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ABSTRACT
Upon first consideration it seems self-evident that the replacement of 
atoms with bits promotes a sustainable use of resources, which can be il-
lustrated by various examples. Thorough consideration, however, reveals 
a more complex relationship and raises new questions that challenge the 
desired instrumentality. Drawing upon the proposition of the Jevons para-
dox, the actual complexity is discussed along several effects and is illustra-
ted using examples from transportation, urbanization, energy and me-
dia. Ultimately, this article pleads for a differentiated, non-linear view of 
the relationship between ICT and sustainability. While this contribution 
offers no solution as such, it is primarily intended to stimulate a general 
discussion and further research on this issue.
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1 ICT AND SUSTAINABILITY

Information and communication technologies (ICT) have been asso-
ciated with major transformations of individual lives, businesses, and 
the economy as a whole. Similar to previous major technological in-
novations, such as the steam engine or electricity, the transformative 
impact of ICT mainly relates to its economic properties as a “general 
purpose technology” (GPT) [BT95]1. Accordingly, ICT can be applied in 
various sectors of the economy. It is subject to major – even exponenti-
al [cf. Mg03] – performance increases and price decreases and unfolds 
its full economic potential through complementary technological, pro-
cess and product innovations. With its economic importance and wi-
despread application, it is an interesting and important question to ask 
how ICT affects sustainability. In an attempt to answer this question, 
the following article focuses on the contribution of ICT to a more sus-
tainable use of resources, thereby touching on social, economical and, 
primarily, ecological dimensions of sustainability [e.g., Bb87].

Upon first consideration, it appears to be self-evident that the repla-
cement of atoms with bits facilitates a sustainable use of resources. A 
more thorough reflection, however, points towards a far more complex 
and even contrary relationship: while technological progress may pro-
mote an efficient use of a resource, it may actually lead to an overall 
increase in consumption of the same resource. This paradox is named 
after the English economist William Stanely Jevons, who observed that 
the increased efficiency of coal as a power source brought about by the 
Watt steam engine in the 19th century led to a higher total consumption 
of coal [cf. Jw65; Ab05]. Following this logic, ICT can be classified as a 
technological innovation, similar to the Watt steam engine that increa-
ses the efficiency of information and communication (i.e., by enabling a 
less-fuel intense exchange of information through electronic transmis-
sion, compared to physically transporting information). This in turn 

1 While there is a general debate whether ICT can be classified as GPT [e.g., 
Gr00] economists increasingly advance evidence in favor of this classificati-
on on a micro [e.g., BH00] and macro level [e.g., Kt12; Bu14].
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might lead to a higher overall demand for information and communi-
cation and its required input factors (e.g., energy as a source for electri-
city). Estimating these changes in the aggregate demand of resources as 
technology progresses, however, poses a significant challenge for eco-
nomists for two reasons. 

First, the estimation that underlies an overall sustainability assessment 
of a specific technology is complicated by the economic concept of di-
rect consumption rebound effects2. Accordingly, an efficiency increase 
in information and communication through electronic transmission of 
information lowers the cost of information exchange (i.e., by reducing 
the required amount of energy to transmit information). The decrease 
in energy required to transmit information initially decreases the de-
mand for energy. This, by economic logic, translates into a lower price 
for energy - and by this also into a lower price for information exchange 
- which in turn stimulates demand for the latter. Consequently, demand 
rebounds. Hence, this effect is termed the consumption rebound effect. 
In cases where this increase in demand offsets the initial decrease in 
demand for energy, induced by an increased efficiency in the exchan-
ge of information, a Jevons paradox occurs. Whether a Jevons paradox 
emerges technically depends on the elasticity of demand. Given that 
advances in ICT allow for a twice as efficient use of energy to trans-
mit information, the same amount of information will be exchanged 
with half the amount of energy consumed. In a perfectly competitive 
market, prices for energy will equally fall by half. If the demand for in-
formation and communication is elastic (see the chart on the right in 
Figure 1), the demanded quantity of information and communication 
may more than double, simultaneously leading to an overall higher de-

2 An extensive economic analysis of the aggregate rebound effect would ad-
ditionally require an inclusion of indirect rebound effects (i.e., the income 
effect allows households to increase their consumption of other goods and 
services) and economy wide effects (e.g., the application of technology may 
increase process efficiency or enable new products and services that pro-
mote economic growth). In their basic form, both effects are qualitatively 
included and further detailed in the next section as “indirect effects“ and 
“systemic effects“.   
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mand for energy. If the demand for information and communication is 
inelastic, the demand for information and communication still slightly 
rises, however it may less than double, with less energy consumed over-
all and thus a more sustainable use of this resource (see the chart on the 
left in Figure 1).

Price 

Quantity 0 

Price 
falls  
by 

half 

Quantity less  
than doubles 

Inelastic  
demand  

Increased sustainability: 
Efficiency increases through 

ICT translate into a more 
sustainable use of resources 

(i.e., less demand for energy) 

Price 

Quantity 0 

Price 
falls  
by 

half 

Quantity more 
than doubles 

Elastic 
demand  

Jevons paradox: 
Efficiency increases through 

ICT translate into an  
increased use of resources  

(i.e., higher demand for energy) 

Figure 1: Direct rebound effect and sustainability – The case of inelastic 
and elastic demand for information and communication

The second estimation problem relates to the economic properties of 
a GPT. Because this type of technological innovation fosters a nexus of 
complementary innovation in adjunct industries and throughout the 
whole economy, it appears impossible to estimate the overall shifts in 
demand triggered by ICT advances. Accordingly, these shifts may not 
only affect the demand for information and communication itself, but 
may also induce demand shifts in seemingly unrelated fields, such as 
transportation (cf. section 2.3). To cope with this complexity, resear-
chers evaluating the effect of technologies have frequently adopted a 
broader perspective of analysis [e.g., PR84]. A suitable classification in 
the context of GPTs distinguishes effects according to their impact and 
measurability in: direct, indirect and systemic effects [e.g., GR03]. Ac-
cordingly, direct effects refer to the immediate effects that occur during 
the production, installation, maintenance and disposal of technology. 
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Indirect effects incorporate all application and usage related effects of 
technology that stem from fulfilling current habits. The category of sys-
temic effects subsumes all other effects on a micro (e.g., organizational 
level) and macro level (e.g., regional, national or global level) related 
to changes in habits, social structures and consumption patterns that 
arise from the diffusion and application of new technologies [cf. ibid.]. 
The classification framework further distinguishes effects according 
to their impact and measurability (see Figure 2). Because direct effects 
with a comparably small impact are rather easy to measure, while sys-
temic effects with a generally high impact are very difficult to evaluate, 
an overall quantitative sustainability assessment of ICT – as with any 
other GPT – becomes virtually impossible. 
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Figure 2: Classification of ICT effects on sustainability according to their 
impact and measurability (adopted from [PS05])

In the following section, this article outlines each effect in the context 
of ICT, advances some quantitative support for direct and indirect ef-
fects and then focuses on a qualitative exploration of selected indirect 
and systemic effects in the areas of energy, transportation, urbanizati-
on and media.




