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1. Executive Summary / Project Overview
1.1.

Introduction

Rising fuel prices are encouraging the public to look for cheaper fuel sources
such as using recycled vegetable oil. This feasibility report provides detailed
information on using processed cooking oil from airport concessions to fuel
one or more diesel vehicle at FLL. The quantities of available used oil are
identified along with an analysis of BCAD vehicles that are best suited for
utilizing the recycled oil, information on vehicle conversion, and associated
costs.

1.2.

Purpose

FLL is seeking innovative methods for improving energy efficiency and
environmental quality associated with airport operations. FLL’s tenants
include a variety of food concessionaires that generate used vegetable oil in
food preparation, which must then be disposed of through waste collection
services. Through the centralized collection and treatment of used vegetable
oil it can be used to power airport vehicles, reducing both air pollution and the
fuel costs associated with their operation.

1.2.

Scope

The project team conducted the following steps:
•

Identified the quantity and quality of used vegetable oil currently
being generated by airport concessionaires. This included an
assessment of how this waste is currently collected, disposal costs;
and whether these agreements between concessionaires and waste
collection companies can be adjusted to enable collection and
centralized storage by an entity that would be responsible for
treating this product for reuse as a vehicle fuel.

•

The costs and process associated with treating this product as a
vehicle fuel, and standards that exist for regulating the quality of the
fuel product, air emissions, and engine performance.

•

Fuel use and storage requirements and any health or safety issues
that may exist.

Clean Airport Partnership, Inc.
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•

Those vehicles in FLL’s current diesel fleet that would be best
candidates for conversion to this fuel. Factors assessed were: air
quality benefits compared to diesel fuel, ability to be centrally fueled,
required fuel quantity versus projected supplies, and vehicle
warranties.

•

Additional reliability, cost, mechanic expertise, and safety issues
associated with vehicle maintenance and storage including the
treatment of accidental fuel spills.

•

The projected total cost of the project compared to the fuel savings
benefits. Costs include: oil collection, refinement, storage, vehicle
retrofit, and any additional costs associated with operation and
maintenance.

2. Recycled Vegetable Oil as a Vehicle Fuel
2.1.

Introduction

Food concessionaires at FLL are currently paying for their used vegetable oil
to be hauled offsite by a rendering company that transforms it into material
for pet food, soaps, and cosmetics. Rising fuel prices however are
encouraging the public to look for cheaper fuel sources such as using recycled
vegetable oil. The concept of using vegetable oil as a fuel dates back to 1895
when Dr. Rudolf Diesel developed the first diesel engine to run on vegetable
oil by using peanut oil1.
Atmospheric greenhouse gases include carbon dioxide and are increasing
largely due to the increase in fossil fuel combustion. Vegetable oil is
renewable; it is not a fossil fuel so it does not contribute to global warming.
Because the carbon dioxide produced by burning vegetable oil is the same or
less than the amount absorbed by the plants from which the oil is obtained,
vehicles running on vegetable oil produce no net increase in atmospheric
carbon dioxide. Also, vegetable oil is indefinitely renewable.

1

http://www.wnbiodiesel.com/technology.html
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Straight vegetable oil (SVO) is not the same as 100 percent biodiesel (B100)
which can be used in any stock engine. In order for SVO to be used in a diesel
engine, a two-tank system was evaluated which will run approximately 90
percent of the time on vegetable oil, and requires the use of diesel at startup
and shutdown. Diesel is required at startup since the vegetable oil needs to
be warmed to a specific temperature (approximately 160°F) in order for it to
have a similar viscosity as diesel. At shutdown, the fuel system is
automatically purged of vegetable oil and refilled with diesel so that the
engine can be started on diesel the next time. Figure A-1 in Appendix A
depicts the two-tank fuel system.

2.2.

