building automation systems in 2015




Building
Automation
Systems in 2015

Presented by:

Joe Klotz — Systems Products Manager
Johnson Controls



Radical adaptation to rapidly shifting
customer demand is the first law of business
survival today, but how can you learn what

you need to know in order to anticipate

those shifts?

Robert Rodin



Building Automation Systems in 2015
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F Building Automation System Architectures
¥ Field Controllers

¥ Wireless

¥ Network Controllers

B Servers

F the User Experience

* LT. Matters and The Cloud

B Commissioning and Building Automation Systems




Where is the industry going?

© inJeremy Rifkin’s 1987 book “Time Wars”, he wrote about his
theory of the “weightless economy”.

¥ In this new world of digital networks and de-industrialization,
more than the weighty physical assets such as factories and
warehouses, new resources — and sources of wealth and profit
— are found in knowledge creation, information and ideas.



new differentiators

More power for less money, the standardization of BAS protocols, cloud
technology, and the convergence with IT infrastructures have set the stage
for a new industry which will be more “board room” than “boiler room”, and
where comprehensive, fully integrated Enterprise Management Systems
become “the next big thing”... and a more complete solution.

Two closely related and interdependent areas will provide opportunities for
the greatest value and differentiation in this new arena.

User Experience




What are Building Owners saying?

- Reduce my energy consumption
Electricity, heating, cooling, and water usage

- Lower my operating costs
Optimize staff to operate and maintain building efficiently

2 Improve tenant comfort, security and productivity
Temperature, airflow, lighting, and access

- Allow me to control the building anywhere
Remotely, onsite, web; using any browser, mobile devices

- Help me comply with ever-changing regulations
Track historical data and actions — "

inveRcasts)

2 Reduce maintenance and life cycle costs
Detect premature building equipment failures and take corrective action

- Work together to limit my risk and exposure
Consultants, contractors and suppliers -

2 Guide me on this journey
Provide consultative services to assist in decision making
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Modern BAS provide critical value to building owners

Manage Occupant Comfort

B Automating controls & equipment (e.g. HVAC, lighting,
chillers, roof tops, air handlers, vav boxes, etc.)
B Integration & control of other systems

Energy Management

B Intelligent sequences and routines to manage
building and system energy consumption

Alert operators of facility problems

M Detect problems prior to becoming an issue.
B Alarm notification and management

Protect facility assets Benefits

B Chiller plants, HVAC and mechanical equipment, ° Automate tasks for facility managers & staff

people, Fire & Security systems * Optimize resources; increase effectiveness

PIE oM dnerease facility value) coniols * Lower energy and operational costs



Control Core Mechanical Systems

Command Central

Air Handlers

Chillers
Cooing Towers

Boilers
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Fan Coils
Unit Ventilators
VAV Boxes




Key Sub-Systems Integrations

Command Central

Data Centers
Fire

=

Security / Access Control

Lighting / Blinds

UPS / Generators



Non-traditional BMS Integrations

Pulse Counters/Other Command Central Pulse Counters/Other
Pumps, Flow, Temp Pumps, Flow, Temp

Cooling Ponds

Gray Water Reclaim

-+ BACnet
Onicon - Flow/BTU

= E e

g

N2/BACnet/Other @ N2

Power Meters Veris - Power Meters

Geo Thermal

Wind Ener b
¥ Solar Energy
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Typical 1990’s Building Automation System

Digital Thick Client User
RTU controller Interface Software

o e |

Field Controller communication bus

CHT T
C T

Field Controllers

€ adada

RS485 Bus

Supervisory
Controller

Proprietary
Controller
Operating
System

Thick Client User
Interface Software

proprietary

Serial Communication

Master
Controller
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Thick “Client” Workstations Enterprise IP Network

Server software

N1 Ethernet Network

N1 protocol

N2 Bus
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BAS Components

Servers and

- ‘

Tier 2

Network

Tier 3 _

Tier 4

End Devices

Sensors, Actuators, Valves, etc
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System Architecture

Browsers . . Browser User interface BAS Servers S
: - View / interact with system S
from tablet, computer, or * Ul Servers
. .= smartphone —— » For storing data (schedules, alarms)
| E : via web browser I * Provide reporting features

Building
LAN/WAN Network Controllers
(Ethernet) « Supervisory control & coordinate field controllers

» Scheduling, Alarming, Trending
» Global management strategies
 user interface via web browser

BACnet MS/TP

Proprietary

Field Controllers
* Intelligent, stand-alone devices

» Execute control algorithms and routines

* Report current values, receive supervisory commands
) to/from Network Controllers

« Connect to & control mechanical & electrical systems
PIE approved presentation by Johnson Controls (HVAC, lighting, power, etc.)



BAS Technology: 20 years later

Protocols used in Building Automation Systems

» BACnet

¥ LonTalk

» Modbus

» OPC

» IP/ Web Services / SOAP

» Profibus
» BatiBUS
» EIB

r KNX

» DALI



BAS Technology: 20 years later

Protocols used in Building Automation Systems

¥ BACnet Popularity of communication protocol used in BACS, 2013
I_O nTa | k | P';:t';:; BACnet LonWorks Modbus Total

Automation
level 20.1% 61.4% 15.4% 3.0% 100%

r Modbus controllers
Field level o 0 0 0 0
controllers 38.1% 47 2% 11.3% 3.3% 100%

[ OPC Source: BSRIA

» IP/ Web Services / SOAP

Network Controller Protocols Field Controller Protocols

Modbus N CAN bus
Others

3% 0% 0%
\V :

BACnet
47%




Remote Browser
INTERNET Browser

==

Enterprise IP Network

ENTERPRISE/MANAGEMENT LAYER

(IT infrastructure)

LonTALK Field Controller Bus

e —

i.LON®

LonTalk
communications in
building automations
systems
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Remote Browser BAS Server

BACnet IP

User Interface

BACnet IP

BACnet MS/TP

d1/S 1_udv4

"=
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BAS Server Third Party
configuration

software

Remote Browser

User Interface

memem TG e .

{ling- L e
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Data Integration Levels - summary

Enterprise IT infrastructure

Management

BACnet

LonMark
BACnhet

— Ethernet/I

Building

Inputs

LonTalk
MSTP

Outputs
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BACnet Testing Laboratories — controller listings

BTL defined and tested compatibility

B-SA — BACnet Smart Actuator

B-SS - BACnet Smart Sensor

B-ASC - BACnet Application Specific Controller
B-AAC - BACnet Advanced Applications Controller

B-BC - BACnet Building Controller



System Architecture

BAS Servers

=

Browsers

Building
LAN/WAN
(Ethernet)

BACnet MS/TP

Proprietary

o

Field Controllers
* Intelligent, stand-alone devices

Execute control algorithms and routines

Report current values, receive supervisory commands
— — to/from Network Controllers

Connect to & control mechanical & electrical systems
(HVAC, lighting, power, etc.)
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Field controllers

Benefits

* Minimize manual tuning at installation,
& eliminates need to retuning.

