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L etter from the

Over the past three years, this publication has examined the
role of emerging technologies and how they are shaped by
social behaviors. We have focused on the perspectives of
everyday people, evolving business practices, technology
advancement, the policies, the trade-offs, and the trends
that are reimagining the world of architecture and the
exciting futures they bring. In the process, we have explored
outer space and taken a deep dive into the metaverse —and
how these new frontiers will influence the way we design and
prepare for the future.

But the energy in the air is changing.

This year, our focus is here, on earth, looking at one of the
most complex systems ever created in human history—a
system that will, out of necessity, continue to accelerate
innovation. As architects and designers, we need to
approach energy transformation wholistically —from

the embodied energy in the materials we use, to on-site
energy generation and consumption; from the food we

eat, to the mental health of our workforce. Everything we
think we know about energy is about to change. Luckily, this
transition towards a cleaner, more convenient energy future
is inevitable — and we are the pioneers exploring that brave
new world.

It's notjust solar panels — wind farms are moving from
remote fields to our urban rooftops, batteries are rapidly
evolving to capture renewable energy and deliver it at the
times and locations when we need it most, electric vehicles
are parking in our garages and delivering energy back to the
grid, microgrids are turning building owners into prosumers,
communities are gamifying and personalizing energy
exchanges, and simultaneously, extreme weather events are
taking down our power grids.

Energy is the mostinvisible and yet, most demanded
commodity on our planet. Most people don't even think
about it—untilit's not working, or the bill is due. Everyday
behaviors — such as washing our hands, sending an email,
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and grabbing a fresh salad —all rely on electricity to function.
And with that, comes a reliance on fossil fuels and rising
greenhouse gas emissions. Today, we are increasingly aware
of our personal impact on and interaction with the power grid
as well as the collective corporate responsibilities we must
adoptin our built environment to move towards a cleaner,
digitized, and democratized energy economy.

Policy and emerging technologies are working together to
analyze these trends and respond to them. Inless than 10
years, almost all of our energy will be generated by renewable
sources, the majority of car sales will be electric, and all new
buildings will be required to be zero-carbon ready.

Thisis nolonger an unbelieveable future —it's already
happening.

Within the next decade, the way we produce, distribute,
and consume power will be cleaner, cheaper, and infinitely
more complex. In this edition of the Curiosity Report, we
investigate areas in which technology is already helping
reduce emissions and where breakthrough innovationsin
building construction and energy generation are needed, all
while speaking directly with the experts who are working on
these innovations themselves.

But we don't stop there.

Energy is more than just keeping the lights on —it's literally
defined as "the capacity for doing work.” As we exit the era
of the "attention economy"” and power through the “Great
Resignation,” we are forced to confront energy management
on a personal level as well as the power to switch off and
reboot. We are living through a fundamental shift that could
have profound implications on future generations —the
same generations that told us "green matters.”

This year, with renewed focus and big energy, we are
exploring how our industry is evolving today, to advocate for
a better tomorrow.



F Introduction

|

Contents

01

Energy Storage

77

Energy Use(r)

03

Energy Genera tion

o1

Energy Distribution

117

Appendix



INntroduction

“When one half of the population literally cannot imagine how the other half thinks,

small talk about the weather is an entrée to our shared humanity.”

MOLIME ATAIHA WL )

BATALE AT WL

The Energy Switch: How Companies
and Customers Are Transforming the
Electrical Grid and the Future of Power
by Peter Kelly-Detwiler

But the weather is no longer just polite conversation for when
there's nothing else to talk about. It now frequently makes
headlines — "Wildfires covering full states and continents”;

"Increased frequency and intensity of hurricanes”; “Breaking
records with extreme temperatures and seasons that are no
longer recognizable.”

However, weather will soon become one of the most
importantindicators for the health of our energy supply.
Sunny days won't just be reason to lounge by the pool — they
will represent opportunities to capture power and save it for
that next rainy day.

Energy efficiency mustremain a
top priority for zero carbon even
with a decarbonized energy
supply. Every dollar invested

in energy efficiency saves
abouttwo dollars in energy
supply, whether that investment
is made in local, on-site
generation or at a grid level.

When you think about energy efficient building solutions, you
may think about using better insulation, or double-glazed
facades. And while there have been incremental changes

in these technologies over the last few decades, we are at
atipping point. If we want to achieve zero-carbon building
design, we need to think bigger. We need to be working
towards grid resiliency and understand how our buildings
can support that transition for the 21stcentury.



https://www.amazon.com/Energy-Switch-Companies-Transforming-Electrical/dp/1633886662/ref=sr_1_1?gclid=Cj0KCQiAmKiQBhClARIsAKtSj-mDA5KVCGzllrqdwNrMw1YGxTrYdaWZOolLmY2VycceWxDFJCEztkwaAihXEALw_wcB&hvadid=529560872537&hvdev=c&hvlocphy=1026339&hvnetw=g&hvqmt=e&hvrand=2311289495074126548&hvtargid=kwd-358582245326&hydadcr=16910_9851225&keywords=the+energy+switch&qid=1644846171&sr=8-1

E The Tesla-Edison Renewable Solar + Wind Capturingthe Power Hydroelectricity, Joltz
nergy Model Generation Weather-based Thatls AllAroundUs Biofuels, Geothermal, + Kinetic energy within a

- An age-old model for Atapestry of solutions. renewable sources and Wind turbines and how Nuclear prosumer model.
e n e rat I o n energy generation. their growing industries. they integrate within our Alternative energies and their

buildings. emerging industries.

‘I'd put my money on the sun
and solar energy. What a source
of power! | hope we don't have
to wait until oil and coal run out
before we tackle that.”

— THOMAS EDISON




CURIOSITY REPORT 2022

The Tesla-Edison Model

Our modern society cannot live without it. As Peter Kelly-Detwiler, author of The Energy Switch,
describesit, “It powers our homes, our factories, our increasingly digital economies, indeed
our lives. Without it, society would quickly disintegrate into chaos. And yet, we only vaguely
understand what itis, how we generate it, move it, or consume it.”

mile or two, because direct current (DC)  costs of electricity. This means that
couldn't travel any distance.”

However, the grid we know today
is founded on ideas that are almost
120 years old. This is why we call it the

when we operate our energy system,
we should consider the cost of

Tesla-Edison energy paradigm. While As we've increased our ability to
Thomas Edison invented the "first

energy types. Certain generators have

practical and affordable light bulb, he
didn'tinvent a practical and affordable
system for keeping those lights on
nationwide."? According to Jil Jonnes,
author of Empires of Light: Edison,
Tesla, Westinghouse, and the Race to
Electrify the World, “If we were living
in Edison’'s world, we'd have a large
coal-operated generating plant every

generate energy, we have developed
ways to distribute and access it across
the world. For this reason, consumer
demand and grid supply must always

different constraints — for example,
they might have different requirements
for advanced notice. Some need

a couple hours; some need a day.

be balanced.

The goal of a generator is to produce
set power levels for each hour up to
their own capacity limit. Therefore,
different fuels resultin different

So, they're not always able to react

immediately to changes in demand

which is something to consider as
we attempt to decarbonize power
generation throughout our buildings
and across the globe.

HOW MUCH GREENHOUSE GAS IS EMITTED

BY THE THINGS WE DO?

Making Things (cement, steel, plastic) 31% According to estimates,
Plugging in (electricity) 27% global energy consumption
Growing Things (plants, animals) 19% is expected toincrease
Getting Around (planes, trucks, cargo ships) 16% by 28 percent by 2040 as
Keeping Warm & Cool (heating, cooling, refrigeration) 7% compared to 2015.

HOW MUCH POWER DOES IT TAKE?

The World 5,000 gigawatts BILL GATES '

The United States 1,000 gigawatts m_f-o_ HQW to AV?/d a
Mid-size City 1 gigawatt AVOID A Climate Disaster
Small Town 1 megawatt c I_ | M AT E by Bill Gates
Average American House 1 kilowatt

Source: How to Avoid a Climate Disaster by Bill Gates

DISASTER

THE SOLUTIONS WE HAVE ANp THE

GREIK?'HRIJUGHS WE NEED

“Whenever you hear
kilowatt, think house.

Gigawatt think city.

A hundred or more
gigawatts, think big
country.”
— How to Avoid a Climate
Disaster by Bill Gates



https://www.amazon.com/How-Avoid-Climate-Disaster-Breakthroughs-ebook/dp/B07YRY461Y/ref=sr_1_1?keywords=how+to+avoid+a+climate+disaster&qid=1644846244&sprefix=how+to+avoid+a+cli%2Caps%2C112&sr=8-1http://
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Renewable Generation:
A Tapestry of Solutions

Peter Kelly-Detwiler points out, “For much of the past century, the generating plants
on the grid were typically quite large and fueled mostly by a mix of coal, oil, natural
gas, and uranium. However, they're slowly being retired. The generating assets
lining up to replace these retired plants are mostly clean wind and solar
resources. That means they will generate electricity when nature’'s fuel shows up,
in other words, when the sun shines or the wind blows.”

As we explore renewable energy generation, it's important to remember there is not one singular bullet
solution. It will more than likely result in a tapestry of solutions that consider price, efficiency, and location.

POWER GENERATION

Renewable Power Generation (Annual Change, TWh)
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In the U.S., energy
generation from
renewable sources
surpassed coal in
2020 and is now
second only to gas.
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The United States surpassed 2 million
solar installations in the spring of
2019, with that number having

doubled by the end of 2021 with

4 MILLION

Recent contracts in the United
States have seen prices below
$20 per MW, which is

1/2

the cost of energy generated
from a new gas-fired turbine’

40%

of the new generation capacity
added in the United States in 2019
came from solar power plants!

Cost of Electricity by Source
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- The United States may

see one solar

stallation every
minute by

2024

which is 10 times the
rate of 2010

173,000 TW

of solar energy strikes the Earth continuously.
That's more than 10,000 times the world's total

energy use:

Solar

ENERGY GENERATION

Most electricity, except for geothermal energy, tidal energy, and nuclear

power, is a derivative of solar energy..

Coal, oil, and natural gas are all the result of the sun's rays hitting the earth's surface millions of
years ago, nourishing plants and animals that were eventually burned, subjected to pressure and

heat, and then converted into hydrocarbons.!

The solar industry itself is experiencing rapid advancement. Solar panel efficiencies have been
steadily increasing in recent years as new materials and technologies are being developed.

As a result, the number of solar panels

installations in the U.S. over the last

decade has gone up by 40%, while the

cost to install them has dropped by
more than 70%.-

Most commercial solar panels are designed to be attached to a rack that is secured to the ground

or screwed directly into the roof; however, an entirely new movement is emerging, where the

buildings themselves become the panels. This approach is called Building Integrated

Photovoltaics and the most notable example is Tesla's solar shingles; however, more and more

examples are cropping up as the solar industry innovates new use cases.

Toyota's headquarters campus in Plano, TX,

designed by Corgan, employs a

7.75 MW

solar system, which at the time of installation,
was the largest corporate office on-site

solar installation among non-utility
companies in the state of Texas’

10
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ENERGY GENERATION

of electricity were generated from wi d* =
installations around the world in 2
which is 12% more than in 2019°

108 GW

fiL the end of the third quarter of 2020, \ of onshore wind was installed in
-y ere were almost 60,000 turbines in \ 2020, doubling 2019 growth

9, STATES \ |
e - \ | To attain the 8000 TWh required in

ahid two US. territories, providing J——— 2030 under the Net Zero Emissions by
7% of U.S. generation’ e T TN 2050 Scenario, generation must
- . increase an average of

18%

-2030:

Wind

Like solar, some areas of the world have more wind than others. Wind is a
form of solar energy caused by a combination of three events: the sun '
unevenly heating the atmosphere, irregularities of the earth's surface, and

the rotation of the earth.

Therefore, wind flow patterns and speeds can vary greatly and are modified by bodies of water,
In 2020, Texas turbines produced 30,900
MW of energy, enough to power

Wind turbines use blades to collect the wind's kinetic energy. As wind flows over the blades, it ™S ¥ '. b y i 2 P 8 M | I_ |_ l O N /h\i

vegetation, and differences in terrain.

creates lift (similar to the effect on airplane wings), which then causes the blades to turn. The
blades are connected to a drive shaft that turns an electric generator, which generates
electricity.

largest wind economy
on the planet”
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Capturing the Power That
s All Around Us

Over the past decade, the global wind power market has nearly quadrupled in size, becoming
one of the most resilient and cost-competitive ways to generate power in the world, thanks to
emerging technologies and increasing adoption across various communities. In fact, the wind
industry experienced a 53% increase from 2019, setting a new record in 2020 by installing 93
Gigawatts (GW) of new capacity — enough to power almost 70 million homes.

Today, the U.S. and China combined account for 75% of 2020
installations, while Texas alone became the fifth-largest
wind energy economy in the world.2 Over $50 billion has
beeninvested in Texas wind projects, while at the same

time, somewhere around 25,000 jobs have been created to
support the growing industry.?

Wind isn'tjust creating jobs and lowering electricity bills.
With a total of 743%" of wind power capacity worldwide, we
are globally reducing over 1.1 billion tons of CO,—a number

equal to the annual carbon emissions of South America."

However, as aggressive as this growth may seem, it's not
enough to reach the 2050 carbon neutrality goals set by
world leaders. Government benchmarks are a great way to
setlong-term ambitions — but near-term targets are where
we should be focusing our attention. To achieve net zero

by 2050, the world needs to be installing wind power three
times faster than the current rate within the next decade, and
that may necessitate a new model for power creation and
consumption.’

Historical Development of New
Wind Power Installations

New Wind Power Installations in 2020 New Global Wind Installations

Needed to Reach Net Zero by 2050

100 clLy =~
0
22 ] \’ 250 CAGR+12%
70 §\ 200
60 m S— 1 h‘
50 M iTmi - 150
&0 AIIELLLNnd 100
mmm— T EEAEEEILE
20— - - - - - - - - sof——
10—z IR R R R R R R :
0 a0
P 2020 2022 2024 2026 2028 2030
Onshore China B Germany M India Onshore
B Offshore us H Spain M Australia B Offshore
B Brazil B France B Restof B Total new Wind Installations Required
Under IEA's NZE2050 S i
Source: 2021 Global Wind Report, GWEC! M Norway M Turkey Qe naeri=As cenario

This could mean a paradigm shift for large corporate
businesses in the coming years. Today, more than 1,200
companies spanning 60 countries are working with the
Science-Based Target initiative (SBTi) to reduce their
emissions, and with an estimated 94 GW of wind capacity
to be added to the grid annually until 2025, wind power is
poised to accelerate the global energy transition.”

Not only are companies adopting
renewable energy as part of their
corporate green initiatives, itis also
becoming arequirement forincoming
talent recruitment and retention.
Corgan's Workforce Blurred study
found that 64% of surveyed incoming
workforce members prioritize cutting
edge green practices as a part of the
office environment when choosing
their employer.

And while 94 GW a year is a very ambitious goal, in order
toreach carbon neutrality by 2050, that number needs
to double, according to the Global Wind Energy Council,
requiring bold actions by companies who can lead the
charge towards energy independence.’ "Necessity is the
mother of allinvention,” says Chris Griffin, CEO and Co-

Founder of Hover Energy, a company that designs, develops,
and deploys wind-powered microgrids in the urban
environment, “we are now turning the built environment into
a power source.” What does power generation in the urban
environment look like? Today, it may look like companies
investing in solar roofs —tomorrow, they will also be
investing in wind.

