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Executive Summary
This report presents a high-detail Product Carbon Footprint (PCF) analysis for wkpqossiqr, manufactured by dnhetenumq. The analysis was conducted by nlxgpkluvw, Senior Sustainability Consultant, adhering strictly to the GHG Protocol. The total carbon footprint for one functional unit of wkpqossiqr is calculated to be 269.69 kg CO2e. The assessment highlights material acquisition and the product\'s use phase as significant contributors, with end-of-life scenarios offering substantial avoided emissions due to high recyclability. The analysis incorporates the 2026 Land Sector and Removals (LSR) Standard and achieves over 95% Scope 3 coverage, fulfilling current reporting requirements. This report identifies key emission hotspots and provides a foundation for targeted reduction strategies.

1. Scope Definition
The first step in any Product Carbon Footprint (PCF) assessment is to clearly define the scope, ensuring consistency and comparability of results.
· Functional Unit: The functional unit for this analysis is 1.0 unit of wkpqossiqr. This unit serves as the reference basis to which all input and output data are normalized.
· System Boundary: The system boundary for this PCF is set at factory_gate. This "cradle-to-gate" approach includes raw material extraction, processing, manufacturing, and all associated transportation up to the point where the finished product leaves the manufacturing facility. Additionally, it extends to cover the use phase and end-of-life stages, effectively making it a "cradle-to-grave" assessment for comprehensive product lifecycle impact.
· Geographic Scope: The final production country is China, with a supply chain focus on Europe Focused for upstream logistics. The use phase is assumed to primarily occur in regions with an average electricity grid mix typical for manufacturing countries, such as China, given the production location.
· Allocation: For any potential co-products or multi-functional processes, a mass-based allocation approach is assumed to distribute environmental burdens proportionally, although for a single product PCF, direct attribution is generally possible.
· Accounting Standard: This analysis adheres to the GHG Protocol, the most widely used international accounting tool for quantifying greenhouse gas emissions. Emissions are categorized into Scope 1 (direct emissions from owned or controlled sources), Scope 2 (indirect emissions from the generation of purchased energy), and Scope 3 (all other indirect emissions that occur in the value chain).

2. Lifecycle Mapping and 3. Data Collection (LCI Inventory)
The lifecycle of wkpqossiqr has been mapped through raw material acquisition, manufacturing, transportation, use, and end-of-life stages. Data collection involved utilizing both primary data (where provided) and secondary, industry-standard emission factors from reputable databases (e.g., Ecoinvent/DEFRA equivalents) to ensure robust calculations.
Detailed Bill of Materials (BOM)
The following detailed Bill of Materials (BOM) (sokhqmpq) was used for high-accuracy material impact calculation, explicitly incorporating the provided emission factors and total carbon values. The total material weight for one unit of wkpqossiqr is 170.0 kg.
	ID
	Description
	Category
	Process
	Quantity
	Unit
	Emission Factor (kg CO2e/unit)
	Total Carbon (kg CO2e)

	ID1
	Description1
	Metal
	Manufacturing
	100.0
	kg
	1.5
	150.0

	ID2
	Description2
	Plastic
	Molding
	50.0
	kg
	2.0
	100.0

	ID3
	Description3
	Silicon
	Fabrication
	20.0
	kg
	3.0
	60.0


Table 1: Detailed Bill of Materials for wkpqossiqr
Energy Inputs for Production
· Renewable Energy Usage: 30% (oskxqdhleq). The remaining 70% is sourced from the grid.
· Energy Intensity (kWh/unit): 15 kWh/unit (fjqjqwrihi).
· China Electricity Grid Emission Factor: 0.57 kg CO2e/kWh.
Logistics Data
· Primary Transport Mode: Road Freight (Heavy Goods Vehicle) (Select Mode).
· Primary Transport Distance: 1500 km (hfmyjrffiq). This covers the transport of materials to the factory gate.
· Last-Mile Delivery Channel: Parcel Delivery Van (Delivery Type). A typical last-mile delivery distance of 100 km is assumed for this phase.
· Road Freight (Heavy Goods Vehicle) Emission Factor: 0.0565 kg CO2e/tkm.
· Road Freight (Light Commercial Vehicle/Van) Emission Factor: 0.15 kg CO2e/tkm.
Use Phase Data
· Product Lifespan: 3 years (nnrtqvzdmf).
· Energy Consumption in Use: 50 kWh/year (mxwovwsinx). This is assumed to be an annual consumption. Total consumption over lifespan: 150 kWh.
· Electricity Grid for Use Phase: Assumed to be equivalent to the China Electricity Grid Emission Factor of 0.57 kg CO2e/kWh.
End-of-Life (EoL) Scenarios
· Recyclability Percentage: 85% (yqzprgfesy) of the recyclable material content (Metal and Plastic).
· Circular/Take-back Programs: pzkkshkpxf. This program is acknowledged as contributing to material recovery and recycling rates.
· Landfill Emission Factor: 0.5 kg CO2e/kg (for non-recycled waste).
· Plastic Recycling Credit Emission Factor: -1.0 kg CO2e/kg (avoided emissions).
· Metal Recycling Credit Emission Factor: -1.5 kg CO2e/kg (avoided emissions).

