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Data Center Technology Trends
July 11, 2017
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vmnah@dankook.ac.kr
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OUTLINE

e Data center

 Data center types

» Data center technologies

e Cloud data center

» KPI for data center

» Best practices for data center operation
« Data center policy
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DATA CENTER

EiUIE'[EE'I(DataCenter) QIma; 5 FH| g HE

ITel=2t 20 H2et HEHEM H7|. 2= S 7IL4@HE XF2.
il gkl i-E-’-"iEE 2AX365% MH|~E HIEE}E -
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[EX: CIOIEIME &g S Ty WA= (2, DIZRS, ITSA, 20131023]

The main components of a typical datacenter [image courtesy of DLB Associates]
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Data center equipments

aT ¢ =

Server

Storage

Commuunications

A

Supply

MV Transformer and Switchgear

Genset ATS

Power Distribution

Hot Anie  Cold Al Hot Aisle  Sold Alsle
- = g -

e
upPs Switchgear

Cooling Distribution

e

Coaling Chillers

[Source; TGG]

» Facility equipment

— ntZH|(Power): Transfer Switches, UPSs, DC Batteries /
Rectifiers, Generators, Transformers, Power Distribution Units
(PDUs), Rack Distribution Units (RDUs), Breaker Panels,
Distribution Wiring, Lighting, Other

— HLHEE 2% ZH|(HVAC): Cooling Towers, Condenser Water
Pumps, Chillers, Chilled Water Pumps, Computer Room Air
Conditioners (CRAC's), Computer Room Air Handlers (CRAH's),
Dry Cooler, Supply Fans, Return Fans, Air-side Economizers,
Water-side Economizers, Humidifiers / De-Humidifiers, In-
row/In-rack/In-chassis Cooling Solutions, Supplemental Air

Movers, Other

— E2|® B9 EH| (Physical Security): Fire Suppression, Water
Detection, Physical Security Servers / Devices, Other
— A8 22| A|28)(Building Management System): Management
Servers [ Devices, Probes / Sensors, Other
I!Hli?

©2017 Yunmook Nah
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[Source; TGG]

e IT equipment
— HFE! FH| (Compute Devices): Servers, Other

- HIE$|3 ZEH| (Network Devices): Switches, Routers,
Other

— IT X| & A28 (IT Support Systems): Printers, PC's /
workstations, Remote Management Devices
(KVM/Console/etc.), Other

— 7|E} ZH| (Miscellaneous Devices): Security/Storage
encryption, Appliances etc., Other

— X Z EX| (Storage): Storage device, Backup Devices,
Media/Virtual Media Libraries, Other

— MHE A EH| (Telecommunications): All Telco
Devices

M ©2017 Yunmook Nah
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DATA CENTER TYPES

* According to the IT equipment owners
— Private data center
« &MSDS, LG CNS, SK C&G, ...
— Co-location data center

= Provide power and cooling infra and hosting customer
company’s servers
* KT, SKT, LG U+, LG CNS, BILjEET|&, Interxion(EU), ...

¢ According to the technologies
— Data center

— Internet data center (IDC): data center +
communication cables => term used mostly in Korea

— Cloud data center (CDC): data center customized
for cloud computing service
» Google, Amazon, Facebook, Naver, etc

M ©2017 Yunmook Nah
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e According to the market

— Tier-1 market: NY, Chicago, LA -> Co-location data
center
e Equinix, Interxion, TelecityGroup
— Tier-2 market: small cities -> Edge data center
« Content delivery services at the edge of the network
e EdgeConneX, vXchnge, 365 Data Centers
« Special types
— Modular data center, container data center, micro
data center
— Underwater data center

M ©2017 Yunmook Nah

 Edge data center examples

— IBM Blue Box
= Small cloud service based on OpenStack

— Bluebird network
¢ Provide 6,000 fiber route miles of high-speed broadband and
fiber-optic connections.
e In 2014, an underground data center was acquired and
created Bluebird Underground, adding a data center facility
to the Bluebird suite of services.

s Power capacity: 1,200kW — 2,000kW

M ©2017 Yunmook Nah
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Modular extension: Schneider| 500kW 1% &S, 500kW W< D5, 400kW
W 2 P7E
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e |
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Modular or containerized data centers
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Microsoft - Project Natick - Promising to Take Cloud Data Centers Underwater: Since
about half of the world’s population resides within 200 kilometers from the ocean, the
company believes operating a data centre from the ocean floor will avail data cable to
users within the shortest time possible.

