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OverviewOverview 

•• BackgroundBackground 

•• Biodiesel�S udies�Upda eBiodiesel�S udies�Upda e 
•• Commen s�from�Firs �WorkshopCommen s�from�Firs �Workshop 

–– Li era ure�ReviewLi era ure�Review 
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–– Cer ifica ionCer ifica ion 

•• Nex �S epsNex �S eps 
•• Con ac sCon ac s 
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BackgroundBackground 

•• Driving�Forces:Driving�Forces: 
–– Global�Warming�Solu ions�Ac �of�2006Global�Warming�Solu ions�Ac �of�2006 

–– Low�Carbon�Fuel�S andard�(2009)Low�Carbon�Fuel�S andard�(2009) 

–– Increasing�demand�for�biofuelsIncreasing�demand�for�biofuels 

–– S udies�show�an�increase�in�NOx�wi h�S udies�show�an�increase�in�NOx�wi h� 
increasing�biodiesel�blendsincreasing�biodiesel�blends 
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BackgroundBackground 

•• Wha �is�biodiesel?Wha �is�biodiesel? 
–– S raigh �Vege able�Oil�(SVO)�S raigh �Vege able�Oil�(SVO)�vsvs Fa  y�Acid�Fa  y�Acid� 

Me hyl�Es ers�(FAME)Me hyl�Es ers�(FAME) 

–– Feed�s ocksFeed�s ocks 

•• Wha �is�renewable�diesel?Wha �is�renewable�diesel? 
–– Hydro rea ingHydro rea ing 

–– Feed�s ocksFeed�s ocks 
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BackgroundBackground 

•• Biodiesel�and�renewable�diesel�blends:Biodiesel�and�renewable�diesel�blends: 
–– Blends�are�labeled�B%�or�R%� o�signify�Blends�are�labeled�B%�or�R%� o�signify� 

 he�amoun �of�biodiesel�or�renewable� he�amoun �of�biodiesel�or�renewable� 
diesel�blended�in o�pe roleum�dieseldiesel�blended�in o�pe roleum�diesel 

–– Example:Example: 
•• B5�is�a�blend�of�5�percen �biodiesel�and�95�B5�is�a�blend�of�5�percen �biodiesel�and�95� 

percen �pe roleum�dieselpercen �pe roleum�diesel 

•• R20�is�a�blend�of�20�percen �renewable�diesel�R20�is�a�blend�of�20�percen �renewable�diesel� 
and�80�percen �pe roleum�dieseland�80�percen �pe roleum�diesel 
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BackgroundBackground 

•• 20062006<<20092009 
–– Mul imedia�workgroup�mee ings�began,��Mul imedia�workgroup�mee ings�began,�� 

mul imedia� es ing�largely�comple ed�bu �mul imedia� es ing�largely�comple ed�bu � 
ongoingongoing 

•• 20102010 
–– Firs �public�workshop� o�discuss�fu ure�Firs �public�workshop� o�discuss�fu ure� 

regula ion�in�Januaryregula ion�in�January 
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OverviewOverview 

•• BackgroundBackground 
•• Biodiesel Studies UpdateBiodiesel Studies Update 

•• Commen s�from�Firs �WorkshopCommen s�from�Firs �Workshop 
–– Li era ure�ReviewLi era ure�Review 
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Emissions Studies Update 
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•• CeCERTCeCERT NOx�mi iga ion�and�impac �NOx�mi iga ion�and�impac � 
S udy�comple edS udy�comple ed<< wo�on wo�on<<road�enginesroad�engines 

•• TRU�s udyTRU�s udy 
–– Par �one:�CARB,�Soy�B50,�Soy�B100Par �one:�CARB,�Soy�B50,�Soy�B100 
–– Changes�in�engine�opera ionChanges�in�engine�opera ion 
–– Par � wo:�CARB,�Soy�B5,�Soy�B20,�B100Par � wo:�CARB,�Soy�B5,�Soy�B20,�B100 

