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With China (146,000 t/y) and India (28,708 t/y) as the leading producers?, silk is acknowledged as the most environmental impactful 100 —
among both animal and plant fibers due to:

1. The intensiveness of the process

2. The low sustainability of agricultural practices related to silkworm feeding (mulberry crop)

Assessing the Environmental Impact of Silk Protein Production for Bio-Based Materials: A Life Cycle Assessment Study
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The goal of this study is to evaluate the environmental impact of the Italian small-scale silk cocoon production using Life Cycle Figure 2. Contribution analysis of cocoon production based on the Italian supply chain. Impacts were divided according to two macro-processes:
Assessment (LCA), based on the ISO 14040-14044 standards. The functional unit is 1 kg of dried cocoons (shell and pupae) for foreground (cocoon rearing) and background (mulberry crop)
application in bio-based materials. Alternative scenarios include recovering wood waste to produce wood chips sold in the Italian
market (Scenario 1) or partly used for drying the cocoons and partly sold in the Italian market (Scenario 2). Table 1. LCA results for the Base Case and Alternative Scenarios. Scenario 1 includes chipping of wood waste and sale of wood chips in the

System boundaries and Life Cycle Inventory Italian market; Scenario 2 includes using wood chips to dry the cocoons and sale of the leftover wood chips.

The system boundary is cradle-to-gate and includes the processes in Figure 1. This LCA relies on primary data from local farmers in Impact categories Base Case Scenario Scenario 1 (1 %) Scenario 2 (1 %)
2021-2022, supplemented with secondary data from Ecoinvent 3.3. In the Base Case Scenario, 100% of the impact was assigned to 1 kg Abiotic denletion (ke Sh 8 71E-05 2 58 E.O5 (115 8 14 E-O5 (6.5
of silk cocoons, while in the Alternative Scenarios involving the use of waste wood biomass for wood chip production, economic 9l zpletien (g 0 &) A ’ L2 (LS ' LG (Ve
allocation was used to allocate the impacts between silk cocoons and wood chips. Abiotic depletion, Fossil Fuels (MJ) 116 108 ({,6.3) 103 (J,10.6)
Global warming (kg CO,eq) 9.79 8.16 ({,16.7) 7.79 ({,20.5)
Mulberry orchard Silk cocoon rearing Primary data Ozone layer depletion (kg CFC-11 eq) 1.65E-07 1.56 E-07 ({,5.2) 1.49 E-08 (,9.8)
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tkm | et T " Srving of i )  The prevailing impact for all impact categories except for the eutrophication, as indicated in Figure 2, is the energy consumption. This is
i (2.13 m3) | i rymé%;i\cﬁﬁ)ns | ks largely due to the supply chain being in its early stages with limited production, which leads to high utilities energy consumption (dark
e : e ey E S green, figure 2).
L —— yrmmmmmmm oo " ‘g * The embracing of sustainable agricultural practices has led to a substantial decrease in the impact of mulberry leaf production
Soil, water and air emissions Waste 4?,,;’ compared to literature'~, highlighting a contribution of 28.5% on total GWP.
L * Given the substantial volume of wood waste produced (19.4% on GWP), recovering wood waste to produce wood chips as coproduct
Figure 1. Schematic representation of silkworm rearing and cocoon production relative to the Italian supply chain. has numerous environmental advantages. While Scenario 1, involving the production and total sale of wood chips, results in reduced
Life cycle impact assessment environmental impacts, the most advantageous approach is utilizing a portion of the biomass for the drying process (Scenario 2).
The system was modelled with SimaPro v.9.5 using the CML-IA baseline European method, reporting all the mid-point impact * Although the study provides useful insights into sustainable ways of developing the supply chain, more research is needed to
categories included in the method. comprehensively analyse various scenarios involving all by-products and waste within the process.
Assumptions .

| | . . . | Sericulture, as a holistic agricultural system, might offer a sustainable and climate-resilient green enterprise, providing various products
The silk cocoon supply chain starts at CREA, a research centre responsible for rearing and hatching larvae. The animals are subsequently suitable for different applications. Furthermore, the entire process, from mulberry cultivation to silk production, benefits small-scale
distributed to multiple farmers, with one farm serving as a representative example of mulberry practices. We allocated CREA's energy operations.

consumption based on the time spent on research activities and cocoon production. The model is limited to the Veneto region (North- —
Eastern Italy), where reliable primary data is accessible, while larvae sent out of the region were not included in the model.
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