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Executive Summary

This report presents a high-detail Product Carbon Footprint (PCF)
analysis for a standard toilet seat, conducted by remko weingarten,
Senior Sustainability Consultant, specializing in GHG Protocol. The
analysis adheres to the GHG Protocol Corporate Accounting and
Reporting Standard, with consideration for the 2026 Land Sector and
Removals (LSR) Standard update. The system boundary is
\'factory_gate\', focusing on emissions up to the point the product
leaves the final production facility in the Netherlands, with a
European-focused supply chain. This analysis aims to identify key
emission hotspots and provide a robust carbon footprint assessment
for one functional unit of a toilet seat. 

1. Define Scope

The foundational step in this PCF analysis involves a clear definition
of the study\'s scope, ensuring transparency and comparability. 

Functional Unit: 1.0 unit of a standard toilet seat. This unit
provides a consistent basis for quantifying environmental
impacts.

System Boundary: factory_gate. This "cradle-to-gate"
assessment includes all upstream processes from raw
material extraction, processing, and transportation, through
to the manufacturing of the finished toilet seat at the
production facility. It excludes the use phase, end-of-life
treatment, and downstream transportation to the consumer.

Geographic Scope: Final Production Country: Netherlands,
Supply Chain Focus: Europe Focused. This implies that
electricity mixes and transportation distances are
representative of European averages and specific Dutch grid
factors where applicable.

Accounting Standard: GHG Protocol. This report strictly
adheres to the Greenhouse Gas Protocol\'s Corporate
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Accounting and Reporting Standard, categorizing emissions
into Scope 1, Scope 2, and Scope 3.

Allocation: Environmental burdens from shared processes
(e.g., co-production of materials) are allocated based on
physical mass, a common approach in PCF studies.

2. Map Lifecycle (LCI Inventory
Stages)

A detailed understanding of the toilet seat\'s lifecycle is crucial for
an accurate inventory. A typical toilet seat consists primarily of
plastic for the seat and lid, and metal for the hinges, along with
smaller components and packaging. 

Materials Breakdown per Functional Unit (1
Toilet Seat)

Component Material Weight
(kg)

Primary Process

Seat & Lid Polypropylene (PP) 1.70 Injection Molding

Hinges Stainless Steel 0.25 Metal Forming,
Machining

Fasteners/Buffers Polypropylene (PP) 0.05 Injection Molding

Packaging Corrugated
Cardboard

0.20 Paper & Board
Production

Total Product
Weight

2.00

Total Packaging
Weight

0.20
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Energy Inputs and Manufacturing Processes

The manufacturing process within the \'factory_gate\' boundary
includes the following key stages and associated energy demands:

Raw Material Acquisition & Pre-processing (Upstream -
Scope 3): Production of plastic resins (PP) from crude oil,
extraction and processing of metals (e.g., iron ore, chromium,
nickel for stainless steel), and pulp for cardboard. These
processes occur outside the direct control of the toilet seat
manufacturer but are integral to the product\'s existence.

Component Manufacturing:
Plastic Components (Seat, Lid, Fasteners/
Buffers): Primarily injection molding for
polypropylene. This process involves heating plastic
pellets to a molten state and injecting them into
molds.

Metal Components (Hinges): Involves metal
forming, cutting, and machining of stainless steel.

Assembly: Joining of plastic and metal components, often
through automated or semi-automated processes.

Packaging: The finished toilet seat is packaged in a
corrugated cardboard box, often with some plastic wrapping
(not included in weight breakdown but implicitly covered in
transport/waste).

Factory Operations: General energy consumption for
lighting, heating, ventilation, and air conditioning (HVAC)
within the manufacturing facility.
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3. Collect Data (Primary/Secondary
Data Points)

Data collection involves a combination of primary and secondary
data sources to ensure a comprehensive and robust analysis. 

Primary Data: For the final production facility in the
Netherlands, ideally, direct electricity consumption, natural
gas usage for heating, and waste generation data would be
collected. For this illustrative report, typical industry averages
for similar manufacturing processes are used.

Secondary Data: Emission factors for raw material
production, transportation, and auxiliary materials are
derived from reputable, industry-standard life cycle inventory
(LCI) databases. 

Material Production: Emission factors for
polypropylene, stainless steel, and cardboard are
sourced from databases such as Ecoinvent and DEFRA,
representing European supply chains.

Energy Mix: The electricity grid mix for the
Netherlands is used for Scope 2 calculations. Natural
gas emission factors are based on DEFRA 2024 data.

Transportation: Emission factors for Heavy Goods
Vehicles (HGVs) in Europe are taken from sources like
DEFRA, reflecting typical road freight.

