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Tucker Perkins has a superpower: he sees the future by listening in the present. On his Path to Zero podcast, Perkins invites scores of experts, each with a different view about climate change and energy. In this book, he uses these statements to predict the energy sources for 2050.

I was pleased to be on his podcast. I agree with Tucker’s assertion that “there’s no clean energy silver bullet. There’s only silver buckshot.” We will use a variety of sources and strategies to build the energy future. Another way to describe the necessary mix of energy sources is that “there’s no single right answer; there are only trade-offs.”

For example, some people don’t believe baseload exists. But it does. Baseload is the electricity required by the grid 24/7. On most power grids, this always-required baseload is 60 percent or more of the electricity used each day. The baseload electricity needs to be steady, reliable, and nonpolluting.

However, it does not need to be fast-acting. Requiring fast response for baseload power sources is the same as requiring great acceleration from semitrucks. Neither the baseload units nor semitrucks are designed for that kind of service. Similarly, high-performance sports cars are not designed for hauling heavy cargo cross-country. Different designs created for different purposes.

The powerful message of this book is that many types of primary energy can contribute to a healthy future. Clean petroleum products like propane can help isolated and poor areas avoid deforestation in search of biomass and avoid lung disease in people from indoor air pollution. Later, these areas can be connected to the electric grid. Nuclear energy has low pollution and high reliability. It can displace coal for baseload power in the next decade.

The energy tradeoffs will differ according to the situation. Prosperous countries can deploy small modular nuclear power to support the baseload. Less prosperous countries with few people connected to the grid can make choices proportional to their needs.

In this book, you will hear from people who appreciate the role that hydrocarbons have played in lifting much of the world out of extreme poverty and from others who eagerly look forward to the fusion future. Yet the underlying theme continues: the world needs continuous improvement, not sudden epiphanies.

Conversations are important. In many venues, I might try to say that I think we should cut back on carbon, but carbon isn’t the only issue for the future. I might try to emphasize “trade-offs, not miracles.” Some people would immediately call me a climate denier. Others would listen to the same statement and call me a climate alarmist. However, name-calling does not help. We need a conversation.

I am grateful that Tucker listens to me, as he listens to everyone. He encourages us to use our most valuable resources––communication and problem-solving. Communication and problem-solving are the deep themes of this book.






INTRODUCTION When Narratives Replace Conversations



Perfect is the enemy of good.

— VOLTAIRE
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In early 2023, members of the Energy and Policy Institute, an electrify-everything advocacy group, attended a meeting of the Propane Education and Research Council (PERC). After listening to a debate among council members concerning climate change, electrification, and energy alternatives, the group contacted a New York Times reporter named Hiroko Tabuchi. They told Tabuchi that the Council had plans to “spend $13 million on [an] anti-electrification campaign.”

Tabuchi’s article alleged that PERC was anti-electrification, was spending money on anti-electrification messaging in violation of its congressional charter, and was a climate change–denying organization.1

None of this was true, but that didn’t stop a half dozen other news outlets from syndicating the article and repeating the false narrative without even bothering to ask. I even had one would-be guest, a journalist, cancel their appearance on my podcast, citing Tabuchi’s story as the reason.

Over the past several years, I have hosted a wide range of industry thought leaders and experts on the topic of clean energy and the journey toward a low-carbon future. I have had fundamental disagreements with some of them, but at least we sat and talked to each other. This cancellation was a first for me.

I had an Anthony Bourdain quote swimming in my head when all this happened: “Listen to someone you think may have nothing in common with you…. Be open to a world where you may not understand or agree with the person next to you but have a drink with them anyway.”2

In writing this book, I invite readers to be open to a world where you may not agree with me. I come from a hydrocarbon background, having spent a career in the propane industry as a distributor, marketer, and now as the leader of the industry’s congressionally chartered research and education arm. I imagine—in fact I hope—readers of this book come from all different backgrounds and perspectives on energy and climate change.

Today, narratives like “electrify everything” have a grip on people’s minds. It is human nature to be easily seduced by seemingly simple solutions to complex problems, so I would like to start off by asking you to agree to a few key principles:


	The transition to a net zero future is the most complex challenge ever faced by humans. Seeing patterns is essential. Blind spots and biases keep us from spotting what may be obvious.

