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What Õs f or  dinner , beef  or  r ice?  Which f ood has a lower  impact  on global met hane emissions? 

1.  Methane (CH4) is produced in rice paddies according to the unbalanced reaction given below.  In one 
square meter of land, researchers estimate that approximately 10 g of H2 are available each day to 
react with an excess of carbon dioxide.  How many grams of methane are released per day by a 
square meter of rice paddy? 

CO2 (g)  +  2 H2 (g)  ÐÐÐÐÐ>  CH4 (g)  +  O2 (g) 
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'    =  40 g CH4 per day per m2 of rice paddy 

2.  Assuming that the growing season is 3 months long and that 3.5 metric tons of rice is cultivated per 
hectare, calculate the number of grams of methane released during the production of 1 kg of rice.  
Useful info: 1 metric ton = 1000 kg and 1 hectare = 10,000 m2. 
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'   =  10,000 g CH4/kg 

rice 

3.  Cattle raised on feedlots in North America have an average mass of 415 kg and release approximately 
37 kg of methane per head per year.  If these cattle are butchered when they reach 2 years of age and 
50% of their mass is suitable for human consumption, how many grams of methane are released 
during the production of 1 kg of beef? 

!  

37 kg CH4

cow year

" 

# 
$ 

% 

& 
'  2 years( )

1 cow

415 kg meat

" 

# 
$ 

% 

& 
'  

100 kg meat

50 kg beef

" 

# 
$ 

% 

& 
'  

1000 g

1 kg

" 

# 
$ 

% 

& 
'    =  360 g CH4/kg beef 

4.  Is more methane released during the production of 1 kg of rice or 1 kg of beef?  How might your 
answer change if the comparison was made on a serving-by-serving basis rather than on a kg-by-kg 
basis? 

Significantly more methane is produced per kg of rice as compared to the amount of 
methane produced per kg of beef (more than a factor of 10 difference).  Granted, 
comparing actual serving sizes of beef vs. rice, one would not eat equal masses of the two 
foods.  One kg of rice would yield more servings than 1 kg of beef.  However, in order to 
change the result, the difference would have to be 10-fold, which is unlikely.  Thus, the 
result appears to be valid that rice production results in more methane than beef 
production. 

So, what  does cement  pr oduct ion have t o do wit h t he global car bon cycle? 

5.  Production of cement represents a nontrivial source of CO2 emissions in the US.  Cement contains 
about 65% CaO (lime) by mass.  Lime is produced by heating calcium carbonate, CaCO3, to 2000ûC.  
The other byproduct of the reaction is CO2.  In the year 2000, the US produced an estimated 90.60 
million metric tons of cement.  1 metric ton  =  1000 kg 

a) How many million metric tons of CO2 are emitted from the production of this cement?  How many 
Tg of C does this correspond to? 
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90.60! 1012g cement( ) 65 g CaO
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'    =  5.89 x 1013 g CaO needed for the cement 

CaCO3  ÐÐÐÐÐ>  CaO  +  CO2 
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'   =  4.62 x 1013 g CO2 
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'   =  46.2 million metric tons CO2 

How many Tg of C in 46.2 million metric tons of CO2? 

(46.2 x 1012 g CO2)
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'    =  12.6 x 1012 g C  =  12.6 Tg C 

b) Of course, heating the calcium carbonate to such high temperatures requires a tremendous amount 
of energy, 3100 kJ energy per kg CaO produced.  Assume that this energy is provided by burning 
coal, which has a heat content of 35.2 kJ/g, and which contains 85% C by mass.  How many more 
million metric tons of CO2 and Tg of C are produced from the energy requirements of cement 
manufacture? 
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Energy needed  =  
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Coal required to supply this energy  =  
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mass of C in this coal  =  
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'  = 4.409! 1012 g C 

All of the carbon in the coal will be converted to CO2 when the coal is burned.  So, moles 
of C in the coal  =  moles of CO2 produced. 
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'    =  16 million metric tons CO2  

How many Tg of C? 

(16 x 1012 g CO2)
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44.01 g CO2
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I s et hanol a cleaner  bur ning f uel t han gasoline? 

6.  The agricultural giant ADM, one of the corporate supporters of the News Hour with Jim Lehrer, often 
runs a short ad on PBS singing the virtues of Òethanol, a cleaner burning fuelÉÓ  From the point of 
view of greenhouse gas emissions, is ethanol (C2H5OH) a cleaner fuel than gasoline? 

a) Write a balanced reaction for the combustion of ethanol.   

C2H6O  +  3 O2!   3 H2O  + 2 CO2 

b) In lecture, we calculated that burning 1.0 gallon of gasoline (octane, C8H18) releases 8200 g CO2.  
If the heat content of octane is 47.7 kJ/g, how much energy is released when 1.0 gallon of octane 
is burned?  The density of octane (C8H18) is 0.7025 g/mL. 

We did this calculation in lecture on Wednesday (10/26): 

(1.0 gal C8H18)
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c) If the heat content of ethanol is 29.7 kJ/g, what mass of ethanol would need to be burned to 
produce the same amount of energy as burning 1.0 gallon of octane? 

So, to supply the same amount of energy from combustion of ethanol, we need to burn: 

(1.27 x 105 kJ) 
  

1 g C2H5OH
29.7 kJ
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d) How much CO2 (in g) is produced from the combustion of this ethanol? 

(4276 g C2H5OH)
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So as far as CO2 production is concerned, burning ethanol is slightly cleaner than burning 
octane.  There are other factors that are advantageous for using ethanol.  Ethanol is a 
renewable source of energy (corn can always be grown!).  Also, ethanol tends to burn 
cleaner in terms of producing less carbon monoxide and other unwanted byproducts due 
to impurities in the gasoline (like nitrogen and sulfur that produce NOx and SOx 
emissions). 


