
Smart ICT and Internet applications have the potential to improve the environment and tackle 
climate change. Top application areas include manufacturing, energy, transport and buildings. 
Information and communication also foster sustainable consumption and greener lifestyles. 
At the same time, direct and systemic impacts related to the production, use and end of life of 
ICTs require careful study in order to comprehensively assess “net” environmental impacts. A 
better understanding of smart ICTs provides policy makers with options for encouraging clean 

innovation for greener economic growth.
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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT  

The OECD is a unique forum where the governments of 30 democracies work together to address the 

economic, social and environmental challenges of globalisation. The OECD is also at the forefront of 

efforts to understand and to help governments respond to new developments and concerns, such as 

corporate governance, the information economy and the challenges of an ageing population. The 

Organisation provides a setting where governments can compare policy experiences, seek answers to 

common problems, identify good practice and work to co-ordinate domestic and international policies.  

The OECD member countries are: Australia, Austria, Belgium, Canada, Chile, the Czech Republic, 

Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, 

Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal, the Slovak Republic, 

Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States. The 

Commission of the European Communities takes part in the work of the OECD. 



   

 

   

 

FOREWORD  

This report was presented to the Working Party on the Information Economy (WPIE) in December 

2009 and June 2010. It was declassified through the written procedure by the Committee for Information, 

Computer and Communications Policy (ICCP) in August 2010.  

The report was prepared by Arthur Mickoleit as part of the ICCP’s work on ICTs and the environment 

under the direction of Graham Vickery, Dimitri Ypsilanti and Taylor Reynolds (all OECD Secretariat). It is 

published under the responsibility of the Secretary-General of the OECD. 

 The report provides background information to the OECD Technology Foresight Forum on “Smart 

ICTs and Green Growth”, on 29 September 2010 (www.oecd.org/ict/TechnologyForesightForum) and 

feeds into OECD work on Green Growth (www.oecd.org/greengrowth). A shorter version of the report 

appears as Chapter 5 in the forthcoming OECD Information Technology Outlook 2010.  
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MAIN POINTS 

 Information and communication technologies (ICTs) are a key enabler of “green growth” in all 

sectors of the economy. They are a key part of government strategies for a sustainable economic 

recovery. 

 “Greener and smarter” ICTs include ICTs with better environmental performance than previous 

generations (direct impacts) and ICTs that can be used to improve environmental performance 

throughout the economy and society (enabling and systemic impacts). 

 Direct environmental impacts of ICTs are considerable in areas such as energy use, materials 

throughput and end-of-life treatment. Government “green ICT” policies can be instrumental in 

promoting life-cycle approaches for improved R&D and design of ICT goods, services and 

systems. 

 Innovative ICT applications enable sustainable production and consumption across the entire 

economy. The potential for improving environmental performance targets specific products, but 

also entire systems and industry sectors, e.g. construction, transport, energy. Governments can 

promote cross-sector R&D programmes, national and regional initiatives as well as local pilot 

projects. This is particularly important in areas where structural barriers, e.g. lack of commercial 

incentives or high investment costs, may hinder the rapid uptake of “smart” ICTs. 

 Information and communication are pivotal for system-wide mitigation of environmental impacts 

and adaptation to inevitable changes in the environment. Governments can stimulate further 

research into the systemic impacts – intended and unintended – of the diffusion of ICTs in order 

to assess how ICTs and the Internet contribute to environmental policy goals in the long term. 

 Measurement of the environmental impacts of “green and smart” ICTs remains an important 

issue to address. Especially with regards to enabling and systemic impacts, available empirical 

analysis is methodologically diverse, making comparisons difficult.  
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GREENER AND SMARTER: ICTS, THE ENVIRONMENT AND CLIMATE CHANGE 

Introduction
1
 

Boosting sustainable economic growth is a top priority for both OECD and non-OECD economies. 

Current patterns of growth will compromise and irreversibly damage the natural environment. At the same 

time, economies and populations continue to grow – especially in non-OECD countries – with accelerating 

global rates of production and consumption. Innovative modes of production, consumption and living are 

called for to deal with the challenges ahead. Technologies will play a key role in addressing these 

challenges.  

Information and communication technologies (ICTs) are a key enabler of “green growth” in all 

sectors of the economy (see Box 1). The importance of understanding the links between ICTs and 

environmental issues is widely acknowledged in areas such as energy conservation, climate change and 

management of sustainable resources. “Green ICTs” is an umbrella term for ICTs with better 

environmental performance than previous generations (direct impacts) and ICTs that can be used to 

improve environmental performance throughout the economy and society (enabling and systemic impacts). 

Other terms used are “smart ICTs” and “sustainable IT”.  

