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What ® for dinner, beef or rice? Which food has a lower impact on global methane emissions?

1. Methanre (CH,) is producedin rice paddiesaccarding to the unbalanced reacton givenbelow. In one
squaremeter of land, reseachers egimate that approximatly 10 g of H, areavailade eachday to
reactwith anexces of carbon dioxide. How mary grams of methare arereleased per day by a
squaremeter of rice paddy?

COZ (9) + 2 H2 () DDDDDCH4 (@) + 02 ©

"10g H,% 1 mol H, %1 mol CH, %16.04 g CH?
iday nt &2.016 g H& 2 mol H, & 1 mol CH, &

= 409 CH, per day per nv of rice paddy

2. Assuming that the growing sea®n is 3 months long ard that 3.5 metric tons of riceis cultivated per
hectarg calculate the number of grams of metane released during the production of 1 kg of rice
Useful info: 1 metic ton = 1000 kg and 1 hectare= 10,000 nm?.

2 -
40 g CH, (90 dayg( 1 he_‘ctare | 10000m” }(1 metric ton _ 10000g CH,/kg
day nf 3.5 metric tons ricg 1 hectare)\ 1000kg

rice

3. Catleraisedon feedotsin North Americahave anaverag mass of 415 kg and releas approximately
37 kg of methare per headperyea. If thes catle arebutcheredwhenthey reach2 yearsof age and
50% of their massis suitabe for humanconsumption, how mary gramsof methare arereleagd
during the production of 1 kg of beef?

"37 kg CH,

1 cow %100 kg meat%lOOO g?f
% cow year

Skg meaté 50 kg beef é lkg &

0/ n
(2 = 3609 CH,/kg beef
8{ years)g41 g CH,/kg

4. Is more methane releagd during the production of 1 kg of riceor 1 kg of beef? How might your
armswer change if the comparison wasmack on a serving-by-serving bass rather thanon a kg-by-kg
bads?

Significantly more methaneis producd per kg of rice as compared to theamountof
methane producd per kg of beef (more than afactor of 10 difference). Granted,
compaing actud serving sizes of beef vs. rice, onewould not eat equd masses of thetwo
foods Onekg of rice would yield more servingsthan 1 kg of beef. However, in order to
changetheresult, thedifference would have to be 10-fold, which isunlikely. Thus the
result appearsto bevalid that rice produdion results in more methane than beef
produdion.

So, what does cement production have to do with the global carbon cycle?

5. Production of cemert represerts anontrivial source of CO, emissionsin the US. Cemert contains
about 65% CaO (lime)by mass. Limeis producedby heaing calcium carbonate, CaCO,, to 20000C.
The other byproduct of the reacion is CO,. In the year2000, the US producedan egimated 90.60
million metric tons of cement. 1 meticton = 1000 kg

a) How mary million metic tons of CO, areemittedfrom the production of this cemert? How marny
Tg of C doesthis corregpond to?



" 1000 kg 941000 g°/
#1 metric ton @ lkg &

1 million metric tons = (1 I 10° metric ton ) = 1x10%¢g

" _65g9Ca0 9

(90.60! 10'*g cement )
EOO gcement &

= 5.89x 10" g CaOneeded for the cement

CaCO, PPPPDCa0 + CO,

) - 462x10°g CO,

(5.89 < 103 g Cao) 1 mol CaO \/1 mol CO, \/44.01 g CO,
56.08 g \ 1mol CaO 1 mol

(4.62><1013g CO ) 1 millionmetrictons \ — 465 mjlion metric tonsCO,
2 1x10"’g

How many Tg of C in 46.2 million metric tonsof CO,?

) % 9% 0
(462x10% g Coz)i1 mol CO, 70 1 molC "012.01¢g Y
4401 g &1 mol CO,&H mol C&

= 126x10%gC = 126TgC

b) Of course, heating the calcium carlonate to such high temperaturesrequiresatremendous amount
of energy, 3100 kJ erergy perkg CaO produced Assumethatthisenergy is providedby burning
coal, which hasa heat contert of 35.2 kJ/g, and which contains 85% C by mass. How mary more
million metric tons of CO, and Tg of C areproducedfrom the energy requiremerts of cemert
marufacture?

" lkg %
(5.89110"g Cao)v = 5.89!10'°kg CaO needed for the cement
1000 g CaO &

Enegy needed = (5.89x10'°kg Cad 310K ) _ 1 826410 kJ
1kg CaO
Cod required to supply thisenergy = (1.826! 10** kJELOaI "0 51871 10" g coal
35.2kJ&
mass of Cinthiscod = (5.187! 1olzgcoal)" 859C % 4 400 107 gC
T §1009 aI &

All of thecarbonin thecoal will beconveted to CO, when thecod isbumed. So, moles
of Cinthecod = moles of CO, produced.

" 1mol C 9%1mol CO, 0, 44.019g %
$12.0119 Cff 1mol C &1 mol CO, g

(4.400! 10"g O)g £1.616! 10" g CO,



"1 million metric tons ¢

1.62! 1030 CO. )« = 16 million metric tonsCO
( g 2)$ 11 10'%g g ?

How many Tg of C?

|
(16 10° g CO 12010 C $

== ¥ = 44x10°gC = 44TgC
¥aa01gcqs d J

| s ethanol a cleaner burning f uel than gasoline?

6. Theagricultural giart ADM, one of the corporate supportersof the News Hour with Jim Letrer, often
runs ashort adon PBS singing the virtuesof Getharol, a clearer burning fuelEO From the point of
view of greerhouse gasemissions, is ethanol (C,HsOH) a clearer fuel thangasoline?

a) Write a balancedreacton for the combustion of ethanal.
CH, O + 30, 3H,0+2CO,
b) In lecture, we calculatedthat burning 1.0 gallon of gasoline (octane, CgH,5) releages8200 g CO,.
If the heatcontent of octaneis 47.7 kJ/g, how much energy isreleagdwhen1.0 gallon of octare
isburned? The dersity of octane (CgH,g) is0.7025 g/mL.

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

" 3.79L 761000 mL %60.70259%47.7 kJY
1.0 gd CH '$ 'S ' -
(10gd G, lE*)ilgalé L & 1mL & g

c) If the heatcontert of ethanol is29.7 kJ/g, what mass of ethanol would needto be burnedto
producethe same amount of energy asburning 1.0 gallon of octane?

= 1.27x 10 kJ

S0, to supply the same amountof energy from combudion of ethanol, we need to bum:

119 C,HLOH

1.27x 10° kJ) }——=2—>—3% = 42769 C,H,OH
(1.27x ) 29.7kJ§j g &2

d) How much CO, (in g) is produced from the combustion of this ethanol ?

|
(42764 C,H.OH) 1 mol C,H;OH i}& 2 mol CO:. § 44.01 g CO:
46,07 g C,H;OH 651 mol C,HsOH &, 1 mol CO.

§= 8170g CO,
0

So asfar as CO, produdionis conaerned, buming ethanol is dightly cleaner than buming
octane Thee are othe factors tha are advantageousfor usng ethanol. Ethanolisa
renewable source of energy (corn can dways begrown!). Also, ethanol tendsto bum
cleaner in terms of produadngless carbon monoxide and other unwanted byproduds due
to impuritiesin the gasoline (like nitrogen and sulfur that produe NO, and SO,
emissions.



