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Recycling can’t solve for lack of materials
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For green energy advocates, the idealized vision for recycling encompasses deploying a “circular economy” as a number-one priority for dealing with the material implications of clean tech.52 But the idea of a green energy circular economy based on the goal of 100% recycling is a pipe dream.53 Many materials, especially high-value metals, can be significantly recycled. But we can consider the implications and lessons for green waste by looking at the 50 million tons of so-called e-waste generated globally from worn-out or outmoded digital devices that are also built using many critical and rare minerals. The tonnage of global e-waste equals “the weight of all commercial aircraft ever built” and is forecast to double in the next several decades.54 The millions of tons of e-waste contain hundreds of tons of gold and thousands of tons of silver (generally the primary target of recyclers, for obvious reasons) as well as more than a dozen other elements.55 In order to increase e-waste recycling from today’s 20% level, the World Economic Forum (among others) proposes various measures to increase consumer “awareness,” add new regulations and subsidies, and push to redesign the original devices. The Forum estimates that these efforts would reduce consumer costs by 14% over the next two decades.56 But as the scale of global recycling grows, many governments and some environmental organizations are beginning to focus on the serious health and safety issues that have been ignored.57 So far, the majority of e-waste recycling—as is much other waste—takes place in poorer nations willing to undertake the labor-intensive, largely unregulated, and sometimes hazardous processes involved. Ghana, for example, is where Europe exports the largest quantity of its e-waste.58 Meantime, the global recycling industry is still adjusting to a new reality: two years ago, China abruptly banned the importation of waste, asserting that much of it was “dirty” and “hazardous.” China’s ban is forcing local U.S. governments and municipalities to reduce or even halt recycling programs.60 As one industry expert in Oregon observed: “Recycling is like a religion here. . . . It has been meaningful for people in Oregon to recycle, [and] they feel like they are doing something good for the planet— and now they are having the rug pulled out from under them.”61 The China ban has spotlighted the inherent challenges with recycling, especially the notion of a “circular economy.” The challenge with recycling trace minerals is essentially the same as in mining itself: much depends on concentrations. The concentration of useful minerals in e-waste and green waste is very low and often far lower than the ore grades of those minerals in rocks. In addition, the physical nature of trashed hardware is highly varied (again, unlike rocks), making it a challenge to find simple mechanisms to separate out the minerals. Recycling processes are often labor-intensive (hence the pursuit of cheap labor, sometimes child labor, overseas) and hazardous because techniques to burn away unwanted packaging can release toxic fumes.62 If “urban mining”—the oft-used locution for capturing minerals hidden in worn-out products—were easier, cheaper, and safer than mining new materials, there would be a lot more of it, and it would not require subsidies and mandates to put into effect. While technology, especially automation and robotics, will eventually bring more economically viable and cleaner ways to recycle, the challenges are daunting and progress has been slow. That’s the reason that the overall global levels of net recycling and capture of most metals (for all purposes, not just e-waste and green waste) are below 20%, and much lower than those for all the rare earths.63 Even as Apple has championed recycling programs for its products—including inventing a robot to disassemble iPhones (it can only do iPhones)64 and opening a new Material Recovery Lab in Austin, Texas—the company, along with many other tech companies, vigorously promotes green energy.65 But there is as much cobalt in a single EV battery, for example, as there is in 1,000 iPhones, as much plastic in a single wind turbine as in 5 million iPhones, and as much glass in a solar array that could power a single data center as in 50 million iPhones.66 A recent Department of Energy vision for offshore wind (never mind onshore wind farms) in the U.S. would lead to nearly 10 thousand tons of neodymium alone “buried” inside more than 4 million tons of machinery that will eventually head for waste dumps.67 That sounds like a lot of material worth recovering, but it pencils out to a neodymium concentration in the trash that is one-tenth of the natural ore grade for that mineral at a mine site.68 Such realities can lead to the surprising outcome that the energy required to recover a recycled mineral can be greater than expended to get it from nature’s ore.69 That doesn’t mean that recycling won’t continue to have a role, even a greater one. But its limits are clear. The challenges in meeting the requirements for global minerals in the future will not be met with wishful thinking about “circular economies.”
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