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      TECHNOLOGY & ENGINEERING

      Social Aspects

      In the almost three decades since the World Wide Web launched, about half the population of the planet has gained access to the internet. In the next three to five years the other half will be gaining access. Most of these additional three billion internet consumers are notably the poorer half currently living on less than several dollars per day.

      The impact of internet extension in developing countries will be profound, since broadband will bring many previously unavailable services, such as access to information, communications, identity authentication, online banking, global philanthropy, telehealth, distance education, government programs, and other powerful services heretofore unavailable to them. It will also, of course, bring many challenges, including fraud, misinformation, and hate speech.

      In The Great Connecting, Jim Cashel speaks with the major players driving the broadband revolution and travels to the most remote corners of the globe to consider the changes in our world about to take place—certainly one of the biggest events in human history. As Cashel explains, the expansion of broadband offers many challenges but will also bring a remarkable opportunity for the planet.
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      ADVANCE COMMENTARY ON THE GREAT CONNECTING


      Jim Cashel has identified our position on the precipice of potentially one of the great turning points of history. Almost half the world’s population has never known the ability to connect with the other half and with each other. The result will change lives, economies, and existing social structures. Cashel describes how connections have consequences, and he explores both the promise and peril that accompany connecting three billion people living in societies built around the absence of such connections. The Great Connecting is a must read for those who want to get ahead of this transformation curve.

      —Tom Wheeler, former chairman of the Federal Communications Commission and author of From Gutenberg to Google: The History of Our Future

      Communications technologies are reshaping the planet—but we haven’t seen anything yet. Three billion new internet users changes everything . . . and this wonderful book captures that change in a very human way.

      —Jeanne Bourgault, President and CEO, Internews

      Jim Cashel explores a truly consequential moment in history through a compelling interweaving of narrative, travel notes, and policy recommendations. As both a technologist and a physician, Cashel leads us from the tech campuses of Silicon Valley to the refugee camps of Southeast Asia. I highly recommend you join him on this readable exploration of The Great Connecting.

      —Nicco Mele, Director, Shorenstein Center on Media, Politics, and Public Policy, Harvard Kennedy School
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INTRODUCTION


      In February 2018, a rocket launched by SpaceX, the company founded by Elon Musk, placed a Spanish radar satellite called Paz into orbit. While the launch itself was uneventful, there were two significant stowaways on board: a pair of small prototype satellites, Microsat-2a and Microsat-2b, to test new communications technologies. SpaceX plans to use information from these tests to build a network of communications satellites called Starlink to provide broadband services across the planet.

      There are currently about eight hundred functioning communications satellites in orbit, providing services across the globe. SpaceX has Federal Communications Commission (FCC) permission to launch 11,943 Starlink satellites in the next few years. The constellation is scheduled to be completed by 2025.

      Starlink is just one of several large projects involving a new generation of communications satellites that will provide broadband services across the planet over the next few years. Other nonsatellite technologies, such as high-altitude balloons and solar-powered drones, are being developed by Google, Facebook, Airbus, and other major players to extend broadband to parts of the planet currently unreached by the internet.

      In the twenty-five years since the World Wide Web appeared with the launch of the Mosaic browser, about half the population of the planet has gained access to the internet. In the next three to five years, the other half will be gaining access. That second half of the planet’s population, notably, is the “poor half,” with most of the three billion or so future internet consumers currently living on less than several dollars per day.

      The impact of rapid internet extension in developing countries will be profound, since broadband will enable many previously unavailable services, such as information access, distance education, online banking, health services, and government programs. It will also, of course, bring many challenges, including fraud, misinformation, and hate speech.

      The extension of the internet across the full planet, which I call The Great Connecting, is a momentous event in world history. Have there been any other global events that significantly affected billions of people over just a few years? Even considering wars, epidemics, famines, technologies, and religion, it is hard to think of any. The Great Connecting is doing just that, however, at this very moment.

