
Ed Ansett

Director

HP  Critical Facilities Services 

Technology and Facility Considerations for Highly Energy 
Efficient Data Centresin Singapore

iDA15Nov 2011



Coypright HP 2011 - Subject to Change Without Notice HP Confidential

Topics for Discussion

ÅGlobal Trends
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ÅLegacy Problems with Existing Data Centres

ÅEmbedded Energy & Sustainability

ÅEssential Knowledge for Data Centre Engineers

ÅNew Concepts for Efficient Data Centres

ÅSummary



Global Trends



Whatôs Driving Energy Efficiency and 

Sustainability?

Å Soaring Fuel Prices

ÅClimate Change Social-Economic Pressure

ÅGovernment Legislation

ÅGoing Green is a Financial Win for Organizations
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Background Information

ÅData centres consume vast amounts of power 

ÅTypically 30x an office of comparable size

ÅIn 2008 data centres ĕ 1.5% of US power consumption

ÅStorage capacity increased ĕ200% since then to ĕ 1.2 

Zettabytes in 2010

ÅCores per die: 10s, 100s, 1000s?

Å100kW per rack?

ÅProcessing power & energy (ARM vs. Intel)

ÅTypical legacy data centres PUE > 2
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Data Centre Environmental Standards & Guidelines

ÅSingapore Standard SS 564: 2010

ÅEU Code of Conduct for Data Centres

ÅASHRAE TC9.9 2011 Thermal Guidelines for Data 

Centres

ÅEPA Energy Star Rating for Data Centres

ÅLEED / BREEAM

ÅCarbon Tax
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Co location

ÅAverage reliability

ÅHeterogeneous

ÅAverage density

ÅStandardized

ÅTier 2-3

Internet

ÅPriority is Energy Use

ÅHomogeneous

ÅHigh density

ÅStandardized

ÅTier 1-2

Data Centre Types (excluding High Performance Computing)

Enterprise

Å Priority is Reliability

Å Heterogeneous

Å Average density

Å Customized

Å Tier 3-4
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Data Centre Facility - Trends

ÅPrefabricated data centres

ÅFree cooling

ÅVariable density

ÅAisle Containment

ÅHigher Densities

ÅReal time measurement of PUE

ÅVariable reliability:-

ÅMulti-tiering

Å Clustering HW/SW

Å Network diversity

ÅWidening of acceptable server inlet thermal limits
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Technology Facility Paradox
Problem Definition

óTechnology is typically changed every 3 years. Data Centre 

lifetime is

typically15 - 20 yearsô 

ÅAssuming a facility lifetime of 20 years: Tech refresh at yrs 

3,6,9,12,15 & 18 ïSIX refreshes

ÅAssuming a facility lifetime of 15 years: Tech refresh at yrs 

3,6,9,12 - FOUR refreshes



Singapore National Data Centre Study
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Energy Efficiency Assessment

ÅProvides metrics of data centre facilityôs energy efficiency

ÅProvides power efficiency benchmarking data of facility in 

comparison

with other facilities

ÅDetermines the carbon footprint of facility

ÅIdentifies mechanical and electrical sources of inefficiency

ÅIdentifies operational practices that affect energy efficiency

ÅOutlines mechanical and electrical concepts that may improve

efficiency with associated high-level cost-benefit analysis
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PUE Results
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Average Singapore PUE = 2.39

DCiE = 0.42 



Typical Output from an Energy Assessment

Saving energy reduces OPEX which increases the bottom line. Often the ROI is 

a

Matter of weeks or months rather than years:

Recommendations

Est. first cost or 
incremental cost 
increase

Est. annual elec. 
savings

(kWh)

Est. annual cost 
savings 

(USD)

Simple 
payback 
(years)

Increase UPS room temperature setpoint ï $101,376 $12,064 Immediate

Increase switchgear room temperature setpoint ï $30,660 $3,649 Immediate

Reduce condenser water temperature setpoint (verify with 
chiller manufacturer) ï $37,450 $4,457 Immediate

Increase CRAC return air set point and tolerance range ï $51,500 $6,100 Immediate

Shut down 3 CRAC units ï $109,620 $13,000 Immediate

Shut down 44 CRAC units ï $1,599,600 $190,350 Immediate

Raise primary chilled water temperature setpoint ï $198,000 $23,500 Immediate

Disable all individual CRAC infrared humidifiers and rely on 
centralized humidification in main AHUs ï $525,600 $62,500 Immediate

Widen CRAC unit return air humidity deadband to meet 
ASHRAE standards $3,000 $158,000 $18,800 0.2

Add air side economizers to AHUs $24,000 $1,260,400 $150,000 0.2

Use liquid-cooled server cabinets in lieu of cabinets cooled 
by rejecting heat to data center (large DC) $85,000 $1,280,000 $128,000 0.7

Use chillers with variable speed compressors in lieu of 
constant speed compressors with solid state starter $300,000 $6,000,000 $360,000 0.8

Shut off 3 CRAC/H units $5,000 $62,500 $5,000 1.0

Fast ROI



Benchmarking - Key Findings

ÅHigh Bypass and Recirculation

ÅMixed aisle configurations

ÅNo blanking panels/cable skirts

ÅNo air management strategies

ÅData centre too cold

ÅUPS rooms too cold

ÅToo many AC units/Turn some AC units 

off

ÅControlled on return air

ÅLow air temp & %RH set points!

