Appendix A.

Table Al: Impact Assessment Results for Textile Industry Supply Chain - Impact Category EF3.0

Name Category Impact assessment Unit
result

Acidification EF 3.0 15.60210372 mol H+ eq
Method

Climate change EF 3.0 3213.287615 kg CO? eq
Method

Climate change - Biogenic EF 3.0 0.678749288 kg CO? eq
Method

Climate change - Fossil EF 3.0 3208.183413 kg CO? eq
Method

Climate change - Land use and LU EF 3.0 4.425453083 kg CO? eq

change Method

Ecotoxicity, freshwater EF 3.0 15337.91883 CTUe
Method

Ecotoxicity, freshwater - inorganics EF 3.0 1809.129878 CTUe
Method

Ecotoxicity, freshwater - metals EF 3.0 10869.42071 CTUe
Method

Ecotoxicity, freshwater - organics EF 3.0 2844.111199 CTUe
Method

Eutrophication, freshwater EF 3.0 0.132487151 kg Peq
Method

Eutrophication, marine EF 3.0 2.65076136 kg N eq
Method

Eutrophication, terrestrial EF 3.0 28.8577908 mol N eq
Method

Human toxicity, cancer EF 3.0 1.28E-06 CTUh
Method

Human toxicity, cancer - metals EF 3.0 1.07E-06 CTUh
Method

Human toxicity, cancer - organics EF 3.0 2.05E-07 CTUh
Method

Human toxicity, non-cancer EF 3.0 3.49E-05 CTUh

Method




Human toxicity, non-cancer - inorganics EF 3.0 1.44E-06 CTUh
Method

Human toxicity, non-cancer - metals EF 3.0 3.24E-05 CTUh
Method

Human toxicity, non-cancer - organics EF 3.0 9.81E-07 CTUh
Method

Ionising radiation EF 3.0 800.6451099 kBq U-235 eq
Method

Land use EF 3.0 6465.123176 Pt
Method

Ozone depletion EF 3.0 4.78E-04 kg CFCI11 eq
Method

Particulate matter EF 3.0 1.34E-04 disease inc.
Method

Photochemical ozone formation EF 3.0 9.169447098 kg NMVOC
Method eq

Resource use, fossils EF 3.0 60046.03724 MJ
Method

Resource use, minerals and metals EF 3.0 0.001987515 kg Sb eq
Method

Water use EF 3.0 171445.3744 m3 depriv.
Method

Table A2: Weighted environmental impact assessment across various categories in Pt units

Impact category

Weighted results in

Pt

Acidification 0.017411948
Climate change 0.083574719
Ecotoxicity, freshwater 0.006899855
Eutrophication, freshwater 0.002308509
Eutrophication, marine 0.004014143
Eutrophication, terrestrial 0.006057591
Human toxicity, cancer 0.001611048
Human toxicity, non-cancer 0.002792634
Ionising radiation 0.00950662




Land use 0.000626264
Ozone depletion 0.00056178
Particulate matter 0.020184914
Photochemical ozone formation 0.010795318
Resource use, fossils 0.07683587
Resource use, minerals and metals 0.002357401

Water use

1.272102218

Table A3: Normalized environmental impact assessment across various categories in Pt units

Impact category

Normalized results in

Pt
Acidification 0.280837867
Climate change 0.39684102
Ecotoxicity, freshwater 0.359367438
Eutrophication, freshwater 0.082446754

Eutrophication, marine

0.135612951

Eutrophication, terrestrial

0.16327738

Human toxicity, cancer

0.075636074

Human toxicity, non-cancer

0.151773563

Ionising radiation

0.189752891

Land use 0.00788745

Ozone depletion 0.008903003
Particulate matter 0.225278059
Photochemical ozone formation 0.225843482
Resource use, fossils 0.923508053
Resource use, minerals and metals 0.031223858
Water use 1494832219




Appendix B.

