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Dear Henry

Thanks for your kind note. It is so great to catch up after all these years. | remember so well our early
eco-actions at school in Oyster Bay. Remember smashing all that glass in drums and taking it to Coca

Cola? That was recycling at its best! Great memories...

How exciting that your daughter Sarah is considering jobs in the environment, and thinking about
prospects in the dynamic energy industry. Her interest in microgrids is spot on in today’s work place. The
power sector is changing rapidly... innovations like microgrids and virtual power plants, changing to ever-

more distributed energy resources.

As you know, this has been my focus for some years... for my 40+ year career. The power sector dynamic
and full of opportunities for bright young professionals! So | welcome the opportunity to download a bit

with you and to share some perspectives that may be useful to her.

These comments are based on a presentation that | recently gave to engineering students at Oregon
State University. That presentation caused me to think about the exciting changes that have taken place,

and the big changes that are still on the cusp of upsetting the apple cart, so to speak.

In this opus —and | apologize in advance for not making it a heck of a lot more brief — | swim through my
career journey and then shift to our company EcoMotion. | dig into sustainable development and the

carbon imbalance, before digging deeper into the power sector.

Then | shift to what | call, “ultimate disruption,” major structural changes in a once stodgy industry, in
terms of both disruptive systems and technologies. A few far-out and transformative concepts such as
vehicle-to-grid integration are presented, as is a potential future absent of power lines, even beaming

power down from space!

I hope she finds the evolution of our industry interesting, and that these thoughts are useful to Sarah as

she goes forth! | see so many great possibilities for her.

All the best,

Ted, in Los Angeles 2026



My Path

Allow me to give Sarah a quick snapshot of my career path and vantage points. My mom was an early
environmentalist and a major influence on me. Her cause was wetland protection around New York.

That led to our roadside clean ups... and to our school recycling program.

| got fired up about electricity and the power sector first as an antinuclear activist. With other concerned
youth, we occupied the nuclear construction site at Seabrook and fought against the Shoreham nuclear
plant on Long Island. After grad school and cutting my hair, | worked in Manhattan at the New York
Power Authority as a strategic planner. Then in 1986 | fell in love and moved west to Colorado to live
and work and raise a family near the super-exciting Rocky Mountain Institute. | was asked to become
RMI’s first energy program director. What a great ride that was... even meeting Gorbachev in the

Kremlin.

Another pivotal factor was that | was awarded funding by the John D. and Catherine T. MacArthur
Foundation to develop and manage The Results Center. My company, IRT Environment, fielded a
research team that built a library of case studies of highly successful energy efficiency program designs.
Research for this work was in North America, Europe, and Asia. We sold subscriptions to our case studies
to major utilities around the world... to far flung utilities like Electricity de France and Tokyo Electric, and

to all the big North American utilities eager to harvest and employ lessons learned from best practices.

One thing led to another. | was offered a job to be the Director of Energy Efficiency for the City of Los
Angeles, and its Los Angeles Department of Water and Power. That was a tough offer to accept, pulling
me and our young family from the idyllic Rockies and from our experimental solar home in Snowmass,
Colorado... to LA. We moved to Laguna Beach and | worked for the City of Los Angeles and later

managed an innovative non-profit called The Energy Coalition.

For the past 19 years I've run EcoMotion: Sustainability Solutions... a consulting firm based in Los
Angeles. | also serve as a Commissioner for Glendale Water and Power and | am the host of the weekly
Flanigan’s Eco-Logic Podcast. So far, our team has produced 272 episodes with sustainability experts all
over the country and in many different countries around the world, all providing inspiring and hopefully

motivational stories.

EcoMotion Incorporated is an owner’s representative. We are a consulting firm and have been able to

have some really good clients and interesting gigs! We specialize in solar, storage, microgrids, resilience,



EV chargers and infrastructure. Our mission is “the cost-effective greening of cities, corporations and

campuses.” These days it’s all about decarbonizing.

Our company does lots of solar work for large clients such as school districts and cities. For solar projects
we first provide spatial and financial analyses, then help get the right contractor on board, then provide
project oversight and quality control services, then ongoing monitoring and repair services.

Imagine a school district with 49 campuses and a district office and transportation yard for its buses. The
District — actually in Chula Vista, California — had been approached by lots of nice sales professionals
trying to sell solar. EcoMotion was hired as a subject matter expert to guide the District through the
process. With no money down, that school district is projected to reap $100 million in savings over the

25-year life of the project.

