
The	  California	  Air	  Resources	  Board	  is	  considering	  extending	  the	  Low	  Carbon	  Fuel	  
Standard	  (LCFS)	  to	  include	  alternative	  jet	  fuel.

The	  Biomass	  Scenario	  Model	  (BSM)	  is	  able	  to	  develop	  scenarios	  of	  future	  biofuels	  
industry	  development	  with	  and	  without	  this	  policy	  change.
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The	  BSM	  is	  best	  used	  to	  explore	  many	  scenarios	  and	  to	  support	  analysis	  that	  describes	  
the	  different	  system	  behaviors	  that	  occur	  in	  those	  scenarios.	  Interpreting	  model	  results	  
to	  infer	  predictions	  about	  future	  real-‐world	  events	  is	  always	  uncertain.	  This	  slide	  
summarizes	  results	  of	  many	  BSM	  simulations.
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The	  BSM	  is	  a	  carefully	  validated	  state-‐of-‐the-‐art,	  dynamic	  model	  of	  the	  U.S.	  biofuels	  
supply	  chain.	  It	  focuses	  on	  policy	  alternatives	  and	  potential	  effects,	  integrating	  resource	  
availability,	  constraints	  (physical,	  technological,	  and	  economic),	  and	  behavior.	  The	  
model	  simulates	  the	  system	  dynamics	  of	  interactions	  across	  the	  supply	  chain.	  The	  BSM	  
tracks	  biofuels	  production	  given	  technology	  improvement	  and	  the	  response	  of	  investors	  
in	  the	  context	  of	  land	  availability,	  the	  competing	  oil	  market,	  consumer	  demand	  for	  
biofuels,	  and	  government	  policies	  over	  time.	  It	  emphasizes	  the	  behavior	  and	  decision-‐
making	  of	  various	  agents	  across	  the	  supply	  chain,	  from	  feedstock	  producers	  to	  fuel	  
users.

The	  BSM	  is	  used	  to	  develop	  insights	  into	  biofuels	  industry	  growth	  and	  market	  
penetration,	  particularly	  with	  respect	  to	  effects	  of	  policies	  and	  incentives	  for	  each	  
supply-‐chain	  element	  (volumetric,	  capital,	  and	  operating	  subsidies;	  carbon	  caps/taxes;	  
R&D	  investment;	  loan	  guarantees;	  and	  tax	  credits).	  It	  is	  suitable	  for	  coupling	  to	  vehicle-‐
choice,	  agriculture,	  oil-‐industry,	  and	  general	  economic	  models.	  
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The	  BSM	  represents	  cellulosic,	  oil	  crop,	  algae,	  and	  starch	  resources	  and	  their	  
conversion	  to	  hydrocarbons,	  ethanol,	  and	  butanol	  via	  the	  different	  processes	  illustrated	  
here.
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The	  BSM	  resolves	  ten	  U.S.	  geographic	  regions.
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As	  part	  of	  this	  project,	  the	  NREL	  team	  modified	  the	  BSM	  to	  approximate	  an	  LCFS	  in	  the	  
Pacific	  region	  (California,	  Oregon,	  Washington).	  Because	  of	  the	  geographic	  regions	  in	  
the	  model,	  represent	  exclusively	  California	  is	  not	  possible.	  

This	  slide	  shows	  the	  methodology	  used	  to	  estimate	  the	  value	  of	  the	  LCFS	  to	  each	  
biomass-‐to-‐biofuels	  conversion	  technology	  pathway	  and	  finished	  fuel.
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The	  BSM	  contains	  thousands	  of	  input	  values,	  constants,	  and	  equations,	  amounting	  to	  a	  
set	  of	  assumptions	  about	  the	  biomass-‐to-‐biofuels	  industry	  and	  its	  potential	  growth.	  