Table 1: Sources of data collected within entire Supply Chain

Phase

Product Data

Facility of General Data

Transport of cotton

1 kg transported 5000 km by ship

Spinning

Fiber Type 2.5 kg cotton fiber (incl. cultivation and harvest)

Fiber loss:1.25 kg

Transport of yarn

1.4 kg transported 1000 km by lorry

Transport of knitted fabric

1.375 kg transported 1000 km by lorry

Dye, Weave, Finish

Fiber loss:1.375 kg

Chemical Use
1.225 kg bleach H202 (knitted cotton)
1.4 kg yarn manufacture (cotton yarn)

1.35 kg drying final fixing + set of m? weight

nergy: 0.8 kWh Water:16 L
Packaging:0.5 kg Waste:0.2 kg

Transport of dyed fabric 1.35 kg transported 500 km by lorry
Cutting efficiency:
1.773 m? fabric inspection + rolling onto cardboard roll
Material Use

Cut & Sew Sundry Material and Weight

IPackaging Material and Weight

Transport Mode & Distance




Garment Finish

1.25 kg transported 1000 km by lorry

Distribution Centers

Transport Mode & Distance

0.175 kg petrol combusted in petrol engine

66.8 kg km lorry > 16 t diesel motorway, terminated

household refuse)

Waste: 0.25 kg

Product Transport 1.25 kg household wash, 60 °C, with prewash
150 min. Ironing cotton or other cellulose
[Use phase 0.25 kg waste incineration of cotton, Washing: 12.5 kg water, Ironing: 0.03[Energy:0.2 kWh (washing)
kWh . .
Consumer washing habits3 L
End of life phase 1.25 kg transported 250 km by lorry Transport of discarded T-shirt (with |[(washing)

Reprinted from “The Life Cycle of A Jean. Understanding the environmental impact of a pair of Levi’s® 501® jeans,” by Levi Strauss & Co., p.48.
Copyright 2015. http://levistrauss.com/wp-content/uploads/2015/03/Full-LCA-Results-Deck-FINAL.pdf

Reprinted from “EDIPTEX — Environmental assessment of textiles,” by S. E. Laursen, J. Hansen, H. H. Knudsen, H. Wenzel, H. F. Larsen, F. M.
Kristensen, 2007, p.81.Copyright 2008 by the Danish Environmental Protection Agency.

Reprinted from “EDIPTEX — Environmental assessment of textiles,” by S. E. Laursen, J. Hansen, H. H. Knudsen, H. Wenzel, H. F. Larsen, F. M.
Kristensen, 2007, p.83.Copyright 2008 by the Danish Environmental Protection Agency.

Table 2: Denim Life cycle Impact

Fiber

Fabric
|Assembly

Cut, Sew,
Finish

Sundries &
Packaging

Transport,
Logistics, Retail

IUse phase

End of Life

Total



http://levistrauss.com/wp-content/uploads/2015/03/Full-LCA-Results-Deck-FINAL.pdf

Climate Change (kg 2.9 9.0 2.6 1.7 3.8 12.5 0.9 33.4
Coz-¢e)

9% 27% 8% 5% 11% 37% 3% 100%
Water Consumption 2,565 236 34 77 10 860 0 3781
(liters)

68% 6% 1% 2% 0% 23% 0% 100%
Eutrophication (g 18.0 5.5 2.9 7.9 3.1 7.9 3.5 48.9
PO-¢)

37% 11% 6% 16% 6% 16% 7% 100%
Land Occupation 9.3 0.2 0.0 0.5 0.3 1.7 0.0 12.0
(m?*/year)

78% 1% 0% 4% 2% 14% 0% 100%
Abiotic Depletion 19.9 7.2 1.9 118.5 4.4 17.9 0.1 29.1
(mg Sb-¢)

12% 4% 1% 70% 3% 11% 0% 100%

Reprinted from “The Life Cycle of A Jean. Understanding the environmental impact of Levi’s® 501® jeans,” by Levi Strauss & Co., p.47.

Copyright 2015

Table 3: Electricity consumption (all energy data for processes in kWh per kg spun yarn)

Process Ring spindling OPEN END spinning

100 % 100 % 67 % 100% carded cotton|100% carded cotton|100% carded

or or cotton or
carded cotton or 100 |carded cotton or  [polyester and 33
. 100 100% 100% 100%
synthetic, Ne 16s % cotton, Ne 36s
synthetic, Ne 24s  ((carded) synthetic, Ne 10s  |synthetic, Ne 16s  |synthetic, Ne 24s

Opening 0.20 0.20 0.25 0.20 0.20 0.20
Carding 0.18 0.18 0.27 0.16 0.17 0.17




Pre-blending - - 0,13 - - -
Stretching 0.06 0.06 0.09 0.06 0.06 0.07
Roving 0.24 0.32 0.28 - - -
Spinning 1.12 1.95 2.83 0.60 1.11 2.04
Air conditioning 0.21 0.31 0.47 0.10 0.16 0.24
(only humidity)'

