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A Demonstration of Fat and Grease as Industrial Boiler
Fuel

EXECUTIVE SUMMARY

The University of Georgia (UGA) Engineering Outreach Service (EOS) used fats and
grease (chicken fat, yellow grease, choice white grease, and beef tallow) as industrial
boiler fuels in the 100,000 Ib./hr. No. 2 boiler at the UGA steam plant during January
and February 2002. The project was funded by the Fats and Proteins Research
Foundation, Inc. and the Poultry Protein & Fat Council of the U.S. Poultry & Egg
Association. The objectives of the project were to publicly demonstrate the use of
biofuel for industrial steam production and to examine the procedures necessary for

1ts use.
Combustion Test Program Summary
Fuel No. of Tests

Natural Gas 9
Choice White Grease 10
Choice White Grease - Fuel Oil Blend 12
Tallow 13
Tallow Fuel - Oil Blend 15
Yellow Grease - Fuel Oil Blend 19
Yellow Grease 21
No. 2 Fuel Oil 22
Chicken Fat - Fuel QOil Blend 23
Chicken Fat 29
Total 173

Tests were conducted Jan. 28 thru Mar. 15, 2002.

Biofuels, either singly or blended with No. 2 fuel oil, are technically and
economically viable alternatives to No. 2 fuel oil. Biofuels are user friendly and less
hazardous than petroleum fuels. The addition of biofuel combustion capability is
simple and inexpensive. It is not necessary to replace or compromise the operation of
existing fossil fuel systems.

Industrial boiler operators can use these results to economically justify the use of
biofuels and to support air emissions permit submittals. Even lower emissions levels
may be obtained from boilers employing advanced combustion systems.

Summary of Results:

1. Laboratory analyses showed that the fats and greases tested have high heating
value, low ash, negligible sulfur, low moisture, and other physical and chemical
properties conducive to their use as boiler fuel. Heating values for the biofuel
blends tested are within 95% of the heating value of No. 2 fuel oil.



The 100,000 1b./hr. No. 2 boiler at the UGA steam plant was retrofitted to burn
biofuels for approximately $31,000, including the cost to add flue gas
recirculation (FGR). This amount does not include any expense for the
construction of fuel storage facilities, which were not required for the
demonstration program. The biofuel heat exchanger was obtained without cost to
the project. It was not necessary to replace or modify the boiler fuel train or
nozzle for these tests.

The tests demonstrated that the biofuels burn cleanly, readily, without odor and
without damage to boiler equipment.

During this test program, biofuels produced steam within 3.8% to 5.3% of the
efficiency of No. 2 fuel oil. Biofuels blended with No. 2 fuel oil were more
efficient than unblended biofuels, and can actually produce steam with more
efficiency than No. 2 fuel oil. Throughout the tests part load efficiency was
greater than maximum load efficiency, and steam production with FGR was more
efficient than without FGR.

Biofuels are clean burning. They generally produce fewer combustion emissions
than No. 2 fuel oil.

Flue gas recirculation is an effective way to reduce NOy emissions for both fossil
and biofuels.

Impact of the Research Results relative to the requirements for Boiler No. 2 in
the UGA Part 70 Operating (air emissions) Permit (“the Permit”):

1.

The Permit prohibits the burning of any fuel whose sulfur content exceeds 1.3%
(para. 3.2.1). The maximum sulfur content of any biofuel tested was 0.007%, and
0.13% for any biofuel blended with No. 2 fuel.

The Permit limits particulate matter emissions to 0.417 Ib/mmBtu (para. 3.4.1).
The maximum total particulate (non-condensible and condensible) emission rate
of any biofuel was 0.083 1b/mmBtu.

The Permit limits visible emissions to 40% opacity (para. 3.4.9). Smokestack
opacity ranged between 0% and 11% during the biofuel tests.

Impact of the Research Results relative to the GA Rules for Air Quality Control
(the “Rules”):

1.