Documentation	  is	  available	  in	  the	  references	  (Slide	  35)	  and	  a	  public	  version	  of	  the	  
model	  with	  documentation	  of	  assumptions	  is	  available	  at	  
https://openei.org/wiki/Biomass_Scenario_Model.	  Some	  of	  the	  assumptions	  are	  
highlighted	  here.	  
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This	  study	  simulated	  many	  different	  conditions	  in	  the	  BSM.	  These	  conditions	  are	  listed	  
here.	  Where	  multiple	  conditions	  are	  listed,	  they	  were	  varied.	  All	  combinations	  were	  
simulated.
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The	  BSM	  requires	  techno-‐economic	  input	  assumptions	  for	  the	  mature	  cost	  and	  
performance	  of	  each	  technology	  that	  is	  included	  in	  a	  simulation.	  For	  technologies	  that	  
are	  not	  mature,	  the	  model	  represents	  cost	  reductions	  from	  today’s	  costs	  to	  mature	  
costs	  as	  industrial	  learning-‐by-‐doing	  progresses.	  The	  preferred	  sources	  for	  the	  mature	  
techno-‐economic	  assumptions	  are	  published	  design	  reports.	  The	  biomass-‐to-‐biofuels	  
conversion	  technology	  pathways	  that	  are	  included	  are	  generally	  those	  targeted	  in	  BETO	  
research,	  development,	  and	  deployment.	  Representing	  costs	  in	  these	  aggregate	  
pathway	  categories	  necessarily	  simplifies	  the	  reality	  that	  there	  are	  distinct	  sub-‐
categories	  and	  combinations	  of	  technologies	  and	  that	  each	  individual	  biorefinery	  will	  
have	  its	  own	  costs	  and	  performance.	  The	  model	  has	  flexibility	  to	  input	  different	  techno-‐
economic	  assumptions,	  but	  detailed	  subcategory	  or	  plant-‐level	  representation	  is	  
currently	  beyond	  its	  resolution.
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This	  slide	  shows	  a	  table	  from	  the	  2016	  Survey,	  with	  annotations.	  The	  table	  lists	  
cellulose	  to	  ethanol	  facilities,	  and	  the	  red	  annotations	  indicate	  that	  the	  biorefineries	  
that	  are	  entered	  in	  the	  model	  must	  be	  domestic,	  operating,	  or	  under	  construction,	  and	  
not	  using	  corn	  kernel	  cellulose.
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This	  slide	  shows	  a	  table	  from	  the	  2016	  Survey,	  with	  annotations.	  The	  table	  lists	  
hydrocarbon-‐producing	  facilities,	  and	  the	  red	  annotations	  indicate	  that	  the	  biorefineries	  
that	  are	  entered	  in	  the	  model	  must	  be	  domestic	  and	  operating	  or	  under	  construction.	  

22



Several	  firms	  are	  producing	  or	  have	  expressed	  an	  intention	  to	  produce	  alternative	  jet	  
fuel,	  sometimes	  with	  an	  agreement	  to	  supply	  a	  specific	  airline	  (i.e.,	  an	  offtake	  
agreement).	  The	  table	  shows	  the	  data	  used	  in	  the	  BSM	  for	  this	  study.	  The	  final	  column	  
(“CARB	  category”)	  shows	  the	  production	  that	  is	  included	  in	  all	  of	  the	  simulations	  
(labeled	  “Merchant”	  and	  “Offtake”)	  and	  the	  production	  that	  is	  added	  to	  some	  of	  the	  
simulations	  in	  either	  2018	  or	  2021	  (labeled	  “Additional	  Offtake”).
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This	  figure	  shows	  results	  for	  biofuels	  production	  (gal/yr)	  versus	  time,	  with	  each	  of	  the	  
eight	  panels	  representing	  different	  input	  conditions	  for	  the	  simulation.	  Columns	  1–2	  
use	  AEO	  2017	  Reference	  oil	  prices,	  and	  Columns	  3–4	  use	  AEO	  2017	  High	  oil	  prices,	  
shown	  in	  Slide	  19.	  Columns	  2	  and	  4	  add	  the	  additional	  offtake	  agreements	  shown	  in	  
Slide	  23.

The	  rows	  show	  simulation	  results	  for	  the	  policy	  difference	  that	  is	  the	  subject	  of	  this	  
study.	  The	  top	  row	  excludes	  alternative	  jet	  fuel	  from	  receiving	  LCFS	  credit;	  the	  bottom	  
row	  allows	  alternative	  jet	  fuel	  to	  receive	  LCFS	  credit,	  according	  to	  the	  methodology	  
described	  in	  Slide	  11.	  