Sustainable Development

What we do is an important facet of sustainable development . When I first heard that term, it sounded
like an oxymoron to me. How can development be sustainable, especially with a growing world
population? In 1988, | participated in the Global Forum for Sustainable Development in Moscow. Its
spiritual and environmental leaders recognized how interconnected the issues of sustainability are... a

spectrum of resource issues, a wide swath of activities related to saving the Earth.

| like the definition of sustainable development as it brings our careers and work into a focus and sets a
tone of responsibility: “Sustainable development meets the needs of the present without compromising

the ability of future generations to meet their needs.”

While there are many ways of defining the scope of sustainable development, EcoMotion developed a
graphic of a flower with many petals for our municipal sustainability planning: Energy, Transportation,
Water, Natural Environment, Built Environment, Materials Management, and Health and Wellness.... all
petals surrounding education and information. Each of these we tracked for many attributes, key among

them was their contribution to greenhouse gas emissions... and the carbon imbalance.

The Carbon Imbalance
Most environmentalists agree that the greatest threat to sustainable development is the carbon
imbalance. Burning fossil fuels has had dramatic effects on our Planet Earth. The power sector has been

hugely responsible for this imbalance... so has transportation. This imbalance is marked by more



frequent and more ferocious climate disasters. There is now a year-round “fire season” in California. The

carbon imbalance is driving lots of change.

| lecture on climate change and have developed a theme as well as a huge demonstration piece: If the
Earth were the size of an NBA-size basketball, all greenhouse gases would be trapped below two layers
of latex paint on that basketball. They are trapped in the 12-mile thick troposphere. Now imagine,
50,000,000,000 metric tons of CO2 per year — 50 gigatons - bubbling up under the two thin layers of

paint. No wonder we are experiencing “climate weirding.”

To make the point, EcoMotion developed the Emissions Time Bomb.. a huge display. It is an actual
representation of the volume of one metric ton of CO2, 10.04 meters in diameter. The black sphere is
made out of bounce-house technology. And we explain that every Californian is responsible for 12
Emissions Time Bombs per year...one per month. Imagine a family of four releasing 48 bombs worth
each year. EcoMotion has taken the Bomb coast-to-coast, teaching the enormity of our individual and
community carbon footprints. We’ve been on many university and school campuses, including Yale and
Brown in New England. Our team also developed the Save a Ton campaign to show the simple steps to

reduce our footprints.

The Power Sector in the “Good Old Days!”
The Pearl Street Station

In 1882, 144 years ago, Thomas Edison changed the world when he powered up his Pearl Street Station
power plant. It was the first electric power plant in the world. Some called it a dynamo. He had an initial
load of 82 customers with a total of 400 lamps, all linked to his coal-fired power plant at the foot of

Manhattan Island.

Edison was a smart guy. He had a vision of dual profitability for his Edison company. After all, he posited,
he invented and developed both the light bulb and the power plant. As each of these technologies
advanced, his Edison company would profit in two ways: First, as the light bulb got more efficient he
could sell his lighting services to more customers. Second, as his power plant got more efficient, he

would burn less coal and profits would swell!

His vision was based on selling “end-use services.” Instead of selling watt-hours, he would sell what

customers really wanted: lighting, heating, and torque. Utilities that sold lighting services would be



called “llluministes”; “Chauffagistes” were those selling heating services. But Edison’s investors told him
to stick to power plants... and for 100+ years, the electric utility industry followed that lead.. focused on

building power plants and selling kilowatt-hours. The providers became bigger and bigger monopolies.

Some utilities do sell end-use services. Utilities — though generally coops and city utilities — offer
streetlighting services. As such the utility is responsible for delivering the power and for installing and
maintaining and upgrading the bulbs. What is delivered are footcandles of light. Some Swedish utilities
have experienced selling heat services. As such they sell comfort, specified temperature levels at
different times of year. When the cost of heating oil goes up, they can take actions such as upgrading
insulation or installing new, energy-efficient windows in their subscribers’ homes. Their goal is to

maintain comfort at the least cost.
The Old Utility Model

Let’s consider the old utility model as pre-disruption. As recently as 25 years ago, there were 220
investor-owned utilities. These are the big guns, Consolidated Edison, Southern California Edison, and
others... with shareholders and major infrastructure. Then there were ~1,200 municipal utilities...
generally smaller utilities owned and operated by cities. There were and still are ~2,000 rural electric
cooperatives... owned by their members. All told, in 2021, total electric capacity was ~900 GW and total

electric sales were 3,370 billion kilowatt-hours.

