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Figure S1. Dependencies of film thickness on number of ALD cycles for NiOy films

deposited on planar Si wafers.
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Figure S2. SEM images of al-a2) GDE-Pd, b1-b2) GDE-Pd/Ni0250, c1-c2) GDE-Pd/NiO250-
TT, d1-d2) GDE-Pd/NiO1000 and el-e2) GDE-Pd/NiO1000-TT.



Figure S3. SEM-EDX mapping of: a) GDE-NiO1000, b) GDE-NiO1000-TT, c) GDE-
Pd/Ni0250, d) GDE-Pd/NiO250-TT, e) GDE-Pd/NiO1000 and f) GDE-Pd/NiO1000-TT.
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Figure S4: Representative survey XPS spectra of the as-synthesized GDE-Pd, GDE-NiO1000-
TT and GDE-Pd/NiO1000-TT electrodes.
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Figure S9: TEM images of Pd/NiO particles on carbon paper (GDE-Pd/NiO1000-TT) before
(a,b) and after (d,e) HER at low and high magnification. Corresponding SAED before (c) and
after (f) HER.

11



intensity

d
o
o

Se

Normal

>
=
(%]
c
)
-+
£
©
]
i
‘®©
=
—
o
Z

o
o =

2 QD
o N A

L Q 9
o N A O 0 =

L1 1 | | - | | L i
L Cu Ka -
oo [Ni Kg (a) &
[ X .
L O 2 3
2 S ) .
[ 1 g -
B O - @ h (o8 i
E g &5 2 h = :
B ¥ HEL ‘ @) 1
3 @ ﬁ | k
J | AJU Before HER -
_I 1 1 L l 1 L 1 I 1 L I 1 1 L I I L I
L1 1 | Ihl_jif(lrzl | R [
; N < :
i 0 a3 P
-E 1 . | 1 . 1 I"-

12



Figure S10: EDS spectra of Pd/NiO particles on carbon paper(GDE-Pd/NiO1000-TT)
before (a) and after (b) HER. EDS mapping of Pd/NiO particles before (c) and after (d).
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Figure S11. (a) Experimental set-up of H-type cell for the bulk-electrolysis (temperature: 25
°C, catholyte: 1 M KOH, anolyte: 1 M KOH + 1 M glycerol, hydroxide anion exchange
membrane: Sustainion® X37-50 grade RT). (b) Potentials of the anode and the cathode
recorded during the galvanostatic operation at an applied current |[ppical Of 20 mA
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Figure S12: The products distribution chromatograms obtained by HPLC of electrolyte sample
taken after glycerol oxidation reaction (GOR) in H-type cell. The example corresponds to a
sample taken after 12 hours electrolysis performed at 20 mA for CP, in 1 M KOH containing
initially 1 M glycerol. Please note that the intensity for the cathode compartment is twofold (see
Y-axis scale bar): the evaluated crossover, that is, 7(cathodey/[Panode) T Hcathode)], 15 22-30%

depending on the nature of the compound.
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Figure S15. Post-mortem SEM of GDE-Pd/NiO1000-TT 12 hours glycerol electrooxidation in

H-type cell: a) anode and b) cathode.

17



Figure S16. Post-mortem SEM-EDX mapping of GDE-Pd/NiO1000-TT 12 hours glycerol

electrooxidation in H-type cell: a) anode and b) cathode.
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Figure S17. Polarization curves with error bars for GDE-Pd/NiO1000-TT | GDE-Pd/NiO1000-

TT Zero-gap biomass-fed electrolyzer using both the potentiostatic method (0.1 V step, method-

1) and galvanostatic method (0.05 V s—1 scan rate, method-2): a) for ethanol-fed electrolyzer,

b) for glycerol-fed electrolyzer, highlighting performance under each method. Catholyte: 1 M
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50 °C). Hydroxide anion exchange membrane: Sustainion® X37-50 grade RT (5 cm?).
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Figure S18. Post-mortem SEM-EDX mapping of GDE-Pd/NiO1000-TT: al) anode, a2)
cathode electrodes from the glycerol-fed electrolyzer, b1) anode a2) cathode electrode from the

ethanol-fed electrolyzer.
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ethanol-fed electrolyzer and c) glycerol-fed electrolyzer: inset is the EEC of Ro+Qcpg.o//Re.
atOcpe-o//Retc. Catholyte: 1 M KOH (45 mL min™!) and GDE-Pd/NiO1000-TT. Anolyte: 1 M
KOH + 1 M ethanol or glycerol (23 mL min~!, 50 °C) and GDE-Pd/NiO1000-TT. Hydroxide

anion exchange membrane: Sustainion® X37-50 grade RT (5 cm?).

