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Table S1. Dimension and thermal properties of 1 m2 of three walls (reference wall, untreated and 
treated hempcrete walls). 

Material Thickness (mm) λ (W/m.K) R (m2.K/W) U (W/m2.K) 
Reference wall 390 0.06 6.67 0.15 

Solid brick 102 0.88 0.12 8.64 
Air cavity inc metal wall ties 50 0.27 0.19 5.40 
Eco therm cavity insulation 122 0.02 5.55 0.18 

Cement block 100 0.13 0.74 1.34 
Gypsum plasterboard 13 0.20 0.06 15.53 

Gypsum plaster 3 0.43 0.01 143.67 
Untreated hempcrete wall 507 0.076 6.67 0.15 

Treated hempcrete wall 507 0.076 6.67 0.15 

Allocation Method 

When there is more than one output or there are some co-products, the ISO 14044 standard 
recommends dividing the inputs and outputs of that process among different products. This term is 
called allocation. As it is recommended by ISO 14044 [1], several methods can be applied for 
allocation (mass and economic), but it does not identify the preference of one allocation method. Mass 
allocation considers physical relationships between the different products based on their weights, 
while economic allocation is according to respective economic values of different products. 

Four products are produced after harvesting and processing harvested hemp plant, including: 
hemp seed, hemp fibre, hemp shiv and dust. The mass allocation coefficients for each product are in 
accordance to their weights and are calculated as follows (Equations (S1)–(S4)): MAୗ ൌ MୗMୗ ൅M୊ ൅ Mୌୗ ൅ Mୈ, (S1) 

MA୊ ൌ M୊Mୗ ൅M୊ ൅ Mୌୗ ൅ Mୈ, (S2) 

MAୌୗ ൌ MୌୗMୗ ൅ M୊ ൅Mୌୗ ൅ Mୈ, (S3) 

MAୈ ൌ MୈMୗ ൅ M୊ ൅Mୌୗ ൅ Mୈ, (S4) 

where MA is the mass allocation coefficient of each product (S, F, HS and D refer to hemp seed, fibre, 
shiv and dust, respectively). MS is the mass of hemp seed produced in 1 ha (kg/ha). MF, MHS and MD 
are the mass of hemp fibre, shiv and dust, respectively. 

The economic allocation coefficients for each product are in accordance to their economic values 
and are calculated as follows (Equations. (S5)–(S8)): EAୗ ൌ ሺPୗ ൈ MୗሻሺPୗ ൈ Mୗሻ ൅ ሺP୊ ൈ M୊ሻ ൅ ሺPୌୗ ൈ Mୌୗሻ ൅ ሺPୈ ൈ Mୈሻ, (S5) 
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EA୊ ൌ ሺP୊ ൈ M୊ሻሺPୗ ൈ Mୗሻ ൅ ሺP୊ ൈ M୊ሻ ൅ ሺPୌୗ ൈ Mୌୗሻ ൅ ሺPୈ ൈ Mୈሻ, (S6) 

EAୌୗ ൌ ሺPୌୗ ൈ MୌୗሻሺPୗ ൈ Mୗሻ ൅ ሺP୊ ൈ M୊ሻ ൅ ሺPୌୗ ൈ Mୌୗሻ ൅ ሺPୈ ൈ Mୈሻ, (S7) 

EAୈ ൌ ሺPୈ ൈ MୈሻሺPୗ ൈ Mୗሻ ൅ ሺP୊ ൈ M୊ሻ ൅ ሺPୌୗ ൈ Mୌୗሻ ൅ ሺPୈ ൈ Mୈሻ, (S8) 

where EA is economic allocation coefficient of each product (S, F, HS and D refer to hemp seed, fibre, 
shiv and dust respectively). PS is the price of 1 kg hemp seed (€/kg). PF, PHS and PD are price (€/kg) of 
fibre, shiv and dust, respectively. 

The prices of the hemp coproducts are variable, and they depend on several factors. Considering 
the French market, the average prices were considered to be 2 €/kg for seed, 2.0 €/kg for the hemp 
fibre [2], 0.7 €/kg for the shiv [3] and 0.06 €/kg for dust [2]. Table S1 Shows the details of economic 
and mass allocation for all outputs in order to be able to recalculate the results based on new prices. 

 

Figure S1. Terrestrial ecosystem damage (PDF m2 y/kg) from the production of 1 kg of sol-gel, based 
on the hierarchist perspective. 

