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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
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Learning Objectives

« Airflow and temperature aspects of data center operations, challenges in air management
and opportunities to save energy and improve the thermal IT environment;

» Center of Expertise air management tool suite: The Air Management Tool, the Air
Management Estimator and the new Air Management Lookup Tables;

* Key data requirements, calculation of two key Air Management metrics, interpretation of
those metrics and tool outputs; and

» Ways in which the tool contribute to a concrete plan of action and budget and engender
institutional support for retrofits and energy-efficient procurements.
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Third in a Four-Webinar Series

A Suite of
." Energy

!. Power Efficiency |
Assessment Supply
Tools
Webinar 1 Webinar 2 Webinar 3 Webinar 4

View Recording View Slide Deck
View Slide Deck Held on 9/10/20
Held on 8/4/20

Webinar 4: IT Efficiency
December 7 from 1:00 — 2:30 pm EDT
Link coming soon
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http://r20.rs6.net/tn.jsp?f=0011oyvBmX4QLZJi58Tr0aRrtR9CnAHfFz_lOFYUA4jpgGfayxg8MqqMKZMUhHBwiTZK0XHmnmzCj2M5cALJzuojIzqdH-D_b5aTEIGZ8uXmP3K82RJYpo1DXbCca5mLnjCb8wxOSPV4V3Yn-t97qg9hNCmeyxasARHo2WbbKlFZaysy8DLaMQ6_dRkDXzzu4SKdYtw6D9oGVepHDDq200WIw==&c=amAwZIkpuWZxvzlkQ7KNh3ydvD_empIZpXc-NlMmz67hXzyDpasedw==&ch=trGYoa8TtF0-PlQjxVPJLqDubjrBbe5V6kc0pJsXl2_7ioY_eX25jg==

Air Management:
Challenges and Opportunities
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First, What is Air Management?

* Air management in data centers is about keeping cold
and hot air from mixing

— Cold supply air should enter the heat-generating IT-
equipment without mixing with hot air

— Hot exhaust air from the IT-equipment should return to the
air handler without mixing with cold air.

* Managing the cold and hot air streams is important for
cooling infrastructure energy management, IT
equipment thermal management, and capital
management.
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Equipment Intake Conditions

Air-cooled electronic equipment depends exclusively on the
Intake air temperature for effective cooling. Today, most
environmental specifications refer to the intake conditions.

Equipment Intake /
Temperatures \
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Temperature Measurements

It is not necessary to collect data for every IT rack.
Measuring every other or third rack is generally adequate.
The racks at the end of the equipment rows should be
Included.

Three probes per measured IT rack is recommended.
These probes should be placed at three elevations (“knee,
hip, and head”) directly on the perforated front door to the
rack.

For more guidance, please follow the link below.

https://datacenters.Ibl.qov/resources/datacenter-air-
management-tool-data-collection-quide
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https://datacenters.lbl.gov/resources/datacenter-air-management-tool-data-collection-guide

Key Nomenclature

Recommended range (statement of reliability):
Preferred facility operation; most values should be within this range.

Allowable range (statement of functionality):
Robustness of equipment; no values should be outside this range.

Min Recommended 7'y
Underf Temp — costs engrgy
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Rack Intake
Temperature

Max Allowable

A

Over-Temp —risks relialyility
Max Recommended v

A

Recommended
Range

Allowable
Range

Min Allowable

A 4

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




ASHRAE Environmental Guidelines

« Default recommended range = 64.4 - 80.6F

* Provides guidance for operating above the default upper
limit

« Default allowable range = 59.0 — 89.6F (Class Al)
« Six classes with allowable ranges up to 113.0F

Allowable Temperatures
- B

)
B B
! |

| | T
59.0°F 64.4°F 80.6°F 90.0°F
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Opportunity: Data Center Energy Efficiency

Adopting the ASHRAE or NEBS environmental criteria
provides opportunities for reduced cooling energy use.

With proper air management, the supply temperature
can often be raised well above 65°F (18°C) without
negatively affecting the thermal IT environment.

