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Overview: Green Urbanism 1>

Rooted in a need for sustainable human living, green urbanism represents an essential avenue in achieving ambitious
climate goals; implementing environmentally-minded strategies into cities offers substantial emissions improvements.

Renewable energies such as solar, wind, or biomass represent a critical elementin
BACKGROUND achieving zero carbon emissions. Additionally, utilizing local materials to shorten
building sector supply chains, committing to zero-waste through recycling and waste

- Although sustainable urban design dates back transformation, and promoting local food via in-city farming are key to meet goals.

centuries, the term “green urbanism” began
primarily in the 1990s with increased attention on

. ; o : Proper water management includes personal efforts like rainwater collecting to city-
making post-industrial cities sustainable.

Water and scale features, such as stormwater and flood drainage systems. \Wastewater

+ Steffen Lehmann's chapter (2010), “What is Green Biodiversity recycling convert contaminated water into useful forms and exemplifies optimized
Urbanism? Holistic Principles to Transform water management. Recycled water is used in areas from irrigation and plumbing.
Cities for Sustainability,” introduces the 15
Principles of Green Urbanism, founded on three
aims of zero use of fossil fuels, zero waste, and With 20% of emissions coming from transportation, making eco-friendly transport

zero emissions Urban Planning options like cycling, walking, and electric vehicles convenient is a primary goal for
and Transport sustainable urban planning. Emissions can also be reduced by preserving land
through densification, involving more compact communities and living spaces.

* Lehmann'’s principles have been widely recognized
as important guidelines in sustainable city
development, with three additional target areas of
energy and materials, water and biodiversity,
and urban planning and transport

Cities can and must become the most
environmentally-friendly model for inhabiting Key Takeaway
our earth.

Experts have recently drawn parallels between sustainable urban planning and the

Health health of city inhabitants, noting the 37% of heat-related deaths accounted for by
Ramifications climate change. Research shows cities with greater available green space have
lower monrtality rates due to less emissions and urban heat island effect.

Prioritizing the key principles of green urbanism provides cities wide-ranging benefits, from greater efficiency
- Steffen Lehmann and convenience to improved health conditions.
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https://corporate.enelx.com/en/question-and-answers/what-is-green-urbanism
https://healthpolicy-watch.news/cities-face-severe-degradation-without-meaningful-climate-action-warn-experts/
https://blog.indovance.com/green-urbanism-a-community-in-a-city/
https://www.researchgate.net/publication/221915598_What_is_Green_Urbanism_Holistic_Principles_to_Transform_Cities_for_Sustainability

Categories of Green Urban Partnerships ‘>

Through the establishment of PPPs in green infrastructure, transportation, smart city technology, and renewable energy,
cities around the globe have made significant investments to reduce emissions.

+ Cities will partner with private firms to establish parks, green roofs, and sustainable drainage systems, to help manage

stormwater, reduce urban heat, and improve air quality.

In 2021, 60% of total private investments in infrastructure was in green projects.

» Example: In New York City, the Green Infrastructure Plan is a collaboration to install green roots and bioswales to reduce
stormwater runoff.

Cities partner with private firms to introduce electric buses, shared e-scooters, and bike sharing programs to their communities to
reduce traffic congestion and emissions.

The electric bus market is expanding by over 25% monthly and is expected to be worth $75 billion by 2030.

Example: Paris partnered with RATP to get electric buses to promote eco-friendly transport while Copenhagen partnered with GoBike
to operate and maintain electric bikes in the city’s bike sharing system.

Transportation

* Smart city initiatives often involve private firms providing Internet of Things tech to monitor and optimize energy use, traffic flows,
and waste management.

Smart City Tech * The global smart cities market is excited to grow to $1.3 tril by 2026, with a CAGR of 24%.

» Example: Barcelona partnered with Cisco to deploy smart sensors across the city for energy efficient lighting, parking
management, and waste reduction.

« Cities collaborate with firms to build renewable energy infrastructure, such as solar farms or wind power projects. Projects that
Renewable Energy power urban areas are located both inside and outside of cities, depending on the location.
- * In 2022, private companies invested over $114 bil into smart city projects.
Integratlon » Example: San Diego partnered with San Diego Gas & Electric to achieve to try to help achieve its goal of running entirely on
renewable energy by 2035.
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https://www.iea.org/reports/global-ev-outlook-2024
https://www.gihub.org/infrastructure-monitor/
https://www.mckinsey.com/capabilities/operations/our-insights/smart-cities-digital-solutions-for-a-more-livable-future
https://smart-cities-marketplace.ec.europa.eu/

Economic Benefits of Green Urbanism ‘>

Green urbanism provides significant economic benefits for private businesses through higher property values,
reduced energy costs, and expanding market opportunities in sustainable products.

Increased Property Value and Occupancy Rates Comparison of Economic Benefits for LEED vs. Non-LEED

» LEED-certified buildings tend to have higher occupancy rates, commanding
up to 20% higher rent compared to non-certified buildings. Tenants are
willing to pay a premium for sustainable features.

+ The Empire State Building underwent a $550 million retrofit that earned it
LEED Gold certification, reducing energy consumption by 38%, leading to
annual savings of $4.4 million.

Energy Efficiency and Cost Savings

* LEED buildings typically consume 25% less energy and 11% less water

than traditional buildings, cutting down on utility costs, benefiting

businesses in the long run. Occupancy Rates
+ Adobe's San Jose headquarters achieved LEED Platinum certification by

reducing energy usage by 30%. This equates to substantial annual savings

on energy bills.

Water Usage
New Market Opportunities

+ The green building materials market was valued at $238.91 billion in 2020
and is projected to reach $425.4 billion by 2027. This growth reflects the
increasing demand for sustainable construction products, offering Energy Consumption
businesses in this sector significant market opportunities.
* Rockwool, atop producer of sustainable stone wool insulation, saw over
10% annual revenue growth from 2020 to 2022.

® Non-LEED

Maintenance Costs m | EED

Rental Income

(@)

20 40 60 80 100 120 140
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https://www.rockwool.com/group/about-us/investors/financial-reports/annual-report-highlights-2022/
https://re.be.uw.edu/wp-content/uploads/sites/9/2015/06/green-building-leed2.pdf
https://ugreen.io/sustainability-and-leed-economic-benefits-and-strategies/
https://www.usgbc.org/articles/empire-state-building-achieves-leed-gold

Challenges in Implementing Green Urbanism

Implementing green urbanism presents challenges for businesses due to high upfront costs, significant compliance
expenses, and financial risks associated with failing to meet stringent environmental standards.

High Upfront

Costs

Compliance
Costs

Financial Risks

* Achieving carbon-neutral standards in construction can result in a cost premium of 6.2% for intermediate

upgrades and up to 17% for more advanced improvements, such as integrating renewable energy systems and
high-performance materials.

These costs can discourage smaller businesses from adopting green standards without financial incentives.

The California Sustainable Building Task Force found that green buildings generally have higher upfront costs due
to the need for specialized materials and technology. However, they noted that these costs are often recuperated
over time through operational savings in energy and water usage.

According to the U.S. Census Bureau'’s Pollution Abatement Costs and Expenditures (PACE) survey, some pollution-
intensive industries in the U.S. incur compliance costs that can exceed $5 billion annually, largely driven by
pollution abatement requirements. These costs are more substantial in sectors with older infrastructure, which may
need extensive retrofitting to meet current standards.

Companies in regions with stringent environmental laws, such as certain U.S. states and the EU, often face higher
compliance costs, which include both capital expenses (like equipment upgrades) and operational expenses
(such as monitoring and reporting), impacting profit margins and sometimes deterring investment in those areas.

The financial risks associated with failing to meet environmental standards are significant.

In the EU, non-compliance with green regulations can lead to fines up to €10 million or 5% of a company's annual
revenue, depending on the severity of the breach.

In California, companies that fail to meet state environmental standards often face costly retrofits or legal
challenges. Retrofits to align with green standards post-construction are generally more expensive than initial
compliance, driving up long-term costs.

\ehDaily G versity MDP!. United Diversity Li
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https://www.archdaily.com/1007954/are-carbon-neutral-buildings-expensive
https://faculty.georgetown.edu/aml6/pdfs&zips/hilton%20&%20levinson%206.pdf
https://www.mdpi.com/2071-1050/11/22/6269
https://library.uniteddiversity.coop/Ecological_Building/Costs_and_Financial_Benefits_of_Green_Buildings.pdf
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Case Studies of Green Urbanism

Portland, Copenhagen, and Barcelona exemplify the potential of sustainable urban living, demonstrating how
initiatives focused on water, transportation, and solar can balance reduced emissions with societal efficiency.

Emissions (in million metric tons)

through its entire interaction with the city, from when it falls on the roof, gets to the ground,
initiatives promoting sustainable city-living, including the Five Finger Plan. The plan

and finally gathers under the surface. Roof gardens, pervious pavement, and soakage
concentrates urban development along railroad lines and links suburban zones along paths Installation Cost for Solar PV Worldwide

Portland, Oregon Denmark Carbon Dioxide Emissions
Portland is a city dedicated to sustainability, with renewable sources covering 50% of 5.4
energy needs. Portland has accomplished this feat partly through robust water-saving / \5
55. 7,
5\53-3~52.2
trenches are only a few examples of Portland’s impressive optimization of precipitation. \
36.%

Copenhagen, Denmark 7.4
Copenhagen is known for the Copenhagen Climate Plan: an ambitious goal to become the
to business districts and high interest areas. Copenhagen shows how efficient
transportation systems and environmentally-minded housing can reduce emissions.

