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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
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Introduction

Data centres are essential to the provision of information technology (IT) services and can play an
importantrole in the conservation of resources. However, they can also consume a considerable amount
of resources if mis-managed and thus, it is critical to utilize these resources efficiently.

Resource efficiency in a data centre begins with the location (taking advantage of the external
environment) and the building design to minimize energy consumption. The facilities can then
implement modular extension or easily extensible space, cooling, and power according to the IT services
provided and co-location situation.

Onc
colle
whi

The
obje
repl

This
cent|

e data centres are constructed and equipped with all the necessary facilities, it is ’ix
ct and monitor operational data. Based on the information obtained, it is possible’td
h elements utilize resources least efficiently and assess how to improve the performan

performance of existing facilities can be periodically measured to determine-if the orig

hcement of equipment with better resource-efficiency characteristicst

document provides information on available options for improving resource efficie
res, with particular emphasis on operational procedures.

nportant to
determine
ce.

rinal design

ctives for resource efficiency are being achieved and allowing performaance to be ifaproved by

ncy in data
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Information technology — Data centres — Practices for
resource-efficient data centres

1 Scope

This document describes generally applicable practices for improving the resource efficiency of data

cent

This
reso
of lo

The
opel
and
docy

The

Thet

For {

ISO

res, Independent of their application(s).

document focuses on continuous improvement processes, designs and guidelines th4
urce efficiency. In general, the processes and practices are technology-neutraland‘are i
cation.

practices for data centre resource efficiency improvement deal with ¥arious establi
ation aspects such as data centre planning, management, coolingispower feeding,
communications technology (ICT) and cost aspects that are not restricted by the s
ment.

following items are not included in the scope of this documént:
development of key performance indicators (KPIs);
comparability between data centre performance results;
definition of maturity model for data centres;

social sustainability issues.

Normative references

e are no normative references.in this document.

Terms, definitions and abbreviated terms
he purposes of thissdocument, the following terms and definitions apply.
ind [EC maintain’ terminology databases for use in standardization at the following add

[SO Onlinebrowsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

It prioritize
hdependent

thment and
nformation
rope of this

resses:

3.1

Terms and definitions

3.1.1
availability
ability of an item to be in a state to perform a required function under given conditions at a given instant
of time or over a given time interval, assuming that the required external resources are provided

[SOURCE: ISO/IEC 22237-1:2021, 3.1.1]
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3.1.2

computer room space
area within the data centre thataccommodates the data processing, data storage and telecommunication
equipment that provides the primary function of the data centre

[SOURCE: ISO/IEC 22237-1:2021, 3.1.6]

3.1.3

computer room air conditioning/computer room air handling
CRAC/CRAH
equipment that provides cooling airflow volumes into a computer room as a means of environmental

control
Note 1 to enf

3.1.4

data centr
structure,
operation
storage, prd

ry: Other abbreviations such as CCU, DFU, RACU, UFU are sometimes used.

r group of structures, dedicated to the centralized accommodation, ifiterconnection
f information technology and network telecommunications equigment providing
cessing and transport services together with all the facilities and infrastructures for p

distribution and environmental control together with the necessary levels\of resilience and sec

required to

provide the desired service availability

Note 1 to entiry: A structure can consist of multiple buildings and/or spaces.with specific functions to suppoi

primary fun

Note 2 to e
information
within a larg

[SOURCE: I

3.1.5
direct liqu
ICT equipm
equipment

3.1.6

Ction.

energy efficiency

measure of
energy conf

3.1.7
hot-aisle/c
<system> ¢
intake and

pxhaust air within computer room space(s)

and
data
wer
rity

tthe

htry: The boundaries of the structure or space considered the data centre which include$ the
and communications technology equipment and supporting environmental controls can be defined
er structure or building.

