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Abstract

The huge percentage of dependency on computerisation in the present world has led to adverse
effects on the global climate and environment beyond the imagination of mankind, awareness of which,
interestingly is little. Consumers often wonder what kind of effects computerisation can cause since computers,
internet, storage devices, etc. do not emit smoke like vehicles which is known to be the commonest example of
greenhouse gas emission. This paper brings forth the effects caused by a recent growing field in the world of
computing known as cloud computing in relation to global warming; the various types of researches carried out
to overcome and handle the growing issues; making edge computing environmental friendly by reducing
energy consumption, carbon gas emission, e-waste disposal and recycling in relation to green computing or
green IT, which encompasses of environmental sustainable practices. Green edge computing aims at increasing
energy efficiency, reducing environmental hazards, improving life span and working efficiency of devices in
cloud data centres and reducing electronic waste disposal and implementation of which is hoped to have
positive impacts on the global climate.

Keywords : Carbon Footprint, Cloud computing, Edge Computing, e-Waste Disposal.

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-sa/4.0)

Introduction

With  the immense advancement in
technology,  there has been a rapid development in
the sector  of information and communication
technology. Every sector and field of work and life

have now become technology-dependent starting from
simple everyday activities like emails, mobile phones
to complex applications such as manufacturing
industries and aviation control. Failure to meet up
these ever increasing demands even for a short while
would lead to huge losses and hindrance to
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development. To handle the enormous consumer needs
of the world today, huge high speed data centres have
been established such as Amazon, Yahoo, Google and
eBay6 which led to the emergence of cloud computing
as technology evolved making processing and storing
faster, cheaper and more powerful.

Cloud computing has been defined by
various authors in different perspectives.6 considered
cloud computing in relation to its utility to end-user
and defined it as “a market-oriented distributed
computing system consisting of a collection of
interconnected and virtualized computers that are
dynamically provisioned and presented as one or more
unified computing resource(s) based on service-level
agreements established through negotiation between
the service provider and consumers”, whereas National
Institute of Standards and Technology27 defined
cloud computing as “a model for enabling convenient,
on- demand6 network access to a shared pool of
configurable computing resources (e.g. networks,
servers, storage, applications, and services) that can
be rapidly provisioned and released with minimal
management effort or service provider interaction”.
Cloud service centres are virtualised and distributed
geographically providing services and applications at
high processing speeds thereby requiring a huge
amount of energy for its various operations. With the
increased amount of cloud services consumed, various
studies have been conducted which revealed alarming
results in relation to its effects on the environment.23

states that 170 million metric tons of carbon can be
produced by one data centre per year. Rivoire et al.,21

carried out a study where it was reported that the
information and communication technology sector
produces an alarming amount of carbon (IV) oxide
(CO2) that is equivalent to the amount released by the
aviation industry and also amounts to 2% of world’s
emission.12 mentioned that the power consumed by
the datacentre of Microsoft alone in Quincy, USA, is
capable of supplying electricity to 40, 000 houses. In
order to handle the consumer needs, data centre
electricity consumption increased by 56% from 2005
to 2010 15.25,  states that carbon footprint will increase
by 20% by the year 2020 which is mainly because of
the cloud computing architectures used by the data
centres.   This gave rise to huge concerns in the

information technology world requiring immediate
researches and studies to be carried out in order to
significantly reduce greenhouse gas emissions making
the world environmental friendly and hence, the term
green computing or green IT.

Green computing is a phenomenon that is
gaining significance and importance as technology
dependency increases. It encompasses practices in
the IT field that are eco-friendly so as to have minimum
adverse effects in terms of e-waste generation, carbon
footprint emissions, energy consumption and
recycling on the environment. It is being implemented
in different sectors of the IT field as it reduces energy
consumption thereby reducing cost and also the
harmful effects on the environment. Green computing
can be applied in every field of IT application and can
even have immediate effects such as turning off
computers, storage and network devices when idle,
use of flat screen computers to reduce energy
consumption, proper disposal and recycling of gadgets
to avoid the release of harmful elements into the
environment. Regular practice and implementation of
these healthy habits can lead to higher and better
sustainability of the environment.

