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Farmed animals: 1.5 bn cattle, 1 bn pigs, 19 bn chicken

Slaughtered per year: 69 bn chicken, 1.5 bn pigs, 302 million cattle

WEF, 2019; Our World in Data, 2022

Pets in the world: 470 million dogs, 370 million pet cats.

https://www.statista.com
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Recent Relevant Publications on Food System Sustainability
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The relevance of behavioral and technological changes for developing enabling 
policy strategies for sustainable development

Fesenfeld, Schmid, Finger, Mathys & Schmidt (2022). One Earth https://doi.org/10.1016/j.oneear.2022.09.004
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Biomass Value Pyramid
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ETH Sustainable Food Processing Research

Single Cells

Novel

Resources

Primary 

Production
Gentle Release Functional

Ingredients
Structure+Safety Consumption

Biological 

Response

Insects

Bioreactors

Rearing

Proteins & Lipids Quality Foods

Microbial Ecosystem 

Analysis and Control

Structure-Process

Properties Interactions

Disintegration

Emerging processing

(Structuring/Disintegration/Safety)

Separation Protein & Lipids Processing

Processing Nutritive Foods

Quality Food/Feed Nutritive Food/Feed

Cooperation

with nutrition, medicine, 

and consumer science 

Multi Indicator Sustainability Assessment - Method Development and Case Studies 



Alexander Mathys 9 | 30

ETH Sustainable Food Processing Research-Focus Sustainability
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Global food system sustainability performance

Food Nutrient Adequacy (1)

Ecosystem stability (2)

Affordability and 

Availability (3)

Sociocultural well-being (4)Resilience (5)

Food safety (6)

Waste and loss reduction (7)
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…a 5.65 trillion USD market

Global food systems are at the heart of our 17 SDGs
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Chaudhary, Gustafson & Mathys 2018, Nature Communications. 9, 848

Food system understanding by multi-indicator sustainability analysis of 
all three dimensions
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Multi Indicator Sustainability Assessment - Regionally-explicit nutritional scores 
(Nutrient Rich Food Index NRF21.2food) & mass-based (1 kg) environmental impacts

Green, Nemecek, Smetana & Mathys, 2021, Journal of Cleaner Production, 312, 127696

Greenhouse gas GHG kg ln(CO2 eq.)

Water use in ln(L) Land use in ln(m2)
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Shows nutritionally-invested environmental impacts 
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ETH Sustainable Food Processing Research-Focus Insects
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Waste hierarchy

is a tool used in the evaluation of 

processes that protect the 

environment alongside resource and

energy consumption from most 

favourable to least favourable actions

The Waste hierarchy from most favourable to least favourable actions

(Hansen, Wenke; Christopher, Maria; Verbuecheln, Maic 2002. EU Waste Policies and Challenges for Local and Regional Authorities)
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(Stefan Diener, Black Soldier Fly Biowaste Processing Manual, Sandec 2017; ETH Zurich SFP and Eawag facility in Dübendorf, CH)

1) Gold,Tomberlin, Diener, Zurbrügg, & Mathys (2018). Waste Management. 82, 302-318. 

2) Aarts, Jansen, Jacobs, Mescher, Prenter, Mathys & De Moraes (2018). Processing of insect larvae. EU patent application. Application No 18175914.3-110

3) Gold, Cassar, Zurbrügg, Kreuzer, Bolus, Diener & Mathys (2019). Waste Management. 102, 319-329.

4) Gold, Egger, Scheidegger, Zurbrügg, Bruno, Bonelli, Tettamanti, Casartelli, Schmitt, Kerkaert, De Smet, van Campenhout & Mathys (2020). Waste Management. 112, 40-​51.

5) Gold et al.  (2020). Journal of Insect Science, 20: 3, 21ff.

6) Gold, von Allmen, Zhang, Zurbrügg & Mathys (2020). Frontiers in Microbiology, 11: 582867.

7) Gold, Fowles, Fernandez-Bayo, Palma Miner, Zurbrügg, Nansen, Bischel & Mathys (2021). Journal of Insects as Food and Feed. doi.org/10.3920/JIFF2021.0038

8) Peguero, Gold, Vandeweyer, Zurbrügg & Mathys (2021). Frontiers Sustainable Food Systems.

Alternative animal proteins based on Black Soldier Fly waste utilization for more 
sustainable feeds
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Black soldier fly larvae-based side stream and waste utilization and biorefinery 
products
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Smetana, Schmitt & Mathys (2019). Resources, Conservation & Recycling. 144, 285–296.
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Develop processes for the BSF larvae to utilize food waste using novel machine 
learning approaches in larval rearing

https://news.nus.edu.sg/interdisciplinary-team-to-develop-blueprint-for-sustainable-urban-food-waste-management-and-food-systems-using-black-soldier-flies/
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ETH Sustainable Food Processing Research-Focus Microalgae

Microalgae

Novel

Resources

Primary 

Production
Gentle Release Functional

Ingredients
Structure+Safety Consumption

Biological 

Response

Insects

Algae Bioreactors

Rearing

Proteins & Lipids Quality Foods

Microbial Ecosystem 

Analysis and Control

Structure-Process

Properties Interactions

Disintegration

Emerging processing

(Structuring/Disintegration/Safety)

Separation Protein & Lipids Processing

Processing Nutritive Foods

Quality Food/Feed Nutritive Foods

Cooperation

with nutrition, medicine, 

and consumer science 

?

