
 



 





 





 



 



 







 





 







 



 

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  



  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 









∑

ɸ 

λ



η

¥





 



 



 

  

  

  

  

  

  

  

  

  

  

  

  

 



 

 





 





 



 







 







 







 





 



 





 







 







 



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 



 



Passenger cars

Medium and heavy
trucks

Shipping

Aviation

Buses and minibuses

Light commercial
vehicles
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𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑖𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 ∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑖𝑛 𝑆𝑒𝑟𝑖𝑒𝑠 ∗

𝐶𝑒𝑙𝑙 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ 𝐶𝑒𝑙𝑙 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 /  1000



 









 

 



 



 





 



 



 



 





 



 







 

  

  

  

  

  

  

  

  

  

  

  

  



 



 







 



 

 



Parameter ICEV HEV EV 

Vehicle 

 

Engine Type 
Nissan 1.6 L 

Diesel 
Nissan 1.6 L Diesel 
and 90 kW e-motor 

270 kW e-
motor 

Gross Weight (kg) 1750 1920 2230 

Battery weight (kg) - 65 450 

Rated Power - 
Engine/Motor (kW) 

85/0 85/90 0/270 

Maximum Torque – 
Engine/Motor (Nm) 

320/0 320/400 0/360 

Battery Capacity (kWh) - 13.5 90 

Fuel Tank (L) 55 55 0 

Vehicle frontal area (m2) 2.2 2.2 2.2 

Drag coefficient 0.31 0.31 0.31 



₂

₂

₂

₂

 



S. No. Regions Vehicles Sold (million per year)  City No. of drive cycles 

1 
 

China 

21.09 

Shanghai 5 

Beijing 5 

2 
 

US 

14.91 

New York 4 

Chicago 4 

Los Angeles 2 

3 
 

EU 

11.77 

Madrid 4 

Berlin 3 

Milan 3 

4 
 

Japan 

3.68 Tokyo 10 

5 
 

India 

3.08 New Delhi 10 

6 
 

Brazil 

1.98 
Rio de 

Janeiro 
10 



 

Component (kg /kg) ICEV HEV EV 

Tire 3.14 3.14 3.14 

Chassis 2.62 2.62 2.62 

Transmission 3.17 3.17 3.17 

Body 2.54 2.54 2.54 

Powertrain 2.81 2.05 2.57 

BMS x 2.4 2.4 

Electric Motor x 2.51 2.51 

Lithium-Ion Battery x 9.7 10.6 

Coolant 0.53 0.53 0.53 

Transmission fluid 1.41 1.41 1.41 

Windshield fluid 0.18 0.18 0.18 

Brake fluid 1.41 1.41 1.41 



Engine Oil 3.11 3.11 x 

Power steering fluid 3.11 3.11 3.11 

ADR 0.97 0.97 0.97 

WTT (kg/kWh) 16.97 16.97 Variable 

TTW 3.17 3.17 0 

 



VW without battery = VW gross - W battery

W component = % Share component * VW without battery



CO₂ manufacturing = [∑(F component*W component)] + (F battery ∗ W battery)



 



CO₂ WTT Fuel = F WTT Fuel * C Fuel





 

 

 



CO₂ WTT Electricity = 
C Electricity * F WTT Electricity

E Charger

CO₂ TTW = F TTW Fuel * C Fuel

CO₂ WTW = CO₂ WTT + CO₂ TTW

 



N Replacement  = 150000 / LCK Component

CO₂ Maintenance = F Component * W Component * N Replacement  



 

CO₂ ADR = F ADR * VW gross  

𝐿𝐶𝐴 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 + 𝑈𝑠𝑒 + 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 + 𝐴𝐷𝑅

 



 



AC HEV = AC ICEV + [(AC EV / VW EV)* (VW HEV - VW ICEV)]

EMC HEV = (EMC EV / EMP EV) * EMP HEV



EBC HEV = EC ICEV + [(BC EV /BCap EV) * BCap HEV]

OC HEV = OC ICEV + [(OC EV / VW EV)* (VW HEV - VW ICEV)]

 

 

 

 



 



 



 



 





Cost Energy = C Diesel * Cost Diesel  

Cost Energy = C Electricity * Cost Electricity

 



 



𝑆ℎ𝑎𝑟𝑒 (𝑥, 𝛼, 𝛽) = 1 − 𝑒
−(

𝑥

𝛽
)

𝛼

α β

α β



α

α

β

β
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CO₂ M =∑(F𝑐𝑜𝑚𝑝)*(W𝑐𝑜𝑚𝑝)

 



𝐶𝑂₂ WTT Fuel =F 𝐹𝑃* 𝐸𝐶 𝐹

𝐶𝑂₂ WTT Elec =
𝐸𝐶 𝐸 ∗ 𝐹 𝐸𝑃

𝐶 𝐸𝑓𝑓

𝐶𝑂₂ WTT Elec 2030=
𝐸𝐶 𝐸 * (0.85 * 𝐹 𝐸𝑃)

𝐶 𝐸𝑓𝑓

𝐶𝑂₂ WTT Elec 2050=
𝐸𝐶 𝐸 * (0.285 * 𝐹 𝐸𝑃)

𝐶 𝐸𝑓𝑓

𝐶𝑂₂ TTW=F 𝐷𝐶  * 𝐸𝐶 𝐹

𝐶𝑂₂ WTW = 𝐶𝑂₂ WTT + 𝐶𝑂₂ TTW



 

N 𝑚𝑎𝑖𝑛 =
𝐿𝐶𝐷

LCD 𝑐𝑜𝑚𝑝

CO₂ 𝑚𝑎𝑖𝑛 = ∑(F 𝑐𝑜𝑚𝑝 ∗ W𝑐𝑜𝑚𝑝 ∗ N 𝑚𝑎𝑖𝑛)

 



CO₂ 𝐴𝐷𝑅=( 𝐹𝐴𝐷𝑅 * 𝑊 𝑣𝑒ℎ𝑖𝑐𝑙𝑒)

𝐶𝑂₂ LCA = 𝐶𝑂₂ M + 𝐶𝑂₂ WTW + 𝐶𝑂₂ main + 𝐶𝑂₂ ADR

 

 



 

𝐶 𝑇  (
𝐸𝑢𝑟𝑜𝑠

100𝑘𝑚
) = 𝐶 𝐸 ∗ 𝐸𝐶 (

𝐿/𝑘𝑊ℎ

100𝑘𝑚
)

𝐶 𝐿𝐶𝐴  (
𝐸𝑢𝑟𝑜𝑠

𝑘𝑚
) =

𝐶 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 + 𝐶 𝐸  + 𝐶 𝑀𝑎𝑖𝑛

𝐿𝐶𝐷



 



 





 

 



 

 

 

 

 

 

 



 



 







 





 



 







 







 





 

 





 











 

 





 

S. No. 

Hybrid Articulated Hybrid 

Battery Capacity 

(kWh) 

E-motor torque 

(Nm) 

Battery Capacity 

(kWh) 

E-motor torque 

(Nm) 

Line 9 36.02 1237.63 36.98 1114.79 

Line 10 36.02 1237.63 36.98 1114.79 

Line 19 34.95 1373.02 36.98 1114.79 

Line 70 36.02 1237.63 36.98 1114.79 

Line 89 36.02 1237.63 34.67 900.05 

Line 90 36.02 1237.63 36.15 1725.80 

Line 92 35.16 742.06 29.69 672.05 

Line 93 34.95 1373.02 33.15 1257.12 

Line 95 34.18 1726.60 36.15 1725.80 

Line 99 34.95 1373.02 34.40 839.37 
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