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Introduction
Two manufacturers have put forward a statement stipulating that their vehicle has a greater fuel efficiency, roughly 50% greater than the other and that their specific vehicle should be the preferred travelling method. The vehicles are: A 4-passenger generic sedan car, a generic 7-passenger mini-van (for the car manufacturer) and a BlueSky model E-1010 aircraft (for the aircraft manufacturer). The purpose of this lab report is to assess and ultimately determine which of the 3 vehicles is the most environmental-friendly by calculating their fuel consumption, carbon dioxide emissions per seat and the number of trees to counter the emissions.
Materials and Methods
This lab contains 3 tables and one figure. The latter shows current fuel pricing, from which the average value of fuel pricing per L for the aircraft has been calculated. The first table contains data to calculate the travel time of the 3 vehicles. The 2nd and 3rd tables contain calculated values for fuel consumption, fuel price, fuel capacity, total emission, emission ratio, emission per seat and the number of trees to fix the carbon dioxide emissions. The latter was rounded to the nearest whole number. To convert kg to pounds, the conversion rate: 1kg= 2.2046 pounds was used. Basically, data from these tables were used to evaluate the manufacturers’ claims and determine the most environmental friendly alternative.
Results and Discussion
From the above calculations, the aircraft has a flight duration of 5 hours 19minutes. It consumes 755.90 L of fuel per 100 km, which is 2.99 L per seat. Its total fuel cost is $29722.30 which is $117.50 per person. Its total carbon dioxide emission stands at 93887.38 kg, averaging to 371.10 kg per seat and 16 trees are required to absorb the carbon dioxide emissions per year. The minivan has a travel time of 134 hours 41 minutes. It consumes 20.74L of fuel for every 100 km, averaging to 2.96 L of fuel per person. The minivan’s fuel cost is $1254.49 and $179.21 per seat. Its total carbon dioxide emission is 2870.85 kg, which averages to 410.12 kg per seat. 18 trees are required to fix the carbon dioxide emitted annually. The Sedan has a travel time of 134 hours 41 minutes. It uses 9.67 L of fuel per 100 km and 2.42 L per person. Its total fuel cost is $584.90 and its fuel cost per seat is $146.23. It emits 1338.54 kg of carbon dioxide and its emission per seat is 334.63 kg. 15 trees are needed to offset the carbon dioxide emissions per year.
The results show that the aircraft has the highest fuel consumption per 100 km and per person. It also has the largest total fuel cost and its total carbon dioxide emission is the highest. Therefore. The air manufacturer is wrong in his claim since the aircraft has the highest fuel consumption per 100 km, as well as per seat. The highest carbon dioxide emissions also make the aircraft the least efficient.  However, despite its highest fuel cost, it would be more economic to travel by aircraft since for 253 seats, it has the lowest fuel cost per person and covers the distance from Halifax to Vancouver more rapidly. The sedan has the lowest fuel consumption per 100 km and the lowest fuel consumption per seat. It emits the lowest amount of carbon dioxide and has the lowest emission per seat. It requires the least number of trees to fix the emitted carbon dioxide. The minivan also consumes less fuel per 100 km, has less total carbon dioxide emission and lower fuel cost than the aircraft. Thus, the automobile manufacturer is right in his claim, although fuel consumption is not approximately 50% but 19% less than the aircraft. (For the sedan)
Conclusions
From the above data, the generic 4-passenger sedan car is the most fuel efficient and the most eco-friendly method of transport.

ASSUMPTIONS

1. For the aircraft, the trip distance is the maximum range. This is the distance the airplane can travel without using its reserve fuel. For your calculations, the reserve is a percentage of the fuel capacity. The reserve fuel is only used if the airport is busy, or if the flight needs to be diverted because of weather.

2. When calculating travel time by air, assume an average velocity equal to 90% of the cruise velocity.

3. When calculating travel time by automobile, include 12 hours of rest for every 10 hours of driving.

4. For the price of the jet fuel, use the average price over the past 13 months. This information is provided.

APPENDIces
Tables and Figures
Table 1 - Transportation Information
	Vehicle
	Seating Capacity
	Payload (kg)
	Trip Distance* (km)
	Cruise Velocity (km/hr)
	Average Velocity (km/hr)
	Total Travel Time*** (hr)
	Travel Hours
	Travel Minutes ****

	Aircraft
	253
	68513
	4807
	904
	            814 
	        5.91
	5 
	54 

	Sedan
	4
	 
	5816
	 
	95
	       134.7 
	               134 
	41 

	Van
	7
	 
	5816
	 
	95
	       134.7
	134 
	41 


* The maximum trip distance without using reserve fuel.
*** The total travel time by automobile includes 12 hr rest stops for each 10 hr of driving; report to 4 sig figs
****Convert total travel time to hours and minutes; for instance, 6.2 hrs means 6 hrs and 12 min.
Figure 1 - Current Fuel Pricing
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Table 2 - Fuel Information
	Vehicle
	Fuel Price ($/L)
	Fuel Density (kg/L)
	Fuel Capacity** (kg)
	Reserve Fuel (%)
	Fuel Consumption (L/100 km)
	Total Fuel Cost ($)
	Fuel Cost per Seat ($)
	Fuel Consumption per Seat (L/100 km)

	Aircraft
	0.82
	0.81
	32742
	10.11
	             755.89
	29722.30 
	117.50 
	2.99 

