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[bookmark: _Toc354146372]Executive Summary

A key concept that has been adopted by Niagara College recently is sustainability. Environment Canada defines Sustainability as; ‘fulfilling the current needs, without compromising the ability for future generations to meet their needs[endnoteRef:1]’.As Niagara College moves forward as an educational institution the sustainability of projects is essential. Any proposed projects within the college must have a triple bottom. This means that they projects must be beneficial financially, socially and environmentally. [1:  Government of Canda. (2009). Sustainability. Retrieved from Environment Canada: http://www.ec.gc.ca/default.asp?lang=en&n=354F26A4-1] 

The Facilities Management Services (FMS) is look replacing the four college owned fleet vehicles. Before a purchase is made for these vehicles it is important to analysis all options with regards to this project. Since there are various negative impacts that are associated with traditional fuel, it was essential to examine potential alternative. For this business project an alternative fuel is proposed and examined as the solution to replacing these vehicles. This business case outlines the environmental, social and economic benefits that Niagara College would see as a result of the implementation of using alternative fuel for these vehicles. 
Biofuels, fuel derived from biological products is the proposed fuel solution for the FMS vehicle. The specific biofuel that is suggested is biodiesel, which is derived from oils. Outlined in this proposal is of the college to purchase a Springboard BioPro Biodiesel processor, which allows the college to produce its own biodiesel through converting waste oil into a valuable fuel. The cost of fuel per litre was able to be determined for all the examined fuel types.  The cost associated with biodiesel was the cost associated with the requirements of this project makes the fuel much cheaper than other fuel types, at as little as $0.24 per litre of fuel. With biodiesel being a cheaper fuel then there is actually a potential for financial saving, which is not a factor that seen with traditional gasoline or biodiesel. 
Along with the economic aspects, the environmental and social benefits were also examined. Through examining these various areas it was is clear that switching the fuel type of the FMS vehicles is largely beneficial; financially, environmentally and socially. Niagara College is committed to a sustainable future and developing this proposed project would be a way for the college to further this commitment. 
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1. [bookmark: _Toc354145452][bookmark: _Toc354146373]Introduction
Environment Canada defines Sustainability as; ‘fulfilling the current needs, without compromising the ability for future generations to meet their needs[endnoteRef:2]’.  Niagara College has begun to understand the importance of sustainability, specifically environmental sustainability. A commitment to sustainability began in 2010, when Niagara College signed the Pan- Canadian Protocol for sustainability[endnoteRef:3]. The objective to the college to sign this protocol was with the intentions of becoming a leader in sustainability[endnoteRef:4]. Recently, this concept has truly begun to be incorporated into the principle and practices at the college. As a result, significant improvements and the implementation of various projects have helped the college move towards this goal.  [2:  Government of Canda. (2009). Sustainability. Retrieved from Environment Canada: http://www.ec.gc.ca/default.asp?lang=en&n=354F26A4-1]  [3:  Niagara College. (2013). College Practices- Committees. Retrieved from Niagara College: http://www.niagaracollege.ca/content/Portals/3/NiagaraCollege/pdfs/corporate/practices/Committees/committee%20-%20sustainability%20committee.pdf]  [4:  Niagara College. (2013). College Practices- Committees. Retrieved from Niagara College: http://www.niagaracollege.ca/content/Portals/3/NiagaraCollege/pdfs/corporate/practices/Committees/committee%20-%20sustainability%20committee.pdf] 

With this shift towards overall sustainability, the College established and implemented a Sustainability Committee[endnoteRef:5]. This Committee works to identify opportunities which can further reduce the college’s environmental footprint. One of the main accomplishments in the three years that the Sustainability Committee has been active within the school is the implementation of an Environmental Management System (EMS)[endnoteRef:6]. An EMS identifies activities, products and services at the college that have the potential to result in environmental implications. By identifying and categorizing the environmental impacts for the assorted aspects, the significant environmental aspects were able to be identified. An EMS was essential a way of priorities improvements within the college based on their environmental impact and the frequency of occurrence at the college. The five areas that were identified by the EMS to have the most environmental impacts for the colleges were; carbon emissions, electricity usage, paper consumption, waste production and water use[endnoteRef:7].  [5:  Niagara College. (2013). College Practices- Committees. Retrieved from Niagara College: http://www.niagaracollege.ca/content/Portals/3/NiagaraCollege/pdfs/corporate/practices/Committees/committee%20-%20sustainability%20committee.pdf]  [6:  Niagara College. (2013). NC mybalance sustainability. Retrieved from Environmental Management: http://www.niagaracollege.ca/content/Sustainability/EnvironmentalManagement.aspx]  [7:  Niagara College. (2013). NC mybalance sustainability. Retrieved from Environmental Management: http://www.niagaracollege.ca/content/Sustainability/EnvironmentalManagement.aspx ] 

After identifying the significant the environmental aspects within the college, the Sustainability Committee set reduction targets for Niagara College. There is a target for each of the five identified aspect determined to have significant environmental concern. These targets are to reduce the negative environmental impacts associated with each aspect, in order to foster environmental and overall sustainability. Figure 1 outlines the significant aspects identified by the Sustainability Committee and the 2015 reduction target that have been set[endnoteRef:8].   [8:  Niagara College. (2013). NC mybalance sustainability. Retrieved from Environmental Management: http://www.niagaracollege.ca/content/Sustainability/EnvironmentalManagement.aspx ] 

Table 1. Niagara College’s five key aspect of environmental concern indicated through the EMS and the reduction target been set for each aspect.
[image: ]
Significant strides have already been made to reach these 2015 reduction targets.[endnoteRef:9] The following are just a few of the many improvements that have been made at the various Niagara College campuses to reach Niagara College’s targets.  [9:  Niagara College. (2013). NC mybalance sustainability. Retrieved from Carbon Neutral Building: http://www.niagaracollege.ca/content/Sustainability/CarbonNeutralBuildingProject.aspxhttp://www.niagaracollege.ca/content/Sustainability/CarbonNeutralBuildingProject.aspx] 