Light! 0.09 0.12 0.19 0.04 0.06 0.08
Total in kWh/kg 2.10 3.14 4.51 1.16 1.76 2.80
yarn

Total MJ/kg Yarn 7.6 11.3 16.2 4.2 6.3 10.1

Note (1). These figures are different because it takes a different amount of time to produce one kg of different types of yarn. Reprinted from
“EDIPTEX — Environmental assessment of textiles,” by S. E. Laursen, J. Hansen, H. H. Knudsen, H. Wenzel, H. F. Larsen, F. M. Kristensen, 2007,
p-223. Copyright 2008 by the Danish Environmental Protection Agency.

Table 4: Source identification for environmental impact potentials related to energy (Climate Change and Eutrophication).

Greenhouse effect Acidification Nutrient loading Photochemical ozone
formation
Materials Phase 8% of total contribution 14% of total contribution 20% of total contribution  32% of total consumption
Originating primarily from Arising mainly from burning Originating primarily from
burning fossil fuels and energy fossil fuels and energy to burning fossil fuels and inatine £ i
to produce N artificial produce N artificial energy to produce N Originating from burning

.. fossil fuels
. : fertilizer
Fiber production fertilizer artificial fertilizer

Production phase 10% of total contribution 8% of total contribution 8% of total contribution 7% of total contribution




Yarn manufacturing

78% of this phase’s
contribution derives from
electricity consumption in
this process

60% of this phase’s contribution
derives from electricity
consumption in this process

71% of this phase’s
contribution derives from
electricity consumption in
this process

The main part, approx. 36%
of this phase’s contribution
derives from un-burnt fuels
in connection with transport

Knitting

12% of this phase’s contribution 14% of this phase’s
is due to electricity consumption contribution is due to
electricity consumption

11% of this phase’s
contribution is due to
electricity consumption

Not significant

Pre-treatment

8% of this phase’s contribution 3% of this phase’s
is due to electricity consumption contribution is due to
electricity consumption

7% of this phase’s
contribution is due to
electricity consumption

16% of this phase’s
contribution is due to un-
burnt fuel in

connection with transport

11% of this phase’s contribution 6% of this phase’s
is due to electricity consumption contribution is due to

10% of this phase’s
contribution is due to

20% of this phase’s
contribution is due to un-
burnt fuel in connection
with

Dyeing electricity consumption electricity consumption
transport
18% of this phase’s
% of this bhase’ ibuti 4% of this bhase’ % of this phase’ contribution is due to un-
?A) of this p ase’s contri uthn % of t is phase’s 8% of t is phase’s burnt fuel in connection
Finishing is due to electricity consumption COIItI'l.bl.lthII is due tQ COl’ltI'l.bl.lthIl is due tg with transport
electricity consumption electricity consumption
Greenhouse effect Acidification Nutrient loading Photochemical ozone
formation
Credit of minimal contribution -4% credit of contribution due-6% credit of contribution  10% due to incomplete
i due to assessed reuse potential to assessed reuse potentials due to assessed reuse burning of fossil fuels
Making-up potentials
Use Phase 82% of total contribution 78% of total contribution 68% of total contribution ~ 26% of total




contribution

24% of this phase’s impact
contribution originates from

Washing (households) electricity consumption for 24% (see grfzenhouse effect 24% (see grfzenhouse effect 24% (see grgenhouse effect
heating water in the washing for explanation) for explanation) for explanation)
machine
68% of this phase’s impact 68% of this phase’s impact ~ 68% of this phase’s impact 68% due to incomplete
. . potential is due to the potential is due to the potential is due to the burning in connection with
Tumbling drying : ‘L : ‘L . ‘L
consumption electricity for consumption electricity for ~ consumption electricity for transport
tumbler dryers tumbler dryers tumbler dryers
8% of this phase’s impact 8% of this phase’s impact 8% of this phase’s impact 8% due to incomplete
) potential is due to the potential is due to the potential is due to the burning in connection with
Ironing consumption electricity for irons consumption electricity for  consumption electricity for electricity generation
irons irons
Credit of impact potentials due Credit of impact potentials  Credit of impact potentials ~ Approx. 1% of this phase’s
to exploitation of energy from  due to exploitation of energy due to exploitation of energy total contribution originates
incineration, from incineration, from incineration, from incineration of the
Disposal Phase approx. -2% of total approx. -1% of total approx. -1% of total T-shirt
Incineration
Transport Phase 2% of total contribution 2% of total contribution 4% of total contribution 342% of total contribution
Transport with diesel and petrol-
driven vehicles . . . . . .
Transport Burning fossil fuels Burning fossil fuels Burning fossil fuels