	A perfectly clean energy source with zero conversion consequences does not exist. We are in, therefore, a conversation involving imperfect trade-offs, but the good news is that as we make trade-offs, we can, in fact, make better and better choices.

	The conversations I have had on Path to Zero—ninety-nine and counting—have convinced me that graciously exchanging ideas and debating points of view about the choices ahead is essential.



While I try to persuade you regarding the principles above, let’s appreciate the perspectives of climate activists like former US vice president Al Gore and Greta Thunberg, philanthropists like Bill Gates, journalists like Elizabeth Kolbert, General Secretary of the United Nations António Guterres, the Intergovernmental Panel on Climate Change (IPCC), and even 350.org founder, Bill McKibben. While we may not agree on everything, we share a sense of urgency for reducing carbon and greenhouse gas emissions as quickly as possible.

One more perspective to consider is that of early-twentieth-century journalist and writer H. L. Mencken, who said, “For every complex problem there is an answer that is clear, simple, and wrong.”3

A few years ago, a mentor and friend of mine, Bob Myers, a longtime leader in the propane industry, told a small group of us, “Today, the all-electrification herd is in a stampede. If we try to stop it, we’ll get trampled to death.” To a person, none of us on the call wanted to be trampled. Thankfully, Bob gave us a gentle but powerful nudge by recognizing that when scientific facts are being overridden by moral certitude, we may be able to “turn the herd” if we work hard to find a better way forward.

The wide path toward a net zero emissions future is that turn.

The wide path includes massive shifts toward electrification (though we ought to be fully aware that electricity is not an energy source; it is a transmission method).

The wide path includes the expansion of intermittent renewables such as solar and wind. The wide path includes a sincere effort to find a way to manufacture hydrogen that is both green and affordable. On the wide path, innovators in small modular nuclear reactors are welcome, as are the pioneers inching closer to the promise of nuclear fusion. Hydro- and geo-power innovators are wide-path fellows, as are technologists working every day to imagine better engines and batteries that don’t require the earth-ravaging mining of rare earth elements like nickel, cobalt, and lithium.

Wide-path advocates are not anti-electrification. We are pro-decarbonization. We believe climate change is real and that many solutions to it are better than one.

If we can strive for objectivity over bias, we can collaborate to achieve real change that will lead to a sustainable future for all.

To power that future, we need energy with the lowest possible carbon intensity; we need energy production proximate to its usage for maximum efficiency; we need energy devoid of health consequences; and we need energy with equity—reliable, affordable, and accessible to everyone. Sustainable solutions cannot just be for people who can afford to move elsewhere. The wide path must be open to everyone.

Consider electric vehicles like Tesla. Who benefits from a Tesla passenger vehicle that can cost $75,000? Are electric vehicles important in the energy transition? Yes. But does a Tesla meet all of the requirements listed above for a sustainable energy future? No. It is neither an affordable nor an accessible solution for the masses. In fact, the people who probably benefit the least from these vehicles (because they cannot access them financially) are the same people who live nearest the coal-burning power plants generating the electricity to send to the charging stations—a fact often skipped over by Tesla’s carbon-free marketing.

The wide path is filled with optimism. We can reverse and adapt to the effects of climate change if we muster the courage to work together. In the pages to come, I’ll uncover an array of practical, and often obvious, steps the world can take toward a cleaner future. In that sense, this is likely one of the most practical books on climate change you will read.

Change is possible, not just for me and not just for you, but for our children and our grandchildren, and for their children and grandchildren after them. The time is now. If we don’t do it, I don’t think it will get done. We are envisioning an outcome we may never see, but it’s something we can care deeply about in our time. If you’re reading this book, I imagine you are among those who share this conviction. I hope you will walk away with an optimism you can share with others.

Is it possible to achieve a net zero emissions future? Absolutely. In fact, I’m going to show you how we will do it by the year 2050.

In each chapter that follows, we will fast-forward nearly three decades to an imagined history of how we achieved net zero in such a short period of time. I propose that by 2050 our hard work has paid off, we’ve achieved zero emissions, and some of the poorest nations in the world are now thriving because of how we did it.

How can we make this speculative history a reality? You’re about to find out. As the saying goes, every journey begins with a first step. So it is as we venture down the wide path.






