-powered future. For example, in the Middle East, solar panels will cover the
tube, which will be able to power the Hyperloop completely by solar.
• The hyperloop consumes approximately 75 Wh/passenger-km. This is 33% less energy
than a maglev train traveling at half the speed.
Infrastructure
• Hyperloop is built with an ultra-efficient electric motor, magnetic levitation, and a lowdrag environment, which will make the system itself sustainable with long-term usage.
• This structure enables the pod to reach airline speeds for 5-10x less energy.
• The hyperloop’s infrastructure can be built above or below ground, which protects and
supports rural communities such as farms. This can lead to decreasing population
density in cities as transportation from rural areas will be available with hyperloop.
Images from Virgin Hyperloop One

Bandra-Worli Sea Link in Mumbai, India
By Devarshi Pandya
• The city of Mumbai has traditionally been the epicentre of India’s commerce.
• Along with the business, its population has increased and reached 20 million with the
number of vehicles reaching 2.33 million.
• Earlier, Mahim Causeway was the city’s only link between western suburbs and
central business district.
• There were 23 signals on this route with around 125,000 vehicles crossing each day
with Vehicular Operating Costs reaching to 100 crore rupees (17.81 million CAD) per
annum.
• The north-southwestern corridor became a bottleneck during peak hours thus
resulting in the proposal of West Island Freeway Project (36 km in length) across the
western coastline of Mumbai to ease congestion and make the city sustainable.
• As part of Phase-1 of the project, a cable stayed bridge was proposed over Mahim Bay
connecting Bandra and Worli.
• The Bandra-Worli Sea Link was built and opened in 2010 with a length of 5.6 km
which would reduce the travel time between Bandra and Worli from 50-60 minutes to
merely 8 minutes.
• The bridge offers emergency crossovers and Disaster Management Program along
with separate lane for buses.
• This would drastically reduce air & noise pollution and emission of carbon monoxide
and nitrogen oxide levels over the residential areas of Mahim, Dadar and Prabhadevi
making the project sustainable.
• PM2.5 and NO2 levels were dropped by 49% and 69% respectively.
• This project helped Mumbai reduce accidents, travel time and decrease pollution.
• Phase-2 and Phase-3 of the project will be completed between 2021-2023.
Image title 1: BWSL on the Map of Mumbai
Image Title 2: View of BWSL from Bandra (North End)

High-Speed Rail
By Madeleine MacIsaac-Sun
• High-speed rail is just that: rail systems whose trains travel at a very high speed.
Although there is no definitive standard, trains that can travel over 200-250 km/h are
generally considered to be high-speed rail.
• The world’s first high-speed rail system (pictured on the right) was implemented in
Japan in 1964. Japan pioneered high-speed rail transit, and there are currently nine
high speed rail lines operating between twenty-two major Japanese cities. Japanese
bullet trains can travel up to 320 km/h.
• High-speed rail lines have since been implemented across Europe, with the rail lines
serving as international connections between countries in the EU.
• The Chinese government has been investing heavily in high-speed rail since the early
1990s. The current Chinese high-speed rail network boasts trains that can travel 250
km/h to 350 km/h, and its network is always growing.
• There are many benefits associated with high-speed rail. High speed rail is more than
four times more energy efficient than cars, and nine times more energy efficient than
travelling by air. Reducing the quantity of cars on roadways leads to a reduced
demand for oil, reduced congestion, and additional energy savings.
• High-speed rail can help reduce societal greenhouse gas emissions by offering an
alternative to travel by car and air. High-speed rail is typically powered by electricity,
opening up the possibility of trains being powered by renewable resources rather
than fossil fuels.
• The California High-Speed Rail Authority (CHSRA) estimates that by 2040, a HSR
system could reduce car travel by 10 million miles daily. The CHSRA also estimated
that by 2030 flights could be reduced from 171 to 93 flights daily.
• Reduced traffic in airways and roadways would also lead to improved air quality and
general health.

Image: The Tōkaidō Shinkansen high-speed line in Japan, the world’s first high-speed rail
line.

Electrifying Transit in Los Angeles, California
By Jacob Ly
• Los Angeles (L.A.) is a highly populated city with about four million citizens located in
Southern California. The L.A. metro area has a GDP of about 941 billion U.S. dollars
with its main economy centralized around manufacturing.
• Although L.A. is a wealthy developed city, it is particularly vulnerable to climate
stressors such as warmer temperatures. In recent years, observations of rising sea
level, increased wildfire frequency, and increased heat wave periods have shaken L.A.
to take action.
• In 2015, L.A.’s Mayor Eric Garcetti introduced L.A.’s first Sustainable City “pLAn”, a
directive to transform the city into a cleaner environment by setting goals such as
zero emission vehicles.
• As part of zero emission vehicles, L.A. targets to electrify 100% of L.A. Metro and
LADOT buses by 2030
• In November 2019, L.A. has order 130 BYD electric buses which will be delivered and
operational by 2021. An addition 25 BYD buses has been order from a local
manufacturer and has been operational since summer 2020
• The total 155 electric buses is North America’s largest investment on electrical bus
technology
• BYD buses are able to operate for 250 miles after each 2.5 to 3 hours charging time
• L.A. Metro has installed over 100 electric vehicle charger for current and future
electric buses
• Between 2018 and 2019, L.A. Metro has reported a 13.5% reduction in criteria air
pollutants emission measured per vehicle revenue miles and a 10.5% reduction in
greenhouse gas emissions measured in CO2 equivalent per vehicle revenue mile
Image: BYD K7M All-Electric Bus Operating in L.A. Bus Transit

The Development and Usefulness of the ION
By Jacob Alexander
• In 2014, for the first time in 10 years, more apartment buildings and townhomes were
being built in the waterloo region than single family homes
• A development trend where the region went from having about 15% development in
existing built-up areas in 2003 has jumped to about 50% in 2015
• The ION is encouraging better use of land and efficient use of existing services and
infrastructure.
• The ION light rail transit project has been in the works since 2004 and has will be
estimated to continue growing until around 2025
• When the project started, the federal and provincial government payed 265 and 300
million dollars respectively and the region of waterloo payed the additional 253
million to build the ION
• Without the ION, a large allotment of land would be needed to accommodate the
expansion and growth including new roads or widening roads.
• The region of waterloo would have spent around 1.4 billion dollars redoing roads
however the Ion saved the region of waterloo approximately 500 million dollars
• The ION reduces the need to widen or build roads and allows the region to make
more strategic choices on road improvements and investments
• The LRT is much more likely to reach the goals set out by the municipality than busses
• The number of busses that would be needed to meet ridership demand in the future
would be overwhelming and not cot effective or strategically smart.
• The ION helps ease traffic congestion by building roads that connect various
transportation modes, such as the GRT, walking and cycling therefore reducing carbon
emissions
• The ION will protect the countryside, thereby helping local food production, will
generate low amounts of emissions and improve air quality and reduce GHG and
protect our groundwater
Image: Conestoga mall LRT location

TransMilenio Bus System in Bogotá, Columbia
By Andrew Gordon
• In the 1990’s, social inequality was very prominent in Bogotá, Columbia. There was a
lack of infrastructure and many safety and security problems.
• Private companies operated all 1500 public buses, resulting in a competitive nature
towards public transit. Traffic congestion was also a major issue. For example, a 30 km
trip could take over 2 hours.
• In 1998, Bogotá’s mayor, Enrique Peñalosa, implemented a “Bus Rapid Transit” (BRT)
system, involving 1300 new buses accessible to everyone, along with dedicated bus
lanes. This came at a lower cost compared to constructing new highways.
• Private companies that operated buses before 1998 were run by the mafia, presenting
major issues in implementing a whole new transit system (at risk of strikes). In
addition, using the bus was thought to be a poor person’s mode of transportation.
• Peñalosa invited previous bus operators to run the new transit system, thus avoiding
issues with the mafia. To combat social discrimination, Peñalosa named the system
“TransMilenio”, meaning “into the millennium”. In addition, there are free “feeder
buses”, which run to low-income areas on the outskirts of town, allowing low-income
citizens to travel to the main bus system at no cost.
• Peñalosa also implemented more than 300 km of new bike lanes, along with new
pedestrian paths. This provides alternative cost-effective modes of transportation, in
addition to promoting environmentally-friendly practices, and resulted in an increase of
bicycle use by 500%.
• These bike lanes run through low-income and wealthy areas, thus promoting
integration with all citizens.
• These new systems resulted in a reduction of traffic fatalities by 89% and reduced
equivalent CO2 emissions by 60 000 tons/year.
• Allows low-income citizens to travel around the city, while simultaneously promoting
integration between poor and wealthy people and thus reducing social discrimination.
• Travel time has been cut in half for the city.
Image: TransMilenio Bus System in Bogotá, Columbia

Sustainable Transportation in Paris, France
By Manraj Grewal
• Paris’ transportation sector is responsible for 24% of the city’s greenhouse gas emissions
and 17% of its energy consumption. It is also responsible for the 64% of all nitrogen oxide
emissions.
• The transportation sector is Paris’ largest source of air pollution. It is responsible for 34%
and 40% of particulate matter, at the PM10 and PM2.5 levels respectively. In Paris, 95% of
all particulate matter air pollution from the transportation sector is a result of dieselpowered vehicles.
• In 2008, Paris was awarded the Sustainable Transport Award by the Institute for
Transportation and Development Policy for their eco-friendly bike sharing program called
“Vélib”.
• Using Vélib, people can borrow bikes from a station for a small price and can then return
the bike to another station they wish, once they have arrived at their destination.
• The sustainable transit system includes 15,000 bikes and 1,200 stations spread throughout
the city, including 314 km of bike lanes. In 2007, people had used the system over 11
million times. Since 2007, Paris has added and additional 400 km of bike paths.
• Paris has also created the “Autolib’” program which runs under the same basic principles
as Vélib. Autolib’ is an electric car sharing system with almost 1100 stations dispersed
throughout Paris.
• Paris has led the charge in sustainable transportation by aiming to eliminate dieselpowered vehicles from the municipal fleet by 2020. They will also replace 90% of the
municipal fleet (1200 petrol powered vehicles) with electric and hydrogen powered
vehicles.
• Since 2004, Paris has reduced car traffic by 30%, reduced particulate matter pollution by
50%, and reduced greenhouse gas emissions by 39%. In 2001, 60% of Paris’ citizen owned
cars, however that number has dropped to 35% as of 2019 as a result of Paris’ sustainable
public transportation systems.
Image: Velib Bike Sharing Scheme, Autolib’ System

Shenyang’s Trams Network – The Blue Dolphin
By: Ge Zhao

• Shenyang is the capital of the Liaoning province in Northeast China
• Population: 8.29 million people as of 2017 over an area of 13,000 km²
• Top 10 of the most congested cities in China
• Trams network was implemented as an alternative method of
transportation to reduce congestion
• Construction began in February 2012 and took only 18 months to
construct
• Shenyang Modern Tram opened in September 2013 and was China’s
first modern tramway
• Currently has 6 lines, spanning 97 km and runs at a speed of 80 km/hr
• It was nicknamed the blue dolphin because on its design and colour
• The trams have energy storage units that increase energy efficiency
enable catenary-free operations (no overhead wires needed)
• There are 30 tramcars and can hold up to 660 passengers
• Trams are energy saving and are more reliable. They are a solution to
more sustainable cities
Image: T2 Taoxian Airport Tramway Station

