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1.Introduction

Information Technology has grown at a rapid pacearallel with the evolution of
computer technology and sky-rocketed after theipgsd the millennium. The millennium
launched the rise of web 2.0, social media, anarimétion that revolutionized communication.
According to some, information will become theafithe 2f' Century [1]. Business,
organizations, public sectors, and government asingly rely on computational and network
infrastructure for operations, information storaged retrieval. The widespread usage of IT is
not the only trend that exploded after the mill@himansition, a new threat emerged and rippled
globally as a major international problem - climak&nge has become global concern. The
impact of climate change has gradually been disrggghe way business, organization, and
government are operating. The effect of climatengleanitiated a paradigm shift towards green
and sustainable solutions that push organizatmpgay attention to corporate responsibility,
pollution, waste, toxins, and carbon footprintheTpush towards greener, more ecological and
sustainable solutions has infiltrated into thedfief IT and introduces the growing practice of
Green IT [2].

Since the advent of computer systems, performaasdéen the key purchasing argument
for customers. However, high performance often @mexchange of consuming of more
power. In 2005, Information and Communication Texbgy (ICT) was accountable for 3
percent of global electricity usage. Data centengarticular are a major concern as half of the
IT-related electrical costs are generated therelll3¢ ever-growing demand for higher
performance and increased reliance on the stobag&ups, transfer, and processing of digital
information caused significant growth in power aamgtion of data centers and electricity bills
became a major expense. Power is not only needesifeers in data centers, it is also needed
for technologies such as storage devices, netwgiontrollers, uninterrupted power supplies
and air conditioning. In 2005, the power and caplxpenses for data servers was 1.2% of total
US electricity consumption, an amount comparabkiab for color television [4]. In the same

year, the total electricity bill for data serverasaabout $2.7B in US and $7.2B worldwide.

Reducing electricity consumption has gained aiatttention by different organizations

including hardware vendors, lawmakers, and perfagadenchmark organizations. In 2006, the



US House of Representatives adopted bill HR 564iéhwtalls for additional research in
reducing power consumption in computer serversdata centers [5]. The bill directs the
Environmental Protection Agency (EPA) to identifietpotential energy savings to the federal
government and includes direction from Congresslibiging energy efficient servers is in the
United State’s interests. Such initiatives from ggmment along with the IT electricity
consumption crisis added a new item into many aafmms’ agenda: to adopt environment
friendly IT practices and make their IT “Green”.érk are many methods to build a Green IT

infrastructure that will be discussed in followigsgctions.

The current study is focused on comparing thetakligped worth of a regular data server
and an equivalent green one. The study used tleeitgpf the existing data servers in the

Engineering building of Portland State Universitythe baseline scale.

2.Green IT

The target of Green IT is similar to Green Cherygidin the production cycle, energy use
follows the maximized efficiency, reduced use afdrdous materials, and increased recycling of
waste products. However, Green IT wants to follosoktion of reducing electricity, decreasing
power consumption, and maintaining IT operation®e@ IT is becoming a trend of sustainable
development for a variety of companies and orgdioizs in the software development industry.
There are several reasons:

1. Saving money:Power management software can cut energy coséatdr computer. On
the other hand, it can save millions of dollarsdaompany. Green IT can use fewer
watts to reach the same efficacy; it also reduoesgy on powering devices that are not
in use, and thus saves on power bills. When compate in idle mode, less energy is
used.

2. Energy consumption: There are two main energy hungry components isé¢fvers and
cooling systems. With increasing demand in IT-dasansactions, the number of servers
is increasing and power consumption continuess@ Energy-efficient servers can

spend less energy; they also decrease heat diesipaid carbon emissions, reducing the



extra energy for cooling system which is oftentiesin source of electricity consumption
in server rooms.

3. Risk of energy shortages In certain environments, such as the developiodd, public
utility energy itself is not always available omediable basis. This can cause cost of
operating a business to rise. Reducing energy copison minimizes risk and simplifies
management of this resource.

4. Environmental protection: An ever-growing demand on higher performance also
speeds up the replacement rate for technology ptedGreen products are more

environmentally friendly to produce and are ofteade from recyclable materials.

Green IT is a broad concept and is spread outriow&subsections of IT. The main focus of
our research is the specified subcategories ofrdatag, focusing on technological
establishment of network server infrastructureatbdnining; primarily on the set of server
hardware, software, and construction with a greastainable focus. Depending on the
complexity of the infrastructure, a server can cong a massive amount of power to maintain
steady operations. Server equipment also quickbyadeates over time leading to technological
obsolescence and forced replacement. Conventienasinfrastructure contributes to the
existing problem of carbon footprints, excessivest@af physical resources and energy, and
equipment that contains hazardous toxic chemi&alsh factors increase carbon footprints and
this toxicity can potentially leak into ecosysterhem disposed of inappropriately.

