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The long-distance transport sector will be difficult to electrify and will likely require lower-carbon intensive,
drop-in fuels if the sector is to effectively decarbonize. Policies such as the low carbon fuels standard (LCFS) have
proven to be particularly effective in encouraging oil companies to produce lower carbon intensity (CI) fuels that
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Denarbgonization lower carbon intensive feedstock at various insertion points within a refinery (e.g. the hydrotreater or the

FCC fluid catalytic cracker (FCC)). However, to obtain “credits” from the appropriate regulator the carbon intensity of
the final fuel and the renewable content must be determined. To date several processes, such as material balance
and C14/C13-tracking, have been used to determine the renewable content of the final fuels, with each of these
methods having their own strengths and weaknesses. As described here, challenges such as the lack of consistent
terminology, through to variations in the “background noise” encountered in typical refinery operation, have
complicated carbon intensity and renewable content determinations. However, when a co-processing approach is
used in a routinely operating refinery, a multiple regression-based mass balance approach (based on observed
yield) combined with C14 analysis is able to determine the renewable content of the final fuels.

1. Introduction

If the world is to successfully mitigate climate change we need to
make significant changes to the way we consume energy. Although
renewable energy (e.g. hydro, solar and wind) is increasingly contrib-
uting to the heat and power sectors, with falling costs over the last
decade resulting in increased market share, the transportation sector has
proven more difficult to decarbonize [1]. Although several groups have
projected that “green” electricity will help decarbonize urban automo-
bile transport [2-4], in 2018, renewable energy contributed about 3.7%

of the world’s transport fuel demand, with biofuels representing 93% of
this value [2,5]. Despite bioethanol and biodiesel’s contribution to
decarbonizing automobiles and light duty trucks, much of the long-
distance transport sector (e.g. marine, aviation, rail and long-distance
trucking) will require some sort of “drop-in” fuel, due to the limited
potential of electricity and hydrogen options in the short-term and
benefit of using already-established “oil refining” supply chains.
Although policies such as California and British Columbia’s Low Carbon
Fuels Standard (LCFS) have encouraged the production and use of drop-
in biofuels such as renewable diesel [6,7], production is relatively

Abbreviations: FCC, fluid catalytic cracker; LCFS, low carbon fuel standard; CI, carbon intensity; RFS2, Renewable fuel standard; RED II, renewable energy
directive; CFS, clean fuel standard; LCA, life cycle assessment; HEFA, hydiotreated esters and fatty acids; ppm, parts per million; ASTM, American Society for Testing
and Materials; AMS, accelerator mass spectrometry; LSC, liquid scintillation counting; MAT, micro activity test; ACE, advanced cracking evaluation; DMC, dynamic
matrix control; LPG, liquid petroleum gas; LCC, light catalytic cracking; RVP, Reid Vapour Pressure; HCC, heavy catalytic cracking; HCN, heavy cat naphtha; LCO,
light cycle oil; HCO, heavy cycle oil; MPC, model predictive controls; MV, manipulated variable; CV, controlled variable.
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limited compared to the amount of fossil transportation fuel that is
consumed [2]. The refining sector has responded to these policy drivers
by repurposing/reconfiguring older and smaller refineries into so-called,
stand-alone, biorefineries. Several stand-alone refineries are already
operating at a commercial level (e.g., Eni, World Energy, Marathon,
Total, ete.) [8-11], with the use of oleochemical/lipid feedstocks
significantly reducing the carbon intensity (CI) of the resulting fuels.

As well as establishing stand-alone facilities ongoing policy drivers
such as the US’s Renewable Fuel Standard (RFS2), Europe’s Renewable
Energy Directive (REDII) and Canada’s Clean Fuels Standard (CFS) have
encouraged the oil sector to continue to assess other ways to decarbonize
[12,13]. For example, several national or regional mandates require fuel
suppliers to either blend specific types of fuels (bioethanol and bio-
diesel) or require fuel suppliers to reduce their fuels’ carbon intensity on
an annual basis [14,15]. Although, to date, most mandates have
involved volumetric requirements (e.g. 10% ethanol, 2% biodiesel in
Canada) polices such as the LCFS require evidence that the actual carbon
intensity of the final fuels, as compared to fossil derived fuels, has been
reduced. Determining the carbon intensity of a fuel is normally achieved
via life cycle assessment (LCA) where a fuel’s full life cycle emissions are
calculated compared with the carbon intensities of fossil fuels such as
gasoline/petrol, jet and diesel [16].

