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HOW HOT CAN | GO?

Intuit’s Journey in Quincy Washington
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FIRST- | NEEDED A GUIDE

ASHRAE Datacom Series formerly TC9.9



Thermal Guidelines for Data Processing Environments, Fourth Edition | 13

REELATIWVEG HLBANHTY
These environmental envelopes pertain
to air entering the IT equipment
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Figure 2.3 2015 recommended and allowable envelopes for ASHRAE
Classes A1, A2, A3, and A4.

INSIDE ASHRAE’S
DATACOM GUIDE

2.2.1 Environmental Class Definitions for Air-Cooled Equipment

Compliance with a particular environmental class requires full operation of the
equipment over the entire allowable environmental range, based on nonfailure

conditions.
Class A1I: Typically a data center with tightly controlled environmental parameters
(dew point, temperature, and RH) and mission-critical operations; types of products
typically designed for this environment are enterpnse servers and storage products.




Table B.1 2015 Thermal Guidelines—I-P Version (S] Version in Table 2.1)

Equipment Environment Specifications for Air Cooling
Product Operation®© Product Power Off>Y

Dry-Bulb - Maximum Maximum  Maximum Rate Dry-Bulb Relative

B Humidity Range k f k

=T Temperature®™9Y, Noncondensing ik Dew Point,* Elevation® ™, of Change', Temperature, Humidity,
.:.F = ¢ i

5 F 'H & F;'I h * I:.!"u

Recommended (Suitable for all four dasses; explore data center metrics in this book for conditions outside this range.)

: e | 5.8°F DP
64 .4 1o 806
Alto Ad Hd 4 1o 86 o 59°F DP and 60% th

Allowahle

59 1o 89.6 L;T}%FFT: 4 20 1l 110,000) 4110113 8 o 80

50 10 95 DA e and 9 th o 10,000 RTIE & 10 &0

41 to 104 . 752 100,000 41 to 113 8 to 8

4110113 A 752 10,0000 4 tol13 & 10 80
41 1o 95 i 80% ¢ 10,000 Mioll3 R 1080

41 10 104 ottt _ 10,000 410113 % 10 80

IN ENGLISH

Recommended vs.
Allowable



Is there some way for me to know fa
sure?




PowerEdge R620

echnical Guide

Dell states 10°C — 35°C while the ‘ _
ASHRAE Guideline allows 15°C - ey
32°C. -- —— el —
ASHRAE Guidelines are well
within Dell Requirements

Table 33. Environmental specifications

Fresh Air: temperature, humidity, altitude de-rating

10"C to 35°C (50°F to 95°F) at 10% to 80% relative humidity with 26°C (78.8°F) maximum
rrature). De-rate maximum le dry bulb
temperature at 1°C per 300m above 950m (1°F per 347 ft above 3117 fi).

Continuous
operation dew point {(maximum wet bulb te




PowerkEdge R820

Dell states 10°C - 35°C while the Technical Guide
ASHRAE Guideline allows 15°C -
32°C.

ASHRAE Guidelines are well within
Dell Requirements

Table 27. Environmental specifications

Fresh Air: temperature, humidity, altitude de-rating

10°C to 35°C (30°F to 95°F) at 10% to 802 relative humidity with 26°C (78.8°F) maximum
dew point (maximum wet bulb temperature). De-rate maximum allowable dry bulb
temperature at 1°C per 300m above 930m (1°F per 347 ft above 3117 ft).

Continuous
operation




HP ProlLiant DL170e G6 Server - Overview

Product description

he DL170e Gé6 is optimized for efficiency, density and flexibility and can
HP states 10°C - 35°C while the : #be serviced individually without impacting the operation of other server
: : 5 odes sharing the same chassis. The DL2000 consists of up to 4
ASHRAE Guideline allows 15°C - ndependent DL170e Gé servers in the 2U HP ProLiant e2000 G6 Chassis.
32°C. he servers share power supplies and fans, providing greater power and
ASHRAE Guidelines are well within polngEihaeTa

HP Requirements

Environmental specifications
T ™

hermal output 392 W/hr
‘maximum operating)

ystem inlet 50° to 95° F (10° to 35° C) at sea level with an altitude derating of 1.8°F per every

emperature, operating [1000 ft (1.0°C per every 305 m) above sea level to a maximum of 10,000 ft (3050
m), no direct sustained sunlight. Maximum rate of change is 18°F/hr (10°C/hr). ThF_~|
upper limit may be limited by the type and number of options installed. System
performance may be reduced if operating with a fan fault or above 86°F (30°C).




