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Abstract: Cloud computing is a highly scalable and cost-effective infrastructure for running 

HPC, enterprise and Web applications. However, the growing demand of Cloud infrastructure 

has drastically increased the energy consumption of data centers, which has become a critical 

issue. High energy consumption not only translates to high operational cost, which reduces the 

profit margin of Cloud providers, but also leads to high carbon emissions which is not 

environmentally friendly. Hence, energy-efficient solutions are required to minimize the impact 

of Cloud computing on the environment. In this paper, we discuss the green approaches for 

Cloud computing in two parts; data centre as the most energy consumer component of Cloud 

would be investigated from IT and site infrastructure perspective consisting green techniques. 

Traditional and Cloud data centers would by compared to figure out which one is more 

recommended to be deployed. Virtualization as heart of energy efficient Cloud computing that 

can integrates some technologies like consolidation and resource utilization. Along with 

virtualization, Green Cloud architecture is presented which is the most suitable green approach 

and also addresses various level of management of system resources. 

I  INTRODUCTION 

With the growth of high speed networks over the last decades, there is an alarming rise in 

its usage comprised of thousands of concurrent e-commerce transactions and millions of Web 

queries a day. This ever- increasing demand is handled through large-scale datacenters, which 

consolidate hundreds and thousands of servers with other infrastructure such as cooling, storage 

and network systems. Many internet companies such as Google, Amazon, eBay, and Yahoo are 

operating such huge datacenters around the world.  

The commercialization of these developments is defined currently as Cloud computing, 

where computing is delivered as utility on a pay-as-you-go basis[2]. The emergence of Cloud 

computing is rapidly changing this ownership-based approach to subscription-oriented approach 

by providing access to scalable infrastructure and services on-demand. Users can store, access, 

and share any amount of information in Cloud. Cloud computing also offers enormous amount of 

compute power to organizations which require processing of tremendous amount of data 

generated almost every day.  

Cloud computing[1] can actually make traditional datacenters more energy efficient by 
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using technologies such as resource virtualization and workload consolidation. Cloud datacenter, 

on the other hand, can reduce the energy consumed through server consolidation, whereby 

different workloads can share the same physical host using virtualization and unused servers can 

be switched off. Even the most efficiently built datacenter with the highest utilization rates will 

only mitigate, rather than eliminate, harmful CO2 emissions. The reason given is that Cloud 

providers are more interested in electricity cost reduction rather than carbon emission. Clearly, 

none of the cloud datacenter in the table can be called as green.  

 
Fig 1: Cloud and Environmental Sustainability 

Clouds are essentially virtualized datacenters and applications offered as services on a 

subscription basis as shown in Figure 1. They require high energy usage for its operation. Today, 

a typical datacenter with 1000 racks need 10 Megawatt of power to ope rate, which results in 

higher operational cost. Thus, for a datacenter, the energy cost is a significant component of its 

operating and up-front costs. 

          The main aim of this paper is to discover the best energy efficient approach for Cloud 

computing, in areas which include: data centre infrastructures, architecture, Cloud networking 

and content delivery to user. Sustainability is a long lasting welfare in terms of economy and 

environment. In this paper, we discuss the green approaches for Cloud computing in two parts; 

data centre as the most energy consumer component of Cloud would be investigated from IT and 

site infrastructure perspective consisting green techniques. Traditional and Cloud data centers 

would by compared to figure out which one is more recommended to be deployed. Virtualization 

as heart of energy efficient Cloud computing that can integrates some technologies like 

consolidation and resource utilization. Along with virtualization, Green Cloud architecture is 

presented which is the most suitable green approach and also addresses various level of 

management of system resources. 

II CLOUD COMPUTING DEPLOYMENT MODELS 

Clouds are deployed on physical infrastructure where Cloud middleware is implemented 

for delivering service to customers. Such an infrastructure and middleware differ in their 

services, administrative domain and access to users. Therefore, the Cloud deployments are 

classified mainly into three types: Public Cloud, Private Cloud and Hybrid Cloud.  
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A) Public Clouds  

Public Cloud is the most common deployment model where services are available to 

anyone on Internet. In this deployment, Cloud services are made available to the public in a pay-

as-you-go-manner. A public Cloud can offer any of the three kinds of services: IaaS, PaaS, and 

SaaS. The fundamental characteristic of public Clouds is its multi- tenancy, which is essentially 

achieved using sophisticated virtualization at various level of the software stack. Being public 

Clouds, Quality of Service and security are the main issues that need to be ensured in their 

management. Thus, a significant portion of the software infrastructure is devoted to monitor 

Cloud resources, to bill them according to the contract made with the user, and to keep a 

complete history of the Cloud usage for each customer.  