* Provides comfort, & energy efficiency

* Easy & versatile configuration &
programming

* Proven, tested & documented
applications

e Customizable programming where
needed.

[ Two Duet Static Pressure Sensors
i [ Cusl Supply Fans
= ¥ Fan Sfatus
& [ Fan Wall
= Loss of Anflow Sategy
E tic Rest:

L estarl

# [ Tollet Exhaust Fan
&[] General Exhaust Fan
& [ Econcmizer Dampens)
@ Common Praporfional Mised Air Dampes Gl

nnnnnnnnnnnnnn (O Segiarate Proparanal Oulgnds (3 ADs) 5
L=
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So, what is the attraction to wireless in our industry?




Early wireless networks

RS-485 “short haul / long haul”
radio modems

W extending an RS232 or RS485 bus
M bi-directional communication
W used with polling networks

W line of sight distances up to 2 KM




“One to One”

M one sensor communicating with one controller

M one-way broadcast communication

® no message acknowledgement
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Many to One format

“Joninson Controls
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The biggest drawback with wireless ... previously

PIE approved presentation by Johnson Controls



ZigBee Technology Overview

ZigBee: A High Level
Communication Protocol

» Uses small, ultra low-power digital
radios based on the |IEEE 802.15.4
standard for wireless networks

Targeted at RF
Applications Requiring:
» Low data rate

» Long battery life

»  Secure networking

IEEE 802.15.4

» Serves as the standard upon which
ZigBee is built

ZigBee Technology Facts

Attribute ZigBee

Number of Channels 27

Radio Frequency * 2.4 GHz with 16 channels
Band[s] for global use

Network Capabilities

¢ 915 MHz with 10 channels
for N. America, Australia

and a few additional
countries

¢ 868 MHz with 1 channel
for EU countries

Self-organizing and
self-healing dynamic mesh
network based on ZigBee
public standard

Network Size

Thousands of devices per
network




Open Technology Standards

ZigBee Alliance and ASHRAE worked together to create a wireless BAS standard.

Standards Based
|EEE 802.15.4
ZigBee® technology
ASHRAE BACnet



Wireless Field Bus Reliability / Security

®m Wireless field bus system uses an IEEE 802.15.4 transmitter on the 2.4G Hz
operating frequency band

B No common frequencies between cell phone bands and 2.4G Hz band where
the wireless field bus system operates

B Does not use WiFi technology, so is not part of the IT network. It does use
the same frequency band as IEEE 802.11 WiFi, but channel spacing; system
automatically selects non-overlapping, “quiet” channels (e.g. 25, 15, 20).

®m Uses the ZigBee technology, and leverages a secure application profile and
messaging within the ZigBee standard; Prevents wireless field bus data
transmissions from being interpreted by other wireless devices

B Uses BACnet MS/TP messaging



Channel Spacing

Channe cing
IEEE §02.15.4
5§ MiHI
| ' 115 — hb— ¢ 20 c 2% %
2405 MHI ik
| P SIS
IEEE &02.11 )
Chan pacing
F——— 1 MMz
1T MHZ 425 MMz 43T MHz 2450 MMz 2462 MEE 2480

MHz MHZ

Figure 1: IEEE802.15.4 and IEEE802.11 Channels

PIE approved presentation by Johnso



Mesh System Reliability

Wireless mesh network provides multiple wireless transmission paths that
enhance wireless reliability, automatically forming a resilient, self-healing,
multi-hop wireless network.




Mesh System Reliability

If a device experiences interference or drops out, the wireless data
communicates over alternative, automatically-forming paths to get to target
destination device.




Installation Planning Discussion

3
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Green, Smart. Wireless,

EnOcean Technology enocean

Sensor to receiver (LON, BACnet)

“energy harvesting” uses light,

kinetic energy; backup battery

Uses 868MHz frequency range,;
(10mW) transmitting power

Transmitting range up to 30m in

buildings; 300m in open areas

Wireless output receivers

Proprietary message format

PIE approved presentation by Johnson Controls




What is driving Wireless acceptance?

e Structures with excessive brick or concrete walls

e Buildings with decorative surfaces; marble, granite, glass
e Locations with large, open spaces

e Buildings with frequent tenant turnover or changes in use
e Historic buildings

e Retrofits, converting pneumatic HVAC controls to digital

e Regions with high labor costs

Initially, wireless controls focused on Niche Applications

Today, the Application of Wireless Controls Is Practically Limitless

PIE approved presentation by Johnson Controls



What is driving ZigBee acceptance?

ASHRAE adoption as data link layer

Faster Installations and Commissioning
* Reduces time/costs for wiring installation
* Factory-packaged wireless control options
e Wireless scanning tools for commissioning

e Troubleshooting and installation validation

Sustainability
e Less raw materials consumed (copper)
e Fewer labor resources consumed (installation)

e Need less resources for adds, moves, and changes

PIE approved presentation by Johnson Controls



System Architecture

BAS Servers

=

Browsers

Building
LAN/WAN Network Controllers
(Ethernet) « Supervisory control & coordinate field controllers

» Scheduling, Alarming, Trending
» Global management strategies
 user interface via web browser

BACnet MS/TP

Proprietary

i

e
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Network Controllers. Living in two worlds: BAS and IT

AUTOMATION IP Network and Infrastructure
LAYER
% i ME SR
M\E W e
IP Level Integration Fieldbus Level Integration
» BACnet IP ** BACnet MS/TP
» Modbus TCP ** LON
» Proprietary % Proprietary
» XML/ SOAP ** ZFR Wireless

*

> Browser Ul ** Modbus RTU



Network Controllers

Supervisory Functions

Integrate field controllers
Alarm detection

Scheduling

Trends (short-term storage)
Global control strategies
Optimal stop/start

BACnet IP integration
BACnet MS/TP integration
Modbus integration

On Board User Interface

On Board Tools

Provide supervisory control and monitoring

of field controllers, and bring information to BAS server

~fAAAANAAA
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Remote Browser

BAS Server
N _ Local

User Interface

Browser

INTERNET

BACnet IP

work

Enterprise IP N

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

BB i i o ' MOdbuS
= /RTU

(5oe
% Meters and Current

|_11| o g ,_;_i i =" Transducers
> MODBUS
RTU
boilers
CRAC units
MCC's
other
devices

Factory Packaged
Boiler Controls

Factory Packaged
Chiller Controls

Factory Packaged
AHU Controls




System Architecture

Browsers

Browser User interface

View / interact with system
from tablet, computer, or
smartphone

via web browser

BAS Servers

Servers

Ul Servers
For storing data (schedules, alarms)
Provide reporting features

Building
LAN/WAN
(Ethernet)

Proprietary

i

ewew

PIE approved presentation by Johnson Controls

BACnet MS/TP




BAS Servers: part of the IT Infrastructure

Enterprise/Management Layer

BAS Servers must integrate seamlessly with Corporate IT Infrastructure
@ Hardware IT appliance; Ethernet (100Mb/1Gb); Virtual Environment

& Protocols TCP/SNMP/SNTP/HTTP/SOAP/Port80

@ Enterprise Applications XML/SOAP/SQL

@ BACnet /IP communications



BAS Application and Data Servers

Provides data aggregation, navigation and storage in a managed IT environment

Needs to be Scalable
® From a simple desktop PC to high availability blade servers
W SQL-lite or full SQL Server as the primary database engine

Server level applications
W Network-wide user management

W Network-wide data manager
Consistent Ul, regardless of system size

Virtualized Environment




Shares IT infrastructure and “rules of the road”

Resides on existing IT infrastructures Benefits

* Lower costs , complexity, &

Utilizes IT device management maintenance of network.

