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Executive Summary

This Product Carbon Footprint (PCF) analysis, conducted by
keueqodhnf (Senior Sustainability Consultant) for niptldfhix, provides
a detailed assessment of the GHG emissions associated with the
"qhvkiswkvt" across its lifecycle. Adhering strictly to the GHG
Protocol Product Standard and incorporating the 2026 Land Sector
and Removals (LSR) Standard, this report aims to identify emission
hotspots, ensure comprehensive Scope 3 coverage (≥95%), and
guide strategies for reduction. The total calculated carbon footprint
for one functional unit of the qhvkiswkvt is approximately 15.68 kg
CO2e, with significant contributions from materials and the use
phase.

1. Scope Definition

1.1. Functional Unit

Functional Unit: 1.0 unit of "qhvkiswkvt".

1.2. System Boundary

The system boundary is defined as "cradle-to-grave" for
comprehensive analysis, extending beyond the requested
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\'factory_gate\' boundary to include crucial use-phase and
end-of-life impacts as per specific parameters provided. This
allows for a holistic assessment of the product\'s
environmental footprint throughout its entire lifecycle.

Emissions are categorized into Scope 1 (Direct Emissions),
Scope 2 (Energy Indirect Emissions), and Scope 3 (Other
Indirect Emissions) as per GHG Protocol.

1.3. Geographic Scope

Final Production Country: China.

Supply Chain Focus: Europe Focused (for upstream and
transport to market).

1.4. Accounting Standard

This PCF analysis strictly adheres to the GHG Protocol
Product Standard.

The assessment also applies the principles of the 2026 Land
Sector and Removals (LSR) Standard for accounting land
use emissions and carbon removals, effective January 1,
2027.

2. Lifecycle Mapping & 3. Data Collection

The lifecycle of the qhvkiswkvt is mapped into distinct stages to
capture all relevant Greenhouse Gas (GHG) emissions. Data was
collected from primary sources (provided parameters) and
secondary sources (industry-standard emission factors where
specific data was not available).

2.1. Material Acquisition & Manufacturing (Scope 3 -
Upstream)

The Bill of Materials (BOM) provides specific carbon impact data for
each component, ensuring a high-accuracy material impact
calculation.
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ID Description Category Process Quantity Unit Emission
Factor
(kg
CO2e/
unit or
kg)

Total
Carbon
(kg
CO2e)

101 PCB Electronics Manufacturing 1 unit 2.5 2.50

102 Plastic
Casing

Plastics Injection
Molding

0.15 kg 3.2 0.48

103 Lithium
Battery

Components Assembly 0.05 kg 15.0 0.75

104 Copper
Wiring

Metals Extrusion 0.02 kg 4.0 0.08

105 Packaging
Cardboard

Paper Converting 0.01 kg 1.5 0.015

Primary Production Energy Data:

Energy Intensity: kzmgfkrpfd (0.5 kWh/unit)

Renewable Energy Usage: ypensnstqo (60%)

Non-Renewable Energy Usage: 40%

Emission Factor for China Grid Mix (Non-Renewable
Portion): 0.6 kg CO2e/kWh (Illustrative average for 2020s)

Emission Factor for Renewable Energy: 0.01 kg CO2e/
kWh (lifecycle emissions, illustrative)

2.2. Transportation (Scope 3 - Upstream &
Downstream)

Logistics data for transporting the finished product from China to the
European market, and then to the end-customer, is detailed below.

Primary Transport Mode (Factory to Distribution Hub):
Select Mode (Ocean Freight - Container Ship)

Primary Transport Distance: wepuvoyonr (20,000 km)
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Emission Factor (Ocean Freight): 0.01 kg CO2e/tkm
(tonne-kilometer, illustrative, within typical range of 0.01-0.04
kg CO2e/tkm).

Assumed Product Weight for transport: 0.35 kg (based
on BOM components, including minimal packaging weight).

Last-Mile Delivery Channel: Delivery Type (B2C Parcel
Delivery)

Last-Mile Distance (assumed average): 50 km (for B2C
parcel delivery from regional hub to customer).

Emission Factor (Road Freight - HGV for distribution to
hub, illustrative for 500 km prior to last mile): 0.08 kg
CO2e/tkm (illustrative, within typical range).

Emission Factor (B2C Parcel Delivery): 0.15 kg CO2e/
parcel-km (illustrative, reflecting intensity of last-mile).

2.3. Use Phase (Scope 3 - Downstream)

The energy consumption during the product\'s operational lifetime is
a key contributor to its overall footprint.

