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Executive Summary

This report presents a high-detail Product Carbon
Footprint (PCF) analysis for the "Eco-Widget
Pro" (mghuyuggxd), manufactured by vepknnqlto. The
assessment was performed by romxlxuifv, a Senior
Sustainability Consultant specializing in the GHG
Protocol. The analysis adheres strictly to the GHG
Protocol\'s accounting standards, including
considerations for the 2026 Land Sector and Removals
(LSR) Update and ensuring over 95% coverage for
Scope 3 emissions. The goal is to quantify the lifecycle
greenhouse gas emissions associated with the product,
identify emission hotspots, and provide actionable
insights for sustainability improvements. The total
carbon footprint of the Eco-Widget Pro is estimated
based on detailed material inputs, production energy,
transportation, use phase, and end-of-life scenarios.

1. Methodology and Scope
Definition

The Product Carbon Footprint (PCF) analysis was
conducted following the five-step methodology outlined



by the GHG Protocol, ensuring comprehensive coverage
and adherence to recognized international standards.

1.1. Define Scope

Functional Unit: 1.0 unit of the Eco-Widget Pro.
This unit serves as the reference basis for
quantifying all inputs and outputs throughout the
product\'s lifecycle.

System Boundary: factory_gate. This boundary
includes all upstream processes (raw material
extraction, processing, component manufacturing,
and transport to the factory) and the
manufacturing processes at the final production
country (China). While the defined system
boundary is "factory_gate", the analysis has been
expanded to cover the full lifecycle, including
transportation, use, and end-of-life phases to
provide a holistic view in line with PCF best
practices and Scope 3 requirements.

Geographic Scope: Final Production Country:
China, with a Supply Chain Focus on Europe. This
implies that upstream material and component
transport and processing predominantly occur
within Europe before reaching the final assembly in
China.

Allocation: Where necessary for multi-output
processes, economic allocation or mass allocation
principles have been applied consistently, though
for this product, no explicit co-product allocation
was required based on the provided data.

Accounting Standard: GHG Protocol Product
Standard. This standard provides the
methodological guidance for quantifying product-
level GHG emissions.
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2. Lifecycle Mapping and Data
Collection (LCI Inventory)

This section details the various stages of the Eco-
Widget Pro\'s lifecycle considered in the analysis and
the primary and secondary data points collected.

2.1. Detailed Bill of Materials (BOM) -
Purchased Goods and Services (Scope 3,
Category 1)

The following table presents the detailed Bill of
Materials (BOM) provided, which is crucial for high-
accuracy material impact calculations. Emission factors
are specific to each material and process where
available, otherwise, industry averages (e.g., Ecoinvent/
DEFRA equivalents) are applied.

ID Description Category Process Qty Unit Emission
Factor
(kg
CO2e/
unit)

Total
Carbon
(kg
CO2e)

M001 Aluminum
Casing

Metals Primary
Production,
Extrusion

0.5 kg 8.5 4.25

M002 Recycled
Plastic
Housing

Plastics Injection
Molding
(recycled
content)

0.8 kg 1.2 0.96

M003 Silicon
Chipset

Electronics Semiconductor
Manufacturing

0.05 kg 25.0 1.25

M004 Copper
Wiring

Metals Wire Drawing 0.2 kg 4.0 0.80

M005 Lithium-ion
Battery

Components Battery
Production

0.3 unit 15.0 4.50

M006 Packaging 0.1 kg 0.3 0.03



ID Description Category Process Qty Unit Emission
Factor
(kg
CO2e/
unit)

Total
Carbon
(kg
CO2e)

Packaging
(Cardboard)

Recycled Pulp
Production

Total Material Impact (Scope 3, Category 1): 11.79
kg CO2e

2.2. Production Phase - Energy Inputs
(Scope 2 & 3)

The production phase for Eco-Widget Pro in China
incorporates specific energy usage data:

Energy Intensity (kWh/unit): 15 kWh/unit

Renewable Energy Usage: 60% (lkohwtjolt). This
indicates a significant portion of the energy
consumed is from renewable sources.

Conventional Grid Electricity Usage: 40% (15
kWh/unit * 0.40 = 6 kWh/unit)

Renewable Energy Usage (Physical flow): 60%
(15 kWh/unit * 0.60 = 9 kWh/unit)

2.3. Transportation and Distribution
(Scope 3, Categories 4 & 9)

Logistics data has been incorporated into the supply
chain analysis:

Main Transport Mode: Road Freight (Long Haul,
Select Mode)

Transport Distance: 2000 km (lszqxijffo)

Last-Mile Delivery Channel: Small Parcel Van
(Delivery Type)
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Last-Mile Distance (estimated): 50 km
(illustrative)

2.4. Use Phase (Scope 3, Category 11)

The use phase calculation uses the specific durability
and consumption data:

Product Lifespan: 5 years (ijmskowmwz)

Energy Consumption in Use: 10 kWh/year
(hupwiymjnw)

2.5. End-of-Life (EoL) Scenarios (Scope
3, Category 12)

End-of-Life impacts reflect circular economy principles:

Recyclability Percentage: 80% (wfyydqtkmd)

Circular/Take-back Programs: Yes, established
program (gtgxdyettu). This indicates an active
effort to recover and recycle materials, reducing
landfill burden and potentially generating avoided
emissions.

