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Lab of Applied Thermodynamics: 

History and milestones

1975

• LAT 
founded 
by Pr. 
Pattas

1989

• Athens 
buses 
retrofit 
project

2001

• New director: 
Pr Samaras

2008

• Major facilities 
overhaul > 1 
ME invested

2014/15

• New 
expansion

Setting the 
foundations and 

lab infrastructure

Solar energy projects

Shifting focus to emissions

The dawn of European projects era

Modeling and CAE

Major automotive industry partnerships

Fuel efficiency, CO2

International recognition as top-class automotive research provider
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Scientific & research areas

Exhaust gas emissions & after-treatment technology Renewable fuelsVehicle fuel efficiency

Extensive know-how in combustion engines and emissions measurement technology
combined with advanced CAE and modeling techniques

…keeping the big picture on vehicle environmental performance! 



Main Facilities

Chassis dyno for vehicle 
emissions testing 

3 fully equipped engine 
benches for emissions 

testing

Fuel injector test rig Mobile biomass 
gasification unit

~400+ m2 test facilities supporting non-stop measurements

~250 m2 office area accommodating ~ 25 researchers



Equipment

State-of-the-art equipment for emissions measurement 
obtained via regular investments from research funds [est. value > 5 Meuros]

carefully maintained by LAT skilled personnel



Sponsors and Clients

Long-term, trustful R&D partnerships with automotive industry

Technical consulting services supporting the European Commission



Alliances and Collaborations



Results

Committed to highest standards of research quality,
inspiring the passion of engineering to our students,

turning creative ideas to products 

30 PhDs completed
>150 journal papers

>3000 citations

Int’l patents 2 spin-off companies
offering innovative tools and solutions to 

the automotive industry 
employing ~ 35 highly qualified 

engineers



Our background 

Exothermia was born in 2007 as a spin-off 
from Laboratory of Applied 
Thermodynamics (LAT), Aristotle University 
Thessaloniki in Greece.

We work on E A T, exhaustively!
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Why simulation?

Complex problems call 
for expert solutions

12

GASOLINE, 
DIESEL, 
HYBRIDS, 
HCCI, CNG

TWC, SCR, DFP,
LNT, DOC, GPF, 
ASC …

MVEG, FTP,
WLTC, RDE, 
US06 …

CARS, TRUCKS,
BUSES, SHIPS,
AGRICULTURE

ECU, DCU,
UREA, OBD 
…

EATing is an art!

Exhaust After-Treatment is a multi-parameter 
problem, exceeding the capacities of ‘conventional’ 
experimental methods.

Acceptable costs are only possible by employing 
reliable simulation across the development process.
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We are committed to the highest quality of 
exhaust after-treatment CAE. 

Our software and services are trusted by 
the leading OEMs, EAT suppliers and 
Universities around the globe.

This is why!
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Brussels, December 4, 2013

EMISIA and Tools



Areas

Emission and energy

inventories and projections

Emission modelling

National

Regional

Street level

Policy assessment

Regulations

Cost-benefit analysis

15



Suite of main tools

16

• Estimates emissions from on-road vehicle fleets

• Used by 22 out of 28 MS for official submission of road 

emission inventories

• Developed for the European Environment Agency

• Free for use

• Estimates emissions from on-road vehicles in Australia

• Developed in collaboration with Queensland Govt

• Official method in National Pollutant Inventory (NPI)

• Commercially available

• Includes historic and projected stock and activity data

• Delivers alternative scenarios for energy and emissions

• Includes advanced technologies and mobility patterns

• Commercially available
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Key customers



Outline

� The reasons that underpin the need for action to 

mitigate road transport emissions

�What has European policy done so far and what is it in 

the pipeline?

�What do these mean in terms of

� Testing requirements

� Impacts on vehicle technology

18



WHY WILL ROAD TRANSPORT EMISSIONS 

CONTINUE TO BE IMPORTANT?



