This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.
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Learning Objectives

Plan for the implementation of building data
analytics on a large campus.

Understand hurdles that may be encountered and
how they can be overcome.

Evaluate the resulting benefits that can be gained
from detailed energy meter monitoring.

Identify potential issues that can be uncovered with

a building analytics tool.
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Sandia National Laboratories Overview

Tonopah Test Range, Nevada

¥ 121 265

GROSS SQUARE
FOOTAGE

GROSS SQUARE
FOOTAGE

881 buildings across all sites 23nergy
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About Sandia National Laboratories

b

= Grew out of World War II effort
to develop first atomic bombs

= Began in 1945 as the Z
Division, the ordinance,
design, testing and assembly
arm of Los Alamos National
Laboratory

= Department of Energy (DOE),
National Nuclear Security
Administration (NNSA)
Laboratory

Photo Credit to Sandia National Laboratories
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Sandia National Laboratories Mission & Facilities

. h & Devel I I ¢ Eacilit

] Clean Rooms, Data Centers

A A
‘ Nuclear Weapons

) National Security Programs ‘ Chemical Bio, Radiological Labs

700+ fume hoods
Manufacturing R&D, Testing

9.4 . .
XX> Defense Nuclear Proliferation

@ Energy & Homeland Security glig Chilled Water & Hot Water Plants

g Offices, High Security, Cafeterias,
- Warehouses, and High Bays
° ™%

e L _Ene
9?5555%:196

ﬁgli‘s“ig Advanced Science & Technology
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Sandia Energy Management Program and Goals

Drivers and Goals

Energy Mission

/Reduce energy, natural N
resources, environmental
iImpact, and energy costs
as a commitment to the
Federal government,
DOE/NNSA, and our local

community.
\& 4 Y

Energy

Sandia
National
Laboratories

L
2,

Reduce EUI for all sites 10% below 2015

Guiding Principles for High Performance
Sustainable Buildings (HPSB) for 15% of
buildings

. RCx for 33 buildings and energy audits

for 60 buildings every 4 years (top 75%
energy use)

Advanced metering for buildings greater
than 5,000 square feet

Monthly energy management and
benchmarking (measure, manage, &*
report) °of w

e Y Energy
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Data Analytics Overview

O * © & Denver Public Schooks = Logout  SKySpark
Il Targets ] (\* | Wesk of 24-8pr-2016 | P\@w [ Timelinz J Rules | Select | Info ] I Aspects J
| All | MontbelloHs | €5 AHU_20 | Add Points |

« Deploying analytics software
for the NM and CA campuses

« Energy meter monitoring -
700+ energy meters

- Detailed BAS monitoring - " N O
currently 15,000 points e

= j_ﬂ’_\ vt;,_;.q& p“"","’k_ —— e,
7 =

« Vision for 120,000+ BAS points v e e

- A lot of data = a lot of Ongoing Cx
spreadsheets!

Proactive
o %
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CHALLENGES

o Creray

o Exchange
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- Evaluated BAS solution
« Challenging to diagnose
« Couldn’t see the patterns

« Large number of FDD/EIS
options available

. Met with vendors, viewed demos, |E&a
researched capabilities T

 Met with organizations using
analytics

Solution: Utilize the BAS for control and critical alarms, implement a 3rd ¢ Energy
party software tool onsite focused on data analytics o3 Exchange
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#2 — BAS and Network Limitations

« Architecture is 20+ years old,
RS485 network

« Limited ability to add more
trends

« Worked with BAS vendor to
evaluate potential upgrades

« Performed tests with BAS vendor and
Analytics vendor on full IP Based
Ethernet platform

« Tested integration options including
BACnet, and Web APIs

Solution: CSV data transfer solution at this time - moving toward BAS o ™%
upgrade with Ethernet, new controllers, and upgraded BAS platform %%};b'f%ge.
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#3 — Getting Buy-in — Integrating Analytics

Presented to top management
« Results from BAS Analytics pilot project

« Benefits of data driven approach to managing operations and energy
« Benefits for on-going commissioning and energy audits
« Benefits of proactive maintenance and energy savings