— The Energy Switch by Peter Kelly-Detwiler’

14
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Shooting the Breeze at the Office:
Not Just Water Cooler Talk Anymore

Our cities not only experience the urban
heat island effect, causing cities to be
warmer than surrounding rural areas, but
they also experience the “urban wind island”
phenomenon, making them windier, too. Tall
buildings naturally create street canyons,
pushing turbulent air
close to the building
facade. The warm air combined with the
turbulence increases the wind speed in
cities, with a peak in the afternoon in areas
among low-rise buildings. This creates an
optimal environment for building-scale wind
generation.

During the last decade, architects and
engineers have been investigating urban-
scale wind generation, often adding miniature
versions of the vertical axis turbines (seen

in the Texas panhandle) to office building
rooftops. However, because of the variable
direction and turbulent airflow within cities,
these solutions are unstable. The vibrations
and increased pressure these turbines create
result in diminished s
performance, 23-8
increased noise levels,

18’

limited functionality, and component wear
down, therefore generating little energy.

“Much like other approaches, we, too, started
with a vertical axis wind turbine,” Griffin
recounts, "but then quickly connected with
experts across other industries, including
motor generator designers, aerospace
engineers developing maglev trains and
direct drive motors, and architects. The

game changing revelation came once we
included the building in our design efforts.
That had never been done before.” Griffin

and his team of engineers, aerodynamicists,
and architects were determined to create a
solution that could capture the abundance

of turbulent wind in our cities and use that
energy to power our buildings. “Traditional
wind turbines are loud, due to vibration and
turbulence. The blades of our turbines are
magnetically levitated and achieve laminar
airflow, which eliminates vibration, making our
units near silent and also dramatically scales

up production output per square foot.

These innovations have made Net
Positive a reality,” Griffin
adds.

30’ on center

The Hover Energy wind turbine is the first ever magnetically levitated,
magnetically powered wind turbine, carefully designed to achieve
laminar airflow — uniform airflow in both velocity and direction. This
reduces vibration, allows the rotor to spin silently, and dramatically
increases the efficiency of the system, resulting in a greater amount of
energy produced. But it doesn't end there.

WHAT THIS MEANS FOR BUILDING DESIGN

In order to maximize efficiency, the shape of the building matters
significantly. “The updraft on the windward edge of the building has a
tremendous impact, in addition to the horizontal wind you get across
the building,” Griffin explains, “you need to capture both.” To do this,
wind turbines are mounted in an array along the windward edges of

building rooftops, harnessing the wind flow, and generating energy day

and night.

For architects planning to integrate on-site wind energy generation

— whether in new construction or retrofitting an existing building —
aerodynamically designing the building to direct wind into the turbine
array canincrease how much energy is produced, and therefore reach
net zero faster.

WHEN THE SUN SHINES
Historically, employing multiple renewable energy sources means
choosing between one or the other. This isn't because wind only blows

when the sunisn't shining. It's because the energy generated from solar
PV panels converts into direct current (DC), while wind energy converts

into alternating current (AC). “We don't have an energy problem —we
have an energy conversion problem,” says Griffin. While combining
energy sources at the grid level is common — using active switchgear
to toggle between multiple power sources — it is not common at the
building level.

One solution to this conversion challenge is the Integrated Energy
Management System (IEMS) within the Hover Wind-Powered
Microgrid™. The IEMS combines the energy generated by both wind
(AC) and solar (DC) into one clean power stream — something that has
never been achieved at the building scale before. “"We are installing
wind-powered microgrids — which no one else is doing yet,” Griffin
explains. “People think this is happening everywhere, but conversion is
only happening on the MACROgrid. We are putting it on a MICROgrid."
Combining renewable resources, buildings can now generate

enough reliable power to cover more than 100% of the annual energy
consumption with zero added transmission infrastructure.
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On October 13,2021, the U.S.
Department of Energy (DOE)
announced a $61 million investment
to deploy new technology for

the design of smart buildings to

accelerate renewable energy

adoption and grid resilience — with
the goal of reaching a net-zero
carbon economy by reducing the
building sector's contribution to the
climate crisis.
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STORE OR SELL

Abuilding scale microgrid —a localized energy system
that generates and distributes its own supply of energy
— operates at all times, enabling owners to become grid-
independent.

Historically, buildings with a solar-only option must remain
connected to the utility grid. That's because solar panels only
generate electricity during the daytime, making nighttime
electrical use grid-dependent—and when the grid goes
down, so do your solar panels.*

It's natural to assume that a building powered by on-site
renewable energy would be safe from utility blackouts during
extreme weather events. However, when wildfires blazed
across Californiain 2020, homeowners with solar rooftops
were shocked to find themselves without power. That's
because solar installations need a backup system that
can store and provide electricity for use when the sunisn't
shining—and when these renewable energy resources are
unavailable, electricity from the grid supplies the building in
whatever form of fossil fuel is available. Going completely
"off-grid” requires more than just solar panels —it requires
multiple energy sources and a way to store and manage
electricity use on-site, without relying on the grid for backup.

— Tom Kiernan, CEO,
The American Wind Energy Association*

17

Cost-effective storage solutions like batteries are necessary
for grid resilience and are becoming increasingly affordable
for both short duration applications — with prices declining
by 90% for lithium-ion batteries in electric vehicles since
2010 —and also for long duration applications — with prices
for grid management batteries declining by two-thirds in the
same time." Decarbonizing the grid increasingly relies on
renewable energy generation and battery storage, together.
But for all buildings to decarbonize, battery life needs to
mature. According to the 2021 Global Wind Report, a study of
California's grid decarbonization found that it would require
up to 55% of long-duration storage by 2045 — more than
150 times the state's current storage capacity.' We not only
need better batteries, we need more.

Combining wind, solar, storage, and an IEMS system like the
one designed by Hover, creates a microgrid that not only
resolves market volatility through load shifting and time-of-
use practices, but can be specifically designed to produce
enough power to supply the building each year —and then
some. But what do building owners do with the surplus?
There are three options: they may decide to store the excess
energy on site for personal use in case of emergencies; they
could stay connected and sell any excess energy back to the
utility grid, for a small revenue stream; or they may choose to
share the surplus with the surrounding community.

Curved Parapet Integrated

The parapet begins to curve into  Unit is screened with a simple

the Hover wind turbine unit, louver and a plane above

providing more efficient air flow.  provides a surface for
photovoltaics.

FPhotovoltaic Panels
Hover Wind Turbine

— Louver Screening

Canopy Architectural Louver

A perpendicular louver system Louvers are integrated into the
screens the unit from being building facade.

viewed below. This screen also

acts as a canopy.

T

T

Tilt-Wall . Perforation

Openings to enable air flow are Unit is screened by a perforated
created near the unit in tilt-wall panel.

construction typologies.

£

Cast-In-Place-Structure Funnel Curtain

Existing Building Facade

Screening is used to both block the

Unit screening is hung from the

hover unit and create a funnelinwhich  floor above and screens the unit
the wind travels directly into the unit. from most view angles.

Facade Louver
Vertical louver system used on
facades with little to no glazing.

Horizontal Screen
Louvers oriented horizontally
enhance efficiency.

Parametric Louver Vertical Louver
Parametric louvers add design Vertically oriented louvers
aesthetic to the screen system. accentuate verticality.
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POWER TO THE PEOPLE

In most cases, U.S. wind resources are located in areas
where many people don't live —which means that getting
renewable wind energy to towns, cities, and communities
requires large amounts of transmission infrastructure. For
example, the world's longest underground transmission
line connects the wind-rich areas of northern Germany
with major consumption areas further south—a 700km
line that spans almost the entire country,® which is only
slightly smaller than the state of Montana. While isolated
wind farms (both onshore and offshore) are an increasingly
important part of the renewable energy utility mix, deploying
transmission lines from the windiest regions to markets in
need is a growing challenge.?

With microgrids, transmission is from rooftop to outlet—and
as more and more of the urban and suburban environments
employ microgrids, the challenge for transmission is
significantly reduced. This would enable more wind
generation to enter the utility mix in a distributed way.
Introducing smart grids that use technologies like Hover's
IEMS system, in addition to improved forecasting and
scheduling tools, will enable companies to better understand
energy variability, and ultimately increase the amount of
energy generated in this country.”

Even better, when a building's smart grid uses blockchain for
micro-transactions, grids can begin to share with each other,
offloading excess energy as the load demands. “Our goal is
to make power ubiquitous. But more importantly, how can our
buildings become contributors to the community around us?”
asks Griffin. “With Hover, yes, a building can be completely off
the grid, and then some, but it also depends on your building.
Burj Kalifa? Not yet. But a large distribution warehouse,
absolutely. Itis possible to provide 200-300% power ona
large distribution center, just with the wind turbines —if we
add solar, we generate even more. So, the question becomes,
what do you do with that extra 200% power? My answer is
always —sell it to your neighbor. Create a microgrid for your
community. Why not do community power on-site, on a
building that is already there, rather than using new land for
community solar programs dozens of miles away?”

This is why big box companies — Walmart, Target, Home
Depot—are such aninteresting typology. These stores

are distributed across cities of varying population sizes. In
some cases, these stores are strongholds ina community —
people trust these stores to support them in their everyday
needs. Here, people buy groceries, shop for clothes, and
even... pay their electric bills. What is more of an everyday
(and every season) need than electricity? Creating
transparency for a broader range of consumers regarding
where their energy is coming from, who is providing it, and
how they are contributing to the reduction of greenhouse
gas (GHG) emissions will not only help close the gap between
energy volatility and vulnerability everyday customers are
prone to experience, but more importantly, it will setusona
path to decarbonization.

In 2017, Walmart announced Project
Gigaton, an initiative which encourages
suppliers to reduce "beyond-the-
shelf” GHG emissions from the global
value chain. The goalis to avoid one
billon metric tons, or one Gigaton of
CO, emissions (the equivalent annual
emissions from 211 million passenger
vehicles) from global value chains by
2030. Walmart was the first retailer with
an emissions-reduction goal approved
by the SBTi.”

Scaling up wind energy generation will require cooperation
between grid infrastructure and government policy,
improved standards, supply chain regulation, environmental
protection, and so much more." Creating transparency, and
gaining community interest and adoption, is a necessary
first step.

The winds of change are coming.

20
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In 2020, installed US. hydropower
capacity increased by about
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projects-wiltbe added to the .
" - . existing fleet in' 2022

Hydroelectricity

Hydroelectricity, or hydroelectric power, is electricity produced from
hydropower -- the use of falling or fast-running water to produce
electricity or to power machines.

It is one of the oldest forms of renewable energy and accounted for 36.7% of renewable electricity
generation and 7.3% of total electricity generation in 2020. It is currently the largest form of
renewable energy used in the US. Hydropower is expected to increase by about 3.1% each year for
the next 25 years.!

The role of renewable hydropower will
“undergo a qualitative shift over the

coming decades.”’

While it continues to provide low cost, baseload electricity, hydropower will “increasingly be valued
for its flexibility and provide essential support to the huge growth in wind and solar that is needed
to limit global warming."’

- As of 2021, the world will need
12,600 GW of hydropower capacity
by 2050 to keep global
temperatures from rising above

S C°

1,330 GW

total hydropower installed capacity
around the world in 20203
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Billion liters / year”

The global demand for biofuels

e 157 BILLIN

— North America

Biofuel demand is
forcasted to increase

28%

over the next 5 years'

bi
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Geothermal

Geothermal power plants use steam to produce electricity. The steam comes from I
reservoirs of hot water that are found a few miles or more below the earth's surface.. !

I [
The steam then rotates a turbine that powers a generator, which in turn produces electricity. There are three main t
types of geothermal energy systems: direct use and district heating systems, geothermal power plants, and
geothermal heat pumps.?

Direct use and district heating systems use hot water from springs or reservoirs located near the surface of the

earth. This technology has ancient roots, “as the Roman, Chinese, and Native American cultures used hot mineral
springs for bathing, cooking, and heating.” Today, many of these hot springs are used for recreational bathing
wellness purposes, as the hot, mineral-rich waters are believed to have health benefits.’ e L g

The ARPA-E project
AltaRock Energy estimates
that just

0.1%

of the heat content of
Earth could supply
humanity's total energy
needs for 2 million years®

Geothermal energy can also be u
individual buildings via direct he
- |

d States leads
he amount of
al electricity
With more than

GW

tly from the
ted States’

Hot water near the earth's surface is piped into buildings for heat; a disti
of the buildings in Reykjavik, Iceland.? -

In 2020, there were geothermal power p
in seven states, which produced about

17 BILLION K

equal to 0.4% of total US. utility-scale
electricity generation’
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A single uranium pellet, slightly larger
than a pencil eraser, contains the same
energy as a ton of coal, equal to 3
barrels of oil or

“w 17,000FT 396 G\WV

of natural gas’

of combined electrical
capacity was generated in
2021 from 444 civilian fission
reactors across the world"

Nuclear power
currently makes
up more than

1/2

of US. |

ENERGY GENERATION

Nuclear Energy

Nuclear energy is the use of nuclear reactions to produce electricity.

It was originally developed in the 1940s during the Second World War and was initially focused
on producing bombs. However, in the 1950s, “attention turned to the peaceful use of nuclear
fission, controlling it for power generation.”

b{uciear power can be obtained one of three ways -- nuclear fission, nuclear decay or nuclear
' eacﬁ@ns‘ Wlth nuclear fission, atoms are split apart, which releases energy. All nuclear
/er plants use nuclear fission, and most nuclear power plants use uranium atoms.”

ision could be the cleanest energy source available because it replicates the sun's
1ysics by merging atomic nuclei to generate large amounts of energy into electricity. The
eq res no fossil fuels, leaves behind no radioactive waste, and is a safer alternative to

r power has the potential to play
al role in the creation of a
)oh energy grid.

. need to depend on a steady supply of coal or gas, where disruptions
lead to spikes in electricity prices. Nuclear power also doesn't rely
lar and wind do.

est environmental challenge will be managing the waste it
ands or tens of thousands of years of safe storage. 2021 was a
as investment and technology advancements progress.
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The 21st century electric grid will require
different ways to generate power. One of
the ways we can extract power is through
use of kinetic energy, or energy in motion.

Today, most people don'thave a
relationship with their energy other than
the monthly bill they receive in the mail.

The prosumer model is encouraging
people to control their energy production
and consumption with more transparency
and agency.

pro-sum-er (pra'sju:ms) noun—a person
who both consumes and produces energy

—aperson actively engaged in managing
their energy. In some states, prosumers
can not only buy electricity from the
market, but also sell it back to the market
through various programs.

Joltz

ENERGY GENERATION CANBE A
WALKIN THE PARK—LITERALLY

Historically, when we think about personal energy generation, we think
of rooftop wind turbines or solar panels atop our businesses or at

our residences. Over the past decade, these technologies have seen
vastimprovements in the amount of energy able to be generated, the
price to enter the market is steadily dropping, and multiple avenues

to participate have been created. This has turned many people into
prosumers — people who both PROduce, conSUME, and actively
manage their personal generation by storing, selling, and trading
energy.

While prosumerism is on therise in the U.S., certain circumstances
can quickly preclude would-be prosumers from entering the market.
Geographic location on both the national and local level can easily
determine where and when gains can be realized from both solar and
wind installations. Financial strain can also be a deterrent, especially
when panel installation costs can take anywhere from 7-20 years

—depending on location —to cover with the savings you gain from
ahome solar installation.” And what about multi-family residential
properties? Net-metering enables renters to participate in the
renewable energy market, typically offsetting the costs of shared
community spaces, but not personal offset.

What if personal energy generation was as easy as walking to

work, going for a jog, or letting your kids play longer? With a pair of
Joltz sneakers — it can be. In the summer of 2021, Corgan hosted a
two-week summer intern design sprint where students explored the
end-user’s relationship with and impact on the built environment from
a different perspective. One of the projects investigated combining
in-sole piezoelectric technology with an energy-to-currency exchange
system to create Joltz—a concept shoe that enables movers of all
shapes, sizes, ages, and socioeconomic backgrounds to generate
energy with each footstep they take.