Noise Barrier Solar Panels near Uden, Netherlands
By Kamil Brzyski

• On the A50 highway near Uden, Netherlands noise barriers were set up with bifacial
solar panels to generate green, sustainable energy for nearby homes.
• The Dutch Ministry of Infrastructure and Water Management (or the Rijkswaterstaat)
proposed this project named “The Solar Highways Project” in June 2014 and received
funding of approximately 1.4 million euro (2.2 million CAD) from the European Union.
• Planning of the solar panels begun in the beginning of 2018, construction of the
panels began in the summer of the same year and the panels became fully
operational at the end of 2018.
• The primary goal of the project was to demonstrate the benefits in using solar panels
for highway noise barriers to provide green energy for use. Also to ensure the noise
barriers continue to function as previously to prevent noise from the highway.
• These barriers are approximately 400m in length and 5m tall, and consists a total of
68 panels. The panels are located in a west-east orientation to utilize the maximum
energy input from the sun.
• Energy input is expected to be 145MWh to 175MWh per year which is to provide 40
to 60 homes with electricity every year.
• The use and energy of the solar panels were closely monitored over the next 18
months to determine their energy yield, maintenance needs, and the overall profit in
using the panels.
• In November of 2019, the first results were presented to be very positive. The results
presented that the energy yield of the panels were 20% higher than expected and
provided enough energy to power 60 homes.
• The project also incorporated a prototype of bifacial (double-sided) solar panels.
• Many noise barrier solar panels were previously constructed in Europe, however this
one is the largest installed and incorporates double-sided panels and aims to produce
a much higher energy yield.
• Rijkswaterstaat plans to use the results from this project to outline even more future
renewable energy projects with the use of noise barrier solar panels across
Netherlands highways and roads.
• You can view daily energy yield from these panels here:
https://solarhighways.eu/en/monitoring
Image: Noise Barrier Bifacial Solar panels located on the A50 motorway near Uden,
Netherlands

Community Cycle-Sharing in Yokohama, Japan
By Mable Wong
• Yokohama is the second largest city in Japan in the Kanto region. As a well-known
port city, it has access to docks and cargos as it lies on Tokyo Bay. As an economy with
a high rate in population growth, the city strives to corporate a variety of sustainable
methods of transportation as well as working their way towards the SDGs.
• Baybike is a community bicycle sharing system created by NTT Docomo, a private
telecommunication company, that was introduced back in 2010. The system contains
770 bicycles to rent with 84 stations around the city for civilians to access.
• It can be easily accessed by users with simple clicks from their mobile phones. If users
do not possess a mobile phone, the bike rental can still be accessed with an IC card.
• All the funds and cost from the bike rentals goes towards the local staffs in the city to
operate and handle the community sharing system, which will help to support local
businesses and further improve on the biking system itself.
• As Yokohama provides easier accessibility to shops and restaurants around the city,
the system helps to encourage civilians to travel green instead of using bus
transportations and vehicles that contributes to more emissions of GHG.
• The project also provides a method of sustainable transportation as cycling will
reduce traffic congestions, transportation costs while helping to increase physical
activities and health awareness of individuals.
• NTT Docomo has been branded to consider SDGs as they invent innovative projects.
The biking system is an electric type as many features are included such as GPS,
battery life, etc.
• As Baybike is also a popular tourist attractions, not only does it help to increase the
economy, this technology helps to create a more affordable and sustainable method
of transportation in a large city like Yokohama for everyone to access.
Image: Baybike Parking station in Yamashita Park, Yokohama.

TransMilenio BRT System in Bogotá, Colombia
By Azaan Ali
• In the late 1990s, Bogotá was faced with large amounts of traffic congestion as the
average work commute duration totaled to 1.5 hours in each direction. Although 80% of
the population depended on public transportation as their primary mode, 95% of
vehicular traffic was comprised of personal vehicles. Public buses travelled at average
speeds of 17 km/h and spewed approx. 680,000 tonnes of atmospheric pollutants yearly.
• In 1999, a newly established transit authority, TransMilenio S.F, was given the
responsibility of planning and managing the construction of the TransMilenio Bus Rapid
Transit (BRT) project in Bogotá, Colombia. The goal of this project was to address issues
related to road safety, pollution and public transit inefficiency.
• In 2003, three years after the completion of Phase I, TransMilenio was carrying over
700,000 passengers along 41 km of bus only-routes. By 2006, an additional 43 km of busonly routes were added. By 2015, 207 km of bus-only routes were developed and carried
approx. 1.6 million passengers daily.
• Road Safety: By 2012, the number of road fatalities on roads alongside TransMilenio
routes, were reduced by 92% and vehicle collisions were reduced by 79%.
• Public Transportation Efficiency: By 2012, the average speed of public buses increased to
26 km/h, which reduce the commute time by 32%. This incentivized many private-vehicle
owners to switch to public transportation as their primary mode of transportation.
• Pollution Reduction: In the period of 2013-2019, emissions reductions due to the
operation of the TransMilenio BRT system were equivalent to 578,918 tonnes of CO2 per
year, which is equivalent to taking 123,174 private vehicles off the road every year. There
was a reduction of 50,000 tonnes of NOx emissions and 800 tonnes of SOx emissions
between the period of 2006-2012.
• Social Benefits: Low-income housing complexes (part of Bogotá’s Metrovivienda project)
were built close to TransMilenio BRT terminals. This increased accessibility to Bogotá’s
urban center for low income families who could not afford personal vehicles.
Image: TransMilenio Station Calle 161, Bogotá, Colombia

L I G H T R A I L T R A I N ( L RT ) – OT TAWA , O N TA R I O
BY ANA CAMPOS

•

Ottawa is the capital of Canada and the 4th largest city in the country. It has the 3rd highest
immigration rate in Canada and it’s experienced a 7.9% population increase since 2001.

•

The city’s high population density and rapidly growing economy is centered around high paying
technological jobs, government employment, and post secondary opportunities. With an increase in
economic activity, the local public transportation system proved to be unsustainable and inefficient
for commuters.

•

The federal government released plans to to increase public transit by 30% by 2031 and in response,
city council implemented Stage 1 of the Light Rail Train (LRT) project in the spring of 2013. The
12.5km of guideway was developed in efforts to reduce greenhouse gas emissions and fuel
consumption, as well as improve traffic conditions in the congested downtown area.

•

The current line, made up of 13 stations, was open to the public in 2018 utilizing Bombardier Talent
electric trains from Germany and accommodating up to 150 passengers per unit. The private
company affiliated with the project supplied the city with 30 rail vehicles which are to be maintained
over the next 30 years as part of the Design-Build-Finance-Maintain contract agreement.

•

In 2019, Stage 2 of the LRT was initiated by expanding the guideway from the center-downtown
area to the outskirts of town on both the East and West sides. An extra 35km of guideway were
constructed and 38 new vehicles were ordered, with a full system expected to be operating by
2025.

•

The guideway is expected to save commuters an average of about 10-15 minutes daily, yielding a
total of over 17 million hours in time savings by 2031 for both transit riders and automobile users.

•

The project is also expected to reduce carbon dioxide emissions by approximately 94,0000 tones,
and any other gas emissions by another 4,600 tones by 2031. This is the equivalent of planting 9.4
million trees.

•

Since Ontario has phased out coal energy in 2014, the LRT was developed to run on more efficient
and green energy sources, improving air quality, overall health and quality of life in the region.
Transport Canada estimates that reducing greenhouse gas emissions has a net positive economic
benefit of $37 for every tonne that emissions are reduced. By implementing the LRT, the project
will result in a profit of $68 million annually.

•

All in all, the city’s demand is expected to increase by 76% in the next 10 years, going from 93 to
164 million trips per year. Without the implementation of the LRT, this increase in ridership would
require 1 bus travelling through the downtown area every 18 seconds, further proving the necessity
and benefits of the project to the community.

Image: Ottawa Light Rail Train (OLRT), Ontario

Public Bike Rental System in Seoul, South Korea
By Somi Nim

• Seoul is the capital city and the largest metropolis of South Korea. The population of Seoul
is 9.8 million people, which is 24% of the population of South Korea. The population
density is 16,000/km2, which is almost twice that of New York City.
• Due to high population density and rapid industrialization, Seoul is facing many forms of
pollution. The worst form is air pollution and its largest contributor is fossil fuel
combustion.
• In October 2015, the Public Bike Rental System was introduced in Seoul in order to reduce
road traffic and greenhouse gas emissions. By the end of the year, 150 stations and 2000
bicycles were placed in 5 districts in Seoul.
• In 2016, there were approximately 300 stations and 3000 bikes available in 12 different
districts.
• By June 2017, Seoul implemented 460 additional stations in previous and new districts,
which increased the availability of the bicycles and allowed the users to rent and return
them easily.
• The average daily numbers of Seoul Bike rentals in 2015, 2016 and 2017 were
approximately 1,000, 4,000 and 14,000, respectively.
• As of September 2019, the cumulative number of rentals exceeded 30 million. The daily
rental number in 2019 amounted to 52,000.
• The daily number of rentals increased rapidly due to inexpensive cost and easy
accessibility.
• An average car releases about 271g of CO2 per km driven and the average distance that
Seoul Bike riders travel is 3km daily. Thus, in 2019, the amount of CO2 reduced by the
rental system was 156 ton/day.
• Seoul Bike has successfully made the city more sustainable as it has prevented greenhouse
gas emissions and reduced noise pollution and traffic congestion.
• Seoul plans to build a total of 23.3km of new bicycle lanes by June 2021 in order to
maximize the use of the bicycles.
Image: Seoul Bike Station, South Korea

Chapter 9:
Sustainable Energy

Solar Panel / Pikist

Weekly Checklist
Introduction

Other sectors of the built environment that are presented in this module represent energy and water flows. This module highlights the criteria for sustainable energy use,
and sustainable water systems, in addition to the urban green that is a source of ecosystem and life, and a sink for greenhouse gas emissions.
This module covers both Chapters 9 and 10 of this book.

Learning Outcomes
By the end of this week, you will be able to:
•
•
•

•

Describe sustainable water, wastewater and stormwater management systems
with examples

•

Describe benefits of urban forests with metrics

•

Interpret the guidelines for urban street tree planting

•

Quantify the costs and benefits of urban forests

•

recognize examples of green roofs and urban agriculture

Estimate electricity generation inefficiencies and losses
Describe design strategies for sustainable energy systems with examples
Identify functions of urban water systems

Optional Readings and Resources
Articles:
Okotoks (2020). Drake Landing Solar Community. Retrieved from: https://okotoks.ca/sustainability/your-environment/energy/drake-landing-solar-community
Toronto and Region Conservation Authority, 2010. Getting to Carbon Neutral (G2CN): A guide to Canadian Municipalities. Retrieved from: http://trca.on.ca/dotAsset/
81361.pdf
WSP (2019). Can we make urban water systems more sustainable? Retrieved from: https://www.wsp.com/en-CA/insights/ca-can-we-make-urban-water-systems-moresustainable
Toronto’s Green Roof Policy http://spacing.ca/vancouver/wp-content/uploads/sites/6/2013/03/TatianaWhite_TOGreenRoofPolicy.pdf
City of Toronto Guidelines for Biodiverse Green Roofs http://www1.toronto.ca/City%20Of%20Toronto/City%20Planning/Zonning%20&%20Environment/Files/pdf/B/
biodiversegreenroofs_2013.pdf
Spector, Kaye (2013). 5 creative examples of urban agriculture from around the world by EcoWatch. Retrieved from: https://www.ecowatch.com/5-examples-of-creativeurban-agriculture-from-around-the-world-1881802016.html
Videos:
Drake Landing Solar Community Animation (2007) by PiratesoftheDIY. Retrieved from: https://www.youtube.com/watch?v=peS0Y2KBC0 (9:50 minutes)
The urban Green (2016) by WW International. Retrieved from: https://youtube.com/watch?v=o86Ut6kAEMQ (27:10 minutes)
Green Architecture Saving the World | Visiting Sustainable Buildings from Across the Planet (2020) by Going Green. Retrieved from: https://youtube.com/watch?
v=dvFb2vC7_Y (9:31 minutes)
Seriously Green - Episode 6 - Deep Lake Cooling (2011). Retrieved from: https://youtube.com/watch?v=U2nOQnGfgf8 (5:14 minutes)

QUOTES

Sustainable use of resources will lead to the prosperity of all humanity whether it is in the present or future
generations.
- Sunaina Basa

“

To be sustainable to me means ensuring the negative consequences of an action are limited as much as
possible and the lasting effects of the action are minimized.
- Martin Bradley

I believe engineers must have a broader vision
when it comes to designing a new product or
concept. We need to consider more aspects,
such as the environment, the economics, and
politics, to make sure minimized conflict in
sustainable development.