Challenges
'n'a « Staff not familiar with technology, already busy
O « Alarms (Failure) vs Faults (Inefficiencies, Issues, Opportunities)

« Exploratory process - current conditions vs. root cause

Solution: Get buy-in from stakeholders, perform training, designate o ™%
energy team member as first point of responsibility %%t%‘}%{ge
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#4 — Data and Issue Overload - Prioritize Faults

4 N\
Hundreds
of faults

_every day/

‘ Rule

AHU Coal and Econ Conditions
AHU DAT Sp Not Met

AHU Econ and High OAT

AHU Econ and MAT Mot Equal OAT

AHU On During Scheduled Unocc
Data Gap (Mon-Meter Points)
Data Gap (SiteMeter Points)
Equipment On Chillers Off
Equipment Short Cycling

VAV Flow Error

Zone Temp too Cold

Zone Temp too Hot

Duration

|

1543 | ||

2. 28hr
15.25hr

15.5hr

1.08hr

2592hr

Tue 4th Thu &th

2.94hr
73hr

a0
3 -nl-r
A | |

6.25hr

4dhr

Sat 8th }Equips
I MM Bldg 0729 (BAS) AH-01
i) NM Bidg 0729 (BAS) AH-01
I MM Bldg 0729 |j:E;AS:u AH-01

) NM Bidg 0729 (BAS) AH-01

) NM Bldg 0729 (BAS) AH-01

-

AT
) NM Bldg 0729 (BAS) CHW Meter
) NM Bldg 0729 (BAS) CHW PUMP 1

1x5

NM Bidg 0729 (BAS) VAV-2019

X2

) NM Bidg 0729 (BAS) VAV-20404

Solution: Refine rules for different user groups, use tracking system to note o ™%
status/progress of issues
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TRIUMPHS
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#1 - Integration of Various Data Sources

VMWare and
Internal Web
Access

« Successful integration of
multiple data sources

« (CSV, SQL, API restful; will add —J \, Locally 7
- - Meter Hosted FDD Weather
active BAS connection LdatabasesJ { biesiunl }
 Reduce time spent analyzing
data in spreadsheets! \
BAS .
CSVs/ 1 Som
Meter and BAS data | scripts " |
~aEnergy

from 2 campuses
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#2a - Identify Operational Issues ——

« Fault #1: AHU Cool and Heat heating and
« Fault #2: AHU Econ and Heat cooling, should be

economizing
_, | %, J
Weather Sandia, NM @ Temp (°F)
80 °F
60 °F 2N M
‘x' ‘I JJ j ¢ Il | g0
I"; | ; '1‘_‘; : 4 oA " .
A0 °F Yt
T Inl.l -
20 °F
@ NM Bldg 0704 (BAS) AH-01 CHW VALVE @ NM Bldg 0704 (BAS) AH-
@ NM Bldg 0704 (BAS) AH-01 PREHEAT VALVE
|
80% Ml
)
40% | "
I' 8 = 'u W - | ==
0% i e A R . o ™%
Sun 3rd hon 4th Tue 5th Wed 6th Thu Tth Fri &th Sat 9th Sun 10th ™ |
| : © YuEnergy

©o Exchange
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#2b — Identify Operational Issues

« Fault: AHU Duct Static Pressure Not Resetting

veek of 24-Mar-2019 b Fides Dations

%,

_ ™
Air Handler Fault:
Static pressure not
resetting and is at
high constant level

o

Sparks Week of 24-Mar-2019 - NM Bldg 0963 (BAS) AH-01

“ e ~
(
| — —
! |
! 1
! |
! I
I
| - n -
|
ACT STATIC STPT
3inH:0 T e s e e e e e e e e e e === e
[ \
Zint0 [ - A R 1 = S -
: ," l "r 1‘ ‘ "]| f ]f' l I" "\‘ ‘ )
TinH:0 i [ J l J ‘I | ||| [ | l‘u ||| \l %
Y e - IR — [ T— A\ /) \ - @5\,1’. | |
- | | 6 L Ene
10 | 1 G‘E)(Cli\gy =
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#2b — Identify Operational Issues

