
Unsettled Issues Concerning 
eVTOL for Rapid-response, 

On-demand Firefighting

Johnny Doo

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2021017-pdf/


Unsettled Issues Concerning 
eVTOL for Rapid-response, 

On-demand Firefighting

Johnny Doo
International Vehicle Research Inc.

EDGE DEVELOPMENT TEAM

Quentin Avérous, Escape International

Richard Barhydt, United States Forest Service

Dennis Blumenthal, Los Angeles County Fire 
Department, Air Operations

Gregory Bowles, Joby Aviation

Matthew Chasen, LIFT Aircraft Inc.

Robert G. Gann, PhD, Center of Excellence 
for Advanced Technology Aerial Firefighting, 
Colorado Division of Fire Prevention and Control

Olivier LE LANN, Electric Visionary Aircrafts 
(EVA)

Scott Mlakar, Willoughby Fire Department

Warrendale, Pennsylvania, USACurre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2021017-pdf/


About the Publisher
SAE International® is a global association of more than 
128,000 engineers and related technical experts in the 
aerospace, automotive, and commercial-vehicle industries. 
Our core competencies are lifelong learning and voluntary 
consensus standards development. Visit sae.org

SAE EDGE™ Research Report Disclaimer
SAE EDGE™ Research Reports focus on topics that are 
dynamic, in which knowledge is incomplete, and which have 
yet to be standardized. They represent the collective wisdom of 
a group of experts and serve as a practical guide to the reader in 
understanding unsettled subject matter. They are not meant to 
provide a recommended practice or protocol. The experts have 
assembled as a community of practitioners to contribute and 
collectivize their thoughts and points of view. These are not the 
positions of the institutions or businesses with which they are 
affiliated, nor is one contributor’s perspective advanced over 
others. SAE EDGE™ Research Reports are the property of SAE 
International and SAE alone is responsible for their content.

About This Publication
SAE EDGE™ Research Reports provide state-of-the-art 
and state-of-industry examinations of the most significant 

topics in mobility engineering. Contributors to SAE EDGE™ 
Research Reports are experts from academia, government, 
industry, and research who have come together to explore 
and define the most critical advancements, challenges, 
and future direction in areas such as vehicle automation, 
unmanned aircraft, cybersecurity, advanced propulsion, 
advanced manufacturing, Internet of Things, connectivity, 
and quantum technology.

Related Resources
SAE EDGE™ Research Report: Unsettled Issues 
Concerning the Opportunities and Challenges of eVTOL 
Applications during a Global Pandemic by Johnny Doo
https://saemobilus.sae.org/content/EPR2020022/

SAE Team
Frank Menchaca, Chief Growth Officer
Michael Thompson, Director of Standards, Information and 

Research Publications
Monica Nogueira, Director of Content Acquisition 

and Development
Beth Ellen Dibeler, Product Manager
William Kucinski, Managing Technical Editor

Copyright © 2021 SAE International. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, distributed, or transmitted in any form or by any means without the prior 
written permission of SAE International. For permission and licensing requests, contact SAE Permissions, 400 Commonwealth Drive, Warrendale, PA 
15096-0001 USA; e-mail: copyright@sae.org; phone: +1-724-772-4028; fax: +1-724-772-9765.

Printed in USA

Information contained in this work has been obtained by SAE International from sources believed to be reliable. However, neither SAE International nor 
its authors guarantee the accuracy or completeness of any information published herein and neither SAE International nor its authors shall be responsible 
for any errors, omissions, or damages arising out of use of this information. This work is published with the understanding that SAE International and its 
authors are supplying information but are not attempting to render engineering or other professional services. If such services are required, the assistance 
of an appropriate professional should be sought.

EPR2021017
ISSN 2640-3536
e-ISSN 2640-3544
ISBN 978-1-4686-0353-8

To purchase bulk quantities, please contact: SAE Customer Service

E-mail:	 CustomerService@sae.org
Phone:	 877-606-7323 (inside USA and Canada)
	 +1 -724-776-4970 (outside USA)
Fax:	 +1-724-776-0790

https://www.sae.org/publications/edge-research-reportsCurre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://sae.org
https://saemobilus.sae.org/content/EPR2020022/
copyright@sae.org
CustomerService@sae.org
https://www.sae.org/publications/edge-research-reports
https://www.stdhive.com/standards/sae-epr2021017-pdf/


About the Editor
Mr. Johnny T. Doo is the President of International Vehicle Research Inc., focusing on 
innovative flight vehicle and electric vertical takeoff and landing (eVTOL) technologies and 
unmanned aerial vehicle (UAV) and wing-in-ground vehicle development and applications. 
He is Lead of the National Aeronautics and Space Administration (NASA) Transformative 
Vertical Flight Working Group on Public Services, teaming with over 100 industry leaders 
and experts to develop the roadmap and use cases for disaster relief, humanitarian aid, search 
and rescue, police and firefighting, medical transport, and military eVTOL applications. 
He also supports aviation industry growth by providing strategic consulting, including 
business planning, product development, and market strategy to selected global clients.