· Electricity consumption and emission have been reduced by the college producing green energy. In 2012[endnoteRef:10]the college installed 494 solar panels on the roof of the Voyageur Building at the Welland campus. This project reduces the energy consumed at the campus and creates a revenue for the college as part of the Feed in Tariff (FIT) project. [10:  Niagara College (2013)  Insider. Retrieved from Home
http://insidenc.niagaracollege.ca/content/Home/Info/tabid/2416/EntryId/465/WC-solar-panels-feeding-the-grid.aspx] 

· [endnoteRef:11]Net carbon emissions have been reduced on the Niagara-on-the-Lake campus.  [11:  Niagara College. (2013). NC mybalance sustainability. Retrieved from Carbon Neutral Building: http://www.niagaracollege.ca/content/Sustainability/CarbonNeutralBuildingProject.aspxhttp://www.niagaracollege.ca/content/Sustainability/CarbonNeutralBuildingProject.aspx] 

Through the purchasing of carbon offset, the Wine Visitor and Education Centre (WVEC) is the first carbon neutral building on a campus in North America[endnoteRef:12].  [12: Niagara College. (2013). NC mybalance sustainability. Retrieved from Carbon Neutral Building: http://www.niagaracollege.ca/content/Sustainability/CarbonNeutralBuildingProject.aspxhttp://www.niagaracollege.ca/content/Sustainability/CarbonNeutralBuildingProject.aspx ] 

These projects were implemented as they all meet the triple bottom line of the Corporate Social Responsibility (CSR) business approach. Dow Jones .defines CRS as a business approach that embraces opportunities that obtain economic, environmental and social development.[endnoteRef:13] Any project at the colleges must foster environmental, social and economic growth. Therefore before any project is further developed, an assessment must be made to determine the environmental, economic and social aspect.  [13:  Mcgraw- Hill (2010)Chapter 7. Retrieved from Corporate Social Responsibility: The Concept. http://highered.mcgraw-hill.com/sites/dl/free/0070000263/889911/Sexty2ce_Chapter07.pdf] 

Niagara College is replacing the college owned fleet vehicles of the FMS department, however before the purchase is made all option must first be considered. A proposed option is to replace the fleet with vehicles that run on biofuel and not traditional gasoline or diesel.  This business case examines the associated environmental, social and economic aspects of this proposed project to illustrate why this the best option for the college.
1.1 [bookmark: _Toc354145453][bookmark: _Toc354146374]Opportunity
Facilities Manage Services (FMS) is an important department within Niagara College. This department ensure that all aspects of the campus facilities are in functioning condition, in order for the institution to operate on a daily bases. Recently it has become apparent that the college owned fleet vehicles within this department need to be replaced. To keep in line with college’s shift towards sustainability, alternative to traditional gasoline vehicles are being considered in this purchase. 
The current FMS fleet consists of four gasoline vehicles; 1997 GM Sierra, 2007 GMC Savana, 2006 Ford F150 and a 2008 Chevrolet Express. The reason that replacing the vehicles with an alternative fuel besides gasoline or diesel or being considers is due to the impacts that emissions from these vehicles have. Traditional fuels release a large amount of greenhouse gases (GHGs) which have been shown to trap heat in the atmosphere, which has a role in climate change.[endnoteRef:14] A alternative fuel sources is proposed to replacing these vehicles, as it would result in less emissions therefore assisting Niagara College in its reduction targets.  [14:   Carbonzero (2013) Carbonzero Retrieved from FAQ: http://www.carbonzero.ca/faq] 

 This business case assumption’s that the FMS vehicles are going to be replaces with the same makes, just newer models. By making this assumption then it allows for a comparison to be made between strictly replacing the vehicles with gasoline or diesel and switching to an alternative fuel source. 
1.2 [bookmark: _Toc354145454][bookmark: _Toc354146375]  Proposed Alternative 
Traditional fuel vehicles, which run on either gasoline or diesel, have large environmental impact associated with them as a result of burning fossil fuels[endnoteRef:15].  As fossil fuel combusts in an engine a large amounts of emissions are released into the environment.[endnoteRef:16] Due increase in cost and the environmental implications associated with traditional fuels, science and technologies have been exploring alternative fuel sources.  The future may not hold the answers to this issue, the past may. In 1912 Rudolph Diesel was quoted day; [15:  Natural Grographics (2013)Car buying Guide. Retrived from Environmental impacts: ttp://environment.nationalgeographic.com/environment/green-guide/buying-guides/car/environmental-impact/]  [16:  Natural Grographics (2013)Car buying Guide. Retrived from Environmental impacts: ttp://environment.nationalgeographic.com/environment/green-guide/buying-guides/car/environmental-impact/] 

"The use of vegetable oils for engine fuels may seem insignificant today, but such oils may become in the course of time as important as the petroleum and coal tar products of the present time."[endnoteRef:17] [17:  http://www.gminsidenews.com/forums/f19/rudolf-diesel-henry-ford-ford-quotes-bio-fuels-53144/ ] 

