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Introduction 
This test was done to provide additional data on the impact of biodiesel on the resistance of an oil 

burner cad cell.  Tests were run using a cast iron boiler manufactured by Utica Boilers, model SFH-

3100WT. The burner used for these tests is a conventional retention head burner, Model AFG 

manufactured by the R.W. Beckett Corporation.  The burner control is a Beckett Genesis Primary Control 

Model 7505B-1500. For these tests the control flame sensor (“Cad Cell”) input was disconnected from 

the control input terminals.  The presence of the flame was provided manually into the control terminals 

with a simply electrical closure.  This allowed direct measurement of the cad cell resistance using an 

external digital multimeter.  For this specific control, the recommended burner cad cell resistance is 

under 1600 ohms. 

For determination of excess air level and overall combustion quality, flue gas composition including CO2 

and CO were measured using an infrared (NDIR) fixed gas analyzer (CAI – Model ZRE). The flue gas 

sample was transported from the exhaust to the sample conditioning system using a heated sample line. 

A mechanical refrigeration drier (MAK10-1 / Clean Air Engineering) was used to remove flue gas 

moisture after filtering. Calibration gases are used for daily calibration of the gas analyzer.  Flue gas 

smoke number was measured using a standard industry smoke number test. 

Test fuels included No. 2 fuel oil as available in the NORA lab.  An analysis showed the biodiesel content 

of this fuel to be under 1% by volume.  Two different biodiesel fuels were used to prepare blends. This 

included one biodiesel produced from soy oil and a second from tallow.  Both of these fuels were 

provided by Renewable Energy Group, Inc (REG) and a full certificate of analysis for these fuels is 

provided in Attachments I and II to this report. 

Fuel blends studied include B-0 (the plain No. 2 oil without biodiesel addition), B-20 (a 20% by volume 

blend of biodiesel in No. 2 oil), and B-100 (just the feed biodiesel).   

In a typical test series, the burner fuel suction was arranged to draw in the test fuel and the system 

operated to steady state to ensure the test fuel had fully flushed through the system. Following this 

excess air was varied with the burner inlet air damper.  Flue gas analysis and cad cell resistance was 

measured.  In determining the cad cell resistance and average value was taken. Also noted was the 

typical range of variation of cad cell resistance over the test period and the peak reading observed. Each 

fuel was tested twice over the whole excess air range. 
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Test Results 
Figure 1 shows the smoke number and CO vs measured CO2 for B-0.  Figure 2 shows the results for the 

average cad cell resistance and Figure 3 shows the results for the maximum reading and approximate 

range of cad cell readings for this fuel.    

Figure 4 through Figure 6 show the same results for B20 blends with soy biodiesel.  Figure 7 through 

Figure 9 show the same results for B20 blends with the tallow biodiesel. Figure 10 through Figure 12 

show the same results for B100 with the soy biodiesel and Figure 13 through Figure 15 show the same 

results for B100 with the tallow biodiesel.  

 

Figure 1 B0 Flue gas smoke number and CO 
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Figure 2  B0 Average cad cell resistance 

 

Figure 3 B0 Cad cell max reading and range 
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Figure 4 B20 Soy Flue gas smoke number and CO 

 

Figure 5 B20 Soy Average cad cell resistance 
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Figure 6 B20 Soy Cad cell max reading and range 

 

 

 

Figure 7 B20 Tallow Flue gas smoke number and CO 
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Figure 8 B20 Tallow Average cad cell resistance 

 

Figure 9 B20 Tallow Cad cell max reading and range 
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Figure 10 B100 Soy Flue gas smoke number and CO 

 

Figure 11 B100 Soy Average cad cell resistance 
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Figure 12 B100 Soy Cad cell max reading and range 

 

Figure 13 B100 Tallow Flue gas smoke number and CO 
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Figure 14 B100 Tallow Average cad cell resistance 

 

Figure 15 B100 Tallow Cad cell max reading and range 
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For all fuels, cad cell resistance increases sharply as flue gas CO2 is reduced below 9% (high excess air 

range).  In addition, the cad cell range, which can be considered an indicator of the stability of the flame 

also increased with all fuels. Table 1, below, summarizes the average CO2 at which the average cad cell 

resistance hit the recommended limit of 1600 ohms for this control. 

Table 1. Average Flue Gas CO2 at Which a Cad Cell Resistance of 1600 Ohms Was Observed (Both Runs 

Averaged) 

Fuel Average CO2 at 1600 ohms (%) 

No. 2 oil Target ohms not obtained 

B20 Soy 8.2 

B20 Tallow 7.5 

B100 Soy 8.3 

B100 Tallow 9.0 

 

In all cases the flue gas CO2 is significantly lower (excess air is higher) than the normal operating range.  

Table 2 summarizes the results in a bit different way – it presents the average value of the cad cell 

resistance at 11% CO2, interpolated from all test results and averaged for each of the two runs. This 

shows increased cad cell resistance at higher biodiesel level and, at B100 higher resistance for tallow-

based biodiesel than for soy-based biodiesel.  In all cases the cad cell resistance is under the 1600 ohms 

recommended for this control.  

Table 2. Average Cad Cell Resistance for All Fuels at 11% CO2 

Fuel Average cad cell resistance at 11% CO2 

B0 145 

B20 Soy 167 

B20 Tallow 163 

B100 Soy 391 

B100 Tallow 843 

 

All of the results above have been correlated to the flue gas CO2. This is commonly used as an indicator 

of excess air for No. 2 oil and this relationship is based on the composition of the fuel.  Since biodiesel is 

an oxygenated fuel it is useful to reexamine this relationship for the different chemistry of this fuel. 

Table 3, below, lists the carbon, hydrogen, and oxygen contents, on a mass basis, for B0, B20, and B100 

based on typical compositions of No. 2 oil and biodiesel. 
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Table 3. Composition of B0, B20, and B100. 

 B0 B20 B100 

% C 86.8 84.61 75.83 

% H 13.2 13.08 12.58 

% O 0.0 2.32 11.60 

 

From these compositions, relations between excess air and flue gas CO2 were calculated and results are 

shown in Figure 16, below. 

 

 

Figure 16 Relationship between flue gas CO2 and excess air for different fuels. 

This curve shows very little difference between the fuels and so a comparison based on measured flue 

gas CO2 is considered a fair basis for comparison.  

Conclusions 
Cad cell response to biodiesel from two different sources, soy and tallow, has been tested at the B20 

and B100 levels over a wide excess air range. All of the fuels show a similar response trend. At very high 

excess air levels cad cell resistance becomes high and the level of fluctuation of cad cell resistance 

increases consistent with reducing quality of flame retention on the head.  For all fuels, at 11% CO2, the 

average cad cell resistance is lower than the 1600 ohms recommended for the specific burner primary 

control used in these tests.  
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Attachment I. Properties of Soy-Based Biodiesel Tested 
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Attachment II. Properties of Tallow-Based Biodiesel Tested 
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