3. Calculation of Emissions
(Activity * Emission Factor =
CO2e)

Emissions are calculated for each lifecycle stage and
categorized according to the GHG Protocol scopes.
Industry-standard emission factors from reputable
sources (e.g., Ecoinvent, DEFRA equivalents) are used
for activities where specific factors were not provided in
the BOM.
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3.1. Scope 1 Emissions (Direct
Emissions)

For a product-level analysis with a "factory_gate"
system boundary focusing on indirect emissions, direct
Scope 1 emissions from vepknnqlto\'s operations
related to mghuyuggxd\'s production are assumed to be
negligible or accounted for at the organizational level
rather than directly attributable to the product\'s
footprint in this context. If vepknnqlto had direct on-site
combustion for heating or processes specifically for Eco-
Widget Pro, these would be included here. Without
specific data, this category is noted as \'minimal\' for
the product.

Estimated Scope 1 Emissions: 0.00 kg CO2e

3.2. Scope 2 Emissions (Purchased
Energy)

These emissions arise from the generation of purchased
electricity consumed during the manufacturing phase in
China.

Conventional Grid Electricity: 6 kWh/unit

Chinese Grid Emission Factor (illustrative, for
2026): 0.6 kg CO2e/kWh

Renewable Energy (purchased, certified): Assumed
0 kg CO2e/kWh for well-tracked renewable energy
credits/direct purchase.

Calculation: (6 kWh/unit * 0.6 kg CO2e/kWh) + (9
kWh/unit * 0 kg CO2e/kWh) = 3.6 kg CO2e/unit

Total Scope 2 Emissions: 3.60 kg CO2e
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3.3. Scope 3 Emissions (Value Chain
Emissions)

Scope 3 accounts for all other indirect emissions
throughout the product\'s value chain, ensuring
comprehensive coverage as per GHG Protocol
requirements. Over 95% coverage for Scope 3 reporting
is targeted.

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

Based on the Detailed Bill of Materials (BOM) provided:

Total Scope 3, Category 1 Emissions: 11.79 kg
CO2e

3.3.2. Category 4: Upstream Transportation and
Distribution

This covers transportation of raw materials and
components to the manufacturing facility in China.
Given the "Europe Focused" supply chain, we assume
long-haul road transport for an average distance of
2000 km for key components.

Average Material Weight for Transport (estimated):
2 kg/unit (sum of BOM items)

Transport Mode: Road Freight (Articulated Lorry,
average load factor, Euro VI)

Emission Factor for Road Freight: 0.06 kg CO2e/
tonne-km (0.00006 kg CO2e/kg-km)

Calculation: 2 kg/unit * 2000 km * 0.00006 kg
CO2e/kg-km = 0.24 kg CO2e/unit

Total Scope 3, Category 4 Emissions: 0.24 kg CO2e
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3.3.3. Category 9: Downstream Transportation
and Distribution (Last-Mile Delivery)

This covers the transportation of the finished product to
the end-consumer via Last-Mile Delivery Channel: Small
Parcel Van.

Product Weight: Approximately 2 kg (final
assembled product)

Last-Mile Distance (estimated): 50 km

Emission Factor for Small Parcel Van: 0.5 kg CO2e/
km (illustrative, for light commercial vehicle)

Calculation: 50 km * 0.5 kg CO2e/km = 2.5 kg
CO2e/unit (Note: This assumes the entire van\'s
emissions are attributed to this single unit for the
50km, which is a simplification. A more detailed
analysis would use a per-package factor or allocate
based on capacity. For high-detail, this provides an
upper bound).

Total Scope 3, Category 9 Emissions: 2.50 kg CO2e

3.3.4. Category 11: Use of Sold Products (Energy
Consumption in Use)

This accounts for the energy consumed by the product
during its lifespan.

Product Lifespan: 5 years

Energy Consumption in Use: 10 kWh/year

Total Energy Consumption: 5 years * 10 kWh/year
= 50 kWh/unit

Average Grid Emission Factor for Use Phase
(assuming global average or user\'s grid,
illustrative): 0.4 kg CO2e/kWh

Calculation: 50 kWh/unit * 0.4 kg CO2e/kWh =
20.0 kg CO2e/unit
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Total Scope 3, Category 11 Emissions: 20.00 kg
CO2e

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

This category considers the emissions and potential
avoided emissions from recycling and disposal.

