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Writer: Stephen Witt 

Story: The Concorde’s Final Fiery Minutes 
Doomed Supersonic Air Travel for Decades

▶ In my years of aviation reporting, I’ve 
found that one of the hardest things for 
engineers to face is a dead end. In 2011, 
I was lucky enough to witness the final 
touchdown of the Space Shuttle Atlantis 
at Kennedy Space Center. Like many 
Americans, I felt a patriotic attachment 
to the vehicle—but in reporting that 
story, I learned that the shuttle program 
had killed 14 astronauts and left NASA 
without a successor design. Like the 
Concorde, it was an enterprise that 
let an attractive promise overshadow 
significant costs, and it took a major 
pivot away from the shuttle program 
for Americans to return to space. In 
light of the Concorde’s troubles, the 
best solution to resurrecting supersonic 
travel might be a similar pivot. 

Writer: Andrew Lawrence

Story: How the Felicity Ace Sank With $400 
Million in Exotic  Supercars

▶ When a car-carrying cargo ship 
(called a roll-on/roll-off, or RoRo) 
goes down at sea, car companies are 
often stuck building new vehicles at 
significant expense. Mass-production 
models from Kia, Volkswagen, and 
Toyota are relatively painless to replace, 
but the more bespoke cars require 
specialized processes. When the 
Grande America went down off Spain’s 
Bay of Biscay in 2019, four Porsche 911 
GT2 RS models were among the 2,200 
vehicles lost. Porsche rebuilt the cars 
at $295,000 apiece. The Felicity Ace 
took down 15 of the final Lamborghini 
Aventador Ultimaes to be produced, 
each worth $500,000. The company 
revived an entire production line to 
replace the models. Talk about customer 
service.

Writer: Jordan Golson

Story: I Turned My Old Gas-Guzzler Into a 
Zippy EV for $15,000

▶ Several carmakers now offer prebuilt 
EV drivetrains, called crate motors, 
that will make the process of turning 
existing gasoline-engine cars, trucks, 
and SUVs into all-electric vehicles 
cheaper and easier. Ford and Chevy 
in particular are making it easy to 
drop high-performance, electric 
drivetrains—including that of the Ford 
Mustang Mach-E GT—into whatever 
you’re building or driving already. 
It’s a compelling reason to restore 
and update an aging vehicle instead 
of buying new. As a case study, at last 
year’s SEMA show, Ford unveiled the 
F-100 Eluminator: a restored ’70s-era 
pickup with a drivetrain from a modern 
electric car.

▶ While reporting this feature, 
I interviewed retired tank unit 
commander Gen. Robert Abrams—the 
son of the general the tank is named 
after. He says he still considers the M1 
the world’s finest piece of armor, despite 
its weight and fuel-thirsty engine. 
One crucial reason: survivability. 
“Tanks have to operate in all types of 
conditions. How do they hold up? How 
much of a logistics tail is required 
to repair them and get them back in 
the fight?” he asks. Not all countries 
emphasize endurance. Russia’s T-90 
prioritizes firepower over reliability. 
By contrast, “I’ve seen an M1A2 SEP 
tank get hit by nine [rocket-propelled 
grenades] on a single mission,” Abrams 
says, “and the crew barely noticed.”

Writer: Hope Hodge Seck

Story: Can America’s M1 Abrams Compete 
With China’s and Russia’s Latest Battle Tanks?

The Space 
Shuttle’s Untold 
Costs
Plus more uncanny 
discoveries, insightful 
observations, and ingenious 
ideas from PopMech experts, 
contributors, and staff.
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G
ERMANY SHOCKED LIFE into 
the future of battle tanks 
when it released details 
of its new KF51 Panther 
this summer. Painted in 
green, yellow, and gray 
digital camo, the tank has 

a sleek hull and an imposing turret. But 
its most exciting features are unseen: 
high-tech active armor that explodes 
just prior to being struck, directing 
munitions away from the tank; the 
potential to support AI-powered 
weapons; its own drones that it can 
release to electronically jam enemy 
radars; and remote-controlled lasers 
that will fire at enemies without the 
tank crew having to leave the armored 
hull.

This sophisticated battlefield vehicle 
might not see action for another 
decade, but some of those technologies 
are already appearing on tanks from 
Russia, China, Turkey, and the United 
States as armies rally to modernize 
tanks to defend against increasingly 
effective anti-tank weapons. The 
battlefields of Ukraine clearly reveal 
the devastation of those technologies. 
Ukraine’s army has destroyed as many 
as 936 of Russia’s aging T-72 and T-80 
tanks. Images of exploded and burned 
hulls serve notice that armored fighting 
vehicles are no longer the impenetrable 
fortresses they were when they 
dominated World Wars I and II. 

Despite Russia’s heavy tank losses in 
Ukraine, experts expect its newest and 
most sophisticated tank to roll out as 
soon as this year with new technologies 
and weapons systems that might rival 
those of Germany’s Panther. Many of 
those updates reflect the changing role 
of main battle tanks—a designation for 
the heavily armored, fast, powerful, 
do-it-all battlefield vehicles. No longer 
a devastating attack weapon, modern 
tanks, analysts say, are taking on 
vital but more limited battlefield roles 
supporting infantry forces on the front 
lines. 

In the journal Military Review, 
Institute for Defense Analyses scholars 
Alec Wahlman and Col. Brian M. 
Drinkwine (Ret.) contrast the disastrous 
1993 Battle of Mogadishu, made 
infamous in the 2001 film Black Hawk 
Down, with the successful U.S. invasion 
of Baghdad in 2003. In Baghdad, tanks 
carried soldiers and Marines into the 
city; in Somalia, only aircraft and 
tactical vehicles accompanied infantry 
troops, and the troops took heavy 
casualties.

“Lack of even a modest U.S. armor 
presence in Somalia hobbled mission 
efforts,” Wahlman and Drinkwine 
wrote. “In stark contrast, the rapid 
seizure of Baghdad and quick defeat of 
organized Iraqi forces at the outset of 
Operation Iraqi Freedom in 2003 were 
largely the result of Iraqi inability to 
effectively counter highly mobile heavy 
armor in an urban environment.”

As long as a human soldier fights on 
a field, along a muddy road, or on foot 
in a town or village, the battle tank will 
likely also be there, providing essential 
cover.

“When you need a tank, you need 
a tank,” says Maj. Adam Link, a 
former Marine tank officer. “There’s 
nothing really that can replace it on the 
battlefield.”

So even as militaries prioritize 
air power and technological warfare 
systems, the armored tank remains 
a critical weapon, and countries are 
scrambling to update aging designs. 
The following 16 models are the most 
advanced, powerful, and important 
heavily armored vehicles in the world. 

 U.S.: M1A2 Abrams SEPv3 
Year introduced: 2020 | Crew: 
Four | Weight: 73.6 tons | Cost: 
$6.2 million

Dating from 1980, the Abrams tank 
family lacks some of the flashy features 
built into tanks of the twenty-first 
century. But its rugged, reliable General 
Dynamics Land Systems engineering 
and consistent upgrades have kept it 
dominant in every conflict it has faced. 
Abrams tanks crippled Iraqi armored 
formations in the 1991 Battle of 73 
Easting, considered the last great tank 
showdown of the twentieth century. 
In just 23 minutes, nine American 
M1A1 Abrams tanks destroyed 50 Iraqi 
T-72 tanks and dozens more armored 
vehicles using their long-range firing 
capabilities to wreak havoc without 
taking a single casualty. Abrams tanks 
also shored up infantry formations 
during the 2003 assault on Baghdad, 
and supported patrols to a lesser extent 
in Afghanistan. Each successive version 
of the M1 has received additional 
armor, with the M1A2 SEPv3, 
introduced in 2020, weighing 13 tons 
more than the original due to these 
upgrades. 

The newest variant features a 
turret-mounted, low-profile, common-
remote-operated weapons station (LP 
CROWS) that captures video by day 
and thermal imaging by night, with 
automatic target tracking and a laser 
range finder. The 120mm smoothbore 
M256 main gun now fires an advanced 
multipurpose round, developed over 
15 years to replace four separate tank 
munitions. The round can be dispatched 
to bust a bunker or breach a wall to clear 
the way for ground troops; or in airburst 
mode, it can take out anti-tank guided 
missile teams from as far as 2,000 
meters away. As of 2021, all Abrams 
tanks also feature the same Trophy 
Active Protection System introduced on 
the Israeli Merkava Mark IV. 

 Israel: Merkava Mark IV 
Year introduced: 2004 | Crew: 
Four, plus six passengers | 
Weight: 71 tons |Cost: $4.5 
million

Merkava means “chariot,” an 
appropriate name for a tank designed 
to carry extra passengers and packed 
with features to ensure their survival. 
The Merkava family of tanks emerged 
not long after 1973’s Yom Kippur War 
and was used in the 1982 Lebanon War 
and a half dozen conflicts since. The 
Merkava Mark IV, introduced in 2004, 
has a unique design that mounts the 
engine near the front of the vehicle, 
creating space for up to eight passengers 
in addition to the crew of four. While 
dated, the Israeli tank remains viable 
thanks to its Trophy Active Protection 
System; the countermeasures shield is 
still best-in-class technology and was 
first used on the Merkava IV. Trophy 
works by using vehicle-mounted 
radars to track and classify incoming 
projectiles. When an enemy missile is 
identified, the tank fires small explosive 
projectiles that destroy the munition 
without damaging the tank itself. 
Trophy proved effective in its very first 
combat test in 2011, when a Merkava 
equipped with the system neutralized 
a rocket-propelled grenade fired by 
Palestinian troops from Gaza. Even 
more tech breakthroughs may be ahead 
for the Merkava: In 2018, the Israel 
Defense Forces announced plans for 
the Merkava Mark IV Barak, a first-
of-its-kind “smart tank” upgrade that 
uses sensors and AI to take over such 
mundane crew tasks as navigating 
around obstacles and scanning for 
threats. The tank maker is also 
developing an “Iron View” virtual-
reality helmet that will allow crew 
members to see beyond the hull for a 
360-degree view of the battlefield.

