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ABSTRACT: The utilization of advanced biofuels in stationary applications, such as home heating, is considered as an early
entry point for biomass-derived fuels into the distillate fuel market sector. Two renewable fuels produced by a biomass fluidized
catalytic cracking (BFCC) process, followed by hydroprocessing and fractionation, were tested. The evaluation was performed on
a pure (100%) distillate fraction, 50% blend of the distillate fraction with petroleum-based heating oil, and 20% blend of a heavier
gas oil fraction. Combustion experiments were carried out in a transparent quartz chamber and a typical oil-fired residential
boiler. The flame stability, size, and shape produced by the fuels were examined. The flue gas was analyzed for O2, CO, NOx, and
smoke. The elastomer compatibility test was performed with nitrile slabs at 43 °C for 1 month. Fuel stability was examined at 80
°C for 1 week. The results from the combustion studies suggest that the distillate fuel blends could be used as alternative fuels to
No. 2 heating oil, even up to 100% without any operational issues. The distillate fuels were found to be stable. and the nitrile slab
volume swell (∼10%) suggests that the fuel could be compatible to legacy elastomers.

1. INTRODUCTION

Home-heating oil (HHO) is an important source of energy for
space heating during winter seasons, especially in the
northeastern region of the United States. According to the
U.S. Energy Information Administration (EIA), about 7 million
households used HHO in 2012 and the northeastern region
represents 87% of the total U.S. residential fuel oil sales.1 These
data are indicative of the strong reliance of the region on
heating oil, and such a dependency makes the region vulnerable
to heating oil supply and prices. Thus, any HHO shortage crisis
could have an adverse economic effect on consumers.
It is therefore imperative to explore the use of renewable

fuels as substitutes for petroleum-derived HHO. Such a strategy
could potentially help reduce heating oil price volatility and
ensure stable supply for homeowners that depend upon heating
oil as their main space heating fuel.2 Besides, the use of
renewable fuels will reduce greenhouse gas emissions,3,4 reduce
petroleum imports,5 and create jobs in the U.S. Furthermore,
utilization of biofuels in stationary applications, such as boilers
and furnaces, may provide an early point of entry for
renewables into the oil market sector.2

No. 2 distillate is the main fuel oil grade that is used in small
residential- and commercial-sized fuel oil-burning equipment.
The interest in using biofuels in recent years has spurred the
use of distillate blends with biodiesel.6,7 According to ASTM
D396,8 any fuel oil containing up to 5 vol % biodiesel that
meets the requirement of specification ASTM D67519 is
considered as heating oil. Higher fuel blends of biodiesel that
meet the ASTM D67519 quality standard are also used in the
northeast. The progress made with the use of biodiesel may
pave the way for the introduction of other renewable fuels, such
as those derived from biomass pyrolysis.
As studies have shown, pyrolysis oils produced from biomass

have the potential to be used as a heating oil substitute.10−14

However, raw pyrolysis oil, unlike biodiesel, does not have
comparable physical properties and chemical composition as
petroleum diesel, and this presents a great challenge for its
broad use as a heating fuel.11,15 Therefore, successful utilization
of pyrolysis oils in the heating market would require further
catalytic upgrading16−19 of the raw oil by either hydro-
processing,20−23 catalytic cracking, or a combination of both
and final fractionation into a refined oil that meets the technical
specification for acceptable use as HHO and can be blended
with petroleum-based fuels. At the moment, a number of
research institutions, universities, and organizations are
developing and demonstrating technologies capable of
producing such fungible fuels from the raw pyrolysis oils.
These include KiOR (biomass fluid catalytic cracking and
hydrotreating),24 Envergent (fast pyrolysis and hydroprocess-
ing),25 Anellotech (catalytic pyrolysis),26 RTI International
(biomass catalytic pyrolysis),27 and Gas Technology Institute
(hydropyrolysis and IH2 process).28−30

In general, for any renewable fuel to be accepted by the
heating oil market sector, performance must be demonstrated
throughout the supply, distribution, and end use system. Thus,
potential issues, such as miscibility, stability, legacy elastomer
and metals compatibility, and combustion performance,
including ignition, flame stability, control system response,
and air pollutant emissions, need to be addressed for biomass
pyrolysis-based fuels.
The Bioenergy Technologies Office (BETO) of the U.S.

