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GNT- Real-world energy consumption
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• DG CLIMA.B.3 - Mobility (I): Road

• OBFCM data

• ≈ 600k vehicles (7.2% of 2021 M1 registrations)

• Gap (%) real-world vs WLTP for diesel, petrol and (P)HEV

U R M

1st Commission report comparing real-world CO2

emissions and fuel consumption using data from on-

board fuel consumption monitoring devices

WLTP(*) vs RDE vs “real-world”

Real world energy consumption paradigm: one user,

one vehicle, one day

(*) Controlled conditions, 23ºC, no slope, HVAC OFF

Approximately 765,000 km of data were collected for its development

U

R

M

Cornering

Traffic, cold 

start

Running 

resistance, 

Wind, 

Asphalt

Gradient

Vehicle

Driving dynamics 

(v*a, braking, 

gears usage) 

Temperature
Comfort, HVAC

Topography, 

route energy 

demand

Speed profile 

(% urban, rural, 

motorway driving)

Ambient conditions

Green NCAP database – High quality data (time-resolved data)

OBFCM database – High quantity data (accumulated data) 

Real-World Energy Consumption and Range

Real world correction factors come from:
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GNT- Real-world energy consumption

Green NCAP database – High quality data (time-resolved data)

Powertrain Nº vehicles Nº RW Tests Urban ratio Rural ratio HW ratio Mixed ratio

Diesel 30 52 1.26 1.09 1.05 1.13

Petrol 58 88 1.31 1.10 1.03 1.15

Petrol HEV 13 22 1.31 1.26 1.06 1.16

PEV 40 47 1.19 1.17 0.98 1.07

OBFCM db

content

Powertrain Nº vehicles Nº km (billion)

Diesel ≈ 2.19M ≈ 45

Diesel HEV ≈ 1.51M ≈29

Petrol ≈ 1.45M ≈ 58

Petrol HEV ≈ 434k ≈ 17

OBFCM database – High quantity data (accumulated data) 

Aggregation Level 4

𝑹𝒂𝒕𝒊𝒐 𝑶𝑩𝑭𝑪𝑴 =
σ𝒊=𝟎

𝒏 𝑹𝒂𝒕𝒊𝒐 𝑶𝑩𝑭𝑪𝑴,𝒊

𝒏

𝑹𝒂𝒕𝒊𝒐𝑷𝒉𝒂𝒔𝒆 =
σ𝒊=𝟎

𝒏 𝑹𝒂𝒕𝒊𝒐𝑷𝒉𝒂𝒔𝒆,𝒊 

𝒏

𝑅𝑎𝑡𝑖𝑜 𝑂𝐵𝐹𝐶𝑀,𝑖 =
𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑚𝑂𝐵𝐹𝐶𝑀,𝑖

𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑚𝐶𝑜𝐶,𝑖

𝑅𝑎𝑡𝑖𝑜𝑃ℎ𝑎𝑠𝑒,𝑖 =
𝑂𝑛𝑅𝑜𝑎𝑑 𝐸𝐶𝑃ℎ𝑎𝑠𝑒,𝑖 𝑜𝑟 𝐶𝑂2𝑃ℎ𝑎𝑠𝑒,𝑖

𝑊𝐿𝑇𝐶 𝑊𝑎𝑟𝑚 𝐸𝐶𝑃ℎ𝑎𝑠𝑒,𝑖  𝑜𝑟 𝐶𝑂2𝑃ℎ𝑎𝑠𝑒,𝑖

𝑛 = 𝑁𝑜. 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠

Ft Fm OBFCM Ratio

DIESEL M 1.177

DIESEL H 1.191

PETROL M 1.202

PETROL H 1.188
𝑛 = 𝑁𝑜. 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠

Real world correction factors:

𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑂𝐵𝐹𝐶𝑀,𝑖 =
𝑇𝑜𝑡𝑎𝑙 𝑓𝑢𝑒𝑙, 𝑖

𝑇𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑, 𝑖
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GNT- Real-world energy consumption
Real world correction factors : Green NCAP 

db content

Nº vehicles Nº tests Nº km

148 312 27,250

PEMS+ Cold 148 12,858

PEMS+ Heavy 82 7204

PEMS+ Eco 82 7188

Green NCAP database – High quality data (time-resolved data)
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GNT- Real-world energy consumption

