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Data Center Availability Vs. Efficiency

* Trends
= Regulation and Standardization.

= Solutions.
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Installed IT Equipment Growth Trends
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g 6 U.S. installed servers by server class
s Server class| 2000 2010 CAGR
+ 4 Volume 4,927,000 | 15,434,000 12%
g Mid-range 663,000 326,000 -7%
2 High-end 23.000 15.000 4%
Total 5,613,000 | 15,775,000 1%
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Source: IDC (2007b)
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Downtime Cost (1 hour)

Financial Brokerage

Services

Credit Card Sales /

T~

= $99,000-$50,000 m$249,000-$100,000 =$499,000-$250,000
m$999,000-$500,000 m $1million - $5million m More than $5million

Airline

Reservations
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Source: AFCOM®2006 Membership Survey




Downtime Indirect Costs
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Downtime Indirect Costs
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Downtime Indirect Costs
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Regulations — indirect influence

= BASEL Committee on Banking Supervision- business continuity and contingency planning

= Sarbanes-Oxley (SOX) - 2002 - Auditing Accountability and Responsibility
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Equipment Power Density Growth

—— Comeuts Scrvers - 1U, Blade And Qustom
—

Heat Load Per Product Footprint (watts [ equipment sq.ft.)

60 T I 1 1 T 1 T T \
1992 1954 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
D2005 ASHRAE TCO 2 Year OF Preduct Announcement

Source: ASHRAE (2005).

Source: ASHRAE , Thermal guidelines for data processing environment
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TCO — 3 years energy cost
Vs. $1000 server cost
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Standardization

The Uptime Institute - Tier Classifications Define Site Infrastructure Performance (1996-2008)

TIA/EIA 942 - Telecommunications Infrastructure Standard for Data Centers (2004)

BICSI - Data Center Design and Implementation Best Practices (2010)
BRUNS-PAK, IBM...
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The Uptime Institute - Tier Classifications

Source System System System System +
System
System component N N+1 N+1 Minimum of
redundancy N+1
Distribution paths 1 1 1 normal +1 2
alternate simultaneously
active
Concurrently maintainable NO NO YES YES
Fault Tolerance NO NO NO YES
(Single event)
Useable for Critical Load 100%N 100%N 90%N 90%N
Annual Site Caused IT 28.8 Hours 22 Hours 1.6 Hours 0.8 Hours
Downtime
Representative Site 99.67% 99.75% 99.98% 99.99%
Availability
Year First Deployed 1965 1970 1985 1995
Building Construction Cost $ 2350/m? $ 2350/m? $ 2350/m? $ 2350/m?

Useable UPS Output Cost  $10,000/KW $11,000/KW $20,000/KW $22,000/KW

,/:

C

Source: The Uptime Institute
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The Uptime Institute - Tier Classifications
TIER |

COMPUTER
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Source: The Uptime Institute



The Uptime Institute - Tier Classifications
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Source: The Uptime Institute



The Uptime Institute - Tier Classifications
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The Uptime Institute - Tier Classifications
TIER IV
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Efficiency criteria

Total DC energy consumption
IT Load

= CADE - Corporate Average Data Efficiency — PUE combined with IT resources efficiency

= PUE=

Electricity Lighting, etc.
Transformer/ 3%

UPS

10%

Air Movement
12%

IT Equipment
50%

Cooling
259 Source: EYP Mission Critical Facilities Inc., New York
0

Sources: McKinsey, The Uptime Institute, EYP
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IT solutions

Infrastructure
solutions

improved airflow
managemant

improved system
efficency

free cooling

direct liquid cooling

combined heat and
power

improved
operation

c L

best
practice

state of
the art

L

L

standartization

power density

rising
TCO

cost of downtime

DC insufficient
capacity

energy cost =

low efficiency

energy constrains

equipment

L- growth

‘ regulation

environmental

considerations



IT Trends

= Consolidation
= Virtualization

* Cloud Computing
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ASHRAE Environmental envelope

Temp. 20-25°C 18-270C
Relative Humidity 55% 60%
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Chilled Water Temperature Efficiency

Chilled Water
Temperature
OF
45
47
49
51
53

55

Source: Datacenter Dynamics Conference, 2009

Chilled Water
Temperature
oC
7.2
8.3
9.4
10.6
11.7

12.8

Energy
consumption
W/Ton

369

346

321

301

287

275

% saving

6%

7%

6%

5%

4%

Accumulated
saving %

6%

13%

18%

22%

25%
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Dual Temperature Configuration

Plant B

Redundant Distribution Paths
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Free Cooling Potential
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Free Cooling System

Cooling Tower —_— Plate-frame
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UPS Topology

Online UPS
efficiency (95%)

Critical Output Distribution

Critical Distribution Panel

RPP

Online UPS
efficiency (95%)

Critical Output Distribution

Critical Distribution Panel

RPP




UPS Topology

Online UPS HV UPS
efficiency (95%) high efficiency (99%)

Critical Output Distribution Critical Output Distribution

Critical Distribution Panel Critical Distribution Panel




UPS Topology

EFFICIENCY

98-99%

Online UPS
efficiency (95%)

Critical Output Distribution

Static
Transfer Switch

Critical Distribution Panel

HV UPS
high efficiency (99%)

Critical Output Distributio

Static
Transfer Switch

n

Critical Distribution Panel
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Reliability Study

Reliabilty Block Diagram
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PN PIFE3 PN: FIPE3 PH: PIFE3 PR A
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Probability of
Description of RBD MTBF (years) MTTR (hours) Availability Failure in 5
years
Critical Electrical 522 1.43 0.9990004688 8.83%

Source: EYP
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Data Center Availability Vs. Efficiency

Increasing demand for IT along with availability.

Increasing TCO.

Emerging regulation and standardization.

Possible solutions for controlling operational costs in high availability facilities.
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