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1 Formulas to calculate the environmental impacts  

1.1 Without allocation between life cycles 
Eq. 1 illustrates the formulas to calculate the environmental impacts (∆𝐸𝑇𝑂𝑇) due to a change 

in circularity either on the input side (∆𝐸𝐼𝑁) or on the output side (∆𝐸𝑂𝑈𝑇) between the 

alternative scenarios and the baseline scenario, without considering allocation between life 

cycles. All the terms of eq. 1 are described in Error! Reference source not found.. 

𝑒𝑞. 1:  ∆𝐸𝑇𝑂𝑇 = ∆𝐸𝐼𝑁 + ∆𝐸𝑂𝑈𝑇 

∆𝐸𝐼𝑁 = ∆𝑅1 ∗ 𝑋𝐼𝑁 ∗ (𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑑, 𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝛥𝐸𝛼,𝐼𝑁) + ∆𝑅1 ∗ (1– 𝑋𝐼𝑁)

∗ ((𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑟𝑒𝑐,𝐼𝑁
𝑐 ) + (– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝐸𝑣,𝐼𝑁

𝑐 ∗ 𝑄𝐼𝑁
𝑐 ) + (– 𝐸𝑑, 𝐼𝑁 + 𝐸𝑑,𝐼𝑁

𝑐 ) + (𝛥𝐸𝛼,𝐼𝑁 − 𝛥𝐸𝛼,𝐼𝑁
𝑐 )) 

∆𝐸𝑂𝑈𝑇 = ∆𝑅2 ∗ ((1– 𝑋𝑂𝑈𝑇) ∗ (𝐸𝑟𝑒𝑐, 𝑂𝑈𝑇– 𝐸𝑑, 𝑂𝑈𝑇– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝛥𝐸𝛼,𝑂𝑈𝑇) + 𝑋𝑂𝑈𝑇

∗ ((𝐸𝑟𝑒𝑐,𝑂𝑈𝑇– 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝐸𝑣,𝐼𝑁

𝑐 ∗ 𝑄𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑑, 𝑂𝑈𝑇 + 𝐸𝑑,𝑂𝑈𝑇

𝑐 ) + (𝛥𝐸𝛼,𝑂𝑈𝑇

− 𝛥𝐸𝛼,𝑂𝑈𝑇
𝑐 )) 

1.2 With allocation between life cycles 
Eq. 2 illustrates the formulas to calculate the environmental impacts (∆𝐸𝑇𝑂𝑇) due a change in 

circularity either in the input side (∆𝐸𝐼𝑁) or in the output side (∆𝐸𝑂𝑈𝑇) between the alternative 

scenarios and the baseline scenario, when considering allocation between life cycles. 

𝑒𝑞. 2:  ∆𝐸𝑇𝑂𝑇 = ∆𝐸𝐼𝑁 + ∆𝐸𝑂𝑈𝑇 

∆𝐸𝐼𝑁 = ∆𝑅1 ∗ 𝐴𝐼𝑁 ∗ (𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑑, 𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝛥𝐸𝛼,𝐼𝑁) 

∆𝐸𝑂𝑈𝑇 = ∆𝑅2 ∗ (1– 𝐴𝑂𝑈𝑇) ∗ (𝐸𝑟𝑒𝑐, 𝑂𝑈𝑇– 𝐸𝑑, 𝑂𝑈𝑇– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝛥𝐸𝛼,𝑂𝑈𝑇) 

The allocation factors 𝐴𝐼𝑁, 𝐴𝑂𝑈𝑇 are numbers between 0 and 1 that can be calculated either as 

in the circular footprint formula proposed by the PEF (EC, 2013; Zampori and Pant, 2019), or 

as proposed in the consequential LCA applied to marginal changes (Ekvall, 2000; Ekvall and 

Weidema, 2004; Schrijvers et al., 2020). 

Even if the downstream impacts (𝛥𝐸𝛼,𝐼𝑁, 𝛥𝐸𝛼,𝑂𝑈𝑇) are often not included in other frameworks, we 

recommend considering them when necessary.  
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2 Examples of using our framework and the PEF 
This section describes 7 examples of our framework (goal, functional unit, reference flow, 

baseline and alternative scenarios, system boundaries and formulas to calculate the 

environmental impacts). 5 of these examples (Example #1, Example #3, Example #5a, 

Example #5b, and Example #6) do not have allocation between different life cycles, and 2 

include allocation (Example #2 and Example #4). Furthermore, Example #6 shows the system 

boundaries in case the LCA practitioner was interested in performing a dynamic (i.e. time-

dependent) LCA. 