Quality and Quantity of Used Vegetable Oil at FLL

FLL’s terminal area consists of four separate sections. Each terminal houses
several food concessionaires, consisting of fast food establishments, sit down
restaurants, and a variety of franchises, many of which use vegetable oil in
their daily business. The collection system is centralized and consists of
various size vats (approximately 150 gallons each) that are placed just
outside the terminal buildings. There is one vat each at Terminals 2 and 4,
and two vats each at Terminals 1 and 3. These vats are owned by
Tallowmasters, Inc. (Tallowmasters), a rendering company who empties them
on an as-needed basis (approximately once a month when notified) at a cost
of $100 per pickup. In 2005, Tallowmasters collected approximately 8,000
gallons of used vegetable oil from FLL.2 Assuming a monthly collection, this
works out to about $0.15 per gallon for disposal.
The best oil to use as SVO would be a virgin oil. The quality of the used oil is
difficult to determine since many different restaurants dispose of their used
vegetable oil in the same vats. Thus, there is most likely a mixture of
hydrogenated and non-hydrogenated oils. Based on visual observations
during our site visit, if we assume that 20 percent of the product is of poor
quality, that would still leave 80 percent or about 6,400 gallons available for
use as a fuel, as shown in Figure A-2 in Appendix A. If the vehicle conversion
should move forward, further segregation of used oil based on the quality will
be explored to optimize the quality of the fuel. Poor quality oil requires more

2

Personal telephone conversation with Mr. Tom Letcher of Tallowmasters on August 23, 2006.
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filtering, may be unpleasant to handle due to objectionable odors, and can
cause carbon deposits to form on the engine. This poor quality oil may be
better handled through conventional disposal or through rendering companies
as is the current practice.

2.3.

Storage, Used Oil Processing, and Associated Costs

Because used vegetable oil is treated as a food waste, storage requirements
are minimal. The same system could be used for vegetable oil fuel storage
that is being used today for disposal. There are no health and safety issues;
however, any spilled product should be cleaned up with an absorbent material
and disposed of at a licensed solid waste facility as with any other food waste.
Poor quality, extremely dirty and/or old vegetable oil can be unpleasant for
the workers handling the material.
According to Mr. Jim Caldwell of the EPA3, cooking oil is not subject to fuel
registration requirements at the federal level. Alternative fuels are allowed by
Florida law for use in vehicles as stated in the Florida statutes (Title XIV,
Chapter 206, Part II Diesel Fuels). It is regulated by the Department of
Agriculture and Consumer Services, Bureau of Petroleum Inspection4. If this
vegetable oil was to be distributed or sold to the public, then quality control
standards in accordance with the ASTM D6751-06a Standard Specification for
Biodiesel Fuel Blend Stock (B100) for Middle Distillate Fuels would apply.
However, as an alternative fuel for use within the FLL property, these
standards do not apply. Nevertheless, in order to use this alternative fuel in a
vehicle at FLL, an Alternative Fuel Use Permit must be obtained through the
Florida Department of Revenue annually (permit application form included in
Appendix A). The cost of this permit is between $200 and $300 annually,
depending on the type of vehicle used.
The collection containers can either be pumped out or exchanged every one
to two weeks to maintain freshness and to avoid having to handle oil that

3

Personal communication with Mr. Jim Caldwell of the EPA on October 23, 2006, Telephone Number (202)

343-9303
4

Personal telephone conversations with Ms. Nancy Fischer of the Department of Agriculture and Consumer

Services, Bureau of Petroleum Inspection on October 4, 2006.
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may have become rancid. The oil can either be pumped out from the
collection containers into drums for transportation to the designated filtering
area, or the used oil containers picked up and replaced with empty ones. The
disadvantage to a collection container exchange program is that equipment is
required to lift and move the filled drums on and off the collection vehicle.
Upon collection of the oil, it must be filtered preferably at a temperature
above 70°F as the oil is less viscous at these temperatures and therefore
easier to handle. An alternative to filtering the used oil immediately upon
collection is to allow the oil to settle naturally for a few days prior to pumping
and filtering. Natural settling will allow most of the debris and water to settle
to the bottom of the container, and the remaining cleaner oil can then be
pumped out from the upper portion of the container. Upon pumping, the oil
will then be filtered. By allowing the oil to settle in this manner, the life of the
filters can be maximized.
The most convenient approach for FLL is for the oil to be stored in a drum(s)
at a fixed location (a central fueling area, preferably the same area where the
filtering will take place). The oil can then be either pumped directly into the
vehicle or into a storage container through the use of a metered electric
powered pump. Figure A-3 in Appendix A shows a typical stationary filtration
and pumping kit.
A schematic of the entire process is shown below.

