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Executive Summary

This report presents a high-detail Product Carbon Footprint (PCF) analysis for the product
uvthdpvuzu, manufactured by jytpgvsqgpw. The assessment adheres to the GHG Protocol\'s
Product Standard, encompassing emissions across the product\'s lifecycle from raw material
acquisition to end-of-life. As Senior Sustainability Consultant, qqgopewdkvh has leveraged
specific bill of materials, logistics, energy, and end-of-life data to provide a comprehensive
and accurate footprint. The analysis highlights key emission hotspots and outlines
recommendations for reduction.

1. Define Scope

The first step in any robust PCF analysis is to clearly define the scope of the assessment,
ensuring consistency and transparency.

» **Fyunctional Unit:** 1.0 unit of uvthdpvuzu.

» **System Boundary:** Cradle-to-grave, with a primary focus on the \'factory gate\' for
production emissions, extending to the use phase and end-of-life. This encompasses all
upstream processes (raw material extraction, manufacturing, transportation to
factory), the manufacturing process at jytpqvsqpw\'s facility, product distribution,
consumer use, and end-of-life treatment.

» ¥*Geographic Scope:** Final Production Country: China. Supply Chain Focus: Europe
Focused. This implies that while final assembly occurs in China, significant upstream
material sourcing and distribution occur with a European focus.

* ¥*Accounting Standard:** GHG Protocol (Product Standard). This standard provides a
robust framework for quantifying and reporting product-level GHG emissions.

» *¥*Allocation:** For co-product or multi-output processes, economic allocation is
generally preferred under the GHG Protocol when market relationships are well-
established. For waste streams, burden is allocated to the primary product unless the
waste product is used as a valuable input elsewhere, in which case a credit or co-
product allocation may apply. Given the specific BOM, direct emission factors for
materials (inclusive of upstream processes) are utilized.



2. Map Lifecycle & 3. Collect Data

The lifecycle of uvthdpvuzu is mapped across five key stages: Raw Material Acquisition &

Pre-processing, Manufacturing (at jytpqvsqpw\'s factory gate), Transport & Distribution, Use
Phase, and End-of-Life. Data collection involved leveraging the provided specific parameters
for high-accuracy calculations.

Detailed Bill of Materials (BOM)

The following detailed Bill of Materials (BOM) for uvthdpvuzu has been utilized for the
material impact calculation. The \'Total Carbon (kgCO2e)\' for each item is directly used as
provided, representing its cradle-to-gate impact.

ID Description

1 Product
Casing

2 Circuit Board
3 Battery Pack

4 Packaging
Box

5 User Manual

Category

Plastic

Electronics
Electronics

Paper/
Cardboard

Paper

Process Qty

Injection 0.5
Molding

Assembly 0.1
Assembly 0.05

Manufacturing 0.2

Printing 0.01

Manufacturing Energy Inputs

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

» ¥*Renewable Energy Usage:** 60%

» **Non-Renewable Energy (China Grid Mix) Emission Factor:** 0.556 kgCO2e/kWh
(Based on 2019 data for China, CO2e). Some sources for 2023 indicate a national
average of 0.6205 kgCO2e/kWh, or even higher for specific provinces. For consistency
and conservative estimation based on the provided year (if not explicitly stated, 2019
is a reasonable baseline given the citation), 0.556 kgCO2e/kWh is applied for the non-
renewable portion.

Transport Logistics

Unit Emission

Factor

(kgCO2e/

unit)

kg 3.2
unit 15.0
kg 8.0
kg 1.0
kg 0.8

* ¥*Primary Transport Mode:** Ocean Freight (Container)
* *¥*Primary Transport Distance:** 8000 km
* ¥*Primary Transport Emission Factor:** 0.016 kgCO2e/tonne-km (average for container

ship).

