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Abstract: In this study, we analyzed the CO2 emissions of online music and video streaming services,
as one of the digital contents, in Japan using life cycle assessment. As a system boundary of online
music and video streaming, processes such as data center construction and server manufacturing,
usage of communication networks and internet communication technology devices (personal com-
puters (PCs) and smartphones), and disposal of data centers and servers were considered. Data were
collected using statistical and online surveys, and CO2 emissions per 1 MB of communication volume
were calculated. One of the results revealed that the lifecycle CO2 emissions of listening to online
music using PCs and smartphones were 5.88 × 10−4 and 1.43 × 10−4 kg-CO2/MB, respectively. The
overall CO2 emissions for domestic music and video streaming services in 2019 was 921 thousand
t-CO2. Online video streaming accounted for 87.7% of the total emissions, which corresponded to
approximately 0.23% of domestic CO2 emissions derived from electric power generation.

Keywords: life cycle assessment (LCA); internet communication technology (ICT); streaming;
music; videos

1. Introduction

According to the Paris Agreement, adopted at COP21 (21st Conference of the Parties)
in 2015, all countries should limit the increase in the global average temperature to well
below 2 ◦C above the pre-industrial levels and to 1.5 ◦C higher [1]. Based on this agreement,
Japan set a goal for “carbon neutrality” to reduce greenhouse gas (GHG) emissions to
neutrally zero by 2050 [2]. To achieve, the Japanese government has been promoting
research and development to change the industrial structure and economic society of
Japan. This includes innovation in information technology, represented by “Society 5.0”,
which was advocated by the national government in 2016 [3]. Society 5.0 was defined as a
“human-centered society that achieves both economic development and resolution of social
issues through a system that highly integrates cyber space and physical space” [3]. This
initiative is expected to reduce GHG emissions by utilizing information and communication
technology (ICT). The usage of ICT equipment and infrastructure, represented by personal
computers (PCs) and smartphones, is expected to reduce CO2 emissions by streamlining
energy use and production and consumption of goods. Examples of CO2 emissions
reduction using ICT are adaptation in the household electricity sector [4] and the spread of
mobile phones in developing countries [5].

Although ICT offers convenience, the increase in power consumption due to progress
made in ICT cannot be ignored. According to the estimates made by the Center for
Low Carbon Society Strategy, Japanese Science and Technology Agency [6], the domestic
power consumption of ICT equipment in 2006 was approximately 43 billion kWh, and
was estimated to increase to approximately 55 billion kWh. This power consumption was
also projected to increase to approximately 1480 billion kWh by 2030 [6]. The forecast for
2025 was equivalent to approximately 20% of the total domestic power generation. This
report also indicated that the power consumption by domestic data centers accounted
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for 1% of the annual domestic power consumption in 2015 [6]. Thus, ICT-related energy
conservation has become an urgent issue to address.

ICT provides various services, and this study focused on online music and video
streaming. In recent years, a lifestyle of listening and/or watching music and video
streamed from the internet worldwide on PCs and smartphones has been established.
According to the Japanese Ministry of Economy, Trade, and Industry [7], the total domestic
digital content market in 2018 was USD 97,410 million, of which, online music and videos
accounted for 8% and 33%, respectively. By 2023, the digital content market is projected to
reach USD 103,678 million [7].

Lifestyle changes accompanied by convenience may be appealing; however, an in-
crease in environmental impact due to such lifestyle changes may not be desirable for a
sustainable society. To avoid this, the environmental impact of ICT should be understood
such that its promotion can suppress the environmental impact. In this study, we aimed to
examine CO2 emissions associated with online music and video streaming using life cycle
assessment (LCA).

