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Are Practical Electric and Hybrid Airplanes Just Around the Corner?

There are good reasons for electric airplanes ASAP

« Cost
— At the shaft, electricity is less than 1/5 the cost avgas
- — Though batteries are hugely expensnve so are the alrcraft englnes they can replace
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Are Practical Electric and Hybrid Airplanes Just Around the Corner?
What minimum performance is needed
for a practical electric airplane?

°s as a GA pilot & former C-172 owner
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Are Practical Electric and Hybrid Airplanes Just Around the Corner?

Recreational Flying

. Local flying — near C-150 or LSA performance
e p\u\smzmplace 200 Ib/g erson (200-400 Ib) payIQad (no baggage)
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Are Practical Electric and Hybrid Airplanes Just Around the Corner?

« Business Travel

— Single-person travel, a stop after each leg
pesv? p\ug \Nc\ola.lke recrea}xo al day trips, except

iy F—C"

§ erioct

50-500 |h payload (ms Ay in udee’qu ent)

CalCars

THE CALIFORNIA CARS INITIATIVE www.calcars.org




Are Practical Electric and Hybrid Airplanes Just Around the Corner?

What can hybridizing an airplane accomplish?

+ Suggested/modeled hybrid
— Parallel, powered by the electric motor and/or the engine
EGU p\uMQ‘t@r always turps~ di rec;t or via a PSRU
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Are Practical Electric and Hybrid Airplanes Just Around the Corner?

My modeling (live spreadsheet to follow)

* For both electric and hybrid, | started with the
fastest 4- place piston kit airframes
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Are Practical Electric and Hybrid Airplanes Just Around the Corner?

