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For L.G. and R.G., who have renewed me


“While everybody talked about the weather, nobody seemed to do anything about it.”

—CHARLES DUDLEY WARNER, Hartford Courant, 1897
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No Man’s Land

When Michael Skelly first visited the Oklahoma panhandle in the summer of 2009, he had a good idea of what he would find. He expected lots of sunbaked and windswept open space, and he wasn’t disappointed.

It was a hot day as he drove west from Guymon, the largest town in the panhandle, into a landscape that was pancake flat and dry. There were only a handful of trees. For mile after mile, the two-lane Highway 3 ran straight as a matchstick. Every mile, a dirt road intersected the highway and headed off toward the horizon at a 90-degree angle. The land was a giant grid containing squares of corn, milo, and grassland. There were few houses, one every mile or so. Half had been abandoned decades ago by homesteaders who gave up their fight with the elements.

Skelly didn’t want to fight the elements. He wanted to harness them.

Gazing at the landscape, Skelly grew excited. He knew no place is perfect for energy development. But the panhandle was quite good. There was lots of room to build, thousands of square miles. Local landowners were supportive. No endangered animals lived there. You could build renewable energy here, he thought, on a scale that could change the country and maybe even the planet.

The wind rarely stopped blowing. A bestselling midcentury travelogue joked that homes here had a “crowbar hole . . . designed to check on the weather. You shove a crowbar through the hole: if it bends, the wind velocity outside is normal; if the bar breaks off, ‘it is better to stay in the house.’ ” A few years earlier, Skelly’s former employer, a wind farm developer, had erected a couple of needle-thin meteorological towers with instruments to measure wind speed. They were the tallest structures for miles around. The results were striking. The winds were strong and surprisingly steady. The data collected was good enough to go to a bank and get financing for a wind farm, but Skelly had never done anything about it. The region was too remote. Sure you could generate a lot of power, but then what? Where would it go?

The sun was also relentless. On the giant interconnected power grid that runs from Nova Scotia, along Canada’s Atlantic coast, down to Miami and across to Montana, the sunlight is strongest in the Oklahoma panhandle and an adjacent area in New Mexico. If you put identical solar panels in the westernmost counties of Oklahoma and in Miami, you would generate one-third more electricity in the panhandle—and nearly twice as much as in Cleveland, Pittsburgh, or Albany. In the 1970s, the Guymon Daily Herald ran a box on the top left of the paper every day that proclaimed the city was the “Sunshine Capital of the World.”

At the time, Skelly was in his late forties. He was the human equivalent of a meteorological tower: slightly more than six feet tall and fit from years of biking to and from his office in Houston. Skelly had bushy hair and wore browline glasses. He was a departure from an earlier generation of wind farm builders and solar panel enthusiasts who were more interested in creating sustainable energy than sustainable businesses. Skelly wanted to make a profit, because profits would attract new investors and money into renewable energy.

Traveling around the panhandle, Skelly allowed himself to think big. He envisioned an energy development unlike anything ever built before. It would be enormous, and would generate power at a cost lower than anything that had come before it. And because the sun and the wind were so steady, the power would be available, on average, nearly twenty hours a day.

The panhandle had a lot to recommend it as a place to build renewables. But there was a big drawback. No one nearby needed the power. Skelly planned to solve this problem by building a long extension cord: one end would be plugged into the panhandle; the other end would reach east until it crossed the Mississippi River. It would be the first of a set of transmission lines he wanted to build that would carry current hundreds of miles from one state to the next, stitching together the country and delivering low-cost, carbon-free electricity. He would upgrade the existing power grid, a century-old engineering marvel that tied together power plants burning a lot of fossil fuels. “It’s an environmentally reckless business model in need of reimagining,” he thought. Skelly dreamed of a new grid that could power modern society without contributing to the darkening cloak of carbon dioxide around the Earth.

Of course, such a grid would cost billions and billions of dollars. Skelly wanted to show it could be done, and done profitably. It was ambitious but necessary, he figured. “If we don’t do it,” he thought to himself, “who is going to do it?”



A year before Skelly’s visit, Carroll Beaman had also concluded the Oklahoma panhandle was a good place to erect wind turbines.

He was born on an infamous day in the region’s history. “I came in with a storm,” he said. Beginning in early 1932, enormous dust storms blew across the Oklahoma panhandle and neighboring states. The wind scooped up millions of tons of topsoil that homesteaders had plowed up in their misguided effort to turn well-adapted grassland into fields of wheat. After a few years of this new agricultural practice, there were no more roots to hold the soil in place. A strong wind would create giant moving clouds called “dusters.” The region became known as the Dust Bowl. It was one of the worst man-made environmental disasters ever, and it led to mass migration.

The first giant dust storm was on January 21, 1932. Beaman was born that day. His parents were homesteaders, he said, and “just as poor as anybody else.” His mother was born in a dugout her parents had carved into the dirt. His grandfather raised crops and owned a water-drilling rig. The contraption would bore fifty feet, sometimes deeper, into the red dirt until it found water. On top of the borehole, the farmer would install a windmill, an Aermotor or a Dempster, to pump up water for cattle or crops.

“Dusters” are now part of history. New farming practices and countywide soil conservation districts ended the era of stripping away prairie grasses. Human activity had destroyed the ecosystem, but in time humans restored a semblance of balance. The weather had once brought misery to the panhandle. Now Beaman wanted the wind to bring investment and steady checks.

He split his time between a home in Amarillo, Texas, a two-hour drive to the south, and a second house in Guymon. He came to the panhandle in Oklahoma as much as possible to tend his garden of cucumbers, asparagus, and tomatoes next to his family’s homestead nearby. One day in 2008, driving north from Amarillo, he noticed large cranes assembling gently tapered steel tubes. On the return trip, three long aerodynamic blades had been attached to a large box on the top of each tube. It was the first time he had seen a modern wind turbine. He thought the machines looked solid and impressive. Here on the southern edge of the Great Plains, grain elevators seemed as tall as skyscrapers. But these wind turbines were twenty and thirty stories tall; they dwarfed the grain elevators. They were nothing like those twenty-foot windmills dotting the region that were rusting in place. The new ones were elegant machines—two rows of eight turbines each eventually straddling the rural road. His grandfather’s windmills once pumped water up from the aquifer; these new turbines were for electricity—wind turned the blades, spinning magnets that generated currents to be fed into the grid.