Aggregation Level 1Aggregation Level 3

OBFCM database – High quantity data (accumulated data) 

Four-level aggregation for OBFCM ratios determination

Level Classification variables

1 Model, Manufacturer, PMR class, Powertrain type

2 Manufacturer, PMR class, Powertrain type

3 PMR class, Powertrain type

4 Powertrain type

Data completeness: Minimum Nº vehicles according to defined

criteria and thresholds: km range, country of use

Power-to-mass ratio (PMR):

Class 1 (<55 kW/t)

Class 2 (55-90 kW/t)

Class 3 (>90 kW/t)

Aggregation Level 2

𝑹𝒂𝒕𝒊𝒐 𝑶𝑩𝑭𝑪𝑴 = 1,13

𝑹𝒂𝒕𝒊𝒐 𝑶𝑩𝑭𝑪𝑴 = 1,17

PMR bin Ft Fm OBFCM Ratio No. of vehicles

1 DIESEL H 1.162 9712  

1 DIESEL M 1.158 143124  

1 PETROL H 1.184 601159  

1 PETROL M 1.198 255062  

2 DIESEL H 1.192 323598  

2 DIESEL M 1.179 1235721  

2 PETROL H 1.187 828544  

2 PETROL M 1.201 1688422  

3 DIESEL H 1.247 100978  

3 DIESEL M 1.188 71313  

3 PETROL H 1.236 77885  

3 PETROL M 1.215 244697  
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GNT- Real-world energy consumption
• Estimated actual consumption and driving range as part of the Driving Experience Assessment

PEV

ICE, 

HEV

Actual 

Consumption 

(l/100km)

Urban Rural Highway Mixed

Warm 

Weather

WLTC Warm,(ph1+ph2) 

*Ratio, urban

GNCAP db

WLTC Warm,ph3 

*Ratio, rural

GNCAP db

WLTC Warm,ph4 

*Ratio, motorway 

GNCAP db

WLTC Warm,Total

*Ratio, OBFCM db

Cold Winter

(CAT1,(ph1+ph2)*1/2 + 

CAT2,(ph1+ph2)*1/2)

*Ratio, urban

GNCAP db

(CAT1,ph3*1/2 + 

CAT2,ph3*1/2)

*Ratio, rural

GNCAP db

(CAT1,ph4*1/2 + 

CAT2,ph4*1/2)

*Ratio, motorway 

GNCAP db

(CAT1,Total*1/2 + 

CAT2,Total*1/2)

*Ratio, OBFCM db

Warm-

up 5 min

WLTC+ Warm

WLTC+ CAT Warm (2)WLTC+ CAT Cold (1)

Driving range matrix is calculated 

considering the Total Energy Output (kWh) 

from the Battery Capacity test

ph1+ph2    ph3  ph4

Actual 

Consumption 

(kWh/100km)

Urban Rural Highway Mixed

Warm 

Weather

WLTC Warm,(ph1+ph2) 

*Ratio, urban

GNCAP db

WLTC Warm,ph3 

*Ratio, rural

GNCAP db

WLTC Warm,ph4 

*Ratio, motorway 

GNCAP db

WLTC Warm,Total

*Ratio, total

GNCAP db

Cold Winter
(CAT1,(ph1+ph2)*1/2 + 

CAT2,(ph1+ph2)*1/2)

(CAT1,ph3*1/2 + 

CAT2,ph3*1/2)

(CAT1,ph4*1/2 + 

CAT2,ph4*1/2)

(CAT1,Total*1/2 + 

CAT2,Total*1/2)

23ºC

-7ºC
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GNT- Real-world energy consumption
PHEV Charge Sustaining 

Actual 

Consumption 

(l/100km)

Urban Rural Highway Mixed

Warm

Weather

WLTC 

Warm,(ph1+ph2) 

