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What is GDI? 

Port Fuel Injection (PFI) 
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What is GDI? 

GDI = Gasoline Direct Injection Port Fuel Injection (PFI) 

GDI Benefits: 
(1) Higher compression ratio due to evaporative cooling effect 

reducing compression temperature and knock onset 
(2) Greater flexibility in valve operations 

~5% higher 
fuel economy 
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Wall vs. Spray Guided GDI 

Spray Guided GDI Wall Guided GDI 
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GDI vehicles rapidly penetrating the fleet 

5 

 

• Market share of new vehicles with GDI >50% in 2016 

 

5/15/2017 
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New vehicle sales 

On road fleet 



Rapid change in technology.   
 

What are implications for 
emissions and air quality? 



Vehicle emissions in context 

Increasingly stringent regulations (left) have led to large 
decreases in CO, NO, HC emissions from on-road fleet (right).  

Slide from Tim Wallington, Ford, HEI Sponsors Meeting 

Standards (HC + NOx) Emissions 
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Substantial improvements in ambient air quality 

Large reductions in VOC concentrations measured in 
ambient air near Los Angeles from 1960-2010. 
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Emissions and air quality 
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(1) Emissions 
at the tailpipe 

(2) Downwind 
& urban scale 



GDI vs. PFI: No differences in emissions 
regulated gaseous pollutants 

Increasing stringent standards 

Hydrocarbons 

CO 
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LEV = low emission vehicle 
ULEV = ultra-low-emission vehicle 
SULEV = super ultra-low emission vehicle 



PFI vs. GDI -- No systematic changes in 
composition of organic gas emissions 
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Increasing stringent standards 

BTEX Emissions 



PFI PM emissions going down 
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PFI PM emissions going down 
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GDI have higher PM emissions than PFI 

• Changes driven by 
elemental carbon (EC) 

• Lower PM emissions 
for newer GDI 

• Will GDI meet LEV3 
standard? 
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GDI PM emissions dominated by 
Elemental Carbon (EC) 

Elemental Carbon (EC) 

Primary organic aerosol (POA) 
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Some evidence for elevated 
PAH emissions. 



Differences in size distributions 
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Lowering GDI PM Emissions 
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• GDI engine design & calibration is still 
improving 

• Spray-guided GDI should reduce emissions 

 

• Fuel reformulation 
 

 

• Follow the diesel path:  
Gasoline particulate filters 
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Exhaust Air 

Fuel 



Fuel & soot (EC) formation processes 
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Hydrocarbon soot formation tendency: 
     Paraffins < isoparaffins < mono-olefins < naphthenes < alkynes <aromatics 



Fuel effects on PM emissions: Particulate 
matter index (PMI) 

DBE = double bond equivalents = (2C + 2 – H)/2  
Wti = mass fraction of compound  
VP(443K) = vapor pressure at 443K (170ºC)  
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Particulate Matter Index (PMI) works 
(surprisingly) well for conventional fuels 

DBE = double bond equivalents = (2C + 2 – H)/2  
Wti = mass fraction of compound  
VP(443K) = vapor pressure at 443K (170ºC)  

PM
 (m

g/
m

i) 
(Figure from Aikawa et al. SAE 2010-01-2115. ) 

  PMI   

Reducing aromatics in fuel generally reduces primary PM emissions 
(John Farrell, HEI Fuel Aromatic Workshop 2016) 



Ethanol and PM Emissions 

  PMI  
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EPAct – increasing PM in PFI Others have shown decreasing PM 
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(Butler et al., SAE Technical Paper 2015-01-1072) 
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Effects of gasoline particulate filter (GPF) 
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What about downwind of source? 
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(1) Emissions 
at the tailpipe 

(2) Downwind 
& urban scale 



SOA 

Evolution of Gases and Organic Aerosol 
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Secondary PM production exceed 
primary emissions 
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Substantially less secondary PM 
production for alkylate fuel 
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Alkylate Tests 



Conclusions 
Dramatic reductions in vehicle emissions over 
last four decades.  

 
GDI vs. PFI: 
• At tailpipe: 

• Similar gaseous emissions 
• GDI have higher PM emissions 
• Strategies for controlling PM 

• Improved engine designs and operations 
• Fuel composition 
• Gasoline Particulate Filter 

 
• Downwind: 

• Similar secondary PM formation 
• Secondary PM >> primary PM emissions from light duty gas vehicle 

(LDGV) 

Important to control PM precursor emissions 
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