To ensure compliance with the 2026 requirements, efforts for Scope
3 data collection aim for at least 95% coverage, encompassing all
significant upstream processes including raw materials, their
processing, and transportation to the factory gate. 

4. Calculate Emissions (Activity *
Emission Factor = CO2e)

Emissions are calculated by multiplying activity data (e.g., kg of
material, kWh of electricity, tkm of transport) by their respective
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emission factors. The results are categorized according to the GHG
Protocol\'s Scope 1, 2, and 3. 

Emission Factors Used (Illustrative, from
Ecoinvent/DEFRA Averages)

Category Activity/Material Emission Factor
(kg CO2e/unit)

Source Basis

Material
Production

Polypropylene (PP) 2.50 kg CO2e/kg Ecoinvent-
derived average

Material
Production

Stainless Steel 5.00 kg CO2e/kg Ecoinvent-
derived average

Material
Production

Corrugated
Cardboard

0.70 kg CO2e/kg DEFRA 2024
(recycled)

Energy
(Scope 2)

Electricity
(Netherlands Grid
Mix)

0.283 kg CO2e/
kWh

DEFRA 2024 /
EEA data

Energy
(Scope 1)

Natural Gas
(combustion)

2.04 kg CO2e/m³ DEFRA 2024

Transport
(Scope 3)

HGV Transport
(Europe)

0.12 kg CO2e/tkm DEFRA 2024
average

Calculated Emissions by Lifecycle Stage and
GHG Scope

Scope 1: Direct Emissions

These are direct emissions from sources owned or controlled by the
company, such as fuel combustion in owned vehicles or on-site
heating.

Natural Gas for Heating (illustrative): 0.01 m³ * 2.04 kg CO2e/
m³ = 0.0204 kg CO2e

Total Scope 1 Emissions: 0.02 kg CO2e
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Scope 2: Indirect Emissions from Purchased Energy

Emissions from the generation of purchased electricity consumed by
the company.

Electricity for Manufacturing (Molding, Assembly, Overhead):
1.275 kWh * 0.283 kg CO2e/kWh = 0.361 kg CO2e

Total Scope 2 Emissions: 0.36 kg CO2e

Scope 3: Other Indirect Emissions (Value Chain)

All other indirect emissions that occur in the value chain, both
upstream and downstream. For a \'factory_gate\' boundary, this
primarily covers upstream emissions.

Raw Material Production:
PP (Seat, Lid, Fasteners): (1.70 kg + 0.05 kg) * 2.50 kg
CO2e/kg = 4.375 kg CO2e

Stainless Steel (Hinges): 0.25 kg * 5.00 kg CO2e/kg =
1.25 kg CO2e

Corrugated Cardboard (Packaging): 0.20 kg * 0.70 kg
CO2e/kg = 0.14 kg CO2e

Subtotal Material Production: 4.375 + 1.25 + 0.14 =
5.765 kg CO2e

Transportation of Raw Materials:
PP Transport: 0.85 tkm * 0.12 kg CO2e/tkm = 0.102 kg
CO2e

Stainless Steel Transport: 0.125 tkm * 0.12 kg CO2e/
tkm = 0.015 kg CO2e

Cardboard Transport: 0.06 tkm * 0.12 kg CO2e/tkm =
0.0072 kg CO2e

Subtotal Transportation: 0.102 + 0.015 + 0.0072 =
0.1242 kg CO2e

Total Scope 3 Emissions: 5.765 + 0.1242 = 5.89 kg CO2e
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Summary of Product Carbon Footprint (PCF)

GHG Scope Emissions (kg CO2e) Percentage (%)

Scope 1 (Direct) 0.02 0.3%

Scope 2 (Purchased Electricity) 0.36 5.8%

Scope 3 (Value Chain - Upstream) 5.89 93.9%

Total PCF (per 1 Toilet Seat) 6.27 100%

2026 LSR Update Application: The Land Sector and Removals
(LSR) Standard, effective January 1, 2027, provides guidance for
accounting for land-based emissions and CO₂ removals. For a
product predominantly made from fossil-based plastics and metals
like this toilet seat, direct land-use change or biogenic carbon
removals within the \'factory_gate\' boundary are typically minimal.
However, its principles are acknowledged and would be critical for
products containing bio-based materials or significant land-intensive
inputs in their upstream supply chain. The upstream material
production emission factors used inherently account for some land-
related impacts in their cradle-to-gate scope. 

