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Terminology Used in this Report 

 

Term Definition 
Background Unit 
Processes (or 
Background System) 

Unit processes not specific to the product system under study, including those processes upstream 
and/or downstream where many suppliers are involved. 

Category Indicator Quantifiable representation of an impact category [Ref. ISO-14044] (Also referred to as “Impact 
Category Indicator,” or simply, “Indicator.”)  

 

Comparative Assertion Environmental claim regarding the superiority or equivalence of one product versus a competing 
product that performs the same function. [Ref: ISO 14044] 

Cradle-to-gate A scope which includes the life cycle stages from raw material extraction through production of a 
product.   

Cradle-to-grave A scope which includes all life cycle stages from raw material extraction through end-of-life.   
Data Quality  Characteristics of data that relate to their ability to satisfy stated requirements [Ref: ISO 14044]. 
Effect  A change to human health or the environment. 
Functional Unit Quantified performance of a product system for use as a reference unit. [Ref. ISO 14044].   
Impact  An effect on human health or the environment. 
Impact Category Class representing environmental issues of concern to which life cycle inventory analysis results 

may be assigned [Ref: ISO-14044].  The issues of concern are represented in a distinct 
environmental mechanism, which can be modeled with a stressor-effects network made up of 
observable stressors, midpoints, and endpoints. 

Indicator See Category Indicator. 
Input Product, material or energy flow that enters a unit process. [Ref. ISO 14044].   
Key unit process or key 
unit operation 

A unit process (or unit operation) contributing over 10% to any indicator result. 

Life Cycle Consecutive and interlinked stages of a product system, from raw material acquisition or generation 
from providing environment to final disposal. 

Life Cycle Assessment 
(LCA)  

Compilation and evaluation of the inputs, outputs and the environmental and human health 
impacts of a product system throughout its life cycle. [Based on ISO 14044] 

Life Cycle Impact 
Assessment (LCIA) 

Phase of life cycle assessment aimed at determining the magnitude and significance of the 
environmental and human health impacts for a product system throughout the life cycle of the 
product. [Based on ISO 14044] 

Life Cycle 
Interpretation 

Phase of life cycle assessment in which findings of either the inventory analysis or the impact 
assessment, or both, are evaluated in relation to the defined goal and scope in order to reach 
conclusions and recommendations. [Ref: ISO 14044] 

Life Cycle Inventory 
(LCI) 

Phase of a life cycle assessment involving the compilation and quantification of inputs and outputs 
for a product throughout its life cycle. [Ref: ISO 14044] 

Midpoint A distinct node in a stressor-effects network representing an observed chemical, physical, 
radiological or biological impact that is linked to the final category endpoint(s).  

Output Product, material or energy flow that leaves a unit process. [Ref. ISO 14044].   
Post-consumer  Material generated by households, commercial, or institutional, facilities in their role as end-users 

of the product which can no longer be used for its intended purpose.  
Product Any goods or service.  [Ref: ISO 14025].    
Product system Collection of unit processes with elementary and product flows, performing one or more defined 

functions, and which models the life cycle of a product. [Ref. ISO 14044]  
Resource Depletion  The degree to which the net consumption of a resource results in a reduction in its reserve base, 

taking into account the extent of reserve base and projected consumption.  
Sensitivity Analysis Systematic procedures for estimating the effects of the choices made regarding methods and data 

on the outcome of a study.  [Ref. ISO-14044] 
System See product system. 
Time Horizon A specified timeframe. 
Unit Process Smallest element considered in the life cycle assessment for which input and output data are 

quantified [Ref: ISO 14044]. 
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Acronyms 

a  annum  

CH4  Methane 

CO2  Carbon dioxide 

COD  Chemical Oxygen Demand 

CTU  Comparative Toxic Unit 

Eq  Equivalent 

EU  European Union 

GHG  Greenhouse gas 

GWP  Global Warming Potential 

IPCC  Intergovernmental Panel on Climate Change 

LCA  Life Cycle Assessment 

LCI  Life Cycle Inventory 

LCIA  Life Cycle Impact Assessment 

m  meters 

m2  Square meter 

m3  cubic meter 

MJ  Megajoule 

MSI  Materials Sustainability Index 

N2O  Nitrous oxide 

NOx  Nitrogen oxides 

Nm  Metric count number 

SAC  Sustainable Apparel Coalition 

SCS  SCS Global Services 

COD  Chemical Oxygen Demand 
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1 Introduction 

Patagonia, an outdoor apparel brand, embraces sustainability in its operations and material sourcing.  

Patagonia applies life cycle assessment as an important tool to measure and communicate environmental 

impacts in the supply chain as well as to guide the future direction for material procurement for the 

company.   

Patagonia commissioned SCS Global Services (SCS) to develop LCA data on hemp yarn for use in clothing 

and outdoor apparel. SCS conducted a cradle-to-gate life cycle assessment (LCA) for hemp yarn, with the 

key objective of reporting LCA data to Sustainable Apparel Coalition’s (SAC) Higg Materials Sustainability 

Index (MSI) platform.  

The LCA was conducted in conformance with ISO 140441, using the LCIA methodology prescribed in the 

Higg MSI Methodology document2, and shown in section 2.9 of this report. The intended audience of 

this LCA are material procurement officials and other members at Patagonia, SAC, the Higg MSI 

Gatekeeper and other stakeholders interested in the environmental performance of hemp yarn.  

This LCA Report summarizes the data sources and modeling parameters used to develop the LCA data, 

analysis of the main contributors to environmental impact, results of the LCA, and highlights key findings 

from the study. 

2 Study Parameters 

2.1 Goal and Scope of Assessment 

The primary goal of the study is to develop LCA data for hemp yarn and submit LCA data on the Higg MSI 

platform. Higg MSI is a cradle-to-gate material scoring tool for the apparel industry, which addresses 

impacts ranging from extraction and processing of raw materials, through manufacture and finishing, 

and assembly of the final product. In accordance with the Higg MSI requirements, this LCA includes Type 

2 data3- life cycle impact assessment (LCIA) results of the inputs at the process level4 for hemp yarn. 

 

 

 
 
1 ISO 14044:2006 Environmental management – Life Cycle Assessment – Requirements and guidelines   
2 Sustainable Apparel Coalition (July 31, 2020); Higg Materials Sustainability Index (MSI) Methodology 
3 The Higg MSI Methodology document defines Type 2 data submission as reporting midpoint indicator results, which is 
essentially the LCIA results calculated based on LCIA methods prescribed by Higg MSI.  
4 Sustainable Apparel Coalition (July 31, 2020); Higg Materials Sustainability Index (MSI) Methodology 
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This Life Cycle Assessment (LCA) study evaluates the environmental profile of hemp yarn sourced from 

Hemp Fortex, a leading hemp textile manufacturer in China.  

The scope of this LCA is cradle-to-gate, including hemp farming, hemp fiber processing and hemp yarn 

formation. Table 1 provides a description of the hemp yarn evaluated in the scope of this study. 

Table 1. Descriptions of hemp yarn evaluated in the scope of the LCA study. 

Product Product Description Sourcing Origin 

 Hemp Yarn Hemp yarn of approximately 10 Nm-36 

Nm5, processed from bast hemp plant 

cultivated with organic farming 

practices6 in Northern China. 

Hemp Fortex is a vertically integrated textile 

manufacturer based in Qingdao, China. Hemp 

Fortex sources hemp from SunWu town in 

Haerbin City and processes it into hemp yarn. 

The intended use of this LCA is to submit LCA data to SAC’s MSI portal and provide Patagonia with 

credible and science-based data to support material procurement decisions. This LCA is not intended to 

be a comparative assertion about the environmental superiority of one product over another. While 

consistent practices were used for data collection and a consistent methodology was used to conduct 

the LCA, it should be noted that the LCA does not account for product performance and the LCA results 

should not be used to compare the environmental benefit of one product type over another. In order to 

meet the guidelines of LCIA data submission (Type 2 data for Higg MSI), this LCA report will be externally 

reviewed by an independent LCA expert. 

2.2 Functional Unit 

The functional unit is the quantitative reference point of an LCA, which serves the purpose of providing a 

common basis for calculating the potential environmental impacts. Potential environmental impacts 

occurring across the life cycle of a product are analyzed and quantified in relation to the function of the 

product. Hemp yarn can be used in multiple applications including blended fabrics, apparel, upholstery, 

etc. Due to its potential use in various applications, a specific functional unit cannot be defined clearly. 

Hence, a declared unit is used, in lieu of a functional unit in this study. The declared unit defines, 

quantitatively and qualitatively, the reference flow of the study7.  

The declared unit of this LCA study is “1 kg of hemp yarn”. This is in conformance with the Higg MSI 

requirements, which enable comparison of different materials on the basis of 1 kg of material. 

 

 
 
5 The metric count number (Nm) specifies the yarn thickness/count. It refers to the length in meters of one gram of yarn. Yarn 
count is an important index to distinguish different yarns.   
6 While not certified organic by USDA or GOTs, the farm follows organic farming practices. 
7 International Life Cycle Database Handbook: General Guide for Life Cycle Assessment – Detailed Guidance. Section 6.4.6.   
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2.3 System Boundary 

The system boundary for this LCA study is cradle-to-gate, including all relevant impacts associated with 

the following six life cycle stages: 

▪ Hemp Farming: Impacts associated with field operations such as tilling, sowing, fertilizer 

application, harvesting, etc.  

▪ Retting: Impacts associated with degradation of biomass in the dew-retting process. 

▪ Decortication: Impacts involving fiber separation from dry woody hemp stems.    

▪ Degumming: Impacts from pectin removal through chemical degumming process. 

▪ Carding, Drawing and Roving: Impacts associated with combing and drawing fibers to yield 

hemp slivers. 

▪ Spinning and Winding: Impacts associated with transforming hemp slivers into hemp yarns 

through spinning and winding processes.  

The system boundary diagram presented in Figure 1 illustrates the key inputs, outputs and processing 

steps which were included in the scope of this study.  
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Figure 1. Flow diagram illustrating the life cycle stages and key processes of hemp yarn evaluated in this study 
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For data submission on the Higg MSI platform, the following processes are organized into life cycle 

stages to appropriately fit into the Higg MSI taxonomy for the textile material category: 

▪ Raw Material Source: Raw material extraction and processing including hemp farming, dew-

retting, decortication, degumming, carding, roving and drawing to form hemp fibers. 

▪ Yarn Formation: Spinning of hemp fibers into hemp yarn. 

A description of the modeling parameters, LCI analysis, and LCIA, are provided in subsequent sections 

below. 

2.4 Life Cycle Modeling Parameters  

The LCA modeling parameters are described by life cycle stage in the sections below. Table 2 provides a 

brief overview of the life cycle stages for hemp yarn and summarizes the type of data available for 

modeling this life cycle stage.  

Table 2. Overview of processes and data sources used across each life cycle stage of hemp yarn. 

# 
Life Cycle Stage 
for Hemp Yarn 

Production 
Type of Data 

Notes on Data  
(Refer to Section 2.7 for more detail) 

1. Hemp Farming 

-Primary data on yields, fuel use, fertilizer application 
rates by fertilizer type and soil characteristics. 
 
-Secondary data on nitrous oxide emissions from 
organic fertilizer application, nitrate and phosphate 
releases to water and release of heavy metals into soil. 

-Primary data collected from hemp supplier 
represents a 30,000-acre farm in China. 
 
-Secondary data was modeled using, Tier 1 
emission factors from IPCC 20198 and 
literature. See Table 5 for more details 

2. Retting 
-Secondary data on nitrous oxide and ammonia 
releases to air from degradation of green hemp stems. 

- Secondary data from literature. See Table 
5 for more details 

3. Decortication 
- Primary data on energy and resource use for the 
decortication process. 

- See Table 5 for more details 

4. Degumming 

-Primary data on energy and resource use for the 
degumming process. 
-Secondary data on Chemical Oxygen Demand (COD) 
released in the wastewater. 

 
-Secondary data was retrieved from 
literature. See Table 5 for more details. 
 
 

5. 
Carding, Drawing 

& Roving 
- Primary data on energy and resource use for carding, 
drawing and roving processes. 

- See Table 5 for more details 

6. Spinning 

- Primary data on energy and resource use for spinning 
process. 
-Secondary data on amount of plant-based oil used as 
lubricants during yarn formation. 

- Secondary data was retrieved from 
literature. See Table 5 for more details 

The subsequent sections describe the processes highlighted in the table above in more detail. 

 
 
8 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 
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2.4.1 Hemp Farming 

This life cycle stage encompasses all farm activities in the hemp crop production phase including 

mechanical tilling, sowing, fertilizer application and harvesting green hemp stems. Hemp is cultivated 

using organic farming practices9 in Northern China in temperate climate ranging from 23-250 C in sandy 

loam or clay loam soil with good drainage. Organic fertilizer, such as animal waste, is applied on hemp 

crops via broadcast method to meet nutrient requirements for favorable growth. This study assumes 

that pig manure is used as an organic fertilizer for hemp cultivation. It is to be noted that the hemp farm 

is rain fed and there is no impact associated with irrigation of the crop. Green hemp stems are harvested 

after a 14-week growth period and crop residues are left on the field.  

Primary data on crop management practices including yield of green hemps stems, soil characteristics, 

fertilizer use, residue management and fuel use in farm equipment was collected from a 30,000 acre 

hemp farm in Northern China. Direct nitrous oxide (N2O) emissions occur at the farm from 

decomposition and nitrification/denitrification of animal waste (manure) and crop residue management. 

Indirect N2O emissions occur when nitrogen is lost from the soil through volatilization as nitrogen and 

ammonia. An intermediate product of denitrification process is nitrates (NO3-) which leaches into water 

bodies, potentially contributing to eutrophication impacts. Heavy metal emissions from field inputs are 

modelled as emissions to soil.  

It was challenging to acquire primary data from the hemp farm on air and water emissions released 

from organic fertilizer application and crop residue management. Data gaps on direct and indirect N2O 

emissions from pig manure application and crop residue management were filled using Tier 1 direct and 

indirect N2O emission factors provided in Table 11.1 of the IPCC 2019 guidelines10, considering the 

specific climatic conditions of the hemp farms in the current scope of assessment. The location of hemp 

farms in the study scope were overlayed with the IPCC climate zones (as displayed in Figure 2) and 

based on the annual precipitation data, it was determined that the N2O emission factors for wet 

climate11 were best suited to represent the hemp farms in Northern China. 

