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Quality Through Standardization
Templates, A Practical Example
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Quality

* Multiple interpretations vs
1ISO9001

* General
« Customer expectations
* Requirements
« Systems fit for purpose

 Cost of poor quality
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Why quality matters

Prevent Ensure Lower your SIEE T e
losses performance costs — e s
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Automation as
quality enabler

 Humans =2 errors

 Excel for processing

* Input data can be processed
automatically

e Intermediate data can be derived /
composed

e Final values can be calculated
e Let's bring it in!
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How? - Templates

 Niagara Help:
« Deployable package of Niagara

E objects
« Set of configured objects

T encapsulated and deployed as
irt a unit

* Eliminate repetitious
Find Bajadoc  Ctrl+F1 configuration steps

, Help Contents

About
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Templates

| can create a “master unit”
 Each copy can be “configured”

 Will do a repeatable, exact
deploy for me!

But please read the docs
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Versioning

A e * Traceability

| | N « What has been used where

in case you didn't know, this is how you're actually )

supposed to do software versioning  What has bugs and what is safe
« What has been tested

« Templates already handle
version for you

e But still follow a process...
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Template Service

« Bulk upgrades
 Bulk deploy
 Configurable bulk deploy

 Quality by design
« If design phase done properly
 Easy to spot failures

« Orange visual clues
 Textual error logs

 Detects illegal changes
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Architecting the
solution

CAPTURE: document specifications,

features needs... the solution. - =
. . . . 2T R e e S
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design, test evidence, user manual

N

TRIDIUM




Test upfront design

* You have a great design but...
e |s it a great implementation? S

« Can you prove it? =5 o e S

« Fixing is more expensive than SRt TR LG N
doing right N 1 B I o i O T

* Many tripping points SR Gessenra e )
- Ensure to trip on each bug... at L T
least once R R 7 e ————
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Practical example

* Fire system: 8K+ elements

« Modbus integration

 System details in text file
 Several Modbus/IP panels

» Different types of elements

» Niagara as gateway to BACnet/IP

Should we go manual?
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PREMATH

« Each element

« Contained in one folder
Modbus register for read
Modbus register for write

Logic to prevent forbidden write
values

Registers bit encoded, logic for
evaluation and priority

BACnet exposed name
« BACnet exposed instance
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Hidden surprises in the horizon

* New elements caused
Modbus register map shift

* Fire system changes after
receiving the information

« Rework mandatory
« Multiple occurrences
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Automate data
processing

Ingest TXT . DUt
columns

\ 4
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paths, names, . Convert data
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Automate data
processing

Extract
columns

\ 4
Compose

paths, names, . Convert data
VEIVES

\ 4

XSy . DEPLOY
values

Ingest TXT

»
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Automate data
processing

Ingest TXT . DA
columns

\ 4

paths, names, . Convert data

Compose

values

\ 4

XSy . DEPLOY
values

N
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Automate data
processing

Ingest TXT . Extract
columns

\ 4
Compose

paths, names, ‘ Convert data
values

\ 4

X el . DEPLOY

values
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Automate data
processing

Ingest TXT . DUt
columns

\ 4
Compose

paths, names, . Convert data

values

\ 4

XSy . DEPLOY

values
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Automate data
processing

Ingest TXT . DUt
columns

\ 4
Compose

paths, names, . Convert data
VEIVES

Keep only
values

DEPLOY

»

N
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Automate data
processing

Ingest TXT [ Extract
columns
Compose
paths, names, . Convert data
VEIVES

\ 4

Keep only
values

DEPLOY

»

N
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Excel in action

=IF(NOT(ISERROR(FIND(™ F.T.";[@[Zone name]])));"FT™; IF(NOT(ISERROR(FIND(™ FT ~;[@[Zone name]])));"FT";
—> | IF(NOT(ISERROR(FIND("™ F.S.";[@[Zone name]])));"F5"; IF(NOT(ISERROR(FIND(™ F5 ";[@[Zone name]])}));"F5";
IF(NOT(ISERROR(FIND("SIRENA ";[@[Zone name]])));"5"; ".I"LDCIKUP([@R:’LESgDTr‘im];Tablansignacic-n;2;FAL5E]]]))]|

fone PtZ PtPn Point Risk Zone name

1 1 1 e1/1/881/81 - Entradas N1 E-N FLUJO BIES L1 MB1.1

2 1 2 81/1/881/82 - Entradas N1 E-N VALV.OUT BIES L1 M81.2

E 1 3 81/1/881/83 - Entradas N1 E-N VALVLVULA IN L1 Me1.3

4 1 4 81/1/861/84 - Entradas N1 E-N BYPASS L1 M@l.4

5 1 5 81/1/882/81 - Optico N1 E-N CIRCULACION GEM. L1 D82

6 1 6 81/1/883/801 - Optico N1 E-N CIRCULACION GEM. L1 D@3

7 1 7 81/1/084/81 - Pulsador N1 E-N CIRCULACION GEM. L1 PULS4 l
8 1 8 81/1/885/01 - Sirenas N1 E-MN CIRCULACION GEMN. L1 SIR@S