Other efforts have been made to make cloud
computing green as the rate of energy consumption,
carbon emission, e-waste disposal increased by
implementing resource virtualisation and resource
consolidation7 in achieving a better energy efficiency
in cloud environments. According to a research carried
out by Accenture Microsoft Report (2010), carbon
emissions from business applications performed on
cloud can be significantly reduced depending on the
size of the organisation. It was seen that small
organisations reduced carbon footprint the most,
amounting to a 90% reduction, mid-size organisations
reduce emissions in the range of 60-90%, while large
organisations reduction range is 30-60%. On the other
hand however, Greenpeace International (2010) argues
that carbon footprint emissions from cloud computing
may only have more devastating effects as service
providers are more concerned in the economic effect
of reducing power consumption rather than harmful
greenhouse gas (GHG) emissions.

Achieving Green Cloud Computing via Energy
Efficiency :
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Virtualisation is the ability to run multiple services and
applications from a single server. This helps in reducing
physical server footprint needed, less infrastructure
to execute the workloads and also less energy
consumption as a result of less number of physical
equipment. Virtualisation takes into consideration
consolidation and virtual machine (VM) migration
reducing VM overhead and improving energy
efficiency. Consolidation controls the trade-off of
performance, resource utilisation and energy
expended24 while VM migration provides flexible
resource allocation and crisis management 5.
AbdelSalam et al.,1 proposed an optimisation model
for energy consumption of cloud environments.
However, the problem of resource underutilization and
over-provisioning of servers was addressed by
Ranganathan et al.,20.

Research has also been carried out on storage
devices and systems to improve energy efficiency.
Gurumurthi, Sankar and Stan,9 worked on high storage
drives to improve disk bandwidth without increasing
energy dissipation.   Kaushik et al.,13 postulated such
a system by classifying storage serves into logical
hot and cold zones and then switching to inactive
states to conserve energy. Verma et al.,26 presented
an optimization for storage virtualization based on
input output workload intensity.

Due to the large quantity of energy consumed
in cloud computing data centres, a huge amount of
heat is dissipated which in turn affects the global
climate. To address this issue, several researches have
been carried out. Moore, Chase and Ranganathan,20

researched on automatic reconfiguration of thermal
load management system to improve cooling efficiency
and power consumption. Bash and Forman,4 designed
a mathematical model to improve the cooling of data
centres while Ramos and Bianchini,19 provided a
software prediction for thermal management of data
centres based on load redistribution.

Increased energy consumption and capital
required to run data centres have led to cloud service
providers to opt for renewable energy generation using
water, wind or sun. Based on these criteria, the location
of data centres are decided giving priority to weather,
availability of renewable energy sources. Cooling data

centre equipment consume a high percentage of energy
and to overcome this, air and water are used to achieve
both the cooling effect and reduced carbon emission.

Another platform for IoT is fog computing,
introduced in 2010 to solve the technical complexities
of cloud computing, however, it is an add-on of cloud
computing and cannot exists as a standalone
approach3. Fog computing transfers the core functions
of cloud computing towards the edge of the network
as billions of devices are internet-connected and some
of these devices located at the edge of the network
require support for low latency, real-time and location
aware services which cannot be provided efficiently
by the traditional architecture of cloud computing17.
Jalali et al.,11 described it as “a platform for local
computing, distribution and storage in end-user
devices rather than centralized data centres”.

Misra and Sarkar,17 established that fog and
cloud computing supplement each other and is an
efficient green computing platform when combined as
results showed that the mean energy consumption in
fog computing was 40.48% less than the traditional
cloud architecture for a scenario where 25% of the IoT
applications demanded real-time and low latency
services.

Jalali et al.,11 studied the energy consumption
between running applications from very small servers
(nano data centres) which are located in end-user
premises and centralized data centres. The experiment
showed that energy was saved for some applications
which were run from the small servers as the content
was closer to the end-user and this saved energy from
the transport network, but more energy was consumed
when the small servers were connected to an energy-
inefficient access network. However, some factors of
the type of applications such as the amount of data
pre-loading affected the energy consumption rate and
energy was efficiently saved from applications running
in the small servers which had low access data rate
such as video surveillance.

5G network will also benefit from the cloud-
fog architecture as a study carried out by Kitanov and
Janevski,14 has shown that 5G network is more energy
efficient than 3G or 4G when the number of smart
device users increases or the distance of this user
increases from a radio access network (RAN).