Web based user interfaces

infrastructure

Data access via web services & http

Application
Data Servers

%

* Availability of facility data to other
enterprise applications using
commonly accepted IT

* Follows IT best practices

=

BACnet IP

Network
Controllers

PIE approved presentation by Johnson Controls

Facility LAN/WAN (Ethernet)



Information Technology Evolution

Proprietary “Dumb” Terminals

IBM System 34 “mini”Server



Information Technology Evolution

Novell Networks — Arcnet and Ethernet

PIE approved presentation by Johnson Controls



Information Technology Evolution
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ANNOUNCING THE LAUNCH OF WiMAX IN
BALTIMORE, MD: THE ERA OF 4G HAS BEGUN.
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Information Technology Evolution

E Languages, Operating Systems, Data Exchange Protocols, and
the “user experience”

» Standard PC LAN Architectures "

AUTHORIZED PERSONNEL
¥ the Internet ONLY
P .NET
» SOAP
r XML

¥ Web Services




Why is I.T. so important to the BAS world?

nformation
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Why I.T. Matters

Harbor Research, 2001:

“By 2010, there will be one TRILLION
more internet users than today -

and most of them won't be humans.”




From Harbor Research
Pervasive Internet Device Hierarchy

Device Examples

Moblle Phones, PDASs, Scanners, Web Tablets, GPS, etc. _ 1.5 billion

PCs, Servers, etc. S00 million

Vehides, Cargo Contalners, Supply Chain
Assets (SKUs), Tankers, etc.

Medkal Devices, HVAC, Ind ustrial
Machinery, Distributed Generation,

375 million
Home Appliances, Pipelines, etc.
Industrial controlle 500 million
controllers,

Accelerom

(]
R
Gauges, Flow, P f;s 750 million
Speed, Temp, BI .,%
&, 16-, 32-, \
64-bit chips, etc. Microprocessors and Microcontrollers 35 bullion




Building I1.T.
IP SWITCH / ROUTER

|.T. Integration

.y

IT
Infrastructure

:—'L'._:tr—""?lii
g
Bl BN

Site IT/PC Equipment

Site IT/PC Equipment

Site IT/PC Equipment
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Building I1.T.
IP SWITCH / ROUTER

|.T. Integration

Maintenance Center

Browser Interface ‘

i | BAS
Server

Site IT/PC Equipment

Control, Status, Schedules ‘

Trends, and Alarm Data
from HVAC, meters, and
other equipment

BACnet MS/TP RS-485 Fieldbus

PIE approved presentation by Jo




Information Technology: servers and portals

ERP

‘ Financial Services

Internet and IT
Infrastructure

/

Browser Interface

QE Firewall

Portals

0 organize and manage multiple
connections

0 provide a single point user
interface

0 gather and store data from
multiple sources

0 provide opportunity for data

crunching and analysis




BAS sharing IT Infrastructure

Buildings
without BAS

Building

with BAS

IT Router and
Firewall

=l

“I} _ Interface
-m

Central
Utilities

: : 7, Operator

IT

Infrastructure

IT network and PC's

m .

1R
m“@Jﬂ\ ﬁ‘-‘“@

. . an
_ i - j other BAS

Buildings with
other BAS

| B
&\‘%.ri ':';h_% .@..I: ,_.'i_% .@--I: ,:.'-I'l—

IT infrastructure and
PC's

Other
BAS Sites

BMS VLAN

. Interior and Exterior
HVAC equipment Energy Lighting Control
Management, Monitoring

and Control

Air Conditioning and
Ventilation Control.




User Interfaces

PIE approved presentation by Johnson Controls

Benefits
* Availability, anytime, & anywhere

* Uls feature & function to match user
capabilities & tasks (Site Management
Portal, and Ready Access Portal)

* Navigation that is customizable to
customer needs, & can be assigned to
specific users/tenants.

e Dynamic, Intuitive, and Smart Widgets




Evolution of BAS User Interfaces

¥ Dumb terminal "COMMAND Prompt”

# PC's and terminal interface text software

¥ Manufacturer's menu-driven graphical PC software
¥ WEB browser interface

F “smart phone” interface

PIE approved presentation by Johnson Controls



User interfaces to meet user roles

iy e Eem _-“

T L L
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LEED Campus Virtual Tour
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) ut
Parameter/Setpoint
Qverrides

PIE approved presentation by Johnson Controls



Item Edit View Action Insert Tools Query Help
o

rptic | fomus |

Pascack Hills High School
School Dashboard

Outside Air Building Overview

Temperature

Humidity

Energy Usage

Electrical Consumption

f:\“ a=Er )

Primary Systems

Discharge Water Discharge Air Discharge Water

py . Chilled Water Syt il Hol water Syste




Browser based User Interface A
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Controls
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UCSD EBU-1

VIV Flow Cmd

8 7777 7

Hecating Demand

Cooling Demand

(g 1

Jam Alarm
Vv Flow Feedback
Ocr: Command

' Exe;
Efeclive Ooc Mode § 7777

Effective Offset Stpt '- 27

Labs With Fume Hood

OA Temp 2?7?7722

GEY Parameters
Jam Alarm = PVV? 7
Vv Cow Meedback FIVF eraz

Total Zone Exhaust § 7777 =222

EAY Parameters

Jam Alarm = 2799 202n
FHlow Alam = 7777 2777

Viv Flow Feedback § 7?77 =222
Drcken Gash Catkle = Kok e
Hood Override = 777 777




Changing user interface concepts

From this...

= & Miwaukese

H-0  UserViews
-]  Summary Definitions
#-[5]) 7 507NI0A
w5 17 507NID2
_ #-E]  507NI03
=-[E] 17 507NID4
----- PEE  BACHnetProtocol Eng
----- ¥4  EthIP Datalink »
#-[]  Energy
=T 17 N1 Migrationd
#-E) ' NC-25
~@1 Nozs
=-I3  507_411
----- B  507_411.0CCUPIED
----- @& 507_411.CS_0BJ
----- @ 507_411HUM_ADJ
----- @ 507_411DAT-SP
----- i s07_4118F_C
----- H 507 41MRF C

To this...