The lifecycle in conventional servers can curreb#ydescribed as unsustainable with
“cradle-to-grave” calculations. Green IT introdustistegies, and principles to prevent such
catastrophes from deepening the threat of ecolbgatution and contributing to climate

change.

The main goal behind Green IT server infrastrucisite focus on reducing power
consumption as much as possible, which can greatlgosts for powering servers as well as
reduce the carbon footprints of the power grid fgdcondary focus with Green IT servers is the
end of the lifecycle of the server equipment, firgdstrategies on reusing or recycling server
parts, avoiding filling landfills and eliminatindiemical leaks into the ecosystem. Green IT

thrives to focus on “cradle-to-cradle” lifespan wélgy once server equipment has reached



obsolescence and no longer meets the intended nexasbe re-used for another purpose or
recycled. Combined with principles from sustain&pilGreen IT focuses on the strategies to
reduce carbon footprints along with the triple bottlin€* while maintaining steady operations

for businesses, government, and organization.

Standards in Green IT — Environmental Regulations

Server computers are composed of multiple compgnraritinvolve primarily electrical
and electronic equipment. When looking into buitd@®&reen IT servers, there are various
components that are considered for selection tlegt various international standards. European
and the United States have different standardsasred by regulations, with a different focus
in each country. The United States has implemesggdral standards where the primary focus

is on energy efficiency [6].

EPEAT (Electronic Product Environmental Assessmi@) form by The Electronic Green
Council is a voluntarily standard for organizatiamdess products are sold to US Government
agencies. EPEAT provides requirement criteria eirgy efficiency for computers, servers,
notebooks, components, and monitors. EPEAT isimaally growing with environmental

ratings and certification for greater efficiency fgpeener computer and electronic devices and to

promote organizational sustainability and greemsfgomance [7].

Energy Star 4.0 is a set of standards introducettidy).S Environment Protection Association
(US EPA) and the U.S Department of Energy (USDQ@IEpbwer supplies in computers and
electronic devices to operate on different modes s1$ standby or sleep modes for computers
and notebooks, and idle modes for hard drives &udre devices to reduce energy
consumption. The Energy Star label indicates higifiezsiency which reduces greenhouse gas
emission and pollution that results from ineffidieise of energy. The label aids consumers to

locate and identify energy efficient products foarghase [16].

RoHS (Restriction of Hazardous Substances) is sgeddy the European Union which
focuses on elimination of toxic chemical substarthasthreatens both people and their
environment. The RoHS standard applies regula@mlsiimitations on the use of lead, mercury,

cadmium, hexavalent chromium, poly brominated biyyhéPBB), and polybrominated diphenyl

! Triple Bottom Line (TBL) stands for People, Planet, and Profit, is a framework to measure sustainability and performance.



ether (PBDE) flame retardants in electrical andtet@ic equipment. RoHS establishes
regulations in Europe that require compliance fecteical and electronic product to clearly

document the tested results. [7]

WEEE (Waste Electrical and Electronic Equipmenggsensored by the European Union and
establishes that a manufacturer collects theiryosbfitee of charge when a product is at its
lifespan or ready to be disposed of. The regulaggtablishes encouragement for recycling and
reduces pollution and waste. Electrical and eleatrdevices and IT and telecommunication

devices are also under the directive of WERFE]

3.0ur Approach

As discussed in the previous section there ar@wsaninethods to make data servers
green. Our team looked into the current capaciyabvé servers in Portland State’s Engineering
Building and did a cost analysis on the regulaadatver (similar to current setup in the

Engineering building) vs. a theoretical “Green”alaerver with the same capacity

PSU CAT Data Servers

PSU’s Engineering Server consists of a total capa€il50 Terabytes (TB) in 6 server
computers. 4 SATA (Serial Advance Technology Atebhand 2 SAS (Serial Attached SCSI)
drives are shared with 5,000 students. Each stuslgnanted approximately 7 Gigabytes (GB)
of space. SATA hard disks are less expensive cardgarSAS disks but have lower speeds.
SATA hard disks are used for passive storage aokiipa while SAS disks are used when more
real-time access to students’ data is requiredvixen students are browsing the Internet and
need to save or load bookmarks.

Based on PSU Engineering Department server usenaslal, the capacity was converted to
2013 technology and costs. The same process wasvdtna 126 TB and 24 TB SAS green

server version using energy-efficient hardware gnegn server components.

