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▶ Drones Actually Predated Planes
Military drones go back further than you think—all the 
way back to the siege of Venice in 1849. The besiegers 
could not get their guns close to the city, so Franz von 
Uchatius, an Austrian artillery officer and inventor 
best known for an early movie projector, dreamed up a 
solution. He rigged hundreds of small balloons to drift 
over Venetian positions and drop explosive charges on 
them. Though creative, von Uchatius’ balloon bombers 
apparently did not cause any casualties. Fast forward 
to the current conflict, and Ukrainian developers are 
applying similar ingenuity to small drones, but with 
much greater effect.

▶ There’s a Growing Concern Over Batteries’ 
Environmental Impact
Despite the claims of cleaner energy, I am concerned over 
environmental issues caused by solid-state batteries’ 
manufacture. In addition to lithium, SSBs will require 
cobalt, manganese, and nickel, likely dredged from miles 
undersea in places like the Pacific Clarion Clipperton 
Zone, possibly disrupting sensitive ecosystems. I worry 
too, that the environmental benefit of EVs might be 
overblown: Cars make up just 16.8 percent of U.S. 
greenhouse-gas emissions, so even doubling or tripling 
the number of EVs on the road would alleviate just a 
fraction of a fraction of the overall problem.

▶ Pitch Lake Is the Most Alien Spot on Earth 
As a professor of planetary habitability and astrobiology 
at the Technical University Berlin, I explore extreme 
environments to learn what conditions might exist on 
other planets in our universe. One such place is Pitch 
Lake, a liquid asphalt lake in Trinidad, where microbes 
in the lake live within tiny water droplets to survive the 
harsh conditions. Given the inventiveness of natural 
selection, it’s reasonable to me that tenacious lifeforms 
could evolve elsewhere in the universe to become large, 
complex, even intelligent. Perhaps those lifeforms are 
sending ships to faraway worlds in space, and maybe 
they’re powered by a Dyson Swarm.

▶ How You Buy Cars Is About to Change
Friends ask me for car-buying advice with remarkable 
frequency, probably two or three times a month. During 
the past year or two, with these supply-chain issues, 
my answer had been: Just don’t. But my reporting tells 
me that this issue is likely to persist for years, so for my 
friends who really need a new vehicle, I recommend 
pursuing cars in distant markets, considering a used 
electric vehicle, and even (ugh) schmoozing with nearby 
car dealers. I think how we buy cars is about to change 
drastically: With enough patience and guile, you won’t 
have to depend on local inventory anymore.
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A 
BEWILDERING ASSORTMENT of uncrewed aircraft can be found in the 
skies in the war between Ukraine and Russia. From kamikaze loitering 
munitions and bomb-dropping octocopters to airliner-sized surveillance 
aircraft, the crowded skies in this war host an unprecedented number 
and diversity of uncrewed aerial vehicles, also known as UAVs or, more 
commonly, drones.

“We are currently witnessing a drone war,” says Samuel Bendett, 
an expert on uncrewed systems and adviser to both the Center for Naval Analysis and 
the Center for a New American Security. “This is probably the first large-scale war where 
proprietary military and commercial drones are used so extensively.”

Crewed aircraft have done little in this conflict because air defenses, both long-range 
radar-guided systems and portable shoulder-launched weapons, have kept the number of 
sorties to a minimum. For the purposes of aerial intelligence and tank-busting airstrikes, 
drones have replaced jets. Abundant, easy to fly, and relatively cheap, some drones are now 
being operated directly by squads of ground troops and even individual foot soldiers, who 
use them as weapons or to survey the battlefield. 

These drones are also giving us an unprecedented view of the front line in almost real 
time, with videos of ambushes and artillery bombardments, along with wrenching images 
of civilian buildings destroyed by Russian forces.

To better understand the expansive variety of drones being flown in Ukraine—and the 
sophisticated technology of each type—we detailed every known model on all sides of the 
war. We sorted them into three main categories: Rotary-wing drones, loitering-munition 
drones, and fixed-wing aircraft. Each has unique operational capabilities and strategic 
value. Combined, they represent the largest uncrewed fighting force ever used in a single 
conflict.

 No7 || RQ-4 Global Hawk 
Operator: USA | Made in: USA | Wingspan: 131 feet | Flight time: More than 
34 hours | Top speed: Faster than 350 mph | Powerplant: Turbofan jet

While NATO says it will not intervene directly in Ukraine, its aircraft have been gathering 
information from just across the Polish border. Key among these spy drones is the USAF’s 
RQ-4 Global Hawk. America’s chief strategic-reconnaissance drone can survey more than 
40,000 square miles in one mission, using its long radar to scan the ground in photographic 
detail, day or night, regardless of cloud cover. With a wingspan of 130-plus feet, the Global 
Hawk is larger than a Boeing 757 airliner. Hobbyist aircraft trackers have noted the 
distinctive flight patterns of Global Hawks near Ukraine—long loops at altitudes of 50,000 
feet for prolonged periods, suggesting that they are scanning for Russian armor moving 
deep within the country.

 No8 || Orion 
Operator: Russia | Made in: Russia | Wingspan: 48 feet | Flight time: 24 
hours | Top speed: 120 mph | Powerplant: Internal combustion

The Orion or Inokhodets (“Ambler”) is a medium-altitude, long-endurance drone that Russia 
uses mostly for reconnaissance and strike missions. It resembles America’s Predator drones, 
which were used extensively in Iraq and Afghanistan, but is a newer platform that first flew 
in 2016. Orion can carry up to 551 pounds of sensors or weapons, which may include one X-50 
anti-tank missile. The Orion may also be armed for air-to-air drone-killing missions, but 
there are no reports of it serving in that role to date. Russia operates only a handful of Orions, 
and it is not clear how many have flown in Ukraine. But Russia’s Ministry of Defense has 
released a video of the drones attacking Ukrainian troops, and reports from Russian media in 
March claimed the drones had destroyed six Ukrainian vehicles.

 No9 || Bayraktar TB2 
Operator: Ukraine | Made in: Turkey | Wingspan: 39 feet | Flight time: 
More than 20 hours | Top speed: 100 mph | Powerplant: Gasoline internal 
combustion

An icon of Ukraine’s resistance, the Turkish-made Bayraktar TB2 is even the subject of a 
popular song in the country. Its success has been no surprise; it was an effective combat 
drone in several previous conflicts. Bayraktars scored notable successes against Russian-
made hardware flown by GNA forces in Libya and by the Turkish military against Syria. In 
2020, Azerbaijan used them against Armenia, where the drones played a decisive role and 
destroyed hundreds of tanks. The Bayraktar TB2 is typically armed with four laser-guided 
MAM-L anti-tank missiles. In addition to taking out Russian air defenses and fuel convoys 
in Ukraine, the drones have sunk patrol boats and set ablaze an oil-storage facility at 
Bryansk, across the Russian border. Russia claims to have shot down at least 39 Bayraktars, 
but Ukraine only has 36 of them, and photographic evidence suggests that only four have 
been destroyed so far.

 No10 || UJ-22 Airborne 
Operator: Ukraine | Made in: Ukraine | Wingspan: 32 feet | Flight time: 
7 hours | Top speed: 100 mph | Powerplant: Gasoline internal combustion

The UJ-22, developed by UKRJET of Kyiv, resembles a light aircraft like the Cessna 172 and 
is used for intelligence, surveillance, and artillery spotting. Unlike crewed aircraft, it can 
be easily broken down and reassembled for transport, and can operate from rough airstrips. 
This allows it to be carried around and launched from almost anywhere, without the need 
for a fixed air base. So far, Ukraine has reportedly used the UJ-22 only for surveillance, but 
the drone has a 45-pound payload and can be armed with weapons, including a loitering 
munition that uses a warhead from an RPG-7 rocket and has a range of 25 miles. 

 No11 || Forpost 
Operator: Russia | Made in: Russia | Wingspan: 28 feet | Flight time: 20 
hours | Top speed: 125 mph | Power plant: Gasoline internal combustion 

The Forpost (“Outpost”) is a Russian-made version of the Israeli Searcher II drone. While 
the Searcher II debuted in 1998, the Forpost entered service 20 years later, in 2018. The 
Forpost's 264-pound max payload would normally hold cameras, radar units, and other 
sensors, but Russia has adapted the drone to carry modified 60-pound Kornet anti-tank 
missiles or 50-pound KAB-20 laser-guided bombs. These munitions can reportedly hit 
targets from several miles away, as evidenced by a March 2022 video from the Russian 
Ministry of Defense that appears to show a Forpost destroying a Ukrainian multiple-rocket-
launcher vehicle.

 No12 || Zala 421 
Operator: Russia | Made in: Russia | Wingspan: 17 feet | Flight time: 6 hours 
| Top speed: 74 mph | Powerplant: Electric

The ZALA 421-16E5 HD is a Russian commercial fixed-wing drone that is larger and more 
expensive than consumer models. It would typically be used for inspecting pipelines, power 
lines, or other industrial infrastructure. The 421 is designed to provide streaming HD video, 
and it can also carry a thermal imager, gas detector, or radiation dosimeter for checking 
levels of radioactivity, suggesting that with modifications, it could have a role in chemical 
and radiological warfare scenarios. It can also carry a designator to direct laser-guided 
weapons. Russian media suggests that the ZALA 421-16E5 is a spotter for the big guns in 
Ukraine. Television in Ukraine has shown it flying over artillery strikes near Mariupol.