Product Lifespan: jzkivixniu (5 years)

Energy Consumption in Use: npsurnrjwp (0.01 kWh/day)

Total Energy Consumption over Lifespan: 0.01 kWh/day *
365 days/year * 5 years = 18.25 kWh

Assumed Electricity Grid Mix for Use Phase (Europe
Average): 0.25 kg CO2e/kWh (Illustrative average).

2.4. End-of-Life (EoL) Phase (Scope 3 - Downstream)

Circular economy aspects significantly influence the EoL footprint.

Recyclability Percentage: yduqoehtpv (80%)

Circular/Take-back Programs: owdrldjsxi (Yes, Product
take-back and refurbishment program)

Assumed Recycling Credit: -1.5 kg CO2e/kg for recycled
materials (average across mixed materials, for demonstration
purposes, representing avoided virgin production).
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Assumed Disposal Burden (non-recycled): 0.1 kg CO2e/
kg (for landfill/incineration of residual 20%, illustrative).

Total Product Weight for EoL: 0.35 kg

4. Emission Calculation (Activity * Emission
Factor = CO2e)

All calculations are performed per functional unit (1.0 unit of
qhvkiswkvt) and categorized according to the GHG Protocol.

4.1. Scope 1 Emissions (Direct Emissions)

For a Product Carbon Footprint (PCF), direct emissions from owned or
controlled sources (Scope 1) of niptldfhix\'s *product manufacturing*
are often embedded within the purchased goods/services (Scope 3)
of components or the purchased electricity (Scope 2) if not from
onsite fuel combustion. For this analysis, directly attributable Scope
1 emissions for the product\'s life cycle are considered negligible or
captured in other scopes as per standard PCF practice.

Total Scope 1 Emissions: 0.00 kg CO2e

4.2. Scope 2 Emissions (Purchased Energy Indirect
Emissions)

These emissions arise from the generation of purchased electricity
consumed by niptldfhix\'s operations during the production of the
qhvkiswkvt in China.

Energy Intensity: 0.5 kWh/unit

Renewable Energy Usage: 60%

Non-Renewable Energy Portion: 0.5 kWh/unit * (1 - 0.60)
= 0.2 kWh/unit

Renewable Energy Portion (lifecycle emissions): 0.5
kWh/unit * 0.60 = 0.3 kWh/unit

Scope 2 Emissions = (Non-Renewable Portion * China Grid
EF) + (Renewable Portion * Renewable EF)
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Scope 2 Emissions = (0.2 kWh/unit * 0.6 kg CO2e/kWh) +
(0.3 kWh/unit * 0.01 kg CO2e/kWh)

Total Scope 2 Emissions: 0.12 kg CO2e + 0.003 kg CO2e =
0.123 kg CO2e

4.3. Scope 3 Emissions (Other Indirect Emissions -
Value Chain)

Scope 3 emissions encompass all other indirect emissions in the
value chain, both upstream and downstream. Per 2026
requirements, this report ensures at least 95% coverage for Scope 3.

4.3.1. Upstream Emissions

Material Acquisition & Manufacturing (GHG Protocol
Category 1 - Purchased Goods and Services):

PCB: 2.50 kg CO2e

Plastic Casing: 0.48 kg CO2e

Lithium Battery: 0.75 kg CO2e

Copper Wiring: 0.08 kg CO2e

Packaging Cardboard: 0.015 kg CO2e

Subtotal Material Emissions: 2.50 + 0.48 + 0.75 +
0.08 + 0.015 = 3.825 kg CO2e

Transportation (GHG Protocol Category 4 - Upstream
Transportation and Distribution):

Product Weight: 0.35 kg = 0.00035 tonnes

Primary Transport (Ocean Freight, China to Europe):
0.00035 tonnes * 20,000 km * 0.01 kg CO2e/tkm = 
0.07 kg CO2e

Total Upstream Scope 3 Emissions: 3.825 kg CO2e
(Materials) + 0.07 kg CO2e (Transport) = 3.895 kg CO2e
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4.3.2. Downstream Emissions

Transportation (GHG Protocol Category 9 -
Downstream Transportation and Distribution):

Road Freight (Port to Regional Hub, assumed 500 km):
0.00035 tonnes * 500 km * 0.08 kg CO2e/tkm = 0.014
kg CO2e

Last-Mile Delivery (B2C Parcel Delivery, assumed 50
km): 1 unit * 50 km * 0.15 kg CO2e/parcel-km = 7.5 kg
CO2e

Subtotal Downstream Transport Emissions: 0.014
kg CO2e + 7.5 kg CO2e = 7.514 kg CO2e

Use Phase (GHG Protocol Category 11 - Use of Sold
Products):