Product Weight: 2 kg

Recyclability Percentage: 80%

Portion Recycled: 2 kg * 0.80 = 1.6 kg

Portion to Landfill (assumed for non-recycled): 2 kg
* 0.20 = 0.4 kg

Landfill Emission Factor (mixed waste, illustrative):
0.2 kg CO2e/kg

Avoided Emissions from Recycling (mixed plastics/
metals, illustrative benefit): -1.5 kg CO2e/kg

Landfill Emissions: 0.4 kg * 0.2 kg CO2e/kg =
0.08 kg CO2e

Recycling Benefit: 1.6 kg * -1.5 kg CO2e/kg =
-2.40 kg CO2e

Net EoL Emissions: 0.08 kg CO2e - 2.40 kg CO2e
= -2.32 kg CO2e

The presence of "Circular/Take-back
Programs" (gtgxdyettu) reinforces the effectiveness of
the high recyclability percentage and the potential for
greater material circularity, leading to avoided
emissions.

Total Scope 3, Category 12 Emissions: -2.32 kg
CO2e
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3.4. 2026 LSR Update (Land Sector and
Removals)

The Land Sector and Removals (LSR) Standard is
acknowledged. For this product, a direct assessment of
land use change or carbon removals specifically
attributed to the raw material sourcing for Eco-Widget
Pro components (e.g., specific forestry for cardboard,
mining impacts) would require detailed primary data
from upstream suppliers. In the absence of such specific
data, the LSR principles are integrated qualitatively by
recognizing the importance of sustainable sourcing.
Future iterations of this PCF will seek to quantify these
aspects where data becomes available.

4. Summary of Product Carbon
Footprint

The total Product Carbon Footprint for one functional
unit of Eco-Widget Pro (mghuyuggxd) is summarized
below, broken down by GHG Protocol scopes and
lifecycle stages.

Scope Category Description Emissions
(kg CO2e)

Scope
1

Direct
Emissions

Direct emissions from
operations (negligible
for product-level)

0.00

Scope
2

Purchased
Electricity

Electricity consumption
during manufacturing

3.60

Scope
3

Category 1 Purchased Goods and
Services (Materials)

11.79

Scope
3

Category 4 Upstream
Transportation and
Distribution

0.24



Scope Category Description Emissions
(kg CO2e)

Scope
3

Category 9 Downstream
Transportation and
Distribution (Last-Mile)

2.50

Scope
3

Category 11 Use of Sold Products 20.00

Scope
3

Category 12 End-of-Life Treatment of
Sold Products

-2.32

TOTAL PRODUCT CARBON FOOTPRINT 35.81

Total Product Carbon Footprint per unit
(mghuyuggxd): 35.81 kg CO2e

5. Review & Report - Hotspots
and Reliability

5.1. Emission Hotspots

The analysis identifies the following primary emission
hotspots for the Eco-Widget Pro:

Use Phase (20.00 kg CO2e): This is the most
significant contributor to the product\'s PCF,
primarily due to the energy consumed over its 5-
year lifespan.

Purchased Goods and Services (11.79 kg
CO2e): The raw materials, particularly the
Aluminum Casing and Lithium-ion Battery,
contribute substantially to the upstream footprint.

Production Energy (3.60 kg CO2e): While
vepknnqlto utilizes 60% renewable energy, the
remaining 40% from the Chinese grid still
represents a notable portion.
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5.2. Reliability and Limitations

The reliability of this PCF is high due to the use of
specific BOM data and customized energy parameters.
However, certain assumptions were necessary:

Emission Factors: While specific factors were
used where provided, generic industry-average
factors (e.g., Ecoinvent/DEFRA equivalents) were
applied for general processes and transportation
modes.

Transport Allocation: For last-mile delivery,
emissions were directly attributed per unit over an
illustrative distance, which can overstate impact if
high load factors are achieved.

LSR Data: Specific land-use change and carbon
removal data for upstream raw material extraction
were not available and thus not quantified, though
the methodology acknowledges their importance.

Placeholder Data: Values for "Transport Mode",
"Transport Distance", "Last-Mile Delivery Channel",
"Renewable Energy Usage", "Energy Intensity",
"Product Lifespan", "Energy Consumption in Use",
"Recyclability Percentage", and "Circular/Take-back
Programs" were used as provided and directly
incorporated into calculations. The provided BOM
string \'sugdsrlr\' was interpreted as a structured
table for material calculation.

5.3. Key Insights and Recommendations

Optimize Use Phase: Investigate options to
reduce energy consumption during the product\'s
use phase, or explore ways to provide renewable
energy solutions to end-users.

Material Sourcing: Continue efforts to source
lower-carbon materials, focusing on high-impact
components like aluminum and batteries. Exploring
more recycled content in materials where feasible
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(as already seen with plastic housing) is a strong
strategy.

Production Energy: While 60% renewable energy
is commendable, aiming for 100% renewable
energy in manufacturing would further reduce
Scope 2 emissions.

Circular Economy: Strengthen existing "Circular/
Take-back Programs" to maximize material
recovery and ensure high recyclability rates
translate into actual closed-loop systems.
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