9 1 9 @1/1/086/81 - Optico N1 E-MN CIRCULACION GEM. L1 D& =[@CENTRﬂL2]&" "&[@NDMBRE]&" - "&[@[Eane name]]
18 1 18 @1/1/0087/81 - Optico N1 E-MN CIRCULACION GEM. L1 D@7
11 1 11 e1/1/0088/81 - Optico N1 E-N CIRCULACION GEMN. L1 D88
12 1 12 81/1/089/81 - Optico N1 E-N CIRCULACION GEN. L1 D&9

=MID([@[Point 11;6;3) ———

___, —[@CENTRAL2]&" L"&[@LAZO]&[@TIPO]&[@ELEM]&IF (OR([@TIPO]="ME";[@TIPO]="MS");"_ "&[@SUBDIRECCION];"")
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Automated data processing E2E

hd Ml OFFSET BACNET Rl RiesgoTrim g
1 Entradas N1 O V.BYPASS BIES L1 M13.3 NPEO P-CH-06011 3007000 Entradas NOGOPCHO6011 NOG OESTE
1 Entradas N1 O VALV.IN BIES L1 M13.4 NpEO P-CH-06011 3007000 Entradas NOGOPCHOG011 NO6 OESTE
Zone PtZ PtPn Point Risk Zone name 1 Contr. CCF N1 O CCF SALA IDF L1 M14 Np5O P-CH-06011 3007000 Contr. CCF NOGOPCHO6011 NO6 OESTE
1 1 101/1/001/61 - Entradas N1 E-N FLUJO BIES L1 M.l 1 Puertas CF N1 0O RETENEDOR ESCALSUR13 LiM15 | npso p-cH-06011 3007000 Puertas CF NOBOPCHOS011 NOG OESTE
i giﬁigi;gg ez L P - 2 PuertasCF  N10 RETENEDOR ESCALSUR13 L1M15 | NPO P-CH-06011 3007000 Puertas CF NOGOPCHO6011 NO6 OESTE
4 1  491/1/001/84 - Entradas N1 E-N BYPASS L1 M91.4 1 Optico N1 O CIRCULACION GEN. AMB L1 D16 \ 0 NOGOPCHO6011 NO6 OESTE
5 1 5 81/1/002/81 - Optico N1 E-N CIRCULACION GEN. L1 D@2 1 Optico N1 0O CIRCULACION GEN. AMB L1 D17 Opti NOSOPCHO6011 NO6 OESTE
6 1 6 01/1/0603/01 - Optico N1 E-N CIRCULACION GEN. L1 D93 2 1 Puertas CF N1 0O P.ESTERIORES TORRE B LIM18 C 0 sC NOGOPCHO6011 NOG OESTE
7 1 7 01/1/804/@1 - Pulsador N1 E-N CIRCULACION GEN. L1 PULe4 2 2 PuertasCF N1 0O P. ESTERIORES TORRE B LIM18 NPEO P-CH-06011 3007000 Puertas CF NO6OPCHO6011 NO6 OESTE
8 1 8e1/1/605/01 - Sirenas N1 E-N CIRCULACION GEN. L1 SIR@S 21 1 Optico N1 0O C.ELECTRICO AMB L1 D19 nbsO P-CH-06011 3007000 Optico NOGOPCHOG011 NO6 OESTE
) 1 9 e1/1/006/e1 - Optico N1 E-N CIRCULACION GEN. L1 De6&
1@ 1 18 91/1/607/81 - Optico N1 E-N CIRCULACION GEN. L1 D@7 22 1 ALARMAFPMR N1 O ALARMA PMR TORRE B L1 M20 Np&O P-CH-06011 3007000 ALARMAPMR NOGOPCHOG011 NO6 OESTE
11 1 11 01/1/008/01 - Optico N1 E-N CIRCULACION GEN. L1 D@8 23 1 Optico N1 O ASEQ MASCULING FT L1 D21 NPEO P-CH-06011 3007000 Optico NOGOPCHO6011 NO6 OESTE
12 1 12 ©1/1/689/61 - Optico N1 E-N CIRCULACION GEN. L1 D@9 1 Optico N1 O ASEO MASCULINO AMB L1 D22 NPEO P-CH-06011 3007000 Optico NOSOPCHO6011 NO6 OESTE
T I 1 Optico N1 O ASEO MASCULING FT L1 D23 NPEO P-CH-06011 3007000 Optico NOBOPCHOS011 NOS OESTE
1 Optico N1 O ASEO MASCULINO AMB L1 D24 NPEO P-CH-06011 7 i NOSOPCHO6011 NO6 OESTE
1 Optico N1 O ASEO MASCULINO FT L1 D25 NpGO P-CH-06011 NOGOPCHO6011 NOG OESTE

