
Prof. Shobhakar Dhakal
14 Feb 2020, Climate Change Seminar

1



• Environmental impact of ICTs
• Supporting climate change adaptation and 

mitigation
• Promoting energy efficiency 
• Smart cities, transport, building, water 

management 
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ICT is a growing contributor to global GHG 
emissions

• ICT contribute to emissions through the proliferation of 
user devices whose use need power and also radiate 
heat
• Each individual user now owning multiple devices
• As ICT devices acquire more processing power, their 

requirements for energy and cooling rise (3G mobile 
phones operate at higher frequencies and need more 
power than 2G)

• GHGs are emitted for manufacturing of user devices
• The life cycle emissions are high
• ICT device’s life cycle is shorter 

• Electronic waste management is a key issues 3

ITU Symposium on ICTs and Climate Change, Hosted by CITIC, Quito, Ecuador, 8-10 July 2009, 
ITU background report
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https://www.gsma.com/mobileeconomy/wp-content/uploads/2018/05/The-Mobile-Economy-2018.pdf
https://www.pewresearch.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-but-not-always-equally/
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iPhone 11
September 10, 2019

https://www.apple.com/environment/pdf/products/iphone/iPhone_11_PER_sept2019.pdf
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256 GB model: 
71 kg CO2e

https://images.apple.com/environment/pdf/products/iphone/iPhone_8_PER_sept2017.pdf



Benchmarking mobile phones' life cycle GHG 
emissions
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Ercan, Mine. (2013), Global Warming Potential of a Smartphone: Using Life Cycle Assessment Methodology, MSc thesis report,
KTH Industrial Ecology, Trita-IM-EX, 2013:01.

• Global electricity mix used
• Excluding accessories and network usage



TM

• For Swedish electricity mix- considering a 
moderate usage scenario – over 3 years life 
• Excluding accessories and network usage: 45 kg 

CO2e
• If accessories and network included: 68 kg CO2e 

(network 30 %)
• If a global electricity mix is applied

• Excluding accessories and network usage: 51 kg 
CO2e

• If accessories and network included: 117 kg CO2e

8

117 Kg CO2 eq means  

About 40 kg CO2e per year

Equal to GHG emission from 
average European car for 270 km

Ercan, Mine. (2013), Global Warming Potential of a Smartphone: Using Life 
Cycle Assessment Methodology, MSc thesis report,
KTH Industrial Ecology, Trita-IM-EX, 2013:01.



1.3% in 2007: The total ICT sector’s share of 
the global carbon footprint (2% in 2020)
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Ericsson Energy and Carbon Report, 2014
https://www.ericsson.com/res/docs/2014/ericsson-energy-and-carbon-report.pdf

What in included in this and pervious estimation needs to be checked !!



The scope of  new estimation (inside the green outline) 
compared to the wider scope (full picture) of the ICT sector and 
the E&M (Entertainment and Media) sector
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Jens Malmodin and Dag Lundén (2018), The electricity consumption and operational carbon emissions of ICT network operators 2010-2015, 
Report from the KTH Centre for Sustainable Communications, Stockholm, Sweden 2018 (ISBN: 978-91-7729-679-9; TRITA-EECS-RP-2018:1)



Role of ICT in global energy 
and CO2 emissions, 2015

• The total annual operational electricity 
consumption of the overall ICT 
networks globally is estimated to 242 
TWh for 2015 
• Grid (215 TWh) and on-site 

generated electricity (27 TWh)
• This makes 1.15% of the total 

global electricity grid supply
• The total annual operational carbon 

emissions of the ICT networks are 
estimated to 169 Mtonnes CO2e for 
2015.
• This is 0.53% of the global carbon 

emissions related to energy (about 
32 Gtonnes), or 0.34% of all carbon 
emissions (about 50 Gtonnes)
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Total electricity consumption of the ICT networks operations

Jens Malmodin and Dag Lundén (2018), The electricity consumption and operational carbon emissions of ICT network operators 2010-2015, 
Report from the KTH Centre for Sustainable Communications, Stockholm, Sweden 2018 (ISBN: 978-91-7729-679-9; TRITA-EECS-RP-2018:1)



Are we doing 
better over time?
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Electricity consumption and data traffic (indexed, 
2010 level equals 1) for five operators that have 
measured data traffic 2010-2015.

Energy demand increase is modest but data 
traffic increased several times !! 

