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A
s we’ve seen in Part 1 and Part 2 of this series, 
hybrid-electric propulsion systems promise to 
give the electrification of the world’s air trans-
portation networks a flying head-start (pun 

intended). They make it possible to use the relatively low 
power densities of today’s batteries to produce practical 
aircraft that enjoy significantly lower carbon emissions and 
operating costs. But when Part 1 was originally posted near-
ly a year ago, there was still some question about whether 
the technologies could mature quickly enough to become 

commercially viable. 
During that unplanned delay, those questions were put 

to rest as the technology matured rapidly and several more 
companies entered the hybrid-electric market space. We 
now have a surprising number of viable aircraft designs 
whose prototypes are undergoing flight tests in preparation 
for certification and commercial production within the next 
two to five years. 

The designs closest to commercialization are smaller 
commercial aircraft, ranging from six to 10 passenger com-

An Introduction to Hybrid-
Electric Aircraft (Part 3) 
The first commuter aircraft, powered by super-efficient hybrid-electric propulsion 
systems, could be taking their first paying passengers sometime in 2027. Part 3 
provides an engineer’s-eye perspective on several of these revolutionary aircraft. 

1. 2025 will likely see the rollout of the first commercial commuter aircraft powered by hybrid-electric propulsion systems, with more to follow 

in the near future. We can expect the first hybrid-electric regional aircraft to begin operation a few years later. (Credit: Magnix, Electra, Ampaire, 

Heart Aero) 
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muter/cargo vehicles to regional airliners capable of carry-
ing 20 to 40 passengers (Fig.1). There are also a few prom-
ising longer-term projects to identify the technologies and 
architectures needed to develop larger, more long-legged 
aircraft that will help pave the way for the succeeding gen-
eration of all-electric airliners. 

Hybrid Commuter Craft Fill the Short-Haul Gap
While sexy-looking eVTOL “air taxis” have captured the 

public’s (and many investors’) attention for nearly a decade, 
their high costs, limited range, and myriad other issues have 
delayed even the most promising vehicles’ market entry 
while restricting many of them to address a relatively nar-
row range of applications. 

As all-electrics stumbled, several new companies jumped 
in to support NASA’s proposed Regional Air Mobility Initia-
tive. It’s intended to encourage the development of a region-
al air transportation network that makes use of many of the 
nations’ smaller metropolitan, suburban, and rural airports.  

Electra Aero 
One of the leaders in the race to bring a practical hybrid 

to the short-haul/commuter market is Electra Aero. Its nine-
passenger hybrid e-STOL commuter aircraft is designed to 
fill a gap in transportation between 50 to 500 miles, bring-

ing air service to thousands of communities where air travel 
today isn’t a practical or affordable option. 

The company does this using a combination of series-type 
electric propulsion and a “blown lift”2 short take-off and 
landing (STOL) system. The blown-lift system consists of a 
series of electrically driven propellers distributed across an 
aircraft’s wing with specialized flaps that enable it to capture 
the propwash and translate it into lift (Fig. 2).

Electra Aero has already put the EL-2 Goldfinch, an 80% 
scale technology demonstrator, through a rigorous test pro-
gram and has proven the basic feasibility of its technologies, 
which will be used in a full-scale production prototype that’s 
already under development. Its EL-2 took to the skies for 
the first all-electric test flight on November 11, 2023, and 
completed its first flight operating in hybrid-electric mode 
on November 19. Since then, the EL-2 has successfully com-
pleted off-runway test flights, operating from a small grass 
field near Electra’s facility in Manassas, Va.

Following the success of the EL-2, Electra is preparing a 
full-scale production prototype of the EL9, a nine-passenger 
air taxi/cargo craft for testing later this year. With an an-
ticipated cruising speed of 200 mph, it’s expected to use 40% 
less fuel than today’s commuter aircraft on a typical 100-
mile route. 