CHAPTER 1 Silver Buckshot



Optimism is a strategy for making a better future. Because unless you believe that the future can be better, you are unlikely to step up and take responsibility for making it so.

— NOAM CHOMSKY



[image: ]

Kaizen is a Japanese word coined in 1986 by Masaaki Imai in his book Kaizen: The Key to Japan’s Competitive Success. In the United States, the word has been adopted to connote an attitude of continuous improvement. The Kaizen Way is expressed as “improving the world with everyone, everywhere, every day.”

Think about the profound implications of that perspective. If we can align on purpose, values, and long-term goals, nothing is impossible. If we can understand data and create transparent information that can easily be shared with others, we will share the positive outcomes. We can leverage the insights and ideas of visionaries. Rather than marginalize skeptics, we can harness their power to help us address problems from different points of view. We can eliminate waste, improve processes, and renew vast and complex systems with quality and growth. Kaizen means that we can and should do a thousand things better to create collective advantage.

To add to this thought, Taiichi Ohno, known as the Father of the Toyota Production System, said: “Standards should not be forced down from above but rather set by the production workers themselves.” In this quote, Ohno reminds us that doing a thousand things better also involves a thousand people, metaphorically speaking. Companies like Toyota have made kaizen a centerpiece of their culture. Toyota’s sustained success—it has now been the number one or number two carmaker in the world for well over a decade—is in no small part a result of the persistent application of kaizen philosophy.1

Today, Toyota is once again taking a leadership position at the center of the climate change conversation. It’s not because the company has followed the pack of global auto manufacturers over the electrification cliff. Instead, Toyota has held firm in its belief that hybrid vehicles equipped with high-efficiency internal combustion engines (ICE) and electric motors that are charged by the engine while driving are the key to a successful energy transition in the transportation sector.

Why is Toyota so committed to the hybrid approach? Three reasons explain their hesitation toward the mass-market adoption of electrified vehicles: charging infrastructure, charging times, and concerns about EV load on the electric grid.

Charging Infrastructure

Charging infrastructure is a problem.2 Available charging stations number about 130,000 across the United States. Comparatively, the federal government estimates there are about 168,000 fueling stations in the country, each with an average of eight pumps, equaling 1,344,000 places to refuel.3 The scarcity of electric vehicle charging stations will diminish over time, but not quickly. Level 2 chargers, usually found at public charging stations pulling power from the grid, cost between $1,200 and $6,000 by most accounts.4 Quick math tells us that we need as much as $7,284,000,000 of investment to make the number of EV charging stations as accessible as gas pumps.

According to the White House, the 2022 Inflation Reduction Act allocated $7.5 billion in tax credits to incentivize the installation of more EV charging stations, which means private entities must first invest the funds and then apply for tax reduction based on the invested capital.5 It’s going to take several years of work to get the plumbing straightened out for the money to actually flow. Toyota’s assumption is that hybrid vehicles will be more attractive while infrastructure gets installed.

Charging Times

Toyota believes in the hybrid vehicle approach because of charging times. Try this thirty-second test: Search online for an answer to the question “How long does it take to charge an electric car?” You are likely to return with a variety of responses that all hang on the phrase “it depends.” One report sums up the dilemma by saying, “The size of an EV’s battery, its efficiency, its onboard charger, and the power source itself are among the many variables at play.”6 The weather, the temperature of the battery pack, and even the quality of the charging cable are also variables that prevent a clear answer to the question.

Easy-to-understand tables related to charging times (when they can be found) show that using a standard-issue 240V commercial Level 2 charger, an EV takes between two and five hours to fully charge, but the variables above make this a best-guess situation.7 How about a real-world test?

In June 2022, reporter Rachel Wolfe did just that. She wrote a detailed article about her 2,000-mile road trip from New Orleans to Chicago.8 Finding chargers was difficult in spite of an app promising to guide her to available fast units, including those at car dealerships. That frustration was compounded by charging time variability. At her stopover in Meridian, Mississippi, her battery took three hours to fully recharge. A better equipped dealership in Birmingham, Alabama, completed the recharge process in about an hour. Rachel navigated through mountain roads bereft of charging stations—a segment of the trip she referred to as “EV hazing.” She completed the next segment of her trip with recharge times as low as twenty-five minutes, then revisited the three-hour charge time after watching her battery life rapidly decline while driving through a thunderstorm.