HP states 10°C - 35°C while the . "
ASHRAL o e P Proliant DL200O server technologies
32°C.

ASHRAE Guidelines are well within

HP Requirements

System Inlet Temperature Operating

50°t0 95° F (107 to 35° C) at sea level with an
altitude derating of 1.8°F per every 1000 ft

(1.0°C per every 305 m) above sea level to a
maximum of 10,000 ft (3050 m), no direct

sustained sunlight. Maximum rate of change is
18°F/hr (10°C/hr). The upper limit may be
limited by the type and number of options
installed.

System performance may be reduced if operating

with a fan fault or above 86°F (30°C).




Cisco states 0°C — 40°C while the Cisco Nexus 9396PX

ASHRAE Guideline allows 15°C -
32°C.

ASHRAE Guidelines are well within
Cisco Requirements

Environmental Specifications

Environment Specification
Temperature Ambient operating temperature 32 to 104°F (0 to 40°C)
Ambient nonoperating -40 to 158°F (-40 to 70°C)

Relative humidity Ambient (noncondensing) 5 to 95%

Altitude Operating 0 to 13,123 feet (0 to 4,000 meters)
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Compare Models

Cisco states 0°C - 40°C while the e Yiew b Mo
ASHRAE Guideline allows 15°C -
32°C.

ASHRAE Guidelines are well within
Cisco Requirements

2R,

Climatic Environment
Table 10 summarizes the climatic environment for the Cisco Nexus 7000 4-, 9-, 10-, and 18-Slot chas:

Table 10. Climatic Environment
Item Description
Cisco Nexus 7000 4-Slot Chassis Cisco Nexus 7000 9-Slot Chassis Cisco Nexus 7000 10-Slot Chassis Cisco Nexus 7000 18-Slot Chassis

Temperature e Operating: 32 to 104°F (0 to 40
® Short term:

« Nonoperating:

Note:

e Cha xternal thermal requirements are defined in the GR-63-CORE Network Equipment Building Standards (NEBS) specification published by Telcordia Technologies in Section
4.1.2, Operating Temperature and Humidity Criteria.

« Short term refers to a period of not more than 96 consecutive hours and a total of not more than 15 days in 1 year (a total of 360 hours in any given year, but no more than 15
occurrences during that 1-year period).

*131°F (55°C) and elative humidity for equipment shelves that fill less than half the frame (length)

Humidity « Relative humidity (nonoperating): 5 to 95%, noncondensing
« Relative humidity (operating): 5 to 90%. noncondensing

Note: An ambient relative humidity between 45 and 50% is suggested to reduce corrosive problems, to provide an operating time buffer in the event of failures, and to reduce
interference from static



Technical Spe

acifications

NetApp states 0°C - 40°C while
the ASHRAE Guideline allows 15°C
- 32°C.

ASHRAE Guidelines are well within
NetApp Requirements

Environmental Specifications

Environment
Temperature Ambient operating temperature

Ambient nonoperating

Relative humidity Ambient (noncondensing)

Altitude Operating

Specification

32 to 104°F (0 to 40°C)
-40 to 158°F (-40 to 70°C)
5 to 95%

0 to 13,123 feet (0 to 4,000 meters)




Apple states 0°C - 35°C while the
ASHRAE Guideline allows 15°C —
32°C.

ASHRAE Guidelines are well within
Apple Requirements

A A N
rel

Mac Pro

Electrical and operating requirements
Line voltage: 100-240V AC
Frequency: 50Hz to 60Hz, single phase
Maximum continuous power: 450W

Operating temperature: 50° to 95° F (10° to 35° C)

Relative humidity: 5% to 95% noncondensing

Maximum altitude: 16,400 feet (5000 meters)

Typical acoustical performance, sound pressure level (operator position): 12 dBA at idle

@ - A @
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PURESTORAGE'

Pure Storage states 5°C — 35°C
while the ASHRAE Guideline allows
15°C - 32°C.

ASHRAE Guidelines are well within
Pure Storage Requirements

ENVIRONMENTAL

//M10, //M20, //M50, //M70 RANGE NOTES

Operating Temperature 5°t0 35°C Derate 1 C per 300 m above 950 m
Non-operating Temperature 0°to 60° C

Operating Humidity 10 — 80% Non-condensing

Non-operating Humidity 5—-95% At a maximum temperature of 33° C.