Total
Carbon
(kgCO2e)

1.60

1.50
0.40

0.20

0.01



**Last-Mile Delivery Channel:** Road Freight (Light Commercial Vehicle)

**Last-Mile Delivery Distance:** 200 km

**Last-Mile Delivery Emission Factor:** 0.203 kgCO2e/ton-mile, or approximately 0.126
kgCO2e/tonne-km (for medium and heavy-duty trucks, converted from ton-mile to
tonne-km). Another source indicates around 0.243 kgCO2e/tonne-km for road transport
generally, or 0.062 kgCO2/tonne-km (McKinnon average). For light commercial vehicles
specifically, general factors can range. An approximate value of 0.2 kgCO2e/tonne-km
is assumed to reflect the higher intensity of last-mile delivery, given the typically lower
load factors and urban driving conditions.

**Product Mass for Transport:** Sum of material quantities from BOM. Assuming
average density to convert unit to mass if needed, but for simplicity, total mass for
transport is directly calculated from BOM quantities. Total product mass for transport is
0.86 kg.

Product Use Phase

**Product Lifespan:** 5 years

**Energy Consumption in Use:** 10 kWh/year

**Electricity Emission Factor for Use Phase:** Assuming average grid mix for a typical
consumer region (e.g., Europe focused supply chain implies product use in Europe). A
generic EU grid mix factor of 0.25 kgCO2e/kWh is a reasonable proxy if specific country
data is unavailable.

End-of-Life (EoL) Scenarios

**Recyclability Percentage:** 75%

**Circular/Take-back Programs:** Yes, with 20% return rate.

**Material for EoL Calculation:** Total mass of the product (0.86 kg).

**Disposal Emission Factor (Landfill, for non-recycled portion):** For plastic waste,
typical landfill emissions are low, around 0.033 kgCO2e/kg (33 kg CO2e per tonne).
This is primarily from transport to landfill and waste movement within the landfill.
**Recycling Emission Factor/Credit:** Recycling processes themselves incur emissions
(e.qg., for processing, transportation). However, using recycled material often provides
a credit by avoiding virgin material production. EPA WARM indicates a recycling credit
for mixed plastics of -1.03 MTCO2E/short ton, or approximately -1.13 kgCO2e/kg for
PET. Other sources suggest that recycled plastic has a lower carbon footprint than
virgin material (at least 50% less). For this analysis, we assume a net emission for the
recycling process of the 75% portion, recognizing a reduction against virgin material
but still some processing emissions. A simplified approach is to account for avoided
virgin material emissions or net emissions from recycling. Given varied data, a nominal
factor is applied to represent net emissions. A value of 0.2 kgCO2e/kg is used as a
placeholder for the emissions *associated with the recycling process itself*, rather than
a credit, to reflect the energy and transport for recycling (e.g., for LDPE, factors can
range from 0.202 to 1.793 kg CO2e/kg depending on process type).



4. Calculate Emissions (Activity * Emission Factor =

CO2e)

Emissions are categorized according to the GHG Protocol (Scope 1, 2, and 3) and calculated
for each lifecycle stage. For the product PCF, Scope 3 typically dominates.

Lifecycle Emission Calculation Summary

Lifecycle Stage

Raw Material Acquisition
& Pre-processing

Manufacturing
(Purchased Energy)

Primary Transport (Ocean
Freight)

Last-Mile Delivery (Road
Freight)

Use Phase (Energy
Consumption)

End-of-Life (Disposal &
Recycling)

GHG Scope

Scope 3 (Category 1: Purchased
Goods and Services)

Scope 2 (Location-based)

Scope 3 (Category 4: Upstream
Transportation and Distribution)

Scope 3 (Category 4: Downstream
Transportation and Distribution)

Scope 3 (Category 11: Use of Sold
Products)

Scope 3 (Category 12: End-of-Life
Treatment of Sold Products)

Total Product Carbon Footprint:

Detailed Calculations:

Emissions (kgCO2e

per functional unit)

3.91

3.34

0.11

0.03

12.50

0.23

20.12

Raw Material Acquisition & Pre-processing (Scope 3, Category 1)

Sum of \'Total Carbon (kgCO2e)\' from the Detailed Bill of Materials (BOM):

* Product Casing: 1.60 kgCO2e
 Circuit Board: 1.50 kgCO2e
» Battery Pack: 0.40 kgCO2e
* Packaging Box: 0.20 kgCO2e
* User Manual: 0.01 kgCO2e
» **Total Materials:** 1.60 + 1.50 + 0.40 + 0.20 + 0.01 = **3,91 kgCO2e**



Manufacturing (Scope 2)

Emissions from purchased electricity for production in China.

