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1. Results of the modelling phase 

 
In this section, all the results obtained by the simulation of Solar Home Systems (SHSs) performances are collected in Table S1. 
Particularly, the battery energy storage system lifespan (𝐿!"##) the missing amount of energy (𝐸$%&&) and th exceeding one (𝐸'()) are 
collected for all the installation sites: Denmark (DK), Spain (ES), France (FR), Greece (GR), Hungary (HU), Italy (IT), Portugal (PT) and 
Romania (RO). 
Table S1: Complete results of the SHS modelling phase. 
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DK 
𝐿!"## 8.04 6.81 4.63 7.13 5.63 3.31 5.63 4.81 1.63 8.31 20.00 yr 

𝐸$%&& 11.85 11.44 11.31 11.78 11.77 11.75 11.77 11.33 12.80 11.40 13.93 MWh 

𝐸'() 354.83 360.22 355.22 352.56 351.75 361.58 351.50 361.76 337.73 359.50 347.26 MWh 

ES 
𝐿!"## 8.21 7.05 5.00 7.38 5.98 3.58 5.98 5.07 1.89 8.95 20.00 yr 

𝐸$%&& 8.22 8.30 7.30 8.03 8.09 9.29 8.09 8.38 13.02 8.03 11.50 MWh 

𝐸'() 11.00 11.06 12.59 11.31 11.18 9.47 11.18 10.99 19.28 11.20 7.52 MWh 

FR 
𝐿!"## 7.79 6.57 4.48 6.85 5.35 3.11 5.35 4.48 1.60 8.13 20.00 yr 



  
 

 
𝐸$%&& 9.28 9.43 8.30 9.22 9.12 11.67 9.12 9.12 10.48 9.29 11.35 MWh 

𝐸'() 100.11 98.96 103.48 101.10 101.44 66.55 101.44 100.19 89.64 98.91 86.95 MWh 

GR 
𝐿!"## 8.21 6.99 4.99 7.36 5.96 3.51 5.96 5.00 1.86 8.86 20.00 yr 

𝐸$%&& 10.90 10.85 10.16 10.65 10.83 12.18 10.83 10.84 10.91 10.67 13.54 MWh 

𝐸'() 33.58 33.56 36.24 34.00 33.75 30.97 33.75 33.50 32.94 33.93 26.74 MWh 

HU 
𝐿!"## 8.02 6.79 4.79 7.12 5.72 3.31 5.72 4.79 1.72 8.52 20.00 yr 

𝐸$%&& 4.02 3.89 3.64 4.00 3.92 3.98 3.92 3.85 4.11 3.98 4.90 MWh 

𝐸'() 71.59 72.29 75.35 70.99 71.57 71.03 71.57 72.56 68.52 71.73 62.16 MWh 

IT 
𝐿!"## 8.29 7.13 5.13 7.48 6.06 3.63 6.06 5.13 1.97 9.06 20.00 yr 

𝐸$%&& 6.19 6.24 5.75 6.20 6.23 6.90 6.23 6.21 6.59 6.24 8.31 MWh 

𝐸'() 12.92 12.62 13.64 12.80 12.70 11.54 12.70 12.58 12.04 12.73 9.60 MWh 

PT 
𝐿!"## 8.02 6.79 7.14 4.77 5.69 3.29 5.69 4.79 1.71 8.52 20.00 yr 

𝐸$%&& 4.86 4.81 4.91 4.45 4.89 5.17 4.89 4.81 5.44 4.84 6.30 MWh 

𝐸'() 15.49 15.60 15.36 16.57 15.35 14.62 15.35 15.64 14.07 15.48 11.23 MWh 

RO 
𝐿!"## 8.23 7.04 5.04 7.36 5.96 3.54 5.96 5.04 1.86 8.88 20.00 yr 

𝐸$%&& 3.00 3.05 2.94 2.94 2.99 3.26 2.99 3.06 2.93 2.93 3.67 MWh 

𝐸'() 33.06 33.04 34.15 33.63 33.40 31.92 33.40 32.99 33.84 33.58 29.86 MWh 



  
 

 
 

2. Life Cycle Inventory  
 
In this section, the full version of the SHSs life cycle inventory (LCI) is proposed for every installation site (Table S2 to Table S9). 
 