Non-condensing, web bulb 33° C.




Although OSHA does not have a particular regulation or standard that covers high-
temperature environments, the General Duty Clause, Section 5(a)(1) of the Occupa-
tional Safety and Health Act of 1970 (OSHA 2012b), requires each employer to “fumish
to each of his employees employment and a place of employment which are free from

Appendix E

recognized hazards that are causing or are likely to cause death or serious physical OSHA and Personnel Working in
harm.” OSHA has interpreted this rule such that employers shall provide means and : :

methods that will reduce the likelihood of worker heat stress. These means or methods ngh Air Temperatu res

may include issuing personal protective equipment (PPE), minimizing exposure

through frequent breaks, frequent hydration, and developing a heat stress program.

There are various manufacturers that produce PPE for hot working environments.

Table E.1  Permissible Heat Exposure Threshold Limit Value {TLV)
(ACGIH 1992)

Work Load?

Work/Rest Regimen
Light Moderate Heavy

Contimuous work 30.0°C (36°F) 26.7°C (80°F) 25.0°C (T7°F)

75% work, 25% rest,

0 T 7 e a I Qo Q
each hour 30.6°C (RT°F) 28.0°C (82°F) 25.9°C (78°F)

50% work, 50% rest,
each hour

L1 %% res o
259 1.'.-'l:l]']-[, 73 rest, 17 79%C {';UnF} 1L.1°C I:HE"F] 10.0°C I:E'El'-"l'_]
each hour

I. Values are in °C and “F (wet-bulb globe temperature [WEGT]).

31.4°C (39°F) 29.4°C (85°F) 27.9°C (82°F)




INTUIT’S JOURNEY IN QUINCY WASHINGTON

NOW

THEN

= Original Design 72°f top of Rack

= CWS Temp 47°f

= Economizer Start OAWBT 45°f with a
CWST of <47.5°f.

= Economizer Stop 48.5°f CWST

= Averaged 48% of year on
economizer at current load

. Econ Run Time .
Main | (Since Aug 1)

COMM AND FLOW DIRECTION
GLOBAL CLG TOWER SP's

SELECT OME

EAST (A) 363.0 gpm LEVEL MAKEUP SP

CHW E’“’“SS{ WEST (B) 115 gpm L MAKEUP DIFF

DESIRED QOPERATING CHILLER P CHWP
RANK RANK ALARM? aLarn?  CWP ALARN? oo e RM? Econ one

cawent [ 3] 0] OF | # [ Fase [ Fake [ Nomal J[_OF |

LO LEVEL ALARM SP

Current Control 78.5°f top of Rack
Warn 80°f Alarm

CWS Temp 61°f
Economizer Start OAWBT 58°f with a

CWST of <61.5°1.

Economizer Stop 64°f CWST

Now average 65% on water side
economizer

OA Drybulb  OA Wetblb . .
INTUIT

] 0 .
START ECON AT OAWB AND HX CHALWT <

H¥ ALARM?T

HX CHWLWT
STOP ECON HX CHWLWT =



Main Chiller Room 1 TuIT
— One of Our

OA Drybuls  OA Wetbulb
[53.7deaF] [F@0dea 1] Leem [ 3205 gpm | [ Forward | Narmal | [ Normal | [_Normal |

- reem | 337.4 gpm Faorward 0% 0 % 0 % 1
Econ Run Time 4.088.2 hours | | |r | f e — = — OOllng

(Since Aug 1)

— ——I- _
| 00 J[706degF] CHWR  CHWS f
— ey, Plants

678 deg F Nat in Use "'15:

4=
o

Load % Y A
NC

Iemd F l‘ f Teme (7 de0T]

644 deQ F - —_— FUTURE THERMAL

Reset

STORAGE
TST-1

Econ[ O ] . VALVE CliD
GLOBAL LEVEL SP

Precaol[  Off | ‘ TOWER 1 Close
-5 TOWER 2 Close

ET8degF 755 degk
E [ Open ] MNormal ][ Normal | [ Narmal |
NC

W-1-5 |
! [46% |[ 46% ][ 46% |
|

0.0 | [f7.0deg F)
— 3 Ve
GG Gdeg F E’}% N Forward |[ Farward | [ Forward |

NC

~MNot in Use

-1-8

J‘ X
[

NC

: = 3_PCwP-2 CT2
G1.2degF E—— -
[ On ] Termp [6T2degF
SCHWS TO BUILDING Level [ TE0R

Econ
Preca O Reset [ OF ]
4 SCHWR FROM BUILDING

TO REMAINING CHILLER
ROOMS




» Balance data halls using Purkay instruments and Tileflow Software, to ensure cold aisle
temps < 78.5°f. at top of rack.

