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(1] RIEITES (2024) Bt & . £ https://www.un.org/zh/climatechange/net-zero-coalition (if5[a] HEH : 23 Jan 2024).
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Sector Year Milestone
More than 90% of heavy Industry 2020 * Global average plastics collection rate = 17%.
industrial production
is low-emissions 2030 + Global average plastics collection rate = 27%.
L]
0 + Lightweighting reduces the weight of an average passenger car by 10%.
Renewables reach Ll _ _
almost 90% of total More than 85% 2050 + Global average plastics collection rate = 54%.
electricity generation ;’;:;fgg,'ggf]_a,;zd) » Efficiency of fertiliser use improved by 10%.
L
Industry Transport 2030 s Eco-driving and motorway speed limits of 100 km/h introduced.
Power () () 26107 — * Use of ICE cars phased out in large cities. I
Transport
e 2050 * Regional flights are shifted to high-speed rail where feasible.
r
Alinasitosor + Business and long-haul leisure air travel does not exceed 2019 levels.
electricity generation P " s
dlobelly from solar PV Buildings 2030 * Space heating temperatures moderated to 19-20 °C on average.
and wind 520 Mt * Space cooling temperatures moderated to 24-25°C on average.
low-carbon * Excessive hot-water temperatures reduced.
hydrogen

2050 + Use of energy-intensive materials per unit of floor area decreases by 30%.
7.6 Gt CO, captured
« Building lifetime extended by 20% on average.

Note: Eco-driving involves pre-emptive stopping and starting; ICE = internal combustion engine.

[E1 Net-Zero Emissions by 2050 Scenario[2]
[E]2 Key global milestones for behavioral change in
the Net-Zero Emissions by 2050 Scenario[2]

[2] Net Zero by 2050 A Roadmap for the Global Energy Sector(2021) International Energy Agency. 2% https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-
10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector CORR.pdf (if5[a] HEH : 18 Jan 2024).
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Managing Power
Demand

S~

Generation

3 Smart-Grid
Smart-Grid Reliability with EV
Advancement

Applications

Microgrids and
Goals Solutions for
SmartMeters Charging
IntelligentHomes \ y—
Intelligent :
Communication il ) \

SRV E G )

i# : Themes EV Integration

Intelligent Electric E HE | %

Distributed

Vehicles SIGELE HE P Demand Response

Management
System Adjusting
Smart-Charging
Use Infrastructure
ses
>

Intelligent —_—

Offices EV Cyb -
1 /

.
Commercial C_‘ [—‘ = — - Energy- .
build p g
. ( Management and Systems
Pricing

==

. Residential

Public Safety
Evaluation and
Maintenance

Throughout the
Large-Scale Addition Mobility
of EVs Behavioral
Mixed-Methods ]

Intelligent
Generation

) () ) (e

lm Intelli t Reserachers’ /
=" s tools / skills
Energy Storage [Dlsirlbuhd“, [s e, J [ow-gmnon.m] [ St taatiito ] [ Design-Sci ] lu an-

[&3 Intelligent Energy Systems [3]
[&4 Smart Grid-EV integration framework[4]

[3] National Climate Change Secretariat and National Research Foundation (2011) Smart Grid Technology Primer: A Summary
[4] Vivian S.(2022) Integration of EVs into the smart grid: a systematic literature review. California Statue University
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1912 — 2 KIGREH
Baker electric car[5]

Bluebird solar car [5] | EYaeaa e (e

K& REE Lightyear [6]

[5] Tathagata P. (2016) Electric Solar Vehicle — RayRacer. KIIT University
[6] World’s first solar-powered electric car enters production (2022) Drive.com. 227 https://www.drive.com.au/news/worlds-first-solar-powered-electric-car-enters-production/ (

SRS ] H7: 8 Jan 2024)



https://www.drive.com.au/news/worlds-first-solar-powered-electric-car-enters-production/
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-5 R e B Pk ZE (Bridgestone World Solar Challenge)[7] mﬁﬁ?ﬁ%
E B K5 E Pk ELEE (Electrek American Solar Challenge)[8] B‘%

o
mE IE N[5 BEEEHkERE (South African Sasol Solar Challenge)[9] ﬁéf EEELNZ
BN K P BE EEHkELE (iLumen European Solar Challenge)[10] =