~O

O

<

o
growth in the country’s solar panel coverage, from 1,650 square meters in 2000 to 87,600 ‘
in 2010. The private sector is responsible for all installation costs, which is made possible O N O D B> L oA NGBS
through a 4-year, 50% housing tax reduction for private actors choosing solar technology. D A® A0 A0 A0 A0 A0 A0 A0 A0 A0TANTA0TAS

initiatives. The Sustainable Stormwater Management Manual details the utility of water
world’s first carbon-neutral city by 2025. To that end, Copenhagen has seen numerous 1990 1995 2000 2005 2010 2015 2020

3042

Barcelona, Spain

Cost ($/kilowatt)
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Barcelona has been especially effective at incentivizing the implementation of renewable
energy applications. The 1999 Solar Thermal Ordinance (STO), requiring all new buildings
and renovations to utilize solar power for 60% of their hot water, has led to significant
Q
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https://www.ajsosteniblebcn.cat/solar-bcn-iclei-case-study_61656.pdf
https://www.portland.gov/ppd/publicworks/managing-rain-your-property/soakage-trenches
https://nacto.org/wp-content/uploads/2012/06/City-of-Portland-Bureau-of-Environmental-Services.-2004.Stormwater-Solutions-Handbook..pdf
https://www.spur.org/news/2022-08-31/sustainable-city-learning-copenhagens-plan-zero-carbon
https://www.statista.com/statistics/449517/co2-emissions-denmark/
https://www-statista-com.ezp-prod1.hul.harvard.edu/statistics/809796/global-solar-power-installation-cost-per-kilowatt/
https://www.theurbanist.org/2024/02/23/how-copenhagen-is-leading-the-world-in-sustainability/
https://urbangreenbluegrids.com/projects/portland-oregon-us/
https://eros.usgs.gov/earthshots/five-finger-plan

Cities with Extensive Public Private Partnerships

e

Both Singapore and Copenhagen have established PPPs to encourage innovation in sustainable urban development,
data-based monitoring systems, and new renewable energy developments to reduce emissions.

Singapore and Copenhagen

Cities that created successful PPPs.

Singapore
+ Smart Nation Initiative

- Aims to transform Singapore into a smart city though the utilization of
digital technology and IT solutions.

- Partnered with tech companies like Siemens, Microsoft, and Huawei
who provide expertise in big data, cloud computing and Al to help cities
monitor energy use, traffic flows, and environmental conditions.

 Energy Solutions for Sustainable Development

- Singapore’s SolarNova program seeks to install solar panels on public
housing and industrial buildings and partnered with private firms like
Sunseap and Sembcorp to install and maintain these panels.

» Water Sustainability and NEWater
- Jacobs, Sembcorp and Hyflux work to operate desalination plants and

NEWater facilities, which are for Singapore's highly effective water
recycling program.

Copenhagenn (1), Copenhagen (ll), Copenhagen (lll), Singapore (1), Singapore (11)
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Copenhagen

» Copenhagen Cleantech Cluster

- The city of Copenhagen has established more than 200 partnerships
with private clean teach firms to help foster collaborative innovation in
sustainable urban development.

+ Copenhill (Amager Bakke)

- Copenhillis a waste energy plant that was developed through a PPP with
Amager Resource Center and Copenhagen. Copenhill converts waste
into energy for 150,000 household and reduces landfill waste.

* Energy Lab Nordhavn

- Aliving lab for green energy solutions that has partnered with Danfoss,

ABB, and other tech firms to support energy efficiency and smart grids.
+ Offshore Wind Farms

- Ostred, a Danish energy company, partnered with the city of

Copenhagen to construct offshore wind farms that provide renewable

energy to the city and are a key part of Copenhagen’s strategy to achieve
carbon neutrality by 2025.


https://www.greencitytimes.com/copenhagen/
https://stateofgreen.com/en/news/the-danish-climate-partnerships-show-the-immense-potential-of-public-private-climate-action/
https://www.theurbanist.org/2024/02/23/how-copenhagen-is-leading-the-world-in-sustainability/
https://www.clc.gov.sg/docs/default-source/urban-solutions/urbsol21pdf/06_essay_in-advancing-sustainable-urbanisation-how-ppp-could-work.pdf?sfvrsn=9df5c0d3_2
https://www.clc.gov.sg/docs/default-source/urban-solutions/urbsol22-pdf/opinion-viewpoint-_-ong-key-wee---rethinking-water-sustainability-with-public-private-partnerships.pdf?sfvrsn=405e50ad_4
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Section 2: Canadian Initiatives

HARVARD UNDERGRADUATE CONSULTING ON BUSINESS AND THE ENVIRONMENT | 2024 — Client



Vancouver Arbutus Greenway Program Analysis

Through persistent efforts from Vancouver, the city was able to develop a large greenway that enhanced biodiversity
and promoted active transportation with the support of private partners for design.

SO Summary of Arbutus Greenway

Arbus Greenway transformed a former railway corridor into a nine-kilometer greenway for
walking, cycling, and future light rail transit. Vancouver awarded $2.5 mil to PWL Partnership
Landscape Architects to design the project. The project added 42 acres of new greenspace to
the city. The development enhances biodiversity, promotes active transportation, and provides
significant recreational areas.

Challenges

Vancouver struggled to purchase the land from the Canadian Pacific Railway for over a decade,
before purchasing the corridor for $55 million, paying in phases to spread costs out over time.
After this, Vancouver faced the challenge of designing the corridor to be satisfactory to different
resident demands. Eventually, they created a complex design with lanes for both cyclists and
pedestrians. They also created plenty of recreational spaces. Additionally, they implemented soil
remediation efforts to prepare land for green space and remove contaminants.

Arbus (1), Arbus (Il), Arbus (Ill)
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https://participedia.net/case/vancouvers-arbutus-greenway-rails-to-trails-derailed
https://spacing.ca/vancouver/2016/03/07/release-vancouver-cp-arbutus-greenway/
https://pwlpartnership.com/news/city-awards-25-million-contract-detailed-design-two-sections-arbutus-greenway

Laneway Housing Initiative Analysis ‘>

The Laneway Housing Initiative utilized partnerships with private firms to address regulatory and compliance challenges
and make building laneway housing more affordable and appealing.

Vancouver’s Laneway Housing Initiative aims to increase urban density by enabling

Summary of secondary homes to be built on existing single-family lots. The program
encourages homeowners to build compact, eco-friendly units onto their properties,
The Program creating more housing options without urban sprawl. Since its launch in 2009, over

3,300 laneway homes have been built.

Vancouver’s complex zoning laws and permit regulations led to building delays. In
ReQUIatory & response, the city revised zoning bylaws and streamlined the permit process.
Comp“a nce Additionally, Vancouver set ambitious green building standards that made compliance
Challenges challenging. Lanefab Design/Build, which specializes in solar laneway housing, offers
support to homeowners to design quality and energy-efficient laneway homes.

fordabili Vancouver’s high land and construction costs initially discouraged laneway home
Affordapi Ity & development. In response, the city partnered with private builders to offer affordable
Engagement modular and prefabricated options. Vancouver also engaged companies like

Smallworks to provide consultations and showcase model homes, highlighting the
unseen benefits of laneway housing.

Challenges
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https://www.lanefab.com/lanefab-about-us
https://ubyssey.ca/news/vancouver-improve-permitting-times-laneway-houses/
https://vancouver.ca/news-calendar/permitting-improvements-ease-laneway-builds-and-residential-renovations.aspx
https://www.shapeyourcity.ca/multiplexes
https://www.raulpacheco.org/2009/08/laneway-housing-affordability-and-ecodensity-preliminary-thoughts/
https://smallworks.ca/

Canada Line Program Analysis ‘>

The Canada Line faced significant challenges in the form of funding the Canada Line in Vancouver and unexpected
demand for the public transportation system. Vancouver utilized private partnershipsto finance these challenges.

* The Canada Line is a rapid transit system that was developed through a PPP with the Government of Canada, British Columbia, the airport authority,
TransLink, and InTransitBC. This collaboration resulted in a projected completion both on budget and ahead of schedule.

» The project has significantly enhanced public transportation options and reduced traffic congestion. The Canada Line reached100,000 daily riders
by 2010 and over 150,000 by 2019. The line reduces 20,000 tons of CO2 emissions annually.

e Funding Challenges

* The Canada Line cost $2.05 bil. In order to secure this funding, Vancouver partnered with InTransitBC, which covered part of the costs for operational
rights. The line got additional support from federal, provincial, and airport authorities. These partnerships made clear performance standards
necessary to ensure quality and accessibility as they had to balance public service goals with private profitability needs.

* Local business owners won a lawsuit against Translink, but the private partnerships helped cover the costs.

e Overcrowding Challenges

* The Canada Line was initially designed with a short train length and limited capacity to reduce costs, but it became apparent that the demand for
this public transportation was higherthan suspected, so the line became overcrowded, especially during peak hours.

 To address this, TransLink increased the frequency of trains and tried to expand the train, but it wasn't possible due to increased costs because the
original design was complete, but this is something to be aware of. It is easier to have a train that is too long than to extend a train that's too short.

The Canada Line (1. The Canada Line (). The Canada Line (li]
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https://www.visitrichmondbc.com/getting-here/canada-line/
https://www.translink.ca/news/2024/april/translink%20ridership%20rebounds%20to%20pre-pandemic%20overcrowding%20levels
https://www.infrastructurebc.com/projects/operational-complete/canada-line/

Section 1: Green Urbanism Overview
Section 2: Case Studies

Section 3: Green Transportation
Section 4: Private Sector

Section 5: Technology



Section 1: Overview

Section 2: Case Studies

Section 3: Key Takeaway

HARVARD UNDERGRADUATE CONSULTING ON BUSINESS AND THE ENVIRONMENT | 2024 — Client



N
Green Transportation Overview )=

Green transportation seeks to minimize emissions from the transportation sector by producing a wide
range of approaches involving electric vehicle usage, walking, and cycling as primary focuses.

Expected Global Revenue of Electric Vehicles The electrification of public transport systems are a high-potential avenue for
minimizing emissions. Rather than prioritizing individual carbon factors, targeting
1200 1006 higher-capacity automotives is more efficient for sustainability measures. From 2018
= 1000 878.8 to 2021, US transit battery electric buses increased in use by over 112 percent.
a) 786.2
2]
2 800 576 Electric vehicle charging stations are an attractive choice among environmentally-
> 600 EV Charging concerned politicians and society members seeking to minimize pollution. While the
2 400 Networks popularity of EV is promising, itis important stations are powered I.)y.renewable
% 200 1783 energy sources to avoid an adverse effect on transport carbon emissions.
- [

(@)

Bike-sharing may be an effective system to promote sustainable transport; however,
ensuring the readiness of cities through proper lane management and pedestrian
space is crucial prior to implementation. Additionally, cultural preferences must be
considered, as actors must prefer bikes over cars in traveling short distances.

2020 2022 2024 2026 2028 Bike-Sharing

Narrow streets, larger pedestrian zones, and separate bike and scooter lanes from

o Social-Minded sidewalks are all measures helg?ful to promoting a social aspect in urban living.
- o Infrastructure Cultivating a sense of community contributes greatly to lessening a city’s carbon

footprint by encouraging walking and biking over automobiles among its residents.

