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Table S1. Composition of the chicory samples.
	
	
	Moisture %
	Ash g/100g
	Protein g/100g
	Fat
g/100g
	Sugars
g/100g
	Fibres
g/100g
	Total carbohydrates
g/100g
	Dry matter %

	#1
	Belgian endive
	87.4
	0.99
	0.5
	<0.2
	5.7
	4.5
	6.6
	12.6

	#2
	Industrial chicory root
	76.5
	0.97
	1.4
	0.2
	3.7
	4.9
	16.1
	23.5

	#3
	Industrial chicory root after inulin extraction
	72.1
	1.58
	2.4
	0.8
	<0.2
	21.3
	1.9
	27.9




Table S2. Composition of standard cream formula. 
	Phase
	Compound
	INCI name
	Amount (%)

	A
	TEGO CARE 450
	Polyglyceryl-3-methylglucose distearate
	3

	
	CITHROL GMS 40
	Glycerol stearate
	3

	
	TEGO ARGANOL 1618
	Cetearyl alcohol
	3

	
	BERGABEST MCT-OIL 60/40
	Caprylic/capric triglyceride
	6

	
	TEGOSOFT OER
	Oeyl erucate
	4

	B
	WATER
	Aqua
	78

	
	GLYCERIN
	Glycerin
	3



Table S3. Scenarios considered. 
	
	Scenarios
	Raw material
	Operation period (months per year)
	Extract concentration
	Solid residue treatment

	1
	Baseline 
	Dried pulp 
	11
	Yes
	Yes

	2
	No extract concentration
	Dried pulp
	11
	No
	Yes

	3
	Fresh pulp
	Fresh pulp
	5
	Yes
	Yes

	4
	Strong integration to inulin plant
	Fresh pulp
	5
	Yes
	No



Table S4. Applied process parameters for mass and energy calculation based on experimental work and literature.
	
	Unit
	Bioactive extract
	Reference 

	Enzymatic treatment
	
	
	

	Extraction temperature
	oC
	50
	Experimental data

	Duration
	h
	20
	Assumption based on experimental data

	Enzyme inactivation 
	oC
	100
	Experimental data

	Yield, dry extract/dry biomass (kg/kg)
	wt-%
	61
	Experimental data

	Enzyme solution input per dry biomass material (kg/kg)
	wt-%
	0.5 
	Experimental data

	pH 
	-
	5.0
	Experimental data: acetate buffer

	Dry biomass input per water input (kg/kg)
	%
	5.0
	Experimental data

	Mixing electricity consumption
	kWh/m3
	0.6
	Pereira & Leib 2008

	Centrifugation
	
	
	

	Cake dry matter content
	wt-%
	50 
	40-50 % (JRC 2018, EC 2006)

	Solids in filtrate
	wt-%
	0
	Assumption

	Electricity consumption 
	kWhe/tsolids in
	15
	Assumption based on Genck et al. 2008 (10 000 rpm)

	Evaporation (MVR)
	
	
	

	Product dry matter content
	%
	50 
	Assumption

	Operation temperature
	oC
	40
	Assumption

	Evaporated extract
	%
	0
	Assumption

	Electricity consumption per t of evaporated water
	kWh/tevaporated water
	15
	JRC 2018

	Rotary dryer
	
	
	

	Product dry matter content
	%
	90 
	JRC 2018 (sugar beet pulp 86-92%)

	Extract evaporated
	%
	0 
	Assumption

	Thermal efficiency
	%
	55
	Genskow et al. 2008 (Thermal efficiency with steam heated air)

	Electricity consumption per kg of feed dry
	kWh/kgin,dry
	0.012
	Genskow et al. 2008 (Heat sensitive solid)

	Other equipment
	
	
	

	Screw conveyor electricity consumption
	kWh/tsolids
	0.033
	Jansen & Heuning 2021

	Thermal efficiency for heating buffer solution/ heating of the mixture to the inactivation temperature
	
	90
	

	Pump efficiency
Pump’s driver efficiency 
	%
	75
95
	Hannula 2015


Table S5. Applied economic and financial parameters and process operation strategy (location the Netherlands).
	Parameter
	Unit
	Baseline value 
	Range
	Reference/additional information 

	Dried chicory pulp price (DM 90%)
	€/t dry
	370
	300-440
	Cosucra

	Wet chicory pulp price (DM 22%)
	€/t dry
	100
	
	Cosucra

	Enzyme solution
	€/t dry
	100 000
	40 000 - 150 000
	Estimate

	NaOH 100%
	€/t dry
	500
	
	Estimate

	Acetic acid (glacial 99%) 
	€/t dry
	500
	
	Estimate

	Process water
	€/m3n
	1.0
	
	Estimate based on EEA (2013)

