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1
THE BIGGEST TRANSITION IN THE HISTORY OF THE WORLD

On a chilly April morning in 2019, I drove from my home about an hour southwest to Fall River, Massachusetts, an aging mill town located on the shores of Mount Hope Bay. A hundred or so people and I boarded a ferry with about 100 or so other people, and we navigated our way through the stiff whitecaps driving down the bay. As we got closer, all eyes were focused on two behemoth 500-foot-tall cooling towers soaring above the greenish hulk of what remained of the now-shuttered 1,600 megawatt (MW) Brayton Point coal-fired power generating plant.

During its glory years, the plant had generated 20% of Massachusetts’ electricity supply, supported hundreds of well-paying jobs, and provided $4 million in annual tax revenues to the town of Somerset.1 At the same time, though, it was also a huge source of air pollution2 and carbon, burning through a 50,000-ton barge load of coal—imported from as far away as Colombia—every four days3 and covering local neighborhoods in a thin film of particulate soot.4

I had been to the site the previous year to write a story about the new plans to repurpose the facility and met with officials from the Commercial Development Company (CDC), who had bought the 307-acre site, including the environmental liabilities, from the power company for just $8 million.5 During that visit we toured the plant, walked the dock where the coal used to land by barge, and—the highlight of the visit—went inside one of the cooling towers.

On my initial visit, CDC Vice President Steve Collins had outlined to me the company’s plans for the site, which involved site cleanup and environmental remediation, salvage of material for scrap, demolition of the existing infrastructure, and preparation for its repurposing. It was the repurposing part of the story that had drawn my interest. The site, with its deep channel and proximity to highways and the open ocean, was a near-perfect location to support the logistics associated with the emerging multibillion-dollar offshore wind industry. Brayton Point had another significant characteristic as well: a 1,600 MW interconnection to transmission lines and the region’s power grid. In that sense, Brayton Point was an ideal electric outlet for the offshore wind industry to plug into when the first facilities came online.
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Brayton Point’s conversion from the old to the new power grid is a near-perfect symbol for the enormous multitrillion-dollar energy transition happening in power grids across the planet, driven by societal changes and technological advances. It’s a transition that is occurring with startling speed.


EXPLOSIVE CHANGE

We were far from alone out there: dozens of pleasure craft were clustered as close as they could get to the red marker buoys delineating the approach limits. Lights blinking, two orange Coast Guard launches and a police boat herded us back away from the site. Across the bay, traffic on the I-95 bridge came to a halt several minutes before 8:00 a.m. Meanwhile, we huddled at the rail, coffee cups warming our hands, and watched expectantly. For most, it was an opportunity to watch the towers blow up. For me, it signified the transition from the old to the new and, yes, the prospect of the explosion was undeniably alluring.

Right on the hour, as if to make the transition more pronounced, a loud boom announced itself across the water, and black puffs of smoke emanated from circular black lines at the base of each tower where charges had been placed. Almost immediately, both towers began to settle and then buckle as they fell. The entire collapse took no more than five seconds, leaving behind an enormous dust plume that blew across the bay and obscured the bridge, a huge pile of rubble, and extraordinarily ill-timed and costly $570 million investment.
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Those cooling towers had taken four years to build and were only seven years old, a victim of changing times. It wasn’t renewables such as the rapidly expanding offshore wind industry that were responsible for Brayton Point’s death knell; rather, it was cheap fracked natural gas that flooded power markets and elbowed dirty and more expensive coal-fired power generation out of the way. But just as gas (with half of coal’s carbon emissions and limited particulate matter) pushed coal off the table, gas will inevitably be shouldered aside as well. Natural gas plants are far from carbon-free. And in the sunniest and windiest locations of the United States, renewable solar and wind facilities are already driving down market prices and forcing the closure of some gas-fired plants. In other areas, utilities are shutting down coal-fired plants, bypassing gas-fired plants, and moving straight to a combination of renewables and batteries.6 The signals pointing to a carbon-free grid are becoming increasingly visible, even though many challenges remain.




A TRANSITION THAT DWARFS THE INDUSTRIAL REVOLUTION

As society pours more carbon into the atmosphere, the planet is heating up, and it is becoming increasingly obvious that the biggest global challenge of our day is to slow down and limit that change so we and our children can live within a habitable climate.

As a significant contributor of carbon emissions, our energy systems will have to rapidly evolve to meet the challenge. The energy transformation will ultimately involve tens of trillions of dollars of investment and impact every aspect of society. This transition to a clean energy future will dwarf the Industrial Revolution in scope and magnitude.

It’s clear that a confluence of technological, ecological, economic, and political pressure is driving our power grids to become something entirely new and different. What’s less clear is exactly how the grid will evolve and what differences will emerge in various regions of the country and, indeed, around the world.




MY QUEST

Having spent 30 years in the power industry and the last decade as an energy consultant, writer, and communicator, I wanted to see if I could shed some light on this revolution. I wanted to know more about what was likely to occur, to see if I could understand the breadth of this massive shift and tell its story. For years, one of my frustrations as an energy professional was that I had a day job on which I needed to focus intensely. I was a subject-matter expert, toiling in my narrow part of the field, but I never had the luxury of time to look around and understand what was happening in the various sectors of the electricity economy. I could not fully contex- tualize what I was doing within the bigger picture, and I could not easily find the resources that would efficiently help me to do so.

I wanted to scratch that itch to witness these massive changes, and tell the story of what it looks and feels like to have one foot planted in the past and the other in the future. My objective was to tell the story from a variety of perspectives, using site visits to various locations as the on-ramps to each chapter. So, in early 2020, I began contacting professionals across the industry to set up a series of visits in the coming months. I had trips lined up to visit a rancher in Texas who had put seven wind turbines on his land, go to California and meet the professionals installing electric vehicle (EV) charging stations across the country, fly to Europe and witness the process of joining the two halves of a 107-meter wind blade—the biggest in the world—and visit a mile-long battery factory in China.