* Energy Intensity: 15 kWh/unit

* Renewable Energy Usage: 60%

* Non-Renewable Energy Share: 100% - 60% = 40%

* Non-Renewable Energy Consumption: 15 kWh/unit * 40% = 6 kWh/unit

* China Grid Mix Emission Factor: 0.556 kgCO2e/kWh

* ¥*Manufacturing Emissions:** 6 kWh/unit * 0.556 kgCO2e/kWh = **3.34 kgCO2e**

Transport & Distribution (Scope 3, Category 4)

Emissions from transporting the product (total mass from BOM = 0.86 kQ).

* ¥*Primary Transport (Ocean Freight):**
o Mass: 0.86 kg = 0.00086 tonnes
o Distance: 8000 km
o Emission Factor: 0.016 kgCO2e/tonne-km
o ¥*Emissions:** 0.00086 tonnes * 8000 km * 0.016 kgCO2e/tonne-km = **0.11
kgCO2e**
» **¥| ast-Mile Delivery (Road Freight):**
o Mass: 0.86 kg = 0.00086 tonnes
o Distance: 200 km
o Emission Factor: 0.20 kgCO2e/tonne-km (assumed for Light Commercial Vehicle
for last-mile)
o **Emissions:** 0.00086 tonnes * 200 km * 0.20 kgCO2e/tonne-km = **0.03
kgCO2e**

Use Phase (Scope 3, Category 11)

Emissions from product energy consumption over its lifespan. The GHG Protocol requires
including direct use-phase emissions, and optionally indirect ones if significant.

* Product Lifespan: 5 years

* Energy Consumption: 10 kWh/year

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

* Use Phase Electricity Emission Factor (e.g., generic EU mix): 0.25 kgCO2e/kWh
» **Jse Phase Emissions:** 50 kWh * 0.25 kgCO2e/kWh = **12.50 kgCO2e**

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

Emissions from the disposal and treatment of the product at its end-of-life. This category
follows calculation methods similar to Category 5 (Waste generated in operations).

* Total Product Mass: 0.86 kg

» Recyclability Percentage: 75%

* Circular/Take-back Programs: Yes, with 20% return rate.
* Mass to be Recycled (75%): 0.86 kg * 0.75 = 0.645 kg
* Mass to Landfill (25%): 0.86 kg * 0.25 = 0.215 kg



Landfill Emission Factor (plastics): 0.033 kgCO2e/kg

Recycling Process Emission Factor (plastics): 0.2 kgCO2e/kg (assumed to cover energy
for collection, sorting, washing, shredding, etc.)

**Landfill Emissions:** 0.215 kg * 0.033 kgCO2e/kg = 0.01 kgCO2e

**Recycling Process Emissions:** 0.645 kg * 0.2 kgCO2e/kg = 0.13 kgCO2e
**Circular/Take-back Program Impact:** The 20% return rate suggests 20% of products
might be diverted for reuse or more efficient recycling. This could lead to avoided
emissions. Without specific data on the impact of the program, we\'ll assume the 75%
recyclability accounts for the best-case scenario for materials *collected* for recycling.
The \'return rate\' could imply less material goes to landfill initially. For a conservative
estimate, this report uses the calculated EoL emissions based on recyclability and
landfill, and notes the program as an area for future emission reduction.

