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Beladyõs Anomaly 
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Beladyõs First Anomaly 
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1. Mega Trends 

2. Data Center Trends 

3. MS Data Centers 

4. Challenges 

5. Opportunities  

6. Final Words 

Agenda 
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Putting in Perspective 
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Source: Saul Griffith 
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Global Consumption  

Source: Saul Griffith 
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Global Consumption  

Source: Saul Griffith 

{ǳƴΩǎ  
Incident Rays 
162,000 TW 

 
We have plenty 

of power! 
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However there is another dimension! 
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However there is another dimension! 
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Source: Saul Griffith 
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Source: Saul Griffith 

ά²ŜŀǘƘŜǊέ ȅƻǳ ōŜƭƛŜǾŜ ǘƘƛǎ 
ƻǊ ƴƻǘΧŘƻŜǎƴΩǘ ƳŀǘǘŜǊΦ   

 
What matters is that our 

business will be in the cross 
hairs of government 

regulators 
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Itõs already happening! 

Congress Passed Public Law 109-431  
Dec 2006 
EPA to study and promote IT Efficiency 
EPA provided response August 2007 
 
 
 

http://www.energystar.gov/ia/partners/prod_development/downloads/EPA_Datacenter_Report_Congress_Final1.pdf 
 

Outcome: EPA Energy Star Program 
ÅEnergy Star for Servers - May 2009 release 
ÅEnergy Star for DCs - Jan 2010 release 
 
 
 

http://www.energystar.gov/index.cfm?c=prod_development.server_efficiency 
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Emerging in 
other countries 
as well such as: 
ÅEC CoC  
Å¦YΩǎ /w/ 
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Why the Regulators Care? 

Source: 
Data Center  
User Group 

2008 

Source: 
Data Center  
User Group 

2009 

Today 

Globally 

1.6 to 2.0% 
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The EPA Report Shows that with Efficiency 

Improvements DC power footprint will go down  

This assumes demand doesn't change 
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Itõs Actually an Economics Problem and not a 

Technology Problem Called Jevonsõ Paradox 
As the cost for Computation goes down, the demand goes up!  

Source: C. Belady, Mission Critical Magazine  
http://www.missioncriticalmagazine.com/CDA/Articles/Features/BNP_GUID_9-5-2006_A_10000000000000340120 
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DC Costs have 

eclipsed Cost of  IT  

 

 

 

 

 

 

 

 

Costs in todayõs data centers 

.ŜƭŀŘȅΣ /ΦΣ άLƴ ǘƘŜ 5ŀǘŀ /ŜƴǘŜǊΣ tƻǿŜǊ ŀƴŘ /ƻƻƭƛƴƎ /ƻǎǘǎ  
aƻǊŜ ǘƘŀƴ L¢ 9ǉǳƛǇƳŜƴǘ ƛǘ {ǳǇǇƻǊǘǎέ   9ƭŜŎǘǊƻƴƛŎǎ /ƻƻƭƛƴƎ 
Magazine (Feb 2007) 

Most construction costs 
scale with Power.  

 

 Tier 1 & 2: $10m/MW 
 

 
 

 
 

 
 

 

 
Land

Core / Shell

Mech /Elec

Arch

(source: The Uptime Institute) 



© Microsoft 2010           All Rights Reserved                 C. Belady                   IEEE  Clusters ς Crete, Greece           9/21/10                  

DC Costs have 

eclipsed Cost of  IT  

 

 

 

 

 

 

 

 

Costs in todayõs data centers 

Most construction costs 
scale with Power.  

 

 Tier 1 & 2: $10m/MW 
 

 
 

 
 

 
 

 

 
Land

Core / Shell

Mech /Elec

Arch

(source: The Uptime Institute) My Thesis: 
 
1.Everything Scales with 

power 
 

2.Low Cost and Sustainability 
are the same thing 

.ŜƭŀŘȅΣ /ΦΣ άLƴ ǘƘŜ 5ŀǘŀ /ŜƴǘŜǊΣ tƻǿŜǊ ŀƴŘ /ƻƻƭƛƴƎ /ƻǎǘǎ  
aƻǊŜ ǘƘŀƴ L¢ 9ǉǳƛǇƳŜƴǘ ƛǘ {ǳǇǇƻǊǘǎέ   9ƭŜŎǘǊƻƴƛŎǎ /ƻƻƭƛƴƎ 
Magazine (Feb 2007) 
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Generation 2/3 ð  Data Centers  

1
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Generation 2/3 ð Data Centers 