Department of Energy (DOE) held a technical information
exchange workshop in May 2012 to explore opportunities for
upgraded pyrolysis oil as a renewable heating oil substitution
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fuel in New England.2 A number of barriers that need to be
overcome to enable the use of upgraded pyrolysis oil for home
heating were identified. The topical areas of discussion included
the following: feedstocks and production, logistics and
compatibility, operational issues, and market engagement and
acceptance. On the basis of the inputs from the workshop, it
was suggested that upgraded pyrolysis oil could potentially
replace 20 wt % of No. 2 heating oil in the northeast.2 The
target of 20% was selected only because there has been
considerable successful evaluation of biodiesel blends at this
level and it is seen as having significant impact potential. This
blend level was considered to be only for initial testing. If
successful, higher blend levels would certainly be targeted.
This work was subsequently pursued as part of a

collaborative effort in testing, evaluating, and qualifying
upgraded pyrolysis oils for home-heating applications. The
investigation was pursued purposely to evaluate fully upgraded
pyrolysis oils, which can be considered as a “drop-in” fuel,
capable of displacing No. 2 fuel oil in home-heating systems.
For this reason, renewable distillate and fuel oil samples
produced from biomass by KiOR, Inc. (Pasadena, TX) were
tested in an unmodified residential-size burner with simplex
pressure-swirl nozzles. The tests were performed on 100%
KiOR distillate, 50% blend of KiOR distillate, and 20% blend of
KiOR fuel oil (gas oil). The No. 2 fuel oil used for blending was
ultra-low sulfur (<15 ppm) as currently required by New York
State. Results from the evaluation of legacy elastomer
compatibility, stability, combustion performance, and air
pollutant emissions are reported.

2. MATERIALS AND METHODS
2.1. Test Fuels. In this work, biomass-derived fuels that could

attain commercial status and may be a “drop-in” fuel, capable of
displacing No. 2 fuel oil in home-heating systems, were of interest.
Two fuel samples, “distillate” and “gas oil”, were supplied by KiOR,
Inc. (Pasadena, TX) for testing. The ultra-low-sulfur diesel (ULSD)
heating oil used for blending was purchased from a local supplier.
The biomass-derived fuels were produced from solid biomass,

specifically powdered−debarked Southern Yellow Pine, using a three-
step process. The biomass fluidized catalytic cracking (BFCC) process
is the first conversion step in the process platform of KiOR. In this
step, KiOR uses a proprietary catalyst to react with the biomass within
seconds to produce intermediate bio-oils containing a complex mixture
of hydrocarbons and oxygen-containing organic compounds, with an
elemental oxygen content of <30% (by mass). Hydroprocessing is the
next step to remove oxygen from the intermediate bio-oil. The bio-oil
is processed through a hydrotreating unit in the presence of hydrogen
at a high pressure, to remove the organic oxygen and transform the
oxygenated compounds to hydrocarbons. Fractionation is the final
process to produce the upgraded products. A distillation column is
used to separate naphtha and distillate cuts overhead and fuel oil
bottoms. The last fractionation processing step also insures that any
heavy materials, impurities, or solids will be removed and will not
contaminate the distillate product. Many technical aspects of the KiOR
process have been covered in a suite of patents.
2.2. Combustion Studies. Two separate combustion experiments

were conducted for each fuel blend. The first combustion test was
performed using a transparent quartz combustion chamber equipped
with a Carlin EZ-1HP oil burner (Carlin Combustion Technology,
Inc., North Haven, CT). The installed burner is a conventional,
pressure-atomized oil burner with a commonly used swirl nozzle,
primary control, and solenoid oil shutoff valve.
The control system for this burner uses a cadmium sulfide

photoresistor sensor (“cad cell”) as part of the safety system. The
function of this sensor and the associated control is to stop fuel flow in
the event of a no-flame condition to prevent flooding of the chamber.

The flame is proven with a resistance of this sensor under 3500 Ω.
One of the parameters monitored during the tests was the resistance of
this sensor to evaluate the potential for control response concerns.
Beyond the control operation, the resistance of this sensor provides
some additional information on the flame. A flame with less emissivity
would produce less light and a higher sensor resistance. Flames with
poor stability lead to high and fluctuating resistance signals.

