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Algae	
  Biofuel	
  
Algae	
  fuel	
  is	
  advanced	
  biofuel	
  produced	
  by	
  algae,	
  small,	
  mostly	
  photosynthetic	
  organisms	
  that	
  
consist	
  of	
  one	
  to	
  a	
  few	
  cells.	
  Some	
  are	
  more	
  closely	
  related	
  to	
  bacteria	
  than	
  to	
  plants.	
  In	
  the	
  
process	
  of	
  photosynthesis	
  algae	
  convert	
  carbon	
  dioxide	
  (CO2),	
  nutrients	
  and	
  sunlight	
  into	
  
oxygen	
  and	
  biomass,	
  including	
  oil.	
  This	
  is	
  achieved	
  in	
  a	
  highly	
  efficient	
  way	
  and	
  it	
  is	
  estimated	
  
that	
  the	
  production	
  of	
  oil	
  from	
  algae	
  could	
  be	
  10	
  to	
  100	
  times	
  higher	
  than	
  second-­‐generation	
  
seed-­‐oil	
  crops,	
  up	
  to	
  200	
  barrels	
  per	
  hectare	
  per	
  year.	
  Also	
  heterotrophic	
  (non-­‐photosynthetic)	
  
algae	
  can	
  be	
  utilized	
  for	
  oil	
  production.	
  Fossil	
  algae	
  may	
  have	
  produced	
  our	
  crude	
  oil.	
  

The	
  reason	
  why	
  algae	
  produce	
  lipids	
  is	
  still	
  unknown.	
  The	
  lipid	
  oil	
  droplets	
  in	
  diatoms	
  might	
  
counter	
  the	
  weight	
  of	
  the	
  dense	
  silica	
  shell	
  and	
  provide	
  buoyancy.	
  But	
  during	
  nitrate	
  depletion	
  
some	
  species	
  change	
  from	
  neutrally	
  buoyant	
  to	
  sinking	
  in	
  spite	
  of	
  increased	
  oil	
  production.	
  
Other	
  hypotheses	
  see	
  the	
  lipid	
  pool	
  as	
  reserve	
  products;	
  but	
  the	
  algae	
  also	
  contain	
  significant	
  
reserves	
  of	
  polysaccharides.	
  	
  The	
  compromise	
  might	
  be	
  that	
  oil	
  droplets	
  assist	
  the	
  long-­‐term	
  
survival	
  in	
  poor	
  environmental	
  conditions,	
  while	
  polysaccharides	
  cover	
  short-­‐term	
  energy	
  
needs.	
  	
  

Most	
  algae	
  store	
  oil	
  droplets	
  inside;	
  so	
  to	
  extract	
  the	
  oil	
  the	
  algae	
  must	
  be	
  dried	
  and	
  
centrifuged.	
  The	
  dry	
  mass	
  factor,	
  i.e.,	
  percentage	
  of	
  dry	
  biomass	
  in	
  relation	
  to	
  the	
  fresh	
  
biomass,	
  is	
  economically	
  important.	
  Some	
  algae	
  species	
  (Botryococcus	
  sp.)	
  secrete	
  their	
  lipids	
  
(long	
  chain	
  alkenes)	
  outside	
  their	
  cells.	
  It	
  is	
  relatively	
  easy	
  to	
  separate	
  the	
  oil	
  without	
  killing	
  the	
  
cells.	
  Unfortunately,	
  oil	
  secreting	
  species	
  grow	
  much	
  slower	
  than	
  other	
  fast	
  algae.	
  Selective	
  
breeding	
  or	
  genetic	
  modification	
  might	
  overcome	
  this	
  limitation.	
  

Algae	
  react	
  to	
  adverse	
  environmental	
  conditions	
  by	
  producing	
  hydrocarbons.	
  The	
  lipid	
  content	
  
increases	
  with	
  age,	
  and	
  is	
  dependent	
  on	
  temperature	
  or	
  salinity	
  conditions,	
  ‘dark	
  phases’	
  
(diatoms	
  kept	
  in	
  the	
  dark	
  produce	
  more	
  oil	
  droplets),	
  nitrogen	
  depletion	
  (increases	
  fat	
  
production),	
  and	
  drying	
  or	
  desiccation	
  (increases	
  oil	
  production).	
  Selected	
  additives	
  influence	
  
which	
  lipids	
  are	
  produced	
  (e.g.	
  organic	
  mercury	
  and	
  cadmium).	
  	
