
Making	  and	  Es+ma+ng	  
Quan+ta+ve	  Comparisons	  









1.  Why	  do	  long	  haul	  trucks	  use	  diesel	  
instead	  of	  gasoline?	  

2.  Why	  do	  Drag	  Racing	  Cars	  use	  
Methanol	  instead	  of	  gasoline?	  	  



Calculate	  Chemical	  Energy	  	  
Thermochemistry:	  Heat	  of	  Combus+on	  (Ideal	  burning)	  
	  

	  1.	  ΔH	  =	  Hprod	  –Hreact	  
	  
Write	  a	  balanced	  reac+on,	  find	  heats	  of	  forma+on,	  and	  calculate.	  (Note:	  This	  is	  
assuming	  25	  oC,	  1	  atm	  and	  complete	  combus+ons)	  
	  
For	  Methane:	  
	  
	  	  	  	  	  	  	  	  	  	   	   	  CH4	  	  	  +	  	  	  	  	  2	  O2	  	  	  	  	  →    CO2	  	  	  	  	  +	  	  	  	  	  2	  H2O	  
Hf	  (kJ/mol)	  	  	  	  	  	  	  	  	  	  	  	  	  -‐75 	  0 	  	  	  	  -‐394 	  	  	  	  	  	  -‐242	  
	  

	   	  	  ΔH	  =	  -‐394	  +	  2(-‐242)	  –	  (-‐75)	  =	  -‐803	  kJ/mol	  

	  
Or	  
	  
Measure	  the	  Heat	  of	  Combus+on	  using	  Calorimetry	  (It	  takes	  4.18	  J	  of	  energy	  to	  
raise	  1	  g	  of	  water	  1	  oC.)	  
	  
	  



Fuel	   HHV	  MJ/kg	   HHV	  kJ/mol	   LHV	  MJ/kg	  

Hydrogen	   141.80	   286	   119.96	  

Methane	   55.50	   889	   50.00	  

Methanol	   22.7	   726	  

Ethanol	  	   29.7	   1,300	  

Butane	   49.5	   2,877	   45.75	  

Isobutanol	   32.96	   2,443	  

Gasoline	   47.3	   44.4	  

Natural	  Gas	   54.0	  

Diesel	   44.80	   43.4	  

Carbon	   32.8	   393.5	  

Coal	  (Anthracit
e)	   32.50	  

Coal	  (Lignite)	   15.00	  

Wood	  	   21.7	  

Peat	  (damp)	   6.00	  

Peat	  (dry)	   15.00	  

 
 

HHV	  (assumes	  
water	  is	  a	  liquid)	  
	  
LHV	  (assumes	  
water	  stays	  in	  the	  
gas	  phase)	  



Es+mate	  how	  much	  energy	  will	  it	  take	  to	  dry	  
100	  Kg	  of	  biomass	  that	  contains	  20%	  water	  by	  
weight,	  to	  0.5%	  star+ng	  from	  room	  
temperature.	  

Biomass source Moisture Content 
(calculated on wet basis) 

Wood chips 10-60 % 
Straw 20-30 % 

Cotton stalks 10-20 % 
Switchgrass 30-70 % 

Bagasse 40-60 % 
Cow manure 88-94 % 
Pig manure 90-97 % 
Maize silage 65-75 % 

hgp://www.biomassenergy.gr/en/ar+cles/technology/biomass/251-‐significant-‐
biomass-‐proper+es-‐part-‐1-‐moisture-‐content	  



Stoichiometry	  and	  CO2	  Imapacts	  



hgp://www.iea.org/publica+ons/freepublica+ons/publica+on/name,4010,en.html	  

Oil	   796	  g/KWHr	  

Coal	   958	  g/KWHr	  

Natural	  Gas	   451	  g/KWHr	  

CO2	  Emmissions	  	  grams	  of	  CO2	  per	  KWHr	  electricity	  genera+on	  (World	  Ave.	  IEA)	  

Using	  the	  data	  from	  combus+on	  as	  well	  as	  balanced	  
reac+ons	  compare	  the	  theore+cal	  CO2	  emissions	  form:	  
Methane	  (CH4)	  and	  Ethanol	  (C2H6O),	  on	  a	  mass	  basis	  
(Kg	  CO2/Kg	  fuel)	  and	  then	  an	  energy	  basis	  (g	  
CO2/1000KJ).	  	  

Carbon	  	   12.011	  g/mol	  

Hydrogen	  	   1.008	  g/mol	  

Oxygen	  	   15.999	  g/mol	  



Air	  Pollutant	  Impacts	  

2	  million	  people	  died	  in	  2010	  from	  disease	  
related	  to	  high	  cholesterol.	  
	  
