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Capital Cycles in the Data Center 
Construction Industry
■ Many data centers designed for 10-to-12 year service life

■ Boom periods in data center construction occur when:
> Network bandwidth achieves significant increases in speed

> Costs of bandwidth and connected clients drop

> A new class of connected client devices comes online

■ Growth in number of clients and application bandwidth 
consumption causes backpressure on data center capacity

■ The last big data center construction boom was during the 
dot-com bubble (1995-1999)
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Number of Data Centers Growing

●Small Data Center
 Between 350 – 500 Servers Installed 
 15,000 Sq Feet Of Raised Floor
 Predominately Volume Server Architecture, with 1 -3 High End Server Systems
●

●Medium Data Center
 Between 1,500 – 1,700 Servers Installed
 20,000 Sq Feet Of Raised Floor
 Four or Five High End Systems Form The Basis Of Enterprise Systems

●Large Data Center
 Between 2,000 – 2,500 Servers Installed
 35,000 Sq Feet Of Raised Floor
 House Up To 7 High End Systems
●

●Very Large Data Center
 Up to 25,000 Servers Installed
 100,000+ Sq Feet Of Raised Floor
 Eight+ High End Systems

Source: Presentation by Vernon Turner from IDC at the Sun Summit on 21st Century Eco-Responsibility, November 14, 2005 for US Data Centers 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Very Large 100 106 120 160 175 185 210 230 250 270

Large 900 870 880 900 920 990 1,040 1,100 1,170 1,250

Medium 1,405 1,385 1,395 1,420 1,490 1,585 1,665 1,765 1,870 1,975

Small 2,180 2,100 2,110 2,190 2,230 2,290 2,360 2,430 2,500 2,570

Total 4,585 4,461 4,505 4,670 4,815 5,050 5,275 5,525 5,790 6,065

Growth Rate  -2.70% 1.00% 3.70% 3.10% 4.90% 4.35% 4.74% 4.80% 4.75%
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Number of Servers in Data Centers 
Growing

Source: IDC Document #34867 “US and Worldwide Server Installed Base 2006-2009 Forecast (February 2006)”

2008 2009 2010 2011 2012
Very Large 449 503 565 630 695
Greenfield 40 54 62 65 67

409 449 503 565 630
Servers in Very Large 17,509,290
Large 2,340 2,491 2,700 2,949 3,208
Greenfield 140 151 209 249 255

2,200 2,340 2,491 2,700 2,949
Servers in Large
Medium 3,746 3,987 4,333 4,714 5,095
Greenfield 220 241 346 381 385

3,526 3,746 3,987 4,333 4,714
Servers in Medium
Small 5,413 5,652 5,965 6,302 6,673
Greenfield 210 239 313 337 375

5,203 5,413 5,652 5,965 6,302
Servers in Small

Total Number of Servers

Brownfield
  11,227,357       12,572,577   14,115,316  15,754,862 

Brownfield
        5,265,040         5,603,777         6,075,723         6,635,948      7,295,537 

Brownfield
        5,994,227         6,379,685         6,932,461         7,542,168      8,196,942 

Brownfield
        2,300,426         2,401,961         2,535,233         2,678,327      2,833,263       

24,787,050       26,958,000       29,658,733       32,611,304    35,835,032 
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Number of Regulations Growing

Number of 
government/ 
regulatory/ 
legislative 

mandates to
report and 

reduce data 
center power 

1

2

3

4

5

6

2006 2007 2008 20102009

July, 2006: U.S. House of Representatives passes bill mandating study 
of data center efficiency 

September, 2006: California legislature passes bill mandating that carbon 
emissions be monitored and reported beginning in 2012 

November, 2006: EPA publishes final server energy measurement protocol 

2007: EPA starts work on Energy Star for servers 

2008: European Code of Conduct for data 
center operators goes into effect

2009: EU Eco-Design for Energy 
Using Products specifications for 
servers goes into effect

December, 2006: U.S. Federal Government implements EPEAT 
purchasing requirements for multiple agencies

7
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Most Expensive States for
Commercial Power 

Hawaii

41.01%9.2913.1Maine

5.01%12.5813.21New Jersey

59.79%8.3813.39Delaware

18.13%11.7513.88Connecticut

2.05%13.6313.91New York

25.47%11.2714.14Rhode Island

26.51%11.4314.46New Hampshire

8.38%13.3714.49California

41.89%10.9115.48Maryland

20.26%13.1815.85Massachusetts

19.35%18.522.08

% ΔJun-05Jun-06

Average Retail Price (¢/kWh) of Electricity to Commercial Sector
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The Cubing Effect

1.U.S. Energy Information Administration 
(www.eia.doe.gov) 

2.Sun primary research
3.IDC#34867 U.S. and Worldwide Server 

Installed Base 2006-2009 Forecast 
(February 2006)

4.IDC Worldwide Server Power and 
Cooling Expense 2006-2010 Forecast

By 2012 data center power consumption costs could grow 
to $250B worldwide – demanding proactive energy 

management solutions

U
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2005 Baseline: $18.5 Bn4

Trend 1: Increase in number 
of installed servers growing 
at 14% a year3

Trend 2: Add Increase in per
server power consumption
at 16% a year2

Trend 3: Add Increase in
electricity cost at 12%
per year1
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What % of IT Costs  is Power?

