2.83/2.813 Ecological Footprint
Homework  2011 - Solutions

1. The country of “Sanop” (Small and non-productive) has only 2 hectares.  One hectare has a productivity of 1kg. biomass/ha while the other has a productivity of 2 kg. biomass/ha.  It is proposed to build a shopping mall on the productive hectare and to leave the other hectare fallow.  Using Wackernagel’s accounting scheme, what is the biological capacity equivalent area of Sanop’s land used for the mall?

Solution:
Average Productivity is 1.5 kg/hectare.

Thus the equivalency factors are: (where 1 is the 1kg biomass ha, and 2 is the 2kg bio. ha)

E1=1/1.5 = 2/3

E2 = 2/1.5 = 4/3
	The biological capacity of the area used for the mall = 1 x  4/3=4/3


2. According to Wackernagel’s Ecological Footprint all of the land is already “occupied” by providing ecological services for humanity.  Could we find space for photovoltaics? wind power? or corn production for ethanol?  Discuss each one of these three options separately.

Solution:

The issue here is dual use. Photovoltaics and wind power could provide opportunities for dual use, depending on how they are deployed.
Photovoltaics   One could install photovoltaics on building roof tops. Additionally, photovoltaics could go in high sun/low productivity land such as deserts.

Wind Power   Wind mills could be set in grazing and agricultural fields.  In fact there are examples of this dual use already.  The most attractive areas would be high wind low populations density.

Corn production for ethanol would compete with corn production for food, probably resulting in higher corn for food costs.  Alternatively additional land could be cleared for corn ethanol.  If the land is good (e.g. forest) it would diminish carbon sequestration capacity.  If the land is marginal, it would require irrigation and fertilizers.
3. Mr. Lexington Newton, who lives in the suburbs of Boston used the following amounts of oil to heat his house during the year 2005.

Jan.

149.2 gallons

Feb.

171.9 gallons

March 

178.1 gallons

May

137.0 gallons

Oct.

129.7 gallons

Dec.

129.4 gallons

Solution:

What is the ecological footprint in global hectares for heating his house?

Total amount of oil/year = 895.3 gallons

In terms of carbon: 
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Remember that according to Wackernagel (spreadsheet) 1 ha can capture 0.95 tons of C a year.  Also according to his paper, 35% of the sequestration is done by the oceans.

Thus in this case, the number of ha of land needed to sequester the carbon = 
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From table 1, in Wackernagel the equivalence factor for fossil fuels is 1.3 (this because sequestration takes place in forests)

	Thus in equivalent global hectares = 
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4. Please estimate the ecological footprint (EF) for a building air conditioner that runs at 5kW continuously for the months of June, July and August plus runs at 2kW for ½ of May and September.  Electricity is provided by a coal fired power plant with an efficiency of 33%.  
Solution:

 June – August = 92 days

½ of May and September ~ 46 days

Energy consumed = 
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Simplify the burning of coal to: 
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The heat of combustion of carbon is about 33 MJ/kg of carbon (this comes from our exergy analysis in class, also look at Smil Table A.6 for anthracite 30MJ/kg, bituminous 28MJ/kg ).

You also know the efficiency of the coal plant is 33% meaning that the energy generated by the above reaction must be = 47.69 GJ / 0.33 = 144.52 GJ
Lets find how much carbon that is = 
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All of this carbon converts into CO2 and must be sequestered (35% by the oceans and 65% by land).  In land it gets sequestered at a rate of 0.95 ton of C per ha per year (like the previous question.
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From table 1, in Wackernagel the equivalence factor for fossil fuels is 1.3. Thus 1.3 x 3.00 = 3.90 global ha.

	3.9 global ha is the footprint of the AC


________________________________________________________________________

5. It is proposed to flood an area and replace the coal fired plant with a hydroelectric plant.  What do you think would be the EF for the air conditioner in Problem 4 if the electricity was now provided by the hydroelectric plant?  Comment on how the carbon sequestration situation might change.

Solution

If lands are flooded for a hydro-electric plant, then the preexisting plant life, now under water, dies and releases various greenhouse gases including  CO2 and CH3 which will require additional land to sequester the carbon. However, it looks like the quantity doesn’t seem too big since it gets amortized over the lifetime of the hydro-electric plant. 
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