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Food systems are at the heart of our 17 Sustainable Development Goals SDGs
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Recent Relevant Publications on Food System 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



Alexander Mathys 6 | 20Alexander Mathys 

Nutritional and environmental losses embedded in global food waste

Country-specific Wasted Daily Diets (WDD) embedded in national per capita per year food 

waste. The WDD represents the days for which a person can be fed a healthy diet meeting the daily 

required nutrient intake of all 24 essential nutrients and calories.

Environmental footprints embedded in 

per capita per day food waste average: 

124 g CO2 eq., 58 L freshwater use, 

0.36 m2 cropland use, 2.9 g nitrogen and 

0.48 g phosphorus use 

Chen, Chaudhary & Mathys (2020). Resources, Conservation and Recycling, 160: 104912. 

Global average WDD = 18
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ETH Sustainable Food Processing Research
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Hype versus Reality
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Different technology readiness level, the connected ecosystem and relevance 
of economies of scale
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ETH Sustainable Food Processing Research-Focus Insects
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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. accepted 

Alternative animal proteins based on Black Soldier Fly waste utilization for more 
sustainable feeds
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Black soldier fly larvae-based waste utilization and biorefinery products
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Smetana, Schmitt & Mathys (2019). Resources, Conservation & Recycling. 144, 285–296.
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Environmental sustainability of most relevant protein sources in comparison 

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

HM-Insect meal (defatted protein concentrate)

HP-Insect puree (fresh insect production)

acidification energy demandeutrophication freshwater depletionglobal warming potential ozone depletion land use
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Smetana, Schmitt & Mathys (2019). Resources, Conservation & Recycling. 144, 285–296.

• Fishmeal

• Chicken

• Insects

• Microalgae
• Egg

• Whey
• Rapeseed

• Soy

acidification energy demand eutrophication freshwater depletion global warming potential land use ozone depletion

Environmental sustainability of most relevant protein sources in comparison 
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ETH Sustainable Food Processing Research-Focus Microalgae
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Buchmann & Mathys (2019).Frontiers in Bioengineering and Biotechnology.7:265.

Haberkorn, Siegenthaler, Buchmann, Neutsch & Mathys (2021). Biotechnology Advances. 107780

Pulsed electric field PEF for more efficient up and downstream bioprocessing, 
case studies on microalgae
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Increased cell proliferation in Arthrospira and Chlorella, plus high value-added 
pigment content (phycocyanin) in Arthrospira

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

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

(n>370)

Phycocyanin protein complex

Allophycocyanin (aPC) and C-Phycocyanin (cPC)

Flow cytometry-based assessments

(n>370)

3 x 360 J/kg
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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 bright algae-based meat analogs, with 
increase of nutritional value
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ETH Sustainable Food Processing Research and Future Outlook
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Innovative Algae Biorefinery Concept based on emerging Up- and Downstream
How to integrate our R&D

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, Siegthaler, Buchmann, Neutsch & Mathys, 2021
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Thank you very much
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Alexander Mathys  |  ETH Zurich
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