This utility model of yesteryears was based on vertically Integrated monopolies that owned and
operated generation in centralized power plants. They also owned transmission and distribution lines

IlI

and provided customer service. Key attributes of the “old utility model” were that the sector was largely
fossil fueled, utilities offered customers declining block rates (meaning that the more a customer used
the less they paid for it), and used cost-plus accounting to protect shareholders. That meant that if the
price of fuels suddenly increased, the utility could pass the higher costs through to customers. Overall,

these monopolies were comfortable, marked by resistance to change, highly fearful of lost revenues.
Stepping into a Fresh Utility Model

Least-Cost Planning

There were many policies and programs that spurred the utility sector into changing its ways. Least-Cost

Utility Planning was a new and perhaps radical regulatory framework process: Before a utility could build



another power plant it had to evaluate all resource options... their costs and benefits. Later versions of
least-cost planning factored in environmental costs. At a programmatic level, Utility and Societal Tests
for the Cost Effectiveness of technologies and programs began to allow for efficiency, not in the utility

interest, but in the consumer interest.
Demand-Side Management

The field of Demand-Side Management (DSM) grew inside each utility, offering programs for energy
efficiency, load management, and later... demand response. DSM was all about making consumers and
indeed the electric utility system efficient. Instead of building more costly power plants... why not
promote efficiency throughout society? While there was utility resistance, new efficient technologies -
like better refrigerators, washers and dryers, and other appliances, fluorescent and LED lighting, and
industrial motors, pumps, compressors, and other equipment — made the case clear: Society can use less

power for the benefit of all.
Energy Service Companies

A new business model developed, called ESCOS, or energy service companies. They were and are in the
business of energy efficiency in major buildings and industries. In some cases they were utility owned —
making up for lost sales and revenues due to the efficiency — but in most cases, they were private

companies making money by helping consumers use less utility power. That’s disruptive!

Escos offered “behind the meter” services, providing no money down efficiency retrofits, and sharing

the savings with the client. How would Thomas Edison have liked that?
Direct Access

In 1996, California regulators and lawmakers instituted the “direct access” program which forced utilities
to open up part of their power sales to competitors. This meant that large customers could contract with
an independent power producer and buy that power instead of the local utility’s power. In one fell
swoop, the big California utilities — PG&E, SCE and SDG&E — lost 14% of their loads to competitors
whose marginal cost of generation was less than the utilities' average costs of generation using existing

capacity.



Ultimate Disruption: The New Utility Reality

The end of monopolies: Think telephones. In the “old days”... when we were kids, there was just “Ma
Bell.” If you wanted new telephone service, you called American Telephone and Telegraph (AT&T),
affectionately known as “Ma Bell.” AT&T controlled nearly every aspect of U.S. telephone service... local
service provided by regional operating divisions, long distance services, equipment manufacturing
(Western Electric), and research and development (at Bell Labs... that name will come up later!). This
vertical integration — near total control of the market gave AT&T the ability to charge above cost rates

for profitable services — like long distance and business lines) to subsidize less profitable local services.

In 1974 the U.S. Department of Justice filed a case under the Sherman Antitrust Act arguing that AT&T’s
control over equipment and local networks stifled competition... AT&T resisted, saying it was a natural
monopoly... Led to consent decree that allowed AT&T to maintain control of long distance, Western

Electric, Bell Labs, and the Yellow Pages.

In the early 1980s Ma Bell was broken up into regional “Baby Bells.” The dominant telephone monopoly
of the 20th century was dismantled.. the local operating companies were divested and reorganized into
seven independent regional bell operating companies. The Baby Bells could source their equipment

from any manufacturer, breaking AT&T’s equipment monopoly.

That lasted for some years. Now, think of all the choices you have for cell service... Verizon, T Mobile,
AT&T, etc... The Baby Bells merged over decades, eventually forming two dominant national carriers
AT&T and Verizon. But consider their competition:, Mint Mobile, T Mobile, Consumer Cellular, Visible,

Cricket Wireless, Boost Mobile, Google Fl, etc.