» Raised CWST to get all of the CRAH control valves at their mid range.

» Operators monitor weather patterns and redundant cooling tower storage to extend
economizer hours when possible.

» My biggest bang is staying on my economizer as long as possible.

» With my water side economizer, it’s as far as | can go. Most later version data centers
around me are using 100% outside air or probably half have gone to the Munters
Evaporative Cooling units.

SO THIS IS HOW WE HAVE DETERMINED
HOW HOT WE CAN GO
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1. Digital Realty Company Overview

2. Better Buildings Commitment

3. How Hot Can You Go?
A. Simple Colo Case Study

®

Better Buildings Summit | May.16. 2017 24




Digital Realty at a Glance (NYSE: DLR)

Leading Global Data Center REIT

Investment Management High-Quality Customer Base,

Approach Focused on including (ig?oagfompanles
Return on Invested Various Industries

Capital

000
DIGITAL REALTY

145 C?@%
$18 Bn | U 2,000+

CUSTOMERS
$25 ENTERPRISE
Bn M Investment Grade Ratings ©
LARGEST I ST
1 2t h PUBLICLY F]t.(__..hRdtlngb BBB
TRADED U.S. ’
REIT @ MOODY S S

2016 ADDED TO THE S&P Global BBB

MILLION RENTABLE S&P 500 INDEX : S
SQUARE FEET @ MAY Ratings Positive
Outlook

1)As of December 31, 2016. Includes investments in fourteen properties held in unconsolidated joint ventures.

2) As of December 31, 2016. Includes 2.0 million square feet of active development and 1.1 million square feet held for future development.

3) As of February 24, 2017, based on the closing stock price of $107.83. Includes Digital Realty’s pro rata share of unconsolidated joint venture debt.
4)U.S. REITs within the RMZ. Source: companies’ financials based on latest public filings. Based on equity market capitalization as of February 23, 2017.

5) These credit ratings may not reflect the potential impact of risks relating to the structure or trading of the Com_Pany’s securities and are provided solely for informational
purposes. Credit ratings are not recommendations to buy, sell or hold any security, and may be revised or withdrawn at any time by the issuing organization in its sole
discretion. The Company does not undertake any obligation to maintain the ratings or to advise of any change in ratings. Each agency’s rating should be evaluated

'ﬁ Better Buildings Summit | May.16. 2017



High-Quality, Diversified Customer Base

_ % of ABR
Customer Rank Locations % of ABR @ Customer Rank Locations @)
1 T 23 7.8% 11 Fortune 50 6 1.4%
— Software Company ’

2 é::?- CenturyLink- 49 5.7%
' 12 e 9 1.4%

3 af 20 3.4%
EQUINIX 13 TATA COMMUNICATIONS 17 1.4%

TOP 20 4 w 0
ORACLE 10 2.6% 14 AT T communications 14 1.3%

CUSTOMERS : & atat 44 2 59 o
= 7 15 rackspace,(u 4 1.2%
6 facebook 9 2.2% 16 ﬁetg Packard 5 1.2%
Enterprise

7 Linked 4 2.1Y%
in| b 17 amazon 14 1.1%
8 JPMORGAN CHASE & CO. 16 19% 18 U B E R 4 11%
9 Morgan Stanley 9 1.5% 19 ebﬁ_“y 2 1.1%
10 Yerizan 53 1.4% 20 NaviSite 4 1.1%
Total Annualized Base Rent 43.4%

Note: As of December 31, 2016. Represents consolidated portfolio plus our managed portfolio of unconsolidated joint ventures based on our ownership percentage.

Our direct tenants may be the entities named in this table above or their subsidiaries or affiliates.
1) Calculation based on annualized base rents (monthly contractual cash base rent before abatements under existing leases as of December 31, 2016 multiplied by 12).