Energy savings can be realized in the following areas:

* I[mproved chiller efficiency
* Increased economizer utilization (> min. outdoor air)

* Reduced energy for humidification/dehumidification.
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Key Challenge #1: By-Pass Air

By-pass air does not participate in cooling the gear and should
be minimized. At the room level, net by-pass air will always
happen when the supply airflow is higher than the IT equipment
airflow. At the rack level, however, leakage pathways may be

the sole cause.
- By-Pass
'v/‘ Air

Some common causes:

» Too much supply airflow

» Misplaced perforated tiles
 Leaky cable penetrations
« Too high tile exit velocity.

=
o
By-Pass

AIr

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



Key Challenge #2: Recirculation Air

Recirculation air often causes hotspots and should be
minimized. At the room level, net recirculation air will always
happen when the supply airflow is lower than the IT
equipment airflow. At the rack level, however, leakage
pathways may be the sole cause.

Recirculation
§= Air

Some common causes:

* Too little supply airflow
* Lack of blanking panels
» Gaps between racks

» Short equipment rows.

==
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Result of By-pass and Re-circulation Airflow:
Typical Temperature Profile of Intake Side of Row with Under-floor Supply

Hot air comes around the
top and sides of servers

Too hot

Too| cold

Elevation at a cold aisle looking at racks Cold air escapes
through ends of aisles

There are numerous references in ASHRAE.
See for example V. Sorell et al; “Comparison of Overhead and Underfloor Air Delivery Systems in a Data Center
Environment Using CFD Modeling”; ASHRAE Symposium Paper DE-05-11-5; 2005.
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Action: Maintain Raised-Floor Seals

Maintain seals of all potential leaks in the raised floor plenum

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



Action: Manage Blanking Panels

* Any opening will
degrade the separation

of hot and cold air .
« Maintain blanking

panels

— One 12" blanking =
panel reduced T

top of rack

Temperature/deg. F
o

e e oo B =

temperature ~20°F
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Action: Reduce Airflow Restrictions & Congestion

Courtesy of dIb associates, consulting engineers

Floor Tiles ' ,./ ‘
¥ i
RRRARARY Floor Slab S

Courtesy of dib ~e-.?.‘-;es, consulfin ’engineers

Consider the Impact that
Congested Floor &  Congestion Has on the Airflow Empty Floor &
Ceiling Cavities Patterns Ceiling Cavities
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Option: Air Distribution Return-Air Plenum

Liquid Supply Liquid Supply

=

Floor Tiles — il T -|I/| [T IIITIIIIIT ll  E— i — 1[ [TIIIIII1] m— | A T Floor Tiles
L # o = . . i
A “J N R e
Floor Slab Floor Slab
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Enhanced Isolation Options

» Physical barriers enhance separate hot and cold airflow
 Barrier placement must comply with fire codes
 Curtains, doors, or lids have been used successfully

Doors Lid
| | —
i, SRGE,
Open Semi-enclosed Enclosed

cold aisle cold aisle
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Action: Add Air Curtains for Hot/Cold Isolation
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Opportunity: Cold Aisle Containment Example

Ceiling —1 Ceiling
— e
e i s e
b \N\\,\'J;f > < "/ 'x//i |:‘

Liquid Supply | l}' | i‘ ‘ Rack Liquid Supply
I CRAC A I il CRAC I
L Unit N | “\ ‘ H\‘ | U g Unit 4
| |
¢ “ i ‘ + ;

Floor Tiles AENANNRNRENANEEN — NANEANEENANERNEN I T i T Floor Tiles

T~ - - I
= = i Ly ) ]
Floor Slab Floor Slab

LBNL's Cold Aisle Containment study achieved
fan energy savings of ~75%
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Options: Hot or Cold Aisle Containment

Subzero Cold-Aisle APC Hot-Aisle Containment Ceilume Heat Shrink
Containment (with in-row cooling) Tiles
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Key Air Management Metrics
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Air Management Metrics

Two metrics are used in the DOE Air Management Tools:

* The Rack Cooling Index (RCI) is a measure of
compliance with ASHRAE/NEBS temperature
specifications. This metric is not a simple ratio. RCl is <
100%.