Reprinted from “EDIPTEX — Environmental assessment of textiles,” by S. E. Laursen, J. Hansen, H. H. Knudsen, H. Wenzel, H. F. Larsen, F. M.
Kristensen, 2007, p.52-53. Copyright 2008 by the Danish Environmental Protection Agency.



Table 5: Consumption of chemicals - cotton cultivation

Type Active Substance Dose per chemical (active Dose per kg packed raw cotton
substance) (g/kg)
Insecticide Methyl 1,88kg/ha 2,5
Paration
Aldicarb 0,72 kg/ha 1
Malathion 5,5 kg/ha 7
Herbicide Trifluralin 0,85 kg/ha 1
Fluometuron 0,81 kg/ha 1
Glyphosate 1,15 kg/ha 1,5
Fungicide Quintozene (PCNB) 0.75 kg/ha 1
Captan - -
Growth Ethephon 1,10 kg/ha 1,5
Enhancer
Defoliation agent Paraquat 0,34 kg/ha 0,5
Natrium 2,83 kg/ha 3,5
Chlorat

Reprinted from “EDIPTEX — Environmental assessment of textiles,” by S. E. Laursen, J. Hansen, H. H. Knudsen, H. Wenzel, H. F. Larsen, F. M.
Kristensen, 2007, p.218. Copyright 2008 by the Danish Environmental Protection Agency.



Appendix C

Table.1. Inputs and outputs for the cultivation phase of coffee production, detailing resource

consumption, emissions, and organic waste generation.

Processing Step  Input/Output Material/Energy Typical Value with unit
Cultivation IN(Nature) Land Use 5.5 m?

Water (Irrigation) 150-300 liters (depends on region)

Nitrogen (N) 08¢g

Phosphorus (P20s) 03¢g

Potassium (K-0) 04¢g
IN(Technosphere) Diesel (for machinery) 0.5M1J

Fertilizers N=0.8g, P=0.3g and K= 0.4g

input values

Pesticides 0.005 g

Electricity 0.02 MJ
ouT Coffee Cherry 6.24 kg

Soil Organic Matter 0.01 kg
OUT to Organic Waste(by-products) 0.5 kg
Technosphere

Waste water 151
Emissions to Air CO: (Carbon Dioxide) 150 g

CH. (Methane) 0.05¢g

N:20 (Nitrous Oxide) 02¢g

Ammonia (NHs) 0.01g
Emissions to Soil Nitrate (NOs") 02¢g

Phosphate (PO+*) 0.1g

Potassium (K*) 0.1g

Cadmium 0.03g

Lead 0.05¢g

pesticides 0.3g
Emissions to Water  BOD (Biological Oxygen 20g

Demand)

COD (Chemical Oxygen 30g

Demand)

Phosphate (PO4*) 0.12¢g

Nitrate (NOs) 0.2g

Table.2. Resource input and output analysis for the depulping stage of coffee processing, including

material flow and wastewater emissions.

Processing Step  Input/Qutput Material/Energy Typical Value with unit
Depulping IN Coffee Cherry 6.24kg
Water (Fresh water) 46.79L
Energy (electricity for machinery)  1.932MJ
ouT Depulped Coffee Cherry 2.47kg
Wastewater 40.62L
Emissions to water Nitrate (NOs") 0.1 g per kg
Phosphate (PO4*") 0.5 g per kg

Biological Oxygen Demand (BOD) 15g




Chemical Oxygen Demand (COD)
Sludge

30g

OUT to Technosphere 50.57kg

Table.3. Energy and material requirements for the drying process of coffee beans, along with

associated outputs and wastewater generation.

