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Abstract — Green computing is a global effort which aims at manufacturing, implementing, using and disposing the
computer systems in an efficient way to minimize its impact on the surroundings. Going green is very helpful to make our
atmosphere and globe healthy. This paper aims at providing details how SSDs (Solid State Drives) can contribute to
Green Computing.
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INTRODUCTION

The primary goal of adapting green computing is to facilitate the organizations to use various computer
resources proficiently by maintaining and increasing its overall performance. Green computing is the branch of an
environmental science which enables the responsible use of computer resources, servers and its associated subsystems
like display devices, various input and output devices, Storage Devices.
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Figure 1: Factors influencing Green Computing at Data Centers
DATA CENTERS
In many companies, there has been a shift away from dedicated data centers, as part of an attempt to provide all IT
requirements by using smaller boxes within the office environment.
Within a data centre/server environment, technological improvement is driving requirements for greater energy into the
building, for increased floor area and for increased cooling capacity.
SSD CONTRIBUTION TO GREEN COMPUTING
In the past, it was necessary for each computer system to have its own storage to function. Storage virtualization makes it

possible for systems to access a shared light use, a 120GB or 160GB laptop drive is a very affordable, lower-power
alternative toa 3.5" disk. The lowest-power option is to use a solid state hard drive (SSD), which typically draw less than
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one-third the power of a 2.5" disk. The latest, highest-performance SSDs are very fast but extremely expensive, and
currently top out at only64GB.

Solid-state drive (SSD ) — It is also called as a solid-state disk or solid-state disk. It is a non volatile storage device
which is used to store the data permanently. The memory doesn't move in SSD. SSD devices insert the memory chips
made up of silicon as storage media for reading and writing data persistently. SSDs are also called as flash cards or flash
drive, which are embedded into computer server called as server-side flash storage. Like HDD, SDD doesn't contain any
mechanical part. An SDD is an array of semiconductor memory which is well ordered as the disk, by using integrated
circuits instead of optical or magnetic storage media. There are different manufacturers of SSD such as Intel, SK Hynix
samsung SanDisk, Toshiba and much more.

Below tables shows power consumption comparison of SSDs and HDDs

Table 1: Typical power consumption comparison

Key Components HDD WH/Unit SSD WH/unit
Head 125 -
Disk 2000 -
Motor 900 -
SOC 170 -
Flash - 200
Assembly and Test 3100 1000

Table 2: Power consumption as per workload and design

Measurement SSD Value HDD value
Peak Spin-up current (+5V) 853 mA 786 mA
Idle power (W) 0.573 W 0.859 W
Write power (W) 1.726 W 2.545 W
Read power (W) 1.239 W 2.733 W
Operating power (W) 1.249 W 1.860 W
Random read power (W) 0.653 W 2401 W

Source for both the tables: Debasis Baral, Storage Labs, Samsung Information Systems America(Flash memory Summit)
The advantages of solid state drives over traditional hard disks are:

e  Greater speed of operation because the disk is not spinning

o Information on solid state drives can be accessed immediately so there is no delay between the request for data
and the beginning of data transfer. This means that even when data is fragmented there is no slump in
performance

e Decreased start-up time for applications. In SDD, seek time and latency reduced substantially will increase the
boot time.

e  Greater stability because there are no moving parts. Dust or foreign particles entering the mechanism cease to be
a problem because solid state drives can be sealed tightly unlike hard disks which need air to function correctly.

e SSD can save on battery-life significantly. During drive access, the SSD will be back online in a couple of
seconds instead of the 15-30 seconds that it takes for a mechanical drive to re-initialize.

e Because of the lag when restarting a mechanical drive, people tend to allow them to run for longer periods
before shutting down. This leads to increase in Power Consumption.
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CONTRIBUTION TO GREEN COMPUTING USING ACTIVE STORAGE WITH SSDS

Active Storage is a computer system architecture which utilizes processing power in disk drives to execute application
code. Two synonyms, Active Disk and Intelligent Disk, are also used to refer to Active Storage. The basic idea behind
Active Storage is to offload computation and data traffic from host computers to the disk drives themselves such that the
system can achieve significant performance improvements for data intensive applications such as decision support
systems and multimedia applications.
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Figure 2: Active storage architecture
Let us take an example of a storage infrastructure which has 5 servers and a Large single storage device using HDDs.
In this structure, the server would be doing the main part of computation and data management. Storage would be used to

hold the data. The storage is using HDDs. Power consumption for these mechanical storage can be calculated as
5V 500mA for, say, 45 mins in every hour of operation amounts to 112 Wh per hour
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Figure 3: HDD storage connected to 5 servers
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Figure 4: Active storage using SSD connected to single server

In the second infrastructure, Active Storage Framework is used, hence only one Server suffices the purpose. Active
storage is designed making use of SSDs (and will avoid mechanical working disks).

Simple mathematics shows that the SSDs are more power-efficient.

5v 1A for, say, 10 mins every hour amounts to 50Wh per hour.

That means SSD is saving better than 50% in power which has a notable effect on battery-life.
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Figure 5: Power consumption by workload

RESEARCH AREAS IN GREEN COMPUTING
There are several research areas where lots of efforts are being put by researchers. To name few

e Energy Consumption: Organizations are how becoming aware that more energy usage are contributing towards
Green-House Gas (GhG). Hence they are taking efforts towards reducing energy usage to reduce the Green-
House Gas production.

e E-Waste Recycling: Majority of countries around the world require electronic companies to finance and manage
recycling programs for their products especially under-developed Countries. Green Computing must take the
product life cycle into consideration; from production to operation to recycling. E-Waste is a manageable piece
of the waste stream and recycling e-Waste is easy to adopt. Recycling computing equipment such as lead and
Mercury enables to replace equipment that otherwise would have been manufactured.

The reuse of such equipments allows saving energy and reducing impact on
Environment, which can be due to electronic wastes
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o Data Center Consolidation & Optimization: Currently much of the emphasis of Green Computing area is on
Data Centers, as the Data Centers are known for their energy hunger and wasteful energy consumptions. With
the purpose of reducing energy consumption in Data Centers it is worthwhile to concentrate on Information
Systems, Cooling systems, Air management and selecting electrical equipments for data center.

e Virtualization: Virtualization of computer resources is becoming one of the trends in Green Computing. It
manages physical hardware resources with abstraction (with the help of virtualization software). One of the best
ways to go towards green and save enough space, enough resources, and the environment is by streamlining
efficiency with virtualization. This form of Green Computing will lead to Server consolidation and enhance
computer security [6]. Virtualization runs fewer systems at higher levels of utilization. Virtualization allows full
utilization of computer resources.

FUTURE OF GREEN COMPUTING

Opportunities lie in green technology like never before in history and organizations are seeing it as a way to create new
profit centers while trying to help the environmental cause. The plan towards green IT should include new electronic
products and services with optimum efficiency and all possible options towards energy savings. Researches in above
areas are helping green computing to be more and more realistic.

Future work in Green computing will focus on ‘Energy Consumption, E-waste recycling, Virtualization and Research
work in academics since this is an emerging discipline’.
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