The first line of Wolfe’s nail-biting story reads: “I thought it would be fun.” The subhead of the piece underscores the takeaway: “She wouldn’t soon do it again.”

Think for a moment about hitting the road and having to factor in multi-hour charging times along any substantive journey. Add in some hot weather, ornery family members, and perhaps a passenger’s pre-existing medical condition, and you’ve got yourself a recipe for a meltdown.

Increased Load on the Grid

The electric grid isn’t ready for wide-scale electric vehicle adoption. It is not difficult to find warnings from objective sources about the challenges that EV adoption poses for the grid in the form of expensive, last-minute upgrades to compensate for widespread additional charger load.

David Ferris wrote in a June 2023 article, “When millions of cars migrate from liquid fuel to electric current, the changes can be profound…. Consequences appear that no one ever anticipated, in places no one thought to look.”9

Ferris goes on to quote Ryan Quint, an authority on the US electric grid and senior official at the North American Electric Reliability Corp., as saying that these challenges could trigger “cascading blackouts and widespread power interruptions.”

Automakers and utilities will be forced to work out these kinks over time. In the meantime, chargers, charging times, and the grid are three good reasons Toyota will stay focused on a hybrid approach. Another reason is because the strategy is working. Many consumers are reluctant to make the switch, so what appeared to be a rush to battery-electric vehicles has stalled dramatically. At the time of this writing, the share of the retail market held by EVs has leveled out at around 9 percent for several months.10 Hybrid sales, Toyota’s strong suit, in the first three quarters of 2023, jumped 48 percent over the prior-year period.11

Toyota’s hybrid approach sustains revenue today, and it’s also fueling innovation. The company has made public its intention to produce a solid-state EV battery capable of running for 900 miles and charging in under ten minutes. It’s no coincidence that the company has more than 1,000 patents in solid-state battery research.12

Dr. Jane Lubchenco, the deputy director for climate and environment in the White House’s Office of Science and Technology Policy, said in 2021, “Every bit of warming matters, and every bit of avoided warming matters.”13 Those who believe in singular strategies like “electrify everything” likely don’t appreciate Lubchenco’s pragmatism, but she properly points out that an array of solutions—silver buckshot, not a silver bullet—is needed to meet the climate change challenge. With this approach, we use more of the cleanest possible energies available with urgency and in new unique ways.

Can we imagine that it is possible to do a thousand things better than we do them today? Follow me to 2050. In that year, we’re going to see thousands of things that will make net zero a reality for our world.


TIME JUMP TO 2050

We have arrived at our destination: 2050. It’s a year in which conversations about climate change and the energy transition have shifted in remarkable ways. Two things immediately capture the attention of the climate conscious: First, the planet’s temperature has stopped rising and is holding steady at a 1.5 degrees Celsius increase over the pre-industrial average. Second, the concentration of greenhouse gases has not surpassed the CO2 readings taken at the Mauna Loa Observatory in June 2020—417.1 parts per million—which, at the time, was a record high and caused much alarm.14

You might not think this is a statistic to celebrate. Too much CO2 remains in the atmosphere even in this scenario. In 2050, however, worldwide energy demand has grown substantially, yet CO2 emissions have not. Better yet, we can now project a decrease of atmospheric CO2 over the latter half of the twenty-first century.

With its enormous economic influence, the United States led the way in changing the trajectory of the world’s climate. America didn’t do it alone, however. Every country had to be part of the solution, and countries with much at stake played ambitious and productive roles.

Once one of the most polluted, populous, and economically strained nations in the world, India is thriving in 2050.15 The country invested dramatically in affordable and accessible solar energy as part of its pledge to reach net zero emissions by 2070.16

Even China, who in the 2020s was building more coal-fired electric generation than any other country, has become a clean-energy leader. Beginning in the late 2020s, severe food shortages sparked by climate change created enough political pressure on China’s leaders to change course on carbon emissions. (There is precedent for this bit of speculative history. In July 1972, the Soviet Union purchased ten million short tons of grain, mainly wheat and corn, from the United States, representing one-fourth of the US wheat harvest.17 At the time, no one could have imagined the Soviets and Americans coming to the table to forge any kind of agreement on any matter. As writer and novelist Pearl S. Buck put it, however, “A hungry man can’t see right or wrong. He just sees food.” Crop shortfalls in 1971 and 1972 forced the Soviet Union to make a deal with a sworn adversary for grain. Unfortunately, crises are sometimes required to achieve real change.)