There are a wide range of fields related to ICT, and many studies have examined
the environmental impact of ICT from an environmental aspect; smart cities [8–10], smart
homes and buildings [11–14], transportation [15–18], teleworking [19–21], and ICT equip-
ment [22–24]. In the field regarding consumer experiments, Matsuno et al. [25] compared
CO2 emissions from listening to music through Compact Disc (CDs) and online streaming.
Buonocore [26] compared the environmental impacts of packaged and digital versions
of video games in the United States of America. Shehabi et al. [27] and Hochschorner
et al. [28] analyzed the GHG emissions of online video streaming in the United States of
America and Sweden, respectively. Pohl et al. [29] reviewed the implementation of LCA for
various ICT-related services. This study focused on online music and video streaming in
Japan and examined CO2 emissions through the entire life cycle, including the construction
of data centers, usage of communication networks, listening and/or watching by the users,
and disposal of the date center. In particular, CO2 emissions were estimated based on the
type of streaming and ICT equipment used by the users for listening and/or watching
through online streaming. In this study, the impact of CO2 emissions from online music
and video streaming at the national level was examined.

2. Materials and Methods
2.1. Domestic Market of Music and Videos Streaming

The purchase of CDs and online music streaming is a popular way of listening to
music in Japan. CDs, introduced in 1982, have been a mainstream form of music listening
for a long time. However, online music streaming, which began in 1999, has shifted the
mainstream music market globally to online streaming. The sales from online music stream-
ing in 2019 reached 11.14 billion USD, accounting for 56.1% of global music sales [30]. The
United States of America leads the global music market, followed by Japan. In the United
States of America, sales from online music streaming have been higher than physical sales.
However, in Japan, CDs have been the bestsellers because of the custom of preferring the
possession of goods, especially by the elderly, with the Japanese business practice prioritiz-
ing the sales of CDs. In 2019, the Japanese music market was approximately JPY 300 million
(USD 2.87 million as per the exchange rate on 11 February 2021, 1 JPY = 0.0096 USD), of
which approximately 75% were from physical sales [31]. However, physical sales have
been annually declining in Japan because of the emerging online music streaming. The
proportions of physical sales and online music streaming in the domestic music market
were 84.4% and 15.6% in 2015, which changed to 76.5% and 23.5% in 2019, respectively [31].
This shows that the proportion of online music streaming may continue to increase in the
future as well.

According to a survey conducted by ICT Research and Consulting Inc. of Tokyo,
Japan [32], 21.6 million users streamed music by the end of 2019, with 11.4 million sub-
scribers and 10.2 million free users. By the end of 2023, the number of users was expected
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to increase to 29.3 million [32]. Another survey indicated that the top two pieces of ICT
equipment for listening to subscribed music streaming in 2020 were smartphones (87.8% of
respondents) and PCs (55.2% of respondents). PCs included desktops and laptops [32].

Similar to the music market, video home systems (VHSs) and digital versatile discs
(DVDs) once formed the mainstream video market. According to the Japanese Video Soft-
ware Association [33], the domestic subscription-based video market equaled JPY 59.7 bil-
lion (USD 0.57 billion) in 2013, which expanded to JPY 240.4 billion (USD 2.30 billion) in
2019, equivalent to 42% of the total video software market in 2019. The number of video
streaming users also increased. According to a survey conducted by ICT Research and
Consulting Inc. [32], the number of online video streaming users was 8.9 million by the end
of 2016, which increased to up to 17.1 million by the end of 2019. Nielsen Global Media
of Tokyo, Japan [34] reported the number of users that accessed the top five domestic free
video streaming services (YouTube, GYAO!, Abema TV, Nico Bouncier Video, and Tver) via
smartphones and found that the number of users reached 39.75 and 48.86 million by the
end of 2017 and 2019, respectively. Similar to online music streaming, the top two pieces of
ICT equipment utilized for subscription based video streaming in 2019 were smartphones
(64.0% respondents) and PCs (61.0% respondents), where the latter included desktops and
laptops [35].