      Despite the fact that the connecting of the planet is so significant, it is, ironically, very hard to witness. It is happening in millions of simultaneous small steps, all essentially hiding in plain sight. It is happening in a kiosk in Harare, where a student is buying her first smartphone. It is happening in Redmond, where an engineer is designing new broadband satellite antennas. It is happening in Cuzco, where a nonprofit is teaching farmers to use a new app. It is happening in New York, where global policy organizations are setting telecommunications standards. It is happening in Kigali, where international firms are laying fiber optic cable. All are contributing their little bit in this process of connecting the planet—and the combined effect is profound.

      It is also happening fast. While traditional internet technologies involving cell towers and smartphones continue to expand in developing countries, the new technologies involving satellites, balloons, and drones represent a major and speedy leap forward.
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      I decided to write a book about The Great Connecting. It is an epic story that I wanted to investigate and better understand. So I took leave from my technology company in California to spend part of a year traveling to regions with no broadband, including some of the poorest, most remote areas that are likely last in line for connecting. I also sought to explore regions just getting broadband and to speak with those most affected. I met with engineers and scientists driving the innovation of communications at some of the largest and most sophisticated technology firms on the planet. I spoke with policymakers who are thinking about the rules and implications of expanding connectivity. I sought out the most knowledgeable and passionate folks I could find who are leading the expansion of broadband.

      Two questions animated my explorations. First, what are the implications, both positive and negative, of The Great Connecting in developing countries and for the planet overall? Second, and most important, what are the major players involved in connecting the planet doing to prepare, to best accentuate the positive and mitigate the negative effects of expanded connectivity? I entered the project with a hunch that many groups are sprinting toward wiring the planet, but few are thinking hard about the opportunities and challenges once that happens not many years from now. The dog is chasing the car—but what happens when it catches it?

      In this book, I navigate through the current state of broadband across the planet, including who has it, who doesn’t, and present trends. I explore the technologies that in the near future will have a tremendous impact on reaching billions of new people. I review many of the remarkable possibilities that global broadband will offer. I dive into a number of challenges of expansion—including some heartrending stories that illustrate very real perils. I also propose a number of steps that governments, organizations, and individuals should be taking to best prepare for The Great Connecting. The pages contain narrative, travelogues, background primers, and policy recommendations, all in a mosaic that reflects the complexity of the global story under way.

      Through my explorations, I came to view The Great Connecting as a complex relationship taking place: the population of half the planet is about to become closely connected to the other half for the first time. It is the story of a global union. Like any complex relationship, many aspects are at play: exploring what’s possible, investing in growth, overcoming challenges, and discovering the best path to partnership. Those are the stages I describe in the book. I’ve even organized chapters along the path of this emerging relationship.

      And like any complex relationship, there are aspects that are wonderful, and there are aspects that are terrible. The relationship requires investment and effort and an optimistic sense of the future. It also requires a clear-eyed idea of what troubles might lie ahead.

      As it so happens, the story of this relationship begins in a land very far away.

    

  
    
      
ATTRACTION


      
        I’m standing under a majestic acacia tree in Mutambi, Malawi. It is the end of the rainy season here, so the rolling hills of the tea plantations are a vibrant green, giving way to the rocky escarpments and waterfalls of Mount Mulanje in the distance.

        I’m visiting rural communities in Malawi with the international nonprofit GAIA (Global AIDS Interfaith Alliance), which runs HIV prevention programs in remote regions of one of the poorest countries in the world. I’m surrounded by about two hundred Malawians, mostly young women, who have walked for hours to attend the weekly mobile health clinic here run by GAIA. Some have come from Mozambique, crossing the river that marks the border a few kilometers from here. GAIA staff have spread out. Some are interviewing patients and testing for malaria in a small community building they’ve appropriated for the day. Other staff are consulting on HIV in the back of the Land Cruiser ambulance. Other staff are triaging patients and weighing babies outdoors under the acacia tree.