Energy projection per mode

Baseline for EU27:

� Most important change: 

Gasoline:Diesel for cars drops from 2.0 

in 2000 to 1.15 in 2030

� Non-road vehicles: 

Aircraft have biggest share in 

consumption – but here only LTO 

emissions are counted

� Mobile machines, ships, rail make up 

the rest

Cars

Trucks

Light trucks

Aircraft & other NRMM 

20 Source: Amann (ed.), 2012, Review of TSAP, IIASA 



� Transport accounts for 1/3 of total energy consumption and 1/4 of total GHGs

� Road transport alone contributes to 20% of total manmade EU GHG

� Binding targets to reduce GHGs from road transport:

� 95/147 gCO2/km by PCs/Vans by 2020

� 10 % of total energy consumption on renewables by 2020

� Tyre pressure monitors, gear-shift indicators

� Green procurement

� …

Greenhouse gases (GHGs)

GHG emissions from transport

have increased over

1990 base level
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Road transport GHG 

evolution. Source: EEA



Annual Mean Air Quality in the EU (PM and NO2)
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Exposure to PM10 in 1100 urban areas, 2003 – 2010 

Source: WHO, 2012WHO Air Quality Guideline: Annual mean PM10 = 20 μg/m3



Population exposed to high pollution

24 Source: European Environment Agency

Fraction of population 

above AQ limits

NO2

PM10

A significant fraction of the 

population continues to live in 

areas where acceptable AQ 

levels are not respected



Air pollutants

� The new Thematic Strategy on Air Pollution – TSAP - has the 

following expectations for road transport:

� Implementation of efficiency improvements, decarbonisation, modal 

shifts, …

� Implementation of real driving emissions control (Euro 6/VI PEMS and 

OBD impacts)

� Additional measures (PTW emissions, NO2 control, retrofits, …)

TSAP

National Emissions 
Ceilings (Emissions)

Ambient Air Quality 
(Concentrations)
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Emission levels - Diesel PC and HDV NOx

Significant exceedances of  

emission limits

Euro 3: 1.6×

Euro 4: 2.3×

Euro 5: 4.7×

Euro 6b: 4.7× (estimate)

Source: ERMES consortium

Good progress in HDV real world NOx 

due to improved test method (WHTC + 

PEMS in EU VI)

HDV, HBEFA 

emission factor data
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NOx projections

27 Source: Kleefeld and Ntziachristos (2012) TSAP Review



Impact of NOx evolution on exceedances

28

Euro 6 Diesel PC effectiveness will largely determine the 

evolution of air-quality  in Europe



PM2.5 projections

Baseline:

� Reductions until 2030 vs. 2005 

>90%: diesel HDV&LDV, locos, NRMM

~70% other mobile machines

� Road abrasion, tyre, clutch and brake 

wear increase with traffic volume, 

>80% of emissions from road vehicles 

in 2030
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Inl. vessels + ships
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Construction machines
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Heavy trucks - diesel
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Cars and light trucks - diesel

Mopeds + Motorcycles
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Tyre, brake, abrasion

29 Source: Kleefeld and Ntziachristos (2012) TSAP Review



WHAT HAS EUROPEAN POLICY DONE SO FAR?



Regulations

Year Regulation Content

Passenger Cars & Light Commercial Vehicles

2007
715/2007 Introduction of Euro 5 and Euro 6

2007/46 New regulation on vehicle type approvals

2008 692/2008 Euro 5 & 6 implementation procedures and modalities

2009

79/2009 Extension of  type approval for H2 vehicles

443/2009 CO2 specific targets from passenger cars

661/2009 Mandatory implementation of GSIs and TPMs on PCs

2010 406/2010 Certificate of conformity of H2 vehicles

2011

510/2011 CO2 specific targets from vans

566/2011 IUPR and In-Service conformity testing for Euro 6

725/2011 Certification of eco-innovations

2012
65/2012 Implementation of GSIs

459/2012 PN number for GDIs and Euro 6 OBD limits

2013 195/2013 Introduction of eco-innovations as part of the type approvals

Heavy Duty Vehicles

2009 595/2009 Delegated regulation on introduction of Euro VI

2011 582/2011 Implementing regulation on Euro VI limits and OBD

2012 64/2012 Derogations for existing models (OBD systems)

Power two/three/four Wheelers

2013 168/2013 Introduction of Euro 4 and Euro 5

31



Regulations under preparation

� CO2 regulations

� New cycle (WLTP) introduction and WLTP/NEDC correlation also

� New CO2 emissions targets for PCs and Vans

� CO2 labeling for HDVs

� Regulated air pollutants

� Real driving emission control for PCs (RDE)

� Euro 6 and VI OBD (incl. PM/PN monitoring)

� GDI PN PMP

� Euro 6 PN PEMS

� L-category vehicles (scooters, motorcycles, …)

� Other issues (durability, NO2, NH3, tyre and brake wear…)

32



CO2 REGULATIONS

33



European objectives for Transport

Demanding CO2 objectives despite projected strong 

activity growth

34

EU28 all transport GHG (CO2–equivalent)

