
Bio-Surfactants  December 2018 Report Contents 

 TECHNOLOGY & COSTS 

  Bio-Surfactants 

1 

101392.200.2018.008 

TECHNOLOGY & COSTS 

Biorenewable Insights 
 Bio-Surfactants 

Table of Contents 

A Report by Nexant, Inc.  

Published Date: December 2018 

www.nexantsubscriptions.com 

Contents 

1 Executive Summary ...................................................................................................................... 1 

1.1 Introduction....................................................................................................................... 1 

1.2 Technology ....................................................................................................................... 2 

1.2.1 Biologically Produced ........................................................................................... 2 

1.2.2 Bio-Based Substitutions for Typically Petro-Based Surfactants ............................. 2 

1.3 Economics ........................................................................................................................ 4 

1.4 Capacity Analysis ............................................................................................................. 5 

1.5 Implications for Petro-Based Surfactants........................................................................... 6 

2 Introduction ................................................................................................................................... 8 

2.1 Surfactants Overview ........................................................................................................ 8 

2.2 Methodology for Defining the Scope of this Report .......................................................... 10 

3 Technology ................................................................................................................................. 13 

3.1 Overview ........................................................................................................................ 13 

3.2 Biologically Produced Surfactants ................................................................................... 13 

3.2.1 Overview ............................................................................................................ 13 

3.2.2 Glycolipids ......................................................................................................... 13 

3.2.3 Lipopeptides....................................................................................................... 26 

3.2.4 Polymeric ........................................................................................................... 28 

3.2.5 Overview of Fermentation .................................................................................. 29 

3.3 Bio-Based Surfactants .................................................................................................... 37 

3.3.1 Ethoxylates ........................................................................................................ 37 

3.3.2 LAB/LAS ............................................................................................................ 48 

4 Economics .................................................................................................................................. 54 

4.1 Economic Methodology ................................................................................................... 54 

4.1.1 Sources ............................................................................................................. 54 

4.1.2 Capital Cost Elements ........................................................................................ 54 

4.1.3 Operating Cost Elements ................................................................................... 58 

4.2 Global Overview ............................................................................................................. 61 

4.3 Sophorolipids .................................................................................................................. 62 



Bio-Surfactants  December 2018 Report Contents 

 TECHNOLOGY & COSTS 

  Bio-Surfactants 

2 

101392.200.2018.008 

4.3.1 Global Production Costs ..................................................................................... 62 

4.3.2 Cost of Production Sensitivity ............................................................................. 68 

4.4 Bio-Based Alcohol Ethoxylates ....................................................................................... 70 

4.4.1 Global Production Costs ..................................................................................... 70 

4.4.2 Cost of Production Sensitivity ............................................................................. 76 

4.5 Bio-Based Linear Alkyl Benzene Sulfonates .................................................................... 79 

4.5.1 Global Production Costs ..................................................................................... 79 

4.5.2 Cost of Production Sensitivity ............................................................................. 85 

5 Capacity Analysis ........................................................................................................................ 88 

5.1 Introduction..................................................................................................................... 88 

5.2 Sophorolipids .................................................................................................................. 88 

5.2.1 Evonik Industries AG .......................................................................................... 88 

5.2.2 Envgreen ........................................................................................................... 88 

5.2.3 Saraya ............................................................................................................... 88 

5.2.4 Allied Carbon Solutions ...................................................................................... 88 

5.2.5 BASF (Cognis) ................................................................................................... 89 

5.2.6 Wheatoleo .......................................................................................................... 89 

5.3 Rhamnolipids .................................................................................................................. 89 

5.3.1 Evonik Industries AG .......................................................................................... 89 

5.3.2 Biotensidon Gmbh .............................................................................................. 89 

5.3.3 AGAE Technologies ........................................................................................... 89 

5.4 Bio-Based Alcohol Ethoxylates ....................................................................................... 89 

5.4.1 Croda ................................................................................................................. 89 

5.4.2 Others ................................................................................................................ 90 

5.5 Bio-Based LAS ............................................................................................................... 90 

5.6 Estimated Totals ............................................................................................................. 90 

6 Implications for Petro-Based Surfactants ..................................................................................... 91 

6.1 Surfactants Overview ...................................................................................................... 91 

6.2 Ethoxylates ..................................................................................................................... 91 

6.2.1 Conventional Market Overview ........................................................................... 91 

6.2.2 Penetration by Bio-Based Raw Materials ............................................................ 92 

6.3 LAS ................................................................................................................................ 94 

