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In March 2025, prominent Chinese automaker NIO (Shanghai,
China), the global leader in electric vehicle (EV) battery swapping,
and Contemporary Amperex Technology Co., Ltd. (CATL) (Nindge,
China), the world’s biggest manufacturer of EV batteries,
announced a strategic partnership to build the world’s largest bat-
tery swapping network, while also promoting unified standards
and technologies [1]. Just weeks later, CATL announced another
partnership, this one with Chinese state-owned oil giant Sinopec
(Beijing, China) to build 10 000 new battery swapping stations in
China, at least 500 in 2025 [2].

Despite a recent drop in EV sales in many markets around the
world [3], transitioning from combustion-powered vehicles to EV
remains a critical goal for combating global warming [4]. Range
anxiety, however, continues to be one of the most significant bar-
riers to EV adoption among consumers [4,5]. Another barrier has
been the lengthy time it takes to recharge an EV.

The most robust long-range batteries can extend past 640 km
on a single charge [6], and fast charging technology can add more
than 160 km to some batteries within 15 min [7]. Many manufac-
turers and research teams have succeeded in cutting recharge time
to mere minutes [8-10]—the latest being China’s BYD (Shenzhen,
China), which announced a 1000 kW system in March 2025 that
could add around 400 km of battery range in just 5 min [11].

However, long-range and fast-charging batteries are pro-
hibitively expensive for most consumers and will likely remain
so—barring a breakthrough in battery technology—for many years
[12]. “Getting below 5 min for a charge will be challenging,” said
Jeremy Michalek, professor of mechanical engineering and profes-
sor of engineering and policy at Carnegie Mellon University in
Pittsburgh, PA, USA. “It is going to be very difficult to charge as fast
as filling with gasoline because fossil fuels are so energy dense and
you can put a lot of it into a vehicle really fast.”

In the meantime, some companies have developed vehicle
designs and infrastructure for swapping EV batteries—for commer-
cial vehicles like delivery trucks (Fig. 1) and fleets of taxis, and,
more recently, for scooters (Fig. 2) and privately owned cars. Such
swapping provides the convenience of getting back on the road
with a charged battery in 5 min or less, roughly the same time as
a gasoline fill up. The strategy makes particular sense for commer-
cial EV. “If you have a fleet you are trying to manage and every
minute the vehicle is not in operation because it is sitting there
charging, it is costing you,” Michalek said. “If you can put in a
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Fig. 1. A technician operates a forklift to remove and swap out the depleted battery
of an electric delivery van at a GreenWay battery swapping station in the European
country of Slovakia. Credit: Afishbone/Wikimedia (CC BY-SA 4.0).

Fig. 2. A grocery delivery driver swaps out the battery of his Shema electric scooter
at a Sun Mobility swap station in India. Credit: Eshshiv/Wikimedia (CCO 1.0).

new battery in a few minutes, then you could have that vehicle
off and on its way.”

The idea of battery swapping was born in the United States, but
it failed to take hold. Established in Palo Alto, CA, USA, in 2007 and
backed with 850 million USD in investment, the company Better
Place initiated an EV battery-swapping service in Israel [13]. The
company chose Israel because it reasoned the country had limited
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driving ranges and was incentivized to reduce financial support of
its oil-producing neighbors [13]. For a monthly fee, drivers of the
Renault Fluence ZE vehicles used in the scheme had access to a net-
work of Better Place’s automated stations, which allowed them to
swap their batteries within minutes. However, the company,
with its sole partnership with Nissan-Renault (Amsterdam,
the Netherlands), attracted only a small number of subscribers
and declared bankruptcy in 2013 [14].

“Better Place’s idea was brilliant on paper, but manufacturers
would not design into it,” said Peter Wells, professor of business
and sustainability at the Centre for Automotive Industry Research
at Cardiff University (Cardiff, UK). “It required a level of integration
and agreed standards that still does not exist.”

In March 2015, Tesla (Austin, TX, USA) opened a single battery
swap demonstration station in Coalinga, CA, USA. But the site,
which initially aimed to change Tesla’s Model S battery pack in
90 s before extending the process to 5 min [15], received little to
no demand. Also concerned with the cost of maintaining a stock-
pile of batteries for its increasing number of models, Tesla decided
to focus on its supercharger technology, and shuttered the swap
station just three months after it opened [16].

China is where battery swapping has really taken hold, which is
not surprising given the country’s dominance in terms of numbers
of EVs manufactured and purchased [3]. “China has been all in with
EVs for some time now, providing subsidies, supporting compa-
nies, supporting standardization, and generally building an ecosys-
tem,” Michalek said. “Battery swapping is a natural piece of the
puzzle.”

