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The future possibility to calculate the enablement of ICT infrastructure is an
essential key to follow the EU’s transition towards a green and digital future.

How to estimate the ICT enablement potential? From methodology to industry practice.

ICT is seen as one key enabler towards a green transition

= Digital technologies with their capabilities to dematerialize,
TOWARDS improve efficiencies and support cascading impact support,
A GREEN & promote the transition

F U T U R E = Prerequisite is and will be the overall task to reduce those
negative impacts influenceable by the industry first, e.g. from
maintaining systems and processes, manufacturing or end of life
treatment.

- ‘ﬁfﬂﬁb{n“\

» Designing a methodology for calculating the ICT enablement
can converge these aspects to strive for better in theory

= |[n practice data lakes, standardization and collaboration for
use case building will be the next important step to bring the
concept to life

Source: Detecon Research, Muench et. Al. (2022)
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An overview of the Version 1.0 of the ICT Enablement Methodology to calculate
avoided emissions in a step-by-step process.

How to estimate the ICT enablement potential? From methodology to industry practice.

Core Enablement Quantification Calculation

Boundaries dependencies ICT for Green

Technological
dependencies

Context (Application setting of ICT Enablement Calculation)
1. Step: Definition of ICT* in context 2. Step: Carbon Footprint & Impact Data of 3. Step: Carbon Footprint & Impact Data
Components Reference Infrastructure in context of ICT for Green in context
Identification . _
. " Imncsaﬁlliidciﬂ?g(; Overall carbon " Installed equip-
Technological 2 footprint & ? ment in context
Dependencies Final ICT T -+ = impact of T Overall carbon .
— }> < y . reference ICT S § + — footprint & Avoided
i ° Technological (Baseline) - 2 = impact data of Emissions
3 3
L L
3 5

Second baseline alternative:
Excluded Components L No infrastructure existing L
unregarded in context

T ——— A A

i ; Effects governing the impact of _Effects governing
Detailed Calculation Influence Factors reference ICT the impact of ICT for Green

T
Primary Secondary Tertiary
ﬁi? Rebound Effects
}> Effects Effects Effects +
Sustainability Impact . o . . ]
Measures (SIM) Consequential analysis is to be used to identify all the possible effects

TLCA is the base for the quantification [ISO 14040/44 , ETSI ES 203 199]

Source: Detecon Research, s. references at the end
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How to estimate the ICT enablement potential? From methodology to industry practice.

In future it is important to gather as much data about various impact possi-
bilities from ICT in the form of the main four effects through diverse use cases.

Primary

Effects

What?

- Impact created by the

physical existence of ICTs
and the processes involved
(GHG emissions, e-waste,
use of hazardous
substances & use of scarce,
non-renewable resources)

Why?

+ Visualizing the impacts of

manufacturing & operation
process to link them with
measures of improvement
or positive reinforcement by
the OEM

Source: Detecon Research & ITU-T L.1410 (2014)
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Secondary

Effects

What?

- Impact and chances created

by the use and application of
ICTs. This include environ-
mental load reduction
effects which can be either
actual or potential as well as
positive enabling effects

Why?

- Understanding the role of

ICT for a green and digital
transition, its potential
consequences and levers to
gather data for an iteration-
driven improvement across
industries and ecosystems

Tertiary

Effects

What?

- Impact and chances that

have to do with structural &
behavioral effects
associated with the used
ICT

Why?

+ Understanding the long-term

effects of ICT for society and
infrastructure to prove its
hopeful forecasts and to
create innovation & positive
ecosystem effects to foster
enablement on a big scale

Rebound

Effects

What?

Impact caused by an overly
increased consumption and
emission pollution due to
environmental and work
efficiency of ICT

Why?

Rebound effects are still
hardly measurable through
a lack of clear cause and
effect relationships so that
an ecosystem-driven
approach as network is
needed
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Deep Dive: Promoting an ecosystem-wide approach through the Digitainability
Assessment Framework and the Sustainability Impact Measurements.

02 Carbon Enablement of ICT

The development of the Consequential Analysis step: The Sustainability Impact Measures:
= The foundation builds a traditional LCA approach for analyzing = The Sustainability Impact Measures are actions to positively
the impact of the ICT infrastructure itself in context influence the potentially negative impact of the primary,

secondary, tertiary and rebound effects to improve the ICT

= The Digitainability Assessment Framework (DAF) is introduced e
enablement quantification

as a consequential analysis to identify the secondary and

tertiary order effects induced as consequence of the ICT = Starting point are the primary effects as they need to be the
deployment and use starting point for improvement first — confirmed by EU transition
= The DAF connects the impact of ICT with the 17 UN Sustainable = For example: Energy consumption would be paired with the

Development Goals and their respective subgoals parameter energy source and hence the measure of providing

