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Abstract

There is an ongoing discussion regarding energy consumption and carbon dioxide (CO,) emissions associated
with the information and communications technology (ICT) sector and its potential to reduce the CO, emissions
in society. In this study performed by Ericsson Research the CO, emissions of the ICT sector have been esti-
mated by combining the results from external reports with results from internal life cycle assessments of tele-
communication systems. The results show that the ICT sector was responsible for about 2 % of global direct
CO, emissions in 2007 while at the same time contributing to 7 % of the global gross domestic product (GDP).
For mobile communications, the corresponding figures are about 0.2 % and 2%, respectively. Moreover, it is
shown that ICT has the potential to reduce society’s CO, emissions by 5% - 20% in the short to medium term.

1 Introduction

The global average temperature has increased by
about 1°C in 100 years, according to a report by the
Intergovernmental Panel on Climate Change, IPCC
[1]. Recent years have seen an increasing certainty
about the cause of this observed global warming; it is
most likely related to emissions of greenhouse gases.
The most important greenhouse gas created by human
activity is carbon dioxide (CO,). It mainly comes
from incineration of fossil fuels such as coal and oil.

Four business sectors — buildings, travel, transport,
and food (for which meat production is most impor-
tant) — are responsible for the majority of global CO,
and CO, equivalent (CO,e) emissions. Building,
travel and transport are also the sectors with the larg-
est growth in emissions.

There have been a number of estimations of the CO,
emissions and energy consumption of the ICT sector
during the years. However, there has been no clear
definition of the sector and in many cases the estima-
tions have not included the manufacturing phase of
ICT related products.

2 CO,emissions from ICT sector

With the purpose to obtain fact-based data about the
CO, emissions of the ICT sector, Ericsson Research
performed a study in 2007. The ICT sector was in this
study defined as mobile telecom, fixed telecom, PC
industry and data networks. Table 1 lists the ICT sub-
sectors.

CO, References,

ICT subsector [Mton] | comments
Mobile networks, .
manufacturing and op- 34 Ericsson

. LCA
eration
Mobile phones, manu- 16 Ericsson
facturing and operation LCA
Mobile telecom 50
Fixed networks, Ericsson

. 50

operation study
User equip. operation 25 [2]

. Ericsson
Manufacturing 10 LCA
Fixed telecom 85
PC operation 134 [2]

PC manufacturing 80 [3-6]
PC industry 214

Data centres, operation 100 [7-8]
Data networks |r]cl. 24 [9]
transport, operation

Data centres and net-

works, manufacturing 30 [3]. [4]
Data networks 154

ICT total 503

Table 1: Total CO, emissions from the ICT sector
in 2005





The basic principle in this study was to use data from
available high-quality studies on individual parts of
the ICT sector together with data from Ericsson on
mobile and fixed telecommunication networks and
then extrapolate the results to get representative
global figures. Most of the data used was from 2005
and earlier. By choosing 2005 as a baseline year it
was possible to get published data from the same year
for the majority of the subsectors investigated. To get
an estimation of the CO, emissions for 2007 the re-
sults were extrapolated using aggregated numbers for
the amount of ICT equipment in 2007.

External data was used for consumer electronics in-
cluding PCs and TVs, data centres and office equip-
ment and networks [2, 8-9]. Information about num-
bers of equipment and economical figures was also
obtained from external sources [10]. Data for the mo-
bile and fixed telecommunication networks was taken
from Ericsson’s life cycle assessment (LCA) studies
and an internal telecom operator investigation, cover-
ing about 30 % of global subscribers of fixed, mobile
and broadband services. The telecom operator study
included emissions from network and end user equip-
ment operation, operators’ offices, stores and vehicle
fleets. The manufacturing phase of the ICT equipment
has also been included in this study using data from
internal as well as public LCA studies on e.g. PCs,
TVs and paper media. The goal was to follow the ho-
listic principle of LCA including as much as possible
of different sites, like cooling and power systems. So
called in-house or overhead activities, e.g. offices,
stores, travel, were also included in the study.