2.2. LCA of Music and Videos Streaming

LCA is implemented in compliance with ISO14040:2006. Goal of this study is to
clarify life cycle CO2 emissions of online music and videos streaming. In this study, CO2
emissions per 1 MB of communication volume associated with listening and/or watching
domestic online music and videos were estimated for 2019. Figure 1 shows the system
boundary as the scope of this study. This study focused on three processes, construction
and manufacturing, usage, and disposal. In this study, a life cycle inventory study was
conducted based on this goal. The inventory data required for each process to calculate
CO2 emissions were collected in the next section.
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Figure 1. System boundary.

As data centers are present in Japan as well as overseas, understanding the construc-
tion and usage status of overseas data centers was necessary. However, information such
as country-wise listing of data centers that store music and/or videos for online listening
and/or watching is confidential, including the information about the per-company storage
capacity of music and/or videos. Therefore, online music and/or video streaming services
used in Japan were assumed to be distributed from a data center in Japan. Additionally,
the ICT equipment items used by the users for listening and/or watching video streaming
were assumed to be PCs and smartphones in this study, because of their frequent use for
the aforementioned online music and/or video streaming in Japan.

2.3. Inventory Analysis
2.3.1. Construction and Manufacturing Process

Table 1 shows the data utilized during the construction and manufacturing processes.
CO2 emissions derived from the construction of the data centers were calculated by multi-
plying the construction cost by CO2 emission intensity, which was subsequently divided
by the legally decided service lifetime to obtain CO2 emissions per year. CO2 emissions
derived from server manufacturing were calculated by multiplying the weight of the server
rack by CO2 emission intensity, which was subsequently divided by the legally decided
service lifetime to obtain CO2 emissions per year. Results obtained from these calculations
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were divided by the average number of racks present in the data center and storage ca-
pacity to estimate CO2 emission per 1 MB of communication volume associated with the
construction of the data center and manufacturing of the server.

Table 1. Utilized data for construction and manufacture process.

Item Unit Source

Data center

Construction cost 15.80 × 109 JPY/facility [36]

Legally decided service lifetime 50 Years [37]

CO2 emission intensity for
constructing data center 0.30 × 10−3 kg-CO2/JPY/facility [38]

Average quantity of server rack
per data center 1300 units/facility [36]

Servers

Weight of 30 U server rack 121 kg/units
Adopted basing on

information of servers
manufactures and suppliers

Legally decided service lifetime 4 Years [37]

CO2 emission intensity for
manufacturing servers 143 kg-CO2/kg/units [39]

Storage capacity per 1U 36 × 106 MB/U Adopted basing on
information of servers

manufactures and suppliers
U size per server rack 30 U/units
Storage capacity 1080 × 106 MB/units

To perform these calculations, necessary data were collected through literature and
online surveys, shown in the tables. In this study, server racks were assumed to consist of 12
server units, with one server unit having 36 TB of storage based on the information of server
manufactures and suppliers (Server Rack Sizes: Understanding the Differences. Available
online: https://www.racksolutions.com/news/blog/server-rack-sizes/ (accessed on 18
April 2021)). Then, U size stands for rack unit, and 1 U equals 1.75 inches (44.45 mm). In
this study, U size was set as 30 U, which represents 30 server units that are classified.

2.3.2. Usage Process

This process consisted of the usage of data center, communication networks, and
listening and/or watching by the users.

(1) Usage of data center

Table 2 shows the data utilized during data center usage. CO2 emissions derived from
the usage of the data center were calculated by multiplying the average total floor area
of the data center with CO2 emission intensity. Afterwards, this estimation was divided
by the average number of racks and storage capacity, as shown in Table 1, to obtain CO2
emissions per 1 MB of communication volume associated with the usage of the data center.

Table 2. Utilized data for usage process: usage of data center.