Table S2. Terrestrial ecosystem damage (PDF m2 y/kg) from the production of 1 kg of sol-gel, based 
on three perspectives. 

Component Abbreviation Unit Value Reference 
Mass allocation - - - - 

Mass of hemp seed MS kg/ha 1020.00 Current study 
Mass of hemp fibre MF kg/ha 2745.10 Current study 
Mass of hemp shiv MHS kg/ha 3764.71 Current study 

Mass of dust MD kg/ha 1490.20 Current study 
Mass allocation coefficient of hemp seed MAS - 11.31 Calculated 
Mass allocation coefficient of hemp fibre MAF - 30.43 Calculated 
Mass allocation coefficient of hemp shiv MAHS - 41.74 Calculated 

Mass allocation coefficient of dust MAD - 16.52 Calculated 
Economic allocation - - - - 

Price of hemp seed PS €/kg 2.00 [2] 
Price of hemp fibre PF €/kg 2.00 [2] 
Price of hemp shiv PHS €/kg 0.70 [3] 

Price of dust PD €/kg 0.06 [2] 
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Economic allocation coefficient of hemp seed EAS - 19.89 Calculated 
Economic allocation coefficient of hemp fibre EAF - 53.54 Calculated 
Economic allocation coefficient of hemp shiv EAHS - 25.70 Calculated 

Economic allocation coefficient of dust EAD - 0.87 Calculated 

Life Cycle Impact Assessment 

Table S3. Endpoint characterization factors (PDF m2 y/ kg) of France and England for photochemical 
ozone formation [4]. 

Substance France England 
NMVOC 7.55 7.65 

NOx 14.06 3.26 

Table S4. Region-specific endpoint characterization factors (PDF m2 y/kg) for terrestrial acidification [5]. 

Substance France England 
NOx 7.98 5.10 
NH3 40.20 16.40 
SO2 20.50 11.90 

Table S5. Endpoint characterization factors (PDF m2 y/m2) for land use (land occupation) of France 
and England [6]. 

Area of protection land use type France England 

Terrestrial ecosystems 

Forest, not used 0.00 0.00 
Secondary vegetation 0.08 0.08 

Forest, used 0.22 0.22 
Pasture/meadow 0.52 0.52 

Annual crops 0.76 0.76 
Permanent crops 0.02 0.02 

Agroforestry 0.00 0.00 
Artificial areas 0.40 0.40 

Table S6. Endpoint characterization factors (PDF m2 y/m2) for water use of France and England [7]. 

Area of protection Country Individualist Hierarchist Egalitarian 

Terrestrial ecosystems 
France 0.00 0.16 0.16 

England 0.00 0.12 0.12 

Table S7. Terrestrial ecosystem damage (PDF m2 y/kg) from the production of 1 kg of sol-gel, based 
on three perspectives. 

Impact category Individualist Hierarchist Egalitarian 
Global warming 0.148 0.655 5.127 
Ozone formation 0.038 0.038 0.038 

Terrestrial acidification 0.137 0.137 0.137 
Terrestrial ecotoxicity 0.002 0.005 0.005 

Land use 0.067 0.067 0.067 
Water 0.000 0.103 0.103 

Table S8. Terrestrial ecosystem damage (PDF m2 y/kg) from the production of 1 kg of hemp shiv, 
based on three perspectives. EA and MA show the results based on economic and mass allocation, 
respectively. 

Impact category 
Individualist Hierarchist Egalitarian 
EA MA EA MA EA MA 

Global warming –0.058 –0.055 –0.308 –0.292 –2.833 –2.738 
Ozone formation 0.007 0.011 0.007 0.011 0.007 0.011 
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Terrestrial acidification 0.018 0.027 0.018 0.027 0.018 0.027 
Terrestrial ecotoxicity 0.001 0.001 0.001 0.001 0.001 0.001 

Land use 0.532 0.863 0.532 0.863 0.532 0.863 
Water 0.000 0.000 0.001 0.001 0.001 0.001 
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Table S9. Comparison of regionalized and generic results of terrestrial ecosystem damage (PDF m2 y/kg) from the production of 1 kg of hemp shiv, based on three 
perspectives. EA and MA show the results based on economic and mass allocation, respectively. 