« The Return Temperature Index (RTI) is a measure of
net by-pass or net recirculation air in the data center. It is
the ratio of total IT equipment airflow to total air-handler
airflow.
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Air Management Metrics: RCI

Thermal specifications become useful when there is an
objective way of determining the operating compliance. The
Rack Cooling Index (RCI) is such a metric. It provides a
measure of compliance with any air intake temperature
specification, e.g., ASHRAE.

No Over-Temperatures

merpretaton: R

<90% >95% 100%

Herrlin, M. K. 2005. Rack Cooling Effectiveness in Data Centers and Telecom Central Offices: The Rack Cooling Index (RCI).
ASHRAE Transactions, Volume 111, Part 2. http://www.ancis.us/publications.html
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Air Management Metrics: RTI

Typically, more air is delivered by the cooling system than is
drawn into the IT equipment due to net by-pass air. Poor air
management is generally the driver for over-provisioning
the airflow. RTI Is a measure of net by-pass or net
recirculation air. It is the ratio of total equipment airflow to
total air-handler airflow.

interpretation: NS A A S

<100% 100% >100%

Nearly all data centers have by-pass AND re-circulation.

Herrlin, M. K. 2005. Rack Cooling Effectiveness in Data Centers and Telecom Central Offices: The Rack Cooling Index (RCI).
ASHRAE Transactions, Volume 111, Part 2. http://www.ancis.us/publications.html
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Air Management Tool Suite
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Air Management Tool Suite

Air management is about keeping cold and hot air from
mixing — key to cooling efficiency and IT thermal
management.

We will look at three tools for analyzing air management,
from the most detailed to the quickest.

« The Air Management Tool (Excel)
« The Air Management Estimator (Excel)
« The Air Management Lookup Tables.

http://datacenters.lbl.gov/Tools
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http://datacenters.lbl.gov/Tools

The Excel Air Management Tool

The Excel-based AM Tool was developed to fast-
track energy savings in data centers. It provides:

» Potential for reducing supply airflow EEAAES sesas suindd

- Potential for increasing supply air temp — gm— . .

- Measure conformance with ASHRAE - —
Thermal Guidelines

« Estimates of energy and energy cost
reduction for fans/chillers

« Air management recommendations

|

http://datacenters.lbl.gov/Tools
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http://datacenters.lbl.gov/Tools
https://datacenters.lbl.gov/resources/data-center-air-management-tool-v118

Tool Documentation
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DOE Data Center Air-Management (AM) Tool:

User’s Manual

Version 1.0 May 11, 2009

The Manual and Tool were developed jointly by Lawrence Berkeley National Laboratory (LBNL) and
ANCIS Incorporated for the US Department of Energy (DOE)

ANCIS

waww.anis.us

~

A
frefree Fu
ERNEST ORLANDO LAWRENCE
BerkeLey Laa BERKELEY NATIONAL LABORATORY

DOE Data Center Air-Management (AM) Tool:

Engineering Reference

Version 1.0 May 11, 2009

The Reference and Tool were developed jointly by Lawrence Berkeley National Laboratory (LBNL) and
ANCIS Incorporated for the US Department of Energy (DOE)

ANCIS

www.ancis.us

~
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DOE Data Center Air-Management (AM) Tool:

Data Collection Guide

Version 1.0 May 11, 2009

The Data Collection Guide and Tool were developed jointly by Lawrence Berkeley National Laboratory
(LBNL) and ANCIS Incorporated for the US Department of Energy (DOE)

ANCIS

www.ancis.us

These documents are the official resource in using the
DOE Air Management Tool
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Air-Handling Units

A B C D E F G H 1 1 K L M N o P Q R S T u

Step 1: AHU (AIR HANDLER UNITS)

[

AHU Supply Air Return Air By inserting the requested AHU data (yellow cells) for up to 40 operating
Airflow Temperature | Temperature units, this spreadsheet will calculate four pieces of data (orange boxes)
[cfm] or [m3/s]|  [F] or [C] [F] or[C] and insert them on the Main Input (Step 4) sheet. It is imperative to
AHU 1 10000 65 75 enter (accurate) data on this sheet.

