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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.




The test team concluded that the chicken fat delivered on January 29, 2002 was
substandard; the results from the analyses and combustion of this biofuel were
omitted from the report. Initially, the particulate content in the chicken fat caused
repeated plugging of the fuel handing system filters. Flue gas testing indicated
high levels of NOy. Subsequent laboratory analyses showed high levels of
insoluble impurities.

Two additional deliveries of chicken fat were ordered and tested. Their
particulate content was negligible, and the fuel handling system filters did not
plug. Insoluble impurity content and emissions of NOy were consistent with the
other biofuels tested. Insoluble impurities were 20% and NOy emissions were
66% of that from the initial chicken fat delivery. This report includes the
findings from the latter chicken fat deliveries.

These results confirm the need for a high degree of filtration for fats and greases
delivered as boiler fuel. Inadequately pre-filtered biofuel causes fuel handing
problems and may increase gaseous emissions.

PSC Analytical Services reported problems maintaining data consistency due to
the lack of homogeneity of the fuel samples they analyzed. The unblended
biofuel samples separated into fractions at room temperature. Heating and stirring
of the samples is necessary before they can be analyzed.

Research by Dr. John Goodrum at UGA (see References, Section 8) showed that
at 40° C chicken fat, yellow grease, choice white grease and tallow were almost
entirely solid. Their liquid-solid transition occurs over 40 — 48° C, and they are
all completely liquid by approximately 50° C.

All of the samples (biofuels, both singly and blended, and No. 2 fuel oil)
examined by Dr. Goodrum exhibited viscosity that transitioned from non-
Newtonian to Newtonian. The viscosity of Newtonian fluids does not vary with
shear rate. The viscosity of these fuels initially decreased with increasing shear
rate (non-Newtonian fluid behavior), followed by viscosity that became
independent of shear rate when the shear rate was increased beyond 12.94s™. In
other words, the viscosity curves leveled off (viscosity became fairly constant at a
given temperature) once the fluid was in motion.

The blends of chicken fat, yellow grease, choice white grease and tallow with No.
2 fuel oil showed rheological properties very similar to those of pure No. 2 fuel
oil.



3. TEST FACILITY DESCRIPTION
3.1. The University of Georgia Steam Plant No. 2 Boiler

All combustion testing was conducted using the No. 2 boiler located at the central
steam plant at The University of Georgia campus in Athens, Georgia.
Combustion Engineering, Inc. manufactured this boiler in 1970. It was designed
to combust natural gas, No. 2 oil and No. 6 oil for the production of 100,000
Ibs./hr. of saturated steam at 250 psig. This boiler currently operates at 100 psig.
using natural gas, with No. 2 fuel oil as an alternative.

The No. 2 boiler is a pressurized, water-tube design, package unit. It includes a
forced-draft fan and a single steam/air atomized fuel nozzle (Todd Combustion,
Inc. TCD Atomizer). The TCD Atomizer nozzle was developed in 1958, and
does not include air or fuel staging to reduce NOy formation. This boiler does not
have combustion air preheating or an economizer. Flue gas emissions control is
not required.

Fig. 4, Burner nozzle for the No. 2 boiler



3.2. Steam Plant Modifications

Neither the boiler burner nozzle nor the fuel train were changed or modified for
the combustion tests. The biofuel handling system was piped into the fuel oil
delivery piping upstream of the fuel train. For further details, please refer to the
Appendix, Dwg. No. SK-001, Central Steam Plant Site Plan, and Dwg. No. SK-
002, Boiler No. 2 Process Flow Diagram.

A 7 hp gear pump supplied biofuel to the boiler fuel train at a maximum of 22
gpm. A pressure control valve and a safety relief valve maintained the pump
discharge pressure to a maximum of 275 psig. Two (2) cast iron basket strainers
in parallel protected the pump. A shell and tube heat exchanger, which
maintained biofuel temperature, was rated for 150 psig and was installed on the
gear pump suction side. 1-1/2” dia. carbon steel sch. 40 piping and 300-1b.
malleable iron screwed fittings were used throughout. Some sections of the
piping were steam traced.

The biofuel delivery system was manually controlled. Instrumentation consisted
of two (2) fuel flow meters, a rotary flow indicator, and necessary pressure and
temperature gauges.

The only modification to the boiler was the temporary addition of a flue gas
recirculation (FGR) duct and damper. No modifications were made to either the
boiler internals or instrumentation.

