
For expanded version of this presentation, look in the Presentations and Publications 
section of website
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The universe operates by converting energy from one form to another. During this 
conversion we can make it do work.  
The atomic bomb dropped on Hiroshima (15 kilotons TNT) converted about 700 mg (about 
1/3 the mass of a dime) into energy References: 
(https://en.wikipedia.org/wiki/Chronology_of_the_universe#Very_early_universe) and 
(https://science.nasa.gov/astrophysics/focus-areas/what-is-dark-energy).  The Russian Tsar 
Bomba (largest nuclear weapon created had yield of 50 megatons of TNT (2.67 kg mass 
equivalent) (i.e. 18.7 MtonsTNT/kg).  The sun converts about 4M tons of matter a second 
into energy.
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Use “hybrid propulsion” to mean kerosene, gasoline, or hydrogen, and battery power.
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Currently 5 solar thermal power plants in CA producing about 1.4 GW  
(http://www.energy.ca.gov/sitingcases/solar/)
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Perovskite (PV) are not particularly efficient,  but can be installed in tandem with Si cells.  
PV cells convert in the blue part of spectrum. IR part of spectrum passes through and is 
converted by Si cells, giving additive efficiency.
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We used to moor our boat near the tidal mill in Woodbridge, Essex.
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Centenary of the discovery of oil in the US. The greenhouse effect had been known to 
climatologists for a long time, but this was a wake-up call to the industry.  They also knew 
it, but pretended not to.
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GHG = greenhouse gas
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According to this website http://www.eesi.org/articles/view/in-historic-move-aviation-
emissions-to-be-regulated-globally, the airline industry emits about 2% of global carbon 
emissions, and about 3% worldwide.
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Each SF cable car line had its own powerhouse.  Initially steam engines drove the drums on 
which the cable cars were attached.  In decade after 1906 quake, switched to electric 
motors.  Now one powerhouse supplies power to all four line.   Maglev to PVG goes at 430 
km/hr (270 mph).  Other high-speed rail at 250 – 350 km/hr (160 – 220 mph)
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Shanghai to PVG maglev has max speed of 430 Km/hour (267 mph)  
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Probably lots of non-carbon-based fuels.  I will mention just one of them later.  Amber 
Kinetics using 5000 lb flywheels with magnetic levitation for stationary storage (up to 4 
hours)
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Cheapest way to produce H2 is by reforming methane (which produces CO2).   Total GHG is 
approx. halved  (https://energy.gov/eere/fuelcells/hydrogen-production-natural-gas-
reforming).  Cost of H2 about 17 cent/mile. Source of data: Wikipedia. Tanks have capacity 
of 5 kg, so assumed cost of fuel is $10.60/kg (compare with Dan Brewer’s estimate of 
$0.89/kg in 1976, or $3.88/kg in 2018$)
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Hydrogen dissociates into atoms. A chemical reaction strips off electrons, leaving protons.  
Protons pass through membrane, leaving electrons to pass through electrical load.  Oxygen 
also dissociates and joins up with protons and electrons to form water.
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Orange tank outside California Science Center at Exposition Park used to hold O2 and H2.  
Hope audience also saw the Space Shuttle Endeavour.
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The rocket propellant mixture in each solid rocket motor consisted of ammonium 
perchlorate (oxidizer, 69.6% by weight), atomized aluminium powder (fuel, 16%), iron 
oxide (catalyst, 0.4%), PBAN(binder, also acts as fuel, 12.04%), and an epoxy curing agent 
(1.96%).[7][8] This propellant is commonly referred to as Ammonium Perchlorate Composite 
Propellant, or simply APCP. This mixture gave the solid rocket motors a specific impulse of 
242 seconds (2.37 km/s) at sea level or 268 seconds (2.63 km/s) in a vacuum. Products of 
combustion are Al2O3 (aluminium oxide), AlCl3 (aluminium chloride, anti-perspirant), H20 
and N2.  Note:  We used to make rocket propellant using cotton balls (fuel) soaked in 
sodium chlorate (NaClO3) (oxidizer) solution, and then dried to impregnate cotton fiber 
with NaClO3.
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Note fore and aft LH2 tanks.  Also CL-400 Suntan (predecessor to SR-71).  Dan Brewer led 
Lockheed’s efforts. Density  of LH2 is 70.8 kg/m3. Density of jet fuel is 840 kg/m3 (factor of 
12 difference). Three view from https://phoenixprojectfoundation.us/ which contains other 
interesting info.