My plans were dashed on March 6, when I arrived at the NEC battery facility in Westborough, Massachusetts. Upon entering, the receptionist asked me to sign an attestation that I had not been outside the country for one month. If I had, she said, they would not permit entry. Within a week, it was sadly clear that COVID-19 was sending the world into lockdown, a new and unfamiliar landscape.

My new challenge thus became how best to tell the story in the absence of those planned visits. A combination of phone and video calls largely helped solve that problem. At the end of the day, the narrative still exists, and my desire to tell the story has not diminished.

While COVID-19 has ravaged the economy and killed hundreds of thousands, it has not diminished the urgency in the race to decarbonize our energy economy. In fact, reports suggest it may have accelerated the effort. Some see COVID-19 as a clear indicator of what a calamity of global magnitude can do to society, and therefore an urgent warning regarding slow political action and its implications for the future risk of climate change.7 If a virus that is not associated with a high statistical risk of mortality could bring global commerce to its knees, some warn, imagine what a permanently altered climate can do. One need only ask the inhabitants of Australia or California, who have been affected by calamitous fires in recent years.




THE RACE IS ON

The good news is that it has already become clear that a transition to a cleaner energy future is inevitable. It’s already happening. Cheaper natural gas–fired generators and renewable resources such as wind and solar energy have already overtaken the electricity-generating landscape in many parts of the country and spelled the doom of numerous aging coal plants across the United States. The U.S. government agency charged with tracking such things indicates that since 2007, over 530 coal units—representing over one-fifth of the country’s coal generating capacity—have been permanently shuttered.8 In 2018 alone, 20 coal plants were retired. Even plants in the country’s coal belt are no longer immune.

Few people would have guessed a decade ago that it would be possible for 40% of the total newly installed generating plants in the second quarter of 2020 to be solar plants. But they were. Even fewer observers would have believed that a single renewable energy developer would proclaim to investors that it would spend $1 billion on batteries in 2021, capable of discharging “enough electricity to power the entire State of Rhode Island for four hours.” But that developer, NextEra Energy, did just that. Its CEO commented in early 2020, “By the middle of this decade without incentives, new near-firm wind and new near-firm solar will be cheaper than the operating costs of most existing coal, nuclear and less efficient oil and gas fire generation units.”9

It is now clear that we cannot stop the transition to a new energy landscape even if we wanted to. The real issue is not whether the change will happen. Rather, the critical question is how quickly society can mobilize to bring that about and minimize the amount of future economic loss and human suffering. A corollary to that question then becomes how quickly we can increase society’s understanding of both the need for this transition as well as the enormous economic potential that it may also bring, as an entirely new energy economy needs new technology, skill sets, and capital.

A multitrillion-dollar transformation will both create new fortunes and incinerate capital bet in the wrong places. We are already seeing that play out with the ascendance of Tesla in becoming the most valuable car company in the world while at the same time coal companies go bankrupt and oil companies write off billions in assets.




INVOLVING EVERYMAN IN THE CONVERSATION

One fascinating aspect of this transition is that average citizens are beginning to become involved in the conversation. People who until recently almost never thought about electricity except as a service they received in exchange for paying a monthly bill are now beginning to evaluate other options. Several years ago, I was sitting at a local watering hole on a harbor in southeastern Massachusetts, looking out on the water as the sun was setting. My attention was distracted when I heard somebody from the next table say “solar energy.” I turned to my left to determine who could possibly be discussing renewables at a bar. A middle-aged man in an old T-shirt sporting flecks of paint was boasting to his colleagues that he had put solar panels on his roof and was paying almost nothing for his electricity. When the local painter installs a solar system on his home, it’s clear that we have migrated from ideology and environmental concerns to raw economics.

It’s not just solar panels. Electric and autonomous vehicles look certain to overtake gasoline-powered cars within most of our lifetimes. That’s not just a result of government mandates. They are simply better, and a growing number of customers want them. For example, in 2019, the Tesla Model 3 was the ninth most popular car in the United States, with almost 155,000 sold.10 Those cars will not only take electricity from the grid; they will also deliver energy to the grid when it needs it the most. Wind farms and solar arrays are popping up all over the landscape from Arizona to Vermont and around the world, and batteries are now being deployed to capture that renewable energy and deliver it when we most need it. Our refrigerators, air conditioners, and hot water heaters are starting to interact with the grid and create value, too. Supercomputers are finding new ways to make the grid and its equipment more efficient. Computers are also struggling to keep our energy grids secure from hackers.

For the first time since the 1970s Arab oil embargo, many Americans are becoming involved in the energy conversation, and that’s the discussion this book is all about. It’s vital we have this conversation now, because change is happening all around us and we still have a chance to affect it, accelerate it, and nudge it in the direction that creates the most value sense for each of us. The way we produce and consume power will be cleaner, cheaper, and infinitely more complex in the decades to come, and our lives will change in ways we need to be aware of now so that we can plan for the future.

Incumbent utilities, energy companies, car companies, and other large industrial players will need to rapidly adapt—or perish, as the customer asserts a newly discovered power. So too will the local mechanic, gas station owner, and electrician. We are in the middle of the most profound change in history with regard to how we move about, do our work, heat and cool our homes, and communicate with others. And, yes, there are the painters and their solar panels out there, but many of us have barely noticed, and few fully understand the implications and the opportunities.

It is truly the most exhilarating and occasionally unsettling time for energy professionals, investors, utilities, and ordinary consumers that we have witnessed in the last hundred years, in large part because of the pace of the change. Our political landscape is just beginning to recognize these trends and deal with them. Examples include the many countries that have committed to meeting the goals of the Paris Accord, or the aggressive energy plan touted by recently elected U.S. president Joe Biden—an agenda-setting statement of principles that could put this dynamic on steroids. Even as the debate heats up, real change is already happening on the ground in many states across the country.