NS2EPCHS2009_L1P001 NS2E P-CH-52009 L1P001 AodbusTcpGatewaysAGUILERA4/NS2EPCHS2009/Logicalnhibicion/InhibirAlarmas PCHS2009 - S02 E VESTIBULO ASEOS L1 PULO1 HighAlarmClass
NS2EPCHS2009_L1D002 NS2E P-CH-52009 L1D002 i AodbusTcpGatewaysAGUILERA4/NS2EPCHS2009/ Logicalnhibicion/InhibirAlarmas NS2EPCHS2009 - 502 E VESTIBULO ASEOS AME L1 D02 HighAlarmClass
NS2EPCHS2009_L1FT003 NS2E P-CH-52009 L1FT003 Drivers/ModbusTcpGatewaysAGUILERA4/NS2EPCHS2009/ Logicalnhibicion/InhibirAlarmas NS2EPCHS2009 - S02 E VESTIBULO ASEQS FT L1 D03 HighAlarmClass
NS2EPCHS2009_L1P004 NS2E P-CH-52009 L1P004 Drivers/ModbusTcpGatewaysAGUILERA4/NS2EPCHS2009/ Logicalnhibicion/InhibirAlarmas NS2EPCHS2009 - S02 E PASILLO SALA VIP L1 PUL04 HighalarmClass

B

Template Description Fire Zone Configs

Slot Name description Disablement_Num_uaNodeld Wa|
Template Title WINMAG Fire Zone User Tip Description of the Device
Template Version 0 Slot Type baja:String 1 baja:String b baj{
Default Value FILL WITH DESCRIPTION FROM WINMAG
Parent Component Slot Path R Deployed Name ‘.Dhllv Name ' Position ‘Uniqul Device ‘ Description b
Drivers/OpcUaNetwork/WinmagServerB/points/D21P7_7/Loopl  Zonel Zonel Livl_Sup Building 7 Zone-1 ns=2;g=0758adae-0070-0065-0000-010000000000 ns=|
Drivers/OpcUaNetwork/WinmagServerB/points/D21P7_7/Loopl  Zone2 Zone2 Livl_Sup Building 7 Zone-2 =0758adae-0070-0066-0000-010000000000 ns=

0 N B WK
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Prepare your formulas

 Create one line manually
Views g « Copy paste from WB

# Station (NADV_CLIMA)

A Alarm .
* Actions 2 .
© confis = « Work over that first PoC
@ Services New 4 1
o « Remove prefixes per cell notes
[ Drivers BT
'III' Apps — - station:|slot; Logic/HeatingSuplyControl/QutsideTemperature
O Logic Make Template
O HeatingSuplyControl Cut
fry OverviewChart Copy

f';'r_'_g HeatingChart

OutsideTemperatu Faste * Recreate With formU|aS

QutsideHumidity FrgizEa

alvereedback [ * Inspect
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Deploy aftermath

« 16K+ proxy points bit-encoded
« 8K+ logic folders

« 24K+ protocol details
configurations

« Templates + Excel Formulas

e Deployment benchmark:
« 2.5K+in 40 minutes
« 8k+ ramped to 8h - overnight

. TRIDIUM




Benefits

» Repeatability
 Avoid cost of poor quality
 Fixing human errors / bad quality

 Improved reliability
e 12 reworks due to externalities
e Process was tested and trusted

« Reduced commissioning time
 Try to estimate manual time

TRIDIUM




Going beyond deploy

e “Stickers”. small PX graphics
in template

« Used as symbols on floorplan

* Drag and drop folder, select
“sticker” PX

 Human manual
 Folder to drag and drop
* Type of element*

TRIDIUM




LAST WORD

« Care your templates
« Template design time pays off
* Test, test and test

« How to reuse my template?
- Be general
« Distribute
 Document
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THANK YOU!

