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I. Additional figures and tables 

Process flow chart 

 

Supplementary Figure S1: Exemplary simplified illustration of the biosurfactant production process for the production of rhamnolipids with sugar beet pulp with 
description of specific process stages and modules. 
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Supplementary Figure S2: Exemplary simplified illustration of the plant setup of mannosylerythritol lipids production with molasses with basic component 
description modules for a scaled graphical estimation of the required space. 
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Allocation data 

Supplementary Table S1: Underlying used data for the allocation in the sugar beet production and processing stage with data from Spoerri et al. (2014) and 
updated pricing of specific flows. 
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Calculation of costs 

Following the calculation structure of Peters et al.1, it is possible to estimate the total 

capital investment cost and total production cost based on the equipment cost derived 

from a parts list for each process chain. As an example, the following Supplementary 

Table S1 provides an overview of considered equipment positions and the equipment 

cost per process stage. These calculations contain additional interim results on direct 

costs, indirect costs, working capital, manufacturing costs, and general expenses (see 

Supplementary Table S2). Some cost items included in the calculation were 

determined by separate calculations (e.g., depreciation, labor costs), other by the use 

of averaged or adjusted relative values for specific cost items (e.g., piping, legal 

expenses, maintenance) like it is displayed in Table S2. According to Peters et al. the 

used relative data is applicable to "ordinary chemical processes" and can vary 

depending on factors like the plant location, type of process, complexity of 

instrumentation, and company policies. 

As an additional included position in Supplementary Table S2, the end-of-life (EoL) 

costs were estimated by the use of different calculation tools and literature based on 

own process-chain specific calculations of the necessary plant site layout (necessary 

dimensions of buildings and site for 15,000 kgproduct/a). The determined costs were 

added in the pricing under the assumption of an area use for 40 years. 

 

                                            
1 Peters, M. S., Timmerhaus, K. D., & West, R. E. (2003). Plant Design and Economics for Chemical Engineers: McGraw-Hill Education. 
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Supplementary Table S2: Underlying calculation positions for all considered process chains with 
calculation factors and the related reference data (based on and derived from data from Peters et al. 
(2003)); exemplary cost data for the MEL_MOL process chain. 

 

 

 

 

[%of reference] value unit

direct cost

Purchased equipment 28.6 3,359,706 € own calculation

Purchased equipment installation 9.5 1,119,902 € purchased equipment

Instrumentation and controls (installed) 6.7 783,931 € purchased equipment

Piping (installed) 4.8 559,951 € purchased equipment

Electrical systems (installed) 4.8 559,951 € purchased equipment

Buildings (including services) 3.8 447,961 € purchased equipment

Yard improvements 1.9 223,980 € purchased equipment

Service facilities (installed) 9.5 1,119,902 € purchased equipment

Land 1.0 111,990 € purchased equipment

indirect cost

Engineering and supervision 9.5 1,119,902 € purchased equipment

construction expenses 9.5 1,119,902 € purchased equipment

legal expenses 1.9 223,980 € purchased equipment

contractor's fee 3.8 447,961 € purchased equipment

contingency 4.8 559,951 € purchased equipment

fixed Capital Investment 11,758,970 € direct cost + indirect cost

working capital 15 2,075,112 € Fixed capital investment

total capital investment 13,834,083 € fixed capital investment + working capital

depreciation time [y] 10 y

direct production cost 1,738,630

raw material - 327,759 €/a own calculation

operating labor - 397,800 €/a own calculation

direct supervisory and clerical labor 15 59,670 €/a operating labor

maintenance and repairs 6 705,538 €/a fixed capital investment

operating supplies 0.75 88,192 €/a fixed capital investment

laboratory charges 15 59,670 €/a operating labor

patents and royalities 2 100,000 €/a assumption

fixed charges 1,907,177 €/a

linear depreciation cost - 1,383,408 €/a own calculation from total capital investment

local taxes 2.5 293,974 €/a fixed capital investment

insurance 0.5 58,795 €/a fixed capital investment

rent 8 171,000 €/a own calculations

plant overhead cost 60 697,805 €/a operating labor, direct supervisory and clerical labor, maintenance and repairs