In Europe, medium-sized electric vehicles registered in
2030 are estimated to contribute 74% less in Key Takeaway

greenhouse gas emissions than regular gasoline- Electrifying existing transport systems and encouraging the use of alternatives to emissions-contributing
powered cars of comparable size, expressing the

potential of properly implemented EV adoption vehicles are the main methods of green transportation.
~vber Switching, Modeshift, N s Direct, Statista, US N
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https://cyberswitching.com/electric-car-charging-stations-and-environmental-impact-assessments/
https://www.modeshift.com/are-electric-buses-environmentally-friendly/
https://www.nature.com/articles/s41467-024-51554-9
https://www.sciencedirect.com/science/article/pii/S0965856417316117
https://www.statista.com/statistics/271537/worldwide-revenue-from-electric-vehicles-since-2010/
https://cars.usnews.com/cars-trucks/advice/ev-charging-stations

\
Green Transportation Implementation )=

Major incentives for green transport implementation include ESG requirements and financial bonuses,
with many successful initiatives stemming from efforts supported both publicly and privately.

Corporate Sustainability Initiatives Growth of Green Bonds Value Over Time

ESG requirements push the adoption of innovative and sustainable methodsin
the corporate space, including green transportation. Major polluters like Amazon
and lkea have pledged to dramatically reduce emissions by adopting EV vehicles
in deliveries and ensuring proper infrastructure such as charging stations at centers.

633.9
619.9

554.9

Green Fiscal Measures

Initiatives like the US Inflation Reduction Act and Norway's VAT exemptions for
electric vehicle adoption have been successful inincentivizing market growth for
clean technologies. 87% of Norway's new car sales are EVs. These examples
support green financing as an effective method of achieving sustainable goals.

Value (in USD B)
319.8

Public Private Partnerships

In lieu of working separately, public and private actors may collaborate directly
to promote green transportation efforts. Before 2022, a PPP between Copenhagen
and Bycyklen utilized tax revenue to manage CityBikes, the city’s predominant 2014 2015 2016 2017 2
bikeshare. This system contributed to Copenhagen’s robust cycling culture.

I 149 .6
I 185 .6
I 038 .4

N 465
BN 547
N 95 5

o

18 2019 2020 2021 2022 2023

Key Takeaway

The most effective methods to implement green transport initiatives involve some degree of government involvement working in
synergy with private actors, particularly in the use of public funding.
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https://www.aboutamazon.com/news/transportation/everything-you-need-to-know-about-amazons-electric-delivery-vans-from-rivian
https://civitas.eu/sites/default/files/civitas_insight_10_bike-sharing_as_a_link_to_desired_destinations.pdf
https://www.ikea.com/global/en/our-business/sustainability/zero-emissions-for-home-deliveries/
https://www.pwc.com/kg/en/private-public.html
https://www.statista.com/statistics/1289406/green-bonds-issued-worldwide/

Social and Psychological Barriers in Green Transport ‘>

Across relevant scientific literature, the most compelling behavioral explanations for opposing green transportation
can be broken down into hindrances in considering solutions versus adopting solutions.

Loss Aversion

. . . . People are biased to weigh losses heavier over equivalent gains, resulting in an avoidance of risk

Barriers in Cons[deratlon and and potentially beneficial actions. \When choosing between modes of transport, an individual may
Adoption prefer the control of driving over the unpredictability and dependence of public transport.

Opportunity Cost Neglect

Individuals often neglect to consider the hidden sacrifices of choosing an option when comparing
choices. In the context of single-occupancy vehicles, these neglected sacrifices could include
invisible costs such as electronic toll collection or parking fees deducted from a paycheck.

Default Bjas

Default Bias

Loss Aversion Frictional A tendency to stick with defaults over taking extra actions also relates to green transport. For
Costs example, a company offering free parking as a default and requiring paperwork to receive rebates for

public transport implicitly encourages the seemingly easier option of parking without cost.

Frictional Costs

In general, people are likely to do whatever is most convenient and requires the least amount of
effort. Unless a sustainable option aligns with convenience and ease of use, potentialities like
unpredictability and bad weather will effectively discourage individuals from choosing green.

Social Norms

People are highly influenced by the perceptions of those around them; identifying social factors is
crucial to understanding patterns in green transport usage. In America, modes of transport other
than driving may possess a negative social stigma for being associated with a lower income class.

Behavioral Sci  Policy Associati
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sources:%20https://behavioralpolicy.org/wp-content/uploads/2022/03/BSP_Vol7Issue2_Whillans.pdf

Private Sector Engagement and Key Findings ‘>

The private sector is relevant in the areas of public-private partnerships, private investments, and compliance with
sustainability goals; urban living, convenience, and educational efforts appear key for effective green transportation.

Holistic Consideration of Urban Living

+ Considering walkability and people centers
are needed in encouraging sustainable transport.

« Simultaneous interventions are most effective,
such as bike-sharing with pedestrian zones.

*  Public Private Partnerships are integral to the growth of green
initiatives, with funding from the government and private
Public Private expertise each being necessary for successful interventions.
Partnerships * Creating a good PPP contract requires heavy consideration of
risk allocation between the parties and includes an organized
process for unforeseeable circumstances for added flexibility.
Convenient Alternatives to SOVs
* Making green options convenient is essential
for positive support and widespread usage.
* Major psychological obstacles to sustainable
transportation centered around frictional costs.

* ESG has become increasingly important in investment
decisions over recent years; private equity firms, in overseeing

ESG and portfolio companies, have an avenue to bolster ESG investing.
Private Equity «  With ESG becoming a competitive differentiator, PE firms
have optimal leverage to promote sustainability compared Advocacy and Public Perception
to public market investors, who comparatively lack information. * Social norms and public perception are integral

considerations in promoting green transport.
» Behavioral nudges informing individuals of
emissions levels were found successful.

* The Roadmap for a Sustainable Financial System from the
World Bank and UNFP claims private financial markets must
Market change to adopt sustainability standards.
Integrity * Prompting private sector behavior aligned with reducing
emissions and environmental targets is a priority for ensuring
the success of long-term efforts to meet climate goals.

Key Takeaway
Private actors engage with green transportation
through PPPs, financing, and sustainability standards.
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https://earth.org/leveraging-private-equitys-unique-advantages-to-drive-sustainability-progress-in-europe/
https://hbr.org/2022/07/private-equity-should-take-the-lead-in-sustainability
https://medium.com/@tanishshenoy/unveiling-sustainable-transportation-current-trends-advantages-actionable-tips-and-more-113938f96f11
https://sustainabledevelopment.un.org/index.php?page=view&type=400&nr=2451&menu=1515
https://www.unep.org/news-and-stories/news/how-private-sector-can-contribute-sustainable-financial-system
https://blogs.worldbank.org/en/ppps/rightly-done-ppps-can-be-right-tool-green-and-resilient-infrastructure
https://www.weforum.org/stories/2024/07/green-transition-energy-dilemma-public-private-partnerships/

\
Emerging Interventions and Future Trends )=

Prominent technologies in green transportation include renewable-powered transit, autonomous vehicles, and smart
traffic management; wide legislation, robust EV infrastructure, and a prominent ride-sharing culture appear imminent.

Renewable-Powered Transit WIDE LEGISLATION

Biofuel and hydrogen vehicles are two renewable options in powering vehicles; Legislation determines the success of sector improvement. Mobility

these options are promising avenues in long-haul transport, such as shipping and interfaces on the communal level to infrastructure projects on
aviation. Additionally, hydrogen-powered buses and trains have begun working . . :

. : : . : o - : the state and national level may prompt widespread reductions.
internationally, with fuel-cell buses in Washington and a zero-emission train in Berlin.

Autonomous Vehicles EVINFRASTRUCTURE
Experts claim autonomous vehicles (AVs) will eventually dominate the transportation EV charging networks are predicted to expand significantly.
sector; AVs are a promising measure for increased safety in society and reduced Since 2020, the number of publicly available charging stations

emissions from replaced single occupancy vehicles. However, like EVs, the source

has doubled; significant public fundi ill continue this trend.
of power for AV batteries is a key consideration for judging environmental effects. " sighiticant public Tunding witl continte this tren

Smart Traffic Management System RIDE-SHARING

Smart traffic management systems improve emissions by reducing congestion and . Ride-sharing platforrr.\s reduce CO“QeSt'O.“ ?“d the nymber of
traffic. The intelligent traffic management system market is expected to grow to single occupancy vehicles (SOVs). By providing an option for non-
$19.91B by 2028 at a CAGR of 10.1%, and estimates predict the technology car owners, ride-sharing systems effectively cut emissions.

could cut emissions by 20SMMT by 2027, demonstrating tremendous promise.

Key Takeaway

While legislative efforts, greater support for EVs, and ride-sharing platforms appear on the horizon, renewable-powered
transit, autonomous vehicles, and smart traffic management are emerging technologies in the status quo.

i Foresight  Envi E Study [nstitute, F . \dministration, Lithon, Oliver V s . cs Thel .
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https://www.climateforesight.eu/articles/untapped-potential-transforming-transportation-for-a-sustainable-future/
https://earth.org/pros-and-cons-of-self-driving-cars/
https://www.eesi.org/papers/view/issue-brief-autonomous-vehicles-state-of-the-technology-and-potential-role-as-a-climate-solution
https://highways.dot.gov/newsroom/investing-america-number-publicly-available-electric-vehicle-chargers-has-doubled-start
https://www.lithon.com/8-sustainable-transport-trends/
https://www.oliverwyman.com/our-expertise/insights/2024/feb/9-trends-shaping-future-sustainable-mobility.html
https://www.symmetryelectronics.com/blog/what-is-a-smart-traffic-management-system/?srsltid=AfmBOopTvVMiy3b8OTZ19rZA388HAFHgp6IK0dr9yaZ6nLxywWxc2VrS
https://www.theurbanist.org/2024/05/29/community-transit-rolls-out

Section 1: Overview

Section 2: Case Studies

Section 3: Key Takeaway

HARVARD UNDERGRADUATE CONSULTING ON BUSINESS AND THE ENVIRONMENT | 2024 — Client



Case Studies: Green Transportation

Green initiatives have transformed the cities of Melbourne, Boston, and Barcelona to promote innovative
and effective transportation, enhancing public life while contributing to climate goals.

“Places for People”
Melbourne, Australia

* Since the implementation of the 1985
Strategic Plan, the “Places for People”
report has highlighted key trends in
Melbourne’s urban environment and
transportation.