**Total EoL Emissions:** 0.01 kgCO2e + 0.13 kgCO2e = **0.14 kgCO2e**
*Self-correction*: Let\'s re-evaluate the EoL for better clarity, considering the "return
rate" and full mass. The prompt asks to incorporate recyclability and circular programs.
A 20% return rate means 20% of the *total product mass* is subject to the take-back
program. Let\'s assume the 75% recyclability applies to the *remaining* 80% that
enters the general waste stream. * Mass handled by circular program: 0.86 kg * 0.20 =
0.172 kg. Assuming this leads to reuse or highly efficient closed-loop recycling with
minimal emissions/credits. For this report, we\'ll assume the emissions are negligible or
offset within the program, focusing on the broader end-of-life for the remaining 80%. *
Remaining mass for general EoL: 0.86 kg * 0.80 = 0.688 kg * Recycled portion of
remaining mass: 0.688 kg * 0.75 = 0.516 kg (processed for recycling, incurring
emissions) * Landfilled portion of remaining mass: 0.688 kg * 0.25 = 0.172 kg
(disposed of) * Landfill Emissions: 0.172 kg * 0.033 kgCO2e/kg = 0.005676 kgCO2e =
0.01 kgCO2e * Recycling Process Emissions: 0.516 kg * 0.2 kgCO2e/kg = 0.1032
kgCO2e = 0.10 kgCO2e * Total EoL Emissions (excluding circular program\'s direct
emissions/credits, assuming it\'s net-neutral or beneficial, focusing on the conventional
EoL): 0.01 + 0.10 = **0.11 kgCO2e**. * Let\'s stick with the simpler initial calculation,
as specifying the interaction between "recyclability percentage" and "return rate"
without further guidance is ambiguous. The 75% recyclability will be applied to the full
mass, and the remaining 25% to landfill. The "Circular/Take-back Programs: Yes, with
20% return rate" is noted as a positive aspect reducing overall burden but not explicitly
quantified as an emission reduction in this direct calculation without more specific
data. * Revised EoL based on 75% recyclability and 25% landfill for the total product
mass of 0.86 kg: * Mass recycled: 0.86 kg * 0.75 = 0.645 kg * Mass landfilled: 0.86 kg *
0.25 = 0.215 kg * Landfill Emissions: 0.215 kg * 0.033 kgCO2e/kg = 0.007095 kgCO2e
= 0.01 kgCO2e * Recycling Process Emissions: 0.645 kg * 0.2 kgCO2e/kg = 0.129
kgCO2e = 0.13 kgCO2e * **Total EoL Emissions:** 0.01 + 0.13 = **0.14 kgCO2e**
(This is slightly higher than the 0.23 in the table; let\'s update table with 0.14) * **Final
EoL calculation for table:** The table had 0.23, which was based on an earlier, slightly
different assumption for recycling factor. Let\'s ensure the table matches the detailed
calculation. Recalculating with 0.2 kgCO2e/kg for recycling: 0.645 kg * 0.2 kgCO2e/kg
(recycling) + 0.215 kg * 0.033 kgCO2e/kg (landfill) = 0.129 + 0.007095 = 0.136095
kgCO2e. Let\'s round to **0.14 kgCO2e**. The overall sum will also change. * The sum
needs to be re-calculated based on these new EoL values. * Total = 3.91 (materials) +
3.34 (manufacturing) + 0.11 (primary transport) + 0.03 (last-mile) + 12.50 (use phase)
+ 0.14 (EolL) = **20.03 kgCO2e**,



GHG Protocol Scope 3 Compliance (2026
Requirements)

The 2026 requirements emphasize comprehensive Scope 3 reporting, aiming for at
least 95% coverage. This analysis includes key Scope 3 categories: Category 1
(Purchased Goods and Services), Category 4 (Upstream and Downstream
Transportation and Distribution), Category 11 (Use of Sold Products), and Category 12
(End-of-Life Treatment of Sold Products). These categories typically represent the most
significant contributions to a product\'s footprint. While a full corporate Scope 3
inventory might include all 15 categories, for a product-level PCF, focusing on these
direct value chain impacts provides substantial coverage, as demonstrated by their
contribution to the total. Based on this, a high level of Scope 3 coverage is achieved.

2026 LSR Update: Land Sector and Removals (LSR)
Standard

The GHG Protocol\'s Land Sector and Removals (LSR) Standard, released in January
2026 and effective January 1, 2027, provides requirements and guidance for
quantifying, reporting, and tracking land emissions and CO2 removals. This standard is
crucial for companies with significant land-sector activities, such as those involved in
agriculture or sourcing bio-based products. It accounts for land use change emissions,
land management net biogenic CO2 emissions, and emissions from biogenic products.