Patent Pending
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Piezoelectricity is the ability of a variety of materials | Easysnaponlace |
to generate an alternating current (AC) voltage when

subjected to vibration or mechanical stress through

compression, tension or torsion — like taking a step —

and then storing that stress as an electric charge with a (" Ssilicon skel ]

(For snap on styli

battery. \

Harvesting energy from pedestrian footsteps is

not new. British-based company, Pavegen, has been | enacinan I
harvesting foot traffic through piezoelectric tiles in high- -
foot-traffic places like Dupont Circle in Washington, D.C., :’.Shock bsorpti Pad]
or even in high school campuses like Bloomington High e -\.I
School SouthinIndiana. Each Pavegen tile can create N =
about 4.76 joules of energy, which translates to 8 watts Power Pack | J'

— about enough to power an LED lightbulb. p——

Sidewalk tiles, however, are semi-permanent Sole

=

infrastructure — which require planning and financial

Snap On Device T
v

commitment. Introducing the same technology into a
shoe mobilizes this infrastructure and puts the power Patent Pending
of energy generation and use into the consumer’s hand.

Traditional piezoelectric materials — like ceramics and crystals —
tend to be brittle and stiff and are therefore unable to easily flex.
However, the University of Tokyo in collaboration with Ricoh has
developed a much more durable piezoelectric rubber composite,
which can harvest energy from more elastic movement, such as

the flex from the arch of the foot.” Using topology optimization, the
Joltz sneaker optimizes the rubber composite for the flex of the arch
and concentrates significant touchpoints at the heels and outsoles,
where much more direct, axial, compressive stress is exerted.

Your Energy is
Now Currency

In a prosumer model, a person can treat managing

their electric bill like a game — changing their energy-
. . . o 2 The removable shoe sole houses a light-weight battery that
use behavior by leveraging the data and tools

available. Throtah a paired srarii T RN /. 4 temporarily stores the electrical charge generated from each
VIl b u i b z ; ‘ “

ghap ) P PP > v #-u; iy -y Mﬁ step. This sole can be tapped or docked for quick energy transfer
wearer can exchange this energy as a currency. Each Al casual Heavy Duty Sport comfort

i — changing the way we personally interface with the power grid, as
stored charge can be later used for instantaneous o

. . . . . well as how the grid will need to respond.
transfer at a series of quick transaction points Patent Pending
throughout cities where people already participate With a traditional power grid, energy is lost along the entire process from generation to transmission to distribution to the final
in currency exchange for services such as city end-user. This loss can be significant. For example, in 2019, approximately 22.9 quadrillion BTUs were lost in the conversion
buses, rail turnstiles, parking meters, or even ATMs. process — that's 60% of the entire energy input into the system.® Storage — especially in the form of batteries — are creating
As batteries continue to develop on their current the potential to move the electricity grid from a "just-in-time instantaneous electricity generation and delivery system"” to
trajectory — getting smaller and storing more - this something far more flexible, resilient, and economically efficient.

can mean significant savings for everyday citizens.
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It's common practice today to track your steps,
physical activity, and health through a range of
affordable wearables. Joltz taps into that existing
behavior. For example, the typical nurse records
approximately 15,580 steps a day, which could
translate to a 12.5K"" charge. Compare that to the
typical household electricity consumption of 28.9Wh
per day —that's a significant gain! And in a household
of four with various step profiles, we could easily see
those daily costs covered. Households previously
precluded from participating as prosumers for one
reason or another now have a low-risk way to enter
the personal energy management market.

It's not only the batteries that are rapidly morphing.
As the grid quickly evolves, the use cases —how
and where batteries can be deployed and used for
currency exchange —do as well.

What if Joltz were a part of a school donation
program? Not only would school children have

new shoes to start the year (removing one burden
from the parents) but throughout the day, as kids
naturally play, run, jump, and change classes, each
child is generating energy. Their shoe soles can be
docked during quiet time, or while doing desk work,
transferring the energy to the school's collective
storage system. Additionally, quick transfer locations
in the cafeteria could ensure each student has money
for the school's food program, while also transferring
the energy to the school to reduce their monthly
electricity bill.

Joltzis the first step in responding democratized
prosumerism — empowering the everyday person
to become grid-resilient, independent, and self-
sustaining with every footstep.

Want piezo-electric

shoes today? Try out this

which teaches you how
to create shoes that
charge your phone with
some basic tools!



https://www.instructables.com/Piezoelectric-Shoes-Charge-Your-Mobile-Device-by-W/

E The Importance V2X Parking Garage Energy-as- The Nissan Pavilion Evolving Standards
n e rg y of Energy Storage How bidirectional EV charging Payment Accepting electricityas ~ + Safety
Why renewable energy could integrate with the built Mobile and distributed payment for parking. How energy storage will

sto ra g e will depend on storage environment. energy credits. impact building design.

technology.

"As the saying goes, the
Stone Age did not end
because we ran out of
stones; we transitioned
to better solutions. The
same opportunity lies
before us with energy”

— STEVEN CHU
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The Importance of
-nergy Storage

HIGH DENSITY ENERGY STORAGE SOLUTIONS WILL BE

NECESSARY FOR THE TRANSITION TO RENEWABLE ENERGY

Electricity is the flow of electrons racing at nearly the
speed of light from one point to another. Itis also the

only commodity on earth thatis both produced and
consumed almost instantaneously. However, unlike other
commodities, electricity is a fundamentally difficult
one to store for later use.

With batteries, the rule of
thumb today is to add four
hours of storage capability
for every megawatt of
capacity added."

Typically, electricity has taken the form of “raw fuel in a coal pile, natural gas
ina pipeline, or water behind a dam —these energy sources are eventually
converted into electrical energy when the power plant is called into action
and dispatched.”' However, wind and solar fuel only show up when the
wind blows and sun shines which means the grid will have increasingly

U.S. battery storage
capabilities in Q3 2021
(up from 59M%in 2010)*

less control over when and where electricity is generated.

Our ability to trap and store energy from intermittent sources and deliver
a continuous supply of power will be instrumental in the creation of a

renewable energy grid.

max

Il Power Demand
[l Wind Generation
Solar Insolation

80%

60% NS

40%

20%

0%

12:00 AM 8:00 AM 4:00 PM 11:59 PM

30 days of data from Bonneville Power Administration. Source: Benson et al. Energ. Environ. Sci. 2013, 6, 2804.%

ENERGY STORAGE

The proliferation of clean energy creates a demand for long-duration storage in places with high
concentrations of wind and solar farms. Advancing these storage technologies will mean that
regardless of where or when the sun shines or the wind blows, we need to find ways to accurately
size, integrate, and design storage facilities into our buildings.

CHECK THIS OUT

Hint.FM's Wind Map project
that uses data from the
National Digital Forecast
Database to make near-
term forecasts which are
revised once per hour.

Visit http://hint.fm/wind/ to
see the map inreal time.

San Diego

Source: HINT. FM.2

As our buildings move from being passive consumers on the
grid to active on-site energy producers, planning for energy
storage is essential and needs to be considered early in the
design process.

Planning is not limited to locating where the container-

sized battery will be sited (and how many will be needed).
Understanding which type of storage is right depends on
how the client values continuity of operations, energy rates
and financial benefits, or carbon usage compared to the cost
of the storage solution.?

The AIA points out that "designing for [passive] energy

conservation and efficiency is essential to reducing the first
costs of any renewable energy system; the less energy the
building uses, the smaller the renewable energy system”

and subsequent storage solution needs to be. Next,
determining what application the battery should serve and
when is key to maximizing return on investment.?

Batteries are being used more widely for on-site renewable
energy storage and are increasingly reducing in size,
improving the technology and increasing capacity. These
incremental gains will make batteries more cost-effective
storage solutions in the near future. Other incentives

to consider are Federal Investment Tax Credits, which
specifically lower the cost of storage if coupled with
renewable energies, as well as state incentives for storage.”
If on-site battery storage isn't possible for the present, “the
design should absolutely plan for battery storage in the
future."?
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Batteries

All batteries are devices that “provide electrical power froma
chemical energy source.”® The electrochemical reactionina
battery involves the transfer of electrons from one material to
another through an electric current. Batteries have a particular
advantage in that they can be deployed across the entire gridina
distributed manner.

Some batteries may be recharged and used multiple times,
while other batteries can only be discharged one time. Ifa
battery is designed to be disposable, itis called a ‘primary
battery'. A'secondary battery' is rechargeable. The design of

a disposable battery, however, is much simpler than that of a
rechargeable one because it doesn't need to incorporate the
features necessary for the discharge products to be recharged.

PRIMARY BATTERIES

Chemical Energy
®  Non-rechargeable

®  Highinternalresistance

m  Suitable for portable applications due to light
design

m  Canbeusedinclocks, toys, and small household
devices
Not suitable for high-cost applications
Low initial cost

Common Primary Batteries
®  Zinc-Carbon

m  Alkaline

m  Silver Oxide

IT'S ALL ABOUT THE SOFTWARE...
The battery itself is a “passive device and
essentially a dumb brick if you don't apply
intelligence toit."* If no one is telling that
battery how much power to absorb or
release at a certain time —and for how

long —it has no intrinsic value. Emerging
software systems can “examine correlative
relationships and identify patterns

that can predict future behaviors, fade curves,
and knows exactly how fast they are wearing
out." Companies like GE are also developing
digital twin technology that integrate energy
management systems within the building.

O

SECONDARY BATTERIES
Chemical Energy

®  Rechargeable

®  |owinternal resistance

®  Not suitable for portable devices

®  Highly recommended for backup and high cost
applications

m  Highly versatile and therefore large spectrum of
applications

®  Higherinitial cost

Common Secondary Batteries
®  |eadAcid

®  Lithiumlon

®  Nickel Metal Hydride

®  Nickel Cadmium

ENERGY STORAGE

Grid-Scale Energy Storage

Grid energy storage (sometimes called large-scale energy storage) is a collection of methods and technologies used to store

energy on a large scale within and electrical power grid.

What if... we could use

PUMPED HYDRO ELECTRIC STORAGE (PHES)
Potential Energy
When the sunis shining and the wind is blowing, electricity

rainwater to produce
and store power in

is in high supply and water is pumped to higher elevation our buildings? Today's

reservoirs. When the sun goes down or the wind stops blowing, hydroelectric storage

water is released back to lower reservoirs, generating the technology relies on

needed electricity and filling the gaps during peak demand. large-scale facilities.

But what if we could
More than 6% of the nation’s electricity comes localize hydroelectric
from hydro power and it's the most dominant form of energy power atasmaller scale

storage on the electric grid today.®

to help power specific

parts of the building?
COMPRESSED AIR ENERGY STORAGE (CAES)
Potential Energy
CAES plants are very similar to pumped-hydro power plants. However, instead of pumping water

from alower to an upper pond during periods of excess power, ambient air or gas is compressed
and stored under pressure in an underground cavern or container. The air is then released

from the cavern to alocal gas-fired turbine to generate electricity. A traditional CAES can store
energy but needs to be paired in tandem with a power plant to operate. New CAES models

are being developed that operate off purpose-built storage caves that do not rely on existing
geology (natural salt caverns) and can be situated wherever the grid requires them.

HYDROGEN

Potential Energy

Hydrogen energy storage is a process where surplus energy created by renewables during
low energy demand is used to power electrolysis — a process by which an electrical current is
passed through a chemical solution to separate hydrogen. The hydrogen can then be stored in
existing gas pipelines, generating electricity at a later date.

Green hydrogen, in particular, is a fuel-type that is created using renewable energy (instead
of fossil fuels) and its only byproduct is water. While there is a lot of excitement around green
hydrogen, it's currently expensive to produce.”

FLYWHEELS

Kinetic Energy

Flywheels store the kinetic energy of a rotating mass by accelerating a rotor (flywheel) to a very
high speed and maintaining the energy in the system as rotational energy. The flywheel and
motor-generator can be enclosed in a vacuum chamber to reduce friction and energy loss. m
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Arenewable energy grid needs to

store massive amounts of energy from
intermittent sources for later use.

While energy storage solutions are
advancing, they cannot currently be

deployed at the scale or density required.

Building structures that can facilitate the
distribution and storage of renewable
battery systems via electric vehicles,
microgrids, and information energy
systems (EIS).
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The V2X
Parking Garage

Parking garages are typically seen as a utility for
parking. But what if they could store power for the
surrounding community and support fluctuating
energy demands?

Transitioning to a renewable power grid boils down to our ability to store
as much wind and solar energy as possible. Storing energy for later use
is "emblematic of the change that s taking place across the electric
grid” because it will help “address the short-term intermittency issues
associated with renewable energy.”"

One of the emerging technologies being developed in this arena is the
ability for car batteries to offload their excess energy via V2X systems.

What is V2G and V2X?

V2G stands for “vehicle-to-grid” and is a bi-directional charging
technology that allows electric vehicles (EV) to both charge and
offload their EV's energy onto various grid locations. With electrical
vehicle-to-grid technology, a car battery can be charged and
discharged based on local energy production and consumption. As
of today, this technology is not readily available but companies like
Nissan and Tesla are exploring future applications. One of the major
advancements needed to realize this potential is the development of
high storage battery units.
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V2X means “vehicle-to-everything.” It

includes a variety of different use cases like
vehicle-to-home (V2H), vehicle-to-building (V2B)
and general vehicle-to-grid services

Steady power output from both V2G and V2X
technology could serve as a backup for emergency
blackouts, stabilize the grid during peak demand

ENERGY STORAGE
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times, or help buildings function as their own

microgrid.?

In 2020, Bloomberg announced that battery giant
CATL had developed a two million-kilometer, 16-
year battery. The promise of longer-life batteries
would radically remake the transportation space
and energy grid.2
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V2X Parking Garage

When EVs become less expensive than internal combustion
vehicles, you will start to see [a] tipping point... Recent
estimates suggest that the U.S. EV fleet may grow from
1.6 million cars on the road today to somewhere

between 10 million and 35 million vehicles
by 2030 —admittedly a very wide
range.” - The Energy Switch by
Peter Kelly-Detwiler? m

The V2G parking garage stores excess energy from parked
EVs and, in turn, functions as a large battery pack for the
surrounding ecosystem. In this distributed energy model,
electricity storage behaves like a form of currency that
enables EV drivers to charge and offload their energy in
exchange for redeemed credits. Drivers can pay for parking,
dinner reservations, and other nearby services using their
EV's excess energy capacity.

Hospitals, which operate as mission
critical facilities, depend on backup
generators in times of emergency.
However, even generators need
gasoline, diesel, or natural gas which
can potentially be difficult to access
during emergencies. A fleet of hospital
EV shuttled with bi-directional battery
systems could provide on-site and
mobile energy storage solutions.

THE NISSAN PAVILION

From August through October 2020, Nissan Leaf
drivers were able to discharge power from their car's
battery pack to pay for parking while visiting the
Nissan Pavilion exhibition space in Yokohama. “The
Pavilion is a place where customers can see, feel,
and be inspired by our near-future vision for society
and mobility,” said Nissan CEO Makoto Uchida. "As
the world shifts to electric mobility, EVs will be
integrated into society in ways that go beyond just
transportation.” Nissan introduced the world's first
mass-market electric car, the zero-emission Nissan
Leaf, backin 2010. Since then, they have partnered
with governments and businesses around the world

to expand the use of EVs.' m

ENERGY STORAGE

-nergy-as-Payment

When energy is both portable and distributed as
suggested in the V2G parking garage, itrequires a

cost profile that encourages consumers to buy and sell
their excess energy at an advantageous rate. The value

of renewable energy is continuously determined by
local weather patterns — the less sun or wind power
that is readily available, the more valuable stored
energy becomes. However, in this prosumer model,
consumers get to decide when and how much they want to
contribute to the grid at a variable market rate.