Item Unit Source

Average total floor area of data center 11,800 m2/facility [36]
CO2 emission intensity of data center 652 kg-CO2/m2/facility [40]

(2) Usage of communication networks

For CO2 emissions derived from the usage of communication networks, the estimate
(2.48 × 10−3 kg-CO2/MB) made by the Japanese Environmental Management Association
for Industry [41] was used. However, this was calculated based on the data of 2003.
However, CO2 emissions derived from the usage of the communication networks might

https://www.racksolutions.com/news/blog/server-rack-sizes/
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be smaller due to the energy savings by the network equipment and expansion of data
streaming volume. Therefore, using this result might overestimate the life cycle CO2
emissions. Thus, a regression analysis, with CO2 emissions and year as the explained and
explanatory variables, respectively, was conducted based on the published results for CO2
emissions from 2000 to 2003. The created equation is as follows:

lnCO2 = −1738.7lnY + 13212 (1)

where CO2: CO2 emissions derived from the usage of communication networks (kg-CO2/MB)
and Y: year.

The correlation coefficient of the regression equation was 0.99. Therefore, this equation
showed that the fit was good. CO2 emission intensity in 2019 was estimated using this
equation.

(3) Listening and/or watching through online streaming by the users

Table 3 shows the data utilized by the users for listening and/or watching through on-
line streaming. CO2 emissions derived from this were calculated by multiplying the power
consumption of the PCs or smartphones, annual usage time of video and/or music stream-
ing, and CO2 emission intensity. The power consumption of the PCs was collected from
kakaku.com [42], which listed the best-selling home appliances and power consumption of
30 popular desktops and laptops as of January 2021. Afterward, a median of 25% power
consumption was integrated. The power consumption of the combination of desktops and
laptops was calculated using the ratio of domestic shipments of desktops and laptops in
2020 [43]. In contrast to PCs, very little information is available on the power consumption
by smartphones. Therefore, the data published by Smil [44] was adopted. CO2 emission
per 1 MB of communication volume was calculated by multiplying CO2 emissions with
the annual average usage time and communication volume per hour. The annual usage
time and amount of communication volume related to listening and/or watching were
calculated based on the report of ICT Research and Consulting Inc. [32] and streaming
services, such as Apple Music and LINE Music.

Table 3. Utilized data for usage process: listening and/or watching streaming by users.

Item Unit Source

Power consumption of PCs (median) 6.87 × 10−2 kWh Adopted based on
information of PCs
manufactures and suppliers

Power consumption of PCs (25% percentile) 4.79 × 10−2 kWh
Power consumption of PCs (75% percentile) 1.28 × 10−1 kWh

Power consumption of smartphones 4.57 × 10−4 kWh [44]

CO2 emission intensity of electricity in 2019 4.70 × 10−1 kg-CO2/kWh [45]

Annual average usage time: music
streaming/subscription 730 h

Calculated based on
information of [32] and music
and video streaming suppliers

Annual average usage time: music
streaming/free 100 h

Annual average usage time: videos
streaming/subscription 124 h

Annual average usage time: videos
streaming/free 100 h

Communication volume: music
streaming/subscription 72 MB/h

Communication volume: music streaming/free 72 MB/h

Communication volume: videos
streaming/subscription 1900 MB/h

Communication volume: videos streaming free 1000 MB/h
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The load on PCs and smartphones and power consumption changes depended on the
task being performed, such as listening to music, watching videos, and/or multitasking.
However, in this study, such changes in power consumption were not considered, because
measuring power consumption for these is difficult.

2.3.3. Disposal Process

Table 4 shows the data utilized during the disposal process. CO2 emissions derived
from the disposal of the data center and server were calculated by multiplying the con-
struction cost of the data center and server weight, shown in Table 1, with CO2 emission
intensity and legally decided service lifetime. CO2 emissions per 1 MB of communication
volume were calculated using the average number of server racks in the data center and
storage capacity.

Table 4. Utilized data for dispose process.