“We have some of the best winds in the world,” he thought on a drive home to Amarillo. “There is no reason this area wouldn’t be a prime candidate for development.”

While in his car, Beaman also ran some numbers in his head. “I saw these groups of eight turbines. They are on a quarter section, half section,” he said. Sections are 640 acres of land, one mile wide and one mile long. “I saw those and thought, hell, if eight turbines are economic, then what I can do is put eight turbines on every half section I got, tie it into an electric line, and that is all there is to it.”

Years later, he chuckled. “I found out there was a little more to it.”



After seeing the new turbines, Beaman drove around the counties in Oklahoma’s panhandle, talking to his neighbors about building a wind farm. He knew most of the people who lived in the panhandle and had known them for decades. He urged them to sign energy leases. They would pool their land and use their size to get the best bargain.

The western three counties that form the state’s thin western appendage are called No Man’s Land. Between 1850 and 1890, no state claimed the region. It was an empty spot on the map and remains sparsely populated. In the 1990s, a giant pork conglomerate moved in and built a slaughterhouse on the outskirts of Guymon. About twenty thousand pigs arrive in trucks every day from barns scattered across the panhandle and neighboring states. By one estimate, there are sixty-two hogs for every person in the counties that make up the panhandle.

After attending college in Colorado, Beaman ended up working for Exxon overseas in the 1950s and 1960s. He returned to Amarillo to run a small oil and gas company, socializing with the city’s business and civic leaders including fellow oilman T. Boone Pickens. One of the elementary rules of oil exploration is that when you make a discovery, lease up as much surrounding land as possible. Beaman took the same approach to wind.

Driving around the flatlands, he discovered that he didn’t have to make a hard pitch to get his neighbors to sign up. One rancher “signed the lease, never read it,” he said. “He trusts me.” People understood that the wind turbines wouldn’t interfere with farming. The turbine’s concrete bases could be put in the corner of each grid square, just like the hog barns. Beaman promised his neighbors payments down the road when deals were made.

Out in No Man’s Land, where the thin Oklahoma panhandle nestles up against Kansas, Colorado, Texas, and New Mexico, Beaman began to assemble commitments from his neighbors. Beaman, who often wore a cream-colored cowboy hat and oversized belt buckle won in a cutting horse riding competition, called the company CimTexCo, for Cimarron and Texas Counties. Beaman soon learned that there was a reason those first wind turbines he had seen on his drive from Amarillo were located where they were. They were close to power lines. To make CimTexCo viable, he needed a power line. He put in a proposal with the local grid operator to extend a transmission line west into the panhandle. The Southwest Power Pool assigned it to its priority project list. It was number 13, so far down the list he doubted he would be alive to see it completed.

His frustration was building when a mutual acquaintance introduced him to Michael Skelly, and he learned about the interstate extension cord idea. They were working on complementary plans.

Beaman realized his best chance to bring investment to the panhandle was if Skelly’s transmission line could be built. Beaman increased his outreach and soon had 100,000 acres committed to CimTexCo. This would eventually grow to more than 300,000 acres—about 500 square miles. It was enough land for strings of turbines to extend for sixty miles, east to west. It was enough to build the largest renewable energy project on the continent.

One day he was at his lawyers’ offices, working on the paperwork for CimTexCo wind leases. He marveled at the size of the project, and so did an out-of-town lawyer. “None of us have ever dealt with anything of this big a scale or magnitude. It is uncharted territory for us all,” Beaman said.

But without Skelly’s extension cord, none of it made a lick of financial or engineering sense. Beaman needed the line. “I am banking on it,” he said.



If Skelly could build a transmission line from Oklahoma to Memphis, Tennessee, the panhandle would sprout two thousand wind turbines and tens of thousands of solar panels. The electricity generated would flow into a substation near Guymon and then on to a high-voltage direct current express line headed east. It would drop off some power in Arkansas, and take the rest over the Mississippi River into Memphis. From there, the flow of electrons that make up an electrical current would be on a grid operated by the Tennessee Valley Authority. In the 1970s, the federal agency planned to build more than a dozen nuclear power plants in the valley. The TVA built the wires but then scrapped plans for the nukes. If Skelly could get the power across the Mississippi into Memphis, he could move the power north, east, and south on this oversized network. Atlanta, Charlotte, even Washington, D.C., and from there Philadelphia and New York would be within reach.

It was such a bold idea that some people in the Oklahoma panhandle had trouble believing it. Jay Lobit’s initial reaction was that it sounded preposterous. He had returned to the area in 2005 to build wind farms because of his recollection of working as a paperboy for the afternoon newspaper and getting dragged across Main Street in Guymon when a gust of wind turned his canvas delivery bag into a sail. A private line all the way to Memphis? “Yeah, right,” he thought. But he was curious. “All right,” Lobit told a friend who wanted to introduce him to Skelly. “I’ll go meet this nut.” He wanted to see what kind of masochist would attempt such a project.

They met at a conference in Oklahoma City in 2009 and chatted for an hour. Skelly was about twenty years younger and a head taller than Lobit. Skelly spoke passionately about his idea. Lobit felt himself getting drawn in. Lobit still believed an Oklahoma-to-Tennessee power line was insane, but if anyone could pull it off, Lobit was prepared to bet on this goofy but earnest guy. Skelly had a “grand vision,” Lobit said, that would boost renewable energy and the fortunes of renewable energy developers like him. “He talked about his plan and what it was going to be. I was happy to have any kind of a plan,” Lobit remembered.