 No13 || PD-1 People’s Drone 
Operator: Ukraine | Made in: Ukraine | Wingspan: 13 feet | Flight time: 7 
hours | Top speed: 90 mph | Powerplant: Internal combustion engine

Ukrainian drone enthusiasts built the PD-1, “the People’s Drone,” in response to Russia’s 
2014 annexation of Crimea. At the time, Ukrainian forces lacked tactical drones, and 
their supporters developed one using commercial components and advice from the 
military. Following the PD-1’s success, the team that created it formed a startup called 
Ukrspecsystems and released newer versions of the drone, as well as additional models. The 
PD-1 has multiple takeoff options: It can launch from a catapult, take off from a runway, or 
rise vertically, like a helicopter. Ukraine forces use it mostly to direct artillery fire and to 
track the movement of Russian forces. 

 No14 || Tupolev Tu-141 Strizh 
Operator: Unknown | Made in: Former USSR Member States | Wingspan: 12 feet | 
Flight time: 60 minutes | Top speed: 680 mph | Powerplant: Turbojet

The Tu-141 Strizh or “Swift” is a Soviet-era design dating to 1974 used by both Russia and 
Ukraine. The sleek, turbojet-powered craft originally held a film camera to shoot stills or 
video—upon returning from a mission, it would parachute to the ground and offer its film 
canister for retrieval and development. When Ukraine reactivated its UAV stocks in 2014, 
the drones, which had been in storage since Soviet times, were obsolete.

But the war with Russia gave the Swift new purpose. In March, a Swift from the 
Ukrainian war zone flew over three NATO countries before crashing in Croatia. The 
explosion was large enough to damage dozens of vehicles, and Croatian investigators say the 
drone had been carrying a bomb. Neither Russia nor Ukraine has claimed responsibility for 
the incident. A second Tupolev flying bomb found in Karkhiv, in northeast Ukraine, also 
appears to have come from Ukraine.

 No1 || R18 
Operator: Ukraine | Made in: Ukraine | Wingspan: About 6 feet | Flight 
time: 40 minutes | Top speed: N/A | Powerplant: Electric

Ukraine’s Aerorozvidka—a ground force unit that started out as a group of drone 
volunteers—operates these large, domestically made octocopters to hunt tanks. Each 
is armed with a pair of two-pound RKG-1600 bombs—Soviet-era anti-tank grenades 
apparently fitted with 3D-printed fins to improve their aerodynamics. The fins make the 
grenades accurate enough to hit a target three feet across from over 900 feet away. The 
armor-piercing charge easily punches through a tank’s thin top armor. The drone’s success 
is well documented by Aerorozvidka troops, who have released a steady stream of videos 
showing R18s destroying Russian T-72 tanks and other vehicles. 

 No3 || Autel Evo II 
Operator: Ukraine | Made in: China | Wingspan: 16 inches | Flight time: 40 
minutes | Top speed: 45 mph | Powerplant: Electric

Most drones flown in this conflict are not made by military contractors but instead are 
repurposed consumer quadcopters. The EVO II, made by the Chinese company Autel, has a 
max takeoff weight of four and a half pounds, making it one of the largest consumer options 
available. Both sides use the Autel Evo for local reconnaissance and tactical bombing. 
Ukrainian forces and Russian-backed separatists in the Donbas region use Auto Evos to 
drop munitions known as Khattabka—small 30mm Vog-17 grenades that throw out lethal 
shrapnel up to 20 feet from the impact area. There’s another reason Ukrainian operators 
like the Autel: It is reportedly highly resistant to Russian jamming efforts.

  No4 || DJI Mavic Series 
Operator: Ukraine | Made in: China | Wingspan: 8 inches | Flight time: 31 
minutes | Top speed: 29 mph | Powerplant: Electric

The Mavic series of quadcopters made by the Chinese company DJI are the most widely used 
drones in the conflict and are operated by both sides. At the outset of the war, the Ukrainian 
Ministry of Defense requested that civilian drone owners donate their Mavics to the war 
effort, and thousands more have arrived from foreign supporters. 

One of the smallest versions is the Mavic Mini, which weighs just a half pound and folds 
small enough to fit into a cargo pocket. Despite the drone’s tiny size, the Mini’s electronics 
are powerful enough to send high-quality video from two miles away. That makes these 
drones handy tactical scouts in urban areas, where Ukrainian forces use them to locate 
Russian vehicles and prepare ambushes for tank-hunting teams with Javelins and other 
weapons. Individual snipers use them to locate targets, and artillery units deploy Mavics 
when nothing larger is available.

Helicopter-style rotary wings allow these aircraft to take off and land 
vertically, or hover to give a steady view of a target. This design is popular 
with consumer drones, but its capabilities also have value on the battlefield. 
Rotary drones typically move more slowly than fixed-wing aircraft and have 
shorter flight times, so troops tend to use them for short-range missions.

Fixed-wing drones, which look like airplanes without cockpits, have been 
the most common type used by militaries. The U.S.’s MQ-1 Predator rose 
to prominence in the 1990s, praised (and feared) for its ability to cruise at 
low speed for a prolonged period while it orbits a target area and gathers 
information. Since then, countries around the globe have developed similar 
uncrewed vehicles, several of which are being used in Ukraine to follow enemy 
troop movements or track targets for artillery fire.

FIXED-WING DRONES

 No2 || KBLA-IVT 
Operator: Russia | Made in: Russia | Wingspan: 15 feet | Flight time: 
60 minutes | Top speed: N/A | Power plant: Internal combustion

On April 20, Ukrainian forces shot down a KBLA-IVT robot helicopter. First produced in 
2019 by the Russian company Technodinamika, the KBLA-IVT is a 700-pound uncrewed 
helicopter that had mostly been used as a target drone for training and testing missiles 
and other weapons. The KBLA-IVT shot down in Ukraine might have been more than a 
target. The makers say the design could be used for observational roles for tasks such as 
agricultural surveys, so this one might have been fitted with cameras or reconnaissance 
gear. It also could have been used by the Russian military to draw fire away from its 
helicopters, which have suffered losses from Ukrainian missiles.

ROTARY DRONES

 No6 || Skydio X2 
Operator: Ukraine | Made in: USA | Wingspan: 26 inches | Flight time: 35 
minutes | Top speed: 25 mph | Powerplant: Electric

Skydio is another American drone built to Blue sUAS standards in response to concerns 
about Chinese-made models. An AI-powered engine allows consumer versions of the Skydio 
to fly autonomously: You can set it to follow and shoot video as you ski down a mountain or 
run along the beach. The military version has a few more features, like built-in obstacle 
avoidance, encrypted communications, and a thermal imager for night operations. 
Skydio has donated dozens of drones to the Ukrainian Ministry of Defense and has sold 
hundreds more to groups supporting Ukraine, who reportedly funnel them to the country’s 
Aerorozvidka drone-flying troops.

 No5 || Golden Eagle 
Operator: Ukraine | Made in: USA | Wingspan: About 20 inches | Flight time: 
Up to 55 minutes | Top Speed: 50 mph | Powerplant: Electric

After the U.S. Army banned its forces from using Chinese-made quadcopters due to security 
risks (the drones’ radio controls are unencrypted and the devices could potentially capture 
and store sensitive information that could be passed to the Chinese government) the U.S. 
began developing its own alternatives under a defense program known as Blue sUAS. It has 
sent some of these alternatives, including the Golden Eagle, to Ukraine.

The Golden Eagle resembles a consumer quadcopter, but it’s made to military standards 
with secure, encrypted communications and advanced computing. It has a high level of 
autonomy enabled by sophisticated features such as visual odometry. That system scans the 
ground to calculate speed, distance, and direction, allowing the drone to navigate precisely 
even when its GPS is jammed. It also carries a high-quality thermal imaging system that the 
Army says can be upgraded as technology improves.

They survey, they assess, and they can attack, 
sometimes controlled entirely by artificial 

intelligence. And there are thousands of them in use 
right now. Welcome to the world’s first drone war.

B Y  D AV I D  H A M B L I N G



 No16 || Granat-4 
Operator: Russia| Made in: Russia | Wingspan: 11 feet | Flight time: 6 hours 
| Top speed: 90 mph | Powerplant: Gasoline internal combustion

The Izhmash Granat-4 (also called the Garnet-4 and Rubezh-20) is the latest in a series of 
tactical military drones developed by Russia. This one is designed for endurance flights, 
with its pusher propeller at the rear in order to give optical systems a clear forward-facing 
field of view. Although Russia initially used the Granat-4 to spot artillery, some carry a 
SIGINT (signals intelligence) package that can identify and locate radio transmitters on 
the ground and eavesdrop on them, recording for later analysis. It can also act as a radio 
relay for friendly forces. 

 No20 || Spectator 
Operator: Ukraine | Made in: Ukraine | Wingspan: 10 feet | Flight time: 
2 hours | Top speed: 75 mph | Powerplant: Electric

A team from the Kyiv Polytechnic Institute designed the Spectator in 2014, making it one 
of the earliest products of Ukraine’s domestic drone effort. The design is manufactured 
by a Kyiv company called Meridian, and the drone is sometimes referred to by that name. 
The Spectator can land on a wheeled undercarriage like an airplane or, where no runways 
are available, deploy a parachute and float down. Ukraine’s State Border Guards—a law-
enforcement agency similar to the U.S. Border Patrol—first operated the Spectator in 2015, 
and it began service in the Ukrainian Army in 2017. While early versions had a basic video 
camera, the current Spectator can carry day or night cameras and thermal imagers. The 
Spectator’s engine and propellers are so quiet that the stealthy drone is reportedly inaudible 
from the ground when it’s flying above 1,000 feet.