DATA CENTER TECHNOLOGIES

o Key technologies
— Facility
« Power : Grid power, ATS, UPS, battery, STS, PDU (Hj =i}
E&uh, Generator (&2&7])
e Cooling
= Monitoring : EMS
s Building
— ICT equipment
» Server, storage, network
e Other issues
— Reuse of waste heat
— Renewable energy

M ©2017 Yunmook Nah
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AC vs DC power: 120v AC2} 380V DC X212 §E Hl

Electr.
loads

Electr.
loads

e Cooling methods

— Conventional air conditioning cools by supplying the entire
room with cold air, cooled with chilled water from a chilling
system.

— The outdoor air cooling method introduces cold air from
outdoors directly into the room for cooling, permitting a
reduction in the chilling system's energy consumption.

— The evaporative cooling method sprays water into cold
outdoor air, and cools by heat exchange between the
cooled air and the return air from the room, permitting a
reduction in the chilling system's power consumption.

— The spot cooling method employs spot cooling units on top
of racks (in ceiling) for local cooling and cools high
temperature exhaust air from the servers around the

J server racks.
M ©2017 Yunmook Nah
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Conventional air conditioning system
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Outdoor air cooling system: During the intermediate seasons, and in
winter (during which outdoor air temperature is low), outdoor air is introduced directly
to the air conditioner to reduce the amount of cooling required by the cooling coils, and
water chilling unit energy consumption for generating chilled water is greatly reduced.
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¢ Waste heat re-use

— It may be possible to provide low grade heating to
industrial space, or to other targets such as swimming
pools, directly from heat rejected from the data
centre.

Yandex data center heats Finnish city: The data center’s hot air output is able to
heat water to 30-45°C, and this temperature is boosted to 55-60°C, good enough for
district heating, using heat pumps at the heat recovery center.

M ©2017 Yunmook Nah
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CLOUD DATA CENTER

 Features
— Cloud OS + multiple computing nodes
— Cloud OS: Googleware, OpenStack, CloudStack,
vSphere, etc
— Rack with high power density: 10-30kW/rack
* Representative cases
— Google data center, Amazon data center
— KT cloud data center, Naver data center
« Related concepts
— Software-defined data center (SDC/SDS/SDN, SDDC)

— Warehouse-scale computer

Luiz Barroso of Google says
The data center is now the computer

M ©2017 Yunmook Nah
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KT & ¢t CDC [source: EA[AIZ, 2010.11]
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» Open compute project (OCP)

— Facebook started a project to design
the world’s most energy efficient data
center, one that could handle
unprecedented scale at the lowest
possible cost.

— It was 38% more energy efficient to
build and 24% less expensive to run

than the company's previous facilities.

- In 2011, Facebook shared its designs
with the public and—along with Intel
and Rackspace, Goldman Sachs and
Andy Bechtolsheim—launched the
Open Compute Project.

M ©2017 Yunmook Nah

OPEN

Projects

Compliance & Interoperability
Data Center

Hardware Management

HPC

Networking

Open Rack

Server Design

Storage

Teleo

Facebook's cold storage facility in Prineville, Oregon.
Because the cold storage facility is an archive rather than hot storage, Facebook
programmed the Open Vault storage servers to be dormant most of the time.

