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1. #EiR ENERGY
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3. E¥FOOD

4. IxIE ENVIRONMENT

5. EE& POVERTY

6. E{3 TERRORISM & WAR
7. ¥x%% DISEASE

8. # B EDUCATION

9. EKEZx DEMOCRACY

10. A0 POPULATION

2003 6.5 Billion People
Conference, Rice University, May 3, 2003 2050 8-10 Billion People

Ref. R.E. Smalley, Energy & Nano Technology
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Key technologies ramp up by 2030 in the net zero pathway
Net Zero by 2050: A Roadmap for the Global Energy System

Capacity additions Electric car sales Energy intensity of GDP
(GW) (millions) (MJ per USD)
1200 60 5
1000 50 a
-4% per year
800 40
3
600 30
2
400 20
1
200 10
@] O | @]

2020 2030 ' 2020 = 2030 2020 2030

International

Energy Agency
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Net Zero plan by 2050,

Figure 3.22 = Global transport TGEﬁumpﬁon by fuel type and mode
in the NZE
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Consumption by fuel Consumption by mode

Other
7 Aviation
Shipping
M Rail
W Heavy trucks
B LDVs
Other road

Fuels

B Hydrogen-
based fuels

W Bioenergy

B Electricity

W Fossil fuels

2020 2030 2040 2050 2020 2030 2050

IEA. All rights reserved.

Electricity and hydrogen-based fuels account for more than
70% of transport energy demand by 2050

«( .

2020 A1{EEEIR 90%

EFEE 15%

2050 IEAREl BEREl
& /] 45% __ 73% >50%
SHEE  28% 9-12%

A{EEE 12%

Note: LDVs = Light-duty vehicles; Other road = two/three wheelers and buses.
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成大混合動力無人飛機 試飛成功 .mp4
成大混合動力無人飛機 試飛成功 .mp4
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In 2008, The Boeing Fuel Cell
Demonstrator achieved straight-
level flight on a manned mission
powered by a hydrogen fuel cell.!lll

Phantom Eye(2010) — H,-fueled, HALE-UAV. A
full size Phantom Eye wvariant 1s
designed to stay aloft for up to 10
days and carry a payload of 2,000

pounds.
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. —FNC N : World’s First Hydrogen—-Powered
S é‘é‘ BE EL.EFI TN Passenger Plane Lifts Off On Maiden
Zero—-Emissions Flight
geg w | > e A -{57#‘3 2k 35 .
—+ — B #,Z/E 5? i P/ — L ‘ﬂ& bﬁ | ZQ%%%AV@OQQ&%QW\QIQY&D%%MQ tested in a Piper M350 airframe. ZeroAvia
TechNews ﬁijiﬁfréﬁ(zozo.w.zl)

Airbus forecasts
first zero—-emission
jets to take flight
by 2035
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ZeroAvia’s hydrogen fuel cell power

train is being tested in a Piper M350
airframe. ZeroAvia
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Japan Airlines and ZeroAvia to Partner on Exploring Hydrogen-Electric Flights

” in Japan
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November 16, 2023
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End of combustion P4 ki o — —~
PA Wiey = MEP(Uyyy ~ Vo) ® iz " Nth = 1 K= 11K 1.3
\ @ I :},},‘ré‘b T (Indlcated
bt valve | Thermal Efficiency)
opens | 77 _ Wi
‘ MEP o e m e ~i ith —
ntake O | -\i mf ‘QLHV
valve opens h'””r) : ! - . === . ok ;:-;:-El
\ Exhaust Viia Viw  V W EI:EI TIjJ Ime’
P - - TDC BDC
o S e , Quuv I%#MEE,JE(Iower heating value)
. L “!— | ® Pk (Mechanical
he BbC v ' Efficiency):
Wy _ BrakePower
MTm = wW. "~ Indicated Power
l
® 353 »®+4 (MEP): IMEP=
Wi
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- BIRE[E S| %48 F & (Energy Balance)

Bz #2A Eh% & (Brake Work) 25%~30%
< #1382k (Coolant/Heat Loss) 30%~35%
HER T EEEE (Exhaust Loss) 25%~30%
Hetm EE R ERER 85K (Friction & Pumping) 5%~10%
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P = pR 2= (7))
B8 — B\ L35 s 3 T T I\ =1
EEU/\I)JT(Wb) 10 kW: h%E: 7.2 kg/h (0.002 kg/S) HEsmE: 750 °C (3R1525°C)

’:LE A/F 147 /7ﬁ|]7 /)ILE].S |/m|n /ml;ES °Co

Ln\il-':l': IL\EE“A(Q”) Qtotal=mf * QLHV 88.0 kW 100%
2 BEmia L EhEE (Exhaust Loss) 26.18 29.7%
Qexhaust (ma+mf) Cna (Tex amb) (3160 (3591%
T, . HERRIE, 5128 F49750°C @T,, =950C) @T,, =950°C )
3.24al/kzh&E 185 (Coolant Heat Loss)
Qcoolant_mw an ) (Tw.out _ Tw.in) 837 95%
m,,: R AKRE; C Cpw:4.187 kI/kg.K; (T gyye — T;,): <R A0Km=8C
4. BEfthEEi2/ig8di85% (Friction & Radiation) 28.0 31.8%
. 28.9%
5.5 42 B EHE L (Brake Work) 25.45 22 69

@T,, =950°C
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LR TR, > TRy (Expansion Ratio) + /R0
( Compression Ratio)

2.7% %3 B (Turbocharge): " &t s T 8 % & 7 o F H ik
B A R RGE 0 RITARF S B A FRBAR DTN B o

27



(N IMZEEEFSiE KBRS

- Bj#j%**ﬂﬁiﬁz(AtklnSOn Cycle)

invented by James Atkinson in 1882.

