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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.

* Instructions 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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Webinar Agenda

u Introduction
m Context of Thermal Management in Data Centers

m Thermal Guidelines and Temperature Measurements

Resources and Q&A

Learning Objectives

e Explore generalized thermal best practices for data centers.

e Convey the importance of accurate temperature measurements at the IT
equipment.

e I|dentify ways to limit sensor hardware and labor costs to avoid foregoing
temperature measurements all together due to cost concerns.

e |llustrate accurate low-density temperature sensor configurations on the IT
equipment racks..
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Previous Four-Part Webinar Series

This training series introduced a broad toolkit for
identifying energy-saving opportunities in data

centers.

/ s — // —— 7\\ e —. ’/_\
/A Suite of / Electric Air
I;I IR | Power anagement Equipment :'}
|| Assessment | | Chain 8 quip
\ Tools

\ 7

Webinar 1 Webinar 2 Webinar 3 Webinar 4

https://www.wbdg.org/c
ontinuing-
education/femp-
courses/fempodw049

Slides from Webinars 2, 3, and 4 at
datacenters.Ibl.gov/resources/energy-efficiency-toolkit-series
datacenters.Ibl.gov/resources/energy-efficiency-toolkit-series-air
datacenters.lbl.gov/resources/energy-efficiency-toolkit-series-it
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DOE Tool Suite

« Data Center Profiler ("DC Pro”), online
 PUE Estimator, online

« Air Management Tool, Excel

« Air Management Estimator, Excel

» Electrical Power Chain Tool, Excel

« |IT Equipment Tool, Excel.

http://datacenters.lbl.gov/tools
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Master Document

The bulk of this slide presentation is a summary of the
2020 document “Thermal Guidelines and Temperature
Measurements in Data Centers”. It can be found at
datacenters.lbl.gov/resources/thermal-guidelines-and-
temperature

|||||||||

Thermal Guidelines and Temperature
Measurements in Data Centers

Final Draft: July 14, 2020

Lawrence Berkeley National Laboratory
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Context of Thermal Guidelines
and Thermal Management
in Data Centers
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Guidelines Help Comply w/ Federal Requirements

Implementing thermal management in data
centers will help agencies comply with several
federal requirements:

1)  Energy Policy Act of 2005 (EPAct)

i) Energy Independence and Security Act of 2007 (EISA)
i) Energy Act of 2020

Iv) Executive Order 13990

v) The Data Center Optimization Initiative/FITARA

Implementing thermal management also furthers such
FEMP initiatives as the ESPC/UESC program, the 50001
Ready program, and the Energy Efficient Product
Procurement Program.
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Why Are Thermal Guidelines Important?

Standardized temperature and humidity ranges
enable:

* |IT equipment manufacturers to design their
equipment to ensure proper operation and
reliability

« Data center designers and operators to know
when they’re providing the proper temperature
and humidity ranges of cooling air.
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Evolution of Thermal Guidelines

Published by industry organizations in
cooperation with equipment manufacturers and
operators to create consensus guidelines

« ASHRAE for data centers

« Thermal Guidelines for Data Processing Environments
5th Edition, 2021 (current)

« NEBS for telecommunication facilities

« Thermal Management in Telecommunications Central
Offices
1st Edition, 2001
* Requirements: Physical Protection
4™ Edition, 2012
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Key Thermal Guidelines

* Provide guidance on temperature and humidity for IT
equipment and IT equipment spaces.

* Provide standardized test conditions for IT gear.
* Provide standardized operating IT environments.

Thermal /
_i‘_g\u\iae}ines OI'// s #%ﬂ%‘%ges 2= Telcordia
Sy L
e &
ASHRAE NEBS
Thermal Guidelines GR-3028 and GR-63

https://telecom-info.njdepot.ericsson.net/site-cgi/ido/docs2.pl?ID=&page=home

www.ashrae.com
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Recommended and Allowable Ranges

« Recommended rack intake air temperature
« Statement of reliability; preferred facility operation
« Allowable rack intake air temperature
« Statement of functionality; no temps outside this range
« Recommended range always fully within the Allowable range

Rack Intake
Temperature

Max Allowable

Over-Temp
Max Recommended

A
Recommended | Allowable

Range Range

Min Recommended )
Under-Temp

Min Allowable
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Comparison Between ASHRAE and NEBS Guidelines

Comparison between ASHRAE and NEBS.