Manufacturing cost sum 4,343,612 €/a direct production cost + fixed charges + plant overhead cost

general expenses 536,654 €/a

administrative costs 20 232,602 €/a operating labor, direct supervisory and clerical labor, maintenance and repairs

distribution and marketing costs 2 86,872 €/a manufacturing cost

research and development costs 5 217,181 €/a manufacturing cost

total production cost sum 4,880,267 €/a manufacturing cost + general expenses

following cost

total following costs (EoL) - 1,073,402 € own calculations

specific following costs (EoL) - €/a own calculations

End of Life time [y] 40 y assumption

total production cost + EoL cost sum 4,907,102 €/a total production cost + EoL cost

pricing

minimum price (incl. EoL cost) - own calculations
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Derived from the data in Supplementary Table S2 the following figures show the shares 

of cost positions on total capital investment (TCI) and total production cost (TPC). 

 

 

 

 

As shown in the following Supplementary Figure S3, the cost calculations of the 

products in the present study are based on a cost estimation for “total capital 

investment” and “total production cost” (including EoL cost). The total capital 
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investment (TCI) is mainly determined by the fixed capital investment (85%TCI), which 

is calculated by direct (59.9%TCI; e.g., equipment costs, building or electrical system 

costs) and indirect costs (25.1%TCI; e.g., engineering costs or legal expenses). The 

total production costs (TPC) comprise the dominating manufacturing costs 

(88.5%TPC; e.g., raw materials, laboratory charges, or linear depreciation costs), the 

general expenses (10.9%TPC; e.g., administrative or marketing costs), and EoL costs 

(< 1%TPC; EoL cost). The manufacturing costs are divided into direct production costs 

(32.9%TPC), plant overhead costs (14.2%TPC), and fixed charges (41.3%TPC, 

thereof 30.9% connected to the TCI). The percentage data are to be interpreted in the 

corresponding color context (green or yellow) and refer to the items marked with 100% 

in each case. Additional factors such as CO2-pricing, if necessary, margins, and others 

have to be added to calculate a selling price. 

 

 

Supplementary Figure S3: Exemplary cost and pricing structure with relative shares of total capital 
investment (orange colored), total production cost (yellow colored), and the product price including 
margin, etc. for MEL production with SBP. 
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Supplementary Table S3: Underlying cost positions for equipment costs of the process chain 
MEL_MOL for annual production of 15,000 kg product including costs per process stage, contained 
process modules and number of items. 

 

 

 

position 

no.1 process stage process module
number of 

items

equipment cost per 

process stage2

source of equipment 

cost2

- € -

PS 1.1 - -

PS 1.2 - -

P 2.1 pump molasses 1

T 2.1 storage tank molasses 2

P 2.2 pump molasses 1

M 3.1 fermentation tank 4

P 3.1 pump fermentation broth 4

M 3.2 centrifugation unit I 1

P 3.2 pump fermentation broth liquids 4

P 3.W pump water 1

P 3.I compressor steam 1

P 3.II compressor air + filter 4

- stirrer 4

- membrane 4

M 3b.1 fermenter 5 L 1

M 3b.2 fermenter 50 L 1

M 3b.3 fermenter 500 L 1

P 3b.1 pump fermentation medium 1

- stirrer 3

M4.1 mixer settler unit I 1

P 4.1 pump extraction agent recycling 1

P 4.2 pump broth residue 1

T 4b.1 extraction agent tank 1

P 4b.A pump extraction agent 1

E 4b.1 extraction agent heating unit 1

E 4b.2 extraction agent cooling unit 1

C 4b.1 conveyor unit IV 1

T 4c.1 extraction agent 2 tank 1

T 4c.2 acidification agent 2 tank 1

P 4.A pump acidification agent 1

P 4c.A1 pump extraction agent 1

P 4c.A2 pump extraction agent 1

E 4c.3 extraction agent cooling unit II 1

E 4c.4 extraction agent heating unit III 1

M 4.2 mixer settler unit II 1

P 4.3 pump extraction agent recycling 1

P 4.4 pump broth residue 1

M 4.3 mixer settler unit III 1

P 4.5 pump extraction agent recycling 1

P 4.6 pump broth residue 1

M 5.1 centrifugation unit II 1

D 5.1 drying unit 1

C 5.1 conveyor unit VII 1

C 5.2 conveyor unit VIII 1

S 5.1 product storage 1

total 3,359,706

1
 related to flow chart

2
 data  s tatus : 2021

3
 inflation included

● cost research via:

alibaba.com

matche.com

● cost research via:

alibaba.com

matche.com

● cost research via:

alibaba.com

matche.com

eurolux-ag.com

● estimations

● cost research via:

alibaba.com

eurolux-ag.com

● estimations

● cost research via:

matche.com

● estimations

● cost research via:

alibaba.com

matche.com

● cost research via:

alibaba.com

matche.com

● cost research via:

alibaba.com

matche.com

mixerdirect.com

● estimations

● cost calculations 

based on Knoll (2008)3

● cost research via:

alibaba.com

matche.com

mixerdirect.com

● information from 

project partners

Extraction recycling I 

(included in Extraction 01)

Extraction recycling II & III 

(included in Extraction 02 & 03)

Extraction 02

Extraction 03

Final conditioning

193,114

202,000

202,000

120,800

covered by purchase 

price

207,670

102,208

1,845,722

266,538

219,655

Sugar beet production and 

processing

Storage and preparation

Fermentation

Seed fermentation

Extraction 01
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Results LCA Contributions 

Supplementary Table S4/1: LCIA results for the most contributing process modules and flows (per impact category) of RL production in the context of the six 
most contributing impact categories (to total impact) per considered process chain; share of impact categories impact on total impact per process chain. 
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Supplementary Table S4/2: LCIA results for the most contributing process modules and flows (per impact category) of MEL production in the context of the six 

most contributing impact categories (to total impact) per considered process chain; share of impact categories impact on total impact per process chain. 
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Supplementary Table S5/1: Cost data sources of material and services for the biosurfactants production cost analysis and S-LCA. 

 

 

 

 

 



LCA, CA, S-LCA biosurfactants 

July 23         13 

Supplementary Table S5/2: Cost data sources of material and services for the biosurfactants production cost analysis and S-LCA. 
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Supplementary Table S5/3: Cost data sources of material and services for the biosurfactants production cost analysis and S-LCA. 
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Supplementary Table S5/4: Cost data sources of material and services for the biosurfactants production cost analysis and S-LCA. 
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Supplementary Table S5/5: Cost data sources of material and services for the biosurfactants production cost analysis and S-LCA. 
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Supplementary Table S5/6: Cost data sources of material and services for the biosurfactants production cost analysis and S-LCA. 
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Comparison market prices 

 

Supplementary Figure S4: Specific prices of diverse rhamnolipids with different properties purchased by different suppliers from various countries; shown prices 
are partly extrapolated from €/mg to €/kg, for instance. Chart legend shows surfactant description | producer/seller. 
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Supplementary Table S6: Specific prices for sophorolipids sorted by price under consideration of purity and packaging size; reflecting a similar tendency of pricing 
structure like for rhamnolipids 

 

 

product description purity packaging size price source date

[%SL] [€/kg]

Sophorolipid 50 % 50 kg range 0.90
https://www.alibaba.com/product-

detail/Sophorolipid_60655401914.html?spm=a2700.7724838.2017115.22.127a691b01r1wX
2018

Sophorlipid 100 % 50 kg range 0.90
https://german.alibaba.com/product-detail/sophorolipid-

60655401914.html?spm=a2700.7724838.2017115.1.5dae691bSNWtng
2018

Sophorolipid 99 % 99 kg range 0.90
https://www.alibaba.com/product-

detail/Sophorolipid_60628100337.html?spm=a2700.7724838.2017115.150.127a691b01r1wX
2018

Sophorolipid 50 % 50 Mg range 6.75 2018

Biosurfactant Sophorolipid 50 kg range 9.45
https://qilubiogroup.en.alibaba.com/product/60707991909-

804398105/Biosurfactants_Sophorolipid.html?spm=a2700.icbuShop.41413.8.709f6a77KW7HhM
2018