INCREASINGLY, A QUESTION OF CARBON AND TIMING

Sitting here in late 2020, the climate news is bleak. The National Oceanic and Atmospheric Administration (NOAA) just posted news that June 2020 tied as Earth’s third hottest on record, with the six-month January to June period as the “second highest in the 141-year climate record.”11 And there’s not much time left to cut emissions significantly enough to limit the temperature increase to 1.5 degrees C and maintain a habitable planet.12

As Mary Powell, the former CEO of Green Mountain Power, told me in a conversation in the summer of 2020, “Basically—as Bill Nye says—the planet is on fucking fire.” Powell is just one of many leaders who have been pressing for a more urgent response to addressing the mounting crisis, marshaling the tools and resources at our disposal.

Powell commented, “The technology exists. The solutions exist. What we need now is bold courageous action focused on action and innovation. We need big money going there, we need innovation. We need it all, and there’s room for everybody.” In other words, a massive and near-immediate transformation is necessary, and the time for incremental approaches is over.

This book is about the elements of that action and innovation. It’s about the people, the business models, the technologies, the trade-offs, and the trends driving that pace of change in one of the most complex and connected cyber-physical ecosystems on the planet.13 It’s about the scope of the transition that has already started, but will continue—of necessity—to accelerate.




SO MANY QUESTIONS, SO LITTLE TIME

How do we harness these new technologies to accelerate transformation, and what technologies will be involved? How do we push the transition to go the last mile to decarbonize our grid in a way that is cost-effective and equitable? How will we use the growing fleet of clean electricity resources to clean up other sectors of the economy, such as industry and transportation?

I believe we will arrive at our future more efficiently and equitably if we have a clearer sense of what is at stake, the tools at hand today and the ones we will likely have tomorrow, the trade-offs we may have to make, and the size of the opportunities that lie before us. This book is an effort to contribute to that informed energy conversation. It has arisen out of conversations with dedicated energy professionals who are working in various sectors all across the grid. It is an attempt to connect the dots and help explain the accelerating evolution of the power grid. And it is an effort to highlight the steps that are being taken by companies and customers that will forever change the face of the electric power grid—the largest and most complex machine ever constructed by mankind.






2
HOW ELECTRICITY ACTUALLY WORKS

To comprehend how the electric grid is transforming, why this is happening, and the implications of this metamorphosis, it’s important to understand the basics: what electricity actually is, and how it’s generated, transported, and consumed. This can be a little dry, but it helps set the context for the story that follows.

At a very high level, the key concepts for this chapter are the following:


	1. What electricity is and how it is generated

	a. Current and voltage

	b. The difference between capacity (sometimes referred to as power) and energy




	2. How electricity is moved across the grid, from generator to customer

	3. How electricity is consumed

	4. How the entire ecosystem is regulated
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The big picture—how electricity gets to the consumer.“United States Electricity Industry Primer,”U.S. Department of Energy




GENERATION

Most electricity, with the exception of geothermal energy, tidal energy, or nuclear power, is in some way, shape, or form, a derivative of solar energy. Coal, oil, or natural gas–fired generation? Those come from sun’s rays that struck the earth millions of years ago, nourishing plants and animals that were buried, subjected to pressure and heat, and converted into hydrocarbons. Hydropower? Evaporation from the heat of the sun literally lifts millions of tons of water into the atmosphere that eventually falls as precipitation on elevated topography. Wind energy? A result of uneven heating of the Earth’s surface by sunlight (with some minimal help from the Coriolis effect, which determines the general direction).

The key difference between fossil fuels and today’s renewables is the concentration of that energy. Hydrocarbons are—in their basic essence— simply extreme concentrations of solar energy that were sequestered in carbon over a long period millions of years ago.1

The methods used to convert the various starting forms of energy into electrical power boil down (sometimes literally) to only a few approaches. Nuclear power, coal-fired or oil-fired (and geothermal) generating plants boil water at high temperatures, resulting in the expansion of water molecules and creating steam. The resulting pressure—as much as 75 to 100 times atmospheric pressure—spins a rotor with blades on it (similar to the way a breeze turns a pinwheel).2 Those blades—often dozens of them in different concentric sets along the turbine axis, or rotor—are designed to extract energy from the working fluid, whose energy declines as it passes through each row of blades—spinning the turbine rotor while maintaining desired pressures.3

Gas-fired turbines function in a similar fashion, but without steam. Instead, they combust a mixture of compressed, superheated air with injected gas at extremely high temperatures to turn a rotor that is also equipped with blades.

In both cases, the energy of the working fluid, in the form of heat and pressure, is converted into a rotational force, spinning the rotor in the turbine. Electrical power is generated based on the principal of magnetic induction. In the turbine, magnets are located on the spinning rotor, which itself is surrounded by a stator (the part of the motor that doesn’t move) housing coils of copper wire. When the rotor spins inside the stator, it creates a changing magnetic field that causes electrons to move through the wires in an alternating current. Higher working fluid temperatures (such as those in highly efficient gas turbines) result in higher efficiencies.

The maximum power output of a generating unit is referred to as “capacity,” and is defined in watts.4 One thousand watts are a kilowatt (kW), and a thousand kilowatts are a megawatt (MW). One thousand megawatts are equal to a gigawatt, and one thousand gigawatts is called a terawatt. That’s the capacity (or power) part of the equation.