Skelly wanted to permit and build a 720-mile electricity expressway through the middle of the country, bypassing a snarl of local and often congested power lines. His proposed power line had the capacity to carry 4,000 megawatts of wind and solar power. This was enough to carry electricity from Beaman’s CimTexCo, the wind company Lobit had cofounded, and others. Adding them all up, the panhandle wind and solar farms would be one of the largest power-generating projects in the United States. It would trail only the gigantic Grand Coulee Dam, which sends the gravity-propelled Columbia River through twenty-five generators and produces up to 6,809 megawatts, and the Palo Verde nuclear power plant west of Phoenix, which has a peak output of 4,219 megawatts. Here’s another way of understanding the scale of Skelly’s vision: One of the United States’ leading rooftop solar panel companies, SolarCity, was founded in 2006 and became part of Tesla and Elon Musk’s empire a decade later. As of early 2018, it had installed 3,310 megawatts. Skelly’s Oklahoma panhandle renewable energy complex would be bigger and produce power at a much lower cost.

Capacity can be misleading. A typical car speedometer might say it is capable of going 140 miles per hour, but most cars never go near that maximum speed. A car’s top speed is a bit like installed capacity for a wind or solar farm. A better way to think about power plants is in how many megawatt hours are produced, comparable to a car’s average speed. By that measure, the three largest power plants in the United States are all nuclear facilities: Palo Verde in Arizona, Browns Ferry on the Tennessee River in northern Alabama, and Oconee in the northwest corner of South Carolina.

Right behind them would be the proposed cluster of wind and solar farms in the Oklahoma panhandle, churning out electricity that travels on the new grid to faraway cities.

Skelly’s plan was ambitious. But the reward at the end of the line was significant: it was a huge step forward in a transition to a cleaner energy future. It would also be a big payday. Changing the electricity system would be enormously expensive. But if Skelly could set the precedent with a moneymaking Oklahoma-to-Tennessee line, it would be worth the headache.



Skelly left No Man’s Land in the summer of 2009 with a single-minded focus. The counties were big and windy and sunny, and there were developers champing at the bit. A self-described “infrastructure nerd,” Skelly wanted to build a massive energy project that was both inspirational and profitable. This was how the energy transition would happen, he figured. One step at a time and one transmission line at a time.

Over the next few years, Skelly didn’t get involved in Twitter feuds or policy battles. He wasn’t interested in wasting energy fighting over energy. Why bother, he would ask with a shrug. He much preferred to use his time developing energy projects.

For Skelly, the energy transition wasn’t an idea to be debated. It was something that needed to be financed, planned, and built. The longer it took to rewire the country, the more heat-trapping gases would be released into the atmosphere. That meant more climatic changes that could make the Oklahoma Dust Bowl pale in comparison. The world was getting more dangerous. Storms were stronger and droughts more persistent. All this was happening and the global mean temperature had only risen by less than one degree Celsius. What would happen if temperatures rose by two degrees? Or three?

Skelly had spent a lot of time in the year before his visit to Oklahoma reading up on climate change and thinking about it. He found it depressing and distracting. He much preferred doing something about it. The transmission line would be extraordinarily difficult, but he thought it was a good way to spend a few years. It was challenging, but worthwhile.

“This is the business of overcoming obstacles,” Skelly said. “It is not like you just wake up in the morning and all of a sudden, you know, the heavens part and you get to go build the project.” Skelly set out to clear a path through the obstacles.
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E Pluribus Unum

Michael Skelly, the son of an electric engineer, has spent years building wind farms and plotting power lines. Yet he once admitted: “I don’t really understand all the electrical stuff.”

Neither do most people. It’s a blessing of the modern age that we don’t need to. When we flip a switch, the light goes on. It stays on as long as we want it, steady and constant without flickering or surging.

Skelly is intelligent and ambitious, idealistic and profane. He is a city dweller, but his near-daily forays into the Houston’s parks and bayous on bicycle allow him to see the city with a naturalist’s curiosity. Underneath a veneer of wit and self-deprecating humor, he takes himself seriously. When he says he doesn’t understand the electrical stuff, it is wise not to believe him. Perhaps he doesn’t know the details of the power grid with the precision of an electric engineer. But he has a good sense of the political, social, environmental, and economic forces at work.

He lives in a part of Houston called the East End. It is mostly smaller, older homes that date from when the neighborhood sprang up around a Ford Motor Company factory. Skelly’s home, which he shares with his wife, Anne Whitlock, is the former Houston Firehouse No. 2. There are two brass poles connecting the second floor to the first. See-through covers over the holes prevent tipsy visitors from sliding down and twisting an ankle. Exceptions are made. At a political fundraiser, Beto O’Rourke entered by sliding down a pole into a crowd of donors.

When the firehouse was built, in 1910, a single power plant served all of Houston. A two-story long brick building, the Gable Street plant was located along the Buffalo Bayou on the outskirts of downtown. In 1898, the facility was the site of a major accident. “Fatal Boiler Explosion,” screamed a headline in the Houston Daily Post. Two men died and three were badly injured. With the plant out of commission, the paper noted, “the city was plunged into total darkness.” After the accident, a new power company emerged and a new power plant rose from the debris. As the city grew, Houston Lighting & Power Co. added steam engines and turbines to the plant. In 1910, it could generate 7.2 megawatts. A home or business paid about 10 cents for every kilowatt hour. If they used a lot, the bulk rate went down to 7 cents.

As the crow flies, power from the Gable Street plant traveled a little more than a mile to the firehouse. Today, power flows across the state in a giant power network, a sinewy web of electricity. It is easier to find out where the apples in the grocery store were grown than where the power in the wall socket originated. Even the people who administer the state’s power grid have trouble answering a question of provenance.

Electricity is electricity, whether it comes from the large nuclear plant an hour’s drive down the coast from Houston, the wind turbines along ridges in West Texas, gas plants to the east of the city, or the giant coal plant about an hour’s drive northwest of Houston that releases a thick dull gray smoke that is visible for miles against the blue sky. Electricity flows from many places, moving along copper or aluminum wires to power modern life: night-lights in children’s rooms, massive steelmaking electric arc furnaces, and data centers that provide instant access to YouTube videos and Netflix movies.