Biogenic feedstocks can be oleochemical feedstocks such as used
cooking oil, canola, tallow, tall oil, etc., which are available and used
commercially by the refining sector. Building standalone units, either
co-located with oil refineries or by revamping existing oil refineries, are
the dominant configurations which are currently used to process these
biogenic feedstocks [17-19]. However, co-processing biogenic feed-
stocks at existing oil refineries provides another opportunity to utilize
the existing infrastructure and to produce low carbon intensity drop-in
fuels [20,21].

The vast majority of drop-in biofuels are currently produced using
oleochemical/lipid feedstocks due to their availability, their relative
homogenous structure, lower oxygen content and ease of conversion to
Hydrotreated Esters and Fatty Acids (HEFA) and renewable diesel. In the
longer term it is hoped that these oleochemical feedstocks will be sup-
plemented with more abundant, cheaper and sustainably sourced
biomass-derived-biocrudes [22]. However, even oleochemical feed-
stocks are quite different from what refiners typically process, with their
oxygen content (—10 wt%) considerably higher than other oil associated
impurities such as sulfur and nitrogen which are normally at the ppm
level [23]. Despite differences in the composition of the low carbon
intensive feedstock, it is likely that, if a co-processing strategy is adop-
ted, they will be inserted at either the hydrotreater or their fluid cata-
lytic cracker of a refinery [22,24]. Both insertion points have been
successfully demonstrated [22,25,26]. Co-processing at the hydrotreater
has been more commercialized and is similar to the process used to make
renewable diesel in standalone units. However, hydrotreating biogenic
feedstocks requires more hydrogen compared with hydrotreating hy-
drocarbon feedstocks, therefore, some refiners may be limited in
hydrogen supply. Furthermore, catalysts are also need to be reformu-
lated so they can handle the large exothermic reaction that will occur as
a result of deoxygenating biogenic feedstocks, implying that a shorter
turnaround might be needed to replace the catalysts more frequently.
Thus, co-processing at the FCC may, in some ways, be less technically
risky compared with co-processing at hydrotreater. As FCC’s use a
circulating fluidized bed reactor, the catalysts can be regenerated in-situ
and do not need to be replaced offline. This robustness means that un-
conventional feeds, such as biocrudes, might be better co-processed at
this location.

No matter where biogenic feedstocks might be co-processed within a
refinery, determining the carbon intensities of the gasoline and diesel
and tracking the “green molecules” is an on-going challenge, partly due
to the complicated nature of refinery operations and particularly if it
involves insertion at the FCC. As biogenic feedstocks are typically co-
processed at a relatively low percentage compared to the oil stream,
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any changes in processing the hydrocarbon component will contribute
at background “noise” levels. This might mask any changes that might
be detected after biogenic feedstock addition, making it difficult to
quantify the “signal”.

To date, two methods have been certified by the American Society
for Testing and Materials, ASTM D6866 method B and C, where the
renewable content of a co-processed derived fuel is physically measured
by taking samples and performing carbon 14 analysis [27]. Earlier work
has shown that method B, which uses accelerator mass spectrometry
(AMS), is accurate and reliable and it is considered to be the “gold
standard” for the industry [28,29]. Although method C, which uses
liquid scintillation counting (LSC), is an alternative, cheaper option
[30,31], the long sample preparation time and the lower precision
compared with method B might limit its use at low blend ratios [29,32].
Currently, various groups are assessing alternative “tracking methods”,
such as the use of carbon 13 by the Los Alamos National Laboratory or
the “no sample preparation LSC method” of Chevron [29,33], to reduce
the cost and complexity of the existing ASTM methads.

Several other non-direct ways of tracking the green molecules have
also been proposed including the carbon mass balance, mass balance
based on observed yield and methods based on energy content of the
various products. These methods do not require specific equipment and
refiners are familiar with most of the methods. However, each method
involves certain assumptions which detracts from their effectiveness as
alternatives to the carbon 14 approach when used alone [32,34].

Currently, no commercial data has been reported regarding the
carbon intensity of any fuels derived after FCC co-processing oleo-
chemical feedstocks. To date, most studies have used lab scale (either
using micro activity test (MAT) reactors, advanced cracking evaluation
(ACE) [35,36], or pilot scale FCC facilities [37-39]. However, in sub-
sequent work other researchers suggested that, using unconventional
feeds a fixed fluidized bed reactor provides less reliable results [40],
especially for coke estimation.