* Shell Eco-marathon Asia-Pacific and the Middle East[11] shell
co-marathon

[7] Bridgestone World Solar Challenge (2023) 2% https://worldsolarchallenge.org/ (5 HEH : 8 Jan 2024)

[8] Electrek American Solar Challenge (2023) £27%: https://www.americansolarchallenge.org/ (55t HHH : 8 Jan 2024)
[9] South African Sasol Solar Challenge (2023)£27%: https://www.solarchallenge.org.za/ (5[ HEH : 8 Jan 2024)

[10] iLumen European Solar Challenge (2023)£:%: https://www.europeansolarchallenge.eu/ (55 HEH : 8 Jan 2024)
[11] Shell Eco-marathon(2023) 2% https://www.shellecomarathon.com/ (55 HEH : 8 Jan 2024)
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https://www.youtube.com/watch?v=K4V mbgZp-w

(@vtcsolarcarteam7058 - 120 subscribers - 25 videos

Since 2009, IVE Engineering staff and students have been working ..]

,-ﬂ Subscribed v
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New Energy New
Generation 2025

Prepared for Rideable Solar Car Class

Technical Regulation
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1 H E4EH% Bodyshell j
2  HEZEKEARGEZE Chassis and Rollbar
EH G 3 H#RREGHES Wheels and tires
S D 4  ZKELZ 4 Braking system
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Drag
Shape Coefficient
Sphere e DAz

Half-sphere —— 0.42

Cone  —— 4 0.50 //(/((
Cube  —m D 1.05 //((
Agnled  ___ <> 5 Frontal Projected Area
Cube
Long
oyiner —= [_] oe2 : o CarClass | Fronal area
/
Short inl ;
Cylinder D hls W ‘ - 18
St lined Frontal arca A medium 1.9
regg;;lne 9 0.04 rontal area h size
St lined egPPr:'s.ze 2.0
reamlined __ medium si
Half-body s ' ; 2.1
7 // full size “
Measured Drag Coefficients A =0.81- (bh)
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| The Most Aerodynamic Cars
‘ T e '? #1 Volkswagen XL1 #2 Tesla Model 3
oq b— | 1 i | ]
18920 30 40 50 60 70 80 90 2000
Year

Drag coefficient Drag coefficient

0.19 0.21
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Wind Tunnel Test Simulation

Wind tunnel test

JELTR R s BRI

(Wind Tunnel Test) (Computatlonal Fluid Dynamics)
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545 Bodyshell
HZ0 K EH %22 Chassis and Rollbar
HEGRIESHS Wheels and tires

B W N =

9  EEF5/NE Lighting

10  EHFHHED\ Horn

11 3@z Radio

12 JH k3% Fire Extinguisher
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a) /&#fH JJ Rolling Resistance ¢ :UH
b) ZZ5& \H 17 Wind Resistance

c) TIN#%E Acceleration < 1l

d) 37 Climbing(Gradient)
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Push on wheel /£ N Wheel rolls forward

Friction resists rolling
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F = Hrolling X M X g

Force(rolling) = Force used to cover
the rolling resistance when the car is driving

Unit=N

u(rolling) = Rolling coefficient of friction

m= mass of person and solar car
Weight of driver and solar car
Unit = kg

g= acceleration of gravity,
directed downwards
10N/kg
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c ¢, (mm)
0.001 - 0.002 0.5 railroad steel wheels on steel rails
0.001 bicycle tire on wooden track
0.002 - 0.005 low resistance tubeless tires
0.002 bicycle tire on concrete
0.004 bicycle tire on asphalt road
0.005 dirty tram rails
0.006 - 0.01 truck tire on asphalt
0.008 bicycle tire on rough paved road
0.01-0.015 ordinary car tires on concrete, new asphalt, cobbles small new
0.02 car tires on tar or asphalt
0.02 car tires on gravel - rolled new
0.03 car tires on cobbles - large worn
0.04-0.08 car tire on solid sand, gravel loose worn, soil medium hard

0.2-0.4 car tire on loose sand
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Any object moving through a fluid
experiences drag - the net force in the
direction of flow due to pressure and shear
stress forces on the surface of the object

F,=c,1/2p Vv’ A

where

F,=drag force (N)

¢, = drag coefficient

p = density of fluid (1.2 kg/m? for air at NTP)

v = flow velocity (m/s)

A = characteristic frontal area of the body (m?)