Energy is simply the amount of power over a given period of time (power × time). So, for instance, a kilowatt generated or used over the period of one full hour is a kilowatt-hour (kWh). If you had a 100-watt incandescent lightbulb burning for 10 hours straight, for example, you’d consume one kWh. When referring to home energy use, we are all accustomed to talking in kilowatts and kilowatt-hours. However, when one moves to a discussion of the power system, the conversation quickly migrates to megawatts (MW) and megawatt-hours (MWh).

To provide some context around these terms, the average U.S. home consumes approximately 900 kWh per month.5 It would likely have a maximum instantaneous power demand of perhaps five to eight kilowatts.6A decent-sized grocery store might consume perhaps 300 kW at any given time, a small factory might consume 1–2 MW, while a steel plant could have 50 MW or more of peak demand.

On the generation side, your typical gas,7 coal,8 or nuclear plant9 might have a “nameplate capacity rating” ranging from 500 to 1,000 MW. Wind and solar farms have traditionally been smaller than that, ranging from 10 to 20 MW projects to many that are now well over 100 MW, and some exceeding 500 MW.10

The last issue to address is the concept of capacity factor. That is simply the average percentage of the time that a facility generates power over a specified period of time (usually a year). A capacity factor of 100% would imply that a power plant is operating at its full rated nameplate capacity for each one of the 8,760 hours in the year. No plant operates at 100% capacity, because fossil-fired and nuclear plants have to be brought down on occasion for maintenance.

It is instructive to look at the capacity factors of various types of generating plants in order to get a sense of how the entire generating ecosystem operates. Nuclear units run most frequently, and nearly all the time, with high capacity factors. That is both because of generally low operating costs, but more importantly, the process of fission is such that it is hard to dial back a nuclear plant. There is an effort to develop more flexible and modular nuclear units that will be both safer and more flexible (this will be addressed in chapter 15).

Coal plants were historically next in the mix, also running for many hours with high capacity factors. However, burdened by high carbon emissions and costs coupled with lower efficiency, coal plants are now being shouldered aside in favor of other resources such as gas-fired plants and wind and solar facilities.

Geothermal and hydropower plants generally don’t factor into the conversation around the future grid evolution. Geothermal plants are small in number and make no material contribution, at .4% of overall generation.11 By contrast, hydropower facilities make up a substantial portion of the generating fleet in places like the Pacific Northwest, but few new ones will be built because the best locations have already been exploited and the environmental costs are too high. The majority of hydro in this country (which still comprises approximately 6.6% of total generation and 38% of total utility-scale renewable electricity generation) can be dispatched when needed, but is dependent on precipitation levels.12

Natural gas plants are currently the critical swing player in the entire mix. They benefit from high efficiency and low-cost supplies of natural gas, with an increasing share of that gas coming from hydro-fracking that has driven gas costs down considerably in the past decade. Just as important are certain plant designs that are very flexible in the way they can be operated; however, they are normally less efficient. Gas plants can be ramped up or down to match constantly changing electricity demand, or to accommodate growing amounts of intermittent wind and solar resources, or both. This role will be discussed in greater detail in chapter 11.

There are also hydroelectric plants, many of which can store water behind dams to generate energy when needed. There are also pumped storage hydroelectric plants that pump water into reservoirs during periods of low-cost energy and then release water through turbines when energy is more valuable. These days, these facilities are increasingly being used to complement wind turbines and solar arrays.

These resources have energy stored in the fuel that feeds the facility: gas in the pipeline, coal in the pile, or water behind the dam, and are thus fully dispatchable—available at the grid operator’s beck and call.

Then there are the growing twin renewable resources of wind and solar. Since each of these resources is highly dependent on the availability of local fuel (wind and sunshine), their capacity factors are highly dependent on location, as well as the underlying technology. For example, the capacity factor of solar projects increases as the panels become approximately 0.5% more efficient year over year, but some panels convert sunlight into electricity at 18% while others can achieve efficiencies of better than 22%. All things being equal, though, installing a panel in Arizona is going to yield almost twice the electricity as the same panel in Massachusetts. Developers are coming up with new ways to make solar plants more dispatchable so that they can ramp up and down according to the requirements of the grid.
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Capacity factors of various U.S. generating resources.U.S. Department of Energy, https://www.energy.gov/ne/articles/what-generation-capacity



Just as there are better locations for putting up solar panels, there are some areas in the country with more favorable wind resources—generally the states running from Texas north into the Dakotas, and off the shores of both coasts. Turbine height and blade length will greatly affect capacity factors (longer blades yield more energy, thereby increasing overall energy output relative to rated capacity). Overall average capacity factors are increasing rapidly as a result of improved technology.13

The challenge of moving to a carbon-free grid with the technologies we have today is essentially all about how we can integrate as much wind and solar as possible into the power grid. That brings a new resource into play—batteries (discussed later).




GENERATION DISPATCH CURVES AND ENERGY PRICING

A somewhat important topic for discussion on the generation side of the equation is the dispatch curve. This topic will be discussed in more detail later on, but it is worth briefly touching on here. Wholesale market electricity pricing is a function of three distinct elements: how much (capacity), for how long (energy), and where it’s delivered (transmission constraints have an impact on localized prices).

The general principle of cost-efficient supply is that the market operator or utility calls on, that is, “dispatches,” the least expensive generating resources first and then moves up the supply curve on the basis of cost. It’s the classic “Economics 101” supply and demand curve.

In competitive wholesale markets, which cover roughly half the United States (the remainder still have vertically integrated utilities that own everything from generation to the wires and poles that serve your home), power plants bid in at a price that will yield a profit. They must at least cover their operating costs, including fuel if they are not renewables. If a specific facility is selected to generate energy, the marginal price it is awarded gets paid to every other resource that has been selected to supply power at that time, irrespective of their operating costs. Therefore, at any given time, the marginal resource necessary to meet demand is by definition the most expensive resource that has been dispatched to date. In competitive markets, the marginal resource sets the price for that particular moment.


