The webinar will
start momentarily....
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Webinar Logistics

* This webinar is being recorded. The Q&A section
will not be made publically available.

* Your phone will be muted throughout the webinar.

* Enter any questions in the Question Box throughout
the webinar.

* |nstructions to take the quiz will be provided at the
end of webinar.

* Slides will be sent out afterwards to those who
attend the entire webinar.
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Today’s Speakers

Magnus Herrlin, Ph.D.
Center of Expertise for Energy
Efficiency in Data Centers

Lawrence Berkeley National
Laboratory
mkherrlin@Ibl.gov

510-206-9739

Rick Mears, CEM
Data Centers Program Lead

Federal Energy Management
Program
Rick.Mears@hqg.doe.gov

|| 240-278-5857

CENTER or
& EXPERTISE

SN on ENERGY EFFICIENCY w DATA CENTERS
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Berkeley Lab’s Center of Expertise (CoE)

Use CoE’s Energy Choose from live webinars, pre- Filter CoE’s many

resources by type

Efficiency Toolkit,
including
simulation tools.

recorded training events, and live
online Data Center Energy
Practitioner (DCEP) training.

and topic.

CENTER or

EXPERTISE Search

ror ENERGY EFFICIENCY i DATA CENTERS resources
by topics

Tools Technologies Training Focus Areas Library l-n @ Of interest

We offer tools, technologies and analysis to
enhance energy performance in datacenters.

Featured Work

o e e

Electrical Power Chain Tool NEW! Accessing Onboard Server NEW! Computer Server Selection
Sensors for Energy Efficiency in Guidelines for Energy Efficiency
Data Centers and Decarbonization in Data
Centers

Visit us at http://datacenters.Ibl.gov
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Simulation Tools and Training

Learning Objectives

* Understand the overall energy assessment process
* Recognize basic opportunities to save energy
» Recognize the DOE data center energy assessment simulation tools

+ Be aware of the DOE DCEP energy assessment training
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Purpose of Today’s Presentation

The objective of this webinar is to provide data center
energy assessment tips and discuss relevant parts of
the CoE™* Data Center Energy Assessment Toolkit.
These tools provide a comprehensive resource for
your assessments.

The DOE DCEP training program provides more in-
depth information on the Toolkit and on energy
assessments in general.

*Center of Expertise for Energy Efficiency in Data Centers at Berkeley Lab
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Context of Energy Efficiency and
Decarbonization in Data Centers
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Importance of Energy Efficiency

In 2014, energy consumed by data centers was around
1.8%* of the total electric energy consumed in the US. This
Is a large amount of energy for a single type of facility.

Since energy is a cost to the data center, energy efficiency
IS an important business consideration. There are also
growing regulatory, compliance, and market pressures to
reduce energy use as well as CO, release.

* https://datacenters.lbl.gov/sites/default/files/DataCenterEnergyReport2016 0.pdf
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CoE Data Center Energy Assessment Toolkit

A “tool” refers to any resource for facilitating energy assessments.

Let’s start our
discussion here

Energy
Assessment
Process
Manual

|

Data Center Profiling Tools

PUE
Estimator DC Pro

Keep it simple(r)

Collect Data, Consider Energy

Efficiency Actions

More detail

Energy Master List
Assessment of Efficiency
Worksheet Actions

System-Level Assessment Tools

IT AM
Efficiency Estimator
Tool

AM
Packages
Tool

AM Tool

Power
Chain
Tool

Report Findings & Make

Recommendations

Energy Assessment
Report Template

AM = Air Management

http://datacenters.Ibl.gov/Tools

Data Center
Assessment
Complete!

More Learning

DCEP
Training Courses

We will eventually
end up here
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Energy Assessment Process Manual

 The Process Manual
provides administrative
step-by-step instructions
for conducting an energy
assessment before,
during, and after the
onsite assessment.

* Multiple appendices
include useful templates
for the assessments.

https://datacenters.lbl.gov/resources/dcep-process-manual

Table 3: Overview of Procass Steps

Process Step Duscription MAailable Resources

Bimge 1 Arsesyment initition
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* Practices Sureey [dpn O}

* Participant Tesphite (App 1]
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DC Pro Adsissimein ‘Warkshiens

- Ematty and presan sknn
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* Agsessmen \Worksheens

Preiminary Findnp Westing
= Drened 3o Site Management
- orglite Axiaiamn) Evalstion

* Ewaluation Template (App. 11

5 * Toods [or Interim Guide)

* Procms Mamel {thi doc)

¥ Ausearmat Report (App. B-4]
* Astendance Report [App. -}
* Standard keport Tesplise

* namser Lint of Actines

10 | Finalts reporting requiremests + Foliow up
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Avoid Excessive Redundancy

For most energy-consuming systems and equipment,
redundancy is a major driver for energy inefficiencies.

Redundancy is intended to ensure reliability and make
systems fault tolerant. But, when several pieces of
equipment are included for redundancy purposes, they
will operate below their rated power.
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IT Drives Demand for Power/Cooling

IT equipment requires significant power.
* All IT power is released as heat to the space.
* This heat must be removed from the data center.

 Reduced IT power draw will also lower energy
<+ use of other support systems.

* Thus, energy saving measures at the IT
equipment level are especially rewarding.
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. ENERGY STAR for Servers

« ENERGY STAR Computer Server
Specification Version 4.0 (2023)

* Requirements for PSU efficiency and
Power Factor

* Requirements for power management
(enabled by default)

* Requirements for access to power
consumption, processor utilization,
and intake air temperature

ENERGY STAR® Program Requirements
Product Specification for
Computer Servers

Eligibility Criteria
Version 4.0

Fellowing Is 40 ENERGY STAR Procuct Spaccatn or ComputerSarvars. A pocuet s
oo 34 o 1 oo e 1 12 arn e ENERGEY STAR

1 DEFINITIONS

Al Broguct Types
Y Gompe Acompute mummmwmmmmw
‘computers,

C s targeted 1o run user-instaled appications typically, but not axchusiealy, enlarprise in
risture;

D provides suppont for emor-comacting code (ECC) andior M«mm inchading both

beard (BOB)

F mmml I processons have access ko shared 5 ywemmamorym
vaitio 08 B single OS5 of hypervisor.
2) Blade System: A a and one oF more

andior o.g.. rage. equipment). Biade systems
prowide a scalable means for combining multiple biade server rage units i & sngle.
enckisure, and signed o allow

blades in the feld.

A Binde Server: A compater sarver that & designed for use in & blade chassis. A biade
server is & mmmamm;w«mm
inchudes st bem processor and ared blade
chasses resoun . power supplies, cooling) !ovnpu:mma FFOCESSOr OF memory

9
madule that is intended I scale up a standalons server is not considered a Blade Server.
) Mui-bay Msm A blade server requining mone than one bay for instaliaton in
a blade chassi

(2) Single-wide Biace Server. A blade server requiring the width of & standard blade
seever bay.

ENERGY o Cormprel Servers Paga i of 17

https://www.enerqystar.gov/products/spec/enerqy star computer servers version 4 0 pd
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Federal Requirements

It is a federal requirement to purchase ENERGY STAR
certified IT equipment (Energy Policy Act of 2005, Sec. 104)
and agencies should consider EPEAT-registered equipment
(DCOI M-19-19 and M-21-05).

EPEAT (Electronic Product Environmental Assessment Tool)
registered equipment has additional energy benefits.

https://datacenters.lbl.gov/ServerSelectionGuidelines

U.S. DEPARTMENT OF ENERGY
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B
Defining IT Performance Metric ITUE

IT Usage Effectiveness (ITUE) (always >1.0)

ITUE = Total IT Equipment Energy / Compute Component Energy

The ITUE is a “PUE-type” metric for the IT equipment rather than for the
data center infrastructure (more about PUE later).

The metric is typically in the range of 1.3 (high efficiency IT) - 1.7 (low
efficiency IT).

https://datacenters.lbl.gov/sites/default/files/isc13 tuepaper.pdf
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Selecting Server Equipment

Selecting energy efficient
servers and operating them
energy efficiently can have a
profound impact on overall
energy efficiency and
decarbonization in data
centers.

This research report provides
guidelines on how to select
energy efficient servers.

Computer Server Selection Guidelines
for Energy Efficiency and Decarbonization in
Data Centers

https://datacenters.lbl.gov/ServerSelectionGuidelines
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Consolidation

There are a number of IT consolidation approaches
but virtualization may be the most powerful.

Virtualization consolidates applications from under-
utilized IT equipment onto fewer, better utilized

hardware. ldling servers can consume up to 60% of
full power.
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Decommissioning

Decommissioning is a quick way to reduce energy use
— Shutdown and removal of long-term idle equipment
— Retire legacy hardware
— Even in well-managed centers, 15-30% servers are idle

U.S. DEPARTMENT OF ENERGY




Accessing Onboard Server Data

This research report provides
a roadmap to accessing
server data, among them
computational utilization. The
ENERGY STAR required data
are retrieved by using
onboard sensors rather than
using external ones.

Accessing Onboard Server Sensors for
Energy Efficiency in Data Centers

FEMP3»
MP S

http://datacenters.lbl.gov/resources/accessing-onboard-server-sensors-enerqy
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Takeaways

 Remove server waste (idling/unused servers)

» Consolidate under-utilized gear (optimize
utilization)

 Use ENERGY STAR certified gear
 Access onboard server data

U.S. DEPARTMENT OF ENERGY
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What is Air Management?

The goal is to minimize mixing of hot and cold air
streams by reducing air recirculation of hot air and
reducing by-pass of cold air. The result is reduced
energy use and better thermal space conditions.

Risk of

Drives fan and
“hot spot” m @ chiller energy

i N

Side view of two equipment racks
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Managing Blanking Panels

Blanking panels seal openings in equipment racks.
Managing these panels is especially important in hot
and cold aisle environments.

Cold Aisle Hot Aisle

By-Pass or
Recirculation

Two blanking panels,
partial frontal rack view

I (Upsite Technologies)
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Perforated Floor Tiles

Perforated floor tiles should only be placed in the cold
aisles and match the need of the IT gear. Too little or
too much supply air results in poor conditions.

Perf Tile

U.S. DEPARTMENT OF ENERGY




Maintain Tight Raised Floors

A large fraction of the air from the air-handlers is often
lost through leaks in the raised floor.

Grommets for cable

penetrations | _
reduce the floor leakage Unsealed cable cut-out in
(Upsite Technologies) floor under equipment

rack
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®
Intake Air Temperature Guidelines

Intake air temperatures for IT equipment are specified by
ASHRAE and NEBS. Operate near max. Level of compliance
can be demonstrated with the Rack Cooling Index (RCI).