Skelly’s home in Houston sits near the southeastern edge of a large power grid that covers most of the state and goes by an unwieldy name: the Electric Reliability Council of Texas. Everyone calls it ERCOT. Despite its size—six hundred miles east to west and even larger north to south—it is considered a minor grid, especially compared to its two giant neighbors, the Eastern Interconnection and the Western Interconnection.

The Western Interconnection covers El Paso to Vancouver, sweeping up everything west of the Rockies. The Eastern Interconnection is even larger, connecting Toronto and Miami in its wiry web. These grids serve a basic, important function. They provide a reliable, consistent source of power, so when you flip on the light, there is current available at a consistent voltage level. The grid managers are like Goldilocks looking for the porridge that is neither too hot nor too cold. Both of the two big grids are so large they contain about three dozen “balancing authorities” responsible for keeping the grid in constant equilibrium.

From a control room located thirty miles northeast of Austin in an unmarked bunkerlike building behind a high black metal fence, ERCOT balances its entire grid. Across from its front gate is a small airport. You could park your car on the shoulder and walk onto the runway. Getting into the bunker requires negotiating three distinct layers of security. To enter the innermost sanctum, the darkened control room, employees have to place their thumbs on a fingerprint scanner.

On the day I visited the bunker, there were eight men wearing jeans and untucked shirts, sitting at workstations. On the wall, a thirty-foot-wide screen showed the Texas power grid, color-coded to indicate whether any transmission lines were down and a hundred other details, including the weather and local road congestion. There could be a tornado outside and the bunker would be quiet and unaffected.

There are a thousand tasks these men must attend to during an eight-hour shift, but only one job: to keep the grid running, around the clock, regardless of whether the temperature is in the triple digits or there’s an ice storm. Dan Woodfin, the director of system operations, said he hired a lot of former military and linemen who worked on the wires. They were calm under pressure and accustomed to following rules precisely.

“We have to exactly balance generation and load all the time,” said Woodfin. He dressed in a white shirt and black slacks, with combed-back hair and no-nonsense glasses. He wore a single ring on each hand: one from marriage, the other from college. Generation means the power supply. Load is the term used in the electricity business to indicate power consumption. When you turn on a lamp, you are increasing the load. When a coal plant fires up, or a solar panel catches the sun, that’s an increase in generation.

All of the power grids in North America aim to have the electricity in their system oscillating at exactly 60 hertz. That means that sixty times a second an electromagnetic wave carried by wires hits a peak. But these waves are fickle. If there is more generation than load, the frequency speeds up. A large display in the ERCOT control room shows the frequency at all times. If the load increases quicker than generation, the electromagnetic wave elongates and the frequency slows down. The frequency is a bit like a car tire out of balance. If you drive at a certain speed, everything will feel fine. But go too fast or too slow, and the tire wobbles.

Struggling to understand, I suggested an analogy to Woodfin. The grid is like a water reservoir that you want to keep at an exact level. There are numerous places where water can be added, and an even larger number of spillways and buckets taking water out. The balancing authority monitors the water level, taking steps to keep the inflows and outflows constant.

“Water moving in and out of a lake is a slow motion thing relative to this, which is instantaneous,” Woodfin said. In other words, imagine a reservoir that could drop—or rise—by several feet in an instant. And imagine if that sudden movement interfered with the operation of ventilators for patients. My analogy lacked urgency. I hadn’t grasped the life-and-death aspect of his work.

There’s a large map of Texas on the wall of Woodfin’s office. Something about it didn’t make any sense and appeared deeply confused. The cities were in all the right places, but the road system was off. There were thick red lines headed into Houston that might have been interstates but at odd angles. There was a large loop road that circled the city, and dozens of smaller feeder roads coming into and out of the thick red lines. It was a map of the Texas power grid. I was seeing the state in an entirely different way. It’s like the beginnings of a riddle: What is everywhere, but never seen?



The map reminded me of a conversation I had a few months earlier. I was visiting an environmentalist named Bob Allen who lives in the middle of Arkansas in a home he built himself. It is a beautiful and rural region, just south of the Ozark National Forest. He often sees bobcats and otters from his wooden deck. “It is a very rugged, isolated area,” he said. “We are a long way from anywhere.” His house was between the Oklahoma panhandle and Memphis, and Skelly’s transmission line would likely run within a couple miles of his home. Allen was in favor of the line because he wanted more renewable energy.

Power lines, he said, “are unsightly, there is no doubt about it.” But that is only when you go looking for them. Mostly, he said, they are unseen. One day, on the twenty-mile drive from his home to the nearby city of Russellville, he ran a test. “I counted the number of power lines I drove under. Over one hundred from here to Russellville. They are so common, they are essentially invisible to us these days.”

I had driven out from Russellville that morning and had trouble believing him. There was no way I had driven under one hundred power lines. But as I pulled out of his driveway, past his solar panels on the right and a meadow holding a flock of lambs on my left, I kept a tally in my head. I had gone under four power lines in the half a mile on a dirt road back to the main state highway. By the time I had driven four miles and passed a sign for the Booger Hollow Tabernacle, I had lost count. On my way to visit him, I hadn’t noticed any of them. They were such a part of the modern landscape that even in rural Arkansas their existence hadn’t registered with me.

To move power around the country, there are about 160,000 miles of high-voltage power lines. These are the large lines that hang off fifteen-story lattice towers. That is more than three times the size of the U.S. interstate system. Unlike highways, which tend to connect cities with each other, the U.S. high-voltage power lines connect the machines that generate power with cities and industries that use it. Millions of miles of smaller low-voltage lines connect neighborhoods and houses.