  

The	
  generation	
  of	
  algae	
  biofuels	
  is	
  achieved	
  in	
  bioreactors,	
  transparent	
  tanks	
  with	
  nutrient	
  
enriched	
  water.	
  CO2	
  is	
  added	
  and	
  the	
  algae	
  are	
  illuminated	
  with	
  sunlight.	
  In	
  this	
  environment	
  an	
  
oxygenetic	
  photosynthetic	
  reaction	
  is	
  performed	
  by	
  the	
  chlorophyll	
  containing	
  algae.	
  	
  The	
  
equation	
  for	
  photosynthesis	
  is	
  6CO2	
  +	
  6H2O	
  =>	
  C6H12O6	
  +	
  6O2;	
  energy	
  required:	
  
2870	
  kilojoules/mole	
  (provided	
  by	
  light).	
  Heterotrophic	
  algae	
  can	
  be	
  grown	
  in	
  high	
  densities	
  in	
  
containers	
  without	
  any	
  illumination	
  but	
  need	
  energy	
  provided	
  as	
  sugar	
  (glucose).	
  

The	
  classical	
  bioreactor	
  is	
  the	
  ‘open	
  pond’.	
  It	
  is	
  simple	
  but	
  allows	
  little	
  control	
  of	
  algal	
  
population,	
  takes	
  much	
  space,	
  and	
  large	
  scale	
  production	
  is	
  difficult.	
  High	
  performance	
  
bioreactors	
  are	
  closed	
  systems	
  that	
  allow	
  better	
  control/protection	
  of	
  the	
  algae.	
  Three	
  kinds	
  of	
  
bioreactors	
  differ	
  slightly	
  in	
  cultivation	
  (intensity	
  of	
  sunlight	
  energy,	
  mass	
  transport,	
  size)	
  and	
  
production	
  schemes	
  (batch	
  or	
  continuous).	
  

The	
  ‘plate	
  photo	
  bioreactor’	
  consists	
  of	
  a	
  series	
  of	
  transparent	
  panels	
  that	
  are	
  arranged	
  to	
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achieve	
  a	
  large	
  illumination-­‐surface	
  area.	
  This	
  system	
  is	
  suitable	
  for	
  outdoor	
  cultures	
  and	
  offers	
  
good	
  biomass	
  productivity	
  at	
  relatively	
  low	
  cost.	
  Usually	
  the	
  CO2	
  and	
  nutrient	
  fluid	
  are	
  injected	
  
at	
  the	
  bottom	
  of	
  the	
  panels.	
  As	
  the	
  system	
  is	
  rather	
  flat,	
  it	
  requires	
  sophisticated	
  support	
  
infrastructure;	
  also	
  temperature	
  control	
  and	
  ‘wall	
  growth’	
  are	
  issues.	
  	
  

A	
  ‘tubular	
  photo	
  bioreactor’	
  is	
  a	
  system	
  of	
  connected,	
  transparent	
  tubes	
  with	
  the	
  algae-­‐
suspended	
  in	
  circulating	
  fluid.	
  It	
  is	
  suitable	
  for	
  outdoor	
  production	
  and	
  offers	
  a	
  large	
  
illumination-­‐surface	
  area	
  in	
  combination	
  with	
  good,	
  continuous	
  biomass	
  productivity	
  at	
  low	
  
cost.	
  However,	
  constant	
  pump	
  circulation,	
  which	
  usually	
  introduces	
  gas	
  and	
  nutrients,	
  leads	
  to	
  
deficiency	
  of	
  CO2	
  and	
  a	
  high	
  concentration	
  of	
  oxygen	
  at	
  the	
  end	
  of	
  the	
  circulation.	
  Fouling	
  and	
  
some	
  degree	
  of	
  wall	
  growth	
  result.	
  

A	
  ‘bubble	
  column	
  photo	
  bioreactor’	
  is	
  a	
  large	
  transparent	
  vertical	
  column.	
  Gas	
  and	
  nutrients	
  
are	
  injected	
  at	
  the	
  bottom.	
  The	
  turbulent	
  stream	
  created	
  by	
  the	
  rising	
  bubbles	
  allows	
  good	
  gas	
  
exchange,	
  a	
  high	
  mass	
  transfer	
  and	
  good	
  mixing	
  with	
  low	
  shear	
  stress.	
  The	
  system	
  is	
  easy	
  to	
  
sterilize,	
  readily	
  tempered	
  and	
  reduces	
  wall	
  growth.	
  The	
  main	
  problem	
  is	
  the	
  small	
  illumination	
  
surface	
  area,	
  especially	
  upon	
  scale-­‐up.	
  Large	
  systems	
  might	
  require	
  internal	
  illumination,	
  
limiting	
  outside	
  use.	
  