Jens Malmodin and Dag Lundén (2018), The electricity consumption and operational carbon emissions of ICT network operators 2010-2015, 
Report from the KTH Centre for Sustainable Communications, Stockholm, Sweden 2018 (ISBN: 978-91-7729-679-9; TRITA-EECS-RP-2018:1)
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Jens Malmodin and Dag Lundén (2018), The electricity consumption and operational carbon emissions of ICT network operators 2010-2015, 
Report from the KTH Centre for Sustainable Communications, Stockholm, Sweden 2018 (ISBN: 978-91-7729-679-9; TRITA-EECS-RP-2018:1)

GeSI, “SMARTer 2020: The role of ICT in driving a sustainable future”, 2013.
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https://www.nature.com/articles/d41586-018-06610-y

• Data centres use about 200 TWh/yr in 
2017; 1% of global electricity demand; 
0.3% of global CO2 emissions

• ICT ecosystem as a whole — under a 
sweeping definition that encompasses 
personal digital devices, mobile-phone 
networks and televisions — accounts for 
more than 2% of global emissions

• Most worrying models predicts that 
electricity use by ICT could exceed 20% 
of the global by 2030 and data centres
using more than one-third of that



How ICTs can mitigating GHGs?

• A. Directly, by reducing the ICT sector’s own energy 
requirements
• Energy efficient ICT equipment's use and promotion  
• Next-Generation Networks (NGN) are expected to reduce energy 

consumption by 40 % compared to today’s PSTN
• Development and introduction of modern radio technologies ( 

digital modulation in combination with the digital video 
broadcasting standards and effective compression algorithms) 
that reduce energy consumption by powerful broadcasting 
transmitters ~10 times

• B. Indirectly, using ICTs for carbon abatement for 
avoiding travel
• Using and promoting email, phone calls, text messaging, video 

conferences, instead of physically travelling 
• Flexible work arrangement (telecommuting, nomadic working)  

15

ITU Symposium on ICTs and Climate Change, Hosted by CITIC, Quito, Ecuador, 8-10 July 2009, 
ITU background report



• C. In a systemic way, by using ICTs to reduce 
emission in other sectors
• Smart Transportation Systems, Smart logistics, Smart 

buildings or the Smart energy grid to increase energy 
efficiency

• Demand-supply optimization in power sector utilizing 
‘energy storage’ effectively and load levelling- e.g. EV 
to Grid, appliance use at energy low demand period

• Dematerialization: Shifting away from physical 
distribution (DVD, CDs) to online delivery; paper-based 
to online publishing; e-offices 16

How ICTs can mitigating GHGs?

ITU Symposium on ICTs and Climate Change, Hosted by CITIC, Quito, Ecuador, 8-10 July 2009, 
ITU background report
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Google Data Centers
• Google’s first reported  carbon footprint in 2011 was about same as Laos’s annual 

emissions
• Google claims that its data centres improved and they get 3.5 times the computing 

power for the same amount of energy now
• Google claims it has cut its vast data centres’ energy use by 15% by applying artificial 

intelligence 
• Google’s data Centre at The Dalles (1.2 b US$ investment): 

• Power consumption: Equivalent electricity to power a town of 200,000 
inhabitants in USA

• Google chose to locate this data center next to the Columbia River, in Dalles, 
Oregon USA, to make use of cheaper and less polluting hydro-electricity

• Other opportunities: Savings possible by addressing the way that data centres are 
structured, by using fewer but more powerful processors, and by changing the way 
that servers are cooled and networked together

18

• ITU Symposium on ICTs and Climate Change, Hosted by CITIC, Quito, 
Ecuador, 8-10 July 2009, ITU background report

• https://www.theguardian.com/environment/2016/jul/20/google-
ai-cut-data-centre-energy-use-15-per-cent

Water vapor rises above the 
cooling towers in The Dalles
data center in Oregon. 
These plumes of water 
vapor create a quiet mist at 
dusk.

https://www.google.com/about/datacenters/inside/locations/the-dalles/



• “Total Power Revolution” (TPR) campaign
• Promoting energy management schemes for 4,000 buildings that 

NTT occupy throughout Japan
• Deploying energy efficient electrical devices and air conditioning 

equipment
• Switching to the use of energy-saving DC power supply for 

broadband equipment such as servers and routers
• Call for the use of clean energy systems such as solar and wind 

power

• Saved 133 million kWh of electricity throughout the entire 
NTT Group in 2008 compared with 2007

19

ITU Symposium on ICTs and Climate Change, Hosted by CITIC, Quito, Ecuador, 8-10 July 2009, 
ITU background report