•• NonNon<<road�engineroad�engine 
–– PrePre<< es ing�s ar ed es ing�s ar ed 
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Biodiesel Studies Update 
Emissions Studies Update Cont 
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•• Chassis� es ing�a �MTAChassis� es ing�a �MTA 
–– InIn<<dep h�emissions� es ing�comple ed�for�dep h�emissions� es ing�comple ed�for� 

C15�and�MBE4000�equipped� rucksC15�and�MBE4000�equipped� rucks 
•• Chemical�and�heal h�effec s�analysis�Chemical�and�heal h�effec s�analysis� 

–– C15�expec ed� o�be�comple ed�by� he�July�C15�expec ed� o�be�comple ed�by� he�July� 
workshopworkshop 

–– MBE4000�underway�MBE4000�underway� 

–– Vehicle� hree,�Cummins�ISM�equipped�Vehicle� hree,�Cummins�ISM�equipped� 
 ruck�will�s ar �in� he�firs �par �of�June ruck�will�s ar �in� he�firs �par �of�June 

–– School�Bus�wi h�DPFSchool�Bus�wi h�DPF 
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Biodiesel Studies Update 
July Workshop 
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•• Renewable�diesel�Tier�one�draf �in�JuneRenewable�diesel�Tier�one�draf �in�June 
•• Biodiesel�mul imediaBiodiesel�mul imedia 

–– Final�Tier�one�(da e)Final�Tier�one�(da e) 
–– Final�Tier� wo�pro ocol�(da e)Final�Tier� wo�pro ocol�(da e) 
–– Tier� wo�resul sTier� wo�resul s 

•• Durabili y�s udy�Durabili y�s udy� 
•• Engine� es ing�Engine� es ing�CeCERTCeCERT 
•• TRU� es ing�upda eTRU� es ing�upda e 
•• Chassis� es ing�MTAChassis� es ing�MTA 

–– InIn<<dep h� es ing�for�C15�and�upon�availabili y�MBE4000dep h� es ing�for�C15�and�upon�availabili y�MBE4000 
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OverviewOverview 

•• BackgroundBackground 
•• Biodiesel�S udies�Upda eBiodiesel�S udies�Upda e 
•• Comments from First WorkshopComments from First Workshop 

–– Li era ure�ReviewLi era ure�Review 
–– Fuel�Proper iesFuel�Proper ies 
–– Cer ifica ionCer ifica ion 

•• Nex �S epsNex �S eps 
•• Con ac sCon ac s 
•• DiscussionDiscussion 
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•• Literature ReviewLiterature Review 
–– Clarify�and�expand�NOx�impac �of�biodiesel�use.Clarify�and�expand�NOx�impac �of�biodiesel�use. 
–– CARBCARB’’ss findings�on�NOx�findings�on�NOx�vsvs li era ure�(esp.�B5)li era ure�(esp.�B5) 
–– Wha �is� he�NOx�impac �a �low�blend�levels?�Wha �is� he�NOx�impac �a �low�blend�levels?� 

•• Fuel�Proper iesFuel�Proper ies 
–– Biodiesel�Feeds ock�Effec sBiodiesel�Feeds ock�Effec s 
–– Gas�To�Liquid�(GTL)�dieselGas�To�Liquid�(GTL)�diesel 
–– GTL�and�renewable�diesel�proper iesGTL�and�renewable�diesel�proper ies 

•• Cer ifica ionCer ifica ion 
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Historical Perspective 
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Biodiesel programBiodiesel program 

•• Wha �did�we�know�abou � he�NOx�impac �of�Wha �did�we�know�abou � he�NOx�impac �of� 
biodiesel�use�when�we�s ar ed� he�biodiesel�biodiesel�use�when�we�s ar ed� he�biodiesel� 
program�in�2006?program�in�2006? 
–– EPA�Draf �Technical�Repor EPA�Draf �Technical�Repor  

•• Wha �was� he�reason�for� he�CARB�s udy?�Wha �was� he�reason�for� he�CARB�s udy?� 

•• Wha �do�we�know�now?Wha �do�we�know�now? 

•• Wha �are� he�nex �s eps?Wha �are� he�nex �s eps? 