In 2003, the National Academy of Engineering presented its choice for the greatest achievements of the twentieth century. It listed cars and planes, computers and the internet. Above them all was electrification: the power grid. We accept dropped calls and mobile phone apps that crash. This level of service will not do for grid operators. They know the exact date of the last rolling brownout. Investigations into widespread blackouts often end careers.

This fear of failure is why grid operators worried when renewable energy began to grow. The power grid had run on dispatchable power: Power plants offer their services. They send in computerized bids that say, essentially, we can provide 300 megawatts of power from 3 p.m. to 4 p.m. tomorrow and we’re available if the price is at or above $30 per megawatt hour. If the grid operator accepts the bid, the power plant gets a dispatch ticket, and it is expected to be spinning its turbines and producing 300 megawatts when the clock strikes 3 p.m.

But renewable energy is different. The eight men in the ERCOT control room can’t tell a wind farm to provide power if the wind isn’t blowing. When Woodfin arrived at ERCOT in 2003, there were 1.2 gigawatts worth of wind power in ERCOT. Back then, if all of the turbines in ERCOT were to run at maximum output, they would have equaled one of the units at the South Texas Project, a nuclear plant on the flats near the Gulf of Mexico. “I remember folks saying, at that point in time, that we would have to do some things radically different if we got about 15 gigawatts,” Woodfin said. But Texas reached 15 gigawatts, or 15,000 megawatts, in 2015, and the sky didn’t fall. Wind kept growing. ERCOT got very good at day-ahead wind forecasting. Wind didn’t become dispatchable, but it became predictable. And while the system had been built on dispatchable power, it was also built for a large amount of chaos. Sometimes, nuclear power plants must shut down quickly if there’s a safety problem. Giant industrial machines can fire up unexpectedly. The grid operators must be prepared.

On March 23, 2017, wind farms provided 50 percent of all the electricity in ERCOT for the first time. It came at 4 a.m. on a Thursday morning. There were no panicked calls to Dan Woodfin’s cell phone. It was just another day on the Texas grid. It was the first time, but not the last that renewables crossed this threshold.

The ability to handle this much wind surprised grid engineers. In 2017, Nick Brown, president of the Southwest Power Pool, a grid operator similar to ERCOT but for several Great Plains states, testified before Congress that it was handling 17,000 megawatts of wind without any issues. “I will tell you as an engineer, with training in operations and planning, if you had asked me 10 years ago if we would have been able to reliably accommodate even half of that, I would have said no. Period. End of discussion,” he said.

In 1898, the failure of a single power plant in Houston brought darkness to the whole city. Today, the grid can compensate and accommodate fluctuations. Working in concert, thousands of generators and lines keep the grid at 60 hertz. Getting to this point took decades of investment and created a system of powerful industry insiders who controlled large portions of the grid. An outsider such as Skelly wouldn’t be easily welcomed into the club.



The modern power industry began in a single factory that belonged to Joseph E. Hinds. Born in Brooklyn in 1848, he began working at eleven years old and found his way into printmaking at fifteen. The companies he worked for made colored labels to affix to manufactured goods. By the time he was thirty, he had his own business.

In October 1880, he was working in the offices of his new company, Hinds, Ketcham & Co., when a visitor came with questions: How many gaslights did the firm use? How much did he pay for the gas? Hinds answered and then asked the stranger a few questions of his own. Why do you want to know? Who are you working for?

The visitor explained that he was surveying lower Manhattan for Thomas Edison, who was working on a new form of lighting. Hinds had heard of Edison. A few months earlier, an illustrated newspaper had called him a “Wizard of Electricity” whose invention provided light with “no deleterious gases, no smoke, no offensive odors.” Hinds traveled to Edison’s New Jersey laboratory to make the inventor an offer. He was building a new factory for his printing presses and label makers. Did Edison want to use it to test this new lighting apparatus?

Edison agreed and sent over a small generator and wired Hinds’s factory in a jury-rigged fashion. Lacking the proper insulation, workers tacked naked copper wires onto the walls. By the end of December or perhaps early in 1881, the new system was ready for a test run. When Hinds leaned over to throw the switch, his coat caught in a belt and he was thrown to the floor. It was an inauspicious beginning. Hinds picked himself up—and threw the switch. The lights went on. Electricity lit its first business.

Hinds printed up a circular announcing that a “special dynamo electric machine” powered his new business on Water Street. Other label makers who worked at night with candles or gaslight struggled, he said, but the new incandescent bulbs were a “true substitute for daylight, showing all colors in their natural hues.” Curious crowds streamed through the factory.

A few months later, Edison supervised another installation. This time, the recipient was his financial supporter and one of the wealthiest and most powerful men in the world: J. P. Morgan. The tycoon was renovating his Madison Avenue three-story brownstone and decided he would show off Edison’s invention by adding electric lights. He installed a steam engine, boiler, and two generators in a room underneath the house’s horse stable. When the renovation was completed, in June 1881, every room had lights activated by turning a knob upon entry. An engineer showed up every day at three o’clock to feed coal into the boiler to generate steam so that the lights could go on at four o’clock. The engineer turned off the generator nightly at eleven. Inside the house, the lights were elegant and modern. Outside, the noise of the generator and smoke from the coal aggravated neighbors.

Hinds’s business and Morgan’s mansion were islands of electricity. The generators fed a thin and often fickle strand of power to a few rooms. Edison understood these islands were neither economic nor particularly reliable. His aim was to build centralized power plants to serve as many customers as possible.

Edison was plotting to build the world’s first electrical network. By the end of 1881, Edison workers had unspooled fifteen miles of wires under the narrow streets of lower Manhattan. The next year, Edison’s workers installed several coal-fired generators inside a building on Pearl Street, near the entrance to the nearly complete Brooklyn Bridge. The effort was “akin to venturing on an uncharted sea,” Edison told a reporter years later. When the facility was switched on in September 1882, it provided power to eighty-five customers and lit four hundred lamps in and around the city’s financial district. By the beginning of October, wiring reached 1,600 lamps. A year later, the Pearl Street station could light 11,555 lamps. This rapid growth might have continued were it not for an 1890 fire that gutted the world’s first power plant.