Each data center is approximately 
10 times  

the size of a soccer field 
With each at about 40MW 

 

2
0 
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Generation 3 - Chicago Data Center 

$500M+ investment 

707,000 sq ft 

1.5 million man-hours-of-labor 

3000 construction related jobs 

7.5 miles of chilled water piping 

3400 tons of steel 

2400 tons of copper 

26,000 cubic yards of concrete 

190 miles of conduit 
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Generation 3 - Chicago Data Center 

$500M+ investment 

707,000 sq ft 

1.5 million man-hours-of-labor 

3000 construction related jobs 

7.5 miles of chilled water piping 

3400 tons of steel 

2400 tons of copper 

26,000 cubic yards of concrete 

190 miles of conduit 

Each data center is approximately 
15 times  

the size of a soccer field 
!ƴŘ Χ 

ΧΦ¦ǎŜǎ /ƻƴǘŀƛƴŜǊǎ 
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Challenges in the future 
 

Keeping costs down 

Increased Global Demand will drive up energy prices 
and cause shortages. 

Electric Grid is already strained 
Grid capacity is growing 1%/yr Č DC power growing 15%/yr 

Rising costs due to Climate change, carbon taxation, etc. 

Hard to find large blocks of power  

Power Availability may not be there when you need it. 

Renewable power is not persistent ð need backup 
(costly) 

Storing power is expensive and not sustainable at scale 

Batteries have not seen breakthrough 

 

23                      
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We need to be Proactive! 
The DC industry has been anything but that! 

For Cloud Computing to succeed we need to change: 

ÅKnow where you are - Monitoring and measurement  

ÅSimplify 

ÅScale 

ÅCommoditize 

Å Integrate 

 

 

Reactive Proactive 
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Monitoring and Measurement  
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Data Center power Footprint 

Doubling every 5 years (EPA 

Study 2007) 

 

17 % Data Centers track total 

Carbon Footprint (DCUG 2009) 

 

15% Data Centers Measure overall 

efficiency (DCUG 2008) 

 

Average Data Center Efficiency has 

a  PUE = 2.0 (LBNL & EYP) 

 

 
 

 

 

 

 

Source: 
Data Center  
User Group 

2008 

Industry Current State of Affairs 

Source: 
Data Center  
User Group 

2009 

Today 

Globally 

1.6 to 2.0% 

IT Equipment 
50% 

Cooling 
25% 

Air Movement 
12% 

Electricity 
Transformer/ 

UPS 
10% 

Lighting, etc. 
3%       Utility Load 

PUE =  ------------------  = 2 
        IT Load 
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Tools for changing business needs 

Cost 
Allocation 

Space 

Power 

SCRY 

Scry is used for: 
ÅTracking Power  
ÅTracking  Server Utilization 
ÅTracking Carbon 
ÅTracking Data Center Utilization 
ÅBilling and cost allocation 
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Simplification 
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What's Driving These Costs? 

2
9 

http://www.rice.edu/vpit/innovation/presspix/rice_data_center06052007x300.jpg
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Simplification - Data Center of the Future? 

¢ƻŘŀȅΩǎ 5/ Tent City 

 High Cost/ Low Efficiency Low Cost/ High Efficiency 

Just Right 

http://blogs.msdn.com/b/the_power_of_software/
archive/2008/09/19/intense-computing-or-in-
tents-computing.aspx 
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From Science Project  

Driving to a simplified data center 

To Reality 

In addition we are driving vendors from 68-77F Č 50-95F 



© Microsoft 2010           All Rights Reserved                 C. Belady                   IEEE  Clusters ς Crete, Greece           9/21/10                  3
2 

How a Simple Low Cost Data Center 

Works 
 

Video can be viewed at: 
http://www.microsoft.com/showcase/en/us/details/84f44749-1343-4467-8012-9c70ef77981c 
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Scale 
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aƛŎǊƻǎƻŦǘΩǎ Datacenter Evolution 

Containers 

Scalability 
and  

Sustainability 

 

Datacenter       
Co-Location      
Generation 1 

Generation 4 
Modular  

Datacenter 

Server 
Capacity 

Rack 
Density  

 and 
Deployment 

 

Quincy and            
San Antonio 
Generation 2 

Chicago and 
Dublin 

Generation 3 

IT PAC 

Time to Market 
Lower TCO 
Scalable 

datacenter 

    Facility PAC 

Future 
Generation 

Microsoft 
Research 

XCG 
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Examples of Container Computing 

    

Verari 

http://www.greentelecomlive.com/wp-content/uploads/2008/06/ibm_container.jpg

