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In October of 2021, the International Air 
Transport Association (IATA) members com-
mitted that the aviation industry would reach 
net-zero carbon emissions by 2050. With the 
finish line of this commitment sitting at 
2050, this race to net zero is more a mara-
thon than a sprint. This marathon will come 
with near-term goals, long-term goals, and 
many challenges along the way. 

A significant challenge is that the global 
population is expected to swell to 10 billion by 
2050. How can governments, regulators, 
companies, and individuals balance the 
competing forces of environmental responsi-
bility with the inevitable demand for 
increased air travel? The answer is simulation.

Established and new, companies are racing to 
develop cutting-edge designs for hybrid and fully 
electric aircraft and hydrogen and sustainable 
aviation fuel (SAF) powered aircraft.

Engineering teams are key to unlocking the poten-
tial for their organizations. This e-book explores the 
technical challenges and identifies simulation as a 
best practice adopted by aviation leaders to tackle 
them. We'll highlight the resulting benefits and 
detail the critical simulation capabilities required.
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The Race to Net Zero

STATE OF THE INDUSTRY
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With a long-term climate plan set, there will have to be many changes in the industry that come in stages, 
including operations, infrastructure, hybrid and electric technologies, and sustainable aviation fuels. As these 
changes begin to occur, we can see from Figure 1 how each focus area can impact the CO2 emissions and 
when combined, the aviation industry can eventually reach the goal of net-zero. We can then begin to dig 
deeper and see what contributions are made in each area of focus to help reduce emissions.

OPERATIONS AND INFRASTRUCTURE
There are many short-term solution changes around operations and infrastructure in the aviation industry to 
help impact emissions. Some of these solutions include real-time weather tracking to optimize flight altitude 
and speeds, using low-emissions ground service equipment, light-weighting cabin equipment, retro-fitting 
winglets, and taxiing with a single-engine. Long-term solutions will be accelerating fleet renewal to more 
fuel-efficient aircraft, constructing new facilities to eliminate congestion, and modernizing air traffic manage-
ment.

IMPROVE ENGINE AND AIRCRAFT EFFICIENCY
Over the past three decades, engine efficiency has increased by more than 50%, resulting in a more than 50% 
reduction in emissions compared to late 20th-century propulsion technology. There's still significant room to 
improve engine efficiency to make aviation greener. This remains one of the critical near-term objectives for 
engine OEMs with technologies such as high bypass-ratio fans to increase propulsion efficiency and the use 
of CMC (Ceramic Matrix Composites) to increase thermal efficiency. The same applies to the airframe, focus-
ing on more efficient configurations with better aerodynamics and lighter materials.

HYBRID AND ELECTRIC TECHNOLOGIES
While hybrid and electric technologies are maturing in the automotive industry, they will need to be 
rethought and redesigned for their usage in the aviation industry. Electric motors are more efficient than any 
other propulsion technique but need a viable power source while in use. Sources that can be used to power 
the aircraft could include batteries and fuel cells. Batteries pose challenges when it comes to energy density 
and total weight added to the aircraft. Fuel cells can provide more power but storing a hydrogen supply on 
board poses its own challenges.

HYDROGEN AND SUSTAINABLE AVIATION FUELS
To achieve net-zero, the aviation industry must scale and transition the usage of hydrogen and sustainable 
aviation fuels (SAF). Most aircraft are certified to run with up to 50% SAF, and testing is underway for engines 
run entirely on SAF. Hydrogen is also a very viable solution that can create synthetic fuels or combust for 
propulsion. Both jet fuel alternatives will need to be rigorously tested and certified to ensure safe operation 
despite production and logistical.

As research and development continue and changes begin to occur, the world will see shifts in the future of 
the industry and its impact on the climate, but how confident and willing are passengers to accept these 
changes?

