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3Integrating biocrude into petroleum refineries
• Bioenergy is expected to play a significant role in achieving Canada’s net zero emissions 

target by 2050. 

• Biofuel production emits less GHG than fossil fuel production on a life cycle basis.

• Stand-alone biorefineries require large capital investment. 

• Co-processing biocrude with petroleum in refineries is attractive and practical.
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4Biomass/biocrude composition

Cellulose

(38-50%)
Hemicellulose

(23-32%)

Other

(5-13%)

Lignin

(15-25%)

Conversion

Chemical composition of biocrude derived from various 

types of biomass (including woody biomass and 

forestry residue)Biocrude 

(quite a complex mixture)
Biomass

+ many others



5Analytical methods or tests

Analytical methods or tests 

that work to characterize 

petroleum oil may not 

work for biocrude  

Biocrude
2001- 2022



6Speciation: 2D gas chromatography (GC×GC)
Structured chromatogram (petroleum-based oil)

GC×GC-FID contour map Boiling Point vs Polarity + HC classes by 

colours + GC×GC SimDis on the plot

 

maximizing

information



7Classification types - mapping
GC×GC-FID - Upgraded (lightly) biocrude sample



8GC×GC: Biocrude
Time-of-Flight Mass Spectrometry (TOFMS) for species identification

• GC×GC-FID can speciate and quantify but only for samples 

with low heteroatom content

• GC×GC-TOFMS identifies hundreds of compounds, 

forming the basis for accurate sample representation.

• Large datasets increase the risk of human error in manual 

analysis.

• Automatic data handling may improve accuracy and 

reduces errors in biocrude analysis.
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Proposed Workflow for Advanced Data Processing

GC×GC-TOFMS

Analysis

Processing

Peak Table/MS spectra

Data Handling

Chemical Names
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Chemical Descriptors

Calculation 

Chemical Composition

OPSIN or

or

T
ra

d
it

io
n

a
l

Functional group analysis



10Peak Table (setup)
ChromaTOF software (4.50)

Resample

File.smp
(500 Mb)

File.png
(100 Mb)

Baseline & Peak Find & Area Library Search Exporting



11Peak Table

Peak Table information  and Mass Spectra saved 

in *.txt file

Exporting Data and Handling Files



12Example: Algae biocrude

𝐊𝐞𝐧𝐝𝐫𝐢𝐜 𝐌𝐚𝐬𝐬 =
Obs Mass × Nominal Mass of UnitExact Mass of Unit

𝐊𝐞𝐧𝐝𝐫𝐢𝐜 𝐌𝐚𝐬𝐬 𝐃𝐞𝐟𝐟𝐞𝐜𝐭 =round (Nominal Mass − Kendrick Mass  × 1000)
Unit: CH2

Identifying homologous series in complex mixtures

CnH2n-2O2

KMD: -59

17.8%

CnH2nO2

KMD: -46

12.2%

CnH2n-6O

KMD: -63

3.7%

CnH2n-4O2

KMD: -73

3.0%

CnH2nO

KMD: -23

1.4%

CnH2n+2O

KMD: -9

0.75%

CnH2n-4O

KMD: -49
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Other

Compounds

CHO



13Example: HTL biocrude fractions

Light

Middle

Molecular Weight Distribution

HTL – hydrothermal liquefaction 



14Extracting Every Bit of Information

How to make 

use of that 

information?

A database of 

chemical 

structures can 

be created

SMILES ☺

Simplified Molecular 

Input Line Entry System

Structures enable us to 

enhance our data by 

computing compound- or 

sample-specific 

characteristics

Functional Group Analysis,

Boiling point, 

Density,

Retention idx,

Heat of formation,

Melting point,

…

Chemical Names

CAS #
(Chemical Abstracts Service 

Registry #)



15Name 2 Structures
SMILES (Simplified Molecular Input Line Entry System)

n-pentane butyric acid p-cresol

CCCCC CCCC(O)=O Cc1ccc(O)cc1

Tetraphenylporphyrin

c1ccc(cc1)C1=C2C=CC(=N2)C(=c2ccc(=C(C3=NC(=C(c4[nH]c1cc4)c1ccccc1)C=C3)c1ccccc1)[nH]2)c1ccccc1

• Converts IUPAC names to structures.

