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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.
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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
n e rgy 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.
G 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

The United States

1,000 gigawatts

Mid-size City 1 gigawatt
Small Town 1 megawatt
Average American House 1 kilowatt

Source: How to Avoid a Climate Disaster by Bill Gates

BILL GATES

HOW TO
AVOID A
CLIMATE

DISASTER

THE SOLUTIONS WE HAVE ANp THE

GREIK?'HRIJUGHS WE NEED

How to Avoid a
Climate Disaster
by Bill Gates

“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
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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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© . frem -‘ljﬁjor‘igomg-upgrade' g 7.7

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'
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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 reservoi