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Who is NEEA?
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What is BetterBricks?

=

>> Learn more at BetterBricks.com
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Where does a 

building’s energy go?

Major fuels consumption 
by end use (2018)

Source: U.S. Energy Information Administration, Commercial Buildings Energy Consumption Survey; Note: Btu = British Thermal Units

Space heating (32%)

Ventilation (11%)

Cooling (9%)

Lighting (10%)

Cooking (7%)

Refrigeration (5%)

Water heating (5%)

Computing (4%)

Office equipment
(1%)
Other (16%)
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Advanced Technologies Are Available to 

Lower Energy Consumption

Technology Overview 

Pumps and Circulators

Pumps and circulators are the heartbeat of your building. 

Efficient equipment and smart controls can reduce overall 

energy consumption significantly. 

Ventilation Air Systems

Your building needs fresh air to maintain a healthy and 

comfortable environment. Advanced equipment re-captures 

energy from exiting air, reducing heating and cooling 

equipment usage. 

Advanced Lighting Controls LLLC

Secondary Windows Window Attachments
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Sequencing upgrades
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How can we piggyback on 

projects to make a bigger impact? 

• In advance of a planned system replacement

• During periods of tenant turnover

• Buildings with comfort occupant issues

• Repositioning in the marketplace

• Saving historic buildings
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Smart Pumps
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Typical Pumping Systems 

in a Commercial Building 

14
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Target Products 
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Circulators

Pumps



Visit pumps.org/energyefficiency to learn more 
about Hydraulic Institute’sEnergy Rating Program 
and Search the ER Database to find your solution

(kWh/year)
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Energy & Maintenance 

is 65% of Life Cycle Cost 

Elements of the LCC
• Energy – 40 %
• Maintenance – 25%
• Initial Purchase – 10%
• Operating – 10%
• Installation & Commissioning – 7%
• Environmental cost - 5%
• Downtime, Loss of Production – 3%

Focusing on initial cost misses the 

big picture

Life Cycle Cost of Typical Pumping System
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Case Study

18

https://betterbricks.com/case-studies/class-a-office-

building-finds-grade-a-booster-pump-solution

https://betterbricks.com/case-studies/class-a-office-building-finds-grade-a-booster-pump-solution
https://betterbricks.com/case-studies/class-a-office-building-finds-grade-a-booster-pump-solution


Case Study
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Case Study: Smart Circulators Provide 

Convenience and Savings for Bellwether Housing

20

BEFORE

Four DHW Recirculation Loops served by a 

single speed circulator with an inefficient motor 

pulling 88 watts continuously 24 hours a day 7 

days a week

AFTER

All four circulators were replaced with smart circulators 

equipped with ECMs and Advanced Speed controls, 

resulting in a 90% decrease in power consumption. 

Additional savings occur from the reduced demand 

placed on water heaters and boilers

MORE INFO

https://betterbricks.com/case-studies?q=circulator


Energy Rating Label

• ER Label = comparison tool similar to 

ENERGY STAR

• Efficiency % savings above baseline

• Use to estimate savings

• Choose pumps with higher ER values

• Found on pumps & circulators
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Speed Control is More Efficient than Valves

Pumps 

typically 

operate at a 

range of 

speeds 

throughout 

the year
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Smart Pumps Eliminate Selection Guesswork 

and Simplify Installation
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Integration of 
pump, motor, drive, 

and integral 
sensors into one 

streamlined 
package

Simplifies 
installation burden 

and reduces 
hardware costs

Pump-specific 
performance maps 
of pump curves that 

allow the drive to 
optimize operation

Simplified startup 
procedure reduces 
potential for errors 

in sensor 
installation and 

drive programming

Electronically-
commutated motors 

(ECM), which 
further enhances 
efficiency benefits 

compared to 
standard NEMA 
Premium motors
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https://www.youtube.com/watch?v=-YxmnFDIoD4&feature=youtu.be


Tools & Resources
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https://www.pumps.org/resources/energy-efficiency

https://betterbricks.com/solutions/pumps-motors



- Trainings

- Webinars (Live & On-Demand)