 
 
9 While not certified organic by USDA or GOTs, the farm follows organic farming practices. 
10 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 
11 According to Figure 3 A.5.2 in Chapter 3, Volume 4, IPCC 2019, if mean annual precipitation to potential evapotranspiration 
ratio (MAP: PET)>1, the climate zone is determined to be “Warm Temperate Moist”. Table 11.1 of IPCC 2019 determines that 
when MAP:PET>1, the emission factors for wet climate should be applied in the model. 
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Figure 2. Delineation of major climate zones (adapted from Figure 3A.5.1, Chapter 3, Volume 4, IPCC 2019) 

This study used secondary data specified in the EU PEF guidance12 to model other relevant emission 

sources associated with hemp farming (refer to Table 5 for more details): 

- Ammonia (NH3) released to air from pig manure application 

- Nitrates (NO3) released to water (leaching from pig manure application) 

- Phosphate (PO4) released o water (leaching from pig manure application) 

- Heavy metal emissions (copper, zinc, lead, nickel, chromium, cadmium and mercury) from field 

inputs released to soil 

Table 4 and Table 5 provide more detail on these data sources used to model hemp cultivation.  

2.4.2 Retting 

The purpose of retting is to break down the pectins that bind hemp fibers to its woody stem core and 

aid mechanical separation of fibers from the stem in subsequent fiber processing operations. There are 

many types of retting including dew retting, water retting, chemical or enzymatic retting, etc. The type 

of retting method can have a high degree of influence on the environmental impact of the product. 

Traditionally, water retting has been a common practice in European regions such as Hungary and 

 
 
12 European Commission, PEFCR Guidance document, - Guidance for the 14 development of Product Environmental Footprint 
Category Rules (PEFCRs), version 6.3, December 15 2017. 
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France, where the green hemp stems are immersed in water for two to three weeks and pectin is 

decomposed by microorganisms in anaerobic conditions. The water retting process not only generates 

large volume of wastewater with high Chemical Oxygen Demand (COD), but also results in carbon 

dioxide, methane and hydrogen sulfide emissions during decomposition13. Fibers produced from water 

retting can be softer and of higher quality; however, there are trade-offs related to eutrophication 

impacts from high concentrations of COD in the wastewater and climate change impacts from methane 

emissions released during water retting.  

The current study models the dew-retting method which requires the dry green hemp stems to be laid 

in parallel on the field for 14-28 days to allow bacteria and fungi to degrade pectins and ease fiber 

removal from the stem. Aerobic microbial degradation of pectin and lignin mainly results in the release 

of a greenhouse gases such as nitrous oxide. Primary data were collected on the yield of dry retted 

hemp stems but the amount of nitrous oxide emissions released during the retting process could not be 

measured. The nitrogen content of hemp stem was retrieved from literature14 and estimated to be 

0.84% N. Based on client communication, 10% loss of dry matter during the retting process was deemed 

reasonable. This study estimates nitrous oxide, ammonia and nitric oxide emissions from 10% of 

biomass lost during the dew-retting, assuming 0.84% of N content and applying conservative emission 

factors for decomposition of organic matter (refer to Table 5 for details on the data sources).   

2.4.3 Decortication 

Decortication involves a sequence of mechanical operations including squeezing, breaking and 

scutching. The dry retted hemp stems are transported via truck to the decortication facility, located 100 

km away from the hemp farm. The retted hemp stems are broken down by passing through fluted 

rollers and long and short fibers are separated from the woody stems by beating them through rotary 

blades. This operation yields long and short fibers, which are subsequently cleaned and transformed 

into yarn. In addition to long and short fibers, this operation yields shives as a co-product. Primary data 

on the yields of the fiber and co-products generated and the energy required for operating the 

decortication equipment were collected from the manufacturer for calendar year 2018. As multiple co-

products are generated in this process, impacts for the decortication process were allocated based on 

the economic value of hemp fiber and shives. Refer to Section 2.5 for details on the allocation procedure 

and see Table 5 for more detail on the data sources used to model this life cycle stage.   

2.4.4 Degumming 

Decorticated hemp fibers are further cleaned and made softer through the chemical degumming 

process. In the chemical degumming process, decorticated long and short hemp fibers are immersed in 

an acid bath containing sulfuric acid. This is followed by washing and boiling the fibers in alkali solution 

 
 
13 van der Werf, H. M., & Turunen, L. (2008). The environmental impacts of the production of hemp and flax textile 
yarn. Industrial Crops and Products, 27(1), 1-10. 
14 Bouloc, P. (Ed.). (2013). Hemp: industrial production and uses. CABI. 
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(e.g., sodium hydroxide) to wash off all the lignins and pectins. Bleaching agent such as sodium sulfite 

are added along with stabilizer inputs (e.g., sodium silicate) to clean the fiber and remove residual 

gums/pectins/lignin. Degumming process generates wastewater with high concentration of Chemical 

Oxygen Demand (COD), which is a hotspot for eutrophication impacts. Primary data on energy inputs, 

resource inputs (materials, chemicals and water), transportation distances and wastewater outputs 

were collected for calendar year 2018. There were no data available on the COD emissions released 

during the degumming process. To estimate the COD emissions for this life cycle stage, SCS assumed 

that the degumming wastewater is treated with a 92% efficiency for COD removal and approximately 

53.4 g of COD is estimated to be released to the environment per kg of degummed fiber15.     

2.4.5 Carding, Drawing and Roving 

Carding involves combing fibers (long and short fibers) and drawing them into long strips known as 

sliver. The roving frame gives the sliver a slight twist, (e.g., about 180° per inch), and winds it onto a 

bobbin. Primary data on energy and resource consumption were collected for calendar year 2018 for 

this life cycle stage (refer to Table 4 and Table 5 for more detail on the data sources).  

2.4.6 Spinning 

After being degummed, combed, and twisted into roving, the hemp sliver is spun into yarn by wet or dry 

spinning processes (open end or ring spinning) to achieve the desired yarn fineness. Wet spinning 

produces finer yarn counts (greater than 10 Nm), by passing long fibers through a bath of hot water 

before the spinning process. This method softens any residual pectin and eases the drawing out and 

separation of fibers. The Chinese manufacturer deploys both wet and dry spinning processes to produce 

hemp yarn. Primary data on energy and resource (material, chemicals, water and waste) consumption 

were collected from the manufacturer for the calendar year of 2018. Data gap regarding the amount of 

spinning oils applied during yarn formation was filled using secondary data published in literature16.  

2.4.6.1 Hemp Yarn Yields by Life Cycle Stage 

The figure below provides an overview of the process outputs required to yield 1 kg of hemp yarn, by 

each life cycle stage discussed in the above sections. 

 
 
15 Van Eynde, H. (2015). Comparative Life Cycle Assessment of hemp and cotton fibres used in Chinese textile manufacturing. 
16 van der Werf, H. M., & Turunen, L. (2008). The environmental impacts of the production of hemp and flax textile 
yarn. Industrial Crops and Products, 27(1), 1-10. 
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2.5 Allocation Procedures 

Allocation is required when a single product system produces more than one product. In LCA, allocation 

addresses the problem of how to divide resource use, energy use and emissions between multiple 

products produced at the same production facility. Allocation guidelines in ISO 14044 state that 

wherever possible, the use of allocation should be minimized. However, if allocation is required, ISO 

14044 states that mass-based allocation should be used preferentially over economic allocation, and for 

this reason, a mass-based allocation approach was used where necessary. Mass-based allocation takes a 

physical approach by partitioning the inputs and outputs of the product system, based on relative mass 

of products and co-products generated. 
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The hemp crop yields shives as a co-product, in addition to the main fiber product (long and short 

fibers). Thus impacts for the hemp farming, retting and decortication processes are allocated based on 

the economic value of the products (83% of decortication impacts attributed to fibers). An economic 

allocation method was applied as a default to determine the amount of energy and resource inputs 

relative to 1 kg of hemp fiber harvested and decorticated in China. The supplier was unable to provide 

primary data on the revenue generated from selling long fibers, short fibers and shives. SCS conducted 

online research and estimated economic allocation factors (refer to the above table) based on a 2019 

wholesale price list retrieved from the Hemp Traders webpage17, one of the largest distributors of hemp 

products in the US. Prices of hemp fibers are subject to market supply and demand and can fluctuate 

based on fashion trends and thus allocating facility energy and resource use on the basis of economic 

value may not be reliable due to the variability in prices. Energy, resource use, and emissions (e.g., 

water, waste) at the manufacturing facility were allocated using the economic value of products (see 

table below). 

Table 3. Economic allocation factor applied as a default for the farming and decortication life cycle stage. Mass-based allocation 
factors were applied in the sensitivity analysis. 

# 
Co-products from decortication life 

cycle stage 

Mass-based allocation factor based on 

yield  

(% of the input mass) 

Economic based allocation 

factor  

(% of total economic value)18 

1. 
Decorticated Hemp Fibers  

(Long+ short) 
22% 83% 

3.  Shives 78% 17% 

Decorticated hemp fibers (long and short) represent a relatively small fraction of the dry retted stem 

mass (~22%) and the main driver for hemp cultivation is for use in textile applications. A sensitivity 

analysis was conducted using a mass-based allocation approach for the decortication life cycle stage in 

Section 4.2.1.  

In accordance with the Higg MSI methodology guidelines, as a default, ecoinvent v3.5 database applies 

the Recycled Content allocation approach (also known as 100-0 cut-off approach) and was used to 

model background processes and datasets for the hemp yarn product system. Using the Recycled 

Content allocation approach, system inputs with recycled content do not receive any burden from the 

previous life cycle other than the reprocessing of the waste material.  

 

 
 
17 Hemp Traders. (n.d.). Hemp Traders Wholesale Price List 2019. Retrieved from: 
http://www.hemptraders.com/v/vspfiles/templates/Jade2/media/2019%20PRICE%20LIST%20with%2025%25%20Tariffs.pdf 
18 The economic allocation factors presented in Table 3 were calculated based on the economic values of 0.79 $ per pound for 
hemp fibers and 0.46 $ per pound for shives. The economic value of hemp fibers and shives were retrieved from the Hemp 
Traders Wholesale Price List 2019.  

http://www.hemptraders.com/v/vspfiles/templates/Jade2/media/2019%20PRICE%20LIST%20with%2025%25%20Tariffs.pdf
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2.6 Cut-off Criteria 

All inputs and outputs relevant to the hemp yarn material product systems were included in the LCA 

calculations. All known materials and processes contributing greater than 1% of the total environmental 

impact indicator for each impact were included in the life cycle inventory. In conformance with the Higg 

MSI guidelines, inputs such as labor, administrative overhead and infrastructure were excluded from this 

assessment. 

2.7 Data and Data Quality Requirements 

In general, the overarching data quality requirement is to use data of sufficient quality to reliably 

quantify the differences in potential environmental impact for the hemp yarn product systems. In an 

effort to collect primary data for each stage of processing for hemp yarn, Data Request Forms were sent 

to Hemp Fortex to collect data for farming, decortication, degumming, hemp fiber formation and 

spinning operations. Table 4 below presents the description of specific data points collected by life cycle 

stage. All primary activity data inputs listed in the table were internally validated by SCS. The type of 

data available (i.e., whether primary/secondary) and source and year of data is also included in this 

table. Data gaps were filled using secondary data sources from literature. Refer to Table 5 in Section 2.8 

for more details. 

Table 4. Data points gathered for hemp yarn, by life cycle stage. 

Life Cycle 
Stage 

Data Points Collected 
Type of 

Data 
Available 

Data Source 
(Year) 

Hemp 
Farming 

Hemp Farm 

• Diesel: Amount of diesel used at the farm for mechanical tilling, sowing 
and harvesting.  

• Annual production output: yield of green hemp stems 

• Fertilizer: Amount of organic fertilizer broadcasted on the farm 

• Soil Characteristics: soil type, drainage, pH, soil organic matter content 

• Crop residue management: Amount of crop residues left on the field 

• Nitrous Oxide (N2O) Emissions from Fertilizer Application and Crop 
Residue Management: 
Direct and indirect N2O emissions released to air from hemp stalk 
residues left on the field and pig manure applied directly to the soil as 
fertilizer (assumes 1.6% of kg N is released as N2O). 

• Ammonia (NH3) Emissions from Fertilizer Application: 
NH3 emissions released to air from pig manure applied directly to the 
soil as fertilizer. 

• Nitrates (NO3) and Phosphate (PO4) Emissions from Leaching: 
NO3 and PO4 emissions released to water from leaching from pig 
manure application. 

• Heavy Metal Emissions from agricultural run-offs: 
Heavy metal emissions (copper, lead, mercury, zinc, nickel, chromium 
and cadmium) released to soil as a result of pig manure application. 

 
Primary 

 
Primary 

 
Primary 

 
Primary 

 
 

Secondary 
 
 
 

Secondary 
 
 

Secondary  
 
 

Secondary 

 
Hemp Fortex (2018) 

 
Hemp Fortex (2018) 

 
Hemp Fortex (2018) 

 
Hemp Fortex (2018) 

 
 

IPCC (2019) 
 
 
 

EMEP/EEA (2019) 
 
 

IPCC (2006) 
 
 

            Freiermuth R. (2006) 

Retting  Dew-Retting 

• Annual production outputs: yield of dry retted stems 

• Percent biomass loss during retting 

• Air Emissions from Degradation of Hemp stalks: 

N2O and ammonia emissions released to air from 10% loss of hemp 
stem mass during dew-retting process and 0.84%N content of hemp 
stem 

 
Primary 
Primary 

 
Secondary 
 

 
Hemp Fortex (2018) 
Hemp Fortex (2018) 

 
            IPCC (2019);  
            EMEP/EEA (2019) 

Decortication  Upstream transportation: Transport distances from hemp farm to 
decortication facility. 

Primary 
 

 Hemp Fortex (2018) 
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Life Cycle 
Stage 

Data Points Collected 
Type of 

Data 
Available 

Data Source 
(Year) 

 
Decortication Process 

• Annual production outputs: Total amount of products manufactured 
annually, by type (long fibers and short fibers) 

• Energy inputs: including amount of electricity, fuels consumed (on a 
physical fuel basis), etc. 

• Waste outputs: Amount of co-product generated includes hemp 
shives.  

