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North America’s Leading Efticiency Solution for
Rooftop Packaged HVAC Systems

Proven to reduce overall HVAC
energy use by 25%-50%.
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Third-party Validated Savmgs

PNNL study reports CATALYST produced an average, normalized
energy savings of 57% on 66 RTUs across four US climate zones.

LEFed U.S. DEPARTMENT OF

Q) v
& Y
2
2 /&
&) S S/
T} S

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965
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Acknowledgements & Awards

* Named #1 “Game-changing Technology of 2013”

* by E Source - the nation’s leading efficiency product evaluator.

Named the “Top Technology Deployment of the Year”

by Association of Energy Service Providers.

Two-time winner of the Defense Energy Technology Challenge.

Approved for Title 24 requirements in California utilities

Selected as exclusive product for field trials conducted by two U.S. DOE Labs
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Withstood the scrutiny of numerous utility and 3rd-party trials.
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Some of our Customers

Whole Foods Markets
BJ’s Wholesale

Rite Aid

IKEA

McDonalds

Macerich Malls
General Growth Properties
Simon Properties
Jones Lang LaSalle
CBRE

Walgreens

Jack in the Box

50’50%

Kaiser Permanente

Los Angeles Unified Schools
Multiple CA Universities
US Navy & Air Force

Big Y Supermarkets
Planet Fitness

Bay Club Fitness

Mor Furniture

Ashley Furniture
Dunkin Donuts

Coast Guard

Staples

ENERGY SAVINGS
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BE Aerospace
BrandSmart

Eli Lilly
Microsoft

Life Technologies
YMCA

Teledyne

TJ Maxx

Qualitel
Caterpillar
Goodwill Industries
Holiday Inn
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The CATALYST was one of 3 technologies
evaluated in a pilot program by the MN
Center for Energy and Environment (CEE) In
a field test of Advanced Rooftop Controls.

A copy of the full report is available on CEE’s
website: http://www.mncee.org/
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AEE Reference Book Release
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Meet The Guys Who Dreamed This Up

f[@hhhology/h ““‘dt@
(small company)

| Vi
Transformative Wave Technologies, Kent
TWT retrofits existing HVAC systems to increase

their energy and cost efficiency.

|
, . \) .
i - ." 7 e T
LEADING THE
WAY TOWARD
SUSTAINABILITY




@ transformativewave '-r' = LE

MECHANICAL

Common Commercial HVAC Systems

e Chilled Water / Boiler Plants
* High Rise Office; Campuses, Hospitals, Large Office Buildings, Mixed-Use

 Variable Air Volume (VAV)
* Mid-rise, Medium Office

» Water Source Heat Pumps
* Small to mid size office

* Split Systems; Variable Refrigerant Flow

* Most Common: Rooftop Package Units (RTU’s)
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RTU Basics

Fan Section

Economizer Cooling Plant

I Heat Plant
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Why Are RTUs So Common’P

* Deliver the Basics
* Heat, Cool, and Ventilate

* Smaller Footprint
* Reduces impact on roof construction and structural support

e Low-Tech
 Most HVAC contractors are able to install and service

* Primary Reason: LOW FIRST COST!
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RTUs In North America Serve

69% of All Cooled Commercial Floor Space (CBECS)
58% of All Commercial Buildings (EIA 2003)

+» Common Vertical Markets Include:

Retail Theaters Churches Restaurants

Banks Schools Manufacturing Fitness Centers

Malls Office Buildings Distribution Centers
...And More!
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RTU Energy Usage

* RTUs use more energy than any other cooling technology

* Annual energy consumption exceeds 2.1 quads
* 1 quad = 8 billion gallons of gasoline

* RTUs operate at a low efficiency level because:
 Oversized

Unintelligent

Under-Maintained

Often Ignored

Lack Accountability

 ENERGY SAVING s
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HVAC Accounts For an Average of
30% to 35% of Bundlng Energy Use
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Common RTU Issues

FIGURE 1: PREVALENGE OF VARIOUS FAULT TYPES

INRTUS

0%

* Undetected and unresolved 0%
operational issues create an :

energy penalty g

= 0%

= !