N

University of Minnesota Campus

Auditorium Building

Floor 1w

Room 101w

Room 103w

Room 106W

Room 102w

Room 104w

Room 105w

Campus

Building

Floor

Room

PIE approved presentation by Johnson Controls



Focus on the user: Mobility, Spaces and Equipment

ighting e

- S B

University of Minnesota Campus

Key Data

ZOME TEMPERATURE A4,

75° | Occupied e

Auditorium Building

Floor 1W

Room 101W
Space

> VAV 3155 73° - ‘45__"/__0 | VAV

> AHU 2003 550 ‘ ON | AHU

# BOILER SYSTEM Coolin g SyStem
ON Heating System

#% CHILLER SYSTEM
43°
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Custom Dashboards via Smartphone or tablet

Marketing Live Video Feed

Lobby Live Video Feed

Right Now Today Tonight

o - [
o o Southeast Quadrant
79" 81" 7% 2"d Floor

Nearby locations are Storms Storms
aiso reporting rain

0.12iin (est.) 0% 30% i iger Service Li

Local Weather Forecast — : ' Feed

¥ Tools

| [8 | savings Meter
M&V Plan: 2009 Controls Retrofit
Baseline: Central Electric Meter
’i‘ A

. Savings for Most
Recent 30 Days

\
m Cumulative Savings -
since 1/1/11
. .
Aarm Acceptable 1 in
h

View by: kWh DO”E’S(S)J | -._.'F
Northwest Quadrant
November 22 2014 1st Floor




Access via Mobile Device

Use Browser-enabled portable mobile
devices to securely:

* Monitor facility equipment operation
* Troubleshoot systems
* View / Acknowledge Alarms

* Change setpoints

* Turn on/off Outputs

* View/change Schedules

on your smart phone...

anywhere, anytime




Mobile Access Portals

More efficient
User Experience

Many to One

Configure
One to One

“Local Only”
Schedule

Override
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Mobile Access Portals

AR, e =} :
— RTUD2
= ALARMS
\aEariv

— RTU02
= DEVICE LIST

Cooling

CRITICAL
HIGH PRESSURE LOCKOUT

RTU-02 6:49AM 7/11/13

Smart Equipment RTU INDOOR FAN STATUS

On Continuous Fan
P Occupied Operation

RTU-03
York Rooftop Unit

) CURRENTLY CONNEGTED

Outdoor COOLING STATUS

Occupied Cooling

HEATING STATUS

Off ldle

ECONOMIZER STATUS
Control When Free
Cooling is Available

Unit Status
[ 9 |

RTU-07 Cooling
Smart Equipment RTU

Occupied
#
Cooling
RTU-23 Q00O

Smart Equipment Rooftop

EXHAUST FAN STATUS

Off Disabled

SUPPLY AIR TEMPERATURE

62.3 °F

Space
Temperature
(15 72°
RTU-29
York Rooftop Unit
Operating
Setpoint




Wireless Operator Interfaces for Service

Supporting technologies

= increased use of WiFi

= smart phones

= tablets

= Fault detection and diagnostics (FDD)
= BMS / work order software integration
= |T / Internet / BMS integration

= smart equipment and “hot spots”

=“Cloud” applications and services




User Experience
Carried forward with advances in IT and browser technology

Samsung Galaxy

Apple Phone
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User Experience and “wearable technology”
Carried forward with advances in IT and browser technology



Role Based Enterprise Portfolio Management

il Energy Facility
Facility iy o
Manager Manager Technician Utility Bill

E N, Administrator
xecutive Operator
Director ! B
Sustainability E:ttli'"t;oBrirlr:s Asset / Work order
Energy & Manager y Management Event
Emissions Mgmt. Management
Dashboard
(KPI Views)
eb Links
hird Party Apps

Operator
Interface

Enterprise Framework
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Data, Delivery, and Applications
to match User Roles and the Customer needs




Energy Performance Kiosks

|.T. Infrastructure

Existing building IT

equipment

— Touch-screen Panel PC resides on the
“ building’s IT infrastructure

and disptay electricity and waler consumption in dormitories. =
Tha abjective is io provide real-ime Teedback that allows siudents DORMITORIES
10 batlar consarve enviranmental resources. :

| somcs | : ' JORMITORY COMPARISO}
ENERGY - .
: . PER PERSON
‘ | : CONSUMPTION
r Cmemn 3 RELATIVE
S CONSUMPTION
CAMPUS RESOURCE | sy
MONITORING SYSTEM | ECONOMIC COSTS
= T . Qberin Colloge is developing @ comprehensive system o mondior -
= . | INDIVIDUAL |

| GOALS & | OBERLIM £ THE
EXPLANATIONS | ENVIRONMENT

PARTNERS

et ¥ ,\L"lu
{'%oj 6 ‘ La-!%{n‘m?
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C | © www.bedashboard.com ficsk Momendes/21/121

é FordLand Energy Kiosk April 23,2012 10:21 am

The Corporate Crossings building is the first Ford-owned building to be LEED LEED Facts

certified using the Existing Buildings: Operations & Maintenance program. Corporate Crossings
_ 550 Town Center Drive, Dearborn Mi

The majority of the points are due to Energy Star certification and an emphasis I
on occupant comfort and controls Silver 44

Exemplary performance in lamp purchases, lighting controls, LEED accredited %
Sustainable Sites

Water Efficiency 2
Innovation in Operations points. - : g Energy & Atmosphere 13

e Materials & Resources ¥
Indoor Environmental Quality 13
Innovation in Operations

professionals and an active environmental awareness program resufted in five

e
E)I,! gren‘ bﬁ
| Johnson

Controls

Johnsor

Contr t“
— : T S e

NOW ¢ TUE i WED =™

Partners

~ up on Huffington P
props to Alan Mulally and his leadership @ford

+ ( ; (] J = 3 sl o : —_ = - - YN Y
S T T O T 0 A B oV I I g T b
‘ ))I(’ [ il ) ) ) )

44 5834 B4 45

1
Controls
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“Composite” Dashboards

At A Glance Details Admirn Welcome, Dan LOGOUT
Health & Safety Facility Management Utility Spend Real Estate Facility Performance Building Management

Global

I -
28/2 Shivaji Magar, K M Gandhi =«
Path, Pune - Shiva

Butangsgatan 16, Frasaren 3,
House Uttern, Norrko

#07-06 and #07-07, No. 10
Upper Aljuniad Link, Sin
#059-01 to #05-05, 28 Genting
Lane, Platinum 28 Sin

#17-03/04, Goldbell Towers, 47
Scotts Road, Singap

#18 2-1-2 Ruijin North road,
Yunyan district, Guiy

1 Linhe South Road, Shunyi
District, Beijing

1 Rue Schertz, Strasbourg

1/F to 3/F, Research and
Development Buidling, Mo.