Questions?
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Pacific —
Northwest (4

NATIONAL LABORATORY ol .

Real-World | .
Deployment of Model- ‘ ' ° 2% o gvrw
Free Extremum- ® =
Seeking Control ".

Timothy l. Salsbury
Controls Engineer and Chief Research Scientist
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Pacific

Northwest  Bottom line upfront

AAAAAAAAAAAAAAAAAA

 PNNL developed and deployed a new extremum-seeking control (ESC) block
in Niagara, programmed in Java

* PNNL obtained funding from the U.S. DoW via the Environmental Security
Technology Certification Program (ESTCP) to demonstrate the ESC on air-
handling units in U.S. Army Reserve buildings

« We demonstrated on > 30 buildings for two different applications and across
various climates and building types

« We demonstrated large energy cost savings, peaking at up to 50% savings on
certain cooling days
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Pacific

Northwest A quick primer on “control layers”

NATIONAL LABORATORY

T . Tempor_al hierarchy W|_th time scale
(Weeks to days) separation between different control

@ ﬁ functionality

Real-time optimization (RTO)
(Hours)

* Interactions and dependencies require
@ ﬁ functionality from lower layers to ensure
Supervisory control (MPC) pe rfo rmance
(Minutes)
Regulatory control (PID) J « RTO and supervisory control can be
(Seconds) merged for certain applications

O 1
| )

Process




<7 Extremum-seeking control (ESC) = Feedback-
Northwest  phased Optimization

General-purpose optimizer

System being optimized

e, (] o / i1
“Perturb and Observe”
Input excitation is needed | £ SRR ~/ -y
Gradient descent algorithm -
Single Input Single Output
> Plant No models
éé Optimizer |— ggfnal, |- e
T ) » “Fastor” Real-time Optimization
d(Qt) than e%ﬁﬁ:'ator thaﬁsple;nt System/hardware agnostic
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Pacific

Northwest ESC is for optimization what PID is for control

PID controllers
are ubiquitous in
building control

setpoint
regulation

SHiisle, CEREE T o 7 \

l

Station

and decentralized

Link

CENTRALIZED DECENTRALIZED
1A} (8
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Pacific

Northwest  Traditional “text-book” ESC

NATIONAL LABORATORY

* Gradient obtained via manipulated . cost
demodulation variable Non-linear system function
) D T T T T T T —— |
* Many tuning parameters ! 4 :
— difficult to set-up u i x=fGuw ) ly |5
: y = h(X) I S + wp
| > |
) - '
"""""""""""""" high-pass filter
€ k Wy
G —\  |e—
S + W
integrator low-pass filter asinwt + ¢
a sin wt

difficult to set, function of y-scale
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Pacific

Northwest  Easy-to-deploy ESC

NATIONAL LABORATORY

» Time scale separation via_ manipulated | .
relay dwell time > d{ oc =25 variable Non-linear system function
y

dt S pmmmmmmmmmmmmm—mm oo

 Sign of gradient of cost

v

]
1 .
function oy xy__f;(lj(c;g) ss \/ —]
d dy d : . I
sgn Dss | = sgn y i :
du I
e Scale is eliminated and

parameters are based on
system dynamics

du
V@
. Single parameter, - € k ‘ﬂo—,‘
time constant S —1

Rel
- Ease of deployment integrator clay 1§

dwell time

/

both calculated from one system parameter: T
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Supply air

Pacific .
Northwest ~EcConomizer
T <:=§e.> Economizer controller
| E Fan
E . =  Cooling
:{>: > coil
Outdoor >
. ! —
air > Ii)ampers Heating
R | VAVAV| coll
-------- - i
@ Return air
Legend:

Economizer commands to damper actuators
Temperature and humidity sensors

Manipulated variable

\

N

Qutdoor
air

Legend:

Cost function

2N

Supply air

05| ESC /
& e——
Fan
= Cooling
> coil
N\
/‘-D
> lampers Heating
[\/\/\/% coil

ﬁ Return air

Economizer commands to damper actuators
—— Control signal to cooling valve

Existing: with up to 4 sensors

New: without sensors
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ﬁ%ﬂ:ﬂ(\fvest VAV Reheat Manipulated

