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DEFINITIONS 

Life cycle Assessment (LCA): Methodology used to evaluate the environmental impacts derived from the different 
phases of a product's life cycle (from the extraction of the raw materials that make up the product, through its 

manufacture, distribution and use to the end-of-life treatment at the end of its useful life, among other phases). 

Environmental aspect: An element of an organisation's activities, products or services that interacts or can interact 
with the environment. (ISO 14001: 2015). 

Attributional: Refers to process-based modelling intended to provide a static representation of average conditions, 

excluding market-mediated effects. 

Data Quality: Characteristics of data that relate to their ability to satisfy stated requirements (ISO 14040:2006). Data 

quality covers various aspects, such as technological, geographical, and time-related representativeness, as well 

as completeness and precision of the inventory data. 

Climate change: All inputs or outputs that result in greenhouse gas emissions. The consequences include 
increased average global temperatures and sudden regional climatic changes. Climate change is an impact affecting 

the environment on a global scale. 

Characterisation: Calculation of the magnitude of the contribution of each classified input/output to their respective EF 

impact categories, and aggregation of contributions within each category. This requires a linear multiplication of the 

inventory data with characterisation factors for each substance and EF impact category of concern. For example, with 

respect to the EF impact category “climate change”, CO2 is chosen as the reference substance and kg CO2- 

equivalents as the reference unit. 

Environmental Footprint (EF) Impact Category: Class of resource use or environmental impact to which the life 
cycle inventory data are related. 

Life cycle (LC): Consecutive and interlinked stages of a product system, from raw material acquisition or generation 

from natural resources to final disposal (ISO 14040:2006) 

Classification: Assigning the material/energy inputs and outputs tabulated in the life cycle inventory to EF impact 

categories according to each substance’s potential to contribute to each of the EF impact categories considered. 

CO2 equivalent (CO2eq): Metric measure used to compare the emissions from various greenhouse gases on the 

basis of their global-warming potential (GWP), by converting amounts of other gases to the equivalent amount of 

carbon dioxide with the same global warming. 

Comparison: A comparison, not including a comparative assertion, (graphic or otherwise) of two or more products based 
on the results of a PEF study and supporting PEFCRs. 

Life cycle inventory (LCI) dataset: A document or file with life cycle information of a specified product or other 

reference (e.g., site, process), covering descriptive metadata and quantitative life cycle inventory. A LCI dataset 

could be a unit process dataset, partially aggregated or an aggregated dataset. 

Co-product: Any of two or more products resulting from the same unit process or product system (ISO 
14040:2006). 

Cradle to Gate: A partial product supply chain, from the extraction of raw materials (cradle) up to the manufacturer’s  

“gate”. The distribution, storage, use stage and end of life stages of the supply chain are omitted. 

Cradle to Grave: A product’s life cycle that includes raw material extraction, processing, distribution, storage, use, and 

disposal or recycling stages. All relevant inputs and outputs are considered for all of the stages of the life cycle. 

Activity data: This term refers to information which is associated with processes while modelling Life Cycle 

Inventories (LCI). The aggregated LCI results of the process chains that represent the activities of a process are 

each multiplied by the corresponding activity data1 and then combined to derive the environmental footprint 
associated with that process. Examples of activity data include quantity of kilowatt-hours of electricity used, quantity 

of fuel used, output of a process (e.g., waste), number of hours equipment is operated, distance travelled, floor 
area of a building, etc. Synonym of “non-elementary flow. 
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Company-specific data: It refers to a dataset (disaggregated or aggregated) compiled with company-specific data. In 
most cases the activity data is company-specific while the underlying sub-processes are datasets derived from 

background databases. 

Extrapolated Data: Refers to data from a given process that is used to represent a similar process for which data 
is not available, on the assumption that it is reasonably representative. 

Average Data: Refers to a production-weighted average of specific data. 

Flow diagram: Schematic representation of the flows occurring during one or more process stages within the life 

cycle of the product being assessed. 

Greenhouse effect: Natural phenomenon by which the so-called greenhouse gases (GHG), which are part of the 

atmosphere, absorb and emit infrared radiation, thus resulting in an elevation of the surface temperature of the 
Earth. 

Primary packaging: Packaging that is in direct contact with the product. 

Eutrophication: Nutrients (mainly nitrogen and phosphorus) from sewage outfalls and fertilised farmland accelerate 

the growth of algae and other vegetation in water. The degradation of organic material consumes oxygen resulting 

in oxygen deficiency and, in some cases, fish death. Eutrophication translates the quantity of substances emitted 
into a common measure expressed as the oxygen required for the degradation of dead biomass. Three EF impact 

categories are used to assess the impacts due to eutrophication: Eutrophication, terrestrial; Eutrophication, 
freshwater; Eutrophication, marine. 

Environmental Footprint (EF) Impact Assessment: Phase of the PEF analysis aimed at understanding and 

evaluating the magnitude and significance of the potential environmental impacts for a product system throughout 

the life cycle of the product (based on ISO 14044:2006). The impact assessment methods provide impact 
characterisation factors for elementary flows in order to aggregate the impact to obtain a limited number of midpoint 

indicators. 

Life cycle impact assessment (LCIA): Phase of life cycle assessment that aims at understanding and evaluating 
the magnitude and significance of the potential environmental impacts for a system throughout the life cycle (ISO 

14040:2006). The LCIA methods used provide impact characterisation factors for elementary flows to in order to 
aggregate the impact to obtain a limited number of midpoint and/or damage indicators. 

Characterisation factor: Factor derived from a characterisation model which is applied to convert an assigned life cycle 

inventory result to the common unit of the EF impact category indicator (based on ISO 14040: 2006). 

Emission factor (FE): Coefficient which quantifies the GHG emission per unit of activity. 

