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Abstract 

BOSMAL hosted the 2nd International Exhaust Emissions Symposium, entitled Current and future 

trends in automotive emissions, fuels, lubricants and test methods, which featured a total of eighteen 

presentations from experts on automotive emissions and aftertreatment and the fuel and lubricant 

ƛƴŘǳǎǘǊƛŜǎΦ  ¢ƘŜ ǎȅƳǇƻǎƛǳƳΩǎ ǘŜŎƘƴƛŎŀƭ ǇǊƻƎǊŀƳƳŜ ŎƻƴǎƛǎǘŜŘ ƻŦ ǘǿƻ ƪŜȅƴƻǘŜ ƭŜŎǘǳǊŜǎ ŀƴŘ ŦƻǳǊ 

themed presentation sessions.  The symposium also featured the opening of new engine test cells at 

BOSMAL.  The entire event was an unqualified success, building on the achievements of the previous 

ȅŜŀǊΩǎ ŜǾŜƴǘΦ  {ƻƳŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǘǊŜƴŘǎ ƳŜƴǘƛƻƴŜŘ ŘǳǊƛƴƎ ǘƘŜ ǎȅƳǇƻǎƛǳƳ ƛƴŎƭǳŘŜŘΥ 

changes to test procedures to reflect the challenge of quantifying ever decreasing emission levels, as 

well as measuring new compounds, the continued key role of catalytic aftertreatment systems in 

achieving low emission levels of gaseous pollutants and particulate matter, and the potential role for 

electrified powertrains and alternative fuels from various sources to meet our transportation energy 

needs over the coming decades.   

Introduction 

Concerns over the impact of the road transport sector on greenhouse gas (GHG) emissions and air 

quality remain high.  Despite recent progress in fuel efficiency, road transport emissions are currently 

responsible for around twenty per cent of all greenhouse gas emissions in the European Union (EU). 

Following the highly successful 1st International Exhaust Emissions Symposium hosted in 2010 [1, 2], 

BOSMAL Automotive Research and Development Institute Limited, (of Bielsko-Biala, Poland) recently 

hosted the 2nd International Exhaust Emissions Symposium, held over 26-27 May 2011.  The 2nd 

symposium featured two keynote lectures from specially selected experts, as well as a total of 

sixteen presentations from both industry and academia, covering a broad range of automotive 

emission-related subjects: emissions legislation, fuel economy, new methods of PM and NOx/NH3 

(also described in [3]) testing, compounds which are potential candidates for emissions regulation, 

emissions test equipment, emissions reduction technology, aftertreatment system and catalyst 

technology, emissions simulation, powertrain development and electrification, engine test method 

development, fuel development, alternative fuels, gaseous fuels (CNG, LPG), and engine oil 

development. 
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Aims, context and format of the symposium 

This second symposium was hosted as a direct result of the successes of the 1st International Exhaust 

Emissions Symposium [1, 2].  The aim of the event was to provide attendees with an opportunity to 

both share and obtain information, knowledge and contacts in the fields of emissions testing, 

emissions reduction, aftertreatment systems, powertrain development, engine testing and the 

development of lubricants and fuels.  The symposium also featured the opening ceremony of 

.h{a![Ωǎ ƴŜǿ ŜƴƎƛƴŜ ǘŜǎǘƛƴƎ ŎŜƭƭǎΣ ŜŎƘƻƛƴƎ ǘƘŜ ƻǇŜƴƛƴƎ ƻŦ ǘƘŜ 9ǳǊƻ рκс ŎƭƛƳŀǘŜ-controlled emissions 

testing laboratory (described in detail in [4]) ŘǳǊƛƴƎ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ŜǾŜƴǘ ώмϐΦ  Two highly 

experienced individuals were invited to deliver extended presentations as keynote lecturers, thereby 

enabling them to cover broad subject areas in depth.  These lectures lasted approximately thirty 

minutes, plus a further five minutes for discussion.  The presentations were divided into four themed 

sessions (see Appendix 1), each covering a particular aspect of automotive exhaust emissions: 

Emissions  legislation and test method development; PM  and NOx emissions test method 

development; Catalyst technology development for CI and SI engines; and Fuel and engine oil 

development.  Each presentation presented during these sessions lasted around twenty five minutes, 

with five minutes allocated for discussion at the end. 

BOSMAL President Dr Antoni Swiatek formally commenced the symposium by delivering an opening 

address (Figure 1).  After warmly greeting the delegates and thanking them for accepting their 

invitations, he mentioned how environmental legislation on the regulation of exhaust emissions had 

been a crucial driver of the development of combustion engines, and that this driver would continue 

to be of great importance in the future too. 