The work described here summarizes a refinery’s experience in
trying to track the green molecules used to determine the carbon in-
tensity of final fuels when oleochemical feedstocks are co-processed
within the FCC unit of the refinery. As will be described, a commercial
FCC unit does not run as smoothly as a well-controlled lab scale/pilot
scale unit, with heat balance playing a key role in maintaining the steady
state of an FCC unit [41]. The benefit of having an advanced dynamic
matrix control (DMC) system is that the unit will adjust to maintain its
preset goal (likely maximizing feed rate) while ensuring it runs within its
operational and safety limits [42].As will be described, a combination of
a mass balance (based on observed yield) combined with C14 analysis
will likely be needed to effectively determine the renewable content of
the final fuels if biogenic feedstocks are inserted at the FCC unit of a
refinery.

2, Materials and methods
2.1. Refinery and co-processing overview

The Parkland Burnaby refinery is located in Vancouver, British
Columbia and has a capacity of 55,000 barrels/day [43]. The refinery
currently supplies 25% of British Columbia’s transportation fuels (25%
of Vancouver airport’s jet fuel and 30% of gasoline for metro Vancouver)
[43]. It can be classified as a conversion refinery as it has a fluid catalytic
cracker (FCC). The FCC was selected as the “model” insertion point
because of its robust nature, which should make a technically less risky
insertion point when compared to insertion at the hydrotreater [25].

2.2. The FCC role in the refinery
The FCC is an intermediate unit that processes the initial, heavy oil

stream and “cracks” it into different products. It is connected to various
hydrotreaters, liquid petroleum gas (LPG) units, alkylation and
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Fig. 1. FCC inputs and outputs. Lift gases from different units are not shown. As the yields vary, industrial average assumed yields are shown for illustrative purposes.

isomerization units and a reformer. In contrast with the diesel hydro-
treater, where finished products are made, the FCC does not produce any
final products but instead produces various intermediates that need to
be further treated before blending into final products.

The Parkland FCC is similar to other FCC units globally, in that it
converts less valuable gas oil feedstocks to more valuable lighter com-
ponents, such as gasoline and LPG (a more recent trend to optimize the
FCC in order to maximise diesel production) [41]. As summarized in
Fig. 1, the various inputs and outputs of the FCC plus the typical yields
obtained indicate the complexity of this unit’s routine operation. As well
as the liquid and solid streams, the gases streams in the feed (which are
not shown) also needed to be considered when doing any mass balance
assessnients.

As will be described, the FCC produces a wide variety of different
products that will be further processed before blending into the final
products. The main output is the Light Catalytic Cracking (LCC) stream
which is further processed in the gasoline hydrotreater before blending
with gasoline. The Liquefied Petroleum gases go through several sepa-
ration stages, such as removing the C1 and C2 components by com-
bustion in the refinery and by using the C3 and C4 double bonds in the
polymerization and isomerization unit to improve the octane rating of
the gasoline. Although the butane stream can be blended with gasoline
in winter, when the Reid Vapour Pressure (RVP) is high, it needs to be
removed in the summer due to environmental regulations restricting
over-vaporization. The fuel gas, together with the fractions derived from
the LPG section are combusted for internal use. The Heavy Catalytic
Cracking stream (HCC) (this is actually more commonly referred to as
Heavy Cat Naphtha (HCN) can be either directed into either the gasoline
or diesel fractions due to the overlap in the distillation range of gasoline
and diesel [41]. The Light Cycle Oil (LCO) fraction can be sent to the
diesel hydrotreater as a diesel blendstock. The Heavy Cycle Oil (HCO)
can be sent for fuel oil purposes or marine fuel. Finally, coke is also
generated which is burnt to provide all heat required for this process.

As background to the co-processing study, Parkland initiated com-
mercial co-processing trials in 2017. The process data described was
retrieved using TIBCO Spotfire® which was connected to the refinery’s
database. During the times identified, the oleochemical co-processing
ratio varied from 0% to greater than 10%.