Engineers should spearhead the development
of sustainable resources at the very least.
- Xin Cheni

- Kimi Han

I would think of sustainability as
utilizing the limited resources
efficiently to meet our desires while
not sacrificing the future
generation's needs.
- Xiaoge Hu
Sustainability means being able
to meet our current needs while
also allowing the future
generation to meet their own
needs.

Sustainable practices help us manage our resources in
such a way that we can compensate for the resources
we have used and provide tools for future generations
to continue these practices.
-Aiman Khan
The engineer’s role in sustainable development is to take into account the
natural environment and that anything they do won’t compromise future
generations.
- Tiia Neges
Some ways I try to incorporate elements of sustainability in my life include
saving up money, and trying to reduce waste wherever I can.

- Kelly Ngo

- Michael Tran

To act sustainably, humans must use resources
selflessly, making sure they can be replenished
and be used by the next person.
- Vincent Wong

I think the role of engineers in sustainable
development is to promote durable and efficient
designs, thereby minimizing the consumption of
resources while promoting safety.
- Michelle Zhang

I am optimistic because technologies are
evolving and in the future it is likely that we
will be able to provide more
environmentally friendly solutions with
lower costs.
- Chenghao Zhou

Sustainability to me means that something
can function properly in its environment for
a long time w/o disruption.
- Benjamin Klassen

Growth of Solar Capacity in India
By Xin Chen

• India’s renewable energy industry has risen rapidly over the past decade, especially
their solar power industry.
• This has been driven by falling module prices and commitments to reduce GHG
emissions/expand access to electricity.
• Over the past few years, most of the growth has been driven by developing countries
such as India.
• From article: “India has finally bagged the tag of the lowest cost producer of solar
power globally. The country-wise average for the total installed costs of utility scale
solar PV in 2018 ranged from a low of $793 per Kilowatt (Kw) – around Rs 5.5 crore
per Megawatt -- in India to a high of $2,427 per Kw in Canada” (IRENA)
• From article: “India was estimated to have the lowest total installed costs for new
utility-scale solar PV projects that were commissioned in 2018 at $793 per Kw, 27
percent lower than for projects commissioned in 2017“ (IRENA)
• IRENA conducted an analysis of the decline in the cost of setting up solar projects
between 2010 and 2018 across eight major markets and found that the costs have
dropped at the fastest pace in India, by 80 percent.
• India has a plan to tackle the development of the solar rooftop (SRT): setting a target
of 40 GW capacity by 2022.
• The government has taken steps to improve the availability of loans for SRT projects
in recent years.
Image: 4 MW horizontal single-axis tracker in Vellakoil, Tamil Nadu

Renewable Energy Usage in Stockholm, Sweden
By Sunaina Basa

• Stockholm stretches across 14 islands with a population of over 2.3 million Swedes.
Stockholm is the financial center of Scandinavia with the largest gross regional product,
and one of the fastest growing metropolitan areas in Europe. Due to its rapid economic
growth and population density, sustainability was not a priority until recently.
• The share of renewable energy used in Sweden keeps growing. In 1990, Sweden used
only 33% of renewable energy in its total energy consumption. Whereas, in 2012,
Swedes used 54.6% renewable energy. Sweden has a rich supply of moving water and
biomass. Hence, hydropower (water) and bioenergy are the top renewable sources.
Hydropower is used for electricity production and bioenergy is used for heating.
• The government’s energy policies have also promoted the use of renewable energy. As
of 1st May 2003, the Electricity Certificate System came into force. This is a marketbased support system to increase the production of renewable electricity and make the
production more cost-efficient. The system replaces earlier public grants and subsidy
systems. To qualify, electricity must come from wind, solar, geothermal or wave power;
biofuels or small-scale hydroelectric plants. Since January 2012, Sweden and Norway
have a joint electricity market, so the certification system applies to both countries.
• Electricity retailers are required to buy a proportion of ‘green electricity’ as part of their
normal supply, while power producers receive certification for the renewable electricity
they generate. In June 2017, the Swedish parliament decided to increase the production
of electricity from renewable energy sources by 18 TWh by the year 2030.
• The geothermal system in place at Stockholm’s Central Station captures body heat from
over 250,000 daily commuters. The heat is sourced into water through a heat regulator
and the heated water is then pumped into the nearby Kungsbrohuset building to provide
heating. The cooling of the building is provided by water from the nearby Klara Lake,
making maximum use of the surrounding environment.
• Wind power grew enormously as a renewable energy source in Sweden. In 2018,
Swedish production totaled 16.6 TWh. Today, there are 3,600 wind turbines in Sweden.
Image: Swedish Wind Power Association (SWPA)’s wind turbines in Sweden

Wave Energy in Vancouver Island, Canada
By Yu Chen (Kimi) Han
• The oceans have proved to be a promising source of renewable source energy. However, it is still not
popular as compared to the other non-conventional sources of energy.
• The main issue with the ocean wave energy is that it needs a costly set up, and it has not been
exploited in every part of the world thus it lack proper commercialization.
• Regular disturbances on the surface of the water are called waves. The vertical movement of the
waves create a rotational movement to generate energy.
• The wave energy is a form of kinetic energy, which is used to power a turbine. Wave energy is
captured directly from the surface of the waves produced in the oceans.
• Wave energy is highly forecastable and, since it collects energy over large areas, is relatively
persistent.
• The west coast of BC, such as Vancouver Island and Haida Gwaii, has been identified as having some
of the best wave energy potential in the world.
• The waters off Canada’s Pacific and Atlantic coasts are rich with wave energy resources. Roughly
37,000 MW exists off Canada’s Pacific coast, equal to more than 55 per cent of the country’s annual
electricity consumption.
• The potential capacity off Canada’s Atlantic coast is even greater at about 146,500 MW – more than
double the current electricity demand.
• Canada's west coast possesses one of the most energetic wave climates in the world, with average
annual wave energy transports of 40-50 kW/m occurring at the continental shelf.
• There are 5 common types of configurations of wave energy devices: Buoys, Surface following,
Oscillating water column, Terminators, and Overtopping.
• Two wave energy projects have received provincial ICE funding: SyncWave Energy Systems and the
Pacific Coastal Wave Energy Corp.
• It could be a guaranteed source of energy once the non-renewable energies get depleted.
• Although there are no known environmental issues for wave energy, concerns exist for ecological
impacts and disruption to local fishing
• The power from ocean energy will be green electricity, using a renewable source of energy and not
emitting greenhouse gases.
• Utilizing several different energy sources aids in energy security, decreasing the reliance on a single
energy source, and increasing energy self-sufficiency.
Image: Clean Energy From Our Seas

Three Gorges Dam in Hubei, China
By Chenghao Zhou
• The Three Gorges Dam (TGD) was mainly built to make up the continuous energy
shortage in China brought by its fast-growing economy and population. The goals of
the dam also includes controlling the annually flooding in the downstream of the
Yangtze River and bringing confidence to Chinese people in their nation.
• The TGD project initiated in 1993 and the construction was finished in 2006. During
the 13 years of the construction, enormous negative environmental impact, negative
social impact, and negative economic impact ware caused by the project. However,
the profit after the dam was finished, in both environmental, social, and economic
aspects, are considerable.
• The construction of the dam forced replacement of population and assets by causing
increased water level in the upstream. The loss in the local culture and economics is
unmeasurable. The project itself is also one of the largest in the world, requiring 28
billion USD equivalent nowadays. The project caused considerable economical and
political pressure to China’s government.
• The construction of the dam also threatened biodiversity. The TGD reformed the
landscape and influenced the water system. Thus, significant amount of organisms
living in their habitat are influenced. Known example is Acipenser sinensis, which
have habit to swim back to upstream seasonally to lay eggs.
• The TGD produced 62.4 billion kilowatts of electricity annually and prevent 80 million
tons of carbon dioxide emissions every year.
• The TGD reduced the downstream flooding significantly.
• There are recent concerns about the stability of the dam, considering the more and
more severe climate due to the global warming.
• The TGD Dam can currently be considered as a sustainable energy resource. However,
it might not be sustainable in the future considering its aging.
Image: Three Gorges Dam Back In The Spotlight in Hubei, China

The Walney Extension in Cumbria, England
By Tiia Neges
•
•
•
•
•
•
•
•
•
•
•
•
•

The Walney Extension consists of constructing additional offshore windmills
to generate sustainable energy.
The Walney Extension is located in the Irish Sea, approximately 19 kilometers
west off the coast of Barrow in Furness in Cumbria, England.
This extension is an expansion of the existing Walney Offshore Wind and is
stationed west of the Duddon Sands Offshore Wind Farm.
The extension is made up of 87 turbines for a total of 189 turbines shared
between Walney 1, 2, and 3.
The Walney Extension generates a capacity of 659 MW of electricity while
powering around 600,000 homes.
The walney extension is the largest offshore wind farm in the world with an
area of 145km^2, equal to more than 27,000 football fields.
After completing construction in June of 2018, the Walney Extension became
the 11th offshore wind farm built in the United Kingdom.
The Walney Extension was built by Orsted - a renewable energy company
Orsted is helping phase out coal from our power stations worldwide since
the Walney Extension is entirely run on green energy.
Orsted believes in making a lasting and positive impact on the world, which
is why, in addition to constructing and operating the offshore wind farms,
Orsted has also created the “Community Benefit Fund”.
The Community Benefit Fund was created for the 25-year lifetime of the
wind farm with a total fund of 15 million pounds per year.
600,000 pounds of that goes to local projects each year and 100,000 pounds
goes to promoting education and supporting students in the local area.
The Walney Extension project has made a positive and long-lasting imprint
on the local community and the environment.