The	  simulations	  with	  additional	  offtake	  agreements	  exhibit	  increased	  biofuels	  industry	  
growth,	  except	  under	  reference	  oil	  prices	  and	  $0	  RIN	  value.	  The	  two	  marked	  panels	  
show	  the	  circumstances	  among	  these	  eight	  simulations	  under	  which	  the	  effect	  of	  LCFS	  
credit	  for	  alternative	  jet	  fuel	  is	  greatest.	  Subsequent	  slides	  explore	  these	  two	  conditions	  
in	  detail.	  
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This	  figure	  shows	  results	  for	  biofuels	  production	  (gal/yr)	  by	  type	  in	  the	  two	  marked	  
panels	  from	  Slide	  25	  (purple	  line)	  for	  the	  $0.70	  D6	  RIN	  value.	  The	  product	  mix	  of	  
gasoline,	  jet,	  and	  diesel	  is	  fixed	  for	  each	  pathway—not	  dynamically	  determined	  based	  
on	  profitability.
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This	  figure	  shows	  results	  for	  cellulosic	  feedstock	  production	  (million	  dry	  tons/yr)	  versus	  
time,	  with	  each	  of	  the	  eight	  panels	  representing	  different	  input	  conditions	  as	  on	  Slide	  
25.	  Cellulosic	  feedstocks	  in	  the	  BSM include	  herbaceous and	  woody	  energy	  crops.	  
Variability	  in	  an	  output	  is	  common	  in	  system	  dynamics	  models	  such	  as	  the	  BSM,	  
because	  they	  are	  expressly	  designed	  to	  represent	  feedbacks	  that	  create	  these	  cycles,	  as	  
may	  be	  empirically	  observed	  in	  many	  commodity	  markets.
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This	  figure	  shows	  results	  for	  woody	  feedstock	  production	  (million	  dry	  tons/yr)	  by	  type	  
in	  the	  two	  marked	  panels	  from	  Slide	  25	  (purple	  line)	  for	  the	  $0.70	  D6	  RIN	  value.	  The	  
mix	  of	  urban	  residues,	  woody	  energy	  crops,	  and	  forest	  residues	  is	  determined	  by	  the	  
supply	  curves	  of	  the	  resources	  and	  their	  desirability	  as	  feedstocks	  for	  the	  producing	  
biorefineries.
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This	  figure	  shows	  results	  for	  oil	  feedstock	  production	  (tons/yr)	  by	  type	  in	  the	  two	  
marked	  panels	  from	  Slide	  25	  (purple	  line)	  for	  the	  $0.70	  D6	  RIN	  value.	  The	  mix	  of	  oil	  
crops	  and	  fats	  oils	  and	  greases	  is	  determined	  by	  the	  supply	  curves	  of	  the	  resources	  and	  
their	  desirability	  as	  feedstocks	  for	  the	  producing	  biorefineries.	  As a	  waste	  product,	  the	  
supply	  of	  fats,	  oils,	  and	  greases	  is	  likely	  to	  face	  some	  upper	  limit,	  indicated	  here	  by	  the	  
horizontal	  line	  at	  approximately	  3.5	  million	  tons,	  although	  growth	  in	  producing	  
industries	  might	  lead	  to	  increased	  supply.	  The	  oil	  crop	  producing	  here	  is	  soy	  oil,	  which	  is	  
also	  assumed	  to	  be	  limited	  to	  avoid	  potential	  for	  competition	  with	  its	  use	  in	  food	  
industries.	  The	  limit	  in	  these	  simulations	  is	  at	  approximately	  4.6	  million tons.
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This  figure  shows  results  for  the  difference  in  biofuels  production  (%)  with  the  
LCFS  for  alternative  jet  fuel,  relative  to  baseline  without  LCFS  for  jet,  versus  
time  for  270  of  the  simulations  performed  for  this  study.  The  color  scale  ranges  
from  dark  orange  for  reductions  in  biofuels  production  with  the  LCFS  to  dark  
blue  for  increases  in  biofuels  production  with  the  LCFS.  The  scale  is  not  
centered  on  zero  because  the  simulations  extended  farther  in  the  positive than  
in  the  negative.  Conclusions  about  the  prevalence  of  increases  and  decreases  
are  described  on  the  next  slide  and  placed  in  context  the  preceding  results  of  the  
few  selected  detailed  views.
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This  website  (https://bsm-viewer.nrel.gov/)  contains  the  underlying  data  that  
were  used  to  make  the  charts  in  this  presentation;;  it  does  not  contain  the  charts  
themselves. After  you  navigate  to  the  website,  you  can  find  the  data  for  biofuel  
production  by  pathway  by  selecting  the  check  boxes  for  “Output  by  Technology  
and  Region” AND  “Cellulosic  Hydrocarbons”  OR  “Oil  Hydrocarbons”  Conversion  
Pathways. Note  that  the  “Oil  Hydrocarbons”  Conversion  Pathway  is  not  
currently  available  on  a  regional  level.  Once the  data  are  displayed,  you  can  
select  a  download  option.
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