How did this happen? And could it happen to electric utilities? Yes. A few relevant points: The end of
natural monopoly, competition drives down costs, innovative carriers link with other services, like Netflix
subscriptions. Imagine your electric company doing that! Another major innovation/driver was the use
of cell towers and satellites to bring your calls to you. Then think cellphones — phones without wires.
Wireless technologies... more and more... less wires! The same progression seems to be happening in

the power sector.



Distributed Energy Resources

Net Energy Metering

More recently distributed generation has shifted to center stage, including residential and commercial
solar systems, and batteries owned and operated by consumers. Net Energy Metering rules imposed on
utilities by their regulators forced them to buy all excess power, while consumers benefitted at having

their low-cost solar when they needed it.

Behind-the-Meter Solar

There was a huge drop in solar costs and a correspondingly huge rise in installations. Solar photovoltaics
(PV), originally discovered in 1839 in France, was terrifically advanced by the Bell Labs in Murray Hill,
New Jersey in the early 1950s. From 1975 to 2025 — in 50 years — the price of photovoltaic modules

plummeted by over 99%, dropping from roughly $115 per watt to historic lows of $0.10/watt.

Inversely, global PV installations transformed from a niche technology in 2000 (around 1 GW) to the
largest source of new energy capacity globally. By 2025, global cumulative capacity surpassed 2.8 TW. |
remember Don Osborne at SMUD who said then that if only we could get up to 60 MW of global PV

production... then we’d hit the tipping point and off we would be. Prescient!

Annual solar capacity additions skyrocketed from 35 GW in 2010 to over 600 GW per year in 2025. Solar
alone now makes up over 75% of all new renewable generation capacity installed globally. This was
driven by subsidies and economies of scale. China now accounts for roughly 85 - 90% of global

manufacturing across the entire supply chain.

These dramatic market forces have made it possible for so many of us to invest in solar. I've been
through the process twice in our own homes. My current solar system is 7.05 kW AC in size. It bore a
gross system cost of $24,648, after utility rebate $7,195 and the federal 30% Investment Tax Credit of
$5,236, my net system cost $12,217. Based on expected generation over 25 years, our cost of power is
$0.041/kWh compared to the current U.S. average electricity cost of $0.14/kWh, with power in Hawaii
as high as 37 cents/kWh. We’ve had savings of $2,000/year, a system payback of six years and a system

benefit over 25 years of a whopping $50,000. No wonder utilities are losing these loads.



Energy Storage

Absolutely enormous is the impact of energy storage on the traditional utility model. Energy storage is a
game changer, moving utilities away from natural gas peaking plants, expensive to run and often
impactful, for instance causing NOx formation in our communities. Storage allows us to bank on

renewables — providing 24 * 7 coverage — using intermittent renewables like solar and wind.

Utilities can use energy storage to cover costly peak periods. And consumers can too... alleviating the
grid, again at peak. California peak electricity rates typically cost roughly $0.50 to $0.74 per kWh,
representing a 200% to 300% premium over off-peak rates, which range from $0.20 to $0.35 per kWh.
And, huge is the opportunity to “pair” solar and other intermittent renewables with storage, so that

solar power can fulfill our needs day and night.

Like solar, batteries have plunged in costs. In 2010, the lithium-ion battery pack price per kWh was
$1,474, dropping to $108/kWh in 2025... a nearly 14-fold decline over 15 years. The cumulative global
battery storage capacity in 2025 was approximately 270 GW. For perspective, 1 gigawatt (GW) is the
output of a large nuclear reactor. 2023 Global Data reports 85 GW.of storage worldwide. Of this, 38 GW

was in the United States.

While batteries — and lithium-ion batteries in particular have stolen the show... there are several types of
energy storage. Think about one of my favorites, pumped hydro. Global pumped hydro storage accounts
for over 90% of all grid-scale energy storage. Imagine two lakes near one other, but marked by a
difference of 1,000 feet in elevation. Water is pumped up soaking up off-peak kilowatt-hours... and then

released during peak periods.

The City of Los Angeles where | worked has 1 GW. Imagine having 1 GW available when your power
system peaks at 6,000 GW of capacity. Southern California Edison has one. So does my former employer,
the New York Power Authority. But pumped storage, of course, requires unique geography. There is

colorful literature of such systems being built in Europe.