Image: The Walney Extension in Cumbria, England

Kinetic Energy Tiles in London, England
By Michael Tran
• In 2018, about 55% of the world's population live in cities, and by 2050, it is projected
that 68% of the world’s population will live in cities. As technology develops and more
people start to live in cities, new development and implementation of smart cities
will increases. One major challenge smart cities face is finding ways to create
sustainable energy to allow smart cities to function.
• The UK based Company Pavegen, was one of the first to create these kinetic energy
tiles. On June 29, 2017, Pavegen opened its first “smart street,” located on Bird Street
in West End London. The company installed 20 square meters of its kinetic energy
tiles to help power streetlights, bird sounds, and provide an energy data feed.
• Kinetic energy tiles work by using electromagnetic tiles. When a person steps on the
tiles, the weight of the person causes electric-magnetic induction generators to
vertically displace. This results in a rotary motion that generates off-grid electricity. As
well, the tiles contain a wireless API (software) that allows recording and transmission
of real-time movement data while generating electricity.
• To encourage people to walk on the tiles and help generate electricity, the company
partnered with nearby shops to provide rewards for individuals walking onto the tiles.
Based on the amount of steps taken on the tiles, individuals get rewarded with digital
currency that can be used toward their purchase.
• When tiles are stepped on, the tile surfaces displaces about 5-10mm downward
which produces about 3 joules per footstep or 5 watts of power while the person is
walking.
• After its first smart street launch in 2018, Pavegen has managed to deliver over 200
permanent installations of Kinetic Tiles in 30 countries. The company has managed to
seek an additional $4 million dollars in investments to continue to develop and install
kinetic tiles. The implementations of kinetic tiles have created high engagement for
people using them and have been able to increase the development and demand for
kinetic energy tiles in the sustainability energy sector.
Image: World’s first smart street in West End London, England

Geothermal Energy Production in Iceland
By Martin Bradley
• During the 20th century, Iceland was one of Europe's poorest nations and heavily
dependent upon peat and imported oil and coal for its energy. And, like other growing
countries at this time, Iceland suffered from polluted air and could no longer
economically sustain price fluctuations in the world energy markets.
• Today, Iceland is a strong example of how sustainable energy can power a modern
economy. This small wealthy country of 366,000 has a high standard of living and
almost 85% of the total primary energy supply in Iceland is derived from domestically
produced renewable energy sources; primarily geothermal energy.
• In the late 20th century Iceland emerged as a global leader in geothermal energy.
• Iceland lies on the Mid-Atlantic Ridge between the North American and Eurasian
tectonic plates, a very active volcanic zone that powers its extensive geothermal
energy systems.
• Geothermal energy is the heat that comes from the sub-surface of the earth. It is
contained in the rocks and fluids beneath the earth’s crust.
• To produce power from geothermal energy, wells are dug deep into underground
reservoirs to access the steam and hot water there, which can then be used to drive
turbines connected to electricity generators.
• Geothermal is a constant and reliable of source of energy and does not require a
large land footprint. The CO2 emissions are significantly smaller compared to that
come from non-renewable energy sources.
• Geothermal is very location specific and requires a high initial investment.
• In 2016, geothermal energy provided about 65% of primary energy in Iceland. The
main use of geothermal energy is for space heating.
• 85% of all buildings in Iceland are heated with geothermal heat distributed through
an extensive district-heating system.
• Geothermal power facilities currently generate 25% of the country's total electricity
production. Geothermal energy is also used to melt snow off sidewalks, heat
swimming pools, power fish farming, greenhouse cultivation and food processing.
Image: Hellisheidi Geothermal Power Plant in Hengill, Iceland

Solar Power in Morocco
By Xiaoge Hu
• Morocco, having almost complete dependence on imported energy, is turning to
renewable energy for a solution to reduce its reliance on imported fossil fuels.
Morocco is already spending over $3 billion a year on fuel and electricity imports and
is experiencing power demand growth of 6.5% a year.
• Morocco has launched one of the world’s largest and most ambitious solar energy
projects costing $9 billion, aiming to create 2,000 MW of solar generation capacity by
2020.
• A public-private venture, the Moroccan Agency for Solar Energy (MASEN), was
established to lead the projects. At the beginning stage, five solar power stations are
to be constructed, including both photovoltaic and Concentrated Solar Power (CSP)
technology.
• The first project implemented under the Moroccan Solar Plan was the Ouarzazate
Solar Power Station (OSPS), also called the Noor Power Station. With a total capacity
of 510 MW, it is the world’s largest CSP pant.
• Built in 3 phases and 4 parts, when finished, it is expected to produce 582 MW at
peak. The first plant was commissioned in 2015, and the entire project in 2020. Once
completed, the solar project will provide 38% of Morocco’s annual electricity
generation.
• The OSPS stores solar energy in the form of heated molten salt, allowing for
production of electricity for five hours after sunset.
• Since the commission of Noor projects, a steady growth has been seen in electricity
provision by solar energy.
• Morocco has a bold target of sourcing more than half of its electrical energy from
renewable sources by 2030. A lot more renewable energy solar projects are to be
installed between now and 2030, such as Ain Beni Mathar and other Noor series.
• Morocco’s success in renewable energy has provided a valuable financial and
technological blueprint for those MENA states wanting to invest in solar.
Image: Noor Solar Power Complex, Ouarzazate, Morocco

100% Renewable Electricity in Aspen, USA
By Aiman Khan

• About 80% of energy in the United States comes from fossil fuels. However, the current

mix of energy sources is a breeding ground for detrimental environmental impacts,
“including global climate change, acid rain, freshwater consumption, air pollution, and
radioactive waste”. They are therefore deemed an unsustainable energy resource.
• 11% of the total energy used in the United States is from renewable sources, with only a
2.4% contribution from wind power.
• To combat this trend, in 2004, the city of Aspen, Colorado, decided to adopt a goal of
supplying 100% of its electricity from renewable energy resources by 2015.
• In 2007, the city of Aspen adopted the Climate Action Plan, which has a goal of reducing
emission by 30% by 2020 and 80% by 2050, based on 2007 greenhouse gas emissions.
• With hydroelectric power being generated locally, Aspen researched into the use of wind
energy and landfill gas as supplementary renewable energy resources.
• Through the cooperation and communication with the municipal staff and the Roaring
Fork Valley community, the city of Aspen reached its 100% renewable electricity city goal in
2015.
• In 2008, Aspen installed a 92-kilowatt solar electric PV system at the water treatment
plant. Since then, the system has generated more than 314 000 kilowatt hours of
electricity, the amount of energy required to power 27 homes for a year.
• Through this solar electric system, the city has avoided 197 tons of greenhouse gas
emissions.
• This addition has reduced the city’s carbon footprint by approximately 9 million pounds
• Today, the total energy mix of the city of Aspen is made up of 46% hydroelectric power,
53% wind power and 1% landfill gas power.
• Not only did Aspen reach its goal in 2015, it has also maintained its 100% renewable
electricity status, and now plans to focus its attention on reducing carbon emissions from
motor vehicle use.
Image: Spectacular mountain in Aspen, Colorado, USA

Artificial Photosynthesis
By Kelly Ngo
• Non-renewable fuels provide ~ 80% of the world’s energy. 44% of carbon dioxide
emissions are from burning coal. These emissions are the largest contributors to the
global temperature increase.
• Scientists have been developing innovative methods to produce sustainable energy.
Scientists took inspiration from plants and artificial photosynthesis has been a topic
of research for at least the past four decades.
• The sun provides an immense amount of energy to the earth. The energy that the
photons release per hour is comparable to our annual energy consumption.
• Back in 2010, the U.S Department of Energy and Caltech established the Joint Center
for Artificial Photosynthesis. This center had a five year budget of a hundred and
twenty million dollars.
• Prof. Daniel Nocera created the “artificial leaf” which is an inexpensive silicon sheet
that when submerged and exposed to sunlight, splits water into hydrogen and
oxygen. This process releases hydrogen which can then be collected and used to
either burn or power a fuel cell.
• Hydrogen has a high energy density such that 1 lb. of hydrogen contains almost 3
times as much energy as 1 lb. of gasoline.
• Nocera envisioned that those living in extreme poverty would be the first to utilize
this technology.
• Nocera envisioned that every residence that cannot afford electricity would have an
artificial leaf on their roof. When the sun rises, the leaf would split the water into its
two components and once the sun sets, the residents can burn the hydrogen in an
inexpensive micro-turbine. This would generate electricity at an average rate of 100
watts.
• In spite of the progress, more research is still required as Nocera’s artificial leaf does
not produce enough hydrogen to be commercialized.
Image: Concept of Artificial Photosynthesis

SHS Failure and Practical Recognition - Ghana
By Benjamin Klassen
Problem and Attempted Solution
• The electricity grid is unreliable in Ghana. Urban “elite” communities frequently experience
disruptive power outages.
• Ghana’s National Electrification Scheme (NES) states that communities with a population of
over 500 deserve grid electricity. In the case of Ntomem Village (Pop. 3000) and other
remote or politically insignificant villages, grid electricity isn’t available.
• The government endorsed Solar Home Systems (SHS) in the 2016 National Rooftop Solar
Program. 1013 free 500 W SHS were provided to remote communities and urban
communities. This was to improve spatial energy injustice and to add a fail-safe to electrical
grid problems.
Outcome and Practical Recognition
• Distinction between social classes became apparent through this program. In urban
communities, it is seen as superior to have access to both grid and solar electricity.
• Interestingly, remote communities like Ntomem without electricity access were opposed to
the program. While it provided some electricity, energy-demanding appliances like
refrigeration or electric ironing couldn’t be powered by SHS. In the culture, citizens felt
entitled to such appliances for their dignity and perpetually felt “second-class”. It also came
across as a government buy-off as they were previously promised electrical grid “proper
energy”.
• While the solution provided spatial energy, it was unable to meet the social needs of the
Ghanaians. This proved that spatial analysis was insufficient to make energy more
sustainable, as cultural norms dictated the required abundance of energy.
• Study into this issue allowed Boaman and Rothfuß to define Practical Recognition. This term
involves comparing energy justice visions with the visions of impacted communities to come
to a practical solution. It defines community needs as a prerequisite to calculated solutions.
• As engineers, in is essential to not only consider “the numbers” but also the culture. Thus,
Practical Recognition is a solution against socially-ignorant decisions, and would have saved
the Ghanaian government a lot of time and money spent into the 2016 Solar Program.
Image 1: SHS insufficient to power laundry iron, Ghana
Image 2: Practicality of solar in urban environment, Ghana

Arctic Wind Turbines in Nunavik, Canada
By Michelle Zhang
• For communities in the northern regions of Canada, diesel is a daily necessity for heat
and energy. Alternative energy sources are particularly difficult to implement in these
sparsely populated regions due the low demand, differences in daylight hours,
frequent sub-zero temperatures, and fierce weather conditions.
• Until recently, wind energy has had little success in northern Canada. Projects
attempted over the last 30 years would fail within a few years of their
implementation due to the lack of technology appropriate to the arctic climate. The
remote location was yet another hurdle, making operation and maintenance
activities costly.
• In 2014, a wind turbine capable of operating in these suboptimal conditions was
erected at Raglan Mine. This project had three goals: reduction of the environmental
footprint, an economic return, and social engagement with local communities.
• Major challenges: difference in climate conditions compared to existing projects, lack
of infrastructure for transportation of materials, integration with diesel grid.
• Wind turbine capable of operating under extremely low temperatures and high wind
speeds up to 120 km/h. Use of steel instead of concrete and aggregate due to high
transportation costs
• Foundation concept had to be reinvented due to the possible effects of climate
change on the permafrost. This technology can now be replicated in future projects.
• Original plan to build the turbine near a port was rejected due to the influence of the
blade shadows on the water affecting fish spawning cycles. Transportation of
materials was accomplished first by ship, and then on gravel roads.
• In 2018, a second wind turbine was assembled, and the two turbines produce ~10%
of the mine’s total energy, saving 4.4 million litres of diesel per year (equivalent to
12,000 tonnes of GHGs, or 2,700 vehicles)
• Diversification of energy sources reduces the company’s vulnerability to diesel and
carbon market fluctuations.
• This project acts as a flagship site for future development in industrial-scale wind
power development in northern climates.
Image: Inukshuk contemplating wind turbine in Nunavik, Canada

Chapter 10:
Sustainable Water Use and Urban
GREEN

Chuttersnap / Unsplash

Weekly Checklist
Introduction

Other sectors of the built environment that are presented in this module represent energy and water flows. This module highlights the criteria for sustainable energy use,
and sustainable water systems, in addition to the urban green that is a source of ecosystem and life, and a sink for greenhouse gas emissions.
This module covers both Chapters 9 and 10 of this book.