By the end of the decade, there were a thousand centralized power plants across the country, feeding power throughout neighborhoods via growing networks of wires.

Only a few years after New Yorkers marveled at Edison’s lights, they began to grouse about the profusion of poles and overhead wires carrying the electricity. In 1889, the New York City mayor, a Tammany Hall Democrat named Hugh Grant, urged companies to move their wires from rooftops to underground conduits called subways. When the companies didn’t act quickly enough, Grant armed crews of city employees with axes and sent them to chop down poles. They were “ready and anxious to start on a crusade against the copper and steel wire octopus that has so steadily encircled the streets in its tentacles,” a newspaper reporter wrote. Crowds cheered as poles fell on Broadway.

Excited by success and possibility, a growing host of electric engineers set out to make power systems bigger and better. One challenge was to build a line that could carry power over long distances. In time for the International Electrical Exhibition being held in Frankfurt in 1891, a Berlin electrical manufacturer built a 108-mile line. A cement plant in Lauffen, Germany, would send its surplus power from a dam on the Neckar River. The faraway river’s power flowed into Frankfurt and powered an artificial waterfall and a sign with a thousand bulbs that spelled out AEG, advertising the name of the transmission line’s manufacturer.

Experts predicted the line would be a folly that would lose 50 percent of the power along the way due to resistance encountered along the metal conductor. But when calculations were run, the receiving terminal in Frankfurt received 74.5 percent of the power transmitted from the cement works. The success of the German line helped convince financiers to back a twenty-mile line connecting Niagara Falls to Buffalo. By 1895, long-distance, high-voltage power transmission was a reality. The lines grew longer. In 1901, a power plant that tapped the energy of the Yuba River, as it flowed from the highlands of the Sierra Nevada, supplied electricity to nearby gold mining operations, Sacramento, and the San Francisco Bay Area, via a 140-mile transmission line.

The long-distance line meant that power could be generated where it was convenient—where land was less expensive, where water was readily available, where plants could be built to a much larger scale. A 1902 survey of industry counted 3,620 central power stations and more than fifty thousand isolated power plants that served a single factory or a large home. Due to long-distance transmission, that lopsided equation would soon reverse.

Samuel Insull, a British immigrant who came to the United States to serve as Edison’s secretary and later took over as head of Chicago Edison, recognized this trend. He helped speed the demise of the isolated power plant. In 1913, he gave a speech that described an experiment he had run several years earlier in Lake County, just north of Chicago. His company had purchased all the small power plants serving the area, including one run by a “gentleman farmer” who supplied power to some of his neighbors. Insull shut all of these plants down and replaced them with a single central plant along Lake Michigan. The cost of the new plant and miles of wires was substantial. But it allowed him to balance complementary demands for power. The new plant was more efficient and eliminated wasteful duplication. Despite the high construction costs, Insull lowered the price for electricity from 7 cents per kilowatt hour to 2.9 cents.

The conclusion was obvious to Insull and, he said, should also be to “any man of ordinary intelligence.” All these small, isolated plants had to go and should be replaced by centralized power plants serving cities, or counties, or even larger regions of a state. But this wasn’t Insull’s final thought on the matter. If building regional power grids was logical and sensible, businesses that undertook the effort needed to be protected from fierce competition by being given state-sanctioned monopolies. Anything else, he sniffed, was “simply a waste of money.”



The savings and improved reliability meant it was remunerative to wire up a county. But why stop there? Why not connect an entire state? Why not connect the entire eastern seaboard? This was the logic of W. S. Murray, a skinny engineer with a Vandyke beard who wore a suit with a pocket square even when visiting a construction site. He was a towering figure. In a rare surviving photograph of him, the six-foot, seven-inch Murray towers over a fully grown man in a fedora. The tip of the hat doesn’t quite reach the knot of Murray’s necktie.

Murray had a fertile, adventurous mind. While not quite in the same league of electrical giants of the day—Edison, Tesla, Westinghouse, and Siemens—he was not far behind. The first time he demonstrated his ingenuity came after a spectacular train crash. On January 8, 1902, a passenger train was heading southbound in New York City under Park Avenue toward Grand Central Terminal in midtown Manhattan. Coal smoke from trains in the tunnel caused a conductor on the passenger train to miss a red signal and plow into another train, killing seventeen people. In response, before an inquest had even begun, politicians announced the trains needed to be electrified. “How it can be done is yet to be determined,” said New York City mayor Seth Low.

State lawmakers soon banned trains from burning coal inside the city limits. Realistically, the only alternative was to use electricity. The law gave railroads until 1908 to figure out how to comply.

One of the companies that started working on this problem was the New York, New Haven & Hartford Railroad. Despite its provincial-sounding name, it was an enormous holding company owned by J. P. Morgan and William Rockefeller. It controlled the railroad between Boston and New York, as well as ten thousand other miles of tracks and coalfields in Pennsylvania and New York. In 1905, the railroad hired Murray to be its chief electrical engineer and figure out how to run the trains effectively on electricity. Some city trolleys ran on electricity, but not any trunk line railroads that traveled hundreds of miles. He was offered a salary of $4,500, less than half what he was making as a private consultant. But he took the job because he thought it was an important and interesting challenge.

Over the next few years, he devised a novel way to run trains on electricity. “The design was both bold and risky. It involved concepts that were unproven outside a laboratory, and required equipment untried in large scale railroad operations,” Robert C. Stewart wrote decades later for the Historic American Engineering Record, a federal project documenting significant engineering achievements.

Murray’s system was the first time anywhere a mainline railroad was electrified successfully. Modern Amtrak trains between Boston and Washington are direct descendants of Murray’s designs. It was a “trailblazing effort that set the standard for American railroads,” Stewart wrote.