 
 

Primary 
 

Primary 
 

Primary 

 
 

Hemp Fortex (2018) 
 

Hemp Fortex (2018) 
 

Hemp Fortex (2018) 

Degumming Chemical Degumming Process 

• Annual production outputs: Total amount of products manufactured 
annually, by type (long fibers and short fibers) 

• Raw material inputs: including amount of chemicals and solvents 

required for chemical degumming 

• Energy inputs: including amount of electricity, fuels consumed, etc. 

• Water inputs: Amount of water required for chemical degumming 

• Waste outputs: Amount of waste outputs including wastewater. 

• Water Emissions: Amount of COD released to the environment after 
wastewater treatment (92% COD removal). 

 
Primary 

 
Primary 

 
Primary 
Primary 
Primary 

 
Secondary 

  
Hemp Fortex (2018) 

 
Hemp Fortex (2018) 

 
Hemp Fortex (2018) 
Hemp Fortex (2018) 
Hemp Fortex (2018) 

 
Literature 

Carding, 
Drawing and 
Roving 

Upstream transportation: Transport distances from degumming facility 
to the yarn formation facility. 
Carding, Drawing and Roving Processes for Hemp Sliver Formation 

• Annual production outputs: Total amount of products manufactured 
annually, by type (hemp sliver and short fibers) 

• Raw material inputs: including amount of degummed fiber   

• Energy inputs: including amount of electricity, fuels consumed, etc. 

• Water inputs: Amount of water required for hemp sliver formation 

• Waste outputs: Amount of waste outputs including recycled waste 

Primary 
 
 
 

Primary 
 

Primary 
Primary 
Primary 
Primary 

 Hemp Fortex (2018) 
 
 
 

Hemp Fortex (2018) 
 

Hemp Fortex (2018) 
Hemp Fortex (2018) 
Hemp Fortex (2018) 
Hemp Fortex (2018) 

Spinning Hemp Yarn Formation 

• Annual production outputs: Total amount of products manufactured 
annually, by type (hemp yarn) 

• Raw material inputs: including amount of spinning oils   

• Energy inputs: including amount of electricity, fuels consumed, etc. 

• Water inputs: Amount of water required for hemp yarn formation 
Waste outputs: Amount of waste outputs generated 

 
Primary 

 
Primary 
Primary 
Primary 
Primary 

  
Hemp Fortex (2018) 

 
Hemp Fortex (2018) 
Hemp Fortex (2018) 
Hemp Fortex (2018) 
Hemp Fortex (2018) 

The Ecoinvent v3.519 database is used to model the upstream impacts of all inputs (e.g., raw material 

inputs, energy inputs, chemical inputs, etc.) for hemp yarn (refer to Section 2.8, below). 

2.8 LCI Analysis Summary 

A life cycle inventory (LCI) analysis was conducted in conformance with ISO 14044. The openLCA v1.9.0 

software20 was used to model and analyze the complete set of inputs and outputs associated with all 

production stages in each product system, by unit process. The LCI of product systems are modeled 

based on primary data provided by Patagonia’s hemp supplier and supplemented with data from 

commercial LCA databases such as Ecoinvent v3.5 and literature. Representative data from the 

 
 
19 Wernet, G., Bauer, C., Steubing, B., Reinhard, J., Moreno-Ruiz, E., and Weidema, B., 2018. The ecoinvent database version 3.5 
(part I): overview and methodology. The International Journal of Life Cycle Assessment, [online] 21(9), pp.1218–1230. Available 
at: <http://link.springer.com/10.1007/s11367-016-1087-8> 
20 openLCA modeling software, version 1.8.0 By GreenDelta.   
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Ecoinvent v3.5 database were used to model background processes21. Detailed data sources used for the 

LCI analysis, by life cycle stage, are provided in Table 5. 

Table 5. LCI datasets and associated databases used to model the life cycle profile of hemp yarn. 

Component Dataset Data Source 
Publication 

Date 

LIFE CYCLE STAGE  

Hemp Farm Energy input: market for diesel | diesel | Cutoff, U – RoW 
Farm activities: tillage, ploughing | tillage, ploughing | Cutoff, U 
Organic Fertilizer: manure, liquid, swine, Recycled Content cut-off | manure, liquid, 
swine | Cutoff, U – GLO 
Nitrous Oxide (N2O) Emissions from Pig Manure Application and Crop Residue 
Management: 

• N2O emissions were estimated usng Tier 1 EF for wet climate and organic 
fertilizer type 

Ammonia (NH3), Nitrate (NO3) and Phosphate (PO4) Emissions from Pig Manure 
Application: 

• NH3, NO3 and PO4 emissions were estimated by applying Tier 1 emission 
factors in Table 2-4 of the IPCC Guidelines (Chapter 4).  

 
Heavy Metal Emissions to Soil from Pig Manure Application: 

• Copper, chromium, cadmium, nickel, lead, zinc and mercury emissions 
released to soil were estimated by applying emission factors provided in 
literature.  

Ecoinvent v3.5 
Ecoinvent v3.5 
Ecoinvent v3.5 

 
 
 

IPCC Tier 1 Emission 
Factors 

 
 

      EMEAP/EEA22 
 
 
 
      
     Freiermuth R.23  
 

2018 
2018 
2018 

 
 
 

2019 
 
 

       
        2019 

 
 
 
 

2006 

Retting Nitrous Oxide (N2O) and Ammonia Emissions from Dew-Retting of green hemp stems: 

• Assumed a mean of 0.84% N content in hemp stem from literature. 

• Based on client communication, 10% loss of organic matter during the dew 
retting process was deemed reasonable and NH3 and N2O emission factors 
for organic matter decomposition were applied from literature. 

 
      Literature24 

Literature25,26 
 

 

 
2013 

2013;2019 
 

Decortication  Transport: transport, freight, lorry >32 metric ton, EURO4 | transport, freight, lorry 
>32 metric ton, EURO4 | Cutoff, U - RoW 
Electricity:  market for electricity, medium voltage | electricity, medium voltage | 
Cutoff, U - SGCC  

Ecoinvent v3.5 
 

Ecoinvent v3.5 
 

2018 
 

2018 
 

Degumming Electricity: market for electricity, medium voltage | electricity, medium voltage | 
Cutoff, U - SGCC  
Chemical inputs:  

• market for sodium hydroxide, without water, in 50% solution state | 
sodium hydroxide, without water, in 50% solution state | Cutoff, U – GLO 

• sodium silicate production, hydrothermal liquor, product in 48% solution 
state | sodium silicate, without water, in 48% solution state | Cutoff, U – 
RoW 

• sodium sulfite production | sodium sulfite | Cutoff, U – RoW 

• sulfuric acid production | sulfuric acid | Cutoff, U – RoW 
Wastewater Ouputs: 

• market for wastewater, average | wastewater, average | Cutoff, U - RoW 
 

Ecoinvent v3.5 
 
 

Ecoinvent v3.5 
 

Ecoinvent v3.5 
 
 

Ecoinvent v3.5 
Ecoinvent v3.5 

 
Ecoinvent v3.5 

2018 
 
 

2018 
 

2018 
 
 

2018 
2018 

 
2018 

 
 
21 Ecoinvent v3.5 Swiss Center for Life Cycle Inventories, 2018. The system model used is based on the recycled content cut-off 
method. http://www.ecoinvent.org   
22 IPCC (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Volume 4: Agriculture, forestry and other land 
use. IGES, Kanagawa, Japan. 
23 Freiermuth R. (2006). Modell zur Berechnung der Schwermetallflusse in der Landwirtschaftlichen Okobilanz. Agroscope FAL 
Reckenholz, 42 p., Available at www.agroscope.admin.ch. 
24 Bouloc, P. (Ed.). (2013). Hemp: industrial production and uses. CABI. 
25 EEA Report No 13/2019 . EMEP/EEA emission inventory guidebook 2019. pp. 1–43. Publications Office of the European 
Union, Luxembourg. 
26 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories  
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Component Dataset Data Source 
Publication 

Date 

Carding, 
Drawing & 
Roving 

Electricity:  market for electricity, medium voltage | electricity, medium voltage | 
Cutoff, U - SGCC 
Transport: transport, freight, lorry >32 metric ton, EURO4 | transport, freight, lorry 
>32 metric ton, EURO4 | Cutoff, U - RoW 
Waste: municipal waste collection service by 21 metric ton lorry | municipal waste 
collection service by 21 metric ton lorry | Cutoff, U - RoW 

Ecoinvent v3.5 
 

Ecoinvent v3.5 
 

Ecoinvent v3.5 
 

2018 
 

2018 
 

2018 
 

Spinning Electricity:  market for electricity, medium voltage | electricity, medium voltage | 
Cutoff, U - SGCC 
Lubricating Oil: market for lubricating oil | lubricating oil | Cutoff, U – RoW 
Waste:  

• treatment of waste textile, soiled, municipal incineration | waste textile, 
soiled | Cutoff, U – RoW 

• market for wastewater, average | wastewater, average | Cutoff, U - RoW 

Ecoinvent v3.5 
 

Ecoinvent v3.5 
 

Ecoinvent v3.5 
 

Ecoinvent v3.5 

2018 
 

2018 
 

2018 
 

2018 

NOTE on Biogenic Carbon: As primary data is not available to determine the biogenic carbon content, 

estimates from literature were reviewed and a range of biogenic carbon content is provided for 

reference. Based on stoichiometric analysis published in literature27,28, it is estimated that when hemp is 

harvested at maturity, the fibers contain 55-77% cellulose,7-19% hemicellulose and 2-9% lignin, which 

translates to 0.29-0.44 kgC per kg hemp fiber. This is estimated assuming the carbon content of 45% for 

cellulose29, 48% for hemicellulose30 and 40% for lignin31. Note that the composition of hemp can vary 

slightly depending on the type of cultivar.  

2.9 LCIA Methodology and Interpretation Used 

The LCA was prepared in accordance to ISO 14044, and the impact indicators prescribed in the Higg MSI 

Methodology. Table 6 described the list of indicators reported in this study.  

Table 6. Description of LCIA impact indicators used in the analysis. 

Category Indicator 
(Units) 

LCIA Method LCIA Methodology Description 

Higg MSI Indicators   

Global Warming 
Potential  

(kg CO2 eq) 

IPCC 2013 
GWP 100a 

Anthropogenic emissions of greenhouse gases and short-lived climate forcers have led to 
increased radiative forcing, which has in turn increased the global mean temperature by 
0.8°C since pre-industrial times. This is projected to increase to 1.5°C by 2035, 2.0°C by 
2050, and 4.0°C by 2100. As global mean temperatures continue to climb, global climate 
change will result. Some of the predicted impacts include reductions in food and food 

 
 
27 Gümüşkaya E., Usta M., Balaban M. Carbohydrate components and crystalline structure of organosolv hemp (Cannabis sativa 
L.) bast fibers pulp. Bioresour. Technol. 2007;98:491–497. doi: 10.1016/j.biortech.2006.02.031 
28 Thomsen, A. B., Rasmussen, S. K., Bohn, V., Nielsen, K. V., & Thygesen, A. (2005). Hemp raw materials: The effect of cultivar, 
growth conditions and pretreatment on the chemical composition of the fibres. 
29 Hon, D.N.S. (1996) A new dimensional creativity in lignocellulosic chemistry. Chemical 
modification of lignocellulosic materials. Marcel Dekker. Inc. New York. 
30 Puls,J., J. Schuseil (1993). Chemistry of hemicelluloses: Relationship between hemicellulose 
structure and enzymes required for hydrolysis. In: Coughlan M.P., Hazlewood G.P. editors. 
Hemicellulose and Hemicellulases. Portland Press Research Monograph, 1993.  
31 Hon, D.N.S. (1996) A new dimensional creativity in lignocellulosic chemistry. Chemical 
modification of lignocellulosic materials. Marcel Dekker. Inc. New York. 
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Category Indicator 
(Units) 

LCIA Method LCIA Methodology Description 

supplies, water supplies, and sea level rise.32 The potency of greenhouse gases relative to 
carbon dioxide over a 100‐year time horizon is calculated according to IPCC 2013 method. 

Eutrophication 
Potential 

(kg PO4
3- eq) 

CML-IA 
baseline 
2013 v3.01 

Eutrophication is the build-up of a concentration of chemical nutrients in an ecosystem 
which leads to abnormal productivity. In some regions, emissions of excess nutrients 
(including phosphorus and nitrogen) into water can lead to increased algal blooms. These 
blooms can reach such a severity that waterways become choked, with no other plant life 
able to establish itself. If algal blooms are intense enough, the decaying algae consume 
dissolved oxygen in the water column starving other organisms of needed oxygen. 
Whereas phosphorous is mainly responsible for eutrophication in freshwater systems, 
nitrogen is mainly responsible for eutrophication in ocean water bodies. Emissions of 
ammonia, nitrates, nitrogen oxides and phosphorous to air or water all have an impact on 
eutrophication. 

Abiotic Depletion, 
elements 

(kg Sb eq) 

CML-IA 
baseline 
2013 v4.3 

This impact category refers to the consumption of non-biological resources such as fossil 
fuels, minerals, metals, water, etc. The value of the abiotic resource consumption of a 
substance (e.g. lignite or coal) is a measure of the scarcity of a substance and depends on 
the amount of resources and the extraction rate. The indicator is calculated as the amount 
of resources that are depleted and measured in antimony equivalents for mineral 
depletion. 

Abiotic Depletion, 
fossil fuels 

(MJ eq) 

CML-IA 
baseline 
2013 v4.3 

This impact category refers to the consumption of non-biological resources such as fossil 
fuels, minerals, metals, water, etc. The value of the abiotic resource consumption of a 
substance (e.g., lignite, coal). It is calculated as the amount of resources that are depleted 
and measured in equivalent MJ of fossil fuels.  

Water Scarcity  

(m3) 

AWARE This method is s regionalized water scarcity footprint method which quantifies the relative 
available water remaining per (specified) area after satisfying the demand of aquatic 
ecosystems and anthropogenic activities. AWARE assesses the extent to which other water 
users in the same area are at risk of water scarcity. The findings are translated into a 
characterization factor (CF) that ranges between 0.1 and 100 and can be utilized for 
calculating the water scarcity footprint. 