The Path to Net-Zero 

TODAY’S SAFE AND SUSTAINABLE AVIATION CHALLENGE

Figure 1. The impact of changes the aviation industry can take to reach net-zero by 2050
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Atomik Research and its team of MRS-certified researchers conducted a survey to ask adults how mindful 
they are about their emissions and if they are ready to act. The sample included 16,037 adults, 18-and-over, 
from the U.K., U.S., DACH (Austria, Germany and Switzerland), France, Sweden, Japan, China and India.
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Is the World Mindful of Emissions?

WHEN ASKED IF THEY THINK ABOUT 
THE EMISSIONS RELATED TO THEIR 
BUSINESS OR PERSONAL TRAVEL, 

NEARLY TWO-THIRDS (63%) OF GLOBAL 
RESPONDENTS SAY THEY DO.
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?
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TODAY’S SAFE AND SUSTAINABLE AVIATION CHALLENGE
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Critical Engineering Challenges Explained

BATTERIES AND FUEL CELLS

Critical Engineering Challenges

  • Maximize energy and power density while 
    minimizing size and weight

  • Optimize thermal management to operate at max 
    efficiency

  • Ensuring battery safety from thermal runaway 
    and abuse and structural impact and vibration

  • Improve chemistry through advanced material 
    and cell designs

ELECTRIC MACHINES

Critical Engineering Challenges  

  • Maximize torque and power density while 
    reducing size and weight

  • Implement new magnets and materials to 
    maximize torque and power density

  • Ensure performance over complete operating 
    range and mission

  • Thermal management to achieve performance    
    requirements while avoiding short circuits, 
    demagnetization, structural deformation, and    
    reduced part life

HYDROGEN AND SUSTAINABLE 
AVIATION FUELS
Critical Engineering Challenges

  • Evaluate and improve combustion performance   
    to eliminate greenhouse gas emissions

  • Extend component durability and life without 
    impacting thermal efficiency

  • Risk assessment and mitigation for flashback and    
    lean blow out

  • Design safe and reliable transportation solutions  
    and storage vessels

ARCHITECTURE

Critical Engineering Challenges  

  • Optimize propulsion architecture based on   
    desired mission requirements

  • Gain insight on quantity of energy and power 
    sources and their placement

  • Evaluate and compare architectures in the 
    design stage

  • Compare all-electric and hybrid-electric 
    architectures

TODAY’S SAFE AND SUSTAINABLE AVIATION CHALLENGE
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Architecture
As new power sources are evaluated to use on hybrid and electric aircraft, the architecture needs assessment 
to ensure optimal performance and safety. Architectures will vary depending on various variables, including 
capacity, distance traveled, mission requirements, and more. Ansys has the solutions to evaluate all architec-
tures, including series and parallel, and how they will perform across a range of missions to factor in safety.

Batteries
From cell and electrode performance to the complete battery management system, we provide an integrat-
ed, efficient workflow to improve design and ensure safety. Engineers can rapidly evaluate tradeoffs while 
minimizing reliance on arbitrary design rules and expensive, trial-and-error physical testing.

CELL AND ELECTRODE
Gain insight into the physics 
behind how the battery 
operates and performs at the 
cell and electrode level.

EMI/EMC
Predict electromagnetic 
interference (EMI) emissions 
and susceptibility early in the 
design process.

THERMAL MANAGEMENT
Assess thermal management 
solutions to maximize cooling and 
safety and minimize cell-to-cell 
temperature variations.

STRUCTURAL RELIABILITY
Avoid structural failure and 
ensure durability, reliability and 
safety from impact, penetration, 
and crush.

BATTERY MANAGEMENT SYSTEMS
Get an accurate perspective on how 
the BMS and battery will perform 
throughout their entire life cycle to 
prolong battery life and respond to 
unsafe operating conditions.

Solutions for Hybrid Electric Propulsion

Fuel Cells
Spanning from the electrochemistry of how a fuel cell will perform all the way to predicting accurate aging 
overtime, we have you covered. Our streamlined solution will help optimize the polarization curve, bipolar 
plate designs and more to develop a compact, lightweight, and reliable fuel cell.