Data source: European Environment Agency, 2015 update

Road

Non-road

EU28 activity projection 

Data source: IIASA, TSAP



Divergence of real-world CO2 emissions from 

manufacturers’ type-approval CO2 emissions

35 Source: ICCT. 2014



WLTP Implementation

�WLTP adopted by UNECE-GTR in 

2014 and will replace NEDC as a 

certification cycle

� Less relevant for emission 

standards

� Limit values remain the same

� RDE to substitute chassis dyno in 

the long run

� Important to translate NEDC-

based CO2 targets of 2015 and 

2020/21 to WLTP

36

×



CO2 WLTP-NEDC translation procedure

Vehicle level Technology 

Simulations (~15000 sims)

Chassis dyno tests

(~30 vehs)

Segment-level simulations: 

Meta-model (Physical or 

statistical approach)

37

Overall approach

AVL CRUISE



Technologies examined in WLTP-NEDC translation 

Technology

Downspeeding, Downsizing

Lean burn

38

Source: AVL

Source: MTZ 5/2013 Vol. 74



Technologies examined in WLTP-NEDC translation 

Technology

VVT

(e.g. Vanos, Valvetronic)

Cylinder deactivation

39 Source: MTZ 03/2012 vol. 73



Technologies examined in WLTP-NEDC translation 

Technology

Start stop

Energy recuperation

Automatic/Manual transmission

2WD/4WD

EGR (gasoline and diesel)

Thermal management

DI/MPI

NSC and SCR

Road load (aero, RR, weight)

Auxiliaries

Mild/full hybrid

40



Alternative fuels

� Biofuels (biodiesel, bioethanol) sustainability questioned

� Feedstock availability

� Real CO2 benefits obtained

� Not positive air-quality impacts

� Renewable diesel (catalytic hydrogenation/de-oxidation 

of vegetable oils) - BTL

� Well-controlled specifications

� Paraffinic fuel

�Natural gas (CNG/LNG)

� Target is a 20% reduction to CO2 emissions

� Adapted engine and vehicles to be studied in Horizon2020

41



From the Ideal to Reality
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Realistic weight reduction can 
account for about 10% CO2 

reduction

93-95 g/km can be reached without 
further vehicle actions like weight 

reduction / aero / rolling resistance



A Way Forward for the IC Engine
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Introduce Hybrid 
Technology (48-400V)

• Recuperation

• FE optimized 
operational 

strategy

• Electric driving

• Free shift schedule 
(NEDC)

Mild Hybrid 48V

Full Hybrid 400V
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CO2 from HDVs

� CO2 emissions from HDV have not been addressed yet

� Vehicle type approval

complexity

� Articulated vehicles carry

different semi-trailers

� Energy efficiency in trucks has always been in the 

forefront of vehicle / engine development

� Fuel cost is the most significant criterion in choosing a truck

� Energy efficiency improvements have already shifted CO2

emissions downwards and have advanced relevant technologies
47



Monitoring CO2 emissions from HDV

48

� Selected option: Vehicle Simulation

� Simulation for whole vehicle supported by component testing

� Joint Commission – ACEA effort

� VECTO Simulation tool (Version 1) launched by the JRC in 10/2012

� 2012-2014: campaign towards final regulation

� ACEA – JRC –Consultants experimental campaign (“Proof of Concept”)

� Completion of simulation tool

� Finalize regulation / harmonize with other activities (eg Heavy Duty Hybrid 

powertrains)

Source: Fontaras (2012) JRC Presentation



AIR POLLUTANTS REGULATIONS



DIESEL EMISSION CONTROL 

TECHNOLOGY



What is now the ‘new’ problem?

Rollers used 
to simulate 
actual road 

load

Non 
powered 
axle is 

stationary

No steering

1. Temperature 
is set to up 
to 22-28oC

2. Vehicle is 
pre-

conditioned 
with given 

profiles and 
soaked to 

start with a 
cold-start

� The vehicle has many ‘hints’ to realise it is being tested



If the car recognizes it is being tested…

52

Typical NOx engine map [Regulated]
Source: Nuesch et al., Energies 2014, 7(5), 3148-3178