2.3. Mass balance definition and evaluation

Although the concept of mass balance might appear simple, i.e. the
difference between the mass of the input and output, in fact, deter-
mining the mass balance of the various steams within a commercial FCC
unit proved challenging. There are 10 inputs and 9 outputs for the
Parkland FCC unit. Although each input and output unit usually has its
own flow meter, (e.g. orifice plate, vortex flow meter, or Coriolis flow
meter), some streams did not have a dedicated flow meter. Conse-
quently, the downstream flow meters were used to calculate these
streams. The flow meters also needed to be corrected for “standard
conditions” which are designed for specific fluid to flow condition based
on the fluid properties. For example, when correcting flow meters
measuring liquids, density is required while for gases it also incorporates
molecular compositions. However, as some streanis, such as the recycle
gases from other units, are sampled infrequently and other streams were
never sampled, some assumptions have to be made. In general, although
a 0% mass balance error is unlikely to be routinely achieved at a com-
mercial unit, the goal is to have a mass balance error centered around
0 while considering random error that is irreducible and which fluctu-
ates within an identified range. If the error is not close to 0%, one or
more fractions need to be further evaluated. It should be noted that coke
yield is typically determined by following the industrial standard of
using the amount of dry air sent to the regenerator and analyzing the
regenerator flue gases as the coke is being continuously regenerated
[41].

2.4. Mass balance based on observed yield/step test

A “mass balance approach” or “mass balance based on observed
yield” has been proposed as one method that refiners could apply when
trying to determine the yield and carbon intensity of final fuels after co-
processing biogenic feedstocks. In the refining industry this approach is
often referred to as a “step test” and it is used to develop model pre-
dictive controls (MPC) where multivariable processes and interactions
are significant [42]. An ideal step test moves one manipulated variables
(MV) while simultaneously observing any changes in the controlled
variable (CV). The recommended “signal” to “noise” level is at least 6:1,
which means the move/ signal should be at least a 6:1 signal-to-noise
ratio [42].

As described and reported here, the co-processed biogenic feedstock
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Table 1
Mass balance comparison of the original mass balance, reconciled mass balance
and updated mass balance.

Streams Original mass Reconciled mass Flow meter
balance baseline balance difference corrected mass
(default mass from original, klb/ balance difference
balance), klb/h h from original, klb/h
Mass balance 6.3% 0 2%
error
FCC liquid 0 +11 —2.2
feed
Total feeds 0 +11 —6.6
Light catalytic 0 -3 -13.9
cracked
gasoline
(LCQ)
Total 0 —4 —16.3
products

is the manipulated variable (MV), and the yield changes are the
controlled variables (CV). However, the two major assumptions are, a)
all of the other process variables remain constant and, b) changes
resulting from co-processing (the signal) are big enough to be detected.
Thus, by comparing the baseline and the co-processing data using basic
statistical description and a t-test we were able to assess whether the
average is different or not. The baseline and co-processing yields were
first compared using the week-long co-processing trials. These trials
helped establish a pattern and provided the data needed to form a
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baseline followed by “steady-state” co-processing operation.

The ttest was used to compare the yields of co-processing and
baseline processing [44]. Due to variance and the unequal sample size
between co-processing and baseline, the t-test had to be slightly modi-
fied to provide a comparison of the means (Welch’s t-test).

2.5. Visualizing the process variables and yield changes for initial variable
selections

Visualization is a powerful tool that is used to initially screen yield
parameters, as commercial FCC operations involve many process vari-
ables which can impact yields. Several parameters versus yield were
plotted using Seaborn (a statistical data visualization package in Python)
with real refinery data [45].

2.6. Yield determination via statistical analysis based on single variable
regression and multiple linear regression

Single variable correlation and multiple regression was assessed
using Minitab (a statistical data analysis software) with the main eval-
uation metrics used for model estimations and parameters including the
p value and the Adjusted R-squared value [46]. Minitab also provided an
analysis of variance which included a calculation of the adjusted R-
squared and p value to assess the importance of the variables. The main
FCC products, which included the gasoline, diesel, LPG, gases and coke
fractions, were evaluated separately and variable selection was based on
initial visualization and process knowledge.
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Fig. 2. Representation of Welch’s t-test used to compare the mean of the regular baseline yield vs. co-processing yield. Other than the LPG and absorber off-gas, the

averages of all the other streams indicated no real difference.
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Fig. 3. The Major FCC products yields (LPG, gasoline, diesel) and their relationship with different process variables including co-processing, using single variable
correlation and visualization. (Blue zones are 95 confidence interval of the correlation). (For interpretation of the references to colour in this figure legend, the reader

is referred to the web version of this article.)
2.7. Use of C14 to track the “renewable” content.