A sector closely related to ICT was defined as “Enter-
tainment & Media” (E&M), including for instance
TVs and TV peripherals, media on paper and discs,
audio and gaming devices, both stationary and port-
able. The E&M sector was included in the study to
compare the environmental impacts from the two re-
lated sectors. Table 2 shows the E&M subsectors.
Other E&M hardware (HW) includes audio products,
gaming consoles and a whole range of other devices,
mainly portables like cameras.

The results of CO, emissions for 2005 were compared
to total global emission figures. The world average
electricity emission factor used in this study was
0.6 kg CO,/kWh. This factor was derived from LCA
studies and it includes the fuel chain (extraction, pro-
duction and distribution) and the full life cycle of
power plants (from building to scraping).

The ICT figures presented in this study include the
whole life cycle from manufacturing to end-of-life
treatment of mobile terminals, PCs, servers and other
equipment, as well as supporting activities like re-
search and development activities, transports and ICT
operators’ offices, stores and vehicle fleets.

CO,
E&M subsector [Mton] References
TVs and TV accesso- 350 2]

ries, operation
TVs and TV accesso-
ries, manufacturing

100 | [3], [11]

Other E&M HW, opera- 110 Ericsson
tion and manufacturing LCA, [2],[9]
Paper industry and 240 [9]

printers & copiers
E&M total 800

Table 2: Total CO, emissions from the Entertain-
ment & Media (E&M) sector in 2005

2.1 CO,emissions from ICT in 2005

The CO, emissions from the ICT and E&M sectors
for 2005 are shown in tables 1 and 2, and are com-
pared to the total global emissions for 2005, which
were about 29 600 Mton CO, (46 000 Mton CO.e
emissions) [1].

The ICT sector was responsible for about 1.7% of
global CO, emissions and 1.2% of global CO,e emis-
sions in 2005, as presented in table 3. At the same
time the ICT sector represented about 7% of the
world’s GDP in 2006 according to figures from
United Nations. PC operation, data centres and PC
manufacturing, are the subsectors of the ICT industry
sector that contributes to most CO, emissions, as can
be seen in table 1.

TVs and TV peripherals were responsible for almost
as much CO, emissions as the entire ICT industry,
however only representing about 2% of the world’s
GDP.

Global Direct CO.e Revenue

(2005) CO, emissions (% of
emis- global
sions GDP)

ICT 1.7% 1.2% 7%

TVsand 1.5% 1% 2%

peripher-

als

Other 1.2% ~1% 3%

E&M

products

(paper)

Table 3: Emissions of CO, and CO.e in 2005 to-
gether with the revenue as percentage of the global
GDP in 2006
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Figure 2: Global CO, emissions for the ICT sector in 2005, with data on the number of equipment from

mid 2005

Figure 2 gives a graphical presentation of the data in
table 1 with the uncertainties (variations) of the re-
viewed studies. The relatively high maximum values
for PC manufacturing are derived from input/output
(1/0) LCA studies, which are based on old data, be-
lieved to overestimate current manufacturing by a fac-
tor of two, even if all offices (hardware/software),
transports and stores are included.

2.2 CO,emissions from ICT in 2007

The results for 2005 were extrapolated using the num-
ber of equipment in use in mid 2005 and the number
of equipment in use in mid 2007, see table 4. Accord-
ing to IPCC the global emissions in 2007 were
31 000 million ton direct CO, (4.7 ton/capita) or
49 000 million ton CO.e (7.4 ton/capita) [1].

The results for 2007 show that the emissions for the
entire ICT industry in an LCA perspective are about
2% CO, and 1.4 % COqe, respectively. In Figure 3 the
total CO, emissions for the four different ICT subsec-
tors are presented, based on the data in table 4.

Some of the 2007 results from this study have been
communicated to various stakeholders. For instance
Gartner has used the data in their well-spread report
on emissions from different industries [12].

