Additional file 1
Salix Compositional Analysis Data
[bookmark: _GoBack]The milled and sieved biomass samples were Soxhlet extracted according to the NREL procedure TP-510-42619. Samples underwent extraction with boiling water for 6 hours and ethanol (95%) for an additional 6 hours. All extracted samples were then dried, and the monomeric carbohydrates contents of the samples were determined by quantitative saccharification upon acid hydrolysis and subsequent HPLC analysis, based on the NREL procedure 510-42618. The sugar compositions were determined by HPLC (Chromaster) equipped with an evaporative light scattering detector (ELSD-go), and a Metacarb 87P column operated at 80°C. Ohlsson, 2021 [1], presents the details of the compositional analysis. Mohamed Jebrane at Department of Forest Biomaterials and Technology, SLU carried out the compositional analysis tests.
Biomethanation Potential Assays
Biomass was chipped using a compost chipper (MTD90 Chipper Shredder). The chipped material was steam pretreated using relatively mild conditions (185 °C for 4 minutes, 2% SO2 as a catalyst), equalling a severity factor (log10 R0) of 3.1. The steam pretreatment was performed in a 10-L reactor (Process & Industriteknik AB, Kristianstad, Sweden) described previously by Palmqvist et al. (1996) [2]. The material was stored in –20°C before and after steam pretreatment, and thawed at 4°C prior to BMP assays.
The BMP assay was performed using steam pretreated Salix biomass. In 1120-ml serum bottles, 1.2 g volatile solids (VS) were mixed with inoculum from a wastewater treatment plant in Uppsala, Sweden. Inoculum to substrate ratio was 3:1 on a VS basis, and tap water was added to reach a final liquid volume of 400 ml. Total solids (TS) and VS were measured by drying at 105°C followed by incineration at 550°C. Inoculum TS was 3.7% and VS was 2.4%, based on wet weight. Bottles were sealed with butyl rubber seals and aluminium caps and incubated at 37°C on a rotary shaker set to 100 rpm. Gas production was evaluated manometrically, and methane contents analysed using gas chromatography as previously described by  [3], [4] . Triplicate cellulose (1.2 g VS per bottle; medium fibers; Sigma-Aldrich) and inoculum controls were included in the assay. Due to very low BMP values, indicating an issue with the assay, the Jorr F+ samples were re-evaluated on an AMPTS system using the same parameters as above.
Table S1 Composition data for the six Salix varieties under unfertilised (F0) and fertilised (F+) conditions. Values are based on total solids content. Values are means of three biological replicates.
	Variety & treatment
	Lignin (%)
	Cellobiose (%)
	Glucose (%)
	Xylose (%)
	Galactose (%)
	Arabinose (%)
	Mannose (%)

	Björn F0
	24.0
	0.1
	58.6
	10.4
	2.0
	0.5
	2.0

	Björn F+
	24.2
	0.1
	55.8
	9.9
	1.7
	0.5
	1.7

	Gudrun F0
	27.3
	0.0
	54.3
	10.2
	1.8
	0.7
	1.8

	Gudrun F+
	27.9
	0.1
	52.7
	9.2
	1.8
	0.7
	1.6

	Jorr F0
	27.4
	0.7
	52.8
	9.6
	2.6
	0.9
	2.4

	Jorr F+
	27.2
	0.3
	50.7
	8.7
	2.2
	1.0
	2.4

	Loden F0
	28.1
	0.1
	50.8
	9.2
	1.8
	0.7
	1.9

	Loden F+
	28.8
	0.1
	51.1
	9.4
	1.9
	0.9
	2.2

	Tora F0
	28.3
	0.1
	51.8
	10.4
	2.3
	0.8
	2.1

	Tora F+
	26.1
	0.0
	50.1
	10.0
	1.8
	0.7
	2.3

	Tordis F0
	25.5
	0.1
	57.0
	10.1
	2.1
	0.6
	2.3

	Tordis F+
	25.7
	0.0
	55.0
	9.9
	1.7
	0.5
	2.0


Input Data for Salix Cultivation and harvest
Table S2 Average yield of Salix varieties in tons (t) of dry matter (DM) per hectare (ha) per 3-year harvest cycle and annual average [5] 
	Variety and treatment
	Harvest (t DM/ha)