(@ Equipment Intake) Recommended Allowable
(Facility) (Equipment)
Temperature
Data Centers ciass A1 65° — 80°F 59° — 90°F
Class A2 65° — 80°F 50° — 95°F
Telecom ness 65° — 80°F 41° — 104°F

ASHRAE Reference: ASHRAE (2021); NEBS References: Telcordia (2012 and 2001)

Herrlin, M. K. 2008. Airflow and Cooling Performance of Data Centers: Two Performance
Metrics. ASHRAE Transactions, Volume 114, Part 2.
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2) Telcordia. 2012. (R. Kluge) Generic Requirements NEBS GR-63-CORE, NEBS Requirements: Physical Protection, Issue 4, Telcordia Technologies, Inc., Piscataway, NJ.
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Air Management + EPEAT* Servers

EPEAT-registered servers must be able to operate in the
ASHRAE Allowable Class A2 or higher. This allows
higher data center temperatures than air management
alone, which further reduces the cooling energy.

* Electronic Product Environmental Assessment Tool, Global Electronics Council

https://epeat.net
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Measuring Intake Air Temperatures

It is not necessary to collect temperature data for every IT
rack. Measuring every other/third rack is generally fine.

If external probes are used, three probes per measured
IT rack is recommended. Using the onboard server
sensors provides benefits over using external sensors.

@ @ @ @
@ @ @ @
@ @ @ @

Frontal view of an IT rack row.
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More Information: Thermal Guidelines

This Berkeley Lab research
report provides guidance on
temperature and humidity for
IT equipment and IT
equipment spaces as well as
how to show compliance with
those physical parameters.

Thermal Guidelines and Temperature
Measurements in Data Centers

nnnnnnnnnnnnnnnnnnn
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

http://datacenters.lbl.gov/resources/thermal-quidelines-and-temperature
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How to Realize Energy Savings

Realizing energy savings is a two-step process:

1. Physically arrange the space to promote separation of
hot and cold air. These measures by themselves do not
save energy but rather enable savings.

2. To realize the savings at least one of two actions must
be taken: Increase the supply air temperature and/or
decrease the supply airflow rate.

Finally, air management is a prerequisite to many energy
efficiency measures.
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)
Takeaways

* Minimize mixing of hot and cold air
* Enable energy savings by applying physical air
management measures

* Realize savings by adjusting supply temp and/or
airflow

* Operate near the max recommended intake
temperature

« Use the RCI metric to ensure thermal compliance
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Benefits with Higher IT Intake Air Temperatures

* Improved DX System efficiency
* Improved Chilled-Water System efficiency
* More hours for air- or water-side free cooling

U.S. DEPARTMENT OF ENERGY




Comparison of Different Cooling Systems

Annual HVAC Energy as a % of IT Energy = Air'COO'ed DX_
Humidity Controls, No Economizer B Air-cooled Chiller
O Water-cooled DX
@ Water-cooled Chiller
60% 1 . B Dry-cooled DX
Lower is better

50% - —
t —_ __ — — __ - — __ _ —_— | S | — p—
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Direct expansion (DX) systems use CRAC units whereas
chilled-water systems use CRAH units.
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Chart4

		1A Miami, FL		1A Miami, FL		1A Miami, FL		1A Miami, FL

		2A Houston, TX		2A Houston, TX		2A Houston, TX		2A Houston, TX

		2B Phoenix, AZ		2B Phoenix, AZ		2B Phoenix, AZ		2B Phoenix, AZ

		3A Memphis, TN		3A Memphis, TN		3A Memphis, TN		3A Memphis, TN

		3B El Paso, TX		3B El Paso, TX		3B El Paso, TX		3B El Paso, TX

		3C San Francisco, CA		3C San Francisco, CA		3C San Francisco, CA		3C San Francisco, CA

		4A Baltimore, MD		4A Baltimore, MD		4A Baltimore, MD		4A Baltimore, MD

		4B Albuquerque, NM		4B Albuquerque, NM		4B Albuquerque, NM		4B Albuquerque, NM

		4C Salem, OR		4C Salem, OR		4C Salem, OR		4C Salem, OR

		5A Chicago, IL		5A Chicago, IL		5A Chicago, IL		5A Chicago, IL

		5B Boise, ID		5B Boise, ID		5B Boise, ID		5B Boise, ID

		6A Burlington, VT		6A Burlington, VT		6A Burlington, VT		6A Burlington, VT

		6B Helena, MT		6B Helena, MT		6B Helena, MT		6B Helena, MT

		7 Duluth, MN		7 Duluth, MN		7 Duluth, MN		7 Duluth, MN

		8 Fairbanks, AK		8 Fairbanks, AK		8 Fairbanks, AK		8 Fairbanks, AK



Air-cooled DX

Air-cooled Chiller

Water-cooled DX

Water-cooled Chiller

kWh HVAC / kWh IT

Annual HVAC Energy as a % of IT Energy
Humidity Controls, No Economizer

0.4637621963

0.4406763699

0.3859712329

0.2670313927

0.4553962785

0.4313634703

0.374994863

0.2616438813

0.4785778881

0.4550787671

0.359031621

0.2448497945

0.4504961872

0.4257521689

0.3659890411

0.2589009817

0.4629919635

0.4389275114

0.3558802511

0.2454171804

0.4308924087

0.4049714612

0.351678653

0.2357612443

0.4432196461

0.4182093607

0.3583208904

0.2531584475

0.4543588014

0.4296092466

0.3534574201

0.2447924429

0.4368697374

0.4113101598

0.3410149543

0.2365081963

0.4411256963

0.4155679224

0.3525691781

0.2497323059

0.4471643379

0.4223547945

0.3441722603

0.2402496461

0.4379922945

0.4125851598

0.3455836758

0.2420504795

0.4442493151

0.4189910959

0.3445824201

0.2416442808

0.4353058904

0.409266895

0.3391869863

0.2394207534

0.4345753311

0.4085926941

0.3376468037

0.2399964498



 WC CHW vs WC DX vs AC DX

		5/12/08												AirCooledDX						WaterCooledChiller						WaterCooledDX						AirCooledChiller

				Location				Air Economizer		Humidity Controls		Water Economizer		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT

				MiamiFL		1A Miami, FL		NO		YES		NO		4062.55684		12822.6		0.4637621963		2339.195		11099.2		0.2670313927		3381.108		12141.1		0.3859712329		3860.325		12620.3		0.4406763699

				HoustnTX		2A Houston, TX		NO		YES		NO		3989.2714		12749.3		0.4553962785		2292.0004		11052		0.2616438813		3284.955		12045		0.374994863		3778.744		12538.8		0.4313634703

				PhoenxAZ		2B Phoenix, AZ		NO		YES		NO		4192.3423		12952.3		0.4785778881		2144.8842		10904.9		0.2448497945		3145.117		11905.1		0.359031621		3986.49		12746.5		0.4550787671

				MemphTN		3A Memphis, TN		NO		YES		NO		3946.3466		12706.3		0.4504961872		2267.9726		11028		0.2589009817		3206.064		11966.1		0.3659890411		3729.589		12489.6		0.4257521689

				ElpasoTX		3B El Paso, TX		NO		YES		NO		4055.8096		12815.8		0.4629919635		2149.8545		10909.9		0.2454171804		3117.511		11877.5		0.3558802511		3845.005		12605		0.4389275114

				SanfranCA		3C San Francisco, CA		NO		YES		NO		3774.6175		12534.6		0.4308924087		2065.2685		10825.3		0.2357612443		3080.705		11840.7		0.351678653		3547.55		12307.5		0.4049714612

				BaltimMD		4A Baltimore, MD		NO		YES		NO		3882.6041		12642.6		0.4432196461		2217.668		10977.7		0.2531584475		3138.891		11898.9		0.3583208904		3663.514		12423.5		0.4182093607

				AlbuqNM		4B Albuquerque, NM		NO		YES		NO		3980.1831		12740.2		0.4543588014		2144.3818		10904.4		0.2447924429		3096.287		11856.3		0.3534574201		3763.377		12523.4		0.4296092466

				SalemOR		4C Salem, OR		NO		YES		NO		3826.9789		12587		0.4368697374		2071.8118		10831.8		0.2365081963		2987.291		11747.3		0.3410149543		3603.077		12363.1		0.4113101598

				ChicagIL		5A Chicago, IL		NO		YES		NO		3864.2611		12624.3		0.4411256963		2187.655		10947.7		0.2497323059		3088.506		11848.5		0.3525691781		3640.375		12400.4		0.4155679224

				BoiseID		5B Boise, ID		NO		YES		NO		3917.1596		12677.2		0.4471643379		2104.5869		10864.6		0.2402496461		3014.949		11774.9		0.3441722603		3699.828		12459.8		0.4223547945

				BurlinVT		6A Burlington, VT		NO		YES		NO		3836.8125		12596.8		0.4379922945		2120.3622		10880.4		0.2420504795		3027.313		11787.3		0.3455836758		3614.246		12374.3		0.4125851598

				HelenaMT		6B Helena, MT		NO		YES		NO		3891.624		12651.6		0.4442493151		2116.8039		10876.8		0.2416442808		3018.542		11778.6		0.3445824201		3670.362		12430.4		0.4189910959

				DuluthMN		7 Duluth, MN		NO		YES		NO		3813.2796		12573.3		0.4353058904		2097.3258		10857.3		0.2394207534		2971.278		11731.3		0.3391869863		3585.178		12345.2		0.409266895

				FairbanAK		8 Fairbanks, AK		NO		YES		NO		3806.8799		12566.9		0.4345753311		2102.3689		10862.4		0.2399964498		2957.786		11717.8		0.3376468037		3579.272		12339.3		0.4085926941

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		AirCooledDX		1A Miami, FL		MiamiFL		NO		YES		NO		3094.36		0		966.207		1.98984		4062.55684		12822.6		426.866		0		110.299		0		537.165		1537.16

		AirCooledDX		2A Houston, TX		HoustnTX		NO		YES		NO		3009.15		0		966.295		13.8264		3989.2714		12749.3		447.946		0		110.308		0		558.254		1558.25

				2B Phoenix, AZ		PhoenxAZ		NO		YES		NO		3176.45		0		966.617		49.2753		4192.3423		12952.3		537.669		0		110.345		10.7619		658.7759		1658.78

		AirCooledDX		3A Memphis, TN		MemphTN		NO		YES		NO		2950.37		0		966.291		29.6856		3946.3466		12706.3		446.977		0		110.307		0		557.284		1557.28

		AirCooledDX		3B El Paso, TX		ElpasoTX		NO		YES		NO		3015.37		0		966.336		74.1036		4055.8096		12815.8		479.031		0		110.312		5.37813		594.72113		1594.72

		AirCooledDX		3C San Francisco, CA		SanfranCA		NO		YES		NO		2789.55		0		966.263		18.8045		3774.6175		12534.6		430.87		0		110.303		0		541.173		1541.17