2. A cross section of the 

Electra eSTOL proto-

type’s wing showing the 

motor placement, as well 

as the different hinge 

locations for the inboard 

flap (left) and outboard 

aileron (right). (Credit 

MIT International Center 

for Air Transportation 

(ICAT))

3. It’s estimated that Electra’s production craft will be able to safely operate from airfields as short as 300 feet.
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The production prototype’s batteries will be supplement-
ed by a 600-kW electric turbogenerator propulsion system, 
manufactured by Safran Helicopter Engines, which will 
provide enhanced power for takeoff and serve as a range 
extender for missions of up to 500 miles (with 45-minute 
reserve).  Based on initial tests, Electra estimates its produc-
tion craft will be able to safely operate from airfields as short 
as 300 feet (Fig. 3). 

Demand for Electra’s hybrid commuter craft appears to be 
strong, with roughly 2,200+ aircraft pre-orders and options 
already placed by over 35 operators. While it’s unlikely that 
all of the pre-orders will translate into actual sales, expec-
tations that there would be sufficient demand enabled the 
company to successfully complete a $115 Million Series B 

funding round. The funding is intended to finalize the de-
sign of the EL9 and establish commercial manufacturing 
operations. 

Retrofits to the Rescue
In addition to several other clean-sheet designs, a lot of 

activity involves modifying existing certified conventional 
aircraft with hybrid-electric propulsion. Instead of reinvent-
ing the wheel, using a proven airframe greatly reduced de-
velopment time and cost. It enabled engineers to focus the 
majority their efforts on developing the technology behind 
the propulsions systems that will power tomorrow’s aircraft. 
Time-to-market is also shortened by simplifying the usually 
lengthy process of obtaining government airworthiness cer-

4. The Eco Caravan, equipped with Ampaire’s AMP-H570 plug-in hybrid-electric powertrain, is now flying and available for pre-order. The nine-

seater aircraft is powered by both a combustion engine and an electric propulsion system with energy supplied by a battery pack located in 

the cargo pod. (Credit: Ampaire)

5. Capable of carrying up to 30 passengers up to 200 km in its all-electric mode and up to 800 km with its turboprop range extenders, a proto-

type of Heart Aerospace’s ES-30 will enter testing this year with production anticipated to commence before 2030. (Credit Heart Aerospace)  
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tification. 
For example, at least two projects are underway to re-pow-

er Cessna’s venerable Model 208 “Caravan” utility aircraft 
with a hybrid-electric system. The solution that appears to 
be closest to market is a retrofit kit, developed by Ampaire. It 
will allow operators to swap the 208’s Pratt & Whitney PT6 
for a hybrid diesel-electric system that will burn 50% to 70% 
less fuel and cut hourly operating costs by up to 40% (Fig. 4). 

NOTE: The fourth and final installment of this series will 
include additional details on the two hybrid Cessna 208 proj-
ects currently underway, plus several other important hybrid-
electric conversion projects. Stay tuned… 

Hybrid Power for Regionals
Moving further up the aero-food chain, several signifi-

cant projects are being conducted to develop hybrid propul-
sion systems for use in both new and existing type-certified 
regional-class airframes. Since turboprops already enjoy an 
efficiency advantage over jets for shorter distance (100-400 
miles) missions, they could provide momentum for com-
mercial retrofits of existing airframes that serve as an eco-
nomical “bridge” technology until all-electric propulsion 
becomes more practical. 

Heart Aerospace’s ES-30
One of the most notable developments in the hybrid-elec-

tric market space is Heart Aerospace’s ES-30. The 30-pas-
senger airliner is a clean-sheet design developed to address 
both ambitious global emission targets and the stringent 
economic challenges facing operating regional air services 
(Fig. 5). 

The ES-30 is powered by a pair of small turboprop engines 
mounted outboard and two electric motors inboard. During 
takeoff, the craft uses both power systems, which enable it to 
take off from fields as short as 1100 meters. Once at cruise 
altitude, the pilot can shut down its turbines for up to 200 
km of all-electric cruise. Its turboprops can be switched on 
to support flights as long as 800 km.  