Ecotoxicity 

(CTUe) 

USEtox 
(default) 
v1.03 

The USEtox model calculates characterization factors for carcinogenic impacts, 
noncarcinogenic impacts, and total impacts (Carc + non-carc) for chemical emissions to 
urban air, rural air, freshwater, sea water, agricultural soil and/or natural soil. The unit of 
the characterization factor for human toxicity cases/kg emission is summarized as 
Comparative Toxic Unit (CTU) to stress the comparative nature of the characterization 
factors.  USEtox is the recommended default model for midpoint evaluation of freshwater 
ecotoxicity, but lacks scientifically sound characterization factors for terrestrial ecosystems. 
USEtox, like any other characterization model, ignores the fact that metals can exist in 
many forms with different behavior and toxicity in terrestrial environments, depending on 
the ambient conditions.  USEtox simulates pollutant transport through air, water and soil, 
with the one-box version (or a nested box) using averaged environmental and exposure 
parameters to estimate concentrations, intake fractions, and endpoint impacts in the 
emission region. These models do not account for spatial differentiation.  

Human Toxicity, 
Cancer 

(CTUh) 

USEtox 
(default) 
v1.03 

Human Toxicity, 
Non-cancer 

(CTUh) 

USEtox 
(default) 
v1.03 

Land Occupation 

(ReCiPe v1.1) 

m2*a This parameter covers only one aspect of land use, which is land occupation. Land 
occupation prevents the land from returning to a natural state.  Land use data for each 
process (including upstream processes) is divided into 47 distinct classes for land 
occupation based on CORINE (EEA 2010). The land use classes include e.g. intensive forest, 
extensive permanent fruit crop, rail network traffic area etc. 

 
 
32 Stocker, T.F., et al. 2013: Technical Summary. In: Climate Change 2013: The Physical Science Basis. Contribution of Working 
Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA.   
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Category Indicator 
(Units) 

LCIA Method LCIA Methodology Description 

Water Use  

(m3) 

Aggregated 
LCI of water 
flows 

Represents aggregate results for fresh water consumed across the life cycle stages of hemp 
cultivation, retting, decortication, degumming, hemp sliver formation and hemp yarn 
formation.  

Primary Energy 
Demand 

(MJ) 

Cumulative 
Energy 
Demand 
(CED) v2.0 

This parameter represents the total energy consumption across the life cycle stages of 
hemp cultivation, retting, decortication, degumming, hemp sliver formation and hemp yarn 
formation. It is the cumulative of non-renewable energy (e.g., coal, lignite, natural gas) and 
renewable energy resources (e.g., hydro, wind, solar). The energy value for each resource is 
measured using its lower heating value (LHV).     

Biogenic Carbon 
Content 

kilogram C This parameter is a life cycle inventory metric. Biogenic carbon refers to the carbon 
sequestered from the atmosphere due to biomass growth. It can be determined by 
radiocarbon analysis or stoichiometric analysis (Adapted from Higg MSI July 31, 2020 
methodlogy document). 

2.10 Critical Review 

In order to meet the guidelines of Type 2 data submission on the Higg MSI platform, this LCA report has 

been externally reviewed by an independent third-party expert, James Salazar of Coldstream Consulting, 

for conformance to ISO 14044.  The critical review report is included in the appendix. 

3 Results 

3.1 LCA Results 

The life cycle impact assessment (LCIA) results are calculated based on the life cycle inventory (LCI) 

results. It should be noted that the LCIA results presented below are relative expressions and do not 

predict impacts on category endpoints, exceedance of thresholds, safety margins, or risks associated 

with the product system. The environmental relevance of LCIA results are not affected by LCI functional 

unit calculation, system wide averaging, aggregation and allocation. 

All results were calculated relative to 1 kg of hemp yarn, using the LCIA methods specified by the Higg 

MSI in openLCA 1.9.0 software. Section 3 includes the following: 

▪ Results summarized for hemp yarn, by impact category (see Section 3.1.1). 

▪ Percent contribution analyses for all hemp yarn, showing the contribution of each life cycle 

stage, for all impact categories (see Section 3.1.2). 

▪ Results summarized according to the Higg MSI taxonomy for hemp yarn, by impact category (see 

Section 3.1.3 ). 

The key findings and interpretation of results are described in Section 4.  
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3.1.1 LCA Results Summary 

The total LCA results are presented in Table 7 for hemp yarn, using LCIA methods prescribed by the Higg 

MSI. Results are relative to 1 kg of hemp yarn and are disaggregated by life cycle stage.  

3.1.1.1 Hemp yarn 

Table 7. LCA results for 1 kg of Hemp yarn, by life cycle stage. A color scale gradient is applied to highlight the scale of impact by 
life cycle stage. [NOTE: Green: low impact, Red: high impact and Yellow: medium impact ] 

Impact Category Unit TOTAL 
Hemp 

Farming 
Dew-

Retting 
Decortication/

Scutching 
Degumming 

Carding/ 
Drawing/ 

Roving 

Spinning 
& 

Winding 

Climate Change kg CO2 eq 6.76  0.81  6.9x10-2 1.1  3.13  1.1  0.5  

Eutrophication 
kg PO4

3- 
eq 

3.9x10-2 2.1x10-2 5.7x10-3 4.2x10-3 6.6x10-3 1.1x10-3 7.2x10-4 

Abiotic Depletion-
Fossil Fuels 

MJ 61  1.5  -    15  28  11  5.0  

Abiotic Depletion-
minerals 

kg Sb eq 6.8x10-6 1.4x10-6 -  1.7x10-6 2.9x10-6 5.9x10-7 1.9x10-7 

Water Scarcity m3 11  9.0x10-2 -  0.97  7.0  1.9  1.1  

Ecotoxicity CTUe 14  0.71  -  3.0  7.5  2.0  1.0  

Human toxicity, 
cancer 

CTUh 3.0x10-7 1.1x10-8 -  7.0x10-8 1.5x10-7 4.2x10-8 2.4x10-8 

Human toxicity, non-
cancer 

CTUh 7.5x10-7 3.0x10-8 -  1.1x10-7 4.3x10-7 1.2x10-7 6.3x10-8 

Land Occupation m2*a 0.22  1.6x10-2 -  0.11  5.8x10-2 1.6x10-2 1.5x10-2 

Water Use m3 0.37  -    -    2.7x10-2 0.26  4.4x10-2 3.9x10-2 

Primary Energy 
Demand 

MJ 69 1.6  -    16 33 12 5.6 

 

3.1.2 Contribution Analyses, by Impact Category 

Life cycle modeling of the hemp yarn was divided into distinct life cycle stages including hemp farming, 

retting, decortication, degumming, carding/drawing/roving and spinning. Figure 3 illustrates the percent 

contribution charts for hemp yarn, by life cycle stage, for each impact category. A detailed interpretation 

of results is provided in Section 4.1 of the report. 
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Figure 3. Percent contribution analysis, by impact category and life cycle stage for Hemp yarn. 

3.1.3 LCA Results for Higg MSI 

For data submission on the Higg MSI platform, the following life cycle stages are aggregated to 

appropriately fit into the Higg MSI taxonomy for textile materials: 

▪ Raw Material Source: Hemp Farming + Retting+ Decortication+ Degumming+ Carding-Drawing-

Roving 

▪ Yarn Formation: Spinning 

Table 8 presents the LCA results in Higg MSI format. 
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Table 8. LCA results for 1 kg of Hemp yarn in Higg MSI format. 

Indicators Unit 
Raw Material 

Source 
Yarn Formation 

Climate Change (GWP100a) kg CO2 eq 6.2 0.55 

Eutrophication kg PO4
3- eq 3.8x10-2 7.2x10-4 

Abiotic depletion, fossil fuels MJ 56 5.0 

Abiotic depletion, minerals kg Sb eq 6.6x10-6 1.9x10-7 

Water Scarcity m3 9.9 1.08 

Ecotoxicity CTUe 13 1.0 

Human toxicity, cancer CTUh 2.7x10-7 2.5x10-8 

Human toxicity, non - cancer CTUh 6.9x10-7 6.3x10-8 

Land Occupation m2*a 0.22 0.01 

Water Use m3 0.33 3.9x10-2 

Biogenic C kgC 0.37**  0 

**Mean value assessed based on range of 0.29-0.4433kg C 

3.1.4 Data Quality Analysis 

The data quality analysis accounts for the cumulative effects of input uncertainty, data variability and 

model imprecision. It considers the data quality of inventory data and the LCIA method, considering the 

data quality parameters such as temporal coverage, geographic coverage, technology coverage, 

precision, completeness, uncertainty and reproducibility. Table 9 provides more detail on each of these 

data quality parameters. 

Table 9. Data quality discussion, by data quality parameter. 

Data Quality Parameter Data Quality Discussion 

Time-Related Coverage 

Age of data and the 
minimum length of time over 
which data should be 
collected 

Primary data used to model hemp yarn is based on 2018 annual production data. 
Data for hemp farming is based on farm located in Northern China for hemp grown 
in 2018. Representative datasets (secondary data) used for upstream and 
background processes are generally less than 10 years old (typically 2018 or more 
recent). All of the data used represented an average of at least one year’s worth of 
data collection.  

Geographical Coverage  

Geographical area from 
which data for unit processes 
should be collected to satisfy 
the goal of the study 

The data used in the analysis provide the best possible representation available with 
current data. Secondary data used in the assessment are generally representative of 
European operations. Country and province specific electricity generation data was 
used to model operations in China. Representative data for European operations are 
considered sufficiently similar to actual processes.   

 
 
33 As primary data is not available to determine the biogenic carbon content, estimates from literature were reviewed and a 
range of biogenic carbon content is provided for reference. Based on stoichiometric analysis published in literature (refer to 
Section 2.8 for details), it is estimated that when hemp is harvested at maturity, the fibers contain 55-77% cellulose,7-19% 
hemicellulose and 2-9% lignin, which translates to 0.29-0.44 kgC per kg hemp fiber. 
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Data Quality Parameter Data Quality Discussion 

Technology Coverage 

Specific technology or 
technology mix  

For the most part, data are representative of the actual technologies used for 
farming activities, processing, transportation, and manufacturing operations. 
Representative datasets are used to represent the actual processes.  

Precision 

Measure of the variability of 
the data values for each data 
expressed (e.g. variance) 

Precision of results are not quantified due to a lack of data. Data collected for 
operations were typically averaged for one or more years and over multiple 
operations, which is expected to reduce the variability of results.   

Completeness 

Percentage of flow that is 
measured or estimated 

The LCA model included all known mass and energy flows for production of hemp 
yarn (hemp yarn in total). In some instances, surrogate data used to represent 
upstream operations may be missing some data which is propagated in the model. 
No known processes or activities contributing to more than 1% of the total 
environmental impact for each indicator are excluded.   

Representativeness 

Qualitative assessment of 
the degree to which the data 
set reflects the true 
population of interest (i.e., 
geographical coverage, time 
period and technology 
coverage) 

Data used in the assessment represent typical or average processes as currently 
reported from multiple data sources, and are therefore generally representative of 
the range of actual processes and technologies for production of these materials.  
Considerable deviation may exist among actual processes on a site-specific basis; 
however, such a determination would require detailed data collection throughout 
the supply chain back to resource extraction.   

Consistency 

Qualitative assessment of 
whether the study 
methodology is applied 
uniformly to the various 
components of the analysis 

The consistency of the assessment is considered to be high. Data sources of similar 
quality and age are used; with a bias towards Ecoinvent data for secondary data, 
where available.  Different portions of the product life cycle are equally considered. 

Reproducibility 

Qualitative assessment of 
the extent to which 
information about the 
methodology and data 
values would allow an 
independent practitioner to 
reproduce the results 
reported in the study 

In conformance with Type 2 data submission guidelines provided in the MSI 
Methodology document, the life cycle inventory (LCI) data is not disclosed to 
maintain confidentialty. Although assumptions and data sources are well 
documented, due to non disclosure of LCI data, there is limited reproducibility.   

Sources of the Data 

Description of all primary 
and secondary data sources 

Primary data was gathered for hemp yarn for a number of parameters as specified in 
Table 4 and are considered of high quality due to the length of time over which these 
data are collected, as compared to a snapshot that may not accurately reflect 
fluctuations in production. Secondary LCI datasets from the Ecoinvent database are 
used as appropriate. See Table 5 for more detail. 
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Data Quality Parameter Data Quality Discussion 

Uncertainty of the 
Information  

Uncertainty related to data, 
models, and assumptions 

Uncertainty related to modeling facility energy and resource consumption data is low 
for all life cycle stages. Uncertainty related to estimating air and water releases from 
hemp farming and dew-retting process is high as the emissions are not directly 
measured from these processes and emission factors are applied from IPCC 
documents and literature. Uncertainty related to COD emissions released to water 
from the degumming process is relatively high as primary data was not available and 
data from literature was adopted to model this process. Actual supplier data for 
upstream operations was not available for all suppliers and relied upon use of 
existing representative datasets. These datasets contained relatively recent data 
(<10 years), but lacked geographical representativeness.  

Uncertainty related to the impact assessment methods used in the study are 
relatively high. The impact assessment method used are impact potentials, which 
lack characterization of providing and receiving environments or tipping points.   

 

3.1.4.1 Data Quality Rating 

In accordance with the Higg MSI requirements, the dataset quality was assessed based on the criteria 

described in the EU PEF guidance34. A semi-qualitative assessment of overall data quality was evaluated 

based on the following quality criteria: 

• Time Representativeness: Degree to the dataset reflects the specific conditions of the system 
being considered regarding the time / age of the data, and including background datasets, if 
any. 

• Technological Representativeness: Degree to which the dataset reflects the true population of 
interest regarding technology, including for included background datasets, if any. 

• Geographical Representativeness: Degree to which the dataset reflects the true population of 
interest regarding geography, including background datasets, if any. 

• Parameter Uncertainty: Qualitative expert judgement or relative standard deviation as a 
percent of a Monte Carlo simulation. 

The most relevant processes and direct elementary flows accounting for at least 80% of the total 

environmental impact were identified and assigned a data quality rating for each of the four criteria 

listed above. The overall data quality rating (DQR) is calculated as a weighted average of each criteria of 

the most relevant processes and elementary flows. Table 10 provides the data quality rating for each of 

the hemp yarn.  

 
 
34 European Commission, PEFCR Guidance document, - Guidance for the 14 development of Product Environmental Footprint 
Category Rules (PEFCRs), version 6.3, December 15 2017. 
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Table 10. Data quality rating (DQR) for hemp yarn. (1=Very Good, 2= Good, 3= Fair, 4= Poor and 5= Very Poor) 

 
 

3.2 Key Limitations and Assumptions 

3.2.1 Assumptions 

The following assumptions are important to understand, as some result in study limitations. The 

assumptions with the most important effects on final results are as follows: 

▪ Hemp Farming: Organic fertilizer such as animal waste are applied to hemp crops but there 

were no detail available regarding the type of animal waste used as a fertilizer. This study 

assumes that pig manure is used as an organic fertilizer for hemp cultivation. A sensitivity 

analysis is examined in Section 4.2.3 assuming use of cattle manure as a fertilizer for hemp 

cultivation. 