As previous work had used C14 to track the renewable content of co-
processed fuels this method was further assessed for its accuracy and
reproducibility in tracking the “green molecules” present in each frac-
tion [47-49]. In this work co-processing was carried out over 3 days,
with the feed rate held constant over the last 24 h to achieve “steady-
state” operation. Numerous samples were taken and sent out for C14
analysis, including the gases streams. In the work reported here,
although the C14 results are not discussed directly, some of the critical
assumption behind their use, i.e. the basic mass balance of the FCC unit,
are highlighted.

3. Results and discussions
3.1. Mass balance evaluation

As mentioned earlier, it is often challenging to obtain an ideal mass
balance when routinely operating a commercial FCC unit within a re-
finery. Of the various methods used to obtain a mass balance, “forcing”
the closure of the mass balance is often used. This is done by assuming
any errors are attributed equally to all flow meters and subsequently
correcting these errors to reconcile the overall mass balance.

The original mass balance was off by 6.3% during previous co-
processing trials where C14 samples were taken (Table 1) and was

considered as baseline for comparison and are shown as “0”. Although
the reconciled mass balance can be used, it can, incorrectly, adjust the
feed and the product to minimize the mass balance error comparing with
the proper method to evaluate and correct each flow meter’s flow. As
discussed later, this mass balance error impacts the multiple regression
and C14 analysis.

3.2. Step test/mass balance values based on observed yield

‘When the baseline during regular petroleum processing and the co-
processing at a 6% oleochemical feedstocks blend are compared
(Fig. 2), similar yields for the different streams were obtained other than
the yields of the absorber sponge off gas and LPG. All of the yields from
FCC co-processing were reported (Fig. 2) with the baseline yield at the
top and co-processing yields at the bottom using histograms (frequency
distributions). As the Minitab calculated a 95% confidence interval be-
tween the regular and co-processing baseline, there was a 95% chance
that the two groups (other than the sponge off gas and LPG), show no
differences (i.e. we cannot reject the null hypothesis that the mean of the
two groups are different). This result implies that at this low 6% co-
processing rate, the “signal” resulting from co-processing is not signifi-
cant enough to be detected due to the “noise” of baseline hydrocarbon
processing. The FCC yields obtained were not static but were dynamic,
based on the season, market demand and operating conditions (Fig. 2).
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Fig. 4. Secondary products derived after FCC processing (Offgas burnt internally, coke burnt to maintain the heat balance, HCO used as marine fuel) vs. variables
including co-processing. (Blue zones are the 95confidence interval for the single variable regression). (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

3.3. Single variable and multiple linear regression on co-processing

As mentioned earlier, the FCC product yield is a function of several
variables such as the influence of the catalyst (catalyst activity, feed,
metal contents, fresh to equilibrium catalyst ratio) or operating vari-
ables such as the catalyst-to-oil ratio, riser temperature, preheat tem-
perature etc. As a 6% co-processing ratio had not resulted in any
statistically significant changes we next aggregated the data generated
during the 2019 and 2020 trials to assess whether product yield was
related to specific factors (Figs. 3 and 4; each data point represents a
daily average value).

As mentioned earlier, the fluid catalytic cracker is typically a “core”
unit in a petroleum refinery [40] with the extent of conversion of the
feedstock defined as the volume or weight percentage converted to
gasoline and other lighter products (1-LCO%-HCO%). The apparent
conversion is calculated using the customized refinery cut point while
the true conversion that is used to compare different units needs to be
calculated based on the fixed cut points of each fraction. Typically, the
yield of each stream needs some adjustment [41]. Refiners can adjust the
level of the cracking by also changing operating conditions such as
lowering the riser temperature or decreasing the reaction severity.

It was apparent that changes in yield could not be explained by just
the influence of co-processing but also by the impact of other variables
such as overall unit conversion, Reid Vapour Pressure (RVP), co-
processing ratio and the riser temperature. The conversion values
have been shown to correlate well with yield (except for coke) while the
RVP reflects how many light components are in the gasoline blendstock
fraction [231.

As summarized in Figs. 3 and 4, with an increasing co-processing

ratio, the lighter fractions (gases, gasoline) increased while the heav-
ier fractions (LCO, HCO) decreased. This was likely due to the reactive
triglycerides which seem to be heavier than the traditional FCC feed
from the distillation curve [24]. However, the traditional petroleum
distillation cannot be used to explain compounds with significant
amount of oxygen [24].