 No17 || Orlan-10 
Operator: Russia | Made in: Russia | Wingspan: 10 feet | Flight time: 18 
hours | Top speed: 93 mph | Powerplant: Internal combustion

The workhorse of Russia’s drone fleet, the Orlan-10 (“Eagle-10”) has been flying since 2010. 
Its modular payload bay can accommodate a variety of sensors and cameras: One version 
captured in Ukraine housed an off-the-shelf Canon EOS DSLR. An alternative model 
known as Leer-3 carries an electronic warfare package that can jam radio communications, 
including cellphones, within a 3.7-mile radius. Unlike many drones, which are flown by 
remote crews, Orlan-10s can be operated directly by Russian artillery units, tightening 
the chain of communication between the drone pilot and those firing the guns. Ukrainian 
troops can recognize the Orlan by the high-pitched sound of its engine, which they say 
sounds like a motor scooter—a dreaded harbinger of a forthcoming rocket attack. 

 No18 || Orlan-30 
Operator: Russia | Made in: Russia | Wingspan: 10 feet | Flight time: 5 hours 
| Top speed: 93 mph | Powerplant: Internal combustion

The Orlan-30 entered service in 2020 as an upgraded version of the Orlan-10 and, like that 
previous drone, serves primarily as an artillery spotter. The two drones are externally 
similar but the Orlan-30 boasts superior electronics, including an enhanced navigation 
system and a precise laser-targeting system that allows artillery forces on the ground to hit 
targets 12 miles away with 152mm Krasnopol rounds that weigh 110 pounds each.

 No19 || Quantum Systems Vector 
Operator: Ukraine | Made in: Germany | Wingspan: 9 feet | Flight time: 
2 hours | Top speed: Over 25 mph | Powerplant: Electric

Vector, made by the German firm Quantum Systems, is a highly automated drone that 
requires minimal training for its pilot. It can fly like a winged aircraft or in “scorpion 
mode,” when it transforms into a helicopter capable of vertical takeoff and hovering—
useful for maneuvering in tight urban spaces. The $200,000 Vectors are reportedly 
reaching Ukraine via anonymous benefactors. According to a German news source, a 
Ukrainian billionaire working through the Ukrainian consulate purchased at least one for 
a Dnipro Territorial Defense unit. Several other Ukrainian donors have ordered additional 
Vectors for Ukrainian forces.

 No21 || RQ-20 Puma 
Operator: Ukraine | Made in: USA | Wingspan: 9 feet | Flight time: 2.5 hours | 
Top speed: 47 mph | Powerplant: Electric

The Puma, made by U.S.-based AeroVironment, is a small, hand-launched, battery-powered 
drone that’s been used by the U.S. military since 2008. It flew in the Iraq and Afghanistan 
wars, and now the U.S. is sending them to Ukraine. The latest Puma model boasts the 
Mantis i45, a sophisticated sensor package with both day- and night-vision cameras as well 
as a thermal imager located on a gimballed mount to provide a steady view of the ground. 
The i45 also packs a laser illuminator that allows the drone operator to point out targets and 
other objects of interest to ground troops. 

 No22 || E95 
Operator: Russia | Made in: Russia | Wingspan: 8 feet | Flight time: 30 
minutes | Top speed: 250 mph | Powerplant: Pulse jet

The Russian E95 is an aerial target used to simulate enemy aircraft during training 
exercises. It resembles the WWII German V1 Doodlebug in both layout and power, thanks 
to its pulsejet engine—a simple, low-cost design that produces a series of pulses rather 
than the continuous thrust of modern jets. At least one Russian E95 has been shot down 
in Ukraine. It is possible it was reconfigured as a reconnaissance drone—the U.S. used 
modified aerial targets this way in Vietnam—but it’s also possible that Russia might have 
used it as a decoy to reveal the position of Ukrainian air defenses.

 No23 || Tupolev Tu-143 Reis 
Operator: Ukraine | Made in: Former Soviet Union | Wingspan: 9 feet | Flight 
time: 13 minutes | Top speed: Over 600 mph | Powerplant: Turbojet

The jet-powered Reis (“Flight”) entered service with the Red Army in 1976. It looks like a 
missile and takes off with a disposable rocket booster from a mobile launcher. This rocket-
assisted takeoff allows the drone to operate from almost anywhere, with no need for a 
runway. After launch, the jet engine propels the drone to speeds exceeding 600 mph for a 
brief, 13-minute flight at low altitude, typically under 3,000 feet. Early versions scanned 
the earth below with a film camera or an early Russian TV system. Ukraine has deployed at 
least one Reis, which was shot down by Russia on April 14. Analysts suspect this might have 
been a decoy to help locate Russian defenses.

 No25 || Punisher 
Operator: Ukraine | Made in: Ukraine | Wingspan: 7.5 feet | Flight time: 90 
minutes | Top speed: over 50 mph | Power plant: Electric

The Punisher is Ukraine’s low-cost tactical airstrike drone, and it typically carries a 75mm 
four-pound bomb that it can deliver with an accuracy of 12 feet. But it’s adaptable and can be 
fitted with several other types of munitions, including high-explosive fragmentation bombs 
and anti-tank explosives. With a maximum range of 30 miles, the Punisher can strike targets 
behind enemy lines, including artillery, command centers, and air defenses. According to UA 
Dynamics, the Punisher carried out at least 60 successful strikes early in the war.

 No27 || Takion 
Operator: Russia | Made in: Russia | Wingspan: 7 feet | Flight time: 2 hours 
| Top speed: 75 mph | Powerplant: Electric

First unveiled in 2012, Russia’s Takion (“Tachyon”) is a flying-wing drone that the operator 
launches with a catapult. After its mission, the Takion deploys a parachute and floats back 
to earth. The drone’s versatility makes it a useful tool for the Russian Army and Russian 
Navy. It’s also reportedly deployed by “coastal commandos,” who use it for reconnaissance 
during covert landing operations, as well as to detect swimmers and other threats.

 No24 || Zastava 
Operator: Russia | Made in: Russia and Israel | Wingspan: 7 feet | Flight 
time: 80 minutes | Top speed: 52 mph | Powerplant: Electric

The Zastava (“Pledge”) is another cooperative project between Russia and Israel: As with 
the Forpost, Russia licenses the design and modifies it. This one is based on Israel’s IAI 
Bird Eye 400 drone, first flown in 2005. Russia has been operating the Zastava, made by 
JSC Ural Works of Civil Aviation, since 2010; the initial agreement was for 100 units. 
Since then, Russian military has flown Zastavas on tactical reconnaissance missions over 
conflict zones in eastern Ukraine; one was shot down over Ukrainian territory in 2014, and 
another in 2015.

 No29 || Athlon Avia A1-CM Furia 
Operator: Ukraine | Made in: Ukraine | Wingspan: 7 feet | Flight time: 
3 hours | Top speed: Over 60 mph | Powerplant: Electric

When Russia annexed Crimea in 2014, a shortage of drones on the front line galvanized 
Ukraine-led start-up companies and amateur drone builders to turn out craft for the 
military. The most successful civilian-built drone has been the Furia (“Fury”), from Athlon 
Avia. With a seven-foot wingspan, it’s launched by catapult and recovered by parachute. The 
Fury remains airborne for up to three hours at ranges as far as 30 miles. Highly resistant to 
jamming, it can fly above areas where Russian electronic warfare would disable or disrupt 
other drones. Its communications are integrated with the Ukrainian artillery fire control 
system, quickly transferring the coordinates of targets to gunners on the ground.

 No26 || Mini-Bayraktar 
Operator: Ukraine | Made in: Turkey | Wingspan: 7 feet | Flight time: 
60 minutes | Top speed: Over 45 mph | Powerplant: Electric

Turkey has produced this smaller sibling of the Bayraktar TB2 since 2007. It has a seven-
foot wingspan and an electric motor, that can power it to speeds up to 45 mph for as long 
as an hour. The Mini-Bayraktar carries either day or night cameras on a gimballed mount. 
Turkey previously exported the surveillance drone to Libya and Qatar, but videos taken by 
other drones this spring revealed that Ukraine has also obtained Mini-Bayraktars. In one 
video, a Mini-Bayraktar follows a Russian soldier before Ukrainian artillery fires on the 
troops’ position.

 No28 || Leleka-100 “Stork” 
Operator: Ukraine | Made in: Ukraine | Wingspan: 7 feet | Flight time: 2.5 
hours | Top speed: 75 mph | Powerplant: Electric

The Stork is the most common military-grade small drone in the Ukrainian military, which 
has been using it since 2015 (although Ukraine didn’t officially announce it until 2021). The 
drone has been particularly active in Ukraine’s Donbas region, where an expert on their use 
estimates that Storks have carried out thousands of sorties to provide aerial reconnaissance 
on Russian targets.

 No30 || Eleron-3 
Operator: Russia | Made in: Russia | Wingspan: 4 feet | Flight time: 100 
minutes | Top speed: 80 mph | Powerplant: Electric

The Eleron-3’s flying-wing design resembles a miniature B-2 bomber, with an electric 
pusher propeller at the rear. The Eleron (“Aileron”) first flew in 2005, but unlike many 
other Russian UAVs, this short-range drone was first developed for commercial use; civilian 
operators fly it to monitor gas pipelines and power lines, or during search-and-rescue 
missions. Russia’s military uses it primarily for reconnaissance.

 No31 || AeroVironment Quantix
Operator: Ukraine | Made in: USA | Wingspan: About 4 feet | Flight time: 45 
minutes | Top speed: Over 40 mph | Powerplant: Electric

On April 19, U.S. company AeroVironment announced that it would donate 100 Quantix 
drones to Ukraine. The tail-sitter design allows it to take off vertically, then rotate 90 
degrees for forward flight. In practice, this gives it the versatility of a helicopter with the 
speed and endurance of an aircraft. Although the Quantix weighs just five pounds, it 
contains sophisticated navigation and data-collection systems. It is capable of surveying 
and mapping a 400-acre area and then returning with the data without operator assistance. 
Its multispectral cameras can discern camouflage from vegetation and pick up details on 
the ground smaller than an inch in length. 