MATERIALS
Compare material perfor-
mance to optimize electro-
chemistry and reduce overall 
fuel cell weight. 

SEALING
Eliminate the risk of fuel 
leakage with accurate sealing 
prediction for a range of 
designs and materials.

THERMAL MANAGEMENT
Assess thermal management 
solutions to maximize cooling and 
safety and improve bipolar plate 
designs.

AGING/LIFE
Prolong cell and stack life 
through development and 
optimization methods with fluid 
and structural simulations. 

STRUCTURAL RELIABILITY
Avoid structural failure and ensure 
durability, reliability and safety from 
impact, vibration, and pressure 
oscillations.

ANSYS COMPREHENSIVE SIMULATION SOLUTIONS FOR SUSTAINABLE AVIATION
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Electric Machines
Ansys has a comprehensive offering for electric machines spanning from the concept design stages to 
integration within the entire system. Our integrated, efficient workflow will help improve power density, 
energy efficiency, and operational life while meeting design requirements, industry standards, and safety 
regulations.

PRELIMINARY DESIGN
Rapidly and efficiently 
explore and validate the 
performance of a variety of 
electric machines at the 
design stage.

MAGNETIC ANALYSIS
Validate electromagnetic 
performance to maximize 
torque and power density 
while minimizing losses.

THERMAL ANALYSIS
Design novel cooling methods to 
avoid demagnetization and overall 
efficiency loss.

SYSTEM INTEGRATION
Optimize performance while 
operating in the entire system to 
extend range and efficiency.

NOISE, VIBRATION AND HARSHNESS
Extend lifetime by reducing mechani-
cal stress and eliminating vibration 
and subsequent noise.

Solutions for Hybrid Electric Propulsion (Cont.)

Turbogenerators
Ansys has a comprehensive offering to design compact, low-cost turbogenerators that will operate at high 
efficiency ranges. Our solution helps improve lifetime and performance and spans from blade design tools to 
digital twins that can be used to predict maintenance.

ADDITIVE MANUFACTURING
Optimize designs and 
processes while predicting 
part shape, distortion, and 
stresses to get the print part 
right the first time.

AERODYNAMIC PERFORMANCE
Achieve higher efficiency and 
pressure ratios with high-fidelity 
simulation through the entire 
operating map.

AEROTHERMAL
Improve combustion power and 
accurately predict the perfor-
mance of hydrogen and sustain-
able aviation fuels (SAF) to reduce 
greenhouse gas emissions.

MAINTENANCE, REPAIR AND OVERHAUL
Improve overall system performance and 
reliability with simulation based digital twins 
that enable predictive maintenance.

ADVANCED MULTIPHYSICS
Assess and mitigate risk of failure 
from ice accretion, foreign object 
damage, bird strike and more.

ANSYS COMPREHENSIVE SIMULATION SOLUTIONS FOR SUSTAINABLE AVIATION



The Race to Net-Zero: Sustainable Aviation  /  9

Hydrogen Transportation and Storage
Transportation and storage methods for hydrogen will need assessment for both the airport infrastructure 
and the aircraft itself. Ansys simulation enables engineers to evaluate current infrastructure and design 
changes to ensure safety while reducing cost and size.

Solutions for Hydrogen Propulsion and Sustainable
Aviation Fuels (SAF)

COMPOSISTE DESIGN
Accurately model layered 
composites based on a range 
of manufacturing processes 
and identify critical locations to 
maximize structural integrity.

MATERIAL IDENTIFICATION
Make faster, smarter material 
selections for vessels that will 
meet temperature, weight, 
and performance require-
ments.

DURABILITY
Evaluate fatigue life, damage 
tolerance and hydrogen embrittle-
ment to ensure safety at a range 
of conditions. 

INFRASTRUCTURE
Accurately assess the reuse of 
existing infrastructure and 
analyze design changes needed 
to mitigate accidents.