• Free, open-source, and API-friendly.

• Accurate, following IUPAC rules.

• Fast

PubChem Power User Gateway (PUG)

HOW?

Open Parser  for Systematic IUPAC nomenclature

• Use CAS No

• Automates access to PubChem data.

• Integrates via web APIs.

• Slow

• Supports property calculations (LogP, PSA, 

HBD/A, Solubility, Polarity, NMR, MS, etc)

J. Chem. Inf. Model. 2011, 51, 3, 739–753



16Property Calculations
Group Contribution Method (GCM)

• GCM estimates molecular properties by 

summing atomic and functional 

contributions in a molecule.

• Quick, computationally efficient, and ideal 

for large datasets.

• Accuracy depends on parameters quality.

Recipe:

1. Decompose molecule into functional 

groups.

2. Assign predefined parameters to each 

group.

3. Add group contributions.

Pereira de Oliveira et al. Energy Fuels 2013, 27, 3622−3641; Joback et al. Chem. Eng. Commun. 1987, 57, 233–243.

No Group Name Bp Density Occurencies Bp Density

1 CH_aromatic 0.3814 11.22 5 1.907 56.1

2 C_aromatic_substituted -0.1494 -6.15 1 -0.1494 -6.15

3 CH2_naphthenic 0.3852 13.93 5 1.926 69.65

4 CH_naphthenic_substituted -0.2519 -1.16 1 -0.2519 -1.16

5 O_ether_benzoic 0.3936 3.07 1 0.3936 3.07

Correction Term

2 Rings 1.8496 50

Sum 5.6749 171.51

Mol weight 176.25

Contribution Contribution

Bp = 307.63ln(5.6749) = 534.1 K

D = 176.25/171.51 = 1.028 cm3/g

Bpexp = 534.2 K

Dexp = 0.982 cm3/g
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5 SMARTS

SMILES Arbitrary Target Specification

Substructure Searching

1: [cX3H1;R] 

2: [cX3H0;R] 

3: [CX4H2;R] 

4: [CX4H1;R] 

5: [OX2H0;!R;$([OX2H0]-[cX3H0]);$([OX2H0]-[C])]
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Light

Middle

Simulated Distillation

Density (15.6 oC, g/cm3) 

Example: HTL biocrude fractions



18Automatic Functional Group Analysis

1 2 3 4

5

• Functional group analysis: categorizing 

compounds into chemical families.

• Considers all selected functional groups in a 

compound/sample. 

• Uses a fragmentation algorithm with SMARTS 

codes.
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mol 1 0.0 55.1 0.0 0.0 12.3 0.0 0.0 0.0 32.6 0.0

mol 2 0.0 30.7 0.0 0.0 10.2 25.9 0.0 33.1 0.0 0.0

mol 3 16.0 54.3 29.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

mol 4 13.7 45.5 0.0 14.5 0.0 0.0 26.4 0.0 0.0 0.0

mol 5 78.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21.8

• The automated method calculates the mass 

fraction of each functional group present in a 

compound  (mffg,i) and uses these fractions to 

weight the contribution of each group to the 

sample's overall reporting.𝑪𝒇𝒈 = σ𝒊=𝟏𝒏 𝑪𝒊  ×  𝒎𝒇𝒇𝒈,𝒊 
Ci - Concentration of a compound

Cfg - Concentration of functional group in the sample

Pecchi & Goldfarb RSC Sustainability, 2024, 2, 1444–1455

Examples of functional group mass fractions
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20Conclusions

• The proposed method provides a comprehensive and automated approach to GC×GC-TOFMS 

data analysis by translating NIST data search results into molecular structures/properties

• Custom MATLAB scripts enable full automation, including (1) Functional group mass fraction 

analysis, (2) Bulk property calculation, etc.

• Offers deeper insights into biocrude composition for process optimization, improving yield 

and efficiency → and contributing to the idea of Molecular Reconstruction of (bio)oil.

Future Directions (Mindful of GIGO: Garbage In, Garbage Out):

• Refine and expand the workflow for diverse biocrude samples.

• Improve quantitative accuracy using proper calibration.

• Implement chemometric models (e.g., Kurt Varmuza’s approach) to validate compound 

identities and reduce false positives.

Cmpd Names → Structures → Properties
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