  
  

              

              

  

Literature Review
Historical Perspective

What did we know about the NOx impact
of biodiesel use at the start of the
biodiesel program?
•Main�reference�was� he�EPA�Repor �on� he�
biodiesel�impac s�on�exhaus �emissions
– Comprehensive�review�of� he�li era ure
– Analysis�of�impac s�based�on�base�fuel,�

feeds ock,�engine�class,�e c.

“A�Comprehensive�Analysis�of�Biodiesel�Impac s�on�Exhaus �
Emissions” Draf �Technical�Repor �EPA420<P<02<001,�Oc ober�2002�
(Draf �Technical�Repor )
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feeds ock,�engine�class,�e c. 

“A�Comprehensive�Analysis�of�Biodiesel�Impac s�on�Exhaus � 
Emissions” Draf �Technical�Repor �EPA420<P<02<001,�Oc ober�2002� 
(Draf �Technical�Repor ) 

May�19,�2010 14 



  
  

Literature Review
Historical Perspective

Literature Review 
Historical Perspective 
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• 2%�increase�a �B20�and�10%�increase�a �B100 
• Over�all�diesel�base�fuels 

Figure�from�Figure�from� 
Draf �Draf � 
Technical�Technical� 
Repor �ci ed�Repor �ci ed� 
when�when� 
discussing�discussing� 
 he�NOx� he�NOx� 
impac �from�impac �from� 
biodieselbiodiesel 
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Historical Perspective 
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• To�explain� he�range�of�resul s,�EPA�evalua ed� he�effec �of� 
various�fac ors�such�as�base�fuel�and�du y<cycle�load�effec s� 

No �discussed�No �discussed� 
as�of en�is�as�of en�is� 
 he�sca  er�in� he�sca  er�in� 
 he�NOx� he�NOx� 
 rend�line. rend�line. 
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• Selec ion�cri eria�for�base�fuel�analysis 

EPA�Base�Fuel�EPA�Base�Fuel� 
AnalysisAnalysis 

Literature ReviewLiterature Review 
Historical PerspectiveHistorical Perspective 
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Literature Review
Historical Perspective

EPA�found�NOx
increases�more�
when�biodiesel�is�
blended�wi h�clean�
base�fuels�(e.g.,�
CARB/CARB<like�
diesel)� han�wi h�
average�base�fuels

B100:� 27%�more�NOx  han�clean�diesel,� 7%�more�NOx  han�avg.�diesel.��
B20+clean�diesel:� 5%�more�NOx  han�clean�diesel�alone
B20+avg.�diesel:� 2%�more�NOx  han�avg.�diesel�alone
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Literature Review 
Historical Perspective 

EPA�found�NOx 
increases�more� 
when�biodiesel�is� 
blended�wi h�clean� 
base�fuels�(e.g.,� 
CARB/CARB<like� 
diesel)� han�wi h� 
average�base�fuels 

B100:�~27%�more�NOx  han�clean�diesel,�~7%�more�NOx  han�avg.�diesel.�� 
B20+clean�diesel:�~5%�more�NOx  han�clean�diesel�alone 
B20+avg.�diesel:�~2%�more�NOx  han�avg.�diesel�alone 
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Literature Review 
Historical Perspective 

May�19,�2010May�19,�2010 19191919 

1Sze�e �al,�2007l 

Ano her�Ano her� 
finding�by� he�finding�by� he� 
EPA�showed�EPA�showed� 
 ha �biodiesel� ha �biodiesel� 
effec s�on�effec s�on� 
NOx�NOx� 
emissions�emissions� 
were�rela ed�were�rela ed� 
 o�average� o�average� 
cycle�powercycle�power 



        
    

  
  

Literature Review
Historical Perspective

Literature Review 
Historical Perspective 
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•• Why was CARB Biodiesel/RenewableWhy was CARB Biodiesel/Renewable 
diesel study initiated?diesel study initiated? 
–– EPA�finding� ha �biodiesel�blended�wi h�CARB�EPA�finding� ha �biodiesel�blended�wi h�CARB� 

base�fuels�show�a�higher�percen �increase�in�base�fuels�show�a�higher�percen �increase�in� 
NOxNOx 

