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Information and Communication Technologies:
Benefits and Challenges to the Environment

Ugwuishiwu B. O., Obi O. F. and Ugwuishiwu, C. H.

Abstract — The issue of Information and Communication
Technology (ICT) and the environment is a complex can
multifaceted one. ICT can play both positive and iagige roles in
sustainable environment. This study shows the impottlinkages
between ICTs, ICT-enabled innovation and the environmelt
analyses the environmental impacts of ICTs in diféat stages of
the life cycle and also as an enabling technology fmitigation of
environmental impacts across all economic sectom@irect
environmental impacts were noted to be consideralleareas
such as energy use, materials throughput and enelifsf
treatment. ICT usage could also generate new actatiand
wastes with grave implications on efficient environniel
resource management. The contribution of ICTs to tymic
changes to achieve more sustainable environment digsussed.
It was concluded that it is important that the engimmental
impacts of ICT products and operations be minimizédough
improved research and development,
innovative ICT systems and government ICT policies.
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I. INTRODUCTION

In the past few years, the availability and uséQ¥fs has
grown dramatically around the world. In the devatgp
world, this growth has been largely due to the ghowf
mobile telephony. According to a recent ITU rep@mtu,
2007) “...by the end of 2006, there were a totahedrly 4
billion mobile and fixed line subscribers and owebillion
Internet users. This included 1.27 billion fixedetghone
lines, 2.68 billion mobile subscribers (61% of whiwere
located in developing countries) and some 1.13iohill
Internet users.” While the use of ICTs in the deped world
has reached high levels, its penetration in theeldging
world is still growing and there are marked diffeces
between different categories of countries. ITU @0shows
that countries of the Organization for Economic@peration

nations of the world. While this information isprtant in

determining access to ICTs and related applicatithey do

not give the true extent of the deployment and essEgCT

and its related applications. Nearly all urban ared

developing countries have access to some formazfdirand
connectivity; ICT penetration rates are lower ia thral areas
both in developing as well as developed countrigd)(

2008).

The low growth rate of ICT penetration in the ruaatas
has resulted in less access to computers and wittides
both high speed computing resources as well asopairs
computers. The cost of ICT facilities is considenegh for an
average rural dweller making the use of commun@y |
facilities such as cybercafés or tele-centres, wihie very
popular in many parts of the developing world, vesynmon.

implementatiorf oln the urban areas however, individuals usuallyeteacess to

one form of ICT facility or the other such as degktlaptop,
mobile telephony, etc. This has resulted in largangties
ICT hardware being shipped to these countries. This
generated a lot of concern as regards to theiandelisposal.
Environmental issues are increasingly at the fdreublic
concerns in the industrialized as well as in theettsing
world with an increased percentage of people cpioiution
and environmental problems as a top global thiieaday the
impact of ICT on the environment is one of the e
issues discussed by environmentalists. It relat@mé of the
Millennium Development Goals (MDG), as ICT is used
foster international integration and developme@fT lin the
environment sector is often used to: communicateitional
forms of environmental knowledge to communities aod
facilitate the citizen monitoring of environmentedsues;
make a valuable contribution to sustainable enwviremtal
management by improving monitoring and responsesys
facilitating environmental activism and enabling rmo
efficient resource use; reduce the consumption nefrgy,

and Development (OECD) in addition to Taiwan, Chinayater and other essential natural resources througte

Hong Kong, China, Macao, China, and Singapore, attg
for 18.7% of the world’s population, have shown kear
growth in ICT deployment and usage with the excepbf
fixed line access. Whereas in the least developechtdes

efficient agriculture and industrial proceduresayplan
important role in the fight against pollution—nonlyp by
providing more useful metrics and information, bigo by
enabling population decentralization and largeescal

(LDCs) which are made up of the 50 least developagdlecommuting; and provide an ideal platform fardbvoices

countries, recognized by the United Nations as iramu
special attention in development assistance, aticaufor
11.9% of the world’s population, growth rates i tise of
ICT have been very low. In developing countries aoer
which account for 69.7% of the world’s populatioates are
growing but not at the same rate as seen amordgtheoped
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to be heard, overcoming physical and social barrand for
allowing special-interest groups and virtual comities to
be formed
(http://lwww.opt-init.org/framework/pages/2.2.5.hyml