Input flows: Product, material or energy flow that enters a unit process. Products and materials include raw 

materials, intermediate products, and co-products (ISO 14040: 2006). 

Output flows: Product, material or energy flow that leaves a unit process. Products and materials include raw 
materials, intermediate products, co-products, and releases (ISO 14040: 2006). 

Greenhouse Gases (GHG): Gases constituent of the atmosphere contributing to the greenhouse effect (CO2, N2O, 

CH4, CFCs, SF6, etc.). 

Carbon Footprint of a Product (CFP): Sum of greenhouse gas emissions and removals in a product system, 

expressed as CO2 equivalents and based on a life cycle assessment. 

Environmental impact: Any change to the environment, whether adverse or beneficial, that wholly or partially 

results from an organisation’s activities, products, or services (EMAS regulation). 

Environmental Footprint (EF) impact category indicator: Quantifiable representation of an EF impact category 

(based on ISO 14000: 2006). 

Additional environmental information: Environmental information outside the EF impact categories that is 

calculated and communicated alongside PEF results. 

Additional technical information: Non-environmental information that is calculated and communicated alongside 

PEF results. 

Life cycle inventory (LCI): The combined set of exchanges of elementary, waste and product flows in a LCI dataset. 
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Environmental Footprint (EF) Impact Assessment method: Protocol for quantitative translation of life cycle 
inventory data into contributions to an environmental impact of concern. 

Multi-functionality: If a process or facility provides more than one function, i.e., it delivers several goods and/or 

services ("co-products"), then it is “multifunctional”. In these situations, all inputs and emissions linked to the 

process will be partitioned between the product of interest and the other co-products according to clearly stated 
procedures. 

Normalisation: After the characterisation step, normalisation is the step in which the life cycle impact assessment 

results are multiplied by normalisation factors that represent the overall inventory of a reference unit (e.g., a whole 
country or an average citizen). Normalised life cycle impact assessment results express the relative shares of the 

impacts of the analysed system in terms of the total contributions to each impact category per reference unit. When 

displaying the normalised life cycle impact assessment results of the different impact topics next to each other, it 
becomes evident which impact categories are affected most and least by the analysed system. Normalised life 

cycle impact assessment results reflect only the contribution of the analysed system to the total impact potential,  
not the severity/relevance of the respective total impact. Normalised results are dimensionless, but not additive. 

Gate to Gate: A partial product supply chain that includes only the processes carried out on a product within a 

specific organisation or site. 

Gate to Grave: A partial product supply chain that includes only the distribution, storage, use, and disposal or 

recycling stages. 

Functional unit: The functional unit defines the qualitative and quantitative aspects of the function(s) and/or 

service(s) provided by the product being evaluated. 



7 

 

 

1. SUMMARY 

This Life Cycle Assessment report shows the results of the environmental footprint study 

carried out by INESCOP for standard and NATURA sheets intended for footwear toe-puffs and 

counters, that are developed and manufactured by QUINORGAN. 

The aim of the study is to analyse all the environmental impacts at the different stages of the 

life cycle in order to identify the "hot spots" and thus improve the environmental performance 

of the model. Based on the results obtained, available in Chapter 6 and their in-depth analysis 

in Chapter 7, environmental improvements are proposed that allow the application of eco- 

design, thus making the environmental friendliness an additional feature of the product and 

reducing the environmental impacts derived from its life cycle. 

To carry out the LCA, the SimaPro tool and the Ecoinvent database were used, which 

incorporates the emission factors (EF) associated with the processes and materials, together 

with the data provided by the manufacturer and collected in the LCI; the data gaps were filled 

in accordance with the indications given in the literature and in agreement with the 

manufacturer. INESCOP technicians visited the facilities in order to check the process. 

Technical data sheet of the models under study 
 

Manufacturer: QUINORGAN Country: SPAIN 

Type of product: SHEET 

Model: standard 

Functional unit: 1 m2 SHEET 

Calculation period: January – September 2021 

FU weight (g): 1060 g 

Carbon Footprint analysis result: 7.87kg CO2eq 
 

 
 

Product details: With an estimation of 70 counters per 
sheet and 100 toe-puffs per sheet the environmental impact 
of 1 final product would be: 
0.11 kg CO2eq per each standard TOE PUFF 
0.14 kg CO2eq per each standard COUNTER 

Manufacturer: QUINORGAN Country: SPAIN 

Type of product: SHEET 

Model: NATURA 

Functional unit: 1 m2 SHEET 

Calculation period: January – September 2021 

FU weigh (g): 1060 g 

Carbon Footprint analysis result: 3.59kg CO2eq 
 

 
 

Product details: With an estimation of 70 counters per 
sheet and 100 toe-puffs per sheet the environmental impact 
of 1 final product would be: 
0.07 kg CO2eq per each NATURA TOE PUFF 
0.08 kg CO2eq per each NATURA COUNTER 
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2. GENERAL 

As concern for sustainability grows in society, the environment is regaining its place in industry. 

With the aim of implementing sustainable development, new ways of measuring and 

evaluating, both qualitatively and quantitatively, the environmental impact of products, 

services and organisations are emerging. 

By means of the Life Cycle Assessment it is possible to analyse the contributions of materials, 

processes, energy consumption, transport... to the environmental impact of a product. After 

the identification and evaluation, environmental considerations to be incorporated into the 

production and distribution processes of the product are raised from the design phase to the 

end of life, thus making the environmental friendliness an additional feature of the product and 

reducing the environmental impacts derived from the stages of its life cycle. 

This report summarises the results of the Life Cycle Assessment (LCA) obtained by INESCOP for 

standard and NATURA sheets according to the rules set out in the Product Environmental 

Footprint Category Rules (PEFCR). The calculations were made using the SimaPro software and the 

Ecoinvent database, and the emission factors (EF) used in the calculation were mainly based on the 

"EF method 2.0". 
 

