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Abstract: The expectations for Information and Communication Technology (ICT) to tackle climate 

change are massive, but successful implementation is by no means assured. Contrasting resource 

saving potential of ICT, energy and resource demand of end-user devices and digital services are 

growing. The overall question is, how great must the net enabling effects of specific digital services 

be in order to balance or exceed direct effects of ICT devices and the infrastructure used. To 

contribute to a more coherent assessment of digitalisation´s implications for sustainability, the 

authors suggest the following points: to cover all potential impacts, an environmental assessment of 

ICT has to follow a life cycle approach. Both ICT infrastructure as well as changing use patterns 

(direct rebound effects) have to be included into the system boundaries; only addressing energy 

issues is not sufficient. In addition, the material basis and resulting environmental and social impacts 

from mining, production and disposal have to be addressed. 
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1 Background 

Digitalisation and Information and Communication Technology (ICT) use is spreading, 

and it goes hand in hand with the massive energy saving potential through optimisation 

and virtualisation [Mi10]. Many see them as the solution to the energy crisis and climate 

change [We17; HA15; OE 2015]. ICT is thereby widely seen as a key enabling 

technology: environmental impacts can be reduced by using green ICT (ICT with a better 

environmental performance) and ICT for green (ICT as an enabler for other processes to 

have a better environmental performance). The expectations on digitalisation are massive, 

but with all factors considered, what is the real impact on the environment? The paper at 

hand will thus focus on the following questions: has resource use decreased so far thanks 

to ICT, and what are the chances it will do so in the future? What are the challenges when 

assessing the environmental and sustainable impact of ICT? 

Environmental effects of ICT can be divided into direct effects (first order), enabling 

effects (second order) and structural effects (third order) [Mi10]. While direct effects trace 

back to production, use and end-of-life treatment of ICT, second order effects refer to 

enabling effects due to the application of ICT on a micro perspective, such as optimisation, 

virtualisation or substitution. Third order effects are concerned with the societal structures 
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and the economy [Mi10]. For slightly different taxonomies see [Ho16] or [HA15]. In the 

following review, only direct and enabling effects of ICT will be considered, as it is 

focusing on consumer-side environmental effects of ICT. ICT here will be divided into 

end-user devices and ICT infrastructure (network infrastructure, data centre computation 

and storage). 

2 ICT between resource optimisation and resource demand 

Despite the promise of green ICT and ICT for green to contribute to a reduction of resource 

usage, the overall energy demand of ICT has increased continuously over the last few 

years from 3.9 % in 2007 to 4.6 % in 2012 in terms of total worldwide electricity 

consumption [Va14]. Although the relative energy efficiency of devices itself strongly 

improved, the total amount of energy increased. This is due to numbers of end-user devices 

and digital services used worldwide increasing significantly, with numbers continuing to 

increase [AE15]. Concerning future trends of ICT’s energy demand, predictions range 

from a decrease due to further increasing energy efficiency of devices [ML16; St15] and 

an increase due to strongly increasing energy demand of ICT infrastructure [AE15; Ha16; 

Va14]. 

Estimations on ICT’s enabling effects and its implications for the environment are rare 

[Im08; EH10; Sm15]. For example, calculations by the Global e-Sustainability Initiative 

(GeSI) expect ICT’s reduction potential in other economic fields to be 20 % of global CO2 

emissions until 2030 [Sm15]. Methodically, the authors offset actual direct effects of ICT 

against hypothetically avoided indirect effects in other fields. Further impacts caused by 

specific applications, which might lead to differences between potential and actual 

reduction, were not considered [Hi14]. 