B. Indirectly, using ICTs for carbon 
abatement for avoiding travel

20



Remote collaboration tools

21

Remote Collaboration Tools, ITU-T Technology Watch Report 5 March 2008



Remote collaboration tools

22

• Communication-
Coordination-
Collaboration 
capabilities are key

• Collaboration in virtual 
worlds: Virtual worlds can 
provide a online collaboration 
plate form and are quickly 
moving from the entertainment 
world to the business world of 
meetings and presentations

• A combination of 
groupware: Combines the 
functions of software for 
communication, collaboration 
and coordination in one 
solution. Some examples, and 
related standards, are shown 

Remote Collaboration Tools, ITU-T Technology Watch Report 5 March 2008



C. In a systemic way, by using 
ICTs to reduce emission in other 
sectors 
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ICT and Intelligent Transport Systems
• Parking guidance systems can lead 

motorists to the most appropriate parking 
space, and thereby reduce engine time

• GPS use for navigation or vehicle dispatch 
can reduce journey time

• Road pricing schemes, such as the 
congestion charge in Singapore and 
London can encourage greater use of 
public transport, reduce congestion, 
thereby reducing journey times

• Using cars as an environment monitoring 
tool, Feeding real-time data collected 
from vehicle on average speed, climatic 
conditions, hold ups etc into satellite 
navigation systems give other vehicles 
real-time picture of road conditions and 
suggest alternatives as appropriate

24

ITU Symposium on ICTs and Climate Change, Hosted by CITIC, Quito, Ecuador, 8-10 July 2009, ITU background report

http://statestimesreview.com/2016/02/25/singapores-
road-usage-tax-erp-goes-gps-by-2020/



ICT at work for 
climate change and 
impacts monitoring 

• WMO World Weather Watch, 
incorporate:
• Global Observing system
• Global Telecom System
• Global Data Processing system

• Remote sensing
• Environmental monitoring

• Tsunami early-warning system
• Digital climate forecasting models
• GPS-enabled telemetry
• Ubiquitous sensor networks 25

2008Tim Kelly, Head, Standardization Policy Division International Telecommunication Union 
(ITU), C7 eEnvironment, WSIS action line facilitation meeting, Geneva, 21 May 2008



ICT solutions’ Global GHG mitigation 
potential in 2030
ICT is expected to have large potentials to reduce the GHG 
emissions across society  How?

26

Jens Malmodin and Pernilla Bergmark (2015). Exploring the effect of ICT solutions on GHG emissions in 2030. 29th International Conference on 
Informatics for  nvironmental Protection (EnviroInfo 2015) and Third International Conference on ICT for Sustainability (ICT4S 2015), 
Proceedings pp 37- 46, Published by Atlantis Press.



ICT Solutions considered in this study

ED
72

.3
0 

En
er

gy
 E

nv
iro

nm
en

t a
nd

 
Cl

im
at

e 
Ch

an
ge

: I
ss

ue
s 

an
d 

St
ra

te
gi

es
 (B

y 
Sh

ob
ha

ka
r D

ha
ka

l) 

27

Jens Malmodin and Pernilla Bergmark (2015). Exploring the effect of ICT solutions on GHG emissions in 2030. 29th International Conference on Informatics for  nvironmental
Protection (EnviroInfo 2015) and Third International Conference on ICT for Sustainability (ICT4S 2015), Proceedings pp 37- 46, Published by Atlantis Press

Medium Reduction Potential Scenario; High Reduction Potential Scenario
Ref. High  highest reported



Effect of ICT solutions on Global GHG 
mitigation in 2030

28

Jens Malmodin and Pernilla Bergmark (2015). Exploring the effect of ICT solutions on GHG emissions in 2030. 29th International Conference on Informatics for  Environmental 
Protection (EnviroInfo 2015) and Third International Conference on ICT for Sustainability (ICT4S 2015), Proceedings pp 37- 46, Published by Atlantis Press

Total GHG emission reduction potential due to the studied ICT solutions:
• @ 10 GtCO2e or 15% of the global GHG emissions in 2030  (high reduction 

potential scenario)
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30

Behavioral change and 
collaborative consumption



• Collaborative consumption— This is the systems 
of organized sharing, bartering, lending, trading, 
renting, gifting, and swapping

• Booming digital ‘Networking’ technology 
• Through networking you can do more with less
• We are already sharing products on a scale never 

before possible

31



• http://www.zipcar.com/
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http://www.zipcar.com/
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https://hbr.org/2010/10/beyond-zipcar-collaborative-consumption

Companies to offer 
goods as a service 
rather than sell them 
as products

Used or preowned 
goods are moved from 
somewhere they are 
not needed to 
somewhere they are, 
either free or with price

People with similar 
needs or interests band 
together to share and 
exchange less-tangible 
assets
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