Impact category 
Individualist Hierarchist Egalitarian 

EA* MA** EA MA EA MA 

Spatial resolution 
Regionaliz

ed 
Generic 

Regionali
zed 

Generic 
Regionaliz

ed 
Generic 

Regionali
zed 

Generic 
Regionaliz

ed 
Generic 

Regionali
zed 

Generic 

Global warming −0.058 −0.058 −0.055 −0.055 −0.308 −0.308 −0.292 −0.292 −2.833 -2.833 −2.738 −2.738 
Ozone formation 0.007 0.004 0.011 0.006 0.007 0.004 0.011 0.006 0.007 0.004 0.011 0.006 

Terrestrial 
acidification 

0.018 0.013 0.027 0.019 0.018 0.013 0.027 0.019 0.018 0.013 0.027 0.019 

Terrestrial ecotoxicity 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
Land use 0.532 0.424 0.863 0.687 0.532 0.424 0.863 0.687 0.532 0.424 0.863 0.687 

Water  0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002 

Table S10. Life cycle impact assessment of 1 m2 wall, using ReCiPe midpoint (H) method. EA and MA show the results based on economic and mass allocation. S1 
and S2 are waste scenarios (S1—composting hemp shiv and landfilling the rest, S2—landfilling all the materials). 

Damage category Unit Reference Wall 
Untreated Hemp Treated Hemp 

EA MA EA MA 
S1 S2 S1 S2 S1 S2 S1 S2 

Global warming kg CO2 eq 2.0E+00 −2.0E−01 −2.4E−01 −1.2E−01 −1.7E−01 3.0E−01 2.7E−01 3.5E−01 3.2E−01 
Stratospheric ozone depletion kg CFC11 eq 5.1E−07 2.5E−06 2.2E−06 3.6E−06 3.4E−06 1.8E−06 1.7E−06 2.6E−06 2.4E−06 

Ionizing radiation kBq Co-60 eq 4.7E−02 6.9E−02 6.8E−02 9.2E−02 9.1E−02 7.3E−02 7.3E−02 8.9E−02 8.8E−02 
Ozone formation, Human health kg NOx eq 4.3E−03 2.8E−03 2.8E−03 3.0E−03 2.9E−03 2.7E−03 2.7E−03 2.8E−03 2.8E−03 
Fine particulate matter formation kg PM2.5 eq 2.3E−03 1.7E−03 1.5E−03 1.8E−03 1.6E−03 1.7E−03 1.6E−03 1.8E−03 1.7E−03 

Ozone formation, Terrestrial ecosystems kg NOx eq 4.6E−03 2.9E−03 2.9E−03 3.1E−03 3.0E−03 2.8E−03 2.8E−03 2.9E−03 2.9E−03 
Terrestrial acidification kg SO2 eq 5.2E−03 4.8E−03 3.6E−03 5.2E−03 4.0E−03 4.6E−03 3.8E−03 4.9E−03 4.1E−03 

Freshwater eutrophication kg P eq 4.1E−04 2.1E−04 2.0E−04 2.3E−04 2.2E−04 3.2E−04 3.2E−04 3.4E−04 3.4E−04 
Marine eutrophication kg N eq 2.8E−05 1.8E−04 1.7E−04 2.8E−04 2.8E−04 1.3E−04 1.3E−04 2.0E−04 2.0E−04 
Terrestrial ecotoxicity kg 1,4-DCB 3.4E+00 6.5E+00 6.5E+00 6.8E+00 6.8E+00 5.1E+00 5.1E+00 5.3E+00 5.3E+00 
Freshwater ecotoxicity kg 1,4-DCB 6.0E−02 1.6E−02 1.6E−02 1.9E−02 1.8E−02 2.1E−02 2.1E−02 2.3E−02 2.3E−02 

Marine ecotoxicity kg 1,4-DCB 7.9E−02 2.6E−02 2.5E−02 2.9E−02 2.8E−02 3.2E−02 3.1E−02 3.4E−02 3.3E−02 
Human carcinogenic toxicity kg 1,4-DCB 1.1E−01 4.5E−02 4.3E−02 4.7E−02 4.5E−02 4.4E−02 4.2E−02 4.5E−02 4.3E−02 

Human non-carcinogenic toxicity kg 1,4-DCB 8.0E−01 4.8E−01 4.7E−01 5.4E−01 5.3E−01 5.9E−01 5.8E−01 6.3E−01 6.2E−01 
Land use m2a crop eq 6.7E−02 8.7E−01 8.7E−01 1.2E+00 1.2E+00 5.9E−01 5.9E−01 8.4E−01 8.4E−01 