The quartz chamber combustion test was performed to provide a
basic visual evaluation of flame stability, size, and shape relative to the
100% ULSD oil. The second test was carried out in a Dunkirk boiler,
model 3EW1.00Z, with an input of 140 MBH (140 000 Btu/h) and
heating capacity of 119 MBH (Dunkirk Boilers, Utica, NY). This
residential boiler is very representative of northeast, oil-fired heating
systems. It is a three-section, cast iron boiler with a tankless coil
installed for domestic hot water. The same Carlin EZ-1HP oil burner
used in the quartz chamber studies was used in the Dunkirk boiler. For
this test, the burner was adjusted to an excess air level, which provides
a “smoke number” of zero but is just above the excess air level at which
air flow is too low and smoke number increases. Burners are typically
adjusted in this way to provide the highest efficiency possible
consistent with clean combustion. Following a careful tuning
procedure to achieve this condition, the burner was operating at
roughly 15% excess air, which is rather low for this type of equipment.
This could be considered an “ideal” tune situation. A Testo 350-XL
flue gas analyzer was used to monitor O2, CO, and NOx. The analyzer
was calibrated prior to its use. Other performance metrics, including
smoke number and cad cell value, were also evaluated. Smoke number
measurements were made following ASTM D2156.31 In each
combustion experiment, a dual-fuel feeding train equipped with a
standard 10 μm, felt fuel oil filter was employed to allow for seamless
switching between the 100% ULSD and the fuel being tested during
boiler operation. Such a system permitted a direct comparison
between the combustion performances of the fuels. For all of the tests,
the combustion system was first started and warmed on 100% ULSD
and, after establishing baseline data, the fuel supply was switched to
the test fuel. Thus, the testing proceeded as follows: ULSD−test fuel−
ULSD. In addition to these tests, the 100% KiOR distillate was
subjected to cyclic condition combustion at a rate of 2 h per cycle over
a period of 4 days to evaluate consistency of ignition and routine
operation.

All combustion studies were conducted under carefully controlled
conditions following a formal safety review by the Directorate
Research Operations group at BNL.

2.3. Elastomer Swell Test. For each fuel blend, the volume swell
of hard nitrile slabs used in the lip seal on the most common pump in
the U.S. was evaluated. The test material was obtained from the pump
manufacturer (Suntec Industries). In general, nitrile materials differ
greatly depending upon composition and use of additives, and
therefore, it is important to use the actual material for the swell tests.
Specimen of approximate dimensions, 12.5 × 25 × 2.0 mm, were made
and used for the tests. The swell tests were conducted following similar
protocols described in ASTM D47132 and UL 157.33 Each specimen
was immersed with the use of a thin Kanthal wire fitted to a stopper in
a total volume of 25 mL of the test liquid. The swell was determined
by measuring the length (l), width (w), and thickness (t) of the
specimen before and after the specified exposure period. The change
in volume was then computed as follows:

Δ = − ×V
LWT lwt

lwt
(%)

( ) ( )
100

where l, w, and t are the length, width, and thickness of the specimen
before the immersion and exposure, respectively, and L, W, and T are
the length, width, and thickness of the specimen after the immersion
and exposure, respectively.

2.4. Storage Stability at 80 °C. The storage stability of the fuel
blends was performed at 80 °C for 1 week. This accelerated storage
stability test has been shown to have good correlation with ASTM
D4625,34 and the amount of total insolubles formed in each method is
comparable. Three 50 mL samples of each fuel were filtered (0.8 μm)
and then stored at 80 °C for 1 week in uncapped 25 × 200 mm heavy
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wall glass test tubes. After aging, the samples were cooled and filtered
through a preweighed, oven-dried 47 mm nylon filter (nominal pore
size of 0.8 μm) under vacuum. Isooctane was used to rinse the filter,
funnel, and test tubes to remove trace fuel. The test tubes were oven-
dried afterward and weighed prior to washing out the adherent
insolubles with trisolvent (equal volume mixture of methanol, acetone,
and toluene). After washing, the test tubes were oven-dried and
weighed again. Oven drying of filter papers and test tubes were
performed at 90 °C for 30 min. The total yield of insolubles in
milligrams per 100 mL was determined gravimetrically.