 

Standard AND NATURA MODELS 

QUINORGAN (Barcelona, Spain) 
 

ENVIRONMENTAL FOOTPRINT STUDY OF STANDARD AND NATURA MODELS 
 

Date of the study 21st September 2021 

At the request of: Carried out by: 
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3. GOAL OF THE STUDY 

The goal of this study is to quantify the environmental performance of the product and more 

specifically to identify the "hot spots", i.e., those stages and processes of the sheets’ life cycle 

where the environmental impacts are most significant. 

To this end, the environmental impact of all stages of the life cycle from cradle to grave in the 

different categories of environmental impact was evaluated. For better understanding, in 

addition to the complete analysis in the various impact categories, an exhaustive study was 

carried out of the effects on climate change in terms of greenhouse gas (GHG) emissions 

through the carbon footprint indicator expressed in kg of CO2eq emitted by each sheet. Knowing the 

environmental impact of the product by means of a recognised method and tools allows an 

objective and reliable evaluation of the sustainability of the product. The objectives of the study 

are aligned with the design, innovation and development of sustainable materials and 

components that QUINORGAN is carrying out. 

 
 

4. SCOPE OF THE STUDY 

4.1. Functional/declared unit and reference flow 

The evaluated product corresponds to a sheet. The impact per toe-puffs and counter has also 

been estimated for each model according to typical yields. The following table defines the key 

aspects used to define the Functional Unit (FU). 

Functional Unit (FU) 
 

What? Sheet intended for toe-puffs and counters 
How much? One 1 m2sheet 
How well? Use in good condition with proper use 

 

 

The reference flow has been defined as "one 1 m2 sheet" from the extraction of the raw 

materials and their pre-processing (cradle) to the end of life (grave), considering all recycling 

processes performed by QUINORGAN in their Alicante facilities. 
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Figure 1: Recycling processes performed by QUINORGAN.  
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4.2. System boundaries 

The analysis of the product was carried out from cradle to grave, where the consecutive stages 

were considered, from the extraction and pre-processing of the raw materials to the end of the life 

of the pair of shoes incorporating the toe-puffs and counters, as well as the end of life of waste 

generated throughout the whole value chain. 

The system boundaries were defined, and an inventory (LCI) was completed with the data 

provided by the producing company. The data gaps were filled with generic data from the 

literature and the assumptions made were in accordance with the indications given by the 

manufacturers. 

System boundaries include transport between life cycle stages, as well as inputs and outputs of 

materials and energy, co-products, and waste. Following the recommendations of the 

literature, the impact due to the use phase of the footwear was disregarded. 

 

 
Figure 2: LCA system boundaries  
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In this study the life cycle of the functional unit under assessment was divided into the following 

phases/stages for better understanding: 

1. Raw material acquisition and pre-processing 

1.1 Raw materials 

1.2 Transport of raw materials 

2. Manufacture 

2.1 Waste generation 

2.2 Energy consumption 

3. Distribution and sale 

4. Use phase 

5. End of life 
 

 
The life cycle stages included within the system boundaries are described below in more detail: 

Raw material acquisition and pre-processing: this phase covers all impacts 
resulting from the extraction of the many materials and components used 
in the production of sheets. 
Manufacture: this phase covers the processes of sheet manufacture (energy 
consumption), water consumption, generation, and treatment of 
wastewater. 

 
Distribution: sheets are distributed worldwide through multiple channels. 
The distribution contribution was determined based on the information 
provided by the manufacturer and the means of transport employed. 

 
Use: the environmental impact during the use phase has been disregarded 
because the product does not generate environmental impacts during this 
stage of the life cycle. 

End of life: for the end of life of the toe-puffs and counters, it was assumed 
that 60% of the shoes are disposed of in landfills, 33% are incinerated with 
energy recovery and 7% are recycled. The impact of end-of-life of waste, 
shavings and scraps has been calculated according to the manufacturer's 
indications and has been considered at the manufacturing stage. 
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4.3. Environmental Footprint impact categories 

LCA results are shown for different categories of environmental impact. This allows one to know 

how the product behaves with respect to different environmental aspects, such as its 

interaction with water resources, with the depletion of the ozone layer or with the GHG 

(Greenhouse Gas) emissions into the atmosphere. 

 

 
Table 1: Environmental Footprint impact categories chosen for the LCA  

 

EF Impact Category Impact category Indicator Unit 

Climate Change, total Radiative forcing as global warming potential (GWP100) kg CO2 eq 

Ozone depletion Ozone Depletion Potential (ODP) kg CFC-11 eq 

Human toxicity, cancer Comparative Toxic Units for humans (CTUh) CTUh 

Human toxicity, non-cancer Comparative Toxic Units for humans (CTUh) CTUh 

Particulate matter Impact on human health disease incidence 

Ionising radiation, human 
health 

Human exposure efficiency relative to U235 kBq U235 eq 

Photochemical ozone 
formation, human health 

Tropospheric ozone concentration increase kg NMVOC eq 

Acidification Accumulated Exceedance (AE) Mol H+ eq 

Eutrophication, terrestrial Accumulated Exceedance (AE) Mol N eq 

Eutrophication, freshwater Fraction of nutrients reaching freshwater end 
compartment (P) 

kg P eq 

Eutrophication, marine Fraction of nutrients reaching marine end compartment 
(N) 

kg N eq 

Land use Soil quality index 
Biotic production 
Erosion resistance 
Mechanical filtration 
Groundwater replenishment 

Dimensionless (pt) 

kg biotic production 

kg soil 
m3 water 
m3 ground water 

Water use User deprivation potential (deprivation-weighted water 
consumption) 

m3 world eq 

Resource use, minerals and 
metals 

Abiotic resource depletion (ADP ultimate reserves) kg Sb eq 

Resource use, fossils Abiotic resource depletion – fossil fuels (ADP – fossil) MJ 

 

 

Annex II shows a brief description of these impact categories. 
 