 
Fig 2: Deployment Models for Clouds 

B) Private Clouds 

While public Clouds are quite appealing and provide a viable solution for cutting IT costs 

such as administration and infrastructure, there are still many scenarios where organization may 

want to maintain their own specialized Clouds catering to their particular needs. Thus, private 

Clouds are deployed within the premise of an organization to provide IT services to its internal 

users. The private Cloud services offer greater control over the infrastructure, improving security 

and service resilience because its access is restricted to one or few organizations. Such private 

deployment poses an inherent limitation to end user applications i.e. inability to scale elastically 

on demand as can be done using pubic Cloud services. An organization can buy more machines 

according to expanding needs of its users, but this cannot be done as fast and seamlessly as with 

public Clouds. This resulted in the emergence of hybrid deployments for Clouds where the 

advantages of both private and public Clouds are made available to the organization.  

C) Hybrid Clouds  

Hybrid Clouds is the deployment which emerged due to diffusion of both public and 

private Clouds advantages. In this model, organizations outsource non-critical information and 

processing to the public Cloud, while keeping critical services and data in their control. 
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Therefore, organizations can utilize their existing IT infrastructure for maintaining sensitive 

information within the premises, and whenever require auto-scaling their resources using public 

Clouds. These resources or services are temporarily leased in peak load times and then released. 

The hybrid Cloud, in general, applies to services related to IT infrastructure rather than software 

services. 

III FEATURES OF CLOUDS ENABLING GREEN COMPUTING  

Even though there is a great concern in the community that Cloud computing can result 

in higher energy usage by the datacenters, the Cloud computing has a green lining. There are 

several technologies and concepts employed by Cloud providers to achieve better utilization and 

efficiency than traditional computing. Therefore, comparatively lower carbon emission is 

expected in Cloud computing due to highly energy efficient infrastructure and reduction in the IT 

infrastructure itself by multi-tenancy. The key driver technology for energy efficient Clouds is 

“Virtualization,” which allows significant improvement in energy efficiency of Cloud providers.  

By consolidation of underutilized servers in the form of multiple virtual machines sharing same 

physical server at higher utilization, companies can gain high savings in the form of space,  

management, and energy. 

Dynamic Provisioning: In traditional setting, datacenters and private infrastructure used to be 

maintained to fulfill worst case demand. Thus, IT companies end up deploying far more 

infrastructure than needed. There are various reasons for such over-provisioning: a) it is very 

difficult to predict the demand at a time; this is particularly true for Web applications and b) to 

guarantee availability of services and to maintain certain level of service quality to end users.  

Multi-tenancy: Using multi-tenancy approach, Cloud computing infrastructure reduces overall 

energy usage and associated carbon emissions. The SaaS providers serve multiple companies on 

same infrastructure and software. This approach is obviously more energy efficient than multiple 

copies of software installed on different infrastructure. Furthermore, businesses have highly 

variable demand patterns in general, and hence multi- tenancy on the same server allows the 

flattening of the overall peak demand which can minimize the need for extra infrastructure.  

Server Utilization: In general, on-premise infrastructure run with very low utilization, 

sometimes it goes down up to 5 to 10 percent of average utilization.  

Datacenter Efficiency: As already discussed, the power efficiency of datacenters has major 

impact on the total energy usage of Cloud computing. By using the most energy efficient 

technologies, Cloud providers can significantly improve the PUE of their datacenters. Today’s 

state-of-the-art datacenter designs for large Cloud service providers can achieve PUE levels as 

low as 1.1 to 1.2, which is about 40% more power efficiency than the traditional datacenters.    
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IV TOWARDS ENERGY EFFICIENCY OF CLOUD COMPUTING 

1. Applications: 

        SaaS model has changed the way applications and software are distributed and used. More 

and more companies are switching to SaaS Clouds to minimize their IT cost. Thus, it has become 

very important to address the energy efficiency at application level itself. To achieve energy 

efficiency at application level, SaaS providers should pay attention in deploying software on 

right kind of infrastructure which can execute the software most efficiently. This necessitates the 

research and analysis of trade-off between performance and energy consumption due to 

execution of software on multiple platforms and hardware.  

2. Cloud Software Stack: Virtualization and Provisioning 

        In the Cloud stack, the challenges at the IaaS provider level where research focus is on 

scheduling and resource management to reduce the amount of active resources executing the 

workload of user applications. The consolidation of VMs, VM migration, scheduling, demand 

projection, heat management and temperature-aware allocation, and load balancing are used as 

basic techniques for minimizing power consumption. VM migration [6] allows flexible and 

dynamic resource management while facilitating fault management and lower maintenance cost.  