This report provides an overview of ICTs, the environment and climate change as part of the wider 

OECD Green Growth Strategy.
2
 The report has two main parts, an analytical framework and the impact 

assessment. The first part develops a framework for assessing the environmental benefits and impacts of 

ICTs. These include the direct impacts of technologies themselves as well the impacts of ICTs in 

improving environmental performance more widely. The second part describes empirical findings on 

environmental impacts for a range of ICT and Internet applications.  

Framework 

What are “green ICTs”? 

Positive and negative environmental impacts of ICTs 

ICTs and their applications can have both positive and negative impacts on the environment.
3
 An 

analysis of green ICTs covers both aspects in order to assess the “net” environmental impacts of ICTs. The 

net environmental impact of an ICT product or application is the sum of all of its interactions with the 

environment. This means, for example, balancing greenhouse gas emissions resulting from the 

development, production and operation of ICT products against emissions reductions attributed to the 

application of these ICTs to improve energy efficiency elsewhere, e.g. in buildings, transport systems or 

electricity distribution. Besides these immediate impacts, ICTs and their application also affect the ways in 

which people live and work and in which goods and services are produced and delivered. The resulting 

environmental impacts are more difficult to trace but need to be part of a comprehensive analytical 

framework.  
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Box 1. OECD work on ICTs for green growth 

Policies to promote diffusion and uptake of ICTs for environmental purposes are receiving increasing attention. 
Most governments have only recently (but faster and faster) begun to combine “green ICT” promotion initiatives with 
traditional ICT and environmental policies (OECD, 2009a). The separation between ICT and climate change research 
communities is sometimes reflected in government: ministries with competence for ICTs may have pilot projects, but 
these are rarely taken up at a national level in co-ordination with national environmental policy institutions. 

The OECD’s work programme on ICTs, the environment and climate change is part of the Organisation’s 
development of a wider Green Growth Strategy – interim results were presented at the OECD Council at Ministerial 
Level in May 2010 (OECD, 2010). OECD work on ICTs for green growth started with a workshop in Copenhagen in 
2008 and a high-level conference in 2009 in Helsingør, Denmark. During the conference, participants agreed that ICTs 
had a central role to play in tackling climate change and improving environmental performance overall. Later that year, 
the 2009 UN Climate Change Conference in Copenhagen (COP15) brought together global policy makers in an 
attempt to limit the impacts of climate change. The OECD, together with the UNFCCC, relied on ICTs to limit travel by 
using the latest video link technology to connect speakers from Copenhagen, Paris, Tokyo, Bangalore and Hong Kong 
(China), live and in high definition (a webcast is available). 

In 2010, OECD member countries agreed to make better use of ICTs to tackle environmental challenges and 
accelerate green growth. The OECD Council Recommendation on ICTs and the environment gives a ten-point 
checklist for government policy, including provisions on improving the environmental impacts of ICTs (see Annex 1). It 
encourages cross-sector co-operation and knowledge exchange on resource-efficient ICTs and “smart” applications, 
and highlights the importance of government support for R&D and innovation. 

Sources: www.oecd.org/sti/ict/green-ict; www.oecd.org/greengrowth.  

 

The interaction of ICTs and the natural environment described in this report can be categorised in a 

framework of three analytical levels: direct impacts (first order), enabling impacts (second order) and 

systemic impacts (third order) (Figure 1).
4
 The following paragraphs describe the characteristics of 

environmental impacts of ICTs on each level. 

Figure 1. Framework for green ICTs 

 

http://www.oecd.org/sti/ict/green-ict
http://www.oecd.org/greengrowth


Greener and Smarter: ICTs, the Environment and Climate Change 

 

  © OECD 2010 9 

 

Direct impacts (first order)  

Direct impacts of ICTs on the environment (or “first-order effects”) refer to positive and negative 

impacts due to the physical existence of ICT products (goods and services) and related processes.
5
 The 

sources of the direct environmental impacts of ICT products are ICT producers (ICT manufacturing and 

services firms, including intermediate goods production) and final consumers and users of ICTs. ICT 

producers affect the natural environment during both the production of ICT hardware, components and ICT 

services and through their operations (e.g. operating infrastructures, offices, vehicle fleets). In addition, the 

design of ICT products determines how they affect the environment beyond company boundaries. Energy-

efficient components, for example, can reduce the energy used by ICT equipment. Modular ICT equipment 

and reduced use of chemicals in production can improve re-use and recyclability.  

At the other end of the value chain, consumers and users influence the direct environmental footprint 

through their purchase, consumption, use and end-of-life treatment of ICT products. Consumers can 

choose energy-efficient and certified “green” ICT equipment over other products. The use of ICTs largely 

determines the amount of energy consumed by ICT equipment (widespread changes in use patterns, 

however, are part of systemic impacts). At the end of a product’s useful life, consumers can choose to 

return equipment for re-use, recycling, etc. This lowers the burden on the natural environment compared to 

disposal in a landfill or incineration, the most common destinations for household waste. 