10 Murray Place, Hastings, New 05'!
Zealand

10/F, Ma. 88-88-1, Jhouzih St
MNeihu District, Tai

‘Work Order by Type Total Werk Order Performance Sep 2010  PM Work Order Performance Mar 2018 ‘Wark Order by Priority

. |- B




the USER EXPERIENCE

m It’s all about the HARDWARE

I ! } !lJI.
B
4

| i B

PIE approved presentation by Johnson Controls



the USER EXPERIENCE

m It’s all about CONTENT!

PIE approved presentation by Johnson Controls

Apps for whatever you're up for.

A new game or a new photo collage maker. Something to help you track down your favorite food

truck or help you keep track of your soccer trairing. For all the incredible things your iPod touch

already does, there are thousands more waiting for you at the App Store.

Action Games

Conduct secret missions, fight your way
to the finish line, or take to the skies for

intense aerial combat.

View action games

in the App Store b

m Entertainment

Kick back and enjoy the show. Or find
countless other ways to entertain
yourself. These apps offer hours of

wiewing pleasure.

View entertainment apps

inthe App Stre +

#M Lifestyle

Find the perfect recipe for Friday night.
Or seewhat the surf conditions are like
on Saturday. Whatewver your passion,

there's an app for you.

View lifestyleapps

in the App Store *

L X6)
®0 Casual Games

Outwerdsmith your friend, slice through
fruit, fly over hills, and rule your cwn
island with games designed for everyday

fun.

View casual games

in the App Store »

Explore fantasy worlcs, battle fierce
competition, or take your team to the
championship game.

View games for gamers

in the App Store »

@ Music

Discover new music or make some of
your own with apps like Shazam and djay
2 for iPod touch.

View music apps

in the App Store *

A Cames for Gamers

slI"IJT Education

Keep up with your studies using
intelligent education apps like King of
Math and NatureTap.

View educaticn apps

in the App Store b

E Kids

Turn every night inte family night with
interactive apps that are fun for the

whole house.

View kids apps
in the App Store »

Social Networking

Stay connected to the rest of the
world with apps like Pinterest, Twitter,
and more. You'll be in the know, 1o

matter what.

View social networking apps

in the App Store b



the USER EXPERIENCE - Social Media

n Search for people, places and things Q

My FB page

FAVORITES

News Feed
(=) Messages
Events
Photos

€, Browse

GROUPS
@ BMw Mo 20+
11| YOU'RE PROBABLY.. 11
21| Official Johnson Controks E...
11| Alaska Nanook Hock... |1
&% La Famiglia Lucchetti

11| You know you attended th...

[4 Create Group...

FRIENDS
|5 Close Friends 20+
[y Family 204+

[@ Johnson Controls Inc.
| @ Dover, New Hampshire Area

-, Update Status [[3) Add Photos/Video
What's on your mind?

SORT: MOST RECENT - i
Greg Fritze shared TheSadlersLady's photo. LLJ

No elves were harmed in the making of this photo.... ;D

Like - Comment - Share - 3 hours ago - 1%
e 2 people like this.

- Melanie Hill This is my coworkers pic (=)
about an hour ago via mobile - Like

PIE approved presentation by Johnson Controls

Sponsored &

The Sportman’s Guide
sportsmansguide.com
Guide Ge
Cargo Pa

Desert Warrior Products
We are a
wants to

—_‘_n.‘ outfit you
weapon

& Like * 9,235 people ke Dest
Products.
Ticker

John Lentine fikes A M
Garden B&B.

e’—‘-_ Francois Wilberz likes |
el photo.

E Marc N Davida Hess a

1# Chat (Off)



the USER EXPERIENCE - Social Media

Youlllli[l]  flickr
W WARCRART

22myspace  Linked [{}}




the USER EXPERIENCE — the Delivery

Supply Temperature S etpot
Cumert Setpiors 600°F Unit Enasie Supchy Duct Pratnse 1.2
Setpaoet Contiottons [ Marus | ] Buldeg Status[_Occuomd [1] Supply Prossure S etpont
MorsaSionn 5o il -] CuretSoes_13
Cartval Mo | Aaso
Auto-fleset Sigh M Limd - ’d-

At Piecet ot Lo Link swoyFantiom [l
. s Fan Aam Feiet r
Warmo Supply Temp, St (00014 ]
Ar Fite AmStas Fite Dean AutoRetet St Lo Lime (60,00}

Lews Sugely Temp L[ 550 [a] Watmig Pressure Sip [E0.00]

Supely Fan Spesd

OSA Tomp
47.2°F

m It’s all about DELIVERY!

Econ Foston 100 %
Econ M. 16
Econ Lockout Statuz
Jrm—
ac Coolng Vaive
CHW Temp Heatrg Vabe

fleturn Ax T omp CHw Reaumt HWS Tewp 120

ppe O Flow

HWS Recuns
A
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It’s about Delivery !

¥ 13 likes

& Aaron, don't forget
the Pop Tarts!




It’s about Delivery !




the USER EXPERIENCE

m It’s a changing landscape

m “Digital Natives”
Young people are the early adopters




Management information

Enterprise Applications present a bridge between the data available in energy
management and control systems and corporate management objectives

Shareholders
Corporate Mgmt
Plant Mgmt

Production Mgrs

Plant Engineers

T

Supervisors

Operators

Seconds Minutes Hours Days Months Years



Consolidated Dashboards with wide range of KPls

ENERGY
1. Meter Configuration

v L Dashboards

o T 3 % ¥
¥ FACULTY OF ARTS AHD SOCIAL ¢ M EHlEEg N As1 |ﬁ

Y _"' Energy Performance Analys
VIl ISS Utilitywise Demand Analysys . FOASS Average Daily Consumption . . FOASS Daily Demand Max Min Average

rotal )] Lighting Others B 2010 [ 2011 B maxvalue ] Minvalue

(L Monthly Analysis

v L Reports

. Meter List - — [ R —

Meter Distribution Architect

Monthly Energy Scorecard ,.r-a--;-nn

= ~ . FEBR-2011 APR-Z0 JUpy-2 FEB MAR APR MAY Jum
Meterwise Consumption | T LLaaT e = -
= er Consumption 1 . FASS Power Factor

Lhilitywise Energy Analysis o e 20/06/; PR W21 /06 /2011

»Demand Profile Comparison :

» Consumption Profile C-:rmpm-

. i ! e
v U Consumption Comaprison

" ~Hourly

_._MOI-“I“F : : 10 12 14 16 18 20 22

. 2010 11 13 15 1" 19 b 23

= ek : o s "" =]

. Buildings iif& ﬁ' a nt ;R 3 E @ u‘_ ;ﬁgi: % t '{. "C_ﬂ __.:.ﬁ-!‘(, J }ﬁ
o Yearly

Energy data by relevant Single view qualitative +
Impacting parameters quantitative information

" -Buildings Meters



the power of big data

“Everyone thinks Walmart’s success is because of
economies of scale. The real reason is that we replaced
inventory with information.”