Item Unit Source

Data center CO2 emission intensity
for disposal 341 t-CO2/million

JPY/facility [38]

Servers CO2 emission intensity
for disposal 1.03 × 10−7 kg-CO2/kg/unit [39]

2.3.4. Estimation of Life Cycle CO2 Emissions

The life cycle CO2 emissions per 1 MB of communication volume were calculated by
adding CO2 emissions obtained for each process. This obtained value was multiplied by
the number of subscribed and free users of music and video streaming to provide domestic
CO2 emissions derived from online music and video streaming in 2019 ([32,34]). The future
projection of CO2 emissions by 2025 was also estimated using the future projection of
users obtained by conducting regression analysis on the past and present numbers of the
users ([34,35]).

3. Results and Discussion
3.1. Life Cycle CO2 Emission per Communication Volume

Table 5 shows the results of CO2 emissions for each process. The results for listening
and/or watching music and video streaming were displayed by classifying ICT equipment
and type of streaming. The result revealed that when listening and/or watching music
streaming from PCs had the biggest CO2 emission out of all the processes. In contrast,
video streaming from smartphones had the least CO2 emission out of all the processes.

Table 5. CO2 emission of each process.

Process Sub Process CO2 Emission

Construction and manufacture Construction of data center and manufacture of servers 4.09 × 10−6

Usage

Data center 5.48 × 10−6

Communication network 5.35 × 10−5

Listening and/or watching streaming by users
-PCs: music screaming/subscription and free 4.49 × 10−4

-PCs: video streaming/subscription 1.70 × 10−5

-PCs: video streaming/free 3.23 × 10−5

-Smartphones: music screaming/subscription and free 2.98 × 10−6

-Smartphones: video streaming/subscription 1.13 × 10−7

-Smartphones: video streaming/free 2.15 × 10−7

Dispose Dispose of data center and servers 7.68 × 10−5

Unit: kg-CO2/MB.
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Table 6 shows the results of life cycle CO2 emissions. Each life cycle, CO2 emissions
were calculated by adding the CO2 emissions of each piece of ICT equipment and type of
streaming and other CO2 emission results. Comparison between ICT equipment showed
that CO2 emissions from listening to music through online streaming from PCs was
approximately 4.1 times higher than that from smartphones. Although CO2 emissions from
PCs were also high for video streaming, the difference was only 1.1 to 1.2 times. This was
because of the significantly large communication volume (see Table 3) of videos compared
to music. Thus, CO2 emissions derived from watching videos through online streaming
was relatively small compared to 1 MB of communication volume.

Table 6. Life cycle CO2 emission.

PCs: music screaming/subscription and free 5.88 × 10−4

PCs: video streaming/subscription 1.57 × 10−4

PCs: video streaming/free 1.72 × 10−4

Smartphones: music screaming/subscription and free 1.43 × 10−4

Smartphones: video streaming/subscription 1.40 × 10−4

Smartphones: video streaming/free 1.40 × 10−4

Unit: kg-CO2/MB.

In this study, the median power consumption of PCs was considered. When the power
consumptions of 25 and 74 percentiles were considered, CO2 emissions for music streaming
varied from 23% to 66%. For video streaming, the variation was from 3% to 9% and 6% to
16% for subscribed and free users, respectively.

3.2. CO2 Emissions Derived from Japanese Music and Videos Streaming in 2019

Based on the above-mentioned results, another estimation revealed that CO2 emissions
from online music and video streaming in 2019 was approximately 922 thousand t-CO2. The
ratio of the CO2 emissions of videos and music accounted for 87.7% and 12.3%, respectively.

The validity of this result was confirmed in this study. CO2 emissions from domestic
commercial power generation in 2019 were 432 million t-CO2, with the above result corre-
sponding to 0.23% of this estimate [46]. According to the Center for Low Carbon Social
Strategy of the Japanese Science and Technology Agency [6], the domestic power consump-
tion for the data centers is equivalent to 1% of the annual domestic power consumption.
Furthermore, business and consumer usages accounted for 18% and 82%, respectively, of
global traffic in 2017 [47]. Online music and video streaming accounted for 32.1% of the
domestic digital content market in 2018 [48]. Based on this information, 82% of commu-
nication volume used in the domestic data centers was assumed to be consumer usage.
The data traffic for consumer usage was also assumed to be mainly from digital content.
Based on these assumptions, the domestic power consumption derived from online music
and video streaming in the data centers was estimated to be 0.26%. Therefore, 0.23%, as
the ratio of CO2 emissions, might be reasonable if approximately 93% of domestic CO2
emissions are derived from energy generation [46].