 Japan: Type 10 
Year introduced: 2012 | Crew: 
Three | Weight: 48 tons, fully 
loaded | Cost: $9 million+

Japan’s Type 10 is widely considered 
the world’s first fourth-generation 
tank, which means it boasts some of 
the early iterations of the advanced 
weapons we’ll see on future tanks like 
the Panther. Engineered by Japan’s 
Technical Research and Development 
Institute over 10 years, the Type 10 
is light without sacrificing armor or 
firepower. At just 48 tons at its heaviest 
configuration—compare that with the 
M1 Abrams at 73 tons—the body of 
the Type 10 features modular ceramic 
armor that can be added or removed in 
segments to deliver protection where 
it’s needed most. The hull and turret 
are made with nanocrystal steel shot 
through with carbon nodules, which 
makes the metal exceptionally light and 
strong. The 120mm L/44 smoothbore 
gun is incredibly accurate, thanks to 
a laser range finder and a fire-control 
system that can automatically track, 
identify, and classify targets. The tank’s 
active hydropneumatic suspension 
system (a technology invented by the 
automaker Citroën for its sports cars) 
smooths the ride, making it easier for 
crews to aim the gun while on the move. 
During an impressive demonstration of 
the technology shown in a video posted 
on YouTube in 2015, a Japanese officer 
sets two glasses next to the barrel of 
the tank’s main gun and fills them 
with wine. As the Type 10 pitches up 
and down and the turret rotates nearly 
180 degrees, the shock-absorbing 
suspension keeps the barrel completely 
level and the wine glasses spill-free. 

 Germany: Leopard 2A7 
Year introduced: 2014 | Crew: 
Four | Weight: 71 tons | Cost: $8.8 
million+

With more than 3,500 units in 
operation and used by 19 countries, 
Germany’s Leopard is one of the most 
common tanks on the planet. The 
2A7+ variant is optimized for urban 
operations and low-intensity conflict, 
with added frontal protection and 
more modular armor to shield against 
roadside bombs and rocket-propelled 
grenades. The tank’s popularity reflects 
a changing battlespace where fighting 
may take place block to block in densely 
populated cities. The Leopard fires 
DM11 high-explosive rounds that can 
be programmed to detonate on impact, 
above a target, or on a delay to create 
more damage. An FLW 200 remote-
weapons station offers battlefield 
surveillance, sniper detection, and 
the ability for crew members to fire on 
the enemy from inside the hull, never 
exposing themselves to danger. Recent 
upgrades prioritize crew comfort, with 
compartment cooling systems in the 
turret and chassis. Earlier versions 
of the Leopard patrolled Kosovo in 
1999 and supported the Canadian 
military in Afghanistan. While older 
versions of Leopard 2 have taken heat 
for their performance in Syria, where 
ISIS allegedly took out 10 Turkish-
operated tanks with guided missiles 
and improvised explosive devices, the 
2A7, with its active protection system 
and beefed-up armor, has proven much 
harder to defeat.

 Germany: KF51 Panther 
Year to be introduced: 2035 
(Projected) | Crew: Three | 
Weight: 65 tons | Cost: Unknown

Still years from production, this 
powerful new tank from the German 
armament giant Rheinmetall is 
generating massive interest in the 
defense community. Named in honor 
of the Panther, a WWII-era medium 
tank, it will replace Germany’s current 
Leopard 2 and French Leclerc. It’s 
set to have a huge 130mm main gun, 
compared with the 120 and 125mm 
weapons of its most advanced peers. 
Called the Rheinmetall Future Gun 
System, the weapon purports to be 50 
percent more effective than 120mm 
systems. It’s also being built to carry 
HERO 120 loitering munitions, also 
known as “kamikaze drones,” which 
can fly in a designated airspace while 
identifying a target, and then dive 
into it. Rheinmetall says it will build 
versions with an optional fourth 
workstation for a drone operator, and 
the defense contractor says it’s also 
developing a fully autonomous version, 
removing humans from the tank 
completely.  

 South Korea: K2 Black  
 Panther 
Year introduced: 2014 | Crew: 
Three | Weight: 61 tons | Cost: 
$8.5 million+

One of the newest sets of armor on 
the world stage, the K2 Black Panther 
might be the most adaptable tank ever 
made. Its watertight turret and top-
mounted snorkel allow it to submerge 
to depths of more than 12 feet to cross 
bodies of water. Its advanced “in-arm 
suspension unit” system allows the 
crew to raise the chassis up to 16 
inches to cover rocky terrain, or angle 
it to “kneeling” or “sitting” profiles 
to increase targeting options for the 
main gun. The suspension gives the 
CN08 120mm 55-caliber smoothbore 
gun up to 24 degrees of elevation, 
enabling it to better target low-flying 
aircraft, compared to just 20 degrees 
for the Abrams tank. The K2 sports a 
combination of classified steel-plate and 
explosive reactive armor (ERA)—metal 
panels containing C4 or another plastic 
explosive that detonate outward when 
hit by a shaped charge, such as a rocket-
propelled grenade. Despite a total 
weight of just 55 tons, the tank’s armor 
has reportedly withstood a direct hit 
from one of its own 120mm tungsten-
core sabot rounds in testing. 

 United Kingdom:  
 Challenger 2 
Year introduced: 1997 | Crew: 
Four | Weight: 62.5 tons | 
Cost: $4.9 million (1999)

Tank warfare originated when Great 
Britain introduced the world’s first 
tank, the Mark 1, at the Battle of the 
Somme in 1916. So it’s fitting that the 
U.K. still operates one of the world’s 
most powerful tanks. In service since 
1998 and updated several times since, 
the Challenger 2 lacks the sophisticated 
defenses of modern Gen-4 tanks, but 
its 120mm main gun is well regarded 
for its accuracy and reliability. Plus, it 
can carry 50 rounds, versus the M1A2 
Abrams’s 42. The original Challenger’s 
gun earned battle cred in 1991 when it 
notched a five-kilometer tank-to-tank 
kill against an Iraqi vehicle—still the 
longest ever recorded. In addition to 
Chobham ceramic-composite armor, 
the Challenger 2’s defenses include a 
smokescreen generated by shooting 
diesel into the tank’s exhaust manifold. 
The thick, choking fumes are intended 
to obscure the Challenger and any 
surrounding ground forces while 
distracting and flustering the enemy.

 France: Leclerc Scorpion  
 XLR 
Year introduced: 2022 | Crew: 
Three | Weight: 63 tons | Cost: $4 
million+

France’s 1990s-era tank received 
formidable updates this year. The new 
Leclerc Scorpion XLR version includes 
a next-generation counter-IED jammer 
and GALIX, a passive countermeasures 
system that hides a vehicle from the 
enemy by using smart sensors to fire 
decoys or a 360-degree smoke cloud 
from 24 vehicle-mounted launchers. 
The Leclerc boasts exceptional fuel 
efficiency: Its operational range is more 
than 340 miles, some 117 miles better 
than that of the Abrams. Its updated 
modular armor includes a unique wire-
cage configuration on the rear of the 
hull and chassis that gives the engine 
additional protection against rocket-
propelled grenades—a response to the 
growing threat from shoulder-fired 
anti-tank missiles in urban warfare. 
Its Giat Industries 120mm smoothbore 
main gun is 6.2 meters long, giving it 
greater muzzle velocity than the typical 
44-caliber guns of its era. The XLR also 
has a turret-mounted, remote-operated 
weapons station that lets the crew fire a 
7.62mm machine gun from within the 
tank.

Can America’s 
M1A1 Abrams Still 
Outgun China’s 
and Russia’s Most 
Advanced Battle 
Tanks?
The flagship U.S. tank must 
go toe-to-toe with the 
world’s most sophisticated 
models, which will soon have 
AI-guided weapons and their 
own swarms of drones to 
defeat anti-tank missiles.
BY HOPE HODGE SECK

 Russia: T-90 
Year introduced: 1992 | Crew: 
Three | Weight: 51 tons | Cost: 
$4.5 million (2016)

Russia’s T-90 has been criticized for 
the frequency of its defeats in Ukraine. 
Based on the Soviet T-72 chassis and 



upgraded most recently in 2017, it 
features explosive-reactive armor and 
a Russian Shtora-1 active protection 
system that includes a pair of electro-
optical/infrared “dazzlers,” which 
look like glowing red eyes on the front 
of the turret and can thwart enemy 
missiles’ targeting systems. But those 
defenses have failed against Javelin 
anti-tank missiles in Syria, and even 
against Carl Gustaf 84mm recoilless 
rifles in Ukraine. Defense experts say 
the design, which stores ammunition in 
the turret, is vulnerable when hit—the 
ignited ammo can turn the tank into a 
jack-in-the-box, blowing the turret off. 
While this flaw demonstrates Russia’s 
tendency to prioritize firepower over 
survivability in tank design, the T-90 
is not a complete failure. Its low-lying 
hull makes it hard to hit, and its steel-
composite, reactive-blend armor is 
designed to defeat anti-tank rounds. 
Plus, its 2A46m 125mm smoothbore 
gun has become more accurate with 
successive upgrades. Perhaps most 
appealing about this workhorse tank 
is the price: an economical $2.5 to 
4.5 million, which allowed Russia to 
maintain as many as 1,000 T-90s at one 
point.

 Ukraine: T-84 Oplot-M 
Year introduced: 2009 | Crew: 
Three | Weight: 53 tons | Cost: $5 
million

Ukraine’s mightiest tank has barely 
made an appearance in the country’s 
war with Russia due to untimely budget 
shortfalls. Ukraine’s military acquired 
only 10 of the highly regarded tanks, 
and it sold four of those to the United 
States. The Oplot-M, based on the 
Soviet-designed T-80, has a powerful 
1,500-horsepower, six-cylinder diesel 
engine that gives the tank a top speed 
of 43 miles per hour. Its Zaslon active 
protection system, designed to be used 
alongside explosive-reactive armor, 
can withstand impacts from incoming 
missiles traveling at speeds of up 
to 1,200 meters per second. While 
Ukraine did not invest substantially in 
this design, Thailand did, purchasing 
49 lightly modified Oplot tanks in 
2011.

 North Korea: P’okp’ung-Ho 
Year introduced: 2002 | Crew: 
Four | Weight: 44.3 tons | Cost: 
Unknown

Nearly everything in North Korea’s 
dictatorship is shrouded in mystery and 
deception, including information on 
its tanks. The P’okp’ung-Ho, or Storm 
Tiger, is formally known in the North 
as the Chonma-215 or Chonma-216, 
depending on its main armament. The 
Chonma-215 fires the same 115mm 
2A20 round as the Soviet T-62 tank, 
while the more modern Chonma-216 
has the 125mm 2A46 smoothbore 
round found on tanks used by more 
than a dozen other nations. Each model 
incorporates elements of legacy Soviet 
T-72 and Chinese Type-85 tanks, 
apparently reverse-engineered and 
modified to fit the North Koreans’ 
requirements. An official foreign 
weapons assessment by the U.S. Army’s 
Training and Doctrine Command 
underscores the uncertainty: While the 
P’okp’ung-Ho is believed to have been 
introduced in 2002, it is possible the 
tank entered service as early as 1992. 
Likewise, it’s hard to verify how well 
the tank’s impressive-looking weapons 
work. It’s unlikely that the North can 
afford to fire the conventional tungsten-
tipped rounds from the Chonma-216’s 
main gun, and resorting to steel-tipped 
rounds would leave it unable to breach 
other world-class tanks. Its secondary 
weapons, however, pack loads of 
firepower. Its pair of what analysts 
believe to be 9K38 Igla surface-to-air 
missile launchers provides a short-
range air defense, something that is 
extremely unusual for a tank. The 
turret-mounted machine gun, a KPV 
14.5mm weapon designed for anti-
aircraft use, gives the tank commander 
more firepower beyond the conventional 
7.62mm coaxial gun.