Walmart tracks over 800 million transactions per day,
with detail down to the store level and item level.

Walmart computers “learned” which products are in
the highest demand before intense weather. Today,

Walmart tracks weather and shifts their inventory
ahead of bad weather, to help shoppers can ‘stock up’.

Sam Walton
founder of Walmart



Up to 50% off select Father's Day gifis

Parker BMSC8N-316 316 Stainless Steel A-LOK Male Connector
1/2" Compression Fitting 1/2" Male NPT

by Parker
Be the first to review this item | [ Like] (0)

price: $18.38 & eligible for FREE Super Saver Shipping on orders over $25.
Details

In Stock.
Ships from and sold by Amazon.com.

Want it delivered Monday, June 6? Order it in the next 0 hours and 10 minutes, and choose
One-Day Shipping at checkout. Details

Share vour own related images

Parker 6MSC8N-316 316
Stainless Steel A-LOK
Male Connec... by Parker

IQJ ”
Stainless Steel 321 White SiliconaTubing, Greenlee 730BB-13 / 16
Seamless Round 1/4"ID, 3 /8"0D, 1/ Standard Round
Tubing, 1 / 2"... by Small 16"... by Small Parts Knockout Punch... by

Parts Yodededeke (5) Greenlee $14.82
Fodctotnd (3) $15.49 $43.46
$19.33

PIE approved presentation by Johnson Controls

amazon com Hello. Sign in to get personalized recommendations. Mew customer? Start here. Presented by DEWALT
S Your Amazon.com -’ﬁ's Today's Deals | Gifts & Wish Lists | Gift Cards Your Digital tems | Your Account | Help
'Shop All Departments (3 Industrial & Scientific 30 =
Industrial & Scientific | Lak & Scientific | IMaterialz | Industrial Tools [ Metalwerking | Fasteners | Tube, Pipe & Hose | Electronic Components [ Power Transmizsion | Safety [ Cealz
g 2 Tube Fitting Type: Brand: 6,478 results
Tube Fitting Finder [ il [ [

Parker A-Lok 8FSC8N-
316 316 Stainless Steel
Compression... by Parker

$24.27

Quantity:

or

Sign in to turn on 1-Click
ordering.

or

Amazon Prime Free Trial
required. Sign up when you
check out. Learn More

( Addtowshlst |

More Buying Choices

Have one to sell? [ sell Ershere
Share D K13

N




Up to 50% off

amazoncom Hello. Eric Morgenroth
"

Your Amazon.com ¥ Today's Deals | Gifts & Wish Lists | Gift Cards Your Digital ltems | Your -L\ccour;t Help
Shop All Departments £a Novelties GO \ v
Industrial & Scientific Lab 3 Scentific | Materials | Industrial Tocls Netalweorking | Fastensrs Tube, Pipe & Hose Electronic Components Power Transmission Safety | Deats
Novelties Brand: 6,478 results
Sfar rrek Al ). Al ). theapest -i | Find now |

| Klingon Disruptor Star Trek the Next Generation
KL JNEDN DISRUPTOR
-5 by Playmates Quantity: Ei

Be the first to review this item

Price: $19.98 & FREE Shipping on orders over $35. Details or

_ Sign in to turn on 1-Click
Only 1 left in stock. ordering.
Sold by Startrekgeeks and Fulfilled by Amazon. Gift-wrap available. or

Want it tomorrow, Feb. 282 Order within 7 hrs 11 mins and choose One-Day Shipping at checkout. Details qﬂ

Includes original price stickers from store purchase
Exclusive Min Star Trek Generations Movie Poster included Amazon Prime Free Trial
Technical Blueprint included required. Sign up when you
Sound still works check out. Learn More

Unsure about light-up beam emitter as can't view that feature with box unopened

Add toWishList |

11 new from $14.99
More Buying Choices

Have one to sell? [ Sell yours here |
Share D E

Share your own related images

Customers Who Bought This Item Also Bought

COMMUNICATION BEmres
S K I I_I_S Remodeling Your |

s A CeVYbIM age A Parent s Basement

Star Trek The Mext " Rubie's Costume Co - Star

Generation Deluxe Shirt Trek Mext Generation

Costume Phaser Gun

] | 201 C TN 48

S22 B0 $9.99 kindleeditiond




“Cloud Computing”

Allow the organization to be more Remote Computational Resources
flexible and react quickly to market
conditions

Access / delivery via Browser

Collaborative functionality
Allows an organization to focus on its

) Lower cost of ownership
core business

Accelerated feature delivery

Accessibility
. Reduces up-front costs
Security and reliability b
Collaboration Ig: //-"_“‘/JJ Applic a;lon"f’__%“ g
o Platform -:m ,{l'_'f
= & — — -
ba T Tle=l B
If - # Infra;tl.'u:ture )
- = : N
Lt e N /_,/ =

Cloud Computing



Cloud Apps you might recognize

iTunes

VMware

Funambol

Gmail

@ Amazon’s EC2

Simple text fox G-TypeMachine
Simple taxt for G-TypeMaching —
Simple text for G-TypeMachine | |5
s i

COLLABORATE ACROSS
DEVICES, FACILITIES, AND

Google Apps AL
Zoho Office Suite

Microsoft Azure

MS Business Online Services

Salesforce

Apps, Books,
and Backup

Apps, Books, and Backup

iCloud makes sure all your devices have the same apps. And books. iCloud
also backs up your information. So if something happens, it can help save the
day.

PIE approved presentation by Johnson Controls



Converting Data to Insights

Enterprise Dashboard Application

Analysis
) ‘V,\ e §0.17 / sqft '
Continuous Diagnostics Advisor 2 $ﬂ'lllngaﬂl 1 ‘
Optimization L!
— = “What are my energy
o s Utility spend —roll up by meter, costs and how do
— ~ building, tenant, and portfolio. they compare?”

PIE @pproved presentation by Johnson Controls



Converting Data in to Action

Enterprise Dashboard Application

™
e B, T
B Lt LA
g brvwepars, LA
) e, LA Warshanr
A
i, 1) Bonrge
o )

R

o e (Comy

Enshute Boscion  Caar 83

e .
= Work Drdar by Type
m m W l o

3,444 Orders

Analysis —
e 3,444 Orders B
Optimization h “How well are we
= Work order metrics by type, EEPONEIie o), lite
s e o ) following up with,
= e priority, state of completion, and e e
| E————— rolled up by building, tenant

space, or portfolio.