Processing Step Input/Output Material/Energy Typical Value with unit
Drying IN Depulped Coffee Cherry 2.47kg
Heat 0.00966 MJ
Energy 1.008 MJ
ouT Dry Parchment Coffee 1.25kg
OUT to Technosphere Wastewater 1.22L

Table.4. Input-output analysis for the hulling and roasting stages of coffee processing, highlighting

resource use, emissions, and waste production.

Processing Step Input/OQutput Material/Energy Typical Value with unit
Hulling and IN (Nature) Dry Parchment Coffee 1.25kg
Roasting
Energy 0.79 MJ
Water 10 liters
Biomass (firewood/other) 0.4 kg (if using biomass for
roasting)
IN(Technosphere) Electricity (Hulling) 0.10 MJ
Diesel (Roasting) 0.3 MJ
Natural Gas (Roasting) 0.7 MJ
Roasting Equipment 1 Piece
Packaging Materials (Bags) 15 g (varies based on packaging
type)
OUT (Primary) Roasted Coffee Beans 1 kg (functional unit)
Heat 0.280 MJ
Energy 0.666 MJ
OUT to Husk and Waste from Hulling  0.22 kg (depends on husk
Technosphere thickness)
Roasting Residue 0.01 kg
Wastewater 0.250L
Silverskin 0.16kg
Emissions to Air CO: (Carbon Dioxide) 100 g
CHa4 (Methane) 0.03 g
NOy (Nitrogen Oxides) 0.04 g
CO (Carbon Monoxide) 005g
Emissions to Water Suspended Solids (TSS) 0.005 kg
COD (Chemical Oxygen 0.03 kg
Demand)
Wastewater (Cleaning) 4 liters
Emissions to Soil Organic Waste Leachate Minimal




Table.5. Overview of transportation inputs and outputs for coffee beans, including energy

consumption and emissions generated during transport.

Processing Step  Input/Output Material/Energy Typical Value with unit
Transportation IN (Nature) Water 0.3 liters
IN(Technosphere) Diesel (Truck Transportation) 1.0 MJ
Gasoline (Light-duty vehicles) 0.2 MJ
Shipping Fuel (Marine) 0.5 MJ (shipping overseas)
Electricity (for electric vehicles) 0.2 MJ
Tires 0.02 kg
OUT (Primary) Transported Coffee Beans 1.00 kg (functional unit)
OUT to Used Tires 0.02 kg
Technosphere
Used Oil and Fluids 0.01 kg
Metal Scraps (vehicle 0.001kg
maintenance)
Emissions to Air CO: (Carbon Dioxide) 250 g
NOx (Nitrogen Oxides) 0.10 g
PMo (Particulate Matter) 0.003 g
CO (Carbon Monoxide) 0.05¢
SO: (Sulfur Dioxide) 0.015¢g
CHa (Methane) 0.005 g
Emissions to Water Wastewater (vehicle cleaning) 0.1 liters
Emissions to Soil Oil Leaks Minimal
Tire Particles (from abrasion) Minimal (Depend on
distance)

Table.6. Resource consumption and emissions associated with coffee consumption, detailing

inputs for brewing and outputs including spent coffee grounds.

Processing Step Input/Output Material/Energy Typical Value with unit
Coffee IN (Nature) Water (tap water) 1.25 liters
Consumption
Coffee Grounds 1 kg
IN(Technosphere) Electricity 0.2 kWh
Gas (for gas-powered brewers) 0.3 MJ
Paper Coftee Filter 0.005 kg (per filter)
Coffee Machine 1 piece
OUT (Primary) Brewed Coffee 1 liter
Spent Coffee Grounds 50-60 g
OUT to Technosphere Used Paper Filter 0.005 kg
Spent Coffee Grounds 60¢g
Wastewater (from cleaning) 0.2 liters
Emissions to Air CO: (Carbon Dioxide) 0.1 kg (differs by energy
source)
NOx (Nitrogen Oxides) 0.005 g
Emissions to Water BOD (Biological Oxygen 0.02¢g
Demand)
COD (Chemical Oxygen 0.05¢g
Demand)
Emissions to Soil Organic Waste (to compost) 60 g




Table.7. End-of-life analysis for spent coffee grounds, outlining energy use, waste disposal

scenarios, and associated emissions to air, water, and soil.