®

Better Buildings Summit | May.16. 2017 26




Unmatched Global Scale |
Providing Customer Solutions in 30+ Metro Areas

L3

@8 Better Buildings Summit | May.16. 2017



Industry Leading Sustainability

Track

Management and
organizational
commitment to
sustainability

Track record of
sustainable project
Investment

ecord and Commitment to Energy Efficiency

Award-winning data Thought leadership
center designs with gnd innovation in

third party energy efficiency

oovtifinatian

Industry-leading
clean energy

o Full time REIT-
sustainability
expertise in-house

e Senior executive
with sustainability
management
responsibility

e Integrated cross-
functional teams

%3.\'

USINESS
ENEWABLES
ENTER

(3¢ : 3)

wororcet A~ 4L |

|\ R GRRAVICI AL |

Successfully
allocated $493
million of proceeds
from data center
industry’s first green ,
bond

Signed long term
contract to purchase

* US DoE Better
Building’s Challenge
for data centers
participant; 20%
energy savings by
2024

e 600 gigawatt-hours
of renewable power
sourced globally

#6 in EPA Green
Power Partnership
Tech and Telecom
sector for renewable

» 50+ green building
certifications globally

* 5 new certifications
in 2016 including
Green Mark Platinum
rating for 3 Loyang
Way, Singapore

e The Green Grid
board-level and

100% renewable energy ,

energy for usS o g

colocation bu WER il
PARTNER =

M Better

EEEEEEEEEEEEEEEEEEEE

T the green grid

BCA GREEN MARK

ENERGY STAR

®
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Better Buildings Challenge Update

 How is Digital involved?

— Digital has publicly committed to reduce our non-IT energy intensity,
within a 20MW sub-portfolio of properties, by 20% over 10 years.

— ~25% Cumulative Progress (vs. 2013 baseline)

« Air Management Improvements PROGRESS
« Controls enhancements V
« CRAH/C EC fan upgrades o

« Operational efficiencies Achieved

— EPA Energy Star Certifications

®

Better Buildings Summit | May.16. 2017 ﬁ



How Hot Can You Go?

WHY RAISE TEMPERATURES?

Raising Temps because.... | |Raising Temps because....

* A vendor told me it * ENERGY SAVINGS
was requﬂby code — Lower fan/pump
energy

I’ll San—‘ — More Economizer Hours

— Better efficiency
performance on HVAC

* Couple w/ Containment for
improved reliability (X

FACTOR[
— ASHRAE Thermal
Guidelines

— Reduce hardware
* My boss told me to failures

David Quirk P.E. — VP, DLB Associates

Better Buildings Summit | May.16. 2017 ﬁ
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Why Is air management important: Big Picture

I HVAC (Air conditioning) — CRAC I

Recirculation air flow Bypase air flow
mmmmmm /un\
B ' Bypai . . .
= wena (S Too much airflow Too little airflow
—— e (over-cooling) (under-cooling)
T '
L = = - .
Current
r-- | N N N BN B B B B =B B | I N
, . I [
: : — Cold Spots == i
+ ‘t—
fle— F—— ) —— l ,
. Loose Seal Barrier g ‘ I I . I I I I D D D e e e I I .
or pressure balance — I- J L —
s J oernld
Cold Aisle (_' (side view) (side view) ‘1 1d Aisl
Hot Aisle
(_. . Balance
— e \ IT CFM demand = CRAH/C CFM
N =, —— | B Deliver
\k: g N E— ﬁ y
'ﬁ Better Buildings Summit | May.16. 2017 ﬁ




Simple Colo Example - Identifying Issues & Baselining

“Seeing” Air Management Issue

Better Buildings Summit | May.16. 2017
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FLIR ONE ~ $250



Simple Colo Example - Opportunity

Real-World Findings:

Existing Annual Energy Costs for fans on 9th Floor from

CRAC's

16 units X 4.1HP x 3 motors/unit
= 12.3HP/unit x 16 units

= 196HP

196HP x 0.746kW/HP
= 146kW

146kW x 8760hrs/year
= 1,278,969kWh/year

This is only for
one floor

only.