The first item of the technical programme (see Appendix 1) was the first of two keynote lectures 

(Figure 2), followed by presentation session 1.  The first presentation session was followed by the 

ƻǇŜƴƛƴƎ ŎŜǊŜƳƻƴȅ ƻŦ .h{a![Ωǎ ƴŜǿ ŜƴƎƛƴŜ ǘŜǎǘƛƴƎ ŎŜƭƭǎ όCƛƎǳǊŜs 2-4), construction of which was 

completed shortly before the symposium.  These new test cells, numbering five in total, feature 

engine dynamometer hardware from HORIBA (Figure 5) ŀƴŘ !±[Ωǎ Puma Open control system. The 

facilities are suitable for testing a range of engine types and sizes, and each of these installations is to 

be equipped with CNG fuelling facilities in addition to liquid fuels: gasoline, Diesel and biofuels.  The 

inauguration of these new test facilities bears witness to .h{a![Ωǎ commitment to investing in the 

latest technology in order to satisfy both current and future customer demands.  The installation of 

engine dynamometers with higher rated power absorption capabilities represents an a new step for 

BOSMAL ς namely the expansion of its highly successful light-duty on-road engine testing services to 

include the execution of various tests on heavy-duty on-road and off-road engines, recreational 

marine engines and high-performance sporting engines. 
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Figure 2 ς Rudolf Moerkl (Horiba, Austria) 
being presented with a letter of gratitude for 
Ƙƛǎ ŦƛǊƳΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ 
the new engine test cells 

 
Figure 1 ς Dr Antoni Swiatek (BOSMAL, Poland) 

delivering his opening address to the 2nd 

International Exhaust Emissions Symposium 

Figure 3 ς Werner Moser (AVL, Austria) being 

presented with a letter of gratitude for his 

ŦƛǊƳΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ 

new engine test cells 

  
Figure 4 ς Emanuele Lorenzin (Fiat Powertrain 

Technologies, Poland) at the ribbon-cutting 

ceremony of the new engine test cells 

Figure 5 ς BOSMAL staff inspect the interior of 

one of the new test cells following the official 

opening 
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Figure 6 ς Technical drawing of the new engine test cells 

 

This opening ceremony was followed by sessions 2 and 3, which concluded the formal symposium 

proceedings for that day.  A social dinner event organized in the mountains rounded off a very 

enjoyable first day of the symposium.  The following day, delegates were first given the second 

keynote lecture, which then lead into the final presentation session.  This was followed by a brief 

summary that formed the closing ceremony of the conference proceedings.  Additionally, attendees 

ǿŜǊŜ ƻŦŦŜǊŜŘ ƎǳƛŘŜŘ ǘƻǳǊǎ ƻŦ .h{a![Ωǎ ǾŀǊƛƻǳǎ ŘŜǇŀǊǘƳŜƴǘǎ ŀƴŘ testing facilities, and time was 

available for networking and bilateral meetings. 

 

Summaries and selected slides from keynote lectures and presentation sessions 

1st day - Keynote lecture: Ψ5ǊƛǾƛƴƎ ƻŦ ƭƻǿ /h2 ŦǳǘǳǊŜΩ  

This lecture, delivered by Prof. Giovanni Cipolla (Director of IARE ς General Motors/Politechnico di 

Torino Institute for Automotive Research & Education) gave an insightful and detailed overview of 

driving in a low CO2 world.  Passenger cars are often singled out as a major source of anthropogenic 

GHG emissions, but in reality they are simply another example of a broad range of human activities 

which lead to emissions of GHG (most notably CO2).  However, reducing the carbon intensity of road 

transportation has been both a political and technical target for some time.  EU legislation (the so-

called Ψ20/20/20 targetsΩ) mandate reductions in energy consumption and GHG emissions, as well as 

an increase in the usage of energy from renewable resources.  In light of this, a business-as-usual 

strategy is not a realistic option; certain changes to engines and vehicles can decrease the rate of 

GHG emissions increase to effectively zero, but longer term targets can likely only be met with the 

help of cellulosic biomass as a liquid fuel energy source.  The other option is for vehicles partially or 
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completely powered by electrical energy, which could play a significant role in the long-term picture, 

if improvements are made to the electricity grid.  A broad portfolio of low emissions transportation 

technologies (liquid biofuels, electricity, hydrogen) could potentially meet ambitious targets set for 