		AirCooledDX		4A Baltimore, MD		BaltimMD		NO		YES		NO		2871.54		0		966.269		44.7951		3882.6041		12642.6		444.529		0		110.305		0		554.834		1554.83

		AirCooledDX		4B Albuquerque, NM		AlbuqNM		NO		YES		NO		2929.69		0		966.241		84.2521		3980.1831		12740.2		458.29		0		110.301		13.6125		582.2035		1582.2

		AirCooledDX		4C Salem, OR		SalemOR		NO		YES		NO		2812.76		0		979.955		34.2639		3826.9789		12587		431.152		0		111.867		0		543.019		1543.02

		AirCooledDX		5A Chicago, IL		ChicagIL		NO		YES		NO		2844.92		0		966.268		53.0731		3864.2611		12624.3		440.23		0		110.304		0		550.534		1550.53

		AirCooledDX		5B Boise, ID		BoiseID		NO		YES		NO		2873.09		0		966.336		77.7336		3917.1596		12677.2		466.081		0		110.312		9.55226		585.94526		1585.95

		AirCooledDX		6A Burlington, VT		BurlinVT		NO		YES		NO		2811.26		0		966.332		59.2205		3836.8125		12596.8		458.044		0		110.311		0		568.355		1568.36

		AirCooledDX		6B Helena, MT		HelenaMT		NO		YES		NO		2837.63		0		966.223		87.771		3891.624		12651.6		444.329		0		110.299		8.56368		563.19168		1563.19

		AirCooledDX		7 Duluth, MN		DuluthMN		NO		YES		NO		2775.19		0		966.09		71.9996		3813.2796		12573.3		398.071		0		110.285		0		508.356		1508.36

		AirCooledDX		8 Fairbanks, AK		FairbanAK		NO		YES		NO		2748.53		0		966.064		92.2859		3806.8799		12566.9		381.096		0		110.281		5.17425		496.55125		1496.55

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledDX		1A Miami, FL		MiamiFL		NO		YES		NO		2116.7		280.67		733.144		250.594		3381.108		12141.1		268.07		38.172		83.6925		28.3599		418.2944		1418.29

		WaterCooledDX		2A Houston, TX		HoustnTX		NO		YES		NO		2065.45		224.162		733.205		262.138		3284.955		12045		272.937		38.09		83.6994		28.2989		423.0253		1423.02

		WaterCooledDX		2B Phoenix, AZ		PhoenxAZ		NO		YES		NO		1906.2		207.072		733.447		298.398		3145.117		11905.1		255.445		38.1341		83.7275		28.3317		405.6383		1405.64

		WaterCooledDX		3A Memphis, TN		MemphTN		NO		YES		NO		2033.85		160.787		733.205		278.222		3206.064		11966.1		273.293		38.0863		83.6989		28.2961		423.3743		1423.37

		WaterCooledDX		3B El Paso, TX		ElpasoTX		NO		YES		NO		1881.04		200.915		733.238		302.318		3117.511		11877.5		247.434		38.1823		83.7024		28.3675		397.6862		1397.69

		WaterCooledDX		3C San Francisco, CA		SanfranCA		NO		YES		NO		1820.42		273.24		733.173		253.872		3080.705		11840.7		236.66		37.7353		83.696		28.0354		386.1267		1386.13

		WaterCooledDX		4A Baltimore, MD		BaltimMD		NO		YES		NO		1981.35		129.255		733.18		295.106		3138.891		11898.9		271.366		38.3707		83.6972		28.5075		421.9414		1421.94

		WaterCooledDX		4B Albuquerque, NM		AlbuqNM		NO		YES		NO		1858.91		199.726		733.164		304.487		3096.287		11856.3		238.725		38.0389		83.6942		28.2609		388.719		1388.72

		WaterCooledDX		4C Salem, OR		SalemOR		NO		YES		NO		1825.57		163.226		733.172		265.323		2987.291		11747.3		241.923		37.9057		83.6957		28.162		391.6864		1391.69

		WaterCooledDX		5A Chicago, IL		ChicagIL		NO		YES		NO		1937.36		117.341		733.178		300.627		3088.506		11848.5		265.649		37.9574		83.6966		28.2004		415.5034		1415.5

		WaterCooledDX		5B Boise, ID		BoiseID		NO		YES		NO		1831.02		154.256		733.238		296.435		3014.949		11774.9		232.403		38.0049		83.7026		32.0322		386.1427		1386.14

		WaterCooledDX		6A Burlington, VT		BurlinVT		NO		YES		NO		1859.8		126.815		733.233		307.465		3027.313		11787.3		260.019		38.0354		83.7021		28.2584		410.0149		1410.01

		WaterCooledDX		6B Helena, MT		HelenaMT		NO		YES		NO		1827.4		157.731		733.145		300.266		3018.542		11778.6		232.704		37.7871		83.693		28.0739		382.258		1382.26

		WaterCooledDX		7 Duluth, MN		DuluthMN		NO		YES		NO		1818.4		109.636		733.06		310.182		2971.278		11731.3		257.086		37.6245		83.6819		27.953		406.3454		1406.35

		WaterCooledDX		8 Fairbanks, AK		FairbanAK		NO		YES		NO		1795.31		130.301		733.034		299.141		2957.786		11717.8		227.992		37.617		83.6795		27.9475		377.236		1377.24

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledChiller		1A Miami, FL		MiamiFL		NO		YES		NO		995.056		82.039		941.426		320.674		2339.195		11099.2		132.182		30.4336		107.469		36.3577		306.4423		1306.44

		WaterCooledChiller		2A Houston, TX		HoustnTX		NO		YES		NO		946.155		72.7834		941.501		331.561		2292.0004		11052		135.519		47.2514		107.478		36.2166		326.465		1326.46

		WaterCooledChiller		2B Phoenix, AZ		PhoenxAZ		NO		YES		NO		762.118		68.2022		941.83		372.734		2144.8842		10904.9		123.909		10.4753		107.514		36.4407		278.339		1278.34

		WaterCooledChiller		3A Memphis, TN		MemphTN		NO		YES		NO		919.17		59.9716		941.496		347.335		2267.9726		11028		135.914		47.1983		107.477		36.176		326.7653		1326.77

		WaterCooledChiller		3B El Paso, TX		ElpasoTX		NO		YES		NO		738.775		69.8455		941.54		399.694		2149.8545		10909.9		116.925		9.70297		107.482		37.0591		271.16907		1271.17

		WaterCooledChiller		3C San Francisco, CA		SanfranCA		NO		YES		NO		709.834		77.0985		941.468		336.868		2065.2685		10825.3		109.107		9.46381		107.473		35.9952		262.03901		1262.04

		WaterCooledChiller		4A Baltimore, MD		BaltimMD		NO		YES		NO		858.27		53.098		941.488		364.812		2217.668		10977.7		133.27		40.3395		107.475		36.4477		317.5322		1317.53

		WaterCooledChiller		4B Albuquerque, NM		AlbuqNM		NO		YES		NO		722.598		71.0798		941.448		409.256		2144.3818		10904.4		107.455		9.65631		107.471		36.9561		261.53841		1261.54

		WaterCooledChiller		4C Salem, OR		SalemOR		NO		YES		NO		694.518		63.7278		954.813		358.753		2071.8118		10831.8		110.965		9.51134		108.997		36.852		266.32534		1266.33

		WaterCooledChiller		5A Chicago, IL		ChicagIL		NO		YES		NO		826.928		50.492		941.473		368.762		2187.655		10947.7		132.991		23.8717		107.474		35.9558		300.2925		1300.29

		WaterCooledChiller		5B Boise, ID		BoiseID		NO		YES		NO		697.536		63.4979		941.54		402.013		2104.5869		10864.6		101.439		9.39975		107.482		40.6768		258.99755		1259

		WaterCooledChiller		6A Burlington, VT		BurlinVT		NO		YES		NO		749.279		53.1592		941.536		376.388		2120.3622		10880.4		130.81		15.0894		107.481		36.0825		289.4629		1289.46

		WaterCooledChiller		6B Helena, MT		HelenaMT		NO		YES		NO		699.471		65.1449		941.428		410.76		2116.8039		10876.8		102.058		9.54727		107.47		36.7296		255.80487		1255.8

		WaterCooledChiller		7 Duluth, MN		DuluthMN		NO		YES		NO		718.613		51.3928		941.311		386.009		2097.3258		10857.3		132.3		12.6169		107.455		35.7268		288.0987		1288.1

		WaterCooledChiller		8 Fairbanks, AK		FairbanAK		NO		YES		NO		694.556		59.6619		941.288		406.863		2102.3689		10862.4		99.9499		9.42221		107.452		35.8401		252.66421		1252.66

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		AirCooledChiller		1A Miami, FL		MiamiFL		NO		YES		NO		2824.92		0		941.426		93.979		3860.325		12620.3		396.69		0		107.469		10.4792		514.6382		1514.64

		AirCooledChiller		2A Houston, TX		HoustnTX		NO		YES		NO		2731.5		0		941.501		105.743		3778.744		12538.8		420.525		0		107.478		10.4386		538.4416		1538.44

		AirCooledChiller		2B Phoenix, AZ		PhoenxAZ		NO		YES		NO		2901.91		0		941.83		142.75		3986.49		12746.5		542.111		0		107.514		14.8566		664.4816		1664.48

		AirCooledChiller		3A Memphis, TN		MemphTN		NO		YES		NO		2666.32		0		941.496		121.773		3729.589		12489.6		419.437		0		107.477		10.4268		537.3408		1537.34

		AirCooledChiller		3B El Paso, TX		ElpasoTX		NO		YES		NO		2734.84		0		941.54		168.625		3845.005		12605		458.972		0		107.482		16.004		582.458		1582.46

		AirCooledChiller		3C San Francisco, CA		SanfranCA		NO		YES		NO		2493.65		0		941.468		112.432		3547.55		12307.5		402.134		0		107.473		10.3747		519.9817		1519.98

		AirCooledChiller		4A Baltimore, MD		BaltimMD		NO		YES		NO		2584.47		0		941.488		137.556		3663.514		12423.5		415.862		0		107.475		10.5052		533.8422		1533.84

		AirCooledChiller		4B Albuquerque, NM		AlbuqNM		NO		YES		NO		2643.1		0		941.448		178.829		3763.377		12523.4		434.484		0		107.471		24.2042		566.1592		1566.16

		AirCooledChiller		4C Salem, OR		SalemOR		NO		YES		NO		2519.28		0		954.813		128.984		3603.077		12363.1		402.137		0		108.997		10.6833		521.8173		1521.82

		AirCooledChiller		5A Chicago, IL		ChicagIL		NO		YES		NO		2554.33		0		941.473		144.572		3640.375		12400.4		411.852		0		107.474		10.3634		529.6894		1529.69

		AirCooledChiller		5B Boise, ID		BoiseID		NO		YES		NO		2586.32		0		941.54		171.968		3699.828		12459.8		449.858		0		107.482		14.4151		571.7551		1571.76