Tablel shows the current capacity of SAS and SA&d disks at Engineering Building. Figure 1

shows a regular setup based on today’s availaliganents to provide the same SATA and SAS



capacity. Four servers are needed to provide 126ABA capacity and two servers are required to
provide 24 TB SAS capacity.

Table 1 Current Hard Disk Capacity at Engineering Building

Hard Disks Total Capacity
4 SATA Servers 126 Terabytes (TB)
2 SAS Servers 24 Terabytes (TB)

Heavy Duty SATA Regular Server
Components Specs Prices Comments
Steel Server Case 2u size, 12 HDD, 4 80mm Fans, OEM $250.00|Habey ESC02122C 12 Bay 3.5
Server Power Suppy 80Plus, 300W x 2 $94.00 |80Plus = Certified Energy Efficiency
Server Motherboard - E5-2670 Xeon, onboard Video, fan speed $360.00 12 SATA 3.0Gb/s
Supermicro x9SRI-3F controller, LGA2011
Intel E5-2650 x 2 8 Core, 32nm, 2.0GHZ, Hyperthread, Total 190W
nte X virtualization tech, 95W $2,280.00 o
1u Server Heatsinkx x 2 Copper Heatsink, 70mm, $64.00
Standard ECC DDR3 x 4 4 x 8 = 32 Gigs Ram, 1.5V $440.00
SATA Regular HDD x 12 3TB x 12 = 24TB $1,668.00 [10.5W x 12 = 72W, Idle Watt = 0.75 x 6 = 4.5W
Server Total Cost $5,156.00
CAT SATA server = 126 TB # Equivilent Green SATA server of 128TB 4
$20,624.00
Heavy Duty SAS Server |
Steel Server Case 2usize, 12 HDD, 4 80mm Fans, OEM $70.00
Server Power Suppy 80Plus Gold, 600W, OEM $94.00
Server Motherboard - E5-2670 Xeon, onboard Video, fan speed $340.00
Supermicro controller, LGA2011 )
Intel E5-2650 x 2 8.Core', 32.nm, 2.0GHZ, Hyperthread,
virtualization tech, 95W $2,280.00
1u Server Heatsinkx x 2 Copper Heatsink, 70mm, $64.00
ECC Standard DDR3 x 4 4 x 8 =32 Gigs Ram, 1.5V, 40nm $440.00
Seagate SAS 500GB Sata 500GB x 12 = 3TB $2,256.00 |Active = 11.5W x 12 = 9.2W
Server Total Cost $5,544.00
CAT SAS Server=24TB # Equivilent Green Servers of 24TB 4
$22,176.00

Figure 1 - Regular server specs for 126TB SATA ang4TB SAS HDDs

Our team compared the costs of a regular datarseitrethe same hard disk specs as above, which is
similar to the current servers in the PSU EngimeeBuilding, and using Green IT concepts proposed a

equivalent green setup.



4.Designing Green Data Servers

Green IT Server Hardware and Components

Server Case and Heat-sink

Computer technology evolves at a rapid pace thraogiinual innovation. As the server
has become a commodity product over time, Gregrd€tices now involve the implementation
of Cradle to Cradle methodologies. Cradle to Cradlgies that once a product is at the end of
its operable lifespan, all components can be reaseecycled. Old components can be used
with new hardware, or can be recycled to make meto products [8]. For our green server,
steel server cases and copper heat sinks werdesklgith the possibility of the material being

reusable and recyclable.

Hard Disk Drive and Solid State Drive

Storage is central to IT and data mining servercarstantly running due to constant
storage and retrieval of users and applicatiorfermation. Our Green IT combines strategies to
cut back on energy consumption and energy costioi&hard drive companies release green
Hard Disk Drive (HDD) as part of their product linehe green product indicates that the
product is made with recyclable parts, non-toxith environment, and is energy efficient. The
energy efficient HDDs come at a cost of reducedoperance compared to a standard HDD, but
in return cuts back on energy consumption costsvever, the lower performance is not really
significant [9]. Data server designers can adjusir performance requirements and use green
HDDs especially in cases like passive backups ata dumps where higher performance is not
essential. The green hard drive in this reporesghed with Western Digital Green Caviar
HDD with a capacity of 3TB that consumes up to @étsvarhen reading and writing data and
0.75 watts when idle [18]. Compared to high perfance SATA HDD counterparts, the Green
Caviar HDD reduces a yearly energy consumptionesmaigy cost by 42% [18]

SSD (Solid State Disk) is a more recent innovati@t does not use the traditional

mechanical motors and spindles to write and ret¢ridata. The technology used for SSD is based

%see appendix for calculation of the energy consumption and cost.



on integrated circuits (IC) memory and NAND (Negb#ND or Not AND) based flash
memory. SSD technology increases performance ahates energy consumption significantly.
SSD was selected to replace SAS drives in the greerer because of their performance and
energy efficiency. Samsung’s SSD consumes 0.7%v@tdata input and retrieval and 0.15
watts when idle [19]. Compared to Seagate SAS dromsume 11.5 watts for data input and

retrieval, a 93% energy consumption and energyreastction [20].

