What’s the Carbon Footprint of a Wind Turbine?
by Sara Peach
June 30, 2021 – Dear Sara, 
Wind turbines are an absolute joke.  Has anyone actually figured out the amount of carbon emissions emitted for the entire process, from initial construction of the components and land development (construction machinery emissions)?  — Mike M.
Hi Mike,
Thank you for this apparent attempt at a “gotcha” question.  It gives me the opportunity to reply with a resounding yes!  People have studied, in detail, the amount of carbon pollution emitted during the life of a wind turbine.
In fact, this type of analysis constitutes an entire branch of research known as “life cycle assessment.”  It has its own handbooks, internationally agreed-upon standards, specialized software, and peer-reviewed journals.
To conduct a life cycle assessment of a wind turbine, or any other product, researchers begin by diagramming each stage of its existence, from manufacturing through end-of-life disposal.  Next, they inventory the energy and raw materials consumed at each stage, such as the steel, fiberglass, and plastic needed during a wind turbine’s manufacturing, the diesel burned by ships and trucks in transporting turbine parts from factory to construction site, and the energy used during construction, operation, maintenance, and eventual deconstruction and recycling or disposal.
With this information in hand, researchers calculate the carbon pollution produced during a wind turbine’s life cycle — in other words, its carbon footprint.
Search online for the keywords “life cycle assessment” and “wind turbine” and you’ll retrieve dozens of published papers on this topic.  Here’s a non-comprehensive chart of such papers from the past 5 years:
The carbon footprint of wind turbines (see table in original URL) ranges from 4.9 grams of CO2e per kWh in onshore Texas, and 5 and 6 onshore in Europe, to 10.9 offshore on Europe and 25.5 offshore from China.  You can see that the results vary by country, size of turbine, and onshore versus offshore configuration.  But all fall within a range of about 5 to 26 grams of CO2-equivalent per kiloWatt-hour (kWh).
To put those numbers in context, consider the 2 major fossil-fuel sources of electricity in the United States: natural gas and coal.  Power plants that burn natural gas are responsible for 437 to 758 grams of CO2-equivalent per kWh — far more than even the most carbon-intensive wind turbine listed above.  Coal-fired power plants fare even more poorly in comparison to wind, with estimates ranging from 675 to 1,689 grams of CO2 per kWh, depending on the exact technology in question.
There’s another crucial difference between fossil fuels and wind turbines.  A coal or natural gas plant burns fuel — and releases CO2 — every moment that it runs.  By contrast, most of the carbon pollution generated during a wind turbine’s life occurs during manufacturing.  Once it’s up and spinning, the turbine generates close to zero pollution.
What’s more, wind turbines often displace older, dirtier sources that supply power to the electricity grid.  For example, after a new wind farm connects to the grid, the grid operator may be able to meet electricity demand without firing up a decades-old, highly polluting coal plant.  The result?  A cleaner, more climate-friendly electricity grid.
In fact, it’s possible to calculate a carbon “payback” time for a wind turbine: the length of time it takes a turbine to produce enough clean electricity to make up for the carbon pollution generated during manufacture. One study put that payback time at 7 months — not bad considering the typical 20- to 25-year lifespan of a wind turbine.  Bottom line: Wind turbines are far from a joke.  For the climate, they’re a deal too good to pass up.
— Sara
Added July 1, 2021: Reader Bill R. writes, “One thing you didn’t mention, and it is probably significant, is that as the energy mix tilts in favor of renewable energy over time, the energy mix used to manufacture wind turbines (and PV cells & panels) will also see a reduction in carbon intensity, resulting in an even smaller carbon footprint.  There will be exceptions — making steel will probably continue to require carbon emissions for a long time — but everything else in the manufacturing pipeline should see reductions.”
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