Assumed NOx engine map

Defeat- On the roadRegulated – In the lab



Some history on diesel vehicle technologies

Emission 

Standard

Year Intro Engine measures Exhaust aftertreatment

Euro 1 1992 Combustion chamber and 

intake system 

improvements

None

Euro 2 1996 Direct Injection, fuel 

pressure improvement

Oxidation catalyst

Euro 3 2000 Exhaust Gas Recirculation, 

Common Rail Injection

Pre-catalyst and main 

catalyst

First diesel particle filters

Euro 4 2005 Multiple injections, 

increase of injection 

pressure

Pre-catalyst and main 

catalyst, more extensive 

use of DPFs

53



Exhaust gas recirculation used since Euro 4

EGR decreases combustion temperature and hence 

reduces NOx



Typical Euro 5 diesel emission control

55



Typical Euro 6 diesel emission control

� Close-coupled DOC for fast reaction after cold-start (PM, HC)
� Lean NOx Trap upstream of DPF to reduce NOx emissions (50-70%)
� DPF: Diesel Particle Filter to reduce PM (>95%)

56



Latest NOx control for diesel vehicles

Sources: Mercedes-Benz, Johnson-Matthey

4NO + 4NH
3

+ O
2

→ 4N
2

+ 6H
2
O

2NO
2

+ 4NH
3

+ O
2

→ 3N
2

+ 6H
2
O
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8

� Tandem SCR-system enables high DeNO x efficiency under variety of 
boundary conditions

� High catalyst activity during cold phase (close coupled SCR/DPF) and high 
load operation (under body SCR)

� eDOC to improve heat-up of catalyst and exhaust system … if needed

• Tandem SCR-system � SCR/DPF + SCR

• Optional: Electrically heated DOC (eDOC)

AdBlue
SCRSCR/DPF

EGF

HP-EGR

(e)DOC

Possible Euro 6c diesel emission control 



Why these have not been effective?

�Also because less frequent use of emission control

� Increased the lifetime of the system

�Decreased additive consumption

Danaiah et al. (2012), doi: 

10.5923/j.scit.20120201.09

There is a fundamental 

trade-off between fuel 

consumption and NOx 

emissions (all engines - not 

only diesel)



So, is diesel fundamentally dirty?

�Diesel NOx issues have taken advantage of loopholes in 

regulations

� e.g. similar to CO2 from ALL vehicle types

� Robust deNOx technology is currently available; can 

efficiently reduce NOx within required limits

� 10 years ago we had the same discussion for diesel PM that was 

satisfactorily addressed because of the PN limit

�New pieces of regulation are being prepared to achieve 

real-drive (RDE) NOx emissions control

�Diesel NOx+PM control is expensive hence one may expect 

diesel gradually be replaced by spark-ignition vehicles in 

the medium and small vehicle sectors



Why OBD?

‘OBD system’ = system for emission control which has the 

capability of identifying the likely area of malfunction by means of 

fault codes stored in a computer memory 

� Identification of malfunction � early repair � less emissions

� Incentive to design more robust emission control systems

� Use at periodic inspections

61



Diesel OBD sensor candidates

Ammonia Sensor

Combined O2/NOx SensorSoot Sensor

Urea Quality Sensor

62 Source: MECA



Soot sensing technologies

The need for particle sensors to comply with Light and Heavy 

duty OBD requirements is currently being approached by the 

sensor developers in different ways:

� Resistive: Bosch, Continental, Delphi, Electricfil, 

Stoneridge, Sensata/Sensor-NITE

� Particle charge: NTK-NGK, Pegasor, Emisense/Watlow

� Secondary filter: Innexsys

� Radio frequency: General Electric Accusolve

63



From measurement to diagnosis

� Most sensors do not provide continuous signal 

or and an index with physical units

� Soot emissions highly depend on vehicle 

operation

� Need to correlate random operation emissions 

with type-approval cycle emissions

� Need of a robust OBD algorithm

OBD 

algorithm

64



Models need to be developed to detect OTLs

Integrated OBD modeling

Soot [mg/m3]

Texhaust

Sensor 

signals

Flowexhaust

Operation parameters (flow, speed, load, ...)

DPFEngine exhaust

soot 

sensor

OBD

decision 

model

Sensor 

model

e.g. ∆p, mileage from reg., ...
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Outlook

�GHG control will continue to be in the forefront of EU 

policy and related technological advances

� Gradual shift to natural gas vehicles

� Variable degrees of hybridization

� Technology and infrastructure based efficiency improvements

� ICEs will continue to be the powertrains of option for the 

foreseeable future. Main technology challenges:

� Diesel (LD) NOx

� OBD

� NRMM

� Power two/three and four wheelers
66



Thank you for your attention

Zissis Samaras

zisis@auth.gr

� +30 2310 996014
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