= This combination enables a holistic sustainability assessment SEICE S S

of ICT infrastructure — qualitatively and quantitatively @ ~
i & A
Mindful Application of Digitalization for Sustainable Development: The GHG Emissions Circular Economy Energy Consumption

Digitainability Assessment Framework
by 6 Shivam Gupta " 2 © and ) Jakob Rhyner &

Y ' ’
Bonn Alliance for Sustainability Research, University of Bonn, D-53113 Bonn, Germany > ¢ :Q:
* Author to whom correspondence should be addressed. ) @ & [g

<

Academic Editors: Tijs Vandemeulebroucke, Aimee van Wynsberghe, Larissa Bolte and Jamila Nachid

Sustainability 2022, 14(5), 3114; https://doi.org/10.3390/su14053114 Lean Processes Resource Capacity
Source: Detecon Research M anagement Ma nagement
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Thank you.

DETECON

CONSULTING

Christian Maasem
Partner
Christian.Maasem@detecon.com

Wolfgang Knospe
Partner
Wolfgang.Knospe@detecon.com

Konstantin Marin
Senior Manager
Konstantin.Marin@detecon.com

Dr. Shivam Gupta
Consultant
Shivam.Gupta@detecon.com

Christoph Zorn
Business Analyst
Christoph.Zorn@detecon.com

Core Enablement Quantification Calculation

Yericn o Context (Application setting of ICT Enablement Calculation)

3. Step: Carbon Footprint & Impact Data
of ICT for Green in context

2. Step: Carbon Footprint & Impact Data of
Reference Infrastructure in context

1. Step: Definition of ICT* in context

Components

Identification
Installed equip-

Overall carbon Installed equip-

(Baseline) -

Boundaries dependencies

Technological et |rl||c-ontex1 footprint & ment in context verall corb
Dependencies - = impact of verall carbon
Final ICT - 2 i
= Sselection }> Technological EEETEE (S + - e — voiced
echnological = impact data of bl Emissions
ICT for Green
Technological

Lifecycle Analysis
Lifecycle Analysis

Second baseline alternative:
No infrastructure existing

A

Effects governing the impact of
referenceICT

dependencies
Excluded Components
unregarded in context

A

Effects governing
the impact of ICT for Green

* Hardware, Software, Infrastructure

Detailed Calculation Influence Factors A‘

O—>

Primary Secondary Tertiary +
Effects Effects Effects
Sustainability Impact
Measures (SIM)

Rebound Effects

Consequential analysis is to be used to identify all the possible effects

1LCA is the base forthe quantification [ISO 14040/44 | ETSI ES 203 199]

Our Key Takeaways: Collaborate to drive Digitainability!

Focusing on creating collaborations across industries with various
use cases to fully grasp the ICT enablement through steady application.

Fostering the overall standardization by engaging with the ecosystem to share
experiences about any insights regarding data gathering.

Zeroing in on advancing the consequential analysis, enablement impacting effects
and any best practices regarding Sustainability Impact Measures.
Source: Detecon Research
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Overview of the research sources which were used for the development of the
methodology about the enablement potential of ICT infrastructure (1/3).

How to estimate the ICT enablement potential? From methodology to industry practice.

» Massar, Moneim, et al. "Impacts of autonomous vehicles on greenhouse gas emissions—positive or negative?." International Journal of
Environmental Research and Public Health 18.11 (2021): 5567 .

= Mirboland, Mahsa, and Kay Smarsly. "BIM-based description of intelligent transportation systems for roads." Infrastructures 6.4 (2021): 51.
= Bieser, Jan, et al. "Next generation mobile networks: Problem or opportunity for climate protection?." (2020).

» Chen, Yigiao, and Elisabete A. Silva. "Smart transport: A comparative analysis using the most used indicators in the literature juxtaposed with
interventions in English metropolitan areas." Transportation research interdisciplinary perspectives 10 (2021): 100371.

= Nowak, Tomasz W., et al. "Verticals in 5G MEC-use cases and security challenges." IEEE Access 9 (2021): 87251-87298.

= Gohar, Ali, and Gianfranco Nencioni. "The role of 5G technologies in a smart city: The case for intelligent transportation
system." Sustainability 13.9 (2021): 5188.

= Malmodin, Jens, and Pernilla Bergmark. "Exploring the effect of ICT solutions on GHG emissions in 2030." Envirolnfo and ICT for
Sustainability 2015. Atlantis Press, 2015.

= Hakansson, Cecilia, and Goran Finnveden. "Indirect rebound and reverse rebound effects in the ICT-sector and emissions of CO2." Envirolnfo
and ICT for Sustainability 2015. Atlantis Press, 2015.

= Galvin, Ray, Elisabeth Dutschke, and Julika Weil3. "A conceptual framework for understanding rebound effects with renewable electricity:
A new challenge for decarbonizing the electricity sector." Renewable Energy 176 (2021): 423-432.