Figure 1: Schematic of Used Oil Processing

Collect Oil

Transport to storage

Filter

Settle then Filter

Pump
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The costs for all the materials and components to convert any type of diesel
vehicle are approximately $2,500 with the components typically sold in
packaged kits. Labor for installation can take 2-3 days and cost from $2,500
to $3,000 dollars. Ongoing costs for oil collection are approximately $20 per
week5 and include filters and disposal of undesirable material which may be
disposed of in any Class I disposal facility (a disposal facility that is permitted
to accept all types of solid, non-hazardous wastes from households,
commercial businesses and industry.) The ongoing costs include
approximately four hours of labor per week for collection and filtering.
Approximately $2,800 should be budgeted for the one-time purchase of
filtering equipment, drums, pumping equipment, and spill containment. The
total projects costs are included in Section 2.4.2.

2.4.

Analysis of Candidate Vehicles – Fuel Requirements,
Emissions Quality, Maintenance

An evaluation of BCAD’s current diesel fleet identified the possibility of two
different vehicles for conversion to a two-tank SVO system at FLL: a dump
truck and a scrubber (see Table A-1 in Appendix A for a complete list of
vehicles considered.) Since the scrubbers are used on a daily basis, they
would most likely be the better choice, since they would enable more
extensive use of the SVO fuel. The dump trucks are used less frequently and
may be retired soon.
Based on the estimated fuel use of 1,600 gallons per year for one scrubber at
FLL (see Table A-1), and an estimated used oil quantity of 8,000 gallons per
year at FLL, there will be more than enough fuel for conversion of at least two
scrubbers in the BCAD fleet. If the oil is segregated based on quality, and
some of the oil is not acceptable, there will still be an ample supply to run one
or two scrubbers, as shown on Figure1. Neither scrubber is under warranty so
there will not be any warranty issues.
Information compiled from the U.S. DOE comparing the amount of energy
from different types of fuel shows that diesel yields approximately 129,000

5

Pricing obtained from www.greasecar.com
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btu per gallon of fuel, while SVO yields 112,000 btu per gallon.6 The btu
rating is a measure of how much energy is stored in each fuel. This shows
that SVO achieves 10-15% less mileage per gallon than diesel
There is little information available on the difference in air emissions from offroad vehicles using SVO. Data collected from limited research has shown that
emissions of nitrogen oxides (NOx), carbon monoxide (CO), and carbon
dioxide (CO2) from vehicles running on primarily SVO are slightly less when
compared to diesel only vehicles.7 However, there are de minimis sulfur
emissions. Perhaps the most positive environmental aspect of SVO is the fact
that it is carbon neutral, meaning that the amount of carbon dioxide released
is equal to the amount absorbed by the plants from which the oil is obtained.
Emissions data7 is presented in table A-2 in Appendix A from nine different
light duty vehicles that were tested when they were run on diesel fuel versus
virgin canola oil. Hydrocarbons, carbon monoxide, carbon dioxide, nitrogen
oxides, and particulates were tested. Though none of these vehicles are
identical to FLL’s scrubber, one can still see the carbon monoxide and carbon
dioxide emissions from diesel are comparable to engines run on SVO. There is
no data available comparing heavy-duty diesel vehicles operating on diesel
versus SVO.

2.4.1

Additional Reliability, Cost, Mechanic Expertise, Safety Issues, and
Potential Drawbacks

Once converted, there are no significant differences in maintenance costs
except for additional fuel filters for the vegetable oil portion of the fuel
system. These filters will need to be replaced approximately every 3,000
miles and cost about $25 per filter. The replacement interval will depend on
the quality of the oil and how well it is filtered. Better quality oil will extend
the time between changes to greater than 5,000 miles.
The lubricating oil should also be changed more frequently, as stretching the
time between oil changes increases the risks that the vegetable oil will break
down the lubricating oil, potentially causing major problems. This is referred