 No32 || Switchblade 300 
Operator: Ukraine | Made in: USA | Wingspan: About 4 feet | Flight time: Over 
15 minutes | Top speed: Over 100 mph | Powerplant: Electric

First used by U.S. Special Forces in 2011, the Switchblade is a small, silent munition that is 
difficult to evade. Troops fire the six-pound drone from a compact launch tube, which allows 
them to deploy it under cover, out of the enemy’s line of sight. Unlike a gun or missile, there 
is no telltale blast, flame, or smoke trail to reveal the operator’s position. Once airborne, it 
unfolds its wings and propeller and cruises at 60 mph. It carries a fragmentation warhead 
effective against soft-skinned vehicles and groups of personnel, and the drone can dive 
vertically into trenches and foxholes. The Switchblade 300 also has a wave-off function that 
allows the pilot to cancel an attack at the last second after getting a close-up look at the target. 

 No33 || Switchblade 600 
Operator: Ukraine | Made in: USA | Wingspan: About 6 feet | Flight time: Over 
40 minutes | Top speed: 115 mph | Powerplant: Electric

The Switchblade 600 is a scaled-up version of the 300 that weighs six times more—about 
33 pounds. The new drone was first used in 2021 and carries a powerful warhead similar to 
the one on a Javelin anti-tank missile. Its large, armor-piercing charge can be used against 
a full range of battlefield targets, including heavy tanks. And its relatively long range—
about 25 miles—should make it effective against Russian artillery, although there are no 
confirmed uses of this new drone against Russian forces yet in Ukraine. 

 No34 || Phoenix Ghost 
Operator: Ukraine | Made in: USA | Wingspan: N/A | Flight Time: 6 hours | Top 
speed: N/A | Power plant: Electric

This spring, the Pentagon announced that it would send 121 units of a previously unknown 
long-range drone to Ukraine: the Phoenix Ghost. It’s so new that analysts know little about 
it, and no known public images exist. Two things we do know:  The Ghost can take off 
vertically and carry a warhead capable of destroying “medium-armored ground targets”—
everything short of heavy tanks. This warhead, along with a flight time that’s expected to be 
around 6 hours, should make it a very effective weapon against Russian artillery.

 No35 || WB Group Warmate 
Operator: Ukraine | Made in: Poland and Ukraine | Wingspan: 4.5 feet | Flight 
time: 50 minutes | Top speed: 50 mph | Power plant: Electric 

These fixed-wing aircraft are made in Poland and then fitted with Ukrainian anti-tank or 
fragmentation warheads. Kyiv had intended to deploy modified Warmates from its own 
launch vehicles and use them in tandem with its FlyEye surveillance drone, but its experts 
haven’t yet been able to integrate the Warmates onto the launch vehicle. Now the country’s 
army fires them from ground launchers, which are less mobile and take more time to set up. 
The drones have a range of 20 miles, and unlike many loitering munitions, they can return 
to base for reuse if the operator fails to locate a target.

 No36 || Zala KYB 
Operator: Russia | Made in: Russia | Wingspan: 4 feet | Flight time: 30 
minutes | Top speed: 80 mph | Power plant: Electric

The Zaya KYB-UAV, also known as KUB-BLA (“Cube”), is one of Russia’s newest drones, 
first unveiled in 2019 by a subsidiary of Kalashnikov Group. The triangular craft has a 
four-foot wingspan and a pusher propeller that gives it a top speed of 80 mph. The KYB can 
be used for reconnaissance, or as a loitering munition when it’s armed with a 6.6-pound 
warhead. Notably, the drone has the capability to operate autonomously after launch, using 
sophisticated AI to hunt and attack targets. Although at least six have reportedly been shot 
down over Ukraine, analysts do not yet know whether Russian troops are operating the 
drones in autonomous mode. If they are, it could be the first time AI attack drones have 
been used in combat. 

Loitering munitions, sometimes referred to as kamikaze drones, carry an 
explosive warhead on one-way attack missions. Unlike conventional weapons, 
the operator does not need to identify a target prior to launch. Once the drone 
is airborne, a pilot on the ground hunts for enemy objectives using onboard 
cameras. When the operator locks onto a target, the loitering munition 
crashes into the target, detonating its warhead. This type of drone allows foot 
soldiers to carry out long-range, precision strikes. 

LOITERING MUNITIONS

 No15 || WB FlyEye 
Operator: Ukraine | Made in: Poland | Wingspan: 12 feet | Flight time: 2.5 
hours | Top speed: 80 mph | Powerplant: Electric

FlyEye is a hand-launched drone made by the Polish company WB Systems that cruises 
at approximately 60 mph for two and a half hours. Poland has supplied these drones to 
Ukraine since 2017, but little is known about them—even how many exist. According to 
WB’s cofounder and president, Piotr Wojciechowski, the drones cumulatively fly about 250 
hours every day in Ukraine, monitoring troop movements and directing artillery fire using 
a precise location system.
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TE AL DRONES (GOLDEN E AGLE);  US AIR FORCE PHOTO/AL AMY (RQ-4 GLOBAL HAWK);  FREE WIND/ SHUT TERSTOCK 
(ORION AND Z AL A 421);  ANADOLU AGENCY/GE T T Y IMAGES (BAYR AK TAR TB2);  VA AL A A/SHUT TERSTOCK (FORPOST); 
AL AMY (TUPELOV TU-141 STRIZH);  SHUT TERSTOCK/ANBORIS (ORL AN-10);  COURTESY QUANTUM SYSTEMS (QUANTUM 
SYSTEMS VECTOR);  AL AMY (RQ-20 PUMA);  VL ADIMIR GL A ZKOV/SHUT TERSTOCK (TUPOLE V TU-143 REIS);  COURTESY UA 
DYNAMICS (PUNISHER);  SHUT TERSTOCK (TAKION);  COURTESY ATHLON AVIA (ATHLON AVIA A1-CM FURIA);  COURTESY 
AEROVIRONMENT (SWITCHBL ADE 300,  SWITCHBL ADE 600);  COURTESY WB GROUP (WARMATE)



Y
OU CAN BLAME 18-way power-adjustable seats. Or tabletlike 15-inch 
infotainment touchscreens. Or LED rear lighting. Or really, any of the 3,000-
plus operations that tiny microprocessing semiconductor chips perform in 
a modern automobile. Because the massive demand for those chips, and the 
inability of carmakers to secure them from the companies that produce them, 
is making this one of the most difficult and costly times ever to purchase a 
vehicle.

These tiny but essential chips are the brains in our vehicles, and there simply aren’t 
enough of them right now. Industry experts state bluntly what car buyers have felt daily 
for the past two years: We are experiencing a chip shortage that is limiting automakers’ 
production capacity, increasing prices, and making it almost impossible, in some cases, to 
find an ideal vehicle on a dealer lot. 

“The main effect is high, high, prices and low supply,” says Michelle Krebs, an executive 
analyst for Cox Automotive, a global automotive services and software company.  

Buying a vehicle before the shortage was already a stressful endeavor, one that required 
assiduous shoppers to decipher complicated financing, avoid costly fees, and negotiate like 
an embattled world leader at a peace conference just to achieve a fair price. Now, thanks to 
the chip shortage and global production slowdown, the challenges of car buying are so great 
that Krebs says she’s heard of people flying to places hundreds of miles away where they can 
get a vehicle easier.

Thousands of semiconducting integrated circuits (a.k.a. chips) enable most of the performance and comfort features on a new car. 
They control everything from your engine’s fuel-to-air ratio to maintaining the temperature of your heated steering wheel.

A  D E C A D E  A G O ,  A  V O L K S WA G E N  V E H I C L E 
H A D  S E V E R A L  H U N D R E D  C H I P S .  T O D AY,  I T  

M I G H T  H AV E  M O R E  T H A N  5 , 0 0 0 .

Worse, the experts we talked with don’t expect this problem to abate any time soon. 
Toyota, the world’s largest automaker, reported that its global production dropped by 40 
percent in the fall of 2021 and hasn’t yet fully recovered. Honda sliced its manufacturing 
by about 30 percent during that time. Production at the Volkswagen Group, the largest 
carmaker in Europe, declined by nearly 35 percent. “Most automakers say it should improve 
by the second half of this year, but chip supply for autos won’t return to normal through 
2023 and possibly 2024,” Krebs says. 

If you’re shopping for a car, you will need to be resourceful to find a vehicle that meets 
your needs and budget. But even with your skill and guile, Brian Moody, executive editor at 
the car-shopping site Autotrader, says that for the foreseeable future, “you are going to be 
paying more.” 

So buckle up. It’ll be a rough road to the vehicle of your dreams. The good news is that 
after nearly two years of shortages, several strategies and tactics have emerged to help you 
get the type of vehicle you want at a fair—though likely elevated—price.  Understanding how 
we got here, and the factors affecting new vehicle price and availability, will help you deploy 
them effectively, with minimal stress.   

The Tiny Chip Causing Big Problems
We can’t make modern cars without semiconductors—a.k.a. computer chips. And lots 
of them. As our vehicles have transformed into technologically endowed mobile offices, 
concert halls, and concierges, they’ve become mind-bogglingly complex. Chips tell the 
engine how much fuel and air to mix for maximum power and efficiency. They provide 
processing for our navigation and entertainment systems. They even help warm our seats 
to the right temperature. A decade ago, a Volkswagen vehicle had several hundred chips. 
Today, it might have more than 5,000.

These tiny microprocessors are like the ones operating our electronics, from iPhones 
and 4K TVs to home printers and gaming consoles. Though complex in design, the chips 
perform a relatively straightforward task: They act like electronic switches that create and 
obstruct pathways for electrical currents. That on-and-off flow of electricity allows chips to 
process inputs and store information, managing the thousands of complex actions we ask of 
our vehicles as we drive.

