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Learning Objectives

1. Identify the components of a rooftop packaged HVA C unit 
tune-up program.

2. Name the general impacts of the HVAC diagnostic t une-up 
Program, AirCare Plus, on the commercial customer m arket 
since 2002.

3. Distinguish the types of outside air economizer c hangeover 
controls and their impact on cooling savings. 

4. Describe how  rooftop HVAC units can be better in corporated 
into the building commissioning process?  

AIA Quality Assurance
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HVAC Efficiency

Heating Ventilation and Air Conditioning
Large opportunity

� The size of the packaged rooftop unit 
commercial HVAC market in the U.S. is 
approximately 9 million units. 

� It is estimated that 75% of these units are not 
operating at maximum efficiency and 
capacity.

Reasonable motivation
� Contractors enhance their HVAC 

maintenance contracts through the use of 
the diagnostic tools in the Program

Utility need
� HVAC efficiency reduces peak demand
� Large touch addresses hard-to-reach and 

equity concerns in the commercial market
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The Benefits of HVAC Efficiency Programs

Guideline for images:

Please add 1 pt. green 
(R119G152B35) rule 
around each image

Commercial customers benefit:
� AirCare Plus services are free to 

the customer 

� After a diagnostic tune-up 
packaged rooftop units will run 
closer to optimal efficiency and 
capacity 

� Energy-conserving program saves 
the customer money on their 
energy bills and lowers energy use 
without affecting comfort-level of 
the customer 

� Diagnostic tune-up services reduce 
equipment down-time and 
decrease premature failure of 
equipment 

There are thousands of packaged rooftop 
units (RTUs) in every utility territory, each 
with associated energy savings – the 
numbers add up.
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What is the AirCare Plus  
HVAC Packaged Unit Tune-up Program?

• AirCare Plus HVAC Tune-Up Program has been operational since it’s 
first pilot in 2002. 

•This enhanced HVAC tune-up Program is designed to optimize the 
performance of all major energy-using components of packaged rooftop 
units and split systems. 

•The state-of-the-art diagnostic tools and technology used by the Program 
set it apart from other HVAC packaged unit tune-up efforts. 

•The Program is primarily contractor-driven and incorporates training, 
marketing and incentives to help contractors understand and 
communicate the value of HVAC energy efficiency. Program services and 
retrofits complement rather than replace routine rooftop unit maintenance.
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The Basic Building Blocks for the Optimal 
HVAC Tune-up Program

� Contractor and technicians receive extensive training to use the
diagnostic tools, at no charge, this creates the base for the Program.

� Training is ongoing throughout the Program.  AirCare Plus has 
found that everyone in the contractor’s shop needs to understand 
the Program in order for successful integration into the contractor’s 
business model.  

� This includes service managers, dispatchers, and accounting.

� The AirCare Plus proprietary software provides how-to protocols for 
the technician. This Palm-based software is coupled with the 
Honeywell Service Assistant tool to diagnose and optimize the 
refrigerant charge and airflow of each RTU.  

� The goal for each tune-up is to optimize the RTU’s performance 
creating a unit that is operating at maximum efficiency and capacity
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Who is the Commercial Customer?

� Commercial customers with packaged rooftop units or split 
systems ranging in size from 3 to 60 tons  (no chillers or water
source heat pumps) 

� Property management companies

� National accounts (Bank of America, Target, Macy’s…)

� Schools, colleges  (This includes a typical school campus or other public 
school building, a trade school or similar type instructional institution housed in a 
conventional commercial facility.)