 
The calculations were made using the reference software SimaPro, the Ecoinvent database and the 

EF2.0 calculation method, including the toxicity categories. This makes the study transparent, 

objective, and repeatable. 
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4.4. Assumptions and limitations 

In order to analyse such a complex production system, such as that of footwear, it is necessary 

to establish premises that allow a reliable approach. The following are the premises adopted, 

as well as the main limitations and assumptions made. 

The absence of PEFCRs for footwear, i.e., product environmental footprint category rules that 

allow the use of harmonised considerations for footwear: For this study the current draft of the 

PEFCR for footwear was used as a guide. 

The use of some secondary data in the composition of materials, waste and transport used in 

the production of the sheet models under study: In order to fill these data gaps, generic data 

were used in accordance with the manufacturer's indications, always following the principle of 

conservation: when in doubt as to the choice of a process, material, etc., the most unfavourable 

option with the greatest impact is always chosen. The quality of the data sets obtained was 

not evaluated. 

Some emissions, such as those resulting from the mobility of company workers, whether 

internal (travel from home to work and vice versa) or external (business travel), were dismissed. 

Furthermore, GHG emissions derived from air-conditioning were not considered, although the 

energy consumption of air-conditioning equipment was taken into consideration. 

In accordance with the cut-off criteria and conditions set out in the document "Preliminary 

background report: Revision of the EU Ecolabel for the product group Footwear" (Joint 

Research Centre, 2013), the use phase of the product was excluded from this study as its 

contribution is less than 1% of the total. 

In order to estimate the environmental impact of each toe-puff and counter, the environmental 

impact of the sheet, the number of toe puffs and counters that can be processed on a regular 

basis per each sheet, the waste generated, and the treatment of this waste were taken as a 

starting point. The data are shown in Chapter 6 for a size 40 toe puffs and a counter obtained 

from each sheet model. 
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5. LIFE CYCLE INVENTORY ANALYSIS 

In collaboration with the company QUINORGAN an in-depth data 

collection of all the stages of the life cycle of the product under 

study was carried out: 

One 1 m2 sheet of the standard model and one 1 m2 sheet of the 

model NATURA 

To collect the data needed for this study, the company completed a specific inventory on the 

different stages of the product from the extraction and processing of the raw materials to the 

distribution and sale of the product. An iterative process of data collection and simulation of 

results was carried out in continuous contact with the manufacturing company. 

Life Cycle Inventory (LCI) data are not shown in this report as they are considered confidential 

data. 

The quality of the data was not evaluated, although it should be noted that these came mainly 

from direct-primary sources (data obtained from direct measurements or from calculations 

based on direct measurements) 

Data obtained from indirect-secondary sources (data obtained from measurements other than 

direct ones) always followed the principle of conservation (worst case scenario), coming from 

technical or scientific sources such as EPDs, scientific articles, etc. 

The Ecoinvent database (the world's leading database for LCA) was used for the impact of 

extraction and raw materials, providing transparency and consistency to the study. 
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6. IMPACT ASSESSMENT RESULTS 

The values obtained from the LCA for the different impact categories at each stage of the 

product life cycle are shown below, as well as a graphic representation of the overall results. 

By assessing different categories, it is possible to know how the product interacts with different 

environmental aspects, such as water resources, ozone layer depletion or with GHG 

(Greenhouse Gas) emissions. The results are analysed and discussed in Chapter 7 of this report. 

Table 2: Overall LCA results for each impact category and stage of the model STANDARD 
 

Maker QUINORGAN        

Model Name standard        

Funcional Unit Plate 1 m2        

   Raw materials Manufactur Distribution End of life 

Impact Category Unit Total Nature Origin Wastes Electricity Trasnport End of life 

Climate change kg CO2 eq 7,87416 6,35088 0,13242 0,00487 0,15074 0,19130 1,04396 

Ozone depletion kg CFC11 eq 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Ionising radiation, HH kBq U-235 eq 0,19778 0,04506 0,01176 0,00036 0,09615 0,01421 0,03023 

Photochemical ozone formation, HH kg NMVOC eq 0,02419 0,01899 0,00194 0,00002 0,00060 0,00076 0,00187 

Respiratory inorganics disease inc. 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Non-cancer human health effects CTUh 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Cancer human health effects CTUh 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Acidification terrestrial and freshwater mol H+ eq 0,03757 0,03020 0,00334 0,00002 0,00141 0,00077 0,00183 

Eutrophication freshwater kg P eq 0,00090 0,00071 0,00002 0,00000 0,00007 0,00002 0,00009 

Eutrophication marine kg N eq 0,01034 0,00763 0,00066 0,00001 0,00022 0,00023 0,00160 

Eutrophication terrestrial mol N eq 0,07160 0,05426 0,00734 0,00006 0,00228 0,00249 0,00516 

Ecotoxicity freshwater CTUe 6,84991 4,64780 0,02916 0,01191 0,05238 0,46758 1,64109 

Land use Pt 12,91273 5,16803 0,26398 0,07277 1,11695 2,85794 3,43305 

Water scarcity m3 depriv. 5,89394 5,70185 0,01235 0,00051 0,08293 0,02000 0,07630 

Resource use, energy carriers MJ 121,19029 107,35190 1,88278 0,07375 3,29250 2,89656 5,69280 

Resource use, mineral and metals kg Sb eq 0,00001 0,00001 0,00000 0,00000 0,00000 0,00000 0,00000 

