Appendix

Process LCA
Tables A1 through A3 represent the inventory data for the polytunnel and openfield farming. These data were then normalised per functional unit. The equivalent Ecoinvent processes are shown for each of the inputs in the tables. The tables represent total values and haven’t been normalised per the functional unit. A lifespan of 20 years was assumed for all inputs used in construction phase. However, the lifespan of HDPE sheet for the polytunnels was assumed to be 5 years as it is prone to damage by the elements. 
Table A1: Inventory for Tomato production in Polytunnel (total quantities).
	Phase
	Components
	Units
	Qty
	Ecoinvent process

	Construction
	Steel
	kg
	809.61
	Steel, unalloyed {GLO}| market for | Cut-off, U

	
	Concrete
	kg
	800
	Concrete block (Meharg et al.)| market for concrete block | Cut-off, U

	
	HDPE sheet
	kg
	75
	Polyethylene, high density, granulate {GLO}| market for | Cut-off, U

	
	Polypropylene
	kg
	15.1
	Polypropylene, granulate {GLO}| market for | Cut-off, U

	
	Wood 1
	kg
	461
	Sawnwood, beam, softwood, dried (u=20%), planed {Europe without Switzerland}| market for sawnwood, beam, softwood, dried (u=20%), planed | Cut-off, U

	Operation
	Seeds 2
	kg
	0.002
	Tomato seedling, for planting {GLO}| market for tomato seedling, for planting | Cut-off, U

	
	Groundwater 3
	Litre
	20000
	Water, groundwater consumption

	
	Poultry manure
	kg
	14
	Poultry manure, fresh {GLO}| market for | Cut-off, U

	
	Municipal compost
	kg
	250
	Compost {GLO}| market for | Cut-off, U

	
	Diesel
	litre
	5.5
	Diesel {Europe without Switzerland}| market for | Cut-off, U

	
	Water tank (HDPE)
	kg
	430
	Polyethylene, high density, granulate {GLO}| market for | Cut-off, U

	
	Pipe (63 mm MDPE) 4
	m
	250
	Half assumed as Polyethylene, high density, granulate {GLO}| market for | Cut-off, U and other half as Polyethylene, low density, granulate {GLO}| market for | Cut-off, U

	
	Pipe (32 mm MDPE) 4
	m
	30
	Half assumed as Polyethylene, high density, granulate {GLO}| market for | Cut-off, U and other half as Polyethylene, low density, granulate {GLO}| market for | Cut-off, U


1 For softwood the ecoinvent process was available in volumetric units and as such a density of 300kg/m3 was assumed for conversion, which is lower limit. 2 The Ecoinvent process for seeds was based on number of pieces/units and as such the weight was divided per unit weight of a seedling assumed as 30 mg. 3 Groundwater is pumped using diesel powered motor and stored in a 20,000 litre tank; For this analysis, only diesel consumption and the tank were taken into account and not the motor. Since groundwater is a natural resource, it does not have embodied emissions. 4 There wasn’t an equivalent process for medium density polyethylene in Ecoinvent and as such the quantities were divided equally as low and high density polyethylene. Moreover, for equivalent Ecoinvent processes the units were converted into kg using industry conversion tables. Note also that we have used Ecoinvent processes for granulates instead of finished product due to data constraints.
For courgette production, nursery production of plants formed the backward linkage in the production change. Table A2 presents the inventory data for this phase. Note similarity to the inputs in Table A1, except that the data were then normalised as per 1 kg courgette production.
Table A2: Inventory for Nursery production of courgette plants (total quantities).
	Phase
	Components
	Units
	Qty
	Ecoinvent process

	Construction
	Steel
	kg
	809.61
	Steel, unalloyed {GLO}| market for | Cut-off, U

	
	Concrete
	kg
	800
	Concrete block (Meharg et al.)| market for concrete block | Cut-off, U

	
	High Density Polyethylene
	kg
	75
	Polyethylene, high density, granulate {GLO}| market for | Cut-off, U

	
	Polypropylene
	kg
	15.1
	Polypropylene, granulate {GLO}| market for | Cut-off, U

	
	Wood
	kg
	461
	Sawnwood, beam, softwood, dried (u=20%), planed {Europe without Switzerland}| market for sawnwood, beam, softwood, dried (u=20%), planed | Cut-off, U

	Operations
	Seeds
	kg
	0.025
	Asparagus seedling, for planting {GLO}| market for asparagus seedling, for planting | Cut-off, U

	
	Groundwater
	litre
	50
	Water, groundwater consumption

	
	Municipal Compost
	kg
	20
	Compost {GLO}| market for | Cut-off, U

	
	Diesel
	litre
	5
	Diesel {Europe without Switzerland}| market for | Cut-off, U

	
	Pipe (PVC)
	kg
	12.3
	Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

	
	Water tank (HDPE
	kg
	430
	Polyethylene, high density, granulate {GLO}| market for | Cut-off, U