Finally, 3 examples (Example #7, Example #8, and Example #9) are illustrated for the use of 

the circular footprint formula for similar goals.  

2.1 Application of our framework  

2.1.1 Example #1 

Goal: To quantify the environmental benefit of increasing the recycled content of PET bottles 

in the EU from the expected 11% to 25% in 2025, combined with different changes in the waste 

management system to reach the increased recycled content.  

Functional unit: EU bottle consumption in 2025.  

Reference flow: 4Mt bottles consumed in the EU in 2025. 

Baseline scenario: 11% recycled content (438 kt food-grade secondary granules used). 

Secondary material for PET bottles can come only from PET bottles. 

Alternative scenario I: 80% of the additional secondary material comes from an improved 

collection of PET bottles, while 20% only comes from the polyester market that was before 

absorbing the secondary material.  

Alternative scenario II: the collection rate of waste PET bottles does not improve and 100% of 

the additional material comes from the polyester market that was before absorbing this 

secondary material collected.  

System boundaries: illustrated in Figure 1 (scenario alternative I) and in Figure 2 (scenario 

alternative II). 
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Figure 1: System boundaries (red dotted lines) of the Example #1, alternative scenario I 

 
Figure 2: System boundaries (red dotted lines) of Example #1, alternative scenario II 

Formulas to calculate the environmental impacts: 

 ∆𝐸𝐼𝑁 = 𝛥𝑅𝐼𝑁 ∗ 𝑋𝐼𝑁 ∗ (𝐸𝑟𝑒𝑐, 𝐼𝑁– 𝐸𝑑, 𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝛥𝐸𝛼,𝐼𝑁) + ∆𝑅𝐼𝑁 ∗ (1– 𝑋𝐼𝑁) ∗

((+𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑟𝑒𝑐,𝐼𝑁
𝑐 ) + (– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝐸𝑣,𝐼𝑁

𝑐 ∗ 𝑄𝐼𝑁
𝑐 ) + (– 𝐸𝑑,𝐼𝑁 + 𝐸𝑑,𝐼𝑁

𝑐 ) + (𝛥𝐸𝛼,𝐼𝑁 −

𝛥𝐸𝛼,𝐼𝑁
𝑐 )) 
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 𝛥𝑅𝐼𝑁: 568 kt secondary food-grade PET granules  

 𝑋𝐼𝑁: 0.8 in alternative I and 0 in alternative II 

 𝐸𝑟𝑒𝑐,𝐼𝑁 : Collection, sorting and recycling of the waste providing the additional secondary 

material in secondary material that can be used to manufacture bottles 

 𝐸𝑣,𝐼𝑁: Primary PET for bottle production 

 𝐸𝑑,𝐼𝑁 = 𝐸𝑑,𝐼𝑁
𝑐 : Disposal of the waste providing the additional secondary material 

 𝑄𝐼𝑁 = 𝑄𝐼𝑁
𝑐  = 1 (assumption) 

 𝐸𝑟𝑒𝑐,𝐼𝑁
𝑐 : Collection, sorting and recycling of the waste providing the additional secondary 

material in secondary material that can be used to manufacture polyester 

 𝐸𝑣,𝐼𝑁
𝑐 : Primary PET for polyester production  

 𝛥𝐸𝛼,𝐼𝑁 = 𝛥𝐸𝛼,𝐼𝑁
𝑐    = 0 (assumption) 

2.1.2 Example #2 

Goal: To quantify the environmental benefit of increasing the recycled content of PET bottles 

in the EU from the expected 11% to 25% in 2025.  

Functional unit: EU bottle consumption in 2025.  

Reference flow: 4Mt bottles consumed in the EU in 2025.  

Baseline scenario: 11% recycled content. Secondary material for PET bottles can come only 

from PET bottles. 

System boundaries: illustrated in Figure 3. 