Increasing the riser temperature can increase the reaction severity
which promotes conversion/cracking. From the visualization (Figs. 3
and 4), it seems that all yields, with the exception of HCC trend similarly
to the impact of conversion. The exact impact of different operating
parameters will be quantified during multiple linear regression analysis
later.

Another industrial practice is to convert the apparent conversion/
vield to true yield based on fixed cut points [41]. When we used past
process data that had been collected regularly and while doing the
correlation, the cut points were considered as variables. For example,
the impact of changes in the RVP was considered as one variable instead
of relating it to the fixed cut point based on limited lab samples.

As it was unlikely that a step test/ mass balance based on observed
yield would allow adequate quantification of the changes resulting from
co-processing, multiple linear regression was used to normalize the
variables.

When the unit conversion, RVP and co-processing ratio were used as
parameters to perform the multiple linear regression (Fig. 5), the co-
efficients were shown to have a small p-value, indicating that they were
statistically significant to predict the yields of LCC, LCO, LPG. However,
it should be noted that correlation does not mean causation as good
correlation only shows that the data correlated well. Thus, process
knowledge has to be used and combined with the data to assess whether
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Fig. 5. Multiple linear regression analysis of the yield of major FCC products during 2019 co-processing.

these variables are relevant.

It was hoped that the co-processing coefficient, derived from the co-
processing ratio using multiple linear regression, could be used to
quantify the impacts/changes and that these results could be used to
validate the results obtained by visualization (Figs. 3 and 4). However,
the multiple regression method did not perform well as the four streams
(all streams in Fig. 4 and HCC in Fig. 3) had low adjusted R-squared
values that varied from 0.3 to 0.6.

As summarized in Fig. 1, the average yield of the HCC, HCO, coke
and flue gas was around 5 wt%. with the mass balance error fluctuating
within +/2 wt% and occasionally around 3.5 wt%. Therefore, the mass
balance error could be considered as “noise”, similar to the concept of a
step test where the yield is the signal. As a result, unless the signal is
much larger than the noise, any changes will not be observed. This low
signal to noise ratio is likely the reason why the correlation for these
streams is relatively weaker.

3.4. Use of C14 tracking combined with multiple regression

As mentioned earlier, C14 tracking has the advantage of readily
identifying the renewable content of a sample with this often reported as
a percentage, as suggested by ASTM [27], and is often considered as the
“gold standard” method [29]. However, if the FCC yields are to be
determined, the flow of each stream and good mass balance values are
needed in order to obtain any meaningful results. As coke yields cannot
be readily measured, the industry standard is to use the amount of dry
air sent to the regenerator followed by analysis of the flue gases to
calculate the overall coke yield.

Another challenge with the C14 method is its practicality. Due to the
expensive capital cost of setting up and operating an AMS certified fa-
cility, it is less likely to be used as an in-house method. Another chal-
lenge is that, as yields are not constant, one set of samples might not
represent the standard yield over a longer term.
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One way of determining the renewable content of fuels resulting
from co-processing biogenic feedstock at an FCC is to combine multiple
regression with C14 tracking. The benefit of multiple regression is that it
normalizes several factors and quantifies the impact of co-processing
based on the extended time during which co-processing was conduct-
ed, while the C14 method can be conducted less frequently.

4. Conclusions

Contrary to co-processing at a hydrotreater, FCC co-processing of
oleochemical feedstocks resulted in a broad spectrum of products,
ranging from light gases and coke (consumed internally) to LPG, gaso-
line, diesel and heavy cycle oil (sold as marine fuels). Consequently, as
all of the fractions contained some renewable content, the carbon in-
tensities of all of the fuels were reduced when compared to baseline
petroleum products. A mass balance approach (termed “step-testing” by
some refiners) proved to be problematic when trying to determine the
carbon intensity of the fuels. This was due to a variety of issues such as
the low blending rate (6%) making it difficult to differentiate the
biogenic feedstock signal from the petroleum baseline assuming that
other variables remained constant. Although a single variable approach
proved unsatisfactory, the use of a multiple linear regression/correlation
normalized most of the other factors. When the mass balance approach
was supplemented with C14 assessment much greater accuracy can be
obtained. However, the current, limited capacity to routinely carry out
C14 monitoring is problematic plus the future use of C14 tracking will
also rely on deriving an acceptable mass balance for the FCC unit. Thus,
further work is still needed to quantify the variability of yield and the
impact it will have on the credits awarded based on the low carbon fuel
standard (LCFS).
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