[image: A typical dispatch curve (supply meets demand). PJM Interconnection, https://learn.pjm.com/three-priorities/keeping-the-lights-on/how-pjm-schedules-generation-to-meet-demand.aspx]
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The final, critically important element to understand here is that the renewable resources will always get dispatched first. Having no fuel to pay for, the marginal costs of these units are zero. Hence, renewable assets get called on ahead of every other asset in the dispatch stack. The other generating assets (especially flexible gas-fired generation) must then play the role of balancing between customer demand on the one side, and the growing fleet of intermittent renewable resources on the other.

In some markets, at certain times, the amount of renewable energy coming into the grid is such that energy prices can be very low. At times they can even migrate into negative territory if other conventional fossil-fuel resources cannot be backed down fast enough. In those instances, when prices often go negative, customers can actually get paid to use electricity.

In addition to the actual energy itself, there are other “products” sold in electricity markets. Capacity or resource adequacy payments, used in some markets, pay generating resources to ensure there is sufficient generating capacity to meet peak demand.14 Grid operators and planners work to ensure there is sufficient generating capability to meet fluctuating demand, but sometimes there isn’t. In mid-August 2020, for example, a scorching heat wave in California drove thermometers to new heights. That in turn created record electricity demand, largely as a consequence of increased air-conditioning load. Some generating assets failed to deliver expected output, with the result that the California grid operator actually had to implement a series of rolling blackouts for two days in a row.15

There are also markets for ancillaries such as spinning reserve (the ability to provide energy within a specific lead time, usually 10 minutes), frequency regulation (the ability to inject or absorb power from the grid near-instantaneously in order to maintain a desired frequency of 60 hertz), and other deliverables as well. There’s even a market for a service known as “black start,” which is the ability of an asset to “restore electricity to the grid without using an outside electricity supply,” in the case of a widespread outage.16 How these are defined and traded depends very much on the regional markets.17

Power plants supply these products to wholesale power markets, but customers can participate as well. By changing their consumption patterns in response to price signals or directives for the utility—behavior known as demand response—customers can often get compensated in much the same way generators do. In some markets, customer demand response assets can contribute 5% or more to the overall capacity mix, and that number is expected to rise greatly in the coming years.




TRANSMISSION

Once electricity is generated, it has to be transmitted to a user to be useful, and it can be moved in one of two ways. It can move in a direct flow from point A to point B, known as direct current (or DC), or it can oscillate back and forth in waves, or cycles, as alternating current (AC). The number of cycles per second is defined as hertz, and the North American grid operates at 60 hertz, or 60 oscillations per second.

There’s also something called voltage, the force or “push” that causes the electrons to move within a wire or other conductor of electricity. It’s the difference in electric potential between point A and point B. A commonly used analogy to explain voltage is a water tank with a hose attached at the bottom. In this case, the charge would be the amount of water in the tank (like energy in a battery), voltage would be the water pressure at the end of the hose, and electrical current would be the actual water flow. If you add more water to the tank, the charge would increase and the pressure on the hose—voltage—would also increase. Lower water pressure would result in less water flowing through the hose. Likewise, lower voltage results in less current (in essence, a smaller stream of electrons) flowing through the system. Higher voltage creates a “wider hose” and thus allows for the flow of more energy, which is why the electrical transmission system is characterized by high voltage lines.

Power plants generate at different voltages, typically between 2,300 and 22,000 volts.18 However, since they all use the same transmission infrastructure, those voltage levels all have to be increased—or “stepped up”—to the same level prevailing at that location on the grid. This task is performed by transformers at substations typically located just outside the power plants. The majority of the roughly 180,000 miles of high-voltage lines within U.S. transmission networks are 345,000-volt (or 345 kilovolts, expressed as 345 kV) lines, although some transmit at levels as high as 765 kV.19 These lines are typically made of aluminum or aluminum alloys.20 Across the entire system, 5%–6% of the energy is lost, with about one-third of that in transmission and two-thirds in distribution.21 Those losses come in the form of heat, and they increase as ambient temperatures increase.22

At the end of the line, though, many of our appliances function at 120 or 240 volts. Most outlets in your home are 120 volts with the exception of your electric stove, clothes dryer, and EV charger if you happen to have an electric vehicle. These are 240 volts. In order to deliver a flow of power that won’t blow up your devices and set your home on fire, a series of transformers must again be employed, first to “step down” the voltage of the transmission lines at substations. These transformers typically reduce the voltage to enable subtransmission lines to move the electricity between 26 and 69 kV. These lines in turn connect to distribution substations that transport the electricity to where it is needed across lower voltage distribution lines, with voltages varying depending on whether the electricity is used in industrial or residential applications. The step-down transformers that serve residences are the round transformers one typically sees on telephone poles or on the ground in some neighborhoods. They enable the electricity to be delivered to the home at 120 and 240 volts.

With the exception of specially designed high-voltage direct current lines, DC power doesn’t flow efficiently over long distances. As George Westinghouse and Nikola Tesla demonstrated back in the late 1800s, to Thomas Edison’s chagrin (his was a DC system), it’s far more efficient to move electricity over distances through AC. Thus, to date, the majority of transmission lines in North America are AC lines.

Large thermal power plants (steam and gas turbines) as well as wind turbines naturally generate AC, so they can be connected directly to the grid.23 Solar panels and batteries, by contrast, generate DC and thus require an inverter to convert direct current to alternating current that can be integrated into the power grid.


[image: How electricity is transmitted. “United States Electricity Industry Primer,” U.S. Department of Energy]
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The flow of electrons travels across that entire transmission ecosystem in a fraction of a second. Electricity is the only commodity on the planet that is both produced and consumed nearly instantaneously, and the demand is constantly changing at a local level, so it’s critical that the entire grid is always in balance. One characteristic of electricity is that it seeks the easiest path from point A to point B. So, for example, if a power line is down, the electricity will move along the next easiest pathway as long as there is another line available.