AHU 2 20000 65 80
AHU 3 The principal purpose of the data transfer is to help calculate the Return

Wit~ e u|e W e

=
=)

o
=

=
[~}

AHU 4 Temperature Index (RTI)™ on the Main Input sheet. This index plays
AHU 5 an important role in understanding whether the data center is over-
AHU 6 (by-pass) or under (recirculation) ventilated.

AHU7
AHU 8 Note: AHU data are considered more accurate than Equipment data;

AHU 9 Equipment Power (heat) is set equal to the resulting AHU Cooling. Retu rn Ai r Tem peratu re (RAT)

AHU 10

AHU 11 Note: Grayed out data for internal use only. d A' rfl
AHU 12 an Irrow

AHU 13

AHU 13 AHU Supply Air Return Air

AHU 15

e Airflow Temperature | Temperature

AHU 18

U1 [cfm] or [m3/s]| [F]or[C] [F] or[C]

AHU 20

22 AHU 1 10000 65 75

AHU 23

AU 24 AHU 2 20000 65 80

AHU 25
AHU 26

AHU 27 AHU 3
AHU 28

S v &

B s Supply Air Temperature (SAT)
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AHU 37
AHU 38
a7 aunag
4 4 » M =@verview- _Step 1 AHU. Step 3 RCI Step 4 Main Input 1) L= 0 6 Ereras Lookup -~ Action Rules -~ Export - %] L1l I
Ready

ks 7 €0
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IT Equipment

Class

Measured
Rise (DT)
[F] or [C]

Measured
Power (P)
(W]

S 1 10 10000 —

15 0 ——
20 0 senerating etcuonic

25 24000 |7

30 48000

35 36000

Similar DT: "Class" refers to equipment with similar measured temperature rise (DT);
used with corresponding fair estimates of airflow (V).
Similar V: "Class” refers to equipment with similar estimated airflow (V);

Select Class Option:

Class

Iculate the Return

vl we u s |w e

[rhis index plays
center is over-

O~ WN

Option" box:

b
B
O W N Ew R

used with corresponding number of units (U).

ighted) equi rise

Similar DT(P): "Class" refers to equipment with similar measured temperature rise (DT);

Typical (airflow
"similar DT": Based on yellow cells.
cfm orm3/s
Total equipment airflow
"Similar V" or "Similar DT{P)": Based on yellow cells.

used with corresponding measured power (P).

23 Measured Measured
24 Rise (DT) Power (P)
25 Class [F] or [C] [w]

26 1 10 10000
15 a

20 a

25 24000
30 43000
35 36000

Group the equipment into Classes with similar temp«
airflow rates (V) and fill in the remaining information

T
by the user.

"Class" can be on server level, rack-level, or any

127 kw
Equipment power (= AHU cooling)
Compare with UPS readings if available.
If poor agreement, revisit Steps 1and 2,
looking for potential errors.

If no data are available, select "Similar DT" and fi
Estimate DT (table below may help) and set Airflow t

Mix AT[F] AT[C]
Mainly traditional equipment | 10to 20 [ 6to11
Mainly modern equipment 201030 | 11t017
Mainly blade equipment 301050 | 17t0 28

w
k4
L e NO O s ®N

37 118 kw

38 Total measured power

39 Compare with Eguipment power (white box).

40 If poor agreement, revisit Steps 1 and 2 to avoid large

errors in total equipment airflow and temperature rise.
Poor agreement will not affect Equipment power.

Note: Grayed out data for internal use only.