The Rules (Sections (2)(d)2 & 3) limit particulate emissions from all fuel-burning
equipment, of any size, to 0.10 Ib/mmBtu and opacity to 20%. The maximum
total particulate (non-condensible and condensible) emission rate of any biofuel
was 0.083 Ib/mmBtu. Smokestack opacity ranged between 0% and 11% during
the biofuel tests.

il



2. The Rules (Section (2)(d)4) limit NOy emissions to 0.3 Ib/mmBtu from fuel oil
burning equipment, of any size, in an attainment area. The maximum NOx
emission rate of any biofuel tested was 0.23 Ib/mmBtu.
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1. INTRODUCTION
1.1. History and background, Engineering Outreach Service (EOS)

In 1994, responding to state initiatives to increase the rate of technology transfer
out of the University System of Georgia laboratories and into the workplace, The
University of Georgia began to offer Engineering Outreach and Public Service to
increase the competitiveness of the state’s industries. UGA has concentrated on
providing to industries on-site services in the areas of research and development,
technical and practical assistance, regulatory assistance, energy and water
conservation, development of alternative energy, by-product recovery, pollution
prevention, bioprocessing, value-added processing, and waste minimization/
treatment. These services are being delivered mainly to industries and to
municipal and county governments. EOS offered to conduct combustion testing
of rendered fats, oils, and grease when it learned of the pioneering work
conducted by Roger Smith, Vice President Engineering Services, at American
Proteins, Inc.

1.2. Project Objectives for A Demonstration of Chicken Fat as an Industrial Boiler
Fuel:

e Fuel Characterization: Samples of the fats and greases will be laboratory
tested to analyze appropriate physical, chemical and combustion
characteristics.

= Capital Cost Minimization: The test program will evaluate how to minimize
the modifications and resulting capital expense required to convert an
industrial boiler to alternative biofuel firing.

e Combustion Tests: Operating and emissions data will be obtained from an
industrial boiler fueled with fats and greases, both singly and blended with
No. 2 fuel oil.

= Publish results: Technology transfer publication.
1.3. Facts — Fats and Greases

Readily available from meat, poultry and other food-processing operations,
chicken fat, yellow grease, choice white grease, and beef tallow were purchased
locally. They are competitively priced relative to No. 2 fuel oil, and can represent
significant cost savings. The annual production of these biofuels in Georgia alone
exceeds 100 million gallons (potentially, over 120 million therms of energy).



Fig. 1. Fuel Energy Content*
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Fig. 2. Fuel Costs®
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2. ANALYSIS OF FATS AND GREASE
2.1. Introduction

Laboratory analyses of the fats and grease (biofuel oils) established their
commercial specifications relative to standard market product designations. The
physical properties of the biofuel oils were used to design the test facility at the
UGA central steam plant.

2.2. Sampling Procedures

During the combustion test program, the test team randomly collected three 500-
ml samples of each fuel, one each at the beginning, middle and end of each test
series. A total of (33) fuel samples were obtained: six (6) samples each of
chicken fat and yellow grease; and three (3) samples each of choice white grease,
tallow, No. 2 fuel oil and the blends of chicken fat, yellow grease, choice white
grease and tallow. (All blends consisted of 33% fat or grease and 67% No. 2 fuel
oil.) The team also collected four (4) samples of various solid combustion by-
product residues from inside the boiler.

The project procedures maintained sample chain of custody from initial sampling
through analysis.

After initial cooling, the test samples were secured in refrigerated storage (4 deg.
C.) while at UGA. The test samples were divided into smaller samples for
analyses by the UGA laboratories and by commercial laboratories. The samples
analyzed by commercial laboratories were overnight shipped in “cold packs”.




