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Renewable	  Fuel	  Standard	  (RFS)	  

•  RFS	  was	  authorized	  under	  the	  Energy	  Policy	  Act(EPAct)	  of	  2005	  	  
–  Required	  that	  7.5	  billion	  	  US	  gallons	  of	  transporta?on	  fuel	  come	  from	  

renewable	  resources	  by	  2012	  

•  Energy	  Independence	  and	  Security	  Act	  of	  2007	  	  
–  Reinforcement	  of	  energy	  consump?on	  reduc?on	  goals	  
–  Raised	  renewable	  fuel	  target	  volume	  to	  36	  billion	  US	  gallons	  by	  2022	  

RFS	  Goals	  
•  Policy	  is	  based	  on	  scienFfic	  and	  economic	  research	  and	  forecasts	  which	  

showed	  that	  renewable	  fuels	  will:	  

–  Move	  the	  United	  States	  toward	  greater	  energy	  independence	  and	  security	  

–  Add	  more	  than	  $1.7	  trillion	  to	  our	  Gross	  Domes?c	  Product	  (GDP)	  between	  2008	  and	  

2022	  

–  Reduce	  greenhouse	  gases	  	  
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Geographical	  Research	  Area	  
•  USDA	  esFmated	  the	  contribuFon	  to	  RFS	  comparing	  five	  geographical	  

regions	  	  	  
–  Southeast: 	   	   	  49.0%	  

–  Central-‐Eastern:	   	  43.3%	  

–  Northwest:	   	   	  	  	  4.6%	  

–  Northeast: 	   	   	  	  	  2.0%	  

–  Western: 	   	   	  <0.3%	  

Biomass	  
“Organic	  ma+er,	  especially	  plant	  ma+er,	  that	  can	  be	  converted	  to	  fuel	  and	  is	  
therefore	  regarded	  as	  a	  poten:al	  energy	  source.”	  
	  
Focus	  on	  :	  Loblolly	  pine	  (Pinus	  taeda)	  

–  Evergreen	  coniferous	  

–  Grows	  on	  infer:le	  ground	  

–  Short	  rota:on	  :mber	  

Thesis	  Objec?ves	  
1.  Defining	  the	  upstream	  of	  the	  supply	  chain	  for	  southern	  pine	  

2.  Defining	  midstream	  issues	  of	  biomass	  supply	  chain	  

3.  Crea?on	  of	  an	  Excel	  simula?on	  spreadsheet	  	  

4.  Applica?on	  of	  Taguchi	  Loss	  Func?on	  	  

5.  Make	  recommenda?ons	  for	  using	  SPC/Lean	  	  

6.  General	  comparisons	  of	  logis?cs	  supply	  chain	  for	  southern	  pine	  and	  switchgrass	  

(from	  the	  literature)	  	  
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Research	  Hypothesis	  
	  
“Applica?on	  of	  SPC	  and	  related	  tools	  into	  
biomass	  logis?cs	  of	  the	  pine	  supply	  chain	  lowers	  
cost	  and	  reduces	  variability	  of	  key	  components.”	  

Loblolly	  pine	  (Pinus	  taeda)	  
Round	  wood	  to	  wood	  chips	  	  

Round	  wood	  _	  Wood	  
residues	  
	  
•  Forest	  type	  
•  Moisture	  content	  	  
•  Dry	  mader	  loss	  
•  Land	  use	  	  
•  Season	  opera?on	  plan	  	  
•  Storage	  	  

Preprocessing	  for	  
TransportaFon	  
	  
•  Bundling	  on	  site,	  

Chipping	  at	  plant	  
•  Chipping	  on	  site	  
•  Bundling	  and	  

chipping	  on	  storage	  
•  Load	  and	  unload	  
	  

TransportaFon	  
	  
	  
•  Transporta?on	  type	  
•  railways	  
•  waterways	  
•  combina:on	  of	  

above	  
•  Distance	  
•  Road	  accessibility	  
•  Travel	  ?me/Travel	  

speed	  
•  fixed	  costs	  variable	  

costs	  (fuel	  &	  
lubricant,	  repairs)	  	  