56k BEE

H_ b v [ Ovenviews @i m:
Ready

Step 4 Main Input _ <~Step5 Main-Results— <~

_Step 2 Equip. -~ Step 3 RCI Action Rules -~ Export~ ¥ || m
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Rack Cooling Index (RCI)

A B c D E F G H 1 ) K L M N o P a R B T u

1
2 step3:Ral
3
4
5
5
7
5| #  |inffke Temp(Fl or X By inserting the IT equipment intake temperatures (yellow cells), this spreadsheet
9 1 58 will calculate the Rack Cooling Index (RCI)® and insert RCI(HI) and RCI(LO) on the
w2 7 Main Input (Step 4) sheet.
) 58
2] a 52 This index plays an important role in understanding whether the data center is
13 s 81 with the and intake temp ranges
ul s 65 as specified in Table B on the next spreadsheet (Step 4 Main Input).
5] 7 56
68 7 Note: Max 999 IT equipment intake temperatures, insert from top down.
) 55
18 10 58 no data are available, leave all yellow input cells blank.
19 11 50
20 1 ) Note: Grayed out data for internal use only.
2] 13 62
2] 1 =
3 15 64
2] 16 65
51 U = Intake Temperature [F] or [€]
2618 57
2 1 |\ 58 oo
8 20 \ 53 y ZE R
T — o P A — ~
v N/ VA WA Vel = Wi
31| 13 D s0 v
2] 2 0

I takie T 2
ake Temps :

n CAAR 4 10 ied in Step 4

36 28 o L B S R A B B B
3729 125 456 7 5 91011121314 15 16 17 18 18 20 21 Min Max
38 30 Intake # Recommended 65.00 | 80.00
39 a1 Allowable 59.00 | 90.00
I
a1 33
a2 34
= ntake Temp Gra
a3
as| 37
FE

[PEIm—T— - 7
AN @ieRsi [ _Step 3 RCI < Step 4 Main Input ) a5 Lookup . Action Rules -~ Export ¥ " [IHI[ m

Ready
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Air Management Improvements

g?.,\ = By~ Copy of AM Tool v1.16 (5-10-11) MASTER [-P + Export + RTI + CAV [Compatibility Mode] - Microsoft Excel - = x
~ Home | Insert Page Layout Formulas Data Review  View Acrobat © - =7 x
=] & cut . el =] | Siweee e . 4! e Tk [J]] E Avtesum -
i i Calibri : 1 Q‘AA‘ | |F ==||®-| |SiwmapTet G : — Cuﬁml f‘z{ Nurrjwal E?d - Good . :: D:C; anﬂ( S ;%:{B: fﬂa&
e e s || B £ 07| E o[- A | Bueaeacemer~ 8 = % [1 8] Gonstonst Fomet  Neutr [ - | et octe famat| 50 sots fnas
Clipboard i) Font i) Alignment i) Number i) Styles Cells Editing
| AQ67 -0 £
A B C D E F G H 1 1 K L M N o P Qa R S T u
22
23 Table B: Questions (vellow cells: Enter data).
. 24 -
L] 26 Primary Input (impact on Energy estimates—if raised-fl ling--and Actions)
27 1 Recommended IT equipment intake temperature range (statement of reliability} ASHRAE/NEBS Wide
28 2 Allowable IT equipment intake temperature range (statement of functionality)} ASHRAE NEBS
29 3 Aisle containment quality/implementation? LOW HIGH
. 30 4 Blanking panels in and between racks quality/implementation? MID. MID. R
u rre n 31 5 Floor leakage quality/implementation (set to "High" if not raised-floor cooling)? MID. MID.
32 6 Tile/diffuser placement quality/implementation? MID. MID.
33 7 EC-Class (equipment ventilation protocol) quality/implementation? MID. HIGH
34 8 Controls sophistication (CAV/VAV with IAT sensing)? LOW HIGH
35 9 AHU modularity/distribution quality/implementation (set to "High" if not raised-floor cooling)? LOW. HIGH
. 36 10 Cable/pipe management in supply air path quality/implementation? LOW. HIGH o
37 secondary Input (impact on Actions only)
38 1 What is the clear ceiling in feet (or m) (visible floor to visible ceiling)? 9
39 12 Is there a dropped ceiling (not necessarily used as airflow plenum)? Yes
10 13 Is the IT equipment arranged in straight rows? No.
1 14 Are there cosmetic doors on the equipment racks? Yes
2 15 How many AHUs are operating under normal conditions [exclude stand-by units)? Also Primary Input
43 16 Do some areas have load densities that are > 4 times the average? Yes.
a4 17 Is there any supplemental cooling (liquid and/or air solution)? No
45 18 Which is the predominant air supply path? Floor Plenum
Question Current Target
Primary Input (impact on Energy estimates--if raised-floor cooling--and recommended Actions)
1 Recommended IT equipment intake temperature range (statement of reliability) ASHRAE/NEBS Wide
2 Allowable IT equipment intake temperature range (statement of functionality) ASHRAE NEBS
3 Aisle containment quality/implementation? LOW HIGH
4 Blanking panels in and between racks quality/implementation? MID MID
5 Floor leakage quality/implementation (set to "High" if not raised-floor cooling)? MID MID
6 Tile/diffuser placement quality/implementation? MID MID
7 EC-Class (equipment ventilation protocol) quality/implementation? MID HIGH
8 Controls sophistication (CAV/VAV with IAT sensing)? LOW HIGH
9 AHU modularity/distribution quality/implementation (set to "High" if not raised-floor cooling)? LOW HIGH
10 Cable/pipe management in supply air path quality/implementation? LOW HIGH
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Results: Energy Savings