O/IEC 30134-1:2016, 3.1.4]

d-cooled ICT equipment

ent that is cooled by direct flow of liquid into an equipment cabinet or directly to thg ICT
Chassis to provide cooling, rather than the use of moving air

the work done (as.a'\result of design and/or operational procedures) for a given amoupt of
umed

pld-aisle

pnstruction of cabinets and containment intended to prevent the mixing of ICT equipment

3.1.8

information and communications technology equipment
ICT equipment

information technology (IT) and network telecommunications (NT) equipment providing data storage,
processing and transport services

Note 1 to entry: This represents the “critical load” of the data centre.

3.19
rack

open construction, typically self-supporting and floor-mounted, for housing closures and other
information technology equipment
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3.1.10
resilience
capacity to withstand failure in one or more of the ICT equipment or data centre infrastructures

3.1.11
set-point
desired or target value (maximum or minimum) for a physical quantity used for control

gineers

3.1.12

virtualization

creation of a virtual version of physical ICT equipment or resource to offer a more efficient use of ICT
hardware

3.2 | Abbreviated terms

For the purposes of this document the following abbreviated terms apply.

ASHRAE (formerly) American Society of Heating, Refrigeration and Adr conditioning Ex
BREEAM Building Research Establishment Environmental Assessment Method
CMOB configuration management database

CPU central processing unit

CRAC computer room air conditioning

CRAH computer room air handling

DCIM data centre infrastructure management

F-R-F-R front-rear-front-rear

ICT information and communications technology

1/0 input/output

IT information technology

LAN local areanetwork

LEED leadership in energy and environmental design

MAID massive array of inactive disks

MLHS multiprotocol label switching

ov operrvirtuatpratform

PDU power distribution unit

PUE power usage effectiveness

RAID redundant array of independent disks

SLA service level agreement

UPS uninterruptible power supply

VLAN virtual local area network

© ISO/IEC 2023 - All rights reserved
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VPN
VXLAN
WUE

virtual private network
virtual extensible local area network

water usage effectiveness

4 Principles

4.1 General

To operate [and manage a data centre with effective usage of resources, there are many things-t
considered|in each phase, from design to operation. Resource efficiency in the data centre |ea

achieved
the locatio
building thz
according t
structures
applied in 3
the-artITe

Once the dj
ways to im
data in faci
cooling and
can be ana
consumed,

stly in the design and building phase. In the design and building phase of a data ce

selection can take advantage of the external environment, by taking into,considera
it minimizes consumption, modular extension or easily extensible space, coélinig, and pa
b the IT services provided and co-location situation. As there can be a variety of forms
lepending on the purpose of the data centre, resource efficiency techfiology can be suit
ccordance with the relevant application. In addition, it is advantageous to utilize stat
guipment which achieves the best practice in energy efficiency aswell as performance.

ta centre is introduced, it is quite difficult to rebuild or reehgineer it. One of the effe
brove the resource efficiency of existing data centres is fe"tollect and monitor operati
lities in order to find inefficient equipment. In additiomnto infrastructure facilities suq
power generation and distribution, IT equipment/can’also be monitored. Measured
ysed and processed to provide statistics and insights such as predictions of the en
and key performance indicators as introduced<in the ISO/IEC 30134 series (PUE, V

o be
n be
htre,
tion
Wer,
and
ably
e-of-

rtive
onal
h as
data

ergy
VUE,

etc). The data centre operators can find out how much the-efficiency of equipment is degraded. If aging

facilities ar
replaced.

Foradatac

In the desig
of IT equipn

during oper

data centre

e failing to achieve the initially-designed efficiency and performance, they can be proy

entre to achieve resource efficiency,the aspects described in 4.2 to 4.8 need to be considg

h stage, itis necessary to preventover-investments or budget shortages due to miscalculz
lent capacity growth. In addition, the design can take optimal usage of resources into acc
ation after the construction of a data centre. This sub-clause describes consideration
design and construction.ih terms of building, power, cooling, and data centre infrastrug

managemeit (DCIM) for improwing resource efficiency.