Seagate Cheetah 15k SAS Drive. \ Samsung 470 SSiBDriver

DDR3 RAM

Random Access Memory (RAM) is another critical camgnt for servers. RAM’s
evolution has rapidly grown in speed, size, andgyneonsumption. Transitioning from DDR2
(Double Data Rate) to DDR3, DDR3 has 30% reduatio@nergy consumption with 2.5 volts
(DDR2) to 1.5 volts (DDR3). Similar to CPU’s (CealtProcessing Unit) RAM has evolved with
smaller chips from 90 Nanometers to 40 Nanomegasmisung released Green DDR3 Ram in
their recent green product line with cutting edgghtology of 30 nanometer class Green RAM
operating at 1.35 volts that was selected for tiogept’'s Green IT server. Samsung Green
DDR3 RAM operates at 14 watts compared to standarndrunning at 34 watt with a yearly

59% reduction in energy usage and cost [9]

3 See appendix for SSD vs SAS calculation
% See Appendix for DDR3 RAM energy cost calculation.
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RAW DATA WITH KEY FACTORS

* 30nm-class 46b-based DDR3 can cut power consumption by 86% compared
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to a common current server solution

Power Consumption of Memory in 48GB server

60nm DDRZ 50nm DDR3 - 40nm Green DOR3 i 30nm Green DDR3
———
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25% \I/
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T Y 17%
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14%
™ 42%
B |
3| i ] | 2 |
DOR3 DOR3 DOR3 DDR3 ODR3 0DR3 DoR3
£0nm S0nm 40nm 40nm 40nm 30nm 30nm
165 16 165 26h 268 26h 4G5
15y 15 15 15¢ 135v 135¢ 135V
BEW 50W 1w 34w 26w 24 14w
Considered as a cycle of B hours active and 16 hours idle *Estimated

Figure 2 - Samsung Green DDR3 Ram Power Reductionr&ph. Picture by Samsung.

Power Supply Unit

Power Supply Units distribute electricity and powlex server. The higher the

performance of the server component the more pbwegry it will be. Thus, fast servers result

in large amounts of wattage to be dispersed fromdP&upply Unit which leads to greater

energy usage. Like all electronic devices, the R&@upply Unit itself dissipates heat as it is

being run and a considerable percentage of waitagasted as heat dissipation. In order

increase energy efficiency for the Power Supplyt\B0 Plus introduces energy efficiency

standardization for Power Supply Unit in comput&anging in different levels from 80Plus,

being the least efficient, to 80Plus Platinum wtitd highest efficiency. 80Plus certifies that

Power Supply Unit under the standards has at 8®stefficiency in powering computers [10].
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80 plus Gold-Green 200z L1 100z
power supply in watt 120 ‘wart 300 ‘W att GO0 watt
Cluantity q 4 q
Server Total to Power HO 480 ‘watt 1200 ' at 2400 watt
Hours ina day 24 24 24
Diaily 15 Kilowatt 2,85 Kilow att T.43 kilow ar
Weekly 105 Kilow att 2016 Kilow att 5243 kilow att
Maonthiy 42 Kilow att S0.64 Kilow att 203.72 kilow att
“early 2475 Kilowatt 1051.2 Kilowatt 2733.85 kilow att
80 plus-Regular 20 S0z 100z
power supply inwatt 120 ‘an 3000 %zt GO0 watt
Cuantity q 4 q
Server Total to Power HO 450 ‘w'att 1200 ' att 2400 watt
Hours in a day 24 24 24
Daily 2.3 Kilowatt 5,76 Kilowatt .52 Kilow att
Weekly 16.1 Kilow at 40.32 Kilow att 80.64 Kilow att
Monthly B d Kilow att 161258 Kilow att 32256 Kilow att
Yearly 5335 Kilowatt 21024 Kilow att 42045 Kilow att

Figure 3 - Power consumption 80-plus Gold vs. 804 Regular

An 80Plus Gold standard is selected for our Gremnes specifications with 87%
efficiency compared to an 80Plus Regular for theveational server that has only 80%
efficiency. This means that 80-Plus Gold will ohlgpve 13% waste on heat as its output. Figure
3 compares the power consumption of 80-plus poweply vs. 80-plus gold in one day, one
week, one month, and one year and Figure 4 pretentost differencédased on Portland
General Electric (PGE) rates. All the calculatians for four servers based on the proposed 126

TB and 24 TB capacities in Figure 1.