–– Expand�limi ed�da a�se �especially�newer�Expand�limi ed�da a�se �especially�newer� 
 echnology�engines echnology�engines 

–– Expand�limi ed�da a�se �on�low�biodiesel�blend�Expand�limi ed�da a�se �on�low�biodiesel�blend� 
levelslevels 

–– Need�for�more�robus �s udiesNeed�for�more�robus �s udies 
–– Run�du yRun�du y<<cycles�of�differen �loadscycles�of�differen �loads 
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Literature Review 
What do we know now? 
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•• CARB�s udy�resul sCARB�s udy�resul s 

•• Li era ure�reviewsLi era ure�reviews 

•• Curren �li era ureCurren �li era ure 
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Literature Review 
What do we know now 
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•• CARB biodiesel/renewable studyCARB biodiesel/renewable study 
resultsresults 
–– S udy�onS udy�on<<going,�es ima ed�comple ion�da e�Sep .�going,�es ima ed�comple ion�da e�Sep .� 

20102010 

•• Preliminary�resul sPreliminary�resul s 
–– CARB�s udy�also�shows�higher�NOx�impac �for�CARB�s udy�also�shows�higher�NOx�impac �for� 

CARB�base�fuels�CARB�base�fuels� 
–– Con inue� o�refine� he�informa ion�as� he�s udy�Con inue� o�refine� he�informa ion�as� he�s udy� 

nears�comple ionnears�comple ion 
–– Ma ches�wi h�o her�research�showing�base�fuels�Ma ches�wi h�o her�research�showing�base�fuels� 

have�a�significan �impac have�a�significan �impac  
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Literature Review 
What do we know now? 
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Literature ReviewsLiterature Reviews 

•• A�Comprehensive�Analysis�of�Biodiesel�Impac s�on�A�Comprehensive�Analysis�of�Biodiesel�Impac s�on� 
Exhaus �Emissions,�EPA�repor �420Exhaus �Emissions,�EPA�repor �420<<PP<<0202<<001,�David�001,�David� 
Koro neyKoro ney,�2002,�2002 

•• NREL�Review,�NREL�Review,�““Effec s�of�Biodiesel�Blends�on�Effec s�of�Biodiesel�Blends�on� 
Vehicle�EmissionsVehicle�Emissions””,�Fiscal�Year�2006�Annual�,�Fiscal�Year�2006�Annual� 
Opera ing�plan�Miles one�10.4,�R.�L.�McCormick�e �Opera ing�plan�Miles one�10.4,�R.�L.�McCormick�e � 
al.,�2006al.,�2006 

•• Draf �Regula ory�Impac �Analysis:��Changes� o�Draf �Regula ory�Impac �Analysis:��Changes� o� 
Renewable�Fuel�S andard�Program,�Appendix�A,�Renewable�Fuel�S andard�Program,�Appendix�A,� 
EPAEPA<<420420<<DD<<0909<<001,�001,�Zol anZol an Jung,�2009Jung,�2009 

•• CRC�Repor �No.�AVFLCRC�Repor �No.�AVFL<<17,�S.�Ken �17,�S.�Ken �HoekmanHoekman,�e �al.,�,�e �al.,� 
2009�2009� 
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What do we know now?

Literature Review 
What do we know now? 
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•• ReviewsReviews ContCont 

–– Of� he�major�li era ure�review�s udies�Of� he�major�li era ure�review�s udies� 
only� he�2002�Draf �Technical�Repor �only� he�2002�Draf �Technical�Repor � 
evalua ed� he�effec �of�clean�base�����������evalua ed� he�effec �of�clean�base����������� 
fuelsfuels 
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Literature Review 
Next Steps 
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•• Review�curren �li era ure�forReview�curren �li era ure�for 
–– Trends�and�mechanismTrends�and�mechanism 

–– Emissions�da a�low�biodiesel�blend�levels�Emissions�da a�low�biodiesel�blend�levels� 

•• Conduc �an�analysis�of�clean�base�fuelsConduc �an�analysis�of�clean�base�fuels 
–– CARB�diesel�base�fuelsCARB�diesel�base�fuels 