Climate change - fossil kg CO2 eq 7,36117 6,28596 0,13229 0,00487 0,14905 0,19119 0,59781 

Climate change - biogenic kg CO2 eq 0,51072 0,06435 0,00006 0,00000 0,00032 0,00005 0,44594 

Climate change - land use and transform. kg CO2 eq 0,00228 0,00057 0,00007 0,00000 0,00137 0,00006 0,00020 

 

Figure 3: Graphic representation of results obtained for standard sheet  
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Table 3: Overall LCA results for each impact category and stage of the model NATURA  
 

Maker QUINORGAN        

Model Name NATURA        

Funcional Unit Plate 1 m2        

   Raw materials Manufactur Distribution End of life 

Impact Category Unit Total Nature Origin Wastes Electricity Trasnport End of life 

Climate change kg CO2 eq 3,58935 2,00210 0,26157 0,01506 0,07537 0,19130 1,04396 

Ozone depletion kg CFC11 eq 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Ionising radiation, HH kBq U-235 eq 0,16170 0,04861 0,01949 0,00109 0,04807 0,01421 0,03023 

Photochemical ozone formation, HH kg NMVOC eq 0,00973 0,00580 0,00096 0,00003 0,00030 0,00076 0,00187 

Respiratory inorganics disease inc. 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Non-cancer human health effects CTUh 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Cancer human health effects CTUh 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Acidification terrestrial and freshwater mol H+ eq 0,01391 0,00910 0,00146 0,00004 0,00070 0,00077 0,00183 

Eutrophication freshwater kg P eq 0,00047 0,00029 0,00003 0,00000 0,00003 0,00002 0,00009 

Eutrophication marine kg N eq 0,00455 0,00233 0,00028 0,00001 0,00011 0,00023 0,00160 

Eutrophication terrestrial mol N eq 0,02834 0,01642 0,00304 0,00008 0,00114 0,00249 0,00516 

Ecotoxicity freshwater CTUe 3,88197 1,34430 0,37833 0,02447 0,02619 0,46758 1,64109 

Land use Pt 12,17765 2,84852 2,33134 0,14832 0,55848 2,85794 3,43305 

Water scarcity m3 depriv. 1,78510 1,61758 0,02810 0,00164 0,04147 0,02000 0,07630 

Resource use, energy carriers MJ 46,89899 32,62040 3,82225 0,22073 1,64625 2,89656 5,69280 

Resource use, mineral and metals kg Sb eq 0,00001 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Cambio climático - fósil kg CO2 eq 3,12506 1,98513 0,26136 0,01504 0,07453 0,19119 0,59781 

Cambio climático - biogénico kg CO2 eq 0,46280 0,01656 0,00009 0,00000 0,00016 0,00005 0,44594 

Cambio climático: uso de la tierra y transformación. kg CO2 eq 0,00149 0,00040 0,00013 0,00001 0,00068 0,00006 0,00020 

 
 
 

Figure 4: Graphic representation of results obtained for NATURA sheet  
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7. INTERPRETING THE RESULTS 

For a better understanding of the results obtained from the LCA, a series of analyses were 

carried out with different approaches: 

• Analysis by most relevant impact categories 

• Analysis by life cycle stages (kg CO2eq) 

• Summary of the analysis 

• Opportunities for reducing environmental impact 

 
 

Analysis by most relevant impact categories 

If the impact categories are analysed based on the normalised and weighted results, available 

in Annex III, the impact categories can be compared with each other, where it can be 

highlighted that those in which the model standard have the highest incidence are climate change 

(30%) and fossil resource use (21%), followed by particulate matter emissions (12%) 
 

 
Table 4: Analysis per impact category for standard sheet  

 

QUINORGAN 
standard 
1 m2 sheet 

 

Impact category % 

Climate change 
Ozone depletion 
Ionising radiation, HH 
Photochemical ozone formation, HH 
Particulate matter 
Human toxicity, non-cancer 
Human toxicity, cancer 
Acidification 
Eutrophication, freshwater 
Eutrophication, marine 
Eutrophication, terrestrial 
Ecotoxicity, freshwater 
Land use 
Water scarcity 
Resource use, fossils 
Resource use, minerals and metals 

29.63242 
0.089077 
0.325585 
3.948789 
12.19265 
2.084666 
9.630155 
5.819138 

1.375092 
1.499147 

2.081 
1.545504 
0.106894 
6.047884 
21.41134 
2.210656 

Manufacturer 
Model name 
Functional Unit 
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Figure 5: Graphic representation of impact categories for standard sheet  
 

For the model NATURA, the impact categories that have the highest incidence are climate 

change (33%) and fossil resource use (20%), followed by particulate matter emissions (10%) 

Table 5: Analysis per impact category for NATURA sheet  
 

QUINORGAN 
NATURA 
1 m2 sheet 

 
Impact category % 

Climate change 
Ozone depletion 
Ionising radiation, HH 
Photochemical ozone formation, HH 
Particulate matter 
Human toxicity, non-cancer 
Human toxicity, cancer 
Acidification 
Eutrophication, freshwater 
Eutrophication, marine 
Eutrophication, terrestrial 
Ecotoxicity, freshwater 
Land use 
Water scarcity 
Resource use, fossils 
Resource use, minerals and metals 

32.6021557 
0.21809704 
0.64249178 
3.83222704 
10.0190805 
2.89200299 
8.64571417 
5.20117108 

1.71588459 
1.59155832 
1.98783995 
2.11400086 
0.24331377 
4.42107067 
19.9989798 
3.87441171 

Manufacturer 
Model name 
Functional Unit 
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Figure 6: Graphic representation of impact categories for NATURA sheet  
 

It is worth noting that the largest impacts for both products, in both the climate change and 

fossil resource use categories, are due to the nature of materials. 