        I had asked GAIA’s president, Todd Schafer, if he would mind taking me to “the end of the road.” We’re now here in Mutambi. It was a bit of a trek to arrive. I flew from San Francisco to Washington, DC, where I boarded a plane to Addis Ababa in Ethiopia. There I caught a flight to Kamuzu International Airport in Lilongwe, the capital of Malawi. The flight continued to Chileka International Airport in Blantyre, Malawi. Then I went by pickup truck about two hours to the east into Mulanje District. I passed through Lujeri, finally taking dirt roads for about half an hour past the Mutambi open market to arrive at today’s health clinic.

        I don’t know if this is actually the “end of the road,” but it is a pretty good proxy for it. The small buildings in the community are tidy structures made of adobe bricks, but they have no electricity, no running water, and no refrigerators to store food. The indoor cooking fires are built from sticks from the nearby mountains. The small rooms are mostly free of furniture and other possessions. Villagers pump their water from a shared well. Clothes dry on short clotheslines outside.

        The people here mostly are subsistence farmers, growing cassava, bananas, peanuts, and other staples. Between houses, some people are drying kernels of corn on plastic mats.

        Some of the men travel to nearby tea plantations, spending full days picking or trimming the carpet of new leaves growing along the tops of the bushes.

        I see a few hundred homes in the area, although the number is undoubtedly larger if one were to explore by foot. It’s almost certain nobody in the community has a smartphone or computer or has ever even heard of the internet.

        And that’s true for the next community over from here also. And for the next district. And for the entire region. It’s true to the east in Mozambique and to the west in Zambia. It’s true across most of southern Africa.

        There are millions of Malawians who barely have the basics. From a wider perspective, there are hundreds of millions of Africans, and billions of people across the globe, in these precise circumstances. They have never heard of Wi-Fi and have almost no exposure to technology.

        It’s hard not to look at the women gathered under the acacia and not be struck by the profound dichotomy of our age. They have so little. Others on the planet have so much. It’s hard not to want to help.

        I’m also struck by another dichotomy. They don’t have access to information, communications, banking, health services, or education opportunities—but the phone in my pocket does. It can access all of that, effortlessly, when in range of a signal. There is a device in their midst that I take for granted but that they would likely regard as magic.
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      Rural Malawi represents one “end of the road.” My home, the San Francisco Bay Area, represents the other. The Bay Area cafés are crowded with hipsters talking about AI, AR, and AWS (artificial intelligence, augmented reality, and Amazon Web Services). These are the people who are building technologies and web apps that are taking over the globe, and—although it is hard to fathom—they are knocking on the door of Mutambi. That sounds like an exaggeration, but there are six web apps that everyone in developing countries routinely adopts when coming online: Facebook, WhatsApp, Instagram, Google, YouTube, and Twitter. All six are headquartered in my little corner of the planet.

      It won’t be too many years before higher access to broadband and lower prices for bandwidth bring new cheap or free hotspots across Malawi, including in Mutambi. At least in theory, in a few years, the women under the acacia tree will have access to all the sophisticated online tools and services that we at my end of the road rely on heavily.

      So what will inexpensive, reliable broadband look like in Mutambi?

      Currently, people here don’t know what the weather will be next Wednesday. They don’t know the price of maize in Blantyre a couple hours away. My teenage daughters could answer both of those questions quickly from our home in California—but the women here under the tree are locked out. They don’t have access to information on health, on education, on agriculture.

      They have no way to save or transfer money. They have limited access to credit. They can’t take advantage of distance education or telehealth. They miss out on many government services.

      They also miss out on convenience. They can’t send a quick message to a relative, coordinate a business meeting, or easily share information with the community.

      All of these deficits will disappear with broadband.

      It is true that if connectivity were to become available tomorrow, relatively few of the women standing under the acacia tree would be able to afford it at the start. Probably none would. But the health clinics in the region probably could. And some of the schools. And some businesses. And certain tourist destinations. Malawian business professionals would have access, as would most of the foreigners in the area. The region would start to become embedded in an information environment that currently doesn’t exist. That itself is transformative, even before the women around me have direct access themselves. They may not have cell phones, but their schools and health clinics and businesses would all begin to connect and benefit.

      Step by step, the price of phones continues to drop. Voice and data charges, which can be purchased in tiny increments, become more affordable. Access improves. More and more people see the value in phones, in terms of convenience, cost savings, or income. More and more people start to link up—as has happened in every other poor community in the world that gains connectivity.

