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The Paris Agreement and the GHG emissions gap
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To avoid dangerous climate change, there is a need to bridge the gap between the current policy scenario and the 2C and 1.5C pathways
This is what countries pledged to do when the submitted their so-called NDCs and ratified the Paris Agreement
Countries pledged to contribute to the PA goals in 2015, but at this point it is still uncertain whether they will be able to deliver their pledges, so-called NDCs
Even if they deliver the pledges this will reduce the gap but will not allow that the PA temperature goal will be achieved
All sectors need to contribute by increasing their carbon efficiency, including ICT sector 
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Contribution of the ICT sector

ICT as part of the ICT as part of the
problem solution
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Direct effects: where the bulk of carbon emissions happen
Enabling effects: effects of applying ICT, both positive and negative
Induction - applied ICT stimulates consumption of other resource (e.g. paper)
Obsolescence - shortened useful life of resources due to obsolescence of applied ICT (e.g sw updates)

Substitution - applied ICT replaces other resource (e.g. e-book reader)
Optimization - applied ICT reduces the use of other resource (e.g. smart lighting)

Systemic effects: long-term behavioural change and economic structural change
Rebound effects - increased efficiency is not achieved because resource is used more frequently or intensively
Emerging risks - new risks due to vulnerability of ICT
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Global GHG emissions in ICT sector
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Malmodin & Lundén (2018) ICT sector’s energy footprint is increasing, but not as often assumed, in line with the increased data volumes, but rather in correlation with the increased volume of subscriptions

Problems with existing studies:
Assumptions (sector definitions, limited geographical and temporal system boundary)
Assumption that Moore's law can continue forever
Assumption that historic low can predict future, when we don't exactly know how and which devices will de produced and used in the future


Relative contribution of ICT categories

Relative Contributions of ICT Categories - 2010 Relative Contributions of ICT Categories - 2020
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Source: Belkhir and Elmeligi
(2018) S




Q '/L‘;;\{t'
Ny

environment @

Global GHG emission reduction potentials by ICT =
solutions in 2030

Global GHG reduction
potential in 2030
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Estimate the reduction potentials for different ICT solutions in sectors:
smart grid: integration of RE, balancing of power load, smart metering, and power grid optimization
smart buildings: automated heating, ventilation, and air conditioning systems, light control
smart transport: fleet management, route optimization to reduce fuel in transport
smart travel: optimization of routes and public travels
smart services: servitization (products to services), e-business and e-commerce
smart work: telemeetings, teleworking

Global reduction potential by applying ICT solutions ranging from 7% to 13% in 2030
A study from Global e-sustainability initiative (Smarter 2020) found a potential of 17% in 2020
Caveat: the footprint of the ICT solution is not factored in 


The trends in use of ICT

Internet Users by Region, 2018
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globally the internet penetration was 24% in 2009 and is 51% in 2018
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Trends: data centres' increased efficiency

HYPERSCALE SHIFT

Efficient ‘hyperscale’ data centres are predicted to swallow up half of data-centre electricity demand
by 2020, as smaller, less-efficient centres shut down.

M Traditional data centres Cloud data centres (non-hyperscale) M Hyperscale data centres
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Source: Jones (2018)

GREEN GROWTH

The ICT industry dominates corporate
agreements to purchase renewable electricity.
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Positive trend
On average, 1 server in a hyperscale centre is able to replace 3.75 servers in a conventional centre
A 2016 report from Lawrence Berkeley National Laboratory estimated that shifting 80% of servers in conventional data centre to hyperscale data centre would result in 25% less energy use
The ICT sector evolved from a tiny purchaser of renewables in 2010 to roughly becoming a key one in 2016
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These are the new, growing (machine) users, 
A little bit more than threefold growth in 4 years
Consumer segment is the largest user of connected things (smart tvs, automotive systems)
Business segment mostly use smart meters and security cameras
Greater China, North America and Western Europe are driving the use of connected things and the three regions together represented roughly 70% of overall IoT installed base in 2018
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The trends in applications of ICT sector: [oT

Source: Gartner (2019)
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Priority Matrix for the Internet of Things, 2019
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Gartner's Priority Matrices offer a snapshot of the relative market promotion and perceived value of innovations. 
They highlight overhyped areas, estimate when innovations and trends will reach maturity, and provide actionable advice to help organizations decide when to adopt.


The trends in applications of ICT sector:
smart cities

Source: Gartner (2019)

Priority Matrix for Smart City Technologies and Solutions, 2019
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considering that majority of population will live in cities, smart cities are a hot topic
Smart cities and intelligent urban ecosystems are using an integrated approach to digital technology to collaborate and engage with citizens, business ecosystems and governments. 
Gartner's priority matrix for smart cities technologies to help CIOs and decision makers understand better the potential benefits
In 10 years time, it is estimated mainstream adoption of many energy intensive ICT: 5G, smart buildings, Vehicle2Vehicle communications, blockchain business models, chatbots etc
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Methodologies for carbon footprinting in ICT
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Map of ICT Methodologies
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European telecommunications standard institute
International telecommunications union
French environment and energy management agency
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Tools for measuring carbon impacts

Name of the tool Objective More about the tool
or Free

Free Ecoindex Measure the carbon footprint of websites www.ecoindex.fr
Free Self-assessment To obtain the approx. climate change and  www.ictfootprint.eu
tool primary energy footprint of an ICT-based
organization
Commercial CO2 neutral Calculate CO2 emissions from website and www.co2neutralwebsite.com
website reduce a similar amount of CO2 through

climate projects

Commercial CAST Green IT index Measure software's environmental effect  www.castsoftware.com
based on how efficiently it carry out
intended actions, and how robust it is

Commercial Greenspector Performance measuring tool for mobile www.greenspector.com
apps
Commercial Ecochain Activity-based footprinting at the product, www.ecochain.com

company, and value chain level


http://www.ecoindex.fr/
http://www.ictfootprint.eu/
http://www.co2neutralwebsite.com/
http://www.castsoftware.com/
http://www.greenspector.com/
http://www.ecochain.com/
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Key takeaways

* Trends in ICT sector potentially turn the sector into a significant
contributor to global GHG emissions

* A call for optimizing the ICT sector for energy efficiency - UN
Environment's United for Efficiency

* A call for more estimates of the GHG impacts of ICT devices and
solutions, with open, transparent data

A call for prioritizing sustainable human-computer interaction:
"sustainability through design", and "sustainability in design”
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U4E is a global effort supporting developing countries and emerging economies to move their markets to energy-efficient appliances and equipment.
Most estimates of GHG impacts done by employees of ICT companies (e.g. Ericsson, Huawei, Microsoft together with GeSi)
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Thank you!

Ana Cardoso
anacar@dtu.dk
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