He has over 30 years of experience in manned and unmanned aviation products, with 
many years of executive-level responsibilities in aviation product development, program 
management, and supply chain development, as well as marketing and business develop-
ment. His technical and program experiences range from high-performance piston aircraft, 
personal and business jets, and regional aircraft, to new-generation aircraft engines and 
industrial UAVs. His expertise includes aeronautical engineering, product design and testing, 

advanced technology, aircraft certification, and project management, with particular focuses on design-to-cost and design-
for-production aspects.

He was Executive Vice President of Advanced Technology, Executive Vice President of Marketing and Business Development, 
and Senior Vice President of Engineering and Product Integrity at Continental Motors Group. He not only managed the product 
line expansion of the Avgas and Jet-A diesel aviation engines, but also developed multiple new market segments, achieving 
significant growth of the global original equipment manufacturer (OEM) customer base and sales revenue. He was also the 
president of a flight training subsidiary with an innovative training model and was responsible for the maintenance, repair, 
and overhaul business unit, quadrupling business growth over three years.

Prior to Continental Motors, he was Vice President at Diamond Aircraft in Canada, with full responsibility for the new-
generation personal jet program. He built a new program team from the ground up and led the successful development of the 
all-composite, single-engine personal jet in three years. At the same time, he established the design, test, and certification capa-
bilities, negotiated with all the key suppliers, and managed the new supply chain to support the development and production 
operations. His hands-on experiences with the high-performance business jet at Sino Swearingen Aircraft, regional aircraft at 
Fairchild Aircraft, and new generation piston aircraft at Mooney Aircraft formed a broad spectrum of technical and project 
management knowledge base.

He has a bachelor’s degree in Mechanical Engineering from Chung Yuan Christian University and a master’s degree in 
Aerospace Engineering from the University of Colorado. He is the lead author of NASA’s Electric Vertical Takeoff and Landing 
(eVTOL) Aircraft Technology for Public Services white paper, co-author of the book WIG Craft and Ekranoplan - Ground Effect 
Craft Technology, and is the GoFly Master Lecturer on “eVTOL for Public Services - Design and Applications.”

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2021017-pdf/


About the Editor

Unsettled Issues Concerning eVTOL for 
Rapid-response, On-demand Firefighting. .  .  .  . 3

Introduction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  4
State of the Industry. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  4
Unsettled Issues Concerning eVTOL for 
Rapid-response, On-demand Firefighting. .  .  .  .  .  .  .  .  4
Unsettled Issues. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  5

eVTOL Technology: Past, Present, and Future . .  6
eVTOL Systems Currently Under Development . .  .  .  6
Potential Ways to Use eVTOL to 
Complement Firefighting Capabilities. .  .  .  .  .  .  .  .  .  .  .  7

Rapid Response. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7
Early Fire Suppression and Control. .  .  .  .  .  .  .  .  .  .  7
Firefighter Transport. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7
Civilian Evacuation. . . . . . . . . . . . . . . . . . . . . . . . . 7

Technology Readiness Level. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  7

Current Firefighting Operations . .  .  .  .  .  .  .  .  .  .  .  .  .  8
Urban and Suburban Firefighting Operations. .  .  .  .  .  8

Ground-/Water-based Firefighting Systems. .  .  8
Aerial Firefighting Assets and Operations. .  .  .  .  8

Fighting Wildfires . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9
Current Approach and Challenges . .  .  .  .  .  .  .  .  .  10
Aerial Fire Suppression Systems. .  .  .  .  .  .  .  .  .  .  .  10
Firefighter Deployment and Extraction. .  .  .  .  .  10
Civilian Evacuation. . . . . . . . . . . . . . . . . . . . . . . . 12

eVTOL Capabilities for Firefighting  
Applications. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 12

Quick-response Firefighting Coordination . .  .  .  .  .  .  . 13
Distributed, On-demand, Rapid Firefighter 
Deployment. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13
Early-stage, Tactical Aerial Fire Suppression . .  .  .  .  14
Distributed, On-demand Transport and Logistics. .  14
High-rise Building Fire Control and Rescue . .  .  .  .  .  14
Wildfire Early-stage Suppression and  
Containment. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17
Wildfire Firefighter Deployment and  
Extraction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17

Civilian Emergency Evacuation. . . . . . . . . . . . . . . . . 17

Challenges and Development Needed. .  .  .  .  .  .  .  . 19
Vehicle-specific Capabilities. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 19

Firefighting-specific eVTOL Development. .  .  .  . 19
Modular Missions Adaptable Configuration. .  .  . 19
Multisensor Suite and Sensor Fusion . .  .  .  .  .  .  .  20
Sense and Avoid, Terrain Sensing, and 
Auto-land . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 21
Compact Design and Transportability . .  .  .  .  .  .  . 21
Payload Range, Endurance, and Energy  
Supply. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  22
Mobile Fast-charging Stations and 
Automotive Charging System Adoption. . . . . .22