      Mutambi gives the impression that it hasn’t changed a whole lot in the last decades (possibly centuries). There are few clues in the village that this is the twenty-first century, not the eighteenth. But in a few years, many of the deficits endemic to this rural region—information, health, education, finance—will disappear with inexpensive broadband. Mutambi will have the opportunity to make significant progress in many areas and directly improve the lives of those I’m standing with today.
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        I’m visiting a small regional hospital about ten miles from the women under the tree (i.e., a four-hour walk for the locals—everybody here walks). The facility is clean, organized, and quietly impressive. The medical staff are cordial despite being overloaded. The wards are full but currently have just one patient per bed, which by rural Africa standards is a light load.

        The facility doesn’t seem to have any internet access. The nurses’ stations have no computers. I haven’t seen anyone consulting a smartphone. I can see on my device that there is no Wi-Fi. The facility operates as an isolated island, apparently without meaningful communications connections to other health facilities or systems. It is doing its best, all by itself, with very limited resources.

        Earlier we stopped by a local school. Hundreds of children, all wearing smart gray-and-green uniforms, were sitting outside, taking lessons from instructors who had erected blackboards under the trees. There weren’t sufficient classrooms or desks at the school, let alone computers or internet access.

        Even the dignified tea plantation estate where I’m lucky to be staying—a handsome vestige of colonial times—has no internet connection (or even a web page). I don’t think of myself as an internet addict, but it surprises me how many times I reach for my phone for some purpose only to be reminded that I’m in the half of the planet where that maneuver doesn’t work.

        Welcome to Malawi—where most of the country is still broadband-free.
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      I confess that I didn’t know anything at all about Malawi until recently. OK, I knew it was a country in Central Africa and that it was really poor. That’s not a very impressive stock of knowledge.

      Malawi is a small, landlocked Central African country wedged between Tanzania, Mozambique, and Zambia. Its eastern border is dominated by Lake Malawi, the ninth largest lake in the world (also known as the “calendar lake,” as it is 365 miles long and 52 miles wide). At the end of the nineteenth century, the British colonized the Bantu peoples living here, and Malawi finally gained independence in 1964.

      Malawi is one of the world’s poorest countries. The International Monetary Fund ranks Malawi 182 (of 187) in the world in terms of per-capita income. The average income in Malawi is around $1,000 per year, but because some rich people live in the bigger cities, the great majority of the population, almost all of which is rural, lives on only a fraction of that.

      Complicating matters, Malawi (and Central Africa overall) has been devastated by the AIDS epidemic. Worldwide, about thirty-five million people have died of AIDS. Most of those are in Central Africa. In Malawi, almost 10 percent of adults carry the virus (about ten times the US prevalence).

      Beyond the statistics, you can see the effects of the AIDS epidemic in everyday life. In a school I visited, the principal’s office had a small chart on the wall of the number of “orphans” and the number of “double orphans” per grade in the school. Since classes can reach 150 students per teacher, any given classroom is bound to have many orphans. Health workers in Africa even track a statistic called “orphan-headed households.”

      Despite the challenges Malawi faces, it is an appealing country to explore. The scenery is beautiful. The Great Rift Valley runs north to south through the country, providing stunning vistas and supporting an abundance of wildlife. Waters flow from the south end of Lake Malawi and wind toward the mighty Zambezi River.

      The people are also lovely—polite, helpful, cheerful, and welcoming. The professionals I meet come across as smart, modest, and hardworking. The villagers in the poorer communities are enthusiastic and hospitable, and they enjoy a good laugh. In one village, the women greeted us with song and dance. Their chief, sporting smart blue slacks and a lime-green blazer, couldn’t have been more gracious, inviting me repeatedly to come and stay in his village whenever I could.

      I also confess to loving the place names. Districts near Mulanje, for example, include Zomba, Neno, Mwanza, Machinga, and Mangochi.