Table S2: Complete Life Cycle Inventory of SHSs in Denmark. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, mounted, 
on roof – GLO (inverter considered 
separately) 

10.68 10.68 10.68 10.68 10.68 10.68 10.68 10.68 10.68 10.68 10.68 items 

market for cable, unspecified | cable, 
unspecified | - GLO 

47.10 47.10 47.10 47.10 47.10 47.10 47.10 47.10 47.10 47.10 47.10 kg 

market for tube insulation, elastomere - GLO 28.26 28.26 28.26 28.26 28.26 28.26 28.26 28.26 28.26 28.26 28.26 kg 
market for inverter, 2.5kW - GLO 4.53 4.53 4.53 4.53 4.53 4.53 4.53 4.53 4.53 4.53 4.53 items 
market for charger, electric passenger car - 
GLO 

122.51 122.51 122.51 122.51 122.51 122.51 122.51 122.51 122.51 122.51 122.51 kg 

BESS 57.65 68.02 100.03 64.97 82.27 139.92 82.27 96.30 267.21 55.75 19.51 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 390.98 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 200.17 kg 



  
 

 
market for electricity, low voltage (off-grid) 36.86 42.00 61.04 41.28 52.26 88.72 52.26 58.86 196.04 34.27 17.42 MWh 
market for diesel, burned in diesel-electric 
generating set, 18.5kW – GLO (off-grid) 

36.86 42.00 61.04 41.28 52.26 88.72 52.26 58.86 196.04 34.27 17.42 MWh 

market for waste electric wiring - GLO -4.71 -4.71 -4.71 -4.71 -4.71 -4.71 -4.71 -4.71 -4.71 -4.71 -4.71 kg 
market for used cable - GLO -42.39 -42.39 -42.39 -42.39 -42.39 -42.39 -42.39 -42.39 -42.39 -42.39 -42.39 kg 
market for waste wire plastic - GLO -28.26 -28.26 -28.26 -28.26 -28.26 -28.26 -28.26 -28.26 -28.26 -28.26 -28.26 kg 
market for waste electric and electronic 
equipment - GLO 

-122.51 -122.51 -122.51 -122.51 -122.51 -122.51 -122.51 -122.51 -122.51 -122.51 -122.51 kg 

market for waste electric and electronic 
equipment - GLO 

-49.48 -49.48 -49.48 -49.48 -49.48 -49.48 -49.48 -49.48 -49.48 -49.48 -49.48 kg 

market for auxiliary heating unit, electric, 
5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 items 

Outputs 

Electricity (RF) 
On-grid 152.45 181.86 264.74 171.01 216.20 375.10 216.08 258.26 724.59 148.83 60.32 MWh 
Off-grid 42.08 49.66 73.02 47.43 60.06 102.14 60.06 70.30 207.25 40.70 16.91 MWh 

Exhausted BESS, waste treatment 57.65 68.02 100.03 64.97 82.27 139.92 82.27 96.30 267.21 55.75 19.51 kWh 
Exhausted VRFB stack, waste management  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 390.98 kg 
Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 200.17 kg 

Exhausted PV, waste treatment 137.41 137.41 137.41 137.41 137.41 137.41 137.41 137.41 137.41 137.41 137.41 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

42.39 42.39 42.39 42.39 42.39 42.39 42.39 42.39 42.39 42.39 42.39 kg 

 
 
 
 
 
 



  
 

 
 
Table S3: Complete Life Cycle Inventory of SHSs in Spain. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, 
mounted, on roof – GLO (inverter 
considered separately) 

1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 

items 

market for cable, unspecified | cable, 
unspecified | - GLO 

6.37 6.37 6.37 6.37 6.37 6.37 6.37 6.37 6.37 6.37 6.37 
kg 

market for tube insulation, elastomere - 
GLO 

3.82 3.82 3.82 3.82 3.82 3.82 3.82 3.82 3.82 3.82 3.82 
kg 

market for inverter, 2.5kW - GLO 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 items 
market for charger, electric passenger car - 
GLO 

