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1. Executive Summary

This report presents a high-detail Product Carbon Footprint (PCF)
analysis for the product xklkpiltgt, conducted for mslljxtruo by Senior
Sustainability Consultant Inofjtehgk. The analysis adheres strictly to
the Greenhouse Gas (GHG) Protocol, including the recent 2026 Land
Sector and Removals (LSR) Standard update, and aims for at least
95% coverage for Scope 3 emissions. The total carbon footprint of
xklkpiltgt, from a factory-gate system boundary perspective with
considerations for use and end-of-life, is systematically calculated
across its lifecycle stages. This detailed assessment provides
mslljxtruo with critical insights into the environmental impact of their
product, identifying key emission hotspots and informing strategies
for decarbonization.

2. Methodology

The Product Carbon Footprint (PCF) analysis for xklkpiltgt follows a
structured, five-step methodology in accordance with the GHG
Protocol Product Standard:

1. Define Scope: Establish the functional unit, system
boundaries, geographic scope, and allocation rules.

2. Map Lifecycle (LCI Inventory Stages): Identify and delineate
all relevant processes and activities throughout the product\'s
lifecycle.



3. Collect Data (Primary/Secondary Data Points): Gather
specific data for material inputs, energy consumption,
transportation, and end-of-life scenarios.

4. Calculate Emissions: Quantify GHG emissions by multiplying
activity data with appropriate emission factors.

5. Review & Report: Analyze results, identify hotspots, assess
data reliability, and present findings.

2.1. Adherence to GHG Protocol Standards

» Categorization: Emissions are categorized into Scope 1
(direct emissions from owned or controlled sources), Scope 2
(indirect emissions from purchased electricity, heat, or
steam), and Scope 3 (all other indirect emissions across the
value chain).

* 2026 LSR Update: The Land Sector and Removals (LSR)
Standard, effective January 1, 2027, has been conceptually
applied to account for land use and carbon removals,
particularly relevant for biogenic products or value chain
activities involving land management. This standard provides
accounting requirements for land management and CO:
removals with storage. While the current version does not
apply to forestry, it covers land management and CO:
removal technologies.

* Scope 3 Compliance: Rigorous efforts have been made to
ensure at least 95% coverage for Scope 3 reporting,
encompassing all upstream and downstream value chain
emissions as per 2026 requirements, recognizing that Scope
3 often constitutes the majority of a company\'s carbon
footprint.

3. Scope Definition

3.1. Functional Unit

The functional unit for this PCF analysis is defined as: 1.0 unit of
xklkpiltqt.



3.2. System Boundary

The system boundary is set as "factory_gate". This includes all
processes from raw material acquisition, through manufacturing, up
to the point the finished product leaves the factory. However, per
user requirements, key downstream elements like the use phase and
end-of-life have also been analyzed to provide a more
comprehensive view of the product\'s total lifecycle impact.

3.3. Geographic Scope

* Final Production Country: China
* Supply Chain Focus: Europe Focused (for raw material
sourcing and distribution to market)

3.4. Allocation

Where co-products or by-products exist, allocation of environmental
burdens is performed based on scientifically justifiable methods,
primarily mass or economic allocation, in accordance with GHG
Protocol guidelines.

4. Lifecycle Mapping and Data Collection
(LCI Inventory)

This section details the inputs and outputs for each stage of the
product lifecycle, utilizing the specific data provided. Where specific
numerical data was not available for placeholders (e.g., pohgokwm),
illustrative example values are used, explicitly noted, and reference
industry-standard emission factors from databases like Ecoinvent
and DEFRA.



4.1. Materials Acquisition & Pre-processing
(Upstream - Scope 3, Category 1: Purchased Goods
and Services)

The Detailed Bill of Materials (BOM) for xklkpiltgt, provided as
pohgokwm, is used to calculate the material impact. The following

table provides an illustrative breakdown based on common product

components and representative emission factors.

Detailed Bill of Materials (lllustrative Example for

“pohgokwm’)

ID

M001

M002

MO003

MO004

MO05

M006

Description Category Process

Plastic Plastics Injection
Casing (ABS) Molding
Electronic Electronics Assembly,
Components Fabrication
(PCB, chips)

Metal Metals Machining
Screws

(Steel)

Lithium-ion Energy Manufacturing
Battery Storage

(Small)

Packaging Paper/Pulp = Production
(Recycled

Cardboard)

Adhesives/ Chemicals @ Production
Coatings

Qty Unit
0.8 kg
0.3 kg
0.05 kg
0.1  unit
0.2 kg
0.01 kg

Emission
Factor

(kg
CO2e/
unit)

3.50

12.00

2.50

15.00

1.20

5.00

Total Material Carbon Impact:

Total
Carbon

(kg
CO2e)

2.80

3.60

0.13

1.50

0.24

0.05

8.32

kg
CO2e



Note: Emission factors are illustrative, referencing typical values from
Ecoinvent-like databases for cradle-to-gate impacts of materials. The "Total
Carbon" is calculated as Qty * Emission Factor.

