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Abstract

Air transport today constitutes around 2% of global carbon emissions [1]. Industry and policy makers have agreed to work
towards "net-zero air transport by 2050" [2]. High levels of efficiency improvements have already been achieved in air
transport, for instance modern passenger aircraft presently burn 95% less fuel per passenger kilometer than the first jet
aircraft of the 1950s [3]. Hence the required efficiency improvements will necessitate novel aircraft designs and the large-
scale production of synthetic fuels.

However, the underlying drivers of this improvement are still poorly understood. This is because overall efficiency is an
aggregate metric, which is affected by aircraft weight, engine efficiency, drag, seat load factor, routing, operational
procedures, etc. Some of these are limited by physics, others by economic considerations. While data is readily available
for overall efficiency, the disaggregation into sub-efficiencies, such as the thermodynamic efficiency of the engines,
requires advanced statistical methods. This means that past and future efficiency improvements are often discussed only
superficially in scientific literature and government reports, for instance "Future efficiency improvements are expected to
continue at a much lower rate." [4]. This presents a vital gap in our understanding of technological innovation in aviation.
It is thereby difficult to make evidence-based policy recommendations about further research to accelerate innovation in
sustainable aviation.

Our contribution will provide the most up-to-date rendering of data on historical aircraft fuel efficiency improvements
from the first jet aircraft of the 1950s to today in the context of a larger ensemble of propulsion technologies. It will
provide first insights into the underlying drivers of this improvements and contextualize the respective contributions of
future improvements by providing physical and economic limits. This will provide a foundation for high-level discussions
about the future of sustainable aviation and any related policy measures.
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