16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 
kg 

BESS 46.93 54.66 77.03 52.21 64.41 107.64 64.41 76.05 192.27 43.04 16.22 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 325.03 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 166.41 kg 
market for electricity, low voltage (on-grid) 25.04 29.43 36.51 27.21 33.81 64.91 33.81 41.35 172.62 22.44 14.37 MWh 
market for diesel, burned in diesel-electric 
generating set, 18.5kW – GLO (off-grid) 

25.04 29.43 36.51 27.21 33.81 64.91 33.81 41.35 172.62 22.44 14.37 
MWh 

market for waste electric wiring - GLO -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 -0.64 kg 



  
 

 
market for used cable - GLO -5.73 -5.73 -5.73 -5.73 -5.73 -5.73 -5.73 -5.73 -5.73 -5.73 -5.73 kg 
market for waste wire plastic - GLO -3.82 -3.82 -3.82 -3.82 -3.82 -3.82 -3.82 -3.82 -3.82 -3.82 -3.82 kg 
market for waste electric and electronic 
equipment - GLO 

-16.56 -16.56 -16.56 -16.56 -16.56 -16.56 -16.56 -16.56 -16.56 -16.56 -16.56 
kg 

market for waste electric and electronic 
equipment - GLO 

-27.90 -27.90 -27.90 -27.90 -27.90 -27.90 -27.90 -27.90 -27.90 -27.90 -27.90 
kg 

market for auxiliary heating unit, electric, 
5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 
items 

Outputs 

Electricity (RF) 
On-grid 37.61 43.83 62.53 41.95 51.69 85.19 51.69 60.94 174.69 34.55 15.00 MWh 
Off-grid 34.26 39.90 56.23 38.12 47.02 78.57 47.02 55.52 149.13 31.42 14.06 MWh 

Exhausted BESS, waste treatment 46.93 54.66 77.03 52.21 64.41 107.64 64.41 76.05 192.27 43.04 16.22 kWh 
Exhausted VRFB stack, waste management  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 325.03 kg 
Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 166.41 
kg 

Exhausted PV, waste treatment 18.58 18.58 18.58 18.58 18.58 18.58 18.58 18.58 18.58 18.58 18.58 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 
kg 

 
 
 
 
 
 
 
 
 



  
 

 
 
Table S4: Complete Life Cycle Inventory of SHSs in France. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, 
mounted, on roof – GLO (inverter 
considered separately) 

5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 

items 

market for cable, unspecified | cable, 
unspecified | - GLO 

24.79 24.79 24.79 24.79 24.79 24.79 24.79 24.79 24.79 24.79 24.79 
kg 

market for tube insulation, elastomere - 
GLO 

14.88 14.88 14.88 14.88 14.88 14.88 14.88 14.88 14.88 14.88 14.88 
kg 

market for inverter, 2.5kW - GLO 17.44 17.44 17.44 17.44 17.44 17.44 17.44 17.44 17.44 17.44 17.44 items 
market for charger, electric passenger car 
- GLO 

64.49 64.49 64.49 64.49 64.49 64.49 64.49 64.49 64.49 64.49 64.49 
kg 

BESS 78.80 93.41 137.05 89.61 114.76 197.50 114.76 137.05 361.98 75.48 25.83 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 517.69 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 265.04 kg 
market for electricity, low voltage (on-
grid) 

29.80 35.89 46.36 33.66 42.64 93.92 42.64 50.91 164.17 28.56 14.19 
MWh 



  
 

 
market for diesel, burned in diesel-
electric generating set, 18.5kW – GLO 
(off-grid) 

29.80 35.89 46.36 33.66 42.64 93.92 42.64 50.91 164.17 28.56 14.19 
MWh 

market for waste electric wiring - GLO -2.48 -2.48 -2.48 -2.48 -2.48 -2.48 -2.48 -2.48 -2.48 -2.48 -2.48 kg 
market for used cable - GLO -22.31 -22.31 -22.31 -22.31 -22.31 -22.31 -22.31 -22.31 -22.31 -22.31 -22.31 kg 
market for waste wire plastic - GLO -14.88 -14.88 -14.88 -14.88 -14.88 -14.88 -14.88 -14.88 -14.88 -14.88 -14.88 kg 
market for waste electric and electronic 
equipment - GLO 