Prior to the pandemic, global chip producers supplied a steady stream of microprocessors 
to automakers. Despite the size and revenue of the world’s largest car brands (Toyota made 
about $280 billion in revenue in its latest fiscal year), automotive sales represented just a 
small portion of chipmakers’ business before COVID-19. Exponentially more iPhones are 
sold every year than crossover SUVs, despite the chip-hungry design of those vehicles. 

When the global pandemic arrived in the United States in the spring of 2020 and 
governments issued stay-at-home orders, factories that manufacture cars, suppliers that 
create components for cars, and car retailers shut down or greatly reduced their production 
levels. The manufacture and sale of new vehicles took a major hit. In fact, according to 
the International Organization of Motor Vehicle Manufacturers, global car production 
fell by an astounding 16 percent in 2020. In the U.S. it fell by 19 percent, part of a global 
decline that former OICA president Fu Bingfeng called “the worst crisis ever to impact the 
automotive industry.”

Believing they were about to enter a global recession, auto executives sought to alleviate 
a predicted glut of unsold inventory. They further scaled back production and canceled 
orders for parts, including computer chips. And when businesses reopened that spring and 
summer, automotive retailers slashed prices and offered deep incentives on new vehicles—
including zero percent financing for 60-month loans—hoping to quickly move existing cars, 
trucks, and SUVs off dealer lots.

What happened next surprised almost everyone.   
“Consumers raced back into the vehicle market,” Krebs says. People who had delayed 

purchasing a new car took advantage of these deals; according to data from Cars.com, more 
than 50 percent of buyers in the first year of the pandemic purchased a car sooner than they 
had expected to. 

The exodus of people away from dense cities created new customers who needed vehicles 
to get around suburban and rural roads. Even those remaining in cities increasingly opted 
for personal vehicles over public transportation or ride sharing. Across the country the use 
of public transportation for work fell by 76 percent. 

Then came federal stimulus checks, which fattened many bank accounts while 
restaurants, hotels, and shopping outlets remained closed. The U.S. Bureau of Labor 
Statistics reported that disposable income increased by $1.2 trillion in 2020, and that 
spending was concentrated on durable goods like furniture, appliances, and especially cars.  

Hoping to increase production to meet demand, automakers attempted to reinstate 
orders for parts. But chipmakers, facing their own factory closures, had less inventory. Once 
work could continue, other industries’ needs for semiconductors took precedence over the 
automotive sector. 

“Chipmakers were getting high demand for more profitable chips than those they make 
for the auto industry,” Krebs says. “[Mostly] from electronics makers trying to keep up with 
increased demand for laptops and phones and video games—since people were all working, 
and schooling, and entertaining themselves from home.” 

The auto chips that did reach the end of the assembly line ran into their own problems 
as, among other things, dock workers in the global shipping industry were furloughed or 
quarantined. “The ports got clogged with ships,” Krebs says. “And chips were on those 
ships.”

Carmakers Get Stuck in a Supply-Chain Fiasco
It’s rare for an entire industry to miscalculate so badly. In the world of motorsports, this 
would be akin to running out of fuel on the last lap of Daytona, or F1 driver Max Verstappen 
speeding into pit row at Monaco to find his crew sitting there without fresh tires ready. Auto 
companies scrambled to increase production and sell more cars to eager buyers. 

Some automakers, such as Tesla, rewrote the code on their available supplies of chips, 
rendering them usable for new car production. Others, like GM, opted to remove some chip-
reliant features, like heated seats, from new vehicles in order to better distribute their 
limited number of chips. 

Ford took a more aggressive approach with its most popular vehicles. Rather than wait for 
more chips to arrive, the company reportedly continued production of its Bronco SUV and 
F-150 pickup (the country’s best-selling vehicle for four decades), building both without the 
chips necessary to run them and stowing them in giant holding lots to await the availability 
of chips. Many of these inoperable vehicles still sit in those lots waiting for chips—four-
wheeled versions of what the electronics community calls “a brick,” a gadget that through 
faulty componentry or spent batteries offers all the utility of a clay block. 

Nearly all makers diverted what few chips they had into the production of their most 
valuable vehicles. “Automakers are putting what chips they have in vehicles that are in high 
demand, low inventory, and high profit,” Krebs says. “So you’ll see car plants closed down, 
while SUV plants and truck plants keep going.” 

To wit, GM idled or reduced production at the plants that produce the Chevrolet Bolt 
electric hatchback, the Chevy Equinox, and GMC Terrain crossovers. Meanwhile, the 
factories that produce high-dollar full-size trucks and SUVs, and luxury vehicles like the 
Chevrolet Corvette and Cadillac CT4 and CT5 Blackwing, remain in full swing. 

High demand combined with carmakers privileging the production of more-expensive 
models has helped drive the average new car price up 13 percent from two years ago, to 
nearly $47,000—an all-time high. 

Independent dealers, sensing a tight market and trying to recoup some of their own 
losses, are engaging in price gouging, slapping markups on popular and desirable vehicles. 
These markups are often called “market adjustment fees.” At the time this article was 
published, a Ford F-150 was listed with a $9,995 premium at a dealer in Turlock, California; 
and several Corvette Z06 sports cars at a Chevy dealer in Clearwater, Florida, were listed 
with markups close to or more than $30,000 above MSRP.

Finding the Right Vehicle Amid the Chip Shortage Chaos
Many of the analysts and experts we spoke with say they see small signs of improvement in 
the market, but they expect the chaos to last for at least another year, or longer. Sabin Blake, 
a GM spokesperson, says the automaker has a more consistent supply of chips than it did at 
this time year ago, but it’s not enough yet to meet demand. “There is still uncertainty and 
unpredictability in the semiconductor supply base,” Blake says.

It’s a seller’s market, but car shoppers do have options. Autotrader’s Brian Moody advises 
car buyers to expand the types of vehicles they want. High demand for trucks, SUVs, and 
crossovers is keeping inventories low and prices high. That means there’s more value in 
other vehicle types. “You might have to look at something that’s less popular, like maybe a 
sedan, hatchback, or subcompact,” Moody says.

If you are set on a truck or SUV, you’re not completely out of luck. Brands like Ford have 
offered incentives to buyers who prepurchase custom-built models of trucks and other 
vehicles, taking $1,000 or more off the price for customers who reserve a vehicle with a down 
payment and are willing to wait a few months for delivery.  

Prospective buyers can also look at less popular brands, especially for SUVs and 
crossovers. Companies such as Alfa Romeo and Hyundai have discounts on crossovers and 
sedans. A key to finding those deals is expanding your search area. Several popular models, 
including the RAM 1500 truck and Jeep Wrangler SUV can be found for just below MSRP. 
And in mid-May, several GM models, including the Chevy Blazer and Equinox, were listed 
at about 8 percent below MSRP. But many incentives apply to regional dealers and often 
only on vehicles with specific packages of options. A buyer may need to travel to another 
state to find the best deal. 

“Instead of searching 25 miles away, try 500 miles,” Krebs says. 
Car shoppers looking for new electric vehicles might have the hardest time. These 

vehicles require as many, if not more, chips as traditional cars, and their battery technology 
makes them more expensive than their internal-combustion counterparts. And with 
increases in fuel prices and wider acceptance of battery power, demand for EVs during the 
chip shortage has outpaced that of gas-engine vehicles. “Consideration of electric cars has 
doubled in the past year or two,” Moody says. 

EVs and hybrids often have an advantage: They can be more reliable over more miles than 
gas-fueled alternatives. “The battery and drive components typically have a longer warranty 
than almost any car you can think of,” Moody says. These cars tend to depreciate faster than 
average, too, so you can (maybe) find a fair deal.

Moody advises shoppers who want a gasoline-powered vehicle to scour the used market. 
Although prices there have also increased—about 25 percent since last year, according to 
research from Cox Automotive—there might be more available options to choose from, 
especially for high-demand models. Because contemporary used cars are reliable and 
durable, he even suggests that shoppers expand their used-car search to include higher-
mileage vehicles—with 100,000 miles or more on the odometer—as long as they also get the 
vehicle history report. 

The best used-vehicle deal might be on the car or truck you already possess. If you leased 
a vehicle in the past few years, you can take advantage of rising used-vehicle prices by 
buying out your lease, even if it’s not yet due. Automakers and lenders didn’t anticipate the 
spike in prices when assigning a residual value—the amount you would pay to purchase 
the car when the lease ends—and those values may now be a steal. According to data from 
Edmunds, the average 2019 leased car is worth $7,200 more than automakers estimated. 
Due in part to those favorable prices, GM reports that for the first quarter of 2022, nearly 
all of its leased vehicles were purchased by customers or dealers when their terms expired. 
In 2019, only about 25 percent were purchased by customers or dealers. 

Jessica Caldwell, the executive director of insights at Edmunds, offers another 
alternative: Extend the lease. Lenders may allow you to continue your current lease on a 
month-to-month basis or sometimes for a full year. That can buy you time to shop for a new 
vehicle or for prices to return to normal levels. 

But even after the chip shortage ends, some of its effects are likely to persist. “I don’t 
think we’ll see automakers and dealers going back to overproducing and slapping on big 
incentives,” Krebs says. “They’ve realized that keeping production a bit lower than demand 
is highly profitable.” 

The best advice, then, might be this: If you can find a fair deal on a new or used vehicle 
that meets your needs, grab it. 

GE T T Y IMAGES (ILLUSTR ATION,  CAR INTERIOR);  COURTESY FORD (F-150)

Ford does not have enough chips to meet demand for the F-150, which has been the best-selling vehicle in America for the past four 
decades. The company has filled massive parking lots with nearly-finished trucks awaiting the tiny integrated circuits that make 
them go. 

