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Diesel PM2.5 Chemical Composition

Elemental carbon (33-90%)

Organic carbon (7-49%)

Sulfate, nitrate (1-4%)

Metals & elements (1-5%)

Other (1-10%)

Source: US EPA 2002 

Diesel particle composition 

Source: Foster 2004 
http://press.iarc.fr/pr213_E.pdf 
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Characterisation of exhaust  
emissions at VTT… 

 Regulated emissions: CO, HC, NOx, PM, 
CO2 

 Speciated hydrocarbons C1…C8, direct-
connected gas chromatograph.  

 Aldehydes: DNPH collection, HPLC 
 Alcohols: gas chromatograph 
 Multi-component on-line analysis by 

FTIR (Gasmet): 20-30 pollutants on-line at 
1 Hz resolution powerful tool for transients 
and cold-starts  
 

 
 

 Composition and quality of particulate matter  
 Soluble organic matter (SOF)  
 Organic and elemental carbon (OC/EC) 
 Polyaromatic hydrocarbons (PAH), 

subcontractor 
 Ames mutagenicity, fellow group at VTT 
 Sulphates, nitrates and other anions 

 
We have also high-capacity particulate collection 
system for low-emitting vehicles! 

 
 

BC not measured, but 
correlation to existing 
data could be relevant 
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PM composition varies between technologies 

 
Soluble organic fraction of PM (%)
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Aakko-Saksa et al. VTT Working Papers 187 & SAE 2011-24-0111. 

”E85” car 

”traditional” gasoline 

Direct-injection gasoline 

 
 
Murtonen, Erkkilä, Aakko-Saksa, NOSA & FAAR 2011  
Conference Proceedings.  
 

There is a lot of PM compositional data 
available from transport applications. 
Can we find correlation factors to 
estimate BC emissions? 
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VTT’s tools in ship (PM) emission research  
• ISO 8178 diluted & cooled measurement of PM & gaseous exhaust emissions (test bed & 

field conditions) 
• ISO 9096 raw exhaust (stack) PM measurement (test bed & field conditions) 
• Measurement methods for ”BC” (OC/EC), PM constituents, particle numbers & sizes  
• Methods for raw gaseous emissions (FTIR) and total hydrocarbons (FID) 
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• Data related to 
BC/EC/soot emissions 
is so far scarce 

• A concise emission 
factor data is available 
for PM (EU BSR 
InnoShip project) 

Ship emissions: Maija Lappi, VTT 
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Factors affecting particle emissions 
 Engine configuration (diesel vs. spark-

ignition, turbocharging, injection system 
 

 Exhaust after-treatment 
 Catalysts, particle catalysts (p-DPF), 

wall-flow filters (DPF) 
 Filter clogging and NO2 formation 

can cause trouble 
 

 Running conditions 
 High load promotes particle 

formation 
 Ambient temperature 

 

Figure: Musculus et al. 2005 

 Many fuels reduce PM 
 Gasoline MPI instead of diesel (note low PM with DPF equipped 

diesel or DISI (sulfur-free fuel) 
 Some benefit with paraffinic (synthetic) instead of regular diesel 
 Gaseous fuels: natural gas, LPG 
 Oxygenated fuels: alcohols, ethers, esters (conventional biodiesel) 
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On-road PM regulations are tightening 

Part. filter 
required (DI) 

Figure by Aakko-Saksa, VTT 
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Non-road diesel engine regulations are tightening 

Stage 4: 
PM  0.025 g/kWh 
NOx 0.4 g/kWh 

Figure by AGCO 
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Total PM emissions are decreasing  

http://lipasto.vtt.fi/ 
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PM from transport sector: 59% from road transport in Finland 

Lähde: LIPASTO 2011 (http://lipasto.vtt.fi/liisa/index.htm) 



12 18/11/2013 

Evolution of diesel emissions and fuel quality 

Source: Seppo Mikkonen/Neste Oil 2011 
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Source: VTT’s publication: Energy – visions 2030 for Finland (Figure by Laurikko). 

Exhaust catalysts combined with engine technology 

>95% of new 
vehicles 
worldwide are 
fitted with 
catalytic 
converters.  
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Diesel particulate filters 

Johnson Matthey’s Continuously Regenerating Trap CRT® launch in 1995. “…NO2 could be 
employed to burn soot at low temperatures – as low as 275oC, compared with around 600oC 
when burned with oxygen.” 