A tray of hard drives in a cold
storage rack(open vault).
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KPI FOR DATA CENTER

e Availability: Tier levels
-Tier :N=2E =8 0=
- Tier 22N+1 =20 51l =20 L= =R UF
- Tier 3: 2N = 27HC] &I 2AA0M 22 =2 OF
- Tier 4: 2N+1 = 2JHC] B 2A0M, 20 S5t
=0 2= =0 5

M ©2017 Yunmook Nah

» Energy efficiency metrics: PUE
— PUE (Power Utilization Effectiveness) = #&| &H| &
= /ITO| 2|5H &H|E T
¢ 3.0 R H|SSH

* 25 HIEZEH
e 208
Lighting and
w5 E%ﬁ Transformer’ gou-n:ﬁ
s UPS 30
e 12 0F S EH 10% -

Alrdistribution
12%

Coaling ™
25%

m Based on PUE of 2.0
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Energy efficiency metrics: PUE
— Typical examples

— Google 1.12

— Facebook 1.05

— LGCNS OJ& 1.39

2012DC’s PUE

3.00

750 * *
+*
e +PUE
. *
200 L./ *
+ e 4% o
Py .
o
150 L r T T ]

o 20 40 60 a0
Potential Candidates for GDC Certification
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PUE =& 9A| [TGG, ISO/IEC 30134-2]
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y ]
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ME )
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o 218 1 A S
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« DCMM (Data Center Maturity Model)

— Levels of Data Center Maturity
e Level 0: Minimal/No Progress

» Level 1: Part Best Practice

s |evel 2: Best Practice

» |levels 3 and 4: Reasonable Steps (between current best
practices and the visionary five-year projection)

s | evel 5: Visionary — Five Years Away

Projections for Data Center Efficiency & Sustainability

B

3t iz o RATborTY Lok
"

1 umumumm;l:nﬂa:a—am
0

2011

——LipderpefanmingData Certer

2016

Typied Data Center State of the At Data Certter
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The Data Center Maturity Model Equalizer showing four content areas—users
should map every part of the maturity model

Level 5
Level 4

Level 3

Facility

[
||
]

N ey W
| I

| [ [
| [

Level 2
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Level 0

i

12 13 L4 21 22 23 24

Power Cooling

25 26 51 52 53 54 5.5 61 &2 63 ]

Compute Storage

|:I Achieved I:l Organizational Target - DCMM Theoretical Max I:I Not a level of the DCMM
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BEST PRACTICES FOR DC OPERATION

* Google Guidelines
1. PUEE =Z(Measure PUE]
2. 2J| SE H2liMmanage air flow)

+ Good air flow management is fundamental to efficient
data center operation. Start with minimizing hot and
cold air mixing by using well-designed containment.

3. 2% Z3(Adjust the thermostat)

+ Raising the cold aisle temperature will reduce facility
energy use. Don't try to run your cold aisle at 70F; set
the temperature at 80F or higher.

4. 2| 28 E2(Use free cooling)

+ Free cooling is removing heat from your facility without
using the chiller.

5. M= =t = SHOptimize power distribution]

« Minimize power distribution losses by eliminating as
many power conversion steps as possible.

M ©2017 Yunmook Nah

» Best practices: Korean cases

— N company
» Self-developed high temperature server, AMU(Air Misting
Unit), reuse of waste heat(office building plant garden,
frozen road thawing), isolation of office building and server
building

— L company (‘14 A+++)

¢ Built-up outside air cooling, quarterly divisible modular
design of computer building, placement of UPS and battery
room on both end part of each floor, modular UPS,
placement of 2 external container, isolation of office building
and server building, anti-earthquake design using rubber
pillar in the ground

M ©2017 Yunmook Nah
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N company

[source: http:f/datacenter.navercorp .com/]
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TCO reduction example of a data center

i

[Source: GDC Certification Committee]

r Data Center TCO Reduction

TCO saving of a data center by self greening activities
and complying GDC CC recommendations

(unit: milion Won)

Investment 12 Saving(Month 5~12)
Window insulation 15 Electricity cost savings =
Improve cold air flow 10
Containment 15 12
Movable Containment 30 84

Outside air/Water injection 71

Apply ESS for IT equipment -
Solar cell generation 100

10

Total 231

209 million Won/year
ROI = 1.1year

Save Annual Energy 2,705MWh, CO2 1,1474C02
(Save about 10% of 2011 total energy)

©2017 Yunmook Nah
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Thank You !
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