?

Multi Indicator Sustainability Assessment - Method Development and Case Studies 



Alexander Mathys 18 | 30

Microalgae

Novel

Resources

Primary 

Production
Gentle Release Functional

Ingredients
Structure+Safety Consumption

Biological 

Response

Insects

Algae Bioreactors

Rearing

Proteins & Lipids Quality Foods

Microbial Ecosystem 

Analysis and Control

Structure-Process

Properties Interactions

Disintegration

Emerging processing

(Structuring/Disintegration/Safety)

Separation Protein & Lipids Processing

Processing Nutritive Foods

Quality Food/Feed Nutritive Foods

Cooperation

with nutrition, medicine, 

and consumer science 

?

?

Multi Indicator Sustainability Assessment - Method Development and Case Studies 
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Alexander Mathys 19 | 30

Caporgno, Haberkorn, Böcker & Mathys (2019). Bioresource Technology, 288, 121476.

Innovative microalgae upstream cultivation to increase efficiency and adapt 
final composition, nutritional aspects, and color
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Chlorella vulgaris cultivation as life support system module onboard the 
International Space Station ISS 

Haberkorn, Helisch, Belz, Detrell, Fasoulas & Mathys (2023), in preparation. Haberkorn (2021) Dr. thesis.

Haberkorn, Walser, Helisch, Böcker, Belz, Schuppler, Fasoulas & Mathys (2020). Journal of Phycology, 56: 1308 - 1322.

Alexander Gerst with

Chlorella at ISS (ESA, 2018)

Future bioregenerative

life support systems?
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PEF-based microalgae process innovation – creating a holistic biorefinery

Buchmann & Mathys (2019). Frontiers in Bioengineering and Biotechnology, vol. 7, pp. 1–7.

Buchmann, Bloch & Mathys (2018). Bioresource Technology, vol. 265, pp. 268-274.

Buchmann, Böcker, Frey, Haberkorn, Nyffeler & Mathys (2018). Innovative Food Science and Emerging

Technologies, vol. 47, pp. 445-453.

Buchmann, Frey, Gusbeth, Ravaynia & Mathys (2019). Bioresource Technology, vol. 271, pp. 402–408.

Buchmann, Brändle, Haberkorn, Hiestand & Mathys (2019). Bioresource Technology, vol. 291, pp. 121870.

Haberkorn, Buchmann, Hiestand & Mathys (2019). Bioresource Technology, vol. 293, pp. 122029. 

Haberkorn, Buchmann, Häusermann & Mathys (2020). Bioresource Technology, vol. 319, pp. 124173.

Haberkorn, Siegenthaler, Buchmann, Neutsch & Mathys (2021). Biotechnology Advances.
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Increased cell proliferation by nanosecond PEF
1st commercial system worldwide based on ETH Zurich R&D

www. sec.ethz.ch
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PEF based cyclic protein extraction/milking of microalgae
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Buchmann, Brändle, Haberkorn, Hiestand & Mathys (2019). Bioresource Technology 291,121870.

29%
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Effect of Arthrospira (Spirulina) protein purification on emulsification mechanism 
and efficiency

Böcker, Bertsch, Wenner, Teixeira, Bergfreund, Eder, Fischer & Mathys (2021) Journal of Colloid and Interface Science. 584, 344-353.  
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Caporgno*, Böcker*, Müssner, Stirnemann, Haberkorn, Adelmann, Handschin, Windhab & Mathys (2020). Innovative Food Science and Emerging Technologies, vol. 59, pp. 102275 

Recommended daily intake (RDI) of the selected vitamins in 100 g of 

unprocessed microalgae (MA) powder, extrudate with 50% MADW before and 

after extrusion, and soy protein concentrate powder according to FDA (2016). 