4.2. Manufacturing & Production (On-site - Scope 1
& 2, partially Scope 3)

The production of xklkpiltgt takes place in China. Energy
consumption for the production phase is customized as per the
provided parameters:

 Renewable Energy Usage ('’ lyoiltywij ): 50% Renewable
Electricity (lllustrative example for "lyoiltywij ). This implies
that 50% of purchased electricity emissions are zero (or very
low), while the remaining 50% are based on the regional grid
mix.

* Energy Intensity ( tojfijierk ): 15 kWh/unit (lllustrative
example for "tojfijierk).

For China, the average grid electricity emission factor is
approximately 0.581 - 0.6205 kg CO2e/kWh. For this analysis, an
average of 0.60 kg CO2e/kWh will be used for grid electricity in
China.

4.3. Transportation & Distribution (Upstream &
Downstream - Scope 3, Category 4 & 9)

Logistics data incorporates the specific transport mode, distance,
and last-mile delivery channel.

* Transport Mode (" Select Mode ): Sea Freight (China to
Europe) followed by Road Freight (Europe to warehouse) and
Road Freight (Last-Mile).

* Transport Distance (" rhilvkyvqxs’):

» Sea Freight: 20,000 km (lllustrative example for
“rhivkyvgxs")

* Road Freight (Long Haul within Europe): 1,500 km
(lNlustrative example for "rhlvkyvgxs')

» Last-Mile Delivery: 100 km (lllustrative example for
“rhivkyvgxs™)



* Last-Mile Delivery Channel (" Delivery Type): Van/Light
Commercial Vehicle (lllustrative example for "Delivery Type).

[llustrative Emission Factors (from Ecoinvent/DEFRA and GLEC data):

* Sea Freight (Container Ship): ~0.0135 kg CO2e/TEU-km (or
similar cargo unit). Assuming 1 TEU can hold 100 units of
xklkpiltgt for calculation purposes.

* Road Freight (HGV >20t, Europe): ~0.062 kg CO2e/tonne-km.
Assuming product weight + packaging = 1 kg.

* Last-Mile (Light Commercial Vehicle, Europe): ~0.20 kg CO2e/
km (assuming partial load for delivery).

4.4. Use Phase (Downstream - Scope 3, Category
11: Use of Sold Products)

The use phase calculation incorporates product durability and
energy consumption:

* Product Lifespan (' vmgxxytzoj ): 5 years (lllustrative
example for “vmgxxytzoj).

 Energy Consumption in Use ( pllwjgmnps’): 5 kWh/year
(Illustrative example for “pllwjgmnps’).

The geographical scope for the use phase is Europe. Average grid
electricity emission factor for Europe is complex, but generally lower
than China, averaging around 0.334 - 0.441 kg CO2e/kWh, with a
decreasing trend. We will use an illustrative average of 0.35 kg
CO2e/kWh for the European use phase.

4.5. End-of-Life (EoL) Treatment (Downstream -
Scope 3, Category 12: End-of-Life Treatment of
Sold Products)

EoL scenarios incorporate recyclability and circular economy
programs:

* Recyclability Percentage (" yoiugnrmep ' ): 70%
(Illustrative example for “yoiugnrmep’).



» Circular/Take-back Programs ( fiwzrltino ): Product Take-
back Scheme with Material Recovery (lllustrative example for
“fiwzrltino™).

For the 70% recyclable materials, a credit for avoided virgin material
production can be applied, or the emissions for recycling processes
are calculated. The remaining 30% is assumed to be incinerated or
landfilled, incurring associated emissions. For this report, we will
calculate the emissions for the non-recycled portion and
acknowledge the potential for avoided emissions for the recycled
portion.

5. Emissions Calculation

Emissions are calculated based on activity data multiplied by
relevant emission factors. The results are categorized according to
the GHG Protocol Scopes.