3. RESULTS AND DISCUSSION

3.1. Properties of Test Fuels. Table 1 shows the
properties of the pure KiOR distillate and gas oil (KGO)

fuels in comparison to the specification of No. 2 heating oil as
defined in ASTM D396.8 From the viewpoint of the measured
properties, it can be seen that the KiOR distillate fuel, in
particular, is extremely suitable for home heating because it
meets most of the ASTM D3968 requirements for No. 2 fuel.
The main limitation of the KiOR distillate fuel is its density.
The maximum density specified for No. 2 is 876 kg/m3. On the
basis of that, the KiOR distillate fuel can be blended up to 50%
and still meet ASTM D3968 specification for heating oil.
Additionally, the lower sulfur content and superior cold flow
property (cloud point lower than −50 °C) of the KiOR
distillate fuel make it very attractive. For instance, in New York
State, No. 2 heating oil is mandated to have a sulfur content of

Table 1. Properties of Test Fuels

standard No. 2 fuelsa test fuels

physical properties ASTM test method
D396
limits No. 2 S500 No. 2 S5000

KiOR
distillate KiOR gas oil

flash point (°C) D39 min 38 38 60 129
water and sediment (vol %) D2709 max 0.05 0.05 0.0001 0.09
distillation (°C) D86

IBP 169
50% 257
90% min 282 282 326
90% max 338 338
FBP 347

kinematic viscosity at 40 °C (mm2/s) D445 min 1.9 1.9 2.9 834
max 4.1 4.1

Ramsbottom carbon residue on 10% distillation residue (mass %) D524 max 0.35 0.35 0.11
sulfur (ppm) D7039 max 500 5000 7.3 5.6
copper strip at 50 °C D130 max No. 3 No. 3 No. 1a
density at 15 °C (kg/m3) D1298 max 876 876 903 958
pour point (°C) D97 max −6 −6 <−60 −6
cloud point (°C) D2500 NDb ND ND <−50
acid number (mg of KOH/g) D664 ND ND ND <0.02
carbon + hydrogen content (mass %) D5291 ND ND ND 99.9
nitrogen content (ppm) D4629 ND ND ND <20
aASTM standard No. 2 grade fuels. bND = not defined in ASTM D396.

Figure 1. Appearance of flames of ULSD, 100% KiOR distillate, 50% KiOR distillate blend, and 20% KGO blend in the quartz transparent
combustion chamber.
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no more than 15 ppm; thus, KiOR distillate fuel can be
considered as ultra-low-sulfur heating oil. Furthermore, the cold
flow property of KiOR distillate reduces the chances of having
cold-weather-related issues, such as filter clogging, when used
during cold winter seasons. Typically, outdoor standalone
heating oil storage tanks are susceptible to cold winter
temperatures, and as a consequence, the oil within the tank
could form wax crystals, which can reduce the mobility of fuel,
clog filters, and eventually prevent the fuel from reaching the
furnace. With these issues in mind, the KiOR distillate fuel may
be advantageous relative to other potential alternative fuels.
The KGO fuel on the other hand does not meet a number of

the ASTM D3968 specification requirements. The most
obvious ones include viscosity and density. As shown in
Table 1, the KGO had a density of 958 kg/m3 and a viscosity of

834 mm2/s; both values are higher than the maximum allowed
specification in ASTM D396.8 Also, it narrowly meets the pour
point specification. The sulfur content (5.6 ppm) appears to be
the main advantageous property of KGO that could enable it
use as fuel oil in applications where No. 4, 5, and 6 grades are
used. Practically, the KGO could be considered for industrial
heating where residual fuel oil (fuel oil No. 6) is primarily used.

3.2. Combustion Test in a Transparent Quartz
Chamber. The steady-state flame characteristic, specifically
flame luminosity and shape, obtained from the combustion of
the test fuel blends and the 100% ULSD in the transparent
quartz chamber are shown in Figure 1. As mentioned earlier,
the combustion operating conditions were established with the
pure ULSD and the same conditions were used for the three
test fuels. Visually, it was found that the luminosity of the 50%

Figure 2. Effect of switching from ULSD to the 50% KiOR distillate fuel blend on NOx, O2, CO, and cad cell resistance.