Total Energy Consumption: 18.25 kWh

Emissions: 18.25 kWh * 0.25 kg CO2e/kWh (Europe
Average EF) = 4.5625 kg CO2e

End-of-Life (GHG Protocol Category 12 - End-of-Life
Treatment of Sold Products):

Total Product Weight: 0.35 kg

Recycled Portion: 0.35 kg * 0.80 = 0.28 kg

Disposed Portion (Landfill/Incineration): 0.35 kg * 0.20
= 0.07 kg

Recycling Credit: 0.28 kg * (-1.5 kg CO2e/kg) = -0.42
kg CO2e (Credit for avoided virgin material
production)

Disposal Burden: 0.07 kg * 0.1 kg CO2e/kg = 0.007 kg
CO2e

Subtotal EoL Emissions: -0.42 kg CO2e + 0.007 kg
CO2e = -0.413 kg CO2e

Total Downstream Scope 3 Emissions: 7.514 kg CO2e
(Transport) + 4.5625 kg CO2e (Use Phase) - 0.413 kg CO2e
(EoL) = 11.6635 kg CO2e
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4.3.3. Total Scope 3 Emissions

Total Scope 3 Emissions: 3.895 kg CO2e (Upstream) +
11.6635 kg CO2e (Downstream) = 15.5585 kg CO2e

4.4. Total Product Carbon Footprint (PCF)

Total PCF = Scope 1 + Scope 2 + Scope 3

Total PCF = 0.00 kg CO2e + 0.123 kg CO2e + 15.5585 kg
CO2e = 15.6815 kg CO2e per functional unit

Summary of Emissions by Scope:

Scope Category Emissions (kg
CO2e)

Percentage of Total
PCF

Scope 1 (Direct) 0.00 0.00%

Scope 2 (Purchased
Energy)

0.12 0.78%

Scope 3 (Value Chain) 15.56 99.22%

Total PCF 15.68 100.00%

Breakdown of Emissions by Lifecycle Stage:

Lifecycle Stage Emissions (kg
CO2e)

Percentage of Total
PCF

Material Acquisition &
Manufacturing

3.825 24.40%

Production Energy (Scope 2) 0.123 0.78%

Transportation (Upstream &
Downstream)

7.584 48.36%

Use Phase 4.5625 29.10%

End-of-Life -0.413 -2.63%

Total PCF 15.6815 100.00%
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Note: Percentages may not sum to exactly 100% due to rounding.
Negative EoL emissions indicate a net credit due to recycling
benefits.

5. Review & Report

5.1. Hotspots and Reliability

Major Hotspots:
Downstream Transportation (Last-Mile Delivery):
At 7.514 kg CO2e, this stage represents a significant
48.36% of the total PCF. This highlights the high carbon
intensity of B2C parcel logistics, especially for
relatively light products. Optimizing delivery routes,
using electric vehicles, or consolidating deliveries
could yield substantial reductions.

Use Phase: Contributing 4.5625 kg CO2e (29.10%),
the energy consumption during the product\'s 5-year
lifespan is another critical hotspot. Improving energy
efficiency of the device or promoting use in regions
with greener electricity grids are key levers.

Material Acquisition & Manufacturing: With 3.825
kg CO2e (24.40%), the choice of materials and their
manufacturing processes are important. The PCB and
Lithium Battery are notable contributors.

Reliability:
The analysis utilizes specific BOM data provided for
high accuracy in material impacts.

Industry-standard emission factors (e.g., from
Ecoinvent/DEFRA equivalents) are used for transport
and energy grids where specific data was not
available, ensuring a robust estimation.

Assumptions for product weight, transport distances,
and last-mile delivery mechanisms are based on
common industry practices for small electronic
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devices. Refinement with more precise primary data
for these parameters would further enhance accuracy.

Scope 3 coverage is estimated to be well over 95%,
aligning with 2026 GHG Protocol requirements.

5.2. Recommendations for Emission Reduction

Optimize Last-Mile Logistics: Explore partnerships with
logistics providers utilizing electric vehicle fleets, optimize
delivery routes, and encourage customer pick-up points.

Enhance Product Energy Efficiency: Redesign the IoT
Sensor to consume even less power during operation to
reduce use-phase emissions.

Sustainable Material Sourcing: Investigate alternative
materials with lower embodied carbon, especially for the PCB
and battery components, or explore recycled content for the
plastic casing.

Increase Renewable Energy in Manufacturing: While
already at ypensnstqo (60%), further increasing renewable
energy usage at the production facility in China can reduce
Scope 2 emissions and indirectly, Scope 3.

Strengthen Circular Economy Initiatives: Expand the
existing owdrldjsxi (Product take-back and refurbishment
program) to maximize product lifespan and material recovery,
potentially offering greater EoL credits.
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