- Rudolph Diesel, 1912
Over 100 years ago what Rudolph Diesel was alluding to was what is known today as, biofuel. With new technologies and innovations this fuel source has greatly evolved since Mr. Diesels time, to the point that this is a viable fuel source. Unlike traditional gasoline that is produced from petroleum, biofuels are fuels derive from a vegetable-based[endnoteRef:18]. The common forms of                                                                                                                                                                                                                                                                                        biofuels are either bioethanol or biodiesel. Bioethanol is created from starches and sugar in crops, mostly derived from agricultural crops such as bioethonal are corn, wheat and barley.[endnoteRef:19] The other type of biofuel is biodiesel is derived usually from vegetable oils, such as soy and canola, as well as rendered from animal fat.[endnoteRef:20]  [18: Eartheasy. (ND)Biofuel: the Basics. http://eartheasy.com/article_biofuels.htm]  [19:  Government of Ontario (2011) Ministry of Agriculture and Food. Retrieved from Biofuesl http://www.omafra.gov.on.ca/english/engineer/ge_bib/biofuel.htm]  [20:  Government of Ontario (2011) Ministry of Agriculture and Food. Retrieved from Biofuesl http://www.omafra.gov.on.ca/english/engineer/ge_bib/biofuel.htm] 

1.3 [bookmark: _Toc354145455][bookmark: _Toc354146376]Biodiesel Technology
The proposed replacement of the FMS is to replace the vehicles with vehicles that run on Biofuel, specifically biodiesel. According to the Canadian Environmental Protection as biodiesel is defined as “fuel or fuel component that is comprised of mono-alkyl esters of long-chain fatty acids that are derived from plant oils or animal fats.”[endnoteRef:21] Biodiesel is safe, biodegradable and emits less greenhouse gas pollutants than petroleum based diesel fuel[endnoteRef:22]. According to the U.S. EPA, biodiesel is less toxic than table salt and more biodegradable than sugar[endnoteRef:23]. Biodiesel has been shown to burn 78% cleaner than traditional diesel vehicle and 88% cleaner than regular gasoline[endnoteRef:24] . This is since biodiesel contains no petroleum and therefore releases no associated emissions. As a result, biodiesel has none of the toxic environmental impacts associated with fossil-derived diesel fuel.[endnoteRef:25] Biodiesel has also been shown to extend the life of a vehicle, since it better lubricates than regular diesel and creates less wear on the engine. [endnoteRef:26] An added benefit of a biodiesel fuel is that no retrofitted or specialized engine is required; a standard diesel engine is able to run on various blends of biodiesel.  [21:  Ontario Government (2011) Environmental Protection Acthttp://laws-lois.justice.gc.ca/PDF/SOR-2010-189.pdf]  [22: Government of Ontario (2011) Ministry of Agriculture and Food. Retrieved from Biofuesl http://www.omafra.gov.on.ca/english/engineer/ge_bib/biofuel.htm]  [23:   Eartheasy. (ND)Biofuel: the Basics. http://eartheasy.com/article_biofuels.htm
]  [24:  Spingboard (2013)  BioPro Processors. Retreived from Biodiesel for Colleges and Universities. http://www.springboardbiodiesel.com/biodiesel-for-colleges-and-universities]  [25:  Eartheasy. (ND)Biofuel: the Basics. http://eartheasy.com/article_biofuels.htm]  [26:  Spingboard (2013)  BioPro Processors. Retreived from Biodiesel for Colleges and Universities. http://www.springboardbiodiesel.com/biodiesel-for-colleges-and-universities] 

Current the common blends of biodiesel is B2, B5 or B20, which is respectively 2%, 5% or 20% of biofuel added to traditional diesel[endnoteRef:27]. A less common form of Biodiesel, seen mostly in Europe but is starting to be seen in North America, is biodiesel in its pure form, or B100[endnoteRef:28]. This means that 100% of the fuel is made from natural oils. For the college the B100 fuel is the suggested alternative fuel sources that the FMS fleet vehicles should run on. The reason the is blend is proposed is the fact that Niagara College already produce waste oils from the culinary department, which can be manufactured into pure biodiesel to fuel the FMS fleet vehicles. Through developing this proposed plan then the college is able to repurpose waste that’s produced on site into valuable fuel.  [27: Government of Ontario (2011) Ministry of Agriculture and Food. Retrieved from Biofuesl http://www.omafra.gov.on.ca/english/engineer/ge_bib/biofuel.htm ]  [28:  Eartheasy. (ND)Biofuel: the Basics. http://eartheasy.com/article_biofuels.htm] 

2. [bookmark: _Toc354145456][bookmark: _Toc354146377]Technical Plan
As diesel vehicle the technical plan for implementing biodiesel fuel fleet vehicles in the FMS department is to purchase traditional diesel vehicles and produce B100 biodiesel on the college campus. Currently the waste oils from the culinary department are being shipped to a disposal site, once the storage containers are full. By purchasing a Springboard biodiesel BioPro Biodiesel processer the school would be able to produces pure biodiesel right on campus. This converted quickly and easily converted this waste into valuable biodiesel for these vehicles.
2.1 [bookmark: _Toc354145457][bookmark: _Toc354146378]Biodiesel converter
As the College moves towards sustainability, biofuel and biodiesel can be part of the solution.  The College should purchase a Springboard Biodiesel BioPro processer, which converts used waste vegetable and animal oils into high quality biodiesel. This product is recognized by AASHE (The Association for the Advancement of Sustainability in Higher Education) and has already been implemented in over 65 colleges and universities across Canada and the United States[endnoteRef:29].  The cost of this unit would be $10,000, plus the additional cost of the necessary chemicals[endnoteRef:30]. The cost of the chemical is calculated into the cost of fuel per litre.  [29:  Spingboard (2013)  BioPro Processors. Retrieved from abouthttp://www.springboardbiodiesel.com/about ]  [30:  Springboard (2013) Springboard Biodiesel. Retrieved from BioPro 190. http://store.springboardbiodiesel.com/Springboard-Biodiesel-Biodiesel-processor-biopro-190] 