▪ Degumming: SCS assumed that the degumming wastewater is treated with a 92% efficiency for 

COD removal before releasing it to the environment. 

▪ Retting: Based on client communication, 10% loss of dry matter is assumed to model impacts 

from the dew-retting process. 

3.2.2 Limitations and Significant Data Gaps 

There are some key study limitations, resulting from limitations in the methodology used and data gaps, 

as well as assumptions made. The main limitations in the study are as follows: 

▪ Air and water emissions from hemp farming and dew-retting: It was challenging to acquire 

primary data from the hemp farm on nitrous oxide, ammonia, nitrates, phosphates and heavy 

metal emissions released from the application of fertilizer on the field. Data on pig manure 

fertilizer was developed using the IPCC Guidelines and published literature to fill this data gap. 

▪ Data gap regarding the amount of spinning oils applied during yarn formation was filled using 

secondary data published in literature. 

▪ There were no data available on the COD emissions released during the degumming process. To 

estimate the COD emissions for this life cycle stage, SCS assumed that approximately 53.4 g of 

COD is estimated to be released to the environment per kg of degummed fiber (based on 

literature). A sensitivity analysis is explored in Section 4.2.2 by doubling the value of COD 

emissions released in the degumming liquor. 

# Product 

Temporal 

Representativeness 

(Tir) 

Technological 

Representativeness 

(Ter) 

Geographical 

Representativeness 

(Gr) 

Parameter 

Uncertainty 

(P) 

Overall Data 

Quality Rating 

[(Tir+Ter+Gr+P)

/4] 

1 Hemp yarn Good Very Good Very Good Good Good 
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▪ There were no data available regarding the packaging materials used for hemp yarn produced 

at the manufacturing factory gate. Packaging material inputs have been exluded in the scope of 

this assessment. 

 

4 Discussion of Results  

This LCA evaluates a suite of impacts associated with hemp yarn. The key findings and interpretation 

derived from this study are discussed in detail in Section 4.1.  

4.1 Key Findings and Interpretation of Results 

The following section discusses the environmental performance of hemp yarn. The key findings and 

interpretation of results are discussed in depth in the section below. 

▪ Degumming is the dominant life cycle stage for most indicators: The Degumming Stage is the 

most important life cycle stage accounting for 27%-70% of total results across all impact 

category indicators except eutrophication. This is followed by the Carding-Drawing-Roving and 

Decortication Stages, which involves the impacts associated with sliver formation and fiber 

separation, respectively. Hemp farming activities such as mechanical tilling, fertilization, 

harvesting, etc. have a relatively smaller influence on the total environmental impacts. 

▪ Degumming life cycle stages are the key drivers of climate change impacts: Hemp degumming 

approximately accounts for 46% of the climate change impacts. Climate change impacts from 

degumming are mainly attributed to the electricity required for the chemical degumming 

operation.  

▪ About 53% of eutrophication impacts are attributed to the hemp farming process: The release 

of ammonia, nitrates and nitrous oxide emissions as a result of pig manure application on the 

field is a significant contributor to eutrophication impacts. The COD emissions released as 

effluent from the degumming process also contribute measurably (17% of eutrophication 

impacts).  

▪ Degumming is the most energy and water intensive process: About 48% of Primary Energy 

Demand and 70% of the Water Use indicator results can be attributed to the degumming 

process. Decortication and Carding-Drawing-Roving processes also contribute measurably to the 

Primary Energy Demand indicator, accounting for 24% and 18% of total energy requirements, 

respectively.  

▪ A process contribution analysis was performed for the Degumming Stage to determine the 

extent to which the processes modeled contribute to hemp yarn production impacts (see Figure 

4). 



Life Cycle Assessment of Hemp Yarn | CONFIDENTIAL | 
Final Report 

  

September 2020 | ©SCS Global Services Page | 30 

 
 
 

4.1.1 Process contributors to the Degumming Life Cycle Stage 

 
Figure 4. Percent contribution of key processes at the degumming facility. 

▪ Overall, many of the key indicators such as Climate Change, Water Use, Water Scarcity, Primary 

Energy Demand, Abiotic Resource Depletion and Eutrophication are driven by the electricity 

required for operating the degumming facility. For most of the indicators reported above, 

impacts from electricity are embedded in electricity production activities in the upstream of the 

supply chain.  

▪ Climate change impacts from electricity use (around 88% of total results) are primarily 

attributed to the upstream impacts associated with generation of electricity. The Chinese 

electricity grid predominantly relies on coal for power generation (around 78% of electricity 

from coal), resulting in higher greenhouse gas emissions compared to regions relying on 

renewable energy sources such as hydropower, wind, solar, etc. The table below provides the 

electricity grid mix for the degumming facility located in China. The predominant electricity 

generation source for is highlighted in orange.  

  
Region 

% Electricity grid mix 

Coal Hydro-power Natural Gas Wind Oil 

Northern China 78% 15% 3.9%  3.2% 0.03% 
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▪ Impacts from production of cleaning chemicals such as sodium hydroxide, sulfuric acid, etc. 

contribute measurably to certain indicators including land occupation, water scarcity, 

ecotoxicity and abiotic mineral depletion.  

▪ The water scarcity and water use impacts in the degumming process are mainly attributed to 

the upstream coal power generation activities required for electricity production, which involves 

use of large quantities of water required for cooling in coal fired power plants. 

4.2 Sensitivity Analysis 

In accordance with the ISO 14044 standard, a sensitivity analysis was conducted to evaluate whether the 

choice of parameters and modeling assumptions significantly influence the findings of the study. The 

following areas were identified as requiring a sensitivity analysis: 

▪ The allocation approach used to assign impacts to decorticated hemp fiber can have a notable 

influence on the environmental profile of hemp yarn. 

▪ Data used to model COD emissions released in degumming liquor can influence the 

eutrophication impacts for the degumming process. 

▪ Type of animal waste used as fertilizer at the hemp farms can have an influence on the climate 

change and eutrophication impacts for the hemp farming life cycle stage. 

4.2.1 Using a mass-based allocation approach for hemp farming through decortication life cycle 
stages 

The decortication operation yields shives as a co-product, in addition to the main product (long and 

short fibers). In the current study, impacts for the decortication process were allocated to hemp fibers 

using economic allocation method, based on the economic value of the products (83% of farming and 

decortication impacts attributed to fibers). Decorticated hemp fibers (long and short) represent a 

relatively small fraction of the dry retted stem mass and the main driver for hemp cultivation is for use 

in textile applications. Prices of hemp fibers are subject to market supply and demand, and can fluctuate 

based on fashion trends. It was therefore important to investigate how the assumption on the allocation 

approach used to assign impacts to the decortication operation affects the results for hemp yarn 

production. A sensitivity analysis was conducted using a mass-based allocation approach for the hemp 

farming and decortication life cycle stages by allocating 22% of total farming, retting and decortication 

impacts (refer to Table 3 for details on the mass-based allocation factors), based on the yield data 

provided by the manufacturer. The results are presented relative to 1 kg of hemp yarn, using the LCIA 

indicators prescribed by Higg MSI, are shown in Table 11. 
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Table 11. Sensitivity analysis results for 1 kg of hemp yarn using mass-based allocation approach for hemp farming, retting and 
decortication life cycle stages. Percent different from the base case results in Table 7 are provided in parenthesis. A color scale 
gradient is applied to highlight the scale of impact by life cycle stage. [NOTE: Green: low impact, Red: high impact and Yellow: 
medium impact]   

Impact Category Unit TOTAL 
Hemp 

Farming 
Dew-

Retting 
Decortication

/Scutching 
Degumming 

Carding/ 
Drawing/ 

Roving 

Spinning 
& 

Winding 

Climate Change kg CO2 eq 
6.1 

(-9.8%) 
0.21  0.1  1.03  3.1  1.1  0.55  

Eutrophication kg PO4
3- eq 

2.4x10-2 

(-38%) 
5.7x10-3 0.01  4.08x10-3 6.6x10-3 0.00  0.00  

Abiotic Depletion- 
Fossil Fuels 

MJ 
59 

(-2.8%) 
0.39  -    14  28  11  5.0  

Abiotic Depletion-
minerals 

kg Sb eq 
5.8 x10-6 

(-15%) 
3.7x10-7 -    1.72x10-6 0.00  0.00  0.00  

Water Scarcity m3 
11 

(-1.9%) 
0.0  -    0.82  7.0  1.9  1.1  

Ecotoxicity CTUe 
13 

(-4.9%) 
0.19  -    2.83  7.43  2.00  1.03  

Human toxicity, 
cancer 

CTUh 
2.9 x10-7 

(-1.5%) 
2.9x10-9 

-    
6.7x10-8 1.5x10-7 4.4x10-8 2.5x10-8 

Human toxicity, 
non-cancer 

CTUh 
7.2 x10-7 
(-4.3%) 

8.0x10-9 
-    

1.0x10-7 4.3x10-7 1.2x10-7 6.3x10-8 

Land Occupation m2*a 
0.20 

(-9.5%) 
4.3x10-3 -    0.11  0.06  0.02  0.01  

Water Use m3 
0.36 

(-0.7%) 
7.5x10-4 -    0.02  0.26  0.04  0.04  

Primary Energy 
Demand 

MJ 
67 

(-2.9%) 
0.43  -    15.6  32.9  12.3  5.6  

 

The sensitivity analysis indicates that in comparison to an economic allocation approach, using a mass-

based allocation approach for hemp farming, retting and decortication processes results in 0.7%-9.8% 

decrease in impacts for most indicators except eutrophication, which is notably lower (around 38% 

lower in impacts) than the base case results provided in Table 7. The choice of allocation approach does 

not significantly affect the environmental profile of the hemp yarn for most indicators, except 

eutrophication,which is sensitive to the amount of nitrates and phosphates released from fertilizer 

runoff. 
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4.2.2 Doubling the COD emissions released from the degumming process  

Degumming process generates wastewater with high concentration of Chemical Oxygen Demand (COD), 

which is a hotspot for eutrophication impacts. There were no primary data available on the COD 

emissions released during the degumming process, and SCS used an approximate value of 53.4 g of COD 

per kg of degummed fiber based on literature. Figure 3 showed that a large portion of hemp yarn 

production impacts were embedded in activities linked to the degumming process for most indicators 

except eutrophication potential. Thus, it was imperative to test the influence of assumption on COD 

emissions to the overall eutrophication impacts by considering alternate emission factors for COD 

emissions released in the degumming liquor. SCS conducted a literature survey to review additional 

emission factors for COD emitted in the degumming wastewater but there were no data available to 

model COD emissions. Due to lack of alternative data sources, a sensitivity analysis was conducted by 

doubling the value of COD emissions released in the degumming liquor (i.e., 106 g COD per kg 

degummed fiber) to test the relative influence of degumming process on the eutrophication indicator 

results. The results are presented relative to 1 kg of hemp yarn, using the LCIA indicators prescribed by 

Higg MSI, are shown in Table 11.  

Table 12. Sensitivity analysis results for 1 kg of hemp yarn by doubling the COD releases in the degumming process. Percent 
different from the base case results in Table 7 are provided in parenthesis. A color scale gradient is applied to highlight the scale 
of impact by life cycle stage. [NOTE: Green: low impact, Red: high impact and Yellow: medium impact ] 

Impact Category Unit TOTAL 
Hemp 

Farming 
Dew-

Retting 
Decortication

/Scutching 
Degumming 

Carding/ 
Drawing/ 

Roving 

Spinning 
& 

Winding 

Climate Change kg CO2 eq 
6.99 
(0%) 

1.1 6.9x10-2 1.1  3.13  1.1  0.5  

Eutrophication kg PO4
3- eq 

4.6x10-2 
(5%) 

3.4x10-2 5.7x10-3 4.2x10-3 8.6 x10-3 1.1x10-3 7.2x10-4 

Abiotic Depletion-
Fossil Fuels 

MJ 
60 

(0%) 
0.73  -    15  28  11  5.0  

Abiotic Depletion-
minerals 

kg Sb eq 
6.1x10-6 

(0%) 
7.0x10-7 -  1.7x10-6 2.9x10-6 5.9x10-7 1.9x10-7 

Water Scarcity m3 
12.8  
(0%) 

2.0 
-  

0.97  7.0  1.9  1.1  

Ecotoxicity CTUe 
13.8 
(0%) 

0.36  
-  

3.0  7.5  2.0  1.0  

Human toxicity, cancer CTUh 
2.9x10-7 

(0%) 
5.6x10-9 

-  
7.0x10-8 1.5x10-7 4.2x10-8 2.4x10-8 

Human toxicity, non-
cancer 

CTUh 
7.4x10-7 

(0%) 
1.5x10-8 

-  
1.1x10-7 4.3x10-7 1.2x10-7 6.3x10-8 

Land Occupation m2*a 
0.21 
(0%) 

8.0x10-3 
-  

0.11  5.8x10-2 1.6x10-2 1.5x10-2 

Water Use m3 
0.37 
(0%)  

-    -    2.7x10-2 0.26  4.4x10-2 3.9x10-2 

Primary Energy 
Demand 

MJ 
68 

(0%) 
0.82  -    16 33 12 5.6 

The sensitivity analysis results indicate that doubling the value of COD emissions released in the 

degumming liquor results in a 5% increase in eutrophication impacts, compared to the base case 

eutrophication results stated in Table 7. Overall, on considering the eutrophication impacts across all the 
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life cycle stages of hemp yarn production, the contribution of degumming process increased from 17% 

to 21%, which is a relatively small increase and hemp farming continues to be the main driver of 

eutrophication impacts.  

4.2.3 Applying cattle manure as an organic fertilizer for hemp cultivation 

Figure 3 showed that 8% of climate change impacts and 50% of eutrophication impacts for hemp yarn 

were embedded in activities linked to the hemp farming process. A contribution analysis revealed that 

nitrous oxide emissions and ammonia emissions from pig manure application significantly influenced the 

eutrophication and climate impacts. Due to lack of data regarding the type of animal waste used as a 

fertilizer, this study assumed the application of pig manure as an organic fertilizer for hemp cultivation. 