After completing the railroad work, Murray traveled to the Rockies for a vacation. But his mind resisted rest. “Perhaps it was the vastness of the outlook from the mountains that led me to take a broader view of the problems involved in the work I had left behind—problems that had been faced too closely in the daily routine to be seen in proper perspective,” he later wrote.

He decided, staring out at the broad vistas, that the United States should connect its regional power grids into one giant grid. Neighboring cities and regions could share power, helping each other out. An inefficient and duplicative system, which made it needlessly expensive, could be eliminated. He called it a “Superpower System.”

“In our profession, we have been building fast and building well, but not always in co-ordination,” Murray wrote in a 1925 book. “There is virtue in our national motto—e pluribus unum.” Out of many disparate power grids, Murray wanted to build one giant grid.

Murray persuaded Congress to appropriate $200,000 to fund a study of a power grid that would join Boston to Washington. His final report draws similar conclusions to Insull’s Lake County speech. Within a decade, all of the Northeast’s power system could be connected to share power efficiently. The 558 existing small power plants could be replaced by 273 larger power plants. All of the wires and power plants would cost $1.11 billion, a staggering sum at the time. This was enough to build a dozen Hoover Dams and a dozen Empire State Buildings. But using a coordinated system, Murray wrote, would deliver $239 million in annual savings.

Murray’s report included several colorful maps that traced out a new transmission network. Large power plants at the coal mines of Pennsylvania and dams along the upper reaches of the Delaware, Susquehanna, and Hudson Rivers would send electricity to cities. Within a few years, new wires would reach the Niagara Falls region and the St. Lawrence River.

An article in the Chicago Tribune, headlined “A Revolt Against Coal Tyranny,” praised the idea of building large transmission lines to carry power. According to the article: “A system more or less on these lines is rapidly developing. It is no idle dream. It is a certainty of the future.” It noted that power lines can carry electricity up to six hundred miles, and that California was considering a 1,100-mile line.

There was a reason the Chicago Tribune was so enthusiastic about burning coal far away and bringing electricity via wires. The first electricity in the city came from coal-burning dynamos in the basements of downtown buildings. The smoke was horrendous. “At times Adams Street for two blocks was like a huge trough filled with smoke. . . . The volume was so dense that one could almost lie on it,” said R. W. Francis, the chief engineer of a local power company in the 1890s. A group of businessmen, calling themselves the Society for the Prevention of Smoke, railed against the plant. Some coal boosters tried to put a good face on the pollution. “Smoke is the incense burning on the altars of industry. It is beautiful to me,” coal merchant W. P. Rend said at a speech at the Union League. “It shows that men are changing the merely potential forces of nature into articles of comfort for humanity.” With the advent of long-distance lines, Chicago Edison could relocate power plants and their sooty emissions far from downtown.

Congress never acted on Murray’s Superpower idea. He moved to South Carolina, where he designed and built a dam to contain the Saluda River, creating a record-setting, forty-one-mile-long man-made reservoir. The South Carolina legislature named it Lake Murray.

He and his wife, Ella, built a house nearby that they called Bohemia Manor. He designed a glass-sheathed studio for her to paint watercolors, and built a small dam on the property to create a fishing pond. It came to be called Little Murray Pond. He installed a small generator to make electricity from the water. For years, the dam was the only source of electricity in that rural part of the state. He used it to light up the house and make ice, which he gave away to neighbors.

As his Superpower report gathered dust, his idea of an interconnected power grid of larger power plants and connected utilities slowly became a reality. In 1923, Philadelphia Electric Company, Public Service Electric and Gas of New Jersey, and Pennsylvania Power and Light studied linking their systems. A report estimated that if two hundred miles of high-voltage transmission linked the systems, they would collectively need fewer power plants. Pennsylvania Power and Light needed the most power in the mornings, as industries ramped up. The Philadelphia and New Jersey companies had the biggest demand in the evening. By pooling, there were fewer idle hours and savings were substantial. By 1927, the three companies began to create what they called the “PNJ Interconnection.” It was the “world’s largest integrated, centrally controlled pool of electric power,” a historian later noted. It took three years to complete a ring of high-voltage links. Delays were due to acquiring all the rights of way needed to cross northern New Jersey.

An even more impressive linkage occurred in the southeastern United States. In 1926, a drought in North Carolina led to a shortage of power in the state. North Carolina kept the lights on by borrowing power from Southern Power Company. But Southern didn’t have a surplus of power and had to get excess from the Georgia Railway and Power Company, which in turn took power from the Alabama Power Company.

Alabama had excess power thanks to a giant hydroelectric power station at Muscle Shoals built by the government to provide power to a nitrate-fixation facility to make explosives for World War I. Begun in 1917, it was completed in November 1918—the month the war ended. The dam provided more power than was needed locally. But its excess power came in handy when the weather was dry in North Carolina.

Murray’s idea of connecting disparate grids into one grid in order to use inexpensive electricity when it was available caught the imagination of many engineers. In a 1917 presentation to a meeting of the American Institute of Electrical Engineers, an Alabama Power Company official promised to light up the entire South with power from his company’s dams. “Within the next five or ten years power from Muscle Shoals and other Alabama hydroelectric plants will be transmitted to Memphis, Tennessee, across Mississippi and even to New Orleans, Louisiana, a distance of approximately 300 miles,” he said. “When this is done, seven states with a population in excess of 16,000,000 people will be served from what, due to interconnection, will be virtually one great system.”



A century later Aaron Bloom, a supervisor at the National Renewable Energy Laboratory outside Denver, handed me a copy of Mitchell’s paper. “We’ve been interconnecting this system to integrate renewables since the ’20s,” he says. “What they did in Georgia and Alabama to connect the southern system was about balancing hydro from different river basins and different time zones.”

Bloom’s office is located in the foothills of the Rockies, the same area where William Murray went for a break from work and developed the idea for Superpower. NREL is a campus of engineers, mathematicians, and scientists. Many of them are dressed in hiking boots and flannel shirts, as if they might need to go on a five-mile walk through the Rockies at any moment. Bloom dressed differently. He wore black wingtip shoes, dress slacks, and a white, pressed shirt that had a couple buttons undone roguishly. He looked as if he might be on his way to give a presentation to a roomful of Silicon Valley venture capitalists.