Fog computing has also been used for
processing and analysing electrocardiogram (ECG)
signals sent by patients via a heart monitoring
application. It proved to be more energy efficient by
saving up to 68% energy than processing the ECG
signals at the cloud as studied by Isa et al.,10. This is
because the energy consumed by the transport
equipment to the clouds reduced as the processing
servers were situated closer to the end-user.

Li et al.,16 reported that 80% of energy used
in the world today is still produced from fossil fuels
and in order to make edge computing green, not only
energy efficient techniques should be utilised or
improved, but also the primary source of power should
be renewable energy sources while fossil fuels could
be used as the secondary source of power. When using
renewable energy, energy allocation is a crucial issue,
and this requires that the usage profile of the edge
computing systems be drawn. The study also reported
that unpredictability and cost are the two major factors
hindering the usage of renewable energy and with the
help of microgrid, renewable energy sources in a
particular area can be combined to distribute power to
local users and the demands can be satisfied in a
convenient way while reducing the carbon footprint.
To reduce carbon emission, a prototype system using
an edge computing and microgrid to integrate highly
volatile renewable energy sources in an area, was built
and it was observed that green power was supplied to
the edge computing system 94.8 percent of the
experimental time.

Sarkar, Chatterjee and Misra,22 studied the
amount of CO2 gas emitted in terms of three processes
which were packet forwarding, storage and
computation in both cloud computing and fog
computing platforms. The results indicated that when
non-renewable energy sources such as diesel, coal
and natural gas were used to supply energy to each of
the data centre architectures, there was a significant
decrease in CO2 emission in fog computing than the
traditional cloud computing. Renewable energy
sources such as geothermal, hydroelectric and
offshore wind were also used to determine the CO2

emission in the three processes mentioned earlier and
the results indicated that fog computing was greener
compared to its counterpart.

Challenges of Efficient Green Cloud Computing :

Technological advances in virtually all
aspects of life have led to a high dependency on
computerisation and automation. This has led to the
concept of cloud computing to handle the ever
increasing demand of services and applications across
the globe via high speed processing networks.
However, the downside of this is the increased
emission of harmful greenhouse gases into the
atmosphere, improper disposal and recycling of
electronic products, high energy consumption and heat
generation. To reduce the alarming effects of
technological advances on the environment, scientists
and researchers now focus on green computing of
clouds.

Several studies have been conducted.
However, there are still some shortcomings which can
be addressed such as study of heterogeneous work
loads of VMs, for example, implementing a high
processing activity (utilises processing power) and a
high storage activity (storage devices). This will lead
to increased resource utilisation and also avoid
wastage of servers since one server may do the job of
multiple servers thereby reducing heat generation and
energy consumption. Cooling methods are provided
to address the heat dissipated from hardware. However,
studies still lack on the generation of heat by software.
Studies should be carried out on compatibility of
various softwares and services running concurrently
on servers to determine which software-service group
generates least heat with high energy and performance
efficiency.  Fog computing could be used as an
alternative to push content closer to users. However,
there is need to identify and understand the
applications which should be run from the edge of the
network to save energy consumption. Apart from
improving the techniques, renewable energy should
be used as the primary source to supply power, but
using these sources are very expensive and
unpredictable. It has been seen that it is feasible to
use a microgrid to combine the renewable energy in an
area to supply green energy to edge computing
systems, but an energy management scheme should
be developed when using it in real-life scenarios.

Numerous advancements have been made to
address the effects of cloud computing on the global
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climate. However, economic advantage is considered
more than the environmental advantage, that is,
service providers ultimately reduce energy
consumption by utilising cheaper energy sources
which may not be necessarily healthier. It is, however,
recommended to implement strong policies to back
green computing for a healthy future. Also, all data
centres should increase the amount of renewable
energy generation and move towards a low
dependency on unhealthy perishable forms of energy
like coal.

Conclusion and Future Direction

Carbon emission by technological advances
and dependence on computerisation are major issues.
The focal purpose of this paper is to summarize the
causes of e-waste production by cloud computing,
the importance of mitigating the GHGs produced by
the clouds, ways to practice green cloud computing,
and also areas where development is required to assist
in achieving a green and healthier environment.

It has been observed from previous studies
that fog computing architecture proved to be greener
than using only cloud computing architectures.
Therefore, as the world gradually evolves into
automating every aspect and sector of life, the future
direction of this study would be to integrate fog
computing with artificial intelligence techniques for
smart and automated energy efficiency determination
and regulation.
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