A sensitivity analysis explored the influence to results from assuming the use of cattle manure as an 

organic fertilizer for hemp cultivation. Results for sensitivity analysis are calculated by incorporating 

cattle manure as fertilizer in the hemp farming process. The results are presented relative to 1 kg of 

hemp yarn, using the LCIA indicators prescribed by Higg MSI, in Table 13.  

Table 13. Sensitivity analysis results for 1 kg of hemp yarn using cattle manure as fertilizer in the hemp farming life cycle stage. 
Percent different from the base case results in Table 7 are provided in parenthesis. A color scale gradient is applied to highlight 
the scale of impact by life cycle stage. [NOTE: Green: low impact, Red: high impact and Yellow: medium impact

]   

Impact Category Unit TOTAL 
Hemp 

Farming 
Dew-

Retting 
Decortication

/Scutching 
Degumming 

Carding/ 
Drawing/ 

Roving 

Spinning 
& 

Winding 

Climate Change kg CO2 eq 
6.99 

(3.4%) 
1.1 6.9x10-2 1.1  3.13  1.1  0.5  

Eutrophication kg PO4
3- eq 

4.7x10-2 
(19.4%) 

3.4x10-2 5.7x10-3 4.2x10-3 6.6x10-3 1.1x10-3 7.2x10-4 

Abiotic Depletion-
Fossil Fuels 

MJ 
60 

(-1.2%)  
0.73  -    15  28  11  5.0  

Abiotic Depletion-
minerals 

kg Sb eq 
6.1x10-6 
(-10.3%) 

7.0x10-7 -  1.7x10-6 2.9x10-6 5.9x10-7 1.9x10-7 

Water Scarcity m3 
12.8  

(17%) 
2.0 

-  
0.97  7.0  1.9  1.1  

Ecotoxicity CTUe 
13.8 

(-2.5%) 
0.36  

-  
3.0  7.5  2.0  1.0  

Human toxicity, cancer CTUh 
2.9x10-7 
(-1.8%) 

5.6x10-9 
-  

7.0x10-8 1.5x10-7 4.2x10-8 2.4x10-8 

Human toxicity, non-
cancer 

CTUh 
7.4x10-7 

(-2%) 
1.5x10-8 

-  
1.1x10-7 4.3x10-7 1.2x10-7 6.3x10-8 

Land Occupation m2*a 
0.21 

(-3.7%)  
8.0x10-3 

-  
0.11  5.8x10-2 1.6x10-2 1.5x10-2 

Water Use m3 
0.37 
(0%)  

-    -    2.7x10-2 0.26  4.4x10-2 3.9x10-2 

Primary Energy 
Demand 

MJ 
68 

(-1.2%) 
0.82  -    16 33 12 5.6 

The sensitivity analysis results indicate that using cattle manure as organic fertilizer for hemp farming 

results in 3.4% higher climate change impacts and 19% higher eutrophication impacts compared to base 

case scenario and1.2-10% lower in impact for other indicators.  
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4.3 Checks for Completeness, Sensitivity, and Consistency  

During the course of the study, several iterative steps of scope definition, LCI analysis, and LCIA, were 

completed. An interpretive phase was also completed. The interpretation conforms to ISO 14044 

requirements. This includes the identification of significant issues, evaluation (including completeness, 

sensitivity, and consistency checks), sensitivity analyses, and a data quality assessment.  

4.3.1 Completeness Check 

Overall, the product systems evaluated includes all the flows (inputs and outputs) contributing to the 

impact categories calculated in this study. The completeness of this study is discussed in the Data 

Quality analysis section (refer to Table 9 for more details). 

4.3.2 Sensitivity Check 

As part of an iterative process, sensitivity checks to the key assumptions, methodological choices, data 

uncertainties, parameters, inventory data, and characterization data were done whenever possible. The 

result of the sensitivity checks for the key assumptions is discussed in Section 4.2. The unit processes 

which are major contributors to indicator results are identified.  

4.3.3 Consistency Check 

Throughout all stages of this LCA, methodological choices and practices were consistent with ISO 14044. 
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5 Conclusions 

SCS conducted a cradle-to-gate life cycle assessment (LCA) of hemp yarn, with the key objective of 

reporting LCA data to Sustainable Apparel Coalition’s (SAC) Higg Materials Sustainability Index (MSI) 

platform. This Life Cycle Assessment (LCA) evaluated the environmental profile of hemp yarn sourced 

from Hemp Fortex, a leading hemp textile manufacturer in China. The cradle-to-gate LCA scope including 

hemp farming, hemp fiber processing and hemp yarn formation. 

The LCA results are presented in Table 7 for hemp yarn, using LCIA methods prescribed by the Higg MSI. 

Results are disaggregated by life cycle stage and the percent contribution analysis of each life cycle state 

is illustrated in Section 3.1.2. The key findings and interpretation of results are discussed in depth based 

on the evaluation of the environmental performance of hemp yarn in Section 4.1. A process contribution 

analysis was performed for the Degumming Stage to determine the extent to which the processes 

modeled contribute to the hemp yarn production impacts. A sensitivity analysis was conducted for three 

scenarios: 

- To test mass-based allocation approach used to model the decortication process affects the LCA 

results in the Hemp farming, Dew-retting and Decortication Stages. 

- To test the assumption used to model COD emissions in the degumming process and evaluate 

the hotspots for eutrophication impacts associated with hemp yarn production. 

- To evaluate the impacts associated with applying cattle manure as an organic fertilizer during 

hemp cultivation.  

The assessment relied on a number of assumptions and limitations, the most relevant of which are 

discussed in this report. Primary data was used to model energy and resource use for all the life cycle 

stages are documented in Table 4 and Table 5. Most of the upstream raw materials extraction and 

processing and other background processes could not be modeled with actual process information. 

Representative data from the Ecoinvent v3.5 database and literature were utilized as appropriate. 
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To: Keith Killpack       September 21, 2020 

Technical Director, SCS Global Services     

2000 Powell St #600 

Emeryville, CA 94608, USA 

 

From: James Salazar, Coldstream Consulting  

Re: Critical review of Patagonia Hemp Yarn LCA 

This letter serves as the statement of independent review for the following research 

report: Life Cycle Assessment of Hemp Yarn Prepared for Patagonia (September 12, 

2020). The LCA report documented a cradle-to-gate study on hemp yarn manufactured 

by Patagonia and will serve as a background report for submitting the data to the Higgs 

Material Sustainability Index (Type 2 submission). 

The LCA report was reviewed against the following relevant standards: 

• ISO (2006b) 14040:2006 Life Cycle Assessment-‐ -‐ Principles and Framework. 
 

• ISO (2006c) 14044:2006 Environmental management-‐‐Life cycle assessment-‐‐

Requirements and guidelines. 
 

• Higg Material Sustainability Index (MSI) Requirements for Submission Types 1 

and 2. 

We found the study to conform with all of the requirements of these standards. A detailed 

checklist of the requirements considered from these standards is attached to this letter. 

Sincerely, 

James Salazar 

Principal, Coldstream Consulting LTD 

 

 

 

Phone: 250-306-0638                        Email: james.salazar@coldstreamconsulting.com 
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HIG MSI Critical Review Checklist 

Report Title: Life Cycle Assessment of Hemp Yarn 
Prepared for: Patagonia 

 Finding Type Acronym 

Date LCA Report 
Received: 

2020-08-21 Verified 
(Conforms with requirement) 

 

 
V 

Report Author: SCS Global Services Original (2020-09-09)  
Final (2020-09-21)  

Reviewer Names: James Salazar  Opportunity for improvement  
 

OFI 
Reviewer 
Organizations: 

Coldstream Consulting 
Original (2020-09-09) 0 

Final (2020-09-21) 0 

Date of Review 
Completed: 

2020-09-14  Non-conformity with 
requirement 

 
 

NCR 
Internal Expert? No Original (2020-09-09) 2 

Final (2020-09-21) 0 

External Expert? Yes SHALL/MUST CLAUSE  

PRACTITIONER 

COMMENT 

V COMMENT 

Review Panel? No 
SHOULD CLAUSE NCR/OFI COMMENT 

 

 

ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

4: Methodological Framework for LCA 

 
 

 

 

 
 

4.1 General 
requirements 

General Requirements 

→LCA studies shall include the goal and 
scope definition, inventory analysis, impact 
assessment and interpretation of results. 

 
V V 

 

→The requirements and recommendations 
of this International Standard, with the 
exception of those provisions regarding 
impact assessment, also apply to life cycle 
inventory studies. 

 

 
N/A N/A 

 

→An LCI study alone shall not be used for 
comparisons intended to be used in 
comparative assertions intended to be 
disclosed to the public. 

 

N/A N/A 

 

4.2 Goal and Scope Definition 

 

4.2.2 Goal of the 
study 

In defining the goal of an LCA, the following 
items shall be unambiguously stated: 

The intended application V V  

The reasons for carrying out the study. V V 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 
The intended audience. V V 

 

Whether the results are intended to be used 
in comparative assertions intended to be 
disclosed to the public. 

 
V V 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

4.2.3 Scope of the 
study 

In defining the scope of an LCA, the 
following items shall be considered and 
described clearly: 

 

The product system to be studied. V V  

The functions of the product systems, or in 
the case of comparative studies, the systems. 

V V 
 

4.2.3.2 The functional unit.  

→The scope of an LCA shall clearly specify 
the functions (performance characteristics) 
of the system being studied. 

 
V V 

 

→The functional unit shall be clearly defined, 
measurable and consistent with the goal and 
scope of the study 

 
V V 

 

→The reference flow shall be defined. V V  
→Comparisons between systems shall be 
made on the basis of the same function(s), 
quantified by the same functional unit (s) in 
the form of their reference flows. 

 

N/A N/A 

 

→If additional functions of any of the 
systems are not taken into account in the 
comparison of functional unit these 
omissions shall be explained and 
documented. 

 

 
N/A N/A 

 

 
- 

4.2.3.3 The system boundary.  
→The selection of the system boundary shall 
be consistent with the goal of the study. 

V V  

→The criteria used in establishing the system 
boundary shall be identified and explained. 

V V 
 

→Decisions shall be made regarding which 
unit processes to include in the study, and 
the level of detail to which these unit 
processes shall be studied. Reasons and 
implications of omitting life cycle stages, 
processes, inputs or outputs must be clearly 
stated and explained. 

 

 

 
V V 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 →The deletion of life cycle stages, processes, 
inputs, or outputs is permitted only if it does 
not significantly change the overall 
conclusions of the study 

 

N/A N/A 

 

→ Each of the unit processes should initially 
describe: 

 

(i) Where the unit process begins, in terms of 
the receipt of raw materials or intermediate 
products 

 
V V 

 

(ii) The nature of the transformations and 
operations that occur as part of the unit 
process 

 
V V 

 

(iii) Where the unit process ends, in terms of 
the destination of the intermediate or final 
products. 

 
V V 

 

→The cut-off criteria for initial inclusion of 
inputs and outputs, the assumptions on 
which the cut-off criteria are established and 
its effects on the outcome of the study shall 
be clearly described and assessed. 

 

 
V V 

 

Allocation procedures. V V  

4.2.3.4 LCIA methodology and types of 
impacts. 

 

→The selection of impact categories, 
category indicators, and characterization 
models used in the LCIA methodology shall 
be consistent with the goal and scope of the 
study and considered as described in 4.4.2.2. 

 

 
V V 

 

→An LCIA shall be performed using the same 
methodologies for studies intended to be 
used in comparative assertions intended to 
be disclosed to the public. Any differences 
between these systems regarding these 
parameters shall be identified and reported. 

 

 

N/A N/A 

 

Interpretation to be used. V V  
Data requirements. V V  

Assumptions. V V  

Value choices and optional elements. V V  
Limitations. V V  

 
4.2.3 Scope of the 

study 

4.2.3.6 Data quality requirements shall be 
specified to enable the goal and scope of 
the LCA to be met. It should address the 
following requirements: 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 
→Time-related coverage, geographical 
coverage, technology coverage, precision, 
completeness, representativeness, 
consistency, reproducibility, sources of data, 
uncertainty of information. V V 

 
 

Comparative assertions intended to be 
disclosed to the public must address the 
above requirements. 

 
N/A N/A 

 

→Data quality should be characterized by 
both quantitative and qualitative aspects as 
well as by methods used to collect and 
integrate those data 

 

V V 

 

→Data from specific sites or representative 
averages should be used for those unit 
processes that contribute the majority of the 
mass and energy flows in the systems and 
are considered to have environmentally 
relevant inputs and outputs. 

 

 

V V 

 

→The treatment of missing data shall be 
documented for each unit process and 
missing location. 

 

(i) A "non-zero" data value that is 
explained 

N/A N/A  

(ii) A “zero" data value that is explained N/A N/A  
(iii) A calculated value based on the 
reported values from unit processes 
employing a similar technology 

 
V V 

 

4.2.3.8 Critical review considerations in the 
scope of the study: 

 

(i) Whether a critical review is necessary and 
how to conduct it. 

V 
V  

(ii) Type of critical review. V V  
(iii) Who would conduct the review and the 
level of their expertise. If the study is 
intended to be used for a comparative 
assertion intended to be disclosed to the 
public, interested parties shall conduct this 
evaluation as a critical review. 

 

 

V V 

 

Type and format of the report required for 
the study. 

   

4.3 Life Cycle Inventory Analysis (LCI) 

 4.3.2.1 Data Collection  
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
Life Cycle 

Inventory analysis: 
4.3.2 Collecting 

Data 

→The qualitative and quantitative data for 
inclusion in the inventory shall be collected 
for each unit process that is included in the 
system boundary. 

 

V V 

 

→When data have been collected from 
public sources, the source shall be 
referenced. For those data that may be 
significant for the conclusions of the study, 
details about the relevant data collection 
process, the time when data have been 
collected, and further information about data 
quality indicators shall be referenced. 

 

 

 

V V 

 

4.3.2.2 Measures taken to reach uniform 
and consistent understanding of the product 
systems should include: 

 

→Drawing unspecific process flow diagrams 
that outline all the unit processes to be 
modelled, including their interrelationships; 

 
V V 

 

→Describing each unit process in detail with 
respect to factors influencing inputs and 
outputs; 

 
V V 

 

→Listing of flows and relevant data for 
operating conditions associated with each 
unit process; 

 
V V 

 
 

→Developing a list that specifies the units 
used; 

V V  

→Describing the data collection and 
calculation techniques needed for all unit 
processes to be modelled 

 
V V 

 

→Providing instructions to document clearly 
any special cases, irregularities or other 
items associated with the data provided. 