Mineral resource scarcity kg Cu eq 6.3E−02 9.9E−03 9.8E−03 1.0E−02 1.0E−02 7.4E−03 7.3E−03 7.6E−03 7.6E−03 



Materials 2019, 12, 2987 6 of 7 

 

Fossil resource scarcity kg oil eq 5.1E−01 3.3E−01 3.3E−01 3.5E−01 3.4E−01 4.0E−01 4.0E−01 4.1E−01 4.1E−01 
Water consumption m3 1.6E−02 8.1E−03 8.3E−03 8.8E−03 8.9E−03 3.2E−02 3.2E−02 3.3E−02 3.3E−02 

Table S11. Damage assessment of 1 m2 wall, using ReCiPe endpoint (H) method. EA and MA show the results based on economic and mass allocation, respectively. 
S1 and S2 are waste scenarios (S1—composting hemp shiv and landfilling the rest, S2—landfilling all the materials). 

Damage category Unit Reference Wall 
Untreated Hemp Treated Hemp 

EA MA EA MA 
S1 S2 S1 S2 S1 S2 S1 S2 

Human health DALY 3.9E−06 1.2E−06 1.0E−06 1.3E−06 1.2E−06 1.7E−06 1.6E−06 1.8E−06 1.7E−06 
Ecosystems species.yr 8.5E−09 8.9E−09 8.5E−09 1.3E−08 1.2E−08 8.2E−09 7.9E−09 1.1E−08 1.0E−08 
Resources USD2013 1.8E−01 1.2E−01 1.2E−01 1.3E−01 1.3E−01 1.4E−01 1.4E−01 1.5E−01 1.5E−01 

Table S12. Life cycle impact assessment of 1 m2 wall, using CML-IA baseline method. EA and MA show the results based on economic and mass allocation, 
respectively. S1 and S2 are waste scenarios (S1—composting hemp shiv and landfilling the rest, S2—landfilling all the materials). 

Damage category Unit Reference Wall 
Untreated Hemp Treated Hemp 

EA MA EA MA 
S1 S2 S1 S2 S1 S2 S1 S2 

Abiotic depletion kg Sb eq 5.9E−06 2.0E−06 1.9E−06 2.4E−06 2.4E−06 2.6E−06 2.6E−06 2.9E−06 2.9E−06 
Abiotic depletion (fossil fuels) MJ 2.2E+01 1.4E+01 1.4E+01 1.5E+01 1.5E+01 1.7E+01 1.7E+01 1.8E+01 1.7E+01 
Global warming (GWP100a) kg CO2 eq 2.0E+00 −2.2E−01 −2.6E−01 −1.5E−01 −1.9E−01 2.7E−01 2.5E−01 3.2E−01 2.9E−01 
Ozone layer depletion (ODP) kg CFC-11 eq 9.7E−08 1.5E−07 1.5E−07 1.6E−07 1.6E−07 1.6E−07 1.6E−07 1.6E−07 1.6E−07 

Human toxicity kg 1,4-DB eq 7.4E−01 3.8E−01 3.7E−01 4.1E−01 4.0E−01 4.1E−01 4.1E−01 4.3E−01 4.3E−01 
Fresh water aquatic ecotox. kg 1,4-DB eq 6.3E−01 1.9E−01 1.8E−01 2.1E−01 2.0E−01 2.5E−01 2.5E−01 2.7E−01 2.6E−01 
Marine aquatic ecotoxicity kg 1,4-DB eq 2.9E+03 5.7E+02 5.5E+02 6.2E+02 6.0E+02 8.7E+02 8.5E+02 9.0E+02 8.9E+02 

Terrestrial ecotoxicity kg 1,4-DB eq 2.8E−03 3.6E−03 3.5E−03 4.7E−03 4.7E−03 3.3E−03 3.2E−03 4.0E−03 4.0E−03 
Photochemical oxidation kg C2H4 eq 1.1E−03 4.1E−04 4.0E−04 4.2E−04 4.1E−04 5.1E−04 5.1E−04 5.2E−04 5.2E−04 

Acidification kg SO2 eq 6.4E−03 5.4E−03 4.4E−03 5.8E−03 4.8E−03 5.3E−03 4.6E−03 5.6E−03 4.9E−03 
Eutrophication kg PO4 eq 1.9E−03 1.6E−03 1.4E−03 1.9E−03 1.7E−03 1.8E−03 1.6E−03 2.0E−03 1.8E−03 
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