E 0%

. - 20% |
* Fault detection is now 2

becoming mandatoryin CA £

Title 24 and emerging codes = ,

-Hafrigaranl Economizer  AirFlow Thermostat  Sensors
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What Can Be Done?

Status QuO Advance Rooftop
Controls
* Constant Speed Fan  Variable Speed Fan
* 60-65% of the savings
* Single-point change- * Differential Economizer
over economizer * CATitle 24 Fault
Detection

* Fixed ventilation based ¢ Demand Control
on max occupancy Ventilation (DCV)
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CATALYST 101

» Add VFD for Variable Speed Fan Control

e Add New Sensors for Advanced Economization Control
Sequence

e Supply Air

* Return Air

e Qutside Air

e CO2-based demand-controlled ventilation (DCV)

» Optional Space Sensor for BMS Control
 Can customize for client specific needs, humidity control etc.

* Remote web-based communications from any internet browser

- E Source, the nation’s leading efficiency product evaluator

Making smurt....w
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..but wait — There’s More’

* Automatic Airflow Adjustments to Protect Equipment

e Maintains Comfort & I1AQ

 Solves Power Exhaust Problems

 Demand-Response Capable

 Built In Measurement and Verification Sequence

 Proven Track record of Reducing Overall Energy Use by 25%-50%

F “ “In over 40 years of experience in the HVAC industry, this is the
‘ best product | have ever seen for Packaged Rooftop Units.”

- John Morgan, Owner, Bay Air Systems @
Making smart....
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Six Little-Known Facts That Support '
RTU Retrofit Solutions:

Lighting upgrades undermine humidity control through the HVAC system
Simply adding a VFD to RTUs can undermine proper ventilation / 1AQ
Traditional Demand Control Ventilation (DCV) increases electric usage

Nearly 80% of all RTU economizers are dysfunctional
* Client receives little or no benefit

Power exhaust fans can erase the benefit of an economizer
6. EER Efficiency Ratings are not an indication of overall energy efficiency
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3 Pillars of RTU Efticiency

optimize  upgrade perpetuate
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elQ Platform

TO INTERNET

‘="

Wireless Rooftop Network

= Secure/Non-Discoverable Network g s-
= 802.11a 5 GHz

* Hub — Spoke Deployment
* To Central Access Point “AP”
- Line-of -Sight Preferred AP

* Can Support Wired CAT5 Network - _

No wiring in the space or on rooftop

Making sm-::lr’t,...
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CATALYST Service Switch

* A multi-position selectable switch for service personnel use. This will enable
techs to operate the system in any mode of operation for maintenance purposes.

* The use of the service switch will suppress data collection by the elQ Platform to
avoid negative impact on fault detection and analytics.

Empowers contractors to easily perform
preventative maintenance and verify
economizer functions without

Catalyst Service Switch

| undermining the CATALYST installation: ’

ENERGY SAVINGS
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Our Solution Stack

CATALYST BMS
with Demand
Response

CATALYST Lite
Advanced VFD

CATALYST BMS
plus Lighting

Control

CATALYST with CATALYST BMS
elQ Web with elQ
connectivity Comfort Control

s ENERSY SAVINGS
=0

CATALYST elQ
with Volttron
Building to Grid
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elQ Platform

@ Srem Mor Furniture - Kent Site Report @ rarchrmatiowsn

selocta Report

Unit10 T Commiate e T

Connection Status:  Oniine
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Web-accessible control & visualization

Making smart....
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Bartell Drugs trarw_sformativewave
o|Q Platform
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Health Comfort

- '® Health Warnings (9) - "® Comfort Warnings (2)
Bartell #06 - Redmond Bartell #23 - Seattle
Bartell #07 - Issaquah Bartell #54 - Tacoma

Bartell #32 - Des Moines
Bartell #42 - Queen Anne
Bartell #47 - Maple Valley
Bartell #51 - Marysville
Bartell #53 - Lynnwood
Bartell #54 - Tacoma 2,
Bartell #66 - Seattle Y

~ '® Energy Warnings (5)
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Quick Access to Detailed Information