	
	3-year rotation
	Annual average

	Björn_F0
	31.9
	10.6

	Björn_F+
	42.7
	14.2

	Gudrun_F0
	20.8
	6.9

	Gudrun_F+
	20.6
	6.9

	Jorr_F0
	14.4
	4.8

	Jorr_F+
	36.9
	12.3

	Loden_F0
	14.4
	4.8

	Loden_F+
	18.3
	6.1

	Tora_F0
	18.2
	6.1

	Tora_F+
	38.3
	12.8

	Tordis_F0
	28.5
	9.5

	Tordis_F+
	48.5
	16.2


Table S3 Material inputs per hectare in Salix cultivation. Cuttings and pesticide were used during establishment of a new rotation every 25 years. Fertilisers were applied annually from the second year of establishment. The values were obtained from a field study by Weih and Nordh [6] at Uppsala, Sweden.
	Input
	Value
	Unit per hectare

	Cuttings1 
	18000
	Cuttings/rotation

	Pesticide 
	
	

	Roundup
	5
	l/rotation

	Cougar
	1
	l/rotation

	Mineral Fertiliser
	

	N
	100
	kg/year

	P
	14
	kg/year

	K
	47
	kg/year


1Salix was planted at a density of 18000 cuttings per hectare 
Table S4 Energy input in terms of diesel fuel for processes involved in Salix cultivation per ton dry matter (t DM) of harvested biomass [5]
	Variety & treatment
	Pesticides

	Field preparation 
	Seedling production & planting
	Fertiliser production and application
	Harvest and chipping
	Forwarding
	Stump removal
	Transport to biogas facility

	
	MJ/ t DM
	MJ/ t DM
	MJ/ t DM
	MJ/ t DM
	MJ/ t DM
	MJ/ t DM
	MJ/ t DM
	MJ/ t DM

	Björn F0
	7.0
	12.2
	7.5
	-
	120.2
	58.7
	2.9
	227.7

	Björn F+
	5.1
	8.9
	5.5
	286.3
	120.2
	58.7
	2.1
	227.7

	Gudrun F0
	10.5
	18.2
	11.1
	-
	120.2
	58.7
	4.4
	227.7

	Gudrun F+
	10.4
	18.1
	11.1
	579.2
	120.2
	58.7
	4.3
	227.7

	Jorr F0
	15.3
	26.7
	16.3
	-
	120.2
	58.7
	6.4
	227.7

	Jorr F+
	5.9
	10.2
	6.3
	327.5
	120.2
	58.7
	2.5
	227.7

	Loden F0
	15.4
	26.8
	16.4
	-
	120.2
	58.7
	6.4
	227.7

	Loden F+
	11.7
	20.3
	12.4
	650.0
	120.2
	58.7
	4.9
	227.7

	Tora F0
	12.1
	21.0
	12.9
	-
	120.2
	58.7
	5.0
	227.7

	Tora F+
	5.7
	9.9
	6.0
	316.5
	120.2
	58.7
	2.4
	227.7

	Tordis F0
	7.7
	13.4
	8.2
	-
	120.2
	58.7
	3.2
	227.7

	Tordis F+
	4.5
	7.8
	4.8
	250.5
	120.2
	58.7
	1.9
	227.7


Energy of unit processes determined from process model 
The electricity, heating and cooling duties in Table 7 were obtained from the process models created using Aspen Plus V11.
Table S5 Energy in terms of electricity, heating and cooling for the unit processes modelled using Aspen Plus
	Unit process
	Electricity req.
	Heat req.
	Cooling req.