The ES-30’s batteries can be recharged in 30 minutes and 

are carried in easily swappable modules that form part of 
the fuselage. Besides providing quick access for service, the 
modules can be easily swapped as battery technology im-
proves. 

In late 2024, Heart unveiled a full-scale all-electric dem-
onstrator craft, dubbed the Heart X1, which was built at its 
Gothenburg, Sweden facility. Heart said that the X1 will ini-
tially be used for ground-based testing, focusing on charg-
ing operations, taxiing, and other procedures, with its first 
flight anticipated to occur sometime in late 2025 at its Platts-
burg, N.Y. facility. The X2, a full hybrid version of a demon-
strator airframe, is already under construction and expected 
to make its maiden flight in 2026. 

A longer, more detailed tour of the X1 can be viewed by 
clicking on this link. 

BONUS: If you want to get a feel for what it would be like 
to fly the ES-30, Microsoft’s Flight simulator supports a very 
realistic model of aircraft, which includes its flight charac-
teristics and the operating details of its unique hybrid-elec-
tric propulsion system. Follow this link for a walk-through 
of the simulation.

Heavy Hybrids on the Horizon
At the time of this article, most significant efforts for the 

commercialization of hybrid technologies for larger (100+ 
seats), longer-legged (1000+ miles) airliners are in their very 
early stages. Due to their higher complexity, cost, and risk, 
the timelines for these projects are typically measured in de-
cades and often being undertaken as public/private partner-
ships with NASA, DOD, or other federal agencies. 

If NASA’s R&D budget doesn’t fall victim to the turbu-
lent politics of the present administration, the aerospace 
industry will continue to benefit from its work in advanced 
hybrid-electric propulsion technology. Similar to how the 
federally funded agency helped develop some of the techni-
cal developments that enabled the emergence of jet aircraft 
in the 1950s, NASA has been addressing some of the longer-
term issues needed to make electric aviation a reality.  

6. Designed to operate with the same range, speed, and airport infrastructure of today’s large twin-aisle aircraft, the N3-X would require 70% 

less fuel per passenger-mile than today’s most efficient wide-body jets. (Credit NASA)
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Although several airframe manufacturers appear to 
be working with NASA with early-stage studies for large 
hybrid-electric aircraft, they’re very reluctant to share any 
significant technical details about their work. We can, how-
ever, infer a lot about the types of technologies and strategies 
they’re using from publicly funded R&D efforts undertaken 
by NASA and other aerospace organizations.

NASA’s SUSAN
Built to carry a maximum of 180 passengers with a 750-

mile economic range and a 2,500-mile design range, NASA’s 
SUbsonic Single Aft eNgine (SUSAN) Electrofan is product 
of the Single-Aisle Turboelectric Aircraft with Aft Boundary 
Layer Propulsion (STARC-ABL) program. 

Like the STARC-ABL concept vehicle, SUSAN is a hy-
brid-electric aircraft with a single tail-mounted turbofan en-
gine that provides thrust and power to 16 electric propulsors 
located on the wings. This configuration uses large-scale 
power extraction along with a high-power electrical system 
transmitting 20 MW of power from the engine to the wing 
propulsors. NASA says that SUSAN’s goal is to reduce emis-
sion levels by 50% within the next few decades.

Other NASA Hybrid Aircraft Projects 
NASA has been investigating several other electrified pro-

pulsion systems for aircraft, including fully turboelectric, 
partially turboelectric, and parallel hybrid-electric systems, 
including the N3-X concept shown in Figure 6. 

Though never intended for direct commercialization, the 
300-passenger, hybrid wing body concept showcases a col-
lection of design techniques and technologies that would 
enable it to meet NASA’s goal of a commercial airliner that 
achieves a 70% fuel burn reduction per-passenger-mile. The 
blended wing achieves a very high lift-to-drag ratio, which 
when combined with the higher propulsive efficiency of the 
engine’s high fan bypass ratio and improved boundary layer 
ingestion, could enable it to fly as far as 7500 nmi between 
fueling stops.   
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