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CONTEXT: European Renewable Energy Directive

» The directive update (RED Il & Ill) sets rules for the EU to achieve 14% renewables
target by 2030. Among other measures, it introduces a target for advanced biofuels

TotalEnergies

Biomass conversion

(5.5%)
processes

4%
16

You'll never look at
your French fries in
the same way again!!!
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15t generation bio-carburant
They are produced from:

* Sunflower or rapeseed vegetable oil
» Sugar and starch from sugar beets,
sugar cane, corn, or wheat.

Today, 97% of biofuels produced
worldwide are first-generation. These
raw materials are in direct competition
with the food sector. That is why
TotalEnergies has set a goal to stop
using vegetable oils by 2030.

These are produced from waste
and residues such as animal fats
and used cooking oil.

Previously burned or discarded,
these wastes and residues can now
be converted into biofuel.
TotalEnergies is actively investing in
the development of this generation.
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3rd generation biofuels

The third generation opens new
possibilities by focusing on biomass.
This third generation still poses many
technological and economic challenges.
TotalEnergies R&D is working intensively
on characterization.

Conversion Step

Products

Chemical
Transesterification .
R Biodiesel or
Renewable Diesel
Hydrotreating
Biological
_| Conventional alchohol
fermentation
Ethanol,
Enzymatic hydrolysis Butanol

& fermentation

Anaerobic digestion

Novel Approaches

Pyrolysis

Gassification

and Natural Oils
tL from which desired
L

Catalysis to liquid
fuels

Methane )

Hydrocarbons

Fuel can be produced”

*e.g. gasoline or diesel equivalents,
syngas, and hydrogen

Analytical developments are
strongly required
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CONTEXT: Energy & Polymer map Jon
’ ~«- Polymers

_ //’ ~>Monomers =" Pyrolysis ~ =y
Conventional crude Market demands , N o Re
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composition Catalvst \Q ”/
So2

Aromatics
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Marine Fuels

Fractional Distillation

& Bitumen
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Need for a better molecular

characterization of biobased
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ELEM-SPOT: Pushing the boundaries of GC detection *P

TotalEnergies

GC (and GCxGC) detectors

Universal Selective

FID, TCD, VUV, MS, ... SCD, NCD, PFPD, AED...

v

Development of a single detector able to provide:

o Universal response (C and H)

L | | |
o Selective response (N, S, O) - Fl g g’ ‘ \ M\ 1T
I I I- ) I-I I I

o Compound Independent calibration - W) M

o Structural compound elucidation
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ELEM-SPOT: GC-MS
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By bypassing the combustion oven Separation ... .

- classical GC-MS

Keep the structural eluciation power of mass COMBUSTION

GC OVEN OVEN

spectrometry thus allowing compound

.............................

/////

identification

l { ) 2.MS
w1l \50‘0\‘\50 \\7735‘0 IL.e j}; i 12‘;207 : : Species
* identification
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« Just by switching the valve, it becomes a

* Allows sensitive, selective and robust

ELEM-SPOT: GC-COMB-MS - N, S, C, H quantification q-p

TotalEnergies

444444

1.GC / jt |

Species
\\
Separation .

powerfull element selective and equimolar

| |

16 L 16
# 02 COMBUSTION ‘I‘.'l ﬂ HZ 0
GC OVEN OVEN !

quantification of I\, S, C and H present in N ———————— E—
MFC

m/z 44 (C¢0,) N
m/z 18 (H,%0) i

f\ ﬂ m/z 64 (S1€0,) \/2 COMB
. ‘ Online Combustion
J\L o 3.Ms

" Element selective
detection

,W\\\\\\\\\\\\\\\\\J o

system

each individual chromatographic peak

R
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ELEM-SPOT: Pushing the boundaries of GC detection *P
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Just by switching a valve it can be operated in two modes
GC-MS - structural compound elucidation

GC-COMB-MS - equimolar quantification



peak area (m/z 30, x10°)

ELEM-SPOT: GC-COMB-MS -

N-containing compounds

N
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H
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0.0 0.4 0.8 1.2 1.6 2.0
N concentration (ug g1)
Very good linearity and equimolarity
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N, S, C, H quantification
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Quantitative multiplexed elemental (C, H, N and S)
detection in complex mixtures using gas
chromatography
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ELEM-SPOT: GC-COMB-MS - O quantification

« Oxygen quantification impossible when using

160, as combustion gas !!