Although the consolidation methods can reduce the overall number of resources used to serve 

user applications, the migration and relocation of VMs for matching application demand can 

impact the QoS service requirements of the user. Since Cloud providers need to satisfy a certain 

level of service, some work focused on minimizing the energy consumption while reducing the 

number of SLA violations.  

      Since power is dissipated in Cloud datacenter due to heat generated by the servers, several 

work also have been proposed for dynamic scheduling of VMs and applications which take into 

account the thermal states or the heat dissipation in a data centre. The consideration of thermal 

factor in scheduling also improves the reliability of underline infrastructure.  

3. Datacenter level: Cooling, Hardware, Network, and Storage 

         First level is the smart construction of the datacenter and choosing of its location. There are 

two major factors in that one is energy supply and other is energy efficiency of equipments.  

Hence, the datacenters are being constructed in such a way that electricity can be generated using 

renewable sources such as sun and wind. The main concern of Cloud providers is business, 

energy source is also seen mostly in terms of cost not carbon emissions. 

       Another area of concern within a datacenter[3] is its cooling system that contributes to 

almost 1/3 of total energy consumption. two types of approaches are used: air and water based 

cooling systems. In both approaches, it is necessary that they directly cool the hot equipment 

rather than entire room area. Thus newer energy efficient cooling systems are proposed based on 
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liquid cooling, nano fluid- cooling systems, and in-server, in-rack, and in-row cooling by 

companies such as SprayCool.  

       The power supply unit is another infrastructure which needs to be designed in an energy 

efficient manner. Their task is to feed the server resources with power by converting the high-

voltage alternating current (AC) from the power grid to a low-voltage direct current (DC) which 

most of the electric circuits (e.g. computers) require. These circuits inside Power Supply Unit 

(PSU) inevitably lose some energy in the form of heat, which is dissipated by additional fans 

inside PSU.  

4. Monitoring/Metering  

      To measure the unified efficiency of a datacenter and improve its' performance per-watt, the 

Green Grid has proposed two specific metrics known as the Power Usage Effectiveness (PUE) 

and Datacenter Infrastructure Efficiency (DciE) [7]. 

PUE = Total Facility Power/IT Equipment Power  

DciE = 1/PUE = IT Equipment Power/Total Facility Power x 100%  

The Total Facility Power is defined as the power measured at the utility meter that is dedicated 

solely to the datacenter power. The IT Equipment Power is defined as the power consumed in the 

management, processing, and storage or routing of data within the datacenter.  

5. Network Infrastructure 

       At network level, the energy efficiency is achieved either at the node level (i.e. network 

interface card) or at the infrastructure level (i.e. switches and routers)[4]. The energy efficiency 

issues in networking is usually referred to as “green networking”, which relates to embedding 

energy-awareness in the design, in the devices and in the protocols of networks. There are four 

classes of solutions, namely resource consolidation, virtualization, selective connectedness, and 

proportional computing. Resource consolidation helps in regrouping the under-utilized devices to 

reduce the global consumption. Similar to consolidation, selective connectedness of devices 

consists of distributed mechanisms which allow the single pieces of equipment to go idle for 

some time, as transparently as possible from the rest of the networked devices. Virtualization 

allows more than one service to operate on the same piece of hardware, thus improving the 

hardware utilization.  

V GREEN CLOUD ARCHITECTURE 

      A unified solution to enable Green Cloud computing is proposed. A Green Cloud framework, 

which takes into account these goals of provider while curbing the energy consumption of 

Clouds. The high level view of the green Cloud architecture is given in Fig 3. The goal of this 

architecture is to make Cloud green from both user and providers perspective. 
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       In the Green Cloud architecture[10], users submit their Cloud service requests through a new 

middleware Green Broker that manages the selection of the greenest Cloud provider to serve the 

users request. A user service request can be of three types i.e., software, platform or 

infrastructure. The Cloud providers can register their services in the form of green offers to a 

public directory which is accessed by Green Broker. The green offers consist of green services, 

pricing and time when it should be accessed for least carbon emission. Green Broker gets the 

current status of energy parameters for using various Cloud services from Carbon Emission 

Directory. The Carbon Emission Directory maintains all the data related to energy efficiency of 

Cloud service. This data may include PUE and cooling efficiency of Cloud datacenter which is 

providing the service, the network cost and carbon emission rate of electricity, Green Broker 

calculates the carbon emission of all the Cloud providers who are offering the requested Cloud 

service. Then, it selects the set of services that will result in least carbon emission and buy these 

services on behalf users. 