 
Figure 3: System boundaries (red dotted lines) of Example #2 

Formulas to calculate the environmental impacts: 

 ∆𝐸𝐼𝑁 =  𝛥𝑅𝐼𝑁 ∗ 𝐴𝐼𝑁 ∗ (𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑑,𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝛥𝐸𝛼,𝐼𝑁)  

 𝛥𝑅𝐼𝑁: 568 kt secondary food-grade PET granules  

 𝐴𝐼𝑁: can be calculated with the different methods already provided in literature (e.g. market 

elasticity, PEF) 

 𝐸𝑟𝑒𝑐,𝐼𝑁 : Collection, sorting and recycling of the waste providing the additional secondary 

material in secondary material that can be used to manufacture bottles 

 𝐸𝑣,𝐼𝑁: Primary PET for the PET bottles 

 𝐸𝑑,𝐼𝑁: Disposal waste providing secondary material (for bottles) 

 𝑄𝐼𝑁 = 1 (just for simplification here) 

 𝛥𝐸𝛼,𝐼𝑁   = 0 (assumption) 
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2.1.3 Example #3 

Goal: To quantify the environmental benefit of increasing the recycling rate of PET trays in 

the EU from the expected 10% to 50% in 2025, combined with different reactions of the 

markets absorbing the additional generated secondary material.  

Functional unit: Management of the PET tray waste generated in 2025  

Reference flow: 1.3Mt bottle waste generated in the EU in 2025.  

Baseline scenario: 10% source-separation and 100% of the source-separated PET trays is 

recycled (assumption).  

Alternative scenario I: PET trays recycling rate equal to 50%. 100% of the additional source-

separated trays are recycled for polyester manufacturing that would otherwise have used 

primary polyester.  

Alternative scenario II: PET trays recycling rate equal to 50%. 50% of the additional secondary 

material are used to manufacture polyester that would otherwise use primary polyester, and  

50% of the additional material is used in trays manufacturing that was before using secondary 

material from bottles recycling.  

System boundaries: illustrated in Figure 4 (scenario alternative I) and in Figure 5 (scenario 

alternative II). 

 
Figure 4: System boundaries (red dotted lines) of Example #3, alternative scenario I 
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Figure 5: System boundaries (red dotted lines) of Example #3, alternative scenario II 

Formulas to calculate the environmental impacts: 

 ∆𝐸𝑂𝑈𝑇 = 𝛥𝑅𝑂𝑈𝑇 ∗ (1– 𝑋𝑂𝑈𝑇) ∗ (𝐸𝑟𝑒𝑐,𝑂𝑈𝑇– 𝐸𝑑,𝑂𝑈𝑇– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝛥𝐸𝛼,𝑂𝑈𝑇) + ∆𝑅𝑂𝑈𝑇 ∗

𝑋𝑂𝑈𝑇 ∗ ((+𝐸𝑟𝑒𝑐,𝑂𝑈𝑇– 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝐸𝑣,𝑂𝑈𝑇

𝑐 ∗ 𝑄𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑑,𝑂𝑈𝑇 +

𝐸𝑑,𝑂𝑈𝑇
𝑐 ) + (𝛥𝐸𝛼,𝑂𝑈𝑇 − 𝛥𝐸𝛼,𝑂𝑈𝑇

𝑐 )) 

 𝛥𝑅𝑂𝑈𝑇: 960 kt secondary PET generated 

 𝑋𝑂𝑈𝑇: 0 in alternative I and 0.5 in alternative II 

 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇 : Collection, sorting and recycling of PET tray waste to produce secondary material 

to be used in polyester manufacturing 

 𝐸𝑣,𝑂𝑈𝑇: Primary polyester production (alternative I); primary PET for tray manufacturing 

(alternative II) 

 𝐸𝑑,𝑂𝑈𝑇: Disposal of the PET trays in case the additional recycling did not take place 

 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇
𝑐 : Collection, sorting and recycling of PET bottles to produce secondary material to be 

used in PET trays manufacturing 

 𝐸𝑣,𝑂𝑈𝑇
𝑐 : Primary PET for tray manufacturing 

 𝐸𝑑,𝑂𝑈𝑇
𝑐 : Disposal of the PET bottles in case the recycling of PET trays compete with the market 

of secondary material from PET bottles  

 𝑄𝑂𝑈𝑇 = 𝑄𝑂𝑈𝑇
𝑐  = 1 (just for simplification here) 

 𝛥𝐸𝛼,𝑂𝑈𝑇 = 𝛥𝐸𝛼,𝑂𝑈𝑇
𝑐 = 0 (assumption) 

2.1.4 Example #4 

Goal: To quantify the environmental benefit of increasing the recycling rate of PET trays in 

the EU from the expected 10% to 50% in 2025.  
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Functional unit: Management of the PET tray waste generated in 2025  

Reference flow: 1.3Mt bottle waste generated in the EU in 2025.  