Figure 3. Effect of switching from ULSD to the 100% KiOR distillate fuel blend on NOx, O2, CO, and cad cell resistance.
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KiOR distillate blend and the 100% KiOR distillate fuels were
both comparable to that of the pure ULSD fuel. In contrast, the
flame luminosity for the 20% KGO blend fuel appeared
different and made the quartz chamber slightly transparent. In
general, all of the test fuel flames were stable with excellent
retention to the burner head. It was difficult to identify
differences in the shape/structure of the flames of the 50%
KiOR distillate blend and the 100% KiOR distillate with that of
the pure ULSD. However, the 20% KGO flame appeared to be
relatively thinner and longer than all of the test fuels. These
changes could be caused by higher viscosity and higher
aromatic content in this fuel blend. In summary, the results of
the test in the quartz chamber indicated that both the 100%
KiOR distillate and 50% KiOR distillate blend fuels have similar
combustion characteristics to the pure ULSD fuel.
3.3. Combustion Test in a Residential Boiler. The

combustion of the fuel blends were successfully completed in
the Dunkirk 3EW residential boiler. Overall, the results
indicated that the test fuels performed satisfactorily. Figures
2−4 show the trends for the cad cell resistance and the
concentrations of NOx, CO, and O2 in the flue gas for each fuel
blend. From Figure 2, it can be seen that switching from ULSD
to the 50% KiOR distillate fuel blend resulted in a gradual
decrease in NOx, O2, and the cad cell resistance with an
increase in the concentration of CO emission. Likewise, the
transition from ULSD fuel to 100% KiOR distillate as shown in
Figure 3 indicated a higher increase in CO emission and a
decrease in both NOx and cad cell resistance. On the other
hand, the change from ULSD to the 20% KGO fuel blend
caused an increase in NOx emission and cad cell resistance
without an obvious effect on CO emission (Figure 4). On CO,
it should be noted that all of the CO levels measured are
extremely low and can be considered near-negligible, with any
differences within the accuracy of the instrument. For
residential home oil burners, a CO level under 25 ppm is
considered clearly acceptable.
The steady-state emission values and the cad cell resistance

are shown in Table 2. The emission levels are comparable to
previous studies on oil-fired boilers.3 For ULSD, the average

NOx and CO concentrations were 89.3 and 3.6 ppm,
respectively. In the case of the 50% KiOR distillate blend, the
average NOx was 84.3 ppm and CO was 4.8 ppm. For the
combustion of 100% KiOR distillate fuel, the steady-state NOx
was 80.2 ppm and CO was 6.1 ppm. The combustion of the
20% KGO produced NOx of 101.3 ppm and CO of 3.9 ppm.
This means that the change from ULSD to the 50% KiOR
distillate resulted in a 5.7% decrease in NOx emission. Also, the
pure KiOR distillate produced 11.4% less NOx when compared
to the ULSD. The lower amount of NOx produced from the
KiOR distillate fuel could be because it contained less amount
of fuel-bound nitrogen. Likewise, the higher amount of NOx
formation from the combustion of 20% KGO may be attributed
to a higher fuel-bound nitrogen content in KGO. Also, it should
be pointed out that thermal NOx from atmospheric nitrogen
could play a role because it is influenced by the combustion
temperature.35 Thus, fuels that lead to higher temperatures in
the burner area could promote NOx formation via a thermal
mechanism. In general, NOx emission is an issue of concern in
the combustion of fuels, but it is not currently regulated for
small residential burners in states where heating oil is used.36

Studies suggest that techniques such as exhaust gas
recirculation and retarded injection timing could be used to
achieve lower NOx emissions if needed.

35,36

The result from the combustion studies of the pure KiOR
distillate under cyclic conditions at a slow rate of 2 h per cycle

Figure 4. Effect of switching from ULSD to the 20% KGO blend fuel on NOx, O2, CO, and cad cell resistance.

Table 2. Steady-State Emission Concentrations and Cad Cell
Resistance Values

summary of combustion results

parameter ULSD
100% KiOR
distillate

50% KiOR
distillate

20% KiOR
gas oil

oxygen (%) 4.57 4.20 4.37 4.51
NOx (ppm) 89.37 80.17 84.26 101.26
CO (ppm) 3.59 6.09 4.77 3.91
smoke number
cad cell resistance
(Ω)

342 279 301 399

E

http://dx.doi.org/10.1021/acs.energyfuels.5b01751


over a period of 4 days is provided in Figure 5. The graph
shows the boiler water temperature over the period of cyclic
testing. The test was conducted to simulate actual operation of
home-heating boilers where heat is demanded intermittently.
The result clearly shows that the burner was able to operate in
an on-and-off mode continuously on the pure KiOR distillate
for the entire cyclic operation without any failure. Overall, the
results from all of the combustion results are very positive and
indicate that basic combustion performance is not likely to be a
concern with these test fuel blends. However, higher blends of
KGO could result in higher NOx emissions.
3.3. Elastomer Compatibility and Stability Tests.