For some end-use applications, energy storage is in the form of flywheels. Just like a potter’s kick wheel,
subway systems use flywheels to maintain momentum as the trains make stop after stop. Then there are
gravity systems which depend on a specific geography. Experiments have been done with abandoned
trains that are hoisted up a grade offpeak, to roll downhill generating peak power. Energy Vault is a

company that built huge towers of concrete blocks... then lowered them down to the ground generating
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peak power. That company has also built large buildings, like big box store size, and uses elevators...

lowering them at peak.

Other storage systems include compressed air... sometimes paired with large wind turbines... allowing
the combined systems owners to provide baseload capacity to utilities. Molten salts have been used —
paired with solar thermal in celebrated examples... salts that hold their heat for days in super insulated
vessels. Inversely, temperature wise, ice energy systems are used to store coolth... offsetting peak air

conditioning use.

Batteries come in many types and chemistries, from iron-air being supported by Bill Gates, to vanadium
flow batteries. Sodium and other formulations for solid state batteries are being developed for EVs and
for grid-scale applications. There are currently 15 - 20 commercially significant battery chemistries in

widespread use today.

Microturbines and Fuel Cells

Microturbines are distributed generators... highly efficient ones. They can be sized for businesses and
industries to provide baseload power... and when wired in series, they can be load-following assets...
allowing their users to avoid paying for costly utility power. In some cases, their host sites can also use
their thermal energy, providing hot water for domestic use and space heating. In the future, they may

be able to run on hydrogen, ultimately green hydrogen produced with excess renewables.

Fuel cells are another up and coming form of distributed baseload power. Fuel cells located on end-users
premises can pair nicely with net metered solar... the fuel cells serving as baseload power, and the net
metered solar serving in the load following capacity. Fuel cells are clean burning... producing power and

water, and like fuel cells are poised to use green hydrogen when available.

Deregulated Energy Markets

As of 2026, 17 states plus Washington D.C. have fully or substantially deregulated residential electricity
markets. In these states, generation of supply is open and subject to competition. You buy your kilowatt-
hours from whomever you choose. Your local utility — the former monopoly — brings it to you and bills
you for it. While consumers can select their supplier of electricity, transmission and distribution remain

under utility control. These “wires services” are considered “natural monopolies.”
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States with deregulated energy markets include Connecticut, Delaware, lllinois, Maine, Maryland,
Massachusetts, New Hampshire, New Jersey, New York, Ohio, Oregon, Pennsylvania, Rhode Island,

Texas... and parts of Virginia and Michigan.

An example of a provider in deregulated markets is Octopus Energy. It sells power in the United
Kingdom, Germany, Italy, France, Spain, New Zealand, Japan, and the United States. The company only
sells 100% renewable power: Octopus owns and operates solar, wind, hydrogen plants, community-
based schemes. It offers innovative tariffs that track wholesale energy prices. It offers flexible pricing/
billing options such as cheap or even free overnight EV charging. It has the Octopus Fan Club which gives

its members a 50% discount when the wind is blowing.

Community Choice Aggregation

The first Community Choice Aggregator (CCA) was proposed in the mid-1990s in Massachusetts. The
public was seeking legislation to allow municipalities to choose their source of power. They wanted to be
able to form Joint Powers Authorities (JPAs) to buy their own power, specifically to buy renewable
power faster than the old school utilities were. The utilities would continue to deliver the power. In 1998

Cape Light Compact was established, the nation’s first CCA.

In 2002, AB 117 passed in California allowing for community choice. By 2024, six states had adopted the
model: New York, New Jersey, lllinois, New Hampshire, Virginia, and California. Nationwide, CCAs serve

1,800 municipalities, 36 million customers, 11% of the U.S. population.

Today there are 25 CCAs in California. They are serving 200 cities, more than 15 million customers, and
30% of Californians. Collectively they have committed $48 billion for 21 GW of new renewable power, all
while charging consumers less for power. California CCAs have secured 8,068 MW of new solar, 3,301

MW of new wind, 9,616 MW new energy storage, 317 MW new geothermal, and 13 MW new biogas.
More Disruption

Agrivoltaics

There are lots of permutations of photovoltaics worthy of mention. For instance, agrivoltaics, “floato-
voltaics,” and water canal solar canopies are on the rise. There are more than 14 GW of installed

agrivoltaics that blend agriculture with solar production. Agrivoltaics could become an immense new
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source of income for financially pressed farmers. Global satellite analyses indicate a potential of 75
terawatts of agrivoltaic production on just 2% of cultivated fields worldwide. There is now 8 GW of

floato-voltaics installed on water ways.