CRYOGENIC PUMP DESIGN
Optimize pump performance with 
an end-to-end solution from 
preliminary design to detailed 
aero-mechanical assessment.

Hydrogen and Sustainable Aviation Fuels (SAF)
Existing aircraft are certified to run with up to 50% SAF, but testing and validation still need to be completed 
to convert engines. Ansys can help optimize designs and performance for these new fuel sources and maxi-
mize safety as these ch anges happen.

INJECTOR AND COMBUSTOR 
REDESIGN
Optimize injector and combus-
tion designs to maintain higher 
thermal efficiency and lower 
NOx.

GREENHOUSE GAS EMISSIONS
Simulate a range of aviation 
fuels to accurately predict and 
reduce greenhouse gas 
emissions. 

MITIGATE FLASH BACK RISK
Understand combustion charac-
teristics and optimize burner and 
flame stability to provide safer 
operating conditions.

CONTRAIL ANALYSIS
Predict how transitions to 
sustainable fuels will impact 
contrails and their influence on 
local environment.

EXTEND COMPONENT LIFE 
AND DURABILITY
Predict high-temperature areas to 
analyze and extend component 
lifetime and durability.

ANSYS COMPREHENSIVE SIMULATION SOLUTIONS FOR SUSTAINABLE AVIATION



Optimized Flight Physics
As fuels and propulsion methods change, aircraft designs will continue to change concurrently. We have 
solutions to optimize aerodynamics and reduce weight while ensuring safety and ensuring that the whole 
system works the way it is designed and can communicate with the environment around it.

Solutions for Hydrogen Propulsion and Sustainable
Aviation Fuels (SAF) (Cont.)

AERODYNAMICS
Quickly evaluate the impact 
design changes will have on 
drag and noise at low and 
high-speed flight.

AIRFRAME
Validate the implementation 
of new, lightweight materials 
to ensure structural stability.

AEROLASTICITY
Assess the aerodynamic loads on 
the structure to maximize safety 
and durability and minimize noise 
and vibration. 

COMMUNICATIONS AND ELECTRONICS
Analyze performance with the environment 
and surrounding aircraft with accurate 
antenna, interference, and signal integrity 
simulation.     

AVIONICS AND FLIGHT CONTROLS
Design and certify safe, reusable 
software components for embedded 
software controls and HMI.
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ANSYS COMPREHENSIVE SIMULATION SOLUTIONS FOR SUSTAINABLE AVIATION
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Leaders in the aerospace industry are 
reporting significant impact in the race 
to net-zero through simulation. This 
impact cannot be ignored, and typical 
statistics include:

Like anything in an aircraft, 
reducing the weight while 
maintaining the mechanical 
strength and performance of 
the motor and other compo-
nents is critical. Optimizing the 
electromagnetic properties of 
the motor to provide the most 
power possible in a small, light-
weight package is of extreme 
importance.
 
To meet these design challeng-
es, magniX engineers use Ansys 
to perform multiphysics simula-
tions to optimize structural 
integrity, fluid flow, and the 
electromagnetic properties of 
their innovative electric motors.

“Engineering simulation helped 
the Electroflight team address 
three critical issues: materials 
selection, structural integrity and 
balanced cooling.” 

– Douglas Campbell
  Technical Director, Electroflight

Together, Rolls-Royce and Elec-
troflight are ushering in the third 
age of aviation, with an all-electric 
aircraft capable of speeds exceed-
ing 300 mph. As the team raced 
to introduce the world's fastest 
zero-emissions aircraft, multiph-
ysics simulation, via Ansys, played 
a crucial role by accelerating 
battery development and verifica-
tion. A primary challenge is opti-
mizing the 1,047-pound (475 kg) 
battery pack for structural 
strength, thermal management, 
and other critical performance 
criteria.