		AirCooledChiller		6A Burlington, VT		BurlinVT		NO		YES		NO		2521.3		0		941.536		151.41		3614.246		12374.3		432.632		0		107.481		10.3999		550.5129		1550.51

		AirCooledChiller		6B Helena, MT		HelenaMT		NO		YES		NO		2547.18		0		941.428		181.754		3670.362		12430.4		418.889		0		107.47		19.0914		545.4504		1545.45

		AirCooledChiller		7 Duluth, MN		DuluthMN		NO		YES		NO		2480.62		0		941.311		163.247		3585.178		12345.2		367.64		0		107.455		10.2973		485.3923		1485.39

		AirCooledChiller		8 Fairbanks, AK		FairbanAK		NO		YES		NO		2454.59		0		941.288		183.394		3579.272		12339.3		350.433		0		107.452		15.4892		473.3742		1473.37





 WC CHW vs WC DX vs AC DX

		



Air-cooled DX

Air-cooled Chiller

Water-cooled DX

Water-cooled Chiller

kWh HVAC / kWh IT

Annual HVAC Energy as a % of IT Energy
Humidity Controls, No Economizer



WC CHW w Humid

		5/12/08												WC CHW w A/S Econ						WC CHW w/out A/S Econ

				Location				Air Economizer		Humidity Controls		Water Economizer		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT

				MiamiFL		1A Miami, FL				YES		NO		2454.2591		11214.3		0.2801665639		2339.195		11099.2		0.2670313927						-0.0491896144

				HoustnTX		2A Houston, TX				YES		NO		3006.4265		11766.4		0.3431993721		2292.0004		11052		0.2616438813						-0.3117041777

				PhoenxAZ		2B Phoenix, AZ				YES		NO		4359.3892		13119.4		0.4976471689		2144.8842		10904.9		0.2448497945						-1.0324590017

				MemphTN		3A Memphis, TN				YES		NO		3817.1907		12577.2		0.435752363		2267.9726		11028		0.2589009817						-0.6830850161

				ElpasoTX		3B El Paso, TX				YES		NO		6028.8263		14788.8		0.6882221804		2149.8545		10909.9		0.2454171804						-1.8042950349

				SanfranCA		3C San Francisco, CA				YES		NO		3147.2056		11907.2		0.3592700457		2065.2685		10825.3		0.2357612443						-0.5238723682

				BaltimMD		4A Baltimore, MD				YES		NO		4401.7227		13161.7		0.5024797603		2217.668		10977.7		0.2531584475						-0.9848429521

				AlbuqNM		4B Albuquerque, NM				YES		NO		6827.3375		15587.3		0.7793764269		2144.3818		10904.4		0.2447924429						-2.1838255203

				SalemOR		4C Salem, OR				YES		NO		3752.3668		12512.4		0.4283523744		2071.8118		10831.8		0.2365081963						-0.811152345

				ChicagIL		5A Chicago, IL				YES		NO		4458.0757		13218.1		0.5089127511		2187.655		10947.7		0.2497323059						-1.0378330678

				BoiseID		5B Boise, ID				YES		NO		6065.258		14825.3		0.6923810502		2104.5869		10864.6		0.2402496461						-1.8819232886

				BurlinVT		6A Burlington, VT				YES		NO		4536.1895		13296.2		0.5178298516		2120.3622		10880.4		0.2420504795						-1.139346523

				HelenaMT		6B Helena, MT				YES		NO		6504.7839		15264.8		0.7425552397		2116.8039		10876.8		0.2416442808						-2.0729270198

				DuluthMN		7 Duluth, MN				YES		NO		4955.9504		13715.9		0.5657477626		2097.3258		10857.3		0.2394207534						-1.3629854742

				FairbanAK		8 Fairbanks, AK				YES		NO		5208.37228		13968.4		0.5945630457		2102.3689		10862.4		0.2399964498						-1.4773826706

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledChiller		1A Miami, FL		MiamiFL		YES		YES		NO		946.142		78.8541		941.426		487.837		2454.2591		11214.3		11.7848		0		107.469		1374.42		1493.6738		2493.67

		WaterCooledChiller		2A Houston, TX		HoustnTX		YES		YES		NO		737.936		61.0095		941.501		1265.98		3006.4265		11766.4		11.2524		0		107.478		1561.55		1680.2804		2680.28

		WaterCooledChiller		2B Phoenix, AZ		PhoenxAZ		YES		YES		NO		553.769		50.2802		941.83		2813.51		4359.3892		13119.4		7.66948		0		107.514		1858.76		1973.94348		2973.94

		WaterCooledChiller		3A Memphis, TN		MemphTN		YES		YES		NO		572.913		42.2917		941.496		2260.49		3817.1907		12577.2		53.7065		0.962108		107.477		1548.67		1710.815608		2710.81

		WaterCooledChiller		3B El Paso, TX		ElpasoTX		YES		YES		NO		450.441		42.9953		941.54		4593.85		6028.8263		14788.8		33.9332		1.6833		107.482		2156.66		2299.7585		3299.75

		WaterCooledChiller		3C San Francisco, CA		SanfranCA		YES		YES		NO		151.869		14.3286		941.468		2039.54		3147.2056		11907.2		22.9902		0.639791		107.473		1455.17		1586.272991		2586.28

		WaterCooledChiller		4A Baltimore, MD		BaltimMD		YES		YES		NO		426.305		30.3997		941.488		3003.53		4401.7227		13161.7		44.6526		0.358984		107.475		1464.48		1616.966584		2616.97

		WaterCooledChiller		4B Albuquerque, NM		AlbuqNM		YES		YES		NO		333.342		32.7375		941.448		5519.81		6827.3375		15587.3		35.439		3.27126		107.471		2215.4		2361.58126		3361.58

		WaterCooledChiller		4C Salem, OR		SalemOR		YES		YES		NO		198.086		15.7478		954.813		2583.72		3752.3668		12512.4		7.6588		0		108.997		1431.48		1548.1358		2548.13

		WaterCooledChiller		5A Chicago, IL		ChicagIL		YES		YES		NO		347.085		24.5577		941.473		3144.96		4458.0757		13218.1		34.293		0.157285		107.474		1493.24		1635.164285		2635.17

		WaterCooledChiller		5B Boise, ID		BoiseID		YES		YES		NO		238.716		20.882		941.54		4864.12		6065.258		14825.3		18.1957		0		107.482		1818.59		1944.2677		2944.26

		WaterCooledChiller		6A Burlington, VT		BurlinVT		YES		YES		NO		265.57		20.0335		941.536		3309.05		4536.1895		13296.2		7.93941		0		107.481		1663.56		1778.98041		2778.98

		WaterCooledChiller		6B Helena, MT		HelenaMT		YES		YES		NO		193.576		16.3499		941.428		5353.43		6504.7839		15264.8		26.1151		0.787387		107.47		1998.95		2133.322487		3133.32

		WaterCooledChiller		7 Duluth, MN		DuluthMN		YES		YES		NO		174.728		11.8914		941.311		3828.02		4955.9504		13715.9		21.6936		0.0977352		107.455		1600		1729.2463352		2729.25

		WaterCooledChiller		8 Fairbanks, AK		FairbanAK		YES		YES		NO		127.136		8.47828		941.288		4131.47		5208.37228		13968.4		33.0895		3.09917		107.452		1576.47		1720.11067		2720.11

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledChiller		1A Miami, FL		MiamiFL		NO		YES		NO		995.056		82.039		941.426		320.674		2339.195		11099.2		132.182		30.4336		107.469		36.3577		306.4423		1306.44

		WaterCooledChiller		2A Houston, TX		HoustnTX		NO		YES		NO		946.155		72.7834		941.501		331.561		2292.0004		11052		135.519		47.2514		107.478		36.2166		326.465		1326.46

		WaterCooledChiller		2B Phoenix, AZ		PhoenxAZ		NO		YES		NO		762.118		68.2022		941.83		372.734		2144.8842		10904.9		123.909		10.4753		107.514		36.4407		278.339		1278.34

		WaterCooledChiller		3A Memphis, TN		MemphTN		NO		YES		NO		919.17		59.9716		941.496		347.335		2267.9726		11028		135.914		47.1983		107.477		36.176		326.7653		1326.77

		WaterCooledChiller		3B El Paso, TX		ElpasoTX		NO		YES		NO		738.775		69.8455		941.54		399.694		2149.8545		10909.9		116.925		9.70297		107.482		37.0591		271.16907		1271.17

		WaterCooledChiller		3C San Francisco, CA		SanfranCA		NO		YES		NO		709.834		77.0985		941.468		336.868		2065.2685		10825.3		109.107		9.46381		107.473		35.9952		262.03901		1262.04

		WaterCooledChiller		4A Baltimore, MD		BaltimMD		NO		YES		NO		858.27		53.098		941.488		364.812		2217.668		10977.7		133.27		40.3395		107.475		36.4477		317.5322		1317.53

		WaterCooledChiller		4B Albuquerque, NM		AlbuqNM		NO		YES		NO		722.598		71.0798		941.448		409.256		2144.3818		10904.4		107.455		9.65631		107.471		36.9561		261.53841		1261.54

		WaterCooledChiller		4C Salem, OR		SalemOR		NO		YES		NO		694.518		63.7278		954.813		358.753		2071.8118		10831.8		110.965		9.51134		108.997		36.852		266.32534		1266.33

		WaterCooledChiller		5A Chicago, IL		ChicagIL		NO		YES		NO		826.928		50.492		941.473		368.762		2187.655		10947.7		132.991		23.8717		107.474		35.9558		300.2925		1300.29

		WaterCooledChiller		5B Boise, ID		BoiseID		NO		YES		NO		697.536		63.4979		941.54		402.013		2104.5869		10864.6		101.439		9.39975		107.482		40.6768		258.99755		1259

		WaterCooledChiller		6A Burlington, VT		BurlinVT		NO		YES		NO		749.279		53.1592		941.536		376.388		2120.3622		10880.4		130.81		15.0894		107.481		36.0825		289.4629		1289.46

		WaterCooledChiller		6B Helena, MT		HelenaMT		NO		YES		NO		699.471		65.1449		941.428		410.76		2116.8039		10876.8		102.058		9.54727		107.47		36.7296		255.80487		1255.8

		WaterCooledChiller		7 Duluth, MN		DuluthMN		NO		YES		NO		718.613		51.3928		941.311		386.009		2097.3258		10857.3		132.3		12.6169		107.455		35.7268		288.0987		1288.1

		WaterCooledChiller		8 Fairbanks, AK		FairbanAK		NO		YES		NO		694.556		59.6619		941.288		406.863		2102.3689		10862.4		99.9499		9.42221		107.452		35.8401		252.66421		1252.66