AHO1S |

SUPFLY FANN AHO1
SETPOINTS

SSTO CONTROLLED
- DO NOT COMMAND -

AHO01 PREOCC TIME
NOME
4. 72 CRTIME

AHO1 OCC TIME
NOME
E.00 CRTIME

AHO1 UNOCC TIME
NOME
12.00 CRTIME

S55TO AT HTG STRPT
MORE

4.72 TIME

S5TO AT CLG STPT

MORE
E.04 TIME

e =

BLDG PRESS

0.10
0.08
0.08
0.04
} 0.02
0.00
-0.02
-0.04

MIN OSA MIXED AIR
5000 a5
4500 20
4000
3500 o
3000 70
2500 65
2000 &0
1500 iz
1000
500 50
0 45

PREHEAT

DISCH TEMP
85

DUCT STATIC

2.00
G
1.50
125
1.00
0.75
0.50
0.25
0.00

BLDG FRESS LFOUT
NOME
4E.67¥ FERCMNT

AHOT RETURM FAM
NONE
46,67 PERCNT

MIN 054 DAMPER  MIXED &R DMPRS
NOME NOME
4 BT

0.00 PERCHT

HOME
0.00 PERCHT

1
PREHEAT “alVE D STAGES REQ'D
E

HON
30F4 1

DISCH RESET CHD
HOME I
LOWER |

DISCH RST ZONE
MOME
1018 ZOME # l

AHOT SUPPLY FaMN
OVRD
EB.51 PERCMT

STATIC RESET CMD
NOME
BUMP

STAT RST Z0OME
HOME
1015 Z0ME #

AHOT HOLIDAY
MNOME
_OFF
MM ROOM TEMP COLDEST ZOME MNGT OVRD DMD
MOME MOME MHOME
E5.75 DEG F 2051 ZOME # OFF
M ROOM TEMP WARMEST ZOME | [AHOTPRECCCODMO || | NGT OVRD ZONE
HOME MOME MHONE HOME
7226 DEGF 2033 Z0ME # OFF 0Z0ME #
4G ROOM TEMP
MOME
7415 DEG. F

Lo "EEHR"TIEBEH
OFF

LO TEMP DD Z0ME
NORE
0Z0ME #

HI TEMP DMD Z0MNE
NOME
0Z0ME #
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TOFAN
AR

OUTSIDE DRYEBLULE
NOME
87 92DEGF

054 REF SOURCE
NOME
878 BLDG

TOT WAl FLOW
NONE
8704 CFM

Wy OCC SENSORS
NOME
29 0F 36

YAy TRIGS OM
MOME
41 OF 45

" BAS Shows AHU
Static Pressure
Setpoint is met

e ™
No BAS alarm so
operation looks

normal to
facilities staff

4

GeEnergy
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#2b — Identify Operational Issues

Related Zone Faults: Zone Air Flow Setpoint Not Met & Zone Temp Too Hot

VAV 15 ; :
oocunns | BLDCG. 9609 §m1§hf Zone Airflow Fault: N
e j .EIHIEFQE;I‘.F.&J-J FPRE| OISCH AR TEMP = Damper 100% O,Den
I RORNING BT DES F . . .
T o5 No_ A/r F_/ow is
%) BLDG 565 IS.FLOOR SOUTH @ sorcr driving increase in
_______________ e (o HWR . .
)7 S | e air handler static
| pressure setpoint
Zone ﬁgﬁ;iﬁp ot CaUSGS EXCeSS
Temp Too | \ energy /
Hot Fault .
I |
. ; é :
| : BAS has approximately
—— ) [ ‘ / 8,000 Zones. Analytics
I | soT \\ 4 7 .
|" " oe= N | e ewnea | ERNEMRRMAE] ~ ~ iy oo mosers auto detect issues across
IE ——lacTvE NIGHT OFF ‘ D GnE ST S Py
e | large number of building ofw
Eoo: ner N il ¢ gEnergy
\ = \ systems. ) e