* With the addition of widened
footpaths and promenades,
Melbourne saw a 39% increase in
positive pedestrian traffic daytime and
98% nighttime between 1993 and 2004.

« Additional measures of convenience,
such as public restrooms in central
mediums, lunchtime street closures, and
accessible seating planters, have further
improved walkability.

* Melbourne exemplifies how seemingly
small urban developments can have
lasting, positive returns on lifestyle.

C40, Places, GehlArchitects, Mass.gov

The “Big Dig”
Boston, Massachusetts
* The "Big Dig,” America’s grandest
highway project, exemplifies how
effective transportation can radically
improve carbon emission levels and
quality of life in urban areas.

* Rerouting the Central Artery highway
into an underground tunnel resulted in a
62% decrease in total vehicle hours
and 12% drop in carbon monoxide
levels across Boston.

* Freed land previously devoted to the
interstate was used to create a plethora
of parks and green spaces and restore
shoreline projects such as the Charles
River Basin and Fort Point Channel.

* Boston underscores the importance of
large-scale transportation evaluation.

HARVARD UNDERGRADUATE CONSULTING ON BUSINESS AND THE ENVIRONMENT | 2024 — Client

"Superblocks”

Barcelona, Spain

* By limiting roads for through traffic,
Barcelona creates superblocks, urban
spaces bigger than normal blocks but
smaller than neighborhoods, which
serve as social centers and green zones.

* Structurally differentiating traffic and
pedestrian areas allows greater
optimization of sustainability solutions
to ensure maximum effectiveness
without concerns of walkability.

« Utilizing superblocks to control for
transportation, Barcelona improved in
achieving permeability goals and
initiative-focused green area
requirements.

* Barcelona proves how creative
measures can strike a balance between
sustainability goals and functionality.


https://www.c40.org/case-studies/barcelona-superblocks/
https://placesjournal.org/assets/legacy/pdfs/places-for-people-2004.pdf
https://observatorio.dadep.gov.co/sites/default/files/documentos/in05_places_for_people.pdf
https://www.mass.gov/info-details/the-big-dig-project-background

Case Studies: Nudging for Green Transport ‘>

Analyzing examples of financial, social, and informative nudging underscores a seemingly small motivating factor
provided in interventions to successfully encourage the use of green transport options.

Weekly Bus Lottery

* The city of Durham, NC, rewarded city
employees choosing the bus over driving
alone the chance to win a weekly cash
prize.

Surveys of employees taking the bus
showed increased happiness and lower
stress levels during the intervention testing
period.

The bus lottery resulted in a 19% increase
among employees commuting by
alternative transport than by car; this
result was so promising, Durham was
awarded $1 million in funding to
implement these interventions over time.

Personalized Travel Plan

A

* A study that investigated the extent to

which social norms impacted green
transportation found that personalized
travel plans encouraged greater usage.

The plan presented alternatives to car
travel in addition to a persuasive message
regarding sustainable transport. It then
required individuals to report their
choice between a car or sustainable
alternative.

Results found that awareness of ecological
harms along with a sense of responsibility
were conducive to green transport.

Behavioral Sci | Policy A L N Sci Di
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Enterprise

* The San Francisco Municipal Transportation
Agency sent targeted messages to
employees encouraging sign-ups for a
public transportation benefits program.

* The intervention was designed to combat
opportunity cost neglect by emphasizing
underrecognized benefits of public
transportation.

* There was a statistically significant 23%

increase in likelihood for employees who
learned about the benefits such as
financial savings and time savings
through the agency’s postcards.


sources:%20https://behavioralpolicy.org/wp-content/uploads/2022/03/BSP_Vol7Issue2_Whillans.pdf
https://www.nature.com/articles/s41599-024-02737-8
https://www.sciencedirect.com/science/article/pii/S1369847824001608

Case Studies: Digital Initiatives to Promote Green Transit

Digital interventions have been successful at incentivizing heightened usage of green transportation systems in a
variety of ways; increasing convenience appears to be a common and critical attribute in achieving results.

Carpool Program
Auto-Enroliment

The Oregon Department of Transportation encouraged usage for a new carpooling
tool by auto-enrolling citizens to maximize ease of use.

Since people would automatically possess an account, usage would increase.
Results showed a statistically-significant improvement from 3.9% to 5.9% in usage;

those who created an account themselves were more likely to use the app long-term.

Mobile
Navigation
Applications

"Mobility-as-a-Service” is a digital platform serving as an accessible travel
planning and payment system encouraging the use of bikes and public transport.

In Beijing, the platform has reduced carbon by nearly 400K metric tons in five years.

While countries around the world have taken to mobile navigating hubs, integrating
walking, bike-sharing, and public transit is critical to progress usage goals.

Email
Notifications

A southern university assigned a personalized route tool to approximately 4,000
residents in and around campus to improve usage of sustainable transport systems.
The tool shared benefits to alternative measures to public transport, such as
money, calories, and emissions saved by opting out of conventional measures.
The tool itself was found ineffective; however, combined with email notifications,
there was a 7.2% decrease in single driving, suggesting effective email notices.

ation. N World R .
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sources:%20https://behavioralpolicy.org/wp-content/uploads/2022/03/BSP_Vol7Issue2_Whillans.pdf
https://www.nature.com/articles/s41599-024-02737-8
https://www.wri.org/insights/mobility-service-platform-green-transportation
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Key Takeaways: Green Transportation

Green transportation aims to reduce emissions from the transportation sector, while improving public quality of life as
shown in case studies and providing corporate ESG benefits for private companies.

TRENDING MODES OF GREEN TRANSPORATION

+ Currently, electric public transport, EV charging network stations, bike-sharing systems, and social-minded infrastructures
are being implemented with the rise of green transportation.

+ Green transportation is primarily being implemented in urban areas where traffic and air quality are prevalent concerns, and
cleaner transportation has the potential to greatly improve public quality of life compared to the use of emissionsheavy vehicles.

CASE STUDY FINDINGS

+ Green initiatives have revolutionized transportation in cities like Melbourne, Boston, and Barcelona, fostering innovation and
efficiency, improving public life, and advancing climate goals.

Studies show that the quality of life in these cities improved in terms of footpaths and traffic, restored shorelines, nicer parks and
outdoor spaces, surface permeability, and improved air quality.

« The most effective ways to implement green transport initiatives require a collaborative effort between the govermment and

PRIVATE IMPLEMENTATION
. private sector, with a particular focus on leveraging public funding.

0 * Private companies can benefit from implementing green transportation initiatives by reducing operational costs through energy
efficiency, enhancing brand reputation, attracting environmentally conscious customers, and gaining government bonuses.
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https://cyberswitching.com/electric-car-charging-stations-and-environmental-impact-assessments/
https://www.modeshift.com/are-electric-buses-environmentally-friendly/
https://www.nature.com/articles/s41467-024-51554-9
https://www.sciencedirect.com/science/article/pii/S0965856417316117
https://www.statista.com/statistics/271537/worldwide-revenue-from-electric-vehicles-since-2010/
https://cars.usnews.com/cars-trucks/advice/ev-charging-stations
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Innovative Sustainable Design Projects ‘>

Lendlease has worked on nearly 500 development projects since its founding in 1958, with some recent highlights
incorporating geothermal heat exchange systems, rooftop gardens, recycled water, solar panels, and living shorelines.

Key Projects

« The residential building project includes over 800 apartments, with 30% CLIENT VALUE
designated as affordable housing under the New York Housing Program. . .

* The all-electric property will be the largest residential project in New Equity Partner $865 mil USD
York State to use a geothermal heat exchange system. LOCATION COMPLETION

* The building is projected to reduce annual carbon emissions from ; .
heating and cooling by 53% compared with typical residential systems. New York, United States ~ Estimated 2026

1 Java Street

* The waterfront precinct is commercial and residential, incorporating CLIENT VALUE
rooftop gardens and bees to support biodiversity and air quality.
Barangaroo * The commercial development utilizes cross laminated timber buildings NSW Government $6.7 bil USD
- as well as renewable energy sources to create a carbon neutral precinct.
Precinct « Also, on-site water recycling, centralized cooling using water from LOCATION COMPLETION
Sydney Harbour, and 6,000 square meters of solar panels offset Svd A i 2024
energy usage in the public domain. PemE, AUSElE
* The masterplan includes both apartments and condominiums, with 478 CLIENT VALUE
residential units and restaurant and recreational uses at the ground
: : level. Aware Super $270 mil USD
Cli pperSIde * The development has a living shoreline with salt marsh terraces, LOCATION COMPLETION
Wharf bracketing the tides, and a wetland community for flora and fauna.
* Residential units earned LEED Platinum certification and ENERGY Boston, United States 2021

STAR certification in 2022 due to its energy and water use reduction.

Lendlease
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https://www.lendlease.com/us/projects/

Sustainability Framework Breakdown

Sustainability at Lendlease is guided by a multi-faceted Sustainability Framework involving economic growth, resilient
communities, and a healthy planet, with the aim of creating $250 million of social value by 2025.

e

The company focuses on using innovative
and sustainable materials in development
projects, advocating for materials like Cross-
Laminated Timber to reduce carbon
footprints in construction. Also, it aims to
reduce waste to landfills through recycling.

FRAMEWORK OVERVIEW

Lendlease believes that its sustainability
credentials and outcomes of their
investments and projects globally are a
competitive differentiator that help

They believe that their sustainability
commitments and expertise position them to
attract and retain the brightest minds,

generate long term value for its stakeholders.

while fueling innovation across their business.

CLIMATE ACTION

For Scope 1 and Scope 2 emissions (direct
emissions and indirect emissions from
purchased energy), the target is to be net
zero by 2025. For Scope 3 emissions (all
other indirect emissions in the value chain),
the aim is to reach absolute zero by 2040.

Lendlease

Sustainable Economic Growth
Key Principle

Nature and

Pollution

Sustainabilit
Framework

Healthy Vibrant and
Planet and Climate Resilient

People Action Communities

Key Principle Key Principle
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SUSTAINABLE ECONOMIC GROWTH

The company strives for sustainable economic
growth using research and development
investments, particularly in new technologies
to drive sustainable practices in the industry,
while managing ESG risks across all
operations consistently.