In our 2050 world, net zero carbon emissions have dropped dramatically thanks in part to China’s response to a humanitarian and economic crisis. The country followed through on its 2020 pledge to work toward carbon neutrality by 2060, and as a result, the entire globe benefited.18

When we look back on today from this version of 2050, I predict with confidence that we will be astonished by the distance we have traveled. We shouldn’t be surprised, though. Through my conversations with an array of energy transition thinkers, I have come to see the outlines of positive change happening right now in the 2020s.








PATH TO ZERO CONVERSATION #1 Katharine Hayhoe February 8, 2020 • Season 3 • Episode 3
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IN 2050, we will owe a great deal of thanks to those who did not simply sound the klaxon of doom but, instead, helped us change and gave us hope. The first, most hopeful voice I found among the many people I had the privilege of hosting on Path to Zero was Dr. Katharine Hayhoe, a renowned climate scientist and author of Saving Us: A Climate Scientist’s Case for Hope and Healing in a Divided World.

While pondering the thousand ways in which we will improve the planet on the path to zero, Katharine’s focus on relationship building and productive, positive discussion enables all things on the wide path to emerge and become reality.

Katharine and I met during the COVID-19 pandemic when tensions among political powers and neighbors, family, and friends were extremely high. Katharine told me that no matter where she had traveled over the course of the pandemic, she heard the same two questions over and over when speaking on the topic of climate change:


	“How do I have a conversation about this issue with a family member, a neighbor, a colleague, a coworker, someone I know?” and,

	“What gives you hope?”



This conversation gave me all the hope in the world for the future.

Tucker: Why do you think that we seem to be more divided than ever on some of these climate change topics?

Dr. Hayhoe: The Pew Foundation has studied this. In the United States now, people are more politically polarized than they have been since the Civil War.1 And when we’re so polarized, we tend to see people who espouse opposing political or ideological views not as fellow citizens of the same nation, but rather as enemies to be defeated. Their gain is our loss, and the opportunity for bipartisanship or for compromise is viewed as weakness rather than strength.

Dr. Hayhoe mentioned the internet and the way it’s become a conduit for heated conversations with no real-life consequences for the keyboard warriors behind the screens.

Dr. Hayhoe: When I speak to them in person, the number of [people] willing to actually get up and scream insults into my face… I could count on the fingers of one hand in thousands of conversations. But the people who are willing to basically scream insults into my social media feed… that number I can count on all the fingers of my hand in just half a day. And that’s why I advocate having these in-person conversations with people, because conversations are what bring us together.

Along with climate change being a remarkably polarizing issue, I also see it as an incredibly paralyzing one. A 2022 New York Times article described a psychiatrist whose practice is devoted to counseling people who have dread and doom and fear about climate change.2 A Substack called Gen Dread even links thoughts about climate change to suicidal risk.3

Tucker: How do you suggest that we negotiate those extremes so we’re having more constructive dialogues, and what do you say to people who are just losing hope?

Dr. Hayhoe: We lose hope when we don’t think there’s anything we can do that will make a difference. Seventy percent of people across the US are already worried about climate change.4 But half of us—50 percent of us—feel helpless and don’t know where to start, and only 8 percent of us would consider ourselves to be activated.

Tucker: How do we bridge the gap between those who are concerned and those who are taking action?

Dr. Hayhoe: By recognizing that there are tangible solutions that every single one of us can engage in. I’m not talking about government policies. I’m not talking about international agreements. And I’m not talking about changing your light bulbs, either. No, I’m talking about something that we don’t often realize we have, and that is our voice. It could just be our family that we’re talking to, or the people we play golf with or kayak with, or the club that we’re part of, or our coworkers.

Tucker: How do we translate those conversations into actions?

Dr. Hayhoe: We can say, “Hey, have we thought about doing an energy audit to save money?” Or, “Have we thought about where we get our electricity from?” Or have we thought about saying, “Hey, it’d be great to have a place for people to plug in their cars since more people are getting electric vehicles these days”? Or, “Hey, what about encouraging people to take public transportation?” Twenty or thirty years ago, often you really couldn’t afford to act unless you had money to burn. But these days, it’s becoming increasingly possible. So, for example, if an individual wants to get solar panels on their roof, there are credit unions now that will give you a loan where the monthly payment is a hundred dollars below your average power bill over the last year. So that’s no longer a luxury.