airflow demand ~600kW x 130CFM/kW = 78,000 CFM

FM x 16 units = 240,000 CFM

Actual Airflow = 15,000

'ﬁ Better Buildings Summit | May.16. 2017

How Do We
Quickly Identify

And Address Air

Management
Issues and make




Audit Tool: Audit-Buddy

 Collects data on temperature and humidity on a rack level
— Plots graphs and produces tables for quick visual analysis by operators
— Spread out sensors help identify under and over-compensated spots on a rack level
— Comes in both 'F and “C for facilities using metric
* Investigate customer feedback/complaints conveniently
- Provide accurate data to customers to prevent mistrust
- Easily identify and rectify complaints

| —————l j =

't"'u—"'-- l = ] AGAm 1

= Purkay Labs Temperature Contour Map
4
Purkay Labs Thermal Contour Map Example Swrt 1/B/201511113PM Finish: 1/8/2015 1:54:13 PM
Measured for Aisle 203 —Tamgiaiie = = leepg e e T Ly

i
- R el e S S S E T —>»|  UserHigh
Hot Spot Limit :74°F
A LongScan
E Data
Significantly

OverCooled IR - s ou o0 caaanasepbia it e bt g e —> User Low
Areas ] Limit: 68°F
i ;|

b —

Vertical Height (inches)

£ I o 4 f N
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
...............

100 200 300 400 s00
00 Location Left to Right facing aisle (inches)

'ﬁ Better Buildings Summit | May.16. 2017




20 secs active scan for each
rack in an aisle (40 secs total

per rack)

Quick way to detect trouble
spots on an aisle level before

deep analysis

Produces contour maps

— Temperature
— Humidity

— Dew Point
— Delta-T

Height :in

Temperature Contour Plot
Generated 09-30-2016 09-37

Hot Spot

/

' 72.0

100 150 2[50
Aisle Left to Right Units: in

75.2 7

I 75.0
74.8
74.5

74.3
74.1

73.8
73.6
73.4

73.1
72.9
T2.7
72.4
T2.2

71.5

jénu)
Range

71.2 =

Temp °F

3. Optimize Macro Version 5.5 xlsm

®
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Simple Colo Example - Findings & Actions

e Large span of cold isle temps, most at or below 68°F. Why? WE MUST GO HOTTER
 Afew isolated hot spots. (site controlling to worst case)
o Step #1: Fixed Air Management issues:

— Cold isle doors pre-existing

— Added numerous blanking panels (many pre-existing)

— Added dampers on perforated tiles to help balance airflow
« Sanity check with balometer hood (CFM vs IT load — 800+CFM/tile)

e 0.3 W.C. - Modified CRAC fan controls to modulate fans to 70% minimum on
low/no call for cooling.

 |dentified CRAC in area of influence with sustained no-load and turned off.

— ][\I/Iinir)nal temperature change (small drop — less warm air mixing with cool air under
oor

— Saved $6,400/yr
 Level Set
« Start Increasing CRAC Return Air Set point — 1°F every full day.
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Simple Colo Example - Findings & Actions

* Raised set points of
remamln% area of influence

(6:°||Q:A8C°|£e urn tempS between Temperature vs. Rack Number Plot (A)
_ - (Baselines 70°F-72°F) mTOP mMID mEoT CONTINUE EVALUATING INCREASES
— Increased capacity (1-3%) ** Top ASHRAE Limit

QQ = mm mm mm mm mm e e mm e e o mm e e mm e e o e e e e e e e e e e e e e e e e =

— Systematic process

* Rackinlets raised in
somewhat linear fashion
(surprising)

* Inlet temps remain within
SLA’'s, more efficient
oPeratlon and reduced
stranded capacity

Temperature (°F)
[=)] ~J ~J ~J ~J ~J
[s.] =] [a=] =Y [=)] [5.2]

=)
)]

* No operational issues to date. 64 | _ _ _ | _
° MOre Upgl’ades On Olng Locatlin No. Locatl;n No. Locatl?c))n No. Locatlfl)n No. Locatl:n No. Locatlgn No.
gar%etlng turning off another Rack Number
AC units (of 16 total),

additional containment,
wireless monitoring.)