WC CHW w Humid

		1A Miami, FL		1A Miami, FL

		2A Houston, TX		2A Houston, TX

		2B Phoenix, AZ		2B Phoenix, AZ

		3A Memphis, TN		3A Memphis, TN

		3B El Paso, TX		3B El Paso, TX

		3C San Francisco, CA		3C San Francisco, CA

		4A Baltimore, MD		4A Baltimore, MD

		4B Albuquerque, NM		4B Albuquerque, NM

		4C Salem, OR		4C Salem, OR

		5A Chicago, IL		5A Chicago, IL

		5B Boise, ID		5B Boise, ID

		6A Burlington, VT		6A Burlington, VT

		6B Helena, MT		6B Helena, MT

		7 Duluth, MN		7 Duluth, MN

		8 Fairbanks, AK		8 Fairbanks, AK



With Air-side Economizer

Without Air-side Economizer

kWh HVAC / kWh IT

Annual HVAC Energy as a % of IT Energy
Humidity Controls



WC CHW wout Humid

		5/12/08												WC CHW w A/S Econ						WC CHW w/out A/S Econ

				Location				Air Economizer		Humidity Controls		Water Economizer		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT

				MiamiFL		1A Miami, FL				NO		NO		2274.8853		11034.9		0.2596901027		2337.0089		11097		0.2667818379						0.0265825261

				HoustnTX		2A Houston, TX				NO		NO		2011.723		10771.7		0.2296487443		2277.6215		11037.6		0.2600024543						0.1167439366

				PhoenxAZ		2B Phoenix, AZ				NO		NO		1815.6886		10575.7		0.2072703881		2094.2283		10854.2		0.2390671575						0.133003503

				MemphTN		3A Memphis, TN				NO		NO		1798.5344		10558.6		0.2053121461		2237.5784		10997.6		0.2554313242						0.196213907

				ElpasoTX		3B El Paso, TX				NO		NO		1684.5198		10444.5		0.1922967808		2073.3497		10833.4		0.2366837557						0.1875370566

				SanfranCA		3C San Francisco, CA				NO		NO		1288.5112		10048.6		0.1470903196		2043.8444		10803.8		0.2333155708						0.3695649238

				BaltimMD		4A Baltimore, MD				NO		NO		1618.1515		10378.2		0.1847204909		2171.7787		10931.8		0.2479199429						0.2549187908

				AlbuqNM		4B Albuquerque, NM				NO		NO		1530.9186		10290.9		0.1747623973		2057.5649		10817.6		0.2348818379						0.2559561062

				SalemOR		4C Salem, OR				NO		NO		1358.5197		10118.5		0.1550821575		2034.7535		10794.8		0.2322777968						0.3323418783

				ChicagIL		5A Chicago, IL				NO		NO		1517.9307		10277.9		0.1732797603		2134.5642		10894.6		0.2436717123						0.2888802782

				BoiseID		5B Boise, ID				NO		NO		1401.2994		10161.3		0.1599656849		2023.8952		10783.9		0.2310382648						0.3076225488

				BurlinVT		6A Burlington, VT				NO		NO		1422.6453		10182.7		0.1624024315		2060.0694		10820.1		0.2351677397						0.3094187506

				HelenaMT		6B Helena, MT				NO		NO		1339.6389		10099.6		0.1529268151		2026.0743		10786.1		0.2312870205						0.3388007044

				DuluthMN		7 Duluth, MN				NO		NO		1303.7834		10063.8		0.1488337215		2024.9187		10784.9		0.2311551027						0.3561304955

				FairbanAK		8 Fairbanks, AK				NO		NO		1243.665		10003.6		0.1419708904		2009.6464		10769.6		0.2294116895						0.3811523261

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledChiller		1A Miami, FL		MiamiFL		YES		NO		NO		946.136		78.8533		941.426		308.47		2274.8853		11034.9		132.182		30.4336		107.469		36.3577		306.4423		1306.44

		WaterCooledChiller		2A Houston, TX		HoustnTX		YES		NO		NO		737.92		61.008		941.501		271.294		2011.723		10771.7		135.519		47.2514		107.478		36.2166		326.465		1326.46

		WaterCooledChiller		2B Phoenix, AZ		PhoenxAZ		YES		NO		NO		553.702		50.2686		941.83		269.888		1815.6886		10575.7		123.909		10.4753		107.514		36.4407		278.339		1278.34

		WaterCooledChiller		3A Memphis, TN		MemphTN		YES		NO		NO		572.91		42.2894		941.496		241.839		1798.5344		10558.6		135.914		47.1983		107.477		36.176		326.7653		1326.77

		WaterCooledChiller		3B El Paso, TX		ElpasoTX		YES		NO		NO		449.613		42.9568		941.54		250.41		1684.5198		10444.5		116.925		9.70297		107.482		37.0591		271.16907		1271.17

		WaterCooledChiller		3C San Francisco, CA		SanfranCA		YES		NO		NO		152.059		14.3402		941.468		180.644		1288.5112		10048.6		109.073		9.46166		107.473		35.9952		262.00286		1262

		WaterCooledChiller		4A Baltimore, MD		BaltimMD		YES		NO		NO		426.33		30.4005		941.488		219.933		1618.1515		10378.2		133.27		40.3395		107.475		36.4477		317.5322		1317.53

		WaterCooledChiller		4B Albuquerque, NM		AlbuqNM		YES		NO		NO		332.761		32.7036		941.448		224.006		1530.9186		10290.9		107.455		9.6563		107.471		36.9561		261.5384		1261.54

		WaterCooledChiller		4C Salem, OR		SalemOR		YES		NO		NO		198.031		15.7437		954.813		189.932		1358.5197		10118.5		110.939		9.50957		108.997		36.852		266.29757		1266.3

		WaterCooledChiller		5A Chicago, IL		ChicagIL		YES		NO		NO		347.144		24.5557		941.473		204.758		1517.9307		10277.9		132.99		23.8715		107.474		35.9558		300.2913		1300.29

		WaterCooledChiller		5B Boise, ID		BoiseID		YES		NO		NO		238.199		20.8574		941.54		200.703		1401.2994		10161.3		102.213		9.46119		107.482		36.896		256.05219		1256.05

		WaterCooledChiller		6A Burlington, VT		BurlinVT		YES		NO		NO		265.617		20.0333		941.536		195.459		1422.6453		10182.7		130.81		15.0895		107.481		36.0825		289.463		1289.46

		WaterCooledChiller		6B Helena, MT		HelenaMT		YES		NO		NO		193.23		16.3299		941.428		188.651		1339.6389		10099.6		102.042		9.54625		107.47		36.7295		255.78775		1255.79

		WaterCooledChiller		7 Duluth, MN		DuluthMN		YES		NO		NO		174.758		11.8884		941.311		175.826		1303.7834		10063.8		132.3		12.6166		107.455		35.7269		288.0985		1288.1

		WaterCooledChiller		8 Fairbanks, AK		FairbanAK		YES		NO		NO		127.226		8.474		941.288		166.677		1243.665		10003.6		99.9309		9.42091		107.452		35.8401		252.64391		1252.64

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledChiller		1A Miami, FL		MiamiFL		NO		NO		NO		995.052		82.0389		941.426		318.492		2337.0089		11097		132.182		30.4336		107.469		36.3577		306.4423		1306.44

		WaterCooledChiller		2A Houston, TX		HoustnTX		NO		NO		NO		946.079		72.7825		941.501		317.259		2277.6215		11037.6		135.519		47.2514		107.478		36.2166		326.465		1326.46

		WaterCooledChiller		2B Phoenix, AZ		PhoenxAZ		NO		NO		NO		762.085		68.1993		941.83		322.114		2094.2283		10854.2		123.909		10.4753		107.514		36.4407		278.339		1278.34

		WaterCooledChiller		3A Memphis, TN		MemphTN		NO		NO		NO		919.212		59.9704		941.496		316.9		2237.5784		10997.6		135.914		47.1983		107.477		36.176		326.7653		1326.77

		WaterCooledChiller		3B El Paso, TX		ElpasoTX		NO		NO		NO		737.393		69.8297		941.54		324.587		2073.3497		10833.4		116.925		9.70297		107.482		37.0591		271.16907		1271.17

		WaterCooledChiller		3C San Francisco, CA		SanfranCA		NO		NO		NO		709.959		77.0974		941.468		315.32		2043.8444		10803.8		109.108		9.4639		107.473		35.9952		262.0401		1262.04

		WaterCooledChiller		4A Baltimore, MD		BaltimMD		NO		NO		NO		857.917		53.0947		941.488		319.279		2171.7787		10931.8		133.27		40.3395		107.475		36.4477		317.5322		1317.53

		WaterCooledChiller		4B Albuquerque, NM		AlbuqNM		NO		NO		NO		721.316		71.0629		941.448		323.738		2057.5649		10817.6		107.455		9.6563		107.471		36.9561		261.5384		1261.54

		WaterCooledChiller		4C Salem, OR		SalemOR		NO		NO		NO		693.7		63.7215		954.813		322.519		2034.7535		10794.8		110.965		9.51133		108.997		36.852		266.32533		1266.33

		WaterCooledChiller		5A Chicago, IL		ChicagIL		NO		NO		NO		827.628		50.4922		941.473		314.971		2134.5642		10894.6		132.991		23.8717		107.474		35.9558		300.2925		1300.29

		WaterCooledChiller		5B Boise, ID		BoiseID		NO		NO		NO		695.987		63.4812		941.54		322.887		2023.8952		10783.9		102.217		9.46143		107.482		36.896		256.05643		1256.06

		WaterCooledChiller		6A Burlington, VT		BurlinVT		NO		NO		NO		749.297		53.1564		941.536		316.08		2060.0694		10820.1		130.81		15.0894		107.481		36.0825		289.4629		1289.46

		WaterCooledChiller		6B Helena, MT		HelenaMT		NO		NO		NO		697.956		65.1283		941.428		321.562		2026.0743		10786.1		102.057		9.54726		107.47		36.7295		255.80376		1255.8

		WaterCooledChiller		7 Duluth, MN		DuluthMN		NO		NO		NO		719.25		51.3917		941.311		312.966		2024.9187		10784.9		132.3		12.6169		107.455		35.7268		288.0987		1288.1

		WaterCooledChiller		8 Fairbanks, AK		FairbanAK		NO		NO		NO		694.743		59.6574		941.288		313.958		2009.6464		10769.6		99.953		9.42242		107.452		35.8402		252.66762		1252.67