27



Funded by EU Competitive and Sustainable Growth Programme 1998-2002
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Study also done by the EU with similar results to Lockheed’s.  For infrastructure study by 
Dan Brewer see https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19770003090.pdf.  
For electrolysis without solar panels, see 
https://www.technologyreview.com/s/521671/cheap-hydrogen-from-sunlight-and-water/
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PIPAA is a French Government funded program.  Tronico specializes in design, manufacture 
and assembly of complex electronic products.  Ad-Venta is compressed H2 specialist.  
EasyJet is a low-cost carrier based out of Luton, Hertfordshire.
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Goal to reach 40,000 ft, but only reached 20,000 ft.
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Drag goes up for small things.  There are also higher internal losses, such as leakage.
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Modern synthetic lubricants and seals require very little maintenance.
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Watt named after James Watt, developed Newcomen engine into the Watt steam engine 
and started the Industrial Revolution.  Joule is named after James Joule, born in Lancashire.  
Discovered the relationship between heat and mechanical work.  1 watt second = 1 joule.
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Tesla Roadster has 6,831 cells a bit bigger than an AA-cell
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This battery used for ground ops only (when engines off and no ground power connected). 
Cause never completely identified.  Boeing encased battery with enough insulation and 
vented it such that fire would not spread.  Extra weight was equivalent to using NiCad 
batteries.
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Also need to consider motor power/weight ratio.  For turboshaft engines, larger engines 
have higher power/weight ratio (difficult to have lots of small engines), but small electric 
motor has higher power/weight than turboshaft with comparable power. Electric motor 
shown here (Siemens) used in record-breaking Extra 330LE electric airplane.
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Not really hybrid because battery only used for backup, but design is going in the right 
direction.
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This is not a hybrid – all fuel is liquid.

47



48



These are ubiquitous
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Jeff Bezos is nothing if not a showman. Amazon's CEO loves a good reveal, and took the 
opportunity afforded by a 60 Minutes segment to show off his company's latest creation: 
drones that can deliver packages up to 5 pounds to your house in less than half an hour. 
They're technically octocopters, as part of a program called "Amazon Prime Air."
A drone sits at the end of a conveyer belt, waiting to pick up a package — Bezos says 86 
percent of Amazon's packages are under 5 pounds — and can carry them up to 10 miles 
from the fulfillment center. As soon as Amazon can work out the regulations and figure out 
how to prevent your packages from being dropped on your head from above, Bezos 
promised, there will be a fleet of shipping drones taking the sky.
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Bees have figured out how to avoid each other.  How big is a bee brain?
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Form of hybrid propulsion has not been defined.  MTOGW from 
http://evtol.news/2016/05/01/the-e-volo-vc200-volocopter-may-1-2016/.  2013 CNN data 
show MTOGW = 300 kg and batter weight = 100 kg.  What is current battery weight? 
(http://www.cnn.com/2013/11/27/tech/innovation/volocopter-18-propeller-
electric/index.html)
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At full power, endurance would be 110/800 hrs = 8.25 minutes.  According to 
http://www.wattflight.com/electric-vtol-aircraft/airbus-cityairbus/ endurance is 15 min (no 
reserves)
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Funding level from http://www.airbus.com/newsroom/press-
releases/en/2016/01/20160117_airbus_group_silicon_valley.html. See also 
http://www.airbus.com/newsroom/press-releases/en/2018/02/vahana--the-self-piloted--
evtol-aircraft-from-a--by-airbus--succ.html.  Useful trade study data at 
https://vahana.aero/vahana-configuration-trade-study-part-ii-1edcdac8ad93.  Chief 
engineer Zach Lovering was my TA at UCSD.
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Useful trade study data at https://vahana.aero/vahana-configuration-trade-study-part-ii-
1edcdac8ad93.
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Useful trade study data at https://vahana.aero/vahana-configuration-trade-study-part-ii-
1edcdac8ad93.
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Useful trade study data at https://vahana.aero/vahana-configuration-trade-study-part-ii-
1edcdac8ad93.

60



61



62



63



64



Subsonic Ultra-Green Aircraft Research (SUGAR) .  Hybrid turbine electric is similar to Prius.  
Related program is SUGAR Freeze, using cryo-cooled LNG.
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Flew at Paris Airshow.
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(Deutsches Zentrum für Luft- und Raumfahrt -DLR) in Stuttgart  (www.dlr.de/tt/en/)