®
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John R. Dumler, P.E. , C.E.M.
Technical Operations Manager, Energy

M: (770)-653-6911
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Data Hall: An Interactive Map — Aisle View

% Purkay Labs - Interactive Data Hall Program EI@
v b AA|AB A3|AH|A\‘1~J|A‘ w
Data Hall Information

& Aisle View [Ferlfe ] oo
Aisle Display: Temp for Cabinets E21 to R21 . 20

Data Collected on: October 7-10, 2016 lisplay

AC|AD|,AE|AF

-

Current View: Cold Aisle - Inlet Temperatures
bt Temp

Max Temp: 73.2 °F Min Temp: 67.9 °F Avg Temp: 71.4 °F
E21 F21 G21 H2A 121 121 K21 121 M2 N2t 021 P21 21 (Color Panc!
<56°F
6859
6768
6657
6556
M 5a65
M 5354
M 5263
M 5162
M 5061
M sa60
W 5558
M 5758
M 5657

74"

olor

Cabinet Order Shown - Same as Dats Hall Plan View

CABINET AT CONTOUR NOTES ]

VIEW VIEW VIEW VIEW
FILTER
N ] Return
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Simple Colo Example - Identifying Issues & Baselining

“Seeing” Air Management Issue

Better Buildings Summit | May.16. 2017
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What does your Energy look like?

Cooling Systems

© Gelty Images

Compute Systems
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The New Home for NERSC
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UC’s Shyh Wang Hall

 Formerly, the Computation Research and Theory Facility (CRT)
e 142,000 square feet total

e |IT load will dominate building

* 4 large AHUs for air-cooled loads

* 4 cooling towers with a heat exchanger for water-cooled loads
 Water-cooled supercomputers

e Air and water side economizers

* Air-side heat recovery for heating offices

* |T loads cooled without compressors
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Nov 2016)

NERSC hosts Cori (#5 Top 500
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File Systems and Air Cooled Computers
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Air System Design Approach

e Annual PUE less than 1.1
e Air-Side Economizer

* Direct Evaporative Cooling for
Humidification/Pre-cooling

 Low Pressure-Drop Design
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Free Cooling — Outside Air Based Design

Blue = recommended supply
L. Annual Psychrometric Chart of Oakland, CA
Green can become blue mixing return and (relative humidity lines are stepped by 10%.
outdoor air g
N _ / / // A/ /
Most of the conditions below and right of TSSO
- : S NS S S A
blue can be satisfied w/ evaporative . A AV ARV ARVA /T,
. WwWB =7 7 / /
cooling /5K J S / /-
JS SO S S yd
: : S S S yd
Hot and humid hours will enter the Lo 7 A 1T XK _ 7
“allowable” range or require cooling water we=99 Saiesdss g2 E%?o/ //X‘
from tower 2N |~ -
= 50 | wo p:S 4/ I/\\
~ " = I~
WB = 40 — 2> 0&% J>| 8)‘( ,/
\ Q}i 0%7-‘0 e
WB = 30 _ h = < :,A«g‘{ \\ //
- £5 = <§><><>§ - 2D <> S > | —
l% 4& e o2 L//
——— S 3
‘ ‘ = S \\ ‘\ ‘\
(o] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 o5 100 105

Drybulb Temp (F)
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Free Cooling — Water Based Design

e CRT Performance
e Annual PUE less than 1.1

 Closed-loop treated cooling
water from cooling towers

 Headers, valves and caps for
modularity and flexibility
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15t Phase 20k Sg Ft Computer floor

=DEEARTMENT OF . Office of

e & 2 E NE RGY Science "56-




Seismically isolated from building

P> & PARTMENT OF ofﬁce Of

£ " > uU.S. DE 14 N
& ENERGY | science




12.5 MW power (40 MW max)
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10 MW liquid cooling (20 MW max)
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6 MW of liquid cooled systems installed
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2 MW Air Cooling (17 MW max)
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100 % Outside air capable
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Real Life

* Performance
e Opportunities for improvement/optimization
* Lessons learned
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Liquid Cooling Performance Baseline

Baseline
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N
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Power (kW)

/
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Outside Air Wetbulb Temperature (°F)

Baseline CWGP Pump kW

I(W Baseline Total CT Fan Power kW

ENGINEERING

Baseline TWGP Pump kW

Baseline Total System kW
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Liquid Cooling Performance Balanced

5 Degree Approach
350

300

250

150 /

100 —

Power (kW)
N
o
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50 e —— S

32 34 36 38 40 42 44 46 48 50 52 54 56 58
Outside Air Wetbulb Temperature (°F)

5 Deg Approach CWGP Pump kW

5 Deg Approach TWGP Pump kW
5 Deg Approach Total CT Fan Power kW

5 Deg Approach Total System kW

kW
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Data Center ASHRAE Design
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Allowing Lower Relative Humidity