Unit Cooling  Heating Fan  Fan - Cooling  Hea
Name Serves Comm Mode Health Occ Fan | 3 {1 2 Status Speed Power 1 2 1
Unitol  NW.Hygene = (2 ) Q2000 @ w% 02w O O Q
Unito2  Northwest = () & QOO0 Q@ 4% 0:3vw O O O
Unito3  Souttwest  ~ (4 [ QOO0 Q@ 4% otvw Q Q Q
Unito4  SW.Comer = (o [ @202 QP 5% 210w DD
Unitds  S.E. Comer (o L4 @0 0P Q@ 5% 19w D O
Unitos  Southeast = (0 [ QOO0 0 @ % o3 w O O O
Unite7  Northeasst -~ (2 [ Q02000 @ % 3w O O O
Unito8  N.E Comer = (&) & QOO0 Q@ ww% 02w D D O

UnitHealth = Fan Belt/ Motor Adjustment {ok}

Specific Fault is enunciated via a text description when user holds cursor over

the Health Icon
Making smort....@
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Visualize Real-Time Performance

ACO02B Bar/Restaurant < Summary

CATALYST Mode (=)

Occupied
Space Temperature
70.4 °F
Outside Air

Actual Cooling 45.7 °F

Setpoint 5 °/O

71°F = ' 0SA Volume

70 °F
Actual Heating

Setpoint

/ ! \ Damper Fault
(s \, Improper Operation

Supply Air
58.6 °F

| Total U;‘int,,, Power % ] Riskir e Normal

o
0.0A 03A 46 A 71.6 °F
Min Measured Max 512 ppm
S W
. vl
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Drill Down to Unit Detalls

ACO1A South Casino Floor <« summary
Occupancy
Occupancy Status Occupied
Occupancy Schedule Selector Schedule 1
= Unnocupied Override Time - 60 min o e
Drive Demand Control Ventilation
Optimum Start Maximum - 45 min
Drive Status Normal )
Optimum Stop Time - 30 min = €02 Setpoint = |1000 ppm| +
Drive Reset ; ;
i Optimum Stop Setpoint Offset I DCV Max Air Volume | -| 30% |+
S
Space Setpoints Economizer Supply Limit Fan Speeds Service Switch 5
Space Temperature 69.3 °F OSA Damper 7% Supply Air Temp 110.4 °F VentMode Speed | -| 40% [+]  status Auto I
Actual Heating Setpoint 70 °F Base Econ Setpoint |- | 65°F |+ Supply Air Limit: Normal Full Speed Setpoint |- | 100 % |+ Soft Switch N
Actual Cooling Setpoint 72 °F Econ Standard Min | -| 15% [+ Low Limit Alert S/P | -| 45°F |+ Heat 1 Speed | ose [+ Fan Status 0 (5;
Occupied Heating /P |-| 70°F |+ ESM OSA Minimum* [- | 59 [+ Low Limit Alarm §/P |- | 42°F [+ Heat 2 Speed | aom [+ Heating Command
Occupied Cooling$/P | -| 72°F |+  PowerExhaustsp* [-| ss% [+]  HighLimitalerts/p [-[ 1509 [+]  cooa 1 Speed N s | | e Cosling Command
Unoccupied Heating S/P | -| 60°F |+ Power Exh. Command Stop High Limit Alarm §/P | - | 170 °F |+ Cool 2 Speed . Fan Speed 75 %
Unoccupied Cooling 8/P | -| 80°F |+ Allow Compressor “. Fan Power 0.95 kW
Setpoint Adjust Range oo [+ if Economizer Fails OSA Damper 79
Setpoint Adjust Status 0.0 °F
*Calculated Outside Air volume utilizing fan speed multiplied by Outside Air Damper position.
ENERGY SAVING s
_sO0 %6 At
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Remote Control Capability

AC01A South Casino Floor <« summary
Occupancy
Occupancy Status Occupied
Occupancy Schedule Selector Schedule 1
- Unnocupied Override Time - 60 min o7 Tt
Drive Demand Control Ventilation

