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Scope: Focus will be on biodiesel as 
alkyl esters derived from vegetable oils 
and animal fats.  Not hydrogenated, 
deoxygenated renewable diesel. 



                                          

Biodiesel emissions 
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We need to make a distinction between 
engine-out emissions and tailpipe emissions 



                                          

Engine-out vs. tailpipe emissions 

  Engine out emissions 
 Much higher emission levels 
  Emissions are representative of engine, 

operating conditions, and/or fuel. 

  Tailpipe emissions 
 New engines have extremely low emission 

levels 
 Reflect the effectiveness of exhaust 

aftertreatment equipment 

Alternate fuels effects on tailpipe emissions is 
mostly a concern for the legacy fleet. 



                                          

“Engine-out” Biodiesel Emissions  
 – Percentage changes compared with Petrodiesel 

Note large reductions of soot but 
increases in volatile fraction. 

Note increases 
in NOx 



                                          

B100 “Engine out”  
Emission 
reductions 

  70-80% reductions in HC 
  38-45% reductions in CO 
  4-11% increases in NOx 
  28-49% reductions in 

particulate 
  10-40% increases in 

heavy HC component 
  60-70% reductions in 

soot A Comprehensive Analysis of Biodiesel Impacts 
on Exhaust Emissions, Draft Technical Report, 
EPA 420-P-02-001, October 2002. 



                                          

Emissions data for NOx 

Note the large spread in 
the data 



                                          

NOx emissions 

  We know that fuel property  
 changes can cause timing  
 changes in older engines. 

  Since NOx is formed in the post-flame gases, 
anything that affects the time-temperature 
history of those gases can affect NOx. 
  Injection timing 
  Fuel cetane number 
  Fuel volatility 
  H/C, O/C ratios 
  Etc. 

Monyem, A., J. H. Van Gerpen, and M. Canakci. 2001. 
“The Effect of Timing and Oxidation on Emissions from 
Biodiesel-Fueled Engines”, Trans. ASABE. 44(1):35-42.  

Diesel 

Biodiesel 



                                          

Effect of feedstock on biodiesel 
NOx emissions  



                                          

Health Effects (Testing required by EPA) 

  Laboratory rats were exposed to exhaust from engine fueled 
by B100 from Soy (LRRI-2002).  Rats were examined for: 
  Carcinogenicity (cancer causing) 
  Mutagenicity (causes genetic mutations) 
  Teratogenicity (fetal abnormalities) 
  Reproductive toxicity (inability to reproduce) 
  Neurotoxicity (causes nervous system damage) 

  Level of abnormalities was far below what would have been 
expected from diesel fuel. 

  No new compounds were found beyond those already seen in 
diesel exhaust. 

  Levels of PAH and nPAH were far below levels observed for 
diesel exhaust. 

  Recent studies described in CARB Assessment (2011) for 
mutagen emissions from 2000 CAT C-15 are consistent with 
these observations. 



                                          

Straight Vegetable Oil 

Krahl, J. et al. 2009. Comparison of Exhaust Emissions and Their 
Mutagenicity from the Combustion of Biodiesel, Vegetable Oil, Gas-to-
liquid and Petrodiesel Fuels. Fuel. 88(6):1064-1069. 

Rapeseed oil 
(canola) produced 
much higher 
levels of 
mutagenic 
emissions than 
biodiesel (RME), 
gas-to-liquid fuel, 
or petroleum 
diesel. 



                                          

Current aftertreatment reduces 
emissions by 99%. 
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Current issue: How do 
contaminants in biodiesel affect 
aftertreatment life? 



                                          

Contaminants 

  Vegetable oils (and animal fats to a lesser 
extent) contain phospholipids. 
 Phosphorus will poison catalysts. 

 Na and K are contained in biodiesel 
catalysts and can be found in the fuel. 

  Ca and Mg may be introduced during 
processing. 

  Sulfur may be present in the oil. 

Currently, ASTM D 6751 says P <10 ppm, Na+K <5 
ppm, Ca+Mg <5ppm, S <15 ppm.  Is that enough?  



                                          

Sulfur Issues 

•  Some biodiesel 
feedstocks have 
sulfur levels 
above 15 ppm. 
•  Conversion to 
biodiesel reduces 
sulfur by ~ half. 
•  Further 
reduction of 
sulfur usually 
requires 
distillation. He, B., J. Van Gerpen, and J. Thompson. 2009. Sulfur Content in 

Selected Oils and Fats and Their Corresponding Methyl Esters. 
ASABE Transactions. 25(2):223-6. 

Biodiesel (and on-highway 
diesel fuel) are required to 
have sulfur <15 ppm. 



                                          

Life Cycle Studies 
  NREL report (1998) The 

original and most 
authoritative analysis of 
biodiesel life cycle. 
  Net energy balance = 3.2 
  GHG reduction = 78.5% 

  Updates: 
  Net energy 

 2006 → 4.5 
 2012 → 5.5 

  GHG Reduction 
 2012 → 85.4% (same 

case) 
 2012 → 81.2% (incl. 

lime and N2O) 

Recent updates: 
Pradhan, A., et al. (2012) Reassessment of Life 
Cycle Greenhouse Gas Emissions for Soybean 
Biodiesel. Trans. ASABE 55(6):2257-2264. 
Pradhan, A. et al. (2011) Energy Life-Cycle 
Assessment of Soybean Biodiesel Revisited. Trans. 
ASABE. 54(3):1031-1039. 



                                          

Conclusions 

 Biodiesel provides dramatic reductions in 
CO, HC, particulates, and other toxic 
compounds in the atmosphere. 

 NOx tends to increase with higher blend 
levels, but less with animal fats. 

 Metal contaminants in biodiesel are a 
concern for aftertreatment durability. 

 Biodiesel has one of the largest positive 
energy balances of any alternative fuel. 