The suggested converter to implement at that college is the BioPro 190, as it is able to meet the annual production capacity required by the college. This machine is simple and easy to use, and all the work is done by the processor. It works by adding rough 50 gallons or 190 liters of dewatered oil into the machine, a catalyst and methanol would be then weighed into that machine along with a sulfuric acid. The machine is then started and would run for about 48 hours, after which roughly 190 liters of biodiesel is produced[endnoteRef:31].  Other models of a processor are able to selected, which would reduce the production time of the fuel, the BioPro 190 is just the minimum model that’s meets the colleges minimum requires.  [31:  Spingboard (2013)  BioPro Processors. Retreived from How to make biodiesel in a biopro. http://www.springboardbiodiesel.com/how-to-get-started-making-biodiesel-in-a-biopro] 

[image: ]
Figure 1. The Springboard BioPro 190 Biodiesel processor as depicted on the Springboard Website.
In addition to the converter processor, it is suggested that the college buy a fueling station. This station allows the biodiesel to be transferred from the converter to the fuel station, which frees up the processor to produce more fuel. This means that  a constant supply of fuel is able to be produced to meet the demand of the vehicles. In total the processor unit and the fuel station will be an initial cost of $12,000, plus the operation costs.
2.2 [bookmark: _Toc354145458][bookmark: _Toc354146379]Cost of Biodiesel fuel
Some chemicals and materials would be needed to convert the oil into biodiesel, which can be ordered through Utah Biodiesel Supply.[endnoteRef:32] The chemicals you require for operating a BioPro 190 are; 37 litres of 99.9% pure methanol, 1.5 kg of Sodium Hydroxide at a minimum of 98% purity  or 2.35 kg of Potassium Hydroxide at a minimum of 90% purity, 0.19 Litres of sulfuric acid (at least 93% pure), and 170 Liters of fresh water.[endnoteRef:33] With all these chemical inputs, the cost of producing biodiesel is still significantly cheaper then purchasing conventional gasoline or diesel. According to Stats Canada the most recent average price of gasoline in Toronto is $1.31[endnoteRef:34] and diesel is $1.32[endnoteRef:35] per liter of fuel. The biodiesel fuel on the other hand would work out to be roughly $0.24 per liter of fuel.[endnoteRef:36]  Figure 2, below breaks down the required chemicals and their associated cost. [32:  http://www.utahbiodieselsupply.com/biodieselchemicals.php]  [33: Spingboard (2013)  BioPro Processors. Retreived from How to make biodiesel in a biopro. http://www.springboardbiodiesel.com/how-to-get-started-making-biodiesel-in-a-biopro]  [34:  Government of Canada (2012) Statistic Canada. Retrieved rrom Gasoline and Fuel oil, average retail prices by urban centres http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/econ154a-eng.htm]  [35:  Government of Canada (2012) Statistic Canada. Retrieved rrom Gasoline and Fuel oil, average retail prices by urban centres http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/econ154a-eng.htm]  [36:  Spingboard (2013)  BioPro Processors. Retreived from How to make biodiesel in a biopro. http://www.springboardbiodiesel.com/how-to-get-started-making-biodiesel-in-a-biopro] 

Table 2. The breakdown of the cost of the requires for biodiesel, which 
	Chemical Costs
	Bulk Cost
	Cost Per Unit
	Used Per Batch
	Per Batch
	Per Liter

	Methanol (Per Gallon)
	$165/ 190 Litres
	$0.87 
	37
	$32.20 
	$0.16

	Catalyst (KOH) (Per kg)
	$65/ 22.727 kg
	$2.86 
	2.35
	$6.72 
	$0.03

	Electricity (Per Killawatt Hours)
	25 kWh @ $0.10/kWh
	$0.10 
	25
	$2.50 
	 $0.02

	Sulfuric (Per Liter)
	$34/ 2.5 L
	$13.60 
	0.19
	$2.64 
	 $0.02 

	Water (Per Litre)
	$0.01/Liter
	$0.010 
	170
	$1.70 
	 $0.01 

	Total
	 
	 
	 
	$45.76 
	 $0.24 



2.3 [bookmark: _Toc354145459][bookmark: _Toc354146380]Fuel Demand
With the BioPro process the college would be able to produce roughly 30,000 L of biofuel annually[endnoteRef:37]. By assessing the 2012 invoice for the collection of Niagara College’s waste oil it was determined that on an annual basis there are 7600 L of waste oil produced. This indicates that the machine will be able to produce enough biodiesel for the waste generated on campus. However it is necessary to determine if the 7600 L of biodiesel would be enough for the FMS vehicle. To determine how much fuel is required the annual kilometers travelled by each of the four fleet vehicles was calculated base off of the annual average from 2009-2012. This annual average was the multiplied by kilometer per litre fuel economy for the diesel cars as that is what would be used. The totals litres for all vehicles was summed together and it was determined the vehicles would require 4100 L annual. Studies indicate that with B100 fuel there usually is not a change in the fuel economy of a car and if there is it would be lower the 10%[endnoteRef:38]. Taking this into consideration the college would have enough waste to meet the demand. [37:  Springborar (2013) Springboard Biodiesel. Retrieved from BioPro 190. http://store.springboardbiodiesel.com/Springboard-Biodiesel-Biodiesel-processor-biopro-190]  [38:  http://www.fueleconomy.gov/feg/biodiesel.shtml] 

3. [bookmark: _Toc354145460][bookmark: _Toc354146381]Financial Analysis
Niagara College is replacing the four fleet vehicles within the FMS department. As previously mentioned these vehicles are 1997 GM Sierra, 2007 GMC Savana, 2006 Ford F150 and a 2008 Chevrolet Express. Figure 3 outlines how much it would cost to replace these vehicles with gasoline models. In total it will cost roughly $112,000 in total to replace all four of these vehicles with gasoline models. However with this business case it is suggested that an alternative fuel driven fleet should be used, with the purchase of diesel vehicles. The assumption that $112,000 is going to be spent regardless to purchase the new vehicles, and there would be the added cost in either case for maintenance. The vehicles cost was not added into the analysis of this project, as there is never a payback with new vehicles and if there is then it would not be within a sufficient time frame that makes sense for the school. However with  implementing biodiesel then the college would be able to see financial saving, that would not be associated with gasoline or diesel fuels.
Table 3: The four fleet vehicles for the Facility Management Services Department of Niagara College
	Vehicle Model	
	Vehicle Type
	Price ($)