*Ratio, urban

GNCAP db

WLTC Warm,ph3 

*Ratio, rural

GNCAP db

WLTC Warm,ph4 

*Ratio, motorway 

GNCAP db

WLTC 

GNCAP,Weighted, 

Combined *Ratio, 

OBFCM db

Cold Winter

(CAT1,(ph1+ph2)*1/2 

+ 

CAT2,(ph1+ph2)*1/2)

*Ratio, urban

GNCAP db

(CAT1,ph3*1/2 + 

CAT2,ph3*1/2)

*Ratio, rural

GNCAP db

(CAT1,ph4*1/2 + 

CAT2,ph4*1/2)

*Ratio, motorway 

GNCAP db

(CAT1,Total*1/2 + 

CAT2,Total*1/2)

*Artificial Ratio

Warm-

up 5 min

WLTC+ Warm CS

WLTC CD sequence

ph1+ph2    ph3  ph4

Actual 

Consumption 

(kWh/100km)

Urban Rural Motorway Mixed
Driving 

range EAER

Driving range 

PER

Warm

Weather
WLTC CD n=1 

(23ºC), 

(ph1+ph2)

WLTC CD 

n=1 

(23ºC),ph3

WLTC CD 

n=1 

(23ºC),ph4

WLTC CD 

n=1 

(23ºC),Total

WLTC CD 

EAER
WLTC CD PER

Cold Winter
WLTC Cold 

CAT 

CD,(ph1+ph2)

WLTC Cold 

CAT 

CD,ph3

WLTC Cold 

CAT 

CD,ph4

WLTC Cold 

CAT 

CD,Total

WLTC Cold 

CAT CD PER

State >23km

PHEV Charge Depleting

WLTC Cold CAT CD

WLTC+ CAT Warm (2)WLTC+ CAT Cold (1)

If the engine is ON (look Special requirements HEV) during the first cycle in CD or in the WLTC Cold CAT, we do not 

provide the consumption and add a disclaimer about vehicle behaviour not being able to work in Pure electric mode!

n cycles

23ºC

-7ºC

-7ºC

23ºC
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GNT- Real-world energy consumption
Real-World Fuel Consumption CS – OBFCM Ratio

OBFCM fuel and distance data for plug-in hybrids vehicles are split into the following operation modes:

• Total lifetime.

• Charge depleting operation with engine off.

• Charge depleting operation with engine running.

• Drive-selectable charge increasing operation.

Assumption:

• Charge sustaining distance and fuel are estimated as the remainder after subtracting reported operation modes from the total:

𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑𝐶𝑆 = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑𝑇𝑜𝑡 − 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑𝐶𝐷,𝑜𝑛 − 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑𝐶𝐼

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑𝐶𝑆 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑𝑇𝑜𝑡 − 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑𝐶𝐷,𝑜𝑛 − 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑𝐶𝐼 − 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑𝐶𝐷,𝑜𝑓𝑓 

𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝐶𝑆 =
𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑𝐶𝑆

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑𝐶𝑆

Data filtering

• Total fuel in CS >10 l.

• Total distance in CS >1000 km.
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GNT- Real-world energy consumption
Real-World Fuel Consumption CS – OBFCM Ratio

 Step 2: Calculate the OBFCM ratio

Ewltp: Specific consumption (weighted combined for 

OVC-HEV)

Samples: 9442

 Step 1: Filter database for the vehicle selected:

Vehicle data filter

• Ft: Fuel type

• Fm: Fuel mode

• PMR Class PMR= Ep/Mt

• Ep (kw):Maximum net power (internal combustion 

engine for OVC-HEV)

• MT (kg): WLTP Test Mass

• Mk: Make

• Cn: Commercial name

FC CS, av (l/100km): 7.36

Ewltp, av (l/100km): 1.38

𝑹𝒂𝒕𝒊𝒐 𝑶𝑩𝑭𝑪𝑴 =
σ𝑖=0

𝑛 𝑅𝑎𝑡𝑖𝑜 𝑂𝐵𝐹𝐶𝑀,𝑖

𝑛

Ratio OBFCM: 5.32

𝑅𝑎𝑡𝑖𝑜 𝑂𝐵𝐹𝐶𝑀,𝑖 =
𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝐶𝑆,𝑖

Ewltp𝑖 (𝑙/100𝑘𝑚)
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GNT- Real-world energy consumption
Real-World Fuel Consumption CS - WLTC GNCAP,Weighted, Combined Consumption