AM Toot w118 (11.11.34) MASTERE-P « Export « KT+ CAV « tWh [Compatitabty Mode) - Excel T - 8 X
INSERT PAGE LAYOUT FORMULAS DATA SEVEW VEW ACR Sgn 1
Cabbn n -A A N * Generat Bad sEm Sx E Autolum > Ay “
e R

o sy Sl B -3 $-% v Q2 Nevtra 2| et Defete Format : s
xe6 - £ v

A B8 1) E ¥ G L ] ] x L M N o L Q R s 1 v w X —
)
5 Fan Energy [%]
s This sheet inchisdes enesgy estimates for supply fans and chillers
7 b aad P 3 (4l other resalts can be found on the Main Results sheet, Step 5).
8 30
9 ol Note 1: " " bar s the ref (100%) above 100%
10 for other baes will not be displayed.
11 1 Note 2 The " " and bars valid for ralsed-floor cooling only.
12 60 + E
13 0 Electric Cost: [$/wn)
" © L
15
16 0 +
17 0 1 Fan Exponent: E - (Range: 2-3)
18 10 [
19 a ! | L For fully turbulent flow there is a csbical {3) relationship between
2 Messured Commisoned fetrchtied “Aate-of the ast fam s mauyy il akifiowr; o fully lewmines Slow thass 1 s quadiic j2)

relationship. For data centers, an exponest of 2.8 is common,
80,000 R N 3030
| 16,000 3068 _ 1800 KWh (yellow cell far left) = Enter measwred fan energy.

2 Chiller Energy [%]
b2} 100

. n i
»
Chiller Ener =
31 o
n “ chiecractor: 2] 05/F1 or [%/c] (Range: 1:3%/F or 23 %/c)
1 ol
4 The chiller energy reduction depends on the supply alr temperature

40
35 5 4 percentage saving per degree increase. For data ceoter
£ 0 - applications, a factor between 1 and 3 {1-P) or 2 and $ (S1) s common.
" 0
13 10
.,,
40 °
x: Messured Commissioned Retrehtied State-of the At
Q Kwh | 350,000 343,000 | 238,000 224,000
4 $ 70,000 8,600 |_47.600 43,500 KWh (yetlow cell far left) = Enter measured chiller energy.
“

EZEEEE see:ra swpivanvos SRR Stor 6 Erergy Reswits | Lookup | Acion R . >
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Results: Takeaways

Fan Energy:

« The reduction in fan energy is often very large due to the fact that
the fan energy vary with nearly the cube of the airflow. It is not
uncommon to be in the 70%-80% range.