21
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Figures S20: Arrhenius plot for the charge transfer (R,;) resistances for the GDE-Pd/NiO1000-
TT electrode.
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Figures S21: Comparison of hydrogen flow rate from electrolyzer cathodic outlet to theoretical

production rates at a current density of 50 mA cm™2 (0.25 A).
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Table S1. Atomic ratio determined from EDX analysis.

Atomic %
Entry

C o Ni Pd
GDE-Ni0250 98.7+0.1 |1.2+0.1 0.1 -
GDE-NiO250-TT 989+0.1 |1.0+0.1 0.1 -
GDE-NiO1000 96.7£0.1 |2.6+0.1 0.7 -
GDE-NiO1000-TT 98.2+0.2 |1.1+0.1 0.7+0.1 -
GDE-Pd/NiO250 98.8+0.1 |0.8+0.1 0.1al 0.3
GDE-Pd/NiO250-TT | 99.0 0.7 0.2 0.1
GDE-Pd/NiO1000 942+0.2 |4.0=£0.2 1.5+0.1 0.3+0.1
GDE-Pd/NiO1000-TT | 99.0+0.1 |0.6+0.1 0.2 0.2

(€ISD < 0.1
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Table S2. Quantitative Data from ICP-OES Analysis.

ICP-OES

Calculations
Metal o -
%RSD Loading (ug cm™):
Ent 0 2 :
ntry Ese()l (Wt%) Metal (ng) carbon GDE(cm?) single face
mg .
Pd| Ni | Pd | Ni | Pd Ni | (me) | bothsinglel 4\l pg i
faces | face
GDE-Pd 313107 0.0 | 0.5 0.0 | 222.2 0.0 31.1 6.8 34 (325 0.0 | 325
GDE_P(}F/,I;IIO%O_ 2961041 0.1 | 0.3 0.5 112.5 18.4 295 | 6.5 32 (173 57| 23.0
GDEPd/;\,}lOlOOO_ 2861 04| 03| 26 | 05 113.8 88.9 284 | 6.2 3.1 [18.2(28.5| 46.7
GDE Pd/NiO1000|37.7 04| 03 | 0.7 | 0.5 159.1 1082 | 374 | 8.2 4.1 [19.3(26.3| 45.6
GDE _NiO1000 [22.1{0.0] 0.0 | 0.0 | 04 0.0 4.2 22.1 49 | 24 | 00| 1.7 1.7
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Table S3. Fitted EIS Data for HER in 1 M KOH at 25 °C and corresponding LSV details. The
applied potential is iR-drop uncorrected.

Entry (mVE if;)hl;iHE) resiifallilce Ch?;sgi:tgznger @-1 (()V)
R(Q cm?) R(Q cm?) mA/cm?
GDE-Pd -174 1.9 151.2 0.40
GDE-Ni0250 -174 1.7 711 0.51
GDE-Ni0250-TT -174 1.8 459.2 0.47
GDE-Ni01000 -174 2.0 1204.5 0.47
GDE-NiO1000-TT -174 33 152.4 0.38
GDE-Pd/NiO250 -174 2.1 90.2 0.32
GDE-Pd/NiO250-TT -174 2.1 39.1 0.29
GDE-Pd/NiO1000 -174 2.2 24.5 0.27
GDE-Pd/NiO1000-TT -174 1.9 25.1 0.26
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Table S4. ECSA values and GOR comparative data for various electrocatalysts.

Electrocatalyst E((jcsnﬁgdo E"‘gﬁ%/) VS E@%’lg TR%EZ)(V jg élm;; Jp (MA cm 2gcga)
GDE-Pd 0.35 0.42 0.86 11.1 15.9
GDE-Pd/Ni0250 2.6 0.38 0.80 12.6 2.4
GDE-Pd/NiO250-TT 3.1 0.35 0.79 19.2 3.1
GDE-Pd/NiO1000 5.2 0.32 0.77 38.8 3.7
GDE-Pd/NiO1000-TT 13.2 0.30 0.72 79.0 3.0
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Table S5. Fitted EIS data for glycerol oxidation in 1 M KOH + 1 M glycerol at 25 °C and
corresponding CV details. The applied potential is iR-uncorrected.