Figure 6 shows the results from the elastomer compatibility

test based on the change in volume of the rectangular
specimens after immersion in the fuels for 1 month at 43 °C.
The volume swells of the nitrile slabs determined by the
dimensional change method were 6.05, 10.56, and 10.03% for
ULSD, 50% KiOR distillate, and pure KiOR distillate,
respectively. The 20% KGO blend was not included in this
study. The results showed that both the KiOR distillate and its
blend caused the nitrile material to swell about 4.0% more than

the ULSD. According to UL 179,33 the criterion for acceptance
is a volume swell less than 25% in a 72 h exposure. Therefore,
the pump seal nitrile material could be considered compatible
with the KiOR distillate and its fuel blends based on the fact
that the testing condition used in this study was more
aggressive (for 1 month).
Fuel stability is another important property to evaluate when

considering the use of new fuels for heating applications.
Technically, the fuel could change during handling, storage, and
usage.37 Studies have shown that diesel fuels and other
alternative fuels, such as biodiesel, could undergo degradation
reactions (e.g., oxidation, acid−base, condensation, and
polymerization) when stored over an extended period of
time.37 For heating applications, the degradation byproducts in
a form of filterable insolubles could cause operability problems
in storage tanks and burner fuel delivery systems.
Figure 7 shows the results from the stability test at 80 °C for

1 week. In this study, the formation of filterable insolubles in

milligrams per 100 mL was used as a metric in evaluating the
stability of the test fuels. Also, it is worthwhile to point out that
the accelerated storage stability test at 80 °C for 1 week has
been shown to have a good correlation with ASTM long-term
test method D4625.34,37 The results showed that the amount of
filterable insolubles formed in the pure HDCD, 50% HDCD,

Figure 5. Boiler water temperatures showing the cyclic operation with the KiOR distillate for approximately 4 days.

Figure 6. Fuel blend effect on the volume swell of nitrile slabs.

Figure 7. Fuel stability of the various fuel blends tested.
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20% KGO, and ULSD were 0.93, 1.93, 6.53, and 2.0 mg/100
mL, respectively.
According to ASTM D227438 and ASTM D530439 methods,

the formation of filterable insoluble sediments up to 2.5 mg/
100 mL in distillate fuels are considered as acceptable
levels.37,40 This means that all of the test fuels were stable,
with the exception of the 20% blend of KGO, which formed a
relatively high amount of insolubles. It is also worth pointing
out that about 13.1 mg/100 mL of insolubles was filtered out of
the 20% KGO blend during the prefiltration step prior to the
stability test. These results suggest that the 20% KGO fuel
blend may have stability issues. Excessive filterable insolubles
carried by the fuel during oil burner operations could
potentially cause blockage of the inlet filter, pump inlet
strainer, nozzle body sintered metal, and eventually nozzle
orifice. Hence, it is important that the fuels used in heating
systems are stable.

4. CONCLUSION
The goal of this work was to evaluate biomass-derived “drop-in”
fuels that have the potential to displace No. 2 fuel oil in home-
heating systems. The study considered three test fuel blends:
(1) 50% blend of the KiOR distillate in ULSD, (2) 100% KiOR
distillate, and (3) 20% blend of the KiOR gas oil in ULSD. The
test fuels were successfully combusted, and their emission
values were comparable to some extent with the ULSD base
fuel. The findings indicate that the basic combustion perform-
ance is not likely to be a concern with these test fuel blends.
Visual analysis of the flames in the quartz chamber clearly
showed that the combustion of the pure KiOR distillate fuel
and its blend is comparable to that of the ULSD fuel. The 20%
blend of gas oil on the other hand was found to produce a
slightly different flame characteristic; it was longer and of lower
luminosity. The emission analysis revealed that the distillate
fuels form less NOx but the 20% gas oil blend produces more
NOx than the ULSD. Also, the distillate fuels in particular were
found to have good elastomer compatibity and stability. On the
basis of the results, it can be concluded that the KiOR distillates
can be used as renewable HHO. With respect to the gas oil,
higher blends could result in stability and elastomer
compatibity issues, higher NOx emissions, and cad cell
resistance, which of course are all not desirable in burner
operations. However, the gas oil could be considered for
industrial heating where residual fuel oil (fuel oil No. 6) is
primarily used.
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