 
V V 

 

 

 

 
Life Cycle 

Inventory analysis: 
Calculating Data 

4.3.3 

4.3.3.1 Data Calculation  
→All calculation procedures shall be 
explicitly documented, and all assumptions 
made shall be clearly stated and explained. 

 
V V 

 

→The same calculation procedures should be 
consistently applied throughout the study. 

V V 
 

→When determining elementary flows 
associated with production, the actual 
production mix should be used whenever 
possible. 

 

V V 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 →Inputs and outputs related to a 
combustible material (e.g. oil, gas, or coal) 
can be transformed into an energy input or 
output by multiplying them by the relevant 
heat of combustion. 

 

 
V V 

 

4.3.3.2 Validation of data  
A check on data validity shall be conducted 
during the process of data collection to 
confirm and provide evidence that the data 
quality requirements for the intended 
application have been fulfilled. 

 

 
V V 

 

4.3.3.3 Relating data to unit process and 
functional unit 

 

 

→The quantitative input and output data of 
the unit process shall be calculated in 
relation to this flow. 

 

 

V V 

 

→The calculation should result in all system 
input and output data being referenced to 
the functional unit. 

 
N/A N/A 

 

→The level of aggregation [of inputs and 
outputs in the product system] shall be 
consistent with the goal of the study. 

 
V V 

 

→Data should only be aggregated if they are 
related to equivalent substances and to 
similar environmental impacts. 

 
V V 

 

If more detailed aggregation rules are 
required, they should be explained in the 
goal and scope definition phase of the study 
or should be left to a subsequent impact 
assessment phase. 

 

 
V V 

 

4.3.3.4 Refining the system boundary  
→Reflecting the iterative nature of LCA, 
decisions regarding the data to be included 
shall be based on a sensitivity analysis to 
determine their significance. 

 

N/A N/A 

 
 

→The initial system boundary shall be 
revised, as appropriate, in accordance with 
the cut-off criteria established in the 
definition of the scope. The results of this 
refining process and the sensitivity analysis 
shall be documented. 

 

 

N/A N/A 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Life Cycle 
Inventory analysis: 

4.3.4 Allocation 

4.3.4.1    Allocation, General  
→The inputs and outputs shall be allocated 
to the different products according to clearly 
stated procedures that shall be documented 
and explained together with the allocation 
procedure. 

 

 
V V 

 

→The sum of the allocated inputs and 
outputs of a unit process shall be equal to 
the inputs and outputs of the unit process 
before allocation. 

 

V V 

 

→Whenever several alternative allocation 
procedures seem applicable, a sensitivity 
analysis shall be conducted to illustrate the 
consequences of the departure from the 
selected approach. 

 

 
V V 

 

4.3.4.2    Allocation procedure  
→ The study shall identify the processes 
shared with other product systems and deal 
with them according to the stepwise 
procedure presented below: 

 

V V 

 

Step 1: Wherever possible, allocation should 
be avoided by 1) dividing the unit process 
into two or more sub-processes and 
collecting the input and output data related 
to these sub-processes; 2) expanding the 
product system to include the additional 
functions related to the co-products [...] 

 

 

 

 

 

 

 

 

 
 

V V 

 

Step 2: Where allocation cannot be avoided, 
the inputs and outputs of the system should 
be partitioned between its different products 
or functions in a way that reflects the 
underlying physical relationship between 
them. 

Step 3: Where physical relationship alone 
cannot be established or used as the basis for 
allocation, the inputs should be allocated 
between the products and functions in a way 
that reflects other relationships between 
them (i.e. economic). 
→ Some outputs may be partly co-products 
and partly waste. In such cases […] inputs 
and outputs shall be allocated to the co- 
products part only. 

 

V V 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 →Allocation procedures shall be uniformly 
applied to similar inputs and outputs of the 
system under consideration. 

 
V V 

 

→The inventory is based on material 
balances between input and output. 
Allocation procedures should approximate as 
much as possible fundamental input/output 
relationships and characteristics. 

 

 
V V 

 

4.3.4.3 Allocation procedures for reuse and 
recycling 

 

→ Changes in the inherent properties of 
materials shall be taken into account. For the 
recovery processes between the original and 
subsequent product system, the system 
boundary shall be identified and explained, 
ensuring that the allocation principles are 
observed. 

 

 

 
V V 

 

4.4 Life Cycle Impact Assessment (LCIA) 

 

 

 

 

 

 

 

Life Cycle Impact 
Assessment 4.4.1. 

General 

The LCIA phase shall be coordinated with 
other phases of the LCA to take into account 
the following omissions and sources of 
uncertainty: 

 

→Whether the data quality of the LCI data 
and results is sufficient to conduct the LCIA in 
accordance with the study goal and scope 
definition. 

 

V V 

 

→Whether the system boundary and data 
cut-off decisions have been sufficiently 
reviewed to ensure the availability of LCI 
results necessary to calculate indicator 
results for the LCIA. 

 

 
V V 

 

→Whether the environmental relevance of 
the LCIA results is decreased due to the LCI 
functional unit calculation, system wide 
averaging, aggregation and allocation. 

 

V V 

 

 
 

Life Cycle Impact 
Assessment 4.4.2. 

Mandatory 
Elements of LCIA 

4.4.2.2 Selection of impact categories, 
category indicators, and characterization 
models. 

 

4.4.2.2.1 The LCIA phase shall include the 
following mandatory elements: 

 

→Whenever impact categories, category 
indicators, and characterization models are 
selected in an LCA, the related information 
and sources shall be referenced. 

 

V V 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 →Accurate and descriptive names shall be 
provided for the impact categories and 
category indicators. 

 
V V 

 

→The selection of impact categories, 
category indicators, and characterization 
models shall be both justified and consistent 
with the goal and scope of the LCA. It shall 
reflect a comprehensive set of environmental 
issues related to the product system being 
studied. 

 

 

 
V V 

 

 

 

→The environmental mechanism and 
characterization model that relate the LCI 
results to the category indicator and provide 
a basis for characterization factors shall be 
described. 

 

 
V V 

 

→The appropriateness of the 
characterization model used for deriving 
category indicator in the context of the goal 
and scope of the study shall be described. 

 

V V 

 

 

→LCI results other than mass and energy 
flow data included in the LCA (e.g. land use) 
shall be identified and their relationship to 
corresponding category indicators shall be 
determined. 

 

 
V V 

 

4.4.2.2.2 For each impact category, the 
necessary components of the LCIA include: 

 

→Identification of the category endpoint(s), 
characterization model, characterization 
factors and definition of the category 
indicator for given category endpoint. 

 

V V 

 

→Identification of the appropriate LCI results 
that can be assigned to the impact category, 
taking into account the chosen category 
indicator and identified category endpoint(s). 

 

V V 

 

4.4.2.2.3 In addition to the requirements 
in 4.4.2.2.1, the following recommendations 
apply to the selection of impact categories, 
category indicators, and characterization 
models: 

 

→The impact categories, category indicators, 
and characterization models should be 
internationally accepted 

 
V V 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 →The impact categories should represent 
the aggregated impacts of inputs and outputs 
of the product system on the category 
endpoint(s) through the category indicators; 

 

V V 

 

→Value-choices and assumptions made 
during the selection of impact categories, 
category indicators and characterization 
models should be minimized; 

 

N/A N/A 

 

→The impact categories, category indicators 
and characterization models should avoid 
double counting unless required by the goal 
and scope definition, for example when the 
study includes both human health and 
carcinogenicity; 

 
 

V V 

 

The characterization model for each 
category indicator should be: 

 

→ Scientifically and technically valid, and 
based upon a distinct identifiable 
environmental mechanism and reproducible 
empirical observation; the extent to which 
the characterization model and the 
characterization factors are scientifically valid 
should be identified; 

 

 

 
V V 

 

→Depending on the environmental 
mechanism and the goal and scope, spatial 
and temporal differentiation of the 
characterization model relating the LCI 
results to the category indicator should be 
considered. 

 

 

V V 

 

→The fate and transport of the substances 
should be part of the characterization model. 

V V 
 

4.4.2.2.4 The environmental relevance of 
the category indicator or characterization 
model should be clearly stated in the 
following terms: 

 

(a)The ability of the category indicator to 
reflect the consequences of the LCI results on 
the category endpoint(s), at least 
qualitatively; 

 

V V 

 

(b) The addition of environmental data or 
information to the characterization model 
with respect to the category endpoint(s), 
including: the condition of the category 
endpoint(s); the relative magnitude of the 

 

 
N/A N/A 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 assessed change in the category endpoint(s); 
the spatial aspects, such as area and scale; 
the temporal aspects; the reversibility of the 
environmental mechanism; and the 
uncertainty of the linkages between the 
category indicators and category endpoints. 

 

 

 

4.4.2.3 Assignment of LCI results to the 
selected impact categories (classification). 

 

→Assignment of LCI results that are exclusive 
to one impact category; 

N/A N/A  

→Identification of LCI results that relate to 
more than one impact category, including 
distinction between parallel mechanisms and 
assignment to serial mechanisms. 

 

N/A N/A 

 

 

4.4.2.4 Calculation of category indicator 
results (characterization) 

 

→The method of calculating indicator results 
shall be identified and documented, 
including the value-choices and assumptions 
made. 

 

V V 

 

No other recommendations or requirements 
in Section 4.4.2.4. 

 

4.4.2.5 Resulting data after characterization  
No recommendations or requirements in 
Section 4.4.2.5. 

 

4.4.3. Optional 
elements of LCIA 

No requirements in Section 4.4.3. 
 

4.4.4. Additional 
LCIA data quality 

No recommendations or requirements in 
Section 4.4.4. 

 

 

 
 

4.4.5: LCIA 
intended to be 

used in 
comparative 

assertions 
intended to be 
disclosed to the 

public 

→The comparison shall be conducted 
category indicator by category indicator. 

N/A N/A  

→An LCIA shall not provide the sole basis of 
comparative assertions intended to be 
disclosed to the public of overall 
environmental superiority or equivalence, as 
additional information will be necessary to 
overcome the inherent limitations of LCIA. 

 

 

N/A N/A 

 

→Category indicators intended to be used in 
comparative assertions intended to be 
disclosed to the public should be 
internationally accepted. 

 

N/A N/A 

 

→Weighting shall not be used. N/A N/A  
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 →An analysis of results for sensitivity and 
uncertainty shall be conducted for studies 
intended to be used. 

 
N/A N/A 

 

→Category indicators intended to be used in 
comparative assertions intended to be 
disclosed to the public shall, as a minimum, 
be: 

 

(i) Scientifically and technically valid, i.e. 
using a distinct identifiable environmental 
mechanism and/or reproducible empirical 
observation 

 

N/A N/A 

 

(ii) Environmentally relevant, i.e. have 
sufficiently clear links to the category 
endpoint(s) including, but not limited to, 
spatial and temporal characteristics. 

 

N/A N/A 

 

4.5. Life Cycle Interpretation 

 

 

 

 

 

 

 

 

 
 
 

Life Cycle 
Interpretation 

4.5.2 Identification 
of significant issues 

→When the results from the LCI and LCIA 
phases have been found to meet the 
demands of the goal and scope of the study, 
the significance of these results shall then be 
determined. 

 

 
V V 

 

→All relevant results available at the time 
shall be gathered and consolidated for 
further analysis, including information on 
data quality. 

 

V V 

 

→The results of the evaluation should be 
presented in a manner that gives the 
commissioner or any other interested party a 
clear and understandable view of the 
outcome of the study. 

 

 
V V 

 

→The evaluation shall be undertaken in 
accordance with the goal and scope of the 
study. 

 
V V 

 

→During the evaluation, the use of the 
following three techniques shall be 
considered: completeness check, sensitivity 
check, consistency check. 

 

V V 

 

→The results of uncertainty analysis and data 
quality analysis should supplement these 
checks. 

 
V V 

 

Life Cycle 
Interpretation 

4.5.3. Evaluation. 

4.5.3.2. Completeness check  
→ If any relevant information is missing or 
incomplete, the necessity of such 
information for satisfying the goal and scope 

 
N/A N/A 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 of the LCA shall be considered. This finding 
and its justification shall be recorded. 

 
 

 

→If any relevant information, considered 
necessary for determining the significant 
issues, is missing or incomplete, the 
preceding phases (LCI, LCIA) should be 
revisited or, alternatively, the goal and scope 
definition should be adjusted. If the missing 
information is considered unnecessary, the 
reason for this should be recorded. 

 

 

 

N/A N/A 

 

4.5.3.3. Sensitivity check  
→ The sensitivity check shall include the 
results of the sensitivity analysis and 
uncertainty analysis, if performed in the 
preceding phases (LCI, LCIA). 

 

V V 

 

→When an LCA is intended to be used in a 
comparative assertion intended to be 
disclosed to the public, the evaluation 
element shall include interpretative 
statements based on detailed sensitivity 
analysis. 

 

 

N/A N/A 

 

→The inability of a sensitivity check to find 
significant differences between different 
studied alternatives does not automatically 
lead to the conclusion that such differences 
do not exist. The lack of any significant 
differences may be the end result of the 
study. 

 

 

 

→ In a sensitivity check, consideration shall 
be given to: 

 

(i) The issues predetermined by the goal and 
scope of the study 

V V  

(ii) The results from all other phases of the 
study 

V V  

(iii) Expert judgments and previous 
experiences. 

V V  

4.5.3.4. Consistency check.  
If relevant to the LCA study the following 
questions shall be addressed: 

 

(a) Are differences in data quality along a 
product system life cycle and between 
different product systems consistent with the 
goal and scope of the study? 

 

V V 
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 (b) Have regional and/or temporal 
differences, if any, been consistently 
applied? 

 
N/A N/A 

 

(c)Have allocation rules and the system 
boundary been consistently applied to all 
product systems? 

 
V V 

 

(d) Have the elements of the impact 
assessment been consistently applied? 

V V 
 

 

 

 
Life Cycle 

Interpretation 
4.5.4. Conclusions, 
limitations, and 
recommendations 

→Conclusions shall be drawn from the study. V V  
→Recommendations shall be based on the 
final conclusions of the study, and shall 
reflect a logical and reasonable consequence 
of the conclusions. 