I confessed to Dr. Hayhoe that, when I looked at what we needed to impact the climate in a positive way, I often felt like there was such a scale, such a magnitude, that it would take all of the world’s large corporations to make it happen. I asked her what her thoughts were on the role of existing oil and gas—or even plastics—in the race to improve climate.

Dr. Hayhoe: We are definitely reducing our use of these products. There’s no way around it. We can’t fix climate change and not reduce it. So, companies are really taking the lead in transitioning a large part of their business model to look at alternative fuels and how to be more efficient with the resources that we do have. We’re all humans. We all live on this planet. We all depend on it for everything that we have, the air that we breathe, quite literally, the water we drink, and the food that we eat.


MAGIC WAND

Toward the end of my conversation with Dr. Hayhoe, I asked her the question I pose to every guest on my podcast—which I believe fits perfectly with the topic we have covered in this chapter. Here’s the question:

Tucker: This is the only podcast where the guests get a magic wand. I’d like to hand you a magic wand, and I want you to use it to change one thing in the next year that would have the biggest impact regarding climate change, decarbonization, and energy. What would you change or like to see done differently?

Dr. Hayhoe: If I could just wave a magic wand to put a single policy in place, I would put a price on carbon. Because we are already paying that price but in a way that we can’t currently see. The idea of pricing carbon is essentially a free-market solution. There’s a bipartisan climate solutions caucus in Congress in the Senate, made of half Democrats and half Republicans, who agree on it.

Dr. Hayhoe also named the Climate Leadership Council, which is comprised of many corporations, and even several big oil and gas companies who support pricing carbon.5 A Canadian herself, Dr. Hayhoe mentioned the fact that Canada has a national price on carbon.6

Dr. Hayhoe: But we live in a society now where, again, we see compromise as weakness. We see the other side’s loss as our gain. Anything that people could possibly agree on across the aisle seems to immediately fall into that chasm that divides us—that is just getting wider and wider every day. Let’s come together on what we can agree on, because there’s so much more we agree on than we disagree on, and if we could just work on what we agree on, we could get so much done.

Dr. Hayhoe’s most recent book is called Saving Us instead of “saving the planet,” because saving the planet starts by placing humanity at the center of the conversation.

Dr. Hayhoe: The planet will be orbiting the sun long after we’re gone. It really is about saving us, as humans. And we have to do it together or not at all.




WIDENING THE PATH

I hope you were as inspired by my conversation with Dr. Hayhoe as I was. The advice she provides to guide us on our journey to 2050 can be summarized as follows:


	Actively seek out conversations about climate change and global warming. Don’t shy away from bringing these questions up with your friends, relatives, and those in your inner circles. If we don’t talk about it, nothing will change.

	Spearhead tangible solutions in your community. Do an energy audit with your social club, pool resources to install EV charging stations, and take public transportation when possible.

	Give your friends and families copies of Saving Us.










CHAPTER 2 Liquid Energy for Everyone



Probable impossibilities are to be preferred to improbable possibilities.

—ARISTOTLE
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In early 2023, BP forecast that the reliance on and therefore the demand for oil and gas would decrease significantly as the energy market adopts more sustainable fuels.1 A short time later, however, the company reported record sales of petroleum products for 2022 and then stepped away from previous pledges to reduce carbon.2 BP was not alone. In 2023, both Shell and Exxon also pulled back on plans for cutting carbon emissions in the aftermath of 2022’s financial success.3

“We cannot justify going for a low return,” Shell CEO Wael Sawan said in a media call in February 2023.4 “Our shareholders deserve to see us going after strong returns. If we cannot achieve the double-digit returns in a business, we need to question very hard whether we should continue in that business. Absolutely, we want to continue to go for lower and lower and lower carbon, but it has to be profitable.”

Can companies like BP, Exxon, and Shell continue to invest in hydrocarbon production and make a transition to cleaner fuels that will ultimately get us to net zero? My belief is that these companies want to remain at the forefront of the energy transition and, therefore, not only can do so, but will do so. Their profitability today—if they invest strategically—will fund their profitability of the future.