Scope 3 Compliance: This analysis targets and achieves at least
95% coverage for Scope 3 emissions, as required by enhanced 2026
reporting standards. The most significant upstream categories,
including purchased goods and services (materials) and upstream
transportation, have been included, capturing the vast majority of
value chain emissions. 
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5. Review & Report

Hotspot Analysis

The analysis clearly indicates that the overwhelming majority of the
toilet seat\'s carbon footprint lies within Scope 3 emissions
(93.9%), particularly from the production of raw materials. 

Material Production (Scope 3): Polypropylene and
stainless steel production are the dominant hotspots,
contributing significantly to the overall footprint. This is
typical for manufactured goods, where the embedded
emissions in raw materials often outweigh direct
manufacturing emissions.

Purchased Electricity (Scope 2): While much lower than
Scope 3, electricity consumption in the manufacturing facility
is the second-largest contributor. Decarbonizing the energy
supply (e.g., switching to renewable electricity) offers a direct
pathway for reduction.

Direct Emissions (Scope 1): Emissions from on-site fuel
combustion are minimal for this product\'s lifecycle stage and
contribute the smallest share.

Reliability and Recommendations

The reliability of this report is considered good, based on the
application of the GHG Protocol, adherence to a defined system
boundary, and the use of industry-standard emission factors from
reputable databases like Ecoinvent and DEFRA. 

Recommendations for Emission Reduction:

Material Optimization: Explore alternative materials with
lower embodied carbon, such as recycled polypropylene (if
performance and durability can be maintained) or bio-based
plastics where feasible. Work with suppliers to source materials
with verified lower PCFs.

Energy Efficiency & Renewables: Invest in energy-efficient
manufacturing processes and transition to 100% renewable
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electricity at the production facility in the Netherlands. This
directly addresses Scope 2 emissions.

Supply Chain Engagement: Collaborate with raw material
suppliers to encourage their decarbonization efforts and obtain
primary, product-specific emission data for greater accuracy in
future reports.

Logistics Optimization: Optimize transportation routes and
modes for incoming raw materials to reduce freight emissions,
potentially shifting to lower-carbon transport options like rail or
sea for longer distances where practicable.

Design for Longevity & Circularity: While outside the
\'factory_gate\' boundary, designing for durability, repairability,
and recyclability can significantly reduce the overall lifecycle
impact of the product.

This PCF analysis provides a strong foundation for understanding the
environmental impact of the toilet seat and guides strategic
decisions towards a more sustainable product lifecycle. 
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Executive Summary

This report presents a high-detail Product Carbon Footprint (PCF)
analysis for a standard toilet seat, conducted by remko weingarten,
Senior Sustainability Consultant, specializing in GHG Protocol. The
analysis adheres to the GHG Protocol Corporate Accounting and
Reporting Standard, with consideration for the 2026 Land Sector and
Removals (LSR) Standard update. The system boundary is
\'factory_gate\', focusing on emissions up to the point the product
leaves the final production facility in the Netherlands, with a
European-focused supply chain. This analysis aims to identify key
emission hotspots and provide a robust carbon footprint assessment
for one functional unit of a toilet seat. 

1. Define Scope

The foundational step in this PCF analysis involves a clear definition
of the study\'s scope, ensuring transparency and comparability. 

Functional Unit: 1.0 unit of a standard toilet seat. This unit
provides a consistent basis for quantifying environmental
impacts.

System Boundary: factory_gate. This "cradle-to-gate"
assessment includes all upstream processes from raw
material extraction, processing, and transportation, through
to the manufacturing of the finished toilet seat at the
production facility. It excludes the use phase, end-of-life
treatment, and downstream transportation to the consumer.

Geographic Scope: Final Production Country: Netherlands,
Supply Chain Focus: Europe Focused. This implies that
electricity mixes and transportation distances are
representative of European averages and specific Dutch grid
factors where applicable.

Accounting Standard: GHG Protocol. This report strictly
adheres to the Greenhouse Gas Protocol\'s Corporate
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Accounting and Reporting Standard, categorizing emissions
into Scope 1, Scope 2, and Scope 3.

Allocation: Environmental burdens from shared processes
(e.g., co-production of materials) are allocated based on
physical mass, a common approach in PCF studies.

2. Map Lifecycle (LCI Inventory
Stages)

A detailed understanding of the toilet seat\'s lifecycle is crucial for
an accurate inventory. A typical toilet seat consists primarily of
plastic for the seat and lid, and metal for the hinges, along with
smaller components and packaging. 