Sophorolipid used for agricultural chemicals 50 kg range 10.35
https://www.alibaba.com/product-detail/Sophorolipid-used-for-agricultural-

chemicals_60776970081.html?spm=a2700.7724838.2017115.63.10f01e83Kzs9wz
2018

Sophorolipids biosurfactant SL50 50 Mg range 15.92
www.envgreen.cn/offer/582858934819.html?spm=a2615.2177701.autotrace-

offerGeneral.1.493a46d3RsgnL7
2018

Factory support Lactonic Sophorolipid 99 kg range 21.6
https://www.alibaba.com/product-detail/Factory-support-Lactonic-Sophorolipid-CAS-

148409_60814445984.html?spm=a2700.7724838.2017115.103.10f01e83Kzs9wz
2018

Sophorolipids Biosurfactant SL50 50 kg range 22.5
https://www.alibaba.com/product-detail/Sophorolipids-Biosurfactant-

SL50_60740541974.html?spm=a2700.7724838.2017115.72.10f01e83Kzs9wz
2018

Lactonic Sophorolipid/Sophorolipid 99 kg range 25.50
https://german.alibaba.com/product-detail/Factory-Supply-Lactonic-Sophorolipid-Sophorolipid-CAS-

60827522768.html?spm=a2700.7724838.2017115.27.5dae691bSNWtng
2019

Biosurfactant Sophorolipid 85 kg range 31.50
https://qilubiogroup.en.alibaba.com/product/60782545006-

804398105/Biosurfactant_Sophorolipid_better_than_rhamnolipid.html?spm=a2700.icbuShop.41413

.6.709f6a77KW7HhM

2018

Biosurfactant Sophorolipid 99 % 99 kg range 36.00
https://www.alibaba.com/product-detail/High-efficient-Biosurfactant-Sophorolipids-use-

for_60773849267.html?spm=a2700.7724838.2017115.246.127a691b01r1wX
2019

Sophorolipid 50 % 50 kg range 54.00
https://german.alibaba.com/product-detail/High-Quality-Raw-Material-Sophorolipid-

60251213862.html?spm=a2700.7724838.2017115.9.5dae691bSNWtng
2019

Lactonic Sophorolipid 99 % 99 kg range 79.65 https://www.lookchem.com/product_lower-Price-Lactonic-Sophorolipid/18049075.html 2018

Biosurfactant Sophorolipid 100 % 100 kg range 180.00 2018

Sophorolipid Food Grade 98% 98 kg range 225.00
https://german.alibaba.com/product-detail/Food-Grade-98-Purity-Sophorolipid-CAS-

60628100337.html?spm=a2700.7724838.2017115.147.5dae691bSNWtng
2019

Sophorolipids biosurfactant S40 40 kg range 1,528.20
http://www.envgreen.cn/offer/582533456261.html?spm=a2615.2177701.autotrace-

offerGeneral.7.493a46d3RsgnL7
2018

Lactonic (di-acetylated) Sophorolipids 85 g range 57,100.00
https://www.carbosynth.com/carbosynth/website.nsf/(w-

productdisplay)/71834A54140D866880257EEC0037FF96
2018

Acidic Sophorolipids mix-acetylated - mixture of 

C30H54O13, C32H56O14 and C34H58O16
95 g range 57,100.00

https://www.carbosynth.com/carbosynth/website.nsf/(w-

productdisplay)/E63A39A62A23BFB480257EEC0038B9C4
2018

Acidic Sophorolipids non-acetylated 95 g range 65,350.00
https://www.carbosynth.com/carbosynth/website.nsf/(w-

productdisplay)/CF8CE58F959C2C6780257EEC0038243F
2018

Bola Sophorolipids 95 g range 86,650.00
https://www.carbosynth.com/carbosynth/website.nsf/(w-

productdisplay)/2EA4B18429192AA280257DD3003F6913
2018
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II. Supplementary chapter S-LCA 

Background S-LCA 

Relevant social impact categories in the context of surfactant production were identified by the 

sustainability reports of four German surfactant-producing chemical companies, which show 

similar focus areas of assessment.1-4 Criteria of fair salaries, gender equity, accident prevention 

and trade union aspects can be found in these reports and show their relevance for surfactant 

production. The applied indicator selection can be underpinned by the following studies and 

conditions. Although the geographical relation of the present study (Europe) can be called a 

