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[Abstract]

Digital content, a key component of modern digital trade, involves energy use and carbon emissions across the life cycle of
production, delivery, and consumption. This study performed a gate-to-gate life cycle assessment (LCA) to quantify the carbon
footprint of streaming a 100-minute full high-definition (HD) digital film. The analysis estimated emissions at approximately 1.146

kgCO, eq per viewing, with data center operations and content production being the primary contributors. Based on this,
reduction strategies such as renewable energy in production, improved transmission efficiency, and user behavior change are
proposed. These findings clarify the environmental impact of digital content and support the integration of sustainability in digital
trade discussions. The results provide an empirical basis for comparing the environmental performance of digital goods and inform

policy on frameworks, aiming at carbon reduction in cross-border digital services.
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Table 1. Digitally deliverable services[8]
Code Service Description Dgliisiet?ellgle

SA Manufacturing services on input owned by

others

SB | Maintenance and repair services n.i.e.

SC | Transport services

SD | Travel

SE | Construction

SF | Insurance and pension services (6]

SG | Financial services 0]

SH | Charges for the use of intellectual property (0]

SI1 | Telecommunication services 0
Sl2 | Computer services 0
SI3 | Information services 0
SJ1 | Research and development services (0]
sJo zécr)\jieésessional and management consulting 0
sJ3 Technical, trade-related, and other business 0

services

SK1 | Audiovisual and related services 0]
SKo S;Pv?(r:esersonal, cultural, and recreational 0
SL | Government goods and services n.i.e.
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Fig. 1. Global exports of goods, services and digitally
deliverable services[9]
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Table 2. Carbon emission factors and characteristics by stage of digital content life cycle

Category Carbon Emission Factors Emission Characteristics and Influencing Elements
— Electricity consumption due to use of high—performance — High hourly energy intensity due to usage of CPU, GPU, and
Content equipment (e.g., video editing, rendering, music mixing) servers
Production | — Computational load from cloud—based production — Emissions increase with higher content resolution and longer
environments production durations
Content — Power consumption for operating storage devices in data — Accumulated energy use for long—term storage
Storage centgrs . — Redundant storage through CDN replication mechanisms
— Continuous storage and backup of large files
— Power consumption from operating CDN and — Significant differences in transmission volume and duration
Content L . ; .
T o communication network equipment depending on resolution (FHD, 4K)
ransmission ) o . ) S ) . !
— Real-time traffic increase during streaming — Total emissions increase with user base and usage time
— Electricity consumption of user devices (TVs, smartphones, | Emlss!on levels vary based on device efficiency and user
Content behavior
X PCs, etc.) o ) . )
Consumption — . — Emissions at the consumption stage differ depending on
— Extended viewing and repetitive use ) ; . e !
regional carbon intensity of electricity generation sources
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Table 4. Characteristics of LCA stages of digital content
LCA Stage

General Products Digital Content

Infrastructure setup
(servers, devices,
electricity)

Raw Material
Acquisition

Extraction of minerals,
wood, oil

Content creation
(filming, editing,
encoding)

Manufacturing | Component assembly
& Production | and manufacturing

Distribution & | Transport via truck, Network streaming,

Delivery ship, or airplane CDN delivery
Eneray consumbtion Content consumption
Use duringy roduct L?sa o on user devices (TV,
9P 9 smartphones, etc.)
End—of-Life Waste treatment, Deletion of digital files,

recycling, incineration device replacement
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Table 5. Functional unit and system boundary of digital
content carbon footprint

ltem Description

Content Type | Digital film

One-time streaming of a 100-minute digital

Functional Unit | =
video

— Production: Filming, editing, rendering, and
master storage

System

Boundary — Delivery: Data storage, CDN transmission,

network transmission

— Use: Device usage
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Table 6. Life cycle inventory for digital content carbon footprint
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