-64.49 -64.49 -64.49 -64.49 -64.49 -64.49 -64.49 -64.49 -64.49 -64.49 -64.49 
kg 

market for waste electric and electronic 
equipment - GLO 

-190.55 -190.55 -190.55 -190.55 -190.55 -190.55 -190.55 -190.55 -190.55 -190.55 -190.55 
kg 

market for auxiliary heating unit, 
electric, 5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 
items 

Outputs 

Electricity (RF) 
On-grid 89.67 105.86 157.84 102.34 131.21 197.74 131.21 156.01 421.24 85.52 33.26 MWh 
Off-grid 57.52 68.19 100.05 65.42 83.77 144.18 83.77 100.05 280.76 55.10 22.39 MWh 

Exhausted BESS, waste treatment 78.80 93.41 137.05 89.61 114.76 197.50 114.76 137.05 361.98 75.48 25.83 kWh 
Exhausted VRFB stack, waste 
management  

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 517.69 
kg 

Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 265.04 
kg 

Exhausted PV, waste treatment 72.33 72.33 72.33 72.33 72.33 72.33 72.33 72.33 72.33 72.33 72.33 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

22.31 22.31 22.31 22.31 22.31 22.31 22.31 22.31 22.31 22.31 22.31 
kg 

 
 
 
 
 



  
 

 
 
 
 
Table S5: Complete Life Cycle Inventory of SHSs in Greece. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, 
mounted, on roof – GLO (inverter 
considered separately) 

2.17 2.17 2.17 2.17 2.17 2.17 2.17 2.17 2.17 2.17 2.17 

items 

market for cable, unspecified | cable, 
unspecified | - GLO 

9.59 9.59 9.59 9.59 9.59 9.59 9.59 9.59 9.59 9.59 9.59 
kg 

market for tube insulation, elastomere - 
GLO 

5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 5.75 
kg 

market for inverter, 2.5kW - GLO 5.64 5.64 5.64 5.64 5.64 5.64 5.64 5.64 5.64 5.64 5.64 items 
market for charger, electric passenger car 
- GLO 

24.94 24.94 24.94 24.94 24.94 24.94 24.94 24.94 24.94 24.94 24.94 
kg 

BESS 58.02 68.13 95.44 64.67 79.94 135.74 79.94 95.22 240.41 53.73 20.05 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 401.89 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 205.76 kg 
market for electricity, low voltage (on-
grid) 

33.20 38.82 50.87 36.17 45.46 86.76 45.46 54.16 146.22 30.09 16.92 
MWh 



  
 

 
market for diesel, burned in diesel-
electric generating set, 18.5kW – GLO 
(off-grid) 

33.20 38.82 50.87 36.17 45.46 86.76 45.46 54.16 146.22 30.09 16.92 
MWh 

market for waste electric wiring - GLO -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 -0.96 kg 
market for used cable - GLO -8.63 -8.63 -8.63 -8.63 -8.63 -8.63 -8.63 -8.63 -8.63 -8.63 -8.63 kg 
market for waste wire plastic - GLO -5.75 -5.75 -5.75 -5.75 -5.75 -5.75 -5.75 -5.75 -5.75 -5.75 -5.75 kg 
market for waste electric and electronic 
equipment - GLO 

-24.94 -24.94 -24.94 -24.94 -24.94 -24.94 -24.94 -24.94 -24.94 -24.94 -24.94 
kg 

market for waste electric and electronic 
equipment - GLO 

-61.60 -61.60 -61.60 -61.60 -61.60 -61.60 -61.60 -61.60 -61.60 -61.60 -61.60 
kg 

market for auxiliary heating unit, 
electric, 5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
items 

Outputs 

Electricity (RF) 
On-grid 52.58 61.74 87.83 58.75 72.52 121.15 72.52 86.25 230.63 48.79 20.73 MWh 
Off-grid 42.36 49.74 69.67 47.21 58.36 99.09 58.36 69.51 186.47 39.22 17.38 MWh 