(@ Equipment Intake) Recommended Allowable
(Facility) (Equipment)
Temperature
Data Centers ciass a1 652 — 80°F 59° _ 90°F
felecom rees 65° — 80°F 41° — 104°F
Hl.lmldlty 16°F to 59°F DP and

Data Centers ciassai
Telecom ness

70% or 50% RH
(corrosion dependent)

<55% (practice)

10°F DP and 8% RH to
63°F DP and 80% RH

o5 —85%
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ASHRAE Thermal Guidelines (2021)

Recommended and
Allowable (Al through A4) RELATIVE HuMDITY
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ASHRAE Thermal Guidelines (2021)

Recommended and
Allowable (Al through A4) RELATIVE HUMIDITY
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Generalized Thermal Best Practices In
Data Centers
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Best Practices = First Step

The thermal best practices provided in the Data Center
Energy Practitioner (DCEP) training program* are
summarized on the next two slides. Included are practices
from ASHRAE, NEBS, and other industry documents.

These best-practice recommendations are a first step
towards temperature management and measurements in
data centers, ultimately saving infrastructure energy as
well as protecting the IT equipment.

* DCEP: http://datacenters.lbl.gov/dcep
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Best Practices #1

« Use environmental specifications per ASHRAE or NEBS. Select the
default Recommended temperature range of 65°-80°F [18°-27°C] at the IT air
intakes. Warmer intake temperatures and supply air temperatures require less
cooling energy.

« Select Allowable temperature range A2 or higher. IT equipment is often
rated for wider temperatures than the A1 range. ASHRAE's Al Allowable
range is 59°-90°F [15°-32°C] and A2 Allowable range is 50°-95°F [10°-35°C].

« The maximum Recommended temperature can be increased beyond
80°F (27°C) if the user is aware of the potential drawbacks and benefits. This
could be especially useful if Class A2 or higher were selected for the Allowable
temperature.

« Intake temperatures above around 77°F [25°C] for IT gear with variable-
speed fans may speed up the fans and increase the energy use. The increase
In fan energy may sometimes be larger than the reduction in cooling energy.
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Best Practices #2

. Reset supply air temperature upward to keep the most demanding
intake air temperatures as close to 80°F [27°C] as possible or whatever max
Recommended temperature was selected. A setpoint of 77°- 79°F [25°-
26°C] may be the most practical approach for the Recommended range.

. Control supply temperature (and airflow) based on IT equipment
intake air temperatures and not on the CRAC or CRAH return
temperature. Use wired or wireless external-to-rack temperature sensors or
use IT equipment on-board sensors. All ENERGY STAR servers have the
latter capability.

. Showing compliance with equipment intake temperature
specifications is the ultimate cooling performance metric in data centers.
The DOE Air Management Tools use the Rack Cooling Index (RCI)* for that
purpose. More on this metric later...

* DOE Air Management Tool and RCI: http://datacenters.|bl.gov/tools
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Importance of Accurate Temperature
Measurements

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Importance of Accurate Temperature Data

* Providing critical input to effective air management

« The more refined air management, the more important
to have access to gquality temperature data

« Saving cooling energy with higher supply temperatures

« Protecting the IT equipment from thermal events
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Limiting Sensor Hardware and Labor Costs
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Lower Sensor Density

« Cost savings with lower sensor density could be quite
significant in sensor hardware and labor costs

« A proven reduced-count sensor scheme is needed

« Without a sensible sensor reduction, data centers may
forego temperature measurements altogether
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Setup of External Sensors

Common probe setup for an 11-rack lineup with three
probes on every other rack (frontal view)

= O O = | E]]
o ] -] L] L ]
) ) o ° o o

Raised-floor plenum
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External Sensors

« Stationary (permanent external sensors)

» Portable (temporary external sensors) — example
below. Evaluated at LBNL:

https://datacenters.lbl.gov/resources/demonstration-portable-air-
management

Ethernet Cable to

/' Laptop or Router

Wireless

N

3"x4"x1"

Temperature Environmental Gateway
Probes (up to 12) Monitor E312

www.packetpower.com
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Network Exchange With IT On-board Sensors

« Network with built-in (on-board) sensors
* Requirement for ENERGY STAR servers.

