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Presentation TopicsPresentation Topics

••CHN Elemental Analyzer CHN Elemental Analyzer 

••Lab Activities:Lab Activities:

••PostPost--harvest Ethanol from harvest Ethanol from 
WheatWheat

••Chemical Composition of Chemical Composition of 
CoalCoal



CHN Elemental AnalyzerCHN Elemental Analyzer

Perkin Elmer 2400 Series II Perkin Elmer 2400 Series II 

NN2(g)2(g)

HeHe(g)(g)

OO2(g) 2(g) not shownnot shown

60 Sample 60 Sample 
CarouselCarousel



Tin cupTin cup

1.5mg < sample mass < 3mg1.5mg < sample mass < 3mg
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Cellulosic Ethanol PostCellulosic Ethanol Post--Harvest Harvest 
Wheat ActivityWheat Activity

Durham wheat

Why do it?Why do it?





•• Relevant national and global Relevant national and global 
concern as related to energy and concern as related to energy and 
conservation of finite resources conservation of finite resources 
issuesissues

•• Opportunity to Opportunity to 
conduct lab outside conduct lab outside 
chemistry buildingchemistry building

Educational BenefitsEducational Benefits



How big is an acre?How big is an acre?
How much energy is needed to How much energy is needed to 
grow an acre of wheat?grow an acre of wheat?
How much does an acre of wheat How much does an acre of wheat 
(dry) weigh?(dry) weigh?
How much ethanol could be How much ethanol could be 
produced from the postproduced from the post--harvest harvest 
biomass?biomass?

Questions Asked:Questions Asked:



Equipment NeededEquipment Needed
for Fieldwork:for Fieldwork:

•• 300300'' tape measurestape measures

•• One meter length rulersOne meter length rulers

•• Portable quantum metersPortable quantum meters



How big is an acre?How big is an acre?

209ft209ft

209ft209ft



April 2006 ~3pmApril 2006 ~3pm

Photosynthetically Active Radiation (PAR)Photosynthetically Active Radiation (PAR)

Units: Units: µµmol photons/mmol photons/m22••ss



Daily Energy Incident on Acre Daily Energy Incident on Acre 

E = E = ħħυυ where where λλ = 525nm= 525nm
c = c = λλ •• υυ

E = ~7 x 10E = ~7 x 101010J = J = 
2.5 tons bituminous coal = 2.5 tons bituminous coal = 

~490 gallons crude oil =~490 gallons crude oil =
~550 gallons gasoline~550 gallons gasoline



8080--100 wheat stalks/ft100 wheat stalks/ft22

13.2g/five stalks (dry)13.2g/five stalks (dry)
CHN data: 45.7%CCHN data: 45.7%C

One acre = 43,560 ftOne acre = 43,560 ft22



How much does an acre of How much does an acre of 
wheat (dry) weigh?wheat (dry) weigh?

How much ethanol could be How much ethanol could be 
produced from the postproduced from the post--harvest harvest 
biomass?biomass?



Cellulosic biomass (dry):  ~20,000lbsCellulosic biomass (dry):  ~20,000lbs

Available carbonAvailable carbon**: ~9,150 lbs: ~9,150 lbs

Mass Ethanol: ~17,520 lbs**Mass Ethanol: ~17,520 lbs**

Volume Ethanol: ~2,650 gallons**Volume Ethanol: ~2,650 gallons**

*: CHN analysis for cellulosic biomass = 45.7%C*: CHN analysis for cellulosic biomass = 45.7%C

**: Assuming 100% efficiency for simplicity**: Assuming 100% efficiency for simplicity

Student Calculations:Student Calculations:



Image: e85fuel.com/index.phpImage: e85fuel.com/index.php

~2,650gal Ethanol =~2,650gal Ethanol =
~1,770gal Octane 87 gasoline~1,770gal Octane 87 gasoline**

*: Based on enthalpic density (Btu/gal) comparison*: Based on enthalpic density (Btu/gal) comparison



Anthracite or Bituminous Coal: Anthracite or Bituminous Coal: 
Which Is Better to Burn?Which Is Better to Burn?



Navajo Generating Station (NGS)Navajo Generating Station (NGS)

Coal consumption: Coal consumption: 
A maximum of 25,000 tons per day if all A maximum of 25,000 tons per day if all 
three 750three 750--MW units are running at full load.MW units are running at full load.

http://www.srpnet.com/about/stations/navajo.aspxhttp://www.srpnet.com/about/stations/navajo.aspx



AnthraciteAnthracite

BituminousBituminous
Mass %C: 70Mass %C: 70--80%80%

Mass %C:Mass %C: >90%>90%



Based on the CHN analysis which 
coal type- anthracite or 
bituminous- has the larger specific 
enthalpy (Btu/ton)? Offer an 
explanation.



Which coal type releases more CO2
per ton burned? Offer an 
explanation.



If anthracite produces more CO2
per weight burned than bituminous, 
then why use anthracite? Offer an 
explanation.
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