Exhausted BESS, waste treatment 58.02 68.13 95.44 64.67 79.94 135.74 79.94 95.22 240.41 53.73 20.05 kWh 
Exhausted VRFB stack, waste 
management  

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 401.89 
kg 

Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 205.76 
kg 

Exhausted PV, waste treatment 27.97 27.97 27.97 27.97 27.97 27.97 27.97 27.97 27.97 27.97 27.97 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 8.63 
kg 

 
 
 
 
 



  
 

 
 
 
 
Table S6: Complete Life Cycle Inventory of SHSs in Hungary. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, 
mounted, on roof – GLO (inverter 
considered separately) 

2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74 

items 

market for cable, unspecified | cable, 
unspecified | - GLO 

12.09 12.09 12.09 12.09 12.09 12.09 12.09 12.09 12.09 12.09 12.09 
kg 

market for tube insulation, elastomere - 
GLO 

7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 7.25 
kg 

market for inverter, 2.5kW - GLO 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 items 
market for charger, electric passenger car 
- GLO 

31.44 31.44 31.44 31.44 31.44 31.44 31.44 31.44 31.44 31.44 31.44 
kg 

BESS 35.67 42.16 59.79 40.18 50.00 86.35 50.00 59.77 156.26 33.58 12.05 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 241.50 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 123.64 kg 
market for electricity, low voltage (on-
grid) 

12.52 14.31 19.02 14.03 17.11 30.02 17.11 20.10 59.63 11.68 6.12 
MWh 



  
 

 
market for diesel, burned in diesel-
electric generating set, 18.5kW – GLO 
(off-grid) 

12.52 14.31 19.02 14.03 17.11 30.02 17.11 20.10 59.63 11.68 6.12 
MWh 

market for waste electric wiring - GLO -1.21 -1.21 -1.21 -1.21 -1.21 -1.21 -1.21 -1.21 -1.21 -1.21 -1.21 kg 
market for used cable - GLO -10.88 -10.88 -10.88 -10.88 -10.88 -10.88 -10.88 -10.88 -10.88 -10.88 -10.88 kg 
market for waste wire plastic - GLO -7.25 -7.25 -7.25 -7.25 -7.25 -7.25 -7.25 -7.25 -7.25 -7.25 -7.25 kg 
market for waste electric and electronic 
equipment - GLO 

-31.44 -31.44 -31.44 -31.44 -31.44 -31.44 -31.44 -31.44 -31.44 -31.44 -31.44 
kg 

market for waste electric and electronic 
equipment - GLO 

-24.13 -24.13 -24.13 -24.13 -24.13 -24.13 -24.13 -24.13 -24.13 -24.13 -24.13 
kg 

market for auxiliary heating unit, 
electric, 5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
items 

Outputs 

Electricity (RF) 
On-grid 48.34 57.40 83.00 54.25 67.76 116.61 67.76 81.52 220.57 45.55 18.22 MWh 
Off-grid 26.04 30.78 43.65 29.33 36.50 63.04 36.50 43.63 121.20 24.51 10.45 MWh 

Exhausted BESS, waste treatment 35.67 42.16 59.79 40.18 50.00 86.35 50.00 59.77 156.26 33.58 12.05 kWh 
Exhausted VRFB stack, waste 
management  

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 241.50 
kg 

Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 123.64 
kg 

Exhausted PV, waste treatment 35.26 35.26 35.26 35.26 35.26 35.26 35.26 35.26 35.26 35.26 35.26 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

10.88 10.88 10.88 10.88 10.88 10.88 10.88 10.88 10.88 10.88 10.88 
kg 

 
 
 
 
 



  
 

 
 
 
 
Table S7: Complete Life Cycle Inventory of SHSs in Italy. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, 
mounted, on roof – GLO (inverter 
considered separately) 

1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 

items 

market for cable, unspecified | cable, 
unspecified | - GLO 

5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 
kg 

market for tube insulation, elastomere - 
GLO 

3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 
kg 

market for inverter, 2.5kW - GLO 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 items 
market for charger, electric passenger car 
- GLO 