® o Exchange
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#2c - Identify Operational Issues

: : AHU running
« Fault: AHU On During Scheduled Unoccupied during unoccupied
hours
_____________________ T L N LR i i
: AHU On During Scheduled Unocc
! |
1 , ~
R SANE SRR SRS SRE BARE SARE SSRGS SR BARE SAIRE SRS 3 RARE SAIRE SRS S ) AHU schedule
RUN DEMAND

i after fixing at

BAS controller
il

—————————————

|
1
1
1
1
|
\

Jan Feb \ Mar
(' “CONGTCONMAND
BAS looked normal P AHU supply fan
Hidden issue with BAS NONE “ status ON 24/7
controller not scanning ABO1 STOP TIHE 2‘ Energy
. NONE . . ™ 5
\programmed Start /Stop times { S| Before fix | After fix o Exchange
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#3a - Energy Monitoring and Dashboards

Electric kWh Monthly
2016 @ 2017 @ 2018 @ 2019

3 ™
Detailed Site
Monitoring -
205 sites

L% A

30,000 kWh

20,000 kWh
10,000 kWh
0kWn

Mar pr May Jun Sep Oct Mov Dec

Gas Therms Monthly
2016 @ 2017 @ 2018 @ 2019

CA Bldig C940 (BAS) 3,000 therm
= Area 22789 ft2 2,000 therm |:|]
[ﬂ Haa dll
il i i il W (N
Mar Apr May Jun Jul Aug Sep Oct MNowv Dec
Site Meters Yearly kBtu per SF
@ CHW Meter KBtu/SF @ Elec Meter KBtu/SF .
@ 0GasMeter KBIU/SF @ HW Meter KBtu/SF Chilled Water MMBtu Monthly
20T ®2016 ®2017 @201 @ 2019
80 MMETU
150 kBTU/fE 40 MMBTU \J:|] M Hiﬂ E[H
0 MMBTU —|=o—=mm. [ LJ:D ‘:Hj C]:D —re
Feb Mar Apr May Sep Oct Nov Dec
100 kBTU/ft=
Hot Water MMBtu Monthly
2015 @ 2016 @ 2017 @201 @ 2019
50 kBTU/ft= 200 MMBTU
e lﬂl [ﬂ ﬂl i ﬁl lﬂ] Jﬂ IRl | [[H m LEnergy

2018 1 Feb  Mar  Apr  May J Sep Oct Mov  Dec 0 O EXChange
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#3b — Energy Monitoring and Dashboards

4 ) al - swivel Table cakpl JEIEG

Key
Performance < 2019 > || Rules || Options

Indicators All Sites
N~ &

Site Elec kBTU/Sf ¥ | Elec KWh Elec KWh Delta Prev Year Elec KWh Prev Year
MM Bldg 0827 o 168 KBTU/ft2 X 1,604,110 kWh | —) 6% @] 1,546,833 kWh
MM Bldg 9963 o 66 kKBTIU/fi2 71,349 kWh | :) 23.7% $ 61,518 kWh
MM Bidg 0518 b 146 KBTU/ft? * 2,301,100 kWh C :' -1.3% C:' 2,352 210 kWh
MM Eldg 0720 37 kBTU/f2 . 629 424 kWh C | -4.3% & 255406 kWh
MM Bldg 0755 @ 35 kBTU/ft2 . 408,609 kWh ':\ ) 1% o 428 437 kWh
MM Bldg 0899 © 32 kBTU/ft2 . 1,318,194 kWh C | -20.7% i 1,703,480 kWh
,.. "] @ & l ‘
MM Bldg 0888 ® 128 kBTU/ft2 112,480 kWh ',l,' ) 120.8% . 20170 kWh 7] l. |Ene|'9y

©o Exchange
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#3c — Energy Monitoring and Daﬂshboards