H I G H  D E M A N D  H A S  D R I V E N  T H E  AV E R A G E 
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MINING
Raw silicon is abundant, making up over 
25 percent of the Earth’s crust. The 
trouble begins at the refinement stage.

WAFER MANUFACTURING
Mined silicon is refined into wafers for use 
in semiconductors. But over 75 percent 
of the world’s wafer manufacturing takes 
place in Japan, Taiwan, and Korea.

CHIP MANUFACTURING
Taiwanese, Chinese, and Korean companies represented 88 
percent of the world’s chip market share in 2021. Production 
also leans on 50 classes of specialized equipment, each with 
its own vulnerable, narrow supply chain.

TESTING
Chips have to be tested and packaged before heading to 
Tesla, Ford, and Apple. Asia dominates this step, too. The 
U.S. hosts just 15 percent of global chip testing.

DISTRIBUTION
The chips go to the companies that ordered them—but 
during periods of limited supply or outsized demand, makers 
such as Taiwan Semiconductor Manufacturing Company 
(TSMC), which corners 55 percent of the world’s chip supply, 
prioritize their most reliable clients.

Path of a Chip

FIRE
A Renesas factory in Japan caught fire in March 2021. The 
chip manufacturer supplying Toyota, Nissan, and Honda 
stopped production for a month and could be limited for  
up to three months.

DROUGHT
Taiwan is suffering its worst drought since 1964, and the 
government has ordered a 15 percent drop in industrial water 
usage. That policy is crippling TSMC, which uses 150,000 tons 
of water per day to cool its machines and clean silicon wafers.

TRADE WARS
Ongoing U.S.-China trade conflicts have blocked the sale 
of critical manufacturing equipment to chipmakers in China, 
including lithography machines, which print circuitry onto 
silicon wafers.

COVID-19
The pandemic continues to impact availability as chip 
factories in countries with strict safety protocols shut down. 
A June 2021 outbreak at a major chip tester in Taiwan 
reduced production by an estimated 30 percent. 

DEMAND COMPETITION
While automakers miscalculated their response to the 
pandemic, consumer electronics companies such as Apple and 
Sony devoured even more chips as the world stayed home. 
By the time Volkswagen and Toyota woke up and asked for 
their chips, manufacturers had already devoted their supply to 
customers that were more reliable.

Threats to a Supply Chain

How to Buy a Car in 2022 
Without Getting Fleeced

By Brett Berk

INSANE PRICES.

EMPTY DEALER LOTS.

CHIP SHORTAGES.



I
N 1960, BRITISH theoretical physicist Freeman Dyson published a one-page paper in 
the journal Science that offered perhaps the most hopeful vision ever conceived of 
humanity’s technological future. Dyson imagined that an advanced civilization would 
meet its heightened energy needs by building a sphere around a star to absorb its 
energy output. 

The paper focused more on theory than engineering, and Dyson provided scant 
details on what such a megastructure might look like or how we might build one. 

He described his sphere only as a “habitable shell” encircling a star. But that was enough 
to captivate and inspire astrophysicists, scientists, and sci-fi writers. In some depictions, 
the Dyson Sphere, as it became known, appears as a massive ring encircling a star and 
reaching nearly to Earth. In others, the Sphere completely encases the sun, a hulking 
megastructure capturing every bit of that star’s energy. In addition to scientific works, 
Dyson Spheres have appeared in novels, movies, and TV shows—including Star Trek—as 
a home for advanced civilizations. 

Dyson himself understood the challenges of constructing such a massive structure, 
and he was skeptical that it might ever happen. Nonetheless, his Sphere has stirred 
ambitious ideas about the future of our civilization, and it continues to be offered as a 
solution to some of humanity’s most dire dilemmas. Harnessing the total energy of our 
sun—or any star—would solve our immediate and long-term energy crisis, but when 
civilization gains access to the complete energy output of a star, meeting our terrestrial 
energy needs is just the beginning. 

With so much energy available, we could direct high-powered laser pulses toward 
exoplanets that we think may contain life, immeasurably expanding our chances of 
communicating with distant civilizations. These Dyson-powered beams could travel farther 
into the universe than anything currently possible, penetrating the higher-density areas of 
space, such as dust clouds, which decay the signals we send now. 

Star Trek: The Next Generation episode “Relics” originally broadcast October 12, 1992. The starship Enterprise alongside a Dyson 
sphere. 

Artist rendering of a black hole warping space and time to create a wormhole.  

Alternatively, we could use that power to help reach exoplanets directly by harnessing 
the energy we need to—as some astrophysicists postulate—manipulating the space-time 
continuum to shorten the trip via experiments in quantum gravity. One intriguing option 
relies on creating so-called Kugelblitz black holes with pure photons, which have already 
been theorized to power the interstellar starships of the future. By warping space-time 
itself, we might be able to travel faster than light or create wormholes that provide shortcuts 
for crossing the galaxy. 

More enticing still, the near-limitless energy made available by Dyson Spheres could solve 
some of the most perplexing barriers to life extension. Proponents of cryogenics recognize 
that widespread and longer use could create energy demands that far exceed what’s 
currently available. And in 2018, researchers Alexey Turchin and Maxim Chernyakov posed 
that artificial intelligence might be able to digitally reconstruct people in a simulated world 
using DNA and other information from the deceased. Creating simulations rich enough 
to satisfy a race of near immortals would require huge amounts of energy—not to mention 
clearing the many ethical and philosophical hurdles—but the researchers proposed that 
Dyson technology could deliver the needed power.

                 

D
YSON’S AMBITIOUS VISION seems more relevant than ever today. If technology 
continues along its current growth curve, global energy demands could 
increase by 50 percent in the next 30 years, according to the U.S. Energy 
Information Administration. Wind, solar, and other renewable energy 
sources will help in the near term, but a long-term solution will require 
more daring engineering. Dyson’s Sphere could be a bold solution, but it 
comes with obvious physical and mechanical problems, and it’s not clear 

whether these could be solved even by a civilization many thousands of years more advanced 
than ours. 

As a professor at the Center for Astronomy and Astrophysics at the Technical University 
Berlin, I’ve devoted decades to understanding the possibilities related to advanced alien 
civilizations. I’ve coauthored five books on extraterrestrial life, and my interest in this 
science inspired me to study Dyson Spheres as a possible form of advanced alien technology. 
Around a decade ago, I became intrigued by the kinds of large engineering projects an alien 
civilization might undertake.

In 2010, I looked at the feasibility of building a Dyson Sphere. Working with Brooks 
Harrop, a former physics student of mine at Washington State University in Pullman, 
we found numerous problems with the common conception of a Dyson Sphere, the most 
important of which was the sphere’s risk of collapse. A rigid concentric sphere around a 
star would experience a gravitational pull on every point. No material known today could 
resist that force. Engineers might counter this with a complex thruster system that keeps 
the shell in place via a counteracting force, but given the enormous mass of the shell—
most conceptions imagine the structure to have a radius of 93 million miles, the distance 
between Earth and the sun—such a system would consume a huge fraction, if not all, of the 
energy collected by the shell in the first place. 

But say we could overcome these problems and manage to build the sphere far into the 
future: How would it survive meteors, asteroids, or radiation and solar flares? An object 
with the mass of Halley’s comet would crash into the structure with a kinetic energy of more 
than 1 million hydrogen Tsar bombs, the most powerful nuclear device ever detonated.

Dyson foresaw those risks and acknowledged that a shell or ring surrounding a star would 
not likely be feasible. But the physicist proposed a solution: A loose collection, or swarm, of 
objects traveling on independent orbits around a star, harvesting its energy while avoiding 
most of the physical and mechanical problems of a solid Dyson Sphere. The satellites could 
be built over time and delivered gradually to the network, increasing the swarm’s energy 
production over time. 

A Dyson Swarm of about 10 million satellites could fulfill humanity’s energy needs. 
That’s a lot, but modern satellite constellations are creating precedence for such an 
engineering feat. SpaceX can launch 240 Starlink communication satellites a month, and 
as of February 2022, it already has more than 2,000 in space. The fleet could number in the 
tens of thousands by its completion—not Dyson Swarm amounts by a long shot, but enough 
to fuel our imagination.

                 

T
O OVERCOME THE challenges of Dyson’s original concept, Harrop and I set 
out to find a realistic design for its replacement, the Dyson Swarm. We 
called our idea Solar Wind Power Satellites (SWPS). While traditional 
solar panels use the energy of visible light, our satellites would harvest 
the electrons that make up half of the solar wind. (The other half consists 
of protons and alpha particles.) Fast solar wind has a velocity of ~750km/
s-1—making these electrons richer in energy than those in the visible light 

hitting a solar panel. The heart of our SWP satellite is a long metal wire pointed at the sun, 
which would be charged to produce a magnetic field and then direct incoming electrons into 
a spherical metal receiver. These electrons would produce a current, which would in turn 
maintain the magnetic field in the wire and create a self-sustaining system between the 
two. 

Most of the current would remain to power an infrared laser beamed toward receiving 
stations on Earth—infrared is optimal due to the transparent “infrared window” in our 
atmosphere, which allows wavelengths between roughly 8 and 13 microns through without 
absorption. After the laser sends its electrical energy to the receiving station, the remaining 
electrons would fall back onto a ring-shaped sail, where incoming sunlight can excite them 
enough to keep the satellite in orbit around the star. 
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Each SWP satellite would have a mass of about 3.7 metric tons (about three times the 
weight of a GPS satellite) and would provide a continuous power output of about 2 megawatts 
per 24-hour day, meeting roughly the energy needs of 1,000 U.S. single-family homes. A full 
swarm of SWP satellites could fulfill all of humanity’s energy needs. 