	1997 GMC Sierra
	Pickup Truck
	28,000[endnoteRef:39] [39:  GMC (2013) Sierra. Retrieved from Overview.  http://www.gm.ca/gm/english/vehicles/gmc/sierra/overview] 


	2007 GMC Savana 
	Cargo Van
	32,000[endnoteRef:40] [40:  GMC (2013) Savana. Retrieved from Overview http://www.gm.ca/gm/english/vehicles/gmc/savana/overview] 


	2006 Ford F150
	Pickup Truck
	20,000[endnoteRef:41] [41:  Ford (2013) Trucks. Retrieved from F150 http://www.ford.ca/trucks/f150/ ] 


	2008 Chevrolet  Express
	Cargo Van
	32,000[endnoteRef:42] [42: GMC (2013) Chevrolet. Retrieved from Express Overview http://gm.ca/gm/english/vehicles/chevrolet/express/overview?adv=86678&mkwid=sAdxVsOwa|pcrid|18979639499|pmt|e|pkw|chevrolet%20express] 


	Total Cost
	
	112,000



By allocating a certain amount of the purchase of new vehicles then it would not limit the vehicle that can be purchased by this department. The only requirement is that future purchase of diesel vehicles as part of this project is they must have a combined fuel economy equal to or greater than 13 Litres per 100 km. 
As purchasing the vehicles is not factored into the cost, the only additional cost for implementing a system for the FMS vehicles to run on biodiesel would be the cost of the converter, and the savings would be the annual savings in purchasing fuel. The following are financial analysis conducted on these assumptions, to determine if implementing this change is a financially viable option for Niagara College.
3.1 [bookmark: _Toc354145461][bookmark: _Toc354146382]Annual Savings 
Using the information provided for the average mileage for the last four years (2009-2012), an average annual mileage is able to be determined for each vehicle. To determine the cost saving between gasoline, diesel and biodiesel, the average annual mileage was multiplied by the  different  fuel economies. The same fuel economy was used for all four vehicles for both gasoline and diesel, which were 17L/100 Km and 13L/ 100 km respectively. This determined the average annual gas or diesel that would be required to operate the vehicles. The totals were then combined to determine the total annual gas required for all FMS vehicles. The average gas required for was then multiplied by the respective fuel prices. To determine the price of biodiesel, the average fuel for diesel was used as it would be diesel cars operating on biodiesel fuel. 
In Table 4, the total annual cost for fuel is outlines. It is clearly indicated in this table that gasoline would be the most expensive fuel, followed by diesel and biodiesel would be the least expensive.  Table 5,  illustrates the annual savings if a biodiesel system was installed compared to the gasoline and diesel. 
Table 4. The annual fuel cost for the four FMS vehicle, depending on the fuel type.
	
	Gasoline
	Diesel
	Biodiesel

	Average fuel cost per year ($CAN)
	7,019
	5,408
	984



Table 5. The annual savings in the cost of fuel associated with biodiesel, compared to other fuel sources. 
	
	Gasoline
	Diesel

	Annual savings if biodiesel is implemented ($ CAN)
	6,035
	4,425



Since the cost of the vehicles is not being factored into the cost or saving of the switch to biodiesel it makes it difficult to determine the overall time of project. However, a five year lifetime was considered to be an average with vehicle replacement for the college. Therefore a five year life of the project was used, this means that saving and expensive stay constant for the five year period. Figure 6 is the saving over a five year period associated with biodiesel compared to other fuels. This savings value however doesn’t take into account  if there is a change in cost associated with maintain the Bio Processor.
Figure 6 Summarizes the amount saved when switched to biodiesel, compared to gasoline and diesel alternative over the five year lifetime
	
	Gasoline
	Diesel

	Savings over 5 years ($ CAN)
	30,175
	22,123



3.2 [bookmark: _Toc354145462][bookmark: _Toc354146383]Payback Period
It is essential to determine how long it would take Niagara College to get the money back for implement this project. As it was mentioned it is assumed that $112,000 will be spend on the purchase of new vehicles no matter the fuel type. Therefore the only additional cost for biodiesel will be the cost of the converter and the fuel station. By dividing the initial cost over the annual savings in fuel, it determines the payback period. This timeframe is how long it would take for the college to pay off this investment and start see financial saving with this project. 
Table 7 summarizes the payback period for switching to biodiesel. This table breaks the gasoline and diesel option to illustrate the difference in the payback periods. Compared to gasoline vehicles, payback period for the College for purchasing the biodiesel equipment would be reimbursed in saving in the fuel in just shy of 2 years. On the other hand by running the purchased diesel vehicles on biodiesel, the college would receive a return on their investment in just under 3 years.  
Table 7. The payback periods for biodiesel, compared to the purchase of gasoline or diesel fuel.
	
	Gasoline
	Diesel

	Payback Period  (month)
	22
	33

	Payback Period  (years)
	1.8
	2.7



3.3 [bookmark: _Toc354145463][bookmark: _Toc354146384]Return of Investment
The return on investment measures the rate of return on the money invested in the project, or the profitability of the project.  The greater amount returned on the investment, the more desirable the project is. Through this analysis indicates the profitability of this project it will show how much the college could save over the five year lifetime of this FMS switch to biodiesel.  The return on investment was calculated by subtracting the initial investment (cost of the biodiesel units) by the net profit (savings over the five year period), which was then divided by the net profits. This total was then multiplied by100 to get a percent value. This calculation is outlined below. Table 8 outlines the return on investments for switching the FMS vehicles to biodiesel compared to gasoline and diesel.