\

Building 0885 Building Assessment Dashboard | '/‘U® ::JG_’\ " 7 Q '-L@.l [SD[ @'é Operator
e Bt lot 0T SPGB | Dashboard:

Building Summary
\- "

i @ -;"’1ﬁ

" o4 Fne
9Ex¢;|gai¥19e'
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#3d - Energy Monitoring and Dashboards

' : ' 4
Select w| < 20-Jul-2020..23-Jul-2020 1hr 3 || Zone Temp FromSp % || 72°F 5| Medium 5 || None 3 Zone
@64 F QOAF @6AF =
| i Temperature
Heat Maps

NM Bldg 0885 (BAS) VAV-02

NM Bldg 0885 (BAS) VAV-03 ’V ’l -

NM Bldg 0885 (BAS) VAV-04

NM Bldg 0885 (BAS) VAV-05 . .
NM Bldg 0885 (BAS) VAV-06 “_I ‘

NM Bldg 0885 (BAS) VA

=

\

<
=
=

NM Bldg 0885 (BAS) VAV-08
NM Bldg 0885 (BAS) VAV-09 ﬂ

NM Bldg 0885 (BAS) VAV-10

NM Bldg 0885 (BAS) VAV-11
NM Bldg 0885 (BAS) VAV-12
NM Bldg 0885 (BAS) VAV-13
NM Bldg 0885 (BAS) VAV-14

—— ==

NM Bldg 0885 (BAS) VAV-15

NM Bldg 0885 (BAS) VAV-16

NM Bldg 0885 (BAS) VAV-16A

7/2012AM  7/20 4AM 7/208AM  7/2012PM  7/204PM 7/208PM  7/2112AM 7721 7/218AM  7/2112PM  7/214PM 7/218PM  7/2212AM  7/224AM 7/228AM  7/2212PM 7/238AM  T7/2312PM  7/234PM 7/23 8PM

J @

GeEne
9 %) Exc'liiga%ge
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#3e — Energy Monitoring and Dashboards

Operator

Dashboard:
AHU DATs

% - AHUDashboard [EEGIIVNENEM AHUSF Control VAV Dashboard  Zone Temps HeatMaps  Favorites

Select v || « 20-Jul-2020,.22-Jul-2020

NM Bldg 0750 (BAS) - AH-01 DAT Control

@ NM Bldg 0750 (BAS) AH-01 DISCH AIR TEMP @ NM Bidg 0750 (BAS) AH-01 DISCH AIR TEMP STPT

BO°F = E——
- - f r o = - ot i )
BFF =— — R ¥ —— —— = S} -.A-‘ — e — -1 M = — ;'4 e —
I 1 07 B ) FCM
20th 12a 20th 6a 2h12p 20th 6p 21st12a 21st B2 21st12p 21atép 2ind12a 22nd fa 22nd 12p Z2nd bp 23rd 122
NM Bldg 0750 (BAS) - AH-02 DAT Control
@ NM Bldg 0750 (BAS) AH-02 DISCH AIR TEMP @ NM Bldg 0750 (BAS) AH-02 DISCH AIR TEMP STPT
BO°F -
&0'F ‘4" - = ., - i o =y A * — =
40°F
NM Bldg 0750 (BAS) AH-02 SF CMD
20th12a 20th 6a 2th12p 20th 6p 2is12a 2istBa 218t 12p 2lstbp 22ned 128 22nd Ga 22nd 12p Z2nd 6p 23rd 123

GeEne
9 Exmcilgal¥|ge
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#3f — Energy Monitoring and Dashboards

4 - AHUDashboard  AHUDAT Control [FGIESIWI VAV Dashboard  Zone Temps HeatMaps  Favorites

Select v  20-Juk2020.22-0uk2020 | operator

NM Bldg 0750 (BAS) - AH-01 SF Control DaSthaI’d.'