      Those of us from rich countries typically don’t have the opportunity to meet people from the other end of the road. Despite the fact that literally billions of people live in very poor circumstances, it’s not as if you can just show up to a poor village in Malawi and start walking around talking to people. Even just getting here is really hard. So when you do have the opportunity, as I do currently thanks to GAIA, it feels like a great privilege. It also feels like a paradox. Is it possible that technology companies and initiatives far from Malawi will truly influence this place in the near future?
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        I’m sitting on an oak-studded hillside above Lompoc, California, a quaint coastal community that bills itself as the “Flower Seed Capital of the World.” The sun has recently risen behind me, and I see fingers of fog reaching into the valley below from the Pacific Ocean in the distance. The only sound is from a rooster on an outlying farm.

        Suddenly rising from behind a ridgeline to my left is a brilliant orange column of flame, bright as a second sun. Atop the column is a SpaceX Falcon 9 rocket, launched from nearby Vandenberg Air Force Base, accelerating toward orbit. In about ten seconds, the roar from the nine engines reaches me, rumbling like sustained thunder.

        This morning, SpaceX is launching ten communications satellites for Iridium, the communications firm that manages an aging fleet of sixty-six satellites. (The firm originally intended to build seventy-seven satellites, the number of electrons orbiting an Iridium nucleus, but ended up with only sixty-six, yet it decided not to rename the company “Dysprosium.”)

        Iridium is launching sixty-six new “state-of-the-art” low-earth-orbit satellites to provide voice, data, and broadband connectivity for the entire planet. Costing about $3 billion, the project is billed by the firm as “one of the biggest tech upgrades in history.” The company has launched fifty satellites to date, all using SpaceX rockets, and there are twenty-five still to launch. (Iridium plans to put nine “spares” in orbit along with the sixty-six functioning satellites.) The entire constellation should be complete in the coming months.

        It’s all a remarkable show of technological prowess—rockets, satellites, global communications. And I’m thinking—it is amazing that this morning’s spectacle may someday soon influence the women of Mutambi.
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      Traditionally, communications satellites have cost hundreds of millions of dollars to design, test, and deploy. Costs now, however, are plummeting thanks to more powerful technology, miniaturization, and cheaper launch capabilities. Lower costs per satellite mean many more can be deployed economically, which in turn allows orbits much closer to earth. Communications satellites closer to earth provide faster, higher-bandwidth services.

      Much of the focus on new communications satellites is to support the demand of rich urban areas. My city of San Francisco will soon enjoy much better satellite communications. Those same satellites, however, will also be passing directly over Mutambi.

      A major reason for cost savings is new, cheaper launch services. And global launch services are plummeting in price mostly due to one company: SpaceX.

      In 2001, Elon Musk was thinking hard about Mars and the need for humans to become a multiplanet civilization. Few others that year were particularly interested in Mars; even NASA had no meaningful plans involving the planet.

      Musk wanted to craft a publicity stunt to stir interest in Mars. His idea was to launch a greenhouse of plants to the red planet. Images of life growing in the distant environment would surely spark enthusiasm on earth.

      When he enquired about launch expenses, however, he was dumbfounded to learn that a rocket would cost at least $60 million. He even negotiated with the Russians to use a decommissioned ICBM missile. When that didn’t work out, Musk decided to found his own rocket company, which he named SpaceX.

      Today, SpaceX is the most active launcher of rockets on the planet with about thirty scheduled launches per year, which is about a quarter of all launches globally. Its market share has grown quickly, in part because it has focused on lowering costs through reusability. SpaceX has mastered returning the first stage of its rockets to earth with precision landings, sometimes on land and sometimes on barges at sea—tiny targets in an ocean of blue. Its Atlantic Ocean barge is named Of Course I Still Love You.

      SpaceX launches communications satellites for other companies now, but it has plans to start launching its own satellites—a lot of them.

      There are currently around eight hundred functioning communications satellites in space. SpaceX has received permission from the FCC to launch nearly twelve thousand satellites total in the future. The firm has already launched trial satellites to initiate the program.