WC CHW wout Humid

		1A Miami, FL		1A Miami, FL

		2A Houston, TX		2A Houston, TX

		2B Phoenix, AZ		2B Phoenix, AZ

		3A Memphis, TN		3A Memphis, TN

		3B El Paso, TX		3B El Paso, TX

		3C San Francisco, CA		3C San Francisco, CA

		4A Baltimore, MD		4A Baltimore, MD

		4B Albuquerque, NM		4B Albuquerque, NM

		4C Salem, OR		4C Salem, OR

		5A Chicago, IL		5A Chicago, IL

		5B Boise, ID		5B Boise, ID

		6A Burlington, VT		6A Burlington, VT

		6B Helena, MT		6B Helena, MT

		7 Duluth, MN		7 Duluth, MN

		8 Fairbanks, AK		8 Fairbanks, AK



With Air-side Economizer

Without Air-side Economizer

kWh HVAC / kWh IT

Annual HVAC Energy as a % of IT Energy
No Humidity Controls



WC CHW and Econ +- Humid

		5/12/08												WC CHW w A/S Econ						WC CHW w/out A/S Econ						WC CHW w A/S Econ						WC CHW w/out A/S Econ

				Location				Air Economizer		Humidity Controls		Water Economizer		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT

				MiamiFL		1A Miami, FL				NO		NO		2274.8853		11034.9		0.2596901027		2337.0089		11097		0.2667818379		2454.2591		11214.3		0.2801665639		2339.195		11099.2		0.2670313927

				HoustnTX		2A Houston, TX				NO		NO		2011.723		10771.7		0.2296487443		2277.6215		11037.6		0.2600024543		3006.4265		11766.4		0.3431993721		2292.0004		11052		0.2616438813

				PhoenxAZ		2B Phoenix, AZ				NO		NO		1815.6886		10575.7		0.2072703881		2094.2283		10854.2		0.2390671575		4359.3892		13119.4		0.4976471689		2144.8842		10904.9		0.2448497945

				MemphTN		3A Memphis, TN				NO		NO		1798.5344		10558.6		0.2053121461		2237.5784		10997.6		0.2554313242		3817.1907		12577.2		0.435752363		2267.9726		11028		0.2589009817

				ElpasoTX		3B El Paso, TX				NO		NO		1684.5198		10444.5		0.1922967808		2073.3497		10833.4		0.2366837557		6028.8263		14788.8		0.6882221804		2149.8545		10909.9		0.2454171804

				SanfranCA		3C San Francisco, CA				NO		NO		1288.5112		10048.6		0.1470903196		2043.8444		10803.8		0.2333155708		3147.2056		11907.2		0.3592700457		2065.2685		10825.3		0.2357612443

				BaltimMD		4A Baltimore, MD				NO		NO		1618.1515		10378.2		0.1847204909		2171.7787		10931.8		0.2479199429		4401.7227		13161.7		0.5024797603		2217.668		10977.7		0.2531584475

				AlbuqNM		4B Albuquerque, NM				NO		NO		1530.9186		10290.9		0.1747623973		2057.5649		10817.6		0.2348818379		6827.3375		15587.3		0.7793764269		2144.3818		10904.4		0.2447924429

				SalemOR		4C Salem, OR				NO		NO		1358.5197		10118.5		0.1550821575		2034.7535		10794.8		0.2322777968		3752.3668		12512.4		0.4283523744		2071.8118		10831.8		0.2365081963

				ChicagIL		5A Chicago, IL				NO		NO		1517.9307		10277.9		0.1732797603		2134.5642		10894.6		0.2436717123		4458.0757		13218.1		0.5089127511		2187.655		10947.7		0.2497323059

				BoiseID		5B Boise, ID				NO		NO		1401.2994		10161.3		0.1599656849		2023.8952		10783.9		0.2310382648		6065.258		14825.3		0.6923810502		2104.5869		10864.6		0.2402496461

				BurlinVT		6A Burlington, VT				NO		NO		1422.6453		10182.7		0.1624024315		2060.0694		10820.1		0.2351677397		4536.1895		13296.2		0.5178298516		2120.3622		10880.4		0.2420504795

				HelenaMT		6B Helena, MT				NO		NO		1339.6389		10099.6		0.1529268151		2026.0743		10786.1		0.2312870205		6504.7839		15264.8		0.7425552397		2116.8039		10876.8		0.2416442808

				DuluthMN		7 Duluth, MN				NO		NO		1303.7834		10063.8		0.1488337215		2024.9187		10784.9		0.2311551027		4955.9504		13715.9		0.5657477626		2097.3258		10857.3		0.2394207534

				FairbanAK		8 Fairbanks, AK				NO		NO		1243.665		10003.6		0.1419708904		2009.6464		10769.6		0.2294116895		5208.37228		13968.4		0.5945630457		2102.3689		10862.4		0.2399964498

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledChiller		1A Miami, FL		MiamiFL		YES		NO		NO		946.136		78.8533		941.426		308.47		2274.8853		11034.9		132.182		30.4336		107.469		36.3577		306.4423		1306.44

		WaterCooledChiller		2A Houston, TX		HoustnTX		YES		NO		NO		737.92		61.008		941.501		271.294		2011.723		10771.7		135.519		47.2514		107.478		36.2166		326.465		1326.46

		WaterCooledChiller		2B Phoenix, AZ		PhoenxAZ		YES		NO		NO		553.702		50.2686		941.83		269.888		1815.6886		10575.7		123.909		10.4753		107.514		36.4407		278.339		1278.34

		WaterCooledChiller		3A Memphis, TN		MemphTN		YES		NO		NO		572.91		42.2894		941.496		241.839		1798.5344		10558.6		135.914		47.1983		107.477		36.176		326.7653		1326.77

		WaterCooledChiller		3B El Paso, TX		ElpasoTX		YES		NO		NO		449.613		42.9568		941.54		250.41		1684.5198		10444.5		116.925		9.70297		107.482		37.0591		271.16907		1271.17

		WaterCooledChiller		3C San Francisco, CA		SanfranCA		YES		NO		NO		152.059		14.3402		941.468		180.644		1288.5112		10048.6		109.073		9.46166		107.473		35.9952		262.00286		1262

		WaterCooledChiller		4A Baltimore, MD		BaltimMD		YES		NO		NO		426.33		30.4005		941.488		219.933		1618.1515		10378.2		133.27		40.3395		107.475		36.4477		317.5322		1317.53

		WaterCooledChiller		4B Albuquerque, NM		AlbuqNM		YES		NO		NO		332.761		32.7036		941.448		224.006		1530.9186		10290.9		107.455		9.6563		107.471		36.9561		261.5384		1261.54

		WaterCooledChiller		4C Salem, OR		SalemOR		YES		NO		NO		198.031		15.7437		954.813		189.932		1358.5197		10118.5		110.939		9.50957		108.997		36.852		266.29757		1266.3

		WaterCooledChiller		5A Chicago, IL		ChicagIL		YES		NO		NO		347.144		24.5557		941.473		204.758		1517.9307		10277.9		132.99		23.8715		107.474		35.9558		300.2913		1300.29

		WaterCooledChiller		5B Boise, ID		BoiseID		YES		NO		NO		238.199		20.8574		941.54		200.703		1401.2994		10161.3		102.213		9.46119		107.482		36.896		256.05219		1256.05

		WaterCooledChiller		6A Burlington, VT		BurlinVT		YES		NO		NO		265.617		20.0333		941.536		195.459		1422.6453		10182.7		130.81		15.0895		107.481		36.0825		289.463		1289.46

		WaterCooledChiller		6B Helena, MT		HelenaMT		YES		NO		NO		193.23		16.3299		941.428		188.651		1339.6389		10099.6		102.042		9.54625		107.47		36.7295		255.78775		1255.79

		WaterCooledChiller		7 Duluth, MN		DuluthMN		YES		NO		NO		174.758		11.8884		941.311		175.826		1303.7834		10063.8		132.3		12.6166		107.455		35.7269		288.0985		1288.1

		WaterCooledChiller		8 Fairbanks, AK		FairbanAK		YES		NO		NO		127.226		8.474		941.288		166.677		1243.665		10003.6		99.9309		9.42091		107.452		35.8401		252.64391		1252.64

		System Type				Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		WaterCooledChiller		1A Miami, FL		MiamiFL		NO		NO		NO		995.052		82.0389		941.426		318.492		2337.0089		11097		132.182		30.4336		107.469		36.3577		306.4423		1306.44

		WaterCooledChiller		2A Houston, TX		HoustnTX		NO		NO		NO		946.079		72.7825		941.501		317.259		2277.6215		11037.6		135.519		47.2514		107.478		36.2166		326.465		1326.46

		WaterCooledChiller		2B Phoenix, AZ		PhoenxAZ		NO		NO		NO		762.085		68.1993		941.83		322.114		2094.2283		10854.2		123.909		10.4753		107.514		36.4407		278.339		1278.34

		WaterCooledChiller		3A Memphis, TN		MemphTN		NO		NO		NO		919.212		59.9704		941.496		316.9		2237.5784		10997.6		135.914		47.1983		107.477		36.176		326.7653		1326.77

		WaterCooledChiller		3B El Paso, TX		ElpasoTX		NO		NO		NO		737.393		69.8297		941.54		324.587		2073.3497		10833.4		116.925		9.70297		107.482		37.0591		271.16907		1271.17

		WaterCooledChiller		3C San Francisco, CA		SanfranCA		NO		NO		NO		709.959		77.0974		941.468		315.32		2043.8444		10803.8		109.108		9.4639		107.473		35.9952		262.0401		1262.04

		WaterCooledChiller		4A Baltimore, MD		BaltimMD		NO		NO		NO		857.917		53.0947		941.488		319.279		2171.7787		10931.8		133.27		40.3395		107.475		36.4477		317.5322		1317.53

		WaterCooledChiller		4B Albuquerque, NM		AlbuqNM		NO		NO		NO		721.316		71.0629		941.448		323.738		2057.5649		10817.6		107.455		9.6563		107.471		36.9561		261.5384		1261.54

		WaterCooledChiller		4C Salem, OR		SalemOR		NO		NO		NO		693.7		63.7215		954.813		322.519		2034.7535		10794.8		110.965		9.51133		108.997		36.852		266.32533		1266.33

		WaterCooledChiller		5A Chicago, IL		ChicagIL		NO		NO		NO		827.628		50.4922		941.473		314.971		2134.5642		10894.6		132.991		23.8717		107.474		35.9558		300.2925		1300.29

		WaterCooledChiller		5B Boise, ID		BoiseID		NO		NO		NO		695.987		63.4812		941.54		322.887		2023.8952		10783.9		102.217		9.46143		107.482		36.896		256.05643		1256.06

		WaterCooledChiller		6A Burlington, VT		BurlinVT		NO		NO		NO		749.297		53.1564		941.536		316.08		2060.0694		10820.1		130.81		15.0894		107.481		36.0825		289.4629		1289.46

		WaterCooledChiller		6B Helena, MT		HelenaMT		NO		NO		NO		697.956		65.1283		941.428		321.562		2026.0743		10786.1		102.057		9.54726		107.47		36.7295		255.80376		1255.8

