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Overview of Analysis Scope 
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Overview of Fluid Catalytic Cracking (FCC) 
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Coke 
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Regenerator Reactor 

Main 
Fractionator Gasoil Feedstocks 

Petrobras Vacuum Gas Oil (VGO) 
Specific Gravity       0.94 
SimDist 10% Boiling Pt.    630 F 
SimDist 90% Boiling Pt.   1,050 F 

PFD Source: CEP, May 2014 

U.S. FCC Capacity 
6 MM Barrels/Day 

92 B Gallons/Yr 
 

Global FCC Capacity 
15 MM Barrels/Day 

220 B Gallons/Yr 

FCC Conversion = 100 – LCO – Bottoms 

Air 

Steam 

Reflux 
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Assessed Renewable Product Allocation Methods 
Carbon-14 Analysis by ASTM D6866-16 
Based on C-14 results from NREL-Petrobras CRADA and additional data points from 
Petrobras literature using test method ASTM D6866-16 (B).  This method allocates mass of 
renewable carbon percent over total carbon (fossil and bio). 
% Bio-Products =  Bio-C by ASTM D6866 -16                                             

Py-Oil Liquid Product Yield = Overall Yield – (VGO-Only Yield * VGO%) 
       Py-Oil Liquid Product Yield 
% Bio-Products =                                                         * 100 
                                   Overall Liquid Product Yield 

Mass Balance Based on Observed FCC Liquid Products Yields 
Based on observed yields from the experimental data assuming that yields from VGO 
remain constant.   In addition to the product-carbon from the pyrolysis oil, this method 
allocates VGO-carbon in products that were not present in VGO processing.   

Carbon Balance Based on CO and CO2 Yields 
Based on subtracting the carbon losses to CO and CO2 from the total renewable carbon in 
pyrolysis oil and allocating the difference across the distribution of carbon in FCC products.  
       Bio-C in Feed –  C in CO/CO2 % Bio-Products =                                                             * 100 
                                        Total C in FCC Products 



5 

Carbon-14 and FCC Mass Balance Examples 

PFD Source: CEP, May 2014 

Feed Carbon 

VGO  
Only 

5-wt%  
Py-Oil 

Fossil 1000 960 

Bio 25 

Total 1000 985 

Carbon-14 per 
ASTM D6866-16 

Note: Carbon balance examples represent rounded yield  
approximations from experiments and models from the NREL-
Petrobras CRADA for illustrative purposes.  Full analysis details 
are presented in in-progress manuscript. 

FCC Yields Relative 
to VGO-Only 

• Carbon-14 does not tell the “whole story” 
and does not properly account for full GHG 
reduction benefit 

• FCCs are equipped to perform mass and 
elemental balances to continuously track 
“renewable products” at minimal cost  

• In absence of policy credits, refiners will 
assess co-processing opportunities and 
economics per mass balance 

Fossil 85.5% 86.7% 

Bio 32.0% 

C-Efficiency 

Gases + Coke 

VGO  
Only 

5-wt%  
Py-Oil 

Fossil 145 128 

Bio 17 

Total 145 145 

Liquid Products 

VGO  
Only 

5-wt%  
Py-Oil 

Fossil 855 832 

Bio 8 

Total 855 840 

Fossil 85.5% 85.5% 

Bio 78.0% 

C-Efficiency 

Gases + Coke 

VGO  
Only 

5-wt%  
Py-Oil 

Fossil 145 139 

Bio 6 

Total 145 145 

Liquid Products 

VGO  
Only 

5-wt%  
Py-Oil 

Fossil 855 821 

Bio 19 

Total 855 840 

C-Balance Based 
on CO + CO2 Yields 

Fossil 85.5% 85.8% 

Bio 64.0% 

C-Efficiency 

Gases + Coke 

VGO  
Only 

5-wt%  
Py-Oil 

Fossil 145 136 

Bio 9 

Total 145 145 

Liquid Products 

VGO  
Only 

5-wt%  
Py-Oil 

Fossil 855 824 

Bio 16 

Total 855 840 
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Uncertainty in Carbon-14 ASTM Method 

“ASTM D6866 
cites an 
uncertainty of 
±3% (absolute) 
on each % 
biogenic 
carbon result.” 
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Method Results and Uncertainties 

Carbon-14  
ASTM Uncertainty    

± 3% absolute  

Yields / Mass Balance 
and  

CO/CO2 Carbon Balance  
methods 
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Product Yield vs. Renewable Product Allocation 

FY2016 SOT per 
Mass Balance 

FY2016 SOT per 
Carbon-14 

Future 
Optimization 

FY2016 SOT per  
FCC CO+CO2 Yields 
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FCC Butanes / Butenes 

FCC Propane / Propylene 

FCC Instrumentation and Sampling 

Selective 
Gasoline 

Hydrotreating 

Diesel  
Hydrotreating /  
Hydrocracking 

FCC Cracked Naphtha 

FCC Light Cycle Oil 

Gas Oil 

Bio-Oil 

FCC Light Ends 

FCC Unconverted Bottoms 

Alkylation 

Liquefied Petroleum 
Gas (LPG) Products  

(Propane, Propylene,  
I-Butane, N-Butane) 

Finished  
Product Pools 

Gasoline  
Products  

(Regular, Plus, Premium) 

Diesel  
Products  

(ULSD, Marine Diesel,  
Home Heating Oil) 

Heavy Fuel  
Oil Products 

Refinery Fuel Gas 
(In-House Fuel) 

LPG Treating 

Fluid 
Catalytic 
Cracking 

(FCC) 

Finishing Light Ends 

Finishing LPG 

• What are the appropriate locations to assess product allocation? 
• How do we account for H2 and other process inputs? 

H2 

H2 
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