	Sedan
	1.04
	0.72
	404.93 
	 
	               9.67
	584.90 
	146.23 
	2.42 

	Van
	1.04
	0.72
	868.49 
	 
	              20.74
	1254.49 
	179.21 
	2.96 


**The maximum mass of fuel the airplane can hold in its fuel tanks including its reserve fuel.
Table 3 - Pollution Information
	Vehicle
	Emission Ratio (kg CO2/kg fuel)
	Emission Ratio (kg CO2/L fuel)
	Emission Total (kg)
	Emissions per Seat (kg)
	CO2 fixed / year by average tree (lb CO2/tree/year)
	Trees to Offset Emissions per year per person

	Aircraft
	3.19
	2.58 
	93887.38 
	371.10 
	50.00
	17 

	Sedan
	  3.31 
	2.38
	1338.54 
	334.63 
	50.00
	15 

	Van
	3.31 
	2.38
	2870.85 
	410.12 
	50.00
	19 


Sample Calculations

Table 1

Aircraft

Average Velocity = 90% of cruise velocity
= 90/100 x 904
= 813.6 km/h
=814 km/h (to 3 sf)

Total Travel Time

Average Velocity = 814 km/h

814 km = 1 hour
4807 km = 4807/814
                   = 5.91 hours
                   = 5 hours 54 minutes

Sedan and Minivan

Average Velocity = Total Distance/ Total Time(x)

95 = 5816/x
x= 61.2 hours

Therefore, Total Travel Time = 61.2 hours + 12 hours of rest for every 10 hours of driving
= 61.2 + ((61.2/10) x 12)
= 61.2 + 73.5
=134.7 hours
= 134 hours 41 minutes

Table 2

Aircraft

Fuel price= Average price for 13 months
                   = 0.83 + 0.80 + 0.79 + 0.79 +0.81 + 0.82 + 0.79 + 0.83 + 0.84 + 0.85 + 0.86 +0.83 + 0.79/ 13
                   = $0.8177/L
                   = $0.82/L ( to 2 s.f)

Fuel Consumption

% of fuel used = 100%-10.11%
                             = 89.89%

Therefore, Mass of fuel used = 89.89/100 x 32742 = 279431.78 kg (This is the fuel capacity)
Density of fuel = Mass of fuel/ Volume of fuel(x)

0.81 = 29431.78/x
x= 36335.54 L

4807 km is covered using 36335.54 L of fuel
100 km is covered using (100 x 36335.54/4807)
                                                 = 755.89 L of fuel

Therefore, Fuel consumption = 755.89 L/100 km

Total fuel cost

1 L of fuel costs $0.82
36335.54 L cost 36335.54 x 0.82
                                = $ 29722.30

Fuel cost/seat = Fuel cost/ Number of seats = 29722.30/253 = $117.50/seat

Fuel consumption/seat = Fuel consumption/ Number of seats = 755.89/253 = 2.99 L/100 km per seat


Sedan

Density of fuel = Mass of fuel(x)/ Volume of fuel

0.72 = x/562.41
x= 404.93 kg 
Therefore, fuel capacity = 404.93 kg

Total Fuel cost


1 L costs $1.04
562.41 L cost 562.41 x 1.04 = $584.90

Fuel cost/seat = 584.90/4 = $146.23

Fuel consumption/seat = 9.67/4 = 2.42 L/100 km per seat

Minivan

Fuel Capacity

100 km is covered using 20.74 L of fuel
5816 km is covered using (5816 x 20.74)/100
                                                  = 1206.24 L of fuel ( This is the volume)


Density = Mass(x)/Volume
0.72 = x/1206.24
x= 868.49 kg 
Therefore, the fuel capacity is 868.49 kg

Total Fuel Cost

1L costs $ 1.04
1206.24 L cost ( 1206.24 x 1.04) = $1254.49

Fuel cost/seat = 1254.49/7 = $179.21

Fuel Consumption/seat =  20.74/7 = 2.96 L/100 km per seat


Table 3

Aircraft

Emission Ratio ( kg of CO2/ L of fuel)

3.19 = kg of CO2 /29431.78

kg of CO2 = 93887.38

Therefore, Emission Ratio = 93887.38/36335.54 = 2.58 kg of CO2 / L of fuel

Emission total, as calculated above as kg of CO2= 93887.38 kg

Emission/seat = 93887.38/253 = 371.10 kg of CO2/seat

kg to pounds conversion

1 kg = 2.2046 pounds
371.10 kg = 371.10 x 2.2046 = 818.12 pounds

50.00 lb of CO2 is fixed per year by 1 tree
818.12 lb                                                 (818.12/50.00) 
                                                                    = 16.36
                                                                    = 17 trees (Nearest whole number)

17 trees is the minimum number of trees required


Sedan

2.38= kg of CO2 (x)/ L of fuel

2.38 = x/562.41
x= 1338.54 kg

Therefore, Emission total = 1338.54 kg 

Emission Ratio ( kg of CO2/ kg of fuel) = 1338.54/404.93 = 3.31 kg of CO2/ kg of fuel

Emission per seat = 1338.54/4 = 334.63 kg/seat

Trees to offset emission per year per person

Conversion of Emission in kg to pounds
= (334.63 x 2.2046)
= 737.73 pounds

Therefore, number of trees required = (737.73/50.00)
                                                                       = 14.8 trees
                                                                       = 15 trees ( nearest whole number)

Minivan

Emission Total 

2.38 = kg of CO2/ 1206.24 

Therefore, kg of CO2 (Emission Total) = 2870.85 kg

Emission Ratio = 2870.85/868.49 = 3.31 kg of CO2/ L of fuel

Emission/seat = 2870.85/7 = 410.12 kg

Trees to offset Emissions per year per person

Conversion of kg to pounds
= (410.12 x 2.2046)
= 904.15 pounds

Therefore, number of trees required = 904.15/50.00 = 18.08 trees = 19 trees (minimum number to offset all the CO2)
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