"Developing a turbine is a very 
complex and iterative process. 
Ansys simulation solutions enable 
us to solve complex calculations 
for turbines and compressors, 
replace physical prototypes with 
virtual prototypes and enhance 
design exploration," 

- Damien Fauvet
  CEO, TURBOTECH

TURBOTECH uses Ansys solutions 
to develop regenerative cycle 
turbogenerators based on small 
turbines that recover energy from 
exhaust gases to reduce fuel 
consumption. By recharging 
batteries in-flight, the turbogener-
ators can improve the endurance 
of electric aircraft by 10x — 
enabling significant weight and 
cost savings. The turbogenerators 
can produce electricity from 
virtually any type of renewable 
flammable material.

1. Ansys Advantage VII Issue 2 
2. Lucid Air and Ansys: The Full Potential of Electrification [Case Study] - YouTube 
3. Companies Aviation Week MRO

The Aviation Industry Relies on Simulation

15%
reduction in
fuel burn1 

30%
Maintenance 

Cycle Time
Improvement3 

12%
improvement in power 

density and energy 
efficiency2

 

Engineering the Fully 
Electric Airplane

The Sky’s the Limit TURBOTECH Revolutionizes 
Hybrid-Electric Aircraft with 
Ansys

THE AVIATION INDUSTRY RELIES ON SIMULATION



Contact us to learn more about  
Ansys solutions for Sustainability.

Click here to see how Ansys supports startups

Ansys, Inc.  /  Southpointe  /  2600 Ansys Drive  /  Canonsburg, PA 15217  /  U.S.A.  /  724-746-3304  /  ansysinfo@ansys.com

Is your startup poised to make the next 
breakthrough in Sustainability?

If you’ve ever seen a rocket launch, flown on an airplane, 
driven a car, used a computer, touched a mobile device, 

crossed a bridge or put on wearable technology, chances are 
you’ve used a product where Ansys software played a critical 

role in its creation. Ansys is the global leader in engineering 
simulation. We help the world’s most innovative companies 

deliver radically better products to their customers. By offering the 
best and broadest portfolio of engineering simulation software, we 

help them solve the most complex design challenges and engineer 
products limited only by imagination.

About Ansys

• Waypoint 2050: Aviation: Benefits Beyond Borders (aviationbenefits.org)
• Operational Improvements: Aviation: Benefits Beyond Borders (aviationbenefits.org)
• Infrastructure: Aviation: Benefits Beyond Borders (aviationbenefits.org)
• Airbus - SAF Or Hydrogen? And If Both, Why? - Mentour Pilot
• Boeing: Environmental Impacts of Aerospace Batteries
• Getting to Net Zero in 2050: American Airlines’ Initial Path (3blmedia.com)
• Airline Industry Targets Net-Zero Carbon Emissions by 2050 - Bloomberg
• Net Zero by 2050 - A Roadmap for the Global Energy Sector (windows.net)
• w2050 v2021 27sept summary.pdf (aviationbenefits.org)
• Effecient technology: Aviation: Benefits Beyond Borders (aviationbenefits.org)

Sources used:

https://aviationbenefits.org/environmental-efficiency/climate-action/waypoint-2050/
https://aviationbenefits.org/environmental-efficiency/climate-action/operational-improvements/
https://aviationbenefits.org/environmental-efficiency/climate-action/infrastructure-efficiencies/
https://mentourpilot.com/airbus-saf-or-hydrogen-and-if-both-why/
https://www.boeing.com/features/innovation-quarterly/aug2018/btj-batteries.page
https://www.3blmedia.com/news/getting-net-zero-2050-initial-pathway-american-airlines
https://www.bloomberg.com/news/articles/2021-10-04/airline-industry-targets-net-zero-carbon-emissions-by-2050
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
https://aviationbenefits.org/media/167418/w2050_v2021_27sept_summary.pdf
https://aviationbenefits.org/environmental-efficiency/climate-action/efficient-technology/
https://www.ansys.com/startup-program