NATURE AND POLLUTION

Lendlease works to ensure that its suppliers
adhere to ethical, environmental, and
social standards through strict procurement
policies. Also, it works with contractors to
improve sustainability performance
throughout the supply chain, while regularly
publishing sustainability reports in line with
standards like the Global Reporting Initiative
and the Task Force on Climate-related
Financial Disclosures.

VIBRANT AND RESILIENT COMMUNITES
The company promotes diverse hiring and
an inclusive culture within. Outside of
operations, Lendlease forms partnerships
with local people. For example, in Australia, it
partners with Indigenous groups to promote
cultural heritage and economic
opportunities.



https://www.lendlease.com/us/sustainability/our-approach/

Challenges in Sustainable Private Development

While striving for environmentally-friendly private development, Lendlease faces challenges of navigating diverse
environmental policies globally, weighing the cost of sustainable investments, and balancing societal differences.

Diverse Regulatory Policy Costly Investments Societal Differences

* Each country or region where Lendlease « Sustainable materials and technologies - Sustainability may not be a top priority in

operates has its own environmental laws,
building codes, and sustainability
standards.

* These standards can differ significantly in
terms of stringency, focus areas, and
enforcement.

* Also, uncertainty about potential future
policy changes and political instability can
lead to abrupt shifts in environmental
regulations, affecting long-term projects.

Lendlease can find it challenging to apply a
consistent sustainability framework globally,
leading to variations in environmental
performance across projects.

Finally, legal complexities increase
operational risks, which must be carefully
managed to avoid repercussions like fees
and project delays.
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often have higher initial costs compared
to traditional options.

These costs include expenses for energy-
efficient systems, renewable energy
installations, and sustainable building
materials.

The financial benefits of sustainability
measures, such as energy savings or
increased property values, may be realized
over a longer term, which can be a
deterrent for investors focused on short-
term gains.

Convincing investors, clients, and
shareholders of the long-term value of
sustainability can be challenging, especially

if they prioritize immediate financial returns.

all regions due to cultural, economic, or
social factors, so some markets may have
limited awareness or interest in
environmental issues.

In some areas, there may be a shortage of
skilled professionals or suppliers who
understand and can deliver sustainable
solutions, so Lendlease appears to mostly
focus developments in some countries.

Though Lendlease can invest in educating
and engaging with local communities
and stakeholders to build support for
sustainable initiatives, this is an additional
investment for the company.

Ultimately, lack of demand for sustainable
buildings can make it difficult to justify
the additional costs associated with green
design and construction.


https://www.lendlease.com/us/projects/
https://www.sciencedirect.com/science/article/pii/S1470160X21006671
https://www.journals.uchicago.edu/doi/10.1093/reep/rex013
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Hammarby Sjostad Project

The Hammarby Sjostad Project successful reduced energy use by 50% and created an almost completely renewable
energy district through establishing a complex, well-structured network of partnerships.

Program Summary

Measurable Impact

Challenges

* Hammarby Sj6stad is a large-scale urban redevelopment initiative that transformed a former industrial zone into a sustainable

residential area.

+ The City of Stockholm led the strategic development of the area, dividing itinto 12 sub-neighborhoods developed in phases to

facilitate coordinated planning and implementation.

« Over 30 developers and 30 architectural firms were involved in this project. Notable developers include Skanska, which focused

on innovating green construction methods, and JM AB, which delivered energy-efficient residential buildings.

The program reduced energy use by 50% compared to typical 1990s neighborhoods, with 90% of household waste being

recycled or used for energy production.
Fortum was responsible for developing a district heating and cooling system that utilized renewable energy sources like biofuel and

waste-to-energy plants and integrated solar panels and fuel cells into the energy grid.
40% of stormwater from the area is reused or treated through green infrastructure. Stockholm Vatten was responsible for the

efficient management of water resources in the project.

To address the challenge of coordinating the involvement of over 30 developers, architects, and utility companies, the city
established a central project management team to oversee planning and ensure alignment with sustainability goals across
projects.

To address the challenge of addressing energy, water, and waste to maximize sustainability and minimize environmental impact
with one project, Stockholm created the Hammarby Model, an integrated circular system that closed the resource loop ensuring
that waste and by-products from one system became inputs for another.
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https://www.thenatureofcities.com/2014/02/12/hammarby-sjostad-a-new-generation-of-sustainable-urban-eco-districts/
https://urbandesignlab.in/hammarby-sjostad-a-sustainable-urban-oasis-in-stockholms-heart/
https://urbangreenbluegrids.com/projects/hammarby-sjostad-stockholm-sweden/

Stockholm Royal Seaport

The Stockholm Royal Seaport established a number of partnerships with different organizations for a variety of
purposes that helped the city build and maintain the Seaport.

The Program

The Stockholm Royal Seaport transformed a former industrial and port area into a sustainable mixed-
use neighborhood.

The area incorporates green buildings, renewable energy systems, and smart transportation
infrastructure with a goal of creating a fossil-fuel-free district by 2030.

The area has created housing for 12,000 residents and workspaces for 35,000 people. Additionally,
16% of car parking spaces in garages have charging facilities.

Private
Partnerships

Stockholm partners with private real estate developers who are responsible for constructing residential
and commercial buildings to meet environmental standards.

Partners like Skaanska and VasaKronan created green office spaces and innovation in sustainable
building materials.

Technological companies like Ericsson and ABB provide smart city technologies for energy
management and storage and grid optimization. In 2023, the district produced 664 MWh of solar
energy.

Challenges

The project had extremely high development costs due to the sustainable infrastructure, energy
systems, and green technologies.

To address this challenge, the city utilized public-private partnerships to share financial risks and
attract private investments.

Stockholm struggled with getting the residents and businesses in the district to adopt sustainable
practices. Through public education campaigns, waste collection systems, and extensive public
transport infrastructure, the issue was addressed.

Norrad (1), Norrad (Il), Norrad (lll), Norrad (IV), Norrad (V), Norrad (VI), Norrad (VII), Stockholm
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https://www.norradjurgardsstaden2030.se/results/highlights
https://www.norradjurgardsstaden2030.se/knowledge
https://www.norradjurgardsstaden2030.se/the-vision
https://www.norradjurgardsstaden2030.se/results
https://www.norradjurgardsstaden2030.se/map
https://www.norradjurgardsstaden2030.se/innovations
https://www.norradjurgardsstaden2030.se/en
https://vaxer.stockholm/en/areas/city-development-areas/stockholm-royal-seaport/
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Sustainability Profile ‘>

Adobe demonstrates strong sustainability leadership by reducing environmental impacts through innovation,
achieving renewable energy goals, fostering transparency, and supporting community initiatives.

d b Adobe's tools enable customers to minimize environmental impacts by reducing
‘ A 0 e paper usage and facilitating digital workflows. Adobe Document Cloud helps
avoid significant water consumption, waste, and CO, emissions associated with

« Adobe Headquarters in San Jose is the first all-electric traditional paper-based processes.

building of its scale in Silicon Valley powered entirely

by renewable energy. Adobe has committed to powering its global operations with 100% renewable

- Adobe publishes annual CSR reports detailing its Operational electricity by 2025 and achieving net-zero carbon emissions by 2050. The company
sustainability efforts and progress. Efficiency has set targets to reduce absolute Scope 1 and 2 greenhouse gas (GHG) emissions by

42% and Scope 3 GHG emissions per unit of value added by 52% by 2030.
o The 2022 report highlights achievements in
renewable energy usage, waste reduction, and
community investments. Adobe collaborates with organizations like the Clean Energy Buyers Association and
Collaborative Ceres to advocate for sustainable policies and practices across industries. The
Partnerships company also encourages its suppliers to set science-based climate targets and

improve transparency in environmental disclosures

* Adobe has been named to the Dow Jones
Sustainability Index (DJSI) World for multiple years,
reflecting its leadership in corporate responsibility.

« Adobe collaborates with organizations to advocate for

sustainable practices & transparency. Adobe actively engages in local communities through employee-led programs and

Community partnerships with nonprofit organizations. In 2023, Adobe employees contributed
Engagement over 200,000 volunteer hours to various causes, including environmental
sustainability initiatives aimed at making cities greener.

At Adobe, we believe that we have an
obligation — to our employees, our

- : Key Takeaway
communities, our investors, our customers,
our partners and the environment — to Adobe advances sustainability through digital innovation, operational goals for renewable energy and
operate our business sustainably. emissions reduction, partnerships for transparent environmental practices, and active community

engagement focused on green initiatives.

Adobe (1), Adobe (ll)
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https://blog.adobe.com/en/publish/2023/04/20/fast-facts-adobes-sustainability-efforts-our-commitment-to-climate-action
https://www.adobe.com/corporate-responsibility/sustainability/corporate-policy.html

Sustainability Timeline ‘>

Adobe's sustainability journey has progression demonstrates a long-term dedication to sustainable operations,
setting an example for other companies, especially those in the Silicon Valley.

2012 2020

Adobe achieved LEED Platinum Adobe accelerated its renewable energy LGAELCEEYY

certification for multiple facilities, target to 2025 & committed to achieving

further solidifyingits commitment to net-zero carbon emissions by 2050. Adobe’s sustainability strategy

sustainable operations. addresses energy efficiency,
renewable energy, sustainable
products, and responsible supply
chains globally. The company
continually updates its goals,
accelerates timelines, and
reports progress transparently
through Corporate Social
Responsibility reports. Aligned
with global standards, Adobe
demonstrates a lasting

commitment to environmental
stewardship and corporate
responsibility, setting an example
for other companies.

Early 2000s 2015 2023

Adobe began integrating sustainability Adobe set a goal to power its Adobe opened the Founders Tower, an all-electric
into its operations, focusing on energy operations with 100% renewable building powered entirely by renewable energy.
efficiency and green building practices.  energy by 2035.

Adobe (), Adobe (ll), Adobe (Ill)
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https://www.adobe.com/corporate-responsibility/sustainability-at-scale.html
https://blog.adobe.com/en/publish/2024/04/30/adobes-annual-corporate-social-responsibility-report-harnessing-best-adobe
https://blog.adobe.com/en/publish/2023/04/19/adobes-2022-csr-report-leading-with-purpose

Sustainability Strategies

e

Adobe’s seven sustainability strategies demonstrates a comprehensive commitment to environmental and social
responsibility, organizing a structured approach to their sustainability goals.