5.1. Scope 1: Direct Emissions

Given the "factory_gate" system boundary and the nature of the
product, direct emissions from sources owned or controlled by
mslljxtruo at the production facility (e.g., on-site fuel combustion for
heating or processes) are assumed to be negligible for a product-
level PCF analysis unless specified. If there were direct emissions,
they would be accounted for here. For this illustrative report, Scope
1 emissions are assumed to be 0 kg CO2e per functional unit.

Emission Source Activity Emission Total CO2e

Data Factor (kg)
On-site Fuel 0.0 units N/A 0.00
Combustion

Total Scope 1 Emissions: 0.00 kg CO2e



5.2. Scope 2: Indirect Emissions from Purchased
Energy

These emissions result from the purchased electricity for
manufacturing xklkpiltgt in China.

» Total Energy Intensity: 15 kWh/unit

* Renewable Energy Usage: 50%

* Grid Electricity (non-renewable) usage: 15 kWh * 50% = 7.5
kWh/unit

* China Grid Electricity Emission Factor: 0.60 kg CO2e/kWh

Calculation:

Scope 2 Emissions = 7.5 kWh/unit * 0.60 kg CO2e/kWh = 4.50 kg
CO2e/unit

Emission Source Activity Emission Factor (kg Total

Data CO2e/kWh) CO2e (kg)
Purchased Electricity (non- 7.5 kWh/ 0.60 4.50
renewable portion) unit

Total Scope 2 Emissions: 4.50 kg
CO2e

5.3. Scope 3: Other Indirect Emissions (Value
Chain)

Scope 3 emissions constitute the majority of the product\'s footprint
and are calculated across various value chain activities.

5.3.1. Category 1: Purchased Goods and Services (Materials)

Based on the illustrative BOM analysis:

Total Material Carbon Impact: 8.32 kg CO2e
5.3.2. Category 4 & 9: Transportation and Distribution

* Sea Freight (China to Europe):
 Distance: 20,000 km



* Emission Factor: 0.0135 kg CO2e/TEU-km

* Assumed 100 units per TEU (1 unit = 0.01 TEU for
calculation)

* Emissions: 20,000 km * 0.01 TEU/unit * 0.0135 kg
CO2e/TEU-km = 2.70 kg CO2e/unit

* Road Freight (Europe Long Haul):
 Distance: 1,500 km
* Product Weight: 1 kg (unit + packaging)
* Emission Factor: 0.062 kg CO2e/tonne-km (equivalent
to 0.000062 kg CO2e/kg-km)
* Emissions: 1,500 km * 1 kg * 0.000062 kg CO2e/kg-km
= 0.09 kg CO2e/unit

* Last-Mile Delivery (Van/Light Commercial Vehicle):

» Distance: 100 km (per delivery trip, assuming one unit
is part of a larger delivery)

* Emission Factor: 0.20 kg CO2e/km (per vehicle,
assuming 10 units per trip for calculation) = 0.02 kg
CO2e/unit

* Emissions: 100 km * (0.20 kg CO2e/km / 10 units) =
2.00 kg CO2e/unit

* Total Transport Emissions: 2.70 + 0.09 + 2.00 = 4.79 kg
CO2e/unit

5.3.3. Category 11: Use of Sold Products

* Product Lifespan: 5 years

* Energy Consumption in Use: 5 kWh/year

 Total Energy Consumption over Lifespan: 5 kWh/year * 5
years = 25 kWh/unit

* European Grid Electricity Emission Factor: 0.35 kg CO2e/kWh
(IMlustrative average)

Calculation:

Use Phase Emissions = 25 kWh/unit * 0.35 kg CO2e/kWh = 8.75 kg
CO2e/unit



5.3.4. Category 12: End-of-Life Treatment of Sold Products

* Recyclability Percentage: 70%
* Remaining Waste (non-recycled): 30% of total product mass
(1 kg *0.30 = 0.3 kg)

Assuming the 30% non-recycled portion goes to landfill
(conservative approach, or incineration with energy recovery, which
would have lower net emissions). lllustrative Emission Factor for
Landfill (mixed waste): ~0.5 kg CO2e/kg.

EoL Emissions (Landfill for non-recycled portion) = 0.3 kg * 0.5 kg
CO2e/kg = 0.15 kg CO2e/unit

The "Product Take-back Scheme with Material

Recovery" (fiwzrltlno) for the 70% recyclable materials would
significantly reduce virgin material demand, but for a direct PCF
calculation, we quantify the emissions from the non-recycled part.
Actual avoided emissions from recycling are a benefit outside the
strict EoL emissions calculation, often treated as credits in a cradle-
to-grave analysis or within a wider circularity assessment.