ENERGY STAR" Program Requirements
roduct Specification for
Computer Servers

Eligibility Criteria
Version 3.0

Fellowing it the Veesion 30 ENI ﬂf\‘“lﬂhmlwmh&m%ﬂ‘ & product shal
muuum rheria i s 10 sam the ENERGY STAR

1 DEFINITIONS

ot
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POAs, [P elephones mmmmm\m devices) A computer sereer
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ot el v soth b 8 eybosed o M. o purpases o1 s specitenton
compuer sarver must meet al of P tebowing Ciberis

B s designed fo and Bsted a8 Supparing 6ne of mane Compuler 6Tl operaing syshems
{05) andior hypervisars

€ i lawgeted 15 run user initalied applications typically, but st sxcknively, snterprie i

naber

0. provides suppan for CC) ands ; both
Euflored Gl i g sptnsry mcabes, (D] and Bullered o beard [BOB)
confiquatons)

£ In packaged and sokd with ane or more ac-dc of &c-dk power supplies: and
u susch B Becess 1o shared system memary and ate

and one
Serves aber to il 4 qumnmmmmm | Blade systems
lllﬂlm-mn‘e( ombling il ade bervnofthregs e a2 gl

eonsidered a Blade Server

() Sevple-wace Biacte S A blade 34rver requiries) the whith of & standaed bade
warvws by

pppppp

ey

The ENERGY STAR Specification document

https://www.energystar.gov/products/spec/enterprise servers specification version 3 0 pdf

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY


https://www.energystar.gov/products/spec/enterprise_servers_specification_version_3_0_pd

Accurate Low-Density Temperature Probe
Configurations
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How to Reduce the Sensor Count

« Number of sensors

» Placement of the sensors
« |IT intake (primary)
« Vertically
« Horizontally
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Reference Placement Scheme

* Reference scheme
« AllIT equipment air intakes measured
* Most accurate placement scheme
 Internal recirculation in rack could give poor values
* ... but, costly (hardware and labor).
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One sensor per IT equipment
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Reduced Placement Schemes

ASHRAE scheme (top picture)

Another commonly used scheme (bottom picture)
Difference? Slightly different vertical positioning

Both 90% sensor count reduction (less cost and labor).

@] [ [@D] @] @ @) @ Top
@ L&) @) | @D @ 1@ Mid
@ [ R) ) ) D ) Bottom

ASHRAE “Scheme 1”7

D ®© [62) D @ @ Head
@ 5) | @) — @ ©) __ [@® Hip
@ @ @ @ @® @® Knee

Another common scheme “Scheme 2”
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DOE Air Management (AM) Tool

We will use the DOE Air Management Tool to analyze how well
the two reduced sensor schemes capture the overall intake air
temp distribution since it has a suitable built-in metric: RCI

f

4 p‘l.aw Temp [F] ar IC\ By inserting the IT efriggnent intake temperatures (yellow cells), this spreadsheet
1 58 will @kulate the Rack Cooli lex {RC1] ™ and insert RCI{HI) and RCILD) an the
2 72 Main Input [Step 4] sheet.

Bl

4 I This index plays an important role in understan: ther the data cente

5 I com plying with the recmmmended and allowable inta Fture range:

L] ’ as specified in Table B on the next spreadsheet | Step 4 Mam’ t).

7

3 Note: Max 299 IT equipment intake temperatures, insert from top d

]

10 Tip: f no data are available, leave all yellow input cells blank.

11

12 N ote: Grayed out data for intemal useonly.

13

] Radk Cooling Index |RCI): ideal=100%, Poor [often considered) <90%

Intake Temp erature [F] or [C]

A / ]:: |
N— - 7‘WA\7‘W
~% =]

\
\
\
\
\
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Gl fw|=]a| b |-
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(™™™ means at least one ntake < min allowable )

on e following remmmended and alowable ranges

-----------------------

specilied in
1 2 2 4 5 & 7 B 9 1011 12 12 14 15 16 17 18 19 Z0O Z1 in
ntale £ Recommended 500 80.00
| |ANowable SO0 90.00

s
Input: Intake Temperatures \ Output: RCI
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https://datacenters.lbl.gov/resources/data-center-air-management-tool