By Cell Charge transfer E opser(V VS
Entry v ?IﬁeHE) resistance resistance

v Ry(Q cm?) R.(Q cm?) RHE)

GDE-Pd 0.67 3.4 134.2 0.42
GDE-Pd/NiO250 0.67 2.6 51.8 0.38
GDE-Pd/NiO250-TT 0.67 3.4 57.5 0.35
GDE-Pd/NiO1000 0.67 2.5 33.0 0.32
GDE-Pd/NiO1000-TT 0.67 2.5 16.6 0.30
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Table S6. Quantitative Data from ICP-OES Analysis after 68 h HER operation.

Initially, the metal content within the GDE-Pd/NiO1000-TT electrode is 18.2 ug(Pd) cm and
28.5 pg(Ni) em=2. Used electrode area: 1 cm?. The completed dissolution would lead to “18.2
pg of Pd in 40 mL solution’ and ‘28.5 pg of Ni in 40 mL solution’, so, 910 pg(Pd) L' and
1425 pug(Ni) L.

ICP-OES
Entry (cumulaive disotved mass mpgy | RSP "

Pd Ni Pd Ni
Electrolyte: 20 h < 10fal 8(0.3) - 5
Electrolyte: 29 h <10l 13 (0.8) - 3
Electrolyte: 42 h <10l 14 (1.4) - 7
Electrolyte: 53 h < 10fal 17 (2.1) - 4
Electrolyte: 68 h <10l 11 (2.5)k 2

[al Not quantified because results are below the lowest point of the calibration and below the
detection limit

[b] RSD: Relative Standard Deviation

[c] This means that the total dissolved nickel is 2.5 pg, out of 2
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Table S7. Fitted EIS data of the electrolysis cell by Ro+Qcpg//Ret.atOcpr//Ret.c: effect of
temperature. Catholyte: 1 M KOH (45 mL min!). Anolyte: 1 M KOH + 1 M glycerol (23 mL
min!). Hydroxide anion exchange membrane: Sustainion® X37-50 grade RT (5 cm?).

Anode Cathode
Temperature | Uypplicd Ro
(OC) [V] [Q sz] Rct—a QCPE-a a Rct—c QCPE-c a
[Q cm?] [mF s@D] [Q cm?] [mF s@D]
25 0.6 1.2 120.1 4.66 0.9 3.16 89.55 0.3
50 0.6 1.2 58.5 4.29 0.9 0.68 59.48 0.6
70 0.6 1.0 30.6 4.64 0.9 0.30 27.1 0.8

Table 8. Fitted EIS data of the electrolysis cell by Ro +Qcpr//Ret.atQOcpe//Retc: effect of
temperature. Catholyte: 1 M KOH (45 mL min™'). Anolyte: 1 M KOH + 1 M ethanol (23 mL
min!). Hydroxide anion exchange membrane: Sustainion® X37-50 grade RT (5 cm?).

Anode Cathode
Temperature | Upyppiica Ro
(°C) [V] [Q cm?] Reta Qcpe-a a Ree Qcpe- N
[Q cm?] [mF s@D] [Q cm?] [mF s@D]
25 0.6 1.0 77.8 6.69 0.91 0.15 1.81 1
50 0.6 0.9 40.11 7.32 0.90 0.09 2.82 1

30




Table S9. Comparison of the performance of relevant metallic catalysts for the hydrogen
evolution reaction in alkaline media from literature.

The metal loading is normalized to the geometric area. WE: working electrode. C: carbon black
Vulcan. HSAG: high surface area graphite. L: metal loading on the electrode (total), per square
centimeter of the electrode. 7°: temperature. RT: room temperature. GC: glassy carbon. GDE:
gas diffusion electrode. CWM: carbonized wood membrane. Empty box (—) means that the
original article does not provide the data.

FElectrode material Conditions Performance
Ref. o )
Nanocatalyst WE L | Electrolyte ;F N @-10 mA em Tafel sloge
(metal loading) | (area) | (mgcm™) °O) (mV) (mV dec™)
GDE-Pd 0.03 400 162
, GDE-
Herein PA/NIO1000 GDE 0.02 IMKOH | 25 270 168
GDE-
Pd/NiO1000-TT 0.02 260 161
2024 ! MoO,/Pd FTO 1.4 0.1 M KOH - 107 502
20222 | Pd@MoSyMo, | 255 | LOMKOH | 25 100 80
TlCzTX
20213 Pd NPs CWM 3.89 1.0 M KOH - 302 64.5
20204 | Pd-P/Pt-NiNPs | GC 28.5 1.OMKOH | 25 21 55.4
202053 Cu-Pd H(S}A - 0.l MKOH | RT 145 75
Mesoporous
Jors ¢ Pd@Ru NRs GCE 0.05 1.OMKOH | RT 30 30
Solid Pd@Ru
GCE 0.05 1.0OMKOH | RT 76 48
NRs
20167 NisN/Pt Ni 2 1L.OMKOH | - 50 36.5
mesh
Nig33C00.67 S> bare
8
2015 NWs Ti 0.3 1.0OMKOH | RT 88 118
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Table S10. Comparison of the performance of relevant metallic catalysts for the glycerol
electrooxidation reaction in alkaline media from literature.
The metal loading is normalized to the geometric area. WE: working electrode. C: carbon
black Vulcan. L: metal loading on the electrode (total), per square centimeter of the electrode.
Gly.: glycerol. T°: temperature. RT: room temperature. Eqy: Onset potential. j,,: peak current
density and expressed in either amps per milligram of metal (A mg™!) or milliamps per square
centimeter of the electrode (mA cm~2). GC: glassy carbon. GDE: gas diffusion electrode.