Baseline scenario: 10% source-separation and 100% of the source-separated PET trays is 

recycled (assumption).  

System boundaries: illustrated in Figure 6. 

 
Figure 6: System boundaries (red dotted lines) of the Example #4. 

Formulas to calculate the environmental impacts: 

 ∆𝐸𝑂𝑈𝑇 = 𝛥𝑅𝑂𝑈𝑇 ∗ (1– 𝐴𝑂𝑈𝑇) ∗ (𝐸𝑟𝑒𝑐,𝑂𝑈𝑇– 𝐸𝑑,𝑂𝑈𝑇– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝛥𝐸𝛼,𝑂𝑈𝑇)  

 𝛥𝑅𝑂𝑈𝑇: 960 kt secondary PET generated 

 𝐴𝑂𝑈𝑇:  it can be calculated with the different methods already provided in literature (e.g. market 

elasticity, PEF) 

 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇 : Collection, sorting and recycling of PET tray waste to produce secondary material 

to be used in the marginal material 

 𝐸𝑣,𝑂𝑈𝑇: Primary marginal material production 

 𝐸𝑑,𝑂𝑈𝑇: Disposal of the PET trays in case the additional recycling did not take place 

 𝑄𝑂𝑈𝑇 = 1 (just for simplification here) 

 𝛥𝐸𝛼,𝑂𝑈𝑇 = 0 (assumption) 

2.1.5 Example #5a 

Goal: To quantify the environmental benefit of increasing the recycled content of PET bottles 

in the EU from the expected 11% to 25% in 2025 and of increasing the recycling rate of PET 

bottles in the EU from the expected 50% to 70% in 2025, combined with different changes in 

the waste management system needed to provide the secondary material to reach the increased 

recycled content, and with different reactions of the market absorbing the additional generated 

secondary material.  

Functional unit: Bottle consumption in the EU in 2025, and bottle waste generated in the EU 

in 2025.  

Reference flow: 4Mt bottles consumed in the EU in 2025 and 4Mt bottle waste generated in 

2025.  

Baseline scenario: 11% recycled content (438 kt food-grade secondary granules used), 40% of 

the secondary material is used for bottles production and 60% for tray production.  

Alternative scenario: 80% of the additional secondary material comes from an improved 

collection, while 20% is shifted from the polyester market that was before absorbing the 
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secondary material. 100% of the additional produced secondary material is used for trays 

manufacturing that would otherwise use primary PET. 

System boundaries: illustrated in Figure 7. 

 
Figure 7: System boundaries (red dotted lines) of Example #5a 

Formula to calculate the environmental impacts: 

 ∆𝐸𝐼𝑁 + ∆𝐸𝑂𝑈𝑇 = ∆𝑅1 ∗ 𝑋𝐼𝑁 ∗ (𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑑, 𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝛥𝐸𝛼,𝐼𝑁) + ∆𝑅1 ∗

(1– 𝑋𝐼𝑁) ∗ ((+𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑟𝑒𝑐,𝐼𝑁
𝑐 ) + (– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝐸𝑣,𝐼𝑁

𝑐 ∗ 𝑄𝐼𝑁
𝑐 ) + (– 𝐸𝑑, 𝐼𝑁 + 𝐸𝑑,𝐼𝑁

𝑐 ) +

(𝛥𝐸𝛼,𝐼𝑁 − 𝛥𝐸𝛼,𝐼𝑁
𝑐 )) + ∆𝑅2 ∗ ((1– 𝑋𝑂𝑈𝑇) ∗ (+𝐸𝑟𝑒𝑐, 𝑂𝑈𝑇– 𝐸𝑑, 𝑂𝑈𝑇– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 +

𝛥𝐸𝛼,𝑂𝑈𝑇)) +∆𝑅2 ∗ 𝑋𝑂𝑈𝑇 ∗ ((+𝐸𝑟𝑒𝑐,𝑂𝑈𝑇– 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝐸𝑣,𝐼𝑁

𝑐 ∗

𝑄𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑑, 𝑂𝑈𝑇 + 𝐸𝑑,𝑂𝑈𝑇

𝑐 ) + (𝛥𝐸𝛼,𝑂𝑈𝑇 − 𝛥𝐸𝛼,𝑂𝑈𝑇
𝑐 )) 

2.1.6 Example #5b 

Goal: To quantify the environmental benefit of increasing the recycled content of PET bottles 

in the EU from the expected 11% to 25% in 2025 and of increasing the recycling rate of PET 

bottles in the EU from the expected 50% to 70% in 2025, combined with different changes in 

the waste management system needed to provide the secondary material to reach the increased 

recycled content, and with different reactions of the market absorbing the additional generated 

secondary material.  

