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Table S1. Comparison between the GVL yield (%) achieved in this work in comparison to the results published in literature for the same reaction in batch mode.
	Furfural [M]
	Catalyst
	Hydrogen source
	T
 (°C)
	Time (h)
	Yield to 
GVL (%)
	Reference

	0.2
	Zr-Vc-3
	2-propanol
	180
	12
	76.2 
	[1]

	0.04
	Ru-Zr@ZSM-OH
	Molecular hydrogen
	175
	2
	92.6
	[2]

	0.03
	Zr-808-TF (MOF)
	2-propanol
	160
	8
	83
	[3]

	0.2
	Zr-SBA-15
	2-propanol
	190
	24
	93
	[4]

	0.33
	Zr-Mont
	2-propanol
	180
	5
	62
	[5]

	0.05
	Zr-Silica
	2-propanol
	180
	8
	72.4 
	[6] 

	0.2
	ZrPO-HT-550
	2-propanol
	180
	6
	42.7
	[7] 

	0.17
	CuAl + H-ZSM-5
	Molecular hydrogen 
	160
	4
	90.5
	[8] 

	0.05
	Fe3O4/ZrO2@MCM-41
	2-propanol
	150
	30
	85
	[9] 

	0.2
	FM-Zr-ARS
	2-propanol
	160
	8
	72.4
	[10]

	0.3
	AuRu/Y–ZrO2
	2-propanol
	150
	5
	71
	 [11]

	0.2
	Zr/Silica
	2-propanol
	200
	6
	40.8
	[12] 

	0.2
	Zr-HY + Al-HY
	2-pentanol
	120
	5
	85
	[13]

	0.4
	Zr-HY + Al-HY
	2-pentanol
	120
	10
	78
	

	0.26
	ZrO2-SBA-15
	2-propanol
	170
	7
	37
	[14]



















GC-FID calibration for continuous flow reactions
[bookmark: _Hlk210055764]In order to obtain the moles of the various compounds actually present at the end of the reaction, it is necessary to calibrate the instrument. Calibrations were carried out on the individual compounds, obtaining the standards by diluting the stock solution in 25mL flasks and adding 20μl of octane as an internal standard in each. 
The theoretical concentrations of the stock solution and the various standards have been reported in Tables S2 and S3. The compounds used for the calibrations were: furfural (FUR), furfuryl alcohol (FAL), α-angelic lactone (AnL), propyl levulinate (PL), furfuryl ethyl ether (FEE) and γ-valerolactone (GVL). It was not possible to calibrate isopropyl levulinate (which is the molecule that is actually formed during the reaction) as it is not a commercial molecule. It was therefore decided to use its isomer (propyl levulinate) assuming that the two response factors are equal. Furfuryl isopropyl ether (FPE) is also a compound absent on the market and its response factor has been assumed to be the same as that of FEE since it was the closest molecule of those commercially available. The chromatogram obtained from the calibration of the species described is shown in Figure S1.

Table S2. List of compounds used and their quantities for the preparation of stock solutions using iPrOH as a solvent.
	Compound
	Molecular Weight (g/mol)
	Purity (%)
	Theoretical concentration (mol/l)
	Flask 
volume (ml)
	Theoretical mass (g)

	Furfural
	96.09
	100
	0.5
	5
	0.2402

	Furfuryl Alcohol
	98.10
	98
	0.5
	
	0.2503

	α/β - angelica lactone
	98.10
	98
	0.5
	
	0.2503

	Levulinic 
Acid
	116.12
	98
	0.5
	
	0.2938

	Propyl Levulinate
	158.19
	95
	0.5
	
	0.4163

	GVL
	100.12
	99
	0.5
	
	0.2528

	Furfuryl Etyl Ether
	126.15
	98
	0.5
	
	0.3218









Table S3. Concentrations of the standards prepared for each individual compound from their own stock solutions.
	
	Theoretical concentration (mol/l)
	Flask volume (ml)
	Sampling volume (ml)
	Octane volume (μl)

	Standard 1
	0.05
	25
	2.5
	20

	Standard 2
	0.03
	25
	1.5
	20

	Standard 3
	0.015
	25
	0.75
	20

	Standard 4
	0.0002
	25
	0.01
	20


























Table S4. XPS results for the different O1s spectral region contributions.
	Catalyst
	XPS analysis (at%)

	
	Metal oxide
	Si-O-Al
	Si-O-Si

	
	530.7-531.1 eV
	532.3-532.7 eV
	533.2-533.6 eV

	Zr/Al-HY
	18.6
	13.7
	67.7

	(Nb)Al-HY
	48.8
	13.2
	38.0

	Zr/(Nb)Al-HY
	44.9
	8.3
	46.8


























Table S5. Furfural transformation on Nb- and/or Zr- catalysts either bulk or supported on Al-HY zeolitea.
	Catalyst
	Furfural conversion (%)
	Yield to GVL (%)
	Yield to IPL (%)
	Yield to other (%)
	GVL Selectivity (%)

	Zr/Al-HY
	100
	43.5
	43.2
	13.2
	43.5

	Nb/Al-HY
	100
	51.7
	32.1
	16.3
	51.7

	Zr/(Nb)/Al-HY
	100
	67.0
	20.7
	12.4
	67.0

	Zr2/Al-HY
	89.0
	52.0
	4.1
	32.9
	58.5

	Nb2/Al-HY
	92.9
	44.2
	26.7
	22.0
	47.6


          a Reaction conditions: 5 mL of 2-propanol, 0.125 mmol of FF, 0.1 g of catalyst, 180 °C, 3h, Batch.



















Comparison with the literature 




Table S6. Comparison between the GVL space time yield (µmolGVL * gCAT-1 * h-1) achieved in this work in comparison to the results published in literature for the same reaction in continuous flow mode. 
	Entry
	Catalyst
	Furfural concentration (mM)
	Reaction Temperature (°C)
	GVL 
Space Time Yield 
(mmolGVL * gCAT-1 * h-1)
	Reference

	1
	10Zr/(Nb)Al-HY
	25
	180
	1.103
	This work

	2
	1Pt/Sep +10Zr/Sep
	67
	180
	0.216
	[15]

	3
	Ti/Zr/O (1:1)
	67
	180
	0.372
	[16]

	4
	Zr-Al-Beta
	62
	150
	0.090
	[17]
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[bookmark: _Hlk210053864]Figure S1. Chromatogram depicting the signals of the standard used, of all the calibrated species and of those obtained from the reactions carried out, at their respective retention times.



The response factors of the various compounds were calculated by constructing the relative calibration lines. The ratio of compound area/standard area as a function of moles of the compound/standard moles was then shown in a graph so as to be able to normalize the quantities injected with respect to the internal standard. 










XRD 
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Figure S2. XRD comparison between fresh and used 3 times Zr/(Nb)Al-HY catalyst after working in batch conditions in the following conditions: 5 mL of 2-propanol, 0.125 mmol of FF, 0.1 g of catalyst, 180 °C, 3h.














 
Continuous flow reactions
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Figure S3. Furfural conversion and products selectivities (%) over the time on stream (h) using (Nb)Al-HY catalyst. Reaction conditions: 180°C, [FF] = 25 mM, τ = 10 min.
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Figure S4. Furfural conversion and products selectivities (%) over the time on stream (h) using (Nb)Al-HY. Reaction conditions: 180°C, [FF] = 25 mM, τ = 5 min.








[image: ]

Figure S5. XRD comparison between fresh and used (Nb)Al-HY catalyst using or not water in the reaction media. Note: Used in continuous regime.
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