O & AR - AR P BB FT RS FRR AP oA LR TERWIE, o T
FEWIE W (Expansion Ratio) + %’:‘&ﬁfﬁ‘b‘* (Compression Ratlo)

> 1% 'ﬁ/w Sﬁ gL /r%?’—riﬁ—ﬁvmﬁﬁﬁ}ﬁ—“‘@ﬁ"f& r)i e mﬁ"/{;_iw °

PR BT RERRLORARS o AN AR ARZIT A F RS > R R 2
FARGCR C BEAT A (BFAFA) AR

@ BN FIFR XS (4o ToyotaPrius) % o Fv RF P (VT) i
JIEO T

>£$P%&1%%%%%éj@ﬁ%’ﬁiﬁm%%%ﬁ’%%Aﬁgiﬁﬁ?éiﬁﬁ°
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https://en.wikipedia.org/wiki/James_Atkinson_(inventor)
https://www.findcar.com.tw/a/22346JK
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- 18 Em15 B2 (Turbocha r%ing)

PUR = @l s 1R Fr 58

Itake manifol 1. BEmEEE[ME UL (Exhaust Energy Recovery)
v v v vy > AEREVTER . A% (Turbine ) HEEHIRIEEES -
£ OOOOOO MNABERNENGEEEETEE R 'E -
g > BNBYR . EREMPIREEZFLIOARRLE - SR

Intercooler

i.___i____;__r_i___*l___j Exhaust

i RAEBURHE D BE BT - FI2RERE) & = B 4R
A AN

B
|

Turbocharger 1{7&
Pt ool [@]*' 2. [REEHRIEX (Pumping Loss Reduction)
: > INBEERAHES ¢ %EEEF@I_* £ = 8 A TR AV E
. (BMEP) - #&—& L5L B3 ZAEMMLEA 250 B2
o ERSIZRIEN] -
> WmERELD - NS BREERE/) - BERERED B
AR n SEEEENNKFNASIZES -

29



‘3 MZEERF TP KEREMEE

- AimiEEizE S Ho | 2B LD |Z2Z2ER

4

A5 IE(0tto + Turbo) | &%&HA5IZ(Diesel + Turbo)

TEYERARE WANE RoEmERs Toon DRSERE
B BENARERARE)  #HEEREERLE)
HimmE 21t 1= (750-950 °C) 1= (500-700 °C)

H R BRI T +2%~ 5% +5%~ 10%

A2 Im ER R IR #938%~ 40% #945%~ 50%
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‘Combustion
Techniques as
Sustainable
Solutions for Internal
Combustion Engines

A. P. Singh, D. Kumar,
A.K. Agarwal. (2021)

%ﬁ..\ﬁk“,ﬁ(ﬂéf# FIREMR )
o TREHEX (L) : AFEHRE zﬁuug,m BRI B
(Lambda T3 2.1) - 2 BABEREEEREERARM -

o THBK (L) : MEBEMHE - TEHEBEEFHKME (POBK) - BEHR

ESERE -

o SHEEBEK (RFCI) : BEREEOKI - BOKZTRA - AEBZ ML )R -
o UEEENEEK (MASI) : FI AR A BRI KGR, - IBTHRIERR R -

= U BEMRIE RS

UBBRIART (GCI) . A55H5 I ZRENRESAMEIRIERZMY - BRERRE
(LTC) #thg - ‘H‘EEH%B%EE PM £2 NOx -

HBEIAERNE (GDI) #1E : imEsIEEnm "IEFESIE, (Spray-guided ) - Fl
FZERIEST ( SplitInjection ) IBENEFRSR - IRAVHRKE K -

ZE /D RIEH (Pilot Injection) : FHBF[EIAESFTHIRERE ( Dwell ) B1E - @R
"EE-ORFE L WITREG - WIERIAEIRS

FHEREEHE (CFD) B1E : A 3D Ekﬂgﬂséﬁlﬁﬁﬁﬁ/ﬁk ( Piston Bowl ) £2
R - BRI mm (Tumble/SW|rI ) IR ERYER
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AI(/ native Fuels
and Advanced

Combustion
Techniques as
Sustainable
Solutions for Internal
Combustion Engines

A. P. Singh, D. Kumar,
A.K. Agarwal. (2021)

PatgE (LTC) iR A RN

TR ?‘%ﬁdicated B A SEE

7R (GCI)
e K (1)

SHEEERK (RFCI)
%}4-Dioxane HALR

a2 | HElaE HEME

47% -57%
45%

+2% 2 5%
32.7%

+1% & 3.5%

S A Sk e N ECR B

i {E &t HCCH (43%) s

M E TR S F e Tt
ARSI (30.06%) £2714 8%

ﬂ* ﬁ\é _WIL/tb %W%XQ?%
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@ BAFBBMEIE " Super Engine s :

o £ HAEE 151 H Japan Engine Corporation (J-ENG) &5
HRENEXARSZE  FhEESEEMERYEREER -

1 BIERE  SREaFSIESIRE
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Toyota Developing Hydrogen Engine
Technologies Through Motorsports

https: //fuelcellsworks.com/news/toyota-developing-
hydrogen-engine-technologies—-through-motorsports/

Toyota Hydrogen Engine

https: //www.youtube.com/watch?v=
O0yM5SR1D7%Zo

GR Yaris engine

Displacement 1618 cc

Type In-line 3 cylinder
turbo with intercooler

Fuel used Compressed hydrogen
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A Super Taikyu Series race


https://www.youtube.com/watch?v=O0yM5RlD7Zo
https://fuelcellsworks.com/news/toyota-developing-hydrogen-engine-technologies-through-motorsports/
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Vector representations of
temperature(left),
Pressure(middle), and
velocity(right)
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