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HVAC Rooftop Unit (RTU) Potential

Energy Savings

How Company is slashing
HVAC energy use more than
70% with a simple building
retrofit

Company was an early test site for  Technology which makes
Variable speed motors drive down energy consumption for HVAC

systems by an average of 64%.

Ey Heather Clancy Januar y4,2024
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Retrofitting Your HVAC Rooftop Tsogu?fﬁgzhg
Unit Will Save Energy and Money

“What’s almost as good as saving money? Saving energy!
Studies show that the [technology] can reduce RTU
energy use by an average of 25 — 50 percent.”
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What Is Advanced RTU Control?

f Temperature
- j.

Warm

. Cold

1. Staged or variable speed indoor fan

2. Working economizer for integrated
economizer control (IEC)

3 3. Carbon dioxide sensor and demand

control ventilation (DCV) w




Where Does Advanced Rooftop
Control (ARC) Apply?

e Retrofits, give an old RTU new life
* New RTUs
— Many new RTUs include ARC strategies
— Building code is adopting a portion of ARC as a
requirement

* Integrated economizer control and demand control
ventilation are in:
— ANSI/ASHRAE/IES Standard 90.1-2016
— California Title 24 Energy Code.
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Can ARC Save That Much Energy?
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Can ARC Save That Much Energy?

VFD Retrofit Results

Energy Savings 47,800,000 kWh spread
over 131 locations, a 22%
reduction from before the
VFD retrofit

Utility Savings As much as $5 million in
annual utility costs

Simple Payback Less than one year.

Installation and Each RTU is equipped with

Maintenance a variable frequency drive
and a centrol interface board
that matches fan speed to
each RTU's particular air
flow requirements for

JCPenney saves S5 ot e
R s o
ml”lon Wlth ARC ! ulse;itodetgrmir;gthe;est
air O“.l settlngs rea
pilot at 131 stores.? e a s st on

electric motors, extending
motor and belt life.

Figure and Image from Advanced Rooftop Campaign?
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Utility Acceptance of ARC

 Many western utilities offer ARC rebates
— Puget Sound Energy: $500-54,500 per rooftop unit

Savings through the roof Benefits may include

Older inefficient rooftop-units can waste thousands of * Improved comfort

dollars annually. s |mproved indoor air quality

By retrofitting those rooftop units with Advanced * Reduced fan usage

Rooftop-Unit Controls (ARC), building owners and e Remote energy monitoring and control
operatars can save money and make their building

more comfortanle. How does it save energy?

PSE offers up to 100% of the total cost per unit
for gqualifying retrofits: Call an energy advisor or visit
pse.com/arc today to confirm eligibility and incentives.

ARC retrofits can reduce fan speeds up to 40% during
the first stage of heating and cooling and 60% when
no heating or cooling is needed.

Energy savings generally increase with higher hours
of occupancy.

Additional terms and conditions may apply.
Utility participation and incentives vary.

commercialrebates@pse.com @ PUGET SOUND ENERGV
1-888-225-5773 | TTY: 1-800-962-9498 | pse.com
Photo from pse.com https://www.pse.com/en/business-incentives/hvac-incentive-and-rebate-programs/advanced-rooftop- NREL | 8
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Staged Fan Speeds

Majority of savings
from ARC due to
staged fan speeds

Decreases outdoor

air ventilation

Up to the building
ownher to ensure
ventilation
requirements are
met

RTU Mode of Operation Indoor Fan Speed

Ventilation
Cool/Heat Stage 1
Cool/Heat Stage 2

40%
75%
90%
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Possible Ventilation Issues With Staged Fan Speeds

f Temperature

. Hot

Dy |
I
‘ « Warm
' ' . Cold

Ventilation Indoor Outdoor Outdoor Air
Mode Airflow Damper

10%
Outdoor
Air

90%
Return Baseline 3,000 CFM 10% 300 CFM

Air Staged 1,200 CFM  10% 120 CFM
Staged 1,200 CFM  25% 300 CFM




Possible Pitfalls of Staged Fan Speed

Decreases outdoor air ventilation

Unknown indoor airflow

— Belt-driven systems very sensitive

Can cause failures if indoor motor is not VFD rated
Potential warranty issues

Could increase compressor power consumption

— Does company measure total RTU power and
demonstrate savings?
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Integrated Economizer Control

120

Traditional Economizer Control Integrated Economizer Control

100

* Requires actuating
economizer

80

* Increases outdoor air
Additional Cooling: economizer 100% open +
60 compressor(s) on te m pe ratu re ra nge fO r
economizer

Outdoor Air Temperature (F)

Free cooling with economizer 100% open

40 no compressor(s)

e |ECis being adopted in
building code

20
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Possible Pitfalls With IEC

e Economizer not
working3

* Bad temperature
Sensors

* Humidity control in
zone

3. Cowan 2004

% of units tested with problem

Weighted Average for All Programs - Frequency of

70%
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Refrigerant
circuit

64%

58%

42%

Economizer Air flow

T
Thermostat

Sensors

Figure Credit: Cowan 2004

NREL | 13



https://studylib.net/doc/18724181/review-of-recent-commercial-roof-top-unit-field-studies-i...

Demand Control Ventilation

Why did a grandma,
baby, and superwoman
walk into a bar?
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Demand Control Ventilation

Because it was
comfortable and well
ventilated!
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Demand Control Ventilation

 DCV adjusts the outdoor
ventilation air based on
carbon dioxide sensors
in the building

e Usually reduces the
ventilation air
requirement for high
occupancy buildings

Time to bring in
more outside air!

CO, 1,000
Sensor ppm
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Possible Pitfalls for DCV

e Economizer failures

* Carbon dioxide not the only contaminants we want to
remove from buildings:

— Cleaning

— Furniture and clothes off-gassing
— Cooking fumes

— Pets

— Odor

— Particulates in outdoor air
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Lessons Learned

Advanced RTU control can be a great energy conserving
measure

Need to be careful when applying retrofit technologies
Check if your RTUs are running properly
Ask your vendors if they provide ARC strategies for new RTUs
Consider comprehensive outdoor ventilation air strategy

— ANSI/ASHRAE Standard 62.1 Indoor Air Quality Procedure
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Looking Forward

e Qutdoor air quality (is it always better?)
* Heat pump RTUs
* Coordination of RTUs

e Artificial intelligence is coming to buildings
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Interesting Links

. Better Buildings Space Conditioning Website: https://betterbuildingssolutioncenter.energy.gov/space-
conditioning

. Better Buildings Advanced Rooftop Unit Control Website:
https://betterbuildingssolutioncenter.energy.gov/implement-advanced-control-strategies-rtus-a-retrofit-
measure

. NREL Healthy Buildings Guide for Small Buildings:
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Healthy%20Buildings%20Guide
%20for%20Small%20Businesses%20A%20Quick%20Reference%20t0%20Improve%20Indoor%20Air%20Quality.p
df

. Smarter Small Buildings: https://smartersmallbuildings.lbl.gov/controls-resources

. Mannan M, Al-Ghamdi SG. Indoor Air Quality in Buildings: A Comprehensive Review on the Factors Influencing Air
Pollution in Residential and Commercial Structure. Int ) Environ Res Public Health. 2021 Mar 22;18(6):3276. doi:
10.3390/ijerph18063276. PMID: 33810001; PMCID: PM(C8004912.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8004912/
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