67



See also https://www.bloomberg.com/news/articles/2017-04-05/boeing-teams-with-
jetblue-to-fund-startup-s-electric-airplane.
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Where does fuel for APU go?  Batteries alone will only give airplane about 100 nmi range 
(https://www.reuters.com/article/us-aerospace-hybrid/boeing-backed-hybrid-electric-
commuter-plane-to-hit-market-in-2022-idUSKBN1CA16A). Current limit is 9 pax for single-
pilot ops.
Battery specific energy from Wikipedia
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On a global industry level, Airbus, along with airlines, airports, air traffic management and 
other manufacturers, committed in 2008 to the Air Transport Action Group (ATAG) CO2
emission goals:
Improve fleet fuel efficiency of 1.5% per year between now and 2020;
Stabilise : from 2020, net carbon emissions from aviation will be capped through carbon 
neutral growth (CNG)
By 2050, net aviation carbon emissions will be half of what they were in 2005.
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Maybe use quick-response electric motors for yaw control. 
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Using a retired BAe 146 (Lycoming Engines), replace one turbofan with Siemens electric 
motor. 
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See AWST July 20 – Aug 2, 2015.  Article ‘Pivotal Partner’
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https://www.aerotime.aero/en/civil/1990-all-electric-aircraft-%E2%80%93-are-we-far-
from-an-environmental-utopia mentions 70% gain in energy efficiency (for what type of 
aircraft?)
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Superconducting cables only pay off if long lengths are required. The European Commission 
and industry partners have set aside a budget of $4 billion over the next seven years to 
spend on fuel-saving aviation research, agreeing to a programme called “Clean Sky 2.” The 
programme will help enable a 75 percent reduction in carbon emissions by 2050, compared 
to emissions in the year 2000. (http://online.wsj.com/ad/article/designs-focus-on-cutting-
noise-fuel-and-emissions)
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This is not battery-powered.  Fuel is kerosene with turboshaft to generate electricity.  It 
illustrates use of multiple engines.
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Also tested as fuel cell powered: https://www.rt.com/news/373102-china-hydrogen-fuel-
aircraft/
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Not much is heard about this.  Probably dead.
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See AWST online Jun 26, 2015 ‘Electric-Propulsion X-Plane is Just First Step’. This has now 
morphed into X-57 Maxwell.
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Named after James Clerk Maxwell, Scottish physicist.  Formulated theory of 
electromagnetic radiation. Maxwell is a result of NASA’s “New Aviation Horizons” 
initiative: a 10-year program to create a new generation of X-planes that will make use 
of greener energy, use half as much fuel, and be half as loud as commercial aircraft in use 
today. https://www.nasa.gov/image-feature/nasas-x-57-electric-research-plane says 
“powered only by batteries”, but 
https://www.nasa.gov/sites/default/files/atoms/files/nasa-aero-10-yr-plan-508-
reduced.pdf says “Hybrid Electric Demonstrator”
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Maybe use quick-response electric motors for yaw control. 
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http://www.bbc.co.uk/news/technology-26784438
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http://www.bbc.co.uk/news/technology-26784438
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http://www.bbc.co.uk/news/technology-26784438
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Goal to reach 40,000 ft, but only reached 20,000 ft.
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Cai(3)hong(2) (rainbow).
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Remember that Tesla batteries are about 250 Wh/kg and Solar Impulse is about 260 
Wh/kg. LiCFx is lithium carbon monofluoride
(https://www.eaglepicher.com/technology/battery-chemistries/lithium-carbon-
monofluoride-cfx-and-licfx-mno2-hybrid/)
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For Li-Air, approx. 1,700 Wh/kg have been demonstrated 
(https://en.wikipedia.org/wiki/Lithium%E2%80%93air_battery).  LiCFx is lithium carbon 
monofluoride (https://www.eaglepicher.com/technology/battery-chemistries/lithium-
carbon-monofluoride-cfx-and-licfx-mno2-hybrid/)
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Li and oxygen shown as red and white, in sponge-like cobalt lattice .  For Li-oxygen, see 
http://news.mit.edu/2016/new-lithium-oxygen-battery-greatly-improves-energy-efficiency-
longevity-0725, or https://www.economist.com/news/science-and-technology/21703358-
new-type-electrical-cell-may-displace-lithium-ion-design-their-time-has. Elon Musk must 
be watching closely
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In 2015, for Row 1 total enplanements is 896 million;  for Row 2 international operations 
only total enplanements is 199 million
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For Li-Air, approx. 1,700 Wh/kg have been demonstrated 
(https://en.wikipedia.org/wiki/Lithium%E2%80%93air_battery), but jet fuel is about 7 x 
specific energy.  LiCFx is lithium carbon monofluoride
(https://www.eaglepicher.com/technology/battery-chemistries/lithium-carbon-
monofluoride-cfx-and-licfx-mno2-hybrid/)
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On a long-haul flight, payload is only about 11% of TOGW, fuel is about 40%.  Cannot 
replace jet fuel with  batteries.
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LH2 will require about 1/3 the weight of kerosene. Use the balance of weight on 
carbon/epoxy tanks and structure.
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Source https://phys.org/news/2017-04-safe-efficient-hydrogen-aluminum-particles.html
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http://www.greencarcongress.com/2018/01/20180130-cuberg.html  also 
http://boeing.mediaroom.com/2017-11-08-Boeing-completes-acquisition-of-Aurora-Flight-
Sciences
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http://www.greencarcongress.com/2018/01/20180130-cuberg.html  also 
http://boeing.mediaroom.com/2017-11-08-Boeing-completes-acquisition-of-Aurora-Flight-
Sciences
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NASA New Aviation Horizons: Electric airplane is one of four X-planes being developed at 
about $1.2B/year.  Funding split is unknown, so $300M/yr is a guess.
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