PIE @pproved presentation by Johnson Controls



Converting Data to Insights

Enterprise Dashboard Application

=7 Real Estate
Sl g 40 110 Locaterm hr Gurraat

Analysis

dvisor (2

OptlmlzatlonL‘ @ Lease aging and space metrics by Sl e )
— = - lease schedules into
category, and rolled up by facility, one geo-referenced

country, region, portfolio and by map?”
division or business.

PIE @pproved presentation by Johnson Controls



Converting Data to Insights

Facility Performance Dashboard

Reporting

[ o

fr—— v
---l

Analysis
S
‘\' | @S
A “How are my HVAC
systems performing in
Optimization L, HVAC Systems Performance e d‘.:e.g"al' S'a.‘lgt. Sicin
: — . individual buildings?”
e Performance tracking of HVAC
] —— equipment and systems with
= generated alerts for persistent issues.

PIE approved presentation by Johnson Controls



Converting Data to Action

Operations Dashboard

imizati Operations workflow “How can my stalf be
Optlmlzatlon_Lg P p itized | ti l efficient with such
— I‘.IOI‘Itlze real time evenF Ist overwhelming amounts
— : with work order automation — of information?”

available via browser or iPhone.

PIE @pproved presentation by Johnson Controls



Converting Data to Behaviors

Green Kiosk Dashboard

Reporting ey e o s =L
-y m = I . a
Ana|y3|S o = : [T = —.'a: 3

: ?\u‘ ’ %‘“;;E..:..f;"m’:“; - 2 : @‘-—.—-
s WD OGO D QO@ GG A
Optimization L! Public view of facility energy “How can | educate my
—— = - and carbon performance SEELREIS IO SEIlg]gEle
— . in our energy savings
e Tl it Awareness, education, and Saa AT
—— behavioral cues for building

occupant involvement.

PIE epproved presentation by Johnson Controls




Converting Data to Action

Equipment Analytics and smart Phone Applications

Reporting

=

Analysis
Pa
QY
Optimization L_

8:39 AM

Faults

™ 8.4.1 System 1 Suction Pressure YCAV & YCIV
2h  Created: 11/13/13 8

lated: 11/13/13 8:02A

facec Manufacturing > Yecav Chiller 2

™ 8.4.1 System 1 Suction Pressure YCAV & YCIV

acec Manufa

™ 8.2.2 System 2 Evaporator Approach YCAV &...
2h

CUMMINS ENGINE TECH CTR > Y

™ 1.2 Evaporator Approach YK YR YT YS YN YM...
2h Created: 11/13/13 8 1

CUMMINS ENGINE TECH CTR > Y

™ 1.6 Cond Low Refrigerant Level YK YMC2
2h | Created: 11/13/13 8:02A

“i203

Equipment analytics
Analysis and reporting of
equipment faults with data
supporting root cause
investigations.

“Can | get real time
fault and event
tracking to my

phone?”



Global Operations 507 E. Michigan

Dashboard Projects Applications

Global Operations: Dashboard

||% Savings Meter

M&YV Plan: 2009 Controls Retrofit
Baseline: Central Electric Meter

Savings for Most
Recent 30 Days

Cumulative Savings
since 1/1/11

$/mo
s poonool

saved snce 1/1/11

S |
E

Acceptable

MKE Glendale

Equipment

Fault Activity by Type

Milwaukee Campus, Building 1, Floor 1
All Vav Boxes
April 9, 2011 - May 9, 2011

-

D_ Zone Temp Control Error

™ other Faults
™ Box Heating Control Effort
™ Box Flow Control Error

[ Zone Temp Control Effort

Range: All Yearto Date Past Month View by: kWh Dollars ($)

| £:a) Building Snapshot

Expand Widget
Milwaukee Campus: Performing Arts Building

Remove Widget
Facilities:
Anderson Coopd

Mike Wallace

J | Current Occupancy: 1,082
ﬁ Average Interior Temperature: 73°

Weather Summary: 86°F/ 72% H

Jump to building details >

George Stephanopoulos

= Watch Lists:
5 Manager

Date: Today PastWeek Past Month  Past Year Custom Date

Expand Widget

| Pewaukee Campus - Civil Eng. Bidg. b*] Remove Widget

Launch App

Tue Wed Thu Fri Sat

¥ ADMINISTRATION TION

) MANAGE WIDGETS

., Current Faults by Location

Criteria:
() Fault Severity
(O Financial Impact

Severe Faults
Milwaukee Campus
[N] Glendale Campus

Pewaukee Campus
Eau Claire Campus
Other Faults

[N waukesha Campus
Delafield Campus

Display:

(O Al Faults
() Severe Faults Only

30 Faults
22 Faults

40 Faults
27 Faults

400 Faults

200 Faults B

( * Annual CO2 Emissions by Region

[ Chart || Grid |

Expand Widget

Remove Widget

l [ Emission cO2 - Fuels [T Emission CO2 - Elec|

Launch App

180,000 .
90,000 |
80,000 4
70,000 J
60,000
50,000 J
40,000
30,000 J
20,000

Metric Tons

10,000
o

Support




Converting Data to Outcomes
Control, telemetry and Analytics from Equipment to Portfolios

Facilitieg Portfolio

/
Equipment ) Workspace

Financial

Lease Admi

Sourcing and F

Transaction Ma

Asset Manageme

HEE Illlﬂllli
|

| Systems Analytics
Service Request & Wc

Physical Security
Energy Management
HVAC Controls

HVAC Equipment

AR

PIE approved presentation by Johnson Controls




Companies positioning in this new “market space”

NS —
-

CanmetENERGY o \_
Qs) Sempra Energy (\ll}c ENTRE
E m m | MAINTENANCE SOFTWARE MADE SIMPLE
@ ENERNOC

AMERESCO

Green « Clean « Sustainable

C) Stantec

ra DS
“cm GRAPHICS® rval Data Systems, Inc.

LOCKNNER D -...?;.7.%- SCH L m
in BUILDING INTELLIGENCE
"\ Facility Dynamics f i hak
s et YAHOO!

CISCO
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Commissioning and Building Automation Systems

¥ Commissioning building automation systems

¥ Using BAS to commission HVAC Equipment

P Re-commissioning building automation systems
¥ “Continuous commissioning”

¥ Protocols, IP, Integration, FDD, the Cloud... and humans



Benefits of BAS and system commissioning

- “Real time” System visualization

« “untethered” modern Ul mobility

» Simulation and Equipment commissioning
» Audit trails and documentation

» Detailed commissioning in the specification reduces risk
and makes it easier for the GC, mechanical contractor and
the controls contractor

« Links in equipment user interface to O&M documents

« BAS and re-commissioning



the realities for Building Operators

- Energy costs continue to increase
« Budgets continue to decrease
« Funding for staff and training continues to dry up

« Buildings are “value engineered” for low first cost, not
ongoing operating cost

« 80% of buildings are never fully commissioned
- Too much data; not enough time to evaluate it

- Building operators often have conflicting priorities.