3.3. Future Projection of CO2 Emissions Derived from Japanese Music and Videos Streaming

Figure 2 shows the future of domestic CO2 emissions derived from online music and
video streaming from 2019 to 2025. If the current trend continues until 2025, the number of
users for online music streaming will increase from 21.60 million in 2019 to 32.54 million in
2025. Similarly, online video streaming users will increase from 65.96 million in 2019 to
106.62 million in 2025. As a result, CO2 emissions might reach up to 1545 thousand t-CO2
in 2025.
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Figure 2. Future projection of CO2 emission derived from music and videos streaming in Japan.

CO2 emissions associated with online music and video streaming may become non-
negligible in future. Therefore, it is necessary to take measures to address CO2 emissions
from online music and video streaming. OECD [49] defines Green ICT in the narrow
sense as referring to ICTs with low environmental burdens, and using ICT as an enabler
reduces environmental impacts across the economy outside of the ICT sector. The Green
ICT activities include not only smart buildings and smart grids, but also teleworking, video
conferencing, and e-commerce [50]. Higón et al. [5] indicate that the CO2 emissions and
ICT index that consists of ICT development, ICT readiness, and ICT use and intensity leads
to a U-shaped relationship. Based on such a claim, technology innovation and promoting
Green ICTs in online music and videos streaming services requires the improvement of
the energy efficiencies of ICT equipment. At the same time, education is necessary to the
general public to give them the understanding necessary to make changes [51].

4. Conclusions

In this study, the CO2 emissions of Japanese online music and video streaming in 2019
were estimated using the LCA. The system boundary consisted of processes related to data
center construction and server manufacturing, listening to and/or watching by the users,
and data center and server disposal. Life cycle CO2 emission per 1 MB of communication
volume was calculated in this study. In particular, it was found that ICT equipment, such
as PCs and smartphones, was used for listening and/or watching music and/or videos,
and different streaming types were used, such as subscription-based or free. Based on these
scenarios, the life cycle CO2 emissions based on ICT equipment and type of streaming
were estimated. It was found that listening and/or watching by the users resulted in the
highest CO2 emissions among all the processes. Life cycle CO2 emissions from online music
streaming through PCs and smartphones were 5.88 × 10−4 and 1.43 × 10−4 kg-CO2/MB,
respectively. For online music streaming, CO2 emissions from PCs were approximately 4.1
times higher than those for smartphones. The overall CO2 emissions from Japanese online
music and video streaming in 2019 were approximately 922 thousand t-CO2. The ratio
of the CO2 emissions of music and videos accounted for 12.3% and 87.7%, respectively.
The ratio of CO2 emissions from online music and video streaming to those from domestic
energy generation was 0.21%. With an increase in users, CO2 emissions may increase to up
to 1545 thousand t-CO2 in 2025.

Japan should actively engage in technological innovation, as it is an important aspect,
and was included in Japan’s science and technology policy “Society 5.0”. Although its
importance from an environmental perspective has been discussed, the results obtained
in this study revealed that CO2 emissions should not be ignored. When promoting ICT,
it is necessary to not only pursue convenience, but also simultaneously evaluate the
environmental impacts. Røpke and Christensen [52] indicated that ICTs have great potential
for reducing energy consumption, but this realization depends upon wider economic
and political conditions. The national government should assess the ways to reduce
environmental impact by promoting ICT. In addition, consumers should also be aware
of not only the convenience associated with online music and video streaming, but also
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the associated environmental perspective. In future, efforts to reduce the environmental
impacts derived from the ICTs should be examined using LCA.
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