6

www.eere.energy.gov/afdc
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Sliding Home: A Complete Guide to Driving Your Diesel on Straight Vegetable Oil, Ray Holan, 2006.
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to as polymerization of the lubricating oil. The recommended oil change
interval may be a normal maintenance interval for the vehicle chosen, so this
will not necessarily be an additional expense.
To prevent the formation of residue on the fuel injectors (the valve that
supplies the fuel to the engine) the injectors should be checked for potential
carbon deposits. Operation and maintenance instructions should be provided
to the maintenance facility by the conversion vendor. This should include
schematics of the system as well as description of how the system works. By
design, two-tank systems isolate the diesel and vegetable oil sides of the
system. If the switching valves are in their off positions, the vehicle operates
in diesel mode and the vegetable oil system will be inactive.
For housekeeping purposes, drums may be placed on a spill containment
pallet; however, this is not required by law. Pallets that hold four drums are
less than $350. Two or three of these units may be required. It is also
suggested that several bags of loose absorbent be kept wherever the oil is
stored and pumped from. A bag that can absorb eight gallons of oil is less
than $15. It is important to note that vegetable oil is not considered a
hazardous material so spill health and safety issues associated with handling
this product are not applicable.
Some published engineering literature indicate that the use of SVO may lead
to reduced engine life caused by the buildup of carbon deposits inside the
engine, as well as negative impacts of SVO on the engine lubricant.

It was

also stated that diesel engines using vegetable oils offer acceptable engine
performance and emissions for short-term operation; however, long-term
operation may result in operational and durability problems.6 To minimize this
risk, maintenance personnel should monitor long-term vehicle operation to
ensure peak performance.
In regard to the use of SVO, EPA’s position is that converting a certified
vehicle to operate on a fuel other than the fuel the manufacturer used to
obtain certification is considered tampering and is illegal under the provisions
of the Clean Air Act (as amended 1990).8

8

Written e-mail message to Jim Norman, staff editor of the Business Day Section of the New York Times, from

Dave Ryan, a spokesperson for the EPA, on June 16, 2006 (see Appendix B).

10

Clean Airport Partnership, Inc.

WA spoke with Marty Reineman of the EPA regarding this issue. According to
Mr. Reineman9, the EPA considers it illegal to do anything to an engine that
would result in increased emissions. Therefore, emissions testing would have
to be done on any engine that had been modified to use a different fuel other
than what the manufacturer had intended10. This could cost tens of
thousands of dollars.

2.4.2

Cost vs. Benefit Analysis

Analyzing the fuel requirements of one scrubber, and based on the current
cost of diesel in south Florida (October 2006) at $2.75 per gallon, we can use
the following formula to calculate the fuel costs:
Annual Required fuel x Cost per gallon of fuel = Annual Fuel Cost
Diesel Only
1,600 gallons x $2.75 per gallon = $13,278 per year for diesel fuel
SVO + Diesel
After conversion of one scrubber, assuming that 10 percent of the total fuel
consumption will be diesel at a cost of $2.75 per gallon, and a cost of $0.75
per gallon of vegetable oil, we get:
160 gallons of diesel x $2.75 per gallon = $440
Total fuel cost per year: $440 per year using a SVO system
Annual operating costs would include:
−

Maintenance of the filtering and pumping equipment,
$20 per week x 52 weeks per year = $1,040

−

Labor costs for the handling of the SVO, assume $20 per hour and
benefits at 50% of salary.
$20 per hour x 4 hours per week x 52 weeks per year = $4,160
Employee benefits at 50% of salary = $2,080

9

Personal communication on October 23, 2006 with Marty Reineman of EPA, Telephone Number (734) 214-

4430.
10

Personal communication with Mr. Greg Orehowsky, EPA Certification Specialist, on October 23, 2006,

Telephone Number (202) 343-9292
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Total annual labor costs of $4,160 + $2,080 = $6,240

Table 1 summarizes the capital costs (as mentioned in Section 2.3) and the
annual operating costs that would be required when using vegetable oil.

Table 1: Approximate Cost of Vegetable Oil Conversion for One Scrubber
Description
Fuel
Filtering and Pumping
Equipment
Conversion Kit
Storage Pallets (2)
Labor
Disposal
Alternative Fuel Permit
Total Costs

Capital
N/A
$2,800
2,500
700
2,500
N/A
250
$8,750

Costs
Annual Operating
$ 440
1,040
N/A
N/A
6,240
(240)
250
$7,730

Based on the capital costs for implementation of this conversion, the payback period for the conversion of one scrubber is approximately one and a
half years. After this time, the vegetable oil will provide an ongoing return on
the initial investment by saving approximately $5,000 per year. Once the
implementation phase is over, the annual operating costs for SVO are 40%
less than the fuel costs when using diesel fuel. Public education and
awareness would be an additional benefit through the placement of signs at
the participating concessionaires.