 

N/A N/A 

 

→Whenever appropriate to the goal and 
scope of the study, specific 
recommendations to decision-makers should 
be explained. 

 

N/A N/A 

 

→Recommendations should relate to the 
intended application. 

N/A N/A  

5 Reporting 

 
 

 
5.1 Reporting: 

General 
requirements and 

considerations 

→The type and format of the report shall be 
defined in the scope phase of the study. 

V V  

→The results and conclusions of the LCA 
shall be completely and accurately reported 
without bias to the intended audience. 

 
V V 

 

→The results, data, methods, assumptions 
and limitations shall be transparent and 
presented in sufficient detail to allow the 
reader to comprehend the complexities and 
trade-offs inherent in the LCA. 

 

 
V V 

 

 →If results of the LCA are communicated to 
any third party, regardless of the form of 
communication, then a third-party report 
shall be prepared and made available (as a 
reference document) to any third party to 
whom the communication is made. The 
following aspects should be considered: 

 

(i) LCA Commissioner and practitioner of LCA 
(internal or external) 

V V  

(ii) Date of report requirements of this 
International Standard 

V V  

(iii) Scope of the study (see 5.2c) V V  

(iv) Life cycle inventory analysis (see 5.2d) V V  
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ISO 14044 

 
Specific Requirements. Section #'s refer to 

ISO 14044 

Original 
Finding 

2020-09-09 

Final 
Finding 

2020-09-21 

 

Comments 

 (v) Life cycle impact assessment (see 5.2e) V V  

(vi) Life cycle interpretation (see 5.2f) V V  

(vii) Critical review (see 5.2g) V V  

 

 

  
Original 

Finding 
2020-09-
09 

Final 
Finding 

2020-09-21 

 

Comments 

Higg MSI Requirements for Submission Types 1 and 2 

 

 

Metadata and 
descriptive 
information 

→ General information about the 
submission, additional details about the raw 
material or production process, and any 
supporting documentation, must be 
provided. 

 

 
V V 

 

→ A description of the source and year of 
the data, and how the data was gathered, 
must also be included. 

 
V V 

 

 

Production 
outputs 

The primary product (or product being 
submitted) and any co- and by-products 
from the production process (See Scope of 
Data below for further details on allocation) 
must be provided. 

 

 
V V 

 

 

 

 

 

 
 

Material Inputs 

Inputs from the Bill of Materials (BOM), 
recipe, or product design parameters must 
be provided. Inputs may be in the form of 
unit process outputs from upstream 
processes. Please include the total amount 
of inputs used, including any losses during 
the production process. 

 

 

 
N/A N/A 

 

 

 

Any material inputs that are greater than 1% 
of the total mass of the finished product 
must be included. This includes any 
packaging, chemical, or intermediary inputs 
into the product system. 

 

 

 
V V 

 

 

Transportation of 
Materials 

 
Transportation must include the inbound 
transportation required to move the 
materials to the manufacturing location. 

 

 
V 

V 
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Energy Inputs 

Include all energy used for manufacturing or 
processing, plus any energy used as 
feedstock, as inputs to this process. All 
energy inputs over 1% of total energy inputs 
must be provided. 

 

 
V 

V 

 

Electricity use must be identified by wattage 
(high, medium, or low voltage) and must 
also be identified by geography. 

 
V 

V 

 

 

 
Water Inputs 

Include total water inputs to the process. 
The total amount of water inputs must be 
included; water that is returned to the 
system or discharged will be accounted for 
in the water outputs section. 

 

 
V 

V 

 

 

 
Direct Emissions 

Direct Emissions to air, water, or soil from 
the process, with the exception of emissions 
related to combustion of energy (these are 
counted in the energy inputs) must be 
provided. 

 

 
V 

V 

 

 

 
Waste Products 

All wastes or non-valuable by-products must 
be provided, by type of waste and by type of 
waste disposal method. This includes 
packaging and any materials sent to 
recycling. 

 

 
V 

V 

 

 

 

 
Water Outputs 

Include any water discharged from the 
process. This includes any water that is 
discharged directly to the environment, back 
to the municipality or is treated onsite. The 
net difference between inputs and outputs 
will be used to calculate total water 
consumption. 

 

 

 
V 

V 

 



Critical Review of ‘Life Cycle Assessment of of Hemp Yarn’, Prepared for: Patagonia 
According to ISO 14044 and Sustainable Apparel Coalition - Higg Materials Sustainability Index (MSI) Methodology (July 31, 2020)| 

CONFIDENTIAL 

 

 

Biogenic Carbon 
Content 

Biogenic carbon refers to the carbon 
sequestered from the atmosphere due to 
biomass growth. 

It can be determined by radiocarbon analysis 
or stoichiometric analysis. It is reported in 
kilogram C per kilogram of material. Note: This 
is different than the percentage of carbon in 

the material that is biogenic in origin as 
different materials can have different carbon 

content. V V 

 

 

 
Scope of Data 

 

 

 

 
V 

V 

 

 

Inclusion of data 

All known inputs should be included. Minor 
inputs (accounting for less than 1% of total 
material or energy inputs or outputs) may 
be excluded. 

 

V 

V 

 

 Any exclusions must be noted and 
justified. Total exclusions may not exceed 
5% of total energy and material inputs or 
outputs. Additionally, the following inputs 
can be excluded: 
• Labor, commuting and travels of 
employees and seasonal workers 
• Administrative overhead 

 

 

 

V 

V 
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 • Processes that can reasonably be assumed 
to contribute to less than 1% of the 
environmental impact (cut-off criterion), 
when no data are available. 

   

 
Multiple output 
processes 

For processes that produce multiple 
valuable outputs, the total amount of each 
output, using the same units for each output 
stream, must be provided. 

 

V V 

 

 

 

 

 

 

 
Handling multi- 
functional 
processes 

The following multi-functional decision 
hierarchy shall be applied for resolving all 
multifunctional 
problems: 
1. Subdivision or system boundary 
expansion 
2. Allocation based on a relevant underlying 
physical relationship (substitution 
may apply here); 
3. Allocation based on some other 
relationship. 

 

 

 

 

 
V V 

 

The specific allocation method used should 
be documented and Data Submitters must 
justify their chosen allocation method if not 
a prescribed method. 

 

V V 

 

 

 

 
Carbon Storage 
and Sequestration 

Results from carbon sequestration or 
storage modeling cannot be included in the 
data submissions, unless the models can 
clearly demonstrate that carbon is 
permanently removed from the atmosphere 
for a minimum of 100 years. If carbon 
sequestration or storage is claimed, detailed 
documentation must be provided. 

N/A N/A 

 

Other Nutrient 
Removals 

No net removals from additional emissions 
to water, such as nitrogen (NH3, N2O, and 
NO3) and phosphorus (PO4 and P) will be 
included, in accordance with PEFCR 
guidance on agricultural modeling. Any 
negative emissions will be removed and set 
to 0. N/A N/A 

 



Critical Review of ‘Life Cycle Assessment of of Hemp Yarn’, Prepared for: Patagonia 
According to ISO 14044 and Sustainable Apparel Coalition - Higg Materials Sustainability Index (MSI) Methodology (July 31, 2020)| 

CONFIDENTIAL 

 

 

 
 

 

 

 
 

Recovered and 
Recycled Wastes 

Wastes that are reused or recycled back into 
the process should not be counted as an 
input. In such cases, include only the net 
additions to the process. For example, the 
total amount of a catalyst used in a 
production process should not be reported, 
only the portion that is depleted by that 
process. Another example would be excess 
product material that can be directly used 
as an input to the next process. For the two 
examples above, include only the additional 
amounts needed for the process, and not 
the total reused portion. 

 
 

 

 

 

 
V V 

 

 
Cutoff at 
Recycling 

The Higg MSI utilizes the recycling cut-off 
approach. For recycled products, the 
transportation of the waste product to the 
recycling facility, and burdens of the 

 

V V 
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 recycling process, must be provided. No 
other upstream inputs are included. 

   

 

 

 
Agricultural Land 
Occupation 

Agricultural or forest land occupation must 
be provided if the product being submitted 
includes agricultural materials (on field, 
farm, or forest). This impact is not included 
in the Higg MSI scoring or tool interface at 
this time, but it is available in the SAC 
database for future addition to the tool if 
appropriate. 

 

 
 

V V 

 

 Submissions are made using the MSI  

V 

 
 Contributor, accessible at   
 msicontributor.higg.org. The platform   
 includes entry fields for the following:   

 General Information:   

 • Submission Type (raw material or process)   
 • Submission Name   
 • Brand   
 • Material Category   
 • Base Material   
 • Production Phase   
 • Facility   
 • Reporting Period (start and end dates of data   
 collection period)   
 • Supporting documents   
 • Image   
 • General Description   
 • Energy use allocation   
 Materials, Energy, and Transport:   

List of Data 
Entries 

• Name and amount of product/process 
• Energy inputs, amounts, and measurement 
approaches 
• Material inputs, amounts, and measurement 

 

V 
 

 approaches   
 • Agricultural land inputs, amounts, and measurement   
 approaches   
 • Packaging inputs, amounts, and measurement   
 approaches   
 Self-produced Energy:   
 • Output types and amounts   
 • Fuel sources and amounts   
 • Emissions specific to on-site energy production   
 • Amount exported to grid or sold   
 Water Use and Treatment:   
 • Total water use for reporting period per kg of product   
 • Total amount of water discharged per kg of product   
 • Total amount of water treated on-site per kg of   
 product   
 • Total amount of water returned to municipal source   
 per kg of product   
 Emissions:   
 • Air emissions type and amount per kg of product   
 • Water emissions type and amount per kg of product   
 • Soil emissions type and amount per kg of product   
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 Solid Waste and Recycling: 
• Materials sent to landfill and their amounts 
• Materials sent to incineration and their amounts 

• Recycled materials and their amounts 
• Hazardous materials and their amounts 

Data Quality (ranking from very poor to very 
good): 
• Technological Representativeness 
• Temporal Representativeness 
• Geographical Representativeness 
• Parameter Uncertainty 

V V 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Data quality 
criteria and scores 

The dataset quality shall be calculated based 
on the six quality criteria described below as 
consistent with the EU PEF data quality 
requirements. A semi-quantitative 
assessment of the overall data quality of the 
dataset shall be calculated summing up the 
achieved quality rating for each of the 
quality criteria, divided by the total number 
of criteria. 

 
The Data Quality Rating (DQR) result is used 
to identify the corresponding quality level. 
The semi-quantitative assessment of the 
overall data quality of the dataset requires 
the evaluation (and provision as metadata) 
of each single quality indicator. This 
evaluation shall be done according to Table 
B3 and formula [1]: 

 

 

 

 

 

 

 
 

 

 
V V 

 

Note that Completeness (C), and End of Life 
(EoL) will not be included in the data quality 
assessment of material production data at 
this time. 

   

Only submitted data with a DQR of “Fair” (3) 
or better will be included in the Higg MSI. 

   

 

 
Additional Requirements for Submission Type 2 
If input and output data are not available, LCIA (midpoint) results may be submitted instead. The midpoints submitted must use the 
listed LCIA methods and the prescribed version listed in Table B4. Since data is less transparent for review, Type 2 data submissions 
must be independently reviewed prior to submission, and a review report must also be submitted to the Gatekeeper. Please 
remember that every submission must appropriately fit into the MSI taxonomy, which separates Production Phases. Submissions 
may be applicable to more than one Base Material (e.g. a spinning process may be possible for various textiles), but they must fit 
within the boundaries of one Production Phase. Any submission that covers more than one Production Phase must be split into 
separate submissions. 
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Midpoint 
Categories 

Impacts for products and processes are first 
calculated from a “midpoint” methodology. 
These approaches come directly from LCIA. 
The individual impact categories listed in 
Table B4 are calculated based on 
methodologies currently available and 
widely used by the LCA community. These 
impact categories chosen were based on 
their scientific accuracy, their applicability to 
the apparel, footwear and home textile 
industries, and their compatibility with other 
global product sustainability programs. 
 

 

V V 

 

In an attempt to not require more frequent 
data updates from the Data Submitter, we 
recommend the following midpoints also be 
submitted. These are the additional 
categories required for Product 
Environmental Footprinting to date. (ILCD 
Method). 
 

 

 
 
 

V V 
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Editorial 
Comments 

(page #, section, 
paragraph) 

 

Comment 
Original 
Finding 

2020-09-09 

Final 
Finding 
2020-09-

21 

 

Table 5, Table 11, 
and Table 12  The changes in impacts from the dew-

retting unit process are unclear. The earlier 
version of the study had a result of 2.0 kg. 
Thdew-retting  

 

 

 

 
The revised version of the report shows 
the new result to be 0.1 kg CO2. 

 

Table 5 indicates that the N content 
changed from 0.95 to 0.84 – a 12% 
reduction.  

 Is there another source of the significant 
reduction?  

I also note that in the sensitivity scenario 
for COD emissions that the GWP result for 
retting is 2.0. Not clear how COD effects 
GWP? 

NC V The COD table was not updated 
earlier so that was an error. Table 
12 has now been updated.  
 
The main changes are the 
following: Previously, the client 
data suggested that they produce, 
fibers, seeds and shives. However, 
it turned out that they were 
growing two different crop cycles- 
1 for fiber and 1 cycle for hemp 
seeds. Our study only considers 
hemp grown for fiber so the hemp 
farming and dew retting models 
were updated. Previously, 100% of 
farming impacts were attributed to 
farming and retting stems as the 
sole purpose to grow hemp was for 
textile application. However, after 
discussion with SAC, we have 
applied economic allocation (as per 
SAC’s suggestion) from the farming 
stage through decortication so 
there is a further reduction in dew 
retting impacts.  

 The allocation in Table 3 is unclear. When I 
calculate the “% of total economic value” 
based on the other two columns (mass of 
product*value/mass) I get a breakdown of 
42%/58% for total value and not 83%/17%. 
 
Fibers = .22*.79 = .174 
Shives = .78*.16 = .125 

  Total value per lb input = .299 
.174/.299 = 58%; .125/.299 = 42% 

 

 

NC V There is no connection between 
the mass-based allocation factor 
and the economic value column. 
The economic value column was 
only provided to show how we 
assigned economic allocation 
factors. So 83% is calculated by 
simply (0.79/0.79+0.16). 
I note that it can confuse the 
reader so I moved the economic 
values to the footnotes. 
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