      But SpaceX is notoriously secretive about its plans. It is required by law to submit applications to the FCC and other government agencies about certain initiatives, but outside of that, it has revealed relatively little except the name of this program, “Starlink.” The usually talkative Musk says little about the program.

      If things go according to plan, however, Starlink satellites will be providing broadband services to even the most remote communities on the planet. How will those services impact the lives of the poorest?
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        I’m in the outskirts of Tipitapa, Nicaragua, behind a ramshackle hut, admiring the work of Nicaraguan laborers constructing a well. The land here is dry, and there is no piped water, so residents depend on wells. The water table has been dropping in part because a major landowner nearby grows huge fields of rice requiring lavish irrigation. His wells are more powerful than other wells in the region, so extracting water for others is a major struggle. From where I stand, the region appears parched. It’s hard to believe that if you dig deep enough, you may hit water.

        Because the land is so dry, the wells—which in this poor region are dug completely by hand—need to be between 100 and 150 feet deep to function. I peer into the current excavation, which is about a meter wide, and mumble, “You’ve got to be kidding.” It’s like I’m looking down from the top of a fifteen-story building. Way, way down in the far depths, I can see the shimmer of some water and hear a chisel pounding against a distant stratum of rock. Somebody is hard at work down there.

        Well digging isn’t a safe occupation. Sometimes the projects cave in. Sometimes the earth releases toxic fumes. Sometimes there isn’t enough oxygen. Occasionally the bottom suddenly falls out, sucking the worker down farther. (That is why he’s always roped in.)

        Because of the effort and the danger involved, wells are extraordinarily expensive, costing between $1,000 and $2,000 for the least complicated ones. That is a king’s ransom in these parts.

        One of the other workers around me, who occasionally tugs buckets of rock and slurry to the surface, tells me he heard recently about a team of young well diggers in the region who are using an entirely different approach to constructing wells, involving much narrower holes (just eight inches across) and using pipes, water pressure, and (if I’ve understood the Spanish correctly) the struts of old cars. I can’t really visualize it, but apparently the method is faster, cheaper, and much safer than what I am witnessing here.

        “How did they learn how to do it?” I ask.

        “They saw it on YouTube,” he replies.
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      Which technologies are currently reaching the poorest people on the planet? I come from Silicon Valley, where technology is viewed as the answer to every problem. But in Malawi, the only technology I see in the poorest regions is a bicycle (and occasionally a simple cell phone). As I currently bounce around the dusty rural roads of Nicaragua and speak with community members, I’m curious. Which technologies are appearing in their communities?

      The answer depends on a community’s economic status. As I drive through neighborhoods, it is relatively easy, even for a foreigner, to estimate the economic status of the residents by looking at their homes. By extension, one can estimate the degree that technology might impact their lives.

      At the most impoverished level are shacks pieced together from scraps of corrugated metal, wood, and plastic that look barely habitable.

      Families with more resources acquire custom-cut sheets of corrugated metal for their walls and roofs and essentially live in metal boxes.

      Economic progress may bring an electric line connecting the house, which signals that the inhabitants can afford a dollar or two per month in electric bills. The power probably allows for a lightbulb or two and perhaps a fan.

      Next will appear a makeshift antenna on the roof, indicating the presence of a TV, often a surprisingly early purchase for poor families.

      In wealthier districts, the walls start to transition from corrugated metal to other materials—cinder block, stucco, wood. Perhaps a second room will be stuck on to the back. Residents who can afford such house upgrades almost certainly own a basic-feature phone, which in this region costs around five dollars. Call usage costs a few more dollars per month.

      Next comes a satellite dish for cable access, which extends television viewing options from a few distorted channels to a hundred clear ones. Cable service starts at less than twenty dollars per month. It seems incongruous to see a new, shiny red satellite dish perched on a dilapidated metal roof.

      Then other appliances will appear. In the houses I visit, I often see a fan and a small refrigerator. The ramshackle abodes will grow larger and sometimes even balance a second-story room that looks vulnerable to the next strong wind.

