
 1 

Eco-Footprint – Unit Test FRQ’s 
 You will need to answer 2 of these 4 FRQ’s on the Unit Test next week.  This is your opportunity to study ahead 

for this test.  No retakes or grade negotiations are allowed on FRQ’s. 

 Each Free Response Question (FRQ) is worth a total of 10 points.  The point values for each question are 

indicated in parentheses.   

Instructions for writing your FRQ answers: 

 Answer on a lined piece of notebook paper   

 Write legibly and in pen  

 Leave 1” margins at the top, bottom, and sides 

of your paper 

 Double space between each answer   

 Start each new FRQ on a new piece of paper  

 If a questions asks for two characteristics, only 

the first two mentioned can earn points 

 

FRQ # 1 – Electric vs. Combustion Engine Vehicles  

Battery electric vehicles (BEVs) have been introduced to consumers as an alternative way to reduce 

the environmental effects caused by use of internal-combustion engine (ICE) vehicles. A comparison 

of both vehicle types can help determine whether the use of BEVs would be beneficial in the future. 

Where calculations are required, show your work. 

a. Identify THREE strategies that the federal government could implement to encourage the 

use of BEVs. (3 pts.) 

b. Assume that the fuel efficiency of the ICE vehicle is 25 miles per gallon (mpg) and that 

gasoline costs $3.75 per gallon (gal). Calculate the cost of gasoline per mile. (2 pts.) 

c. The charger supplies energy to the BEV battery at an average rate of 4.0 kilowatts (kW) 

and fully charges the BEV battery in 7.0 hours. The car will run for 100 miles on a full 

charge. The cost of electricity is $0.11 per kilowatt-hour (kWh). 

i. Calculate the cost of the electricity to fully charge the battery. Assume that the battery is 

not charged to begin with. (2 pts.) 

ii. Calculate the cost of electricity per mile to drive the BEV. (1 pt.) 

When it is driven 100 miles, the ICE vehicle contributes 72.8 pounds (lb) ofCO2 from the burning of 

the gasoline. The drilling, refining, and transportation costs of getting the gasoline to the gas station 

add an additional 17.7 lb of CO2 per 100 miles. The BEV does not emit anyCO2 itself, but the 

extraction, transportation, and combustion of the coal that produced the electricity at the power plant 

add 63.6 lb of CO2 for the same 100 miles. 

d. Calculate the difference in the amount ofCO2 that would enter the atmosphere if both cars 

were driven 100 miles. (1 pt.) 

e. Describe TWO economic impacts (excluding costs related to climate change resulting from 

CO2 emissions or the cost of gasoline at the pump) that result from an increased number of 

BEVs on the road. (2 pts.) 
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FRQ # 2 – Surface Coal Mining 

Most of the coal mined in the United States today comes from surface (strip) mines.  In surface mining, 

the vegetation, soil, and rock covering the coal (referred to as overburden) are removed and set ashide.  

After the coal has been hauled away, good conservation practices require that the overburden be 

replaced and the surface be restored to its original condition.  Land restoration may be difficult in some 

regions, due to factors such as the local climate, the thickness of the coal seam, the extent of the 

overburden, and the sulfur content of the coal.   

a. Describe the steps that should be taken to restore the land after the overburden has been 

replaced. (3 pts. 1 per step) 

b. Explain why the restoration of the land would likely be more difficult in an arid climate 

(less than ten inches of precipitation per year).  

(2 pts. 1 for biotic difficulty, and consequence of that difficulty) 

c. Describe one environmental impact that the sulfur content of the remaining coal and the 

tailings would have on the reclamation process and suggest a possible remedy. (2 pts.) 

d. Other than mining and reclamation, describe TWO environmental impacts of using coal for 

energy.  (2 pts.) 

e. Explain why per capita coal consumption in the United States is likely to increase. (2 pts.) 

 

FRQ # 3 – Oil Heated School Buildings  

The Fremont School District uses oil to heat school buildings. Go Green! is a new project the district will 

implement. The superintendent has declared that the district will dedicate itself to reducing its carbon 

footprint.  In addition to taking serious energy-conservation measures, the district is planning to help 

offset its carbon dioxide emissions by raising money to help conserve a portion of a large tract of forest 

land adjacent to the high school campus. 

a. Describe one alternative energy source that would reduce the carbon footprint of the 

school district. Discuss one environmental benefit (other than reduced CO2 emissions) and 

one environmental drawback of using the alternative source instead of fuel oil. (3 pts.) 

b. Identify TWO ecological benefits provided by intact forest ecosystems (other than reducing 

CO2 levels in the atmosphere). (2 pts.) 

c. Use the assumptions below to answer the questions that follow. For each calculation, show 

all work. 

The biomass of the forest increases at an annual rate of 2.7 × 105 kg/ha. 

The forest biomass is 50 percent carbon by mass. 

Each year the district uses 3.0 × 105 gallons of fuel oil for heating and hot 

water. 

10 kg of CO2 is produced when 1 gallon of fuel oil is burned. 

1.0 kg of CO2 contains 0.27 kg of carbon. 

The cost of putting 1 ha of the forest into conservancy is $12,000. 

i. Calculate the mass of carbon, in kg, that is accumulated and stored in 1.0 ha of 

forest in one year. (1 pt.) 

ii. Calculate the mass of carbon, in kg, that is emitted by the school as a result of its 

fuel-oil consumption in one year. (2 pts.) 



 3 

iii. Calculate the number of hectares of forest the school district needs to conserve 

in order to offset the carbon released in one year by the school burning its fuel 

oil. (2 pts.) 

iv. Calculate the amount of money the school district must raise for the 

conservation project. (1 pt.) 

 

FRQ # 4 - Landfill  

 
 

The city of Fremont operates a municipal solid-waste landfill. As represented in the diagram above, the 

annual precipitation in Fremont is 200 mm/year: 50 percent of this water infiltrates through the landfill 

cover soil into the waste, and 50 percent drains off the landfill. A drainage system withdraws 90 percent 

of the leachate generated within the landfill for treatment. The rest of the leachate travels through the 

bottom liner of the landfill into the surrounding soil. Most of the cadmium disposed of in the landfill 

remains in the landfill; the leachate withdrawn from the landfill by the drainage system has an average 

cadmium concentration of 2.0 g/m3. Pumped to a treatment station, the leachate is treated at a cost of 

$10/m3. 

a. Calculate the volume, in m3, of each of the following: 

i. The water infiltrated through the landfill per year. (2 pts.) 

ii. The leachate that is treated per year. (2 pts.) 
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b. Given that the cadmium concentration in the water draining from the landfill is 2.0 

g/m3, calculate the mass, in kg, of cadmium that is released into the surrounding soil 

per year. (2 pts.) 

c. What is the annual cost of treating the leachate from the drainage system? (2 pts.) 

d. Discuss TWO viable methods for reducing the amount of cadmium entering the 

municipal waste input. (2 pts.) 

e. Explain a shortcoming of ONE of the methods that you identified in part (d). (1 pt.) 

 