ICTs are powerful tool for civil society in protéwy the
environment. Environmental Information Systems (Ed&
the core of contemporary urban management systatha a
prerequisite for proper and timely dissemination of
information to the public (Gohar Minasyan, 2006).
Technological advances require systems that cane mak
optimum use of informatics and telecommunications
infrastructures to address environmental managemests.
Yet these can be open, flexible, modular and inespe to
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implement and operate. Overall, the right of acctss
information related to the quality of the envirommehat
citizens live in, appears to be well matched with toncept
of open source (Aarhus Convention) (Sands,
Sometimes the relationship between ICT and theenrient
might seem distant or its nature may not seem aigvio
Environmental issues relate to natural resourcek thair
complex dynamics, including water, soil, forestsnate, and
so on, and the world of ICTs is premised on a &lrtonstruct
of the world. The question then is what is the Ibé&tween
ICTs and the environment? Perhaps this is wherpdter of
ICTs lies and this can have a great bearing onallst every
aspect of human life and the rapidly expandingaurdings
of human habitats. Like any other area, an undeadgig of
the environment is deeply dependent on correcyagit, and
recent information being available to all thoseglepwhose
decisions and actions affect this field.

Underlying the driving force of ICT is computer teology
hardware which consists of all physical devicesuiding cell
phones and other electronic devices and softwariehwh
consists of programmed instructions including endeed
systems on which many electronic devices run. Aschby
Idowu and Awodele (2010) it is not an understatemen
conclude that advances and diffusion of ICT hawestilrally
changed the social and environmental system ofytduld the
reverse effects also exist. Although, the globaliety is
excited about the various uses of ICT, both asi\ajg and
corporate applications with all the obvious besefithe
question of how ICT revolution affects the enviramn
which is one of the major twenty-first century dbagjes, has
received limited attention to date (ldowu and Awlede
2010). The manufacturing of ICT infrastructures bisth
energy- intensive and resource-intensive and
environmental impacts of the production, use, dasgdasal of
ICT resources/materials are of great concern andrival.
The aim of this study is to take stock of the intpacf
Information and Communication Technology (ICTs) the
environment and to identify opportunities and h@sictices
in the use of ICTs, the internet and sensor netsvark
environmental management and improved
management. This study draws information principaibm
online research.

[I. ICTS-ENVIRONMENT INTERACTION

ICTs and their applications can have both positwvel
negative impacts on the environment. The net enwiental
impact of an ICT product or application is the sofrall of its
interactions with the environment. This means,eeample,

balancing greenhouse gas emissions resulting froen t
development, production and operation of ICT prasluc

against emissions reductions attributed to theiegmn of
these ICTs to improve energy efficiency elsewhBesides
these immediate impacts, ICTs and their applicattso
affect the ways in which people live and work andvhich
goods and services are produced and delivered.

Life cycle assessments (LCA) demonstrate that I

an environmental cost and impact as a result ofr the

manufacture, use and disposal. LCA or life-cyclalgsis, is a
tool for estimating the total environmental impatia given
product or service throughout its lifespan, fronadie to
grave (ITU, 2008). LCA has been the most commorhotet
applied to the study of the impact of ICTs on theimnment

without assessing and reporting on the environnhénfzact
of ICTs throughout their life cycle, from the monheri the
search for, extraction and refining of the materiaded for the

2003nanufacture of ICTs, their creation on an assettindy their

marketing, inventorying and sale, to the point &ich the

device or technology in question is definitely remmd from

human use and all constituent components are séifglgsed

of so that they no longer represent any threat e t

environment.

It is widely recognized that there are three oreféects
(Figure 1) of ICTs on the environment (Yi and Then2007)
and they are:

1. First order or direct impacts: these are the ingpacid
opportunities created by the physical existencéCafs
and the processes involved in their manufacturing;
Second order or indirect impacts: These are theatsp
and opportunities created by the ongoing use and
application of ICTs;

Third order or systematic impacts: the impacts and

opportunities created by the aggregated effectgast

and large numbers of people using ICTs over theumed
to long term.