- Pump Savings Calculator

- Circulator Savings Calculator

- Pump System Assessment Professional 

(PSAP) Certification

- Motor & VFD Courses

- Videos

- Engineering Data Library
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https://training.pumps.org/
https://www.pumps.org/resources/energy-efficiency/utility-resources/
https://www.pumps.org/resources/energy-efficiency
https://training.pumps.org/PSAPCertification
https://training.pumps.org/PSAPCertification
https://www.youtube.com/watch?v=F-Byc0slXxw


Hydraulic Institute 

Lifecycle Cost Calculator

• Calculate total cost of ownership 

and compare between models

• Accounts for variables such as:
o Speed control

o Efficiency

o Equipment cost and installation

o Maintenance

o Other costs
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Custom Project Incentives

• Involve your utility early in the process

• On-site metering to understand pre/post energy use

• Comprehensive approach, can include system optimization 

beyond just the pumps

• New construction or retrofit

• Nearly all pumps can benefit from a drive – even constant load 

pumps
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Key Takeaways

1. Look for Smart Pumps with ECMs and Advanced 
Controls for ease of installation, operation and 
energy savings

2. Be aware of oversizing – how far away from your 
pump’s Best Efficiency Point “BEP” are you 
operating?

3. Use a drive for system balancing (not valves)

4. Online resources: trainings, calculators, case 
studies, ER database

5. Utility incentives

6. Think about opportunities to replace pumps as part 
of preventative maintenance plans

7. Even though pumps are small, can result in big 
savings opportunities with attractive paybacks
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Why building performance matters:

• Connection to nature

• Environmental psychology

• Photobiology

• Productivity

• Health and wellness

• Better sleep

• Fewer sick days

• Less depressive symptoms



Secondary Windows
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How it works

• Attaches to the interior or exterior of an 

existing window 

• Creates an insulating air pocket between 

new and existing panes

• Improves comfort, daylighting, health 

and wellness, and reduces 

heating/cooling energy use

32



Why Secondary 

Windows?

Energy-Related Benefits

• Stabilize HVAC performance even 

under extreme conditions

• Reduce peak heating and cooling 

loads and energy costs

• Improve building resiliency

Non-Energy Benefits

• Improve occupant comfort

• Increase property value

• Exterior noise control

• Maintains natural daylighting, views and 

value of prime real estate near windows

• Maintains original exterior facade and 

windows (important for historic buildings) 

• Installation is quick and non-invasive 

• Improves occupant health and wellness
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Ideal building 

characteristics

• Constructed before 1995 without low-e coating on 

windows (single-pane clear)

• Small, medium and large buildings with fixed or 

operable windows

• Retail, office, residential care, lodging and especially

historic buildings

• All-electric buildings with single-pane, clear windows 

present largest savings opportunity
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Technical potential

U-Value 1.12

SHGC 0.72

VT 0.77

5-15% 
reduction in heating / 

cooling energy use

Baseline Single-

Pane Window

0.53 0.27

0.38 0.35

0.51 0.51

Single-Pane 

Secondary Window

Double-Pane 

Secondary Window

Note: Average whole window (frame and glass) values

~$32/sq. ft. 

(~10-25% of the cost 

of window 

replacement)
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Lower peak heating and cooling demand

15%
average first-cost savings on 

HVAC downsizing for school 

buildings resulting from 

windows upgrade
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915 Broadway

Office Building

Vancouver, WA

Built: 1975

Size: 4 stories / 36,000 SF

Projected savings: 

$3,754/yr.

Product manuf.: Alpen

CASE STUDY
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Thermal Comfort:
9/2/20 @ 8:00 am

Outside Ambient Temp: 63º F

Exterior Window Surface:  

125º F 
(+ 62º F)

Interior Window Surface:

107º F
(+ 44º F)

Thermal comfort problems exist even in 

mild climates during mild weather

• Single pane glass absorbs energy and 

radiates it inward to occupied spaces.

• On a mild fall day, interior glass 

temperatures were 44 degrees warmer 

than outside air temperatures.

• During the summer, there were regular 

tenant comfort complaints, and many 

would be forced to go home early.

Problem: 

Occupant Comfort & HVAC Performance
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Outcome:

Improved Comfort & Savings

When any building gets to 40 years old, systems 

start breaking down with age, weather and just 

natural deterioration…

We were blown away when we saw the 

energy-saving and comfort benefits provided 

by secondary windows. 

I don’t know why you wouldn’t want to consider 

this for your commercial building.”