The pioneer of China’s battery swapping has been NIO, a
Chinese domestic brand launched in 2014 to challenge Tesla in
the higher-end sports car market. As of December 2024, NIO had
performed more than 57 million battery swaps [17], accounting
for nearly 70% of all such swaps in China [18]. NIO designed its
ground-up EV platform to accommodate a battery shape that is
interchangeable between all but one of its models, the Onvo, which
uses a separate, but still swappable, design. Each of NIO’s seven
other car models can accommodate the 75, 100, or 150 kW h
batteries the company offers [17].

“Standardization is key here. If every make, model, and trim of
vehicle has a different battery design, which can change year to
year, it becomes impractical to have them all on hand,” Michalek
said. “Imagine a rest stop on the highway with an enormous ware-
house full of all these different batteries on shelves charged and
ready to go—when a particular make, model, trim, year vehicle
comes in, they get a forklift and pull it off the shelf.”

NIO’s swapping procedure is technologically complex but
straightforward for its users. After its driver pulls up to a swapping
station (Fig. 3), the car automatically maneuvers itself into place
[17]. Robotic machinery lifts the car, undoes all the battery’s fas-
teners, removes it, and shuttles the depleted battery to the back
end of the station. It then installs a replacement battery, charged
to 93%, the ideal charge, per NIO, to optimize battery health and
minimize degradation [17].

NIO bills for the energy gained (state of charge of the newly
installed battery minus that of the old battery), plus a small service
fee. The entire process lasts 3-6 min, much of that spent by the car
maneuvering itself into the correct spot [17]. NIO’s proprietary
algorithm decides if the removed battery gets slow- or fast-
charged for the next driver; it also ensures that the swap stations
have the right number of batteries on hand for local demand [17].

Customers can purchase NIO’s vehicles with batteries included,
or they can buy them through a battery-as-a-service (BaaS) plan,
which offers steep discounts on the purchase price. With BaaS,
buyers own the car, but the battery remains NIO’s property. The
initial savings can be significant: The Onvo L60 normally sells for
29 000 USD but drops to 21 000 USD when purchased with BaaS.
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Fig. 3. NIO’s swap stations, like this one located in Beijing, approximate the size of a
two-car garage. The battery swaps, which take 3-6 min to complete, are performed
by robotic machinery in the open half, while up to 24 batteries are stored and
charged in the other half. Credit: bfishadow/flickr (CC BY 2.0).

The company leases the Onvo L60’s smallest 60 kW-h battery for
about 85 USD per month. Owners can at any time buy out the bat-
tery and exit the lease program [17].

“Many consumers like leasing the battery on a monthly basis
rather than buying it with the car,” said Chris Tang, professor of
decision, operations, and technology management at the Univer-
sity of California, Los Angeles (Los Angeles, CA, USA). “It actually
makes owning an EV possible for some.”

NIO has said that about 70% of its buyers opt for its BaaS plan
[17]. In addition to convenience and lower costs, battery swapping
may mean improved battery quality, as the company regularly
inspects and maintains its batteries, though this could be offset
by the wear and tear potentially associated with the frequent
movement of batteries out of vehicles, into charging, and then back
into vehicles. Users who subscribe to NIO’s BaaS plan can addition-
ally upgrade to the latest-generation battery and not worry about
the disposal of batteries that no longer work.

Tang said that battery swapping provides a practical alternative
for Chinese EV drivers. “In many big Chinese cities, people live in
high rises, and they do not have their own charging ports,” he said.
“While fast charging does exist, it is far from widespread, and most
cars need hours to recharge, making it very difficult for people to
adopt EVs because they have to keep waiting in line.”

Battery-swapping also offers environmental benefits. Batteries
in a swapping system can be charged at a slower rate, which can
extend their lifespan, reducing electronic waste [14]. Also, swap-
ping stations can charge batteries during off-peak hours, thereby
reducing the cost and easing energy demand during peak usage
periods. Swapping stations can even earn dividends by sending
energy back to local grids during peak times [14]. Off-peak charg-
ing can also tap renewable energy that might otherwise go wasted.
“If it is windy at night, wind turbines are not necessarily working
at full stretch,” Wells said. “You can use that electricity—it is a
win-win scenario.”

NIO has established an extensive network of business ties to
support its commercial interests. In November 2021, the company
inked a strategic partnership with global energy giant Shell
(London, UK) to construct and manage battery charging and
swapping facilities in both China and Europe [18]. In November
2023, it partnered with China’s Geely Group (Hangzhou, China),
owner of the vehicle brands Volvo, Zeekr, Polestar, and Lotus
[19]. And in January 2024, it signed similar agreements with
automakers Chery Automobile (Wuhu, China) and JAC Group
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(Hefei, China) [20]. The agreements outline standards and technol-
ogy for the development and operations of swapping service
networks.