 China: Type 99A 
Year introduced: 2011 | Crew: 
Three | Weight: 64 tons | Cost: 
$2.6 million

Thanks to a 1,500-horsepower engine 
and a light, 55-ton body, the Type 99A 
can reportedly move at nearly 50 miles 
per hour. This advanced version of 
China’s first mass-produced modern 
tank features a distinctive angular 
turret profile and composite armor 
that is further enhanced by explosive-
reactive side panels. The 99A’s 
Chinese-made GL5 active protection 
system can sense incoming anti-tank 
guided missiles out to 100 meters and 
neutralize them or knock them off 
course with 12 mounted launchers. 
A line-of-sight laser communication 
system can transmit encrypted 
messages out to 2.2 miles and also help 
the crew distinguish between friends 
and enemies by interpreting their 
radio frequency emissions. With more 
than 7,000 tanks in its inventory by 
some accounts, China is second only 
to Russia in mechanized power and 
maintains an estimated 1,200 Type 99s 
alone. 

 Turkey: Altay 
Year to be introduced: 2023 
(Projected) | Crew: Four | 
Weight: 61 tons | Cost: $13.75 
million

When the first Altay rolls off the 
production line next year, it will 
represent the first time Turkey has 
designed and manufactured its own 
tank since World War II. The vehicle 
is named for a revered Turkish cavalry 
commander and comes with some of 
the most advanced tech and armor 
on any tank. A Volkan-II fire-control 
system features electrical gun and 
turret stabilizers that allow for accurate 
firing at top speeds; plus, a Turkish-
made AKKOR active protection 
system incorporates an advanced 
vehicle-mounted radar that can detect 
incoming threats fast—even at close 
range—and electronically disrupt 
their flight pattern or fire explosive 
countermeasures for tank protection. 
The chassis is similar to that of South 
Korea’s K2 Black Panther and fits 
modular composite armor made by 
the Turkish company Roketsan. At 
an estimated $13.8 million apiece, 
the Altay will be the most expensive 
tank ever produced. The sophisticated 
defenses and weapons systems of 
modern tanks don’t come cheap. 

 Italy: C1 Ariete 
Year introduced: 1995 | Crew: 
Four | Weight: 59 tons | Cost: $4.9 
million

Italy’s only tank is a dated but 
respectable battlefield weapon. 
The Ariete, which translates to 
“battering ram,” sports a 12-cylinder, 
1,250-horsepower engine made by the 
Italian carmaker Fiat-Iveco that enables 
it to traverse a 60 percent grade—
practically a vertical wall. A setup that 
tank designers call “hunter-killer” 
gives the commander a panoramic 
view of surroundings without having 
to change position or open the turret. 
Despite having a similar profile and 
comparable armor to allied tanks like 
the Abrams, the Ariete is significantly 
outranged by its NATO counterparts: 
Its thermal sight is effective to only 
about 1,500 meters, while the Abrams 
can hit targets beyond 3,000 and 4,000 
meters. But in the 2016 Strong Europe 
Tank Challenge, hosted by the U.S. and 
German militaries, an Ariete crew held 
its own, finishing fourth of seven, ahead 
of the two Abrams crews.

 Poland: PT-91 Twardy 
Year introduced: 1995 | Crew: 
Three | Weight: 50 tons | Cost: 
$5.9 million

Poland’s aging main battle tank gained 
new relevance when the country sent 
an unspecified number of these tanks 
to Ukraine. It’s likely to be a formidable 
addition to the aging Soviet T-64s and 
T-72s Ukraine is already using to defend 
itself against Russian forces. Introduced 
in 1995, the Twardy (meaning “hard” 
or “tough”) is an updated version of the 
T-72 but features Polish-made ERAWA 
explosive-reactive armor across the 
surface of the vehicle, with a double 
layer of explosive on the hull and turret. 
It also adds a modern auto-loading 
mechanism to the 2A46 125mm main 
gun, which eliminates a crew member 
and enables faster firing. 

 Russia: T-14 Armata 
Year introduced: 2022 | Crew: 
Three | Weight: 52 tons | Cost: $4 
million

Russia may be losing scores of Soviet-
engineered T-72 and T-80 tanks in 
Ukraine and has reportedly deployed 
at least a few of its far more advanced 
T-90M Proryv tanks as well—but the 
country’s most devastating mobile 
fortress has yet to hit the battlefield. 
The T-14 Armata promises next-
generation design and deadliness. 
Its sleek, low-riding hull houses a 
sophisticated command suite, complete 
with an unmanned, remote-controlled 
turret, 360-degree panoramic sight, 
and automatic fire-control system 
that can classify and identify targets 
before a human operator spots them. 
In addition to its 2A82-1M 125mm 
smoothbore cannon with autoloader, 
the Armata reportedly features a new 
kind of defensive weapon: a 3VD35 
protective aerosol “smokescreen” that 
blocks an enemy’s weapon-guidance 
systems by reflecting heat and light 
back at them. The advanced technology 
and cuts in Russian defense spending, 
however, seem to be bogging the 
Armata down. Russia has planned to 
begin production by 2020, but the tank 
may not be ready until 2023 or later.
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A
S THE CONCORDE prepared 
to take off from Charles 
de Gaulle Airport outside 
Paris on the afternoon of 
July 25, 2000, nothing 
seemed amiss. Air France 
Flight 4590 was scheduled 

to fly to New York City at speeds of 
up to 1,350 miles per hour, crossing 
the Atlantic Ocean in just three and 
a half hours. In 24 years of service, 
the Concorde had never experienced 
a single fatality. That was about to 
change. The plane’s four Rolls-Royce 
engines came online with a terrific 
roar, and the Concorde began to hurtle 
down the runway. But midway through 
the takeoff, in an astonishing scene 
witnessed by dozens of people, the 
Concorde caught fire and was soon 
blasting the tarmac with a plume of 
flames longer than the airliner itself. 
Transformed into a careening fireball, 
the Concorde barely managed to get 
airborne, reaching an altitude of just 
200 feet. The crew valiantly attempted 
to save it, but after a minute of flight, 
the raging fire overtook the aircraft, 
and it crashed into a small hotel six 
miles from the airport.

Rescue workers arrived to find the 
crash site littered with debris, including 
the Concorde’s signature nose cone, 
pieces of the wings, the contents of 
the passengers’ luggage, and a hotel 
bathtub. Within a month, the entire 
Concorde fleet was grounded, and 
the ensuing investigation would take 
almost a year and a half to complete. 
Concorde service resumed in 2001, but 
passenger demand never recovered, 
and in 2003 the plane was permanently 
retired. Flight 4590 became the final 
word in the Concorde’s legacy: one that 
started with the glimmering luster of 
a technological marvel but faded from 
the limitations of suboptimal design 
features and paralyzing commercial 
restrictions. Once hoping for more than 
200 aircraft, the Concorde program, 
sponsored by the governments of France 
and the United Kingdom, entered only 
14 planes into commercial service, 
and that handful of planes flew only 
two regular routes due to the aircraft’s 
thundering sonic booms and exclusive 
$12,000 round-trip ticket price. The 
Concorde never attracted commercial 
competition, and plans for a successor 
aircraft were abandoned. Following 
the disaster outside Charles de Gaulle, 
the era of supersonic passenger transit 
came to an end. 

Now a new generation of 
entrepreneurs and engineers is 
attempting to revive commercial 
supersonic flight in the wake of the 
Concorde’s demise. “Remember, that 
airplane was designed 60 years ago, with 
slide rules and draft paper and wind 
tunnels—and no computer. Everything’s 
changed,” says Blake Scholl, the founder 
and CEO of Boom Technology, a U.S. 
company that’s designing a successor 
aircraft to the Concorde called the 
Boom Overture. To succeed, Boom must 
address the engineering challenges 
that limited the Concorde to the North 
Atlantic, as well as the commercial 
challenges that reserved supersonic 
travel for a narrow elite. Boom must 
not only prove to air carriers that the 
planes are a sound investment, but also 
convince the public that supersonic 
flight is environmentally acceptable. 
Above all, Scholl and his team of 
engineers must demonstrate that 
they have eliminated the fatal flaws 
that contributed to the Concorde’s 
crash. Supersonic commercial travel 
is seductive, but it is also difficult and 
costly. Is it worth a second chance? 

Jet fuel in its liquid state is not 
flammable, but the hole in the tank 
acted like a spray nozzle, and the fuel 
began to atomize as it ejected from the 
plane. One second later, an ignition 
source—most likely an electrical spark 
from the damaged landing gear—set 
the fuel alight. An incredible stream 
of fire began trailing from the plane’s 
left tail section. Gilles Logelin, the air 
traffic controller, immediately informed 
Captain Marty: “Four-five-nine-zero, 
you have flames, you have flames behind 
you.” A dashboard indicator alerted 
the flight crew to the tire blowout. Both 
portside engines began to lose power; 
engine two stalled almost completely. 
Trailing flames, the plane began to 
yaw to the left, setting it on a collision 
course with a Boeing 747—which, in 
an extraordinary coincidence, was 
carrying Jacques Chirac, the president 
of France.

Marty directed the Concorde back 
toward the center of the runway. At 
the time of the tire burst, the plane 
was traveling at 175 knots, well above 
V1. Protocol dictated that Marty 
attempt to take off, even as Jardinaud 
was shutting down the plane’s second 
engine and activating its internal fire 
extinguisher. (This was futile—it was 
the fuel tank, not the engine, that 
was on fire.) Spectators watched in 
astonishment as the plane hurtled down 
the runway, covering the tarmac with 
soot. (One of the spectators was Jean-
Cyril Spinetta, the CEO of Air France, 
who had an office at Charles de Gaulle.) 
Logelin scrambled the fire engines to 
chase after the plane, but the stork was 
beginning to take flight. Perhaps in an 
attempt to avoid colliding with Chirac’s 
747, Marty brought the Concorde’s 
drooping nose up into the air, short of 
the prescribed rotation point of 198 
knots.