		WaterCooledChiller		7 Duluth, MN		DuluthMN		NO		NO		NO		719.25		51.3917		941.311		312.966		2024.9187		10784.9		132.3		12.6169		107.455		35.7268		288.0987		1288.1

		WaterCooledChiller		8 Fairbanks, AK		FairbanAK		NO		NO		NO		694.743		59.6574		941.288		313.958		2009.6464		10769.6		99.953		9.42242		107.452		35.8402		252.66762		1252.67





WC CHW and Econ +- Humid

		1A Miami, FL		1A Miami, FL				1A Miami, FL

		2A Houston, TX		2A Houston, TX				2A Houston, TX

		2B Phoenix, AZ		2B Phoenix, AZ				2B Phoenix, AZ

		3A Memphis, TN		3A Memphis, TN				3A Memphis, TN

		3B El Paso, TX		3B El Paso, TX				3B El Paso, TX

		3C San Francisco, CA		3C San Francisco, CA				3C San Francisco, CA

		4A Baltimore, MD		4A Baltimore, MD				4A Baltimore, MD

		4B Albuquerque, NM		4B Albuquerque, NM				4B Albuquerque, NM

		4C Salem, OR		4C Salem, OR				4C Salem, OR

		5A Chicago, IL		5A Chicago, IL				5A Chicago, IL

		5B Boise, ID		5B Boise, ID				5B Boise, ID

		6A Burlington, VT		6A Burlington, VT				6A Burlington, VT

		6B Helena, MT		6B Helena, MT				6B Helena, MT

		7 Duluth, MN		7 Duluth, MN				7 Duluth, MN

		8 Fairbanks, AK		8 Fairbanks, AK				8 Fairbanks, AK



With Air-Side Economizer, no Humidity Controls

Without Air-Side Economizer, no Humidity Controls

With Air-Side Econonmizer and Humidity Control

Without Air-Side Econonmizer and Humidity Control

kWh HVAC / kWh IT

Annual HVAC Energy as a % of IT Energy
No Humidity Controls



4 CZs

		5/12/08												4A Kansas City, MO						6B Helena, MT						3A Memphis, TN						2B Phoenix, AZ

				Location				Air Economizer		Humidity Controls		Water Economizer		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT		HVAC EE		Total EE		HVAC/IT

		Air-cooled DX						NO		YES		NO		3882.6041		12642.6		0.4432196461

		Air-cooled Chiller						NO		YES		NO		3663.514		12423.5		0.4182093607

		Water-cooled DX						NO		YES		NO		3138.891		11898.9		0.3583208904

		Water-cooled chiller						NO		YES		NO		2217.668		10977.7		0.2531584475

		Air-cooled DX																		3891.624		12651.6		0.4442493151

		Air-cooled Chiller																		3670.362		12430.4		0.4189910959

		Water-cooled DX																		3018.542		11778.6		0.3445824201

		Water-cooled chiller																		2116.8039		10876.8		0.2416442808

		Air-cooled DX																								3946.3466		12706.3		0.4504961872

		Air-cooled Chiller																								3729.589		12489.6		0.4257521689

		Water-cooled DX																								3206.064		11966.1		0.3659890411

		Water-cooled chiller																								2267.9726		11028		0.2589009817

		Air-cooled DX																														4192.3423		12952.3		0.4785778881

		Air-cooled Chiller																														3986.49		12746.5		0.4550787671

		Water-cooled DX																														3145.117		11905.1		0.359031621

		Water-cooled chiller																														2144.8842		10904.9		0.2448497945

		System Type		Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		AirCooledDX		BaltimMD		NO		YES		NO		2871.54		0		966.269		44.7951		3882.6041		12642.6		444.529		0		110.305		0		554.834		1554.83

		AirCooledChiller		BaltimMD		NO		YES		NO		2584.47		0		941.488		137.556		3663.514		12423.5		415.862		0		107.475		10.5052		533.8422		1533.84

		WaterCooledDX		BaltimMD		NO		YES		NO		1981.35		129.255		733.18		295.106		3138.891		11898.9		271.366		38.3707		83.6972		28.5075		421.9414		1421.94

		WaterCooledChiller		BaltimMD		NO		YES		NO		858.27		53.098		941.488		364.812		2217.668		10977.7		133.27		40.3395		107.475		36.4477		317.5322		1317.53

		System Type		Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		AirCooledDX		HelenaMT		NO		YES		NO		2837.63		0		966.223		87.771		3891.624		12651.6		444.329		0		110.299		8.56368		563.19168		1563.19

		AirCooledChiller		HelenaMT		NO		YES		NO		2547.18		0		941.428		181.754		3670.362		12430.4		418.889		0		107.47		19.0914		545.4504		1545.45

		WaterCooledDX		HelenaMT		NO		YES		NO		1827.4		157.731		733.145		300.266		3018.542		11778.6		232.704		37.7871		83.693		28.0739		382.258		1382.26

		WaterCooledChiller		HelenaMT		NO		YES		NO		699.471		65.1449		941.428		410.76		2116.8039		10876.8		102.058		9.54727		107.47		36.7296		255.80487		1255.8

		System Type		Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		AirCooledDX		MemphTN		NO		YES		NO		2950.37		0		966.291		29.6856		3946.3466		12706.3		446.977		0		110.307		0		557.284		1557.28

		AirCooledChiller		MemphTN		NO		YES		NO		2666.32		0		941.496		121.773		3729.589		12489.6		419.437		0		107.477		10.4268		537.3408		1537.34

		WaterCooledDX		MemphTN		NO		YES		NO		2033.85		160.787		733.205		278.222		3206.064		11966.1		273.293		38.0863		83.6989		28.2961		423.3743		1423.37

		WaterCooledChiller		MemphTN		NO		YES		NO		919.17		59.9716		941.496		347.335		2267.9726		11028		135.914		47.1983		107.477		36.176		326.7653		1326.77

		System Type		Location		Air Economizer		Humidity Controls		Water Economizer		Cool EE		HtRjct EE		Vent EE		Pump EE		HVAC EE		Total EE		Cool ED		HtRjct ED		Vent ED		Pump ED		HVAC ED		Total ED

		AirCooledDX		PhoenxAZ		NO		YES		NO		3176.45		0		966.617		49.2753		4192.3423		12952.3		537.669		0		110.345		10.7619		658.7759		1658.78

		AirCooledChiller		PhoenxAZ		NO		YES		NO		2901.91		0		941.83		142.75		3986.49		12746.5		542.111		0		107.514		14.8566		664.4816		1664.48

		WaterCooledDX		PhoenxAZ		NO		YES		NO		1906.2		207.072		733.447		298.398		3145.117		11905.1		255.445		38.1341		83.7275		28.3317		405.6383		1405.64

		WaterCooledChiller		PhoenxAZ		NO		YES		NO		762.118		68.2022		941.83		372.734		2144.8842		10904.9		123.909		10.4753		107.514		36.4407		278.339		1278.34





4 CZs

		



4A Kansas City, MO

6B Helena, MT

3A Memphis, TN

2B Phoenix, AZ

kWh HVAC / kWh IT

Annual HVAC Energy as a % of IT Energy
Humidity Controls, No Economizer
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Why Liquid Cooling?

Liquid cooling allows heat to be transferred to the
liquid closer to the heat source, which will
improve cooling energy efficiency.

The increased efficiency is driven by improved
chiller performance and greatly improved
opportunity for free cooling.

In addition, liquid cooling can manage high IT
load densities.

U.S. DEPARTMENT OF ENERGY



Easy Step to Liquid Cooling: Rear-Doors

 Simple design

* Passive technology

* Relies on server fans

* Potentially room neutral
* Chilled or tower water

Graphic courtesy of Coolcentric

U.S. DEPARTMENT OF ENERGY




@I'a keaways

Operate with higher IT equipment intake air
temperatures

Use air- or water-side economizers where
possible

Use water-cooled (vs. air-cooled) DX units and
chillers

Consider chilled-water systems for larger data
centers

Liquid cooling reduces energy use and helps
manage dense IT loads

U.S. DEPARTMENT OF ENERGY
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Causes of Electrical Energy Inefficiency

* System Configuration
* Excessive redundancy — low utilization
* Lack of scalable, modular design

* Lack of Metering and Metrics

* Design & Sizing Concepts

* QOversized equipment
* Legacy lighting and controls

U.S. DEPARTMENT OF ENERGY




Defining the Infrastructure Metric PUE

Power Usage Effectiveness (PUE) (always >1.0)

PUE = Total Facility Energy / IT Energy ___
1.7 1.4 1.2

Medium size enterprise data center

A PUE of 2 means that the infrastructure uses the same
amount of energy as the IT equipment.

Note: PUE does not address IT efficiency (but ITUE does).

https://www.thegreengrid.org/en/resources/library-and-tools/20-PUE%3A-A-Comprehensive-Examination-of-the-Metric

For proper designations, derivatives, and declarations of PUE see ISO 1S30314-2

U.S. DEPARTMENT OF ENERGY
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https://www.thegreengrid.org/en/resources/library-and-tools/20-PUE%3A-A-Comprehensive-Examination-of-the-Metric

Optimizing UPS Efficiency

« UPSs are generally the largest source of losses in
the electrical system

* Requirement to purchase ENERGY STAR UPSs for
federal data centers

* Maximize the UPS utilization
* Install modular UPSs for load optimization/reliability

U.S. DEPARTMENT OF ENERGY



Takeaways

* High equipment utilization is the most important
factor for electrical efficiency

 Align facility power and IT requirements to reduce
over-sizing

« Specify premium equipment, especially UPSs

* Require energy metering and reporting

U.S. DEPARTMENT OF ENERGY




Master List of Data Center
Energy Efficiency Measures

U.S. DEPARTMENT OF ENERGY
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Data Center Energy Efficiency Toolkit

Start
here!

Energy
Assessment
Process
Manual

U.S. DEPARTMENT OF ENERGY

Data Center Profiling Tools

Report Findings & Make

PUE
A DC Pro L Recommendations
Estimator Keep it simple(r)

Energy Assessment

Report Template

Collect Data, Consider Energy
Efficiency Actions
T‘_B
] Energy Master List
o Assessment of Efficiency
g Worksheet Actions
=
Now we are here Data Center
Assessment
System-Level Assessment Tools CO m p I ete I
IT AM AM Power
Efficiency Estimator AM Tool Packages Chain
Tool Tool Tool

AM = Air Management

http://datacenters.Ibl.gov/Tools
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Master List of DC Energy Efficiency Measures

* Living encyclopedia of data center EEMs*
— An essential desk reference
— 250 energy-saving measures

« For each EEM, the Master List explains the
principles involved and how energy savings are
generated plus tips on implementation

* EEM = Energy-Efficiency Measure
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Simulation Tools in the Toolkit

The online high-level (profiling) DC Pro tool covers all major
energy consuming systems in data centers.

