No land concerns – renewables use equal or less land than fossil fuels
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Renewable energy sources like solar panels and wind turbines take up a fair amount of space. Unsurprisingly then, one of the main concerns raised about the idea of transitioning to a fossil fuel-free, renewable energy-powered society has been land use. Can America build a clean energy future without covering the landscape with solar panels and wind turbines, becoming endlessly mired in local land use conflicts, or threatening special and ecologically vulnerable places?
It’s an important question. But while there are legitimate issues to be worked out, it is very easy to overstate the barrier that land use poses to the clean energy transition.
First, while renewable energy does take up land, so does the current energy system, primarily for land-intensive, low-value forms of energy, like ethanol.
Second, a clean energy future won’t necessarily use more land than the current system and might even use less. This is especially true if we reduce reliance on biofuels in the transition away from fossil fuels.
And third, there are many tools we can use – from energy efficiency and distributed forms of energy generation (such as solar panels) to the adoption of less energy-intensive lifestyles and tools to shape our demand for energy – that can reduce the amount of renewable energy capacity we need to build in order to meet the needs of society. 
Our current energy system uses a lot of land
According to a 2021 analysis by Bloomberg, the current energy system uses 74.5 million acres of land, an area slightly larger than the entirety of Arizona.[1] More than two-thirds of that – 51.5 million acres – is used to grow corn and soy for biofuels (primarily ethanol). Oil and gas pipelines occupy 4.8 million acres, and 3 million acres are covered by oil and gas drilling operations. Coal mining, transportation and waste storage, uranium mining, and fossil fuel and nuclear power plants together take up about another 1 million acres of land. Wind and solar power together take up just 570,000 acres.
Figure 1. Land use of the current U.S. energy system, via Bloomberg
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Biofuels like ethanol are an enormously space inefficient energy source (the Bloomberg analysis notes they make up two-thirds of the footprint of the U.S. energy system but provide just 5% of the nation’s energy) and the claims that they are more environmentally friendly than fossil fuels are proving more and more dubious. Wind and solar, on the other hand, provided 13.1% of total U.S. electricity in 2021, while occupying less than 1% of the land area of the energy system.
A clean energy future won’t necessarily use more land, and might use less
So, what would it look like to actually transition entirely off of fossil fuels? Would it require covering the whole country in solar panels and wind turbines? In short: no.
In fact, such a transition might even shrink the footprint of the U.S. energy system, as two recent analyses demonstrate.
First, Princeton University’s Net-Zero America Project released a report in October 2021 about potential pathways to an energy system that emits no greenhouse gases on balance by 2050. In it, they find that the most aggressive scenario – with near total electrification of buildings, transportation and industry; no fossil fuel combustion; and wind, solar and geothermal providing 98% of electricity generation – would result in about 16.2 million acres of land being directly occupied by wind and solar installations (not counting, for example, the space between turbines or panels), plus an expansion of the transmission network. This scenario still uses a large amount of biofuels, which they project could occupy about 58.4 million acres of land. Together, however, that’s still about the same size as the current energy system, though the additional transmission capacity is not included in the estimate. 
The second study, from the National Renewable Energy Laboratory (NREL), examines pathways to achieving 100% clean electricity by 2035. NREL estimates that – for a system that uses no carbon capture, no fossil fuel combustion, and in which wind and solar make up 74% of electricity generation in 2035 – the total direct land use of wind, solar, and transmission is 14.3 million acres, plus 2.2 million acres of offshore wind (including the space between the offshore turbines). The NREL study is focused on electricity rather than all energy use, but it illustrates that renewable electricity production can have a much smaller land impact than many people realize
There are some complications in comparing the land use of a clean energy future to that of the current energy system. For instance, transitioning from fossil fuels to renewable energy will require an increase in mining for certain materials, but reliable estimates of the land use of this expansion are lacking. On the other hand, studies like the Net-Zero America analysis and articles like this one in Business Insider (which bases some estimates on the Net-Zero America analysis) emphasize the indirect “visual footprint” of renewable energy, or the area from which wind turbines and solar panels can be seen, which is much larger than the area of land they actually occupy. But both wind and solar farms can support multiple uses within the same land area – such as agricultural uses. And counting the area impacted visually by renewables – while at the same time failing to count the area affected by the visual, air pollution and noise impacts of oil and gas wells, pipelines, or coal mines – is comparing apples to oranges.
To summarize: while there are real siting constraints and considerations when building out a fully renewable energy system, studies suggest a zero-carbon energy system wouldn’t necessarily take up more land than the current energy system, and could take up less, especially if we can reduce reliance on biofuels.
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