Functional unit: Bottle consumption in the EU in 2025, and bottle waste generated in the EU 

in 2025.  

Reference flow: 4Mt bottles consumed in the EU in 2025 and 4Mt bottle waste generated in 

2025.  

Baseline scenario: 11% recycled content (438 kt food-grade secondary granules used), 40% of 

the secondary material is used for bottles production and 60% for tray production. 
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Alternative scenario I: 80% of the additional secondary material comes from an improved 

collection, while 20% is shifted from the polyester market that was before absorbing the 

secondary material. 100% of the source-separated material go to trays manufacturing that 

would otherwise use primary PET. 

System boundaries: illustrated in Figure 8. 

 
Figure 8: System boundaries (red dotted lines) of Example #5b. 

Formula to calculate the environmental impacts: 

 ∆𝐸𝐼𝑁 + ∆𝐸𝑂𝑈𝑇 = ∆𝑅1 ∗ 𝑋𝐼𝑁 ∗ (𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑑, 𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝛥𝐸𝛼,𝐼𝑁) + ∆𝑅1 ∗ (1– 𝑋𝐼𝑁) ∗

((+𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑟𝑒𝑐,𝐼𝑁
𝑐 ) + (– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁 + 𝐸𝑣,𝐼𝑁

𝑐 ∗ 𝑄𝐼𝑁
𝑐 ) + (– 𝐸𝑑, 𝐼𝑁 + 𝐸𝑑,𝐼𝑁

𝑐 ) + (𝛥𝐸𝛼,𝐼𝑁 −

𝛥𝐸𝛼,𝐼𝑁
𝑐 )) + ∆𝑅2 ∗ ((1– 𝑋𝑂𝑈𝑇) ∗ (+𝐸𝑟𝑒𝑐, 𝑂𝑈𝑇– 𝐸𝑑, 𝑂𝑈𝑇– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝛥𝐸𝛼,𝑂𝑈𝑇)) +∆𝑅2 ∗

𝑋𝑂𝑈𝑇 ∗ ((+𝐸𝑟𝑒𝑐,𝑂𝑈𝑇– 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑣,𝑂𝑈𝑇 ∗ 𝑄𝑂𝑈𝑇 + 𝐸𝑣,𝐼𝑁

𝑐 ∗ 𝑄𝑂𝑈𝑇
𝑐 ) + (– 𝐸𝑑, 𝑂𝑈𝑇 +

𝐸𝑑,𝑂𝑈𝑇
𝑐 ) + (𝛥𝐸𝛼,𝑂𝑈𝑇 − 𝛥𝐸𝛼,𝑂𝑈𝑇

𝑐 )) 

2.1.7 Example #6 

Goal: To quantify different combinations of increased recycled content and improved waste 

management of the PET trays consumed and disposed of in the EU between 2020 and 2022, 

combined with different changes in the waste management system needed to provide the 

secondary material to reach the increased recycled content, and with different reactions of the 

market absorbing the additional generated secondary material.  

The LCA practitioner is interested in performing a dynamic LCA, and 1 year is considered the 

shortest time-unit since all the data he/she is using are found given for each year. The lifetime 

of the PET trays is assumed to be less than 1 year.  

Functional unit: PET trays consumption and PET tray waste generated between 2020 and 2022.  

Reference flow: 1.3Mt PET trays consumed yearly in the EU (assuming CAGR = 0) and same 

quantity of waste generated yearly   

Baseline scenario: recycled content in 2020-2022 equal to 50%, recycling rate equal to 0%.  
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Alternative scenario I: The source-separated collection rate increases 10% per year (10% in 

2020, 20% in 2021 and 30% in 2022). 20% of the collected material is not recycled, 30% is 

recycled in polyester that was before using bottles, and 50% is recycled in polyester that was 

before produced with primary polyester. The transfer coefficient XIN (0.8, 0.5, 0.7) and XOUT 

(0) can change year by year, but we kept them the same for simplicity.  

Alternative scenario II: The recycled content increases to 55% in 2021 and 60% in 2022. The 

additional secondary material is simply shifted from PET bottles that will now have to use 

primary PET  XIN is 0.  