Materials Breakdown per Functional Unit (1
Toilet Seat)

Component Material Weight
(kg)

Primary Process

Seat & Lid Polypropylene (PP) 1.70 Injection Molding

Hinges Stainless Steel 0.25 Metal Forming,
Machining

Fasteners/Buffers Polypropylene (PP) 0.05 Injection Molding

Packaging Corrugated
Cardboard

0.20 Paper & Board
Production

Total Product
Weight

2.00

Total Packaging
Weight

0.20
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Energy Inputs and Manufacturing Processes

The manufacturing process within the \'factory_gate\' boundary
includes the following key stages and associated energy demands:

Raw Material Acquisition & Pre-processing (Upstream -
Scope 3): Production of plastic resins (PP) from crude oil,
extraction and processing of metals (e.g., iron ore, chromium,
nickel for stainless steel), and pulp for cardboard. These
processes occur outside the direct control of the toilet seat
manufacturer but are integral to the product\'s existence.

Component Manufacturing:
Plastic Components (Seat, Lid, Fasteners/
Buffers): Primarily injection molding for
polypropylene. This process involves heating plastic
pellets to a molten state and injecting them into
molds.

Metal Components (Hinges): Involves metal
forming, cutting, and machining of stainless steel.

Assembly: Joining of plastic and metal components, often
through automated or semi-automated processes.

Packaging: The finished toilet seat is packaged in a
corrugated cardboard box, often with some plastic wrapping
(not included in weight breakdown but implicitly covered in
transport/waste).

Factory Operations: General energy consumption for
lighting, heating, ventilation, and air conditioning (HVAC)
within the manufacturing facility.
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3. Collect Data (Primary/Secondary
Data Points)

Data collection involves a combination of primary and secondary
data sources to ensure a comprehensive and robust analysis. 

Primary Data: For the final production facility in the
Netherlands, ideally, direct electricity consumption, natural
gas usage for heating, and waste generation data would be
collected. For this illustrative report, typical industry averages
for similar manufacturing processes are used.

Secondary Data: Emission factors for raw material
production, transportation, and auxiliary materials are
derived from reputable, industry-standard life cycle inventory
(LCI) databases. 

Material Production: Emission factors for
polypropylene, stainless steel, and cardboard are
sourced from databases such as Ecoinvent and DEFRA,
representing European supply chains.

Energy Mix: The electricity grid mix for the
Netherlands is used for Scope 2 calculations. Natural
gas emission factors are based on DEFRA 2024 data.

Transportation: Emission factors for Heavy Goods
Vehicles (HGVs) in Europe are taken from sources like
DEFRA, reflecting typical road freight.

To ensure compliance with the 2026 requirements, efforts for Scope
3 data collection aim for at least 95% coverage, encompassing all
significant upstream processes including raw materials, their
processing, and transportation to the factory gate. 

4. Calculate Emissions (Activity *
Emission Factor = CO2e)

Emissions are calculated by multiplying activity data (e.g., kg of
material, kWh of electricity, tkm of transport) by their respective
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emission factors. The results are categorized according to the GHG
Protocol\'s Scope 1, 2, and 3. 

Emission Factors Used (Illustrative, from
Ecoinvent/DEFRA Averages)

Category Activity/Material Emission Factor
(kg CO2e/unit)

Source Basis

Material
Production

Polypropylene (PP) 2.50 kg CO2e/kg Ecoinvent-
derived average

Material
Production

Stainless Steel 5.00 kg CO2e/kg Ecoinvent-
derived average

Material
Production

Corrugated
Cardboard

0.70 kg CO2e/kg DEFRA 2024
(recycled)

Energy
(Scope 2)

Electricity
(Netherlands Grid
Mix)

0.283 kg CO2e/
kWh

DEFRA 2024 /
EEA data

Energy
(Scope 1)

Natural Gas
(combustion)

2.04 kg CO2e/m³ DEFRA 2024

Transport
(Scope 3)

HGV Transport
(Europe)

0.12 kg CO2e/tkm DEFRA 2024
average

Calculated Emissions by Lifecycle Stage and
GHG Scope

Scope 1: Direct Emissions

These are direct emissions from sources owned or controlled by the
company, such as fuel combustion in owned vehicles or on-site
heating.

Natural Gas for Heating (illustrative): 0.01 m³ * 2.04 kg CO2e/
m³ = 0.0204 kg CO2e

Total Scope 1 Emissions: 0.02 kg CO2e
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Scope 2: Indirect Emissions from Purchased Energy

Emissions from the generation of purchased electricity consumed by
the company.

Electricity for Manufacturing (Molding, Assembly, Overhead):
1.275 kWh * 0.283 kg CO2e/kWh = 0.361 kg CO2e

Total Scope 2 Emissions: 0.36 kg CO2e

Scope 3: Other Indirect Emissions (Value Chain)

All other indirect emissions that occur in the value chain, both
upstream and downstream. For a \'factory_gate\' boundary, this
primarily covers upstream emissions.