14.61 14.61 14.61 14.61 14.61 14.61 14.61 14.61 14.61 14.61 14.61 
kg 

BESS 32.86 38.19 53.09 36.42 44.96 75.03 44.96 53.09 130.31 30.07 11.46 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 229.73 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 117.61 kg 
market for electricity, low voltage (on-
grid) 

18.68 21.90 28.01 20.74 25.71 47.55 25.71 30.25 83.81 17.23 10.39 
MWh 



  
 

 
market for diesel, burned in diesel-
electric generating set, 18.5kW – GLO 
(off-grid) 

18.68 21.90 28.01 20.74 25.71 47.55 25.71 30.25 83.81 17.23 10.39 
MWh 

market for waste electric wiring - GLO -0.56 -0.56 -0.56 -0.56 -0.56 -0.56 -0.56 -0.56 -0.56 -0.56 -0.56 kg 
market for used cable - GLO -5.06 -5.06 -5.06 -5.06 -5.06 -5.06 -5.06 -5.06 -5.06 -5.06 -5.06 kg 
market for waste wire plastic - GLO -3.37 -3.37 -3.37 -3.37 -3.37 -3.37 -3.37 -3.37 -3.37 -3.37 -3.37 kg 
market for waste electric and electronic 
equipment - GLO 

-14.61 -14.61 -14.61 -14.61 -14.61 -14.61 -14.61 -14.61 -14.61 -14.61 -14.61 
kg 

market for waste electric and electronic 
equipment - GLO 

-38.91 -38.91 -38.91 -38.91 -38.91 -38.91 -38.91 -38.91 -38.91 -38.91 -38.91 
kg 

market for auxiliary heating unit, 
electric, 5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
items 

Outputs 

Electricity (RF) 
On-grid 27.88 32.31 45.41 30.87 38.06 62.73 38.06 44.89 116.38 25.46 11.14 MWh 
Off-grid 23.99 27.88 38.75 26.59 32.82 54.77 32.82 38.75 101.07 21.95 9.94 MWh 

Exhausted BESS, waste treatment 32.86 38.19 53.09 36.42 44.96 75.03 44.96 53.09 130.31 30.07 11.46 kWh 
Exhausted VRFB stack, waste 
management  

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 229.73 
kg 

Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 117.61 
kg 

Exhausted PV, waste treatment 16.39 16.39 16.39 16.39 16.39 16.39 16.39 16.39 16.39 16.39 16.39 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 5.06 
kg 

 
 
 
 
 



  
 

 
 
 
 
Table S8: Complete Life Cycle Inventory of SHSs in Portugal. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, 
mounted, on roof – GLO (inverter 
considered separately) 

1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 

items 

market for cable, unspecified | cable, 
unspecified | - GLO 

6.28 6.28 6.28 6.28 6.28 6.28 6.28 6.28 6.28 6.28 6.28 
kg 

market for tube insulation, elastomere - 
GLO 

3.77 3.77 3.77 3.77 3.77 3.77 3.77 3.77 3.77 3.77 3.77 
kg 

market for inverter, 2.5kW - GLO 4.44 4.44 4.44 4.44 4.44 4.44 4.44 4.44 4.44 4.44 4.44 items 
market for charger, electric passenger car 
- GLO 

16.33 16.33 16.33 16.33 16.33 16.33 16.33 16.33 16.33 16.33 16.33 
kg 

BESS 40.53 47.89 45.51 68.13 57.10 98.84 57.10 67.93 178.62 38.15 13.69 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 274.33 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 140.45 kg 
market for electricity, low voltage (on-
grid) 

15.15 17.71 17.19 23.29 21.47 39.32 21.47 25.12 79.43 14.21 7.88 
MWh 



  
 

 
market for diesel, burned in diesel-
electric generating set, 18.5kW – GLO 
(off-grid) 