 
Fig 3: Green Cloud computing Architecture 

The Green Cloud framework is designed such that it keeps track of overall energy usage 

of serving a user request. It relies on two main components, Carbon Emission Directory and 

Green Cloud offers, which keep track of energy efficiency of each Cloud provid er and also give 

incentive to Cloud providers to make their service “Green”. From user side, the Green Broker 

plays a crucial role in monitoring and selecting the Cloud services based on the user QoS 

requirements, and ensuring minimum carbon emission for serving a user. In general, a user can 

use Cloud to access any of these three types of services (SaaS, PaaS, and IaaS), and therefore 

process of serving them should also be energy efficient. In other words, from the Cloud provider 

side, each Cloud layer needs to be “Green” conscious.  

1)SaaS Level: Since SaaS providers mainly offer software installed on their own datacenters or 

resources from IaaS providers, the SaaS providers need to model and measure energy efficiency 

of their software design, implementation, and deployment.For serving users, the SaaS provider 

chooses the datacenters which are not only energy efficient but also near to users. The minimum 

number of replicas of user‟s confidential data should be maintained using energy-efficient 

storage. 
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2)PaaS level: PaaS providers offer in general the platform services for application development. 

The platform facilitates the development of applications which ensures system wide energy 

efficiency. This can be done by inclusion of various energy profiling tools such as JouleSort[5] . 

It is a software energy efficiency benchmark that measures the energy required to perform an 

external sort. In addition, platforms itself can be designed to have various code level 

optimizations which can cooperate with underlying complier in energy efficient execution of 

applications. Other than application development, Cloud platforms also allow the deployment of 

user applications on Hybrid Cloud. In this case, to achieve maximum energy efficiency, the 

platforms profile the application and decide which portion of application or data should be 

processed in house and in Cloud. 

3)IaaS level: Providers in this layer plays most crucial role in the success of whole Green  

Architecture since IaaS level not only offer independent infrastructure services but also support 

other services offered by Clouds. By using virtualization and consolidation, the energy 

consumption is further reduced by switching-off unutilized server. Various energy meters and 

sensors are installed to calculate the current energy efficiency of each IaaS providers and their 

sites. This information is advertised regularly by Cloud providers in Carbon Emission Directory. 

Various green scheduling and resource provisioning policies will ensure minimum energy usage. 

In addition, the Cloud provider designs various green offers and pricing schemes for providing 

incentive to users to use their services during off-peak or maximum energy-efficiency hours.   

VI VIRTUALIZATION 

Virtualization is a key factor for Cloud computing to attain sustainability from the cost 

and energy efficiency point of view. According to definition of virtualization this technology 

significantly reduces the number of working computers by emulating them to perform inside one 

physical computer via software implementation therefore the result comes up with less emitting 

carbon footprint and energy costs[8]. Even though there are different types of virtualizations 

which are executed, two common types: server and storage virtualization are widely applied in 

data centers. 

Server Virtualization: Virtual server allows consolidation in such a way that several VMs share 

the same physical server to run instead of having their own server that leads to less cost in terms 

of hardware, management for site infrastructure facilities and space[9]. Provision of VMs 

address the clients demands for additional resources urgently while VMs migration corresponds 

to guaranteeing the availability of services.  

Storage Virtualization:  Today IT encounters two problems: many applications produce a lot of 

data that cannot be maintained on a single server due to capacity shortage. Another problem as 

applications are growing to be more and more internet based, multiple users would access the 

same data at a same time so it would cause some traffic stuck in the server. For these reasons 

date should be virtualized to avoid access dilemmas and improve the data management along 

with reducing cost. 
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VII CONCLUSION  

The increasing availability of high-speed internet and corporate IP connections is enabling the 

delivery of new network-based services. Cloud computing potentially offers an overall financial 

benefit, in that end users share a large, centrally managed pool of storage and computing 

resources, rather than owning and managing their own systems.  In this paper, we discuss the 

green approaches for Cloud computing in two parts; data centre as the most energy consumer 

component of Cloud would be investigated from IT and site infrastructure perspective consisting 

green techniques. Virtualization as heart of energy efficient Cloud computing that can integrates 

some technologies like consolidation and resource utilization. Along with virtualization, Green 

Cloud architecture is presented which is the most suitable green approach and also addresses 

various level of management of system resources. Cloud computing promises many benefits, 

including reduced cost, increased storage, high degree of automation, flexibility, mobility.  
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