Energy Efficiency

Renewable Energy
Procurement

Green Building
Practices

Product Sustainability

Supply Chain
Management

Employee & Community
Management

Advocacy &
Partnerships

Adobe (1), Adobe (ll), Adobe (lll)

Building Retrofits: Upgraded lighting, HVAC systems, and installed energy management systems.
Data Center Optimization: Improved efficiency in data centers through virtualization and cooling innovation.

Power Purchase Agreements: Entered into long-term agreements to fund renewable energy projects.
Renewable Energy Certificates: Purchased RECs to offset electricity use where direct sourcing isn't possible.

LEED Certifications: Achieved LEED certification for multiple offices globally, aiming for high levels like Platinum.
Sustainable Design: Implemented green roofs, water-efficient landscaping, and use of sustainable materials.

Adobe Document Cloud: Promoted digital document workflows to reduce paper use.
Software Efficiency: Developed software optimizations to reduce the energy consumption of products.

Supplier Engagement: Collaborated with suppliers to adopt sustainable practices and reduce GHG emissions.
Code of Conduct: Established sustainability expectations in supplier contracts and assessments.

Sustainability Programs: Launched internal initiatives to encourage sustainable behaviors among employees.
Volunteerism: Supported community projects focused on environmental conservation and education.

RE100 Membership: Committed to 100% renewable electricity and collaborating with other companies.
Policy Advocacy: Engaged with governments to support policies that advance renewable energy & sustainability.
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Sustainability Plans ‘>

Microsoft is committed to sustainability through innovative solutions, goals to reduce environmental impacts, and
long-term efforts to achieve carbon negativity, water positivity, and zero waste.

19.8 GW $200 million $1 billion

Microsoft increased its contracted portfolio of renewable In September 2023, Microsoft announced a $200 Microsoft established a $1 billion Climate Innovation
energy assets to more than 19.8 gigawatts (GW) million purchase of carbon credits from Heirloom Fund to accelerate the development and deployment
across 21 countries, including a landmark agreement Carbon, a company specializing in direct air capture and of new climate technologies. The fund focuses on
with Brookfield Asset Management to develop over carbon sequestration. This initiative is expected to offset investments in areas such as carbon reduction, water,
10.5 GW of new renewable energy capacity, marking 315,000 metric tons of carbon dioxide over ten waste, and ecosystems.

one of the largest corporate renewable energy deals. years.

2025: Protecting 2030: .Carbon 2030: Water Positive 2030: Zero Waste 2050: Historical
Ecosystems Negative Carbon Removal

Microsoft is committed to The company aimsto remove more  The goal is to replenish more Microsoft plans to achieve zero Microsoft has pledged to eliminate
protecting more land than it uses carbon from the atmosphere than = water than the company waste across its direct operations,  all carbon emissions it has

by 2025 and is developing a it emits, addressing direct, indirect ~ consumes globally, focusing on products, and packaging, produced since its foundingin
Planetary Computer to provide emissions from purchased reducing water use intensity and emphasizing waste reduction, 1975, emitting net negative carbon
environmental data and insightsto  electricity, and broader value chain investing in replenishment projects material reuse, and improved emissions.

support ecosystem preservation. emissions. in water-stressed regions. recycling processes.
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https://www.microsoft.com/en-us/corporate-responsibility/sustainability-journey?utm_source=chatgpt.com
https://blogs.microsoft.com/on-the-issues/2024/05/15/microsoft-environmental-sustainability-report-2024/?utm_source=chatgpt.com
https://www.fool.com/investing/2024/05/02/microsoft-is-making-a-massive-10-billion-renewable/?utm_source=chatgpt.com

Sustainable Innovations ‘>

Microsoft drives sustainability with tools like the Cloud for Sustainability and Al-driven solutions such as Al for Earth
and the Planetary Computer, helping organizations reduce impacts and improve decision-making.

Development of Environmental Strategies

Microsoft Cloud for Sustainability: This platform enables organizations to
record, report, and reduce their carbon emissions. It integrates environmental,
social, and governance (ESG) capabilities across Microsoft's cloud portfolio,
providing a unified view of sustainability data to inform decision-making. The
platform includes features such as the Sustainability Manager, which offers
dashboards and analytics to track sustainability metrics, and the Emissions Impact
Dashboard, which estimates carbon emissions associated with the use of
Microsoft cloud services like Azure and Microsoft 365.

Microsoft Sustainability Manager: A component of the Cloud for Sustainability,
this tool allows organizations to unify data intelligence, build sustainable IT
infrastructure, reduce the environmental impact of operations, and create
sustainable value chains. It provides capabilities for data collection, calculation,
and reporting of emissions, facilitating compliance with regulatory requirements
and supporting sustainability goals.

Al-Driven Environmental Solutions

Al for Earth: Launched in 2017, this program applies Al to global
environmental challenges in areas such as agriculture, water, biodiversity, and
climate change. Al for Earth provides grants to support projects that use Al to
monitor, model, and manage Earth's natural systems. To date, it has awarded
over 850 grants to projects in more than 110 countries, fostering a global
community of grantees working on innovative solutions.

Planetary Computer: As part of the Al for Earth initiative, Microsoft is developing
the Planetary Computer, a platform that combines a multi-petabyte catalog of
global environmental data with intuitive APls and a flexible scientific
environment. This platform enables users to answer global questions about
environmental data and supports applications that put those answers in the
hands of conservation stakeholders. The Planetary Computer aims to support
sustainability decision-making with the power of the cloud, providing access to
vast datasets and computational resources.

Key Takeaway

By leveraging Al and cloud technology, these solutions provide actionable insights to drive efficiency, conserve resources, and align with global ESG goals,
empowering businesses of all sizes to transition toward sustainable practices, fostering innovation and systemic change across industries.
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https://www.microsoft.com/en-us/sustainability/cloud?utm_source=chatgpt.com
https://learn.microsoft.com/en-us/industry/sustainability/overview?utm_source=chatgpt.com
https://news.microsoft.com/apac/2021/10/11/microsoft-ai-for-earth-named-as-one-of-100-outstanding-biodiversity-positive-practices-and-actions-around-the-world/?utm_source=chatgpt.com
https://planetarycomputer.microsoft.com/?utm_source=chatgpt.com

Challenges in Achieving Sustainability Goals

e

Microsoft faces challenges in achieving its sustainability goals, including rising emissions and the high energy
demands of Al operations, but it is addressing these issues through various strategies.

Rising Emissions

Microsoft's total greenhouse gas emissions have increased notably
in recent years. In its 2024 Environmental Sustainability Report, the
company disclosed a 29% rise in emissions from 2020 to 2023,
primarily attributed to the rapid expansion of data centers to
support growing Al and cloud computing demands. While Microsoft's
direct emissions (Scope 1) and indirect emissions from purchased
electricity (Scope 2) decreased by 6.3% from the 2020 baseline,
indirect emissions from the supply chain and product usage (Scope 3)
increased by 30.9%, now constituting over 96% of the company's
total emissions.

Energy Consumption of Al

The deployment and operation of Al technologies are energy-
intensive, leading to increased environmental impacts. Training
large Al models require substantial computational power, resulting
in higher electricity consumption and associated carbon
emissions. Microsoft's Al data centers, which supports OpenAl’s GPT,
have significantly increased energy and water demands,
contributing to a rise in Scope 2 emissions and requiring millions of
liters of water annually for cooling.

Microsoft, The Atlantic, The Verge
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Strategies to Mitigate Challenges

Optimizing Data Center Efficiency

The company is investing in technologies to enhance the energy and water
efficiency of its data centers. This includes designing facilities with advanced
cooling systems, utilizing renewable energy sources, and exploring low-
carbon materials for construction.

Advancing Al Sustainability

Microsoft is developing Al models and algorithms that are more energy-
efficient, aiming to reduce the computational resources required for training
and deployment. Collaborations with research institutions focus the balance
between performance with environmental considerations.

Supplier Engagement

Recognizing that a significant portion of emissions originates from its supply
chain, Microsoft is working with suppliers to reduce their carbon footprints.
The company has set expectations for suppliers to adopt renewable energy
and improve energy efficiency, aligning with Microsoft's sustainability goals.

Innovative Energy Solutions

Exploring alternative energy sources, Microsoft has entered into
agreements to procure nuclear energy to power its data centers. The
company plans to purchase power from the reopening of the Three Mile
Island nuclear plant.


https://news.microsoft.com/source/features/sustainability/microsoft-builds-first-datacenters-with-wood-to-slash-carbon-emissions/?utm_source=chatgpt.com
https://www.theatlantic.com/technology/archive/2024/09/ai-microsoft-nuclear-three-mile-island/679988/?utm_source=chatgpt.com
https://www.theverge.com/2024/5/15/24157496/microsoft-ai-carbon-footprint-greenhouse-gas-emissions-grow-climate-pledge?utm_source=chatgpt.com
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Comparative Analysis

Both Adobe & Microsoft demonstrate sustainability through innovative solutions, with Adobe excelling in operational
efficiency & community engagement, while Microsoft leverages Al & renewable energy investments for global impact.

4 Digital Transformation Tools: Carbon Negative Commitment:
Adobe's Document Cloud facilitates Microsoft aims to be carbon
digital workflows, significantly negative by 2030, pledging to

reducing paper consumption and remove all carbon emissions since

kassociated environmental impacts. its founding by 2050.

[ Sustainable Operations: Adobe ) Al Solution: The Al for Earth
committed to operate sustainably, program applies Al to global

focusing on achieving 100% Sustainability environmental challenges, including

renewable energy & setting targets Innovations climate change and biodiversity

\ for greenhouse gas reductions. y conservation.

(Community Engagement: Througm
initiatives like the Hometown
Commitment, Adobe supports local
nonprofits, integrating sustainability
\ into community development.

Sustainable Data Centers:
Microsoft is investing in renewable
energy to power its data centers &

implemented a carbon fee model to
y hold business divisions accountable.

ADOBE MICROSOFT

Adobe (1), Adobe (ll), Adobe (lll), Microsoft
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https://www.adobe.com/content/dam/cc/en/corporate-responsibility/pdfs/Adobe-Product-Sustainability-Overview.pdf
https://www.adobe.com/corporate-responsibility/sustainability.html
https://www.adobe.com/corporate-responsibility.html
https://www.microsoft.com/en-us/corporate-responsibility/sustainability

Recommendations for Adobe & Microsoft

These actionable recommendations for Adobe and Microsoft will help both companies enhance their sustainability
efforts, focusing on supplier engagement, operational efficiency, and leveraging Al for environmental impact.