15.15 17.71 17.19 23.29 21.47 39.32 21.47 25.12 79.43 14.21 7.88 
MWh 

market for waste electric wiring - GLO -0.63 -0.63 -0.63 -0.63 -0.63 -0.63 -0.63 -0.63 -0.63 -0.63 -0.63 kg 
market for used cable - GLO -5.65 -5.65 -5.65 -5.65 -5.65 -5.65 -5.65 -5.65 -5.65 -5.65 -5.65 kg 
market for waste wire plastic - GLO -3.77 -3.77 -3.77 -3.77 -3.77 -3.77 -3.77 -3.77 -3.77 -3.77 -3.77 kg 
market for waste electric and electronic 
equipment - GLO 

-16.33 -16.33 -16.33 -16.33 -16.33 -16.33 -16.33 -16.33 -16.33 -16.33 -16.33 
kg 

market for waste electric and electronic 
equipment - GLO 

-48.45 -48.45 -48.45 -48.45 -48.45 -48.45 -48.45 -48.45 -48.45 -48.45 -48.45 
kg 

market for auxiliary heating unit, 
electric, 5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 
items 

Outputs 

Electricity (RF) 
On-grid 34.41 40.70 38.59 58.42 48.42 83.26 48.42 57.75 159.07 32.39 13.27 MWh 
Off-grid 29.58 34.96 33.22 49.73 41.68 72.15 41.68 49.59 138.54 27.85 11.87 MWh 

Exhausted BESS, waste treatment 40.53 47.89 45.51 68.13 57.10 98.84 57.10 67.93 178.62 38.15 13.69 kWh 
Exhausted VRFB stack, waste 
management  

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 274.33 
kg 

Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 140.45 
kg 

Exhausted PV, waste treatment 18.32 18.32 18.32 18.32 18.32 18.32 18.32 18.32 18.32 18.32 18.32 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

5.65 5.65 5.65 5.65 5.65 5.65 5.65 5.65 5.65 5.65 5.65 
kg 

 
 
 
 
 



  
 

 
 
 
 
Table S9: Complete Life Cycle Inventory of SHSs in Romania. 
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Inputs 
market for photovoltaic slanted-roof 
installation, 3kWp, single-Si, panel, 
mounted, on roof – GLO (inverter 
considered separately) 

1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 

items 

market for cable, unspecified | cable, 
unspecified | - GLO 

5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 
kg 

market for tube insulation, elastomere - 
GLO 

3.54 3.54 3.54 3.54 3.54 3.54 3.54 3.54 3.54 3.54 3.54 
kg 

market for inverter, 2.5kW - GLO 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 1.56 items 
market for charger, electric passenger car 
- GLO 

15.34 15.34 15.34 15.34 15.34 15.34 15.34 15.34 15.34 15.34 15.34 
kg 

BESS 19.07 22.27 31.10 21.30 26.33 44.27 26.33 31.10 70.93 17.67 7.38 kWh 
VRFB stack 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 147.92 kg 
VRFB periphery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 75.73 kg 
market for electricity, low voltage (on-
grid) 

9.12 10.82 14.58 9.99 12.55 22.97 12.55 15.18 39.36 8.26 4.58 
MWh 



  
 

 
market for diesel, burned in diesel-
electric generating set, 18.5kW – GLO 
(off-grid) 

9.12 10.82 14.58 9.99 12.55 22.97 12.55 15.18 39.36 8.26 4.58 
MWh 

market for waste electric wiring - GLO -0.59 -0.59 -0.59 -0.59 -0.59 -0.59 -0.59 -0.59 -0.59 -0.59 -0.59 kg 
market for used cable - GLO -5.31 -5.31 -5.31 -5.31 -5.31 -5.31 -5.31 -5.31 -5.31 -5.31 -5.31 kg 
market for waste wire plastic - GLO -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 -3.54 kg 
market for waste electric and electronic 
equipment - GLO 

-15.34 -15.34 -15.34 -15.34 -15.34 -15.34 -15.34 -15.34 -15.34 -15.34 -15.34 
kg 

market for waste electric and electronic 
equipment - GLO 

-17.02 -17.02 -17.02 -17.02 -17.02 -17.02 -17.02 -17.02 -17.02 -17.02 -17.02 
kg 

market for auxiliary heating unit, 
electric, 5kW– GLO 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 
items 