This distributed energy model also introduces regional and
seasonal weather inequities. Places like the Pacific
Northwest, that cannot rely on consistent solar power, would
engage much differently with this energy market compared
to EV drivers in the Southwestern United States, resulting in
an unequal advantage for consumers closer to renewable
energy sources.

This only furthers the stance that a renewable energy grid of
the future requires a tapestry of solutions, rather than one
single bullet. m
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Evolving

Standards
+ Safety

Since EVs don't release emissions like an internal combustion
engine does, a V2X garage doesn't need to incorporate the

same level of ventilation as a traditional garage. This means that

a V2X system can be located underground without having to
occupy valuable real estate above ground. However, a significant
amount of energy is held within a battery storage unit, which means
that overheating and safety are major issues to consider.

As we consider integrating battery storage solutions into our
buildings, there will need to be an evolving set of standards and
code requirements that account for things:
®  Permitted amount of kilowatt per square footage
m  Updated ventilation standards
m  Safety protocols related to overheating and release of battery
gases
Strategies that address the dynamic weight load of EV batteries

Mostimportantly, batteries store a lot of heat, which canresultin

a "thermal runaway" effect. In addition to developing advanced
battery technology, companies are also exploring “improved layout
and spacing of batteries within their purpose-built containers to
minimize the potential for thermal runaway.”*

Arecent analysis by the
ICCT estimates that with
the current number of U.S.
EV chargers at 216,000, the
country will need 2.4 million
public and workplace
chargers by 2030 if it wants

to meet its goals.”




E The Grid That FromAtoB The New Rivian The Changing Consumer Micro-Fulfillment Prioritizing the
n e rg y Powers Us Domestic agricultural freight flows and Frontier Experience Centers Hospital Grid

A network of complex their environmental impact. Amazoninvestsina How evolving user behaviors will  Reimagining the retail Co-locating resources and

|} ] ]
D I st rl b u t I o n infrastructure. fleet of EVs to meet require more warehouse space.  experience in dense building services to support

their sustainability goals. urban environments. community resilience.

“The spread of civilization

may be likened to a fire; first, a
feeble spark, next a flickering
flame, then a mighty blaze, ever
Increasing in speed and power.”

— NIKOLA TESLA
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The Grid That =«

Powers Us

If you're reading this anywhere in North America,
you're more than likely connected to the largest
machine ever constructed in human history — the
North American power grid. As you flip a switch

and effortlessly summon electricity, yourely on

a complex network of over 7,700 power plants
stitched together by over 160,000 miles of high
voltage transmission lines, 2.7 million miles of mid
to low-voltage distribution lines, managed by over
3,300 utilities.” Carefully coordinated by numerous
regulatory entities, this patchwork of interdependent
systems is orchestrated into the symphony that
makes modern life possible.

Today the electric grid provides reliable power to
over 145 million customers across three major

grid regions: Eastern Interconnection, Western
Interconnection and the Electric Reliability Council of
Texas (ERCOT).

These interconnections provide redundancies

and allow electricity to be directed from one grid

to another if needed. Such a vast, complex system
requires strategic oversight and cooperation by
myriad entities. But while regulatory oversightis now
crucial to the operation of the grid, the power grid
remained largely unregulated for much of its history.
Many of the regulatory entities that govern the energy
grid today were born out of cooperative means to
ameliorate the impacts of energy crises and prevent
future ones from occurring.

Every five minutes, each power plant bids into the
wholesale markets at a price at which they are willing
to sell, with each bid based on its own economic
requirements. Those plants with higher operating

costs will only bid in when they can cover their cost.
Most days across the country, especially in the{spring
and fall, it's relatively easy to manage electricity" A A
supply and demand. Those seasons are the Goldilocks
periods — neither too hot or too cold —when demand
is softer owing to reduced heating and cooling loads,
and many power plants are taken down for routine
maintenance. However, during weather extremes, and
most especially the intense heat waves of summer, the
entire grid comes under significant stress.

As consumers are able to produce their own localized
power in the foreseeable future, the way energy is
distributed and managed will need to evolve.

ENERGY DISTRIBUTION

“What's really shaking up the
grid these days are the new
on-site technologies — such
as solar panels and batteries

—they allow the consumer

to generate and store
electricity for the first time.”
— The Energy Switch by Peter

Kelley-Detwiler

Grid Supply Chain & Infrastructure
The'power grid corgsgofXany levels of infrastructure transmission lines, stepped down at local substations for
which requires constant maintenance and employs an distribution on mid-low voltage distribution lines and finally
army of engineers and technicians. Energy generation connected to homes and businesses. The astronomically
encompasses along, complex supply chain of moving parts. high cost of all this infrastructure is what has historically
Petroleum for example, which remains a leading source given power utilities a natural monopoly over the industry, as
of fuel for industrial power generation, must be extracted, the exorbitantly high cost of entry bars smaller entities from
transported via ship or pipeline, refined, again transported entering the market. When you pay your electric bill, you not
for further processing or to power generating facilities where  only pay for the electricity you've used, but the distribution

it can be converted to electricity. The electricity generated infrastructure as well. m

must be stepped up in voltage for long distance over
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The following study examines domestic agricultural

freight flows and calculates high level estimates of

energy consumption and environmental impact. It
also explores how on-site food production at scale
may help to mitigate those impacts via reduced food-
miles. Agricultural products are the single largest user
of freight services in the United States comprising
24% of freight services across all modes by tonnage
and 27% of all ton-miles. Additionally, trucks account
for 83% of agricultural freight movements by tonnage
and 88% by market value.' Our distributed network

of highways will continue to be the backbone of our
agricultural transportation system and can provide
critical first and last mile connections to higher
volume modes of transport.
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Producer Demographics

MIAMI
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Average Distance/Route
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SEATTLE

PHILADELPHIA

NEW YORK

LOS ANGELES

CHICAGO

BOSTON

BALTIMORE

ATLANTA

» @ Destination Cities

Producers 65 Years Old and Over

ssssesessensnenseses 10%

Producers Reporting Primary Occupation as Farming

EEAEEHERE 44%
Farms Operated by Tenants

34%

9 Farms Operated by Full Owners

-rom Ato B

Amongst the top ten U.S. cities, domestically cultivated agricultural products travel an
average of 1365 miles to reach their destination. Given an average miles per gallon fuel
burn rate for a conventional semi-truck, and an average of 22.46 Ibs of CO, per gallon
of spent diesel fuel, we canroughly estimate an average fuel consumption and CO,
emissions per domestic refrigerated truck route as 210 gallons of diesel fuel and
47141bs of CO,."

When agricultural highway freight flow data over the preceding decade are aggregated,
we can estimate average annual fuel consumption and carbon emissions. On average,
long haul highway shipments of agricultural products are responsible for roughly 938,775
gallons of spent diesel fuel and 21,084,895 Ibs of CO, respectively.’

Under the assumed conditions of this exercise, if we imagine a scenario where the
average trip length of agricultural products is reduced from approximately 1400 miles
to 50 miles, average annual fuel consumption and carbon emissions related to highway
transport of agricultural products, would drop to roughly 224,945 gallons of diesel fuel
and 777,271 Ibs of CO, respectively.

ENERGY DISTRIBUTION
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Agriculture Freight Flow Patterns: The Future of

Food Distribution

THE MODERN FARMER

Almost 71% of farmers who supply agricultural goods to the
following ten U.S. cities are over the age of 65. That means
nearly three quarters of farmers who support these major
U.S. cities are at or nearing retirement age. As they leave the
workforce and insufficient workers take their place, there will
be gapsin the food supply chain leading to increased cost,
inefficiencies, and vulnerabilities to disruptions.

AUTONOMOUS TRUCKING AND THE NEED
FOREV INFRASTRUCTURE

The long-haul trucking industry has been a primary focus
for autonomous vehicle technologies. With significant
investment and R&D, the trucking industry is likely to see
the rise of autonomous long-haul trucking in the near future.
Most autonomous truck concepts rely on electric batteries
rather than fossil fuels.

As farmers age into retirement and transportation
infrastructure is reimagined for both electrical and
autonomous vehicles, how might we integrate on-site food
production? For more information related to on-site food
production, read Vertical Farming on page 98.

Destination

——== R ] Shipment Counts

Flow Direction

(0] Origin
°

1400™

is the average distance
food travels

4700"s

of embodied carbon [released]
per typical route

This map illustrates the relationship between alternative fuel station (AFS) locations and major corridors of the national
highway system. AFS locations are mapped to points along their closest highway segment. The number of AFS locations
along each highway segment is counted. Highway segments with a greater number of AFS locations are visualized with
thicker line weights and increasing brightness, highway segments with fewer AFS locations are visualized with thinner line
weights and decreasing brightness. m

= i

® Alternative Fuel Station (AFS)
e | Highway Segments

ENERGY DISTRIBUTION

60




61

CURIOSITY REPORT 2022

The New Rivian Frontier

It's no secret —the transportation sector is one of the biggest offenders when it comes to
climate pollution. It accounts for 29% of the total U.S. greenhouse gas emissions, and 82% of
these emissions come from light, medium, and heavy-duty trucks, making delivery companies
like Amazon think differently about how to address its environmental footprint.t

As the nation's leader in online retail, Amazon annually delivers more than 10 billion items worldwide via

gas-guzzling planes, vans, ships, and you guessed it — trucks.?

Due to pandemic-fueled online shopping, Amazon's carbon
emissions skyrocketed by 19% in 2020.% As a result,
minimizing its significantimpact on the environment is high
on Amazon'’s priorities as Jeff Bezos announces plans to
become carbon neutral by 2040.2

To meet this goal, Amazonis investing in several

key transportation technologies — from the 2020
acquisition of Zoox, an all-electric, fully autonomous
vehicle, to ordering 1,000 autonomous driving systems from
self-driving truck start-up.? Most recently in 2021, Amazon
has also developed micro-mobility options like autonomous
delivery bots and delivery bikes for last-mile deliveries in
dense, urban environments.”

More recently, Amazon's determination to operate their
entire fleet off of renewable energy has led to a strategic
purchase of 100,000 electric delivery vehicles from Rivian,
an EV startup that focuses on pickups, SUVs, and adventure
vehicles tailored to the end-user.”

IN

Rivian is hoping to leverage the growing market of pickup
truck owners — a market expected to account for one-fifth
of new cars in the coming years® According to Edmunds, a
site that provides comparative data on automobiles, Rivian's
R1T "out-accelerates, out-corners and out-brakes every
truck we've tested,” whichis a very attractive feature fora
company that promises next-day delivery.”

Adding Rivian to the nation's sprawling logistics network is
the first step in decarbonizing the grid, making on-demand
delivery of goods cheaper, faster, and mostimportantly,
more environmentally friendly.?

2019 U.S. Transportation Sector GHG Emissions by Source

Light-Duty Vehicles

Il Medium & Heavy-
Duty Trucks

Aircraft
Other

H Rail

B Ships &Boats

Source: Environmental Protection Agency (EPA)

Using human-centered
design principles,
Rivian has developed

a series of lifestyle

products that integrate

seamlessly with their
vehicle design.
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Ghost Retail

Retail experiences that combine the
richness and higher conversions of
in-store shopping with the convenience

Microwarehousing

Small warehousing locations
within the urban environment that
can tailor to the quick-demand

and safety of eCommerce

Co-Warehousing

Certain facilities can operate with
multiple tenants who need delivery
services. Their subscription model
can pay for drone delivery, eVTOL
cargo delivery, and autonomous
delivery from the co-warehousing

location !

Drone Delivery
Currently, medicine, food, and household

essentials can be delivered to residential
locations via drone within a 10-minute
window. This will likely expand rapidly over
the next few years due to consumer demand

delivery times. These smaller
facilities specify certain products
per location

Gig-Economy
Delivery

Last-mile on-demand
delivery from
microwarehousing
facilities

Transportation Storage
Storage and maintenance
repair locations for logistics
companies

Neighborhood Drop Sites
Neighborhood lockers and drop sites will
allow multi-family residential shoppers and
others to participate in drone delivery

Autonomous Delivery

Autonomous delivery trucks save in fuel costs
and carbon footprint of consumables, while also
increasing on-road delivery despite the 15-year
labor shortage in truck drivers

The Changing

ENERGY DISTRIBUTION

Consumer Experience

HOW EVOLVING USER BEHAVIORS WILL REQUIRE MORE WAREHOUSE SPACE

When the global pandemic hitin 2020, 10 years of
e-commerce growth happened in three months.* As
communities around the world went into lockdown, one of
the immediate responses was the adoption of delivery and
fulfillment services that limited in-person contact.

According to CBRE, the following factors are driving growth in e-commerce:?
®  Urban population growth

Digital skills of the general population

Mobile internet sales ratio

Debit and credit card use

Residual effects of pandemic lockdowns

Even as the pandemic continues to fluctuate in its severity, consumers have
continued to purchase goods online as retailers “scramble to land warehouse
and distribution space in order to hold inventory and fulfill online orders."” This
has resulted in low vacancy rates nationwide as “the demand for industrial
real estate continues to outpace supply.”

"Consumer expectations are
changing too, as same-day or next-
day delivery becomes the new norm.
This change in consumer behavior is
anindicator that retail and logistics
need to adapt.”

This dramatic shift from traditional brick-and-mortar retail to e-commerce
fulfillmentis driving demand for real estate solutions that can facilitate supply
chainlogistics for both the manufacturer and its consumers. According to
Hines, this boils down to building:*

®  Industrial space along a faster supply chain

B Inventory thatis stored closer to the consumer with shorter transit times
m  Dense andlessrisky supply chains

DIGITAL SHOPS NEED
PHYSICAL SPACE, TOO

Cushman & Wakefield estimates that if
companies on average hold just

more inventory going forward, then
that would require some 700 million to 1
billion square feet of warehouse space
across the US.*

Arecent CBRE report suggests that the
U.S. must add

square feet of e-commerce warehouse
space by 2025 to keep pace with
industry growth.?
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The "Just-in-Time" manufacturing
model, in which supplies are delivered
to factories as they are required,
allows companies to stay nimble and
responsive. This business model has
dominated supply chain logistics for
decades.

While "Just-in-Time" manufacturing
allows companies to stay nimble, it
also exposes them to shortages and
disruptions. Within an urban setting,
the last leg of the supply chainis also
less efficient, comprising up to 53%
of the total cost to move goods.' This
last leg (the "Last Mile") is also the
most energy consuming portion of the
supply chain.”

E-commerce is not a one-size-fits-all
model. We need varying degrees of
proximity, inventory, fabrication, and
delivery modalities in order to meet
evolving consumer demands.

Micro-Fulfillment
Centers

EXAMINING THE WAYS WE TRANSPORT AND
PURCHASE GOODS IN THE 215" CENTURY

The micro-fulfillment center can be distributed
throughout an urban core, alleviating certain pain
points associated with last mile delivery as consumers
use services like on-site fabrication to purchase goods
in closer proximity.

A micro-fulfillment center can also feature a quasi-retail experience.
Pop-up storefronts attached to the warehouse encourage consumers
to connect with the retailer's brand and identity while also providing
the chance to observe state of the art fabrication and manufacturing
methods.