Small Enterprise Data Center

Large Enterprise Data Center

Managed Hosting and
Colocation Provider

20% - 30%

25% - 45%

50% - 80%

Source: Gartner, IDC
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S e r v e r s ,  S t o r a g e ,  
S w i t c h e s ,  3 3 %

C h i l l e r s ,  3 4 %
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Where Does the Power in a Data Center Go?
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What's Wrong With This Data Center?
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What the Infrared Camera Sees
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Effective Use of Energy?
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Disjointed Progress in the Data Center
“F acilities is from Mars, IT is from Venus”

■ Hot aisle containment

■ Cold aisle containment

■ Concrete slab floor

■ Variable frequency drives

■ Air side economizers

■ Server refresh

■ Consolidation

■ Virtualization

■ Utilization 
Management

What Facilities is Doing What IT is Doing
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New Terminology
■ DCIE: Data Center Infrastructure Efficiency

■ PUE: Power Use Efficiency

■ Emissions Factor

> CO2 emission factor = the average emission rate of carbon dioxide for a given source of energy

 (CO2EF for each source) x (kWh of energy delivered by that source)
Σ
All Sources

Σ(Total kWh delivered by the utility)

Total Power to the Data Center

Power That Reaches the IT Equipment

Total Power to the Data Center

Power That Reaches the IT Equipment
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Steam and Ice

Data Center

“Freeze Water”
Freeze water at night, 

melt ice during the day 
to cool hot data center 

air, saving air 
conditioning costs

“Boil Water”
Carnot cycle: Use phase 

change to drive a 
turbine

20MW

Recover X%

Siphon off cheaper megawatts at night

Hot Air

Cold Air

Hot CRAC 
Refrigerant

Cold CRAC 
Refrigerant

Time 
Shifting 
Utility 
Loads

Cogeneration 
/ Heat 

Recovery 
Facility

“Today a data center just looks like a giant resistor in a multimegawatt 
circuit.  It would be nice if it also was a capacitor.”

-- Mark Bramfitt, PG&E
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How Can One Re-Use Low Grade Heat?

University
Data

Center

Chiller
Plant

Waste Hot Water (98° F)

Cold Water

2MW
Water
Heater

Warm Water (98° F)

 Filtered Cold Water

2MW

Effluent

Treated
Sewage

Algae Based
Sewage

Treatment
Holding Tanks
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Creative Energy Reuse

University
Data

Center

Warm Water (98° F)

 Filtered Cold Water

Effluent

Treated
Sewage

Algae Based
Sewage

Treatment
Holding Tanks
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Earth Pipes
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Data Centers Underground
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The Floating Data Center
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If You Are Applying For a Mortgage, 
Remember This...

Growth
Rate

   2007   

US Data Center Market

US Housing Market

   2008      2009   
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The Re-Entrant Data Center
The Holy Grail

Software 
Appliance 
“Factory” 

Rack

Provision freeze-dried appliances in the most 
energy-efficient place in the data center

Migrate 
work-loads 
for energy 
efficiency 
reasons 
anywhere in 
the data 
center
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Why You Can't Do This
Because The Network Needs To Get Involved

X X

X
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Why You Can't Do This
Because The Network Needs To Get Involved

X X

X

Corollary: Energy efficiency isn't just a chip or a hardware
problem.  It is a virtualization problem, an OS problem,

a systems management problem, a networking problem, 
and a storage problem



29

The Energy Effi cient Stack

Microprocessor

Platform

Virtualization
Layer

Operating
System

Monitoring,
Management,
and Services

Energy efficiency through control of clock frequency, cores, 
threads, instruction pipeline and memory interfaces

Energy efficiency through control of memory DIMMs, I/O links, 
disks, and intelligence in firmware service processors

Energy efficiency through control of primary allocation of 
system resources (CPU, memory, I/O) to multiple guest OSs 
depending on need

Energy efficiency through advising hypervisor of application 
workload requirements and supporting hypervisor directives 
to localize allocated resources

Energy efficiency through giving customers visibility into 
actual server power consumption, managing power draw 
across multiple servers, and providing optimization services
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What's Happening In The Box
■ Power Management States

■ Power Management of Components

■ Benchmarks and Standards (Energy Star, SPECpower, etc.)

■ Power Cycling Specification

■ Power Supply Efficiency Strategy
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Newthink vs. Oldth ink in System Design

Watts
Consumed per
Computational

Unit

Time Taken per Computation Unit

Oldthink: Good systems design means moving 
customer as far to the left as possible

Newthink: Good systems design means 
      allowing customer to operate at any point of 
               their choosing on this curve

Energy Optimized Computing

Performance
Optimized
Computing
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Electricity  OPEX as a % of Server CAPEX Over Server Lifetime of 4 Years
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The Government Gets Inside the Room

■ Regulation candidates:
> PUE/DCIE ratios

> Average utilization

> Base data center load 
(without IT gear)

> Carbon emissions
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The Government Gets Inside The Box

■ Regulation candidates:
> Power supply efficiency

> Absolute idle power

> Idle to peak ratio

> Reporting of power draw, 
temperature and utilization

> Virtualizability
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Your Role in Climate Change
■ Energy efficiency in product design will just become part of 

Sun's DNA (just like reliability did)

■ It's not just a hardware problem

■ All products are involved (every layer of the stack is 
important)

■ All services are involved (support services, professional 
services, educational services, managed services)

■ Whatever you're working on, think energy efficiency

■ Every job at Sun is a green job
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