Interpretation of RCI

 Whatever temperature ranges you choose, make sure
you comply with those ranges

« The Rack Cooling Index (RCI) is a metric for showing
compliance (or non-compliance)

|t takes into account not only the number of air intakes
outside the chosen ranges but also by how much

« The interpretation of RCI is as follows:

<90% >95% 100%

All temps within the
Recommended range
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Results

« For clarity, the focus here is on a subset of the results

« RClis a convenient way of “scoring” the two reduced probe schemes
« Scheme 2 is overall a better choice - smaller RCI difference

« Remarkable small difference considering ~90% sensor reduction!

« Adding 2-3 sensors near the top could capture Max T even better.

ASHRAE Allowable A1 ASHRAE Allowable A2
Sensor Scheme Max T RClwi RClio RClwi RClo
NN % N %
Ref. Scheme Shallow | 89 Y [ 95.1 ) 51.0 [ 97.0 ) 81.6
Scheme 2 Shallow |\ 86 /| \ 93.3/ 56.8 \ 95.8 / 83.8
Scheme 1 Shallow:swec| 89 | 849 56.8 90.6 83.8
Ref. Scheme Deep il 67.4 64.7 79.6 86.7
Scheme 2 Deep 91 65.2 65.0 78.2 86.9
Scheme 1 Deep 91 61.5 63.0 75.9 86.1

Conventional raised-floor cooling; Scheme 1 = ASHRAE; Scheme 2 = Other scheme
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Summary

« We provide concise, generalized temperature best-practice
recommendations based on those given in the DCEP training
program

« Temperature measuring equipment is addressed including
external sensors and Network Data Exchange with IT equipment
on-board sensors

« Since instrumentation can become expensive, we explored
reduced sensor placement schemes. The results suggest an
opportunity to reduce the sensor count (and cost) without
sacrificing much accuracy.

In addition, the DOE Data Center Energy Efficiency Toolkit provides
the tools and a detailed process manual for organizing the thermal
data center work.
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datacenters.lbl.gov/dcep
https://datacenters.lbl.gov/tools
https://datacenters.lbl.gov/resources/department-energydoe-energy-assessment

Resources and Q&A
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FEMP’s Data Center Program

U.S. DEPARTMENT OF ENERGY

FEMP’s Data Center program assists federal agencies and
other organizations with optimizing the design and operation

of data centers. design and operation of energy and water

systems in data centers to enhance agency’'s mission.

Assistance

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

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

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

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

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

Better Buildings
webinar series

Nine on-demand
FEMP data center

trainings

Center of Expertise
Webinars

Data Center Energy
Practitioner Trainings



https://datacenters.lbl.gov/
https://datacenters.lbl.gov/dcpro
https://datacenters.lbl.gov/tools/5-air-management-tools
https://datacenters.lbl.gov/tools/3-energy-assessment-worksheets
https://datacenters.lbl.gov/resources/assessment-resources-energy-training-assessment-process-manual
https://betterbuildingsinitiative.energy.gov/accelerators/data-centers
https://datacenters.lbl.gov/sites/all/files/Small%20Data%20Centers,%20Big%20Energy%20Savings.pdf
https://datacenters.lbl.gov/sites/default/files/DCProMasterList02112016.pdf
https://betterbuildingsinitiative.energy.gov/webinars-list
https://www4.eere.energy.gov/femp/training/?keyword=data%20center
https://datacenters.lbl.gov/training
http://datacenters.lbl.gov/dcep

LBNL's Center of Expertise (CoE)

Choose from upcoming live
webinars, pre-recorded trainings,

Filter CoE’'s many and in-person Data Center Search

resources by type Energy Practitioner (DCEP)
and topic. trainings.

resources
by topics
of interest.