Autonomy, Training, and Airspace Management. .  .  22
Autonomous and Semi-autonomous 
Capabilities with Remote Control. .  .  .  .  .  .  .  .  .  .  22
Coordinated Multi-vehicle Operation 
and Swarm Capabilities. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  23
Simplified Vehicle Operation and Training. .  .  .  23
Dynamic and Flexible Airspace  
Management. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  23

Operations, Logistics, and Support. .  .  .  .  .  .  .  .  .  .  .  .  23
Temporary Operating Site Setup and 
Management. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  23
Fire Retardant Logistics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  24
Ground Support, Spare Parts Logistics, 
and Maintenance . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  25
Distributed, On-demand Network System. .  .  .  25

Unconventional Firefighting Mode Evaluation . .  .  .  25
Distributed, On-demand Aerial 
Operations for Firefighters and First 
Responders. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  25
eVTOL Fire Suppression Best Practices. .  .  .  .  .  25
Command System Integration with 
Current Operations . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  26

Funding, Acquisition, and Acceptance. .  .  .  .  .  .  .  .  .  .  26
Federal, State, and Local Government 
Funding and Support . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  26
Commander, Firefighter, and First 
Responder Acceptance. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  26

	 1

contents

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/sae-epr2021017-pdf/


General Public and Community Support. .  .  .  .  26
Regional and Global Challenges. .  .  .  .  .  .  .  .  .  .  .  26

Social Benefits. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  27
Lifesaving. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  27
Fire Impact and Property Damage Reduction. .  .  .  .  27
Environmental Benefit. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  27
Enhanced Societal Acceptance of eVTOL 
Technology. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  27

Summary. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  27
SAE EDGE Research Reports. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  28
Next Steps for eVTOL Vehicles and System 
Development for Firefighting. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  28
Recommendations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  28
Definitions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  29
Acknowledgments. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  29
References. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  29
Contact Information . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 31

© 2021 SAE International. All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of SAE.

2	 Contents

Curre
ntly

 in
 p

re
vie

w, c
lic

k 
buy 

fu
ll 

ve
rs

io
n

https://www.stdhive.com/standards/sae-epr2021017-pdf/


	 3

JOHNNY DOO
International Vehicle Research Inc.

EDGE Development Team
Quentin Avérous, Escape International
Richard Barhydt, United States Forest 

Service
Dennis Blumenthal, Los Angeles County 

Fire Department, Air Operations
Gregory Bowles, Joby Aviation
Matthew Chasen, LIFT Aircraft Inc.
Robert G. Gann, PhD, Center of Excellence 

for Advanced Technology Aerial 
Firefighting, Colorado Division of Fire 
Prevention and Control

Olivier LE LANN, Electric Visionary Aircrafts 
(EVA)

Scott Mlakar, Willoughby Fire Department

ISSN 2640-3536

Unsettled Issues Concerning eVTOL for 
Rapid-response, On-demand Firefighting

Abstract
Recent advancements of electric vertical take-off and landing (eVTOL) aircraft have generated 
significant interest within and beyond the traditional aviation industry, and many novel applications 
have been identified and are in development. One promising application for these innovative systems 
is in firefighting, with eVTOL aircraft complementing current firefighting capabilities to help save lives 
and reduce fire-induced damages. With increased global occurrences and scales of wildfires—not 
to mention the issues firefighters face during urban and rural firefighting operations daily—eVTOL 
technology could offer timely, on-demand, and potentially cost-effective aerial mobility capabili-
ties to counter these challenges. Early detection and suppression of wildfires could prevent many 
fires from becoming large-scale disasters. eVTOL aircraft may not have the capacity of larger aerial 
assets for firefighting, but targeted suppression, potentially in swarm operations, could be valuable.

Most importantly, on-demand aerial extraction of firefighters can be a crucial benefit during 
wildfire control operations. Aerial firefighter dispatch from local fire stations or vertiports can 
result in more effective operations, and targeted aerial fire suppression and civilian extraction 
from high-rise buildings could enhance capabilities significantly.

There are some challenges that need to be addressed before the identified capabilities and 
benefits are realized at scale, including the development of firefighting-specific eVTOL vehicles; 
sense and avoid capabilities in complex, smoke-inhibited environments; autonomous and remote 
operating capabilities; charging system compatibility and availability; operator and controller 
training; dynamic airspace management; and vehicle/fleet logistics and support. Acceptance 
from both the first-responder community and the general public is also critical for the successful 
implementation of these new capabilities. 

The purpose of this report is to identify the benefits and challenges of implementation, 
as well as some of the potential solutions. Based on the rapid development progress of eVTOL 
aircraft and infrastructures with proactive community engagement, it is envisioned that these 
challenges can be addressed soon.

NOTE: SAE EDGE™ Research Reports are intended to identify and illuminate key issues in 
emerging, but still unsettled, technologies of interest to the mobility industry. The goal of SAE 
EDGE™ Research Reports is to stimulate discussion and work in the hope of promoting and 
speeding resolution of identified issues. These reports are not intended to resolve the challenges 
they identify or close any topic to further scrutiny.
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