These satellites could be built with relatively simple, inexpensive materials; the major 
construction expense would be 950 feet of copper wire per satellite. And because they 
use solar wind as their energy source, these satellites would absorb a minimal amount of 
heat and operate at nearly 100 percent efficiency. Traditional solar cells, by contrast, are 
expensive to produce because they require high-purity silicon for their semiconductors, and 
they have a notoriously low efficiency, about 20 percent.

A few technical hurdles stand in the way of a Dyson Swarm. While SWP satellites require 
little maintenance, they’re not self-cleaning. If positive ions rather than electrons from the 
solar wind get caught in the sail, they would reduce the efficiency of the satellite and, over 
time, degrade the system. We also didn’t solve how to maintain a steady location in space 
amid variations in the solar wind, or how to arrange the orbits of millions (or eventually 
billions) of satellites around a star. And while small-scale, power-beaming laser systems have 
made large strides in recent years, a system that works in space is still a challenge. Small 
temperature changes of less than a degree Celsius would result in large changes to the laser’s 
wavelength and output efficiency. Keeping a constant temperature in space is a headache—
it’s difficult to transport heat from hotter to colder bodies where there is no atmosphere. We 
haven’t solved every problem of the Dyson Swarm yet, but maybe another civilization has. 

                 

I
N MY BOOK The Cosmic Zoo: Complex Life on Many Worlds, coauthored with William 
Bains, a senior research fellow at Cardiff University, we argued that once life arises on 
a planetary body, it will eventually evolve to become intelligent—assuming the planet 
stays habitable long enough. The basis of this argument is that all major transitions 
in the evolution of life on Earth seem to have occurred several times independently 
from each other, or via different biochemical pathways. That would suggest that 
some of the trillions of other planets in the universe could have experienced this 

same evolutionary process, and a subset of life forms on those planets could have evolved to 
become intelligent. Have they advanced enough to build a Dyson Sphere? Freeman Dyson 
hypothesized that if they did, we could detect it. 

Traditional Dyson Spheres with a solid shell might emit waste energy in mid-infrared 
wavelengths, detectable by current human instruments. At least one research team has 
looked for such a signature. Jason Wright, a professor of astronomy and astrophysics at 
Penn State, and Matt Povich of California State Polytechnic University’s Physics and 
Astronomy department, used data from NASA’s Wide Field Infrared Survey Explorer 
(WISE) to search for a strong infrared signal in space, which would be expected from a 
Dyson Sphere. That search failed to find a Sphere, but perhaps the reason our telescopes 
haven’t seen any megastructures in space is that the aliens have come to the same 
conclusion we did in our paper: A gigantic, solid Dyson sphere is impractical, even for a 
civilization more advanced than our own. 

Though we might never see our sun encased in a megastructure, or draw our energy 
from millions of satellites orbiting around it, the science—and science fiction—inspired by 
Dyson’s Sphere continues to animate some of our most ambitious thinking about life on this 
planet and beyond. That might be its most valuable contribution—giving us an ambitious 
target to aim for, and making way for a revolutionary discovery in the attempt. 

Portrait of British-born American theoretical physicist Freeman Dyson (1923 - 2020) in his office at the Institute for Advanced Study, 
Princeton, New Jersey, February 24, 2009.

Building a Dyson Sphere has captivated big thinkers for 
decades. Here’s how we might actually construct one.
BY DIRK SCHULZE-MAKUCH
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Q
UANTUMSCAPE’S SAN JOSE headquarters, in the heart of Silicon Valley, is 
abuzz with confidence. The battery technology company’s “QS Campus,” 
which includes its QS-0 pre-pilot production line and three adjacent 
buildings, is largely dedicated to manufacturing space. The scale of the 
campus itself, and the company’s investment—each building is under a 
confirmed 10-year lease as of November 2021—signals QuantumScape’s 
assurance that it will be the first company to hit the market with a solid-

state battery for electric vehicles.
QuantumScape claims that as soon as 2024 you will be able to buy an Audi or Volkswagen 

equipped with its batteries, a vehicle that can go nearly 400 miles on a single charge and 
then recharge in 15 minutes. That capability would grant solid-state EVs a huge advantage 
over their competitors, which rely on the ubiquitous but weaker lithium-ion (Li-on) 
batteries. All-solid-state batteries (ASSBs) promise prolonged life, faster charge times, 
and safer chemistry compared to Li-on options, but producing them on the scale needed 
to power millions of vehicles won’t be easy, despite the billions of dollars already invested 
in the technology. Companies like QuantumScape are racing to reach the market ahead of 
other battery-focused outfits such as Solid Power in Colorado and ProLogium Technology 
in Taiwan, as well as giant automakers like Nissan. The competition begets, maybe even 
necessitates, bold claims, and QuantumScape isn’t short on those.

The all-solid-state battery at QuantumScape has reportedly weathered what chief 
marketing officer Asim Hussain calls, by the company’s own measure, “gold standard” 
testing. The ASSBs have fast-charged their cells (going from 10 to 80 percent in 15 minutes) 
400 times consecutively, and some have gone through a total-discharge-and-charge cycle 
almost 1,000 times. “Traditional lithium-ion cells, or any other solid-state effort to date, 
couldn’t even come close to that,” Hussain says. 

QuantumScape boasts that it could deliver early prototype battery cells (what it calls 
“A-samples”) to Volkswagen, its largest shareholder, as soon as this year. By the end of 2023, 
it plans to build a preproduction line and deliver ASSBs to Volkswagen for integration in 
a test car scheduled for 2024 or 2025. By that time, QuantumScape hopes to have solid-
state batteries leaving its first gigafactory—a Silicon Valley term originally used by Tesla to 
describe a large-footprint machine-building plant.

It’s an ambitious timeline that positions the company to beat its strongest competitors to 
market by a thin margin. SES, a battery maker in Singapore, says it’s on track to deliver an 
alternative lithium-metal battery that can rival ASSBs in 2025. Nissan says it could have 
its own version of solid-state batteries in vehicles by 2028. The checkered flag for solid-
state battery-powered Toyotas, Nissans, Volkswagens, and more appears to be around the 
corner. But as the race becomes crowded with innovators, how soon will the tech actually be 
available to car shoppers?

Solid-state batteries, like this prototype from QuantumScape, offer enticing potential. They could greatly extend the range of 
electric vehicles while reducing charging times, making EVs truly competitive with cars powered by internal-combustion engines. 
But the companies developing them must first overcome significant hurdles—and quickly—before the batteries are road-ready.   

Researchers working on all-solid-state batteries say the design, though not without its own risks, will greatly reduce the volatility 
that can cause lithium-ion batteries (shown) to catch fire. In 2021 Chevrolet expanded an earlier recall of its Volt EV to include every 
iteration of the vehicle due to battery-fire concerns.

F
OR THE MILLIONS of potential EV buyers in the United States over the next few 
years, solid-state batteries promise three advantages over current electric 
power packs: longer driving range, faster recharging, and safer chemistry. 
EV sales reached 147,799 units in the fourth quarter of 2021—a 72 percent 
increase year over year and an all-time high for the category. Despite the 
surge, the battery tech powering all those electric motors still lags behind the 
capabilities of gas-fueled internal-combustion engines.

Nearly all EVs currently rely on lithium-ion batteries for power. According to EPA stats 
for the 2021 model year, these deliver an average combined range of 234 miles—going 
barely half the distance of most gas-powered vehicles before they require a fill-up. To win 
customers, EVs need to match or exceed the performance of their internal-combustion 
counterparts, since they can’t yet compete on price. That’s where ASSBs provide an 
advantage. Compared to current Li-on power packs, ASSBs promise much greater energy 
density—the amount of power they produce proportional to their weight or volume. Leading 
lithium-ion batteries boast an energy density of about 250 watt-hours per kilogram, but 
QuantumScape expects its ASSB to achieve an average energy density of up to 500 watt-
hours per kilogram. That could extend the average EV range to between 375 and 400 miles, 
Hussain says, nearly equaling the average range of internal-combustion engines. 

The crucial difference between ASSBs and Li-on batteries is the material used between 
the electrodes. Both types work by sending ions from one electrode, called the cathode, 
to another, the anode. Lithium-ion batteries use a liquid between the two, which makes 
them relatively easy to produce. Solid-state batteries use a solid electrolyte material. 
The specific chemical makeup of that solid varies from company to company, and it’s 
often kept secret—this is the battery industry’s equivalent to the Coca-Cola recipe—but 
common solid electrolytes include crystalline ceramics, glass ceramics, and organic-based 
polymers. These electrolytes don’t require the stabilizing ingredients found in Li-on liquid 
electrolytes—things like ethylene carbonate—presumably making them more energy-dense 
and less combustible.

QuantumScape is developing its batteries with a ceramic electrolyte in part because 
the material is less susceptible to dendrite formation—a common trouble area for lithium 
batteries. Dendrites form when lithium ions clump on the battery’s anode over the course 
of many charge cycles, and these highly reactive stalactites can cause a short, a loss of 
power, or even fire. Although QuantumScape’s ASSB requires lithium in its construction, 
the company maintains that dendrites won’t be a threat. In general, battery makers say 
ASSBs will be safer than traditional batteries, claiming that solid electrolytes are largely 
nonflammable, lowering the risk of a battery fire and eliminating the need for thermal-
management systems found in liquid-electrolyte batteries. 

There is one area where ASSBs in development won’t likely be able to overtake combustion 
engines: refuel time. QuantumScape says its EV battery will take 15 minutes to go from 10 
to 80 percent. That’s dramatically faster than most EVs’ current refuel times, but longer 
than the five to seven minutes it takes to fill a conventional vehicle at the pump. (Still, it 
does make an overnight iPhone charge seem frustratingly sluggish by comparison).