It has been widely observed that the bulk of theeffies of

ICTs lie in the second order effects due to inadas

efficiency, transparency, speed of transactionspidra

market-clearing, etc. However, most of the negatifects of

ICTs are associated with first order resulting fribra direct

environmental impacts from ICT infrastructure suah

resources consumption (energy consumption durirg th
production or manufacture of ICT equipment) andboar
emission during manufacturing, in the process afgasand
disposal of hardware (electronic waste that refsath ICT

3.

theroduction, use and disposal). The third levela$fare those

involving behavioral change and other non-technicklg
factors. Systemic impacts include the intended and
unintended consequences of wide application ofrgt€éd's.
Positive environmental outcomes of green ICT apgibns
largely depend on wide end-user acceptance. Tdveref
systemic impacts also include the adjustments dovitual

resourcéfestyles that are necessary to make sensibl@UBeTs for

the environment (OECD, 2010).

Systemicimpacts: :
Changein
behaviour

=

[ o Enablingimpacts:
Application N

Direct impacts:
Technology

Figure 1: ICTs-Environment Impacts
Source: OECD (2010)

[ll. NEGATIVE IMPACTS OF ICTS ON THE

ENVIRONMENT
Manufacture and use account for the bulk of the

(Yiand Thomas, 2007). This approach suggestsathatiew environmental impacts of ICTs (Eugster et al., 200lring
of the impact of ICTs on the environment is not ptete  production, most impacts result from energy use,
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manufacturing-related extraction of raw materiald ase of
other natural resources. Environmental impactsdutie use
phase result solely from the use of electricitythy PC and
peripheral devices. The environmental impact oéiexgy of
ICT components into final products and distributiare
relatively insignificant (Choét al., 2006).

Producing a PC impacts the environment negativiely.

Overall, the desktop PC and screen are the majocss of
environmental impacts, with differences dependimgtioe
screen technology (Eugster et al., 2007). Largeuamtsoof
energy are required to produce the electronic t#cand
semiconductors that are used in computer mothedbaamnd
screens (Eugster et al., 2007). Moreover, the mtiotu of
ICT components requires
especially compared to the mass of the final prodac
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and consumption, the environmental impacts of ICT
equipment after their useful life — as well as dgrprevious
stages in the product life — have a lot to do \lihir design
and production. Data on volumes of electronic waste be
collected at different stages in the product's “effidife”
phase: generation, collection and treatment/exgdort
treatment.

IV. ENVIRONMENTAL BENEFITS OF ICTS

The increasingly ubiquitous use of ICTs in all agpeof
human endeavor is transforming the way that pelpgeand
work. ICTs have been demonstrated to contribute to
economic growth and development by stimulating the

large  amounts  of I”n""ter'alﬁroductivity of people, organizations and nations.

memory semiconductor with a mass of 2 grams reguiré. Environmental Observation

processing over 1 kg of fossil fuels (Williams, 200The use
of water in the production of memory chips and pssors
can also be significant. Water is used for coollegting and

Environmental observation includes monitoring aradad
recording technologies and systems (remote sensiai
collection and storage tools, telemetric systems,

filtering, but also as ‘“ultra-pure water” for ring meteorological and climate related recording anditodng

semiconductor wafers, chemical preparation.
purification process is very energy-intensive.

Thi§ystem), as well as geographic information sys{&hS) as it

applies to data recording and geo-referenced dataats.

ICT producers are major consumers of minerals, wh&ss  This also includes tools for not only acquiring thi@rmation

environmental and economic implications. In
manufacturing of ICT equipment, there is relianoele use
of heavy metals (Cd, Cr, Ag, Pb, Hg, Ga, Ge, Snamtf Au)
for their conductive, metallurgical and other prdes
consistent with ICT component design. Many of thestals,
which are usually sequestered in mineral deposits reot
naturally present in the environment, are highkia¢Cd, Pb,
Ag, Hg) and present a grave threat to human heaithto
ecological and living systems in particular wheleased into
the environment in the form of biologically actigeemical

theyut also tools for recording and storing observetiin a

standardized format. Remote sensors are used fo hel
researchers gather information about environmental
processes and systems. The sensors can be lirdettheo in
wireless networks which eliminate the need to valiethe
devices and nodes and allows more flexibility ipldgment

of ICTs (Goleniewski, 2006). Much of this informai has
been archived and stored in accessible dataselstalnases.
Through the use of ICT facilities and applicatiotisese
datasets/ databases are made available to resesarche

compounds as a result of unsafe extraction, uséoandregardless of their location. With the help of ICTs

disposal (Steinweg & de Haan, 2007). But the I@ealso
requires energy for its operation.