Table 8. The return on investment for implementing biodiesel fuel on the FMS vehicles, compared to more traditional fuel.
	
	Gasoline
	Diesel

	Return on Investment (%)
	151
	84



4. [bookmark: _Toc354145464][bookmark: _Toc354146385]Intangible Factors 
Replacing the FMS fleet with vehicles that operate on biodiesel instead of gasoline or diesel has many factors that must be examined as part of the decision process. Financial cost of a product tends to overshadow other important elements that should be considered when determining  a project. However not all factors are able to be qualities through monetary values. As a result, financial analysis should not be the only considered factors, intangible factors should be considered as part of the decision. The following are key intangible factors that should be considered as they have some impact on the decision to implement a biodiesel converter into the school and purchasing diesel vehicles to run on this fuel.

4.1 [bookmark: _Toc354146386]Educational Benefits
Niagara College is committed to providing students with an education and learning environment that fosters training and innovation for the changing world[endnoteRef:43].  Switching the FMS fleet vehicle to biodiesel then it could provide educational benefits and an opportunity for the college. By implementing a biodiesel processing system and biodiesel fleet cars then it provides an opportunity to incorporate this project into offered programs at the college or potentially into a new program altogether. With the price of fossil fuel rising biofuel appears to be becoming more popular and will probably continue to grow in demand in the future. By adopting the project then the college is about to incorporated this to have added educational benefits to the students.  [43:  Niagara College (2013) Corporate Information . Retrieved from Mission Statement. http://www.niagaracollege.ca/content/CorporateInformation/MissionStatement.aspx] 

4.2 [bookmark: _Toc354146387]Environmental Benefits
4.2.1 [bookmark: _Toc354146388]Emissions Reductions 
Biofuel’s have been proven to release far less emission the traditional fuels. Table 9 summarizes the typical reduction in emissions in B100 biodiesel fuel compared to traditional diesel fuel, which is already about 15 percent lower than gasoline[endnoteRef:44]. By developing this project and switching to biodiesel FMS vehicle the college is able further reduce their emission and make large step towards the sustainability goals. [44:  http://www.nytimes.com/2010/11/17/business/energy-environment/17DIESEL.html?pagewanted=all&_r=0] 

[bookmark: _Toc354145465]TABLE 9: Average Bio-Diesel Emissions Compared to Diesel
	Emission Type
	B100                        
100% Biodiesel                

	Regulated:
	

	Total Unburned Hydrocarbons
	-67%                      

	Carbon Monoxide
	-48%                      

	Particulate Matter
	-47%                      

	NOx
	+10%                     

	Non-Regulated:
	

	Sulfates
	-100%                   

	PAH (Polycyclic Aromatic Hydrocarbons)
	-80%                      

	nPAH(nitrated PAH’s)
	-90%                      

	Ozone
	-50%                      


Based on data from EPA: www.epa.gov/otaq/models/analysis/biodsl/p02001.pdf

Due to the fact that all emissions do not have the same effect on the atmosphere a common calculation is to convert all emissions into Carbon Equivalents (CO2e). Figure 10 is the CO2e that is produced as a result of the entire fleet. As indicated in this table Biodiesel has an 9% annual reduction in CO2e.

Figure 10. The annual CO2e produced associated with each fuel stream , as a result of the four FMS vehicles
	
	Gasoline
	Diesel
	Biodiesel

	CO2e Values (Tonnes)
	50
	45
	41



4.2.2 [bookmark: _Toc354146389]Waste Reductions
Through implementing a BioPro processor at the campus all the waste oils is able to be repurposed. Originally this was would be shipped off site to be process at a waste facility, which would just be the end use of the waste product. By developing this project then the college is able to reduce their waste from other streams. 
4.3 [bookmark: _Toc354146390]Public Image 
Niagara College prides it’s self on its public image and student satisfaction. By switching to fleet vehicles that are fueled by an alternative fuel source, then Niagara College is able maintain and improve its public image. The college can continue to be view as an environmentally forwards institution, that is truly focused on a sustainabile further and is adopting projects and practices that allow that to be possible.  
4.4 [bookmark: _Toc354146391]Marketing Opportunity
Niagara College is able to use this project as a marketing opportunity. Environmental issues are becoming more and more valued as a corporate aspect. By installing a biodiesel processor and using it as the fuel for the FMS vehicles, Niagara College is able to show just how committed to environmental issues they are. This project could be marketed to show that the college is actually making significant improvement to support their claims of being a leader in sustainability.
5. [bookmark: _Toc354146392]Weighted Sum for the Intangibles 
Not all intangible factors have the same weight with regards to is significant for a project. As a result a weighted sum has been developed for the intangibles factors that have been identified as key aspects associated with this project. By doing this the importance of each intangible is able to be clearly indicated. Table 11 is a breakdown of the intangible factors, as well as the value allocated to each factor from 1 (not significant) to 5 (very significant)
Table 11. The weighted sum averages for each type of fuel
	Intangible Factor
	Weight
	Gasoline
	Diesel
	Biodiesel

	Educational Benefits
	4
	1(4)
	2(8)
	5(20)

	Emission Reduction
	5
	1(5)
	2(10)
	4(20)

	Waste Reduction
	4
	1(4)
	3(12)
	4(16)

	Public Image
	3
	1(3)
	1(3)
	4(12)

	Marketing Opportunity
	2
	1(1)
	1(1)
	4(8)

	Cost
	5
	3(15)
	3(15)
	5(25)