For data ce
maintenang

ntres that are [designed and constructed with resource-efficient components, contin
e activities are necessary for maintaining their efficiency. During its operations, a

erly

red.

tion
punt
s for
ture

centre's eff
It is thus

ciency can’be degraded due to various reasons, such as equipment aging or IT trend cha
ecessary 1o perform maintenance and enhancement activities. The following subcl

following subclauses ‘some data centres will not have access or control of the infrastructure described
therein. Therefore, some aspects of the following subclauses will not be applicable to other types of
data centres, especially those with shared facility resources.
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It is important to develop a holistic strategy and management approach to the data centre to ensure
the required availability and effective delivery of economic and environmental benefits. The following
aspects can be considered.

a) General policies.
Policies can be established that apply to all aspects of the data centre and its operation. See
ISO/IEC TS 22237-7.

b) asilience level and prnxricinning
Two of the most significant sources of inefficiency in data centres are the over.proyisioning of
space, power or cooling, or the facilities being run at less than full capacity. Morfolithic,[as opposed
to modular design of facilities also represents a significant and frequently' unnecessary capital
expenditure. Furthermore, as the level of resilience of the data centre incréeases, ineffi¢giencies due
Lo fixed overheads increase and this is compounded by poor utilization.

c) [nvolvement of organizational groups.
[neffective communication between the disciplines working ina-data centre is a majpr driver of
inefficiency and can create issues of capacity management and reliability.

4.3 | Data centre ICT equipment and services

The [[CT equipment creates most of the demand for paWwer and cooling in a data centre. Anyf reductions

in ppwer and cooling used by, or provisioned for, the/ICT equipment will have magnified effects at the

utilify energy supply.

The[purpose of the equipment environmental’specifications in this subclause is to ensure that new

equglgment can operate under the wider ranges of temperature and humidity, thus allowjing greater

flexibility in operating temperature and-humidity to the operator.

The [following aspects can be considered.

a) Pelection and deployment af new ICT equipment.
Once ICT equipment is purchased and installed in the data centre it typically spends s¢veral years
in a data centre consuming power and creating heat. The appropriate selection of hafdware and
deployment methods can provide significant long-term savings.

b) [Deploymentofnew ICT services.
The service architecture, software and deployment of ICT services have an impact at lefast as great
ps thatof the ICT equipment.

c) Management of existing ICT equipment and services.
It is common to focus on new services and equipment being installed into the data centre but
there are also substantial opportunities to achieve energy and cost reductions from within the
existing service and physical estate, for example, by decommissioning hardware no longer in use or
implementing energy saving policies.

d) Data management and storage.
Storage is a major growth area in both cost and energy consumption within a data centre. It is
generally recognized that a significant proportion of the data stored is unnecessary, duplicated or
does not require high performance access.

© ISO/IEC 2023 - All rights reserved 5
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Some sectors have a particular issue due to very broad and non-specific data retention directives
from governments or regulating bodies which can cause large volumes of data to be unnecessarily
heavily protected and archived.

See Clause 5 for further information.

4.4 Data centre cooling equipment

A major part of the facility infrastructure is the cooling system.

Cooling of the data centre is frequently the largest energy loss in the facility and as such represents a

significant ppportunity to reduce energy consumption.

The followihg aspects can be considered.

a)

b)

d)

Airflow management and design.

The objective of airflow management is to circulate only the amount of ain-through the data
centre fthat is necessary to remove the heat created by the ICT equipment’{i.e. no air circulates

unnecegsarily).

Poor ajrflow management often results in attempts to compensate by reducing air supply

temperptures or supplying excessive air volumes, which have an enengy penalty.

Improvjing airflow management will deliver more uniform ICT«equipment inlet temperatures. [This
is a prgrequisite to increasing temperature set-points and reducing airflow volumes which ernable

reductipns in energy consumption without the risk of equipment overheating.

Cooling management.

