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Introduction
Why Simulations?

Experimentally testing many vehicles has 2 drawbacks: 

1. It doesn’t cover all possible configurations of the vehicle and many operating conditions

2. It is expensive and time consuming

Selected Approach: Combine vehicle simulation & measurements Models of existing vehicles  Calculate 
CO2 & emissions over different conditions

Approach extensively used in the industry, while several considerations are of crucial importance:

• Selection of fleet representative vehicle models

• Input data collection

• Accurate simulation of the vehicle’s operation

• Validation / quality control of results



Introduction
Simulation of Engine Power & Speed



Introduction
Consumption / Efficiency Maps

• A map (engine, gearbox, motor, other) is practically a table containing fuel consumption/component efficiency values for pairs of 

RPM – Torque

• The vehicle model at each calculation step (e.g. each sec), retrieves the fuel consumption/efficiency value depending on calculated 

RPM, Torque or Power

• There is no physical model of engine/component to react in certain technology changes; new tables need to be provided

RPM\

Torque
10 50 100 150 200

1000 1 3 4 5 6

1200 2 4 6 8 10

1400 5 7 9 11 13

1600 6 8 10 12 14

1800 8 10 12 14 16



Introduction
Forward vs. Backward Models



Introduction
Simulation Tools used for Regulatory Purposes

Below, a non exhaustive list:

• GEM, US EPA for HDVs

• HILs, UNECE/Japan for Hybrid HD Powertrains

• VECTO, European Commission – HD Vehicles

• KEES, Korea – HD Vehicles

• JSM, NTSEL/Japan – HD Vehicles

And many other commercial brands that may already be in use…

Since Sept. 2017, additionally to the previous:

• CO2MPAS, European Commission – LDV Vehicles



The CO2MPAS Tool
What is it?

WLTP Phasing-in (2017-2020)

WLTP-based CO2 emissions (measured at type-approval) will be translated in the equivalent 
NEDC-based ones, and then used to assess the compliance towards CO2 emission targets



The CO2MPAS Tool
What is it?



The CO2MPAS Tool
Development Boundaries

Boundary conditions, as set in the beginning of the WLTP/NEDC Correlation:

1. Simple 

2. Minimum number of input variables (available in TA)

3. Accuracy of the ΔWLTP-NEDC in the order of 2-2.5g 

4. Minimize statistical approaches and calculations

5. Allow for the assessment of as many future technologies as possible



The CO2MPAS Tool
The Modules

The tool comprises of 2 main calculation modules:

Power – RPM module 
• Simple longitudinal dynamics (WLTP-GTR)

• Engine power and RPM calc. 1hz

• Inclusion of Mech or Elec. loads where needed

• Generic start-stop logic

• A/T and CVT RPM prediction model

• Alternator logic calibrated over WLTP

FC module 
• Calculation of  FC

Indicative instantaneous approach

• Based on an extended Willans model

• Semi-physical empirical cold start model

• Calibration - Optimization based on WLTP results 

• Specific engine technologies included

Accurate calculation of average / instantaneous power 
demand

Very good accuracy when compared with results obtained from the AVL 
Cruise simulations and real test data



The CO2MPAS Tool
Power – RPM Module Overview

Most important module of any model for accurate ΔCO2 calculation

• Calculation of Engine Power demand and RPM (inst. or mean values)

• CO2MPAS: more detailed version of the WLTP-GTR approach

Pengine = Pwheel / ηdri’train + Pelec. + Pmech.

Pwheel = (F0 + F1 x v + F2 x v² + m x a) x v

Pelec. = Pelec. dem. / (η alt/or x ηbatt. ) 

Pmech. = Tconst x RPM  

RPM is simply calculated from speed and total gear ratio



The CO2MPAS Tool
FC Module Overview

The fuel consumption calculation function:

• Engine speed, temperature, and engine power are considered as knowns from the measurement / other CO2MPAS modules

The constant parameters are calculated by “solving” the above equation on the four sub-cycles of WLTP Low & High

 𝐹𝑀𝐸𝑃 𝑡 𝑑𝑡 =  

− 𝑎 + 𝑏 ∗ 𝐶𝑚 𝑡 + 𝑐 ∗ 𝐶𝑚 𝑡
2 + 𝑎 + 𝑏 ∗ 𝐶𝑚 𝑡 + 𝑐 ∗ 𝐶𝑚 𝑡

2 2 − 4 ∗ 𝑎2 ∗  
𝑇(𝑡)

𝑇𝑡𝑎𝑟𝑔𝑒𝑡

−𝑘

∗ 𝑙 + 𝑙2 ∗ 𝐶𝑚 𝑡
2 − 𝐵𝑀𝐸𝑃(𝑡)

2 ∗ 𝑎2
𝑑𝑡

, where:

• 𝐶𝑚 𝑡 [𝑚/𝑠] = 2 ∗  𝐸𝑛𝑔𝑖𝑛𝑒 𝑆𝑝𝑒𝑒𝑑 𝑟𝑝𝑚
60 ∗ 𝐸𝑛𝑔𝑖𝑛𝑒 𝑆𝑡𝑟𝑜𝑘𝑒 [𝑚]