	Totals
	-
	32
	49
	101



By doing a weight of sum analysis for the intangible factors it clearly indicates that the biodiesel option is far better compared to the gasoline or diesel. 
6. [bookmark: _Toc354146393]Legal Requirements with a Biodiesel system
With the implementation of a BioPro unit, Niagara College would become a producer of renewable fuel source.  As a result of become a producer there are additional regulations that the institution would now have to abide to. The following is a summary of a few federal and provincial regulations that would now be applicable to the college. 
6.1 [bookmark: _Toc354146394]Federal Requirements
The college would now have to maintain accordance with the Renewable Fuels Regulations (CEPA 1999 Environmental Registry)[endnoteRef:45]. This federal regulation outlines the requirement of producing a renewable fuel.  Under Renewable Fuels Regulations (CEPA 1999 Environmental Registry), Niagara College would be a small- volume producer or supplier of fuel, this means that there is less the 400 m3 (400,000 L) of renewable fuel produced on an annual basis. As a small-volume produces the college would be exempted from many requirements, but not all[endnoteRef:46]. The requirements that would still apply to the facility would be to ensure that the 400,000 L threshold to be considered a small-volume producer isn’t passed. As well as these requirements: [45:  Ontario Government (2011) Environmental Protection Acthttp://laws-lois.justice.gc.ca/PDF/SOR-2010-189.pdf]  [46:  Government of Canada (2012)  Environment Canada. Federal Renewable Fuels Regulations: Renewable Fuels Producesr. http://www.ec.gc.ca/energie-energy/default.asp?lang=En&n=75448FBB-] 

· Records must be kept for each batch of fuel produced, according to section 29 of the Regulation. These records need to include the type of fuel, the volume of fuel, where the fuel was produced or into which province it was imported, and the date of production.[endnoteRef:47] [47:  Government of Canada (2012)  Environment Canada. Federal Renewable Fuels Regulations: Renewable Fuels Producesr. http://www.ec.gc.ca/energie-energy/default.asp?lang=En&n=75448FBB-] 

· The records are to be accessible within 15 days of when the information becomes available, under section 37, and are to be kept for five years, according to section 38.
· The volume of to fuel must be measured in accordance to the section 4 of the Regulations.
· As a producer the facility is required to be audited by an independent their party for each compliance period[endnoteRef:48]
 [48:  Government of Canada (2012)  Environment Canada. Federal Renewable Fuels Regulations: Renewable Fuels Producesr. http://www.ec.gc.ca/energie-energy/default.asp?lang=En&n=75448FBB-] 

6.2 [bookmark: _Toc354146395]Provincial Requirements
There is a provincial Acts and Regulations that Niagara College would have to abide by with the implementation of the BioPro biodiesel converter. The applicable regulation is the Fuel Tax Act, R.S.O. 1990, C. F.35. According to this act the college is required to apply for and be issues a registration certification by the Minister. This requirement is a result of the college now being considered a manufacture of a fuel source.[endnoteRef:49] This means that the college would be required to follow the applicable documentation and notice requirements.  [49:  Government of Ontario (2012) Fuel Tax Act http://www.e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90f35_e.htm] 

Since these college is not a producing an excessive amount there is not that many legal requirements that they have to abide to. Even the few that are applicable only require the college to maintain adequate documentation to be kept. These records would already be kept anyway on site as a means of the college due diligence, therefore there is really no addition requirements.

7. [bookmark: _Toc354146396]Limitations
This business case examined the environmental, economic and social aspect associated with developing the alternative fuel project for the FMS vehicles. With this business proposal there were several limitations encountered. The following are a list of the limitations within the business proposal:
· Instead of limiting the cars that the FMS department purchases there was a set fuel economy selected for all the vehicle of the same fuel type; 17L/100km for gasoline and 13L/100km for diesel. Due to this fact there proposed saving may not accurately reflect the true value. If the department choose to purchase vehicles that do not get this same fuel economy then the savings would be impacted accordingly.
· The price of vehicles was not added into the financial aspects as there would never be a return on an investment with the purchase of a car. By not including this purchase then it wouldn’t accurately reflect how much is required to be spent to replace the FMS vehicles.
· There are several other financial aspect that were not able to be calculated but may influence savings. Since the current vehicles are not that old and are in fairly good condition, there is the potential to sell the current cars which would further increase profit on this project.
· The annual mileage used in determine the gas consumption was based off of the average annual usage from 2009-2012. If the usage changes in the new vehicles that it would impact the amount of fuel required and potentially the total cost. 
· The assumption is that based off of the average usage based of off 2009-2011 use that the college is able to produce all the fuel that they require. If the usage increases to a point that there are no longer able to produce the fuel required, then diesel fuel must either be purchase or possible biofuel from a local producer Great Lakes Biodiesel.[endnoteRef:50]This would affect the total profitability of this project. [50:  Great Lakes Biodiesel (2013)  Great Lakes Biodiesel. Recieved from Home.http://www.greatlakesbiodiesel.ca/





] 

· This business case only examined the FMS vehicles, but there are potential for other college owned vehicles to be developed to operate on biodiesel. If the vehicles within other department run on biodiesel then there is potential for even further savings.