–– High�ce ane�base�fuelsHigh�ce ane�base�fuels 

–– Analysis�cri eriaAnalysis�cri eria 

–– How� he�analysis�resul s�will�be�repor edHow� he�analysis�resul s�will�be�repor ed 



    

  
  

Literature Review
Next Steps

Literature Review 
Next Steps 
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Review Current LiteratureReview Current Literature 

•• Key�examplesKey�examples 
–– EckerleEckerle,�2008,�2008 

–– SzeSze,�2007,�2007 

–– Cheng,�2006Cheng,�2006 

–– Thompson,�2010Thompson,�2010 

–– O hers?O hers? 



    

  
  

Literature Review
Next Steps

Literature Review 
Next Steps 
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Base Fuels EvaluatedBase Fuels Evaluated 

•• CARB�diesel�fuelsCARB�diesel�fuels 

•• High�ce ane�fuelsHigh�ce ane�fuels 



  

  
  

Literature Review
Next Steps

Literature Review 
Next Steps 
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Analysis resultsAnalysis results 

•• Compare�biodiesel�NOx�impac �of�Compare�biodiesel�NOx�impac �of� 
CARB�base�fuels�wi h�CARB�base�fuels�wi h� 
–– High�Ce ane�base�fuels�(23�s udies)High�Ce ane�base�fuels�(23�s udies) 

––  o�all�diesels�base�fuels�(114) o�all�diesels�base�fuels�(114) 

––  o�EPA�s udy�resul s o�EPA�s udy�resul s 



          

  
  

Literature Review
Next Steps

Literature Review 
Next Steps 
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Comparison to other factors that affectComparison to other factors that affect 

NOxNOx 

•• If�possible�will�look�a ��o her�fac ors;�If�possible�will�look�a ��o her�fac ors;� 
however,�however,� 

•• Limi ed�by�small�da a�se �which�may�Limi ed�by�small�da a�se �which�may� 
preclude� he�following�evalua ionspreclude� he�following�evalua ions 

•• Feeds ockFeeds ock 
•• EngineEngine 
•• Heavy,�Medium,�Ligh �du y�vehiclesHeavy,�Medium,�Ligh �du y�vehicles 
•• OnOn<<road�and�nonroad�and�non<<roadroad 



    

  
      

Literature Review
Next Steps-Criteria for Analysis

Literature Review 
Next Steps-Criteria for Analysis 
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Selection of studiesSelection of studies 

•• Heavy�du y�engines,�no� es �enginesHeavy�du y�engines,�no� es �engines 

•• No�duplica e�s udiesNo�duplica e�s udies 

•• Published�in�a�peerPublished�in�a�peer<<reviewed�journal,�reviewed�journal,� 
by�a�research�cen er,�or�companyby�a�research�cen er,�or�company 

•• Experimen al�design,�no�modeled�Experimen al�design,�no�modeled� 
resul s.resul s. 
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Summary of specifications for fuels usedSummary of specifications for fuels used 

for the analysisfor the analysis 

•• Base�fuel,�CN�Base�fuel,�CN�≥≥ 48,�Aroma ics�48,�Aroma ics�≤≤ 2121 

•• Blend�is�B5,�B10,�B20Blend�is�B5,�B10,�B20 

•• Biodiesel�is�made�from�feeds ocks� ha �Biodiesel�is�made�from�feeds ocks� ha � 
are�an�agricul ure�crop,�like�soy,�or�are�an�agricul ure�crop,�like�soy,�or� 
was e�s ream,�like�beef� allow.was e�s ream,�like�beef� allow. 

3131 
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CARB Baseline DieselCARB Baseline Diesel 

•• Sugges ed��s udies?Sugges ed��s udies? 