3.3. Fuel Handling System

The biofuel handling system consisted of both mobile equipment and equipment
temporarily installed for the tests. Biofuels were transported to the University and
stored on site in a 7,000 gallon tanker-trailer. A second tanker trailer was utilized
for biofuel/ fuel oil batch mixing. The test protocols were planned so that the
quantity of biofuel available at the beginning of each testing period was sufficient
for the completion of that test, thus avoiding the complexity of changing fuel
supply during a test.
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Fig. 5, Delivery and mixing tankers at UGA steam plant.

Previous industrial experience had indicated that after a 24 hour exposure to
extreme winter ambient temperatures, a 7,000 gallon tanker load of biofuel could
become too viscous for handling. Therefore, all biofuel was delivered warm (over
100° F) and within 4 hours after loading. All biofuel suppliers were located near
Atlanta, GA, less than 80 miles from the steam plant. Delivery tankers were
piped to the fuel system immediately after they arrived at the UGA steam plant.
The fuel system continuously recirculated the biofuel to the tanker and kept it
warm and mixed.

A heat exchanger was included in the fuel handling system prior to fuel transfer to
the boiler. The heat exchanger maintained the biofuel temperature to
approximately 165° F to reduce its viscosity to that of No. 2 fuel oil. The source
of heat for this unit was 5 psig steam.



Fig. 6, Fuel heating, pumping and mixing system.

3.4. Flue Gas Recirculation System

The FGR system consisted of a 20 inch diameter duct connecting the boiler flue
gas breaching (at 0.0 in. wg. static pressure) and the forced draft fan inlet (at
negative 0.25 in. wg. static pressure). An adjustable butterfly damper was
installed in the duct to control flow. Pitot tube flow measurements indicated that
7 to 10% of the flue gas exiting the boiler was recirculated back into the burner.

3.5. Environmental Protection

Provisions were made to maintain personnel safety and to avoid and control spills
in accordance with the UGA Spill Prevention Control and Countermeasure Plan
(SPCCP) and the UGA Storm Water Pollution Prevention Plan (SWPPP). The
biofuel transfer pump, two fuel strainers, and the heat exchanger were located in a
diked containment area to isolate them from the sanitary sewer system.
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4. COMBUSTION DEMONSTRATION
4.1. Introduction

Industrial boiler operating experience and data were obtained while firing natural
gas, No. 2 fuel oil, biofuels, and biofuels blended with No. 2 fuel oil. Baseline
combustion testing was conducted by firing natural gas and fuel oil. Testing was
conducted both with and without flue gas recirculation and with a range of boiler
loads to evaluate emissions and combustion efficiencies under a wide range of
operating conditions. The tests demonstrated that the biofuels burn efficiently,
cleanly, readily, without odor and without damage to boiler equipment.

4.2. Test Schedule

The University of Georgia in Athens, GA is subject to mild winter conditions and
considers the winter heating season to extend from late November to mid-
February. Steam demand on the central steam plant is in the 100,000 to 200,000
Ib/hr range during the winter heating season. This demand reduces to less than
50,000 Ib/hr during the summer. Throughout the year, daily load peaks in the
early morning.

The project team scheduled the tests during the winter heating season to allow for
testing of the No. 2 boiler at maximum load. The tests began January 28, 2002
and continued daily for three weeks until February 15, 2002. Maximum load tests
were conducted in the morning, part load tests in the afternoon. A follow-up test
on chicken fat was conducted on March 15, 2002.

In general, the sequence of the testing was chicken fat and blend, yellow grease,
choice white grease and blend, tallow, yellow grease blend and tallow blend. All
blends consisted of 33% fat or grease and 67% No. 2 fuel oil. Natural gas and
No. 2 fuel oil testing was conducted periodically throughout the test period.

4.3. Boiler Efficiency

Boiler efficiency is calculated as boiler steam energy output (btu/hr), less
feedwater energy input, as a percentage of boiler fuel energy input (btu/hr).
Steam plant instrumentation measured the flow (Ib/hr) and pressure (psig) of the
saturated steam produced by the boiler. Feedwater energy input was based on the
temperature at the deaerator.

Fuel energy input is the product of the flowrate and the energy content of the fuel.
The flowrate was determined from the flow at the boiler burner nozzle flowmeter
divided by the time interval between meter readings. PSC Analytical Services
analyzed samples of each fuel to determine specific energy content.
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