AHU Supply Fans
I

@ NM Bldg 0750 (BAS) AH-01 SF VFD SPEED
00%

@ NM Bldg 0750 (BAS) AH-01 DUCT STATIC MIN Calcd @ NM Bldg 0750 {(BAS) AH-01 DUCT STATIC STPT

NM Bldg 0750 (BAS) - AH-02 SF Control
@ NMBldg 0750 (BAS) AH-02 SF VFD SPEED

@ NM Bldg 0750 (BAS) AH-02 DUCT STATIC MIN Calcd @ NM Bldg 0750 (BAS) AH-02 DUCT STATIC STPT

-0.1inH:0

&) ,-;"’/'ﬁ

e YL Energy
~an
® o Exchange
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#4 - Identify Meter Issues

All Sites
Site Rule Duration Fri 7th h Tue 25th ‘
CA Bldg €943 (BAS) Energy Zero 720 | | o |
S I @ CA Bldg C943 (BAS) Elec Meter KW
CA Bldg C955-956 Energy Zero I 720 |
CA Bldg C964 | Emergy Large Delta Regression | 3hr | @& CA Bldg C943 (BAS) Elec Meter KW Baseline 2018
I 300 kW
CA Bldg C966 (1) Energy Negative ﬂ\ '
, j“-\;* A:.}g?‘-:,., ;_,.-'!.._..- N ‘\‘,—\.L
CA Bldg C967 i) Emergy Large Delta Regression | 14hr e A/ \{__" = — '%..__ F Ty
b il = e = o, S 1 & ——
i i bl m 100 kW
CA Bldg C972 1 Energy Large Delta Regression | 307hr II|II |I| | Sun 14th Maon 15th Tue 1&th Wad 17th Thu 18th Fri 19t
CA Bldg C973 i) Energy Large Delta Regression | Jhr
CA Bldg RDWDCTR Energy Zero | 720hr Hour Of t he WGEk
CA Bldg VM_5ite Energy Large Delta Regression | ahr regreSSIonS to get
MM Eldg 0318 | Data Gap (Meter Points) I] 1440h -
_ | weather normalized
MM Bldg 0605 i) Data Gap (Meter Points) |] T20hr -
MM Bldg 0700 i) Data Gap (Meter Points) | 192hr base,lnes
MM Bldg 0702 i) Energy Data Spike | A1hr
Energy Zero | 120hr O ‘

e Ene
9%ging¥|ge'

AUGUST 10-14, 2020 « NOW A VIRTUAL EVENT




THE PATH FORWARD

@ . |
GeEne
9 %) Exc'liiga%ge

AUGUST 10-14, 2020 « NOW A VIRTUAL EVENT EMDOWERING SULUTIUNS




Benefits — Eliminate Drift

Savings from conventional RCx with
/ periodic Re-commissioning

e -

1) Added MBCx savings .
from persistence

Energy Use

2) Added MBCx savings from new
measures identified by metering and
trending during initial Cx effort

(E. Mills, P. Mathew,
“Monitoring--based
Commissioning:
Benchmarking Analysis

3) Added MBCx savings from
continually identified new measures

Time of 24 University
Buildings in California”,
Figure I.  MBCx provides three streams of additional energy savings relative to RCx — 201 2)

conceptual illustration

Median simple payback of 2.5 years and °o %

. : 0 =) Ene
median source energy savings of 11% eggﬁ%ge-
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Key Steps to Get Started

Identify stakeholders

Evaluate system capabilities and gaps - start
plans for upgrades

Assess tool options

Start with a pilot

Plan for action - identify key roles and

responsibilities o N

6 Y Ene
9Exc?\ga¥1ge'

yyyyyy

AUGUST 10-14, 2020 « NOW A VIRTUAL EVENT



Questions?

Nationi Group@

Laboratories ENGINEERING

Jerry Gallegos, PE, CEM Celeste Cizik, PE, CEM, PMP, LEED-AP
Energy Manager Principal/ Team Leader
grgalle@sandia.gov ccizik@groupl4eng.com

(505) 845-0582 (720) 382-1705

@ENERGY NISH

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology ) ‘%{,iﬂ\‘
& Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. ° % E
Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525. 9“ nergy -
SAND2020-XXXX X Exchange
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