Table A3: Inventory for openfield farming of courgettes (total quantities).
	Components
	Units
	Qty
	Ecoinvent process

	Tillage
	Hecatres
	0.02
	Tillage, ploughing {GLO}| market for | Cut-off, U

	Groundwater
	Litre
	1000
	Water, groundwater consumption

	Poultry Manure
	Kg
	25
	Poultry manure, fresh {GLO}| market for | Cut-off, U

	Municipal Compost
	Kg
	400
	Compost {GLO}| market for | Cut-off, U

	Diesel
	Litre
	13.5
	Diesel {Europe without Switzerland}| market for | Cut-off, U

	Pipe (63 mm MDPE)
	m
	250
	Half assumed as Polyethylene, high density, granulate {GLO}| market for | Cut-off, U and other half as Polyethylene, low density, granulate {GLO}| market for | Cut-off, U

	Pipe (32 mm MDPE)
	m
	30
	Half assumed as Polyethylene, high density, granulate {GLO}| market for | Cut-off, U and other half as Polyethylene, low density, granulate {GLO}| market for | Cut-off, U

	Water tank
	Kg
	430
	Polyethylene, high density, granulate {GLO}| market for | Cut-off, U




Hybrid LCA
The hybrid LCA methodology integrates the bottom-up, process LCA technique (equation (1)) and the top-down, environmental input-output (EIO) LCA model (equation (2)). This provides a robust, systematically complete system boundary which accounts for the entire supply chain and avoids double counting (Ibn-Mohammed et al., 2016). The process LCA methodology, which accounts for the contributions of individual emissions within the system, is given in equation (1):
								(1)
Ap represents the inputs (i) into the supply chain, according to the system boundary shown in Figure 1, this includes raw material extraction, energy use and production processes; n is the total number of inputs (i) and Ep is the emissions intensity of the chosen impact categories outlined above, for each input (i) into the supply chain (Ibn-Mohammed et al., 2016).
To account for the environmental impact across economic sectors, the economic input-output (EIO) LCA methodology can be used, as per equation (2):
 								(2)
Where Eio. (I - A)-1 corresponds to the total, direct and indirect, emissions intensities of each industry involved in the production of the product and y represents the final demand. 
The resulting hybrid LCA methodology is provided in equation (3):
 						(3)
Where Ep corresponds to the process inventory environmental extension matrix and Eio denotes the multi‐regional input output environmental extension matrix, for each of the chosen environmental impact categories. The square matrix representation for the process LCA inventory is denoted by Ap and Aio signifies the input output technology coefficient matrix. I, corresponds to the identity matrix and the functional unit column matrix is shown as   (Ibn-Mohammed et al., 2016). 
To determine the environmental impacts of the manufacturing processes used in the production of the DRMs and the associated packaging, equations (4) and (5) were utilised to calculate the electrical energy and thermal energy requirements respectively.
	(4)
	(5)
In equation (4), E represents the electrical energy requirement (kWh), P corresponds to the equipment’s power requirements (W) and time (s) is represented by t. With respect to equation (5), the thermal energy requirement is represented by Q, Cp denotes the specific heat capacity (J kg-1 K-1) of the material being processes, the mass (kg) of the material being processed is represented by m and finally the change in temperature (K) during the manufacturing process is represented by ΔT (Smith et al., 2019).
Results

Table A4: Midpoint indicators for 1 kg tomato production in polytunnel.
	Impact category
	GWP
	TAP
	FEP
	MEP
	TETP
	FETP
	METP
	HCT
	HnCT
	FRS

	Units
	kg CO2-eq
	kg SO2-eq
	kg P-eq
	kg N-eq
	kg 1,4-DCB

	kg 1,4-DCB
	kg 1,4-DCB
	kg 1,4-DCB
	kg 1,4-DCB
	kg oil-eq

	Steel 
	2.14E-01
	5.43E-04
	1.08E-04
	5.85E-06
	3.39E-01
	1.29E-02
	1.82E-02
	1.07E-01
	1.55E-01
	4.73E-02

	Concrete
	1.86E-02
	4.67E-05
	6.42E-06
	2.91E-07
	1.02E-01
	5.84E-04
	8.09E-04
	1.44E-03
	1.36E-02
	3.33E-03

	HDPE sheet
	1.06E-01
	2.86E-04
	2.27E-05
	1.54E-06
	2.27E-01
	2.41E-03
	3.20E-03
	4.48E-03
	5.31E-02
	7.43E-02

	Polypropylene
	5.27E-03
	1.42E-05
	1.11E-06
	7.67E-08
	1.07E-02
	1.19E-04
	1.58E-04
	1.90E-04
	2.61E-03
	3.82E-03