Data centre is not a static system and cooling systems can be automatically and dynamically tyined

in resppnse to fluctuations in thermal load.

Tempefature and humidity settings.

Operating overly restricted environmental controls (in particular, excessively cooled compguter

rooms)|results in an energy penalty.

Widening the set-point range fortemperature and humidity can reduce energy consumption. When
review|ng environmental management issues it is suggested that expert advice be sought bg¢fore
changing the environmental range for the facility (e.g. before set-points are changed) in order to

avoid risks to operational’integrity.
SelectiIn of coolirig system.

The co
additiop te 'the critical ICT load. This is also the area with the greatest variation in technologief.

1y

2)

ling system typically represents a major part of the energy consumed in the data centfe in

Freeand economized cooling.

Free or economized cooling designs use cool ambient conditions to meet part or all of the
facilities cooling requirements, hence compressor work for cooling is reduced or removed,
which can result in significant energy reduction. Economized cooling can be retrofitted to
some facilities.

High efficiency cooling system.

When refrigeration is used as part of the cooling system design, a high efficiency cooling
system can be selected. Designs can operate efficiently at system level and employ efficient
components. This demands an effective control strategy which optimizes efficient operation,
without compromising reliability. Even in designs where the refrigeration is expected to run

© ISO/IEC 2023 - All rights reserved
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for very few hours per year, the cost savings in infrastructure electrical capacity and utility
power availability or peak demand fees justify the selection of high efficiency equipment.

Computer room air conditioning/computer room Air handling (CRAC/CRAH) equipment.

These are major components of most cooling systems within the computer room; they are
frequently unable to provide efficient operation in older facilities.

Reuse of data centre waste heat.

Data centres produce significant quantities of waste heat. Whilst this is typically at a relatively

icati i i I economic
and environmental benefit. As ICT equipment utilization is increased through conselidation and
virtualization, the exhaust temperature is likely to increase as a result, which wilkproyide greater
opportunity for waste heat to be re-used. Direct liquid-cooled ICT equipment is|likelyf to provide
new opportunities to use data centre waste heat.

Design guidelines are provided in ISO/IEC 22237-4 and operational guidelines are [detailed in

ISO

4.5

Ano

[EC TS 22237-7.

Data centre power equipment

ther major part of the facility infrastructure is the power €onditioning and delivery system. This

norrpally includes uninterruptible power supplies (UPS), power distribution units (PDU), cabling and

can

The
a)

b)

hlso include other equipment, e.g. backup generators apd static switches.
following aspects can be considered:
Selection and deployment of new power equipment.

Power delivery equipment has a substanti@l impact upon the efficiency of the data centie and tends
Lo stay in operation for many years onceiinstalled. Careful selection of the power equigment at the
design stage can deliver substantial.savings through the lifetime of the facility.

Management of existing power equipment.

Design guidelines are provided in ISO/IEC 22237-3 and operational guidelines are [detailed in

ISO

4.6

[EC TS 22237-7.

Other data centre equipment

Datd centre spaces contain equipment other than that of 4.3, 4.4 and 4.5. Practices can b employed
to njinimize energy consumption and/or improve energy efficiency of such equipment pnd can be

opti
Ope
4.7
The

mized based on relevant building standards, such as relevant EU standards, LEED, BREEAM, etc.

rational guidelines are detailed in ISO/IEC TS 22237-7.

Data centre building

location and physical layout of the data centre premises is important to achieving flexibility and

efficiency; see ISO/IEC TS 22237-2.

The
a)

following aspects can be considered:
Building physical layout.

The physical layout of the building can present fundamental constraints on the applicable
technologies and achievable efficiencies (e.g. technologies such as fresh air cooling require
significant space for equipment and distribution systems that might not be available in an existing
building).

© ISO/IEC 2023 - All rights reserved 7
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b) Building geographic location.

The geographic location of a data centre can impact achievable efficiency, primarily through the
influence of external climate.

c) Water sources.