6.3.1 Conventional Market Overview ........................................................................... 94 

6.3.2 Penetration by Bio-Based Raw Materials ............................................................ 95 
  

Appendices 

A References ................................................................................................................................. 98 
  

  



Bio-Surfactants  December 2018 Report Contents 

 TECHNOLOGY & COSTS 

  Bio-Surfactants 

3 

101392.200.2018.008 

Figures 

Figure 1 Surfactant Industry Timeline and Current Innovation Activity ............................................... 1 

Figure 2 Bio-Based Ethoxylates Pathway .......................................................................................... 3 

Figure 3 Block Flow Diagram for Fully Bio-Bas LAS .......................................................................... 3 

Figure 4 Regional Cost Competitiveness of Bio-Surfactants .............................................................. 5 

Figure 5 Estimated Bio-Surfactant Capacity Breakdown .................................................................... 6 

Figure 6 Penetration of Bio-EO based Alcohol Ethoxylates ............................................................... 7 

Figure 7 Surfactants Industry Structure ........................................................................................... 10 

Figure 8 Surfactant Industry Timeline and Current Innovation Activity ............................................. 12 

Figure 9 Glycolipid Structure ........................................................................................................... 14 

Figure 10 Sophorose Structure ......................................................................................................... 14 

Figure 11 Common Sophorolipids Structures .................................................................................... 15 

Figure 12 Sophorolipid Biosynthesis ................................................................................................. 16 

Figure 13 Speculative Sophorolipid Process Flow Diagram ............................................................... 17 

Figure 14 Common Rhamnolipid Homologues .................................................................................. 20 

Figure 15 Rhamnolipid Production Pathway ...................................................................................... 22 

Figure 16 Trehalose Lipid Structures ................................................................................................ 25 

Figure 17 Structure of Amino Acids, Peptides, and Proteins .............................................................. 26 

Figure 18 Common Lipoprotein Biosurfactant Structures ................................................................... 28 

Figure 19 Emulsan Structure ............................................................................................................ 29 

Figure 20 Fermentative Growth ........................................................................................................ 31 

Figure 21 Bio-Based Ethoxylates Pathway ........................................................................................ 39 

Figure 22 Ethanol Dehydration to Ethylene Block Flow Diagram ....................................................... 41 

Figure 23 Production of Fatty Acids and Glycerine from Hydrolysis ................................................... 43 

Figure 24 Simplified Blow Flow Diagram of Fatty Alcohol  Production via Fatty Acid 
Esterification ..................................................................................................................... 44 

Figure 25 Blow Flow Diagram of Fatty Alcohol Production from  Direct Hydration of Fatty Acid.......... 45 

Figure 26 Simple Block Flow of Production of Fatty Alcohol via Transesterification of Oils and 
Fats .................................................................................................................................. 45 

Figure 27 Block Flow Diagram for Fully Bio-Bas LAS ........................................................................ 49 

Figure 28 Proposed Reaction Scheme for Bio-TCat™ ...................................................................... 50 

Figure 29 Simplified Block Flow Diagram for Anellotech’s Biomass to Aromatics Process ................. 51 

Figure 30 HVO Reaction Chemistry .................................................................................................. 52 

Figure 31 Sulfonation Reaction ......................................................................................................... 53 

Figure 32 Regional Cost Competitiveness of Bio-Surfactants ............................................................ 62 

Figure 33 Regional Cost Comparison Sophorolipids ......................................................................... 63 

Figure 34 Sophorolipid Cost Sensitivity to Feedstock Price ............................................................... 68 

Figure 35 Sophorolipid Cost Sensitivity to Capital Cost ..................................................................... 69 

Figure 36 Sophorolipid Cost Sensitivity to Economies of Scale ......................................................... 69 

Figure 37 Regional Cost Comparison Bio-Alcohol Ethoxylates .......................................................... 71 

Figure 38 Bio-Alcohol Ethoxylates Cost Sensitivity to Feedstock Price .............................................. 77 

Figure 39 Bio-Alcohol Ethoxylates Cost Sensitivity to Byproduct Price .............................................. 77 



Bio-Surfactants  December 2018 Report Contents 

 TECHNOLOGY & COSTS 

  Bio-Surfactants 

4 

101392.200.2018.008 

Figure 40 Bio-Alcohol Ethoxylates Cost Sensitivity to Capital Cost .................................................... 78 

Figure 41 Bio-Alcohol Ethoxylates Cost Sensitivity to Economies of Scale ........................................ 78 

Figure 42 Regional Cost Comparison Bio-LAS .................................................................................. 80 