As traditional retail footprints are expected to shrink, excess floor
space can be repurposed into on-site fulfillment microwarehouses.
The high ceilings, deep space and shipping and receiving access found
in department stores are ideal for this conversion. However, most retail
space was not designed with such a purpose in mind —so increased
retrofitting and redevelopment of these spaces is expected. Therefore,
these micro-fulfillment centers require features that are different from
traditional warehouse space, including:®
®  Surroundings

— Urban setting with proximity for local delivery
m  Site

— More parking— specifically for users receiving products,

warehouse employees, distribution vehicles

®  Warehouse

— 30-to 40-foot clear height inside the warehouse

— Increased ventilation

— Access torenewable power and adequate energy storage
®  Shipping and Receiving

— Maximizing dock doors
m  Retail Experience

— Pop-up storefront

ENERGY DISTRIBUTION
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Micro-Fulfillment Center + Retail
Consumers own the last portion of the distribution process by picking up goods from a collection point.

Som
@

j 7% ﬂ‘

G

Browse retail options for purchase Place order for rapid pick-up Wait for order to be fulfilled Pick-up order once filled

Microwarehouse +

On-site Fabrication
Employee focused warehouses,
integrating unmanned and
autonomous machinery,
located in urban environments
that are tailored to quick
delivery times.

Fabricate and fulfill orders

Amenities for worker wellbeing Distribute orders locally

ENERGY DISTRIBUTION
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A network of micro-fulfillment centers is potentially
more energy efficient.

Last-mile fulfilment is among the most energy
consuming portion of the supply chain because

of the vast amount of stops and low fill rates that
trucks need to make. A 2020 study found that
transportation in the last mile is highly energy
consuming, and that energy could be saved when
goods are carried as far as possible to collection
points close to the point of consumption (POC).”

These findings suggest that the consumer could
be responsible for the last portion of the last
mile. Additionally, the proximity between private
households and collection points increases the
possibility that consumers will walk or use public
transportation.

Within an urban setting, the last leg of the supply
chainis less efficient, comprising up to 53% of the
total cost to move goods.”

While fulfillment centers are pushing the boundaries on automation
androbotics, there is an opportunity to develop a more cohesive
workplace strategy that facilitates human-centered employee
experiences.

Palmer Letzerich of Hines writes, “The design of the logistics hub
is fast becoming more people-centric. These buildings should

be developed with amenities and shaped with the employee in
mind. The very best modern-day distribution centers are being
delivered with cafes, outdoor seating and dining, and basketball
courts. Offices have been evolving for the last decade or two with
employees front and center. The logistics sector is now rethinking

inside the big box."
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What About
On-The-Go
Fabrication?

WAREHOUSE AUTOMATION +
ON-SITE FABRICATION

For warehouse robotics, the dockiis the
final frontier.” Low-cost, autonomous
vehicles would allow manufacturers to
consider less expensive locations that
are not as reliant on air and seaports or
train lines. Additionally, reduced labor
costs associated with moving materials
via autonomous machinery will allow
fulfillment to become more flexible and
meet short-term peaks in demand.

TIER 1 — THE MICRO-FULFILLMENT CENTER

A hyper local and just-in-time warehouse with fabrication capacity.

TIER 2 — ON-DEMAND FABRICATION
AV Trucks that can combine like a Lego set to create a temporary
fabrication site that meets temporary shifts in demand.

TIER 3— ON-THE-GO FABRICATION
AV Trucks that can fabricate as they travel to their final drop-off
location with ready-made good.
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Prioritizing the Hospital Grid

CO-LOCATING RESOURCES TO SUPPORT COMMUNITY RESILIENCE

Itis hard to envision a facility that is more critical to public health, and electrically dependent,
than a hospital. Operation as a 24-hour facility is not only a crucial capacity to maintain during
a disaster scenario, but it also requires more energy than most other building types. While large
hospitals only account for less than 1% of commercial buildings, they utilize 4.3% of energy
delivered to cities and municipalities.t

"Electricity is the lifeblood for
hospitals. From electronic health
records to electrocardiography
and automated pill dispenser
machines, these digital tools are
relied upon to maintain secure
environments and provide

consistent care for patients."?

Hospitals, long-term care facilities, and many other provider types are required
to follow emergency preparedness regulations to address their susceptibility to
power outages. Regulations outline that these facilities must have standby power
generation with critical assets but do not need to cover all functions and power
needs.” While these systems have maintenance requirements, roughly 23%

of these standby power generation systems fail when deployed during a power
outage.*

Power outages spread throughout Texas during the 2021
February Winter Storm. Temperatures dropped, equipment
failed due to increased demand and a lack of winterization,

and therefore power generation was diminished. Widespread
outages were putin place to load shed and protect the grid from
a full collapse that would take weeks to fix. Some were lucky and
maintained power, many others, including critical resources, did
not. In addition to billions of dollars in damage, there were over
200 deaths.”

During these long-term outages, energy providers determined
what areas of the grid to shut off to meet reduction needs,

not government entities. Most hospitals in the Dallas—Fort

Worth area maintained power. This is in part due to the advocacy
of DFW Hospital Council CEO, Steve Love who worked with
ONCOR (a major energy distributor in Texas) to ensure serviced
hospitals were prioritized in outage decision making. However,
this still leaves hospitals using other energy providers vulnerable.®

ENERGY DISTRIBUTION

Natural disasters are often the cause for power outages However, human-caused disasters (and exacerbating
— "between 2008 and 2012, major outages caused by circumstances where both play a role) are also detrimental
weather increased from 70 to 130 outages per year...in to offering consistent power. Human-caused disasters
the last five years it's accounting for 68 to 73 percent include energy demand and are expected to double by the
of all major outages."’ With climate change, these types year 2050.2 Providers that participate in Medicare and
of weather and natural disasters are setting new records Medicaid are required to plan for both natural and human-
every year, adding increased stress to an already aging grid. caused disasters.?
OUTAGE CAUSES
Predictable
N

Natural Disasters

N

IT'S ALL ABOUT EXACERBATING CIRCUMSTANCES
Often, there is no one cause for an outage — many of these
can layer causing difficulty in restoring power. For example,

A\

bad weather can cause poorly maintained equipment to fail. If
itis an overcast, or still day, that can also remove the option for
renewable energy sources. It is critical to have multiple systems

to maintain energy during these exacerbating circumstances.

v

Unpredictable

sJajsesiq pasnen-uewny
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When either natural or human-caused
disasters occur, energy distribution

is limited due to damaged systems or
the need to conserve energy usage.
Energy prioritization is most often at
the discretion of the energy distribution
company, not legislation.

Hospitals, emergency response stations/
military bases, and other protected
circuits are needed to maintain
functionality of the grid. They are also
typically the highest priority for energy
distribution. This approach often leaves
other critical resources that a community
needs during a disaster unavailable as
many residential areas are classified for
load shed.

By co-locating critical facilities and
infrastructure to hospitals on a centralized
grid, acommunity would be better
equipped to respond to a disaster and
operators could better prioritize outage
areas. Through the possible incorporation

of a hospital microgrid, critical resources

would be better protected during a
disaster, even against equipment failure.

The Hospital Microgrid

“Today's electricity systemis 99.97 percent reliable,
yet still allows for power outages and interruptions
that cost Americans atleast $150 billion each year —
about $500 for every man, woman and child.”®

Outages will continue to be an expensive issue as our grid system
ages and climate change causes more extreme weather events. To
better respond in disaster situations, FEMA developed and tested
a set of seven community lifelines. These lifelines are “the most
fundamental services in the community that, when stabilized, enable
all other aspects of society.” When a catastrophic event occurs,
FEMA's response dictates that the efforts should prioritize stabilizing
these seven community lifelines first. These lifelines include health
and medical, safety and security, food, water and shelter, energy,
communications, transportation, and hazardous materials.?

Co-locating these lifelines onto a centralized portion of the grid, with
the hospital serving as the epicenter, could better protect a community
during an outage scenario, and would also decrease demand on the
hospital to fulfill needs outside of their walls for the overall community.
This approach would not only benefit in the event of an outage (where
the hospital is prioritized by the energy distribution company to
maintain power), but also if hospitals were forced to use their back-up
power systems.

Many hospitals no longer rely on diesel generator backup systems,
which have vulnerabilities in storage, distribution, and reliability. Some
have instead switched to CHP plants (combined heat and

power plants) that provide electricity and heat, more efficiently and
cost effectively. CHP plants “can also be configured as microgrids,
which, inturn, canincorporate a variety of distributed energy resources
(DERSs), such as solar panels, wind turbines or fuel cells."'°

A hospital microgrid can produce, store, and distribute energy for

its own use and for other community resources on the grid. This
autonomy from energy distributors encourages the design of resilient
communities thatlook to maintain lifelines that benefit everyone,
instead of just the lucky individuals that live next to a hospital. m

ENERGY DISTRIBUTION
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These community based °
microgrids would repeat
across a city to ensure

accessibility to resources.
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The Energy We Use
Managing electricity
and our personal energy
levels.

Zero to (be a)Hero
The moonshot to create
zero-carbon concrete.

The Office Buzz The Consolidated Vertical Farming
Creating energy in the Travel Experience A case for on-site food
workplace. Reducing a passenger's production.

mental cognitive load.

"As an architect you design for
the present, with an awareness

of the past, for a future which is
essentially unknown.”

— NORMAN FOSTER
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The Energy We Use

In 2019, the world consumed roughly 162,000 terawatt-hours of energy.: One terawatt-hour is
enough to power one million homes for a year, for reference.?

Our energy use is determined by both weather

andindividual choices. For example, a heatwave will influence
people’s decisions to turn on their AC units, while a steel
company may decide to start up a 100M"¥electric arc furnace
to complete their production quota. In both scenarios, the
grid must accommodate these changes in behavior by
making more energy readily available for use.

Most of us, however, do not have a lot of control over the
energy we use or how that transaction is managed. Author
of the Energy Switch, Peter Kelly-Detwiler, compares the
uncertainty of your utility bill to filling up your car with

gas but you don't know how many gallons it will take to fill
your tank and the price per gallon changes continuously.

But the way we use and purchase energy is changing. These
days, “many individuals now have the ability to own their
own little power plants” via microgrids in the prosumer

ENERGY CONSUMPTION BY SOURCE
160,000 TWh
140,000 TWh
120,000 TWh
100,000 TWh
80,000 TWh
60,000 TWh
40,000 TWh

40,000 TWh

20000TWh [~

OTWh|

model.? This transition towards on-site energy creation and
subsequent use is also being explored for commercial
buildings.

The term energy doesn't just refer to the

movement of electrons across transmission lines

either. It also indicates personal mood levels, that

sudden spark of creativity, and the atmosphere you

feel when you're part of alarge crowd. Consistently low
energy levels canindicate fatigue or burnout. And there's an
entire industry of soft drinks and caffeine supplements that
promise to boost your energy and focus.

After two years of prolonged stress and uncertainty during
the height of the pandemic, we are examining energy use on
multiple fronts — from the way we consume it, to how we can
preserve it, and the decisions we make around it.

Other
Renewables

Biofuels

Hydropower

Gas

1965 1980 1990

Inthe energy industry, there are various units thrown around - joules, exajoules, million tonnes of oil equivalents, barrel equivalents, British thermal

units, terawatt-hours, to name a few. This can be confusing and make comparisons difficult. Our World in Data tries to maintain consistency by

converting all energy data to watt-hours. Source: Our World in Data*

GLOBAL ENERGY DEMAND AND CARBON EMISSIONS
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Source: BP's Statistical Review of Energy, 2021
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“We call the grid a complex
socio-technical system,
because the most complex
creatures on the planet
built the most complex
infrastructure, and that's
what the gridis.”

— Mike Legatt, CEO and

founder of Resilient Grid*
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/ero to (be a) Hero

“There are two numbers you need to know about climate change. The firstis 51 billion. The
other is zero. Fifty-one billion is how many tons of greenhouse gases the world typically
adds to the atmosphere every year... Zero is what we need to aim for."!

— How to Avoid a Climate Disaster by Bill Gates

Simply producing the energy that powers everything in

our offices and homes — from our desk lamps to our water
heater — creates CO, emissions. Buildings alone are
responsible for almost 40% of global annual emissions.
That's alot when you consider that almost 2/3 of the global
building footprint existing today will still be operational and
usable in 2040,? and is expected to double by 2060 — that's
the equivalent of adding the entire New York City footprint to
the world every month for the next 40 years.?

Most net zero commitments are expected to be met by

2040. As architects, our energy should be focused on
actionable ways we can reduce carbon emissions from the
built environment— from both new construction and existing
building stock.

Getting to zero will require two things: first, that we design
our buildings to be entirely powered by renewable energy,

and second, that we reduce our emissions through building
operations and the construction process.

ENERGY EFFICIENT BUILDINGS

Energy efficient buildings consider the energy use of

everything, from on-site renewable energy generation to

end-user appliances. They work best —and save money —
when building owners and operators consistently monitor
energy usage in real-time and enact real-time adjustments
as needed. There are two types of energy efficient buildings:

m  Net-zero buildings leverage off-site renewables or
produce as much renewable energy on-site as they
consume annually. Because they are considered “"net
zero," these buildings are not required to host on-site
storage of energy and are also not precluded from
connecting to standard utilities, such as natural gas.*

m  Zero energy buildings on the other hand are highly
energy efficient buildings that generate more than
100% of the annual energy they consume using on-site
renewable energy sources. The surplus can be sold back
to the grid when the market is convenient for profit.

Corganis currently building the largest net-zero
energy education building in the nation, Fort Bend
Middle School near Houston, Texas will achieve net
zero by deploying a tapestry of solutions. Solar PV
arrays on the roof and select canopies have been
designed to generate solar energy — and because
of the acceleration of increased PV efficiency, the
number of panels required rapidly declined over
the course of the design. Over 600 geothermal
bores will be integrated under fields, parking lots,
and landscaping, drawing heat from the earth to
power the school's HVAC system. The building will
also reduce total water consumption, as compared
to a baseline building that is code compliant.
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EMISSIONS

All forms of electricity generation

produce greenhouse gases, whether

directly orindirectly. While more than

40% of energy-related CO, emissions

can be directly linked to the burning

of fossil fuels for electricity,” some

emissions can be significantly

reduced by focusing on efficient

building operation practices, as well as

planning to reduce embodied carbon
and CO, emissions throughout the
construction process.

m  Operational carbon emissions
are generated through the use,
management, and maintenance
of a building, and can be reduced
over time by 10-20%?" through
building energy upgrades. Using
efficient appliances, electronics,
and other miscellaneous items —
such as escalators, garage door
openers, and automatic doors
— can significantly increase a
building's efficiency while saving on
operational costs. Existing buildings
will likely need to undergo upgrades
by shifting to electric heating
systems and using renewable
energy, while new construction
should be designed to use 100% on
or off-site renewable energy.

®  Embodied carbon emissions
consider the lifecycle of every
material in the building's design
and are permanent once the
building is built. The process of
extraction, manufacturing, delivery,
construction, maintenance, and
disposal of every material in the
building should be considered
to reduce carbon emissions —
especially in aluminum, steel, and
the industry's biggest offender:
concrete.
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The Stone Age. The Bronze Age.

The Iron Age. Human history is often
defined by the materials we master

at certain times.® By those standards,
we, the people of the 21st century, are
living through The Concrete Age.

“At the dawn of the industrial
revolution approximately 200
years ago, the carbon footprint
of humanity was close to zero.
Today, humanity's carbon
footprintis more than half
of our overall ecological
footprint, resulting in humans
using far more resources
than could be renewed each
year — equivalent to the
renewable resources of
1.6 Earths. Recent reports
have indicated that since
the introduction of Portland
cement around 200 years
ago, our built environmentis
now outgrowing the natural
environment that has existed
for millions of years. This
is driven primarily by rapid
urbanization. By 2050, 80%
of the world's population is
expected tolive in cities.”