“socially related safe ground”, which offers one of the highest levels of social protection,5 the 

social dimension of sustainability requires a closer examination. Despite the general status, the 

EU has to deal with different problems associated to social indicators. As stated in the annual 

report of the European Social Protection Committee,6 the EU faces some problems regarding 

social aspects like at-risk-of-poverty rates or inequalities in access to healthcare and in health 

outcomes. Moreover, the EU member states have not reached the defined aim of “lifting 20 million 

people out of the risk of poverty or social exclusion” until 2020, for example.6, 7 Although the 

evaluation at EU level is a very superordinate and broad reflection, it is worth to look at the national 

level. The review of German data for salary-related issues shows that the number of employees 

paid according to (or in line with) collective agreements has decreased over the last 20 years from 

80% to 63% and that the share of low wage workers is one of the largest within the European 

Union (> 22%).8, 9 Furthermore, the decreased level of organization by workers’ union (from > 

30% in the early 90’s to < 20% in the last years) gives reason enough to study the aspect of 

workers’ rights more closely.10 The non-adjusted gender pay gap (general difference of wage 

between women and men) in Germany was still at 21% in 2019, the adjusted pay gap (difference 

at exactly identical work) was at 6% in 2016,11 which gives reason to be studied. In relation to 

health, statistics reveal that compared to most other EU countries, the specific incidence rate per 

100,000 persons employed (non-fatal accidents) is clearly higher in Germany and the number of 
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accidents at work by economic activity are clearly higher in the manufacturing sector than in the 

energy supply sector for example.12 A closer look at these aspects could help to minimize impacts 

in these areas by process design. To discuss these aspects further, in this study the method of 

social LCA (S-LCA) was applied. 

 

Study framework S-LCA 

Similar to the goals of the LCA and CA, the goal of the S-LCA was to determine the most relevant 

social impacts associated with the process chains and an identification of the most contributing 

processes. The S-LCA focuses on specific social aspects that are affected by certain parts of the 

process chains. The system boundaries for S-LCA comprise the processing stages as stated for 

LCA for a biosurfactant production of 15,000 kg per year. With regard to the CMC-based function 

of the considered process chains, the functional unit “mass of product necessary to fulfill the same 

specific cleaning performance (SCP) as 1 kg of MEL” was also applied for S-LCA. 

 

Impact categories and indicators S-LCA 

The S-LCA guidelines 13 distinguish different stakeholder groups: workers, the local community 

in which the workplace is situated, the society in which the local community is nested, the 

heterogeneous group of value chain actors (this can be industry, site owners, banks, 

governments, etc.), consumers, and with the latest updated guideline version also children. For 

the production of biosurfactants, this assessment focused on the stakeholder group of workers 

with the social impacts of fair salary, trade unionism, gender wage gap, and non-fatal accidents 

at work. The choice of impacts was based on sustainability reports of businesses in the chemical 

industry (see 1-4) by identifying relevant social issues in this branch. In the present study, the 

evaluation of these impact categories is limited to the process chain related background of 

material and energy flows (see statement in section “Contributing economic sectors”). By using 
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the previously described S-LCA approach and the PSILCA database, results are given in medium 

risk hours (mrh); whereby a lower impact value can be categorized as the more advantageous 

result. Information on the used unit, further methodological explanations and the database 

PSILCA can be found in different publications.14-16 The results were eventually transferred to 

SCP-related values to gain a more adequate comparability of RL and MEL. 

 

Applied data for S-LCA 

To conduct the S-LCA, all energy and material flows, which enter and leave the system (e.g., 

molasses, electricity, water, waste), needed to be converted to a single monetary unit. For this, 

quantity data from LCA and CA was converted to specific monetary input values in US $ per mass 

of product to define a demand vector for the input-output model (exchange rate: 1.0 € = 1.1 $)17. 