3 Challenges 

At the moment, we are able to assess the growing environmental impact of increased direct 

effects of ICT. However, enabling effects in a complex and connected world are hard to 

estimate. With this in mind, we propose that the overall assessment should measure, how 

great net enabling effects of specific digital services must be in order to balance or exceed 

direct effects of ICT devices and infrastructure used. Five points shall be highlighted, 

which are crucial in assessing enabling effects of ICT towards sustainability: 

1. Life Cycle Perspective: The assessment of ICT’s environmental impacts is still 

conducted in various ways [Ar14]. To cover all potential impacts and to contribute 

to an overall comparability of results, the environmental assessment has to occur 

during all phases of the product life cycle. Depending on the life span and the use 

scheme, both the use phase and the production phase can be decisive for overall 

results [Ar14; CA13]. A tool for assessing all potential impacts of a service is Life 
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cycle assessment (LCA). The research community currently works on harmonising 

LCA methods measuring direct effects of ICT [An11]. Further methodological 

challenges exist when defining system boundaries, collecting inventory data, or 

defining allocation rules [Hi14].  

2. Estimating ICT infrastructure: As digital services become more and more relevant, 

we face upstream-shifting of electricity demand and resources used from users to 

providers of digital services and infrastructure [AE15]. This goes hand-in-hand with 

an upstream-shifting of environmental impacts. While assessing direct impacts of 

ICT, effects due to ICT infrastructure must not be underestimated. However, what 

makes the particular assessment more complicated, are structural changes in data 

centre architecture [Sc15; Hi15] or unknown material basis of data centres [HC16]. 

Consequential life cycle assessment could be an approach to assess these more 

complex and dynamic systems [EH11]. 

3. Integrating Rebound Effects: Next to positive net effects of ICT application (e.g. 

enabling effects reducing resource use by optimising other processes), negative 

effects of ICT application also need to be addressed, that happen precisely because 

of an increase of efficiency – the rebound effect. The most common classification 

of rebound effects distinguishes between direct rebound effects, which lead to 

additional consumption of the same good, and indirect rebound effects, which lead 

to additional consumption of other goods. A third category counts economy-wide 

rebounds [Sa16]. How to integrate rebound effects into environmental assessment 

of ICT has already been identified as a research gap by some researchers [Bö14; 

Fi14; Ho16]. In current taxonomies of environmental effects of ICT, rebound effects 

are mostly considered as third order effects [HA15; Mi10], which does not reflect 

all types of rebounds. Direct rebound effects occur on end-consumer level and thus 

need to be included into the environmental assessment of ICT’s enabling effects. 

This calls for enhanced methods. In order to estimate these rebound effects, 

changing usage patterns need to be included into the environmental assessment 

[Po16], indicating the need for interdisciplinary approaches. By using consequential 

life cycle assessment, potential changes in the environment due to rebound effects 

could be integrated [Be14; EH11; FV14].  

4. Resource use and environmental degradation: Currently, environmental assessment 

of ICT devices and digital services focuses mainly on electricity demand and related 

emissions [AE15; Ar14; Sm15], thus neglecting the material basis of ICT. With 

growing numbers of ICT devices, the issues of availability of resources and resource 

depletion become more and more important. Global production of smartphones and 

tablets demands between 8 to 10 % of the world’s primary production of cobalt and 

palladium. Furthermore, the ICT sector is also relevant for global demand of 

tantalum, silver, gold, indium and magnesium [Ma16; Wä15]. In addition to 

resource depletion, further environmental impacts resulting from the mining, 

production and disposal of ICT devices need to be taken into account when 

assessing environmental impacts of ICT. Examples of these are land use, 

contamination of soil or water, or loss in biodiversity. 

Challenges in environmental assessment of digital services 1997
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5. Social Impacts: The global production system of ICT devices comes with social 

impacts resulting from the mining, production and disposal [Ma16]. Deteriorated 

living conditions resulting from environmental degradation (4), poor working 

conditions, safety and health issues, corruption or involvement in areas with armed 

conflicts are part of the ICT sector [BP10; EF13]. These social impacts need to be 

taken into account, especially when assessing enabling impacts of ICT for 

sustainability. 