See the full video case study at: 

BetterBricks.com/case-studies/915-broadway
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Outcome:

Secondary Windows Pass Historic Comfort Test

We were very worried. In the past, even on a 

90-degree day, we would receive tenant 

comfort complaints, and many would be 

forced to go home early. We watched the 

digital control system throughout the day. 

The temperature held at 72-74 F in every 

zone in the building. We were amazed. 

We didn’t get a single complaint.”
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Attachments Energy Rating Council

Rates, labels and certifies the energy 

performance of window attachments

• Independent, public 

interest organization

• DOE-funded
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Luminaire Level 

Lighting Controls (LLLC)
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Luminaire Level Lighting Controls Benefits

43

Continuous dimming Controls persistence Occupancy sensingDaylight harvesting High-end trim/Task tuning Demand response

43
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LLLC Business Benefits Beyond Energy Savings

Asset Tracking Space Utilization
Indoor 

Positioning

Conference Room 
Scheduling

Security Energy Tracking
Integrate with 

BMS/HVAC

Diagnose & 
Report

45



New Report Builds on Previoous 2017 Study
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Finding #1: LLLC Showed Overall Higher Savings
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Additional study needed to confirm correlation

• Need to control for potential confounding variables
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Finding #2: Average Energy Savings Was 49%

48

Site-specific variation is the largest driver of savings

• Control strategies used and the settings for those strategies

• Site characteristics, occupancy, user behavior
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Savings for NLCs with LLLC

Average control factor for NLCs with LLLC is 0.63.
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Existing 

Building Applications

• Aesthetic and ergonomic improvements

• Significant energy savings

• Non-invasive comprehensive controls 

upgrade (wireless control)

• Task tuning/fixture-level customization

• Future-flexibility

• Help meet WA or other Building 

Performance Standards

50



Very High Efficiency Dedicated 

Outdoor Air Systems (DOAS)
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The average building 

spends 52% of its energy 

and money operating the 

heating, cooling and 

ventilation systems

Major fuels consumption 
by end use (2018)

Source: U.S. Energy Information Administration, Commercial Buildings Energy Consumption Survey; Note: Btu = British Thermal Units

Space heating (32%)

Ventilation (11%)

Cooling (9%)

Lighting (10%)

Cooking (7%)

Refrigeration (5%)

Water heating (5%)

Computing (4%)

Office equipment
(1%)
Other (16%)
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Ventilation and Indoor-Air Quality
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Key Elements of 

Very High Efficiency DOAS

That features 82% or greater 

sensible effectiveness.

High efficiency heat / 

energy recovery 

ventilator (HRV/ERV)

High-performance

heating and cooling

Ventilation fully 

separated from the 

heating and cooling

Right-sized heating and 

cooling equipment

Using an electric heat pump 

system that meets ENERGY 

STAR performance standards.

1 2

3 4

This optimized, high-performance approach to HVAC combines high-

efficiency equipment with design best practices, including:
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Why Very High Efficiency DOAS?

Increases occupant 

comfort 
through improved temperature 

stability and the ability to create 

zones with unique temperature 

controls.

Improves indoor

air quality 
due to filtered 100% outside air 

being brought into the space, with 

little to no recirculation.

Saves energy and 

money
by reducing building energy use 

by an average of 48%, and HVAC 

energy use by an average of 69%.

Meets/Exceeds 2018 

WSEC 
for DOAS in many building types.
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Indoor Air Quality

56

Resilient HVAC doesn’t have 

to cost so much to operate.

A recent study found that very high 

efficiency DOAS was able to significantly 

increase ventilation rates which can 

reduce viral risk while using up to 37% 

less energy than than a similar high-

ventilation variable air volume (VAV) 

system.

Source: betterbricks.com/resources/covid-19-hvac-risk-reduction-strategies
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Ideal Building Types

• Small-to-medium sized buildings, 

less than 50k sq. ft.

• Both new construction and major 

renovations

• Schools, office, government, retail 

and multifamily
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A proven approach to 

high-performance HVAC

12 pilots using the very high 

efficiency DOAS approach 
in small-to-medium commercial 

buildings across the NW proved 

significant average energy savings—

based on if the building had started 

with standard code-minimum 

equipment.HVAC ENERGY 

SAVINGS*

WHOLE-BUILDING 

ENERGY SAVINGS*

69% 48%

*When compared to a code-minimum version of the existing 

equipment (often a packaged rooftop unit)

58



Seattle Office Building [5,911 sq. ft.]