	Pretreatment
	
	
	

	Salix heating
	
	7 kW/h
	

	High pressure steam generation
	
	39 kW/h
	

	Steam Explosion
	
	54 – 68 kW/h
	

	SO2 pump
	0.18 kW/h
	
	

	Water pump
	0.28 kW/h
	
	

	Recoverable heat from steam post 
steam explosion
	
	
	42.6 kW/h

	Anaerobic Digestion
	
	
	

	Manure Hygenization
	
	234 – 237 kW/h 
(base scenario)
84 – 91 kW/h 
(heat recovery scenario)
	

	Manure pump
	0.31 kW/h
	
	

	Excess heat in digestate (Cooling)
	
	
	67 – 69 kW/h 
(base scenario)

	Digestate pump
	2 kW/h
	
	

	Upgrading
	
	
	

	Compressor block 1
	17 – 21 kW/h
	
	14 – 17 kW/h

	Compressor block 2
	7 – 9 kW/h
	
	12 – 15 kW/h

	Air heating
	
	5.63 kW/h
	

	Water pump
	10 kW/h
	
	

	Compression
	
	
	

	Compression block 3
	38 – 45 kW/h
	
	38 – 46 kW/h 
(base scenario)
29 – 36 kW/h
(heat recovery scenario) 



Nutrient (N-P-K) content in feedstock and digestate
Table S6 Nitrogen (N), Phosphorus (P) and Potassium (K) content (% in dry matter) for Salix shoot biomass (dry) for fertilised and unfertilised varieties, and manure
	
	Treatment
	N (%)
	P (%)
	K (%)

	Björn
	F0
	0.19
	0.08
	0.27

	Björn
	F+
	0.19
	0.08
	0.27

	Gudrun
	F0
	0.20
	0.08
	0.27

	Gudrun
	F+
	0.25
	0.08
	0.27

	Jorr
	F0
	0.22
	0.08
	0.27

	Jorr
	F+
	0.18
	0.08
	0.27

	Loden
	F0
	0.23
	0.08
	0.27

	Loden
	F+
	0.29
	0.08
	0.27

	Tora
	F0
	0.21
	0.08
	0.27

	Tora
	F+
	0.19
	0.08
	0.27

	Tordis
	F0
	0.22
	0.08
	0.27

	Tordis
	F+
	0.23
	0.08
	0.27

	DaM
	
	3.5
	0.7
	3.4


Nitrogen content in Salix shoot biomass is based on data from field study by Weih and Nordh [6], and the phosphorus and potassium content is estimated by data from Phyllis database [7]. NPK content of DaM is based on mean of literature values [8]–[13]. The N P K amounts in the mixed feed of Salix and DaM is assumed to end up in the digestate in calculation of the nutrient content of the digestate. Considering an annual digestate application rate of 30 tons/hectare, the potential NPK added to per hectare of land and the annual area needed to spread this digestate are calculated and presented in Table 6.
Table S7 Amounts of N P K added and area needed for digestate spreading when digestate is spread at a rate of 30 tons/hectare annually
	Digestate
	Treatment
	N (kg/ha)
	P (kg/ha)
	K (kg/ha)
	Area needed (ha)

	Björn + DaM
	F0
	59.7
	12.5
	59.1
	1968.8

	Björn + DaM
	F+
	60.0
	12.5
	59.4
	1963.8

	Gudrun + DaM
	F0
	60.1
	12.5
	59.4
	1957.3

	Gudrun + DaM
	F+
	60.6
	12.5
	59.2
	1954.7

	Jorr + DaM
	F0
	60.2
	12.5
	59.2
	1962.7

	Jorr + DaM
	F+
	59.6
	12.5
	59.1
	1972.5

	Loden + DaM
	F0
	60.7
	12.6
	59.6
	1935.4

	Loden + DaM
	F+
	61.2
	12.5
	59.3
	1952.5

	Tora + DaM
	F0
	60.1
	12.5
	59.3
	1954.0

	Tora + DaM
	F+
	59.9
	12.5
	59.4
	1959.2

	Tordis + DaM
	F0
	60.7
	12.6
	59.7
	1955.1

	Tordis + DaM
	F+
	60.8
	12.6
	59.7
	1957.3
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