Figure 43 Bio-LAS Cost Sensitivity to Feedstock Price ...................................................................... 85 

Figure 44 Bio-LAS Cost Sensitivity to Byproduct Price ...................................................................... 86 

Figure 45 Bio-LAS Cost Sensitivity to Capital Cost ............................................................................ 86 

Figure 46 Bio-LAS Cost Sensitivity to Economies of Scale ................................................................ 87 

Figure 47 Estimated Bio-Surfactant Capacity Breakdown .................................................................. 90 

Figure 48 Demand by End-Use Sectors ............................................................................................ 91 

Figure 49 Penetration of Bio-EO based Alcohol Ethoxylates ............................................................. 93 

Figure 50 Cost Competitiveness of Bio- versus Petro-Based Alcohol Ethoxylates ............................. 93 

Figure 51 Range of Percentage Composition of LAS in Consumer Laundry Products ........................ 94 

Figure 52 LAS Consumption Split by Geography, 2017 ..................................................................... 95 

Figure 53 Cost Competitiveness of Bio- versus Petro-Based LAS ..................................................... 96 
  

Tables 

Table 1 Surfactant Applications and Functions ................................................................................. 8 

Table 2 Common Categories for Surfactants ................................................................................... 9 

Table 3 Summary of Key Technology Licensors ............................................................................ 48 

Table 4 Sophorolipid Cost of Production, USGC 2018 ................................................................... 64 

Table 5 Sophorolipid Cost of Production, Brazil 2018 ..................................................................... 65 

Table 6 Sophorolipid Cost of Production, Western Europe 2018 .................................................... 66 

Table 7 Sophorolipid Cost of Production, Southeast Asia 2018 ...................................................... 67 

Table 8 Bio-Alcohol Ethoxylates Cost of Production, USGC 2018 .................................................. 72 

Table 9 Bio-Alcohol Ethoxylates Cost of Production, Brazil 2018 .................................................... 73 

Table 10 Bio-Alcohol Ethoxylates Cost of Production, Western Europe 2018 ................................... 74 

Table 11 Bio-Alcohol Ethoxylates Cost of Production, Southeast Asia 2018 ..................................... 75 

Table 12 Bio-LAS Cost of Production, USGC 2018 .......................................................................... 81 

Table 13 Bio-LAS Cost of Production, Brazil 2018 ........................................................................... 82 

Table 14 Bio-LAS Cost of Production, Western Europe 2018 ........................................................... 83 

Table 15 Bio-LAS Cost of Production, Southeast Asia 2018 ............................................................. 84 

Table 16 Global bio-Ethylene Oxide Capacity Associated with bio-MEG Production ......................... 90 

Table 17 Summary of Key Market Considerations............................................................................ 92 
  

 

 

  



Bio-Surfactants  December 2018 Report Contents 

 TECHNOLOGY & COSTS 

  Bio-Surfactants 

5 

101392.200.2018.008 

Nexant Inc. 
 

TECHNOLOGY & COSTS 

 

Biorenewable Insights 
Bio-Surfactants 

 
 
 

The Nexant Subscriptions’ Biorenewable Insights program is recognized globally 
as the industry standard source for information relevant to the chemical process 
and refining industries.  Biorenewable Insights reports are available as a 
subscription program or on a single report basis. 

 
Contact Details: 
 

Americas:   
Marcos Nogueira Cesar, Vice President, Global Products, E&CA: Nexant Subscriptions 
Phone: + 1-914-609-0324, e-mail: mcesar@nexant.com 
 
Erica Hill, Client Services Coordinator, E&CA-Products 
Phone: + 1-914-609-0386, e-mail: ehill@nexant.com 
 
EMEA: 
Anna Ibbotson, Director, Nexant Subscriptions 
Phone: +44-207-950-1528, aibbotson@nexant.com 
 
Asia: 
Chommanad Thammanayakatip, Managing Consultant, Energy & Chemicals Advisory 
Phone: +66-2793-4606, email: chommanadt@nexant.com  
 
Nexant, Inc. (www.nexant.com) is a leading management consultancy to the global energy, chemical, and related industries. For over 
38 years, Nexant has helped clients increase business value through assistance in all aspects of business strategy, including business 
intelligence, project feasibility and implementation, operational improvement, portfolio planning, and growth through M&A activities.  
Nexant has its main offices in San Francisco (California), White Plains (New York), and London (UK), and satellite offices worldwide.  
 

Copyright © by Nexant Inc. 2018.  All Rights Reserved.   

 