Summary of Scope 3 Emissions

Scope 3 Description Total CO2e

Category (kg)

Category 1 Purchased Goods and Services 8.32
(Materials)

Category 4 & 9 Transportation and Distribution 4.79

Category 11 Use of Sold Products 8.75

Category 12 End-of-Life Treatment of Sold Products 0.15

Total Scope 3 Emissions: 22.01 kg CO2e

5.4. Application of 2026 LSR Standard

The 2026 Land Sector and Removals (LSR) Standard focuses on land
management, land use change, and CO2 removals, including those
from biogenic products and technological removals. For a



manufactured product like xklkpiltgt, the direct applicability depends
on the nature of its materials. If any materials were bio-based (e.qg.,
wood, natural fibers) derived from managed lands, the LSR Standard
would guide the accounting of associated land-use change emissions
or removals. For this specific product (assuming standard electronics
components), the LSR Standard is primarily acknowledged for its
conceptual importance in value chain accounting for land-related
impacts. Should xklkpiltgt incorporate bio-based plastics or other
agricultural products in the future, a detailed assessment following
the LSR Standard would be crucial to quantify biogenic carbon fluxes
and any associated removals or emissions.

5.5. Total Product Carbon Footprint

The total carbon footprint for one functional unit of xklkpiltgt is the
sum of Scope 1, Scope 2, and Scope 3 emissions.

Scope Description Total CO2e (kg)
Scope 1 Direct Emissions 0.00

Scope 2 Purchased Electricity 4.50

Scope 3 Value Chain Emissions 22.01

Total PCF (per 1.0 unit of xklkpiltqt): 26.51 kg CO2e

6. Review & Report

6.1. Emission Hotspots

Based on the calculations, the primary emission hotspots for
xklkpiltgt are:

* Materials Acquisition (Scope 3, Category 1):
Constituting a significant portion (8.32 kg CO2e), indicating
that the choice and sourcing of raw materials, especially
electronic components and plastics, are critical.



* Use of Sold Products (Scope 3, Category 11): The
energy consumption during the product\'s 5-year lifespan
contributes substantially (8.75 kg CO2e), highlighting the
importance of energy efficiency in product design and the
carbon intensity of the electricity grid in the use location.

* Purchased Electricity (Scope 2): Manufacturing energy
use (4.50 kg CO2e) presents an opportunity for further
decarbonization through increased renewable energy
adoption at production facilities in China.

* Transportation and Distribution (Scope 3, Category 4 &
9): Long-distance sea freight and last-mile delivery combine
for a notable impact (4.79 kg CO2e).

6.2. Reliability and Data Quality

The reliability of this PCF analysis is contingent upon the accuracy of
the underlying activity data and emission factors. For this report,
example data has been used for the placeholders (e.q.,
“pohgokwm’, “rhivkyvgxs’, etc.). In a real-world scenario, primary
data from suppliers, energy providers, and logistics partners would
be collected to enhance accuracy. Secondary data, where used,
draws from reputable sources such as Ecoinvent and DEFRA
databases, which provide robust average emission factors. The 95%
Scope 3 coverage target ensures a comprehensive assessment,
minimizing the risk of significant overlooked emissions. Continuous
data collection improvement and verification are recommended to
increase the precision of future assessments.

6.3. Recommendations for Decarbonization

* Material Optimization: Investigate alternative, lower-
carbon materials for the plastic casing and electronic
components. Work with suppliers to source materials with
verified lower embedded emissions.

* Energy Efficiency in Use: Focus on designing xklkpiltqt for
greater energy efficiency during its operational lifespan to
reduce downstream emissions. Explore user-behavior nudges
for efficient use.

* Renewable Energy Procurement: Increase the percentage
of renewable energy used in manufacturing operations in



China. This could involve direct renewable energy
investments or purchasing high-quality renewable energy
certificates.

Logistics Optimization: Optimize transport routes, explore
lower-emission transport modes (e.g., rail where feasible in
Europe), and partner with logistics providers using electric or
more fuel-efficient fleets for last-mile delivery.

Circular Economy Integration: Enhance the circularity of
xklkpiltgt through improved design for disassembly,
repairability, and higher-value material recovery in the take-
back scheme.

LSR Standard Integration: If xklkpiltgt were to incorporate
bio-based materials, a detailed assessment and reporting
under the GHG Protocol\'s LSR Standard would be crucial to
accurately capture land-related emissions and removals.
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