The Concorde managed to get 
airborne, but both portside engines 
were malfunctioning and the landing 
gear was stuck, creating significant 
drag. The landing gear also created a 
zone of turbulence beneath the plane, 
mixing the jet fuel with oxygen at a 
nearly ideal ratio for combustion. The 
Concorde ascended to 200 feet, but its 
airspeed never exceeded 200 knots. 
Video taken from a nearby road that 
morning shows the plane coasting 
parallel to the ground, leaving a long 
trail of fire and smoke. A lavatory 
smoke detector, audible on the cockpit 
voice recorder, suggests that the smoke 
had reached the interior. After about 
a minute of flight time, Jean Marcot, 
the copilot, called out “Le Bourget, Le 
Bourget!”

Le Bourget is an airport located just 
five miles west-southwest of Charles de 
Gaulle. But even as Marcot suggested 
rerouting the flight there, Captain 
Marty said: “Too late.” Then, “No 
time.” The plane was disintegrating, 
shedding a trail of components from 
its tail and left wing. The fire damage 
had compromised the rudders and the 
elevons, making the plane impossible 
to control. With Le Bourget’s runway 
in sight, the Concorde’s nose tipped 
up, and the plane began to roll to the 
left. The Concorde then inverted, only 
to crash, right-side up, into the Hotel 
Les Relais Bleus, a two-story wooden 
structure surrounded by cornfields. 

How the Final 
Minutes of 
the Concorde 
Disaster Doomed 
Supersonic Travel 
for Decades 
The demise of Air France 
Concorde Flight 4590 could 
inform a future generation 
of safer ultrafast planes.
BY STEPHEN WITT

Clockwise from top left: Pilots and flight attendants stand 
in front of the Concorde at the official rollout ceremony 
in Toulouse, France, on December 11, 1967; cabin 
crew members show off their new uniforms, designed 
by Hardy Amies in London, before the plane’s first 
international passenger flight on January 14, 1976, from 
London to Bahrain; the rock star Sting serves champagne 
to passengers on a British Airways Concorde making its 
first commercial flight after the fleet was grounded in 
2000; Concorde captain Mike Bannister waves the Union 
Jack after completing the last supersonic Concorde flight 
from New York to London’s Heathrow Airport on October 
24, 2003.

Concorde 001 lands in an arresting fence during a test 
flight in Toulouse, France, on September 18, 1968. Two 
weeks later, on October 1, the plane would go supersonic 
for the first time. But it would be many years before the 
aircraft’s first commercial flights began in 1976.

Pilots loved the Concorde too. “An 
absolute delight to fly,” says Captain 
Mike Bannister, a British Airways pilot 
who logged 9,200 hours of flight time 
in the Concorde, more than any other 
flier. “So precise and so satisfying. 
And because she was so precise, she 
was demanding, like a thoroughbred 
racehorse. To get the best out of her, you 
had to be accurate, and you had to be 
on top of your game yourself.” But due 
to noise, Concorde pilots were limited 
to a small number of routes. A sonic 
boom is not a one-time event; it occurs 
continuously as long as the aircraft flies 
faster than Mach 1. For passengers, 
breaking the sound barrier was a 
nonevent. “You can’t feel it, and you 
can’t hear it,” Bannister says. “There is 
no sensation throughout the airplane 
whatsoever.” From the ground, though, 
the Concorde’s thunderous double boom 
could exceed 110 decibels and sounded 
like a shotgun being discharged inside 
a garage. Following an ill-received 
series of flight tests of military aircraft 
over Oklahoma City in the 1960s, 
the FAA had instituted a permanent 
ban on overland supersonic travel in 
1973. Much of the rest of the world 
soon followed. That left only the daily 
transatlantic crossings available to the 
Concorde. 

On the afternoon of July 25, when 
Captain Marty initiated the takeoff 
sequence, the passengers would have 
felt a giddy lurch of acceleration, 
accompanied by the terrific roar of the 
Concorde’s engines. The flight plan 
called for the plane to take off at a 
minimum speed of 220 knots and then 
activate its afterburners to help push 
it to cruising altitude. But as the plane 
gathered speed down the runway, it ran 
over the titanium strip that had fallen 
off the DC-10, creating an audible pop 
that could be heard on the cockpit voice 
recorder.

Nothing in the plane’s history—
nothing, in fact, in the history of 
commercial aviation—could have 
prepared the crew for what happened 
next. Only months of forensic analysis 
allowed air crash investigators to piece 
together, in hindsight, what was about 
to unfold. The metal strip effectively 
scalped the tire, sending chunks of 
nylon flying into the fuselage. One 
fragment struck the bay doors for the 
landing gear, preventing the gear from 
retracting. Another fragment struck 
the fuel tank, causing a tiny puncture. A 
third likely hit the landing gear cables, 
stripping the insulation and leaving 
an exposed wire. The fourth segment 
caused the fatal damage: A large, flat 
section of the tire, weighing about 
10 pounds, ejected upward toward 
the plane’s fuel tank at an estimated 
300 miles per hour, striking it with 
tremendous concussive force. That 
tank was filled to capacity with liquid 
kerosene—the most common form of jet 
fuel—and the collision sent a powerful 
fluid shock wave through the tank. The 
resulting pressure blasted a 12½-inch 
square aluminum panel off the tank 
from the inside, and large quantities of 
jet fuel burst forth onto the runway.

Top: Concorde Flight 4590 crashed just minutes after 
takeoff in Gonesse, France. Above: With its flight controls 
damaged by the fire, the Concorde struck a two-story 
hotel, killing four employees; the lone guest survived. 

T
HE IMMEDIATE CAUSE of the 
Concorde crash was a thin, 
1-inch-wide titanium strip, 
just 17 inches long, which 
had fallen off the engine 
cowling of a departing 
Continental DC-10 five 

minutes before Flight 4590 was 
scheduled to depart. The strip wasn’t a 
standard part of the DC-10; a mechanic 
had riveted it on in Houston 16 days 
earlier, and then affixed it with an 
additional layer of mastic adhesive. But 
the rivets had come loose, and the glue 
had failed to hold, and no one had seen 
it fall onto the runway at de Gaulle.

The pilot of the Concorde that day, 
Captain Christian Marty, was an 
adventure seeker in his spare time. 
He’d once windsurfed solo across the 
Atlantic Ocean, and he often stowed his 
mountain bike in the plane’s cargo hold. 
As a pilot, colleagues regarded Marty as 
humble, competent, and professional. 
While the flight crew prepared for 
takeoff, Marty led them through the 
preflight checklist, which you can hear 
on the cockpit voice recorder from that 
day. The critical point of takeoff was 
V1, the speed beyond which takeoff 
couldn’t be aborted. For the Concorde, 
V1 was 150 knots; any attempt to stop 
the aircraft past that speed was likely to 
end with a dangerous runway excursion. 
“Between zero and 100 knots, I stop 
for any aural warning of tire flash and 
failure callout,” Marty said to Gilles 
Jardinaud, the flight engineer. “After 
V1, we continue.”

Two hundred guests were expected 
for dinner that evening at the hotel, 
but in the incident’s sole stroke of good 
fortune, their arrival had been delayed. 
The hotel’s only guest at the time of the 
crash was Alice Brooking, a 21-year-old 
student from Cambridge University, 
who survived by jumping from a second-
story window as the building was 
consumed by flames. The hotel staff 
was not so lucky. The crash killed four 
maids, all of them women. Eyewitnesses 
saw the smoke from miles away, and 
the building was completely destroyed. 
The manifest for the flight that day 
listed nine crew members and 100 
passengers. No one aboard the plane 
survived. The final death toll numbered 
113 people. 

S
INCE 2003, NOT a single 
passenger aircraft has 
flown supersonic. But 
recent developments, 
and a new generation of 
planes, promise a return 
to speeds above Mach 1. 

Leading the way is the Boom Overture, 
Blake Scholl’s supersonic Concorde 
successor. A fast-talking programmer 
who once worked for Amazon, Scholl 
has no formal aerospace background, 
but he makes up for it with limitless 
enthusiasm for supersonic flight. He 
promises that the Overture will not only 
cost less to operate than the Concorde, 
but also boast a longer range and be 
safer to fly. “The safety standards of the 
1960s are incredibly different from the 
safety standards of 2022,” Scholl says of 
the Concorde. “That design would not 
have been considered anywhere near 
certifiable today.”

While the forensic investigation into 
the Concorde’s crash identified the 
titanium strip as the immediate cause 
of the crash, investigators also noted 
that Concorde airliners had suffered 
a series of violent tire blowouts in the 
years leading up to Flight 4590. The 
fault lay with the Concorde’s wing 
design. The Concorde employed a 
unique curved wing form called the 
“ogival delta,” which created lift by 
generating vortices of air above the 
wing. This wing design was highly 
efficient at Mach 1 and above, but it 
didn’t generate much lift at subsonic 
speeds. The curved shape also 
prevented the installation of leading-
edge slats or trailing-edge flaps, both of 
which can increase lift at slower speeds. 
So, while taking off, the Concorde had 
to rotate to a much higher angle of 
attack than a conventional plane would, 
and then employ afterburners to propel 
itself into the sky. This was the reason 
for the droop-nose design—the plane’s 
high rotation obscured the pilots’ field 
of vision.

  Conventional planes generate lift 
as they accelerate down the runway, 
so the increasing rotational velocity 
of the tires is counterbalanced by the 
decreasing weight of the aircraft above. 
But the Concorde didn’t produce that 
effect. “If you were to take a normal 
airplane and accelerate it down 
an infinitely long runway, it would 
eventually get airborne without the pilot 
doing anything, because the faster it 
goes, the more lift it generates,” says 

Air France Concorde Flight 4590 takes off with fire 
trailing from its engine on the left wing. The ensuing 
crash killed all 109 people aboard and four others on the 
ground. A Japanese businessman took this photo from 
inside another plane.

Flight 4590 had been chartered 
by a German cruise company; after 
its passengers arrived in New York, 
they were to board a boat and travel to 
Ecuador via the Panama Canal. Of the 
Concorde’s 100 passengers that day, 
96 were German citizens; one of them, 
Klaus Frentzen, was a high school 
teacher and self-described “Concorde 
fanatic” who had been saving for 20 
years to afford the trip. Concorde flights 
cost around four times as much as a 
business class ticket on a conventional 
aircraft. For Frentzen, the expense was 
worth it. While waiting in the lounge to 
board, he’d shown off his collection of 
Concorde memorabilia. 