Data centres can potentially use a significant quantity of water to provide environmental control.
The water stress of the region, the type and source of water can potentially affect data centre
design and energy consumption.

Design guidelines are detailed in ISO/IEC TS 22237-2

4.8 Datalcentre monitoring

The development and implementation of a monitoring and reporting strategy is key toymanaging the
efficiency of a data centre.

The followihg aspects can be considered:
a) Energylconsumption and environmental measurement.

Many data centres currently have little or no monitoring of energy,eonsumption or environmental
conditipns; some do not have separate utility metering or billing.

The ability to measure energy use and factors impacting energy use is a prerequisite to identiflying
and jusftifying improvements. It can also be noted that measurement and reporting of a parameter
can incjude alarms and exceptions if that parameter passes outside of the acceptable or expected
operating range.

b) Energylconsumption and environmental data collection and logging.

Once dpta on energy consumption and envitonmental (temperature and humidity) conditiops is
availabje through the installation of measurement devices, it can be collected and logged.

c¢) Energylconsumption and environmental reporting:

Energy| consumption and environmental (temperature and humidity) condition data needs to be
report¢d to be of use in managing the energy efficiency of the facility.

d) ICT reporting:

Utilizatlion of the IGT ‘equipment is a key factor in optimizing the energy efficiency of the [data
centre.

See Clause ¢ for further information.

4.9 Sumpmary

Recently raised issues on the acceleration of the digital transformation with big data, cloud computing,
and Internet of Things (IoT) playing an important role, have changed the design and construction of
data centres. Data centre infrastructure can be designed for reliable and efficient IT services.

Data centres are complex, as it is intended for use in implementing technical innovations and
organizational changes.

Data centres differ in sizes, from a small room with a rack to industrial scale sites with energy
consumption of several hundred MW. Regardless of whether it is a small, medium or large company,
practically every business, service organization or public institution requires a functioning information
technology system. A data centre can be a stand-alone unit or be part of a distributed network of data
centres. They can also be categorized according to physical size (from edge and enterprise data centres

8 © ISO/IEC 2023 - All rights reserved
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to cloud and co-location data centres to hyperscale data centres), rack density or energy consumption,
for example.

Irrespective of the size of the data centre, the infrastructure covers the following areas:

racks and housings for server, storage and network components,
power conditioning, distribution and back-up,
cooling and cooling transport and distribution,

monitoring and remote management using hardware and software components,

5

5.1

Alth
cons
amo
min

5.2

5.2.

Redjq
cert

is 60

cons
cony

Kecurity and safety systems.

ICT equipment and services

IT system

pugh IT systems vary by data centre, IT systems mostly accountfor at least 60 % of ov
umption. The cooling equipment used to cool down the IT system also consumes 4
unt of power. This subclause presents guidelines for efficienfimanagement of the IT s
mal power consumption.

Server and storage

| IT system integration and virtualization

icing the amount of IT equipment has a direct effect on energy consumption. A server

hin level of power even when it is in idledmode waiting for workloads. Generally, when t}
%, the power consumption increases up to 20 % to 30 % compared to its idle s
umption can be significantly reduced by decreasing the number of physical IT systems

olidation of servers that routingly operate at low utilization levels.

—| Physical Servers }—
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CPU CPU
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o
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erall power
significant
lystem with
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Figure 1 — Virtualization and physical consolidation

Server consolidation through virtualization can be largely divided into two categories

a) Different operating systems or versions - “virtual integration” (V/I as shown in Figure 1),
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b) Same operating system or simple integration of servers - “partition-based physical integration”
(P/1as shown in Figure 1).

Server consolidation and virtualization integration can be actively pursued without affecting service
level agreement (SLA) contracts with customers in the data centre.

Reducing the number of systems through consolidation and virtualization integration leaves more
space in the computer room and lowers power consumption since less cold air is needed.