Processing Step Input/Output Material/Energy Typical Value with unit
EoL of Coffee waste (SCGs) IN(Technosphere) Electricity 0.02 MJ
Waste disposal scenario Diesel 0.02 MJ
Composting of SCGS 0.005 kg
Waste to Technosphere Spent Coffee Grounds 0.06 kg
Used Paper Filters 0.005 kg
Coffee Packaging 0.05 kg
Emissions to Air CO: (Carbon Dioxide) 0.05 kg
CHa (Methane) 0.005 kg
N:20 (Nitrous Oxide) 0.001 g
Emissions to Water Leachate (Nitrate, NOs™) 0.002 g
Phosphate (PO.*") 0.001 g
Emissions to Soil Organic Waste 0.006 kg

Wet Processing Method

In wet processing, the outer skin, pulp, and mucilage are removed using water before the beans

are dried. This method uses more water and energy but results in higher-quality coffee.

Table 8: Resource consumption, energy inputs, and environmental emissions associated with wet

processing of coffee, focusing on water usage, mechanization, and waste by-products during

green coffee bean production.

Processing Step

Input/Output

Material/Energy

Typical Value with unit

Coffee Wet IN (Nature) Water (for irrigation) 300 liters
Processing
Water (for wet processing) 20 liters
Land use 5.5 m?
IN (Technosphere)  Diesel (for machinery) 0.5MJ
Electricity (for wet mills) 1.5MJ
Fertilizers (Nitrogen, Phosphorus, ~ N: 0.5-0.8 g, P.Os: 0.1-0.3 g,
Potassium) K:0:0.2-04 ¢g
Pesticides 0.005 kg
Coffee Cherries 6.24 kg
Depulped Coffee Cherry 2.47 kg
Heat 10 MJ
OUT (Primary) Green Coffee Beans 2.47 kg
OUT to Coffee Pulp (organic waste) 3kg
Technosphere
OUT to Wastewater (from wet processing) 20 liters
Technosphere
Emissions to Air CO: (Carbon dioxide) 150 g
Methane (CH4) 0.02g




Nitrous oxide (N20) 0.04 g
Emissions to water COD (Chemical Oxygen Demand) 50 g

Nitrate (NOs") 02¢g
Emissions to soil Nitrate (NOs") 02¢g

Dry Processing Method

In dry processing, the whole coffee cherry is dried in the sun before the outer layers are

mechanically removed. This method uses less water but requires more space and longer drying

times.

Table 9: Overview of material and energy flows in dry coffee processing, emphasizing solar

drying, reduced water demand, and the environmental emissions resulting from husk waste and

agricultural inputs.

Processing Step Input/OQutput

Material/Energy

Typical Value with unit

Coffee Dry IN (Nature) Water (for irrigation) 300 liters
Processing
Sunlight (natural energy for drying) ~ Variable
Land use 5.5 m?
IN (Technosphere)  Diesel (for machinery) 0.5MJ
Fertilizers (Nitrogen, Phosphorus, N:0.5-0.8 g, P20s: 0.1-0.3 g,
Potassium) K:0:0.2-04 g
Pesticides 0.005 kg
Coffee Cherries 6.24 kg
OUT (Primary) Green coffee beans 2.47 kg
OUT to Organic Waste (from coffee husks) 2 kg
Technosphere
Emissions to Air CO: (Carbon dioxide) 150 g
Methane (CHa) 0.02¢g
Nitrous oxide (N20) 0.04 g
Emissions to Water  Nitrate (NOs") 02¢g
Emission to Soil Nitrate (NOs) 02¢g




Appendix D.