The Concorde’s tilted nose cone and 
spindly landing gear gave it a storklike 
appearance, but for aficionados it was 
one of the most beautiful airliners ever 
built. The governments of France and 
Great Britain had spent a combined 
$2.4 billion (about $15.3 billion today) 
to produce it, relying almost entirely 
on analog engineering methods. The 
Concorde was the first civilian aircraft 
to use fly-by-wire technology, and its 
manufacture required the development 
of hundreds of unique components. 
With a maximum airspeed above Mach 
2, the plane traveled faster than a rifle 
bullet, and the exterior of its fuselage 
could reach temperatures above 200 
degrees Fahrenheit. Nothing ever flew 
so fast so often: Over the course of 27 
years of operation, the small Concorde 
fleet logged more supersonic hours than 
the aggregate total of all the world’s 
military aircraft combined.

Concorde passengers were treated 
to complimentary champagne and an 
extravagant haute cuisine menu—one 
Air France flight offered hors d’oeuvres, 
veal chops, medallions of foie gras, 
and apricots suspended in gelatin. 
Celebrity sightings were frequent, 
and once, when a Concorde flight was 
delayed in New York, Paul McCartney 
performed an impromptu concert for 
his fellow passengers. Flying at 60,000 
feet, the Concorde went higher than 
other commercial aircraft, and traveled 
more than twice as fast. From the 
comfort of their dedicated air traffic 
corridor, Concorde passengers could 
make out the curvature of the Earth 
and the indigo reaches of outer space. 
They could also watch as they overtook 
the subsonic airliners below, which 
resembled toy planes, flying backward.

“FROM THE GROUND, THE CONCORDE’S 
DOUBLE BOOM SOUNDED LIKE A SHOTGUN 
BEING DISCHARGED INSIDE A GARAGE.”

“THAT DESIGN WOULD NOT HAVE  
BEEN CONSIDERED ANYWHERE NEAR 

CERTIFIABLE TODAY.”



Bannister. “That wouldn’t happen 
with Concorde. You have to rotate the 
airplane at least seven degrees, nose up, 
to get those vortices to be strong enough 
to generate the lift you require.”

Even with this steep rotation, the 
Concorde’s minimum takeoff speed 
was 220 knots, versus about 150 knots 
for a long-haul commercial jet. Thus, 
the Concorde had to travel farther and 
faster down the runway, and for most 
of that journey, the tires bore almost 
the full 400,000-pound weight of the 
plane. This combination of speed, 
weight, and prolonged contact with 
the ground dramatically increased 
the odds of a tire blowout, and the 
rotational velocity of the tires made 
blowouts more damaging when they 
occurred. Bouillard’s analysis following 
the 2000 crash determined that the 
Concorde had suffered 57 tire failures 
in the previous 24 years of commercial 
operation, or about one for every 4,000 
flying hours. That’s 60 times the failure 
rate of an Airbus A340. Of those 57 
failures, 19 were the result of foreign 
objects on the runway, and six had 
caused damage to the plane’s fuel tanks. 
(One had also ripped a hole in the wing.) 
A shift away from retread tires in 1993 
seemed to address the problem, but this 
fix wasn’t permanent: In the six months 
before the July 2000 crash, three other 
Concorde flights had blown tires. So, 
while the exact combination of metal 
debris, a hydraulic fuel tank rupture, 
and frozen landing gear was unique, 
the tire blowout causing damage to the 
plane followed an established pattern.

Blake Scholl thinks the solution is to 
abandon the ogival delta design. For the 
Boom Overture, Scholl is going with a 
straight-line compound delta design, 
allowing for more flexibility. “It’s got 
leading-edge slats and trailing-edge 
flaps, both of which were impossible 
to do on an ogival platform,” Scholl 
says. “Thanks to that, it has improved 
low-speed aerodynamic efficiency 
and better runway capabilities.” By 
combining these high-lift devices with 
a lightweight carbon-fiber airframe, the 
stress on the Overture’s tires should be 
substantially reduced compared with 
those of the Concorde. 

Specs on Boom’s website promise a 
smaller, nimbler plane. The Overture 
will carry up to 80 passengers versus 
the Concorde’s 100. The Overture’s 
maximum takeoff weight is 170,000 
pounds—less than half of the 
Concorde’s. Overture will have a 
maximum range of 4,250 nautical 
miles, 9 percent farther than the 
Concorde, though its top speed of 
Mach 1.7 is about 15 percent slower. 
Finally, Boom claims that Overture 
will run on sustainable aviation fuel, 
with a minimal carbon footprint. “It’s 
very difficult to fabricate an airplane 
this efficient out of aluminum, but 
straightforward to do with carbon 
fiber,” says Scholl.

Over the past two years, Boom has 
announced deals with United for 15 
planes, and American Airlines for 
20, and Scholl hopes to produce an 
airworthy Overture prototype by 2025. 
However, all of Boom’s projections 
must be listed with a disclaimer: 
Boom’s two-year design partnership 
with Rolls-Royce ended this summer 
with no engine in production. (“We’re 
not making anything speculative for 
anybody,” departing Rolls-Royce CEO 
Warren East said.) Until Boom finds an 
engine for its plane, any claims about 
range, speed, and date of delivery are 
more like rough estimates. To build 
the Overture, Scholl must also raise at 
least $8 billion—and lately, investors 
haven’t shown a lot of enthusiasm for 
supersonic flight. In March 2021, the 
Boeing-backed supersonic business jet 
startup Aerion announced a deal with 
Berkshire Hathaway’s NetJets to deliver 
20 planes. Two months later, Aerion 
folded, citing an inability to raise 
capital.

E
VEN IF A MODERN firm finds 
the perfect engineering 
formula for a supersonic 
passenger jet, limited route 
options pose a significant 
final hurdle to commercial 
ubiquity. The Concorde’s 

resounding double boom prevented 
overland travel, and the plane’s short 
range—it used four times as much fuel 
to fly the same distance as a Boeing 
747—limited transoceanic flights. 
With an effective travel distance of just 
3,900 nautical miles, the Concorde 
couldn’t cross the Pacific Ocean without 
stopping to refuel. Airlines weren’t 
interested, primarily because travel 
to Asia was limited. “That’s where the 
money would be,” says Adam Pilarski, 
a business analyst with the aviation 
consultancy Avitas. “But if you have to 
stop on the way, it’s a no-go.”

Scholl claims the Overture’s range 
will allow it to cross the North Pacific. 
“We can do Seattle to Tokyo in four and 
a half hours,” he says. (He didn’t specify 
what aircraft engine would accomplish 
this). Scholl also disputed Pilarski’s 
claim about the undesirability of refuel 
stops. “Sydney-to-L.A. is approaching 
15 hours today,” he says. “Overture 
can fly it in eight hours, with a stop in 
Tahiti. I say, hey, would you rather take 
15 hours to get to L.A.? Or would you 
rather take eight?”

Still, the sonic boom is a dealbreaker 
for many airlines. To develop a 
commercial mass market, the planes 
will have to be quieter. There’s been 
progress: NASA’s experimental X-59 
plane, produced in conjunction with 
Lockheed Martin’s Skunk Works 
division, is set to begin test flights later 
this year. The X-59 is a long, slender, 
single-engine aircraft. It’s shaped like 
a pencil, with a hollow, extended nose 
cone that’s 35 feet long but weighs just 
300 pounds. Two small canards at 
the end of the nose cone will assist in 
the disruption of sonic shock waves. 
“It looks like a lawn dart,” David 
Richardson, the X-59 Program Director 
at Skunk Works, said in a promotional 
video. “But the design is quite elegant.”

Sonic booms form as waves of air pile 
up in front of a moving plane, similar 
to how water piles up in front of a 
moving boat. When a plane breaks the 
sound barrier, those coalescing shock 
waves undergo a dramatic change in 
pressure, which the ear experiences as 
a loud crack. The X-59’s pencil-tip nose 
and twin canards will disperse those 
air waves in a wide cone; the resulting 
boom should be a muffled 75 decibels—
the sound of closing a car door.

Boom Supersonic’s concept Overture aircraft (shown in 
this model) features a contoured fuselage, gull wings, 
and a four-engine design that flies without afterburners, 
which the company believes will offer a smoother, quieter 
supersonic ride.

NASA’s X-59 Quiet SuperSonic Technology aircraft 
undergoes structural stress tests at a Lockheed Martin 
facility in Texas.

The X-59 program won’t deliver its 
findings until 2026 at the earliest, and 
it would take years before any of its 
design features could be incorporated 
into commercial aircraft. Boom has 
promised commercial delivery of the 
Overture by 2029, but the company 
still needs to pick an engine and raise 
billions of dollars. The Concorde fleet 
has been retired for 19 years and will 
never fly again. Is this all the fault of the 
titanium strip?

Probably not. While the crash of 
Flight 4590 accelerated the timeline, 
the Concorde was nearing the end of 
its useful life anyway. Routes to Rio 
and Miami that the Concorde had 
once flown had been terminated due 
to low demand, and the New York–
Paris route was often only half full. 
The North Atlantic crossing, with its 
relatively short over-ocean transit 
and wealthy customers, was the only 
route the Concorde flew because it was 
basically the only route the Concorde 
could fly. Together, British Airways and 
Air France absorbed all demand for 
that crossing, and no other airline was 
willing to invest in the plane. 

The Concorde represented 
tremendous engineering ambition, 
but it failed because its technology 
couldn’t scale, and its design invited 
trouble. For the business of supersonic 
transit to work, airlines need a fleet 
of several hundred planes, and that 
fleet only materializes with a design 
that improves on where the Concorde 
faltered. Blake Scholl insists Boom can 
manufacture at scale, reduce costs, and 
produce an affordable Overture. So far, 
there’s a lot of distance between his 
claims and what Boom has delivered—a 
gap that perhaps no amount of 
investment or engineering can cover. 

For a short time, we lived in a world 
of supersonic travel—one that now, 
ironically, might still be years in the 
future.  
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J
IM HIRSCHAUER WAS in the 
market for a Porsche. A rare 
Porsche. A 469-horsepower 
electric Porsche.

When he visited his local 
Austin, Texas, dealership in 
November 2021 to inquire 

about one, there were none in stock. But 
for a test drive, a salesperson wound up 
borrowing an electric Porsche Taycan 
he was leasing for his wife. The model 
wasn’t the exact Taycan—a silent, five-
door, all-wheel-drive wagon called the 
Taycan 4 Cross Turismo, or CT4 for 
short—that Hirschauer had his heart 
set on buying. But it proved every bit the 
seat-pinning, gasp-inducing thrill ride 
you’d expect of an electric vehicle made 
by the same nerds who make the 911. 
After the drive, Hirschauer ordered a 
Mamba Green CT4 and plunked down a 
$5,000 deposit. The dealership told him 
to expect delivery on March 18, 2022.