Alternative scenario III: The recycled content increases to 55% in 2021 and 60% in 2022. The 

additional secondary material is simply shifted from PET bottles that will now have to use 

primary PET  XIN is 0. The source-separated collection rate increases 10% per year (10% in 

2020, 20% in 2021 and 30% in 2022). 20% of the collected material is not recycled, 30% is 

recycled in polyester that was before using bottles, and 50% is recycled in polyester that was 

before produced with primary polyester. The transfer coefficient XIN (0.8, 0.5, 0.7) and XOUT 

(0) can change year by year, but we kept them the same for simplicity.  

System boundaries: illustrated in Figure 9 (alternative scenario I) and Figure 10 (alternative 

scenario II). The system boundaries of the alternative scenario III would be a combination of I 

and II.  

 
Figure 9: System boundaries (red dotted lines) of Example #6 (alternative scenario I) 
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Figure 10: System boundaries (red dotted lines) of Example #6 (alternative scenario II) 

2.2 Examples of using the PEF 

2.2.1 Example #7 

Goal: To quantify the environmental benefit of increasing the recycled content of PET bottles 

in the EU from the expected 11% to 25% by 2025 with the PEF.  

Functional unit: EU bottle consumption in 2025.  

Reference flow: 4Mt bottles consumed in the EU in 2025. In order to reach a 25% recycled 

content, an additional 568 kt of secondary food-grade PET granules are needed (1,000 kt minus 

the 438 kt secondary granules already used in the baseline scenario). 

System boundaries: illustrated in Figure 11. 

 
Figure 11: System boundaries (red dotted lines) of Example #7. 

Formulas to calculate the environmental impacts: 

 Original CFF for each scenario: (1 − 𝑅1) ∗ 𝐸𝑣 + 𝑅1 ∗ (𝐴𝐶𝐹𝐹 ∗ 𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 + (1– 𝐴𝐶𝐹𝐹) ∗ 𝐸𝑣 ∗
𝑄𝑆𝑖𝑛

𝑄𝑃
) 

 In our framework: 𝑅1=𝑅𝐼𝑁; 
𝑄𝑆𝑖𝑛

𝑄𝑃
= 𝑄𝐼𝑁; 𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑=𝐸𝑟𝑒𝑐,𝐼𝑁; 𝐸𝑣=𝐸𝑣,𝐼𝑁 

 CFF with the terms of our framework: ∆𝐸𝐼𝑁 = 𝛥𝑅𝐼𝑁 ∗ 𝐴𝐶𝐹𝐹 ∗ (𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗ 𝑄𝐼𝑁) 

 𝛥𝑅𝐼𝑁: 568 kt secondary food-grade PET granules 

 𝐴𝐶𝐹𝐹= 0.5 for PET bottles  
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 𝐸𝑟𝑒𝑐,𝐼𝑁: Collection, sorting and recycling PET waste to food-grade PET granules to 

manufacture bottles 

 𝐸𝑣,𝐼𝑁: Primary PET granules for bottle production 

 𝑄𝐼𝑁 = 1 (just for simplification here) 

2.2.2 Example #8  

Goal: To quantify the environmental benefit of increasing the recycling rate of PET bottles in 

the EU from the expected 50% to 80% by 2025.  

Functional unit: EU Bottle waste generation in 2025.  

Reference flow: 4Mt bottle waste consumed in the EU in 2025. To increase the recycling rate 

from 50% to 80%, the collection rate should increase from 62% to 100%. This means 1.52 Mt 

bottles source-separated more. 

System boundaries: illustrated in Figure 12. 

 
Figure 12: System boundaries (red dotted lines) of Example #8. 

Formulas to calculate the environmental impacts: 

 Original CFF for each scenario: (1 − 𝐴𝐶𝐹𝐹) ∗ 𝑅2 ∗ (𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑖𝑛𝑔, 𝐸𝑜𝐿 − 𝐸𝑣
∗ ∗

𝑄𝑆𝑜𝑢𝑡

𝑄𝑃
) 

 In our framework: 𝑅2=𝑅𝑂𝑈𝑇; 
𝑄𝑆𝑜𝑢𝑡

𝑄𝑃
= 𝑄𝑂𝑈𝑇; 𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑖𝑛𝑔, 𝐸𝑜𝐿=𝐸𝑟𝑒𝑐,𝑂𝑈𝑇; 𝐸𝑣

