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SUSINCHAIN

SUStainable INsect CHAIN (SUSINCHAIN) aims to contribute to novel protein provision for 
feed and food in Europe by overcoming the remaining barriers for increasing the economic 
viability of the insect value chain and opening markets by combining forces in a 
comprehensive multi-actor consortium.

SUSINCHAIN project has received funding from the European 
Union’s Horizon 2020 research and innovation programme
under grant agreement nº 861976.
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DIETARY SHIFTS STUDIES FOR EMERGENCY

courtesy of ShiftN
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METHODOLOGICAL INSIGHTS: LCA

Outcomes

Basis

Results
Impact Categories
• Climate Change
• Human Health
• Resource Depletion
• Ecosystem Quality
• Land Use
• Water Use
• Acidification
• Eutrophication
• Minerals Use
• Fossil Fuel Use
• Carcinogens …
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5Adapted from Diagram (2018), Buehler Magazin; Andreas Baumann, Daniel Röttele

?

Source: IPIFF, 2019

INSECTS COULD BE A SOLUTION 
(MAYBE PARTIALLY)
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EXTRUSDED PRODUCTS AND MEAT SUBSTITUTES

Meat 

Extruded soy + T. molitorExtruded soy protein
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LIPIDS – CRUCIAL COMPONENT OF FOOD PRODUCTS 

Smetana, S., Leonhardt, L., Kauppi, S. M., Pajic, A., & Heinz, V. (2020). Insect margarine: 
Processing, sustainability and design. Journal of Cleaner Production, 264, 121670.)



8

INSECT MILK

insect milk (A) and bovine milk (B)

Tello, A., Aganovic, K., Parniakov, O., Carter, A., Heinz, V., & Smetana, S. (2021). Product development 
and environmental impact of an insect-based milk alternative. Future Foods, 4, 100080.

Comparison of main nutrients in developed prototypes (dry matter basis) in 100 g 
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ENVIRONMENTAL HOTSPOTS

Total ~ 80%
GHG ~ 75%
ALO  ~ 95%
WD   ~ 95%

Total ~ 0%
GHG ~ 0%
ALO  ~ 0%
WD   ~ 0%

Total ~ 40%
GHG ~ 37%
ALO  ~ 47%
WD   ~ 47%

Total ~ -50-0%
GHG ~ -50-0%
ALO  ~ -50-0%
WD   ~ -50-0%

50%

H. illucens T. molitor A. domesticus M. domestica

0.05-0.25 0.05-0.26 0.03-0.2 0.37?

0.03-0.36 0.024-0.19 0.03-0.2 0.02-0.1

0.02-0.5 0.024-0.19 0.03-0.2 0.025-0.11

0.02-0.5 0.04-0.15 0.05-0.2? 0.018-0.11

Feed conversion efficiency (DM/DM)

GHG

ALO

WD
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H. illucens T. molitor
A. 

domesticus
M. 

domestica

13-34 91-151 48? 9-12

15-42 83-227 55-167 4-11

12-42 83-227 55-167 4-12

H. illucens T. molitor A. domesticus M. domestica

GHG 1.4-15

ALO  0.01-94.7

WD   1.26

GHG 9-10.3

ALO  12

WD 1.8-8.7

GHG 7.7-8.7

ALO  27-180

WD   1.4-2.7

GHG 20

ALO  16.7

WD   1.3

GHG 0.3-5

ALO  0-4.9

WD   0.8-2

GHG 3-10.3

ALO  5.3-17

WD   0.1-0.2

GHG 5-27

ALO  12-79

WD   0.1-0.2

GHG 0.8-12

ALO  0.03-61

WD   8.5-11

GHG -6.42÷3.5

ALO  -16.8÷4.9

WD   0.8-1.1

GHG 0.6-1.2

ALO  0.1-0.3

WD  0.4-1.7

GHG 1.3-2

ALO  0.5-1

WD   0.4-0.7

GHG 5.9-9.7

ALO  4.4-7.7

WD   114-188

Development times (days) -> Energy use Environmental impact, 1 kg DW

ENVIRONMENTAL HOTSPOTS

Spykman, et al. (2021). The International Journal of Life Cycle Assessment, 26(10), 1959-1976.
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ENVIRONMENTAL HOTSPOTS
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CONVENTIONAL SOURCES OF PROTEINS

Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts 
through producers and consumers. Science, 360(6392), 987-992.