The sectoral structure is given by the database PSILCA, which in turn is oriented to the 

classification of economic activities by NACE code.15, 18 The monetary input data of the S-LCA 

per process stage and economic sector (e.g., specific cost for electricity supply, substrates, etc.), 

is illustrated in Supplementary Table S7. An extended description of the data processing and 

methodological desccriptions can be found in Springer et al.16 
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Supplementary Table S7: Input data of the considered process chains for RL and MEL production with substrate 
molasses (RL_MOL, MEL_MOL) including quantitative data for the invested US $ per kg of product related to 
economic sector (sectoral demand) and process stage for S-LCA. 

product RL_MOL 

process stage RL01 RL02 RL03 RL04 RL05 RL06 RL07 RL08 RL0

9 

total p.e.s. 

unit $/kg $/kg $/kg $/kg $/kg $/kg $/kg $/kg $/kg $/kg 

Agriculture and hunting 376.40 - - - - - - - - 376.40 

Electricity and district heat 185.01 0.08 6.86 0.01 1.36 0.12 0.02 0.00 0.03 193.50 

Gas supply - - 0.03 0.00 - 1.29 - 0.01 0 1.33 

Machines 31.46 - - - - - - - - 31.46 

Manufacture of chemical 

products 

- - 66.33 0.00 96.09 - 41.61 - - 204.03 

Manufacture of fabricated 

metal products 

- 8.8 61.37 1.93 6.8 1.13 3.3 1.01 1.21 85.55 

Manufacture of food 

products 

4.60 - - - - - - - - 4.60 

Manufacture of Non-

metallic mineral products 

- 0.03 0.42 - 1.08 1.38 0.00 0.00 0.00 2.92 

Manufacture of plastic 

products 

- - 34.83 - - - - - - 34.83 

Road and pipeline transport 59.66 - - - - - - - - 59.66 

Waste disposal and 

sewerage services 

- - 5.08 - 0.76 21.58 1.16 0.09 - 28.67 

Water supply 0.00 - 0.33 0.00 - - 0.00 - - 0.33 

total per process stage 657.13 8.91 175.25 1.95 106.1 25.50 46.09 1.11 1.24 1023.28 

product MEL_MOL 

process stage MEL01 MEL02 MEL03 MEL04 MEL05 MEL06 MEL07 MEL08  total p.e.s. 

unit $/kg $/kg $/kg $/kg $/kg $/kg $/kg $/kg 
 

$/kg 

Agriculture and hunting 67.94 - - - - - - -   67.94 

Electricity and district heat 33.39 0.01 1.49 0.00 0.1 0.02 0.02 0.06 
 

35.09 

Gas supply - - 0.00 0.00 0.08 0.01 0.01 0.01 
 

0.11 

Machines 5.68 - - - - - - - 
 

5.68 

Manufacture of chemical 

products 

- - 32.55 0.05 12.7 2.61 2.61 - 
 

50.51 

Manufacture of fabricated 

metal products 

- 1.72 13.68 0.64 2.84 2.7 1.52 1.14 
 

24.24 

Manufacture of food 

products 

0.83 - - - 
 

- - 
  

0.83 

Manufacture of non-

metallic mineral products 

- 0.00 0.03 - 0.03 0.01 0.01 0.02 
 

0.10 

Manufacture of plastic 

products 

- - 6.64 - - - - - 
 

6.64 

Road and pipeline transport 10.77 - - - - - - - 
 

10.77 

Waste disposal and 

sewerage services 

- - 0.95 - 1.82 0.22 0.22 0.03 
 

3.24 

Water supply 0.00 - 0.06 0.00 - 0.02 - - 
 

0.08 

total per process stage 118.61 1.74 55.40 0.69 17.55 5.59 4.39 1.26 
 

205.23 

RL01 sugar beet production and processing; RL02 storage and preparation; RL03 fermentation; RL04 seed fermentation; RL05 

precipitation; RL06 precipitation recovery; RL07 extraction; RL08 extraction recovery; RL09 final conditioning and storage; MEL01 

sugar beet production and processing; MEL02 storage and preparation; MEL03 fermentation; MEL04 seed fermentation; MEL05 

extraction 01 (incl. recovery); MEL06 extraction 02 (incl. recovery); MEL07 extraction 03 (incl. recovery); MEL08 final conditioning 

and storage; p.e.s. = per economic sector 
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Results of S-LCA 

Social Life Cycle Assessment 

For S-LCA, the production of RL and MEL only with molasses as a substrate was compared due 

to the expectation of more significant differences between different products than between 

different substrates. The following two sections provide results for selected social impacts and 

contributing economic sectors. 