2050, providing that initial progress is brisk.  The picture regarding electricity from nuclear sources (a 

low GHG intensity option) has recently become much more complex, following the Fukushima 

nuclear incident.  Other, cleaner types of nuclear power remain under investigation, but are still far 

from ready for connection to the grid.  There is growing and indeed renewed interest in alternative 

sources of energy suitable for producing electricity, but considerable financial and infrastructure-

related obstacles remain. Additionally, the past century has shown liquid fuels to be the winner every 

time for automotive applications, despite the idea of gaseous fuels and electric powertrains not 

being new.  Powertrain evolution and development is the current phase in a vision of future vehicle 

development (Figure 7), with the ultimate goal of having a fleet of zero-emission vehicles.  Recovery 

of waste heat from exhaust gas is one option for on-board harvesting for conversion to electrical 

energy.  Likewise, the kinetic energy of a vehicle travelling at speed is considerable (on the order of 

megajoules), yet remains unharnessed in vehicles without regenerative braking systems. In concert 

with these fundamental long-term changes to powertrain concepts, new vehicles should be 

progressively more functional, more exciting and more fun to drive.  

 

Figure 7 ς Advanced propulsion technology strategy 

 

Session 1 ς Emissions legislation and test method development 

Chair: Dr Piotr Bielaczyc, BOSMAL (Poland) 

This first session examined the general theme of emission testing of vehicles and engines, in the 

context of the legislation which guides these testing procedures, and the legislation setting emissions 

limits.  Kurt Engeljehringer (AVL-List GmbH., Austria) commenced the session with a presentation 

entitled ΨAutomotive Emission Testing and Certification ς Past, Present and FutureΩ, which gave a 

detailed insight into the evolution of automotive testing in response to legislation and market 
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demands in the EU and the USA.  The considerable technical achievements in the development of the 

automobile over the past century have also been accompanied by significant improvements in the 

ecological credentials of IC engines, particularly in recent decades.  Increasingly sophisticated engines 

with ever lower emissions levels have required more refined testing facilities during the course of 

this process, and this trend continues today.  The main legislative trends of current importance are 

global harmonization of emissions standards, test procedures and driving cycles, regulatory changes 

in the USA and EU and the issue of in-use compliance to evaluate and mandate so-ŎŀƭƭŜŘ ΨǊŜŀƭ ǿƻǊƭŘΩ 

emissions.  In the EU, the main issues are: reducing NOx emissions from CI engines, particle number 

limits, CO2 emission reduction, NO2 emissions, and the introduction of more realistic driving cycles 

and emissions quantification procedures.  Incremental fines will be used to enforce CO2 emission 

reduction targets, thereby placing an even greater emphasis on accurate measurement of CO2 

emissions (Figure 8).  In the USA, the main issues of concern for the EPA are new GHG standards (N2O 

and CH4, in addition to CO2), and a new, unified test procedure in the Code of Federal Regulations 

(CFR).  The CFR 1065 is highly exacting in its demands for both analyser hardware and calibration 

procedures.  Growing trends for EU lawmakers include a focus on aftertreatment systems and their 

regeneration, as well as hybrid powertrain concepts.  In the USA, off-cycle emissions, not-to-exceed 

(NTE) zone limits, in-use compliance (and the portable emissions measurement systems this will 

entail) are all hot topics for the future.   Continuing this general theme, but with a different temporal 

focus, Les Hill (HORIBAΣ ¦Yύ ŘŜƭƛǾŜǊŜŘ ŀ ǇǊŜǎŜƴǘŀǘƛƻƴ ŜƴǘƛǘƭŜŘ ΨLƳǇƭƛŎŀǘƛƻƴǎ ƻŦ CǳǘǳǊŜ 9Ƴƛǎǎƛƻƴǎ 

ƭŜƎƛǎƭŀǘƛƻƴ ƻƴ ŜƳƛǎǎƛƻƴǎ ŀƴŘ CǳŜƭ 9ŎƻƴƻƳȅ ǘŜǎǘƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘΩΦ  Efforts and legal 

requirements to reduce fuel consumption and emissions of air pollutants, toxics and greenhouse 

gases will substantially change the test equipment and procedures required to provide evidence of 

progress made in this area (Figure 9).  This has already begun in the EU, with the setting of Euro 5 

and 6 limits, and with Euro 7 limits to follow.  For the first time, light commercial vehicles will have to 

meet CO2 emission reduction targets.  Globalised legislation is also in the works, with the World Light 

Duty Vehicle Test Procedure (WLTP) currently under development.  However, issues relating to the 

representativeness of the test procedure (such as the determination of road load and the range of 

ambient temperatures for testing) remain unresolved and remain the subject of intense debate.  