100g of protein

Beef (beef herd)

Lamb & Mutton

Crustaceans (farmed)

Beef (dairy herd)

Cheese

Pig Meat

Fish (farmed)

Poultry Meat

Eggs

Tofu

Groundnuts

Other Pulses

Peas

Nuts

0 10 20 30 0 40 80 120

Greenhouse Gas Emissions

kg CO2eq

Land Use

m2·year

Low impact producers

10th percentile

High impact producers

90th percentile
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SUSTAINABILITY IS COMPLEX AND … COMPLICATED…

Proposed framework for optimization models of sustainable insect production chains

Criteria is in square brackets, red – economic, green – environmental, blue – social, black – applicable to a few aspects; 
AIB – amount of insect biomass; AIF – amount of insect frass; DEU – direct energy use; DWU – direct water use; ENV –
integrated environmental impact; FCE – feed conversion efficiency; FWP – fair wage potential; LS – labor safety; NRF –
nutritional value of feed; RES – renewable energy share; TAC – total annual cost

𝐴𝐼𝐵 = 𝐴𝐼𝐹 ∗ 𝐹𝐶𝐸

𝐴𝐼𝐹 =
𝐴𝐼𝐹

𝑁𝑅𝐹
1 − 𝐹𝐶𝐸 𝐹𝑟𝑆𝐹

𝐷𝐸𝑈 = 𝐸𝑒 ෍𝐹𝑃,𝐶𝑆,𝑈𝑇𝐿, 𝑃𝑅𝐶 + 𝐸ℎ ෍𝐶𝑆,𝑈𝑇𝐿, 𝑃𝑅𝐶 + 𝐸𝑡 ෍𝑇𝑅𝑊 ∗ 𝐿 ∗ 𝐻𝑒 ∗ 𝐸𝑛𝑒𝑟𝑔𝑦𝑆𝐹

𝐷𝑊𝑈 = ෍𝐹𝑃, 𝐶𝐿𝑆 ∗𝑊𝑎𝑡𝑒𝑟𝑆𝐹

ሻ𝑅𝐸𝑆 = % 𝐺𝑟𝑖𝑑𝑅𝑒𝑛𝐸𝑛 +%𝐶𝑜𝑚𝑝𝑅𝑒𝑛𝐸𝑛 + (%𝑆𝑢𝑝𝑙𝑅𝑒𝑛𝐸𝑛

𝑇𝐴𝐶 = 𝐶𝑎𝑝𝑒𝑥 + 𝑂𝑝𝑒𝑥

𝐿𝑆 = ෍𝑃𝑃𝐸𝑖 ∗ 𝑁𝑖 𝑆𝐹𝐿𝑆

𝐹𝑊𝑃 =
𝑅𝑊

𝑅𝑊𝑇
𝐶𝐹𝐹𝑊

𝐹𝐶𝐸 = 𝐹𝑒𝑒𝑑𝑆𝐹 ∗ 𝑁𝑅𝐹

Smetana, Paguero, Green, Silva, Bhaita, Ristic, Tonda, Mouhrim, Mathys, Heinz (2022) under submission 



14

INTEGRATED EQUATION  

𝐸𝐼 = σ𝑖=1
𝑛 𝐸𝐼𝑓𝑒𝑒𝑑 𝑖𝑓𝑖𝑆𝐹𝑖 𝐾 - 𝐴𝑆𝑓

Environmental impact

Feed EI

FCR

Scaling factor

Coefficient of
product 
concentration

Allocation/substitution factor
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MULTI-OBJECTIVE INTEGRATED DECISION SUPPORT SYSTEM (DSS)

M3M1 M4M2 M6M5

LCI modules

Natural 
gas

Market 
for

electricity

A) Electricity
natural gas

1 -1

a) C02 (kg) 0.3 0

Natural 
gas

Wind 
turbine

A) Electricity
natural gas

1 0.5

a) C02 (kg) 1.5 0

Scenario LCI Database 1 Scenario Database 2

Intermediate flows
1->A:1
Elementary flows:
1->a:2

Intermediate flows
1->A:1
Elementary flows:
1->a:2

LCI Databases
-ecoinvent
-agribalyse

-agrifootprint

Superstructure database LCA Calculation
using Brightway

Multi-criteria analysis
(AHP)

Multi-Objective
optimization (NSGA- II)

MOO resultsLCA results

Multi-objective decision support tool

Feasibility check
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CONCLUDING POINTS

Commercial feed

By-product 
Side-stream

Waste

Feed

Food

Energy/Tech

Other

Location Technology Resource useSociety

Feasibility and Sustainability
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Thank you for
for your attention! 

Dr. Sergiy Smetana

Food Data Group

s.smetana@dil-ev.de

DIL Deutsches Institut für Lebensmitteltechnik e. V. 