ÅFixed speed fans, no VFDs

ÅOld fan motors with low efficiency

ÅNo centralized communications

ÅLow chilled water set points

ÅNo VFDs on pumps/CT fans

ÅPlant maintenance issues

ÅPlant age

ÅChillers sequencing/staging

ÅFixed speed chillers, no VFDs

ÅNo free cooling

ÅNo condenser water temp reset

ÅLow UPS loads ñload factorò

ÅPlant efficiency, age

ÅLights on all the time



Optimal PUE



Climate Analysis ïSingapore
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Climate Analysis ïSingapore
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Climate Analysis ïSingapore
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Climate Analysis ïSingapore



©2009 HP Confidential21

Climate Analysis ïSingapore



Cooling System Comparison Singapore
Server Inlet Temp18oC



Cooling System Comparison Singapore
Server Inlet Temp 21oC



Cooling System Comparison Singapore
Server Inlet Temp 24oC



Cooling System Comparison Singapore
Server Inlet Temp 27oC



Summary of Energy Analysis
All analysis based on a 1 MW IT load with a 10% electrical distribution loss 

Location

Supply Air 

Temperature 

(°C)

Indirect Air Economizer - Air-

Cooled DX Cooling

Indirect Air Economizer -

Packaged Air-Cooled Chillers

Air-Cooled Chiller with 

Economizer Module

Water-Cooled Chillers with 

Closed Circuit Evaporative 

Cooling Towers

Annual Energy 

(non-IT) kWH
PUE

Annual Energy 

(non-IT) kWH
PUE

Annual Energy 

(non-IT) kWH
PUE

Annual Energy 

(non-IT) kWH
PUE

Singapore

18.0 5,264,357 1.70 4,547,024 1.62 4,111,177 1.57 3,902,015 1.55

21.0 4,662,141 1.63 3,981,061 1.55 4,111,177 1.57 3,890,078 1.54

24.0 3,630,760 1.51 3,114,392 1.46 4,111,177 1.57 3,931,037 1.55

27.0 2,459,766 1.38 2,174,273 1.35 4,111,177 1.57 4,027,066 1.56



Does Increasing Server Inlet Temp Increase Server 

Fan Power Consumption

Å Between ASHRAE recommended temperatures, 

there is a marginal change in power (1% ï2%)

Å From 27°C to 35°C increases are more significant 

increase)

Å Parametric analysis using Server 2 as an example:

üVary inlet temperatures: 12.8°C, 18°C,  and 27°C

ü2U server, 20 servers per cabinet

üAssume 250 cabinets

üFrom 12.8°C to 18°C, server power is constant at 

250 watts

üFrom 18°C,  to 27°C, server power increases 

from 250 to 255 watts

üTotal  ICT power - from 12.8°C to 18°C, 1250 

kW; at 27°C, 1275 kW
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Legacy Problems with Existing Data Centres
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Legacy Data Centre ïTypical Problems

ÅEnergy costs dominate OPEX and TCO

ÅPressure now to measure, manage and reduce energy 

consumption

ÅPressure to make data centres last longer

ÅVirtualization limited by power and cooling available

ÅBuilt to the highest Tier Level - resulting in over-engineering

ÅIT and Facilities misaligned
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Legacy Data Centres

ÅOpen plan data halls (not modular)

ÅRigid design - not easily scalable

ÅFixed density (typically Ò1000 Wm-2)

ÅFixed tier (reliability) level

ÅOver-provisioned (over designed)

ÅNo account taken of PUE/WUE in design

ÅPUE typically å 2.0 or higher



Embedded Energy & Sustainability



Need to look at entire life cycle to determine total energy and 

environmental impact

Includes material embodied energy and operating phase contributions

Techniques are not new, but data sets and standardized techniques are 

still emerging

Embedded Energy

Life Cycle Assessment Concepts

Analyzing total environmental foot print

General findings:

ÅThe operational phase of a data center has the greatest impact to 

life cycle energy use and CO2 emissions

ÅMaterials used in structural and ACMV systems are the two largest 

contributors when looking at embedded energy



Embedded Energy in a Data Centre
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Essential Knowledge for Data Centre Engineers
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Availability vs. Capex. What about Opex?

Tier II, III, IV build costs ($/sq.m) related to power density

HP data, based on a 4,000 sq.m raised-floor data centre
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There are many ways of achieving reliability; facilities, hardware, software. Itôs 

essential to understand what level you need and how many levels you need
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Air Management Metrics- Bypass & Recirculation

Benchmarking

Cold/hot aisle

OPPORTUNITY

IDEAL
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Supply grilles

Racks

False ceiling

Return duct opening

Hot aisle containment

Å Air supplied from side walls through 
cold aisle

Å Air is returned above false ceiling

Å Enclosed Hot Aisle

Å Eliminates Bypass Airflow

Å Eliminates Recirculation/ Hot Spots

Å Variable Supply Airflow to Match 
server Airflow

Aisle Containment



ΨA facility with variable degrees of reliability and power density 
ǘƘŀǘ Ŏŀƴ ŀŎŎƻƳƳƻŘŀǘŜ Ψƻƴ ŘŜƳŀƴŘΩ L¢ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦΩ 

Electrical Challenges
Dynamic IT scale and load variation the electrical infrastructure will need 
to be designed to compensate.

Mechanical Challenges
Cooling 0-100% full load on demand without excessive modulation and 
maintain a suitably stable environment for IT Equipment.

Space Challenges
Rapid scaling and flexibility of purpose

The Impact of Cloud on Facilities



AC Power Input Versus Percent CPU Time 
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There are vast opportunities for energy savings through improved 
infrastructure utilization with dynamic: load allocation, dynamic cooling and 
dynamic processor power throttling and capping.

An Energy Problem or an Opportunity?



Optimizing Reliability and Efficiency
Analysis of UPS system alternatives

Highest probability of 

failure, highest efficiencyLowest probability of 

failure, worst efficiency



Effect of Part Load Ratio on Efficiency