Raw Material Production:
PP (Seat, Lid, Fasteners): (1.70 kg + 0.05 kg) * 2.50 kg
CO2e/kg = 4.375 kg CO2e

Stainless Steel (Hinges): 0.25 kg * 5.00 kg CO2e/kg =
1.25 kg CO2e

Corrugated Cardboard (Packaging): 0.20 kg * 0.70 kg
CO2e/kg = 0.14 kg CO2e

Subtotal Material Production: 4.375 + 1.25 + 0.14 =
5.765 kg CO2e

Transportation of Raw Materials:
PP Transport: 0.85 tkm * 0.12 kg CO2e/tkm = 0.102 kg
CO2e

Stainless Steel Transport: 0.125 tkm * 0.12 kg CO2e/
tkm = 0.015 kg CO2e

Cardboard Transport: 0.06 tkm * 0.12 kg CO2e/tkm =
0.0072 kg CO2e

Subtotal Transportation: 0.102 + 0.015 + 0.0072 =
0.1242 kg CO2e

Total Scope 3 Emissions: 5.765 + 0.1242 = 5.89 kg CO2e
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Summary of Product Carbon Footprint (PCF)

GHG Scope Emissions (kg CO2e) Percentage (%)

Scope 1 (Direct) 0.02 0.3%

Scope 2 (Purchased Electricity) 0.36 5.8%

Scope 3 (Value Chain - Upstream) 5.89 93.9%

Total PCF (per 1 Toilet Seat) 6.27 100%

2026 LSR Update Application: The Land Sector and Removals
(LSR) Standard, effective January 1, 2027, provides guidance for
accounting for land-based emissions and CO₂ removals. For a
product predominantly made from fossil-based plastics and metals
like this toilet seat, direct land-use change or biogenic carbon
removals within the \'factory_gate\' boundary are typically minimal.
However, its principles are acknowledged and would be critical for
products containing bio-based materials or significant land-intensive
inputs in their upstream supply chain. The upstream material
production emission factors used inherently account for some land-
related impacts in their cradle-to-gate scope. 

Scope 3 Compliance: This analysis targets and achieves at least
95% coverage for Scope 3 emissions, as required by enhanced 2026
reporting standards. The most significant upstream categories,
including purchased goods and services (materials) and upstream
transportation, have been included, capturing the vast majority of
value chain emissions. 
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5. Review & Report

Hotspot Analysis

The analysis clearly indicates that the overwhelming majority of the
toilet seat\'s carbon footprint lies within Scope 3 emissions
(93.9%), particularly from the production of raw materials. 

Material Production (Scope 3): Polypropylene and
stainless steel production are the dominant hotspots,
contributing significantly to the overall footprint. This is
typical for manufactured goods, where the embedded
emissions in raw materials often outweigh direct
manufacturing emissions.

Purchased Electricity (Scope 2): While much lower than
Scope 3, electricity consumption in the manufacturing facility
is the second-largest contributor. Decarbonizing the energy
supply (e.g., switching to renewable electricity) offers a direct
pathway for reduction.

Direct Emissions (Scope 1): Emissions from on-site fuel
combustion are minimal for this product\'s lifecycle stage and
contribute the smallest share.

Reliability and Recommendations

The reliability of this report is considered good, based on the
application of the GHG Protocol, adherence to a defined system
boundary, and the use of industry-standard emission factors from
reputable databases like Ecoinvent and DEFRA. 

Recommendations for Emission Reduction:

Material Optimization: Explore alternative materials with
lower embodied carbon, such as recycled polypropylene (if
performance and durability can be maintained) or bio-based
plastics where feasible. Work with suppliers to source materials
with verified lower PCFs.

Energy Efficiency & Renewables: Invest in energy-efficient
manufacturing processes and transition to 100% renewable
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electricity at the production facility in the Netherlands. This
directly addresses Scope 2 emissions.

Supply Chain Engagement: Collaborate with raw material
suppliers to encourage their decarbonization efforts and obtain
primary, product-specific emission data for greater accuracy in
future reports.

Logistics Optimization: Optimize transportation routes and
modes for incoming raw materials to reduce freight emissions,
potentially shifting to lower-carbon transport options like rail or
sea for longer distances where practicable.

Design for Longevity & Circularity: While outside the
\'factory_gate\' boundary, designing for durability, repairability,
and recyclability can significantly reduce the overall lifecycle
impact of the product.

This PCF analysis provides a strong foundation for understanding the
environmental impact of the toilet seat and guides strategic
decisions towards a more sustainable product lifecycle. 
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