3.2	  million	  people	  died	  in	  2012	  form	  disease	  
related	  to	  air	  pollu+on.	  	  	  



Blue	  Flame	  vs.	  Yellow	  and	  Red	  

What	  emissions	  come	  from	  each	  of	  
these	  flames?	  



What	  addi+onal	  emissions	  come	  from	  
this	  power	  plant?	  







Greening	  Other	  Parts	  of	  the	  Life	  Cycle:	  
Oil	  has	  non-‐combus+on	  related	  risks.	  



Iden+fying	  the	  indirect	  chemical	  inputs/
impacts	  by	  process.	  	  

•  Does	  this	  step	  differen+ate	  us	  from	  other	  fuels?	  
•  What	  are	  the	  compe+ng	  technologies	  for	  any	  given	  
step	  
– Which	  are	  most	  relevant?	  

•  What	  are	  all	  of	  the	  chemical	  characteris+cs	  that	  we	  
can	  iden+fy?	  
– Water	  content	  
–  Carbon	  Content	  	  
–  Impuri+es	  (metal,	  biological,	  chemical)	  

•  If	  there	  are	  classes	  of	  chemicals	  iden+fied	  (ie.	  alcohols,	  
or	  pes+cides)	  	  
– Which	  3-‐5	  chemical	  species	  are	  most	  relevant?	  

•  Ethanol,	  Methanol,	  or	  Agrizine,	  2,4	  D..	  



Source	  Material	  for	  each	  group	  

Feedstock	  
• 	  Input:	  Municipal	  solid	  waste	  
(plant-‐based,	  pre-‐treated)	  
• Output:	  Carbohydrates,	  
cellulose,	  fats,	  proteins	  



Pretreatment	  for	  Cellulosic	  

Hydrolysis	  
• Input:	  Carbohydrates,	  cellulose,	  fats,	  proteins,	  hydroly+c	  
bacteria	  (such	  as	  Thermoanaerobacter	  Brockii),	  hydrolase	  
• Output:	  Monomers/simple	  sugars,	  fagy	  acids,	  aminoacids	  



Brainstorm	  pretreatment	  strategies.	  
	  
Pick	  one	  of	  the	  strategies	  to	  fill	  in	  around	  the	  room	  

	  	  
For	  each	  strategies	  iden+fy:	  

	  1)	  Which	  star+ng	  materials	  are	  relevant?	  
	  2)	  What	  type	  of	  products	  are	  made?	  
	  3)	  The	  relevant	  chemicals	  used.	  

	  
	  

Advanced	  Biofuels	  Pretreatment	  
technologies	  









Anaerobic	  Diges;on	  Process 

 

Feedstock	  
• 	  Input:	  Municipal	  solid	  waste	  
(plant-‐based,	  pre-‐treated)	  
• Output:	  Carbohydrates,	  
cellulose,	  fats,	  proteins	  

Hydrolysis	  
• Input:	  Carbohydrates,	  cellulose,	  fats,	  proteins,	  hydroly+c	  
bacteria	  (such	  as	  Thermoanaerobacter	  Brockii),	  hydrolase	  
• Output:	  Monomers/simple	  sugars,	  fagy	  acids,	  aminoacids	  

Acidogenesis	  
• Input:Monomers/simple	  sugars,	  fagy	  
acids,	  aminoacids,	  acidogenic	  bacteria	  
• Output:	  Carbonic	  acids,	  alcohols,	  CO2,	  
ammonia,	  hydrogen	  sulfide	  

Acetogenesis	  
• Input:	  Organic	  acids,	  alcohols,	  
acetogenic	  bacteria,	  H2,	  CO2	  
• Output:	  Acetate,	  formate,	  lep	  over	  
alcohols,	  H2,	  CO2	  

Methane	  
produc;on	  

• Input:	  Formate,	  acetate,	  methanol,	  H2,	  CO2,	  
methanogenic	  bacteria	  
• Output:	  Methane,	  CO2,	  H2O,	  acidogenic	  
digestate,	  methanogenic	  digestate	  

Use	  
• Input:	  Methane,	  oxygen,	  
digestate	  (as	  fer+liser)	  
• Output:	  CO2,	  H2O	  





Final	  ac+vity/Next	  step	  for	  your	  
diagrams	  

•  Now	  with	  your	  group	  do	  the	  same	  thing	  for	  at	  
least	  two	  of	  your	  process	  steps	  where	  you	  are	  
able	  to	  choose	  from	  mul+ple	  technology	  
plaqorms.	  	  

•  Come	  up	  with	  a	  list	  of	  chemicals	  that	  are	  
individually	  iden+fiable.	  	  


