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Figure S1. GCxGC-MS(FID) images showing volatile products of lignin oil from (a)
Poplar and (b) Spruce.
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Figure S2. GCxGC~-MS(FID) traces highlighting volatile products obtained from
the HDO of Spruce (a, c). Distribution of products according their C-atoms (b, d).

high pressure / 5 MPa - low temperature / 573 K for aliphatics-directed HDO; (c, d):

low pressure / 1 MPa - high temperature / 623 K for aromatics-directed HDO. The
semi-quantification of the products was performed based on ECN method.’
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Figure S3. GCxGC~-MS(FID) traces highlighting volatile products obtained from
Poplar lignin oil in the recycling experiments under aliphatics-directed or aromatics-
directed HDO condition.
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Figure S4. Product distribution in terms of C-number obtained from Poplar lignin
oil in the recycling experiments under aliphatics-directed or aromatics-directed
HDO condition. The semi-quantification of the products was performed based on
ECN concept.!
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Figure S5. Temperature-ramped Thermogravimetric Analysis (TGA) traces products
obtained from the HDO of Poplar.



ECCL W Holocellulose
Biomass (Early-stage CatalyticJ Gastier

Conversion of Lignin)

Lignin-Qil

. | Hydrogen .
Hydrodeoxygenation |‘ Filter >

Ash
Saturated | /SR\ Aromatic
Hydrocarbons|™ o | Hydrocabons

k.

Fuels Chemicals

Figure Sé6. Block Flow Diagram for the proposed approach in this work



Table S1. Results of HDO of guaiacol in a two-run recycling experiment performed
on the precursor Ni/SiO.. Reaction conditions: 50 mg Ni/SiO., 5 mmol guaiacol, 9.5
ml n-octane, 568 K, 5 MPa H, 1h.

o O@@iﬂ@f@iﬁ

295°C, 5 MPa H,
1 h reaction time

Selectivity (%)

Catalyst Run CO”E’;;SIOH

° 1 2 3 4 5 6 7
Ni/SiO. 1 98 73 11 10 6 0 0 0
precursor
Ni/SiO. 2 27 48 3 14 28 3 1 2
precursor



Table S2. Reported Hz-productivity in the gasification of cellulose, glucose, xylan,
cedar wood, pine wood, and sawdust.

Entry Feed Catalyst H: Productivity (H.  Ref.
mol/ feedstock kg)
1 Cellulose Ni-Zn-Al 18.7 2
2 Cellulose 11.5-14.0 (12.8) * 3
3 Cellulose Ni/MCM-41 9.8-10.6 (10.2) 4
4 Cellulose Ni-based 5-11 (8.0) 5
5 Cellulose Ni/Zeolites 11.3-15.3(13.3) 6
6 Cellulose Rh/CeQ,/SiO 9.4-37.6 (23.5) 7
7 Glucose Clostridium ~4.5-12.8 8
thermocellum
8 Glucose Ni-based/Al;O; 5.6-15.6 7
9 Xylan Ni-Zn-Al 17.5 2
10 Xylan 9.0-18.0 (13.5) 3
11 Cedar wood  Ni/CeO./Al:0; ~28.0-35.0 10
12 Pine Ni-based 70 (CO) t "
13 Sawdust Ni/MCM-41 ~6.2-18.2 12

*the mean average value in parentheses is taken; Tadditional carbon monoxide is

applied.



Table S3. Chemical compositions, theoretical carbon and weight yields, and
corresponding ‘process thermal efficiency’ (PTE) values for selected biomass
feedstocks.’™'> The HHV values are relative to the products of the aliphatics-
directed HDO.

Feedstock Cellulose  Hemicellulos Lignin  C- yield* Weight PTE
/% e/% /% /% yield /% (HHV)/ %t
Cellulose to 9 Qo1 13

Ethanol (dry)

NEW STRATEGY

Sugarcane bagasse 42 25 20 21 13 30
Energy cane 43 24 22 23 15 33
Sweet sorghum 45 27 21 22 14 32

Hardwood
Yellow-poplar 45 19 20 21 13 30
White poplar 52 23 16 17 11 24
White ash 41 15 26 28 17 39
Sand hickory 50 17 23 24 15 35
Boxelder 45 20 30 32 20 45
Scarlet oak 46 18 28 30 19 42
Northern red oak 46 22 24 25 16 36
River birch 41 23 21 22 14 32
Pacific madrone 44 23 21 22 14 32
Shagbark hickory 48 18 21 22 14 32

Softwood
Pacific silver fir 44 10 29 31 19 44
White fir 49 6 28 30 19 42
Alligator juniper 40 5 34 36 23 51
Western larch 48 9 27 29 18 41
Sitka spruce 45 7 27 29 18 41



Table S3. Cont.

Feedstock Cellulose  Hemicellulos Lignin  C- yield* Weight PTE
/% e/% /% /% yield /% (HHV)/%t
Sand pine 44 11 27 29 18 41
Slash pine 46 11 27 29 18 41
Redwood 46 7 33 35 22 50

Second growth

Northern white 44 14 30 32 20 45
cedar
Western Hemlock 42 9 29 31 19 44

* For calculation of carbon yield, an average value of 50 wt% carbon in lignocellulose
is taken," and carbon loss during the HDO is also taken into account (according to
equation 2). The presented value is for fuel production; for the chemical pathway,
the value is lower by ~1%; T defined as ‘process thermal efficiency’ (PTE). 20 MJ kg
!, an approximate average value is taken as the high heat value (HHV) for all varieties
of biomass in this calculation, referring to '®. The HHV values for biomass-to-ethanol
and fuels obtained in our process are 30 and 45 MJ kg™ (referring to Fischer-Tropsch
diesel), respectively.™
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