NIO’s biggest deal to date, however, is with CATL [1], which
manufactures the batteries that power NIO’s EV (as well as Tesla’s,
Volkswagen’s, and many other Chinese and non-Chinese, including
American, EV brands). In 2022, CATL introduced EVOGO, a battery
swapping platform solution, including swapping stations, based on
a modular battery design [21]. In 2024, the company expanded on
its battery-swapping ambitions by establishing a joint venture
with Didi, China’s leading ride-hailing platform [22]. And, in addi-
tion to NIO, CATL has also partnered on battery swapping with the
Chinese automakers BAIC (Beijing), Changan (Chongqing), Foton
(Beijing), GAC Aion (Guangzhou), Hongqi (Changchun), SAIC
(Shanghai), and Sinotruk (Jinan) [23].

NIO’s partnership with CATL makes a lot of sense, Wells said.
“NIO has pursued its own pathway, establishing a swapping
network, but it has not seen high sales volume and has struggled
for profitability,” he said. “The attraction of the deal with CATL is
that their technology could be rolled out to a number of its
competitors.”

Wells said all these deals portend increased standardization, in
terms of battery pack form and shape and how batteries are
removed and secured to vehicles. “For CATL, there is an attraction
in thinking about the design and the chemistry of batteries with
eyes to longevity and recycling and being able to retain those
materials within its own ecosystem.”

Adding to CATL and NIO’s shared dominance of the battery
swapping market is the deal CATL recently struck with Sinopec
to build 10 000 new swapping stations in China. The collabora-
tion’s announcement claims it will “facilitate the building of smart
energy microgrids, featuring solar power, energy storage, charging,
swapping, and battery inspection” [23]. In addition to NIO and
CATL, at least a dozen other Chinese companies—Aulton
(Shenzhen), BAIC Bluepark (Beijing), E-Energy (Chengdu), Energiex
(Shanghai), First Technology (Hangzhou), GCL-ET (Suzhou),
Immotor (Shenzhen), State Grid (Beijing), Quiyuan Green Power
(Shanghai), and Tycorun (Guangdong)—offer battery swapping
services in the country, including for commercial vehicles and
e-scooters [24].

In the United States, there is at least one company seeking to
resurrect battery swapping. Ample, a San Francisco, CA-based
start-up, uses a flexible architecture to build battery modules that
can accommodate the unique battery shapes and sizes of different
EV models without being limited to a one-size-fits-all battery pack.
Ample’s battery pack consists of several individually sealed battery
modules about the size of a desktop computer that can be removed
by automated machinery and replaced one by one. Swapping takes
5-10 min, depending on the vehicle size and how many modules it
uses [25]. “It is a nice idea, but using modules still creates design
restraints as you need to build in access to the battery packs,”
Michalek said.

Ample currently operates 12 battery-swapping stations in the
San Francisco Bay Area that are used a few hundred times a day
by its partner Uber (San Francisco, CA, USA), which has adopted
Ample’s swapping technology to power a fleet of Nissan Leafs
and Kia Niros [26]. In December 2023, Ample partnered with
Stellantis, the world’s fourth-largest automaker, maker of Jeep,
Dodge, and Fiat vehicles [27]. At the time, Stellantis said it planned
to kick off a pilot program in 2025 in Spain, deploying a fleet of 100
Fiat 500e vehicles within its Free2move car-sharing service [27]. In
March 2025, Ample announced another partnership, this one with
Mitsubishi Fuso (Kawasaki, Japan) to build a battery-swapping
service for commercial trucks in Japan [28].

Battery swapping, including for e-scooters, is also finding
footholds in Columbia [29], India [30], the Philippines [29], and
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Portugal [31]. Globally, market analysts predict the market for EV
battery swapping to grow from 890 million USD in 2024 to 2.8 bil-
lion USD by 2029, with a compound annual growth rate of 25.5%
[24]. Given this somewhat promising forecast, it appears that
swapping is poised to augment charging to some extent, which
could be a positive development in terms of helping to usher in
an EV-dominant future. Wells said it has been “a fundamental mis-
take” to try to replicate the performance of petrol stations and pet-
rol cars in electric form. “That has pushed the industry down the
high-power charging route, which is expensive and requires
significant infrastructure,” he said. “If we follow the Chinese
example a bit more, we would be much closer to finding a
solution.”
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