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EURO 6

Euro 6 standards for petrol engines

•Carbon monoxide:   1.0g/km

•Total hydrocarbon :   0.10g/km

•Nonmethane hydrocarbon :  0.068g/km

•Nitrogen oxides:   0.06g/km

•Particulate matter:   0.005g/km 

•CO2 emissions 98g/km

Euro 6 standards for diesel engines

•Carbon monoxide:   0.50g/km

•Hydrocarbons and Nitrogen oxides: 0.17g/km

•Nitrogen oxides:   0.08g/km

•Particulate matter:   0.005g/km

•CO2 emissions 98g/km
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ENERGY CONSUMPTION ANALYSIS OF CONVENTIONAL VEHICLES
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ENERGY CONSUMPTION ANALYSIS OF CONVENTIONAL VEHICLES
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1 𝑙𝑖𝑡𝑒𝑟 ≅  10 𝑘𝑚

      ⇒  𝟏 𝒌𝒈 ≅ 𝟏𝟓 𝒌𝒎
1 𝑙𝑖𝑡𝑒𝑟 ≅ 700 𝑔𝑟

1 𝑘𝑤ℎ ≅  5 𝑘𝑚 
(200 𝑤ℎ ≅ 1 𝑘𝑚)
 ⇒  𝟏 𝒌𝒈 ≅  𝟏 𝒌𝒎
200 𝑤ℎ ≅  1 𝑘𝑔

ENERGY CONSUMPTION ANALYSIS OF CONVENTIONAL VEHICLES
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𝒃𝒔𝒇𝒄

Brake specific fuel consumption is a 

parameter that reflects the efficiency of a 

combustion engine which burns fuel and 

produces rotational power (at the shaft or 

crankshaft)
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ICE MAP - 𝐯 𝐢𝐧𝐜𝐫𝐞𝐚𝐬𝐞𝐬 𝐚𝐭 𝐜𝐨𝐧𝐬𝐭𝐚𝐧𝐭 𝐩𝐚𝐫𝐭𝐢𝐚𝐥 𝐩𝐫𝐞𝐬𝐬𝐮𝐫𝐞

↑ 𝑓_𝑚𝑒𝑝

↑ ƞ𝑐𝑜𝑚𝑏 ⤒ 𝑏𝑢𝑟𝑛𝑖𝑛𝑔 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

↑ h (convection coefficient.)

↑ 𝑐𝑜𝑚𝑏 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛, 𝑑𝑒𝑔

↓ ℎ𝑒𝑎𝑡 𝑙𝑜𝑠𝑠𝑒𝑠/𝑐𝑦𝑐𝑙𝑒

↓ 𝑝𝑢𝑚𝑝𝑖𝑛𝑔 𝑙𝑜𝑠𝑠𝑒𝑠

1

2

Partial  increases
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PARAMETERS AFFECT 𝒃𝒔𝒇𝒄

𝒃𝒔𝒇𝒄 =  𝑓 𝑛𝑣 , 𝑛𝑚 , 𝑛𝑐𝑜𝑚𝑏 , 𝑤𝑙𝑜𝑠𝑠 , 𝑟𝑐 , 𝑇, 𝑃, 𝑅𝐻, 𝑖𝑔𝑛, 𝑁, 𝑣𝑎𝑙𝑣𝑒,
𝐴

𝐹
…
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PARAMETERS AFFECT 𝒃𝒔𝒇𝒄

𝒃𝒔𝒇𝒄 =  𝑓 𝑛𝑣 , 𝑛𝑚 , 𝑛𝑐𝑜𝑚𝑏 , 𝑤𝑙𝑜𝑠𝑠 , 𝑟𝑐 , 𝑇, 𝑃, 𝑅𝐻, 𝑖𝑔𝑛, 𝑁, 𝑣𝑎𝑙𝑣𝑒,
𝐴

𝐹
…

1

𝑏𝑠𝑓𝑐 ∙ 𝐸𝑓𝑢𝑒𝑙
∙ 100% = % 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

1 

0.24 𝑘𝐺/𝑘𝑊ℎ ∙ 11.8 𝑘𝑊ℎ/𝑘𝐺
∙ 100% = 35%
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UDDS URBAN DYNAMOMETER DRIVING CYCLES

The cycle simulates an urban route of 7.5 mi (12.07 km) with frequent stops. 

The maximum speed is 56.7 mph (91.25 km/h) and the average speed is 

19.6 mph (31.5 km/h).
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ICE MAP
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FIRST ELECTRIC VEHICLE
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HYBRID CONFIGURATION

1.Series

2.Parallel

3.Series - Parallel
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SYSTEM ARCHITECTURE OF SERIES HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF SERIES HYBRID DRIVETRAIN

All rights reserved



SYSTEM ARCHITECTURE OF SERIES HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF SERIES HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF SERIES HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF PARALLEL HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF PARALLEL HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF PARALLEL HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF PARALLEL HYBRID DRIVETRAIN
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SYSTEM ARCHITECTURE OF PARALLEL HYBRID DRIVETRAIN
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SERIES VS. PARALLEL

28

Pros Cons

Series

Simple drive train

All 3 driving components (ICE, Generator, motor) 

need to be sized for long-distance high-speed 

driving

ICE working point can be optimized Cannot run with ICE only

Control strategy has low constraints Additional losses due to more components 

Parallel

Good efficiency at low speed The ICE may not always work at the best working 

point

Better sizing
Complex mechanical parts

Control strategy has more constraints 
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Thank you

All rights reserved


	Slide 1: Improvements of fuel consumption & efficiency - Hybrid PROPULSION VEHICLES (part 1)
	Slide 2: CARBON FOOTPRINT gas emissions
	Slide 3: AGENDA
	Slide 4: Euro 6
	Slide 5: Energy Consumption Analysis of Conventional Vehicles
	Slide 6: Energy Consumption Analysis of Conventional Vehicles
	Slide 7: Energy Consumption Analysis of Conventional Vehicles
	Slide 8: bold italic b bold italic s bold italic f bold italic c 
	Slide 9: ICE MAP
	Slide 10: ICE MAP - bold v , bold i. bold n bold c bold r bold e bold a. bold s bold e bold s , bold a. bold t , bold c bold o bold n bold s bold t bold a. bold n bold t , bold p bold a. bold r bold t bold i. bold a. bold l , bold p bold r bold e bold s b
	Slide 11: Parameters affect, bold italic b bold italic s bold italic f bold italic c 
	Slide 12: Parameters affect, bold italic b bold italic s bold italic f bold italic c 
	Slide 13: UDDS Urban Dynamometer Driving CYCLES
	Slide 14: ICE MAP
	Slide 15
	Slide 16: FIRST ELECTRIC VEHICLE
	Slide 17: Hybrid CONFIGURATION
	Slide 18: System architecture of series hybrid drivetrain
	Slide 19: System architecture of series hybrid drivetrain
	Slide 20: System architecture of series hybrid drivetrain
	Slide 21: System architecture of series hybrid drivetrain
	Slide 22: System architecture of series hybrid drivetrain
	Slide 23: System architecture of parallel hybrid drivetrain
	Slide 24: System architecture of parallel hybrid drivetrain
	Slide 25: System architecture of parallel hybrid drivetrain
	Slide 26: System architecture of parallel hybrid drivetrain
	Slide 27: System architecture of parallel hybrid drivetrain
	Slide 28: Series vs. parallel
	Slide 29: Department of Electrical, Engineering University of Genova 
	Slide 30: Department of Electrical, Engineering University of Genova 
	Slide 31: University of Genova, 
	Slide 32