Reduce Minimum Supply Air Temperature and
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Electricity and Water Savings

Energy Savings (kWh) Water Savings Cost Savings PUE
|Measure Title Estimated Verified Gallons S Reduction
Controls
1|Optimize Cooling Tower Fan and Pump Controls - 360,000 100,000 | S 20,880 0.007
2|Optimize Closed Loop Pump Control 240,000 - 110,000 | S 13,920 0.005
3|Optimize AHU SAT and Flow Control 300,000 - - S 17,400 0.006
4|Reset Cooling Water Supply Temperature 600,000 - 220,000 | S 34,800 -
5|Install Firmware to Enable ESS Mode for UPSs 190,000 - 65,000 | S 11,020 0.004
Physical Projects S -
6|Cold Aisle Partial Containment 100,000 - - S 5,800 0.002
Total 1,400,000 400,000 500,000 | S 100,000 0.025

ITkWh 48,200,000 Extrapolated based on typical operation

Total Non-IT kWh 3,200,000 Does not include CRAY fans
( PUE 1.07
Estimated Post-Case PUE 1.04
ENGINEERING Savings as a Fraction of Cooling System kWh 56%
U.S. DEPARTMENT OF Office Of
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Rough Savings Estimates S

Energy Savings (kWh) Water Savings PUE Cost of electricity 0.058 /kwh
Measure Title Estimated Verified Gallons Reduction
Controls
1 Optimize Cooling Tower Fan and Pump i 360,000 100,000 0.007 Non IT load savings 1,190,000 kWh
Controls
2 Optimize Closed Loop Pump Control 240,000 - 110,000 0.005 Average mechanical kW savings 136 kw
3 Optimize AHU SAT and Flow Control 300,000 - - 0.006
. Total cooling system energy 3,200,000 kWh
4 Reset Cooling Water Supply Temperature 600,000 - 220,000 (0.001)
5 Install Firmware to Enable ESS Mode for 190,000 i 65,000 0.004 Total system power 365 kW
UPSs IT Load 5500 kW
. IT kWh 48,200,000 kWh
Physical
Projects
6 Cold Aisle Partial Containment 100,000 - - 0.002 secaline AU 1.07

PUE after implemented measures 1.04
Total 1,400,000 400,000 500,000 0.024
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Measure Breakdown

 Cooling tower supply temperature reset based on wetbulb temperature
e Reduce minimum tower water pump speed based on minimum cooling tower flow

e Install booster pump to serve RTUs, lowering differential pressure in main cooling water
loop

 Replace closed loop bypass valves with flow limiters
 Adjust closed loop differential pressure reset

e Reduce AHU supply air temperature as outside air temperature drops, and control fan
speed based on max cold aisle temperature

* Turn off redundant cooling tower pump to improve pump efficiency

 Enable variable speed fan control on CRAY units and optimize cooling water temperature
e Expand cold aisle temperature/RH envelop based on ASHRAE 2015 guidelines

e Install firmware to enable ESS Mode (eco mode) for UPSs
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Cooling System Optimization

Total Power Comparison
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Skip the Double Conversion Losses

9395 Efficiency Curves (Typical)
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Our Approach

|dentify opportunities

|dentify critical control boundaries
Try it out!

Verify using trend data

1.
2.
3.
4.
5.

All parties work closely throughout the project

kW

Repeat until optimized

ENGINEERING

OF Office of

7;«: U.S. DEPARTMENT

57 e NEN

& ENERGY 73
) ) i

N Science




Takeaways

* |nvolve full team from measure development through implementation
e Start with client priorities and question everything

* Incremental, iterative progress can be most affective

e Don’t underestimate interconnectivity of systems

e Asub 1.1 PUE data center can still be improved!

kW
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The source of cool air and cool views ...
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Questions?
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Dale Sartor, P.E.
Lawrence Berkeley National Laboratory
MS 90-3111

University of California
Berkeley, CA 94720

BERKELEY LaB

DASartor@LBL.gov
(510) 486-5988

http://datacenters.|bl.gov/
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http://datacenters.lbl.gov/

Thank You

Provide feedback on this
session In the new BETTER BUILDINGS

Summit App! SUMMIT

Download the app to your
mobile device or go to
bbsummit.pathable.com
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