 If constant air volume (CAV) fans are used, the relationship
between energy and airflow is only linear resulting in less savings.

Chiller Energy:

« The chiller-energy savings only takes into account the increase in
supply air temperature. It is assumed that each °F [0.6°C] increase
of the supply air temperature will result in a 1-3% savings on chiller
energy.

« Additional savings are due to better utilization of air-side
economizers. This depends on factors not covered in the Tool.

Higher supply air temperatures may result in higher server airflows
and higher costs.
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The Air Management Tool - Ex 1

Say we want to understand how much
energy we could save by making a number
of alr management changes to our
equipment room and operations.

The next slide shows the changes we are
planning and how they would affect the
energy for supply fans and chillers.
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The Air Management Tool - Ex 1 Results

Question Current Target
Primary Input (impact on Energy estimates--if raised-floor cooling--and recommended Actions)
1 Recommended IT equipment intake temperature range (statement of reliability) ASHRAE/NEBS Wide
2 Allowable IT equipment intake temperature range (statement of functionality) ASHRAE NEBS
3 Aisle containment quality/implementation? LOW HIGH
4 Blanking panels in and between racks quality/implementation? MID MID
5 Floor leakage quality/implementation (set to "High" if not raised-floor cooling)? MID MID
6 Tile/diffuser placement quality/implementation? MID MID
7 EC-Class (equipment ventilation protocol) quality/implementation? MID HIGH
8 Controls sophistication (CAV/VAV with IAT sensing)? LOW HIGH
9 AHU modularity/distribution quality/implementation (set to "High" if not raised-floor cooling)? LOW HIGH
10 Cable/pipe management in supply air path quality/implementation? LOW HIGH
Fan Energy [%] Chiller Energy [%]
100 100
90 90
80 80
70 70
60 60
50 50
10 40
30 30
20 20
10 10
0 T T T ) 0
Measured Commissioned Retrofitted State-of-the-Art Measured Commissioned Retrofitted State-of-the-Art
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The Air Management Tool - Ex 2

We have a data center with 20 measured
iIntake air temperatures. We operate with the
ASHRAE recommended range of 65-80F and
the allowable Al range of 59-90F. What is the

operating compliance with the ASHRAE
Guideline?
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The Air Management Tool - Ex 2 Results

Intake Temperature [F] or [C]

# Intake Temp [F] or [C]
1 58
2 72
3 68
4 62
5 81
6 65
7 56
8 71
9 65
10 68
11 60
12 69
13 62
14 73
15 64
16 65
17 58
18 67
19 58
20 69
21

22

23

24

25

26

27

28

29

30

31

32
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100
90 All Max
80 A Rec Max
70 ﬁ" Y - .. N Ny S Rec Min
60 All Min
50
40
30
20
10
0 T T T T T T T T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Intake #
RCI,, This is
99.5 % Excellent
RCI,, But this is
65.0 % Very Poor
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The Excel Air Management Estimator

The AM Estimator is a simplified version of the Air
Management Tool, using the same engine. The input has
been reduced for ease of use.
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http://datacenters.lbl.gov/Tools
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https://datacenters.lbl.gov/resources/data-center-air-management-estimator
http://datacenters.lbl.gov/Tools

The Air Management Lookup Tables

This resource presents energy savings for chiller and fan equipment
In a new tabular format for different air management upgrade
scenarios. The tables can be used to quickly estimate the potential

savings for different air management scenarios. An example:

AM Measure (AM Tool) Reference P1 P2 P3 P4 P5
Matched Target
1: Recommended Range’ 65°F-80°F | 65°F-80°F | 65°F-80°F | 65°F-80°F | 65°F—80°F | 65°F—-80°F
2: Allowable Range? N/A N/A N/A N/A N/A N/A
3: Aisle Containment L L L M M H
4: Blanking Panels L M M M H H
5: Floor Leakage L M M M M H
6: Tile Placement L M H H H H
7: EC-Class H H H H H H
8: CAV/VAV (CRAC) L (CAV) L (CAV) H (VAV) L (CAV) H (VAV) H (VAV)
9: CRAC Modularity M (2) or M (2) or M (2) or M (2) or M (2) or M (2) or
H (3) H (3) H (3) H (3) H (3) H (3)