TRANSMISSION FOR INTEGRATING RENEWABLES

Transmission becomes increasingly important in grids striving to integrate a growing level of renewable resources. In grids that are not well interconnected with neighboring areas, there is only so much renewable energy that can be accommodated before prices go into negative territory, or renewables are curtailed (with the energy wasted), or both. One can add batteries—and that is starting to occur with increasing frequency across the grid. However, a more efficient way to create a more robust power grid and integrate more renewables into the mix is to build transmission lines. With a more connected electrical network, the diversification of generators and demand at different times in different geographical locations means less capacity and storage is required.

In today’s world, though, transmission is limited and at times it is constrained such that it creates inefficiencies. Not infrequently, there is not enough capacity on the lines to move the cheapest power from point A to point B where there may be high demand. Occasionally congestion results in the dispatch of higher-priced generating plants to serve load in a specific area. This may have the result of raising overall prices on the system.

In a perfect world, it might make sense to construct huge wind and solar farms in places like the middle of the country and the American Southwest and export that zero-carbon energy to the rest of the country. The reality is that opposition from those whose land and views would be affected—and may not directly benefit from this infrastructure—is often strong enough to make this approach politically impossible.24 Consequently many of these projects, which can take over 10 years to permit and develop, often end up in the planners’ graveyard. Nonetheless, there is so much potential value that numerous planned projects are still inching forward.25

There may be creative ways to solve this issue in some regions, for example by putting lines underground along existing rights of way such as highways and rail lines. The SOO Green Link is an effort to make this approach a reality. This proposed 350-mile, high-voltage direct current (525 kV) line will be laid largely along the route of the Canadian Pacific Railroad line. This $2.5 billion project will connect two different power grids, bringing as much as 2,100 MW of power from Iowa to Illinois.26 Much of that energy is likely to be generated by wind turbines.

Advocates and planners are eyeing rights of way along rail lines and highways as potentially the easiest way to site new transmission lines, but a lot of political and permitting work will be required to turn this concept into reality.27




SIGNIFICANT INEFFICIENCIES ACROSS THE ENTIRE CHAIN

Unfortunately, the physics of the power grid are such that energy is lost along the entire process from generation to transmission to distribution to the final end user. That equation is actually quite ugly. Expressed in British thermal units (BTUs), in 2019 an estimated 37.66 quadrillion BTUs of raw fuel were consumed to generate electricity. Approximately 22.9 quadrillion BTUs—60% of the entire energy input into the system—were lost in the conversion process, largely in the form of waste heat (when you see a cooling tower at a power plant, that’s a large vertical expression of energy being wasted). Of the 14.77 quadrillion BTUs of gross electricity generated, 0.72 quadrillion BTUs were utilized within the power plants themselves, leaving 14.05 quadrillion BTUs. But then an additional 0.89 quadrillion BTUs were lost, largely in the transmission and distribution process.

At the end of the line, after all those inefficiencies, precious little of the original energy is actually left. Just over 13 quadrillion BTUs worth of electricity gets to the end user. The implication—from a climate perspective—is that most of our associated carbon emissions are a result of losses across the entire system.


[image: Losses across the system. U.S. Energy Information Administration, https://www.eia.gov/todayinenergy/detail.php?id=44436]
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Fortunately, there are ways to address this challenge. The first is to decarbonize the grid by utilizing as many clean energy resources as possible for utility-scale generation. The second is to bring more generation (such as rooftop solar and on-site batteries for storing the power) to the local level, so that transmission and distribution losses don’t factor as heavily into the equation. And the third is to employ end-use technologies—lights, refrigerators, air conditioners, and computers that are more efficient. Replacing a 60-watt incandescent light with a 10-watt LED, for example, cuts consumption by 83%. Those savings ripple all the way back along the grid, reducing the impact of those losses that occur along the entire system. That is one reason why energy-efficient technologies are so critical in meeting the climate challenge.




THE REGULATORY CONSTRUCT

The final piece necessary to understand how the grid functions at a high level is the regulatory and oversight environment that ultimately creates the rules of the sandbox. There are essentially two critical regulatory layers here. The first is federal oversight, in the form of the Federal Energy Regulatory Commission (FERC). The FERC oversees the bulk power grid and interstate commerce, so it is responsible for seeing that markets are “just and reasonable.”

The FERC defines wholesale market rules and continues to refine those over time, weighing in on a variety of issues from transmission siting to how batteries are compensated in wholesale markets. Texas intentionally does not move significant quantities of power across interstate lines, expressly so that Texas electricity can avoid being subject to oversight from the federal government.

The regional grid operators that oversee competitive wholesale markets in about half the country (except Texas) must create rules and oversee markets in compliance with the FERC’s dictates. In all of these wholesale markets, generation is operated by independent entities that buy and sell in the marketplace.

The Northwest, Southwest, and Southeast regions are the principal areas of the United States that do not have competitive wholesale markets. In those areas, vertically integrated utilities hold sway, owning the generating assets as well as the wires and poles. Some areas are served by federal power agencies, such as the Tennessee Valley Authority or the Bonneville Power Administration, that also own the entire ecosystem of assets.


[image: The regional markets. Federal Energy Regulatory Commission, https://www.ferc.gov/industries-data/market-assessments/overview/electric-power-markets]
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At the state level, utility regulators oversee policy and set the rules for the local investor-owned utilities (IOUs). In addition to the IOUs, there are also numerous electric cooperatives—generally rural entities that are owned by their members—and municipal utilities, owned by cities and towns, that report to local governments.