2.3. Fat and Grease Properties

Table 1, Fat and Grease Propertiesl
Test Chicken Fat Yellow — Choice White .,
Grease Grease
Fatty Acid Profile, % Relative:
C08:0 <0.10% <0.10% <0.10% <0.10%
C10:0 <0.10% <0.10% <0.10% <0.10%
C11:0 <0.10% <0.10% <0.10% <0.10%
C12:0 <0.10% <0.10% <0.10% <0.10%
C14:0 0.57% 0.70% 1.57% 2.73%
C14:1 0.26% 0.14% 0.36% 0.50%
C15:0 <0.10% 0.11% 0.26% 0.43%
C15:1 <0.10% <0.10% <0.10% 0.16%
C16:0 22.76% 14.26% 22.04% 22.99%
C16.1 8.37% 1.43% 5.03% 2.86%
C16.2 <0.10% <0.10% <0.10% <0.10%
C16.3 <0.10% <0.10% <0.10% <0.10%
C16.4 <0.10% <0.10% <0.10% <0.10%
C17:0 0.11% 0.33% 0.63% 1.35%
C17:1 0.12% 0.23% 0.43% 0.75%
C18.0 5.36% 8.23% 9.95% 19.44%
C18.1 42.07% 43.34% 42.45% 41.60%
c18.2 17.14% 26.25% 13.17% 3.91%
C18.3 1.07% 2.51% 0.97% 0.49%
C18.4 0.22% 0.47% 0.29% 0.36%
C20.0 <0.10% 0.33% 0.14% 0.14%
C20.1 0.45% 0.48% 0.56% 0.33%
C20.2 0.20% <0.10% 0.19% <0.10%
C20.3 0.19% <0.10% 0.12% <0.10%
C20.4 0.45% <0.10% 0.34% <0.10%
C20.5 <0.10% <0.10% 0.11% <0.10%
C21:5 <0.10% <0.10% <0.10% <0.10%
C22:0 <0.10% 3.50% <0.10% <0.10%
C22:1 <0.10% <0.10% <0.10% <0.10%
C22:2 <0.10% <0.10% <0.10% <0.10%
C22:3 <0.10% <0.10% <0.10% <0.10%
C22:4 0.10% <0.10% <0.10% <0.10%
C22:5 <0.10% <0.10% 0.14% <0.10%
C22:6 <0.10% <0.10% 0.22% <0.10%
C24:0 <0.10% 0.12% <0.10% <0.10%
C24:1 <0.10% <0.10% <0.10% <0.10%
comoopants 0.56% 0.72% 1.03% 1.96%
MIU Analysis:
Moisture & 0.12% 0.38% 0.24% 0.17%
Volatiles
Insoluble 0.08% 0.06% 0.29% 0.12%
Impurities
Unsaponifiable
0.51% 0.42% 0.73% 0.30%
Matter
1) Woodson-Tenent Laboratories, Memphis, TN




To establish the commercial specifications of the fats and greases relative to
standard market product designations, Woodson-Tenent Laboratories Division
of Eurofins Scientific, Inc., Memphis, TN performed a fatty acid analysis of one
sample each of chicken fat, yellow grease, choice white grease and tallow,
Table 1. The fatty acid profiles were determined using gas chromatography
(AOCS method CE2-66/CE1-620, 0.01% accuracy).

In addition, Woodson-Tenent performed MIU (moisture, impurities,
unsaponifiables) analyses of eight (8) biofuel samples, two (2) samples each of
chicken fat, yellow grease, choice white grease and tallow, Table 1.

2.4. Viscosity and Specific Gravity

In the summer of 2001, the UGA Biological and Agricultural Engineering (BAE)
Department analyzed representative samples of chicken fat and yellow grease,
obtained from a local company, to establish a range of viscosity and specific
gravity for the design of the test facility.

In the spring of 2002, BAE analyzed fuel samples collected during the test
program. The UGA laboratory used a Brookfield LVT viscometer to determine
dynamic viscosity (1% accuracy and 0.2% full-scale reproducibility). Specific
gravity was measured directly. The dynamic viscosity of each fat and grease, of
four (4) biofuel blends and of No. 2 fuel oil was measured over a range of five (5)
temperatures and five (5) shear rates. The specific gravity of each fat and grease
and of No. 2 fuel oil was measured over a range of five (5) temperatures. One
sample of each fuel was tested. All biofuel blends consist of 33% biofuel and
67% No. 2 fuel oil. No. 6 fuel oil viscosity and specific gravity are given below
for reference.