1. Creation of certification program: Requires suppliers to meet sustainability benchmarks, including achieving 50%

This program would formalize the process of monitoring and verifying supplier compliance with Adobe’s sustainability
goals.

2. Allowing supplies access to Document Cloud and digital tools: Helps reduce paper use, increase operational
efficiency, and optimize resource management in alignment with sustainability goals.

3. Establishment of annual review process: Evaluates supplier performance against certification benchmarks, rewarding

suppliers who meet or exceed goals with incentives like reduced contract fees or preferred vendor status.

1. Optimize Al Algorithms for Efficiency: Microsoft should collaborate with universities and research institutions to develop
modaular Al training processes that reduce computational intensity and explore federated learning models to decentralize
Al training, minimizing energy usage.

2. Implement Real-Time Emissions Tracking: Microsoft should integrate a real-time emissions monitoring feature into its
Cloud for Sustainability platform, allowing Al developers to track the energy and emissions impact of their models and
encouraging them to optimize accordingly.

3. Launch an Al Sustainability Grant Program: Microsoft should fund startups and researchers working on innovative
solutions for green Al technologies, such as ultra-low-energy chips and renewable energy integration in Al training, while

offering access to its Al infrastructure for pilot projects.
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renewable energy usage in operations by 2030 and providing annual Scope 1, Scope 2, and Scope 3 emissions reports.



Common Themes from Private Company Case Studies

The analysis of private company case studies in green urbanism including Google, IKEA, Adobe, Microsoft, and
Lendlease reveals common themes in the implementation of sustainable initiatives.

KEY SIMILARITIES Example Opportunities

® RENOVATING HEADQUARTERS
w0 Large public companies are renovating headquarters to be more sustainable.

Lo For example, Adobe Headquarters in San Jose is the first all-electric

building of its scale in Silicon Valley powered entirely by renewable energy.
Renovating
Headquarters

CLEAN ENERGY EMPHASIS
wh-@ Switchingto cleaner energy sources is a key focus for many private companies.

£ ¢ For example, IKEA is adding solar car parks, additional rooftop solar panels
and battery energy storage systems to stores.

Partnerships

GREEN SPACES
Implementing .0 Private companies are choosing to build green spaces. For example, how
Green o Google created approximately 67 acres of habitat and planted roughly 4,500

Urbanism native trees on Google’s campuses and the surrounding urban landscape.

PUBLIC COMMITMENTS
D Allthe private companies analyzed have posted sustainability or ESG reports
‘ ’ on their website and have news articles written about sustainable initiatives,
as sustainability has been shown to boost consumer satisfaction.

Public Green
Commitments Spaces
PARTNERSHIPS
@--..® Private companies are choosing to partner with public entities to improve
'’ sustainability. For example, Lendlease partners with local governments while

working on development projects thatimpact the local environment.
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https://www.adobe.com/corporate-responsibility/sustainability-at-scale.html
https://www.adobe.com/content/dam/cc/en/corporate-responsibility/pdfs/Adobe-CSR-Report-2022.pdf
https://blog.adobe.com/en/publish/2023/04/20/fast-facts-adobes-sustainability-efforts-our-commitment-to-climate-action
https://www.apple.com/newsroom/2024/04/apple-ramps-up-investment-in-clean-energy-and-water-around-the-world/
https://environmentamerica.org/center/articles/ikea-is-going-solar/
https://www.ikea.com/us/en/newsroom/corporate-news/ikea-u-s-announces-commitment-to-clean-energy-pub780defe0
https://www.usgbc.org/credits/new-construction-core-and-shell-schools-new-construction-retail-new-construction-data-34?return=/credits/New%20Construction/v4.1
https://www.llwebstore.com/flippingbook/lendlease/annualreport/2024/36/
https://www.usgbc.org/credits/new-construction-core-and-shell-schools-new-construction-retail-new-construction-data-34?return=/credits/New%20Construction/v4.1
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Trending Expansion of Green Spaces in the Private Sector 1>

A rising trend regarding green urbanism in the private sector is the implementation of outdoor green spaces to
restore natural local environments, decrease carbon emissions, and improve employee happiness.

DEFINITION According to the US Green Building Council, green space is defined as land that is partly or completely covered with trees,
shrubs, grass or other vegetation, including urban parks, trails and vertical gardens.

+ Harvard Business School studies show that employee exposure to nature at work boosted productivity, helpfulness, and
creativity, with no evidence of negative effects, while a genuine commitment to sustainability helps distinguish business
brands in an eco-conscious market.

BENEFITS

+ Operating from a green office is a visible sign that a business is dedicated to sustainability, which attracts a growing number
of eco-conscious clients. Studies suggest that green-certified buildings with green spaces contributed towards a 4%
increase in occupancy.

* As of the end of 2023, Google created approximately 67 acres of habitat and planted roughly 4,500 native trees on Google's
. , Google campuses and the surrounding urban landscape, primarily in San Francisco, according to their annual environmental report.

* Google’s St. John's Terminal building in New York City, which opened in February 2024, incorporates extensive exterior green
spaces with 1.5 acres of native vegetation at street level, in railbed gardens, and on terraces.

Building for

Biodiversity Initiative _ , ) . . .
« Google shares that its goal is to restore the site’s native ecology within a modern urban context. Over 95% of the exterior plants
installed at St. John's Terminal are native to New York State, and over 85% are native to New York City.

* Lendlease is an Australian real estate and construction company with locations and projects worldwide that has pledged
commitment to creating green spaces as part of their sustainability framework.

| .

Lendlease
At office locations and commissioned building projects, Lendlease has implemented living seawalls in Sydney, Australia, urban

Sustainabi llty tree parks in London, England, terrace garden spaces in Milan, ltaly, and biodiverse shorelines in Boston.

Framework Initiative ) . . , , S ,
* The company publishes an annual ESG report on their website to illustrate a commitment to sustainability and aims to create $250

million of social value by 2025 through green space and decarbonization initiatives.
oodle Fnvi R 0024  Busi Reyi onal Workol 5 end| FSGR 0024, US.G Building C .
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https://sustainability.google/reports/google-2024-environmental-report/
https://hbr.org/2023/07/research-a-little-nature-in-the-office-boosts-morale-and-productivity
https://work.iwgplc.com/MediaCentre/Article/why-businesses-are-embracing-green-offices
https://www.llwebstore.com/flippingbook/lendlease/annualreport/2024/36/
https://www.usgbc.org/credits/communities-existing/v41-2

Trending Expansion of Clean Energy in the Private Sector

e

Another trend regarding green urbanism in the private sector is the implementation of clean energy in corporate
buildings and throughout supply chains, as large companies work towards lowering carbon emissions.

DEFINITION

According to the US Green Building Council, private
business clean energy use is employing on-site
renewable energy systems or procuring renewable
energy from offsite sources for all or a portion of the
building’s annual building energy use.

Clean Energy Investments

Distribution of investment in the energy
sector worldwide between 2018 and 2023,
by investor

15%

| 48%
37%

® Private sector m Government ® Households

>

IKEA

International
Clean Energy
Initiative

[

Apple

Supplier
Clean Energy
Initiative

IKEA is adding solar car parks, additional rooftop solar panels and battery energy
storage systems to seven stores across the US and implementing renewable heating
and cooling systems to replace HVAC air conditioning in five stores, beginning in
2023.

In the U.S., the company currently owns over 250,000 solar panels across 90% of
its locations, two geothermal properties, seven fuel cell arrays and two wind farms to
produce renewable energy to power their locations.

IKEA already uses 100% renewable energy in all of its facilities in 25 markets,
including the United Kingdom, Canada, and Denmark, and it has pledged to cut
fossil fuels from their US operations by 80% by 2030.

As of March 2024, more than 320 of Apple’s suppliers committed to sourcing
renewable electricity for Apple production, representing 95 percent of its direct
suppliers.

In the US, Apple is investing in solar projects across Michigan, with construction
underway to bring 132 megawatts of clean energy online later this year.
Internationally, Apple has launched renewable energy initiatives at locations in India,
China, and more.

Apple’s headquarters in Cupertino are powered by 100 percent renewable
energy, in part from a 17-megawatt onsite rooftop solar installation, and the company
reports avoiding more than 18 million tons of carbon emissions in 2023.
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https://www.apple.com/newsroom/2024/04/apple-ramps-up-investment-in-clean-energy-and-water-around-the-world/
https://environmentamerica.org/center/articles/ikea-is-going-solar/
https://www.ikea.com/us/en/newsroom/corporate-news/ikea-u-s-announces-commitment-to-clean-energy-pub780defe0
https://www.usgbc.org/credits/new-construction-core-and-shell-schools-new-construction-retail-new-construction-data-34?return=/credits/New%20Construction/v4.1

Potential Private Partnership Projects

Private companies explored in the case studies can form partnerships among themselves to launch sustainable
products and programs, capitalizing on collaboration to reach shared ESG and green urbanism goals.

IKEA can launch a sustainable furnishings line in collaboration with Lendlease.
IKEA and Lendlease For example, Lendlease’s designs for living seawalls or rooftop gardens can

tesse be used to create products for individual homeowners.

Google’s Nest technology and Apple’s HomeKit ecosystem are leadersin
Google and Apple smart home automation, and a collaboration between the two could create a
powerful platform to enable energy-efficient buildings with energy dashboards.

=0 ([

\. J
( )
Combine Microsoft’s cloud computing (Azure), Al, and loT solutions with
Microsoft and Adobe Adobe’s design and visualization tools (e.g., Adobe Creative Cloud, Substance
h‘ Adobe 3D) to create platforms for sustainable urban planning.
. J
PRIVATE PARTNERS POTENTIAL COLLABORATION

Adobe (1), Adobe (ll), Adobe (lll),
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https://www.adobe.com/content/dam/cc/en/corporate-responsibility/pdfs/Adobe-CSR-Report-2022.pdf
https://blog.adobe.com/en/publish/2023/04/20/fast-facts-adobes-sustainability-efforts-our-commitment-to-climate-action
https://www.apple.com/newsroom/2024/04/apple-ramps-up-investment-in-clean-energy-and-water-around-the-world/
https://environmentamerica.org/center/articles/ikea-is-going-solar/
https://www.ikea.com/us/en/newsroom/corporate-news/ikea-u-s-announces-commitment-to-clean-energy-pub780defe0
https://www.usgbc.org/credits/new-construction-core-and-shell-schools-new-construction-retail-new-construction-data-34?return=/credits/New%20Construction/v4.1
https://www.llwebstore.com/flippingbook/lendlease/annualreport/2024/36/
https://www.usgbc.org/credits/new-construction-core-and-shell-schools-new-construction-retail-new-construction-data-34?return=/credits/New%20Construction/v4.1
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Key Takeaways: Sustainable Public-Private Partnerships

Partnershipsin the public and private sector, commonly between cities and corporations, contribute to green
urbanism in a few major categories, with positive impacts exemplified through case studies.

e

Cities are partnering with private companies to enact green urbanism.
Cities and Singapore and Copenhagen have implemented public-private partnerships
to drive innovation in sustainable urban development, enhance data-driven
monitoring systems, and advance renewable energy projects aimed at reducing
emissions.