Energy Costs

Energy costs are the most "measurable” variable expense in a facility
operations budget, and therefore they receive significant attention.

17% of US end use energy is consumed by HVAC equipment; $18
billion in energy is lost to poor and inefficient operation

Over 50% of economizers cost more in energy loss then they
would if operating correctly

As technologies become more complex in an effort to capture
greater energy savings, the risk of underperformance
actually increases! With modern BAS, operational

errors can be implemented faster and go undetected.




Occupant Productivity

While reducing energy use is a noble goal, it cannot compromise comfort.
Occupant comfort and productivity must be maintained or improved.

Small increases in productivity can far outweigh large
reductions in building operation costs!

13:1 is the ratio of people costs to building costs %

1% increase in productivity = eliminates the energy bill

Productivity losses due to poor thermal environment or lighting
issues ranges from $20 to $100 billion

So... why don’t we just fix the BAS and HVAC systems?



Building Operators are under pressure!

1. Poor building performance is costing billions of dollars in losses to
American companies, in spite of proactive design trends and
sophisticated building automation systems

2. Building operator productivity is negatively impacted by lack of
training, tenant complaints, and reactive maintenance.

3. Cost reductions, profits and layoffs have shifted -
to top of the priority list while facilities repair and W

maintenance funding is “deferred”.

4. The majority of maintenance programs are reactive; very few of
them use performance information to make decisions.



Building Maintenance

Predictive maintenance

= saves 8to 12% over preventive maintenance
= provides savings of 30 to 40% over reactive

= Lower maintenance costs: 25% to 30%

= Reduced breakdowns: 70% to 75%

" Lower downtime: 35% to 45%

" Increased productivity: 20% to 25%

Having timely and meaningful data is the key to developing
preventive and predictive maintenance programs.



All the Money left on the table

The total operating cost for a typical building can range from S5/ft? to
S12/ft? depending on the size, hours of operation, facility usage.

Cost reduction potentials! from a proactive and continuous
Analysis and Optimization solution are not limited to energy:

Energy 8 -20%
O&M 5-10%
Repair and Replacement 10%

Occupant Productivity 3-15%

1 National Institutes of Science and Technology

Where can you get the information to save money?



Continuous Commissioning sV

Continuous Commissioning is a comprehensive, ongoing process
to identify and resolve operating problems, improve comfort, and
optimize energy use

It is a “service marked” term that was developed out of Texas
A&M and adopted by FEMP

The process focuses on improving overall system control and
operations for the building as it is currently
used, not simply to original design parameters




Cost Saving Opportunities

Study / Agency Finding
Federal Energy Management 20% on average (based on 300
Program (FEMP) facilities [Texas A&M] StUdy)
US Department of Energy (DOE) 8 —20% (guidelines)
California Commissioning Market 15% (existing facilities)
Characterization Study (CCMCS) 9% (new construction)
National Institute of Standards and US$S0.16 per square foot
Technology (NIST) (energy alone)




Overwhelming data

Most building operators do not have enough time to do more than
operate, respond to alarms and issues, and try to resolve complaints.

The amount of information generated by the BAS controllers in a large
facility can generate alarm, audit, and point trend data equivalent to:

= All the works of Shakespeare in 20 minutes
" Two pickup trucks of text books in a week
® Enough information to kill 7000 trees a month if printed

" Fill one floor of an academic library in a week

Even if you had the training and expertise, when would you
have the time to analyze this data?



Ongoing Commissioning

Ongoing Commissioning is built on a foundation of continuous
monitoring, expert analysis, and optimization.

Key components include:
= Developing monitoring and measurement methodologies
= Getting meaningful system data

= Evaluating and improving operational and control schedules, set
points and optimization strategies to meet user needs

= Continuously analyzing potential performance changes and
energy saving opportunities

= Performing engineering analyses of the system changes

= Reporting and tracking results



Why I.T. Matters

Harbor Research, 2009:

Today, enormous new value comes from two areas:

Human Collaboration technologies: blogs, wikis,
podcasts, tagging and social networks.

Intelligent device networking, also referred to as
“Pervasive Computing”

far beyond the laptops and cell phones - virtually all products
that use electricity—from toys and coffee makers to cars and
medical diagnostic machines—possess inherent data



Collaborative communities = value

“The Internet
of Things”

“Enterprise 2.0”

Collaborative

Social Networks .

Blogs DEUICF:.‘ ) Monitoring & Status
Wikis Communities Tracking & Location
Podcasts Dizgnostics & Health

Tagging Data Memt & Aggregation

Networking — M2M and humans

Harbor Research



if only the equipment could talk to us

The smaller
tonnage chiller

e bigger chiller has been shut

— not the smaller
one - has been
running during

the low load
winter months

I

y
i

NEEE 8

< A /
)l

s

T—
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Continuous Diagnostics / Ongoing Commissioning

PIE approved presentation by Johnson Controls



FDD: Fault Detection and Diagnostics

{
i

= miscalibrated or faulty sensors

il
A

= hunting or unstable control loops

= malfunctioning valves, dampers, or actuators
* manually defeated dampers and actuators

= excess or insufficient ventilation air

= simultaneous cooling and heating

= improper and/or uncoordinated setpoints

= missed or faulty free cooling opportunities (lack of economizer).



Central Plant Examples

= faulty sensors or outputs
= malfunctioning valves

= oscillating or un-tuned control loops

= jmproper or uncoordinated setpoints

= missed or faulty “free cooling” opportunities
= degrading heat exchange surfaces

= jnefficient chiller or boiler sequencing

= inefficient reset schedules

= excessive on/off cycling

= unbalanced pump loops.




Critical components for an effective program

o o 0o O O 0o o O O

Data sufficiency

Documented systems, sequence of operations

Documented understanding of the CURRENT USE of the building
Open protocols and point naming conventions

Cotemporal data harmonization and analysis

Intelligent algorithms and filters

Monetization of findings

Experienced resources to address findings

Verification and validation of actions .



Benefits to building operators

> Uncovers hidden HVAC and BAS problems
> ldentifies real energy savings opportunities

» Provides actionable information L

//—
_

- > Optim_i:ze’sf/ maintenance activities

vl - > Lowers operational costs

“e > ldentifies warranty issues
> Promotes persistent savings
vides for more comfortable and productive occupants

> Contributes to sustainable building operations.



The future ...

“The future has
already happened -

it's just not evenly
distributed yet "

William Gibson



The problem is that, in reality, the future can be hard
to recognize. It's not evenly distributed; it's hidden in
corners. While there is no shortage of clues, they are
buried beneath a crush of information.

Robert Rodin
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