Drag

SIS Coefficient

Sphere —_— 0.47
Half-sphere —— 0.42

Cone —_— 0.50

O
d
<
cwe — [ 105
<&
[ ]

Agnled 0.80
Cube
Long
Cylinder — 0.82
Cylinder
Streamlined
—_— 0.04
Body C>
Streamlined
—  Srrrrr 009
Half-body

Measured Drag Coefficients

Car Class

Frontal area
Am?

mini

1.8

meadium

1.9

upper
medium size

2.0

full size

2.1

A =081 (bh)
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Equation for average acceleration
AV
a——
At

m is mass (m)
. 0 m
a is acceleration (5_2)’

Av is the change in velocity,
At is the amount of time it took for that

Force (accel) =mxa

change to occur
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Force (accel) =mx a

equation for average acceleration

=V =M

time
Unit normal in km/h

At — ‘t‘? = -t Ve|ocity =Car Speed:diSt.ance
[

LAES $nal Ve\oci-l;\j
v, — Wnitidl velocity /g
t, — ending time
t. — Starting time
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At =+t -t

Ve — §nal velocity
V. — Witidl \/e\oc‘tt\j y

t, > ending time AL

t‘. =t S S‘l’,aY‘l‘jV\S +ime

Engincering  amsemmmpp spe= SGQC |_E|._ o

Force (accel) =mxa

Ex. | Ex. 2

Ve = 46.1 w/s Ve = 0 w/S
= (8.5 w/s V. =224 w/S

t.=2478 t. = 256 g

-{-,i =09 +‘-. =0S

a=Av/IAt a=Av/At
ST A i S W R G SN
= 401" - 85" | =0k —224"%
2475 - 05 255 - o
=72 = -8.78 "k
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Force F-__

Distance d .__ :

. i i . Work
Work = Force x distance moved in direction of force

Work _ Force x distance Special case for constant
avg ~ time = time force acting in the direction

of motion.
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Find N(rom of the wheel):

V=rxw
. . distance as
V= linear velocity = —; = —
time dt

w=angular velocity (rate of change of angular displacement)

Since our displacement/distance is the length of the arc

which is made by the angle d6: s=rd6

rdo dao

IV = —,w =—, ris the radius of wheel
dt dt
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s

orque (Nm needed at the wheel)

7 C

P=Txuw
P= Power (W)
T=Torque from the wheel
w=angular velocity (rate of change of angular displacement)
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P = (Force(rolling) + Force(acel))x Velocity

P=Txuw
4
w = ?
v |Should be the same result
P=Tx="lwith previous slide!
r
T=Px—
*y

T = (Force(rolling) + Force(acel))x vV x%

Torque = (F orce(rolling) + Force (acel))x r (radius of the wheel)
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Time to design the electrical system for your car

Rideable Solar Car Electrical System Outline

Solar PV Panel (A4300) MPPT Converter
Mono Crystalline Silicon Vin(oc)= 14.07 V
Panel Area= | m? > Vout=40 1V
64 Solar cells 3 Parallels of MPPT

Pmax= 198 W Converter set
A-300 Solar Coll Moy Crytaiose Sall oy
[ -

GP Battery pack-
GPT00DHT (NiMH)
Cell voltage=1.2V
No. of cells: 30
Vout= 36 V
Capacity=7000mAh

Main Bus Operation
Operation Voltage: 32-40 V

Motor Controller
Vin=33-40V
Pmax= 300V

CENTRE

\_/

v

BLDC Motor
Vin=36V
Pmax= 250W
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