Empty box () means that the original article does not provide the data.

Electrode material

Conditions

Performance (50 mV s! at scan

rate)
Ref. Nanocatalyst WE ( Lcm‘ Electrolyte | T° (li?“i]e; Jr
(metal loading) (area) H gz) + Glyec. (°O) RHE) (A mg!) | (mA cm™2)
GDE-Pd 32 0.42 0.3 11.2
GDE-
‘ PA/NIO1000 GDE 19 1 M KOH 0.32 1.9 36.8
Herein (0.5 cm?) +0.1 M 25
GDE- ' Glyc.
Pd/NiO1000- 18 0.3 4.3 79.0
TT
ACS Appl. M
Energy PdNi/C 299 NaOH + 0.6 0.211 2.2
Mater. 2024, GDE oan | 2
7 fég%z— Pd/C 500 Glyc. 0.6 0.17 13
1 M KOH
PdysFeq,/rGO + 1 Glye. 0.50 1.9 39.0
(19.0 wt%) 38.7
' 0.52 1.1 35.2
ACS Appl. | PdosFeoo/Vule 38.7 0.52 0.8 24.4
Energy an (19.0 wt%) GC
4(9),9944- | (19.8 wt%) cm?) +0.1M
9960.10 Pd/Vulcan GlyC.
(19.5 Wi%) 39.7 0.52 0.6 23.7
Pd/C
(20 wt%, 47.9 0.58 0.4 18.9
commercial)
M [16 mA
-2
J. Catal. 377 Ir-Pd GC NaOH cm~2]/6.
(2019) 358- ) 6.25 — 0.6 25 ugp 16
366,11 nanocubes (0.8 cm?) +1M em2]=2
) Glyc. ’
5
ChemElectro (121011\{4
Chem, 2018, | ACF-Pd (1 wt.%): ~1 cm? 96 T RT <0.5 0.44 40
5,743-747.12 X
Glyc.

32




Chem. 1M
gg’f;"?; Pd nanosheets | o Oc7i(c:m2) 137 F(?(I)IIE/I RT 0.50 0.55 70
1642-1645.13 ' Glyc.
J. Power . 1M
Sources 351 Nl@II\’Itél\S/IWC GC 320 NaOH B 0.49 0.27 79
QOINITA | ey | (007 ) +0.5M ' '
182.14 ° Glyc.
[8 ugp:
0.1M
Chem. Eng. J. ) GC cm 2] *[
Pd-NiOx-P/C KOH +
308 (201?5) (20 wt.%) (0.1296 8 0.5M 25 0.5 0.36 03_(15 mA
419-427. cm?) Glye ug 'pd =
) 2.88
ChemElectro 1M
Chem, 2016, Pt;Pdy¢Bi,/C GC NaOH
R - wt.% 0/ cm + 0. B
3, 1694 @owt%) | ©007em?) | 1% oam | RT 04 40
1704.1¢ Glyc.
Energy
Environ. Sci., Pd/C GC B ! +N([) Ifg[H B 0.65 B 15
2016, 9, nanosponge | (0.07 cm?) Gl. . '
3097-3102.17 v
J. Am. Chem.
Soc., 2014, Pd sel- GC 200 1+N([) If(;/{H 3 06 0.1 B
136, 3937- supported (0.25 cm?) ' ' ’
394518 Glye.
RSC Adv., 0.1 M
2014, 4, Pd/C (40 GC KOH
64476- wt.%) (0.07 cm?) 320 +0.1 a 0.65 0.025 -
64483.1° Glyc.
0.1M
Agglc;agaz., pd/C (30 Gc 116 NaOH ) o | 0.50 0.16 -
2403_24’“i = wt.%) (0.07 cm?) +0.1M ’ '
‘ Glyec.
Electrochem. 1M
ggTsm gZ Pd (0 0C7i(;m2) 200 +N (? (1)?/1 RT 0.63 04 -
185-1,88.2,1 . Gl.yc.
Appl. Catal.
1 M KOH
B: Env., Pd/C (40 GC
+ —
2010, 93, wt.%) (0.07 cm?) 142 (EJ)I'ICM 20 0.6 25
354-362.22 e
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Table S11. Comparison of the performance of relevant metallic catalysts for the ethanol

electrooxidation reaction in alkaline media from literature.