� Small hospitals

� Designated assisted living facilities, nursing homes

� Government and County buildings

� Churches
� Strip Malls

…you get the idea
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Overview of Measures:

AirCare Plus comprehensive protocols identify 8
tune-up opportunities for the HVAC packaged 
rooftop unit that include:

• Collection of the Building and RTU data

• Refrigerant Charge and Airflow Optimization

• Programmable Thermostat Optimization 

• Economizer Functionality
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AirCare Plus for Packaged HVAC Units: 
•Training contractors, establishing long term relationships, integrating AirCare Plus into 
the contractor’s business model

•Capturing energy savings in the hard to reach commercial HVAC market

PG&E:   8,468 rooftop units serviced  (2006-2008)
29 contractors, 54 technicians

Energy Savings: 19.8 million in kWh and over 32,000 in therms

Avista:  over 4,000 units serviced (2003-2008)
6 contractors, 10 technicians
Energy Savings: over 7.7 million in kWh and over 750,000 in therms

BPA:
First PECI AirCare Plus Pilot with Pre and Post Monitoring of Economizers
Results were compiled and presented at the Regional Technical Forum (RTF)

AirCare Plus Program Highlights
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How do we reach the commercial customer:

5 different approaches:

• Through the HVAC Contractor, existing rooftop unit 
maintenance contracts

• Utility Sales and Service Representative referrals 
• Coordination activities with other Energy Efficiency 

Programs
• The customer calling to find out about our HVAC tune-up 

program
• PECI internal referrals, PECI energy efficiency programs, 

PECI program staff generating referrals on behalf of the  
customer
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The HVAC Diagnostic Tools
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The Honeywell Service Assistant

Liquid Line Temperature (LT)

Liquid Line Pressure (LP)

Outdoor Ambient Temperature (AMB) 

Suction Line Temperature (ST) 

Suction Line Pressure (SP)

Return Air Temperature (RA)

Supply Air Temperature (SA)

Discharge Temperature (DT)

Air off Condenser Temperature (AOC)

Compressor current or amperage

Compressor power consumption

Key measurements are recorded from the unit and transferred into the 
proprietary software to guide the diagnostic steps for refrigerant charge and 
airflow optimization:
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The Honeywell Service Assistant

Once the diagnostics are transferred to the proprietary software the 
HVAC technician is then able to tune the RTU based on the as found 
conditions.  

Some of the results from this HVAC diagnostic tune-up are: 

•Enhanced reliability (reduced downtime)

•Additional cooling capacity 

•Energy efficiency (peak demand is reduced)

•Operating lifetime of the unit is lengthened

Pre and Post measurements are then documented and reports can be
produced from a Service Assistant reporting tool that provides an 
overview of the measures completed on each RTU.  
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How does this save energy?How does this save energy?
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Overview of Energy Savings:
Overview of average energy savings per measure per unit: *

By Measure:
Measures 
rebated kWh total

kW 
total

Therm 
total

Average 
kWh

Average 
kW

Average 
Therm

Basic Package Without 
Economizer 5,026 490,538 0 0 98 0 0

Basic Package With 
Economizer 3,424 7,455,994 0 0 2,178 0 0

Refrigerant Pre-Test 7,499 0 0 0 0 0 0

Refrigerant/Airflow (1 Comp.) 3,446 4,017,692 1,344 0 1,166 0 0

Refrigerant/Airflow (2 Comp.) 1,739 3,418,919 1,207 0 1,966 1 0

Thermostat Modification 1,685 1,551,392 0 18,492 921 0 11

Economizer Adjustment 699 1,578,479 0 0 2,258 0 0

Thermostat Replacement 206 1,075,717 0 14,037 5,222 0 68

Economizer Control Package 188 265,035 0 0 1,410 0 0

Totals by Measure: 23,912 19,853,767 2,551 32,529 830 0 1

* kWh savings based on results in prior California IOU programs.
Energy savings per measure are deemed and supported by approved workpapers, and Avoided Cost Calculator 
Workbook (E3) calculations.
* Actual energy savings will vary with each customer’s situation, including but not limited to the actual measures  or 
equipment installed, building construction, customer operation, age of existing equipment, and location.
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HVAC Tune-up Points of Focus