Optimum Start Maximum - 45 min +

Drive Status Narmal .
Optimum Stop Time - 30 min i €02 Setpoint = |1000 ppm| +

Drive Reset ; i
Optimum Stop Setpoint Offset - A5F oy DCV Max Air Volume =l % |+

S
a - o - . E
Space Setpoints Economizer Supply Limit Fan Speeds Service Switch T
T
Space Temperature 69,3 °F OSA Damper 7% Supply Air Vent Mode Speed = 40% [+ Status Auto I
Actual Heating Setpoint 70 °F Base Econ Setpoint |- [ &5°F |+ Supply Air Full Speed Setpoint | - | 100 % |+ Soft Switch IR
L E P G
Actual Cooling Setpoint 72 5F Econ Standard Min | -| 15% |+ Low Limit A ﬂ_ - Heat 1 Speed Fan Status O 5
2 5 4 iy Unit Off - 8
Occupied Heating S/P -| 70°F |+ ESM OSA Minimum* | -| 59, [+ Low Limit 4 |~ 0 F o 100% Heat 2 Speed Heating Cnf'rlmand Ql
Occupied Cooling§/P  [-| 729F [+]  PowerExhaustse* [-| 5o [+|  High Limit i ﬂ DD% Cool 1 Speed Yam s i i
E . n 100%
Unoccupied Heating S/P | - | 60°F |+ Power Exh. Command Stop High Limit Ald pooi 5 Fan 100% Cool 2 Speed ke LA
Unoccupied Cooling /P |-| 80°F |+ Allow Compressor Economizer 50% Fan Power 101 kW
. . if Economizer Fails Econemizer 100% 0SA Damper 7%
Setpoint Adjust Range -| 0.0°F |+ Heat 2 Fan Auto
Setpoint Adjust Status 0.0 °F Heat 1 Fan Auto
Cool 2 Fan Auto
*Calculated Outside Air volume utilizing farll ool 1 Fan Aubo jde Air Camper position.
Auto
—-
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Remote Test Sequence for
Economizer, Cooling, & Heating

ACO01A South Casino Floor <« summary
Economizer Mechanical Cooling
Normal
16.7 °F Il Maximum Recorded Unit Amps
0OSA Volume @ 0 I Measured Cocling Amps
B e 84.0 %

Setpoint 60.0 %o

OS5A Volume @ 0
. Minimum 5 % 10.3 %
Setpoint +/- 5.0 %
Leakage When 0
OSA Closed 2 = 210-0/‘2 Min. Last Max.
Setpoint .
Cooling Capacity °F Cooling Power
Economizer Test Heating Heating & Cooling Tests
High OSA Setpoint 100.0 °F
Low OSA Setpoint 50.0 °F Supply Air 69.0 °F
Q5A [ Return Differential 5/F 10,0 °F SEARE
0SA Temperature 57,7 | Test Mechanical Cooling I Passed
Return Temperature 72.2°F | Reset Codling Data I J
Conditions Suitable 0 | — I P
] . ezt Heating assed
Test in Progress J ;
| Reset Heating Data I J
[
S These tests will override the unit for 45 minutes Min. Last Maox. 8, W SR o
and modulate the GSA Damper fully open, : p ese tests will override the unit for 30 minutes and opera
— B S, Heating Capacity °F the heating/cooling continuously for 15 minutes,

.77." '-“1 -’V .\NQE‘B
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Perpetual Trending
Performance Monitoring
Predictive Maintenance
Fault Prioritization Icon-based Status Indications
Remote Troubleshooting
Life Cycle Extension
Outlier Identification

Visual Fault Reporting
Advanced Fault Detection and Diagnostic Routines

HVAC Asset Management Tools Demand Management
Portfolio Energy & Performance Management

Unit sub-metering Making smart w

ENERGY SAVINGS
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Energy.
Saving
Hardware

Upgrade Efficiency &
Performance

\erification
Tools

AdVanced
Fauit
[DETECTION &
REMOLE

DEHOSISS  oaTALYST winelQ

comprehensive solution

M&V Data BUiiding

Collection Demand Co)plife)

Response
Technology {

Mechanism
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elQ Platform

I ive Demonstration
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Three Applications to Choose From

CATALYST BMS

Full-featured CATALYST with
Tridium BMS for control of
HVAC and lighting with
portfolio asset management
tool.

A

Full-featured CATALYST with
web-based live views, fault
detection, and energy
accountability overlay to
existing BMS.

Y SAVING s
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Smart VFD for those looking
for supply fan control.
Includes CATALYST ventilation
and equipment protection
features.
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