Diesel particulate filters, DPF, 
reduces PM efficiently >90% or 
less efficiently with ”optimized” 
technology, e.g. Particle 
Oxidation Catalyst, POC 
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Civiello, M. RHODIA 
Electronics & Catalysis 
Inc. DEER 2003 
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Results with older cars (model year ~2000)  
IEA-AMF Annex 22: Particulate Emissions at Moderate 

and Cold Temperatures Using Different Fuels  

diesel gasoline gaseous ethanol 

http://www.iea-amf.org/content/publications/project_reports 

Particle mass and number, European test cycle 
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Annex 37: Fuel and Technology Alternatives for Buses 
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http://www.iea-amf.org/content/publications/project_reports 
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Particle size distributions with heavy-duty engines 

Fairly consistent size distribution profile for the accumulation mode for the 
conventional diesel 

Nucleation mode is evident at high load conditions, (even on the low sulphur fuel), 
especially on the CRT-equipped Euro-II engine 

Thompson, Aakko et al. SAE 2004-01-1986. (”EU Particulates project”) 
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Sniffer measurements 22.10.2012 
Downtown 
Helsinki 

Downtown 
Helsinki Vihdintie Vihdintie 

Stop at Roadside (Kehä III) 

Background site 

Black carbon 

Joint study within the CLEEN/MMEA program, WP 4.5.2, Participating research institutes: Finnish 
Meteorological Institute, Tampere University of Technology, Metropolia University of Applied Sciences 
and participating companies: Helsingin Energia, Proventia, Wärtsilä, Metso, Pegasor, HSY 
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  Standing at 15 m from the roadside  

Joint study within the CLEEN/MMEA program, WP 4.5.2, Participating research institutes: Finnish 
Meteorological Institute, Tampere University of Technology, Metropolia University of Applied 
Sciences and participating companies: Helsingin Energia, Proventia, Wärtsilä, Metso, Pegasor, 
HSY 
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  Black carbon (BC) 

- Source of BC  in Helsinki: diesel engines and wood combustion 

Vehicle  number scaled   0.0028±0.0005    0.0022±0.0005   0.0020±0.0002 

Järvi, L., Junninen, H., Karppinen, A., Hillamo, R., Virkkula, A., Mäkelä, T., Pakkanen, T., and Kulmala, M. Black 
carbon variations in Helsinki, Atmos. Chem. Phys., 8,1017–1027, 2008 
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Liikennesektoreiden eroja 

Henkilöautot  

 Ajomatkat lyhyitä ja jälkikäsittelylaitteet 
toimivat optimaalisesti vasta moottorin 
lämmittyä, joten päästöjen hallinta 
haasteellista käynnistyksen jälkeen, 
erityisesti kylmässä lämpötilassa. 

 Matalat hiukkaspäästöt mm. perinteisillä 
bensiiniautoilla sekä mm. etanoli- ja 
kaasuautoilla. Sähköautoilla ei 
paikallisia päästöjä.  

 

Raskas kalusto 

 Pääosin lämpimällä moottorilla ajoa 
mikä helpottaa jälkikäsittelylaitteiden 
toimintaa. 

 Mahdollisuus optimoituihin ”fleet”-
ratkaisuihin. 

Muita 

 Työkonesektorilla paljon erilaisia 
sovelluksia. 

 Laivoille sopivat ”huonohkot” 
polttoaineet, mikä on haaste 
jälkikäsittelyteknologioille. Ajo 
lämpimällä moottorilla sen sijaan 
helpottaa tekniikan optimointia.  

 Lentoliikenteen polttoaineet tiukasti 
standardoituja -> vähän vaihtoehtoja. 

Ship/rail 
engines: 
Steady state running. 
Warm engines. 

Heavy-duty: 
Warm start-up. 
Transient driving.  

Cars: Start-up 
emissions. Cold 
temperatures. 
Transient.  

Aviation: 
Stringent fuel quality 
regulations.  

Machinery, 
small engines: 
Numerous 
applications.  
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Yhteenveto 

Liikennesektorilla ei ole mustan hiilen mittausvaatimusta, vaan raja-arvot koskevat 
kokonaishiukkaspäästöä. Liikenteen hiukkasten koostumuksesta on paljon tietoa, jota 
voi käyttää hyväksi BC:n arvioinnissa. 
 
Hiukkaspäästöjen raja-arvot Euroopassa ovat tiukat ja tiukkenevat edelleen siten, että 
kaikkien ajoneuvojen hiukkaspäästöt tulevat olemaan erittäin alhaisia  
 Hiukkassuodattimet dieselajoneuvoissa (2011-2014 alkaen) ja suorasuihkutteisissa 

bensiiniautoissa (tod. näk. 2017 alkaen).  
 Hiukkaspäästöt bensiiniautoilla, etanoliteknologioilla ja kaasuautoilla ovat tyypillisesti 

alhaisia ilman jälkikäsittelyäkin. Sähköautoilla ei ole lähihiukkaspäästöjä.  
 ”Real-life” päästöihin yleisesti vaikuttaa esim. ulkoilman lämpötila ja ajo-olosuhteet.  

 
Ajoneuvokannan uusiutuminen vie noin 15-20 vuotta.  
 
Globaalit liikenteen päästöt kehittyvät eri aikataululla kuin Euroopan tai Suomen 
liikenteen päästöt. 
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VTT creates business from technology 
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