Learning Outcomes
By the end of this week, you will be able to:
•
•
•

•

Describe sustainable water, wastewater and stormwater management systems
with examples

•

Describe benefits of urban forests with metrics

•

Interpret the guidelines for urban street tree planting

•

Quantify the costs and benefits of urban forests

•

recognize examples of green roofs and urban agriculture

Estimate electricity generation inefficiencies and losses
Describe design strategies for sustainable energy systems with examples
Identify functions of urban water systems

Optional Readings and Resources
Articles:
Okotoks (2020). Drake Landing Solar Community. Retrieved from: https://okotoks.ca/sustainability/your-environment/energy/drake-landing-solar-community
Toronto and Region Conservation Authority, 2010. Getting to Carbon Neutral (G2CN): A guide to Canadian Municipalities. Retrieved from: http://trca.on.ca/dotAsset/
81361.pdf
WSP (2019). Can we make urban water systems more sustainable? Retrieved from: https://www.wsp.com/en-CA/insights/ca-can-we-make-urban-water-systems-moresustainable
Toronto’s Green Roof Policy http://spacing.ca/vancouver/wp-content/uploads/sites/6/2013/03/TatianaWhite_TOGreenRoofPolicy.pdf
City of Toronto Guidelines for Biodiverse Green Roofs http://www1.toronto.ca/City%20Of%20Toronto/City%20Planning/Zonning%20&%20Environment/Files/pdf/B/
biodiversegreenroofs_2013.pdf
Spector, Kaye (2013). 5 creative examples of urban agriculture from around the world by EcoWatch. Retrieved from: https://www.ecowatch.com/5-examples-of-creativeurban-agriculture-from-around-the-world-1881802016.html
Videos:
Drake Landing Solar Community Animation (2007) by PiratesoftheDIY. Retrieved from: https://www.youtube.com/watch?v=peS0Y2KBC0 (9:50 minutes)
The urban Green (2016) by WW International. Retrieved from: https://youtube.com/watch?v=o86Ut6kAEMQ (27:10 minutes)
Green Architecture Saving the World | Visiting Sustainable Buildings from Across the Planet (2020) by Going Green. Retrieved from: https://youtube.com/watch?
v=dvFb2vC7_Y (9:31 minutes)
Seriously Green - Episode 6 - Deep Lake Cooling (2011). Retrieved from: https://youtube.com/watch?v=U2nOQnGfgf8 (5:14 minutes)

QUOTES

“

It is critical that engineers have sustainable development on mind because they are the creators and
innovators of tomorrow.
- Tyler Camarda
Engineers are society's leaders in
designing infrastructure and can tailor their designs
to be more sustainable.

Sustainability means to keep a process maintained at a certain standard for a
continuous period of time. It's also about meeting your own rights without
compromising anyone else's.

- Muhammad Chaudhry

Sustainability is an ever-growing word that is
being taken seriously due to the depletion of
our resources.
- Yovin Chingadu

- Mahnoor Waseem

I am optimistic [looking to
the future regrading sustainable
development] as to see how I can personally
help the world with my knowledge
of sustainability in the future.
- Harry Chen

I think sustainability means being
able to provide necessary resources
for a lifetime in order to function as
a city.
- Gilbert Cunanan

I think more and more people are
understanding the challenges we may
face in the future. This awareness can
help people to think more
"sustainable" and eliminate any bad
environmental practices they may
have..

Engineers have trenmendous roles when it come to
sustainable development, they control
design, research and application of all new
development in the world.
-Anthony Cimino
I believe sustainability in this course is taught both qualitatively and
quantitatively because while there are many useful calculations and
formulas to understand and apply, there are also many theoretical aspects to
learn.
- Matthew Embleton
As most people don’t prioritize the way they use resources or to use as little material as possible for a
specific project, I would say that I am not very optimistic when it comes to the future of the sustainability of
our natural resources.

- Zhi Peng Gou

An engineer’s roles in sustainable
development, should be to make
designs with long term
sustainability in mind and try and avoid using
materials that could cause greater harm to the
environment.

- David Guirguis

While engineers can’t change how much has been
used already with current or past developments,
they can work towards creating technology that
enhances what we already use.

- Jonathan Kanna Jeyakumar

Engineers have an advantage, where they
can use quantitative present facts to
decision-makers and push them in the best
direction for the present and the future.
- Erik Nurse

”

- Harkiran Moondi

To me, sustainability means using resources
and whatever we have at a rate that we can
continue using it without diminishing the
supply.

- Jaden Postma

Lahore’s First Urban Forest
By Muhammad Nuh Ali Reza Chaudhry
Pakistan’s Challenge:
•
•
•
•
•
•

Air pollution and smog have been leading contributors to public health and safety
in Pakistan, affecting over 212.2 Million citizens on a daily basis
Lahore has an AQI of 417, making it the world’s 2nd most polluted city
On average, 135,000 people/year die due to air pollution
Average PM2.5 concentration of 68 µg/m3-74.3 µg/m³
Pakistan was ranked to have the worlds highest deforestation rate [0.2-0.5%/year]
Although the reported values vary, Pakistan was documented to only have ~3%
forest area to combat this pollution

Pakistan’s Response:
•
•
•
•
•
•
•

In 2018, Prime Minister Imran Khan brought forth the “10 Billion Tree Project” response to growing issues associated with smog and air pollution
1.5 Billion Trees were planted on project commencement
Today, the forest area of Lahore was reported to have increased by 6% in 2019
Aside from this project, government policies such as advising residents on what
they should plant in their homes are being implemented
This past January, the Pakistani government in cooperation with the Lahore
Afforestation Group planted 10,000 saplings in the city
The Pakistani government implements a technique known as the Miyawaki method
to implement greenery in their urban regions
“Plant growth is 10 times faster, and plantation is 30 times more dense”

Image: View of saplings being planted in Lahore, Pakistan

Water Management in the Netherlands
By Erik Hendrik Nurse

• As of 2015, roughly half the Netherland’s land was previously land that was
underwater, and has been reclaimed with the use of dikes and windmills.
• This has allowed the Dutch people to create incredibly nutritious crop land from
otherwise usually water, allowing them to sustain a large population and become the
second largest food exporter in the world.
• The dyke system provides two important rules: Water quality protection of inland
streams and rivers, and protection from rising sea levels due to climate change.
• Overruns in acceptable water quality are constantly addressed, and the frequency at
which these incidences occur has decreased drastically, as much as 90% of 2005
levels were observed in 2015.
• In addition, the Netherlands system of dykes has allowed large fresh bodies of water
to develop in previously salt water regions were life and organic life can flourish
better. To aid in this develop, the Netherlands is aiming for a 50% reduction in
pesticide use by 2025.
• The dyke system allows the Dutch citizens to use the now calm inland rivers and
larger basins for transportation purposes deep into the European heartland,
drastically reducing their environmental footprint.
• The new found land has allowed the Netherlands to create space for over 4,450 MW
of prime windmill develops.
• The change in water ecology in the inland regions of the dyke system has allowed the
water to absorb more CO2 than previously before the dyke system.

Urban Forestry in Washington, District of
Columbia
By Jaden Postma
•

•
•
•
•
•
•
•

Since 2000, the District of Columbia has increased its population by 4.8% in 2009 and will
continue to grow. Its population density is around 9316.4 persons per square mile with 61.4
square miles of land. With an increasing amount of people comes a decrease in places for
trees to grow.
In Washington, the city has around 35% of the city covered in tree canopy. 33% of the city is
unsuitable for tree growth.
In 2010, an assessment was done for the District of Columbia about Urban Forest Resources
and Strategy.
From the assessment, a list of priority issues was listed. Strategies and goals were
developed.
The first issue supports sustainability through urban forestry: “Urban Forest Improvement,
Maintenance and Health”
Relating to Urban Forestry, sub-issue 1 was: Increase Urban Tree Canopy in all Ownerships
There are many benefits to urban forestry including benefits to health, livability, economic,
etc.
Long-term strategies were developed. The action plans are as follows:

1. Protect and enhance urban tree canopy cover:
-The city of Washington developed a goal to increase its urban tree canopy from
35% to 40% by 2035
2. Manage and protect urban forests in urban growth and development areas:
-Add laws to make penalties for harming trees.
-Provide incentives to protect trees
-Improve standards for protecting city trees.
3. Identify and manage threats to DC urban forest – exotic invasive pest species
4. Detect, monitor and evaluate forest pests and forest health conditions
5. Represent forest entomology and pathology expertise in the District
6. Develop a response plan to emerging situations that threaten forest health
Image: Washington, DC. Photo by Moya Team/Wikimedia Commons.

Biodiversity in Urban Forests in Toronto, Canada
By Matthew Embleton
• Toronto is one of Canada’s most iconic cities. Representing just over 8% of Canada’s
population, the urban metropolis is constantly growing and so are its urban forests.
• Although the urban forests in Toronto are big and small and have come and gone over
the years, they have a renewed importance in todays world. Urban forests are a
natural amenity common in dense urban areas. However, they are vulnerable to
disease and pest outbreaks.
• The city started noticing that when a disease or pest was introduced (accidentally) to
an urban forest, the entire forest was sometimes taken out. This was because they
would plant clones of the same species in the same forest. There was a lack of
biodiversity because they used the same species and there was also a lack of genetic
diversity because they used clones from the same host. This meant that a
disease/pest that was very effective against a particular species was very effective
against a forest of that species and could leave an entire urban forest decimated.
• To solve this problem, and to create more sustainable urban forests, the city
consulted with agencies like the Toronto Region Conservation Authority, Trees
Ontario and Natural Resources Canada.
• The solution they came up with was to set a biodiversity target for new urban forests
in Toronto. The standard they set is to have no more than 5% of Toronto’s trees from
one species, no more than 10% one genus and no more than 20% one family.
• This increased the urban forest’s resilience to potential stressors (like pests, disease,
changing climate conditions) because different species/genus/families of trees
naturally have differing levels of resilience to different stressors. So even if a stressor
is very effective against a certain species, it would only affect a small fraction of the
city's trees.
• Now the urban forests in Toronto are much more sustainable and people are able to
enjoy urban forests without walking through forest that has been ravaged by disease
or pests.
• Most importantly, these trees can continue to scrub CO2 from the air with a much
lower chance of being decimated by new pests and diseases from around the world.
Image: Urban Forest in Toronto, Ontario, Canada

Sustainable Energy Use; Tokyo, Japan
By: Mahnoor Waseem
• Tokyo, Japan is a well-developed metropolitan and is one of the most densely
populated cities in the planet. By 2015, it had a population of 9 million and still
growing. After it was announced that the Olympics was going to be held in Tokyo, the
government decided to act on how to implement sustainable energy plans
• Tokyo is known to be the largest energy consumer in Japan. It is responsible for
consuming over 10% of the nation’s energy.
• According to Mizuho Bank, Tokyo consumed about 80,000 GWh of electricity in 2012
alone and only 6% of that was renewable. Majority of that renewable energy was
generated outside of Tokyo meaning that only 480 GWh of renewable energy was
generated within Tokyo.
• The government set a goal to increase the use of renewable energy to 20% by 2020 in
time for the Olympics (which is now delayed due to covid-19).
• 1. Install an on-site solar photovoltaic system with a capacity of 1 GW by 2024
• 2. Install 600 MW of commercial-scale co-generation system capacity by the same
year as stated before.
• 3. Install a photovoltaic system with a capacity of 22 MW on high rise buildings and
facilities by the current year.
• Another method to implement more sustainable energy use was to tap into the
municipal water supply system.
• Tokyo is planning to build clean transportation and living infrastructure with
hydrogen, which is still not widely used as of now but has been being tested in
different car companies.
• Fuel-cell cars are a popular alternative as it only emit water, not a mixture of carbon
dioxide and other greenhouse gasses, meaning the CO2 level will be decreased.
Image: Greenery in Tokyo, Japan