Use CoE’s Energy
Efficiency Toolkit

CENTER of | e | — N j
EXPERTISE = |

. - ©ENERGY FEMPS:
dlverse aCthltleS --------------------------------------

ror ENERGY EFFICIENCY |N.DATA CENTE}?S
that CoE is : { : Follow us on Twitter

engaged in. X TRAININD CONTACT US @DataCenterCoE

3

Explore the

ymmm

= Center of Expertise
= @DataCenterCoE

anagement is critical for

S m a I I Data Ce nte rs N s . : ‘ data center #EergyEfﬁciency, CoE's Air

Management Tools webinar will introduce
free, easy-to-use tools to help you save

L Lo e #energy and money in your
Explore resources geared towards helping #DataCenter! Register here:

small data centers overcome the unique [ bit ly2WV6F50.
obstacles they face in reducing energy Wl 6 Sep7.2018

consumption and achieving monetary

savings. . © Center of Expertise
@DataCenterCoE

There's still time to register for our Air
Management webinar! Sign up here:
bit.ly/2xjhgq

Visit us at datacenters.lbl.gov
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CoE Data Center Energy Efficiency Toolkit

sears

here!

Report Findings & Make
Recommendations

Master List Energy
of Assessment
Efficiency Report
Collect Data Actions Template
A
QV ‘= Energy
Energy s .S Assessment
Assessment AN Q Workbook
Process § ‘5
\YEIVE]L ¢
System-Level Assessment Tools
AM AM = IT Equip.
Estimator ol Clieln Tool Energy
— — Tool -
E— Assessment
AM = Air Management Complebe!
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https://datacenters.lbl.gov/resources/assessment-resources-energy-training-assessment-process-manual
https://datacenters.lbl.gov/tools/1-dc-pro-tools
https://datacenters.lbl.gov/dcpro
https://datacenters.lbl.gov/dcpro
https://datacenters.lbl.gov/resources/data-center-air-management-estimator
https://datacenters.lbl.gov/resources/data-center-air-management-tool-v118
https://datacenters.lbl.gov/tools/6-data-center-electrical-power-chain-tool
https://datacenters.lbl.gov/tools/7-energy-efficiency-assessment-report
https://datacenters.lbl.gov/tools/7-energy-efficiency-assessment-report
https://datacenters.lbl.gov/resources/data-center-master-list-energy
https://datacenters.lbl.gov/tools/3-energy-assessment-worksheets
https://datacenters.lbl.gov/tools/6-data-center-electrical-power-chain-tool
http://datacenters.lbl.gov/resources/it-equipment-energy-assessment-tool
http://datacenters.lbl.gov/resources/it-equipment-energy-assessment-tool

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.

nnnnnnnnnnnnnnnnnnnnnnnnn
.......

https://datacenters.lbl.gov/sites/default/files/Process%20
Manual%20DOE%20v2 080320 O.pdf

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://datacenters.lbl.gov/sites/default/files/Process%20Manual%20DOE%20v2_080320_0.pdf

Master List of DC Energy Efficiency Measures

Living encyclopedia of all data center EEMs

— Recognized as an essential desk reference for data center
energy efficiency - top download for CoE

— >250 energy-saving changes in components, operations or
other actions

* Several tools recommend common EEMs:
— DC Pro, Air Management Tool, Electric Power Chain Tool

* The Master List contains all common EEMs, plus many
others that do not appear elsewhere in the toolkit.

 For each EEM, the list explains the principles involved and
how energy cost savings are generated, plus tips on
implementation and more in-depth references.
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Federal Project Executive

Federal Project Executives

(FPEs)

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

\ . Southeast Region

culbrethcd@ornl.gov

Tom Hattery
Northeast Region
202-256-5986
thomas.hattery@ee.doe.gov
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Today’s Speakers

U.S. DEPARTMENT OF ENERGY

Steve Greenberg

Center of Expertise for Energy
Efficiency in Data Centers
Lawrence Berkeley National
Laboratory
segreenberg@Ibl.gov

Magnus Herrlin

Center of Expertise for Energy
Efficiency in Data Centers
Lawrence Berkeley National
Laboratory

mkherrlin@lbl.gov

Jeff Murrell, P.E.

Energy-Intensive Program Lead Federal Energy
Management Program
Jefferey.Murrell@ee.doe.gov

202-586-3874

CENTER or
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ror ENERGY EFFICIENCY v DATA CENTERS
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Questions?
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IACET Credit for Webinar

Wm " prograrn Of lhe
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:
e 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
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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

WebEXx 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/femplw05132021

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.
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