Maximize efficiency of 
refrigeration cycle

Optimize economizer 
controls & sensors

Install or optimize 
programmable 
thermostat settings
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Rooftop Unit Efficiency Impacts

500 Western RTUs 
have many problems

• Improper refrigerant 
charge or circuit

• Low airflow due to coil 
fouling

• Economizer operation
• Thermostat type and 

settings

Negative impact on 
rooftop unit efficiency A. Cowan, 2004.  Review of Recent 

Commercial Roof Top Unit Field Studies 
in the Pacific Northwest and California. 
New Buildings Institute. 
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Field Unit Cooling Efficiency

Wide range of actual field tested energy efficiency ratio (EER)
• Field measurements normalized to factory test conditions
• Units older than 10 years significantly lower EER
• Some units had very low field EER (3)

High charge primary 
reasons for reduced EER

• 45% had refrigerant 
circuit problem

� 32% had high charge
� 7% had low charge
� 7% non-condensables

• 3% other problem
7.2% average increase in 
measured EER after 
service 
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Identifying Economizer Problems
Typical Commissioning Trend Plot

• D-O-R-M (Discharge air, Outside air, Return air, Mixed air) 
• Create economizer plot, analyze

Cannot get full OA 
for economizer
Cannot achieve 
minimum ventilation 
air

Trend data for this 
analysis not 
typically available 
on packaged units

15% OA

100% OA

Dampers modulating
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Desired Heat/Economizer/Cool Sequence

• If not integrated, no 
economizer with 
mechanical cooling

High ambient lock-out or 
“changeover”

• from full vent
to minimum 

• when OSA 
too warm or 
too humid

Minimum OSA during heating
Use ventilation before mechanical cooling
Maximize ventilation with cooling coil (Integrated

% Heating
Operation

% Cooling
Operation
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What is Changeover?

Return to minimum ventilation air when 
outside air is:
• Too hot or 
• Too humid

Also called “high ambient lockout”
At the changeover setpoint, the unit 

“changes over” from economizer to 
mechanical compressor cooling
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Differential or Single 
Changeover

Single sensor changeover
• Proper setpoint a mystery to 

most field technicians 
• Factory & field settings 

typically too low
• Preferred for some analog 

economizers with large 
sensor hysteresis

Differential changeover
• RA & OSA sensor
• Avoids confusion!
• Adapts to loads
• Maximize integration 
• Best with digital controls
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Mismatch Between Savings & Settings

Less than 15% of RTUs have economizer 
changeover set up for maximum savings
• Snap Discs are 

not adjustable; 
need to be 
replaced

• Setting above 
“CD” requires 
dedicated 
economizer 
thermostat 
stage

"As Found" Dry Bulb Changeover Settings
vs. Economizer Cooling Savings
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Sensor Types for Changeover

Dry-bulb:  
• Measures sensible 

dry-bulb temperature.  
• More reliable than 

enthalpy; lower cost.
Enthalpy:  

• Measures temperature and relative humidity; converts 
to total energy (enthalpy or Btu/lb of air).  

• Shorter life and higher cost; requires regular 
maintenance or replacement; difficult to verify.

"As Found" Changeover Sensor Type
n = 2267; Calif. RTU

Dry Bulb
58%

Enthalpy
42%
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Dry-Bulb or Enthalpy Changeover?

West of the Texas panhandle: Dry-Bulb preferred
Southeast: Enthalpy sensors a must

Northeast/mid-west: Enthalpy sensors preferred
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Integrated Economizer

Integrated sequence for larger systems
Unitary HVAC: Thermostat with 
dedicated stage for economizer
• Single stage at thermostat requires 

“either/or” operation with low (55 F) 
changeover setting. Result: very little 
savings

• Dedicated first stage on thermostat 
allows economizer to operate when  
compressor cooling is needed

• Call this “alternating integration”

For dX cooling with single stage; must locate primary 
controller sensor in discharge air, not mixed air position 
• Mixed air sensors notoriously inaccurate (poor mixing)
• Otherwise DA too cold, economizer will be disabled  
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Related Issue – OSA Sensor Placement