Electrode material Conditions Performance
Ref. : 1 : 2
Nanocatalyst Electrolyte Jp (MA mg') | j, (mA cm™)
GDE-Pd 378 12.31
Herein GDE-Pd/NiO1000 IMKOH +1M 2745 52.88
EtOH
GDE-Pd/NiO1000-TT 3440 62.78
J. Colloid
Interface Sci., PdP{Ni PNSs M I;?g; M 6180 18.84
2023, 650, 350.5
Appl Catal B
' +
Environ, 2021, Pd/NCB@NGS-2 M I;?SIH I'M 2690 -
280, 119464.1.24
Nanoscale, 2019, IMKOH+1M
11, 2974-2980.25 PdRh NBs EtOH 630 4.8
Appl. Catal. B:
Env., 2019, 249, Ultrathin Pd,Ag, NWs IMKOH+1M 2843 -
116.26 EtOH
Adv. Mater. 2017, IMKOH+1M
29, 170133127 Au@Pd Core—Shell Nanorods EtOH 2920 -
J. Power Sources Pd3Pb IMKOH+0.5M ~510
2016, 301, 160.28 nanoflowers EtOH )
Nanoscale 2015, ) IMKOH+1M
7. 1244529 Pd7/Rul nanodendrites FtOH ~1150 -
Nanoscale, 2014, IMKOH+ 1M
6, 276830 PdCu nanocapsules EtOH 1140 -
Adv. Mater. 2012, . IMKOH+05M
24232631 10.8-nm-thick PdPt NWs EtOH 940 -
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Table S12. Performance of relevant data from literature towards glycerol electrolysis in
alkaline media. Empty box (—) means that the original article does not provide such data.

Cathode

Separator Anode
- | Cathol (temperature Performance Ref.
t t t t
cctrocatalys ahoyte ) Electrocatalyst | Anolyte
1 M KOH
+1M j]()I 0.69V
GDE- M Sustainion® GDE- EtOH
Pd/NiO1000- KOH X37-50 Pd/NiO1000- Herein
TT grade RT TT 1 M KOH
+1M jl()l 0.67V
Gly.
1M Fuma 1 M KOH JChgg;3Eng'
C@Ni-Pd | KOH+1 | 2P C@Ni-Pd | +1M j10: 055V Ea
M EtOH FAB-PK-130 EtOH 474,
145639.32
1 M KOH .
+05M o058V ACs Catal
1.0M EtOH 2022, 12,
PtCu NF/C KOH Nafion 211 PtCu NF/C | M KOH sy 18, 11402
+0.5M JlO-N~A 11411.3
Glyc.
Chem. Eng.
1M Nafion-115 . 1 M KOH .
Pt wire KOH + 1 proton Nlo_75§g(;.25 Se; +1M Jg)é;t';ev J42£)O2 2,
M EtOH | membrane EtOH 135817 34
IM Appl.
NC/Ni-Mo- KOH + Not NC/Ni-Mo- I +N(I) Ifg/IH J1o: 1.38 Catal. B,
N/NF 0.1 M separated N/NF Gi . Format 2021, 298,
Glyc. ye 120493.3
1 M KOH .
SA In.Pi +0.5M J;g;gfic}; Adv. Funct.
W /CHEI g | LOM |l o SA In-Pt EtOH Mater.
> . KOH ation NWs/C 1 M KOH 08y 2020, 30,
HEP +05M i 0.7 20043103
Glyc.
IM Nat
1 M KOH .
. KOH + Not . Jio: 1.36 Commun
Ni-Mo-N/CFC |5 1y separated Ni-Mo-N/CFC +(§)1'ICM formate 10, 5335
Glyc. e (2019).37
IM
KOH +
15:5 . 1 M KOH . ACS Catal.
Pt/C volume - F'mlfedgg’g +033 M . 'eot'ig ':Si q 2018, 8, 1,
ratio of EtOH 526-530.38
EtOH to
water
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