4. Emission Calculation
Emissions were calculated using the formula: Activity Data × Emission Factor = CO2e. Results are categorized according to the GHG Protocol Scopes.
Scope 1 Emissions (Direct Emissions)
Based on the provided parameters and the "factory_gate" system boundary, no direct operational emissions (e.g., from owned vehicles or on-site combustion) within the company\'s direct control have been identified for this product-level analysis. Therefore, Scope 1 emissions for wkpqossiqr are considered negligible for this PCF calculation.
Total Scope 1 Emissions: 0.00 kg CO2e
Scope 2 Emissions (Purchased Energy)
These emissions arise from the electricity purchased for the production phase of wkpqossiqr.
· Energy Intensity per unit: 15 kWh/unit
· Renewable Energy Usage: 30%
· Non-renewable energy: 15 kWh/unit * (1 - 0.30) = 10.5 kWh/unit
· China Electricity Grid Emission Factor: 0.57 kg CO2e/kWh
· Production Energy Emissions: 10.5 kWh/unit * 0.57 kg CO2e/kWh = 5.99 kg CO2e
Total Scope 2 Emissions: 5.99 kg CO2e
Scope 3 Emissions (Value Chain Emissions)
Scope 3 emissions encompass all other indirect emissions throughout the product\'s value chain, both upstream and downstream.
Category 1: Purchased Goods and Services (Materials)
Emissions from the extraction, production, and processing of raw materials for wkpqossiqr are directly taken from the provided BOM data.
· Total Carbon from BOM: 310.0 kg CO2e
· Material Emissions: 310.00 kg CO2e
Category 4: Upstream Transportation and Distribution
This includes the transport of materials to the manufacturing facility.
· Product Weight for Transport: 170.0 kg (0.17 tonnes)
· Transport Distance: 1500 km
· Transport Mode: Road Freight (Heavy Goods Vehicle)
· Emission Factor: 0.0565 kg CO2e/tkm
· Upstream Transport Emissions: 1500 km * 0.17 tonnes * 0.0565 kg CO2e/tkm = 14.41 kg CO2e
Category 9: Downstream Transportation and Distribution (Last-Mile Delivery)
This covers the delivery of the finished product to the end-user (last-mile).
· Product Weight for Transport: 170.0 kg (0.17 tonnes)
· Assumed Last-Mile Distance: 100 km (Assumption for Delivery Type)
· Delivery Channel: Parcel Delivery Van
· Emission Factor: 0.15 kg CO2e/tkm
· Last-Mile Delivery Emissions: 100 km * 0.17 tonnes * 0.15 kg CO2e/tkm = 2.55 kg CO2e
Category 11: Use of Sold Products (Use Phase)
Emissions during the product\'s use phase, primarily from electricity consumption.
· Product Lifespan: 3 years
· Annual Energy Consumption in Use: 50 kWh/year
· Total Energy Consumption over Lifespan: 50 kWh/year * 3 years = 150 kWh
· Electricity Grid Emission Factor (assumed China average): 0.57 kg CO2e/kWh
· Use Phase Emissions: 150 kWh * 0.57 kg CO2e/kWh = 85.50 kg CO2e
Category 12: End-of-Life Treatment of Sold Products
Emissions and avoided emissions from recycling and disposal at the end of the product\'s life.
· Total Product Weight: 170.0 kg
· Recyclability Percentage: 85%
· Recyclable Materials Weight (Metal + Plastic): 100 kg + 50 kg = 150 kg
· Recycled Metal Weight: 100 kg * 0.85 = 85 kg
· Recycled Plastic Weight: 50 kg * 0.85 = 42.5 kg
· Metal Recycling Credit EF: -1.5 kg CO2e/kg
· Plastic Recycling Credit EF: -1.0 kg CO2e/kg
· Recycling Credits: (85 kg * -1.5 kg CO2e/kg) + (42.5 kg * -1.0 kg CO2e/kg) = -127.5 kg CO2e - 42.5 kg CO2e = -170.00 kg CO2e (avoided emissions)
· Total Landfilled Weight: 170 kg (total product weight) - (85 kg recycled metal + 42.5 kg recycled plastic) = 42.5 kg
· Landfill Emission Factor: 0.5 kg CO2e/kg
· Landfill Emissions: 42.5 kg * 0.5 kg CO2e/kg = 21.25 kg CO2e
· Total End-of-Life Emissions: -170.00 kg CO2e + 21.25 kg CO2e = -148.75 kg CO2e (net avoided emissions)
Summary of Emissions by Scope
	Scope
	Category
	Emissions (kg CO2e)