If sensor is not accurately 
measuring outside air
temperature, control 
operations will be affected
Potential errors include:

• Solar gain
• Micro-climate
• Influence of air 

exfiltrating from 
ductwork

For DDC systems, avoid “central” OSA signal 
if roof micro-climate at OSA intake is different

• Solar effects on a dark roof are significant
• OSA is drawn in from roof, not where “ideal” OSA sensor is

Hood Sensors 8/4
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Thermostat Issues

“Hold” rather than short term override 
• 25% in 24-hour hold (n = 1634)

Extended schedules
• Optimum start often not used
• Optimum stop now allowable under 62.1-2007
• Setback – only 39% below 62°F (n = 413)

Fan operating in auto mode: 78% (n = 1634)

• Proper ventilation not guaranteed
• Correction increases energy use
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Pilot Field Monitoring

Note improvements in operation
• Unoccupied fan operation now under control
• Increase in peak demand offset by shorter 

cycle operation; net reduction in grid demand
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In Commissioning – Include RTUs

Commissioning and unitary HVAC systems
• Direct approaches during Cx/RCx

� Verify thermostat schedules
� Verify economizer operation (California Title 24 

acceptance tests)
� Check dX coil split at minimum or check charge
� If needed: upgrade thermostat; replace/adjust 

changeover sensor; and modify charge

• Alternative approaches during Cx/RCx
� Coordinate with service contractor working with 

utility for service tune-up (e.g., Air Care Plus)
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When Economizer Overhaul Required

Upgrade from analog to digital damper control
• Direct drive damper motor improves reliability
• Advanced programmable thermostats available 

that control damper directly
• Alternative to replace RTU thermostats with zone 

card on DDC extension
� Allows advanced sequences like night flush

• DCV recommended, as minimum OSA is not 
usually properly adjusted
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Savings for RTU tune-up

Wide range of savings
• RTU savings issues

� Baseline conditions have 
large impact

� RTU savings usually too 
small to justify monitored 
savings

• Solutions
� Simplified monitoring: 

Power or kWh vs. hourly 
or daily OAT

� Use deemed savings 
developed for provider 
programs
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What’s Next for RTUs?

Premium Ventilation Package
• Start with a Premium Economizer
• Upgrade the economizer module with 

� Demand controlled ventilation
� Variable speed fan controller for blower motor

- Low (40%) speed in idle mode
- Integrated single phase controllers now available

• Field testing currently underway in Pacific Northwest

Improved stand alone RTU controls
• Digitally based with direct economizer control
• Fault diagnostics a few years away

Advanced Rooftop Unit (ARTU)
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Regional Savings – Premium Ventilation

Compare savings for Sacramento, California:
• SEER 13 to 15 at 0.22 kWh/sf
• Premium Ventilation Package at 2.0 kWh/sf
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Conclusion

Rooftop unit tune-up = significant savings
• RTU major share of HVAC with major problems
• Contractor training and marketing important
• Automated tools improve accuracy

Major areas of savings
• Refrigerant charge and coil cleaning

Correct economizer changeover
• Integration – dedicated econo thermostat stage
• Proper thermostat settings
• Comprehensive upgrades on the horizon
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AIA Quality Assurance

Portland Energy Conservation, Inc is a registered provider with The 
American Institute of Architects Continuing Education Systems.  Credit 
earned on completion of this program will be reported to CES Records 
for AIA members.  Certificates of Completion for non-AIA members are 
available on request.

This program is registered with the AIA/CES for continuing 
professional education.  As such, it does not include content that may 
be deemed or construed to be an approval or endorsement by the AIA 
of any material of construction or any method or manner of handling, 
using, distributing, or dealing in any material or product.  Questions 
related to specific materials, methods, and services will be addressed 
at the conclusion of this presentation.
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