5.2.2 Energy efficiency of the storage system
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the CPU can release more heat and consume more power. Manufacturers are thus providing solut
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IS Increasing rapidly with the growth of big data and cloud Services. The Storage sy:
I at least 30 % of overall power consumption of IT systems and takes up 25 % of therspd
tre. Power consumption and space of the storage system can be reduced through phy|
and data optimization based on the technologies listed below. Generally, enclosures
consume power of approximately 66 % - 75 % in the storage system, while.main contr
utput (I/0) devices consume power of approximately 25 % - 34 % in the system. In all ¢
e of disks is most critical.

practices to improve energy efficiency storage technologies include:

tem
ce of
sical
with
pller
hses,

ment of low-capacity disk drives with high-capacity disk drives for increasing st
y per unit energy;

| of duplicates (reduces disk capacity by 10 % - 50 % through data pattern analysis);

ovisioning (enabling capacity minimization and uninterrupted expansion by virtuali
capacity);

technology [integrating redundant artray of independent disks (RAID) configuratig
hal storage to form several RAIDs];

virtualization (increasing storage use by virtualizing different storage systems
hg server capacities);

brver storage on systems-which include multiple hard or solid-state disks that ca
red (at the operating system level) to power down disks not in use, increasing en

fystem power. control

processing unit (CPU) performs key functions in the IT system. Depending on the work

CPU power consumption. Data centre operators can lower power consumption by appl
nsto IT systems.
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The key solution can be generally divided into two categories:

decreasing CPU voltage and clock frequency to pre-defined values when workload is low (usually

applied after application service time when workload is low and deactivated before the start of the
application service time);

setting a maximum power consumption for the server and preventing any use that exceeds the

— maximum power use with low frequency is set as a critical value based on long-term power use

a)
b)
maximum:
analysis,
10
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— itistoensure continuity of IT services when power supply becomes unstable due to earthquakes
and other natural disasters.

Power control of the server can save power consumption by up to ~ 20 %, and this also leads to a
decrease in the power required for server cooling. Since the aforementioned solutions directly affect
CPU availability, the following points can be considered when determining applicability at certain
times:

c) priority analysis of applications on the server (systems of lower priority addressed first);

NOTE This is not recommended for servers relying on processing speed (real-time ratings, online web

ervices eotc)
4 J

d) pnalysis of CPU use by month/week/day/time based on server performance analysis by;
— selecting applicable time through performance analysis of each server,

— performing simulations to check applicability during the same time farvirtualized,[partitioned
servers.

5.2.4 Periodic preventive maintenance

When the IT system is operated for long periods, CPU or memory\resources are wasted by databases
and [applications. Periodic rebooting is needed to clear unmnec¢essary resources to minimize power
conJumption. Table 1 presents the key tasks of periodic preventive maintenance.

Table 1 — Offline periodic preventive maintenance and its expected outconte

T}’l:zl;l ::zzln- Maintenance items Frequency Expected outcome
FANH imnccessary rosources (CPU, merfory,
(see NOTE 1) yres , Y,
paging space)
Diagnostic Early detection of defects through hard-
Offline (see NQTE 2) Once/3 ware diagnosis
periodic System\dust removal months
Enhanced cooling efficiency
(see NOTE 3)
§tile rearrangement Enhanced cooling efficiency thropigh
(see NOTE 4) improved hot-air emission

NOTE 1 System reboots are typically performed with patch or firmware upgrades and coincide witlf other
tasks. Therefore, the system down time can be considered the additional task time in the planning|stage.
System'\down time is considered up to 4 times that for the task itself.

NQTE"2 It is necessary to ensure availability by checking electrical devices (power supply, fan, efc.) for
defects through hardware diagnosis of the IT system during offline preventive maintenance.

NOTE 3~ When operated for a long time, impurities in the computer room adhere to the fan and lower cooling
efficiency.

NOTE 4 Improper arrangement of cables at the back of racks prevents hotair from being released to hot aisles,
thereby causing an increase in system temperature. This also contributes to increased power consumption of
the fan.