Sustainable Water Use Strategies For Ontario
By Gilbert Cunanan
• Ontario has an abundant supply of freshwater. These sources include over 225,000 lakes,
rivers/streams and groundwater aquifers. Ontario also borders four out of the five Great
Lakes which accounts for over 20 percent of the world’s fresh water supply.
• Only one percent of the water contained in the Great Lakes are replenished each year. Once
lost, it will take many years to replace. Despite the abundant supply, technology
advancements and industrialization place a greater demand for fresh water.
• The problem is the competition for the existing supplies of water since it disrupts the
balance that nature has developed over time to ensure water continues to maintain all
natural life. The Great Lakes are polluted with many toxic chemicals placing a risk on human
and aquatic life. There is hardly any consideration when it comes to the ecosystems
dependent on freshwater since it is overshadowed by the economic choices of technology
and industrialization.
• Ontario should develop a water policy that is applied to all water decisions that ensures
adequate quantities fresh water for all ecological and economic purposes.
• A Pollution Prevention Planning Act should be introduced that requires all companies that
discharge waste into water to report what they are discharging and their specific amount. A
Safe Drinking Water Act should also be introduced to ensure citizens of Ontario the right to
have clean drinking water.
• The priority use of freshwater should be as followed: preservation of ecosystems, provision
of potable water, provision of water for irrigation, recreational use, industrial and
commercial use and waste disposal.
• Overall, conservation strategies should be implemented to ensure that citizens of Ontario
will have fresh water for many years to come.
• Image title: Polluted Lake water, Toronto, Ontario

Urban Forest Development in Victoria, BC
By Zhi Peng Gou
•
•

•
•

•

•

Victoria is the capital city of British Columbia, Canada with a population of 86,000 and
growing. Victoria is known for its natural beauty with many scenic views of the oceanside
and mountains.
Culturally, the people of Victoria comes from a diverse background and prides themselves
in the fact that there is a mix of heritage and scenery within the city that cannot be found
anywhere else.
The City of Victoria recognizes that much of the culture and heritage of the city is
intertwined with the natural beauty surrounding the city such that it is crucial to maintain
this connection.
The “Urban Forest Master Plan” was implemented in 2013 by the city with the purpose to:
•
Develop and maintain strong community-wide support for the urban forest.
•
Protect, enhance and expand Victoria's urban forest.
•
Design and manage the urban forest to maximize watershed health, biodiversity,
and conservation of sensitive ecosystems.
•
Maximize the community benefit from the urban forest in all neighbourhoods.
This plan looks 50 years into the future and visualizes what Victoria can look like in 2060
through 26 distinct actions including: maintaining all 150,000+ of the city's trees, planting
additional trees, and developing community programs that promote tree growth and
preservation.
Benefits of this initiative today includes promoting urban biodiversity, increasing real
estate value, and most importantly, playing a critical role in the mitigation and adaptation
to climate change.
Image: Legislative Assembly of British Columbia in downtown Victoria

Urban Forests in Karachi, Pakistan
By Harkiran Kaur Moondi
• Living conditions in Karachi are unbearable with temperatures rising above 45
degrees Celsius in 2015. The extreme heat and weather is due to global warming
which resulted in 2,000 people dying from dehydration or heatstroke.
• The urbanized city has caused an increase in temperatures. Karachi is implementing a
special technique known as the Miyawaki method to develop its own Urban Forest to
decrease the temperatures in the city and reduce the impacts of urban heat island.
• The Miyawaki method incorporates a process where various trees are closely planted
together, each with varying growing speeds and light requirements. This eliminates
the competition for resources and allows trees to thrive in the climate. This approach
also supports native bird and insect populations.
• Currently, the city of Karachi is mainly composed of highly urbanized areas of
buildings and roadways with only 7% of green cover.
• The Urban Forest project aims to cover at least 25% of the land with trees and plants
to prevent the complications caused by climate change.
• Within 4 years of the project, Karachi has planted urban forests that already contain
35-foot-tall trees and new forms of wildlife. As a result of this initiative, the
temperatures near the urban forests have decreased by at least 10 degrees than
surrounding areas.
• Planting trees is the main goal of the Urban Forest project because trees are effective
solutions to urban heat. Their properties allow for shade, reflecting sunlight, and
transpiration which reduces the surrounding temperatures.
• In 2016, a government initiative was launched called ”the Billion Tree Tsunami” in
hopes to plant trees and reduce extreme weather conditions.
• Costs and space are the greatest challenges for Karachi. With the help of the people
and the government, the city is determined to step up and fight climate change.
Image: Clifton Beach in Karachi, Pakistan

Sustainable Water Solution Through the WaterHub
By Tyler Camarda

• The WaterHub is an eco-engineered water reclamation and reuse system that combines
natural treatment techniques with the latest filtration and disinfection technologies.
• The project, collaborated by Sustainable Water and H20 Innovation, at Emory University in
Atlanta, Georgia was awarded with the 2015 Innovative Project of the year by the
WateReuse Association.
• The treatment system can recycle 400,000 gallons (Approx. 1,514,164 Litres) of water per
day or 146 million gallons (Approx. 552,670,120 Litres) of water annually.
• The Waterhub has a low energy footprint compared to many reclamation systems of
similar capacities and its natural aesthetic fits well with the urban campus setting and as
such can be adapted to work in many areas in regions
• The Waterhub displaced nearly 40% of the total water demand in the area. Not only did it
reduce the campus water footprint but also had a positive impact on the community water
supply.
• The system helps mitigates the campus environmental impact on surrounding waterways
and the public sewer system by reducing their outfall by nearly 66%
• The system creates lower cost water at a long-term stable rate, it is expected to save
Emory University millions of dollars in water utility costs for next 20 years.

Image: Emory University’s WaterHub treatment system in Atlanta, Georgia

Continuous Soil Trenches with Reinforced Concrete
Panels in Toronto, Canada
By Abbly Liu
•

There are various challenges that may be faced when planting trees in urban areas.
Trees that are planted in urban areas may fail if the ideal conditions aren’t present.

•

To grow trees successfully, trees must be provided with aerated and uncompacted soil,
as well as moisture. Water, oxygen, and nutrients are essential to the growth of trees.
Compacted soil is usually present in urban areas, since this provides more structural
support for pavement.

•

However, compacted soil does not possess enough voids (which hold water and
moisture) for the growth of trees, while uncompacted soil does. Thus, when trees are
planted in compacted soil, the roots will often rise to the areas with oxygen and water,
which will damage the sidewalks.

•

As a result, if no solutions are implemented, the growth of trees in urban areas and the
stability of paved surfaces cannot persist simultaneously.

•

A solution was presented in Toronto, where 2-metre-long trenches were used to hold
uncompacted soil, and reinforced concrete slabs were then placed on top of the
trenches. The adjacent sets of trenches allow trees to share the soil and provide more
space for the tree roots to spread out.

•

Additionally, the reinforced concrete slabs were constructed using precast concrete, so
that the slabs could be removed when utility installations and rehabilitations need to
be performed.

•

The removal of the slabs also allows the soil in the trenches to be replaced and allows
the rehabilitation work to be performed on the sidewalk without affecting the trees.

•

Lastly, the soil trenches eliminate the need to install additional asphalt patches when
conducting utility repairs.

Image: Roncesvalles Boulevard during sidewalk reconstruction in Toronto, Canada

Liuzhou Forest City in Guangxi, China
By Harry Chen
• Liuzhou Forest City is the world’s first “Forest City” and is located north of the current
city of Liuzhou which has a population of 1.5 million.
• The forest city will span 175 hectares along the Liujiang river and host 30 000
inhabitants, but more importantly, 40 000 trees and 1 million plants from over 100
different species.
• The city is being designed and developed by Stefano Boeri Archetti, an Italian
architect who has designed and worked on several urban forest projects.
• The plants and trees in the city will absorb an estimated 10 000 tons of CO2 and 57
tons of micro-particles every year and produce 900 tons of oxygen.
• Other side effects of the forest city include reducing average temperature, improving
air quality, naturally reducing sound pollution, and increasing the biodiversity by
being a rich ecosystem. Liuzhou already has a diverse array of species.
• The city is designed as a “porous model,” and treated as if it were a real living thing
that is affected by its environment.
• The design is to integrate with the natural landscape without being disruptive to it.
Mountains, forests, and other nearby landscapes are all accounted for.
• The city will also have an electric auto exclusive road system and high speed efficient
railway to connect to the main city.
• The city will contain residential and commercial areas, with two schools and a
hospital.
• The city’s energy plan includes high efficiency solar panels, wind energy, and
geothermal energy. No unrenewable energy sources plan to be used.
• Overall the city aims to act as an experimental testing ground of the city of the future,
with applications of renewable energy and self-sufficiency on a large scale.
• Construction is expected to start in 2020.
Image: Chengyang Yongji Bridge in the Liuzhou Area (official concept art of Forest City
currently unavailable for free use)

Water Conservation in Copenhagen , Denmark
By Anthony Cimino
• Copenhagen, Denmark boasts a population of 1,346,485, providing around 50 million
meters cubed of water per year to residents.
• The residents in Copenhagen consumed 170 liters per day per person (l/p/d) in 1987
and managed to reduce daily water consumption to 104l/p/d by 2012 and are looking
to reduce that even more to 90l/p/d by 2025
• Water consumption comes from 66% household uses and 27% industrial uses and 7%
is undocumented.
• In 2005 the city water supply was privatized but all the stocks are owned by the City
of Copenhagen, this helps create an efficient water network the does not focus on
earnings over water quality and sustainability.
• Copenhagen has high water fees with 0.063 Danish Krona per liter, to ensure citizens
are conscious of their water consumption.
• The city launched advertised water conservation techniques focusing on reducing
household water consumption like advocating for low flush toilets, shower heads and
taking short showers instead of baths.
• Children can take trips to water supply plants to learn and get hands on experience on
water and environmental sustainability
• The city must pay fee of 1 euro per meter cubed of undocumented water over a 10%
threshold to the federal government.
• The city plans to reuse water, such as grey water and low-quality groundwater for 4%
of the cities total water consumption
• Since the launch of numerous education ads, higher water fees, penalties for
undocumented water such leaks and privatization the city has reduced the daily
water consumption per person per day by 66 liters.
• Image: Copenhagen Waterways

Urban Forestry
By Yovin Chingadu
• After the aftermath of World War 2, the number of trees in Tokyo’s street fell from
105,000 to 42,000 which represents nearly 60%.
• In 1946, the city created a plan to secure 10 percent of urban lands for green areas
and turn the barren parcels of land into urban parks
• Public participation and community involvement to restore the urban greenery
successfully and, until today, has maintained a program to conserve the trees that
survived the atomic bomb.
• Now Tokyo metropolitan area has 420,564 street trees planted along 2,712 km of
streets and about 1.5 million trees occur in 4,177 ha of urban parks in Tokyo
• Tokyo’s green space is made up of forest, meant to help conserve water—one of
the many benefits of tress for the natural environment
• Tokyo’s urban forests and trees have also helped to supply the city with clean drinking
water, a system of wastewater disposal and storm water control
• Urban forests can lower the “urban heat island effect” of cities, which are often
several degrees warmer than nearby rural areas, worsening air and water pollution
• Trees in cities reduce air pollution, absorb carbon and protect people during heat
waves, saving megacities more than $500 million a year in health care, energy costs
and environmental protection
Image: Omotesando Avenue, Tokyo.