> Results are based on Portland, Oregon cost per kilowatt. Appendix provides more details.
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80 Plus Gold for 4 servers

Based on Portland Residential Charge - Non-Renewable Energy
20% 50% 100%
Hour $0.01 $0.02 $0.06
Day $0.31 $0.59 $1.54
Week $2.15 $4.16 $10.75
Month $8.60 $16.62 $42.99
Year $112.07 $216.67 $560.37

80 Plus Regular for 4 servers

Based on Portland Residential Charge - Non-Renewable Energy

20% 50% 100%
Hour $0.02 $0.05 $0.10
Day $0.47 $1.18 $2.35
Week $3.30 $8.25 $16.48
Month $13.18 $33.01 $65.91
Year $171.85 $430.36 $859.23

Figure 4- 80-Plus Gold vs. 80 Plus Cost Comparisdar 4 servers-600 Watts

Central Processing Unit (CPU)

The server running for PSU’s Engineering departneeatirrently serving and supporting
5,000 students across various sub-departmentsei@tidccess the server dailyin both academic
and personal various tasks that involve intensireegssing resources. In order to meet the
demands for PSU, the project selected Intel Xeprosessor where Xeon is specially designed
to run servers and the capability to utilize IrteDPI (Quick Path Interconnect) with architecture
to run dual processors [11].

Intel Xeon E5-2650 was selected and customized dvitli processor motherboards to
handle intensive processing capability for servatl 8 cores architecture running 16 threads.
The server is designed with a total of 16 coref ®&# threads with virtualization technology.
The E5-2650 can crunch powerful calculation up.8GHz with 95 watts of power
consumption. Another important aspect in utilizinglti-core technology is the implementation
of virtualization that has become a common pradboeut back energy consumption, cost, and
space by allowing a single hardware platform tatileed as multiple virtual platforms.

13



Software Side of Green IT

Virtualization

The innovation of multi-core processing expendedfiglds of virtualization.
Virtualization is a technique that allows the creaif virtual machines or virtual platforms to
execute multiple independent functions on one maysnachine.

Advanced computer technology now allows a singteeseo run multiple host
computers with multiple operating systems. A triadidl server consists of a single processor
server computer running on a single operating ay@S), usually powered by a 500 watt
power supply unit. In order to run a different @SJb different tasks, eight different servers
powered by eight 500 watt power supply units wergiired. Virtualization can perform the
same task of eight traditional servers consolidattmla single server by distributing eight
processing cores to each virtual machine with feidiht OS, all while using a single 500 watt
power supply unit. Each core from a multi-core gssor can act as a single processor for a
virtual machine. Such an efficient setup will sfggantly reduce space, cost, resources, and
energy consumption. Figure 5 illustrates the almmreept.

Production QAITest Farm Dev Farm 1
Farm

-
A

Virtuallzed
on Host 1

-

~

Virtuallzed
on Host 2

Virtusl Host 2

-

Figure 5 - Representation of Virtualization with virtual machines
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Energy and Heat

Powering servers is the primary cost driver in Biodganization that can easily take up
50% of organization energy overall cost [6]. Sem@mputers are running all day long
throughout the year and consume massive amounp&mation and cooling. The focus of Green
IT is to reduce energy consumption and focus agieffcy of server operation and lower energy

usage.

Power Management

Data centers and IT departments are dependenteerséor their primary operation. In
order for organizations to reduce their cost in poeonsumption, Green IT solutions can
strategize through the use of power managememwaadt Utilizing power management
strategies and software decreases energy cosbasdroption by implementing automation and
adjustments on server workload; the software asljili amount of power in wattage of the CPU
to match the amount workload at real time [6]. Pomanagement can also monitor temperature
control in server rooms to adjust to the heat degson and requirement of cooling through the
use of smart thermostats, airflow, ventilation, antomated cooling management from

workload and thermal load management [10].

Construction and server cooling

When constructing the server room the two primanycerns to think about are size and
cooling. Size can be easily mitigated with the oleirtual servers and other sources of green
servers that have been discussed previously irp#psr. The size of the server room should be
big enough to facilitate the amount of servers tilitbe in use, and also for future servers that

are accumulated for business growth.

The construction of the green server room is priiwéwcused on materials and cooling.
Materials used to construct the green server rdwouald contribute the higher efficiency of the
room. Materials used for construction are genenadlyd from same building materials that
would be used to construct the entire building.dwgtyand planning design would be the major
factor that contributes to the efficiency of thema Design would include air circulation through
ducting coming from the roof side, and cooling frtma floor side of the room.