Now, before you take the 48-year-old 
marketing exec for a polar bear–saving 
hero, let’s be clear: Hirschauer wasn’t 
buying an electric car to reduce his 
carbon footprint. No, he craved the 
most visually and mechanically 
appealing EV he could buy, and the 
Taycan fit the bill. Even more exciting: 
This would be his first Porsche. He was 
buzzing with anticipation. 

Via Porsche’s “Track Your Dream” 
app, Hirschauer followed the car as it 
was built, then along a 400-mile route 
from the Porsche factory in Stuttgart 
to the port city of Emden, Germany. 
The original plan was for it to board the 
cargo ship Sonic and then off-load in 
Houston before completing its final leg 
to the Austin dealership. But when the 
truck carrying Hirschauer’s Porsche 
was delayed near Dusseldorf on the 
way to port, making it a day late to the 
Sonic, the Taycan was rebooked on the 
Felicity Ace.

Among the 3,828 cars that went down with the Felicity Ace 
was one Mamba Green electric Porsche Taycan 4 Cross 
Turismo just like this one on its way to Jim Hirschauer, 
who tracked its progress—and demise—on the internet 
message board TaycanForum.com.

The Felicity Ace, on fire, drifts in the Atlantic west of 
Portugal. How the ship caught fire remains unclear, but 
experts believe the cause could have been a battery in 
one of many electric vehicles on board—raising more 
questions about the safety of cargo ships. 

“WE USUALLY DON’T 
CONSIDER HOW 
‘SHIPPING AND 
HANDLING’ MIGHT 
INVOLVE ACTUAL 

SHIPS.”

On February 10, the Ace steamed 
off from Emden into the North Sea, 
with Hirschauer’s Taycan aboard. 
Hirschauer tracked the ship’s progress 
like a hawk, sharing updates on the 
Taycan Forum message board with 
other members who were looking 
forward to their own deliveries. But 
then on February 16, Hirschauer read 
a message board post that made his 
stomach drop: “Felicity Ace ship on fire 
in the Atlantic carrying Porsches.” That 
can’t be good, Hirschauer thought.

According to Portuguese authorities, 
the Felicity Ace was about 100 miles 
from the Azores, a constellation of small 
islands west of the Iberian Peninsula, 
when the ship made a morning distress 
call to report a fire in the cargo hold. 

By noon the Portuguese Navy patrol 
ship Setúbal was on scene, flanked by 
four merchant ships that had come to 
help and found the Ace spewing great 
clouds of white smoke across the sea. 
The crew of a Rotterdam-bound tanker 
in the rescue armada, the Resilient 
Warrior, successfully brought all 22 
members of the Ace’s crew aboard. After 
lifting crew members two at a time in a 
basket from the deck of the Warrior, a 
Portuguese Navy helicopter flew them 
to the port of Horta in the Azores. Once 
the crew was declared unharmed, 
concern shifted back to the 3,828 
cars that were slow-roasting on board, 
most of them fresh offerings from 
Volkswagen Auto Group, which owns 
some of the world’s most well-known 
and illustrious auto brands—among 
them Audi, Bentley, Lamborghini, and 
Porsche.

With little information coming from 
Porsche, the Taycan Forum became an 
essential news outlet. Another Taycan 
Forum member reported that a Porsche 
they thought was aboard the Ace was 
actually safe in Emden and coming over 
on another ship, but Hirschauer wasn’t 
so lucky—he knew his Porsche was 
somewhere in the burning ship’s hold.

The Felicity Ace drifted for more 
than a week before the salvage operation 
began. The plan was to hook the Ace up 
to a massive tugboat called Bear and 
drag it 70 miles southeast of Portugal’s 
Faial Island, the westernmost point 
of Europe and the nearest safe place 
to perform such a tricky operation. 
(The 650-foot, 60,000-ton cargo 
ship was too big for any port that far 
out.) But bad weather and the Ace’s 
compromised propulsion controls made 
for a more difficult salvage than workers 
anticipated.

On March 1, after enduring weeks of 
rough seas, the Felicity Ace entered into 
a starboard list and leaned 45 degrees 
before easing below the surface of the 
North Atlantic. Its final resting point 
lay two miles underwater. Somewhere 
down there is Hirschauer’s Porsche, 
a trove of unobtainable explanations 
for the accident, and plentiful targets 
of scrutiny regarding a shipping 
industry—and the boats within it—that 
has been taken for granted.

 

O
UR MODERN CONSUMERIST 
economy thrives on instant 
gratification. When we want 
something, we buy it with as 
little as a click and a credit-
card autofill. Sometimes we 
schlep those new purchases 

home ourselves. Sometimes they appear 
on our doorstep within hours of the 
purchase. Oftentimes these goods are 
produced a hemisphere away, in places 
like China—or Germany, in the case 
of Hirschauer’s doomed Taycan. And 
yet: Despite the regularity with which 
we deal with the phrase “shipping and 
handling,” we usually don’t consider 
how this process might involve actual 
ships. As consumer pressure pulls slack 
out of the supply chain, it increases 
strain almost everywhere else, 
especially the shipping industries and 
accident-prone cargo vessels. It’s fair 
to wonder: Is any of this sustainable? 
“The process of preventing these 
things based on past experience is in 
a way problematic,” says Kyle McAvoy, 
a marine safety expert at Robson 
Forensic, about cargo ship disasters. 
“It’s always a catch-up game.”

During the pandemic, as cargo 
ships backlogged outside ports, the 
phrase “supply chain issues” became 
occasional shorthand for “lost at sea.” 
For all of air freight’s efficacy, it costs 
around five times as much to move a 
product through the air as it does by 
sea, according to the logistics firm 
Freightos. Water remains the chief 
transport artery for global trade, with 
around 90 percent of traded goods 
carried via ship. And all it takes is one 
clog to trigger a global panic attack.

That much became clear in March 
2021, when the 1,300-foot, 200,000-
ton container ship Ever Given got stuck 
in the Suez Canal, jamming one of the 
world’s busiest trade routes for six days. 
The accident, initially blamed on stiff 
winds, is estimated to have blocked $9.6 
billion in trade per day and marooned 
more than 300 ships outside the Suez’s 
northern and southern entrances, and 
those ships carried everything from oil 
to cattle to cars. While Egyptian crews 
worked to dislodge the Ever Given, 
the vessel gained internet infamy as a 
metaphor for the pandemic age.

20,000 Vehicles 
Under the Sea
When the Felicity Ace 
caught fire and sank, it went 
down with $400 million in 
Lamborghinis, Bentleys, 
Porsches, and other 
vehicles. The dire question 
isn’t about what caused the 
accident, but why monstrous 
car-carrying boats keep 
sinking.
BY ANDREW LAWRENCE

A ship repairman (right) and inspector check out the Ever 
Given at a shipyard in China’s Shandong Province just 
weeks after the massive cargo ship had run aground in 
the Suez Canal, blocking traffic for six days. 

If the Ever Given is a skyscraper, 
the Felicity Ace was a floating parking 
garage, with the ability to configure its 
decks based on the size of the cargo, 
the balance requirements of the ship, 
and the shipping route. Stevedores—
the dockworkers who load and offload 
shipping goods and arrange cargo based 
on which cars and trucks need to roll 
off first—take great care in tying the 
vehicles down so they don’t shift in 
transit. To make the most of the space, 
they pack the vehicles a foot apart 
from bumper to bumper, and about six 
inches from side to side, folding their 
mirrors in when possible. At port and in 
transit, they inspect the tie-down lines 
regularly. A breakaway car could result 
in millions of dollars in damage to 
other vehicles and wildly throw off the 
balance of the carrier itself. 

For as critical as these massive cargo 
ships are to our global economy, they’re 
not especially maneuverable. The Queen 
Mary 2, the largest passenger ship 
at the time it was built, is downright 
balletic compared to the Felicity Ace, 
which is about half the size; the cruise 
ship has to be more agile to ensure that 
passengers don’t get tossed around. 
But since cars don’t get seasick, RoRos 
aren’t designed to be super stable—
that would be expensive, which would 
drive up the cost of shipping and eat 
into those all-important margins. So 
carriers are built with just enough 
capability for the job. That can make 
them prone to accidents.

I
T DOESN’T TAKE much to 
bring down a RoRo. In 2002, 
a Norwegian RoRo called the 
Tricolor collided with a container 
ship 20 miles off the northern 
coast of France. While the other 
ship sailed on, the Tricolor sank 

and took about 3,000 BMWs, Volvos, 
and Saabs down with it—a $50 million 
load. After a cargo ship and an oil 
tanker crashed into the wreck in the 
English Channel, the Tricolor and its 
contents were cut into nine 3,000-ton 
sections and steamed off to Belgium for 
disposal. That salvage cost another $40 
million. 

The Bay of Biscay, along the coast 
of France and Spain, hosted two RoRo 
accidents in three years. In 2016 the 
Modern Express developed a 40-degree 
list under heavy winds before the 
company that operated it deemed it 
beyond repair; it was carrying 3,600 
tons of earth-moving equipment and 
logs. In 2019 the Grande America 
caught fire while transiting the Bay 
of Biscay en route to Casablanca, and 
sank. It’s still sitting there, leaking oil 
from its tanks and entombing some 
2,100 vehicles. 

On the U.S. side of the Atlantic, the 
Golden Ray capsized in St. Simons 
Sound on its way out of Brunswick, 
Georgia, in 2019, trashing about 4,200 
cars—most of them factory-fresh 
Hyundais and Kias. A 2021 NTSB 
report attributed the cause of the 
accident to a miscalculation of the ship’s 
balance. In the end, the Golden Ray 
was cut into eight sections and hauled 
off to Louisiana for scrap. That salvage 
operation—delayed by the pandemic 
and three hurricane seasons—took 
over two years and cost nearly a billion 
dollars. That doesn’t include the cost 
of the ship ($62.5 million) or the cars 
($142 million). 

Insurers put the value of the 
Felicity Ace’s cargo at around $400 
million. Among the writeoffs were 
a handful of standout, single-owner 
cars (a nineties-era Honda Prelude 
SiR, a 1977 Land Rover Santana, a 
2019 Mini Countryman packaged 
in a wooden crate) and 12 Fendt 
tractors. The Volkswagen Group cars 
on board included 190 Bentleys, 85 
Lamborghinis, 580 Porsches, and 846 
Audis. A significant chunk of the losses 
were EVs like the VW ID.4, the Audi 
e-tron, and Hirschauer’s Taycan.