	Electricity
	€/MWh
	70 
	50-100
	Eurostat 2019 (2017: Medium size industry FR 73, BE 81, NL 61)

	Heat (low pressure steam) 
	€/MWh
	40
	25-55
	Estimate

	Waste water
	€/m3n
	1.5
	
	Estimate based on EEA (2013)

	Product price estimation
	
	
	
	

	Dried solid residue
	€/tdry
	145
	117 - 172
	Estimate based on raw material price and remaining energy content*

	Fixed costs
	
	
	
	

	Labour, annual cost of a person to employer
	€/a
	70 000
	60 000 - 
80 000
	Estimate (includes overheads)

	Number of persons in a shift
	-
	2
	
	Estimate

	Number of shift (continuous operation)
	-
	5
	
	

	Annual maintenance 
	% of FCI
	2.0
	
	Peters et al 2004

	Operational and financial parameters
	
	
	
	

	Annual operation time 
	h/a
	7884
	3592**
	

	 
	%
	90
	41**
	

	Economic lifetime
	a
	20
	
	

	Rate of return
	%
	10
	8-12
	


* Cost estimation is based on dried chicory pulp price and the decreased energy content left in the solid residue. Based on the extraction process, in which 61% of material is extracted, it is assumed that remaining energy content in the solid residue is 39% and thus the price is 39% of the original chicory pulp price, consequently. 
** Scenarios 3 & 4
Mass and energy balances were calculated using spreadsheet software. 



Table S6. Amounts of selected carbohydrates, phenolic compounds and sesquiterpene lactones in the three chicory samples. Dry matter was measured by weighing. 
	
	#1
	#2
	#3

	Stachyose (g/100 g DW)
	0.79
	2.88
	0.18

	Raffinose (g/100 g DW)
	2.29
	5.59
	0.23

	Saccharose (g/100 g DW)
	25.22
	8.21
	0.43

	Glucose (g/100 g DW)
	0.07
	0.11
	0.01

	Fructose (g/100 g DW)
	27.27
	10.66
	0.31

	4-OH-phenylacetic acid (µg/g DW)
	471.43
	6.67
	0.36

	Caffeic acid (µg/g DW)
	134.05
	15.01
	2.24

	Quinic acid (µg/g DW)
	4948.90
	3902.53
	47.63

	Ferulic acid (µg/g DW)
	0.27
	0.29
	0.07

	Chlorogenic acid (µg/g DW)
	455.97
	726.47
	26.43

	Chicoric acid (µg/g DW)
	1.27
	15.15
	4.33

	Lactucin (µg/g DW)
	>120
	33.18
	3.24

	Dihydrolactucin (µg/g DW)
	>120
	>120
	15.48

	Lactucopricin (µg/g DW)
	39.89
	13.56
	0.42

	Dihydrolactucopicrin (µg/g DW)
	13.01
	8.09
	4.68

	Dry matter (%)
	91.4
	90.7
	93.2



Table S7. Activity profiles and protein content (mg/ml) of used enzymes. Activities are expressed as nkat/ml, except cellulase activity as FPU/ml, and assayed in pH 5, except inulinase in pH 6.
	Enzyme
	Cellu-lase a
	Endoglucanase b

	β -glucosidase c
	Xylanase d
	Polygalaturonase e
	Inulinase (pH 6,0) f
	Protein content g

	Inulinase (Fructozyme L)
	
	
	
	
	
	19000
	16.6

	Pectinase (Pectinex Smash)
	
	
	
	
	214600
	
	59

	Cellulase 
(Cellic CTec2)
	135
	
	
	
	
	
	257

	β-glucosidase (Novozym-188)
	
	736
	5908
	2968
	2079
	
	104

	Xylanase 
(Depol 40)
	23
	21660
	646
	21317
	124500
	
	105

	Esterase 
(Depol 740L)
	1
	1360
	434
	15342
	
	
	29


*Bio Rad Lowry, after acetone precipitation 
[bookmark: bb0055][bookmark: bb0020]a) Ghose (1987) 
b) IUPAC (1987) 
c) Bailey and Nevalainen (1981) 
d) Bailey et al. (1992) 
e) Bailey and Pessa (1989) 
f) Abu El-souond et al. (2014) 
g) Lowry et al. (1951) 







