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INTRODUCTION
§ Vanillin can be obtained from natural or synthetic raw 

materials.
§ Increasing importance of the impact on biodiversity in supply 

chains.
§ Biodiversity is most often not considered in current LCA 

practice. Methods dealing with biodiversity need further 
development.
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RESEARCH QUESTIONS
§ Comparison of vanilla flavor production routes regarding 

biodiversity impacts. 
§ Three different raw materials: Natural vanilla, wood & 

petroleum
§ Based on the amount needed for 1 kg of vanilla/vanillin 

sugar (the calculation does not include the sugar)
§ Which insights can be gained from this case study to further 

develop the method?

METHOD
§ To define the biodiversity impact, the Hemeroby-Fuzzy 

method according to Lindner et al. (2019) and Lindner & 
Knüpffer (2020) is used:

𝐶𝐹 = ∆𝑄 = 1 − 𝐵𝑉!"# ∗ 𝐸𝐹
§ The local biodiversity value (BVloc) is determined using the 

Hemeroby Concept (Fehrenbach et. al, 2015). It describes 7 
hemeroby levels. The higher the level, the fewer natural 
features are present in the ecosystem. For every hemeroby
level a local biodiversity value between 0 and 1 is defined. As 
quality reference (Qref) naturalness is used.

§ The ecoregion factor (EF) reflects the global importance of this 
region regarding the nature conservation (list of EFs see 
Lindner et. al, 2019). 
𝐼𝑚𝑝𝑎𝑐𝑡 = 𝑄!"# − 𝑄$ ∗ 𝑡"%& − 𝑡$ ∗ 𝐴 = ∆𝑄 ∗ ∆𝑡 ∗ 𝐴

Hemeroby 1 2 3 4 5 6 7
BVloc 1,000 0,983 0,950 0,884 0,754 0,500 0,000

CASE STUDY
§ The estimation method to define the BVloc is applied.
§ The aroma profile is neglected, only the weight percentage of 

vanilla/vanillin in their respective sugar products is set 
differently, as per BLL (2007). 

§ In order to account for the variability in the product systems and 
the uncertainty in the secondary data, scenarios are defined for 
each production route.
Scenarios Natural Vanilla

Unit Default Best Worst
Agroforest

Areatime [m²a] 21.223 16.537 26.949
BVloc [BVI] 0.95000 0.95000 0.88400
EF [-] 0.51330 0.49584 0.51919

Plantation
Areatime [m²a] 11.012 8.5808 13.983
BVloc [BVI] 0.88400 0.88400 0.75400
EF [-] 0.51330 0.49584 0.51919

Scenarios Synthetic Vanillin
Unit Default Best Worst

Wood
Areatime [m²a] 0.32325 0.22105 0.53683
BVloc [BVI] 0.88400 0.95000 0.88400
EF [-] 0.27127 0.18809 0.27664

Petroleum
Areatime [m²a] 0.0028 0.00009 0.01384
BVloc [BVI] 0.00000 0.50000 0.00000
EF [-] 0.25264 0.17512 0.31589

RESULTS
This graph shows the biodiversity impact from each production 
route. It is shown how high the damage is compared to the 
scenario with the highest damage (worst case scenario plantation 
=100%). Synthetic vanillin from petroleum has the lowest impact.
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METHOD DISCUSSION
This case study demonstrates that the method can be used for 
complicated matters like the comparison between a natural and 
synthetic production route.
Suggestions for further development of the method:
§ Marine biodiversity should be included: In this case study, 

including offshore oil production would lead to a higher impact 
of the petrochemical vanillin.

§ Integration of the energy consumption and the different 
biodiversity impact of the energy resources: The production 
from wood and petroleum is more energy intensive than from
natural vanilla.

§ Integration of land history (relevant for natural vanilla) and 
future remediation (relevant for production route petroleum).
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