15



Cooling the server room is the primary focus whenstructing the server room. There are
several options to contribute to cooling the sereem, and there are some options that can be
more efficient than other options. The server raam be cooled through existing ducting from
the building using portable air conditioners and/@emore compact spot coolers. Spot coolers
are a more self-contained way of air conditionisgg the heat output of the servers to run the
cooler [12]. The spot coolers are more centralipecbol localized areas. There is an outlet
attached to the servers that suck the heat outtihemserver itself and utilizes the heat to create
the refrigerant needed to output the cool air ihétown directly onto the server. Excess heat
can be either sent outside or utilized to heabther parts of the building which in turn creates

more efficiency of a green server room.

There are some construction companies out thatadizecin adding green technologies to
existing buildings to help businesses create mffi@exncy and save on their energy costs. One
such construction company called PECI has a prtraek record of saving businesses money
through such efficiencies as recycling the hegpuatuthat the servers create, and harvesting the
cool air from the outside during the peak coolimgeis of the night and using that cooler air to
cool the entire building along with the server rofd8]. Other methods of improving efficiency
include server cabinet arrangement near the fleatsy and even using flooring methods as

putting grass down below the floor paneling.

The average cooling cost to power one server imatdd to be around $533.48 depending on
the datacenter cooling efficiency or power utiliaatefficiency [14]. The heat output for a server
is measured in either the Btu, or the kilowatt. Ha#put for green servers have been already
previously mentioned in figures 4 and 6 of thisgrajf-or construction purposes heat output
would generally be measured in the square footaxrimize efficiency. As previously mentioned

the server room should not exceed 300 watts parsdaot to maximize the efficiency.

It is not always necessary to keep a server roamfiajerator temperatures to maintain the
lifespan of the server room. In today's world vitie computer and the server shrinking it is
more beneficial to keep the server room at an &ffeetemperature. Some companies are
pushing to move toward having a 90 degree ambasnpérature for the server room. In today's
server room it is not uncommon to have the sempkased into cabinets that can contain and

exhaust air. These cabinets are also known as "'{@yirGabinets". They have ducting tubes that

16



suck the heat out and contain it to recycle it, tr@h in turn use that hot air to feed the air
conditioner that blows the cooler air into the cadi Figure 6 shows a diagram of the spot cooler

that relocates the heat from the server and hasyptfucess hurts [12].

coolLr2eoo®

Figure 6- A diagram of the CooLIT 260-spot coolerhat relocates heat from the server

The cost of construction on a green server roognaater at start up than a conventional
server room but has higher savings than the comreltserver room through efficiency and
sustainability. The overall savings on constructba green server room will be a greater
amount than the overall cost of start-up buildirgienials and maintenance. Most of the cost
comes with the purchase of the building materiatthe cost of labor on construction of the
green server room. The cost savings is generalgsared in the entire building and not just the
server room. The technology being used is a vewy technology, and measuring the savings
created over longer periods of time is problemafimking at case studies provided by PECI
shows that some businesses using their green tiegiynoas created an annual savings of
$48,653 [15]. This savings was created through émgintation of construction of green
technology throughout the entire building with Hegver room being a part of where that
construction was applied. The focus of this papas eentered on the green technology applied

to the construction of the server room.
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5.Economic Analysis

Initial investment calculation

Section 4 elaborated on various possible methodsasiing a data server green. Based
on the discussions above and the regular datarsgyeeifications, our team has come up with
the below configuration for an equivalent Greeradagrver using both SATA and SAS hard disk
drives. The Server Spec is for a 16 TB server @&IGB of RAM running 16 Core processors in
addition to hyper threading equaling 32 Cores. @sintualization it can run up to 16 OS

system, each using 1 core and 1 virtual core.

Heavy Duty SATA Green Server

Components Specs Prices Comments
Steel Server Case 2u size, 12 HDD, 4 80mm Fans, OF| $250.00|Habey ESC02122C 12 Bay 3.5
Server Power Supply 80Plus Gold, 600W, OEM $100.00 [80Plus Gold = Certified Energy Efficiency
Server Motherboard - E5-2670 Xeon, onboard Video, $360.00|12x SATA 3.0Gb/s
Supermicro x9SRI-3F fan speed controller, LGA2011