• 𝐵𝑀𝐸𝑃 𝑡 𝑃𝑎 =  
2∗𝐸𝑛𝑔𝑖𝑛𝑒 𝑃𝑜𝑤𝑒𝑟 𝑊

𝐸𝑛𝑔𝑖𝑛𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑚3 ∗  𝐸𝑛𝑔𝑖𝑛𝑒 𝑆𝑝𝑒𝑒𝑑 𝑟𝑝𝑚
60

• 𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑡 𝑔/𝑠 =  
𝐹𝑀𝐸𝑃 𝑡 𝑃𝑎 ∗𝐸𝑛𝑔𝑖𝑛𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑚3 ∗  𝐸𝑛𝑔𝑖𝑛𝑒 𝑆𝑝𝑒𝑒𝑑 [𝑟𝑝𝑚]

60

2∗𝐹𝑢𝑒𝑙 𝐿𝑜𝑤𝑒𝑟 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒  𝐽 𝑔



The CO2MPAS Tool
Data Flow Overview



The CO2MPAS Tool
Data Flow Overview – Data Entry



The CO2MPAS Tool
Data Flow Overview



The CO2MPAS Tool
Data Flow Overview – Model

https://co2mpas.io/explanation.html#execution-model

https://co2mpas.io/explanation.html#execution-model


The CO2MPAS Tool
Data Flow Overview



The CO2MPAS Tool
Data Flow Overview – Reporting



Validation & Results
Overview

Essentially, the accuracy of the CO2MPAS tool is analyzed by comparing the 
NEDC CO2 emission prediction of the model (predicted CO2) against the CO2
emission measured during a NEDC physical test (target CO2):

𝐶𝑂2𝑀𝑃𝐴𝑆 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =
(𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐶𝑂2 −𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐶𝑂2)

𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐶𝑂2
∗ 100

When CO2MPAS deviation is positive, the model overestimates the target 
value, while when the deviation is negative, the model underestimates the 
target value.



Validation & Results
Datasets

Two complementary datasets have been used throughout the CO2MPAS development and validation phases:

- Real Cars data:

Gathered along time (JRC labs, LAT, mock-up activities, etc.)

Set of 48 real vehicles

- Synthetic Cars Data:

Derived with AVL Cruise model using OEM-approved input data

Large set of vehicles with different RLs, masses, available tech configurations

- Manual Transmission Vehicles: ~ 2,150 cases

- Automatic Transmission Vehicles: ~ 1,400 cases

The public history of CO2MPAS validation results, along the different versions of the tool, is available here: 
http://jrcstu.github.io/co2mpas/

Data are anonymized to ensure confidentiality. 

http://jrcstu.github.io/co2mpas/


Further Applications
Theoretical vs. Real

Velocity

Gears



Further Applications
Single test to multiple results
From a single WLTP-X test CO2MPAS can simulate, enabling the model selector, the theoretical NEDC -H & -L 
and WLTP -H & -L



Further Applications
Simulate any driving cycle

Example: RTS 95 is a chassis dynamometer test cycle representing aggressive driving, including urban, rural and 
motorway segments. The cycle has been developed based on a subset of the WLTP database.



Further Applications
From Automatic to Manual Transmission
From a test with a vehicle with automatic transmission, you can simulate a manual 
transmission changing also the gear box ratios.

Engine Speed



Further Applications
Simulate NEDC with WLTP gear shifting strategy

Engine Speed



Further Applications
Change tires

Engine Speed



Further Applications
From cold to hot

Engine Temperature



Further Applications
Improved alternator efficiency

Battery Current



Further Applications
Lights on

Battery Current



Further Applications
Fuel properties

Fuel consumption

Same engine efficiency 
assumed

Possibility to calibrate 
with alternative fuel



Further Applications
Change slope

Engine Power



Further Applications
Cylinder deactivation strategy

Fuel consumption



Further Applications
Real profile

Velocity Slope



Further Applications
What else?

Building on the work performed for the development of the CO2MPAS tool, 
two additional tools have already been developed:

The Green Driving Tool (https://green-driving.jrc.ec.europa.eu/)
An interactive tool for evaluating CO2 emissions and costs for different types of vehicles, users selected in-
use options and routes

The PyCSIS Tool
A simulation-based quantification methodology for the detailed calculation of passenger cars fleet test-
based & real-life CO2 emissions

https://green-driving.jrc.ec.europa.eu/


Further Applications
The Green Driving Tool

Metric

Milano-Ispra Ispra-Milano

Real 

(Uconnect)
Geen driving viamichelin

Real 

(Uconnect)
Geen driving viamichelin

Fiat 500X Class - C Hatchback Fiat 500X Class - C Hatchback

Time 1h 12m 1h 20m 1h 11m 1h 22m

Distance 68.7km 70.9km 70km 67.9km 71.7km 70km

Fuel used 3.54L 3.66L 4.47L 3.27L 3.48L 4.54L

Liter/100km 5.15L/100km 5.16L/100km 6.39L/100km 4.82L/100km 4.86L/100km 6.49L/100km



Further Applications
The PyCSIS Tool



Thank you for attention!

Any questions?