8. [bookmark: _Toc354145466][bookmark: _Toc354146397]Conclusion  
Niagara College is committed to a sustainable future and developing this proposed project would be a way for the college to further this commitment. As illustrated in this business case replacing the FMS vehicles with ones that run on an alternative fuel, makes sense environmentally, financially and socially. Purchasing diesel vehicles and installing a BioPro biodiesel processor on campus to produce B100 biodiesel the college is able to reduce emission, waste and move towards their 2015 reduction targets. As the college continues to adopt project that foster sustainability, developing the proposal outlined in this business case will assist Niagara College in moving towards this goal.
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9. [bookmark: _Toc354145467][bookmark: _Toc354146398]Appendices – Raw Data and Calculations
Table 12. The obtained data for the four FMS vehicles, used to determine the average annual mileage.
	Year
	Make/ Model
	Mileage (03/08/2011)        (km)
	Mileage  (04/23/2012)       (km)
	Mileage   (11/30, 2012) (km)
	2009 Mileage
	2010 Mileage
	2011 Mileage
	2012 Mileage
	Average Mileage Per Year

	
	
	
	
	
	
	
	
	
	

	2007
	GMC Savana
	40,320
	49,087
	55,537
	10,080
	10,080
	8,767
	6,450
	8,844

	2008
	Chevrolet
	11,541
	28,195
	39,269
	3,847
	3,847
	16,654
	11,074
	8,856

	2006
	Ford F150
	43,140
	50,002
	53,956
	8,628
	8,628
	6,862
	3,954
	7,018

	1997
	GMC
	162,000
	165,005
	166,042
	11,571
	11,571
	3,005
	1,037
	6,796

	 
	 
	 
	 
	 
	 
	 
	 
	TOTAL
	31,514






Table 13. The analysis of the four FMS vehicles used to determine the annual cost of fuel
	ear
	Make/ Model
	L/100km (Current Vehicle)
	km/1 L (Gasoline)
 
	Average annual gas L
 
	Average Gasoline Cost per year (curent vehicle)
$1.31 
	L/100km (New Vehicle)
	km/1 L (Diesel)
 
	Average Annual Diesel (L)
 
	Average Diesel Cost per year     (new vehicle)
$1.32 
	Average Bio-Diesel Cost per year     (new vehicle)
$0.24 

	2007
	GMC Savannah
	17.00
	5.88
	1,503.52
	$1,969.61 
	13.00
	7.69
	1149.75
	$1,517.67 
	$275.94 

	2008
	Chevrolet
	17.00
	5.88
	1,505.44
	$1,972.12 
	13.00
	7.69
	1151.22
	$1,519.60 
	$276.29 

	2006
	Ford F150
	17.00
	5.88
	1,193.06
	$1,562.91 
	13.00
	7.69
	912.34
	$1,204.29 
	$218.96 

	1997
	GMC
	17.00
	5.88
	1,155.32
	$1,513.47 
	13.00
	7.69
	883.48
	$1,166.19 
	$212.04 

	 
	 
	 
	 
	5,357.34
	$7,018.11 
	 
	 
	4096.79
	$5,407.76 
	$983.23 








Table 14. The  financial factors associated with this project, determined through analysis the current FMS vehicles
	First Years Cost
	first year savings
	Five year savings
	Payback Period
	ROI

	Gasoline
	Diesel
	Biodiesel
	Gasoline
	Diesel
	Gasoline
	Diesel
	Gasoline
	Diesel
	Gasoline
	Diesel

	$7,018.11
	$5,407.76
	$983.23
	$6,034.88
	$4,424.53
	$30,174.42
	$22,122.65
	1.819957201
	2.71
	151.4534635
	84.3554375





Figure 15. The calculations for the three fuel types to determine their associated CO2e impact
	Gasoline

	Litres Used
	5358
	
	
	
	
	
	
	

	
	Emission Factors
	Emission
	GWP
	Total Emissions (Grams)
	Total Emissions (Tonnes)
	Totals per Vehicle (Tonnes)
	Both Vehicle (Tonnes)
	All Vehicle of the Fuel Type (Tonnes)

	Car
	2289
	12264462
	1
	12264462
	12.264462
	12.318342
	24.6366841
	49.2733682

	
	0.14
	750.12
	25
	18753
	0.018753
	
	
	

	
	0.022
	117.876
	298
	35127.048
	0.035127
	
	
	

	Truck
	2289
	12264462
	1
	12264462
	12.264462
	12.318342
	24.6366841
	

	
	0.14
	750.12
	25
	18753
	0.018753
	
	
	

	
	0.022
	117.876
	298
	35127.048
	0.035127
	
	
	

	Diesel

	Litres Used
	4097
	
	
	
	
	
	
	

	
	Emission Factors
	Emission
	GWP
	Total Emissions (Grams)
	Total Emissions (Tonnes)
	Totals per Vehicle (Tonnes)
	Both Vehicle (Tonnes)
	All Vehicle of the Fuel Type (Tonnes)

	Car
	2663
	10910311
	1
	10910311
	10.910311
	11.1736662
	22.3473323
	44.6946646

	
	0.068
	278.596
	25
	6964.9
	0.0069649
	
	
	

	
	0.21
	860.37
	298
	256390.26
	0.2563903
	
	
	

	Truck
	2663
	10910311
	1
	10910311
	10.910311
	11.1736662
	22.3473323
	

	
	0.068
	278.596
	25
	6964.9
	0.0069649
	
	
	

	
	0.21
	860.37
	298
	256390.26
	0.2563903
	
	
	

	
	
	
	
	
	
	
	
	

	Biodiesel

	Litres Used
	4097
	
	
	
	
	
	
	

	
	Emission Factors
	Emission
	GWP
	Total Emissions (Grams)
	Total Emissions (Tonnes)
	Totals per Vehicle (Tonnes)
	Both Vehicle (Tonnes)
	All Vehicle of the Fuel Type (Tonnes)

	Car
	2449
	10033553
	1
	10033553
	10.033553
	10.2969082
	20.5938163
	41.1876326

	
	0.068
	278.596
	25
	6964.9
	0.0069649
	
	
	

	
	0.21
	860.37
	298
	256390.26
	0.2563903
	
	
	

	Truck
	2449
	10033553
	1
	10033553
	10.033553
	10.2969082
	20.5938163
	

	
	0.068
	278.596
	25
	6964.9
	0.0069649
	
	
	

	
	0.21
	860.37
	298
	256390.26
	0.2563903
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