	Wood
	1.55E-02
	6.61E-05
	9.90E-06
	7.56E-07
	1.38E-01
	4.69E-04
	6.97E-04
	1.91E-03
	1.51E-02
	4.72E-03

	Water tank (HDPE)
	1.51E-01
	4.10E-04
	3.25E-05
	2.21E-06
	3.25E-01
	3.45E-03
	4.59E-03
	6.42E-03
	7.62E-02
	1.06E-01

	Pipes (MDPE)
	7.05E-02
	1.95E-04
	1.68E-05
	1.27E-06
	1.44E-01
	1.64E-03
	2.19E-03
	2.78E-03
	3.72E-02
	4.84E-02

	Seeds
	1.02E-02
	2.44E-06
	2.92E-07
	1.81E-08
	4.82E-03
	3.29E-05
	4.40E-05
	3.50E-05
	5.32E-04
	2.78E-03

	Manure
	1.99E-04
	7.13E-07
	4.32E-08
	3.26E-09
	3.24E-03
	4.12E-06
	7.21E-06
	1.19E-05
	1.38E-04
	6.61E-05

	Compost
	3.55E-03
	1.27E-05
	7.71E-07
	5.82E-08
	5.78E-02
	7.36E-05
	1.29E-04
	2.12E-04
	2.46E-03
	1.18E-03

	Diesel
	1.03E-02
	8.83E-05
	1.02E-05
	8.37E-08
	3.64E-02
	1.20E-04
	2.09E-04
	3.87E-04
	3.79E-03
	2.47E-02

	Total
	6.10E-01
	1.67E-03
	2.09E-04
	1.22E-05
	1.39E+00
	2.18E-02
	3.02E-02
	1.25E-01
	3.60E-01
	3.17E-01





Table A5: Midpoint indicators for 1 kg courgette production in open field after polytunnel germination.
	Impact category
	GWP
	TAP
	FEP
	MEP
	TETP
	FETP
	METP
	HCT
	HnCT
	FRS

	Units
	kg CO2-eq
	kg SO2-eq
	kg P-eq
	kg N-eq
	kg 1,4-DCB

	kg 1,4-DCB
	kg 1,4-DCB
	kg 1,4-DCB
	kg 1,4-DCB
	kg oil-eq

	Nursery production
	2.26E-02
	9.05E-05
	1.22E-05
	4.56E-07
	6.01E-02
	8.58E-04
	1.23E-03
	5.77E-03
	1.36E-02
	1.87E-02

	MDPE Pipes
	5.66E-02
	1.56E-04
	1.35E-05
	1.02E-06
	1.16E-01
	1.32E-03
	1.76E-03
	2.23E-03
	2.99E-02
	3.89E-02

	Water tank
	8.47E-03
	2.30E-05
	1.82E-06
	1.23E-07
	1.82E-02
	1.93E-04
	2.57E-04
	3.59E-04
	4.26E-03
	5.96E-03

	Diesel
	1.62E-02
	1.39E-04
	1.60E-05
	1.32E-07
	5.73E-02
	1.89E-04
	3.29E-04
	6.10E-04
	5.97E-03
	3.89E-02

	Compost
	3.11E-03
	1.11E-05
	6.75E-07
	5.10E-08
	5.07E-02
	6.45E-05
	1.13E-04
	1.86E-04
	2.15E-03
	1.03E-03

	Manure
	1.95E-04
	6.97E-07
	4.22E-08
	3.19E-09
	3.17E-03
	4.03E-06
	7.05E-06
	1.16E-05
	1.35E-04
	6.47E-05

	Tillage
	6.06E-03
	2.99E-05
	1.60E-06
	5.51E-08
	2.02E-02
	1.73E-04
	2.33E-04
	4.54E-04
	6.71E-03
	1.84E-03

	Total
	1.13E-01
	4.50E-04
	4.58E-05
	1.84E-06
	3.26E-01
	2.80E-03
	3.93E-03
	9.62E-03
	6.27E-02
	1.05E-01






Table A6: Cumulative Energy Demand (CED) for 1 kg tomato and 1 kg courgette production.
	Impact category
	Unit
	Tomato
	Courgette

	Non renewable, fossil
	MJ
	1.46E+01
	4.83E+00

	Non-renewable, nuclear
	MJ
	4.91E-01
	9.96E-02

	Non-renewable, biomass
	MJ
	1.41E-03
	2.84E-04

	Renewable, biomass
	MJ
	3.45E+00
	1.77E-01

	Renewable, wind, solar, geothermal
	MJ
	3.84E-02
	7.66E-03

	Renewable, water
	MJ
	1.33E-01
	2.67E-02
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