Figure 2 shows efficient installation of cables in racks.
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SOURCE Reference [2], reproduced with the permission of the authors.

Figure 2 — Cases of efficient installation of cables inracks

5.2.5 Mapagement of idle equipment

The IT systpm usually remains in the computer room even when [T services become idle. A significant
amount of power is consumed even when the system is in thelidle state. Power consumption is|also
involved in|cooling equipment. As such, idle equipment requires periodic and continuous management
as summarized in Table 2.

Table 2 — Management'of idle equipment

No. Items Description Source
1 IT equipment and service | Audit of IT equipment services and hardware
audit use
. . Configuration
2 System shutdown Shutdown of idle equipment that cannot be management da-
taken out
S ition by taki 1 - tabase (CMIB)
. . pace acquisition by taking out idle equip-
3 Return of idle gquipment ment and installation of blank panels and
o R : - data centrelin-
4 Switching-offdistribution | Blocking of distribution boards connected to | ¢ ctructule
board removed systems managemejnt
Control of cooling equipment to adjust for (DCIM)
5 Cooling equipment control | changes in heating arising from equipment
shutdown and removal
5.2.6 IT "}refnm nrrnngnmnnf

The following can be considered for system arrangement to maintain an optimal cooling environment
in the computer room:

a) classifying the system arrangement in the computer room into server zone, storage zone, and
network zone;

b) when installing IT systems, those with the same type of airflow can be grouped together (in most
cases, the airflow of systems installed on racks is from front to rear and front to top);

c) placing equipment that releases more heat in areas with efficient cooling (intensive cooling devices
can be installed if necessary);
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d) installing racks at least 1 800 mm from the exhaust vents of computer room air conditioning
(CRAC) equipment (see Figure 3);

e) providing hot-aisles and cold-aisles to maximize cooling efficiency;

f) for an IT system with a front-rear-front-rear (F-R-F-R) arrangement as shown in Figure 4, it is
necessary to install a separate device to prevent mixing of cold air and hot air.
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Raised Floor ,L’ :> ,_I

SOURCE_Reference [2]’ rnprndnrnd with the permission of the authaors

1
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Figure 4 — Energy efficiency in F-R-F-R arrangement
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5.3 Network equipment

5.3.1 Network virtualization

Similarly to server and storage virtualization, virtualization of network equipment can improve energy
efficiency, save space, and reduce operating costs as summarized in Table 3. With the recent increase
in server virtualization and cloud services, network virtualization has become increasingly important.

A network is overlaid on an existing physical network as shown in the schematic of Figure 5 and
includes:

a) adecrepse in Layer 2 switches by employing Open vSwitch (OVS) and other virtual switches dyring
server Virtualization;

b) the application of virtual extensible local area network (VXLAN) technology to integraté netywork
equipnlent during expansion of the L2 network and increase in demand for virtual LAN, (VLAN);

c) equipnjentintegration through the conversion of the existing router to a virtual’nouter (e.g. us¢d in
the multiprotocol label switching (MPLS) virtual private network (VPN) envirenment),

d) conversion to virtual network equipment that provides an integrated Layer 2/3 function (e.g. ppen
virtual|platform, OVP).

Table 3 — Expected outcome through networkwirtualization

Expected outcome Details

Decrease in power consumption and space taken up in

Reduced cost data centre

Loop prevention-and fast convergence function

Increased availability Increase inéquipment availability through device

clustering

Improved-security through network separation of dif-

Improved security ferent applications in the same virtual device/network

Enhanced operation
efficiency

Decrease in equipment requiring monitoring

Firewall

‘ New Virtual Network ‘

Switch L3 Virtual (Fo—sy

Device 1

3%5 L3 Virtual

Device 2

4~
- = Overlay

Virtual Device 2

SERVER

1

Switch_3 Switch_4

“‘ : Aggregator g
SERVER Virtual Device

Figure 5 — Example of network virtualization
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