— Brant Walkley, World
Economic Forum

Thornton Tomasetti's CORE studio
has devleoped several tools that
enable engineers and architects
to visualize and then optimize
their projects to reduce embodied
carbon.BEACON, an open source
Revit plug-in, allows designers to
visualize total embodied carbon by
floor level, structural material (steel,
concrete, re-bar, or timber), and also
by framing type (column, floor, wall,
and foundation). Their Spotlight web
tool can then perform both a cost and
embodied carbon estimate for the
project, with the ability to show time-
based comparisons and optimization.

Architects and engineers alike

have an affinity for concrete —itis
inexpensive, durable, flexible in form,
fire resistant, and lasts a lifetime.

It's the second most-used resource

in the world, behind water,® with an
estimated 26 billion tons produced
annually worldwide.” And we aren't
expecting to kick our concrete habit
anytime soon. According to Brent
Rollins, a concrete scientist, and Vice
President of Business Development for
Spray-Lock, “If we could build a 4-foot
wide, 4-inch-deep sidewalk out of the
concrete we use every year, it would
circle the earth at the equator 880
times. The same concrete sidewalk
could make the trip to the moon and
back 48 times.”

While cement makes up only 10%
of the concrete mix, itis responsible
for over 80-90% of concrete's
embodied carbon.’®It's no wonder
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why zero-carbon concrete is literally,
and figuratively, the foundation of

a global net-zero economy. "It will
provide the foundations for our green
energy systems, for climate-resilient
infrastructure, for safe, healthy, and
secure housing, for clean water and
for low-carbon transportation around
the world," according to the World
Economic Forum.

However, without innovative
interventions, cement productionis
ontrackto contribute nearly a quarter
of allhuman-driven CO, emissions by
2050.” This is because energy — from
non-renewable sources —is needed
to produce the high temperatures to
initiate the chemical reaction that turns
limestone into cement. Reducing this
electricity use —the largest emissions
source during curing—is key and can
be possibly streamlined by using waste
heat.” However, given the scale of the

ENERGY USE(R)

ot Steel Tonnage: 325.51 tons
eel Weight: 0.56 psf

Net Concrete \
Assumed Con

Net Rebar Tonnage: 7814.13 tons
Net Rebar Weight: 13.47 psf

Gravity System Tonnage:
271.96 tons, .47 psf

Column System Tonnage:
53.55 tons, .08 psf

Gravity Column Lateral

industry, technologies that can reinvent

the process of producing cement

altogether will have a profound impact

on global greenhouse gas emissions.

The concrete industry has a

suite of options that can reduce

its carbon footprint:

Alternative fuels and the
electrification of kilns can
drive fossil fuels out of its
energy use.

Its transportinfrastructure
can be decarbonized.
Efficiency of material use
can be maximized, buildings
repurposed, and recycling
can be promoted (concrete
is 100% recyclable).
Carbon-capture
technology canalso be
employed to manage
unavoidable process
emissions.
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Laying the Foundation

Three Gorges Dam
961.2 million cubic feet of concrete

Hoover Dam

87.5 million cubic feet of concrete-
This dam in China is the world's Spanning the Arizona - Nevada state
heaviest concrete structure and
largest power station with a rated
capacity of 22,500 megawatts.

line on the Colorado River, the dam
stands at 726.4 feet tall and 1,244 feet
long, weighing 6.6 million tons.

Atlanta Hartsfield-Jackson
International Airport
7.8 million cubic feet of concrete *

The busiest airport in the country has five runways totaling to
31,390 feet in length.? Each are 150 feet wide and extend 20" deep
into the soil.>¢ In fair weather, 100 flights can depart and 90 can
land in an hour.*

Salk Institute
864,000 cubic feet of concrete

Willis Tower
1.9 million cubic
feet of concrete

Interstate Highway System
11.2 million cubic feet of concrete

The United State's Interstate Highway
System was established in 1956 to
help evacuate cities during crises. Itis
over 46,000 miles in length.

Lake Borgne Storm Surge Barrier
“Great Wall of Louisiana"
5.4 million cubic feet of concrete’

' ‘ '

The barrier is 10,000 feet long, stands 26 feet above
sea level, and extends 200 feet underground, to
protect New Orleans.

Average Sidewalk
400 cubic feet of concrete
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At 1,729 feet tall, this iconic tower is
known for its steel. Concrete is still a
major component with a foundation

going 100 feet deep with 200 caissons.” expanses of laboratory space for the non-profit.

Created by Louis Kahn, using concrete reduced cost
of the project and allowed for large, uninterrupted

A sidewalk spanning a 300
foot block uses around

400 cubic feet of concrete.

Researchers and practitioners are hard
at work putting their innovations to
the test. Companies like CarbonCure
and XPrize winner, CarbonBuilt, are
exploring ways to inject captured
carbon into the concrete itself, which
may also improve the strength and
durability of concrete. “Improving the
lifetime of our concrete is the most
important thing we can do. When
concrete is more durable, we will need
less for repairs — building structure

will span further, roads will last longer,”
says Rollins. Another way the industry

is taking steps to reduce CO, emissions

inthe process is by using industrial
waste by-products called geopolymers,
such as blast furnace slag or coal fly
ash. "More environmentally friendly
geopolymer cements are used inless
than 1% of all concrete today,” says
Rollins. “If the cement companies
decide to get behind the idea, my
guess is that we could be up to 25%
in 10 years.” And depending on the
technology used, this could reduce
emissions between 50% and 80%.”

In addition to geopolymers,
researchers at Lancaster University are
turning to carrots to increase durability,
use less cement, and overall, reduce
CO, emissions. And while building our
future buildings with food waste may
seem like an outlandishidea, they are
not the only ones investigating this
solution.

Brent Rollins has partnered with the
North American manufacturer SIS
Group to research cement-based
material with zero conventional rock
or sand, using a 100% renewable
agricultural waste in their place.
The resulting material — called Hi-

Strain™Concrete — is as strongin
compression as conventional concrete,
but several times stronger in flexure
and tension. SIS Group's projects initial
manufacturing is set to begin during
the first quarter of 2022. "Concerns
such as decay of the organic aggregate
and attack by insects have all been
addressed, providing an opportunity
to use this material in most of the
places conventional concrete is used
today,” explains Rollins. “Improved
thermal properties as well as energy
absorption capabilities round out
Hi-Strain™ Concrete's offering to the
construction market. With a modulus
of elasticity nearer to that of wood
than conventional concrete, beams
tested in flexure can bet observed
visually to bend before the first cracks
emerge —something that is unheard
of in conventional concrete.” Another
notable improvementis the lack
of reinforcing steel needed in the
construction of the precast elements
—removing the potential for rebar
corrosion completely, and ultimately
neutralizing one of the leading causes
of concrete durability problems.

The challenge now is to consider

how we canincrease the adoption of
these new techniques. “The ready-mix
industry already has tight margins

but optimizing the mix using A.l. can
increase that margin,” says Alex Hall,
CEO of Concrete Al, acompany that
uses the power of big data and machine
learning to leapfrog concrete design by
optimizing concrete mixes for carbon

reduction and therefore, carbon offsets.

And soon, with quantum computing,
this process will be even quicker and
less energy intensive to execute.

ENERGY USE(R)

Reaching net-zero emissionsin
concrete will require more than the
participation and exploration from
producers —it also needs collaboration
from customers and regulators. Hall
believesit's imperative to start seeing
carbon credits as arevenue stream.
“The clientis currently left out of the
equation,” explains Hall. “They are
integral to adopting these innovations
and need to reap a benefit sowe can
continue to reduce the carbon content
in our buildings.” Using blockchain,
carbon credits can be achieved by
the producer, and trade hands to the
building owner once construction
is complete. And it doesn't stop with
building owners and operators - city
planners, designers, and architects all
need to understand the potential of
using concrete more efficiently and will
therefore need more clarity on low-
carbon label claims and carbon credit
ownership.2

Across the U.S., local governments
seem to be taking the first steps by
requiring new construction to use “low
embodied carbon concrete”. The World
Economic Forum reports that, “In New
York and New Jersey, lawmakers have
proposed state-level policies that
would provide price discountsin the
bidding process to proposals with the
lowest emissions from concrete. These
policies could serve as a blueprint

for reducing carbon emissions from
concrete production and other building

materials.

We have a lot of work to do. And
building the right foundation is key to
successfully achieving net-zero and zero-
energy building goals across the world.
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The Office Buzz

CREATING ENERGY IN THE WORKPLACE

Developing disparate energies in a workplace is critical to establishing a motivational and
enriching atmosphere for a variety of users and needs. Incorporating and balancing both
dynamic and sustained energies throughout space can be managed through strategic design.

Creating different energies in the workplace caters to the
variety of users occupying the space and their related
workplace needs. Often, these needs change throughout
the day depending on the task, activity, or group. Zones
capturing each type of energy protect and designate space
for these dissimilar purposes.

Dynamic energy (vibrant, offering serotonin release such
as being excited to see someone, laughter) needs to be
balanced with sustained energy (motivating energy without
distraction for focus). While both energies can occur
throughout a workplace, managing how they are deployed
can help to avoid undesirable spatial qualities as well as

providing buffer, connective spaces between them.

Dynamic energy often occurs in shared spaces in high traffic

areas including support spaces, multi-purpose spaces, and

collaboration spaces.

m  Consolidated Entry Point + Employee Lobby Space
Funneling everyone through one entry point creates
a common experience and provides moments for
spontaneous interaction. This space can offer amenities
to draw in users such as a welcoming host/receptionist
and access to lifestyle amenities such as coffee or
Amazon lockers for packages.

®  |ntentional Sightlines
With varying stages of occupancy each day due to
remote and hybrid workers, long views of empty cubicles
may not be desirable. Sightlines can be managed
through the creation of small expanses of space.

®  Placesto Connect Socially
To promote relationship building between employees,
social spaces provide opportunities for planned or
unplanned interactions. These caninclude outdoor
spaces, cafés, or lounge spaces.

®  Transparency
In opportune and appropriate locations, using glass
allows people to see when spaces are occupied
and provides views to others working towards a common
goal, enhancing motivation.

In working with a recent home decor retail client,

Corgan's Workplace Strategy team developed solutions to
address the needs of a new set of users in their corporate
office ranging from resident workers to fully hybrid workers.
The office composition changes daily, and each user type
will have a different experience. Differing design solutions
were needed to support each unique worker's job while
promoting workplace interaction and productivity, whether
in person or hybrid. To create a workplace matching various
needs, distinct zones were developed to intentionally
distinguish shared, collaboration spaces from individual
workspaces with flexible, connective spaces between them.
The design also created a focused entry for employees

to promote passive interaction and invigorate the space
with energy. This approach aims to achieve an energized
atmosphere that is adaptable, welcoming, and productive.

ENERGY USE(R)
SUSTAINED ENERGY
Sustained energy is often desired at spaces focused on the
individual worker including workspaces and other private or
focus spaces.
m Wellness Spaces
Wellness spaces in the workplace offer reprieve and
privacy to address personal needs. These caninclude
meditation rooms, outdoor spaces, walking trails, or
fitness rooms.
m  Access to Natural Light
Natural light is critical for worker satisfaction,
productivity, and wellbeing. Areas with sustained energy
are where employees typically spend most of their day
and natural light is key in these highly frequented spaces.
m  Office '‘Buzz’ + Sound
While quiet is important for focus, allowing some sound
to drift can offer a consistent 'buzz,' making distractions
less noticeable. Be cautious to not place areas of focus
next to loud areas (e.g., break rooms).
®  Ergonomic Furniture
By providing ergonomic furniture, employees can
personalize their set-up to meet their needs throughout
the day including adjusting posture, sitting, or standing.
m  Focus Space
Focus spaces offer minimal sound and visual
distractions, allowing for deep work and thinking.

Typical Floor Plan

First Level Floor Plan
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"The Law of Conservation of
Energy states that energy
can neither be created nor
destroyed — only converted
from one form of energy to
another. This means thata
system always has the same
amount of energy...""

Our personal energy is a finite

resource. While the pandemic and our
subsequent “return” to work and school
has reminded us of our own limitations,
personal energy has been a topic of
interest for much longer. In a study
reviewing 50 years of career and work-
family literature, most of the findings
reinforce that "heavy allocation of time
and energy to career success meant
individuals were constrained to allocate
less energy to managing [work-family]
roles and family success generally."

Deciding where to spend our energy

is influenced by more than just work
and family. We have personal passions,
mental + physical health and wellbeing,
cultural interests, and caregiving
responsibilities thatimpact how we
spend our time. And while they all hold
importance in our lives, they can also
drain our limited time and energy.

When many were initially forced to
quarantine during the COVID-19
pandemic, we gained certain bits of
time and energy back —no more
commutes, less time socializing, and
limited access to the outside world.
Some found this extra time created a
reasonable balance they hadn't had
before. Many others simply worked
more, resulting in climbing burnout
rates. In a survey from global job site
Indeed, burnout was up by 9% in 2021
from pre-COVID-19.% Burnout even
made dictionary.com'’s shortlist for
2021 word of the year.®

Employee Burnout Desires

With steadily rising burnout rates,
workers want their employers to
help address it by offering:

Additional paid time off

22%
Condensed four-day work week

22%
Schedule flexibility

17%
Remote work options

13%

Company-wide mental health days

13%

Lighter workload
12%

Survey conducted in the US in
July 2021 with 2,000 workers.

Source: The Hartford?®

Society now has the unique
opportunity to rewrite the script—
not just reproducing what we did
before or during the pandemic but
by reimagining something new and
better. We can scrutinize how we
spend our limited resources as we
return to the office, school, and our
lives in general and ask: How can we be
more mindful with our personal energy?
Can we design a more sustainable and
fulfilling life for ourselves?

There is now an increased desire

for flexibility so that we may adopt

schedules that work best for us

individually (where it happens, how

much time and energy is spent

onit, etc.). This hyper focus on

personalization and choice requires the

spaces we use to respond. Strategies

to do this may include:

®  Provide unique opportunities
and spaces that support work
and learning that aren't available
athome (social, focus, wellbeing
spaces, etc.)

®  Provide options for spaces to
work and learnin that provide
flexibility throughout the day and
environmental control

m Designspaces unique to the
organization, responding to their
values and needs — not a cookie
cutter environment

m  Develop efficiency in flows —
designated spaces and paths of
circulation based on user and their
unique needs

m  Offer avariety of spaces to meet
differentiating needs —improving
productivity so users can go home

Employee Classifications

Classification @RIN @RS

Hybrid Range Umper Sound

Score

T myted Range Lower Bounc

As our clients navigate the future of the workplace, they are re-
evaluating how, when, and why they use their office. Hugo and
Corgan's Workplace Strategy team have developed a computational
tool that assesses a client's workforce needs by classifying

Count of Employees by Classification

employees on a spectrum of in-office resident, combination hybrid,
or off-site remote worked based on employee self-assessment
data. This data-driven strategy examines employee tasks, routines,

flexibility preferences, collaboration styles, and management needs
to inform evolving workplace solutions.

For more information on Corgan's Workforce Evaluation Tool,
please email: hugo@corgan.com

"Every economic upheaval

needs aname. Call
this one The Great
Reallocation. It might be

disruptive for alittle while,
but the result just might
be a more humane labor
market."®

Respondent_id

Classification
[TEN
ORES
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IDEA IN BRIEF

Our modern-day travel experience is

complex and multi-faceted, which in

turn exerts a lot of energy and mental
effort.

While there are many options and
services to choose from while traveling,
they can feel disjointed and siloed; this
can create compounding stress for
passengers.

A seamless travel experience that
considers various touchpoints —inside
and outside of the travel facility.