In use Sold Gl?ba
mid 2005 units
[millions] | 2005 | ©©2
share
Mobile telecom 1 950 800 | 0.17%
(mobile phones)
Fixed telecom 1250 50 0.3%
(broadband: BB) | (BB: 180) | (BB:40) | ~°7°
PC industry (PCs) 850 200 0.7%
Data centres 29 7 0.5%
(servers)
ICT total 2005 1.7%
In use Sold Gl?ba
ICT part 2007 mid 2007 units co
[millions] | 2007 2
share
Mobile telecom, 2850 | 1150 | 0.2%
(mobile phones)
Fixed telecom 1320 50
0,
(BB:290) | (8B:90) | O4%
PC industry (PCs) 1050 270 0.9%
Data centres 35 9-10 0.6%
(servers)
ICT total 2007 2.1%

Table 4: Number of equipment and share of CO,
emissions from the ICT sector in 2005 and 2007
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Figure 3: CO, emissions for the different ICT sub-
sectors in 2007

2.3 ICT compared to aviation

In some studies and in media reports, ICT and avia-
tion have been compared and claimed to emit the
same amount of CO,. This is incorrect and misleading
as the ICT figure accounts for the whole life cycle in-
cluding for instance manufacturing. The aviation fig-
ure is based on old data and only includes the CO,
emissions from the jet engines. A justified comparison
could be done by looking at the operation and fuel
production only. By using updated figures and include
CO,e emissions/effects, aviation is responsible for
about 5 percent of global COe emissions [13], while
the ICT industry only is responsible for about 1 per-
cent, as presented in table 5. As can be seen there is a
large difference between the ICT and aviation sectors.

Operation CO,e Revenue

CoO, (/GDP)
ICT ~1.5% ~1% ~7%
Aviation ~3% ~5% ~1.5%

Table 5: CO,e emissions from ICT and aviation
(2007)

3 ICT’s CO, reduction potential

ICT has unique possibilities to help society reduce the
CO, emissions. The ICT related activities believed to
contribute most to the emission reduction are flexi-
working, virtual presence, m/e-commerce, dematerial-
ization (shifting form products to services) and intel-
ligent systems, like for instance intelligent facility
management. There is also a collection of other
services like m/e-health, m/e-learning, m/e-
governance and m/e-banking that can contribute to
the reductions of CO, emissions in the society.

ICT can also enable monitoring and keeping track of
CO, emissions for both companies and private per-
sons, and provide information about products and ser-
vices and its associated CO, emissions, so that well-
informed choices can be made. An intelligent electric-
ity grid can also be enabled using ICT. Such a smart
grid could control/schedule the load to level out con-
sumption spikes or turn on loads when production is
most favourable. The latter is important for renewable
electricity sources like solar and wind.

Study Main services / CO, reduc-
applications tion potential

\l]';':aglg flexi-working 0.8-2.1%

US in 2003 (only) 60-160 Mton

NTT [15] m/e-commerce, 3.9%

Japan flexi-working, N

. . 40 Mton

in 2010 virtual presence

WWF [16] flexi-workin 1.3%

EU 25 virtual reser?é:e 50 Mton

in 2010 P (+5 Mton)
dematerialization,

EC [17] intelligent facility

EU in 2020 | Management, up to 16%
transports and
production proc-
esses
telematics,

;edz::gl i[;8] m/e-commerce, 4.9%

in 2007 flexi-working, 27 Mton
virtual presence

Table 6: Studies on ICT’s CO, reduction potential





There have been attempts to quantify the CO, emis-
sion reduction potentials in many studies and exam-
ples are shown in table 6. A majority of those studies
are rather modest in their estimates and they only in-
clude part of all the ICT services and applications that
can help society reduce its overall CO, emissions.

The results in table 6 have in this study been com-
bined trying to make a global scenario looking at dif-
ferent ICT services and applications. The results show
that the reduction potential of ICT ranges from 5%
(short term, 2010, low use) to 20% (medium term,
2020, higher use).

This total reduction potential is also shown in figure
4. The goal set within the European Union is an 80 %
reduction of CO, emission by the year 2050. ICT can
contribute to the fulfilment of that goal. Also indi-
cated in the figure is the Exxon Mobil scenario which
is a prediction on how fast the global CO, emissions
could be reduced if a number of technologies were
fully utilized in vehicles, buildings and power genera-
tion, including carbon capture and storage [19]. The
direction of ICT reduction potential shown in figure 4
is an add-on to the Exxon Mobil scenario. ICT is one
of the key enablers to the reduction of CO, emissions
in the future.