Urban Tree Canopy in Atlanta, USA
By Benny So
• The City of Atlanta, Georgia USA has a reputation for its urban forest, defined by the
system of trees and plants growing in cities, suburbs, and towns.
• Generally recent studies estimated tree coverage of the city to be at 36% in 2004 and
47.9% in 2008.
• Not only do urban trees provide aesthetic advantages in an area of usually natural
scarcity, they provide several environmental benefits.
• Trees clean particulates from the air and soil
• Trees provide additional stormwater management and water drainage
• Trees can provide shade and cool paved surfaces and buildings
• A study in 2001 measured the effects of a 45% decrease of tree canopy loss from
1974 to 1996.
• This loss of tree coverage resulted in a 33% of stormwater runoff and a loss of
11 million pounds of pollutants removed annually, valued at approximately
$28 million per year.
•
At 47.9%, Atlanta boasts the highest overall percentage of urban tree canopy of the
United States when compared to other cities that have conducted similar
assessments. This has allowed for Atlanta to be dubbed “City in the Forest.”
•
Atlanta’s reputation of the “City of the Forest” also inspires grassroots organizations
to protect the city’s urban forest.
• treenextdoor.com runs quarterly reports on the tree loss in Atlanta,
accounting for DDH (dead, dying, hazardous) trees and trees cut down illegally.
• The city has faced clearcutting of trees in the past, as zoning in the 1980s allowed city
developers to commonly clear-cut dozens of acres of forest to develop
neighbourhoods of tightly packed homes. In the past decade some areas of the cities
revised tree ordinances to require replanting of cut trees, encouraging for the city to
remain heavily forested.
Portion of the Atlanta Skyline, 2013

Water use and vegetation in Toronto, Ontario
By David Guirguis
• Sustainability in Toronto is a key part of the economy’s growth. As the population continues
to grow, it becomes more and more essential to incorporate the strategies developed
regarding each issue, including water use.
• MyWaterToronto released an online tool in 2016 to assist residents in the city to not only
track the average water they consume but also allows people to be more aware of leaks and
waste of water occurring in their residence.
• The water treatment and supply system in Toronto treats and distributes well over 1 billion
litres of quality drinking water annually.
• The average Toronto home uses roughly 765 litres of water per day.
• This is distributed through four water treatment plants, 18 pumping stations, 4 elevated
storage tanks, 11 underground reservoirs and more than 6000 kms of distribution
watermains
• On Toronto’s official website, clear recommendations are provided in order to manage
water usage in each part of a home and protecting what enters the storm sewer system as
follows.
•
•
•
•

Switching to water efficient appliances
Installing aerators n sinks to decrease water usage
Only putting full loads in the laundry and washing machine
Check for leaks regularly

• Toronto has one of the largest green urban canopies in the world, covering a fifth of the
whole city.
• Trees not only beautify cities and give shade to streets and homes but, filter out air
pollution and absorbs carbon dioxide from the atmosphere while releasing oxygen.
• The government currently only has recommendations for residents to reduce water usage
but are still working on an official plan with set goals. On the other hand, growing trees are
a priority to each community and can involve locals in the decrease of carbon emissions.

Image: Green Canopy Downtown Toronto
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CIVE 230 Engineering and Sustainable Development
Spring 2020
1. TEACHING TEAM

INSTRUCTOR: Dr. Nadine Ibrahim
nadine.ibrahim@uwaterloo.ca
à Virtual office hours: Wednesdays 1-2pm EST on LEARN’s
Virtual Classroom (Bongo)
à Online Social Meets: Mondays 1-2pm EST on WebEx
TA:

Sina Golchi sina.golchi@uwaterloo.ca

CAs:

Gene Shim gshim@uwaterloo.ca
Kelvin Vianini kvianini@uwaterloo.ca
Mahmoud Badawy mbadawy@uwaterloo.ca
Mohammad Barkhori Mehni mbarkhor@uwaterloo.ca
à Virtual tutorials and virtual office hours: Thursdays 1-2pm EST on

LEARN’s Virtual Classroom (Bongo)
à Q&A: Piazza throughout the term

When sending emails, please start with “CIVE230” in the subject line.
2. COURSE DESCRIPTION
This course introduces the concept of sustainability and how it applies to decision-making in Civil
Engineering. The course begins by defining sustainability, both practically and technically, and describing
the concepts of systems and systems interactions. Quantitative methods and measures of effectiveness
are derived and applied to components of sustainability: air quality, water quality, energy and solid waste.
Attention is given to sustainable urban systems and alternatives, as they apply to both developed and
developing countries. Sustainability concepts covering the triple bottom line are presented, and their
applicability to sustainability are described. The course deals with sustainability on two levels. First, the
qualitative concepts and background information is presented. Next, specific, quantitative models which
emphasize core engineering methods (such as probability and statistics, operations research, or simulation)
are presented and applied to sustainability problems.
3. LEARNING OUTCOMES
Upon the successful completion of this course, students should be able to:
• Define sustainability concepts in terms of air quality, water quality, electricity/energy intensity, and
solid waste management;
• Measure sustainability indicators using appropriate units, time scales, and mathematical models;
• Present life-cycle based analyses of activities’ and products’ impacts on sustainability;
• Apply environmental, social and economic concepts to assess the sustainability of urban systems in
developed and developing country contexts;
• Evaluate strategies to mitigate threats to sustainability including the prevention of threats through
passive or natural treatments, engineered solutions, and economic and policy incentives and
government interventions; and
• Communicate technical information to various audiences.
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4. TEACHING APPROACH
I’ll be teaching sustainable development and its connection to engineering using both a qualitative and
quantitative understanding of sustainability. Qualitatively, this involves describing sustainability
objectives, trends, current conditions and future projections, and to have a technical and public
understanding of sustainability challenges. Quantitatively, this involves modeling environmental
parameters using linear programming, differential equations, regression and extrapolation, and
understanding the metrics used for sustainability assessments.
I use a diversity of coursework to test your knowledge and understanding. This will be in the form of
surveys, projects and visual/oral submissions, in addition to more traditional assignments and quizzes. I
believe students have different strengths, where the diversity of coursework will leverage individual
strengths and give everybody a chance to shine!
Communication is key! I’ll be communicating with the class more frequently than I typically would
because of the nature of this term being fully online. This includes hosting a social hour because it’s
important to build a sense of community among the class. I’ll be using the Announcements widget on
LEARN during the term to communicate new or changing information regarding due dates, as needed. I
encourage you to read the announcements on a regular basis and stay up to date.
The course modules are structured so that you will be busy during the week, and I want you to take a
break on the weekend, every weekend, at least in my course! Try to not postpone your homework till the
weekend, and use this time to recharge.
5. EVALUATION

Assignments (6 in total):
Quizzes (4 in total):
Urban Sustainability Project:
Before & After Survey:
Sustainability Contribution:

20% (Crowdmark)
40% (LEARN Online Quiz)
25% (LEARN Dropbox)
10% (LEARN Survey)
5% (LEARN Dropbox)

Although we do our best to avoid them, mistakes can be made in grading. If you wish to query the mark
you receive on coursework, then you should send an email to the instructor indicating the basis of your
appeal and attaching your work for review. You must do so within one week of receiving your grade.
Awards: We all appreciate incentives and a pat on the back for doing a good job. To do this remotely, I’ll
be using the digital awards/badges on LEARN, so keep an eye out when you receive them.
Late Penalties: Late submissions will be accepted within two days of submission deadlines, but a late
penalty will be applied (15% off for within 24 hrs after due date, 25% for within 24-48 hrs after due date,
no credit if more than 2 days late). Some situations can warrant exceptions – speak to the instructor
about these, and I’ll do my best to accommodate extenuating circumstances.
Slip Day: A fully online term is a new learning environment, and technology may cause some confusion.
You have one slip day to use on assignments and course activities (not quizzes). A slip day allows students
the ability to submit one assignment or other coursework after the due date without penalty. Students
choose which assignment or coursework they will apply the slip day to.

Page 2 of 8

May 18-24
May 25-31
June 1-7
June 8-14
June 15-21
June 22-28
June 29-July 5
July 6-12
July 13-19
July 20-26
July 27-Aug 2

2

3

4

5

6

7

8

9

10

11

12

Sustainable cities and sustainability
assessments
Sustainable buildings and transportation

Solid waste management and treatment
methods
Life Cycle Analysis

Water pollution and methods to improve
water quality
Energy – fossil fuels and renewables

Water resources and water scarcity issues

Sustainable energy, water use, and urban
forests
• Review
NO EXAM FOR THIS COURSE
•

•

•

•

•

•

•

•

Module Topic
• Welcome and online working plana
• Course overview
• Introduction to sustainability
• Fundamentals of energy, environmental
chemistry and growth
• Global atmospheric change including
climate change
• Air pollution and models of air quality

Notes:
a. Completing the online work plan is optional.
b. Various due dates based on the last digit of your student number.

13
Aug 3-5
Final Assessment
Period Aug 7-15

Date
May 4-10
May 11-17

Week
0
1

•

•

•

•

•

•

•

•

•

•

After survey posted

Urban sustainability
project posted
Assignment 6 posted

Assignment 5 posted

Assignment 4 posted

Assignment 3 posted

Assignment 1 posted
Before survey posted
Sustainability
contribution postedb
Assignment 2 posted

Activities/ Assignments

•

•

•

•

•

•

•

•

•

Individual Project: Aug 10

Assignment 6: July 31
After survey: July 31

Assignment 5: July 17

Assignment 4: July 3

Assignment 3: June 19

Assignment 2: June 5

Assignment 1: May 22

Before survey: May 15

Due Dates
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Quiz 3: Aug 4

Quiz 2: July 10

Quiz 1: June 12

Quiz 0: May 13
(ungraded)

Quizzes

6. COURSE SCHEDULE
The course is structured in weekly modules where one topic is covered per week (typical format for online courses). Mark your calendars.
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7. MODULE TOPICS (aka LECTURES)
Module topics will be presented in multiple formats to provide flexibility for different users and learning
preferences. It is expected that students will learn by viewing the recorded material, attend the live
synchronous sessions (when they can and where possible). Lecture slides will be posted periodically on
LEARN, along with reading references and resources, and other supporting material, if and when
required. This is the lecture flow that will take place for each module on a weekly basis:
•
Monday: Lecture slides will be posted to LEARN along with pre-recorded video lectures. Please
send in questions you may have as you go through the posted and recorded material.
•
Tuesday: Live synchronous session will be scheduled 11:30am-1pm EST on WebEx, which will be
recorded for those who cannot or are unable to attend. No student should be disadvantaged by
being unable to attend synchronous sessions.
•
Wednesday: Recordings of the live sessions will be made available on LEARN.
8. VIRTUAL TUTORIALS
Tutorials will be structured to work through practice questions that are similar in nature to the ones that
are assigned in assignments, in addition to create a learning environment where students can seek the
support of the teaching team for help with the assignment questions. TA/CAs will post questions for you
to work through, then will post worked examples on LEARN, and hold virtual office hours on LEARN’s
Virtual Classroom (Bongo) on Thursdays 1-2pm EST. Piazza will be available for Q&A throughout the term.
9. ASSIGNMENTS
There will be six (6) Assignments scheduled throughout the term which are to be handed in for marking
on Crowdmark. Assignments are due by 11:59pm on Friday on the weeks that they are due. There is no
late penalty for assignments submitted until 11:59pm on Sunday, though I strongly encourage that you
take the weekend to rest. The deadline for each assignment will also be stated on the assignment hand
out as a reminder. The teaching team will be running the virtual tutorials to help students with their work,
in addition to grading the assignments.
Coursework handed in for credit must be completed as an individual. Any exceptions to individual work
must be acknowledged. If you are in doubt, contact your TA/CAs or instructor. Except for quizzes and final
assessments, you are encouraged to seek/give help from/to peers, but this help must stop short of using
another peer’s or group’s work as your own. The best practice is to receive/give help without exchanging
copies of the work, then redoing the work on your own.
10. QUIZZES
This course has three (3) graded quizzes that are scheduled on: Friday June 12, Friday July 10, and
Tuesday Aug 4. There is also Quiz 0 (due by May 13) that is ungraded. The purpose of this ungraded quiz is
to give you a quick practice using the online quiz function on LEARN using questions about the syllabus.
Quizzes will be scheduled using LEARN online Quiz. Graded quizzes will have 120-minutes timed duration
within a 12-hour period to accommodate time zone differences, technology constraints, and other
situational factors. These are individual assessments, and an equation sheet will be provided.
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11. URBAN SUSTAINABILITY PROJECT
In lieu of a final exam, an individual project is assigned at the end of term as a summative assessment of
the course, to apply course concepts and to perform a sustainability assessment for a city of your choice
and propose recommendations to address challenges in developed or developing country contexts.
Project instructions will be provided when posted.
12. BEFORE-AND-AFTER SURVEY
A knowledge survey on your thoughts and experiences with sustainability concepts and practices
will be scheduled as a broad reflection on sustainability. This will be scheduled as a “before” survey
(Week 1: due May 15) and an “after” survey (Week 12: due July 31).
13. SUSTAINABILITY CONTRIBUTION
Every student will get a chance to contribute content, which means you will co-create content for the
course by submitting a PowerPoint slide with audio narration. This activity is to encourage you to explore
sustainable infrastructure, solutions and technologies globally to generate an enriched learning
experience and create an opportunity for peer-to-peer learning. This could go beyond course content.
Slides will be compiled together to form an e-book by the class for online publishing. Instructions and a
slide template will be provided when. TA/CAs are encouraged to participate, and as your instructor, I will
contribute one as well. The topic is assigned based on the last digit of your student number, as follows:
Last digit of
student ID
0
1
2
3
4
5
6
7
8
9