Various vehicle technologies for the reduction of emissions and fuel consumption, both those 

currently in production and under development, will require more sophisticated testing in order to 

ǉǳŀƴǘƛŦȅ ǘƘŜ όƻŦǘŜƴ ƳŀǊƎƛƴŀƭύ ōŜƴŜŦƛǘǎ ǘƘŜȅ ǇǊƻǾƛŘŜΦ  ¢ƘŜ 9¦Ωǎ ŦƻŎǳǎ ƻƴ ŀƭǘŜǊƴŀǘƛǾŜ ŦǳŜƭǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ 

biofuels, is having an impact both on vehicles and test procedures.  In the near future, additional 

exhaust gas components will have to be measured: ethanol, aldehydes, ketones, nitrogen dioxide 

and ammonia.  Accurate, repeatable measurement of several of these gases presents significant 

logistical challenges.  Fortunately, recent advances in laser technology, including mid-range infra-red 

and quantum cascade technology, appear well-placed to handle these challenging measurement 

conditions.  To round off the session, Piotr Bielaczyc (BOSMAL, Poland) examined the practical 

ƛƳǇŀŎǘ ƻŦ ƭŜƎƛǎƭŀǘƛƻƴ ŀƴŘ ŎƘŀƴƎƛƴƎ ŎǳǎǘƻƳŜǊ ŘŜƳŀƴŘǎ ƻƴ ŜƴƎƛƴŜ ǘŜǎǘƛƴƎ ƛƴ ŀ ǇǊŜǎŜƴǘŀǘƛƻƴ ŜƴǘƛǘƭŜŘ ΨL/ 

Engine test method development regarding emissions, alternative fuels, lubricants and future 

ǘǊŜƴŘǎΩΦ  Despite radical advances in engine technology over the last 125 years, the potential for 

improvement and refinement of existing tried-and-tested designs remains.  Pressure to reduce 

harmful emissions and GHG emissions has led to the introduction of a range of engine and emissions 

control strategies and technologies, including the implementation of new materials, improved 

electronics and even electrified (hybrid) powertrains. Engine design megatrends, such as downsizing 

and the safe and reliable usage of alternative fuels and low-viscosity lubricants have necessitated 
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new tests, and made engine testing progressively more complex.  Currently, the engine development 

community is faced with the challenge of meeting Euro 6 and EPA 1065 standards, the latter of which 

is highly significant, as it is based on not-to-exceed zone standards, rather than a single, narrow 

driving cycle. Potential issues regarding aftertreatment system effectiveness, durability, 

regeneration, poisoning and compatibility with new fuels and lubricants mean that testing these 

systems has become an integral part of engine research.  A range of test methodologies is available 

to meet these demands: engine dynamometer tests (steady-state and transient/dynamic); chassis 

dynamometer tests (emissions testing, mileage accumulation; road testing (performance/drivability 

and mileage accumulation); and also powertrain testing (engine+gearbox).  BOSMAL has invested 

heavily in all of these areas, the most recent examples of which are the climate-controlled chassis 

dynamometer and the new engine dynamometer tests cells, opened ŘǳǊƛƴƎ ƭŀǎǘ ȅŜŀǊΩǎ ŜǾŜƴǘ ŀƴŘ 

during this symposium, respectively.  Demand for testing while running on various alternative fuels 

necessitates dedicated alternative fuel infrastructure, for example for LPG and CNG.  The advanced 

aftertreatment systems required to meet Euro 6 emissions standard for CI engines require special 

test setups, with multiple heated lines to quantify the effectiveness of the DOC, DPF and SCR units, as 

soon to be procured by BOSMAL.  In conclusion, IC engines have been in use in the road transport 

sector for 125 years, and will continue to dominate as long as liquid fuels remain available.  

Refinement of these engines, and the development of electronics, have allowed engineers to 

produce engines which are ever cleaner, ever more efficient, but ever more complex and challenging 

to test successfully and reliably (Figure 10). 

 

Figure 8 ς Quantification of the economic implications of CO2 emissions reduction 
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Figure 9 ς Implications of future legislative moves on vehicle test procedures 

 

Figure 10 ς Aspects of the development of modern engines contributing to increasing test complexity  

 

Session 2 ς PM  and NOx emissions test method development 

Chair: Prof. Jorma Keskinen (Tampere University of Technology, Finland)  

Douglas Trombley (General Motors Powertrain Europe, USA/Italy) presented information regarding 

Ƙƛǎ ǘŜŀƳΩǎ ǿƻǊƪ ƻƴ ǉǳŀƴǘƛŦƛŜŘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ 5tC-equipped modern CI vehicles and engines in his 

ǇǊŜǎŜƴǘŀǘƛƻƴ ΨDa-AE activities on Particle Number and Size Emissions from Diesel Engines & 

±ŜƘƛŎƭŜǎΩΦ  To quantify the particulate emissions (both mass and number based) from a modern diesel 

vehicle, a series of experiments were performed over the New European Driving Cycles (NEDC), using 

a dilution and sampling system according to the one required by legislation. Two particle counting 