= Reimers, Hanna, et al. "Indirect rebound effects on the consumer level: A state-of-the-art literature review." Cleaner and Responsible
Consumption 3 (2021): 100032.

» Kunkel, Stefanie, and David Tyfield. "Digitalisation, sustainable industrialisation and digital rebound—Asking the right questions for a strategic
research agenda." Energy Research & Social Science 82 (2021): 102295.
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Overview of the research sources which were used for the development of the
methodology about the enablement potential of ICT infrastructure (2/3).

How to estimate the ICT enablement potential? From methodology to industry practice.

= Rasoldier, Aina, et al. "How realistic are claims about the benefits of using digital technologies for GHG emissions mitigation?." (2022).

= Zhong, Mei-Rui, Meng-Yuan Cao, and Han Zou. "The carbon reduction effect of ICT: A perspective of factor substitution." Technological
Forecasting and Social Change 181 (2022): 121754.

= Cucurachi, Stefano, Coen van der Giesen, and Jeroen Guinée. "Ex-ante LCA of emerging technologies." Procedia CIRP 69 (2018): 463-468.

» Caglar, Abdullah Emre, Mehmet Mert, and Gulden Boluk. "Testing the role of information and communication technologies and renewable
energy consumption in ecological footprint quality: Evidence from world top 10 pollutant footprint countries." Journal of Cleaner
Production 298 (2021): 126784.

= Freitag, Charlotte, et al. "The climate impact of ICT: A review of estimates, trends and regulations." arXiv preprint arXiv:2102.02622 (2021).

= Shi, Lin, et al. "Functionality-based life cycle assessment framework: An information and communication technologies (ICT) product case
study." Journal of Industrial Ecology (2022).

» Usman, Ahmed, et al. "Does ICT have symmetric or asymmetric effects on CO2 emissions? Evidence from selected Asian
economies." Technology in Society 67 (2021): 101692.

= Craglia, Matteo Alexander McConnochie, and Jonathan Cullen. "The quality rebound effect in transportation." eceee, 2019.
= Litman, Todd. "Autonomous vehicle implementation predictions: Implications for transport planning." (2020).

= Crel3, Christian, and Alois C. Knoll. "Intelligent Transportation Systems With The Use of External Infrastructure: A Literature Survey." arXiv
preprint arXiv:2112.05615 (2021).

= Moller, Jasmin, Kateryna Daschkovska, and Ronald Bogaschewsky. "Sustainable city logistics: rebound effects from self-driving
vehicles." Digital Transformation in Maritime and City Logistics: Smart Solutions for Logistics. Proceedings of the Hamburg International
Conference of Logistics (HICL), Vol. 28. Berlin: epubli GmbH, 2019.
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Overview of the research sources which were used for the development of the
methodology about the enablement potential of ICT infrastructure (3/3).

= WANG, Lei, and Tong ZHU. "Will the Digital Economy Increase Energy Consumption?—An Analysis Based on the ICT Application Research." Chinese
Journal of Urban and Environmental Studies 10.01 (2022): 2250001.

= Hankel, Albert. "Understanding higher order impacts of green ICT." ICT for Sustainability 2014 (ICT4S-14). Atlantis Press, 2014.

= Bieser, Jan CT, and Lorenz M. Hilty. "Assessing indirect environmental effects of information and communication technology (ICT): A systematic
literature review." Sustainability 10.8 (2018): 2662.

» Rivera, Miriam Borjesson, et al. "Including second order effects in environmental assessments of ICT." Environmental Modelling & Software 56 (2014):
105-115.

= Buhl, Johannes, et al. "Time use rebound effects from adopting time efficient practices in Germany: a zero-inflated negative binomial approach." (2021).

= Coroama, Vlad C., et al. "A methodology for assessing the environmental effects induced by ict services: Part i: Single services." Proceedings of the 7th
International Conference on ICT for Sustainability. 2020.

» Bieser, Jan CT. A time-use approach to assess indirect environmental effects of information and communication technology: time rebound effects of
telecommuting. Diss. University of Zurich, 2020.

» Hostettler Macias, Laura, Emmanuel Ravalet, and Patrick Rérat. "Potential rebound effects of teleworking on residential and daily mobility." Geography
Compass (2022): e12657.

» Gossart, Cédric. "Rebound effects and ICT: a review of the literature." ICT innovations for sustainability (2015): 435-448.

» Zhang, Xiaomeng, and Chu Wei. "The economic and environmental impacts of information and communication technology: A state-of-the-art review and
prospects." Resources, Conservation and Recycling 185 (2022): 106477.

» |TU-T. “Methodology for environmental life cycle assessments of information and communication technology goods, networks and service.” (2014).

= Muench, S., Stoermer, E., Jensen, K., Asikainen, T., Salvi, M. and Scapolo, F., Towards a green and digital future, EUR 31075 EN, Publications Office of
the European Union, Luxembourg, 2022.
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