Distributed Wind Power

Like distributed solar, distributed wind power are systems producing energy closer to where it is used.
Offshore wind also has fantastic potential, given steady and strong winds at sea. Wind offers immense
and rapidly growing potential. In the contiguous U.S., technical potential sits between 8,000 and 11,000

GW, with up to 1,400 GW already economically viable today.

Efficiency Chugs On

Innovation in energy efficiency continues at a brisk pace. There are a host of “hot” new efficient
technologies and | suspect there will be new technologies forever. LEDs, heat pumps, cool roofs, and
advanced controls are examples. A new market entrant called Blue Box has developed an ingenious

means for coil cleaning on commercial refrigeration and HVAC systems.

Efficiency gains of the past half century have provided equivalent services in the United States of than 20
million barrels of oil per day! Looking forward, there is plenty of head room for more efficiency.
According to McKinsey and RMI, there is a technical potential to “deliver” 50 - 70% of energy services at

the point of use through efficiency.

A modern form of efficiency was developed by a company called Ohm Connect. It aggregates subscribers
who take voluntary actions in their homes to create “OhmHours.” These are essentially negawatts,
reductions in power use at peak periods. Ohm creates incentives and family challenges. Ohm Connect is
the gamification of demand response. The more that homes save, the more points they get to buy more
efficient devices. It is a pathway to greater savings... that also has major utility benefits. In 2020, Ohm
users were paid $300,000 by their utilities during a Flex Your Power event. Small incremental actions led

to enormous societal benefits.

Virtual Power Plants

Virtual Power Plants (VPPs) are all the rage. Some see them as untapped assets. The U.S. Department of

Energy estimates that VPPs could manage 20% of peak demands resulting in $10 billion each year in grid
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cost savings. Employing these systems has the potential to reduce power bills by 5%.. all at near zero

marginal cost as the equipment already is deployed.

How do VPPs work? They aggregate distributed resources, things like solar and home and commercial
batteries. They use EVs and bidirectional charging. Smart panels are used to control loads... that when
controlled, in concert can be equivalent to a power plant. They use smart thermostats and control heat
pumps... and turn once uncontrollable loads into flexible loads. And unlike power plants and new

transmission lines, virtual power plants can be deployed in months, not years.

Vehicle Grid Integration

Vehicle Grid Integration (VGI) used to be called V2G... Vehicle to Grid. The term integration speaks to
VGI’s potential: Imagine integrating tens of millions of EVs into the grid. This can boost household
energy resilience. When the grid goes down our EVs will power our homes. And when not in use for our

mobility, our cars can participate in utility load management and demand response programs.

Imagine that you’re at work or on vacation.... your car will be making you money. And remember, most
cars sit idle 95% of the time. Imagine this, when the entire global vehicle population of ~ 1.5 billion
vehicles replaces internal combustion engines with electric vehicles, the total battery storage potential

will be on the order of 75 — 100 TWh.

Think buses: There are 480,000 school buses in the United States. Electric school buses can be carbon-
free when paired with solar. They may form microgrids for energy resilience. They can be deployed to
school campuses experiencing outages... all while saving school districts money in reduced fuel and

maintenance costs and teaching students about the new energy paradigm.

A cutting-edge project is being developed and managed by Korean Electric Power Company (Kepco). Its
goal is to hook up 2.8 million EVs to the grid and to deploy 380,000 public charging stations and 1.2

million home stations. At these locations Kepco will be installing bi-directional chargers that will draw 3
kW from each electric vehicle to provide 56,000 MWh of stored energy for peak periods. Kepco plans to

“borrow the power;” paying 85 Korean won/kWh, equivalent to 5.8 U.S. cents/kWh to do so.
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Next Up?

Wireless Transmission

Finland is in the news and credited with making wireless electricity a reality. According to one
promotional piece, “power flows freely through the air.” Does this spell the end of the natural monopoly

held by power companies? Like cellular telephone services, what a disruption this may or will be.