While McAvoy, the marine safety 
expert, acknowledges that shipping 
safety still has room for improvement, 
experts have also taken valuable lessons 
from past calamities at sea. McAvoy 
credits the introduction of thermal 
detection, fire-retardant shipbuilding 
materials, and closed-circuit video 
cameras for safeguarding not only 
the cargo but also crew members, who 
were much less likely to be rescued 
before ships adopted GPS systems in 
the nineties. “I like to look at how far 
things have come,” says McAvoy, who 
investigated maritime casualties as an 
officer in the Coast Guard. “In the old 
days, ships would be lost and no one 
even knew about it. And a lot of lives 
would be lost. Things have evolved in 
the world of shipping safety.”

If any stevedores or merchant 
marines have trepidations about 
handling electric vehicles, they aren’t 
saying so publicly. These shipments 
keep the lights on at ports and workers 
employed the world over. A negative 
word could be as upsetting as a ship 
stuck in a canal.

I
T’S LIKELY WE’LL never know what 
actually brought down the Felicity 
Ace. Not only is the ship 9,100 feet 
under the sea, but so is its voyage 
data recorder—the maritime 
equivalent of an airliner’s black 
box. What’s more, the waters 

around the Ace are visibly—and 
legally—murky. That specific area of the 
Atlantic, on the Extended Continental 
Shelf, lies just beyond Portuguese 
sovereignty. Portugal could let the ship 
lie—even if that has devastating effects 
on the ecology of the Azores, which 
are a magnet for whales, dolphins, and 
other sea mammals. According to Ana 
Colaço, a marine researcher at the 
University of the Azores, the ocean floor 
where the Ace landed could be teeming 
with sea creatures lower down the food 
chain—like sponges and coral, pillars in 
marine life vitality.

Besides the toxic materials in the 
vehicles, the ship itself carried 4,400 
tons of fuel and oil. The Portuguese 
Navy has been breaking up the viscous 
slicks around the shipwreck and 
remains bearish about the possibility 
of a widespread spill. If the Golden Ray 
accident is a guide, any effort to salvage 
the Felicity Ace could be even more cost-
prohibitive than letting it stay at the 
bottom. The Ray, at least, wound up 
only half underwater after capsizing.

The Felicity Ace, meanwhile, is stuck 
in a nautical no man’s land—beyond 
salvage, according to the VW Group. 
And because there were no casualties 
from the accident, there’s no urgency to 

Clockwise from top left: The Norwegian-registered 
Tricolor cargo ship—which, like the Felicity Ace, carried 
many luxury automobiles—lies on its side in the Dover 
Strait at the far end of the English Channel. (The ship 
sank in December 2002 after colliding with another 
container ship); another RoRo car carrier, the Modern 
Express, is towed to sea in 2016, where it was salvaged 
after developing a 40-degree list off the coast of France; 
the fire-stricken Italian ship MV Grande America, sinks in 
2019, also in the Bay of Biscay; after the RoRo Golden Ray 
ran aground in the Gulf of Mexico in 2020, crews working 
on the salvage teams had to cut it into eight pieces before 
they could remove it. 

You’d think that a ship the size of the 
Empire State Building would be able to 
withstand the stresses of a gusty day. 
But in the shipping business, margins 
matter. For decades, cargo ships have 
been steadily growing in size in order to 
carry more freight on each voyage. The 
German insurance company Allianz 
estimates that capacity for 20-foot 
shipping containers alone has spiked by 
1,500 percent over the past 50 years. In 
1990, the largest ships could hold 5,000 
containers. The Ever Given carries four 
times that.

The Felicity Ace, while nearly as large 
as that ship, is built differently: It falls 
into a category of freighters called car 
carriers. In the mid-sixties, the average 
carrier might have accommodated 
a thousand cars. The Felicity Ace 
could hold about 4,000. That growth 
isn’t just the consequence of a more 
interconnected automotive industry. 
It’s been turbocharged by the expansion 
of the Panama Canal. Car carriers 
are built to be as big as the largest size 
allowable through the canal’s locks and 
bridgeways. They carry heavy vehicles 
such as cranes and earth movers below 
deck as a weather safeguard, and unlike 
containers, which have to be lifted 
off of ships, carriers allow for cargo 
to be rolled on and off. Hence their 
nickname—RoRo ships. 

Experts have speculated a battery 
fire might have brought the Ace down. 
Overwhelmingly, modern EVs draw 
power from lithium-ion batteries—a 
fuel source that yields longer vehicle 
range at the risk of notorious chemical 
fragility. Several EV makers have had 
to recall cars amid reports of vehicles 
spontaneously combusting. Two years 
ago a Taycan combusted while parked 
in a Florida garage, damaging the 
building’s structure and exposing parts 
of the vehicle’s frame. In the bowels of a 
car carrier, a chain reaction from such a 
fire could be devastating. 

For years, insurers have been 
sounding the alarm on the risk of 
massive ship fires, which, along with 
explosions, account for a quarter of the 
maritime casualties for “total loss.” 
They say firefighting capabilities have 
not kept pace with the rate of freighter 
supersizing. Even with regular drills 
and certification, ship crews still risk 
being overwhelmed in a massive blaze—
especially if one were to flare up beyond 
the engine room, where crews can at 
least count on some backup from a C02 
system or another passive suppressant. 
But if an EV tied down in the hold were 
to catch fire, crews would have to flood 
the fire to ensure it was extinguished; 
a lithium-ion battery will reignite 
otherwise. That would potentially ruin 
other cars on board and upset the ship’s 
carefully calculated balance.

“IN THE OLD DAYS, 
SHIPS WOULD BE 
LOST AND NO ONE 
EVEN KNEW ABOUT 
IT. AND A LOT OF 
LIVES WOULD BE 

LOST.”



perform an autopsy on the wreck.
In the absence of clear maritime 

jurisdiction, there’s been a rush by 
rubberneckers to apply playground 
decree—finders keepers—on the 
sunken cargo. But those rules only 
apply on land. Legally, just because 
the crew abandoned ship to save 
themselves doesn’t mean the ship’s 
owner abandoned its claim to the 
vessel and the cars therein. Yes, the 
cars might be worthless. But ultimately 
that’s for the Ace’s wards to decide. And 
any adventurer who goes out looking 
for treasure on the ship risks real 
prosecution.

As for the customers banking on that 
haul of vehicles, they’ve had to start 
over. VW said it planned to work out 
“individual solutions” with customers. 
Lamborghini, which lost 15 specimens 
of the Aventador Ultimae—a supercar 
in the midst of a 350-unit swan-song 
production run—pledged to rebuild 
them. 

When big car-carrying ships go down, the vehicles 
almost never survive. In most cases, carmakers simply 
make more vehicles to replace those that are lost. But 
when the Felicity Ace sank, it took with it 15 of the final 
Lamborghini Aventador Ultimae models ever made–the 
company had already ceased production of the limited-
edition, 769-horsepower V12 hypercars. To replace 
the cars, worth about $500,000 each, Lamborhini had 
to rebuild the vehicle’s production line in Sant’Agata 
Bolognese, Italy. 

And even though Porsche effectively 
made the same promise to its 
customers, Jim Hirschauer wasn’t 
thrilled about being sent back to the end 
of the Taycan queue. His new wait time 
for a car is five to six months, and that’s 
on top of the time he already lost with 
the Ace going down. Worried that global 
events—primarily the war in Ukraine 
(a major automotive parts supplier) and 
the ongoing chip-supply shortage—
might delay his dream car even further, 
Hirschauer found another CT4 in 
Louisville, Kentucky. But it doesn’t have 
the same leather seats, or the door cards 
that match the chalk exterior color. He’s 
still waiting for his one true Mamba 
Green Cross Turismo that Porsche is 
rebuilding for him in Germany. And 
when it finally whirs onto another RoRo, 
he won’t be the only one waiting to 
exhale until his ship comes in. 
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M
Y FIRST CAR was a 1960 
Morris Minor Traveller 
station wagon that my 
father had purchased 
when I was little. He 
used it until it wore out, 
and it became my hand-

me-down car when I was old enough 
to drive. Growing up, I had to keep 
the Morris running myself or I wasn’t 
going anywhere. My dad was a jack-of-
all-trades—he once yanked a broken 
automatic transmission out of his early-
sixties Ford F-100 pickup and fixed it 
himself—and he passed on that go-to-it 
mentality to my brother and me. We 
love to tackle new projects.

Eventually I left home and started 
driving other cars. In the late eighties, I 
ran into a guy who had a Morris Minor 
truck sitting in his yard that he didn’t 
want anymore. It was so similar to 
my Traveller wagon. We worked out a 
swap for an IBM PC that I had lying 
around, so then I had an old Morris 
deteriorating in my yard for the next 
decade. 

Even back in the early nineties, my 
brother and I talked about building 
an electric car, but the technology just 
wasn’t ready yet. The batteries were too 
heavy, all acid and corrosion. But I’d 
look out at the Morris in my yard and 
think that it would make the perfect 
electric car. Here’s how I converted that 
tired old gas guzzler (well, as guzzly as 
a little British pickup could be) into a 
smooth, efficient electric vehicle—and 
how surprisingly easy it was to pull off. 

After pulling out the old engine and transmission and 
all the lines and hoses that those parts require, there 
was plenty of room under the Morris Minor’s hood for 
a couple of batteries (more are in the rear) and a small 
motor controller. 

THE BEST DONOR cars for EV swaps are 
often older, lightweight vehicles with 
a manual transmission. New vehicles 
make a conversion almost impossible. 
They’re so complicated—with 
countless interconnected components, 
computers, and sensors—that it’s hard 
to make sense of it all. But I knew the 
Morris inside and out from wrenching 
on mine as a teenager.

By 2014, the technology and parts 
to do an electric conversion were 
becoming available. This was just after 
the Model S came out, and I went to the 
showroom at Tesla’s factory in Fremont, 
California, to see it. That got me excited 
to convert the old Morris into an EV.

Even though they are simple 
compared to modern vehicles, old 
cars still have a lot of moving parts. 
There’s the engine and transmission, 
differentials, and all manner of pumps 
and fuel lines and the like. An EV, in 
some ways, is much simpler: There’s 
the electric motor to power the wheels; 
a motor controller, which is the brains 
of the operation; and a battery to power 
everything. At a very basic level, that’s 
all you need to get going.