2.5.

Summary of Findings

As fuel prices continue to rise, other renewable sources of fuel such as used
vegetable oil will become more feasible alternatives. Reusing the used
cooking oil at FLL would increase the use of renewable fuel. The available
quantity of used cooking oil at FLL is sufficient to fuel one or more diesel
vehicles. There are virtually no special safety or storage requirements for this
material, and the cost savings will accrue over the longer life of the vehicle.
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The benefits of using SVO as a vehicle fuel are that it is cost effective and
there may be environmental benefits such as:
•

Minimal sulfur emissions

•

Carbon neutral fuel

•

Renewable resource

However, a major drawback to using SVO as a fuel for on-road vehicles is
that the engine for the scrubber would need to be EPA certified. This is a
time consuming and expensive process. Modifying fuel use without this
certification is considered tampering and illegal, although EPA is not currently
enforcing these violations because of the relatively small number of SVO
users. EPA also indicated that the Clean Air Act does not address the issue of
tampering for off-road vehicles. They consider this a “gray area” for which
application is “neither legal or illegal”.11
Therefore, if FLL chooses to utilize vegetable oil as a vehicle fuel, this
application should be limited to off-road vehicles such as tractors. CAP
recommends, however, that implementation of the program be delayed
pending regulatory clarification from EPA, which is expected by mid-2007.

11

Conversation between Mr. Steven Howards and Mr. Terry Newell, US EPA, on October 25, 2006
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APPENDIX A
RECYCLED VEGETABLE OIL SUPPORTING INFORMATION

Figure A-1: Two-Tank Fuel Systema
The engine is started on diesel and the waste heat created by the engine is used to
heat the SVO. The fuel supply is switched by a valve. Before shutting down for
extended periods, the fuel supply is switched back and the engine is allowed to run
for approximately one minute so that the vegetable oil is flushed from the fuel
system. The vehicle is then ready to be restarted on diesel fuel. Placing the fuel
selection valve as close to the injector pump as possible reduces the flushing time.

a

http://vegburner.co.uk/heat.htm

Excellent
20%

Poor
20%

1,600 gal

1,600 gal

4,800 gal

Fair
60%

Figure A-2: Quality and Quantity of Used Vegetable Oil at FLL

3
2

4

5

1

Figure A-3: Typical Stationary Filtration and Pumping Kitb
Used vegetable oil is poured into the 55 gallon barrel (2) and the barrel heater (1) is
turned on to warm the oil. Once the oil is warmed to approximately 120°F, the heater is
turned off and the pump (3) is turned on to flow the warmed oil right through the bag
filter housing (4) to transfer clean oil to your vehicle or storage container (5).

b

http://greasecar.com/product_detail.cfm?prodID=19

Table A-1: BCAD Vehicles Considered for Vegetable Oil Conversion
Equipment
Number

Equipment
Description

8433

Bucket truck

7430

Scrubber

7443

Scrubber

8446

Tractors

8447

Tractors

8417
8419

Make

Model

Year

Engine HP &
Displacement
(estimated)

Ford Chassis

F700

1996

TN-55

Tractors
Dump Truck

American
Lincoln/New
Holland
American
Lincoln/New
Holland
Ford New
Holland
Ford New
Holland
Ford Chassis
Ford Chassis

8421

Dump Truck

Ford Chassis

8441
8440

Sweepers
Sweepers

Ford Chassis
Ford Chassis

Comments

400+

Make &
model of
Injection
Pump
Bosch

2003

400+

Bosch

TN-55

2004

400+

Bosch

Approx. 30
Gal. per
week
Approx. 30
Gal. per
week

TS100
TS100
6640
F700

1999

400+

1999

F700

Annual
Fuel
Usage
(gallons)
179

Fuel
Capacity

1560

15

1560

15

Bosch

592

35

400+

Bosch

319

35

1992
1993

400+
400+

Bosch
Bosch

?
305

35
30

1994

400+

Bosch

256

30

1997
1997

400+
400+

Bosch
Bosch

294
568

35
35

Scheduled
to be
removed
from
service in
FY 2007.

30

Table A-2: Diesel Vehicles Emissionsc

c

Sliding Home: A Complete Guide to Driving Your Diesel on Straight Vegetable Oil, p. 298. Ray Holan, 2006.