NATIONAL LABORATORY va riable
— SAT SP
AN
/7
I--\I-----------------------------
Exhaust air (EA) < 1 Return air (RA)
from zones
< AHU
| - =
; . Conct:rzoller 4 , g ESC
[\/\/\/] : : | 8
L] I v v 18
¢t ©

Cost function

S/

=

NIANINS
_
NN\

Pressure

Supply air (SA)

' _ | Controller
Outside air (OA)=—  Mixture air (MA) — C3 ¢--
Cooling coil Heating coil Supply fan
To ather zones [ | |
| | I
____________ 1 | Average
' e x /./ { x e reheat valve
Fmmmm e e e e m - = EEE—— _8 A_ _8 A_
1 = =
: g L — — -Reheat g t — - -Reheat
1
Conclzl:loller €------- Zone 1 Zone 2 Zone 3
Temperature

cost function = average reheat + (average damper > 50%)
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Pacific n
Air Out <= Warm Water <+ \Warm Air
T T T <= Cool Water <— Cool Air
> Fan <= Power Measurement <= Control Action Return Air
S —
, : [~
Cooling :

) Cond — Air
Manipulated AirIn —J Tower e ,
variable El . Handllng

eFtr'C Compressor Unit
, Chiller
|
|
: Evaporator ];T_ ________ Cooling
_3 : , fm==m=m-- 1 coil
S E : Q :P chilter | Papy ‘
5 : B M e sl (E)
: 3! 1 |
E S B Y R e ' 'l\/l
Supply Air
Esc Pply

Cost function
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Pacific

Northwest Niagara deployment for USAR

NATIONAL LABORATORY

= e
Q
v EBCS
2o
v 2 :
- EJI r
uCJ Niagara Front-end
= Instance N4 (USARC)
EBCS Users
e g—
St E—- Sy s ' s w. NY RESETVE NETWOTK (ARNET) o s o ot o s }— s —
ot T _______ ’____T_________ ’____T ________
,t .,_\\ s "\ ’I ""\
l’ JACE Integration H' JACE Integration ) !  JACE local | R, L
oo ' A Controller i - Controller 1 ‘—“ Network :
s 1
.E ] : f (i) 4 A w AAAAA Integration |
T O | Mo e 1) JACE wa 11 [} oo : The RTO cod
— Vi f iz on e 2 N A 11111 an |
3 5 | (::., ?crlS N‘:WO'k :i = Network i : i 1111 Network | « cads
\ rea ! Area ! P Ar 1
én - :Hor:;mell.??= i Controller :: ??m Controller : : E E E E E Cont::;ler : bIOCk Wlll be
: Building (NAG) . Building (NAG) ) : Buildin (NAC) | located inside the
. HVAC/Equipment !\ HVAC/Equipment J\_ HVAC/Equipment ,,' JACE at the
—— "7 Buildings: NAC/IACE ” Buildings: JACE/JACE Buildings: JACE/Server

building level.
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Pacific

Northwest  Deployed on 30 USAR EBCS Buildings

AAAAAAAAAAAAAAAAAA

Economizer deployments VAV deployments

eeeeee
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Pacific

Northwest V&V t0o demonstrate energy savings

Collect information/measurements Model-based energy analysis

___________________________

___________________________

Baseline ! i Optimal
control : . control

AHU model

i - {ohusics 1
Sensor data Operating status Control signal E i ' i
3 R
OATemp | J@ '
E i al 1 N 5
nergy saving potentia l | coimate | —

THIE| thermo-
Daily/Monthly savmg Time series > ynamic

. i
analysis i OA enthalpy i D>

E@'

i S
Calculate | >

Fixed cooling energy i

Cost

______________________________________________________
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Pacific

Northwest Economizer example - Massachusetts

AAAAAAAAAAAAAAAAAA

500M B Q(ESC)
B Q Temperature 50
400M 40
s 30
300M g
[1°]
1]
5 2
[
=
200M w
X 10
100M 0
o I
03 04 05 06 07 08 03 04

» Seasonal energy savings of up to 50%

BTU
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Pacific

Northwest VAV reheat example - Texas

AAAAAAAAAAAAAAAAAA
M Percent Energy Savings

B Q(ESC) i
60M B Q_Fixed 45
40
50M
35
40M 30
E 25
30M
20
20M 15
10
10M
5
0 0
03 04 05 06 07 08 03 04 05 06 07 08