Table S8. MSn results per selected peak of LC-Orbitrap-FTMS chromatogram of sample 3A (pectinase + xylanase) (see Figure S1): The retention time, the selected mass for fragmentation, the characteristic mass fragments and the tentative peak identification.
	Peak nr.
	RT (min.)
	Parent ion [M]+(M/Z)
	Characteristic MS fragment(s)
	Tentative identification

	1
	12.64
	505.16783
	475.29132 + 392.28407 + 277.11816
	Sesquiterpene lactone breakdown product

	2
	15.90
	292.21175
	264.1805 + 188.12805 + 364.23279
	Sesquiterpene lactone breakdown product

	3
	18.58
	570.33960
	528.29279 + 381.24234 + 592.32147
	Not identified

	4
	10.30
	302.207642
	344.25424
	Not identified

	5
	9.18
	556.33369
	256.32331 + 542.31812 + 539.31875
	Nitrogen containing alkane

	6
	9.88
	391.28455
	332.21786 + 207.98514
	Nitrogen containing alkane

	7
	7.53
	391.28455
	377.18176 + 328.22292
	Nitrogen containing alkane

	8
	14.31
	391.28455
	247.15398 + 292.21179
	Nitrogen containing alkane

	9
	15.09
	391.28455
	263.14908 + 308.20685 + 318.19119
	Nitrogen containing alkane

	10
	8.18
	391.28455
	304.16547 + 207.98523 + 346.19711
	Nitrogen containing alkane




Table S9. Overall mass balance of the process (baseline, scenario 1).  
	 Stream 
	Total flow rate (a.r.)
	Dry matter content
	Dry solid content
	Flow rate  (dry)
	PP+SL

	
	kg/h
	%
	%
	kg/h dry
	kg/h dry

	IN
	
	
	
	
	

	Chicory pulp
	211
	90 %
	90 %
	190
	

	Water
	3 785
	0 %
	0 %
	0
	

	Enzyme
	1.0
	100 %
	100 %
	1.0
	

	Glacial acetic acid
	23
	100 %
	100 %
	23
	

	Sodium hydroxide
	11
	100 %
	100 %
	11
	

	 Total
	4 031
	
	
	225
	

	OUT
	
	
	
	
	

	Animal feed
	86
	90 %
	87 %
	77
	

	Extract
	295
	50 %
	50 %
	148
	3.9

	Evaporated water from rotary dryer
	63
	0 %
	0 %
	0
	

	Condensed water from evaporation
	3587
	0 %
	0 %
	0
	

	 Total
	4 031
	
	
	225
	3.9








[image: ]

Figure S1 LC-Orbitrap-FTMS chromatogram of samples 3A (pectibase + xylanase) and 3D (no enzyme). Chromatograms are shown to scale. The peaks from the enzyme treated sample 3D that were selected for MSMS analysis are indicated by corresponding numbers.



Figure S2 Electricity demand in different scenarios. 

[image: ]
[bookmark: _Ref84855869]Figure S3. The sensitivity of production cost to the selected parameters in techno-economic scenario 1. The sensitivity assessment shows the effect of one changed parameter to the production cost. The assessment was done to one parameter at a time. The lower and upper bounds of a parameter are presented in the y-axis, left the more competitive, then the base case and the less competitive.  The base case is in the figure the point between the green bar and the red bar, while the green bar shows the potential up to the more beneficial value of the parameter, and the red bar the result to the less beneficial value of the parameter.  

[image: ]
Figure S4. The sensitivity of production cost to capacity (scenario 1). The analysis shows the decrease of the production cost when increasing the production capacity, from the baseline (1670 t/a or 5% of the available raw material at a plant) to either 6670 t/a (20%) or 16670 t/a (50%) of the available raw material.  
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Electricity demand in scenarios

Feed screw	3.6752136752136753E-2	3.6752136752136753E-2	0.15034965034965034	0.15034965034965034	Water pump	0.77600023708894739	0.77600023708894739	0.64200324338135895	0.64200324338135895	Mixing extractor	333.60232184999995	333.60232184999995	333.11064320386362	333.11064320386362	Pump to centrifuge	0.8357389479499826	0.8357389479499826	0.8345071969472535	0.8345071969472535	Centrifugation	42.362199600000004	42.362199600000004	42.299764216363641	42.299764216363641	Screw to drying and milling	2.58E-2	2.58E-2	2.58E-2	2.58E-2	Rotary dryer	4.606299212598425	4.606299212598425	4.606299212598425	0	Evaporation (MVR)	282.72868712922053	283.18002806677373	283.18002806677373	Scenario  


Electricity demand kWh/t chicory pulp (dry)
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