The	
  supply	
  of	
  nutrients	
  is	
  difficult.	
  As	
  freshwater	
  is	
  precious	
  the	
  use	
  of	
  waste	
  water	
  might	
  be	
  a	
  
very	
  good	
  alternative.	
  But	
  –	
  as	
  the	
  algae	
  are	
  rather	
  sensitive	
  to	
  contamination	
  –	
  the	
  fluids	
  must	
  
first	
  be	
  processed	
  by	
  bacteria,	
  through	
  anaerobic	
  digestion.	
  This	
  increases	
  the	
  complexity	
  of	
  the	
  
system.	
  The	
  provision	
  of	
  CO2	
  may	
  become	
  a	
  major	
  problem,	
  as	
  concentrated	
  sources	
  are	
  
usually	
  from	
  fossil	
  fuels,	
  and	
  therefore	
  not	
  sustainable	
  (except	
  for	
  CO2	
  capture).	
  Solar	
  panels	
  
containing	
  diatoms	
  or	
  other	
  algae,	
  utilizing	
  atmospheric	
  CO2,	
  that	
  secrete	
  gasoline	
  rather	
  than	
  
provide	
  electricity	
  or	
  hot	
  water,	
  have	
  been	
  envisaged.	
  

Large	
  scale	
  algae	
  fuel	
  production	
  facilities	
  are	
  still	
  in	
  the	
  development	
  phase.	
  Engineering	
  
challenges	
  remain,	
  especially	
  in	
  scaling	
  and	
  dewatering	
  technology.	
  Power	
  companies	
  have	
  
established	
  research	
  facilities	
  with	
  algae	
  photobioreactors.	
  The	
  focus	
  here	
  lies	
  on	
  the	
  scaling	
  of	
  
the	
  production	
  systems	
  from	
  laboratory	
  dimensions	
  to	
  mass	
  production.	
  Another	
  goal	
  of	
  the	
  
research	
  is	
  to	
  find	
  out	
  how	
  efficiently	
  algae	
  fuel	
  production	
  could	
  reduce	
  CO2	
  emissions	
  and	
  
how	
  much	
  biomass	
  will	
  be	
  produced.	
  Algae	
  biomass	
  byproduct	
  can	
  be	
  sold	
  as	
  fertilizer,	
  animal	
  
feed	
  or	
  for	
  pharmaceuticals	
  to	
  generate	
  additional	
  income.	
  The	
  emission	
  reduction	
  can	
  be	
  
certified	
  and	
  converted	
  into	
  emission	
  credits	
  that	
  can	
  be	
  sold	
  to	
  industry.	
  

The	
  potential	
  importance	
  of	
  algae	
  in	
  the	
  generation	
  of	
  oil	
  and	
  hydrocarbons	
  has	
  been	
  
illustrated	
  best	
  with	
  an	
  estimate	
  by	
  the	
  United	
  States	
  Department	
  of	
  Energy	
  (DOE).	
  It	
  states	
  
that	
  -­‐	
  if	
  all	
  the	
  petroleum	
  fuel	
  needed	
  in	
  the	
  United	
  States	
  were	
  substituted	
  by	
  algae	
  fuel	
  -­‐	
  it	
  
would	
  require	
  only	
  about	
  40,000	
  km2	
  of	
  land,	
  less	
  than	
  15%	
  of	
  the	
  area	
  where	
  corn	
  is	
  
harvested.	
  Algae	
  fuel	
  has	
  the	
  potential	
  to	
  be	
  the	
  most	
  cost-­‐effective	
  renewable	
  alternative	
  
energy	
  source	
  on	
  the	
  planet.	
  However,	
  investment	
  in	
  alternative	
  fuels	
  rises	
  and	
  falls	
  with	
  price	
  
changes	
  for	
  crude	
  oil.	
  For	
  example,	
  the	
  USA	
  halted	
  a	
  15	
  year	
  algal	
  fuel	
  project	
  in	
  1995.	
  

See	
  Also:	
  Appliances,	
  Photo	
  bioreactor,	
  Energy	
  Efficient;	
  Appropriate	
  technology,	
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