The WLTC GNCAP,Weighted, Combined Fuel Consumption is calculated from the GNCAP WLTC,CD Sequence as follows:

𝐹𝐶𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑,𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 = ෍

𝑗=1

𝑘

𝑈𝐹𝑗 ∗ 𝐹𝐶𝐷,𝑗 + (1 − ෍

𝑗=1

𝑘

𝑈𝐹𝑗) ∗ 𝐹𝐶𝑆 

Where:

𝐹𝐶𝑆 is obtained from the GNCAP WLTC warm,CS test

𝐹𝐶𝐷 and 𝑈𝐹 are obtained from from the GNCAP WLTC,CD Sequence 

CD CS
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GNT- Real-world energy consumption
Real-World Fuel Consumption CS – Warm weather

𝑅𝑒𝑎𝑙 𝑤𝑜𝑟𝑙𝑑 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝐶𝑆,𝑤𝑎𝑟𝑚 𝑤𝑒𝑎𝑡ℎ𝑒𝑟 = 𝐹𝐶𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑,𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝐺𝑁𝐶𝐴𝑃 ∗ 𝑅𝑎𝑡𝑖𝑜𝑂𝐵𝐹𝐶𝑀

Real-World Fuel Consumption CS – Cold Winter

To translate cold ambient fuel consumption into real world conditions, a ratio based on Charge Sustaining operation is applied:

𝐴𝑟𝑡𝑖𝑓𝑖𝑐𝑖𝑎𝑙 𝑅𝑎𝑡𝑖𝑜 =
𝑅𝑒𝑎𝑙 𝑤𝑜𝑟𝑙𝑑 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝐶𝑆,𝑤𝑎𝑟𝑚 𝑤𝑒𝑎𝑡ℎ𝑒𝑟

𝐹𝐶𝑊𝐿𝑇𝐶 𝑤𝑎𝑟𝑚,𝐶𝑆

 𝑅𝑒𝑎𝑙 𝑤𝑜𝑟𝑙𝑑 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝐶𝑆,𝑐𝑜𝑙𝑑 𝑤𝑖𝑛𝑡𝑒𝑟 = 𝐴𝑟𝑡𝑖𝑓𝑖𝑐𝑖𝑎𝑙 𝑅𝑎𝑡𝑖𝑜 ∗
𝑊𝐿𝑇𝐶𝐶𝐴𝑇,1+𝑊𝐿𝑇𝐶𝐶𝐴𝑇,2

2

 l/100km Urban Rural Highway Mixed

Warm weather 10.48 8.09 8.20 8.63

Cold Winter 14.08 8.34 8.35 9.78

PHEV

CS
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GNT- Real-world energy consumption

Real-World Fuel Consumption CD – Warm weather

WLTC CD n=1

Real-World Fuel Consumption CD – Cold winter

WLTC Cold CAT

kWh/100km Urban Rural Highway Mixed

Driving 

range

 EAER

Driving 

range

 PER

Warm weather 27.07 23.51 28.74 26.57 50.71 50.11

Cold Winter 44.00 32.59 35.81 37.58 - >23

PHEV

CD
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GNT- Real-world energy consumption

 l/100km Urban Rural Highway Mixed

Warm weather 10.48 8.09 8.20 8.63

Cold Winter 14.08 8.34 8.35 9.78

kWh/100km Urban Rural Highway Mixed

Driving 

range

 EAER

Driving 

range

 PER

Warm weather 27.07 23.51 28.74 26.57 50.71 50.11

Cold Winter 44.00 32.59 35.81 37.58 - >23

PHEV Charge Sustaining

PHEV Charge Depleting 

Estimated Real-world Consumptions
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