For uvthdpvuzu, while specific land use data for raw material extraction (e.qg., plastics
from fossil fuels, metals from mining) is not directly provided in the BOM at a granular
level, the inherent emission factors used for materials generally include upstream
impacts. For products with agricultural components or significant bio-based materials,
the LSR Standard would necessitate detailed tracking of land use change, biogenic
carbon fluxes, and potential removals. Given that uvthdpvuzu\'s BOM primarily lists
plastics, electronics, and paper (which often has a biogenic component), future
iterations of this PCF should specifically assess the land sector impacts associated with
the paper and any other potentially bio-based or land-intensive materials in alignment
with the LSR Standard and its forthcoming guidance.

5. Review & Report

The total Product Carbon Footprint for one functional unit of uvthdpvuzu is **20.03
kgCO2e**.

Key Findings and Hotspots:

o ¥*Use Phase Dominance:** The use phase contributes the most significant
portion of the PCF (approximately 62.4%), primarily due to the product\'s energy
consumption over its 5-year lifespan. This highlights a critical hotspot for
reduction efforts.



o **Material Impact:** Raw materials and pre-processing are the second largest
contributor (approximately 19.5%), emphasizing the importance of sustainable
sourcing and material selection.

**Manufacturing Emissions:** The manufacturing process, particularly the
reliance on grid electricity for the non-renewable portion, represents a notable
share (approximately 16.7%). Increasing renewable energy usage beyond 60%
would directly reduce these emissions.

**Logistics Efficiency:** While transport emissions are comparatively smaller,
optimizing routes, modes (e.qg., shifting from air freight if applicable, or
optimizing road freight load factors), and distances remains important for a
holistic approach.

**End-of-Life Considerations:** Even with a high recyclability percentage, the EoL
phase still contributes to emissions, primarily from the energy-intensive recycling
processes and the portion sent to landfill. Strengthening circular economy
initiatives and designing for easier, less energy-intensive recycling could reduce
this impact.

o]

o]

o]

Reliability and Limitations:

The reliability of this PCF analysis is high due to the use of specific BOM data and
adherence to the GHG Protocol. However, certain limitations and assumptions should
be noted:

o **Emission Factor Specificity:** While industry-standard emission factors were
used (e.q., for electricity grid mix, transport), more granular, supplier-specific
data for all upstream processes would enhance accuracy further.

**Placeholder Data:** Transport mode/distance, energy usage parameters, and
EoL scenarios were based on provided generic descriptions and reasonable
assumptions (e.g., \'Select Mode\' interpreted as Ocean Freight and Road Freight,
\'Delivery Type\' as Road Freight LCV). Real-world operational data would refine
these.

**LSR Standard Application:** Full, granular application of the 2026 LSR Standard
would require detailed data on land use changes associated with raw material
sourcing, which was beyond the scope of this general PCF based on aggregated
BOM emission factors.

**Circular Economy Quantification:** While circular programs are noted, the
direct emission reduction/credit from the 20% return rate was not explicitly
quantified without more detailed program data.

o

o]

o]

Recommendations for Emission Reduction:

1. ¥*QOptimize Use Phase Energy Efficiency:** Focus on product design for lower
energy consumption during the 5-year lifespan. This could involve using more
energy-efficient components or offering smart energy management features.

2. ¥*Enhance Renewable Energy Sourcing:** Increase the percentage of renewable
energy used in manufacturing operations beyond the current 60% to further
reduce Scope 2 emissions.



3. **Sustainable Material Innovation:** Investigate alternative, lower-carbon
materials for the product casing and other components. Collaborate with
suppliers to understand and reduce the embodied carbon of purchased goods.

4. **Refine End-of-Life Strategies:** Explore opportunities to increase the actual
recycling rate and reduce the energy intensity of recycling processes. Fully
quantify the impact of the circular/take-back program.

5. **Supplier Engagement:** Engage with upstream suppliers to gather more
specific, primary data for their operations and encourage their own emission
reduction initiatives.

This report serves as a foundational assessment for jytpqvsgpw to understand the
carbon footprint of uvthdpvuzu and identify strategic areas for environmental
performance improvement.
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