∗=𝐸𝑣,𝑂𝑈𝑇 

 CFF with the terms of our framework: ∆𝐸𝑂𝑈𝑇 = 𝛥𝑅𝑂𝑈𝑇 ∗ (1 − 𝐴𝐶𝐹𝐹) ∗ (𝐸𝑟𝑒𝑐– 𝐸𝑣 ∗ 𝑄𝑃) 

 𝐴𝐶𝐹𝐹 = 0.5 for PET bottles  

 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇 : Collection, sorting and recycling PET waste to manufacture bottles 

 𝐸𝑣,𝑂𝑈𝑇: Primary material assumed to be substituted by recyclable materials 

 𝑄𝑂𝑈𝑇 = 1 (just for simplification here) 

2.2.3 Example #9 

Goal: To quantify the environmental benefit of increasing the recycled content of PET bottles 

in the EU from the expected 11% to 25% by 2025 and the recycling rate of PET bottles in the 

EU from the expected 50% to 80% by 2025.  

Functional unit: Bottle consumption in 2025 and waste generated from such demand.  

Reference flow: 4Mt bottles consumed in EU in 2025 (assumed equal to the PET bottle waste 

generated in 2025) that need an additional 568 kt of secondary food-grade PET to reach the 

desired recycled content. 4 Mt bottle waste generated in 2025, and additional 1,000 kt bottles 

source-separated and sent to recycling.  
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System boundaries: illustrated in Figure 13. 

 

Figure 13: System boundaries (red dotted lines) of Example #9 

Formulas to calculate the environmental impacts: 

 Original CFF for a generic scenario: (1 − 𝑅1) ∗ 𝐸𝑣 + 𝑅1 ∗ (𝐴𝐶𝐹𝐹 ∗ 𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 + (1– 𝐴𝐶𝐹𝐹) ∗

𝐸𝑣 ∗
𝑄𝑆𝑖𝑛

𝑄𝑃
) + (1 − 𝐴𝐶𝐹𝐹) ∗ 𝑅2 ∗ (𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑖𝑛𝑔, 𝐸𝑜𝐿 − 𝐸𝑣

∗ ∗
𝑄𝑆𝑜𝑢𝑡

𝑄𝑃
) 

 In our framework: 𝑅1=𝑅𝐼𝑁; 
𝑄𝑆𝑖𝑛

𝑄𝑃
= 𝑄𝐼𝑁; 𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑=𝐸𝑟𝑒𝑐,𝐼𝑁; 𝐸𝑣=𝐸𝑣,𝐼𝑁; 𝑅2=𝑅𝑂𝑈𝑇; 

𝑄𝑆𝑜𝑢𝑡

𝑄𝑃
=

𝑄𝑂𝑈𝑇; 𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝑖𝑛𝑔, 𝐸𝑜𝐿=𝐸𝑟𝑒𝑐,𝑂𝑈𝑇; 𝐸𝑣
∗=𝐸𝑣,𝑂𝑈𝑇 

 CFF with the terms of our framework: ∆𝐸𝐼𝑁 + ∆𝐸𝑂𝑈𝑇 = 𝛥𝑅𝐼𝑁 ∗ 𝐴𝐶𝐹𝐹 ∗ (𝐸𝑟𝑒𝑐,𝐼𝑁– 𝐸𝑣,𝐼𝑁 ∗

𝑄𝐼𝑁) + 𝛥𝑅𝑂𝑈𝑇 ∗ (1 − 𝐴𝐶𝐹𝐹) ∗ (𝐸𝑟𝑒𝑐– 𝐸𝑣 ∗ 𝑄𝑃) 

 𝛥𝑅𝐼𝑁: 568 kt secondary food-grade PET granules 

 𝐴𝐶𝐹𝐹= 0.5 for PET bottles  

 𝐸𝑟𝑒𝑐,𝐼𝑁: Collection, sorting and recycling PET waste to food-grade PET granules to 

manufacture bottles 

 𝐸𝑟𝑒𝑐,𝑂𝑈𝑇 : Collection, sorting and recycling PET waste to manufacture bottles 

 𝐸𝑣,𝐼𝑁: Primary PET granules for bottle production 

 𝐸𝑣,𝑂𝑈𝑇: Primary material assumed to be substituted by recyclable materials 

 𝑄𝐼𝑁 = 𝑄𝑂𝑈𝑇 = 1 (just for simplification here) 
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