« Cannot distinguish the ®0 detected that is

coming from the analytes or from

the combustion gas
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ELEM-SPOT: GC-COMB-MS - O quantification
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COMBUSTION | ‘ 1 . .
oven| .s(#o/%0), '  The %0 detected in the MS is
. / N(180/160) Il .
‘ K only coming from the analytes
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2.COMB ~~~

Online Combustion

detection

Patented by
Under exclusive license with TotalEnergies / Univ. Pau /
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ELEM-SPOT: GC-COMB-MS — O quantification q-p

\ TotalEnergies
T J G,
3

Volatile N 3 s Ay
species . fw O & 20
07'7?; e
&L v
- |2
3 ' o = 2
electron source =y QQT, = .Q
. Y,
g
8 2 E} i L
Signal at m/z 16 is directly related to the original amount of O in - e .—“ 1
the analytes - /
B P
///
However, non-oxygenated compounds also produce an unspecific 0 - - 0
signal at m/z 16 due to the presence of 60, in the 80, gas bottle ’ ’ rime oming Y 21
used for the combustion !
m/z 16 180, 95%

—— = 0.15
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ELEM-SPOT: GC-COMB-MS - O quantification

e

Oxygenated molecules discrimination TotalEnergies
2sq O-containing analytes
OV : ¢
\O | 200 compounds processed:
O 1.00 - !
\@O\% i * 93 non-O containing molecules
O |
»\ g 0751 | * 107 O-contaning molecules (4 to 37 ppm O)
£ | s
€ 050 4 ! L
| .
0.25 - i % *°
N7 . A
0.00 , - . . | | Discrimination of the oxygenated
0.0 03 05 0.8 1.0 1.3 molecules
l ratio 16/12
0.1 5 \A 160/ 12C
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ELEM-SPOT: GC-COMB-MS - O quantification

Linearity and equimolarity
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12 O-containing compounds from different
oxygenated chemicals family in various O

concentration have very similar response factor

This open the door to quantification without using

specific standards - helpfull in complex matrices



ELEM-SPOT: GC-COMB-MS — O quantification q-p

Limit of detection TotalEnergies

m/z 12 O-peak

Interference (20:1)
f/

\ O-peak

m/z 16 Single O-peak Interference
Even W|th
matrix
coelution

(1:1)
/7 /\f((\f N\

B @

LOD: 28 pg O LOD: 55 pg O LOD: 214 pg O
(43 ppb O)

Lowest LOD for O ever published for a GC detector !!
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ELEM-SPOT: GC-COMB-MS - O quantification

e
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Accuracy
GC-Combustion-
RM 2772
FAME compound 3 77 MS
Certified, mg g Found, mg g J

Methyl palmitate (C16:0) 107 £2 110+ 2 ,J Error < 3%
Methyl stearate (C18:0) 43.0+27 439+3.8 Precision 1-4%
Methyl oleate (C18:1, n-9) 7 W\ N

2473+ 6.2 249 £ 10** / ( \
Methyl vaccinate (C18:1, n-7) (
Methyl linoleate (C18:2, n-6) 523+ 17 5217
Methyl linolenate (C18:3, n-3) 69.3 +2.6* 68.6 + 3.3

* reference value, ** sum of C18:1(n-9) and C18:1(n-7)
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m/z 12 (counts x 10°)

3

ELEM-SPOT: GC-COMB-MS - O quantification

Oxygenates spiked in a diesel
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- 11

- 10

m/z 16 (counts x 103)

Ratio 46/48

0.9 -

0.6 4

03 4

0.0

0.0 0.5 1.0 15

Ratio 16/12

Adequate quantification
using a single internal
standard!
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Perfect discrimination!

O-compound
spiked
Cyclohexanone
Benzaldehyde
Dimethyl maleate
Pentyl butyrate
Acetophenone
1-octanol
Hexylbutyrate
Phenetylacetate
Dimethylphtalate
Dibenzofurane
mean

Recovery
%
89
82
102
104
112
109
103
107
107
104

102+ 9



ELEM-SPOT: GC-COMB-MS - O quantification

Wood pyrolysis oil

89 Chromatographic peaks detected
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ratio 46/48
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0.00
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0.0 014 018 1 12 1 16 2:0
ratio 16/12

33 compounds were unambigously

identified as oxygenated molecules and

quantified with generic standards !!



What’s next ??

SAF production

e

TotalEnergies

Oxygenates

ELEHI -SP [T
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Composite recycling CO, conversion

FLEM-SPOT)  ELEM-SPOT
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Sensitive Detection and Quantification of Oxygenated Compounds
in Complex Samples Using GC-Combustion-MS
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GC-COMBUSTION-MS for Oxygen: m/z 16 correction 7@

12(:02 El TotalEnergies
A degradation

~ 5% ~95%
160 180

~95%

Ratio providing the unspecific
signal of 1°0O per signal of *2C

Function of the amount

of 160 present
Isotopic oxygen

El
12 brut _
0, e I ‘ (Int16)BL¢ =
used as A (1nt16)unspec n (Int16)spec

combustion gas >5% <95% oXy oxy
(160 + 160) 180

~5 %
[ |

160 180

| 16\/
(N8t16)oxy = (Intl6)§§§,c= (]nt16)g§131/t E(Intlz)oxy v i
T S I5—C |

21 | De-risking the transition to Sustainable Aviation Fuel, Sheffield
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