Selected articles from Scopus database for literature review

Authors Title Year Source title Cited | Author Keywords Publisher
by
Claro D.P.; De Coordinating B2B cross- 2004 Journal of Business | 22 Brazil; Coffee; Organic foods; Supply
Oliveira Claro border supply chains: The and Industrial chain management; The Netherlands;
P.B. case of the organic coffee Marketing Trust
industry
Oliveira G.M.; Can contracts substitute 2019 British Food 8 Contracts; Food supply chain; Emerald Group
Zylbersztajn D.; hierarchy? Evidence from Journal Governance Holdings Ltd.
Saes M.S.M. high-quality coffee supply
in Brazil
Sayogo D.S.; Challenges and 2015 Information 36 I-Choose; Industrial ecology; Springer New
Zhang J.; Luna- requirements for developing Technology and Information integration; Interoperable | York LLC
Reyes L.; Jarman | data architecture supporting Management data architecture; Sustainable
H.; Tayi G.; integration of sustainable consumption; Sustainable supply
Andersen D.L.; supply chains chains
Pardo T.A.;
Andersen D.F.
Candelo E.; Turning farmers into 2018 Sustainability 31 Coffee industry; Low-power MDPI
Casalegno C.; business partners through (Switzerland) stakeholders; Stakeholder
Civera C.; Mosca | value co-creation projects. empowerment; Supply chain
F. Insights from the coffee resilience; Supply chain vulnerability
supply chain factors; Value co-creation
Richey L.A; Brand Aid and coffee value | 2021 World 23 Brand Aid; Celebrity humanitarianism; | Elsevier Ltd
Ponte S. chain development Development Coffee; Democratic Republic of Congo
interventions: Is Starbucks (DRC); Global Value Chains (GVCs);
working aid out of business? Partnerships
Murekezi A.; Jin Do organisational forms of | 2012 Development in 11 Economics; Globalisation; Labour and
S.; Loveridge S. the coffee supply chain Practice livelihoods - Poverty reduction; Sub-
matter in poverty reduction? Saharan Africa
Chen M.-F. The impacts of perceived 2020 Business Strategy 59 climate change skepticism; perceived John Wiley and
moral obligation and and the moral obligation; sustainability Sons Ltd

sustainability self-identity
on sustainability

development: A theory of
planned behavior purchase

Environment

development; sustainability self-
identity; sustainability-labeled coffee;
theory of planned behavior (TPB)




intention model of
sustainability-labeled coffee
and the moderating effect of
climate change skepticism

8. Thiruchelvam V.; | Blockchain-based 2018 Journal of 41 Blockchain Technology; Coffee Universiti
Mughisha A.S.; technology in the coffee Telecommunicatio Supply Chain; Supply Chain; Teknikal
Shahpasand M.; supply chain trade: Case of n, Electronic and Technology Acceptance Model Malaysia Melaka
Bamiah M. Burundi coffee Computer

Engineering

9. Contreras-Medina | Roadmapping as a driver for | 2020 Sustainability 10 Coffee supply chain; Emerging MDPI

D.L; Contreras- knowledge creation: A (Switzerland) technologies; Knowledge creation;
Medina L.M.; proposal for improving Roadmapping; Sustainability
Pardo-Nufiez J.; sustainable practices in the

Olvera-Vargas coffee supply chain from
L.A.; Rodriguez- | Chiapas, Mexico, using
Peralta C.M. emerging technologies

10. | Tan G.N.D. A Business-Model 2021 Global Journal of 12 Business model; Coffee; Strategy; Springer

Approach on Strategic Flexible Systems Value chain
Flexibility of Firms in a Management

Shifting Value Chain: The

Case of Coffee Processors

in Amadeo and Silang,

Cavite, Philippines

11. | Mithofer D.; van Certify and shift blame, or 2017 International 28 certifiability; Certification; ecosystem | Taylor and
Noordwijk M.; resolve issues? Journal of services; global value chain; Francis Ltd.
Leimona B.; Environmentally and Biodiversity governance; issue—attention cycle;

Cerutti P.O. socially responsible global Science, sustainability standards; swing
trade and production of Ecosystem potential
timber and tree crops Services and
Management

12. | Karmakar A.; Properties of various plants | 2010 Bioresource 604 Biodiesel; Feedstocks; FFA; Elsevier Ltd
Karmakar S.; and animals feedstocks for Technology Renewable oil; Transesterification
Mukherjee S. biodiesel production

13. | Kolk A. Towards a Sustainable 2012 Corporate Social 36 Coffee; Fair trade; Marketing; Strategy; Supply chain;

Coffee Market: Paradoxes Responsibility and Sustainability
Faced by a Multinational Environmental
Company Management

14. | Kittichotsatsawat | Enhancing coffee supply 2021 Sustainability 28 Big data analytic; Coffee supply chain; | MDPI AG

Y .; Jangkrajarng chain towards sustainable (Switzerland) Modern technology; Smart technology

growth with big data and




V.; Tippayawong
K.Y.