Literature ReviewLiterature Review 
Next StepsNext Steps--Criteria for AnalysisCriteria for Analysis 
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•• 114�ar icles�on�biodiesel�emission�114�ar icles�on�biodiesel�emission� 
effec seffec s 

•• Considered�s udies�on�biodiesel�Considered�s udies�on�biodiesel� 
produced�from�curren ly�available�produced�from�curren ly�available� 
feeds ocks�(generally�soy,�canola,�feeds ocks�(generally�soy,�canola,� 
rapeseed,�palm,�yellow�grease,�animal�rapeseed,�palm,�yellow�grease,�animal� 
 allow) allow) 
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Literature Review 
Comments Requested 
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•• Specific�commen s�reques ed�on:Specific�commen s�reques ed�on: 
–– Me hodology�of�searchMe hodology�of�search 

–– Selec ion�of�CARB�represen a ive�s udiesSelec ion�of�CARB�represen a ive�s udies 

–– Quali y�of�da aQuali y�of�da a 
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Literature ReviewLiterature Review 
DiscussionDiscussion 

•• Ques ions�or�Commen s?Ques ions�or�Commen s? 
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•• Li era ure�ReviewLi era ure�Review 
–– Clarify�and�expand�NOx�impac �of�biodiesel�use.Clarify�and�expand�NOx�impac �of�biodiesel�use. 
–– CARBCARB’’ss findings�on�NOx�findings�on�NOx�vsvs li era ure�(esp.�B5)li era ure�(esp.�B5) 
–– Wha �is� he�NOx�impac �a �low�blend�levels?�Wha �is� he�NOx�impac �a �low�blend�levels?� 

•• Fuel PropertiesFuel Properties 
–– Biodiesel�Feeds ock�Effec sBiodiesel�Feeds ock�Effec s 
–– Gas�To�Liquid�(GTL)�dieselGas�To�Liquid�(GTL)�diesel 
–– GTL�and�renewable�diesel�proper iesGTL�and�renewable�diesel�proper ies 

•• Cer ifica ionCer ifica ion 



  Fuel Properties
Overview

Fuel Properties 
Overview 

May�19,�2010May�19,�2010 3737 

•• Two�componen s�con ribu e� o�NOx�Two�componen s�con ribu e� o�NOx� 
emissionsemissions 
–– Biodiesel�Feeds ocks�and�Biodiesel�Feeds ocks�and�Blends ocksBlends ocks 

–– Hydrocarbon�DieselHydrocarbon�Diesel 

•• Goal:�specify�proper ies�of�each�Goal:�specify�proper ies�of�each� 
componen � ha �are�predic ors�of�NOxcomponen � ha �are�predic ors�of�NOx 
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•• Biodiesel�blends�have�differen �Biodiesel�blends�have�differen � 
emissions�effec s�based�upon�emissions�effec s�based�upon� 
feeds ockfeeds ock 
–– ARB� es ing�found�soy�biodiesel�increased�ARB� es ing�found�soy�biodiesel�increased� 

NOx�more� han�animal� allow�biodieselNOx�more� han�animal� allow�biodiesel 

–– This�resul �is�generally�suppor ed�in�This�resul �is�generally�suppor ed�in� 
li era ureli era ure 
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•• Problems�associa ed�wi h�use�of�Problems�associa ed�wi h�use�of� 
feeds ock� o�predic �NOx�effec s:feeds ock� o�predic �NOx�effec s: 
–– Biodiesel�feeds ocks�are�frequen ly�mixedBiodiesel�feeds ocks�are�frequen ly�mixed 

–– Mul iple�feeds ock�proper ies�accoun �for�Mul iple�feeds ock�proper ies�accoun �for� 
differences�in�emissions,�including�differences�in�emissions,�including� 
sa ura ion,�chain�leng h�and�branchingsa ura ion,�chain�leng h�and�branching 
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•• Can�Can�blends ockblends ock proper ies�predic �proper ies�predic � 
feeds ock�based�varia ion�in�feeds ock�based�varia ion�in� 
emissions?emissions? 
–– Proper ies�of�in eres :Proper ies�of�in eres : 

•• Iodine�Number�EN�14111Iodine�Number�EN�14111 

•• H,�C�and�O�con en �ASTM�D5291H,�C�and�O�con en �ASTM�D5291 

–– Proper ies�are�indica ors�of�sa ura ion,�Proper ies�are�indica ors�of�sa ura ion,� 
chain�leng h�and�branchingchain�leng h�and�branching 
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•• Proper ies�of�base�fuel�affec �NOx�Proper ies�of�base�fuel�affec �NOx� 
emissions�of� he�blendemissions�of� he�blend 