4 Conclusion and Outlook 

The process of digitalisation goes hand-in-hand with a massive growth in absolute 

numbers of end-user devices as well as data traffic, which currently leads to growing 

energy and resource demand. Whether this will be compensated by changed life span or 

use scheme of ICT devices (e.g. reuse or longer use of devices), improvements in resource 

efficiency of ICT itself and enabling effects in other economic fields, is by no means 

assured. As shown above, the current discussion on energy efficiency of devices and 

applications is not sufficient. In addition, the reduction potential of specific ICT 

applications depends on energy and materials used, user behaviour and further effects 

resulting from the application of ICT. Future research should address the challenges 

named in order to paint a more coherent picture of digitalisation´s implications for 

sustainability matters. 

References 

[An11] Andrae, Anders S. G.: European LCA Standardisation of ICT: Equipment, Networks, 

and Services. In (Finkbeiner, M.): Towards Life Cycle Sustainability Management, 

Springer, Dordrecht, S. 483–493, 2011. 

[AE15] Andrae, Anders S. G.; Edler,T.: On Global Electricity Usage of Communication 

Technology: Trends to 2030. Challenges 6, Nr. 1, 117–157, 2015 

[Ar14] Arushanyan, Y.; Ekener-Petersen, E.; Finnveden, G.: Lessons learned – Review of 

LCAs for ICT products and services. Computers in Industry 65, Nr. 2, S. 211–234, 2014. 

[Be14] Benedetto, G.; Rugani, B.; Vázquez-Rowe, I.: Rebound effects due to economic choices 

when assessing the environmental sustainability of wine. Food Policy 49, S. 167–173, 

2014. 

[Bö14] Börjesson Rivera, M.; Håkansson, C.; Svenfelt, Å.; Finnveden, G.: Including second 

order effects in environmental assessments of ICT. Environmental Modelling & 

Software 56. Thematic issue on Modelling and evaluating the sustainability of smart 

solutions, S. 105–115, 2014. 

[BP10] Bormann, S.; Plank, L.: Under pressure: working conditions and economic development 

in ICT production in Central and Eastern Europe. Berlin, WEED, 2010. 

[CA13] Corcoran, P. M.; Andrae, A.: Emerging trends in electricity consumption for consumer 

ICT. National University of Ireland, Galway, Connacht, Ireland, Tech. Rep., 2013. 

[EF13] Ekener-Petersen, E.; Finnveden, G.: Potential hotspots identified by social LCA—part 

1998 Johanna Pohl, Matthias Finkbeiner



i
i

“proceedings” — 2017/8/24 — 12:20 — page 1999 — #1999 i
i

i
i

i
i

 

Digitalisation for sustainability? <SEITENZAHL> 

1: a case study of a laptop computer. The International Journal of Life Cycle Assessment 

18, Nr. 1, S. 127–143, 2013. 

[EH10] Erdmann, L.; Hilty, L.M.: Scenario Analysis: Exploring the Macroeconomic Impacts of 

Information and Communication Technologies on Greenhouse Gas Emissions. Journal 

of Industrial Ecology 14, Nr. 5, S. 826–843, 2010. 

[EH11] Earles, J. M.; Halog, A.: Consequential life cycle assessment: a review. The International 

Journal of Life Cycle Assessment 16, Nr. 5, S. 445–453, 2011. 

[Fi14] Finkbeiner, M. et. al.: Challenges in Life Cycle Assessment: An Overview of Current 

Gaps and Research Needs. In (Klöpfer, W.): Background and Future Prospects in Life 

Cycle Assessment, Springer, Dordrecht, S. 207–258, 2014. 

[FV14] Font Vivanco, D.; Voet, E. van der: The rebound effect through industrial ecology’s 

eyes: a review of LCA-based studies. The International Journal of Life Cycle 

Assessment 19, Nr. 12, S. 1933–1947, 2014. 

[Ha16] Hazas, M.; Morley, J.; Bates, O.; Friday, A.: Are there limits to growth in data traffic?: 

On time use, data generation and speed. In: Limits´16. ACM. New York, S. 1–5, 2016. 

[HA15] Hilty, L. M.; Aebischer, B.: ICT for Sustainability: An Emerging Research Field. In 

(Hilty, L. M.; Aebischer, B.): ICT Innovations for Sustainability. Springer International 

Publishing, Cham, S. 3–36, 2015. 

