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• Sustainability Engineer

• Background in Health & Safety (H&S) Engineering

• 8+ years of experience in LCA (Life Cycle Assessment) and 
sustainability evaluations

• Part of ARDITEC since 2021

• Extensive expertise in collaborative European R&D 
projects, including proposal writing and execution

Léo STACCIOLI – ARDITEC Association
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From lignin to biocoatings for three different 
applications
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Challenges and critical aspects of the LCA 
applied to LIGNICOAT
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Main challenge: upscaling data from lab to pilot 
or industrial scale 
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Lab scale Pilot scale
Industrial 

scale

Life Cycle Assessments are crucial for analyzing and optimizing emerging technologies’
conceivable environmental performance.

However, emerging technologies are often subject to high uncertainties and are still at
laboratory or pilot scale, necessitating the scale-up of LCA relevant data, such as energy and
material flows, to an industrial level.
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Lab-scale assessment of lignin-based polyols
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This is the LCI to produce 1kg of lignin-based polyols at laboratory scale:

Flow Normalized amount/FU Ecoinvent unit process

INPUTS
Fractionated lignin 0,250 kg Dry kraft lignin powder

1,2-Epoxybutane 0,129 kg Propylene oxide, liquid {RER}| production | Cut-off, U
Tetrahydrofuran (THF) 1,428 kg Tetrahydrofuran {RER}| production | Cut-off, U

Boron trifluoride etherate 0,031 kg Boron trifluoride {GLO}| market for | Cut-off, U

N,N-dimethylethylamine 0,027 kg Triethyl amine {RER}| production | Cut-off, U

Cooling water flow 0,209 m3 Tap water {RER}| market group for tap water| Cut-off, U

Rotary evaporator 5200 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Vacuum pump 480 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Drying oven 9600 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Overhead stirrer 160 Wh Electricity, low voltage {IT}| market for | Cut-off, U

OUTPUTS
Lignin based polyol 1 kg /

Tetrahydrofuran (unknow purity) 0,855 kg
Spent solvent mixture {Europe without Switzerland}| market for 

spent solvent mixture | Cut-off, U
Emissions to water 0,209 m3 Wastewater, unpolluted {CH}| market for | Cut-off, U

Traces of remaining volatile 
compounds

0,010 kg Neglected
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Input/output changed when upscaling the process
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• The tetrahydrofuran (THF) will be changed for its bio-based version (Butane-1,4-diol made of 
sugarcane).

• According to its technical sheet, the solvent THF will be recovered at 90%.

• The water for cooling will be recirculated in a circulator. 

• For the solvent removal, the distillation will be performed directly in the reactor of the synthesis 
using a water-cooled condenser and a heat circulator.

• The electricity consumption will be lower (no more drying oven or rotary evaporator which were 
energy-consuming, the stirrer and the vacuum pump electricity consumption will be adjusted 
according to their dimensions and efficiency).

• Half of the electricity will come from renewable energies production (assumption).

BIORING & SuperBark Online workshop, 4th of December 2024, 11:00-13:00



Upscaling the process involves updating the inventory:
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Significant environmental benefits were 
demonstrated
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Flow Normalized amount/FU Ecoinvent unit process

INPUTS
Fractionated lignin 0,250 kg Dry kraft lignin powder

1,2-Epoxybutane 0,129 kg Propylene oxide, liquid {RER}| production | Cut-off, U
Bio-based tetrahydrofuran (Bio THF) 1,428 kg Bio-Tetrahydrofuran

Boron trifluoride etherate 0,031 kg Boron trifluoride {GLO}| market for | Cut-off, U

N,N-dimethylethylamine 0,027 kg Triethyl amine {RER}| production | Cut-off, U

Cooling water flow 0 m3 /

Vacuum pump 240 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Heating circulator 4000 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Overhead stirrer 80 Wh Electricity, low voltage {IT}| market for | Cut-off, U

Low temperature circulator 600Wh Electricity, low voltage {IT}| market for | Cut-off, U

OUTPUTS
Lignin based polyol 1 kg /

Bio-Tetrahydrofuran (unknow purity) 0,085 kg (90% recycled)
Spent solvent mixture {Europe without Switzerland}| market for spent 

solvent mixture | Cut-off, U
Emissions to water 0 m3 /

Traces of remaining volatile 
compounds

0,010 kg Neglected
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Results overview - Example
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Thank you
Léo STACCIOLI

ARDITEC ASSOCIATION
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