Enabling impacts (second order) 

Enabling impacts of ICTs (or “second-order effects”) arise from ICT applications that reduce 

environmental impacts across economic and social activities. ICTs affect how other products are designed, 

produced, consumed, used and disposed of. This makes production and consumption more resource-

efficient. Potential negative effects need to be factored in when assessing “net” environmental impacts, 

such as greater use of energy by ICT-enabled systems compared to conventional systems. 

ICT products can affect the environmental footprint of other products and activities across the 

economy in four ways:  

 Optimisation: ICTs can reduce another product’s environmental impact. Examples include 

embedded systems in cars for fuel-efficient driving, “smart” electricity distribution networks to 

reduce transmission and distribution losses, and intelligent heating and lighting systems in 

buildings which increase their energy efficiency. 

 Dematerialisation and substitution: Advances in ICTs and other technologies facilitate the 

replacement of physical products and processes by digital products and processes. For example 

digital music may replace physical music media and teleconferences may replace business travel. 

 Induction effects can occur if ICT products help to increase demand for other products, 

e.g. efficient printers may stimulate demand for paper.  

 Degradation can occur if ICT devices embedded in non-ICT products create difficulties for local 

waste management processes. Car tyres, bottles and cardboard equipped with “smart” tags, for 

example, often require specific recycling procedures (Wäger et al., 2005).  
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Systemic impacts (third order) 

Systemic impacts of ICTs and their application on the environment (or “third-order effects”) are those 

involving behavioural change and other non-technological factors. Systemic impacts include the intended 

and unintended consequences of wide application of green ICTs. Positive environmental outcomes of 

green ICT applications largely depend on wide end-user acceptance.
6
 Therefore, systemic impacts also 

include the adjustments to individual lifestyles that are necessary to make sensible use of ICTs for the 

environment. ICT applications can have systemic impacts on economies and societies in one or more of the 

following ways: 

 Providing and disclosing information: ICTs and the Internet help bridge information gaps across 

industry sectors. They also facilitate monitoring, measuring and reporting changes to the natural 

environment. Access to and display of data inform decisions by households (e.g. “smart” meters), 

businesses (e.g. choice of suppliers, verifying “green” claims), and governments (e.g. allocation 

of emission allowances, territorial development policies).
7
 Sensor-based networks that collect 

information and software-based interpretation of data can be used to adapt lifestyles, production 

and commerce in OECD and developing countries to the impacts of climate change (FAO, 2010; 

Kalas and Finlay, 2009). For example, ICT-enabled research and observation of desertification 

trends around the Sahara provide data for decisions that affect these countries’ economic 

development. 

 Enabling dynamic pricing and fostering price sensitivity: ICT applications form the basis of 

dynamic or adaptive pricing systems, e.g. for the provision of electricity or the trade of 

agricultural goods. Through the use of ICTs, producers can provide immediate price signals 

about supply levels to final consumers. In areas of high price elasticity, optimisation of demand 

can be expected. Electricity customers, for example, can choose to turn off non-critical devices 

when cheap (and renewable) energy is scarce and turn them on again when it is more plentiful. 

This is an important part of green growth strategies that aim to use market principles to 

encourage sustainable behaviour. 

 Fostering technology adoption: Technological progress provokes behavioural changes. The 

“evolution” from desktop PCs to laptops to netbooks is one example of changing consumer 

preferences. Digital music, e-mail communications and teleconferencing technologies are 

affecting the ways in which their physical counterparts are produced and consumed, i.e. recorded 

music, written letters and physical business travel. As new consumption patterns emerge, e.g. in 

the consumption of music on digital media, these trends result in direct impacts (energy use of 

servers to store and provide digital music) and enabling impacts (reduction in the use of physical 

music media).  

 Triggering rebound effects: Rebound effects refer to the phenomenon that higher efficiencies at 

the micro level (e.g. a product) do not necessarily translate into equivalent savings at the macro 

level (e.g. economy-wide). This means, for example, that the nationwide application of a 30% 

more efficient technology does not necessarily translate into energy savings of 30% in the 

application area. Analysis, mostly in the area of consumer products, shows that “rebound effects” 

at the macro level partly offset efficiency gains at the micro level, but the exact causes, 

magnitudes and long-term trends are not yet clear (Turner, 2009). In areas such as personal car 

transport or household heating, higher efficiency (or lower price) of a product can increase 

demand in ways that offset up to one-third of the energy savings (Sorrell, Dimitropoulos and 

Sommerville, 2009). Relatively little empirical analysis has focused on ICT-enabled rebound 

effects. As an example of the interaction between the direct and rebound impacts of ICTs, higher 