Corporations

Public-private partnerships worldwide have made substantial investments to
reduce emissions specifically in the categories of green infrastructure,
transportation, smart city technologies, and renewable energy in the form
of solar and wind power. For example, the implementation of smart sensors,
bioswales, and electric bikes.

Major
Categories

The city of Vancouver has capitalized on public-private partnerships through
Case Study its Arbutus Greenway Program, Laneway Housing Initiative, and Canada

Line Program, all designed to address traffic and urban density concerns in a
highly-populated area. These programs have received positive feedback from
residents and have reduced costs.

Analysis
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https://participedia.net/case/vancouvers-arbutus-greenway-rails-to-trails-derailed
https://spacing.ca/vancouver/2016/03/07/release-vancouver-cp-arbutus-greenway/
https://pwlpartnership.com/news/city-awards-25-million-contract-detailed-design-two-sections-arbutus-greenway
https://www.lanefab.com/lanefab-about-us
https://ubyssey.ca/news/vancouver-improve-permitting-times-laneway-houses/
https://vancouver.ca/news-calendar/permitting-improvements-ease-laneway-builds-and-residential-renovations.aspx
https://www.shapeyourcity.ca/multiplexes
https://www.raulpacheco.org/2009/08/laneway-housing-affordability-and-ecodensity-preliminary-thoughts/
https://smallworks.ca/
https://www.visitrichmondbc.com/getting-here/canada-line/
https://www.translink.ca/news/2024/april/translink%20ridership%20rebounds%20to%20pre-pandemic%20overcrowding%20levels
https://www.infrastructurebc.com/projects/operational-complete/canada-line/

Key Takeaways: Private Green Urbanism Initiatives

In the private sector alone, green urbanism has economic pros and cons, while case studies on companies have
shown the positive impacts of green energy and nature conservation initiatives on employees and brand image.

Trends in the Private Sector Case Studies

A rising trend regarding green urbanism in the private sector is Adobe is a leader in private sustainability by minimizing
the implementation of outdoor green spaces to restore natural environmental impacts through innovation, achieving renewable
local environments, decrease carbon emissions, and improve energy targets, promoting transparency, and engaging in
employee happiness. Also, the expansion of green energy is a community-focused initiatives. Lendlease works on sustainable
major component of green urbanism in the private sector, while developments incorporating geothermal heat exchange systems,
companies work to meet ESG goals. rooftop gardens, recycled water, solar panels, and living shorelines.
Benefits Challenges
Green urbanism offers economic advantages to private Adopting green urbanism poses challenges for businesses,
businesses, including increased property values, lower energy including high initial investment costs, substantial compliance
costs, and growing market opportunities for sustainable expenses, and financial risks tied to noncompliance with strict
products. Employee exposure to nature at work boosts environmental standards. Corporations also face challenges
productivity and a genuine commitment to sustainability helps navigating diverse environmental policies globally, while
distinguish business brands in an eco-conscious market. balancing societal differences.

Adobe (l), Adobe (ll), Adobe (lll), Lendlease, Rockwood|, Runstad Center, Ugreen.
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https://blog.adobe.com/en/publish/2024/04/30/adobes-annual-corporate-social-responsibility-report-harnessing-best-adobe
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https://re.be.uw.edu/wp-content/uploads/sites/9/2015/06/green-building-leed2.pdf
https://ugreen.io/sustainability-and-leed-economic-benefits-and-strategies/

Section 1: Green Urbanism Overview
Section 2: Case Studies

Section 3: Green Transportation
Section 4: Private Sector

Section 5: Technology



Data Center Locations

e

Major U.S. data center hubs, including Northern Virginia, Silicon Valley, Dallas-Fort Worth, Chicago, Phoenix, and
Atlanta, present significant opportunities to repurpose waste heat for residential and commercial heating.

275 Centers

1.8%

247%

In Northern Virginia, there are over 275 data centers in
an area known as Data Center Alley, which is ideal for
waste heat transfer due to its high density of data
centers, growing urban areas like Ashburn, and cold
winters.

1,070 MW

Silicon Valley's data centers, consuming 1.8% of U.S.
energy, offer significant potential for waste heat
recovery. A San Jose project will heat six buildings with
waste heat, showcasing the region's leadership in
sustainable initiatives

6.9 m

Dallas-Fort Worth (DFW) has seen a 247% growth in data
center capacity since 2015, now totaling 390 megawatts.
With over 170,000 new residents in 2021-2022, heating
demand has risen, primarily relying on natural gas.

530 MW

Chicago's data center marketis projected to grow from
1,070 MW in 2024 to 1,650 MW by 2029, reflectinga 9%
compound annual growth rate. This expansion aligns
with the metro area's population increase to 8.98 million
in 2024, up 0.53% from the previous year.

Phoenix, Arizona, has become the nation's second-
largest data center market, with over 6.9 million square
feet of data center space and an additional 2.8 million
square feet under construction. The city's population is
approximately 4.78 million residents.

Key Takeaway

Atlanta's data center marketis projected to grow from
530 MW in 2024 to 1,420 MW by 2029, reflecting a
compound annual growth rate of 21.83%. Concurrently,
the metro area's population increased by 1.42% from
2023 to 2024, reaching approximately 6.19 million
residents.

With rapid data center growth, rising populations, and high energy demands, these regions can improve energy efficiency and sustainability through

heat recovery systems.
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https://www.apl-datacenter.com/en/technical-guides-recovering-waste-heat-from-data-centers/
https://www.datacenterdynamics.com/en/marketwatch/harnessing-waste-heat-the-imperative-shift-for-data-centers/
https://www.datacenterknowledge.com/sustainability/harnessing-waste-heat-is-the-latest-frontier-in-data-center-efficiency
https://www.mdpi.com/1996-1073/14/9/2433
https://www.smithgroup.com/perspectives/2018/waste-heat-recovery-in-data-centers

Implementing Data Center Heating Innovation ‘>

Through energy management and heat capture systems, as well as policy support and public-private partnerships,
data centers’ heat can be utilized for the economic and environmental benefit of surrounding communities.

Leveraging Data Center Heat for Building Heating: Technology, Policy,

and Partnerships

Technology and Policy Environment and Partnerships

Technology and Logistical Capacity Environmental and Economic Benefits

» Heat Capture and Distribution: Use liquid cooling systems and heat » Environmental Benefits:

exchangers to capture and transfer waste heat. Also, expand district heating - Reduce carbon emissions by replacing fossil-fuel heating.

networks and retrofit buildings to integrate with these systems. - Improve energy efficiency by minimizing heat waste.
* Energy Management: Deploy thermal energy storage to store excess heat for * Economic Benefits:

later use and integrate loT-based monitoring to optimize heat transfer and - Lower heating costs for connected buildings.

demand response. - Create jobs in engineering, construction, and energy management.
* Infrastructure Planning: Address location gaps between data centers and urban - Enhance the competitiveness of sustainable data centers.

heating demand through coordinated infrastructure development. Public-Private Partnerships (PPPs)
Policymaking: Federal, State, and Municipal Roles « Government and Utility Companies: Collaborate to fund and distribute
 Federal Level: Offer grants, tax incentives, and R&D funding for heat recovery captured heat through new or existing infrastructure.

systems. Establish national standards for heat recovery and district heating. » Data Center Operators: Integrate heat recovery systems, led by companies like
+ State Level: Mandate energy efficiency and waste heat utilization in facilities. Google, Microsoft, and AWS.

Additional Integrate waste heat recovery into state energy policies. * Construction and Technology Firms: Design and build heat recovery systems
* Municipal Level: Plan and develop local heating infrastructure, encourage and provide loT and energy storage solutions.

data centers near high-demand areas and promote community awareness + Community Engagement: Work with local organizations to ensure buy-in and

about waste heat benefits. address concerns.
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https://research.aalto.fi/en/publications/waste-heat-recoveries-in-data-centers-a-review
https://arxiv.org/abs/1912.06558
https://www.datacenters.com/news/from-byproduct-to-resource-how-data-centers-are-turning-waste-heat-into-valuable-energy
https://ieeexplore.ieee.org/document/9028165

The Stockholm Data Park

Through the innovative initiative, Stockholm utilizes the excess heat generated by data centers, which will become
increasingly prevalent with the rise of Al, the city has been able to significantly reduce carbon emissions.

Information Type

Explanation of Data
Parks

Private Partnerships

u Challenges
\political  Mai

Information

The Stockholm Data Parks initiative integrates data centers into Stockholm'’s district heating
system, using the excess heat generated by data centers to heat residential and commercial
buildings. Data center operators are paid for their involvement in the program.

Stockholm'’s district heating system supplies over 90% of the city’s heating.

Stockholm Exegri operates the district heating network and collaborates with data center
operators to recover excess heat and integrate it into the heating system, providing technical
expertise in heat recovery and distribution and sharing revenue with Data Center Operators.
Data Center operators, like AWS, install and operate energy-intensive data centers in the parks.

Recovered heat from data centers provides heating for up to 10,000 apartments.

The project has led to a reduction of about 50 grams of CO2 per kilowatt-hour of heat produced.
For 10 MW data center can save up to 8,000 tons of CO2 annually, which is equivalent to
removing thousands of cars from the road annually.

Data center operators were initially hesitant due to high setup costs and strict sustainability
requirements. Stockholm addressed this by offering financial incentives for contributions to the
district heating system.

To meet energy demands, partnerships with renewable energy providers and long-term power
purchase agreements ensured green electricity availability.
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https://apolitical.co/solution-articles/en/stockholm-recycles-excess-heat-data-centres-warm-homes
https://eu-mayors.ec.europa.eu/sites/default/files/2023-10/2023_CoMo_CaseStudy_Stockholm_EN.pdf
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