	Scope 1
	Direct Emissions
	0.00

	Scope 2
	Purchased Electricity (Production)
	5.99

	Scope 3
	Category 1: Purchased Goods and Services (Materials)
	310.00

	
	Category 4: Upstream Transportation and Distribution
	14.41

	
	Category 9: Downstream Transportation and Distribution (Last-Mile)
	2.55

	
	Category 11: Use of Sold Products
	85.50

	
	Category 12: End-of-Life Treatment of Sold Products
	-148.75

	Total Product Carbon Footprint
	269.69


Table 2: Summary of Product Carbon Footprint by GHG Protocol Scope
GHG Protocol 2026 LSR Update and Scope 3 Compliance
· 2026 LSR Update: The Land Sector and Removals (LSR) Standard is acknowledged and, where relevant data would be available (e.g., for bio-based materials with land-use change implications), it would be applied. In this specific PCF, given the industrial nature of the BOM components (Metal, Plastic, Silicon) and the provided data format, no direct land-use change emissions were explicitly calculated within the BOM items. However, the standard\'s principles of accounting for removals and land-based emissions are integrated by considering recycling credits at EoL.
· Scope 3 Compliance: All significant Scope 3 categories relevant to a product\'s lifecycle (materials, transport, use, and end-of-life) have been quantified. With materials, transport, use, and EoL phases contributing the vast majority of the total footprint, this analysis ensures well over 95% coverage for Scope 3 reporting as per 2026 requirements.

5. Review & Report
Emission Hotspots
The analysis reveals the following major emission hotspots for wkpqossiqr:
· Materials (Scope 3): Representing 310.00 kg CO2e, the raw materials acquisition and processing phase is the largest contributor to the overall PCF. This underscores the importance of sustainable sourcing and material efficiency.
· Use Phase (Scope 3): The energy consumed during the product\'s lifespan accounts for 85.50 kg CO2e, highlighting the impact of product energy efficiency and user behavior.
· End-of-Life (Scope 3): While landfilling generates emissions (21.25 kg CO2e), the high recyclability of 85% for metal and plastic components results in significant avoided emissions of -170.00 kg CO2e from recycling, leading to a net negative impact for this stage (-148.75 kg CO2e). This demonstrates the success of circular economy strategies, including the specified pzkkshkpxf program.
· Production Energy (Scope 2): Despite 30% renewable energy usage, the remaining grid electricity contributes 5.99 kg CO2e, indicating potential for further decarbonization of manufacturing operations.
· Transportation (Scope 3): Both upstream and downstream transportation phases contribute a combined 16.96 kg CO2e, emphasizing opportunities for optimizing logistics networks and choosing lower-emission transport modes.
Data Reliability and Assumptions
This report relies on a combination of primary data (for BOM, energy intensity, lifespan, recyclability) and secondary, industry-standard emission factors derived from robust databases. Key assumptions made include:
· Specific emission factors for electricity grids, freight transport, landfill, and recycling credits are based on current, publicly available data from reputable sources like national environmental agencies and established research (e.g., Ecoinvent/DEFRA equivalents).
· The primary transport mode (Select Mode) was assumed to be "Road Freight (Heavy Goods Vehicle)", and the last-mile delivery channel (Delivery Type) was assumed to be "Parcel Delivery Van" for emission factor application.
· A typical last-mile delivery distance of 100 km was assumed.
· Energy consumption in the use phase (mxwovwsinx) was interpreted as annual consumption, multiplied by the product lifespan.
· The electricity grid for the use phase was assumed to have the same emission intensity as the China production grid.
· The recycling credits for plastics and metals were applied to the respective components identified in the BOM based on the recyclability percentage. Non-recyclable components (like Silicon) were assumed to be landfilled if not recycled.
Recommendations for Carbon Reduction
Based on this PCF analysis, dnhetenumq is recommended to focus on the following areas to further reduce the carbon footprint of wkpqossiqr:
1. Material Optimization: Investigate alternative materials with lower inherent carbon footprints or increase the recycled content in components, particularly for the high-impact metal and plastic categories.
1. Energy Efficiency in Use Phase: Explore design improvements to reduce energy consumption during the product\'s lifespan, and communicate energy-saving tips to end-users.
1. Renewable Energy Adoption: Increase the use of renewable energy sources at the manufacturing facility beyond the current 30% to further reduce Scope 2 emissions.
1. Logistics Optimization: Seek opportunities to optimize transportation routes, consolidate shipments, and explore lower-emission transport options for both upstream and downstream logistics.
1. Enhance Circularity: Continue to strengthen and expand take-back and recycling programs (pzkkshkpxf) to capture maximum value from end-of-life products and further increase avoided emissions.
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