geo-reference location-specific environmental dega be
collected live for biodiversity research and comaéon

Using a PC contributes more to energy use anghich is important in the analysis, correlation amdidation

consequently to global warming than any other &gtia the
PC life cycle (Eugster et al, 2007) because ofrjrease gas
emissions from the generation of the electricitguieed to
power a computer. Only a few years ago the sitnatias the
reverse, with production the main contributor temgy use
during the PC life cycle (Williams, 2003). ICT pnroxbrs
have since switched to more efficient productiahtelogies
(Hilty, 2008). Energy consumption of the Internetridwide
has been estimated at 5.3 % of global electricityisamption.

of environmental models (Trotter et al., 2001). EEmwvmental
data can be collected directly in the field usirandt-held
devices, a technology readily available with theead of
wireless networks and devices. Some of these detdng
tools include ubiquitous broadband connectiongdrdted
technologies such as Web 2.0 and service-oriented
architecture (SOA) which together facilitate datdiextion,
entry and sharing as well as the participation cbmmunity
of users —who serve as interest groups and sofifénaary

One other source of energy wastage comes from R@rpo research data.

supplies that have traditionally operated at betv&eto 75%
efficiency. The idea is to replace these with mefficient
power supply units that operate at over 80 % efficy with
the objective of achieving 90% operating efficiesciat
different load levels (ITU, 2008).

B. Environmental Management and Protection

ICTs provide an unprecedented ability to collecd an
process environmental information that far exceduks
capacity of any individual, which may span timeatigns far

Waste from ICT goods often referred to as “eledtron beyond that of a human lifetime, and may encomplass

waste” is a growing global challenge, with twongipal
sources: the rapidly increasing volumes of ICT pmant
disposed of worldwide create inefficiencies whemmy
land-filled or incinerated and the hazardous charaof

entire terrestrial system from the depths of theaocto upper
reaches of the atmosphere (ITU, 2008). ICTs cap hedak
down the complexity of the environment for easy
understanding of the impact of human activities the

components and substances in ICT equipment can haevironment. ICTs can be used in a number of waythe
severe environmental as well as human health afetysa management of the environment as noted in ITU (2008

impacts. Worldwide generation of “electronic wasts”
around 20 to 50 million tonnes a year, accordinpéoOECD
Environmental Outlook to 2030 (OECD, 2008). Whiles t
challenge of growing volumes is mainly driven bgguction
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* To help observe, describe, record and understhed
environment (for environmental research and for
comparative analysis), including tools to manipalahd
visualize environmental information;
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e To share information and data as well as pracgss datasets that is critical to allowing modelersrpiove their
power. data warehouses, clearing houses amsimulation and forecasting models (Reed et al.220bhis is
data/information servers; environmental networksl anparticularly so in the case of weather and clinpdtenomena

grids, etc.; but also applies to understanding ecological system
e To faciltate and help coordinate environmentab Environmental Plannin

decision-making and management, including™” 9

environmental early warning, risk assessment, etitg Environmental planning starts with a study and an

and management, etc.; assessment phase that is based on the informatlatze
 To help reduce and/or mitigate the environmeimigiact from environmental observation and analysis. Thighen

of human activity; used to develop policies and strategies. Enviromahen
« To facilitate learning about the environment. planning and decision-making uses many of the epfptins

Environmental management can be achieved withehe used for environmental analysis (ITU, 2008). Demisi
of increasingly powerful and interconnected commuuti Support systems for environmental decision-makersiseful
platforms such as GIS and GPS combined with extensito assist in the planning process and to help imefe the
informational databases. Several ICT capabilitiemds —activities stipulated under the plan of action.
out as tools that are used to understand the global
environment (ITU, 2008). They include: V. ICTS AND SUSTAINABLE ENVIRONMENT

+ Satellite and direct sensor technology that pi®vthe  The production of goods in industrialized countriess
ability to record and store massive amounts Qiached saturation point. Economies could only grow
geographical and historical information with inS®® substantially in sectors that are not directly teglato the
geographic coverage; production of materials. In other words, economiovgh

* Geographic information systems (GIS) that alltve depends on the transition to a de-materializedesypcor to
visualization and interpretation of the datasetsdena d|g|ta| Weighﬂess economy. In such a Society' mnemy’s
available through these observation systems; weight shifts to activities that provide servicesnbfiting