      If folks own a satellite dish and a refrigerator, they probably also own a smartphone, although the cheapest phones and plans are expensive in this context—around fifty dollars for the phone and at least twenty dollars per month for calls and data. Even in relatively remote areas across Nicaragua, phone and data coverage appear pretty good (I frequently check by trying to pull up the New York Times), but data charges that are de minimis for me are out of reach for the folks in the houses I’m visiting.

      The people I’m seeing in the region, and the levels of economic status they represent, are proxies for others in poverty across the planet. If a household can afford anything beyond subsistence, and if there is access to electricity, a lightbulb and a cell phone are very early purchases. It is a fairly big step to other appliances and smartphones.

      
        A Quick Primer on Global Poverty

        To understand the populations most likely to be impacted by The Great Connecting, a bit of background information on global poverty might be helpful.

        “Extreme poverty” is currently defined as an individual living on less than $1.90 per day. By this benchmark, in 1990, 37 percent of the world’s population was living in extreme poverty. Today, that figure has dropped dramatically, now approaching 10 percent. The United Nations (UN) identifies the first of its “Sustainable Development Goals” as the elimination of extreme poverty by 2030.

        Much of the progress in reducing extreme poverty is thanks to efforts in five countries: China, India, Indonesia, Pakistan, and Vietnam. These countries alone moved an astonishing seven hundred million citizens out of extreme poverty between 1990 and 2010, partially through direct government programs but mostly due to overall economic growth. Unfortunately, in Africa during the same period, the number of people in extreme poverty rose from 290 million to 414 million people as populations soared and growth lingered.

        The task of eliminating extreme poverty gets progressively harder the closer we get to zero poverty. Those still in extreme poverty are generally in rural or remote areas and lack electricity, sanitation, transportation, internet, or other fundamental services.

        While the number of people in extreme poverty is dropping, it is important to remember that most of the planet is still extremely poor. About half of the planet lives on less than $2.50 per day.

        If that is the story with global poverty, what is the situation with global wealth?

        In 2017, Oxfam produced a report, “An Economy for the 99%,” which included a staggering statistic: the richest eight men in the world have as much wealth as the bottom 50 percent of the planet (representing around 3.6 billion people). That’s correct—eight people with a combined wealth of around $425 billion have as much as the bottom 3.6 billion people. (For those keeping track at home, the eight richest men in early 2017 were Bill Gates, Amancio Ortega, Warren Buffett, Carlos Slim Helú, Jeff Bezos, Mark Zuckerberg, Larry Ellison, and Michael Bloomberg.)

        While all eight of the richest men could fairly be described as “self-made,” that isn’t true for the majority of billionaires (nine out of ten of whom are men), according to Oxfam’s analysis. Over half of the world’s billionaires inherited their wealth or work in industries prone to cronyism and corruption.

        Eighty-two percent of the new wealth created in 2016 went to the top 1 percent of people on the planet.

      

      A major impediment to economic development is a lack of access to electricity. More than a billion people have no access to electricity. Many more have highly unreliable service. Fortunately, new technologies are making major inroads in communities around the world to address the dearth of electricity.

      The falling cost of renewable energy has allowed for the wider adoption of small-scale solar power. Small household systems—which typically include a solar panel, battery, lights, fan, and a cell charger—are getting both better and cheaper. Paying for systems is also getting easier. New “paygo” financing schemes allow users to pay for their systems each day rather than paying fully up front. In Kenya, for example, the company M-KOPA installs household systems and allows users to pay monthly. If a payment is missed, M-KOPA can turn off the system remotely until payments resume.

      In India, about one-fifth of the population—over 250 million people—have no access to electricity. That should change soon. The government has committed to providing every home in the country that currently lacks electricity with a “microgrid” (a solar panel, battery, five LED lights, a fan, and a power plug).

      The impact of these sorts of programs is hard to overstate. When a household has even modest, reliable access to electricity, kids can study at night, there is less indoor air pollution from kerosene, and communications, job opportunities, and public safety are all enhanced. It also heralds the coming of broadband.