69%

reduction in total 

HVAC energy use

42%

reduction in total 
building energy use

EXISTING SYSTEM: 

VAV system: combined 

heating capacity, incl. 

re-heat coils in VAV 

distribution units

(16.4 tons heating, 14 tons 

cooling)

NEW SYSTEM: 

1 Mitsubishi VRF 

1 Ventacity Systems 

1000RT HRV

(15.6 tons heating, 14 tons 

cooling)

29.7 
New System 

Building EUI

51.3
Existing Building EUI

PEAK CHANGE: 

-30 kW
Winter

-6 kW
Summer

CASE STUDY

59



→ Pre- and post-conversion energy consumption are based on a typical meteorological year (TMY)

→ Models updated based on several months of sub-metered energy end-use data and utility bills.
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Seattle Office Building (cont’d)
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85%

reduction in total 
HVAC energy use

61%

reduction in total 
building energy use

BUILT: 1930

EXISTING SYSTEM: 

3 packaged RTUs

(95 tons)

NEW SYSTEM: 

3 high-efficiency HRV,

VRF heat pump system 

(32 tons)

48.1 
New System 

Building EUI

122
Existing Building EUI

PEAK CHANGE: 

0 kW
Winter

-79 kW
Summer

Seattle Airport Terminal [24,300 sq. ft.]

CASE STUDY
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Seattle Airport Terminal (cont’d)
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Seattle Airport Terminal (cont’d)

BEFORE AFTER
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Learn more

betterbricks.com/solutions/very-high-efficiency-doas

• Case studies

• Pilot report details and findings

• Design requirements and guidelines

• Qualifying ERV/HRV manufacturers and 

products

• Research, including economic and indoor air 

quality analyses
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NEEA Research
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To make energy efficiency available to everyone, we 

need to hear from the whole market, including you.

We frequently sponsor studies to:

• Understand and improve product performance

• Learn opinions about new green technologies

• Improve energy efficiency programs

• Understand installation and maintenance challenges

• Improve access to energy efficient technologies

If you are contacted by a 

research company to join a 

NEEA study, we hope you 

will participate.

We will only ever ask for your 

honest opinions, expertise, 

experiences, and ideas. 

Sign-up to our newsletter to 

stay informed of our latest 

research: neea.org/subscribe

You are the voice of the market
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Thank You

Christopher Meek

cmeek@uw.edu

Warren Fish

wfish@neea.org

Visit us at:
BetterBricks.com
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Appendix
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Pump and System Curves

70

Q

H

System Curve
-Static Head
-Friction

= operating point

H = Head
Q = Flow

Q

H

Pump Curve
-Speed
-Impeller Dia.

For fixed speed pumps, the 
operating point is located at the 

intersection of the pump and  
system curves.

H

Q



Even Constant Load Systems can See 

Energy Savings At 75% flow, 43% input power reduction
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13%

16%
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Source: 2019 NEEA Pumps research

https://neea.org/resources/extended-motor-products-savings-

validation-research-on-clean-water-pumps-and-circulators

Constant load pumps are generally oversized
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Load Type Percent 

Energy 

Savings

Constant 23%

Variable 43%

https://neea.org/resources/power-drive-systems-energy-savings-and-non-energy-benefits-in-constant-variable-load-applications

Savings Potential for Pumps
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Operations & Maintenance Best Practices 

• Unusual noise? 

• Vibration? 

• Leaks? 

• Pressure gauges still working?  

• Suction diffusors & pump strainers maintained? 

• VFD operating correctly?

• Alignment?

• Mechanical seals correctly packed, sized, due for 

replacement? 

• Operating per requirements in operating manual / retro-

commissioning? 

74



Technical Insights for Capital Projects

• Consider piping diameter. Larger diameter pipe means less 

friction loss, which leads to a more efficient pump system

• ER label gives you lab tested performance that highlights 

energy performance differences in one simple number

• Pump Savings Calculator – run your own numbers

• Skid systems using smart pumps in parallel with a control unit 

to dispatch the most efficient configuration to meet varying 

system demand
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