The best term to describe this bewildering patchwork of oversight, ownership, and responsibilities might be “Balkanized.” That’s the backdrop against which all of this change is occurring, and it makes for a very uneven level of regional progress and a highly complex energy conversation.
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THE MOST VOLATILE COMMODITY IN THE WORLD

Author’s note: Events move quickly in this industry. As this book was in the final editing stages in mid-February 2021, a polar vortex invaded Texas. Temperatures plummeted well below normal, as two back-to-back storms pelted the state with snow all the way to the Gulf Coast. This unusual weather resulted in a calamitous situation with the Texas power grid, where gas supplies fell, equipment froze up, and nearly half the generation facilities went offline. Lengthy blackouts occurred as a result.

For the limited electricity supply that remained, power prices soared, pegging out at $9,000/MWh for days. The facilities still able to produce power stood to make a killing, with some generators making a year’s worth of revenues within a day or two.1 Initial cost figures for the entire week were estimated at $51 billion.2 To put that in perspective, the totalamount of electricity across the entire United States in 2020 (including delivery over the wires and poles) was just under $391 billion.3

Approximately 29,000 residential customers, such as Kevin McAlpin (profiled in this chapter), were exposed to these high market prices, with many of them experiencing bills in the thousands of dollars. Even before the dust settled (and the snow melted), the first lawsuits began to fly and the finger-pointing began. On February 26, Griddy, the company that manages the electricity supply for his home, was forced by the grid operator to relinquish all of its customers for nonpayment.4 The Texas polar vortex experience clearly illustrates just how rocky and volatile electricity markets can be.

Houston, Texas, resident Kevin McAlpin was away from his home on August 12, 2019. That was not unusual, as he travels a lot for business. What was more unusual on this particular August day was that McAlpin missed a notification on his smartphone from Griddy. That missed signal would end up costing him about $150 that day due to a spike in wholesale electricity prices caused by an extensive heat wave.

McAlpin’s experience is what many customers could be looking at in the future. McAlpin can control how and when he uses electricity, cutting his overall bill and avoiding higher prices, depending on how vigilant he is.

The energy markets call this type of customer a “prosumer,” which is a person 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.


THE EVOLUTION FROM UTILITY MONOPOLY TO CUSTOMER CHOICE

McAlpin’s ability to control his energy usage and price didn’t just happen overnight. The evolution from utility monopolies providing electricity to every customer based on a tariff to an open market where consumers of all types can choose their supplier began in the late 1990s. Those early days of retail energy market restructuring in which pioneering customers could choose a supplier have grown to encompass many utility markets.

Today in competitive retail power markets across the United States, electricity consumers can choose to buy their energy from somebody other than the incumbent utility. Consumers in most of New England, New York, the mid-Atlantic states, Texas, and limited parts of California (but not the Midwest) can buy their electricity from a competitive supplier known as an energy marketer or retail energy provider.

Many consumers who buy from a retail energy supplier choose a fixed rate per kilowatt-hour for a specific period, for example a year. In order to manage their risk, cover their overhead, and make a profit, those retailers charge a markup for every kilowatt-hour they sell. If the retailer simply passes along market prices to customers like McAlpin, or many larger customers who are comfortable taking on that approach, they don’t take on that risk, so they can charge a smaller premium.

In fact, in these same retail choice utility markets, all customers buy from a retail supplier, although they may not know it. Those who do not buy directly from a specific retail supplier have their demand aggregated together with all of the other consumers who choose not to participate. That aggregated consumption is then auctioned out to be bid on by—you guessed it—retail suppliers. It may be called basic service, default service, standard offer, or provider of last resort, depending on the state or region. But it’s all supplied by a competitive entity.




FROM CHOICE TO PROSUMER

For most of us, electricity is an invisible commodity that we are unfamiliar with. Few of us have the savvy, interest, or time compared to the Kevin McAlpins of the world. We pay our power bill, and in some months we are surprised, while in others we are generally fine with it. This lack of engagement is partly due to electricity being an invisible and somewhat complicated product to understand, but it’s also largely because the units on the utility bill reflect its costs of service, which are largely inscrutable to the average customer.

Imagine if we applied the electricity-buying experience to purchasing gasoline at the pump: What would that feel like? If I were setting up that scenario, I’d have you drive to the gas station twice over a given period, perhaps arriving once in the early morning, say 7:00 a.m., and once in the heat of day, maybe around 4:00 p.m.

I’d grab a roll of duct tape and would make sure to get to the filling station well before you arrived. First, I’d climb a ladder and cover over all the illuminated signs indicating the price per gallon so you wouldn’t be able to get any initial indication of price. Then I would race to each of the pumps and ensure that I covered over any indicator revealing either the price or the gallons pumped. Better yet, I’d have somebody else pump the gas, so you wouldn’t even know roughly how long you had been pumping the gas to estimate the volume.

Then I’d do nothing for five weeks, until finally I would send you the bills—far too late for you to change your behavior in response to any information contained on the invoice. The bill from 7:00 a.m. might be for $20—representing 10 gallons at a below-normal market price of $2.00. The bill for an identical quantity during the heat of the day could be for $900.00, representing the same 10 gallons, but time-differentiated to reflect the cost of supply later in the day. Same gas; wildly different price. Simply because of when you bought it.

That’s kind of how many of us buy the billions of dollars’ worth of electricity that flows through our homes, offices, and factories each day. We don’t know how much we use. We don’t know how much it costs us. We don’t understand pricing, much less the volatility within pricing, so we just pay the bills and complain about them.

Fortunately, most of us don’t get exposed to that price volatility. Somebody else—a utility or a retail supplier who sells us electricity—manages those risks, and most of us see a flat price. However, even though most of us don’t think about price volatility risk, rest assured it is getting passed on to us as consumers.