[HC16] Hintemann, R.; Clausen, J.: Green Cloud? The current and future development of energy 

consumption by data centers, networks and end-user devices. In: ICT4S. Atlantis Press, 

S.109-115, 2016. 

[Hi14] Hilty, L. M.; Aebischer, B.; Rizzoli, A.E.: Modeling and evaluating the sustainability of 

smart solutions. Environmental Modelling & Software 56: S.1–5, 2014. 

[Hi15] Hintemann, R.: Consolidation, Colocation, Virtualization, and Cloud Computing: The 

Impact of the Changing Structure of Data Centers on Total Electricity Demand. In 

(Hilty, L. M.; Aebischer, B.): ICT Innovations for Sustainability. Springer International 

Publishing, Cham, S. 125–136, 2015. 

[Ho16] Horner, N.C.; Shehabi, A.; Azevedo, I.L.: Known unknowns: indirect energy effects of 

information and communication technology. Environmental Research Letters 11, Nr. 

10, 2016. 

[Im08] BIO Intelligence Service: Impacts of ICT on energy efficiency, 2008. 

[Ma16] Manhart, A. et al: Resource Efficiency in the ICT Sector. Greenpeace. 2016. 

[Mi10] Mickoleit, A.: Greener and Smarter. ICTs, the Environment and Climate Change. Paris: 

OECD. 2010. 

[ML16] Malmodin, J.; Lunden, D.: The energy and carbon footprint of the ICT and EaM sector 

in Sweden 1990-2015 and beyond. In: ICT4S. Atlantis Press, S.209-218, 2016. 

[OE15] OECD: OECD Digital Economy Outlook 2015. OECD Publishing, Paris, 2015. 

[Po16] Polizzi di Sorrentino, E.; Woelbert, E.; Serenella Sala, S.: Consumers and their behavior: 

state of the art in behavioral science supporting use phase modeling in LCA and 

ecodesign. The International Journal of Life Cycle Assessment 21, Nr. 2, S. 237–251, 

2016. 

[Sa16] Santarius, T.; Walnum, H.J.; Aall, C.: Introduction: Rebound Research in a Warming 

World. In (Santarius, T.; Walnum, H.J.; Aall, C.): Rethinking Climate and Energy 

Policies. Springer International Publishing, Cham, S. 1-14, 2016. 

[Sc15] Schomaker, G.; Janacek, S.; Schlitt, D.: The Energy Demand of Data Centers. In (Hilty, 

L. M.; Aebischer, B.): ICT Innovations for Sustainability. Springer International 

Publishing, Cham, S. 113–124, 2015. 

[Sm15] GeSI: Smarter 2030. ICT Solutions for 21st Century Challenges, Brüssel, 2015. 

[St15] Stobbe, L. et. al.: Entwicklung des IKT-bedingten Strombedarfs in Deutschland. 

Challenges in environmental assessment of digital services 1999



i
i

“proceedings” — 2017/8/24 — 12:20 — page 2000 — #2000 i
i

i
i

i
i

 

<SEITENZAHL> Johanna Pohl and Matthias Finkbeiner  

Abschlussbericht. Fraunhofer IZM, Berlin, 2015. 

[Va14] Van Heddeghem, W. et. al.: Trends in worldwide ICT electricity consumption from 2007 

to 2012. Computer Communications 50, S. 64–76, 2014. 

[Wä15] Wäger, P.A.; Hischier, R.; Widmer, R.: The Material Basis of ICT. In (Hilty, L. M.; 

Aebischer, B.): ICT Innovations for Sustainability. Springer International Publishing, 

Cham, S. 209–221, 2015. 

[We17] BMWi: Weißbuch Digitale Plattformen: Digitale Ordnungspolitik für Wachstum, 

Innovation, Wettbewerb und Teilhabe, 2017. 

2000 Johanna Pohl, Matthias Finkbeiner