ASSB developers must also safely harness the batteries’ high energy density. Explosions 
are a rare but well-noted problem in lithium-ion batteries—in 2021 Chevrolet expanded 
an earlier recall of its Bolt EV to include every iteration of the vehicle due to battery-fire 
concerns—and it might persist in ASSBs. Research suggests that the overall design of 
ASSBs should make them safer than Li-on batteries, but developers acknowledge that they 
have some risks.

 “We are doubling the energy density, which means the energy is very high, just like a 
bomb, for example,” says Yoshiaki Nitta, who leads Nissan’s battery strategy group. “We 
have to secure safety for ASSBs. We emphasize safety first.”

QuantumScape’s current anode-free design doesn’t entirely eliminate this risk, either, 
says Kieran O’Regan, an analyst with the market research firm Benchmark Mineral 
Intelligence. “At any one point, if those cells are penetrated or open, there’s going to be a lot 
of volatile lithium [exposed], which is very flammable. It’s hard to believe that solid-state 
can be completely safe when it’s relying on a very reactive, volatile metal.”  

“We still have testing to do, but we expect our battery to be safer [than lithium-ion],” 
QuantumScape’s Hussain says. He asserts that the company has tested its batteries under a 
range of pressures, and has configured its cells in a low-pressure design from the start.   

N
O MATTER WHICH company gets its technology into electric cars first, it 
might have difficulty declaring a full-fledged victory. Even if massive 
gigafactories start churning out batteries at places like QuantumScape, 
ASSBs likely will occupy only a small part of the battery market.

O’Regan says that reaching a “mass market” at all might be optimistic. 
“A lot of the narrative about ASSBs being the next step for EVs is more 
about trying to build a narrative for investors,” he says. “So [battery 

makers] are selling a very big [EV] market that I don’t think ASSBs will penetrate as much 
as claimed.” 

Instead, O’Regan believes ASSBs will allow automakers to differentiate their EVs—
for example, by adding range to particular models. He says that for the more accessible 
consumer vehicles, such as the Tesla Model 3, Tesla will likely opt for a battery that’s more 
affordable than an ASSB. “Cost will be the key decision [factor] for battery technology in 
most EVs,” O’Regan says.  

Whether ASSBs will cost more to produce than current Li-on batteries is a matter of 
debate. Some ASSB makers project that the technology will reduce the cost of electric 
vehicles. Nissan, for example, says its battery packs could cost as little as $75 per kilowatt-
hour by 2028, with a long-term goal of $65/kWh—about half the $132/kWh average for 
Li-on batteries in 2021. But some analysts are skeptical, given the batteries’ predicted 
initial low volumes and the rising cost of raw materials. Independent analyses by 
Benchmark and the financial data company Bloomberg show high demand for common 
ASSB metals such as manganese, cobalt, nickel, and iron; if this holds, it could keep prices 
high. “Most ASSBs by the kilowatt-hour are more material-intense than a lithium-ion 
battery,” O’Regan says. “You’ve got an electrolyte that has lithium in it, a cathode that has 
lithium in it, and an anode that has lithium in it.” 

The massive investment in existing lithium-ion battery production and infrastructure 
could be another hurdle for solid-state proliferation. General Motors will spend more 
than $35 billion on electric vehicle development over the next three years, much of it 
on the company’s Ultium Li-on batteries. Nissan, despite its enthusiasm for solid-state 
batteries, announced last year that it would spend $17.6 billion over five years on Li-on 
battery development. “We have made a huge investment in liquid lithium batteries, as you 
can imagine,” Nissan’s Oshihara says. “We are not just giving up the [lithium-ion] battery 
investment. We aren’t able to increase the number of ASSBs drastically. So gradually we 
would like to phase in ASSBs.”

“There is going to be a phase of coexistence,” QuantumScape’s Hussain says. “Even if we 
scale to where we expect to with our plant, that’s still a small fraction of a maker like VW’s 
EV demand for batteries.”  

Current solid-state battery programs have attracted huge investments and interest, 
in part because of the potential they hold: ASSBs might be the final step to producing 
all-electric vehicles that run as long as their internal-combustion counterparts do, 
refill as quickly, and don’t cost any more. Amid ripples of skepticism, companies like 
QuantumScape have leveraged that compelling vision to finance preproduction lines and 
plan forthcoming gigafactories. There are intense efforts around the world to put solid-state 
batteries in vehicles by the middle of the decade, and QuantumScape’s Hussain is adamant 
that there is a “massive” market of EV manufacturers and EV buyers waiting for the firms 
that reach the finish line first. 

Now, just like the batteries themselves, the scientists and researchers developing ASSBs 
need to turn that potential energy into something kinetic—a real product with enough 
power to shake the entire automotive industry. 
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The Race to Revolutionize EV 
Batteries
Automakers are funneling billions into new battery 
designs that could halve charging times and double the 
range of current options. But how long until they’re 
ready?
BY ERIC TEGLER

QuantumScape engineers believe they have overcome many of the challenges keeping solid-state batteries from large-scale 
production. 

QuantumScape’s solid-state battery has a lithium anode that is electrochemically “created” after the battery’s first charge, which 
reduces destabilizing pressure on the internal elements.
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T
HE TRANSFORMATIVE POTENTIAL of EVs powered by solid-state batteries 
has galvanized automakers to enter the fray alongside companies like 
QuantumScape. Toyota announced a $13.6 billion investment in an 
in-house battery development and production program, one that includes 
solid-state batteries, in 2021. This year, the company indicated that its 
first solid-state-battery vehicles would appear on roads in 2025—quicker 
than other automakers’ ASSBs—in part because the batteries will appear 

in hybrid cars first. These use smaller battery packs and require more frequent charging—a 
useful early test of the batteries’ endurance.

Other companies, such as Nissan, have longer-term but more ambitious plans to roll 
out solid-state batteries. That’s not too surprising, given the slow but pioneering path 
that Nissan has taken with EVs. In 1998, Nissan became the first automaker to use Li-on 
batteries in a production vehicle; in 2010, its Leaf became the first mass-produced EV. Now 
the company says it aims to bring solid-state-powered EVs to market by 2028. 

The longer timeline has come with ambitious performance goals: ASSBs with twice the 
energy density as lithium-ion batteries, and one-third the charge time. But Nissan has 
provided few details so far about how it plans to achieve that. Reportedly, it’s focusing on 
a sulfide-based solid electrolyte that includes a “hopping” mechanism, which increases 
the speed and ease at which ions move between the cathode and anode during the battery’s 
charge and discharge. Still, Nissan’s development team leaders, Yoshiaki Nitta and Kenzo 
Oshihara, say the company hasn’t settled yet on a specific battery chemistry. They suggest 
that Nissan might use different ASSB chemistries for different cars. “We have multiple 
options for materials and anodes,” Oshihara says. “Because we use a solid electrolyte, we are 
able to develop [special] material.” 

The science behind these design philosophies holds potential, but there’s likely to 
be some unmet promises among those claims, too. Tim Holme, Ph.D., cofounder and 
CTO of QuantumScape, says that’s long been the case with emerging battery tech. “I’ve 
been working in batteries for 20 years,” he says, “and once a week you hear about the 
‘breakthrough’ in batteries that’s going to revolutionize your iPhone [for example]. It’ll 
charge in five minutes and last for a week. Then they never come to market.”

I
F COMPANIES LIKE QuantumScape, Nissan, and others expect to deliver on their 
promises, they have considerable hurdles to overcome. Yang Shao-Horn, Ph.D., 
leads a team of researchers working to improve the efficiency of ASSBs at MIT’s 
Electrochemical Energy Lab. She urges a cautious view of claims made by commercial 
ASSB developers about cycle life and energy density. There are a lot of differences 
between the theoretical possibilities of this technology and what’s practically 
achievable, she says. 

“There are challenges with how you translate energy density demonstrated in a research 
laboratory cell to a larger cell for practical applications. There are physical limitations to 
energy density,” she says. Basically, you can’t cram solid components into a battery as if it 
were an overpacked suitcase, and then call it more efficient. 

Just producing the batteries will be a challenge. Unlike Li-on batteries, solid-state 
versions breathe during use, which can alter the pressure on the materials between the 
electrodes. “In lithium-ion batteries we spend a lot of effort to control temperature within 
a range. In solid-state batteries, we will likely expend the same amount of effort to control 
their pressure within a range,” says Darren H.S. Tan, cofounder of the ASSB startup Unigrid 
Battery.

Despite the obstacles, Nissan, QuantumScape, and others say they have designs or 
processes that will allow them to scale up battery production. Nissan stresses that its design 
will boast “uniform pressure stability,” referring in part to mitigating stack pressure, the 
degree of contact between the electrolyte layer of the battery and the other components. 
Consistent stack pressure between different parts of the battery, which are layered like a 
cake, helps ensure that the battery doesn’t decay at different rates in different places. Kenzo 
Oshihara says Nissan is still working on this problem. “If we have too much pressure on the 
cell, we have some charge and discharge issues. We have to control that pressure. This is 
quite a difficult task.”

QuantumScape aims to avoid the problem altogether by making an adjustment to the 
typical layer-cake configuration of an ASSB—in essence, one of those layers will move. 
QuantumScape’s batteries contain just one nickel-manganese-cobalt or lithium-iron-
phosphate electrode. In this “anode-free” configuration, all the lithium ions reside within 
the battery’s cathode until, upon charging, they migrate across the ceramic electrolyte (the 
“solid-state separator”) to the other end of the battery, electrochemically forming an all-
lithium anode with equal distribution of the lithium ions. 