 

 
Analysis by life cycle stages (kg CO2eq) 

For a better understanding, the environmental performance of the product in the different 

stages of the life cycle was analysed in terms of its contribution to the climate change impact 

category. In this aspect, the contribution of each stage to the carbon footprint of the product 

can be determined to (kg CO2eq) 

Table 6: CO2eq emissions in the stages of standard and NATURA models  
 

Functional Unit : 1 m2 sheet 

           STANDARD NATURA 

kg CO2 eq % kg CO2 eq % 

Raw materials 
Nature 6,351 80,655 2,002 55,779 
Origin 0,132 1,682 0,262 7,287 

Manufacture 
Waste 0,005 0,062 0,015 0,419 

Electricity 0,151 1,914 0,075  2,100 

Distribution Transport 0,191 2,429 0,191  5,330 

End of life End of life 1,044 13,258 1,044  29, 085 
 Total 7,874  3,589  

Product Carbon Footprint Indicator 
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Analysis summary 

The analysis of the results reveals that raw material acquisition and pre-processing is the stage 

that contributes most for both models, followed by the end of life, where a conservation 

scenario has been considered and will depend on the final footwear model and its treatment. 

It is important to highlight that through the recycling system implemented by QUINORGAN by 

means of which they collect waste from their customers, separate, manage and treat it to 

incorporate it back into the product, it is possible to reduce from 7.87 kg CO2 eq to 3.59 kg 

CO2 eq in the NATURA sheet, which means a reduction of 54% in greenhouse gas 

emissions, or what is the same, it is possible to avoid the emission of 4.29 kg CO2 eq 

into the atmosphere for each sheet. 

Figure 7: Improvement of the carbon footprint of the NATURA sheet compared to the standard sheet  
 

 
 
 
 
 

 

 

The environmental impact in terms of climate change of the functional 

unit defined for this study (one 1 m2 sheet) is 7.87 kg de CO2eq for the 

model standard and 3.59 kg de CO2eq for the model NATURA. 
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Based on sheet yields, production destinations, waste generated and its treatment, the 

environmental impact has been calculated for a size 40 toe puffs and a counters produced 

from standard and NATURA sheets. The results for a toe puffs and a counters are shown 

below. 

Table 7: CO2eq emissions of toe puffs and counters produced from standard and NATURA sheets  
 

CARBON FOOTPRINT (kg CO2eq) 

TOE-PUFF COUNTER 

            Standard 0.111 0144 
NATURA 0.068 0.083 

 
 
 

 
Opportunities for reducing environmental impact 

LCA can be used as an environmental management tool in order to identify the "hot spots" of 

the product analysed, i.e., those materials and stages of the production process that have the 

greatest impact on the environment and based on this analysis, apply eco-design techniques. 

Below are the opportunities to improve the environmental performance identified in the standard 

and NATURA sheets. 

Raw materials 

The impact of raw materials is related to the type of material and its weight, so it is advisable 

to use materials with lower GHG emissions: replace some materials with others with lower 

emissions, such as recycled materials or materials of sustainable origin. Increasing the % of 

recycled materials in footwear components would improve their sustainability. This is 

demonstrated by the considerable environmental improvement of the NATURA product with 

75% recycled material compared to conventional products. 

Reduce materials’ weight: the materials used in the manufacture of the components represent the 

greatest burden on the environmental footprint, so a slight decrease in their weight would 

produce a significant reduction in the carbon footprint value. 

Raw material transport 

In the transport of raw materials, the impact can be reduced by using local and nearby 

suppliers, as well as low-GHG-emitting means of transport, such as more efficient or renewable 

energy dependent transport. 

Waste 

The correct management of waste by QUINORGAN translates into a low environmental impact 

associated with this stage of the life cycle. 
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Energy 

Currently the electricity mix has a high impact due to the energy origin derived from coal and 

other non-renewable sources. In order to reduce the impact at this manufacturing stage, it is 

recommended to improve energy efficiency in the factory, and to improve the performance of 

the manufacturing machinery. It is also recommended to use electricity from renewable 

sources; this should be accredited by means of a Guarantee of Origin Certificate provided by 

the electricity supply company. 

Distribution 

Reduce the number of kilometres as much as possible and choose more environmentally 

friendly means of transport. Often an improvement in packaging, by reducing weight and space, 

allows this impact to be reduced. 

End of life 

The end of life adopted for the model under study was in line with European guidelines in terms of 

the destination of end-of-life footwear. By implementing a system for the collection and 

treatment of end-of-life footwear and selecting biodegradable, recyclable and easily separable 

materials, the end of life of footwear and its components could be improved. 
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ANNEX II – ANALYSIS BY IMPACT CATEGORY 

An analysis of the stages studied for each impact category is summarised in this annex: 

Climate change: All inputs or outputs that result in greenhouse gas emissions. The 

consequences include increased average global temperatures and sudden regional climatic 

changes. Climate change is an impact affecting the environment on a global scale. The indicator 

“Climate Change, total” is constituted by three sub-indicators: Climate Change, fossil; Climate 

Change, biogenic; Climate Change, land use and land use change. 

Ozone depletion: EF impact category that accounts for the degradation of stratospheric ozone 

due to emissions of ozone-depleting substances, for example long-lived chlorine and bromine 

containing gases (e.g. CFCs, HCFCs, Halons) 

Ionising radiation, human health: EF impact category that accounts for adverse health effects 

on human beings caused by radioactive releases. 