A | B | [=] | [u] | | | K | L | 1 | ] | o | S ] T | u | v | W | X | Y | 4 | Al | AB | AC |
1 |Worksheet for posiible electric aircraft to enter the NASA/CAFE high-efficiency 2-place airplane contest
2 |By Ronald Gremban;, Jatest version, 4/24/2009
s |Copyright 2008, 2009 by ForSites Carp. Al rights reserved.
| 4 |
¥elocity ¥elocity Lancair Lancair Lancair Lancair Lancair Lancair ¥ans ¥ans ¥ans Pipistrel Pipistrel Pipistrel Pipistrel Pipistrel Pipistrel Pipistrel Cessna
5 | Template XL-RG XL-RG v 112 w w v ¥ RY¥-10 RY-10 RY-10 Sinus Sinus Sinus Sinus Sinus Sinus Sinus C-172M
Diesel Electric, Electric, Electric, Electric, Electric, Diesel Electric, For compar-
OEM Hybrid QOEM opt. for opt. for opt. for opt. for opt. for Hybrid optimized for At100mph  El i El i El i El i ison. Note:
non-turbo (needs higher turbo slower flight  slower flight  slower flight  slower flight  slower flight (needs higher slower flight Sinus atlow  cruise, Sinus at100  Sinus at100  Sinusat100  Sinus at100  cale. climb
Aircraft piston power piston with alonger with alonger with alonger with alonger  with alonger power with alonger OEM weight, 100 shorter wings mph cruise, mphcruise, mpheruise, mphcruise,  too high due
& | characteristics version batteries’ wersion folding win: folding win: folding win folding win folding win: QEM batteries’ wing LSA mph cruise & Diesel shorter wings _shorter wings _shorter wings _shorter wings to fized prop
7 |Wingspan (CAFE maxs44), ft <l 3 355 51 51 51 355 355 32 32 35 49 43 35 35 35 35 35 36
1l |Gross weight | Ib 2,900 3,200 3,550 3,550 3,550 3,550 3,550 3,550 2,700 2,900 3,320 1,290 1,050 1,010 1,320 1,320 1,320 1,320 2,200
M _|Fuelcapacity gal 70 40 90 0 0 o o 0 60 35 0 15.1 3.0 3 0 0 0 0 38
| 17 |Batteryspenergy  Whikg 168 168 300 300 300 1000 168 168 168 168 300 300 1000 N/
" 18 |Projected battery cost at Today Today >2012 >2012 >2012 >2020 Today >2012 Today >2012 >2012 >2020
19 | $700¢kWh today; $500 in 2012 $17,920 $80,640 $70,400 $121,600 $121,600 $140,800 $17,920 $64,000 $29,568 $37,760 $25,600 $25,600
20 | Battery capaciti kWh o 26 [} 115 141 243 243 563 [} 26 128 [ L] (1] 42 76 51 102 [ &
4 4
22 |Batt. weight | Ib o 324 [ 1,505 1,033 1,783 1,783 1,239 o 324 1,676 0 N N/ 552 554 375 225 [
23 |Pagload b 780 784 1,010 554 1,026 476 476 1,020 820 752 400 574 406 401 226 224 402 5§52 686
27 |Seats 4 4 4 2 4 2 2 4 4 4 2 2 2 2 1 1 2 2 4
28 |Engine Mfar Lycoming DeltaHawk  Continental ACPropul.  ACPropul.  ACPropul.  ACPropul.  ACPropul. Thielert ACPropul.  Rotax Rotax Unknown Unknown Unknown Unknown Unknown Lycoming
29 | Engine 10550M DH200v4 TSI0550 3-ph 3-ph 3-ph 3-ph 3-ph 20(135hp)  3-ph 912 912 14 DeltaHawk 114 ACProp. 14 ACProp. 14 ACProp. 14 ACProp. 0-320-E2D
30 | Engine « motor shp hp 310 400 350 201 201 201 201 201 260 335 201 80 80 50 50 50 50 50 150
33 | Climb rate, cale ftémin 2574 3073 1987 1037 1037 1037 763 763 2172 2707 130 1603 2040 133 833 233 233 2833 1338
34 |Cruise (maz. range if avail.|Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise: Cruise:
38 | Shaft power hp 233 200 300 65.4 65.4 65.4 1018 2828 143 135 236" €0.0 19.7 162 242 242 242 492 765
39 | Fuelrate aphorkw 171 15 22 571 571 571 288 2467 106 72 723 486 15 03 211 211 211 429 6.2
41 | ICE efficiency % 28% 32% 28% NiA NIA MNIA MIA MeA 28% 352% NiA 2% 7% 352 NiA NEA NEA NIA 25%
42 | Speed (input) mph 236 224 330 120 120 120 150 230 176 173 115 128 100 100 100 100 100 128 109
43 | Effective LID XX:1 7.9 9.6 8.0 17.4 17.4 17.4 13.9 7.7 8.9 9.9' 12.2 8.1 14.2 16.6 14.6 14.6 14.6 9.2 9.5
4
44 | Endurance. no reserve, hr 4.1 3.5 4.1 2.0 2.5 4.3 2.7 2.3 5.7 4.9 1.8 3.3 2.0 3.5 2.0 3.6 24 24 6.1
47 | Speed @ SL  mph @ SL 209 198 224 120 120 120 150 230 156 153 115 124 100 100 100 100 100 128 104
50 | Range,noreserve, mi@sL 857 689 918 242 296 511 41 525 887 747 202 405 133 350 200 358 243 305 633
51 wVFR reserve, m@stL 752 590 806 182 236 451 336 410 809 671 144 343 149 300 150 308 193 241 581
— 4
54 | Fuel efficiency, empg@st| 12.2 17.2 10.2 71 71 71 57 31 14.8 21.3 53 26.9 66 117 160 160 160 100 16.7
56 Cost!100 mi @ $5/gal. $ $41 $29 $49 $7 $7 $7 $9 $16 $34 $23 $9 $19 $8 $4 $3 $3 $3 $5 $30
4
57 | Costihr @ 45igal. $ $85 $58 $110 $8 $8 $8 $13 $37 $53 $36 $11 $23 $8 $4 $3 $3 $3 $6 $31
€2 | At best glide speed (¥g): |¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g: ¥g:
63 | Best glide speed, mph 115 115 144 120 120 120 4 ] 105 105 100 59 59 70 70 70 70 70 80
66 | LD (from expected ratio) 19.1 18.2 14.5 17.4 17.4 17.4 14.5 14.5 14.8 14.3 14.0 27.0 30.0 25.8 22.5 22.5 22.5 22.5 127
81 | Strings of batteries 12 2 8 9 11 19 19 44 9 2 10 9 0 0 33 59 4.0 8.0 4
88 | Chg time at maz level 2, hr 184 1.4 6.3 7.7 1.2 13.2 30.6 1.4 7.0 2.3 4.1 2.8 5.6
89 |Useful for LongDist LongDist LongDist DayTrips LongDist LongDist LongDist LongDist LongDist Local Local DayTrips DayTrips LongDist
90 |Desired charge time, hr 1 1 1 1 1 1 1 12 12 4 4 1
91 |Required charge rate, k¥ 26 115 141 243 243 563 26 1 4 19 13 102
92 | Voltage v 240 240 480 480 480 480 240 240 240 240 240 480
93 |Currentrequired | A 107 480 293 507 507 1173 107 44 15 79 53 213
94 |Useful for Long Dist Long Dist Commute BusClient BusLDist BusLDist BusLDist LocalRent LocalRent SingleBus SingleBus SingleBus
95 |Desired charge time, hr 1 7 2 1 1 1 1 1 1 2 2 2
96 |Required charge rate, k¥ 26 16 70 243 243 563 26 128 42 38 26 51
97 | Voltage v 240 240 480 480 480 480 240 430 240 240 240 480
98 |Currentrequired A 107 €3 147 507 507 1173 107 267 176 157 107 107
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