* Micro processors which have provided computation people without consuming significant amounts of raw
power as well as increasingly intelligent algoriththat material, power and space. It is expected thatw@ild play
have allowed modeling of environmental systemsdor an active role in at least the following roles ihiave a
better understanding of its complex physical andociety that is environmentally and economicallstainable.

biological systems; i.  Reducing materials, especially papers, currentyl zs
* Increasing bandwidth and very rapid distributed information media

communications, processing and storage capabithiés ji,  Substituting ~ physical ~ transportation  with

facilitate data sharing and undertaking telecommunications

computationally-intensive tasks through the use&safl ji.  Iimproving efficiency of energy use by ICT supported

and Cloud computing. controlling systems

In a study by Fuhr and Pociask (2007) who invegtjzhe iy, Providing people with information on environmental
use of advanced technologies, including broadbandces issues and raising public awareness regardingthes
and telecommunications technologies and their ipeck,  Creating new businesses that are not energy oriadate
effects on energy use and the environment, it wpsrted consuming

that significant reduction is expected in GHG efoiss as a |CT is said to release us from geographic and tamestraints
result of the use of broadband technologies. Théyswas which in effect could change the structure of madeities
concluded by stating that the potential impact b&rges and the demographic features of countries. Somenasfe
stemming from the delivery of broadband is estimd®be opportunities relate to ICT use in more efficieatifities
an incremental reduction of more than 1 billion soof management. For instance, sensor-based broadband
greenhouse gas emissions over 10 years. applications can foster effective responses torenmiental
C. Environmental Analysis change as well as improving efficiency of curreuitding and
L i %rounds systems. The potential total emissions davaie
ICT applications are used to carry out requiredoy the implementation of smart building solutiprisr
computation and processing of environmental date f%xample, are estimated to be as high as 1.686bZ@020
analysis and comparison. This may include land, s@iter (World Econ. Forum Report, 2009).
and atmospheric quality assessment tools, including |, his era of heightened concern regarding clinshtnge,

technglogies for analysis  of Greenhogse Gas (GH%ffic and travel management has become a criticatern,
emissions and pollutants, and the tracking of better particularly for urban environments. If there isdetraffic,

quality and availability (lT,U’ 2008). Envirqnmenmh_aly§is there is less COemitted into the environment. It is estimated
often draws on archived geographically — distributegha¢ the amount of fuel wasted by congestion in. WBan
computatlona_ll and data resources. Analyzllng these8Mes 455 alone has increased 480%, from 500 millidiorgato
c_omplex envwon.mentgll systems and their C,OmeW 2.9 billion gallons from 1982 to 2005 (World Ecdforum
time and space |s.fa_C|I|tated through numencal;amiand Report, 2009). ICT-based services and solutionshedym to
Fhe use of specialized appllcat|_0ns such as gebgrap optimize traffic flows and, where possible, avoidem
information systems (GIS_) and various models usduktter completely (ICC, 2010). For instance, improvemeitts
understand complex erywronmental phenomena. The)nsesupp|y chain logistics can minimize travel amonsfritiution
computers and mo‘?'e"”g software has been helpful 9ini and networks. Also, optimization of loadengd route
dev_elopmg and using models to unde.rstand compl anagement for goods transport vehicles, takingertraffic
envwonmer_ltal sys-tems. Howeve_r, gf:cordlng t,o Reed &t the road and lowering logistics company codtsavel
al.118, it is the increased availability of envieental gpqitytion (virtual meetings, teleconferencingl diexible
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work arrangements facilitated by IP networks) cowdduce

CO, emission resulting from an avoidance of in-person

meetings, with travel cost savings, productivityisgs, and
Green House Gas (GHG) reductions due to cars effahd.

VI. CONCLUSION

As the development and deployment of ICT infragtrres
and internet facilities increases, the relativersttf ICTs in

environmental impact categories such as global GHG

emissions and waste generation is expected toaserdt is
therefore important for ICT producers to minimizee t
environmental impacts of their products and opensti
Improved R&D and design can help to tackle diregpacts
throughout the entire life cycle (manufacture, @samd
disposal) of ICT goods, services and systems. Es@gd and
implementation of innovative ICT systems can enabtge
sustainable “green” production and consumption scithe
entire economy. Government

instrumental in promoting such
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