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Energy use and cost for data centers is rising

exponentially, demanding attention.
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Energy now affects everyone involved in the date

center and I'T business.
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Data center energy growth threatens profitability
and contributes to global climate change.
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But, it is possible to provide computing services
with 95-99% less energy than today.
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How? Through systems thinking applied to
readily available technologies.




First, how did we get into this mess?
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Business growth in the IT sector has driven data
center capacity expansions.
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Historically, data center designers and operators
all but ignored energy usage.
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Because energy costs were once just a small part of
overall cost structure.

Data from Uptime Institute, Simple Model for TCO, 2007



Today’s rapidly rising energy costs are putting us
on a collision course with flatter revenue growth.
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Now, how do we get out of this mess?
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In 2003, the transdisciplinary team identified 10x
INn energy savings potential.
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Yet today, data centers remain remarkably
inefficient.
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Whole systems design: Focus (first) on the

desired service output.
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Whole systems thinking: end use efficiency

savings multiply through upstream inefficiencies.
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Let's walk through savings strategies collected
from a number of real designs in our client work.
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Server virtualization delivers tremendous energy
savings...




Server virtualization delivers tremendous energy

savings...
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... but, it is only the beginning.

Server
Savings

* As many as 10% of running servers =
are not used at all. 15%

* Multiple applications can run on a
single virtual machine.

And these other types of consolidation provide further
energy reductions.




... but, it is only the beginning.
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Selecting and configuring efficient server models and
builds provide large savings.

Data from specPower, June 2008
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Server power supplies are another potential

source of savings.
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And don’t forget other hardware, particularly
storage and networking.

IT Energy Use

Total: 2200 kW

Today, these loads are small compared to se'?

Uptime Institute 2008 Tf Cost of Ownership”



And don’t forget other hardware, particularly
storage and networking.

IT Energy Use

Total: 270 kW

But after server virtualization and consolidation, these
“other” loads dominate.



And don’t forget other hardware, particularly
storage and networking.

IT Energy User . other IT

165%|

Total: 130 kW

Efficient hardware and consolidation of networking and
storage provide big savings in a virtualized data center.




Savings from IT system optimization:
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Right sizing, efficient equipment, and increased
utilization reduce glectrlcsupply losses.
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Better technologies and controls reduce lighting
loads.
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Savings from electrical and lighting optimization:
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Today’s cooling systems tend to be closed loop
based on lots of small units.




A centralized cooling system cuts energy use by

at least half.
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Efficient delivery systems are also important.

 Hot aisle/cold aisle isolation
 Alternative flow paths
 Big fat pipes, small pumps
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Image from Tschudi, Data Center Energy Use, 2006



In a cool climate, the air is often cooler outside
than in.
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A water side economizer can reject heat directly

out the cooling tower.
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In cool climates, an airside economizer can

provide free cooling.
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Savings from cooling system optimization:
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Put it all together -
Savings from integrated design:
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How much will this all cost?

SR80 Other Opex
Energy Opex
Annualized $4,000 B Facility Capex
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Baseline (Uptime) Improved Design

Capital: Much less, on a “per compute” basis.
Lifecycle: Much less than today

Baseline data from Uptime Institute, Simple Model for TCO, 2007



But new data centers are just part of the story...
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Existing data centers are often notoriously
inefficient, offering great efficiency potential.

e Virtualization

e Efficient Hardware (servers, power supplies,
UPS, network, storage, motors, pumps, etc)

e Airflow management

e Economizers

M
e Lighting
... And more

Image from flickr user tinx



Thus efficiency savings allow substantial capacity
increases in “full” data centers.

30% Cooling 5:1 Server
100 Efficiency Gain Consolidation
S 75
X * Infrastructure
g {0 . I'T
e
o 25 = I—— E— 800 —
140 160 I Server
0 Servers Servers Images
@ X & 1
N 004‘ 0‘6 o 0‘6
060 ’é}Q Q@ 6‘\\1' Q‘b
Q Q,’& ® Q”é ®
O 0 O 0
N N NZ
o P R
x % %

Cost impacts and ease of implementation depend on
facility design and specific system constraints.



Cost effectiveness of potential retrofits depends

Raised floor
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Investment decisions for new capacity should be
guided by lifecycle cost.
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New capacity decisions should also take future
carbon emissions into account.

Carbon Impact of New Capacity
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In the near future, there will be additional savings
opportunities, and pressures to change.
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Looking downstream, only a fraction of the

computing power provides desired services.
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Systems design approaches to these advanced
concepts, can save 100x in the near future.
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Efficiency offers a large opportunity that makes
business sense.
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Rapldly rising energy usage threatens- tra-d|t|on84.




...but that trend can be reversed.
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Data from EPA report on data center energy-use., 2007



Best practices can reduce power consumption by
99%, reducing environmental and business risks.

Compounding Power Losses

Efficiency Generates Capacity
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