High moisture extrusion to produce 1st bright microalgae-based meat analogs 
worldwide, with increase of nutritional value
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Canelli, Kuster, Jaquenod, Buchmann, Martínez, Rohfritsch, Dionisi , Bolten, Nanni and Mathys (2021). Innovative Food Science & Emerging Technologies, 75, pp. 102897

Increased lipid bioaccessibility by pulsed electric field (PEF) and incubation
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Photoautotrophic, mixothrophic, heterotrophic

Urban Farming Option (B
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1) Buchmann, Bloch & Mathys, 2018

2) Buchmann, Böcker, Frey, Haberkorn, Nyffeler & Mathys, 2018

3) Caporgno & Mathys, 2018; Mathys, 2018

4) Böcker, Ortmann, Surber, Leeb, Reineke & Mathys, 2019

5) Buchmann, Bertsch, Böcker, Krähenmann, Fischer & Mathys, 2019

6) Buchmann, Brändle, Haberkorn, Hiestand & Mathys, 2019

7) Buchmann, Frey, Gusbeth, Ravaynia & Mathys, 2019

8) Buchmann & Mathys, 2019

9) Caporgno, Haberkorn, Böcker & Mathys, 2019

10) Haberkorn, Buchmann, Hiestand & Mathys, 2019

11) Smetana, Schmitt & Mathys, 2019

12) Böcker, Hostettler, Diener, Eder, Demuth, …Mathys, 2020

13) Canelli, Neutsch, Carpine, Tevere, Giuffrida, …Mathys, 2020

14) Canelli, Tarnutzer, Carpine, Neutsch, Bolten, Dionisi ...Mathys, 2020

15) Caporgno, Böcker, Müssner, Stirnemann, Haberkorn, …Mathys, 2020

16) Haberkorn, Walser, Helisch, Böcker, Belz, Schuppler …Mathys, 2020

17) Bertsch, Böcker, Mathys & Fischer, 2021

18) Böcker, Bertsch, Wenner, Teixeira, Bergfreund, Eder …Mathys, 2021

19) Canelli, Murciano Martínez, Austin, Ambühl, Dionisi, …Mathys, 2021

20) Canelli, Murciano Martínez, Maude Hauser, …Mathys, 2021

21) Haberkorn, Buchmann, Häusermann & Mathys, 2021

22) Haberkorn, Off, Besmer, Buchmann & Mathys, 2021

23) Haberkorn, Siegenthaler, Buchmann, Neutsch & Mathys, 2021

24) Canelli, Kuster, Jaquenod…Mathys, 2021

25) Canelli, Tevere, Jaquenod…Mathys, 2022

25) Canelli, Tevere, Jaquenod…Mathys, 2022

26) Canelli, Abiusi….Mathys, 2023

27) Bertsch, Böcker, Palm, Bergfreund, Fischer & Mathys, 2023

Multi Indicator Sustainability Assessment and Connection to Nutritional R&D

Future outlook-How to integrate our R&D
Innovative Algae Biorefinery Concept based on emerging up- and downstream
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Our new lab at the Singapore ETH Center SEC 
(we are looking for collaborations) 

CREATE Tower. Credit:Photography by Tim Griffith
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Urban Single-Cell Protein Production Harnessing Emerging Microalgae-based
Up- and Downstream Concepts- new initiative to follow up
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Urban Single-Cell Protein Production Team in Singapore
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Alexander Mathys  |  ETH Zurich

Donors Buhler AG & Migros Industry Support

Partners

Acknowledgement

Whole IFNH
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Thank you very much- ETH Sustainable Food Processing Lab



Prof. Dr.-Ing. Alexander Mathys

Head of Sustainable Food Processing Laboratory

alexander.mathys@hest.ethz.ch

ETH Zurich

Institute of Food, Nutrition and Health IFNH

Department of Health Science & Technology D-HEST

Schmelzbergstrasse 9

LFO E 12.2

CH-8092 Zurich

Switzerland

www.sfp.ethz.ch
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alexander.mathys@hest.ethz.ch

www.sfp.ethz.ch
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Back-up slides
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Environmental sustainability of most relevant protein sources in comparison 
(Nutritional impacts are not included)

Smetana, Schmitt & Mathys (2019). Resources, Conservation & Recycling. 144, 285–296.

acidification energy demandeutrophication freshwater depletionglobal warming potential ozone depletion land use

CFC-11: Trichlorofluoromethane

HM-Insect meal (defatted protein concentrate)

HP-Insect puree (fresh insect production)
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Multi-indicator approach quantifying the status of national food system 
performance

HIC score well on most social 

indicators, but poorly on 

environmental, food waste and 

health sensitive nutrition 

indicators 

→Link to our actions

1

3

2

4

5

6

7

Chaudhary, Gustafson & Mathys 2018, Nature Communications. 9, 848
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Literature with partially outdated data, Microalgae standard disintegrations and their energy consumptions

(Timira et al 2021)
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Macronutrient composition (% per 100 g DM) of dried microalgal biomasses

Canelli, Tarnutzer, Carpine, Neutsch, Bolten, Dionisi  and Mathys (2020).Front. Nutr. 7:565996.
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Environmental sustainability of different microalgae protein sources in 
comparison (Nutritional impacts are not included)

Smetana et al. 2017

energy demandeutrophication freshwater depletionglobal warming potential

ozone depletion

land useacidification

CFC-11: Trichlorofluoromethane
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Main protein sources used for meat analogues

https://gfi.org/resource/plant-protein-primer/



(Hellweg & Canals, 2014)

Environmental Life Cycle Assessment LCA Framework with example
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