Topic
Global atmospheric change including climate change
Air pollution and models of air quality
Water resources and water scarcity issues
Water pollution and methods to improve water quality
Energy – fossil fuels and renewables
Solid waste management
Sustainable buildings
Sustainable transportation
Sustainable energy
Sustainable water use and urban forests

Module Week and Due date
Week 3: due May 29
Week 4: due June 5
Week 5: due June 12
Week 6: due June 19
Week 7: due June 26
Week 8: due July 3
Week 9: due July 10
Week 10: due July 17
Week 11: due July 24
Week 12: due July 31

14. SOCIAL HOUR
Did you notice on the first page that there was a scheduled social hour every Monday 1-2pm EST? Social
presence throughout the course is very important to students’ learning, particularly in this fully online
term. It’s also a chance for me to get to know you as well, so that you are not just a name and a grade on
a spreadsheet. This hour is optional. If you can, I encourage you to join to discuss topics that are not
necessarily related to the course, eg. work space, morning routine, study habits, or the city that you
currently live in. This is how we will try to remain connected even when distant.
15. RESOURCES AND REFERENCES
Portions of two texts will be used for developing supporting material for this course:
Edward S. Rubin and Cliff I. Davidson, 2000, Introduction to Engineering and the Environment.
McGraw Hill, [ISBN 0-07-235467-4]
Gilbert Masters and Ela Wendell, 2008., Introduction to Environmental Engineering and Science
3rd Edition, Prentice Hall, [ISBN 0-13-148193-2]
Additional material will be sourced from Knovel and OER (Open Education Resources) Commons.
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16. REMOTE TEACHING AND LEARNING TOOLS
Online learning means lots of online tools. The following is a list of the online tools that will be used:
•
LEARN (https://learn.uwaterloo.ca/) is the Learning Management System (LMS) used for this
course. LEARN will be used for posting lecture material, readings, and other online links, prerecorded videos, conducing online quizzes and surveys, virtual office hours using virtual classroom,
and project submissions on the dropbox.
•
Crowdmark (https://app.crowdmark.com): Assignment submissions
•
WebEx (https://uwaterloo.webex.com): Live synchoronous sessions
•
Piazza (https://piazza.com): Q&A and discussions
17. GRADUATE ATTRIBUTES
Graduate attributes that are applicable to this course and assessed, are as follows:
GA1 - Knowledge Base
1b. Demonstrate understanding of concepts in natural science
1d. Demonstrate understanding of specialized engineering knowledge
GA2 - Problem Analysis
2a. Formulate a problem statement
2b. Develop models to solve engineering problems including identifying approximations,
assumptions and constraints
2c. Critically evaluate solutions of engineering problems
GA3 - Investigation
3a. Design experiments to investigate complex engineering problems
GA4 - Design
4b. Critically evaluate and compare design choices
GA5 - Use of Engineering Tools
5a. Select appropriate engineering tools, considering their limitations
GA7 - Communication Skills
7a. Orally present information within the profession and to society at large
7b. Communicate in a written format within the profession and to society at large
GA9 - Impact of Engineering
9a. Identify the relevance of and uncertainty associated with the different aspects (social, cultural,
economic, health, safety, legal, environmental), of an engineering project.
9b. Analyze the social, health, safety, and environmental aspects of an engineering project,
incorporating sustainability considerations in making decisions.
18. ACADEMIC INTEGRITY
In order to maintain a culture of academic integrity, members of the University of Waterloo community
are expected to promote honesty, trust, fairness, respect and responsibility. The Office of Academic
Integrity provides relevant information for students, faculty and staff.
19. DISCIPLINE. Students are expected to know what constitutes academic integrity, to avoid committing
academic offences, and to take responsibility for their actions. Completion of the Orientation to
Academic Integrity Tutorial is encouraged and familiarity with Policy #71, (Student Discipline) is
expected. Students who are unsure whether an action constitutes an offence, or need help in learning
how to avoid offences (e.g., plagiarism, cheating) or understand ‘rules’ for group work/collaboration
should seek guidance from their course instructor, academic advisor, or the Associate Dean of Science for
Undergraduate Studies. For information on typical Policy 71 penalties, students should check Guidelines
for the Assessment of Penalties.
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20. GRIEVANCE
Students, who believe that a decision affecting some aspect of their university life has been unfair or
unreasonable, may have grounds for initiating a grievance. Students should read Policy #70, Student
Petitions and Grievances, Section 4. When in doubt, students must contact the departmental/school
administrative assistant who will provide further assistance.
21. APPEALS
A decision made or penalty imposed under Policy 70, Student Petitions and Grievances (other than a
petition) or Policy 71, Student Discipline may be appealed if there is a ground. A student who believes
he/she has a ground for an appeal should refer to Policy 72, Student Appeals.
22. STUDENT ACCOMMODATIONS
AccessAbility Services, located in Needles Hall, Room 1401, collaborates with all academic departments
to arrange appropriate accommodations for students with disabilities without compromising the
academic integrity of the curriculum. If students require academic accommodations to lessen the impact
of their disability, they should register with AccessAbility Services at the beginning of each academic
term.
23. CORONAVIRUS INFORMATION
Coronavirus Information for Students This resource provides updated information on COVID-19 and
guidance for accommodations due to COVID-19.
24. MENTAL WELLNESS
All of us need a support system. We encourage you to seek out mental health supports when they are
needed. If you find yourself suffering during this or any other term from anxiety, stress, or issues related
to mental health, this is nothing to be ashamed of, and it is recommended you seek help; refer to
Engineering Counselling and Campus Wellness and Counselling Services.
We understand that these circumstances can be troubling, and you may need to speak with someone for
emotional support. Good2Talk is a post-secondary student helpline based in Ontario, Canada that is
available to all students.
25. ONLINE ETIQUETTE
Professional online communication is expected always. Refer to Student Guidelines for Communicating in
Online, Professional Contexts. Simply put, if you wouldn’t share it in public, don’t share it online, and if
you wouldn’t say it to someone’s face, don’t say it online.
26. RESOURCES FOR ONLINE LEARNING
Thanks to the Faculty of Engineering of sharing these links that will help prepare students to be successful
online learners:
•
Common mistakes to avoid as a new online student
•
Getting Ready to Learn on Line
•
What makes a successful online learner
•
8 strategies for getting the most out of an online class
•
Tips for taking online exams
•
Online exam tips you’ll be thankful for
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27. TERRITORIAL ACKNOWLEDGEMENT
We acknowledge that we live and work on the traditional territory of the Attawandaron (Neutral),
Anishinaabeg, and Haudenosaunee peoples. The University of Waterloo is situated on the Haldimand
Tract, the land promised to the Six Nations that includes ten kilometres on each side of the Grand River.
As we are likely located across the world throughout this fully online Spring 2020 term, indigenous
communities globally have lived sustainably with nature. Specifically for this course on engineering and
sustainable development, I wish to recognize the innovations that came before us, and appreciate the
sustainability principles that indigenous communities have lived by.
If you have read this syllabus to the end, well done and thank you. Let me know that you have
read the syllabus by sending me a picture of your favourite city to my email!
You’re now ready to complete Quiz 0. As of May 11, you can simply go to LEARN | Submit | Quiz 0

WELCOME TO CIVE 230
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Appendix B: Sustainability
contribution project instructions

Spring 2020 CIVE 230 – Engineering and Sustainable Development

CIVE 230 Engineering and Sustainable Development
Sustainability Contribution
(Total marks: 20)
(due on various Fridays at 11:59pm EST on LEARN Dropbox)
The sustainability contribution is a brief project worth 5% of your final course grade, to give you an
opportunity to contribute a sustainability idea. Every student will get a chance to contribute content,
which means you will co-create content for the course by submitting a PowerPoint slide with audio
narration. This activity is to encourage you to explore sustainable cities, infrastructure, solutions and
technologies globally to generate an enriched learning experience and create an opportunity for peer-topeer learning. This could go beyond course content. If in doubt about the choice of topic for your
contribution, feel free to ask on Piazza or by email.
Slides will be compiled together to form an e-book by the class for online publishing. The topic is
assigned based on the last digit of your student number, as follows:
Last digit of
student ID
0
1
2
3
4
5
6
7
8
9

Topic
Global atmospheric change including climate change
Air pollution and models of air quality
Water resources and water scarcity issues
Water pollution and methods to improve water quality
Energy – fossil fuels and renewables
Solid waste management
Sustainable buildings
Sustainable transportation
Sustainable energy
Sustainable water use and urban forests

Module Week and Due date
Week 3: due May 29
Week 4: due June 5
Week 5: due June 12
Week 6: due June 19
Week 7: due June 26
Week 8: due July 3
Week 9: due July 10
Week 10: due July 17
Week 11: due July 24
Week 12: due July 31

Slide presentation
A slide template is provided in widescreen format (16:9) for you to use. References for images and
content is to be placed in the notes section of the slide, not on the slide.
An example of an image reference:
Harmoni Central Busway Transjakarta 1 by Gunawan Kartapranata is licensed under CC BY-SA 4.0
https://commons.wikimedia.org/wiki/File:Harmoni_Central_Busway_Transjakarta_1.JPG
An example of content reference (as usual):
UNDP, 2015. Bus Rapid Transport Development in Greater Jakarta (Jabodetabek): Finance-Ready
Proposal.
https://www.undp.org/content/dam/LECB/docs/pubs-namas/undp-lecb-Indonesia-Bus-Rapid-TransportReport-201512.pdf
Adding audio
Add a 2-3-minute audio to your slide by inserting an audio recording onto the slide. This is a
straightforward process in MS PowerPoint (Insert > Audio > Record Audio...). Once recorded, you’ll see
an audio icon on your slide, which you can place in the title banner in the bottom right corner as shown.
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