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Abstract 

 
Supported by the Bauhaus Luftfahrt Technology Radar, emerging fuel cell technologies with higher operating 
temperatures – enabling enhanced efficiency and system-specific power – together with key advances in 
battery technology are identified, benchmarked using relevant metrics and assessed against aviation-specific 
requirements. Scalability perspectives for (hybrid-)electric flight and development needs are discussed, 
providing key insights into the potential for climate-neutral aviation. 
 

1. INTRODUCTION 
Transitioning to climate-neutral aviation requires both 
shifting to 100% renewable energy carriers and 
mitigating non-CO2 climate impacts such as from 
contrails and NOₓ emissions. Enabling efficiency gains 
contributes to the reduction of emissions and costs, but 
alone cannot achieve complete elimination. 
 
Fuel cells enable the direct use of Green Hydrogen (H2) 
for propulsion in future aircraft, converting it 
electrochemically and emitting only water and heat. 
Like for H2-combustion, no CO2 emissions emerge, but 
with the added benefits of completely evading NOx 
emissions and offering potentials for contrail-free 
operation by water management as well as for 
improved efficiency [1]. However, system-specific 
power requirements severely limit scalability to larger 
aircraft propulsion (80+ PAX, cf. Fig 1a)): with 
increasing power output of conventional polymer 
electrolyte fuel cells operating at low temperatures (LT 
PEFCs), thermal management challenges grow, 
typically resulting in excessive weight and drag 
penalties. Advances in materials and designs 
supporting higher operating temperatures in PEFCs 
address durability challenges and facilitate thermal and 
water management, allowing for system-level 
advantages of so-called high temperature (HT) PEFCs 
(cf. Fig. 1b)) [1-2].  
 
Moreover, solid oxide fuel cells (SOFCs) – operating at 
far higher temperatures – enable enhanced efficiency 
by utilizing their high-quality waste heat in gas turbines 
(GT) within SOFC–GT hybrid systems, thereby 
increasing overall power output. While limitations in 
SOFC gravimetric power density, thermo-mechanical 
stability and dynamic operability have historically 
confined such hybrid concepts to auxiliary power unit 
applications, advances in materials, design and 
manufacturing are shaping longer-term perspectives for 
short- to medium-range aircraft propulsion with 
significant potential for climate impact reduction (cf. 
Fig. 1b)) [3]. 
 

Battery electric flight is completely emission-free during 
operation and offers significantly higher propulsion 
chain efficiency than fuel-cell- or combustion-based 
systems. However, its range is severely limited by the 
specific energy of current lithium-ion technology (cf. 
Fig. 1a)). Peak power demands during takeoff and 
climb require sufficient specific power and high 
discharge rates for rapid energy delivery. As batteries 
must provide both energy storage and power output, a 
fundamental trade-off arises between energy density 
and discharge power capability, which is constrained by 
cell chemistry and strongly coupled to battery cycle life. 
The latter needs to reach competitiveness with current 
technology for economically viable business models. 
Given the interrelated performance metrics, future 
batteries require diverse optimization to meet aviation-
specific requirements.  
 
Lithium-metal battery technologies, including lithium-
sulfur and lithium-air, intrinsically offer significantly 
higher specific energy potential than lithium-ion 
systems. Recent advancements in these still less 
mature technologies address key challenges in 
discharge power capability and cycle life, contributing 
to the reduction of maturity gaps and moving them 
closer to meeting aviation-specific requirements [4-5]. 
 
Supported by the proprietary institution-wide 
Technology Radar at Bauhaus Luftfahrt, key progress 
in fuel cell and battery technology from cutting-edge 
R&D is identified, benchmarked based on suitable 
metrics and evaluated in the context of aviation-specific 
performance requirements. Perspectives on scalability 
for (hybrid-)electric flight are discussed together with 
remaining limitations and development needs. These 
findings are seen as an essential basis for holistic 
considerations of the future role of electrochemical 
technologies on the path to climate-neutral aviation.  
 
The following slides reproduce the presentation as 
delivered at the conference. 
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