We sat in a conference room with a giant computer screen, probably thirty feet long and ten feet high, on one wall. From his laptop, Bloom pulled up maps of the giant Eastern Interconnection—the massive grid that stretches from eastern New Mexico to Quebec. It was William Murray’s Superpower zone, but even larger.

A few months before we met, he had led a team that published a massive study on the eastern grid. They had created a giant computer model of the Eastern Interconnection to look ahead to 2026. They asked, What happens if the amount of wind and solar grow to be 30 percent of the power generation? Can the grid handle that much generation from resources that, unlike a natural gas plant, cannot always be dispatched?

“No one had ever run a model that way we ran it. Sixty thousand transmission lines. Six thousand generators. Every five minutes. There was no data set that existed, there was no tool that could run it that big. And there wasn’t a computer to run it on,” explained Bloom. So they built it, painstakingly. For every power generator, they needed to input all sorts of data. How much power could it provide? What was the minimum level it could run at?

Bloom and his co-workers fed all of this data into NREL’s supercomputer, named Peregrine, a three-story machine that has its own building on the campus. Machines pump water through the computers to keep it cool. They direct the heated wastewater under nearby walkways to melt snow and keep them clear.

The first time they ran the data simulation, trying to determine if the grid could handle large amounts of renewable energy, it took the computer nineteen days to make all the calculations. Then the team started looking at it. A data visualization specialist named Kenny Gruchalla noticed something that didn’t make sense. According to the computer, the sun was rising in Nebraska at the same time as Maine, 1,500 miles to the east. Solar farms were springing to life along the fictional Great Plains when the sun was just a predawn glimmer on the horizon. This was a problem.

“Shit. We did it wrong,” Bloom said when Gruchalla pointed out the problem. The entire team working on the data stopped everything to solve out a basic question: “Why is the sun rising ahead of the sunrise?”

Josh Novacheck, an engineer a couple years out of college, was the first to figure it out. It was a data problem. A column had been sorted incorrectly. Getting the data fixed was easy, but it would require running the entire program again. He texted Bloom. “We need to talk,” he wrote. Bloom was in San Diego, meeting with Energy Department officials who had funded the work. Bloom told his sponsors he needed a few more weeks to rerun the computer model.



The final results were mesmerizing. Bloom showed me on the giant screen what the power system could look like in May 2026. The scenario begins at night when power demand is low. There are giant blue circles—wind farms in Oklahoma, Iowa, and Michigan sending power into the Southeast and Mid-Atlantic. Up north, Quebec’s hydro plants are active, as are natural gas plants in Florida. As the sun rises, solar plants spring to life in Florida. The state sends excess power northward. Later when the sun sets, that reverses and Florida imports power.

What was on the screen was a computer model of how half the country could be powered with large amounts of wind and solar energy. Regional grids trade power back and forth throughout the day. Power passes from one grid to the next like a relay race. Wind power from the Great Plains moves into the giant Midwest grid, which was sending power out to Manitoba and Ontario. At the same time, the Midwest sends power to the Mid-Atlantic states, which send it to the Southeast and to the New York grid operator and from there up into New England.

“We have put to bed the is this possible question,” Bloom said, referring to the often-heard claim that adding a lot of renewables will destabilize the power grid. “We can do this.” Thirty percent renewables was not a problem. “We can do this and it probably makes sense. The question is 50 percent and beyond.”

The computer model on the screen assumed several giant direct current transmission lines existed, running from the middle of the country to the East. “We have really, really good resources in the middle of the country where no one lives and there is not a whole lot of transmission,” said Paul Denholm, an energy scientist who worked with Bloom on the project and had been sitting quietly in the conference room. He worked on an earlier study from the laboratory called RE Futures. It examined a future of 80 percent renewable power and asked what impact it would have on power costs. The answer, surprisingly, was not a lot. Renewable energy costs were falling and integrating grids would eliminate waste. The laboratory released the study RE Futures in 2012 without a lot of fanfare because they worried about being accused of being wild-eyed activists.

One of the big lessons from the RE Futures study was that you need to build more wires to create a giant networked system. “In general, it found that if you restrict transmission, costs go up. That is fairly straightforward. I mean, wind is really cheap and it’s going to stay really cheap,” Denholm said.

Later, over lunch at the NREL cafeteria, where quinoa burgers and okra gumbo were the specials, Bloom explained that he sees a theme emerging in his work on power systems. The bigger the grid, the more stable and capable it is. Over the past few years, engineers’ understanding and appreciation of networks has grown exponentially. After all, what is Google but a giant network of information? The internet itself functions because it is a vast and interconnected network. If one node fails, information is rerouted to prevent a wider failure.

The same holds true for the power grid. It was a lesson that southern power companies first discovered in the 1920s, when Memphis Light and Power, Birmingham Electric Company, and the Georgia Railway and Power Company began to connect to each other. These isolated grids connected to each other and the resulting network was more stable, resilient, and capable. They can share power and use their power plants more efficiently. Networking made all of them stronger and more reliable.

The operations of a 2026 power grid were all occurring inside Peregrine. All of the interconnections and new transmission to move wind and solar around were electronic figments of NREL scientists’ imagination. The research was grounded in technical realities and regulatory common sense. They didn’t ask the grid to do something impossible. “A lot of people who are pure academics, they have never been in a control room,” Denholm said. “Yes, we are looking at aggressive scenarios. But we are firmly rooted in the realities of how the power system works.”

Their computer models showed hundreds of gigawatts of new wind and solar farms, better transmission, and even some high-voltage direct current lines tying it all together. But who would build this grid? Where would the money come from? Who were the politicians who would get behind this vision? And would there be regulators who put national goals ahead of local interests? As Murray had wondered, Would we be able to build an e pluribus unum electrical system?
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