modern agricultural
technologies

15. | Bager S.L; Sustainability strategies by | 2020 Business Strategy 48 certification; coffee; corporate social John Wiley and
Lambin E.F. companies in the global and the responsibility (CSR); environmental Sons Ltd
coffee sector Environment governance; global value chains;
private sector; stakeholder theory;
sustainable development; voluntary
sustainability standards
16. | Lenzen M.; Moran | International trade drives 2012 Nature 819
D.; Kanemoto K.; | biodiversity threats in
Foran B.; developing nations
Lobefaro L.;
Geschke A.
17. | Humbert S.; Life cycle assessment of 2009 Journal of Cleaner | 87 Coffee; Drip filter; Espresso; Life cycle assessment
Loerincik Y.; spray dried soluble coffee Production (LCA); Roast and ground; Soluble; Spray dried; Water
Rossi V.; Margni | and comparison with
M.; Jolliet O. alternatives (drip filter and
capsule espresso)
18. | Vermeulen Improving sustainability in | 2015 International 12 Coffee; Developing countries; Inderscience
W.J.V.; Metselaar | global supply chains with Journal of Business Fairtrade; Governance; Supply chain; Publishers
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Appendix E.

List of sub variables included to conduct the survey on coffee supply chain sustainability

Indicator type

Variables

Sub-variables

Social

Labor Practices

Percentage of workers receiving fair
wages

Compliance with fair labor standards

Availability and utilization of
healthcare benefits

Community Impact

Investment in community
development projects

Contributions to local education
initiatives

Support for healthcare programs in
local communities

Diversity and Inclusion

Diversity statistics in the workforce

Gender equality initiatives

Inclusive hiring practices

Health and Safety

Adherence to safety protocols in
coffee production

Frequency of health check-ups for
workers

Availability and use of personal
protective equipment

Workers' Rights

Awareness levels of workers' rights

Existence of grievance mechanisms
for workers:

Accessibility and effectiveness of
communication channels for workers

Community Engagement

Frequency and scope of community
forums and consultations

Collaboration in community projects
and initiatives

Financial contributions to
community development




Economic

Economic Impact on Producers

Income of Coffee Farmers

Access to Market Information:

Profitability of Coffee Farming

Value Chain Distribution

Fair Distribution of Profits

Economic Benefits for
Intermediaries

Financial Transparency

Market Access and Pricing

Market Access Initiatives

Pricing Mechanisms

Impact of Market Fluctuations

Economic Resilience Strategies

Diversification of Income Sources

Adaptation to Matket Trends

Investment in Technological
Solutions

Market Access Initiatives

Certifications and Quality Standards

Market Development Programs

Collaboration with Retailers

Financial Impact of Sustainable
Practices

Costs and Benefits of Sustainable
Practices

Return on Investment in
Sustainability

Access to Sustainable Markets

Environmental

Sustainable Farming Practices

Organic Farming Certification

Water Conservation Measures

Biodiversity Preservation

Waste Management

Coffee Pulp Utilization

Recycling Initiatives

Reduction of Single-Use Plastics




Carbon Footprint

Carbon Emission Reduction
Initiatives

Transportation Efficiency

Energy Consumption Reduction

Resource Efficiency

Water Usage Efficiency

Energy-Saving Practices

Land Management for Sustainability

Conservation of Biodiversity

Agroforestry Practices

Wildlife Habitat Preservation

Use of Shade-Grown Coffee

Unutilized Coffee Waste

Disposal Practices for Unutilized
Coffee

Repurposing Unutilized Coffee

Reduction of Unutilized Coffee
Waste




Appendix F

This appendix provides supplementary figures intended to enhance accessibility and
interpretability of the DigiCircular framework and its empirical applications. The figures presented
here offer high-level conceptual and synthesis views that complement, the detailed methodological

descriptions, dashboards, and quantitative analyses discussed in the main body of the thesis.

Figure Al provides a high-level conceptual representation of the DigiCircular Twin-Transition

framework, intended to support non-specialist understanding without replacing the detailed

methodological architecture presented in Chapter 3.
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Figure Al. Simplified Conceptual Overview of the DigiCircular Twin-Transition (DT?)



Figure A2 summarizes key sustainability performance indicators for the coffee case study,
providing an aggregated visualization complementary to the detailed dashboards discussed in

Chapter 4.
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Figure A2. Summary Sustainability Dashboard for Coffee Case Study

Figure A3 presents a consolidated sustainability dashboard for the textile case study, offering an

accessible overview of performance improvements derived from the DigiCircular implementation.
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Figure A3. Summary Sustainability Dashboard for Textile Case Study