"he Consolidated

ravel Experience

Our ability to travel long distances in relatively short
periods of time relies on a tapestry of different
transportation modes, services, and platforms. From
booking and planning, to live updates and technology
integration, the 215t century travel experience should
be managed comprehensively from end-to-end to
reduce any additional cognitive loads.

Using both qualitative and quantitative research methodologies,
Corgan's recent Mobility Next research findings suggest that people
want more simplified and consolidated mobility experiences that
reduce the amount of mental energy exerted during travel.

During in-depth interviews with recent travelers, participants reflected
on their own experiences. They often reported feeling disjointed,
overwhelmed, and frustrated by the lack of integration between
different platforms and services, like ridesharing, flight booking, and
lodging reservations.

m  "Travelis an experience to me. When you exit the door in your house,

that's when the journey starts.”
— International Traveler, in-depth interview
® "l don't have many travel rituals but there is a lot of preparation.
When | traveled to Japan, | looked up places to visit, sites to see,
and ways to get there.”
— International Traveler, in-depth interview

Additionally, a survey of 1,046 recent travelers found that 79%

of participants believe a trip officially begins before they even
arrive at the transportation facility. Furthermore, they believe trips
can actually start from the moment they get the idea to travel, to
when the flightis booked, or when they walk out the door with their
luggage — all of these moments represent potential touchpoints and
opportunities for mobility companies to provide consolidated and
seamless experiences.

PRl b
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In high-stress environments, “an
onslaught of new information
can lead to near shutdown
of your thinking capacity

—this effectis known as
cognitive load."* Cognitive
Load Theory characterizes
our minds as information
processing systems that can get
overwhelmed when there are
options and decisions that need
to be made within a designated
amount of time. Consolidating
decision points and key
experiences throughout a trip
alleviates the passenger’s
mental cognitive load, reducing
the amount of personal energy
exerted during travel.

Atravel experience thatis
comprehensively managed from end-
to-end means that mobility services
must consider the passenger’s entire
journey —not just the portion they're
responsible for. This means asking
questions like, what's the purpose

of their trip in the first place? Are

they possibly celebrating a major

life event? Will they need to book a
ridesharing service to the airport as
well as their lodging? Will they speak
the native language of their final
destination?

f 1217 PM

F2people | = DFW | ] oaniaozz

Respite Pod | Respite Suite |

DFW ternasional, Terminal D 1/ W insecnacional, Tarminat [

Wi understand youre traveling for _
bereavement. We're sorry for your loss. We have
several respite rooms available if you need some
privacy. Please continue below to create &
reservation for your visit.

Cancel I View

In this model, multiple mobility services
need to interact with and account

for various touchpoints along the
journey in order to provide a more
human-centered mobility experience.
The role of the built environment will
then be to facilitate these interactions
in a seamless and intuitive manner.

In addition to interactive touchpoints
along the journey, itis also important
to understand where and when users
make decisions. For example, a
traveler often selects whether or
not to book a rental car before

they visit the rental car company’s
website or app. By identifying when
and where they make these decisions,
atouchpoint can be designed
thataccommodates their needs
accordingly. m

Other Potential Features

®  Seamless health information
(e.g. vaccination status)
Shared safety waiver (e.g. to
avoid filling out same form)
Share real-time travel status
with family/friends
Pre-made travel checklist for
first time travelers (e.g. foran
international trip, you should
consider purchasing a prepaid

phone, international currency,

local guide service, etc.)

BOOTH
For those who need a quiet space to
themselves for respite.

ENERGY USE(R)

POD
Making focus and staying connected
easier for remote work.

SUITE

Offering privacy and personalization of
environmental conditions.
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Vertical Farming

A CASE FORON-SITE FOOD PRODUCTION

“When we think about threats to the environment, we tend to picture cars and smokestacks, not
dinner. But the truth is, our need for food poses one of the biggest dangers to the planet.”

—National Geographict

Food is not only energy for our bodies —itis our lifeline.
However, today's food systemis facing environmental and
social challenges that combined are creating an unreliable
food distribution system that is detrimental to our natural
environment. To simultaneously sustain our population,
protect the environment, and help our cities to become
healthier, we need to overhaul our current food system, and
create a more resilient food supply network.

OUR POPULATION IS GROWING

For starters, our global populationis projected to hit 8 billion
by the end of 2022.2 For perspective, it took all of human
history until 1803 to reach the first billion people.? Now, it
only takes a decade or so to add another one billion people
to our planet. Even when considering the recent decline
inreproduction rates, people are living longer — thanks to

Global Land Use for Food Production

Earth's Surface

29% Land

140 Million km?

medical and technological advancements — creating a slow,
but positive population growth. Additionally, the spread

of prosperity across the world is driving demand in fresh
produce — requiring more crops to feed both ourselves and
the animals we eat — which is likely to double the crops we
need to grow by 2050."

FARMLAND IS HARD TO COME BY

Feeding billions of people is not the only challenge we face —
we are also running out of land. Historically, to make room for
more agricultural land, we have cut down forests or plowed
grasslands. Globally, we have cleared an area roughly the

size of South America to grow crops —and almost the size

of Africa to raise livestock." This has caused the loss of entire
ecosystems, with only 3% of earth's natural ecosystems
remaining intact as they were 500 years ago.*

71% Ocean
361 Million km?

% %
Land Surface 10 19
15Mkm? 28 Million km? _|

LGlaci
aciers Barren Land
%
Habitable Land _ 37 FpreS;tS 11% 14 M km? of which This includes the world’s
| 39 Million km is the land area of deserts, salt flats, exposed
77% Livestock ‘ Antartica rocks, beaches, and dunes
Agricultural Land (Meat & Dairy) 40 Million k2 11% Shrub 1% Freshwater
— 12 M km? Lakes and Rivers

___________________ T 11 Mkm?

Global Calorie Supply 18%

From Plant-based Food

From Meat & Dairy

1.5 M km?

1% Urban and Built-up Land
This includes settlements and infrastructure
1.5 M km?

10% of the world is covered by glaciers, while 19% is barren land — deserts, dry salt flats, beaches, sand dunes, and exposed rocks. What is left, we

call ‘habitable land.' Half of all habitable land is used for agriculture. Source: The Breakdown of Global Land Use Today*
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The destruction of forests and other ecosystems
undermines nature's ability to regulate greenhouse gases
inthe atmosphere and protect against extreme weather,
which can lead to storm surges, and desertification—both
affecting the land we use for crop production.” Removing
biodiversity through deforestation also increases
opportunities for animal-to-human disease transmission,
and therefore increasing the number of viruses we
encounter. Having just experienced the effects of a global
pandemic, we may all agree this is unwelcome news.

EXTREME WEATHER EVENTS
ARE INCREASING

From record snowfall to massive floods, key agricultural
regions around the world are taking a hit.

Extreme heat waves coupled with intense droughts
experienced throughout the U.S. Westin 2021 led California
water regulators to ban thousands of farmers from using
major rivers and streams for irrigation water — directly
impacting more than 90% of America’s canned tomato
supply and 1/3 of the world supply,® causing a global surge in
tomato pricing.

Meanwhile high heat combined with strong winds, low
humidity, and lightening created conditions for devastating
wildfires to breakout across the U.S. —burning more than
7.6 millionacresin 2021.” This not only decimates crops, but
canalso increase insurance rates for farmers — precluding
newcomers by making agriculture too risky to insure and
forcing others out of the industry completely, which reduces
overall supply.

The U.S.is not alone in experiencing weather extremes. The
summer of 2021 brought snowfall to Brazil, damaging its
coffee harvest, as well as sugar, orange, and soybean crop
yields — each significantly altering world market conditions
by driving down output and increasing commaodity prices.

Climate chaos not only effects the grocery store price tag—
it breeds food insecurity.

FOOD INSECURITY AND URBAN FOOD
DESERTS ARE ON THE RISE

Without reliable access to affordable, nutritious food, families
experience food insecurity. In 2019, overall food insecurity
inthe U.S. was in decline, reaching its lowest point since

the 1990s — which meant that more than 35 million people
overall, including 11 million children, were still food insecure.

However, that progress was upended in 2020 by the
pandemic. According to estimates by Feeding America, 42
million people (1in 8), including 13 million children (1 in 6),
experienced food insecurity in 2021.2 Food insecurity exists
in both urban and rural communities and is exacerbated

by poor access to supermarkets or large grocery stores,
creating geographic areas known as “food deserts.”" These
areas lack access to transportation, forcing residents

to travel inconvenient distances to buy fresh food —on
average, this means traveling 1 mile inurban areasand 10
miles in rural areas.” Food deserts are often areas that have
a higher percentage of abandoned buildings, and occurin
low-income communities with higher unemployment rates.
Because of this, opening grocery stores in these areas
presents investmentrisk as income volatility — and therefore
purchasing power —is experienced on a month to month
basis.

To top it all off, healthy food costs more — diets richin

fresh vegetables, fruits, and fish are on average $1.50 more
expensive per day than diets that consist of less-perishable,
processed foods.? So simply making the food available in
these locations isn't enough —it also needs to be affordable.

DISTANCE FROM FOOD PRODUCTION TO
CONSUMPTION IS INCREASING

“"When considering how many miles food
travels, you lose about $4 billion from
climate, you lose about 50% of food through
logistics. So by the time it's getting to the
distribution center use space, the shortfalls
are huge. So we are not disrupting the
distribution channel, we are transforming it."

— Eric Schick, Co-Founder of CEED and Eden
Green Technology

The distance an apple travels to get from the orchard to
your pantry is called a “food mile". Along the distance, this
apple can change many hands — from the first-line handlers
to manufacturers for stickers or packaging, then through
multiple distributors along the travel route. Each time that
apple changes hands, itincurs anincremental cost before
reachingits final point of sale. Because of this, an apple
imported to California from New Zealand is often less
expensive than an apple harvested an hour outside of San
Francisco," which again, increases food mileage.

According to the Center for Urban Education about
Sustainable Agriculture (CUESA), the average U.S. meal
travels 1,500 miles from farm to plate." Unfortunately, long-
distance transportation of goods is a standard practice in the
food industry and consumes a large amount of fossil fuels
along the way.

Transporting food increases CO, emissions, with road freight
generating six times more CO, emissions than shipping the
food by rail,'* and 100 times more CO, than ships carrying the
same amount of freight the same distance.’* However, time
critical food, such as fresh produce, cannot be transferred

by rail or ship across the U.S. without a significant amount

of modifications or preservatives, reducing the quality and
condition of the food.

Source: FAO: 14% of the World's Food Is Lost between Harvest and Retail

ENERGY USE(R)

"Fresh” produce must be picked while still unripe and then
sprayed en-route with ethaline gas to "ripen” before it
arrives at its destination.'' Even with these adjustments, not
all produce makes it safely to the retail shelves — 14% of
the world's food is lost between harvest location and retail
shelf.

FOOD WASTE IS GROWING

Inthe U.S. alone, 30-40% of food produced on our farms

is never eaten.”> According to the FDA, wasted food is the
single largest category of material placed in landfills.”> And
when food is produced but unnecessarily wasted, all the
resources used to grow the food — water, energy, and even
transportation —are wasted as well.

According to the EPA™, a year's worth of food loss and waste

inthe U.S. represents:

®  Greenhouse gas emissions of more than 42 coal-fired
plants
Enough water to supply more than 50 million homes

®  The amount of fertilizer used in the U.S. to grow all plant-
based foods for U.S. human consumption

®  Anarea of agricultural land equal to both California and
New York combined

of all fruits and vegetables

of all fish and seafood

of all cereals

of all dairy products

of all meat and poultry
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People like to see demonstrated visual cues

that a restaurant has sustainable practices:
% who would feel influenced to choose establishments
that do the below

Ensure food packaging
is biodegradable or
recyclable

Use biodegradable
paper straws instead
of plastic

Make an effort to offer
low or zero emission
take out or deliveries

Restaurant Trends in 2022. Source: Oracle, 2021.2¢

17

In 2020 however, labor shortages were experienced
throughout the supply chain—from front-line handlers to
processors and even retailers. Additionally, as on-demand

delivery increased, the trucking industry experienced a sharp

decline in employment — exacerbating an ongoing 15-year
labor shortage. Because of this, significant on-farm losses
were recorded throughout 2020, and in some cases, farmers
found it more financially viable to let fruit and vegetables rot
onthe farm than to pay overtime to a reduced harvesting
staff and increased shipping fees for transport.

CONSUMER AWARENESS IS SKYROCKETING
Consumer awareness around fresh, locally grown food and
its environmental impact has been on the rise for decades,
with 93% of consumers making significant efforts to reduce
food waste'® and 71% of consumers even more concerned
about the environment than pre-pandemic.”® However, the
recentrise and continued endurance of takeout brought
on by the 2020 pandemic has increased awareness around
delivery's environmental impact — making consumers
particularly attracted to restaurants that use support low-
emission deliveries.®

This has led to a 56% increase in carbon emission labeling
on food products, with some claiming that food miles are

People are also influenced by a restaurants’

broader sustainability commitments
% who say these actions are important

Companies to make
efforts to lower food
waste

Clear labeling about
the source of food and
ingredients

Transparency about
acompany's social
responsibility
commitments

Companies encourage
customers to bring
their own cups for
drinkrefills

the new calories.'” The growing concern over the climate
crisis has fueled demand for plant-based products across

all demographics, with mainstream consumers changing
their diets to reduce their personal impact on the planet. As a
result of COVID-19, more than 50% of consumers worldwide
have already or are increasingly including more plant-based
foods in their diets."®

SMART AGRICULTURE IS ON THE RISE

“Agriculture is among the greatest
contributors to global warming,
emitting more greenhouse gases
than all our cars, trucks, trains,
and airplanes combined — from
methane released by cattle and rice
farms to nitrous oxide from fertilized
fields. In fact, runoff from fertilizers
disrupts lakes, rivers, and coastal
ecosystems across the globe."”

— National Geographic*

Farming s the largest user of our natural water supplies,
accounting for 70% of all freshwater withdrawals globally.*
Al water conservation practices, however, are looking to
change that by assessing the water balance, planning, and
optimizing irrigation scheduling. Applying Al to traditional
farming methods — like including using sensors to measure
soil water — helps farmers evaluate how much water should
be supplied viairrigation. Using this real-time soil analysis

combined with plant physiology and weather forecasts in
a predictive model can save 40% of water consumed by
traditional methods.*!

‘ Maore than A predictive model could save
of th sh water is used of the water consumed by
griculture. traditional irigation strategies.
; ] R ]
0 Just " & &
L T ()
[]
of the world's water L] 0 0

i drinkabla,

Source: Cornell University3

Farms have also been increasingly entering the renewable
energy market in an effort to reduce exposure to economic
uncertainty.

The energy to cultivate crops is a significant proportion of
farmers' production costs. When fuel prices are volatile and
unpredictable, it can cut into the overallincome of the farm,
posing risks to the economic welfare of rural communities.*
Therefore, American farms have increasingly adopted
renewable energies in the past decade, with many relying on
renewable energy generation as animportant part of total
farmincome.”

Crop and Energy Prices 1997 to 2020
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Oil prices exhibit a high degree of correlation with crop prices (r = 0.78). This suggests that reducing volatility in energy prices — or, at the very least,

smoothing them out — could help farmers stabilize their finances and reduce their exposure to economic uncertainty. Source: Kleinman Center for

Energy Policy
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Our current food system is restricted
by the location of farmland, and it
relies on a relatively small number of
conglomerates.

Compounding factors such as growing
population, limited farmland, and
extreme weather are challenging

us to find more sustainable ways of
producing food in the 215t century.

A distributed food system that
encourages on-site food production
within urban dense areas.

“We need transformational change operating on
processes and behaviors at all levels: individual,
communities, business, institutions, and
governments. We must redefine our way of life and
consumption.”