Photochemical ozone formation: EF impact category that accounts for the formation of ozone 

at the ground level of the troposphere caused by photochemical oxidation of volatile organic 

compounds (VOCs) and carbon monoxide (CO) in the presence of nitrogen oxides (NOx) and 

sunlight. High concentrations of ground-level tropospheric ozone damage vegetation, human 

respiratory tracts, and manmade materials through reaction with organic materials. 

Particulate matter: EF impact category that accounts for the adverse health effects on human 

health caused by emissions of Particulate Matter (PM) and its precursors (NOx, SOx, NH3) 

Human toxicity - cancer - EF impact category that accounts for adverse health effects on human 

beings caused by the intake of toxic substances through inhalation of air, food/water ingestion, 

penetration through the skin insofar as they are related to cancer. 

Human toxicity – non-cancer EF impact category that accounts for the adverse health effects 

on human beings caused by the intake of toxic substances through inhalation of air, food/water 

ingestion, penetration through the skin insofar as they are related to non-cancer effects that 

are not caused by particulate matter/respiratory inorganics or ionising radiation. 

Acidification: EF impact category that addresses impacts due to acidifying substances in the 

environment. Emissions of NOx, NH3 and SOx lead to releases of hydrogen ions (H+) when the 

gases are mineralised. The protons contribute to the acidification of soils and water when they 

are released in areas where the buffering capacity is low, resulting in forest decline and lake 

acidification. 

Eutrophication: Nutrients (mainly nitrogen and phosphorus) from sewage outfalls and fertilised 

farmland accelerate the growth of algae and other vegetation in water. The degradation of 

organic material consumes oxygen resulting in oxygen deficiency and, in some cases, fish death. 

Eutrophication translates the quantity of substances emitted into a common measure 

expressed as the oxygen required for the degradation of dead biomass. Three EF impact 

categories are used to assess the impacts due to eutrophication: Eutrophication, terrestrial; 

Eutrophication, freshwater; Eutrophication, marine. 
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Ecotoxicity, freshwater: Environmental footprint impact category that addresses the toxic 

impacts on an ecosystem, which damage individual species and change the structure and 

function of the ecosystem. Ecotoxicity is a result of a variety of different toxicological 

mechanisms caused by the release of substances with a direct effect on the health of the 

ecosystem. 

Land use: EF impact category related to use (occupation) and conversion (transformation) of 

land area by activities such as agriculture, forestry, roads, housing, mining, etc. Land occupation 

considers the effects of the land use, the amount of area involved and the duration of its 

occupation (changes in quality multiplied by area and duration). Land transformation considers the 

extent of changes in land properties and the area affected (changes in quality multiplied by the 

area) 

Water use: (Water scarcity) It represents the relative available water remaining per area in a 

watershed, after the demand of humans and aquatic ecosystems has been met. It assesses the 

potential of water deprivation, to either humans or ecosystems, building on the assumption 

that the less water remaining available per area, the more likely another user will be deprived. 

Resource use, fossil: EF impact category that addresses the use of non-renewable fossil natural 

resources (e.g., natural gas, coal, oil) 

Resource use, minerals and metals: EF impact category that addresses the use of non- 

renewable abiotic natural resources (minerals and metals) 
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ANNEX III – NORMALISED AND WEIGHTED RESULTS 

Table 8: Normalised results for standard sheet  
 

Maker QUINORGAN       

Model Name standard  NORMALISED RESULTS   

Funcional Unit Plate 1 m2       

  Raw materials Manufactur Distribution End of life 

Impact Category Total Nature Origin Wastes Electricity Trasnport End of life 

Climate change 0,00101 0,00082 0,00002 0,00000 0,00002 0,00002 0,00013 

Ozone depletion 0,00001 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Ionising radiation, HH 0,00005 0,00001 0,00000 0,00000 0,00002 0,00000 0,00001 

Photochemical ozone formation, HH 0,00060 0,00047 0,00005 0,00000 0,00001 0,00002 0,00005 

Respiratory inorganics 0,00098 0,00091 0,00001 0,00000 0,00001 0,00002 0,00004 

Non-cancer human health effects 0,00082 0,00058 0,00001 0,00000 0,00004 0,00006 0,00013 

Cancer human health effects 0,00326 0,00289 0,00002 0,00000 0,00004 0,00004 0,00027 

Acidification terrestrial and freshwater 0,00068 0,00054 0,00006 0,00000 0,00003 0,00001 0,00003 

Eutrophication freshwater 0,00035 0,00028 0,00001 0,00000 0,00003 0,00001 0,00004 

Eutrophication marine 0,00037 0,00027 0,00002 0,00000 0,00001 0,00001 0,00006 

Eutrophication terrestrial 0,00040 0,00031 0,00004 0,00000 0,00001 0,00001 0,00003 

Ecotoxicity freshwater 0,00058 0,00039 0,00000 0,00000 0,00000 0,00004 0,00014 

Land use 0,00001 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Water scarcity 0,00051 0,00050 0,00000 0,00000 0,00001 0,00000 0,00001 

Resource use, energy carriers 0,00186 0,00164 0,00003 0,00000 0,00005 0,00004 0,00009 

Resource use, mineral and metals 0,00021 0,00013 0,00000 0,00000 0,00000 0,00001 0,00007 

 
 
 
 

 
Table 3: Weighted results for standard sheet  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

Maker QUINORGAN       

Model Name standard  WEIGHTED RESULTS   

Funcional Unit Plate 1 m2       

  Raw materials Manufactur Distribution End of life 

Impact Category Total Nature Origin Wastes Electricity Trasnport End of life 

Climate change 0,02137 0,01724 0,00036 0,00001 0,00041 0,00052 0,00283 

Ozone depletion 0,00006 0,00002 0,00001 0,00000 0,00000 0,00001 0,00002 

Ionising radiation, HH 0,00023 0,00005 0,00001 0,00000 0,00011 0,00002 0,00004 

Photochemical ozone formation, HH 0,00285 0,00224 0,00023 0,00000 0,00007 0,00009 0,00022 