•  Operator	  

Storage	  
	  
	  
•  Biomass	  storage	  

site,	  ambient,	  
covered,	  closed	  
warehouse	  

•  Storage	  ?me/
biomass	  
degrada:on	  rate	  

•  Storage	  cost	  
•  Pretreatment	  
•  Procurement	  

Bio	  Depot	  

Upstream	  	  

Midstream	  

Weather	  
influences	  

The	  Supply	  Chain	  
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Bio	  Depot	  

Chipping	  
Module	  

Drying	  
Module	  

Milling	  
Module	  

Densifica?on	  
Module	  

Biomass	   Feedstock	  

Near	  Infrared	  Spectroscopy	  
(NIR)	  	  

σa
2   + σb

2 +	  	  σc
2   +	  	  	  	  σd

2 = Σσy
2	  (Feedstock)	  	  
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2	   σb

2	   σc
2	   σd

2	  

Galton's	  Theory	  	  
•  Galton’s	  Theory	  of	  Components	  of	  Variance,	  	  e.g.,	  (X,	  Y)	  dependent	  :	  

Var(X	  +	  Y)	  =	  VarX	  +	  VarY	  ±	  2Cov(X,Y)	  	  
	  or,	  
Var(aX	  +	  bY)	  =	  a2VarX	  +	  b2VarY	  ±	  2abCov(X,Y)	  
	  

Var(X	  +	  Y)	  =	  VarX	  +	  VarY	  
	  

Independent:	  
	  Dependent:	  
	  

Methods	  

•  SPC/Lean	  principles	  	  
–  to	  reduce	  varia?on	  on	  “high	  variaFon”	  which	  are	  also	  the	  “high	  cost”	  components	  of	  

the	  supply	  chain	  

•  Root-‐	  Cause	  Analysis	  
–  FMEA,	  Ishikava	  

•  Taguchi	  Loss	  FuncFon	  
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SPC	  Principles	  
•  To	  reduce	  variability	  SPC	  provides	  tools,	  those	  are:	  	  

–  Cause	  and	  Effect	  Diagrams	  (or	  Fishbone)	  
–  Control	  Charts	  
–  Flow	  Charts	  
–  Histograms	  
–  Pareto	  Charts	  
–  Probability	  Plots	  

Lean	  Tools	  
•  7	  Types	  of	  Waste	  

–  Overproduc?on	  
–  Wai?ng	  
–  Transport	  
–  Mo?on	  
–  Processing	  	  
–  Inventory	  
–  Defects	  

Root-‐Cause	  Analysis	  	  
Failure	  Mode	  and	  Effect	  Analysis:	  

•  Steps	  in	  the	  process	  

•  Failure	  modes	  

•  Failure	  causes	  

•  Failure	  effects	  

Ishikawa	  or	  Fishbone	  Diagram:	  	  
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Taguchi	  Loss	  Func?on	  	  
•  Variance	  is	  a	  cost	  factor	  
•  Taguchi	  Loss	  Func?on	  quan?fies	  cost	  of	  variability	  in	  the	  system	  	  

L(y)=k*(y-‐m)2	  
Where:	  
L	  =	  loss	  in	  dollars	  when	  the	  quality	  
characteris?c	  is	  equal	  to	  y	  	  
y	  =	  the	  value	  of	  the	  quality	  characteris?c	  (e.g.,	  
moisture,	  ash	  content,	  density,	  etc.)	  	  
m	  =	  target	  value	  of	  y	  	  
k	  =	  constant	  	  
	  
	  

Excel	  Spread	  Sheet	  
•  The	  spread	  sheet	  will	  emphasize	  

–  Simulated	  variability	  of	  components	  

–  Es?mated	  cost	  

–  Sensi?vity	  analysis	  according	  to	  root-‐cause	  schema	  
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Thank	  you	  for	  your	  aden?on!	  
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