From providing quality food for a growing population to navigating
the effects of climate change, ensuring a sustainable supply chain
from farm to table that is safe, sustainable, and responsible is key to
reaching food systemresiliency.

Indoor crops previously supplied the market with year-round fresh
produce, butin 2020 they became a crucial element of the global
effort to ensure food security. Food disruptions spurred by the
pandemic increased the investment into resilient supply chain
opportunities, with investments up to $1.9 billion in indoor farming
alone —tripling 2019 investment.

Controlled Environment Agriculture (CEA), or indoor farming, has
many benefits for crop production, as it relies on a highly controlled
indoor environment to grow plants, rather than exposing the crops
to outdoor climates. Vertical farming is exactly what it sounds

like: strategically stacking layers of produce — using hydroponics,
aeroponics, or aguaponics — which in some cases enables farmers
to produce 350 times more food per square yard than traditional
farming.

—Eric Schick, Co- Founder of CEED and Eden Green Technology

Beyond increasing food production, the stacked nature of
vertical farming can provide fresh, local produce close to growing

ENERGY USE(R)

-
LI processor [LID{ pistriBuToR (LI RETALER |——

FirstLine Handlers

Farmer Co-ops

Pre-processors

Profit Traders

Packaging

Bulk Handling

Transportation

Cold Storage

Institutional

Catering Services

Retail Stores

Restaurants

Food Banks

[
(10

urban populations in an environmentally responsible and

sustainable way by offering lower emissions, providing

higher-nutrient produce, and drastically reducing water

usage and runoff.

Today, we are met with many challenges that have

encouraged us to move towards a more resilient supply

chain. Vertical farming can help us achieve that goal by:

Reducing Food Miles — Locating vertical farms closer
to the end consumer unlocks shorter supply chains,
delivery times, and reduces the overall CO, per unit
delivered. This will help us bring quality food to those
who need it most.

Reducing Food Waste — In traditional farming, produce
is lost all along the supply chain —in fields, warehouses,
packaging, distribution, supermarkets, restaurants, and
refrigerators. By eliminating several steps in the supply
chain, vertical farming food waste is reduced to near
zero.

Decreasing Water Usage — By recycling the water
used inthe system, this process uses less water than
traditional growing methods, decreasing total water
usage per unit output.

On-site food production shortens the supply chain and
decreases opportunities for disruption, creating better food
safety, surety of supply and no food waste.

Increasing Food Safety — Growing, handling, preparing,
packaging, and storing food all pose risks for foodborne
diseases. Highly controlled indoor farming environments
reduce risks by eliminating pathogens, pesticides, soil,
fertilizers, and other elements from the growing process.
Increasing Dependability — By using a highly
controlled indoor environment that can be operated
24/7, the food supply chain becomes less exposed to
volatile weather patterns.
Increasing Opportunities for On-site Sustainability

— Vertical farms are tailor made for sustainable energy
production and consumption via on-site solar or wind
generation.
Rehabilitating Existing Buildings — Vertical farms
can be integrated into buildings such as skyscrapers,
housed in warehouses or shipping containers,
greenhouses or placed in spaces that would otherwise
be unfit for farming.
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NO SOIL, NO SEASON, NO PROBLEM

One of the main benefits of vertical farming is eliminating

soil—and therefore pesticides, fertilizer, pathogens, and

bugs —from the plant growth process. This can be achieved

in a few ways.

m  Aeroponics — Plants are suspended in a support
structure, and the roots are periodically sprayed with a
nutrient-rich water solution.

®  Hydroponics — Plants absorb nutrients through a
water-based nutrient solution. The water used in the
system can be minimized by being recycled and reused.

Q7 VP Q@ QT VP

ié

®  Aquaponics — Growing both plants and fish, the roots of
the plants are provided nutrients from the waste created
by the fish.

&

hydroponic farming

VERTICAL FARMS COME IN ALL SHAPES,
SIZES, OPERATIONS, AND LOCATIONS

To succeed, vertical farming requires a delicate balance

of controlled temperature, light, and humidity. And as you
canimagine, there are various ways to achieve this balance.
Vertical farming can not only differ in the various soilless
growing methodologies but can also range from personal
patio gardens to warehouses and greenhouses that produce
food for entire communities.

Container Farming is a hydroponic farm operated from
within a shipping container, requiring only flat, stable
ground and access to power and water. Companies like
Freight Farms are pioneering this quick installation method,
enabling would-be farmers to start small —with one
container typically producing the equivalent of 2 acres
worth of produce?” —and scale up as their business model
changes.

In October of 2021, the U.S. Department of
Agriculture (USDA) Agricultural Research

Service (ARS) launched anintensive study of
Controlled Environment Agriculture (CEA) to
establish data and science-based metrics and
crop production standards for CEA growers,
similar to those established with traditional
agriculture. They have selected AmplifiedAg,
Inc.™ —a company that manufactures modular
and scalable vertical farms using refurbished
shipping containers and advanced hydroponic
systems —as its first vertical farming platform.
AmplifiedAg's flagship brand Vertical Roots is the
largest hydroponic container farm in the world
and currently sells its produce through more than
1,800 grocery stores and numerous distributors.?®

Indoor Farming facilities produce commercial quantities
of food year-round — great for feeding large communities.
They are typically characterized by long rows of plants in
stacked hydroponic or aeroponic trays, which rely on tens
of thousands of LED lights to initiate plant photosynthesis.
Because of the energy needed for lighting, climate control,
water circulation, and other operations, indoor farms can
consume massive amounts of energy.

PATENT PENDING

Companies like Bowery Farms, Vertical Roots, Brightfarms,
and many others have been leading the charge in bringing
vertically farmed produce to the consumer. In fact, San
Francisco company Plenty now offers its products at 17
Safeways in Northern California?® and with two decades-
worth of experience, Aerofarms in Newark, NJ — the largest
indoor farmin the world at 69,000 square-feet (3.5 acres)

— produces food that caters both Singapore Airlines and
Emirates Airlines international flights.

Corganis collaborating with HP Engineering to explore how the systems required for hydroponics and aquaponics can
function as a building system for heating and cooling, optimizing indoor air quality and provide biophilic opportunities. This
Aquaponics HVAC system can be scaled to suit different building typologies such as commercial real estate, education

facilities, and large healthcare and aviation campuses.
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Kalera began operations outside
Atlanta Georgiain April 2021, will
not only have the largest-yield
vertical farmin the Southeast, but
will also be Georgia's largest lettuce
producer —producing 12 times

as much lettuce in one year as the
entire state can produce inthe
same amount of time. Prior to Kalera,
the state would import more than
99% of its lettuce.*°

Greenhouse Vertical Farming shares some similarities with
indoor farming, such as scale, verticality, and quantities of
produce. However, greenhouse vertical farming uses natural
sunlight to grow most of their plants and only uses artificial
light for seed propagation. This plays a major role in driving
down operational costs — and therefore consumer product
prices. To take full advantage of the sun, the plants cannot
be stacked in trays, and instead rely on vertical towers that
enable daylight to hit each plant. No one has perfected this

design more than Eden Green Technology in Cleburne, Texas.

By combining vertical farming with hydroponic farming, Eden

Green Technology's patented vertical vine operates as a
closed loop system — sending nutrient rich water to each
of the individual plants on the vine, then capturing, cooling,

filtering, and recirculating the same water, with zero water
waste. This means that for every Eden Green Technology
facility, 18.3 million gallons of water is saved, compared

to traditional agriculture. Additionally, they use strategic
microclimate technology to monitor and manage the
nutrient-rich water as well as the humidity, air temperature,
oxygen, and CO, levels of each individual plant tower. This
very tactical approach enables them to grow more than 50
varietals with 36 plants per 18-foot-tall towers — all while
using 98% less water, 99% less land, 90% less light energy,
and creating zero food waste.

One sq ft of vine
URFICATION grows 36 plants at
1 one time
IV SYSTEM ;
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Each vine grows 36 plants per turn. So, 1 vine = 36 8oz plants x 10 times per year = 360 plants.

“Harvest spinach during a
drought or grow arugulaina
snowstorm"—which they did!
During the 2021 snowstorm
in Texas, Eden Green was

able to remain operational
for 8 days, growing food
without disruption.
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“We used to have to go to the farm. Now the farm is coming to you" — Eric Schick, Co-Founder of

CEED and Eden Green Technology

To meet high productionyields, vertical farms currently
reside in warehouses on the edge of cities near distribution
centers. If vertical farms are meant to support communities
with supplemental food programs, work to eliminate food
deserts, and provide opportunities for employment, they
need to be located closer to where consumers buy goods.
Inthe urban core where land to build is scarce, it's highly
possible to meet the same production demands by creating
a distributed mesh network instead of one large production
facility.

CREATING A NETWORK OF VERTICAL
FARMS THAT WORK TOGETHER

By understanding the production needs of the community
or city, the vertical farm component can be evaluated and
designed to accommodate the needs of any site or building
typology. For example, a vertical farm on a hospital campus
may be more likely to conduct medicinal research with
plants in addition to growing crops for its cafeterias and
food supply. This would require a much higher rate of lighting

Snap Enroliment by School

control —relying more heavily on artificial lighting —and
therefore would be best suited for a basement or windowless
location, increasing operational costs. On the other hand,
producing food to supply an office building with surrounding
restaurants and markets would need to be more adaptable to
the surrounding urban environment, and would need to either
be designed into a fagade with correct solar orientation,

or be designed on the top floors of the building to gain

the maximum amount of light, and therefore decreasing
operational costs. Between buildings, each farm would

work as a network, growing the specific varietals needed

to support the building type, and growing others for the
surrounding community to share.

EXAMINING DISTRIBUTED PRODUCTION: A
CASE STUDY USING TEXAS S.N.A.P. BENEFITS

To create a distributed mesh network of supporting
vertical farms, Corgan used publicly available data from
the Supplemental Nutrition Assistance Program (SNAP), a
program that provides benefits to supplement the food

Current Distribution System

budget of families in need so they can purchase healthy food
and move towards self-sufficiency. Concentrating on Texas
SNAP distribution locations for education programs, this
investigation uncovered opportunities to reduce overall food
miles through on-site food production.

Texas is divided into eight distribution regions, with each
region delivering USDA food inventory to School Food
Authorities (SFA). Once a school has procured their food
services order, the food gets processed through state
approved processing facilities designated by the Texas
Department of Agriculture. These processors are in multiple
states.

With on-site vertical farms, a hypothetical food distribution
network would enable each school district to operate as
its own network, minimizing the distance food must travel.
District farms can provide food surplus to local retailers,
farmers markets and nutritional programs for profit or
donation, and distributed food production sites across the
state, specifically in food deserts, can provide low access
populations with healthy food.

The PK-12 education ecosystem, specifically in educational
institutions participating in SNAP represents a strong use
case for vertical farms — either on-site or nearby a campus

—to provide benefits to the community such as high quality,

5

Proposed Distribution Network Using Vertical Farms

healthier choices for both students and faculty, recognizing
new revenue streams for school districts by selling surplus
food to local stores and restaurants, and creating food
donation programs that allow students and faculty to bring
surplus food home to their families.

As a part of this study, USDA, U.S. Census Bureau, SNAP
reimbursement, and Farm to School data was analyzed

to identify areas with high SNAP enrollment numbers and
the lowest access to quality foods. Isolated sites that
would benefit most from food production capabilities the
most were locations where the average percentage of
households lived ten miles or more away from the nearest
grocery store, as well as those where the average household
had fewer cars than the state average. This means that

in Texas, 5,366,737 people live inlow food access areas,
368,310 Texans in low access areas are receiving SNAP
benefits and 218,464 households in low access areas do
not have access to a vehicle.

SNAP enroliment data specifying various food categories
provided an estimate of site-specific food production
needs. If a vertical farm were to be built in a specific region,
the model can provide estimates detailing the number of
students likely needing to be served, as well as the serving
days per year of fruits, vegetables, vegetable proteins, and
herbs.

3%
Production Estimates by Crop Varietal

ENERGY USE(R)
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To gain a better understanding of how commercial real estate can
provide food for both building occupants and the surrounding
community, Corgan conducted a design investigation that
incorporates a greenhouse vertical farm into a typical office
building. Combining site restraints and operations of a traditional
office building with the operations of a vertical farm —and using
estimated food production and square footage requirements
derived from the Texas SNAP benefits case study, solar site analysis
tools, and Eden Green's vertical vine system —a reconfigurable
parametric model was created that enables designers to iterate
optimal design solutions based on site conditions.

Additionally, the design incorporated multiple community-focused
amenities such as an education kitchen and a learning lab —to
better understand the harvesting practices and take cooking
classes — various cafés, restaurants, grocery, and space to host
weekend food donation markets where surplus food can be donated
to those who need it the most.

Introducing biophilic design into the workplace can positively
impact both the employer and the employee experience. Arecent
Harvard University study noted that workers exposed to greenery
throughout their working day report a 15% higher level of well-
being, are 6% more productive, and are 15% more creative.**
Measuring enhanced productivity, well-being, and creativity in
their respective settings can directly convert to cost savings for a
company.®? Additionally, Corgan’'s 2021 research study Workforce
Blurred —which gathers insights on the workplace from incoming
generations — found that 75% of respondents desire green space
and access to nature as a standard workplace asset. As much of
the workforce have established new working preferences driven by
the pandemic, the incoming workforce listed the top three desired
amenities as free (fresh) food, access to outdoor space, and a visible
commitment to adopting cutting-edge green practices.*
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to the surrounding community.”
— Eric Schick, Co-Founder of
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It's true: healthy workspaces are non-negotiable.
Creating an environment that promotes both
physical and mental health is essential to the
post-pandemic workplace. Providing fresh food
cultivated and served on-site can play a big

role ina company's ability to visibly promote
health for their employees, while simultaneously
serving the surrounding community.

Vertical farming is a maturing industry today and
will be anecessary one in the coming decades.
Considering that our buildings are built with
enduring lifespans, itis essential to understand
how to harmoniously introduce vertical farms
into our urban environments.

ENERGY USE(R)
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The Power is Shifting —
Can You Feel It?

The pace of change is hard to feel when you're in it —just like you can't feel the earth
spinning because you're on it. But change is inevitable. The buildings we design are
built to last 30+ years, and to reach the goals the world is aiming to achieve by 2050,
we need to start changing the way we design and the impact our buildings have on
the environment today. We need the ability to continue using energy for our everyday
needs, while at the same time, actively limiting how much carbon we are introducing to
the atmosphere in the process. We need to change our approach to design.

From our offices to our education facilities — our
contribution to the built environment will have to
rapdily evolve in many different ways to meet this
challenge, requiring a convergence of technological,

ecological, economic, political, and design innovation,

all driving our power grids to become something
entirely new and different.

But even the best innovations are only useful if we
posess the creativity, commitment, and courage
to use them — pioneering into a future we have no
choice but to explore.

Throughout the Curiosity Report we explored how
our industry can help decarbonize the grid and lower
emissions within the built environment; we looked at
where the winds of change can take us, and new ways
of getting there; we imagined new ways to deliver
quality food to those who need it most; we asked

“can your concrete be made with banana peels?”;

we learned about batteries; we created a buzzin the
office; we made electricity with our feet; we explored
ideas that will truly evolve the design industry; and we
learned that there is no silver bullet to get to zero —
butwe caninstead weave each of these innovations
into a tapestry of solutions.

Energy is in everything—and that's no hyperbole.
The energy transformation willimpact every aspect
of our lives today, so that someone else can have a
clean, healthy, and sustainable future tomorrow. It's
past the time for incremental changes —it's time for
revolutionary jumps.

Simple awareness is the seed of responsibility. So,
take what you have learned here, and explore further.
Adapt. Pioneer. And as always, stay curious.
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