Table 2, Biofuel & Fuel Oil Physical Properties
Fuel Vi?gg;tr;'ip Specific Gravity

No. 2 Fuel Oil ' 23%° 0.83*
Choice White Grease Blend ' 4745 not analyzed
Yellow Grease Blend 4945 not analyzed
Tallow Blend 52%% not analyzed
Chicken Fat Blend 12.6*° not analyzed
Chicken Fat ' 23345 0.89*
Yellow Grease 23.3%° 0.89*
Tallow 24245 0.89*
Choice White Grease ' 25.0%5 0.88*
No. 6 Fuel Oil 490 ° 0.97°
1) Goodrum et al., 2002; 2) Babcock & Wilcox, 1976; 3) data at 38 deg. C.; 4) data at
54.4 deg. C.; 5) data at 12.94 s shear rate




2.5. Ultimate Analysis and Heating Value

PSC Analytical Services, Reading, PA analyzed a total of (33) biofuel,
biofuel/fuel oil blends and fuel oil samples to establish their comparative
combustion chemistry and heating values. (All biofuel blends consist of 33%
biofuel and 67% No. 2 fuel oil.) PSC used standard ASTM test methods for all
analyses. PSC is certified/ accredited by the USEPA, NIOSH, the US Corp of

Engineers, and (12) states.

Table 3, Fuel Energy Content and Ultimate Analysis !

Energy
Fuel Content, Ash  Carbon Hydrogen Nitrogen Oxygen  Sulfur  Moisture
Btu/Lb.
Chicken Fat 16,873 0.14% 75.3% 11.4% 0.04% 13.1% 0.006% (trace)
Chicken Fat - Fuel Oil Blend 18,223 0.02% 82.7% 12.2% 0.06% 3.83% 0.12% (trace)
Yellow Grease 16,899 0.02% 76.4% 11.6% 0.03% 121%  0.005% (trace)
Yellow Grease - F.O. Blend 18,543 0.01% 80.2% 11.6% 0.07% 8.01% 0.13% (trace)
Choice White Grease 16,893 0.08% 76.5% 11.5% 0.05% 11.6% 0.007% (trace)
Ch. Wht. Grease - F.O. Blend 18,493 0.01% 82.2% 12.1% 0.09% 5.48% 0.13% (trace)
Tallow 16,920 0.03% 76.6% 11.9% 0.02% 11.4% 0.003% (trace)
Tallow Fuel - Oil Blend 18,523 0.06% 80.7% 11.9% 0.01% 7.22% 0.13% (trace)
No. 2 Fuel Oil 19,237 0.02% 84.0% 11.9% 0.01% 3.78% 0.35% (trace)

1) PSC Analytical Services, Reading, PA

2.6. General Characterization

The Material Safety Data Sheets (MSDS) included in the Appendix indicate that
the fats and greases tested are neither hazardous nor explosive. From the test
team’s experience, these fats and greases have a distinct and unpleasant odor.
However, their volatility is low and the odors do not diffuse readily.

Reports from industry indicate that chicken fat is very miscible in fuel oil and

does not readily separate in solution. The test team subjectively confirmed

miscibility during the demonstration project; however, definitive data was not

collected.

2.7. Discussion

Preliminary laboratory analyses indicated that fats and greases could be used with
the No. 2 boiler burner nozzle and that the fuel handing system designed for the

test program could easily handle these biofuels. Actual combustion testing

demonstrated these findings. Later testing confirmed that biofuels, both singly
and blended, have high heating value, low ash, and low sulfur content. Heating
values for the biofuel blends tested are within 95% of the heating value of No. 2

fuel oil.
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