•• Higher�ce ane,�lower�aroma ics�and�Higher�ce ane,�lower�aroma ics�and� 
lower�densi y�base�fuels�can�reduce�or�lower�densi y�base�fuels�can�reduce�or� 
elimina e�NOx�increaseelimina e�NOx�increase 
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•• Specifica ions�for� he�base�fuel:Specifica ions�for� he�base�fuel: 
–– Predic ive�Model:Predic ive�Model: 

•• Used�by�regula ed�par y�for�compliance;�orUsed�by�regula ed�par y�for�compliance;�or 

•• Used�by�ARB� o�de ermine�complian �Used�by�ARB� o�de ermine�complian � 
specifica ions�specifica ions� 
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•• U.S.�EPA�Unified�NOx�ModelU.S.�EPA�Unified�NOx�Model 
–– S ra egies�and�Issues�in�Correla ing�S ra egies�and�Issues�in�Correla ing� 

Diesel�Fuel�Proper ies�wi h�EmissionsDiesel�Fuel�Proper ies�wi h�Emissions 

–– h  p://www.epa.gov/o aq/models/analysih  p://www.epa.gov/o aq/models/analysi 
s/p01001.pdfs/p01001.pdf 
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Biodiesel� 
Blends ock 

Hydrocarbon� 
Diesel� 

Base�Fuel 

NOx�Trend 

•Iodine�Number 
•C,�H,�and�O�con en  

Predic ive�Model: 
•Ce ane�Number 
•Aroma ics�Con en  
•Densi y�or�API�Gravi y 

NOx�Predic ors 
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•• High�Ce ane�hydrocarbon�fuels:High�Ce ane�hydrocarbon�fuels: 
–– Renewable�DieselRenewable�Diesel 

•• Simple�mix ure�of�hydrocarbons�derived�from:Simple�mix ure�of�hydrocarbons�derived�from: 
–– Hydro rea men Hydro rea men  of�biological�feeds ocksof�biological�feeds ocks 

–– Enzyma ic�reac ions�of�biological�feeds ocksEnzyma ic�reac ions�of�biological�feeds ocks 

–– GTL�&�BTLGTL�&�BTL 
•• Complex�mix ure�of�hydrocarbons�derived�Complex�mix ure�of�hydrocarbons�derived� 

from�from�syngassyngas from�fossil�or�biological�sourcesfrom�fossil�or�biological�sources 
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•• Specific�commen s�reques ed�on:Specific�commen s�reques ed�on: 
–– Biodiesel�Biodiesel�blends ockblends ock proper iesproper ies 

–– Hydrocarbon�diesel�proper iesHydrocarbon�diesel�proper ies 

–– Model�and�specifica ionsModel�and�specifica ions 
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•• Li era ure�ReviewLi era ure�Review 
–– Clarify�and�expand�NOx�impac �of�biodiesel�use.Clarify�and�expand�NOx�impac �of�biodiesel�use. 
–– CARBCARB’’ss findings�on�NOx�findings�on�NOx�vsvs li era ure�(esp.�B5)li era ure�(esp.�B5) 
–– Wha �is� he�NOx�impac �a �low�blend�levels?�Wha �is� he�NOx�impac �a �low�blend�levels?� 

•• Fuel�Proper iesFuel�Proper ies 
–– Biodiesel�Feeds ock�Effec sBiodiesel�Feeds ock�Effec s 
–– Gas�To�Liquid�(GTL)�dieselGas�To�Liquid�(GTL)�diesel 
–– GTL�and�renewable�diesel�proper iesGTL�and�renewable�diesel�proper ies 

•• CertificationCertification 
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•• Emissions�equivalen �cer ifica ion�Emissions�equivalen �cer ifica ion� 
based�upon�cer ifica ion�in�diesel�rules���based�upon�cer ifica ion�in�diesel�rules��� 
(13�CCR�2282�g)(13�CCR�2282�g) 
–– IssuesIssues 
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•• Curren �process�uses�1991�DDC�Series�Curren �process�uses�1991�DDC�Series� 
60�for� es ing60�for� es ing 