While you could use a motor from a 
donor EV like the Nissan Leaf, those 
components are deeply integrated into 
a modern car’s electronic controls and 
constantly receiving feedback from 
different sensors in the vehicle, such 
as the traction control and antilock 
braking systems. You can’t just use 
one in a conversion without spending 
a lot of time dissecting everything and 
tricking the motor into thinking it’s in 
the right car. Instead, it’s better to just 
buy a motor specifically designed for 
this, because all the work has been done 
already. 

The first motor and controller I tried 
for my Morris came from a company 
called HPEVS, which originally made 
electric propulsion equipment for golf 
carts. I picked the AC-51 induction 
motor, which is made for lighter 
vehicles like mine. It makes around 88 
horsepower and 108 lb-ft of torque. That 
might not seem like a lot, but it’s not a 
large vehicle, and the most powerful 
Morris Minor made only 49 horsepower 
from a tiny 1.1-liter engine when new. It 
cost me about $5,500.

Using your old transmission in 
your EV conversion is a simple way 
to drive power from your new motor 
to the wheels. There are off-the-shelf 
adapter plates that allow you to mount 
an electric motor directly to the 
transmission (though some cars may 
need custom-made adapters). 

That wouldn’t work for me, though. 
I knew from my youth that the 
transmission in the Morris was rather 
weak. I tore it up more than once. With 
the modest amount of power in my 
electric motor, there was no reason 
to have a transmission in an electric 
car like this anyway, so I went direct 
drive and never looked back. Plus, the 
old transmission and the new electric 
motor I used were about the same size, 
which made it easy for me to mount the 
motor in its place. 

To mount the motor, I made a 
crossmember for the front of the 
new motor and used the original 
crossmember from the transmission. I 
attached the new motor to each of them 
with a pair of L brackets, adding rubber 
bushings to insulate the motor from 
vibrations coming through the frame. 
After those few simple steps, we were 
golden. 

WHEN I STARTED on the Morris, I bought 
48 new lithium-ion prismatic battery 
cells at 3.2 volts and 200 amp hours 
per cell, which worked out to 30.720 
kilowatt-hours at 144 volts nominal. 
That cost me around $15,000, but I 
eventually replaced them with batteries 
from a crashed Model S at a junkyard 
where I paid $7,000 for seven packs. 
The cost of batteries scales linearly with 
their capacity, so you can spend almost 
whatever you want here.

A battery-management system 
isn’t strictly necessary, but it does 
a few things that make owning and 
operating your homemade EV a bit 
easier. The system monitors the 
individual cell voltage in the battery 
pack and ensures that they’re all 
functioning at precisely the same 
voltage, which you want for optimal 
performance. More importantly to me, 
because I’m a programmer by trade, 
it provides a ton of information about 
the car’s performance. Many people 
won’t care about these figures, but as a 
programmer I want to know everything.

Top: Ricketts, an engineer, checks the data from his 
battery-management system. You can buy a less 
sophisticated system to save money if you don’t want as 
much information. Above: a DC-to-DC converter pulls a 
charge from the batteries to power the car’s radio and 
other electrical systems, eliminating the standard 12-volt 
car battery. Not even a Tesla does that. 

Clockwise from top left: An electric charging port 
replaces the old fuel tank filler; among other mods, the 
restored Morris gets LED headlights; after completing 
the build, Ricketts later upgraded the motor to this 
120-horsepower version; a final touch, adding “Electric” 
to the Minor 1000 emblem; Ricketts tests the voltage of 
one of the seven battery packs he salvaged from a Tesla 
Model S.

I Turned My Old 
Gas-Guzzler Into 
a Zippy EV for 
$15,000
How my classic Morris Minor 
Traveller became more 
efficient than a Tesla with 
the help of an IBM PC.
BY CURTIS RICKETTS AS TOLD TO 
JORDAN GOLSON

My system, which cost about $1,200, 
tells me the amount of current used, 
temperatures inside the battery pack, 
and other neat data. And it connects 
to an Android-powered head unit in 
my car, so I can view it just like I would 
on one of those big Tesla infotainment 
screens. There’s also an onboard AC/DC 
converter that you’ll need to install to 
allow for charging the batteries.

Most commercial electric cars 
include a 12-volt battery to power 
things like the radio and power-window 
motors, but since I designed this system 
myself, I could do something different. 
I added a DC-to-DC converter that 
takes power from the main high-voltage 
battery and converts it to 12 volts DC. I 
have it configured so that the converter 
runs 24/7. It draws a tiny bit of power 
out of the main battery pack as it does 
so, but it eliminates the need for a 
separate 12-volt battery. A Tesla can’t do 
that yet, but Elon Musk has talked about 
trying it. I also added an inertia switch, 
which de-energizes the battery if you 
get in a significant crash.

One nice thing about electric cars 
is that it really doesn’t matter where 
everything goes, aside from the motor. 
You can run the cables and wires 
wherever you need to, so I installed the 
battery-management system, the motor 
controller, and the DC-to-DC converter 
up in the engine bay at the front of the 
car. There was plenty of room in there 
to make everything look good, and also 
to make it easy to swap out or upgrade 
components later on.

Because I was restoring the body as 
well as converting it to an EV, I had the 
electrical components up and running 
before the body panels went on, so I 
was able to drive it around as an empty 
shell, which was amusing. This is 
effectively a body-on-frame vehicle, so 
there isn’t much of an upper structure 
to it. I installed batteries where the now-
unnecessary fuel tank was and where 
the spare tire would have been carried. 

I KEPT THE BRAKES just the way they 
were—I press the pedal and it squeezes 
the calipers. I didn’t mess around 
with connecting them to the motor to 
increase regenerative braking, the way 
some EVs do. Instead, I can adjust regen 
directly through the motor controller. 
That makes it more like motor braking, 
slowing the driveshaft when I let off 
the gas. I only run that at 60 percent 
capacity, though. Anything higher than 
that, and I’d be awfully close to locking 
up the rear wheels when I let up on the 
throttle. So I have something close to 
one-pedal driving, and the standard 
brakes are there too.

Morris Minors have rack-and-pinion 
steering and are easy to drive without 
power assist, so I didn’t need to mess 
with anything there in terms of the 
original design. For conversions that 
require power steering, you can add 
electric pumps. You also can get electric 
air-conditioning pumps, if you wish. 
(I added AC to my electric pickup—
another EV conversion I’m working 
on—for about $800 in parts.) 

Even with the fancy modern 
propulsion system, I wanted to keep a 
traditional look and feel to everything. 
The mechanical linkage on the original 
gas pedal is joined to a potentiometer 
that’s in turn connected to the motor 
controller. A traditional speedometer 
would have connected from the 
transmission, but I had removed that. 
Rather than mess with trying to hook 
it up to the motor controller, I dropped 
in a GPS-based analog speedometer 
cluster designed for an old Jeep, which 
made life a whole lot easier. There 
are even options to link your original 
speedometer to a GPS controller, if you 
really want to keep things authentic.

The new speedometer also has an 
analog fuel gauge, which I wired up to 
the battery-management system. It 
sends a zero-to-5V output to the fuel 
gauge based on the battery’s charge. 
That’s what most people care about, 
so when it reads full, the battery is 
charged. When it’s empty, it’s empty. 
Simple! I don’t have my temperature 
display hooked to anything, but you 
could use it to monitor battery or motor 
temperature if you wanted to.

The speedometer cluster was made to fit some older 
Jeeps, but it slid into the Morris almost perfectly. It 
uses GPS signals to calculate speed, making it easier 
to install than a hardwired system. There’s even an 
analog fuel gauge that Ricketts connected to the battery-
management system. 

I kept the original “W” and “L” 
knobs for the windshield wiper and 
headlights, and the original key acts as 
a simple on-off switch that turns on the 
motor controller. 

I removed the original choke knob 
and the “S” pull-cable for the starter 
solenoid. I replaced those with the kind 
of forward/reverse switch often seen on 
golf carts, along with a single chrome 
button that can change modes on the 
motor controller. In the end, I used all 
four original holes in the dash for the 
various controls, because I hate drilling 
new holes and I really hate leaving holes 
unused.

I MOUNTED THE charging port where 
the gas cap used to be, and it’s capable 
of Level 2 charging, which runs on 
a 240-volt circuit at my home. The 
battery-management system supervises 
charging in case something goes wrong, 
but the onboard battery charger handles 
most of it.

At night, I plug the car in. My 
wall charger is programmed to start 
up after 10 p.m. to save on pricey 
California electricity. The Morris 
charges as needed and is ready to go 
in the morning. If I were to drain the 
pack completely, it would take about 
14 hours to charge. Charging speed on 
a Level 2 residential charger depends 
on the vehicle’s internal capabilities. 
(The 2.5-kilowatt unit I used cost about 
$600.) If you want to fill up faster at 
home, you can opt for a fancier one 
capable of 6.6 kilowatt-hour speeds, for 
example. 

It’s difficult for me to stop tinkering 
with my builds, even after they’re 
operable. I’m still upgrading the Morris. 
I replaced my 12V DC-to-DC converter 
because the original one would 
occasionally turn off for a brief period 
and the electronics didn’t like that. And 
eventually I changed the driveshaft 
for one with a center carrier bearing 
to get wobble and vibration out of the 
driveline, which worked like a treat.

Clockwise from top left: Simple and light, the Morris 
Minor made an excellent donor vehicle for an EV swap; 
Ricketts initially used  large lithium-ion prismatic 
batteries but swapped those for more modular Tesla 
battery packs; along with swapping to an electric motor, 
Ricketts restored the Minor’s rusty front and added 
fresh wheels; the AC-51 induction motor makes about 88 
horsepower.  

Later, I replaced the AC-51 induction 
motor (and motor controller, because 
they come as a set) with a larger, more 
efficient permanent-magnet one. That 
was interesting—I got more power, 
more torque, and 30 to 40 percent more 
range. The upgraded motor was almost 
exactly the same size, so I just pulled 
one out and plugged the other in. Easy. 

 There’s a wrecking yard near me that 
specializes in Teslas. They really know 
their stuff, and they’ll walk you through 
the yard, and you can pull parts out of 
crashed Teslas. Thanks to this yard, I 
eventually upgraded the Morris to Tesla 
batteries, which saved me 300 pounds 
and improved my total battery capacity.

The Morris now has 120 horsepower, 
175 lb-ft of torque, and 147 eMPG, 
or around 275 to 300 watt-hours per 
mile—that’s pretty similar in efficiency 
to a Tesla Model 3, although my little 
truck weighs about half as much. I’ve 
never driven it more than 90 miles 
because I just don’t go that far, but its 
range is around 125 miles. I use my 
Morris every day. So far I’ve put 18,000 
miles on it. 

My other vehicle is a Ram 2500, so 
with fuel prices where they are, guess 
which one I’m going to drive?  
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