Outputs 

Electricity (RF) 
On-grid 23.97 27.99 39.63 26.97 33.23 54.84 33.23 39.06 106.92 22.35 9.46 MWh 
Off-grid 13.92 16.26 22.70 15.55 19.22 32.32 19.22 22.70 61.49 12.90 5.73 MWh 

Exhausted BESS, waste treatment 19.07 22.27 31.10 21.30 26.33 44.27 26.33 31.10 70.93 17.67 7.38 kWh 
Exhausted VRFB stack, waste 
management  

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 147.92 
kg 

Exhausted VRFB periphery, waste 
management 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 75.73 
kg 

Exhausted PV, waste treatment 17.20 17.20 17.20 17.20 17.20 17.20 17.20 17.20 17.20 17.20 17.20 kg 
Market for cable, unspecified – GLO 
(Avoided Product) 

5.31 5.31 5.31 5.31 5.31 5.31 5.31 5.31 5.31 5.31 5.31 
kg 

 
 
 
 
 



  
 

 
3. Life Cycle Impact Assessment  

 
In this section, the results concerning the midpoint environmental impact indicators are collected and illustrated with histograms for all 
the batteries and installation sites (excluding IT that is available in the main manuscript). Particularly, three impact categories have been 
considered because they represent the highest contribution to the overall SHS eco-profile: Climate Change, Human Toxicity, Fossil 
Depletion. These results have been collected from Figure S1 to Figure S21. 
 
Figure S1: Climate change SHSs environmental impact indicator in Denmark. 

 



  
 

 
Figure S2: Climate change SHSs environmental impact indicator in Spain. 

 
 
 
 
 
 
 
 



  
 

 
Figure S3: Climate change SHSs environmental impact indicator in France. 

 
 
 
 
 
 
 
 



  
 

 
Figure S4: Climate change SHSs environmental impact indicator in Greece. 

 
 
 
 
 
 
 
 



  
 

 
Figure S5: Climate change SHSs environmental impact indicator in Hungary. 

 
 
 
 
 
 
 
 



  
 

 
Figure S6: Climate change SHSs environmental impact indicator in Portugal. 

 
 
 
 
 
 
 
 



  
 

 
Figure S7: Climate change SHSs environmental impact indicator in Romania. 

 
 
 
 
 
 
 
 



  
 

 
Figure S8: Human Toxicity SHSs environmental impact indicator in Denmark. 

 
 
 
 
 
 
 
 



  
 

 
Figure S9: Human Toxicity SHSs environmental impact indicator in Spain. 

 
 
 
 
 
 
 
 



  
 

 
Figure S10: Human Toxicity SHSs environmental impact indicator in France. 

 
 
 
 
 
 
 
 



  
 

 
Figure S11: Human Toxicity SHSs environmental impact indicator in Greece. 

 
 
 
 
 
 
 
 



  
 

 
Figure S12: Human Toxicity SHSs environmental impact indicator in Hungary. 

 
 
 
 
 
 
 
 



  
 

 
Figure S13: Human Toxicity SHSs environmental impact indicator in Portugal. 

 
 
 
 
 
 
 
 



  
 

 
Figure S14: Human Toxicity SHSs environmental impact indicator in Romania. 

 
 
 
 
 
 
 
 



  
 

 
Figure S15: Fossil Depletion SHSs environmental impact indicator in Denmark. 

 
 
 
 
 
 
 
 



  
 

 
Figure S16: Fossil Depletion SHSs environmental impact indicator in Spain. 

 
 
 
 
 
 
 
 



  
 

 
Figure S17: Fossil Depletion SHSs environmental impact indicator in France. 

 
 
 
 
 
 
 
 



  
 

 
Figure S18: Fossil Depletion SHSs environmental impact indicator in Greece. 

 
 
 
 
 
 
 
 



  
 

 
Figure S19: Fossil Depletion SHSs environmental impact indicator in Hungary. 

 
 
 
 
 
 
 
 



  
 

 
Figure S20: Fossil Depletion SHSs environmental impact indicator in Portugal. 

 
 
 
 
 
 
 
 



  
 

 
Figure S21: Fossil Depletion SHSs environmental impact indicator in Romania. 

 