» Seasonal energy savings of up to 45%

% Energy Saved
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Pacific

Northwest PNNL’s M&V dashboard

AAAAAAAAAAAAAAAAAA
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Pacific

Northwest  Conclusion
= Easy implementation

= No new hardware {‘E}
= Simple connection of new control block [;y

= Robust and fault tolerant

= Performs control functions with fewer sensors than
traditional strategies {

* Reduces energy costs

= Saves cooling energy, as high as 50% in certain @
scenarios

49
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Grid Connectivity & Optimization

Michael Westerfield
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GHG

PFCs COz2 N0 HFCS CHs SFes

Use of sold _\O/_ /525) Transportation &
Employee a Business products -\~ &  distribution
commuting travel
i © Yy End-of-life
Leased Eia Transportation L Investment \é’/ Q(,‘:? treatment of sold
assets % i E & distribution 1 8 . s products

VWaste S—

generated in \;J__—-l;]

operations

Fuel and energy
related activities

Purchased -!A;- Leased assets |EEEE|

sold products 1w

Company Processing of b _
2 ﬁ * facilities “@*  Franchises

i Purchased electricity, steam,
Caplfjal @ goods & heating & cooling for Company
90048 services own use vehicles
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THE CHALLENGE

55% of companies are

housing ESG data in
Spreadsheets®

& Young
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The Complexities
of Energy &
Sustainability
Reporting
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The Energy & T \/ """""" ‘

Sustainability

' STAGE 1

o e o o o = o= =

J ourn ey i Collecting, measuring,
( | reporting data
) STAGE 2

Goal tracking

Net Zero

——————————————ﬂ

———————————————

TRIDIUM

Nniagara

framework®

~ STAGE 3
Project ROI | Internal awareness \ /

_______________

— o o e —
o e o o o = o= =

TRIDIUM




I ==
4, Atrius Energy

Optimize energy and resource consumption across your portfolio

Key features:

- Realtime and historical data integrations
« Data quality and automation workflows
- Storyboards to increase engagement

Cards to visualize . ) . ;
1 2 _|_ Data integrations Dedicated customer success manager

2 O_|_ data

( JCN ) apps.atrius.com

/\ r Acuity Corporation

Portfolio Summary / Last 12 months Highest Electricity Use / Last 30 days vs. previous period

Atrius Sustamability

rotal Electriclty Total Heating Total Cooling Total Cost ($/sqft) Same period previous year
. . . 71.25m kWh ’/ 1.98m kBTU * 1.97m kBTU 0 7 2 3
Accelerate your journey to net zero carbon emissions B T
p B TotalEnergy o Total Water Q otal Natural Gas Minneapolis Fabriaction Facility
250.01m kBTU 1.70b gal 738,945 thm
New Jersey Warehouse & Distribution Center
110,000+ 5,400+ Y vy & " T
' ' Total Solar Production o  Total Manufacturing Output Energy Star Score UG CEE
2.5m kWh | 3.4m units * 93 Austin Office

Emission Factors

20+

Disclosure frameworks

Scope 1, 2, & 3 Emission Data Types

' Total Cost ($/sqft) ——— Same period previous year

Automated Utility Integrations . ; ; : :

Minneapolis Fabriaction Facility

Electricity Consumption / Year to date Highest Natural Gas Use / Last 30 days vs. previous period

12-19 kW 19-34 kW 34-48 kW 48-63 kW 63-81 kW

NS

(CDP, TCFD, SASB) o

New Jersey Warehouse & Distribution Center

Austin Office
9 Jul Westchester Office |
Aug
Mountain View Office |

Localized Languages

P

Supported Country Emissions

Waste Diversion / Last 12 months vs. previous period

Landfill Recycling Compost

Highest Water Use / Last 30 days vs. previous period

Water (gal/ft?) === Same period previous year

" *Source: How finance professionals are helping to advance ESG reporting ESG data and controls survey findings (MuTyZ()ZZ)
K 0 w5

Westchester Office

New Jersey Warehouse & Distribution Center


https://assets.ey.com/content/dam/ey-sites/ey-com/en_us/news/2022/ey-how-finance-professionals-are-helping-to-advance-esg-reporting.pdf

The pathway to sustainable spaces

N+ niagara

Measure
—
Manage ] C?
« Building Controls &B
- + Lighting Optimize
8 Emissions + System Integrators @
today and " Mansgement
energy « Carbon Emissions Automate
output

Pathway to sustainable spaces a
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