8 Core, 32nm, 2.0GHZ,
Intel E5-2650x 2 Hyperthread, virtualization tech, $2,280.00 Total 190W
1u Server Heatsinkx x 2 Copper Heatsink, 70mm, $64.00)
Samsung Green DDR3 x 4 4 x 8 =32 Gigs Ram, 1.35V, 30nm $340.00
WD Green HDD x 12 3TB x 12 = 36TB $1,680.00 [6W x 12 = 72W, Idle Watt =0.75 x 6 = 4.5W
Server Total Cost $5,074.00
CATSATA server =126 TB # Equivilent Green SATA server off 4
$20,296.00

Heavy Duty SSD Green Server (SAS Equivilent) |

Steel Server Case 2u size, 12 HDD, 4 80mm Fans, OE $70.00
Server Power Suppy 80Plus Gold, 600W, OEM $100.00
Server Motherboard - E5-2670 Xeon, onboard Video, $340.00
Supermicro fan speed controller, LGA2011

8 Core, 32nm, 2.0GHZ,
Intel E5-2650 x 2 Hyperthread, virtualization tech,

95W $2,280.00
1u Server Heatsinkx x 2 Copper Heatsink, 70mm, $64.00
Samsung Green DDR3 x 4 4 x 8 =32 Gigs Ram, 1.35V, 30nm $340.00
SSD Samsung 500GB Sata 500GB x 12 =3TB $3,708.00 |Active =0.15W x 12 = 1.8W
Server Total Cost $6,902.00
CAT SAS Server=24TB # Equivilent Green Servers of 24T§ 4

$27,608.00

Figure 7 - Equivalent SATA and SAS green data serve
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The initial investment is based on the prices trayos market as shown in Figure 1 for regular

and Figure 3 for green data servers. Costs acelestd in Figure 8.

SATA(126 TB)
Regular Green

Component Price Component Price

Steel Server Case 5250.00|5teel Server Case 5250.00
Server Power Suppy 594.00 |Server Power Supply 5100.00
Server Motherboard - Server Motherboard -

Supermicro x95RI-3F 5360.00 Supermicro x95SRI-3F 5360.00
Intel E5-2650 x 2 $2,280.00(Intel E5-2650 x 2 $2,280.00
1u Server Heatsinkx x 2 564.00(1u Server Heatsinkx x 2 S64.00
Standard ECC DDR3 x 4 5440.00|5amsung Green DDR3 x 4 5340.00
SATA Regular HDD x 12 $1,668.00 |WD Green HDD x 12 51,680.00
Total for 1 Server $5,156.00 $5,074.00
Total for 4 Servers 520,624.00 $20,296.00

SAS(24 TB)
Regular Green

Component Price Component Price

Steel Server Case 570.00|5teel Server Case $70.00
Server Power Suppy 594.00 (Server Power Suppy $100.00
Server I"»:ﬂc:therbuard - $340.00 Server I":r'lcutherbuard .

Supermicro Supermicro $340.00
Intel E5-2650 x 2 52,280.00|Intel E5-2650 x 2 $2,280.00
1u Server Heatsinkx x 2 S64.00(1u Server Heatsinkx x 2 S64.00
ECC Standard DDR3 x 4 $440.00(Samsung Green DDR3 x 4 5340.00
Seagate SAS 500GB Sata $2,256.00 |S5D Samsung 500GB Sata 53,708.00
Total for 1 Server $5,544.00 $6,902.00
Total for 4 Servers $22,176.00 $27,608.00

Regular Green
Initial Investment Total| $42,800.00 $47,904.00

Figure 8 - Initial Investment- Regular vs. Green
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Capitalized Worth
To calculate the Capitalized Worth (CW) of regutar green data servers the bel

formula has been used:

This study has assumed a 3% interate and the effect of change in interest ratbasve in
Sensitivity Analysis section.

The recovery period of computers is 5 years acogrth the table 7.2 in chapter 7 of the co
book [21] and that's why=5 in the formula. Computer systems arenging and nev
technologies are coming to market so fast thatrdtten 5 years in IT cabe considere
obsolete. Figure Bompares the electricity consumption of greenegular power supplies

one year. Using this information and the initiatastmnt the CW is calculate

80 plus 100% 80 plus Gold 100%

poWwer Suﬁply\w; ouUuU pOWEr SUppIy W) Uy

Server Total to Power HD{w) 2400 Server Total to Power HD(w)

Hours in a day 24 Hours in a day
11.52 Daily(k

w)

4204.8 Yearly(kw) 2733.85
Cost per kw $0.07 Cost per kw $0.07
Transmission Charge $0.0024 Transmission Charge $0.0024
Distribution Charge $0.03 Distribution Charge $0.03
Total Coct S860.72 Total Coct 4559 62

Figure 9- Yearly electricity consumption 80 Plus Regular vs30 Plus Gold power suppl