Space Solar

This past year, EcoMotion worked for a space solar company. Its plans are fantastic... launching rockets
and deploying massive solar collectors (up to 2 kilometers in diameter), 22,200 miles out in space in

Geostationary Earth Orbit. That’s one-tenth of the way to the moon.

That company and others plan to use “light buckets” to collect photons, directing photons to highly
efficient photovoltaic cells in space. Then DC space solar will be beamed to Earth as radio frequency

waves. On Earth, this RF power will be converted to AC to feed the grid.

Why go to all this effort? one might ask. First, space solar is a vast supply of renewable power. Space is
characterized by more intense sunshine, 5-6 times that of terrestrial solar. Space energy is baseload
solar power... so far out in orbit that it is unshaded by the moon. It’s an untapped carbon-free resource.
For California utilities, it may well be a major new renewable source to fulfill SB 100’s 100% carbon-free

requirement by 2045.

EcoMotion research revealed a huge level of interest in space solar around the world. It is being pursued
by many organizations in many countries. We identified 24 prominent initiatives being led by Airbus,
U.S. Air Force Research Laboratory, Boeing, China Aerospace Science and Technology Corporation, Japan
Aerospace Exploration Agency, Northrop Grumman, the Russian Rostec Corporation, Solaren, Space

Solar UK, and Virtus Solis. They are in a new space race.

Final Reflections

What a ride the past 40 years have been. Such big changes. In the power sector, utilities have shifted
from monopolies to competitive markets. And like it or not, all existing and new power companies have

to address the climate imperative head-on.
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I’'ve witnessed the manifestation of “small is beautiful” that continues on. This is energy efficiency. It’s in
every home, appliance, etc. It has taken a big portion of Edison’s sales! And now distributed generation,

like solar, allows users to produce their own power at less cost.

The past few decades has ushered a whole new breed of solar prosumers, as well as those that now
provide battery capacity to their utilities. We’re building and using a bi-directional grid. And we can look

forward to ever-more-advanced technologies.

Current Drivers

The pace of change continues in our sector. Climate-related emergencies are threats to the power
system... and the term “energy resilience” has come into the common parlance. New and major loads
for electric utilities include building electrification and electric vehicles. Just as the power sector has

decarbonized its generation, it now will green buildings and mobility.

Data centers and advanced computing are another new big load. Al can provide huge benefits to our
society, like the internet, and could add 5 — 10% to the national electric load. Companies that rely on
data centers — like Microsoft and Google — are scrambling and taking radical steps to meet these new
loads... doing things like restarting the Three Mile Island nuclear complex, planning to build fleets of
small modular reactors (SMRs), and extending the life of polluting coal plants. Because of Al, Microsoft is

rolling back on its 24 * 7 carbon commitment.

Contrast that with news from Minnesota where Google and Xcel Energy have announced a nearly 1 GW
data center deal that bundles 1,900 MW of new wind, solar, and long-duration storage. Exciting is the
project commitment there that existing electricity customers won’t be impacted by data centers and
have to pay more for power. There is a growing recognition that putting data center infrastructure costs

into residential ratepayers bills is not acceptable.

Disruption at Scale

For young professionals, like your precious Sarah, there are so many opportunities in this rapidly
evolving power sector. It is no longer stodgy... an industry previously run by economists and engineers to

maximize profits. This sector is now brimming with innovation.

Let’s end looking at how far this disruption has gone in other countries, using renewables as the singular

metric of this disruption at scale. Look at how far renewables have penetrated, replacing fossil fuels that
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powered our past. A shining example is Iceland. It gets 100% of its power from hydro and geothermal.

That country used to burn Polish coal.

There are a number of countries where renewables provide well over 90% of their power, mostly
blessed with hydro capacity: Costa Rica, Paraguay, Nepal, Albania, Ethiopia, and Norway. Denmark gets
88% of its generation from wind, 58% of which is community-owned. Portugal is at 75% through wind,
solar, and hydro. Spain is 54% wind, solar, and hydro. Germany is 45% renewable thanks to wind, solar,

and visionary policy.

In the United States in 2025, the percentage of power provided to our grid by renewables is 26% of the
total and growing each year. The current electric power portfolio is made up of wind (10%), solar (9%),
hydro (5.4%), biomass (5.4%), and geothermal (1.7%). These represent huge gains in my tenure in the

industry. And solar continues to be the least-cost form of utility generation worldwide. So lots more to

come and to be paired with offshore wind!
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