Current

direction
A

Exxon Mobil
scenario

ICT

reduction
5% - 20%

2 EU goal
[ (-80%)

1800 1850 1900 1950 2000 2050

1220 0000
million ton CO,

Figure 4: ICT’s CO, reduction potential incorpo-
rated in a picture showing the CO, emissions from
about year 1800

4  Conclusions

The CO, emissions from the ICT sector in the world
are relatively small; its share of global direct CO,
emissions was in 2007 about 2 %. The share of global
CO, emissions from mobile telecommunications in
2007 was 0.2%.

ICT has the potential to reduce society’s CO, emis-
sions by 5% - 20% in the short to medium term.

5 Literature

[1] Intergovernmental Panel on Climate Change
(IPCC). www.ipcc.ch

[2] Roth KW, McKenney K. Energy consumption
by consumer electronics in U.S. residences.
TIAX LLC reference no D5525, Cambridge,
USA, 2007.

[3] Plepys A. Environmental implications of product
servicing. The case of outsourced computing
utilities. Serial number 2004:3. International In-
stitute for Industrial Environmental Economics
(IEE), Lund, Sweden, 2004.

[4] Loerincik Y. Environmental impacts and benefits
of information and communication technology
infrastructure and services, using process and
input-output life cycle assessment. These no
3540. Ecole Polytechnique Fédérale de
Lausanne (EPFL), 2006.

[5] Williams E, Energy intensity of computer manu-
facturing: hybrid assessment combining process
and economic input-output methods, Environ-
mental Science & Technology, vol. 38, no 2, pp
6166-6174, Nov 2004.

[6] Ongoing study of PCs for the European Com-
mission EuP directive (EuP = Energy using
Products). www.ecocomputer.org

[7] Koomey JG. Estimating Total Power Consump-
tion by Servers in the U.S. and the World” -
LBNL, 2007.

[8] US Environmental Protection Agency. Report to
Congress on server and data center energy effi-
ciency, Public Law 109-431. EPA ENERGY
STAR Program, 2007.

[9] Roth KW, Goldstein F, Kleinman J. Energy con-
sumption by office and telecommunications
equipment in commercial buildings - Volume I:
Energy consumption baseline. Arthur D. Little
Inc, reference no 72895-00 Cambridge, USA,
2002.

[10] Lenard TM, Britton DB. The Digital Economy
Fact Book Eighth edition 2006. The Progress &
Freedom Foundation, Washington, USA, 2006.

[11] Ongoing study of TVs for the European Com-
mission EuP directive (EuP = Energy using
Products), www.ecotelevision.org

[12] Gartner. Green IT: The new industry shockwave,
presentation at Symposium/ITxpo conference,
April 2007. www.gartner.com

[13] Fuglestvedt J, Berntsen T, Myhre G, Rypdal K,
Bieltvedt Skeie R. Climate forcing from the
transport sectors, Proceedings of the National
Academy of Sciences of the United States of
America, vol. 105, no. 2, pp 454-458, 2008.

WWW.pnas.org






[14]

[15]

[16]

[17]

[18]

[19]

Williams E, Matthews HS. Potential impact of
telework programs on energy use in the US and
Japan. Extended abstracts for SETAC Europe,
ISIE, LCA Forum meeting in Lausanne, Swit-
zerland, 2003.

NTT. Dynamic model for analysing environ-
mental impacts caused by the ICT infrastructure
in Japan, presented by NTT at the conference
“Environmental Assessment in the Information
Society”, Lausanne, Switzerland, 3-4 Dec 2003.
Pamlin D, Szomolanyi K. Saving the climate @
the speed of light. European Telecommunica-
tions Network Operators” Association (ETNO)
and World Wildlife Fund (WWF), 2006.
European Commission / Joint Research Centre.
The Future Impact of ICTs on Environmental
Sustainability, 2004.

Climate Risk. Towards a High-Bandwidth, Low-
Carbon Future: Telecommunications-based op-
portunities to reduce greenhouse gas emissions,
Climate Risk, Australia, 2007.

Exxon Mobil, www.exxonmobil.com