•• Two�primary�problems:Two�primary�problems: 
–– Engine�becoming�harder� o�find�in�Engine�becoming�harder� o�find�in� 

serviceable�condi ionserviceable�condi ion 

–– Engine�becoming�less�represen a ive�of�Engine�becoming�less�represen a ive�of� 
onon<<road�flee road�flee  
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•• Possible�modifica ions:Possible�modifica ions: 
–– Newer�engine�for�biodiesel�cer ifica ion�Newer�engine�for�biodiesel�cer ifica ion� 

programprogram 

–– 2006�Cummins�ISM2006�Cummins�ISM 
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•• Suppor �for�2006�Cummins�ISM:Suppor �for�2006�Cummins�ISM: 
–– No�DPF�means�accura e�PM�measuremen No�DPF�means�accura e�PM�measuremen  

–– Cummins�is�larges �engine�model�in�Cummins�is�larges �engine�model�in� 
California�flee California�flee  

–– Biodiesel� es ing�conduc ed�on� his�Biodiesel� es ing�conduc ed�on� his� 
engine,�large�amoun �of�da a�availableengine,�large�amoun �of�da a�available 
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•• Pos Pos <<rulemaking:rulemaking: 
–– Addi ional� es ing�on�mi iga ion�op ions�Addi ional� es ing�on�mi iga ion�op ions� 

af er�rulemakingaf er�rulemaking 

–– Tes ing�done� o�mee �requiremen s�of�Tes ing�done� o�mee �requiremen s�of� 
cer ifica ion,�considera ion�as�a�cer ified�cer ifica ion,�considera ion�as�a�cer ified� 
op ionop ion 
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•• Specific�commen s�reques ed�on:Specific�commen s�reques ed�on: 
–– Engine�choiceEngine�choice 

–– FrameworkFramework 
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OverviewOverview 

•• BackgroundBackground 
•• Biodiesel�S udies�Upda eBiodiesel�S udies�Upda e 
•• Commen s�from�Firs �WorkshopCommen s�from�Firs �Workshop 

–– Li era ure�ReviewLi era ure�Review 
–– Fuel�Proper iesFuel�Proper ies 
–– Cer ifica ionCer ifica ion 

•• Next StepsNext Steps 

•• Con ac sCon ac s 
•• DiscussionDiscussion 



  

May�19,�2010May�19,�2010 5555 

Next StepsNext Steps 

•• Commen s�reques ed�Monday,�June�21Commen s�reques ed�Monday,�June�21 

•• Nex �Workshop�( en a ively�midNex �Workshop�( en a ively�mid<<July)July) 

•• Addi ional�Workshops�as�neededAddi ional�Workshops�as�needed 

•• Proposal�la e�Augus �Proposal�la e�Augus � 

•• Board�mee ing�Oc ober�2010Board�mee ing�Oc ober�2010 
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ContactsContacts 

Lex�Mi chellLex�Mi chell 
Air�Pollu ion�Specialis Air�Pollu ion�Specialis  
(916)�327(916)�327<<15131513 
ami chel@arb.ca.govami chel@arb.ca.gov 

Rober �Okamo oRober �Okamo o 
S aff�Air�Pollu ion�Specialis S aff�Air�Pollu ion�Specialis  
(916)�327(916)�327<<29532953 
rokamo o@arb.ca.govrokamo o@arb.ca.gov 

Floyd�Vergara�Floyd�Vergara� 
Manager,�Indus rial�Sec ionManager,�Indus rial�Sec ion 
(916)�327(916)�327<<59865986 
fvergara@arb.ca.govfvergara@arb.ca.gov 

h  p://h  p://www.arb.ca.gov/fuels/diesel/al diesel/biodiesel.h mwww.arb.ca.gov/fuels/diesel/al diesel/biodiesel.h m 
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Questions & DiscussionQuestions & Discussion 
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