      [image: ]

      
        I’m walking through a shantytown in Soweto, South Africa. The dwellings, each about half the size of a shipping container, are made of dirt and corrugated metal. The narrow paths between the homes are hard-packed and tidy. Most homes have entire families living inside of them and feature just a mattress, an area to cook, and not much else. I don’t see any signs of plumbing or electricity anywhere.

        Soweto, best known as the heart of the resistance to Apartheid, comprises several dozen townships southwest of Johannesburg (“SOuthWEst TOwnships”). The townships range from relatively affluent communities that include attractive single-family homes to shantytowns like the one I’m visiting. One relatively prosperous street in Soweto boasts the former homes of two Nobel Peace Prize winners—Archbishop Desmond Tutu and Nelson Mandela.

        There are about three million residents of Soweto overall. My guide today tells me that only one resident is white—a woman married to a Sowetan who runs a bike touring company with her. An exaggeration? Perhaps. But in my exploration of the area, I’m thinking my guide may be right.

        At the far end of the shantytown, near the road to Johannesburg, my guide points out the web of illegal wiring from several homes reaching up to a power pole nearby. One wire extends directly to the house of his neighbor, who offers a cell-phone-charging service for a small fee. While residents here don’t have running water or electricity, they do have cell phones. Smartphones aren’t popular because they are too expensive, but I see from mine that the signal is good, so the infrastructure is in place. It is just a matter of time before handsets and data plans become cheap enough to reach the poorest in Soweto.

      

      [image: ]

      How cheap do smartphones and data plans have to become before those at the bottom of the economic ladder can start to afford access? How much are people of limited means willing to pay? There is a running debate about this among economists, telecommunications companies, and phone manufacturers. But the answer typically is that they are willing to pay “more than you might expect.”

      I get a glimpse of that demand on a warm evening in a place far, far from Soweto.

    

  
    
      
EXPLORATION


      
        It’s late on a Monday night in Havana, and the narrow street to my hotel is unlit and so dark I can hardly trust my next step. In most other cities of the world, I’d be uncomfortable, but I’m not here. Crime in Havana is very low because of ubiquitous security cameras and serious consequences for petty theft.

        As I approach my residence, I see several dozen locals sitting on the stonework adjacent to my hotel, their faces aglow. Each is staring intently into a cell phone. Havana has truly terrible Wi-Fi coverage, and the tourist hotels offer some of the better “Wi-Fi islands” in the city.

        The web surfers’ attention strikes me as particularly intense. Perhaps it is because access to the internet, provided by the state telecommunications monopoly ETECSA, costs about $1.50 per hour. That’s a fortune here. A teacher in Cuba makes about $15 per month. A physician makes around $40. I know the Cubans aren’t thinking in terms of $1.50 per hour. They are thinking in terms of spending a Cuban Peso every two minutes. They are focused on getting every second of value from their airtime.

        I have no idea what is capturing everyone’s attention—email to relatives in Miami? Airbnb account management? Cat videos?—but I’m reminded of my own willingness to pay for bandwidth when it is scarce. I remember the huge AOL bills in the 1990s for (by today’s standard) slow and limited service. What exactly were we accessing then, anyway? My internet bill when I lived in Quito, Ecuador, years ago was about as much as my rent.

        There is a running debate about what exactly the billions of people on the planet living on less than a few dollars per day will use the internet for—and whether they can afford to access broadband at all. We’ll soon be finding out. I think these glowing faces on a warm evening in Havana offer an answer.

      

      
        What Is Broadband?

        The term broadband typically refers to an internet connection that is always on and has a high connection speed. If people have “broadband,” they have persistent access to the internet. In this book, I also periodically use “bandwidth,” “connectivity,” and “Wi-Fi” to mean persistent access to the internet.

        In developed countries, the initial internet connections in the early 1990s were not persistent. Typically, people linked to the internet through dial-up modems at slow speeds. Those connections allowed for email and a few other information services but were quite restricted.

        Broadband arrived in the late 1990s and was typically offered either over phone lines (digital subscriber line, or DSL) or through cable service. People then started connecting through local Wi-Fi base stations, so their computers, and later other mobile devices, were always connected to the internet at high speed.
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