Three Excel system-level tools, on the other hand, focus on
a single energy-consuming system (IT, HVAC, or Electrical)
to produce a more accurate estimate of energy savings.
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Data Center Profiler (DC Pro)

Sta rt Data Center Profiling Tools
here!
— DC Pro o
Estimator Keep it simple(r)

Now we are here

Collect Data, Consider Energy

Efficiency Actions

Energy
Assessment Energy Master List
Process Assessment of Efficiency
Worksheet Actions

Manual

More detail

System-Level Assessment Tools

IT AM AM Power
Efficiency Estimator AM Tool Packages Chain
Tool Tool Tool

Report Findings & Make

Recommendations

Energy Assessment
Report Template

AM = Air Management

http://datacenters.Ibl.gov/Tools
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Data Center
Assessment
Complete!
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The DC Pro Tool

DC Pro was developed to estimate energy savings
associated with improved data center design and
operation. It provides:

— What-if scenarios

— Hands-on recommendations
— Power Utilization Effectiveness (PUE)
— Energy Use Distribution

The DOE Data Center Optimization Initiative (DCOI)
requests all “tiered” federal data centers to conduct an
energy assessment every few years using DC Pro and
certified Data Center Energy Practitioners (DCEPs).

U.S. DEPARTMENT OF ENERGY




Data Center System-Level Simulation Tools

Sta rt Data Center Profiling Tools

|
here : Report Findings & Make

L DC Pro L
Estimator Keep it simple(r)

Recommendations

Energy Assessment
Report Template

Collect Data, Consider Energy

Efficiency Actions

Energy E
Assessment [] Energy Master List
Process o Assessment of Efficiency
Manual g Worksheet Actions
=
Data Center
Assessment
System-Level Assessment Tools CO m p I ete '
IT AM AM Power
Efficiency Estimator AM Tool Packages Chain
Tool Tool Tool

Now we are here
AM = Air Management

http://datacenters.Ibl.gov/Tools
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Commonalities (shared features)

The system tools were developed to estimate energy
savings at the system level. All three tools have the
following features in common (in addition to tool-
specific features).

— What-if scenarios

— Hands-on recommendations
— Energy and cost savings

— CO, reductions
— Simple payback for energy-saving measures
— Export/import data to/from other system tools

U.S. DEPARTMENT OF ENERGY




Data Center Air Management Look-Up Tables

Sta rt Data Center Profiling Tools

|
here : Report Findings & Make

L DC Pro L
Estimator Keep it simple(r)

Recommendations

Energy Assessment
Report Template

Collect Data, Consider Energy

Efficiency Actions

Energy E
Assessment [] Energy Master List
Process o Assessment of Efficiency
Manual g Worksheet Actions
=
Data Center
Assessment
System-Level Assessment Tools CO m p I ete '
IT AM AM Power
Efficiency Estimator AM Tool Packages Chain
Tool Tool Tool
Almost done

AM = Air Management

http://datacenters.Ibl.gov/Tools
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Air Management Look-Up Tables

Want a quick and easy way to estimate air
management savings without a simulation tool?

Berkeley Lab research report “Guide for Quickly Estimating
Air Management Energy Savings in Small Data Centers:
Air Management Look-up Tables” presents energy savings
in a tabular format for air management upgrades.

https://datacenters.lbl.gov/resources/air-management-packages-tool
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DCEP

DOE Data Center
Energy Practitioner

Data Center Training Courses
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Data Center Energy Practitioner (DCEP)

Sta rt Data Center Profiling Tools

|
here : Report Findings & Make

L DC Pro L
Estimator Keep it simple(r)

Recommendations

Energy Assessment
Report Template

Collect Data, Consider Energy

Efficiency Actions

Energy
Assessment Energy Master List
Process Assessment of Efficiency
Worksheet Actions

Manual

More detail

Data Center Last stop !

Assessment
System-Level Assessment Tools Com plete I More Learning
IT AM P DCEP
AM ower Training Courses
Efficiency Estimator AM Tool Packages Chain 9
Tool Tool Tool

AM = Air Management

http://datacenters.Ibl.gov/Tools
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DCEP Training Courses

This comprehensive training provides more in-depth
information on energy assessments than presented in
this webinar. There are three courses:

* Generalist (one day): It provides a basic review of all
energy-consuming systems, DC Pro, and the Electrical
Tool.

 HVAC Specialist (two days): This is an in-depth look
at HVAC systems and the Air Management Tool.

« IT Specialist (one day): This course is an in-depth
examination of IT systems and the IT Equipment Tool.

U.S. DEPARTMENT OF ENERGY




Official DCEP Website and LinkedIn Group

Website

* Program overview/description

* Training calendar, sign-up

» List of program developers,
Instructors, and practitioners

http://datacenters.Ibl.gov/DCEP

LinkedIn Group

Anyone interested in energy
efficiency in data centers can -

join. We monitor and respond v

DOE Data Center Energy Practitioner (DCEP)

to questions and post news. Offcial Group

https://www.linkedin.com/groups/9223041/

U.S. DEPARTMENT OF ENERGY
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Summary

The objective of this webinar was to discuss the overall energy
assessment process in data centers without going too much
into details. More in-depth information is provided by the DCEP
training courses, which provide a wealth of information for
those performing energy assessments in data centers.

In this webinar, we initially provided an overview of the CoE
Data Center Energy Assessment Toolkit and the administrative
energy assessment process in data centers. We continued by
providing hands-on basic energy-saving tips as well as
reviewing the CoE simulation tools.
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FEMP’s Data Center Program

FEMP’s data center program assists federal agencies and
other organizations with optimizing the design and operation

of energy and water systems in data centers.

Assistance

Project and technical
assistance from the
Center of Expertise
including identifying
and evaluating ECMs,
M&YV plan review, and
project design review

Support agencies in
meeting OMB’s Data
Center Optimization
Initiative
requirements

U.S. DEPARTMENT OF ENERGY

Tools

Data Center Profiler
(DC Pro) Tools (x2)

Air Management
Tools (x3)

IT Equipment Tool

Electrical Power
Chain Tool

Energy Assessment
Worksheets

The Energy
Assessment Process

Manual

Key Resources

Better Buildings Data
Center Challenge and

Accelerator

Small Data Centers,
Big Energy Savings:
An Introduction for
Owners and

Operators

Data Center Master
List of Energy
Efficiency Actions

Training

Data Center Energy
Practitioner (DCEP)
Trainings

Better Buildings
webinar series

Nine on-demand
FEMP data center

trainings

Center of Expertise
Webinars
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https://datacenters.lbl.gov/dcpro
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http://datacenters.lbl.gov/resources/energy-assessment-worksheet
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https://datacenters.lbl.gov/sites/default/files/Small%20Data%20Centers%2C%20Large%20Energy%20Savings%20Presentation03292017.pdf
https://datacenters.lbl.gov/sites/default/files/Small%20Data%20Centers%2C%20Large%20Energy%20Savings%20Presentation03292017.pdf
https://datacenters.lbl.gov/sites/default/files/Small%20Data%20Centers%2C%20Large%20Energy%20Savings%20Presentation03292017.pdf
https://datacenters.lbl.gov/sites/default/files/Small%20Data%20Centers%2C%20Large%20Energy%20Savings%20Presentation03292017.pdf
http://datacenters.lbl.gov/resources/data-center-master-list-energy
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http://datacenters.lbl.gov/dcep
http://datacenters.lbl.gov/dcep
https://betterbuildingsinitiative.energy.gov/webinars-list
https://www4.eere.energy.gov/femp/training/?keyword=data%20center
https://www4.eere.energy.gov/femp/training/?keyword=data%20center
https://datacenters.lbl.gov/training
https://datacenters.lbl.gov/training

Berkeley Lab’s Center of Expertise (CoE)

Use CoE’s Energy Choose from live webinars, pre- Filter CoE’s many

resources by type

Efficiency Toolkit,
including
simulation tools.

recorded training events, and live
online Data Center Energy
Practitioner (DCEP) training.

and topic.

CENTER or

EXPERTISE Search

ror ENERGY EFFICIENCY i DATA CENTERS resources
by topics

Tools Technologies Training Focus Areas Library l-n @ Of interest

We offer tools, technologies and analysis to
enhance energy performance in datacenters.

Featured Work

|
_—— e
Electrical Power Chain Tool NEW! Accessing Onboard Server NEW! Computer Server Selection
Sensors for Energy Efficiency in Guidelines for Energy Efficiency
Data Centers and Decarbonization in Data
Centers

Visit us at http://datacenters.Ibl.gov
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Federal Project Executive

Federal Project Executives

(FPEs)

Scott Wolf
Western Region
360-866-9163
wolfsc@ornl.gov

culbrethcd@ornl.gov

Tom Hattery
Northeast Region
202-256-5986
thomas.hattery@ee.doe.gov
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mailto:culbrethcd@ornl.gov
mailto:thomas.hattery@ee.doe.gov

Today’s Speakers

Magnus Herrlin, Ph.D.
Center of Expertise for Energy
Efficiency in Data Centers

Lawrence Berkeley National
Laboratory
mkherrlin@Ibl.gov

510-206-9739

Rick Mears, CEM
Data Centers Program Lead

Federal Energy Management
Program
Rick.Mears@hqg.doe.gov

|| 240-278-5857

CENTER or
& EXPERTISE

SN on ENERGY EFFICIENCY w DATA CENTERS
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Questions?
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IACET Credit for Webinar

a program of the

National Institute of Building Sciences
WHOLE BUILDING DESIGN GUIDE

The National Institute of Building Sciences’ (NIBS) Whole Building Design Guide (WBDG)
hosts the FEMP training program’s learning management system (LMS).

The WBDG LMS:

Allows for taking multiple trainings from multiple organizations through one platform.
Houses the assessments and evaluations for all accredited courses.

Allows you to:
— Track all of your trainings in one place.
— Download your training certificates of completion.

Eases the CEU-achievement process.

Visit the WBDG at www.wbdg.org to view courses and create an account

U.S. DEPARTMENT OF ENERGY
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IACET Credit for Webinar

To receive IACET-Certified CEUs, attendees must:

* Attend the training in full (no exceptions).

— If you are sharing a web connection during the training, you must send an
e-mail to Elena Meehan (elena.meehan@ee.doe.gov) and indicate who
was on the connection and who showed as connected (will reflect in the

WebEx roster).

 Complete an assessment demonstrating knowledge of course learning
objectives and an evaluation within six weeks of the training. A minimum of

80% correct answers are required for the assessment.
To access the webinar assessment and evaluation, visit:
https://www.wbdg.org/continuing-education/femp-courses/femplw02142023

If you have a WBDG account and enrolled previously, simply log in and click the
Continuing Education tab on the user account page. Click Proceed to Course next
to the course title.

U.S. DEPARTMENT OF ENERGY
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