A PROSUMER MODEL

McAlpin is not your average electricity customer. He has a lengthy background in electricity markets, and he knows all about pricing volatility and the fact that the price of electricity in Texas can actually go negative at times, or soar to $9.00 per kWh.

When Griddy founder and longtime acquaintance Greg Craig called him up a while ago and explained his new and innovative business model for proactively purchasing electricity for his home use, McAlpin enrolled immediately. For a $9.99 monthly membership fee, he can now buy electricity at the wholesale spot market price the same way the trading companies and big industrial customers do (Texas has a clearing price set every five minutes based on supply and demand, called the Market Clearing Price for Energy or MCPE). He fully embraces the technology to minimize his costs, and treats controlling his electric bill like it’s a game.5

In a telephone conversation, McAlpin explained to me how the Griddy program works: “You download the app to your smart phone and then get pricing notifications. You get a bell alert when a price spike is occurring, and you can shut almost everything off remotely to avoid a high bill. When the spike is over, you return everything back to normal. If you want, you can do even more than that.”

McAlpin gets his home’s usage information from the utility smart meter on his house (you need to have a smart meter to make this work, but nearly all Texas customers have smart meters).6 His smartphone app gives him the electric meter data, so he knows both his consumption and the market price for electricity at the same time. “The biggest users for me are heat and air conditioning,” he commented. He precools his house in the morning when he won’t be home, essentially building up a reservoir of cool air so he won’t need to use as much air conditioning later in the day when there could be a price spike. “I will have it on really cold in the morning when the cost is cheap at a penny a kilowatt-hour. Then at noon I might just shut it totally off, which I can do from my phone using my app, if the price jumps a lot.”

McAlpin manages his electricity usage patterns to coincide with the times of day when the power is either cheap or expensive in order to keep his monthly electric bill low: “I schedule dishwashing and clothes washing during low price times.” In October and November, he noted, the price went negative for a short period during the day. In other words, he was paid to use electricity and pull power from the grid. McAlpin’s response? “Hey, it’s time to do laundry. You start to pay attention to things like your dryer. On the days you run the dryer, you see multiples of normal electricity costs because you ran the dryer that day.”

However, even a seasoned pro misses a putt once in a while. The heat wave and resulting price spike on August 12 caught McAlpin off guard. More expensive and infrequently used generating units in the wholesale market got dispatched to meet the increased air-conditioning demand across the state. These plants bid in at high prices, resulting in punishingly high wholesale prices for a few hours—and McAlpin paid for it. Prices soared 36,000%7 from their morning low in the pennies per kilowatt-hour up to $6.00 a kilowatt-hour for a brief period.8 “I will be honest,” he said, “The first day it happened, I was traveling and I didn’t get the notification. That day alone probably cost me $150.” But a seasoned pro also knows how to up his game, and McAlpin was determined not to get caught a second time. As the summer wore on, the price spikes continued to get worse, going as high as $9.00 a kilowatt-hour during certain hours. McAlpin commented, “I didn’t feel the pain from these spikes, because I shut everything off.” He ratcheted his electricity use down and continued watching the price signals. He estimates his total bill for the month of August was “probably $170 or $180. But most was that one day I missed the signal.”

McAlpin recognizes that this approach is not for everybody. You must have the willingness and ability to change your behavior and use the data and tools available. However, he observed, “If you want to control your costs, then it’s the way to go. I’ve probably saved $1,800 to $2,000 a year on my home electric bill.”

While McAlpin’s approach is way beyond that of the average consumer, his option to buy power from a nonutility supplier is not that unusual. Exposing customers to prices often results in behavioral changes, which in turn make the grid more economically efficient and reliable.

Griddy Chief Operating Officer Jason Huang noted that the Texas summer of 2019 showed that consumers did cut use in response to price. “We were able, in aggregate, from all of our Griddy members, to get a 25% reduction in usage during those peak times,” Huang said to me. “We learned a lesson in terms of being able to provide more education and details, and how to communicate that to people. We saw some customers reduce consumption 50%–60%, while others did nothing.” In the long term, he views this as a potentially valuable tool in creating a more efficient power grid, because it creates a relief valve on the demand side of the equation which previously did not exist. He also thinks customers will become more responsive as they become more familiar with what they can do to control demand. “We believe next time there’s a peak, we should be able to reduce by 40% or 50% to remedy the supply-demand imbalance.”

Griddy’s approach is unusual, but it may spread over time.9 The company’s website indicates that for the four years prior to 2019, savings relative to the average rate hovered between 17% and 30%.10 There’s risk there, owing to the relatively inflexible nature of demand, but providing the customer with the real price of electricity is not much different from other markets—whether it’s Uber’s surge pricing, airline tickets, or groceries—except in the order of magnitude. No other commodity can soar 500-fold or more in less than a day.




ELECTRICITY BASIC LESSON NUMBER 1: SUPPLY IS GENERALLY FIXED AND DEMAND ISN’T

While consumers aren’t likely to become traders and most are not










	Commodity
	5 Year Low Price
	5 Year High Price
	Volatility Factor





	Gold
	$l,049/ounce
	$l,514/ounce
	<50%



	Gasoline*
	$1.83/gallon
	$3.04/gallon
	66%



	Texas Electricity
	($250.00)/MWh1
	$9,000.00/MWh
	Wow














ELECTRICITY BASIC LESSON NUMBER 2: WEATHER DRIVES DEMAND











MANAGING PRICE VOLATILITY FROM THE INSIDER’S VIEWPOINT









MANAGING EXTREME VOLATILITIES STARTS WITH WEATHER FORECASTING
















A TRADER’S VIEW OF TEXAS IN AUGUST






WEATHER COMBINED WITH RENEWABLES IS INCREASINGLY AFFECTING SUPPLY






IT’S GOING TO GET EVEN MORE COMPLICATED
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