Respiratory inorganics 0,00879 0,00815 0,00006 0,00000 0,00005 0,00019 0,00035 

Non-cancer human health effects 0,00150 0,00106 0,00002 0,00000 0,00007 0,00011 0,00024 

Cancer human health effects 0,00694 0,00616 0,00004 0,00000 0,00008 0,00008 0,00058 

Acidification terrestrial and freshwater 0,00420 0,00337 0,00037 0,00000 0,00016 0,00009 0,00020 

Eutrophication freshwater 0,00099 0,00078 0,00002 0,00000 0,00007 0,00002 0,00010 

Eutrophication marine 0,00108 0,00080 0,00007 0,00000 0,00002 0,00002 0,00017 

Eutrophication terrestrial 0,00150 0,00114 0,00015 0,00000 0,00005 0,00005 0,00011 

Ecotoxicity freshwater 0,00111 0,00076 0,00000 0,00000 0,00001 0,00008 0,00027 

Land use 0,00008 0,00003 0,00000 0,00000 0,00001 0,00002 0,00002 

Water scarcity 0,00436 0,00422 0,00001 0,00000 0,00006 0,00001 0,00006 

Resource use, energy carriers 0,01544 0,01368 0,00024 0,00001 0,00042 0,00037 0,00073 

Resource use, mineral and metals 0,00159 0,00095 0,00000 0,00000 0,00001 0,00007 0,00056 
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Table 10: Normalised results for NATURA sheet  
 

Maker QUINORGAN       

Model Name NATURA  NORMALISED RESULTS   

Funcional Unit Plate 1 m2       

  Raw materials Manufactur Distribution End of life 

Impact Category Total Nature Origin Wastes Electricity Trasnport End of life 

Climate change 0,00046 0,00026 0,00003 0,00000 0,00001 0,00002 0,00013 

Ozone depletion 0,00001 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Ionising radiation, HH 0,00004 0,00001 0,00000 0,00000 0,00001 0,00000 0,00001 

Photochemical ozone formation, HH 0,00024 0,00014 0,00002 0,00000 0,00001 0,00002 0,00005 

Respiratory inorganics 0,00033 0,00025 0,00002 0,00000 0,00000 0,00002 0,00004 

Non-cancer human health effects 0,00047 0,00020 0,00006 0,00000 0,00002 0,00006 0,00013 

Cancer human health effects 0,00121 0,00081 0,00007 0,00000 0,00002 0,00004 0,00027 

Acidification terrestrial and freshwater 0,00025 0,00016 0,00003 0,00000 0,00001 0,00001 0,00003 

Eutrophication freshwater 0,00018 0,00012 0,00001 0,00000 0,00001 0,00001 0,00004 

Eutrophication marine 0,00016 0,00008 0,00001 0,00000 0,00000 0,00001 0,00006 

Eutrophication terrestrial 0,00016 0,00009 0,00002 0,00000 0,00001 0,00001 0,00003 

Ecotoxicity freshwater 0,00033 0,00011 0,00003 0,00000 0,00000 0,00004 0,00014 

Land use 0,00001 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

Water scarcity 0,00016 0,00014 0,00000 0,00000 0,00000 0,00000 0,00001 

Resource use, energy carriers 0,00072 0,00050 0,00006 0,00000 0,00003 0,00004 0,00009 

Resource use, mineral and metals 0,00015 0,00005 0,00002 0,00000 0,00000 0,00001 0,00007 

 
 
 
 
 

Table 11: Weighted results for NATURA sheet  
 

Maker QUINORGAN       

Model Name NATURA  WEIGHTED RESULTS   

Funcional Unit Plate 1 m2       

  Raw materials Manufactur Distribution End of life 

Impact Category Total Nature Origin Wastes Electricity Trasnport End of life 

Climate change 0,00974 0,00543 0,00071 0,00004 0,00020 0,00052 0,00283 

Ozone depletion 0,00007 0,00001 0,00001 0,00000 0,00000 0,00001 0,00002 

Ionising radiation, HH 0,00019 0,00006 0,00002 0,00000 0,00006 0,00002 0,00004 

Photochemical ozone formation, HH 0,00115 0,00068 0,00011 0,00000 0,00004 0,00009 0,00022 

Respiratory inorganics 0,00299 0,00225 0,00017 0,00001 0,00002 0,00019 0,00035 

Non-cancer human health effects 0,00086 0,00036 0,00012 0,00001 0,00004 0,00011 0,00024 

Cancer human health effects 0,00258 0,00172 0,00015 0,00001 0,00004 0,00008 0,00058 

Acidification terrestrial and freshwater 0,00155 0,00102 0,00016 0,00000 0,00008 0,00009 0,00020 

Eutrophication freshwater 0,00051 0,00032 0,00003 0,00000 0,00004 0,00002 0,00010 

Eutrophication marine 0,00048 0,00024 0,00003 0,00000 0,00001 0,00002 0,00017 

Eutrophication terrestrial 0,00059 0,00034 0,00006 0,00000 0,00002 0,00005 0,00011 

Ecotoxicity freshwater 0,00063 0,00022 0,00006 0,00000 0,00000 0,00008 0,00027 

Land use 0,00007 0,00002 0,00001 0,00000 0,00000 0,00002 0,00002 

Water scarcity 0,00132 0,00120 0,00002 0,00000 0,00003 0,00001 0,00006 

Resource use, energy carriers 0,00598 0,00416 0,00049 0,00003 0,00021 0,00037 0,00073 

Resource use, mineral and metals 0,00116 0,00036 0,00015 0,00001 0,00001 0,00007 0,00056 

 