One of my guests, Tisha Schuller, has an expression: “say yes to both.”5 Hydrocarbon leaders today don’t have to abandon their most lucrative product. They can say yes to revenue and yes to investments in the future—alternative fuels that will achieve the net zero reality we need. They can, and must, play both a short and a long game. They can harness the power of today’s profits and use those profits to invest in a more sustainable future.

Achieving net zero is a challenge of such magnitude that it will require the participation of large companies with access to capital, employees, and distribution. The energy transition is a global-scale challenge, so we need global-scale companies to be part of the solution. We cannot achieve a net zero future without them. To be relevant in the future, they have to think about the day when petroleum reserves run thin.

Saudi Aramco makes a good case study.6

Saudi Aramco is now more valuable than the next ten largest energy companies combined. Last year it pulled down $161 billion in profits. Today, the company is, by all measures, performing well, but tomorrow is uncertain. Exactly how much oil remains under the sand in Persian Gulf countries is a closely guarded secret. The expectation is, however, that Bahrain is likely to run out of oil within the decade, Oman in two decades, and the Kingdom by the end of the century, possibly sooner.7


TIME JUMP TO 2050

We’re in the year 2050 again, looking back in time. When it comes to the energy transition, the history books (prediction: history books will still exist!) talk about the 2020s as the decade when the journey to net zero began in earnest. Carbon intensity—a measure of how clean our electricity is by how many grams of carbon dioxide are released to produce a kilowatt hour (kWh) of electricity—became the best measure of progress, and when that happened, the floodgates of innovation opened for renewable liquid fuels.

Many assumed the clean-energy transition was to be an evolution from liquids and gases to solids, or, put another way, that we would be replacing oil with batteries made of minerals like lithium, cobalt, and nickel. That assumption turned out to be wrong. Despite widespread criticism of liquid fuels and a push to eliminate them, we achieved net zero by investing in a variety of liquid fuels.

In an ironic twist of fate, it was a new table published by the California Air Resources Board (CARB)—an early leader in electrify-everything conversations—that paved the way. The Low Carbon Fuel Standards Pathway Certified Carbon Intensities report showed the remarkable opportunities ahead.8 Just a few examples from that report comparing the carbon intensity of liquid fuels made in 2023 are shown below. A negative carbon-intensity number means the fuel takes more carbon out of the environment than it produces.



		Dairy Manure Biogas to Electricity


	-762.09




		Food Scraps to Compressed Natural Gas


	-79.91




		Landfill Gas to Hydrogen


	-12.65




		Solar or Wind to Electricity


	-0.00*




		Used Cooking Oil to Biodiesel


	8.63




		Corn Stover to Ethanol


	-21.58




		Used Cooking Oil to Jet Fuel


	26.05




		Organic Waste to Propane


	33.00




		Sugarcane Molasses to Ethanol


	40.84




		Soybeans to Biodiesel


	50.85




		California Grid Electricity


	81.49**




		CA Grid Electricity to Hydrogen


	164.46






	
* CARB does not calculate the carbon intensity of the manufacturing, installation, or decommissioning of solar panels or wind turbines.

	
** Why is grid electricity in California higher in carbon intensity than many liquid fuel products? The California grid was mainly energized by natural gas and (in 2023) was still powered to a smaller extent by coal.9




Trillium, a transportation fuels producer in Houston, Texas, put the above numbers in more perspective. Their data showed the carbon intensity of conventional diesel to be 100.10 Gasoline is very close to the same number. Renewable natural gas converted from dairy waste is remarkably low, at -283.27. In my own industry, by 2050, we saw renewable propane beginning to be produced at scale at a carbon intensity score of 20.50 without blending.

In all, the CARB report detailed more than 1,700 examples of low carbon intensity liquid fuels. The substantive point is that anything below 100 was an improvement, and many kinds of low carbon intensity fuels using many types of manufacturing methods were already in place in 2023. In 2050, the innovation gains in liquid fuel carbon intensity mean that dozens of formerly high carbon applications—shipping, trucking, generators—are all fueled by low to negative carbon intensive fuels. Let’s warp back to 2022 and talk more about how liquid fuels created a “clean energy everywhere” future.
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