 

Selected social impacts 

The S-LCA reveals impact values of underlying material and energy flows in RL and MEL 

production. As stated above, these impact values are expressed in medium risk hours (mrh) for 

each impact category. It is important to note that each impact category has its specific mrh 

measure, i.e., the impact category fair salary (FS mrh), for instance, cannot be compared with 

trade unionism (TU mrh) or gender wage gap (GWP mrh). Hence, it is the two types of products 

that can be compared in specific mrh within one impact category. Supplementary Figure S5 shows 

that RL production yields roughly 15 times higher mrhs than MEL production, implying higher 

impacts of detrimental procedures in all considered categories. 

This means that the supply chain of RL production bears a considerably higher impact in the 

assessed impact categories compared to the MEL production. As the results show, it is to be 

expected that further categories would result in similar ratios of mrhs between RL and MEL 

production with molasses as a substrate. The same applies for the assessment of SBP as a 

substrate, due to the given inputs described in section “Applied data”. For further studies it would 

be useful to include alternative substrates as well as different geographical references (e.g., 

manufacturing of chemical products in alternative countries) to find the lowest impact level for the 

production of RL and MEL. Furthermore, the impacts generated by the surfactant production itself, 

which requires the acquisition of own process-specific data, should be considered in further work. 
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Supplementary Figure S5: Results for the comparison of RL and MEL production by selected categories of S-LCA 
per specific cleaning performance (SCP). 
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Contributing economic sectors 

The superiority of MEL over RL regarding social issues raises the question of the 

responsible economic activities in the respective supply chains. Clearly, the production 

of RL and MEL differ, entailing different labor intensity in various sectors. In order to 

reveal these differences, the above-regarded impact categories were additionally 

examined for the responsible economic sectors (classification by NACE code).18 For 

the most relevant sectors, Supplementary Figure S6 gives an overview for each impact 

category, each graph comparing RL and MEL production. The results reveal that 

especially the sector “manufacture of chemical products” is the greatest impact driver 

in all impact categories. “Manufacture of fabricated metal products and of plastic 

products” also inherit considerable – but smaller – impacts in this supply chain. 

Obviously, high impact values in chemical, metal, and plastic product manufacturing 

stem from the combination of the specific indicators’ impact factors (as compiled in 

internationally recognized databases) and the inventory result, i.e., how much work 

needs to be done in the specific sectors. As the manufacture of chemical products 

stands out very clearly in Supplementary Figure S6, a detailed analysis of the required 

chemical products in both product chains was done. It reveals that in RL production, 

the need for acetone as a precipitation agent makes up 55% of chemical products 

(among extraction agent, mineral medium, compressed air, and acidification agent in 

descending order). This is the case albeit the calculation respects an acetone-recycling 

rate of 80%. Hence, this agent is an influential driver of social impacts, which should 

be reduced by means of a higher recycling rate. For MEL production, the use of the 

mineral medium makes up 64% of chemical products (among extraction agent, 

compressed air, and acidification agent in descending order). Here, recycling is not 

possible, as it is consumed by the microorganisms. Hence, it is recommended to 
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evaluate alternative options to limit the social impact of the chemical sector as the 

greatest driver of social impacts in RL and MEL production. 

As mentioned before, the present study does not include impacts associated with the 

actual operation of the examined production plant. Reasons for the non-availability of 

data can be seen in the difficulties and high efforts to collect own data for a 

consideration of labor and the objectives within the related project. Summarized, it is 

obvious that specific supply chains are mainly responsible for social impacts. The 

identified impact sources may be influenceable by an adjusted process design and 

improvements in the field of resource consumption. As an indirect option of reducing 

the amount of needed chemicals and the coupled social impact, the increase of yields 

is applicable also in this case, for example. 

 

 

Supplementary Figure S6: Exemplary results of the S-LCA for the RL and MEL production by selected categories 
“fair salary” (FS), “gender wage gap” (GW), “Non-fatal accidents” (NFA), and “trade unionism” (TU) per chain specific 
process/sector. 
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