10: Cable Management L L L L M M

1 The ASHRAE Recommended Range is used throughout.
2 The ASHRAE Allowable Range does not enter the energy calculations.
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Air Management Lookup Tables

Target
Match P1 P3 P2 P4 P5
Ref. 2.51 (typical)

CAV -33%  -33%  -76% _ -80%  -90%
Fan P1-1.67 CAV 0% -26%  -39% | -69%
P3-1.67 CAV -26% -39% -69%
Energy P2- 1.5 VAV 18% | -58%
P4 -1.4VAV -49%

CRAC/IT Airflow 1.67 1.67 1.5 1.4 1.1

CAV CAV VAV VAV VAV

Look-Up Table with Percentage Fan Energy Savings and CRAC Flow/IT Airflow Ratio
for Data Center with Three (3) CRAC Units
Target

Match P1 P3 P2 P4 P5

_ Ref - 66F -10%  -12%  -12%  -16%  -20%
Chiller P1-71F 2% 2% 6% ! -10%

Energy P3-72F 0% -4% -8%

P2 -72F -4% -8%

P4 - 74F -4%

SAT 71F 72F 72F 74F 76F

Look-Up Table with Percentage Chiller Energy Savings and Supply Air Temperature (SAT)
for Data Center with Three (3) CRAC Units
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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.

Training

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,
including PUE
Estimator

Air Management
Tools

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

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 Data Centers, Big Energy Savings.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 center
https://datacenters.lbl.gov/training

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) resources

and topic. trainings. by topics
of interest.

Use CoE’s Energy
Efficiency Toolkit

CENTER orf

EXPERTISE A
2lerpins ror ENERGY EFFICIENCY i DATA CENTERS © EnErgy FEMPY!
diverse activities . : :
e B IIICS : : : _ oW LS Of Twitter

CONTACT US @DataCenterCoE

TECHNOLOGIES

engaged in.

= Center of Expertise
= @DataCenterCoE

Effective air management is critical for

S m a I I Data Ce nte rs L s . i ‘ data center #EnergyEfficiency. CoE's Air

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

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

small data centers overcome the unique |5 bit ly2WV6F50.
obstacles _they face in re_ducmg energy Wl Sep7, 2012
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

here!

PUE
Estimat - DCPro Report Findings & Make
Estimator Recommendations

MasterListof =~ , —hore
Efficiency sl
\9 Actions Repart
Collect Data I Template
—_— A
Q - Energy 0
Energy L S Assessment
Assessment >, .3 Workbook
Process s “Q
T EIIE]

, N Data Center
AM AM Power Chain [T Efficiency
Estimator Tool Tool Tool Energy
Assessment

Complete!
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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

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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https://www.energy.gov/eere/femp/energy-savings-performance-contract-federal-project-executives-0
mailto:wolfsc@ornl.gov
mailto:culbrethcd@ornl.gov
mailto:thomas.hattery@ee.doe.gov

Today’s Speakers

Rachel Shepherd
. Data Center Program Lead
Federal Energy Management Program
rachel.shepherd@ee.doe.gov
202-586-9209

Magnus Herrlin

Center of Expertise for Energy Efficiency in
Data Centers

Lawrence Berkeley National Laboratory
e mkherrlin@Ibl.gov

Steve Greenberg

Center of Expertise for Energy Efficiency in
Data Centers

Lawrence Berkeley National Laboratory
segreenberg@Ibl.gov

lan M. Hoffman

Center of Expertise for Energy Efficiency in
Data Centers

Lawrence Berkeley National Laboratory
ihoffman@Ibl.gov

CENTER orf
& FEXPERTISE

S — ror ENERGY EFFICIENCY m DATA CENTERS
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Questions?
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IACET Credit for Webinar

WBm 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
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http://www.wbdg.org/

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/femplw08042020

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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