IT Corporations receive tax incentives to reducating, cooling, lighting and ener(costs. [22]
The actual tax incentive will be applied to thealbe income which was not applicable for
project. We considered a otigie tax credit of 10% on the initial investmentingorporate th
green incentives in reducing total cost. The saisitof the CW to tax credit changes are shc

in the sensitivity analysis sectic

Figure 10shows the CW of the regular vs. green data sefgeestotal of 150 TB capacit
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Regular Green

Interest rate 3% 3%
Number of years 5 5
Initial investment 542, 800.00 547,904.00

Yearly server
power consumption

cost S860.72 5559.62
Coefficient A4.5797

PW of yearly costs 53,941.84 52,562.89
Tax credit 10%
Total $4E,?41.34 545,5?5.45

Figure 10 - CW of regular vs. green data server

Sensitivity analysis
Figure 11 shows the change in total electricitlyds the price of electricity increases.
The difference in yearly costs for power consumpbbregular vs. green servers is not
significant because of the low price of electriciygure 11 shows as the electricity price

increase the cost saving of green data serversrieenwmre and more significant.

4 N\
//

z

:g /.—O—Regular

o // W=Green

©

o
Cost per kw($)

- J

Figure 11-Sensitivity of total electricity bill with increase in cost per kw
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Figure 12 shows the change in capitalized worthreén vs. regular servers for different interest
rates. As discussed a 3% interest rate was assiaméek capitalized worth calculation. Figure
12 shows the CW for interest rates 2% to 7%. Bat¥s@ecrease as the interest rate increases.
Therefore the change in interest rate will favaitlCW equally and the analysis remains

similar. Figure 13 shows the CW sensitivity to tagdit values.

4 N
Green vs. Regular Cost

nging Interest Rate (Tax 10%)

—&—PRegular
.\'.~ —_— == Green

—3

cws

Interest Rate

Figure 12-CW sensitivity to interest rate change

Green vs. Regular Cost
Changing Tax Credit (Interest Rate 3%)

—&—Regular

cws

== Green

Tax Credit

Figure 13 - CW Sensitivity to tax credit
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6.Discussion of Results

Based on the results of the research that hasdesemssed in this paper, the implementation of
the use of green servers will have a greater tast but the difference will be minor. This
greater startup cost will be largely recoverechim ¢nergy savings that are seen during normal
use. The greatest amount of startup cost differanit&e created in construction labor and
materials of the server room to create sustainataéing of the servers. The sustainability of the
server room will include limiting cooling costs bgcycling the heat output created by the
servers, and harvesting outside cool air to usaifdiow. Energy savings created by the
sustainability of cooling will recover all startepst within the first 5 years, assuming a 10% tax
creditis in place. As Figure 13 shows, reduchmg tredit to 5% will not pay off the green
technology within the 5 year study period.

The use of green servers and a green server robrreate enough savings to make
implementation of green servers beneficial. Theiseability and sustainability of green servers
have been proven to meet whatever requirementstbateeded for server room use. Looking at
the use of the servers, without the startup cosbostruction, the savings are created within the
initial investment, again assuming a 10% tax cragplied for businesses using green server
technology. The other startup costs coming fronmstroistion labor and materials of the server

room, are not part of the current study, but ateneded to also increase the amount of recovery.

After reviewing the research and the cost calonhestj a business implementing this technology
would benefit right away and should seriously cdasa way of implementing this technology
into their business plan. Green server technolbgylsl be implemented into all business plans
for sustainability, cost savings, and overall gémdthe environment.

7.Conclusion

The effect of climate change has brought a globatern for sustainability. Sustainability has
grown into technologies that lead to many orgaiongtand standards such as the WEEE,
RoOHS, Energy Efficiency 4.0, 80Plus, and EPEAT ihi® Electronic and Electrical market. As
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the issues of climate change and sustainabilitwgnoconcern, companies, organizations, and
governments have gradually embraced corporate megplity and are participating into the

trend of being more sustainable.

Green IT is a response to the growing trend ofasigbility that contributes to corporate
responsibility by innovating products into the greearket. This establishes the new economics
of a green product market, which as our researotvsizan result in higher startup costs, but

will also result in cost savings over the long tefdneen products encourage alternatives that aid
organizations and companies to participate in suatdity. Applying the practices to operate an
IT department in green fashion will give the betsedif cutting energy consumption and cost

while maintaining an efficiently operating businessironment.

Our research shows that implementing green seargt® green server room is a great potential
way of making business sustainable, and benefitisilizing Green IT can reduce consumption,

contribute to a healthier environment, and ultifyasave on operation costs.
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