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Agenda

 Introductions 
 HVAC Research Team updates
 Speakers
 Michael Deru, NREL – enVerid air cleaning technology

 Jesse Dean, NREL – Grundfos high-efficiency circulator pumps

 Michael Deru filling in for ORNL – Carrier variable speed screw chiller

 Discussion
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HVAC Research Team Updates

 2018 Energy Exchange/Better Buildings Summit presentations available
 https://betterbuildingssolutioncenter.energy.gov/summit

 Reports coming soon (Fall 2018)
 High-efficiency motors for refrigeration condenser fans
 RTU AFDD Landscaping study
 enVerid gaseous air cleaner
 Cooling tower water treatment technologies (GSA and DOE)
 High-efficiency circulator pumps

 New and ongoing projects
 RTU AFDD – performance data collection
 RTU coordination evaluation

 HVACResourceMap.net
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https://betterbuildingssolutioncenter.energy.gov/summit
http://www.hvacresourcemap.net/


Michael Deru, NREL

Air Scrubbers 
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Ventilation and Indoor Air Quality

• Balance IAQ with energy consumption
• ASHRAE Standard 62.1 sets ventilation rates 

for IAQ
• Typical approach: Dilution with outside air
• Ventilation rate procedure

– ventilation rates by building activity for 
area and number of occupants

• IAQ procedure (IAQP) 
– ventilation based on controlling identified 

contaminants of concern 
(may be lower or higher than VRP)
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Gaseous Air Cleaning Technology

• Solid sorbent technology licensed from 
National Energy Technology Laboratory 

• Removes CO2

• enVerid formulation removes VOCs
• Low regeneration temperature (130°F–150°F)
• Unaffected by humidity
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HVAC Load Reduction (HLR) Module

Regen air inlet

Process air 
inlet

Regen air outletProcess air 
outlet

Sorbent 
Cartridges
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HLR Operation

• Installed in the return air duct path or in a return air plenum
• Treats about 10% of the return air
• CO2 and VOCs removed during adsorption cycle
• C02 and VOCs are purged during regeneration cycle 

~30min once or twice per day
• Reduce outside air to maintain

building pressurization 
 leads to energy savings 
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Test Site Criteria

• OA flow rates and building air balance are 
known

• Adequate OA reduction available
• OA dampers are operable and can be 

controlled by HLRs
• No building ventilation or IAQ problems
• Adequate space for HLR installation
• Hours of operation and climate support 

energy savings
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Test Sites

• Multiple sites were reviewed for installation – all retrofits
• HLR technology deployed at six sites

– Performance data collected from two sites
– One site had cooling capacity issues that were resolved by HLRs
– Three sites had ventilation system problems and were not included in the 

final testing
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University of Miami Wellness Center

• 60,000 ft2 fitness and wellness center
• 3 HLRs installed in return air duct path
• Data for summers from 2015 to 2017
• Weekly on-off operation
• Damper operation 

challenges voided 
some data 
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Morgan Stanley HQ, New York City

• 42 story, 1.3 million ft2 office building
• 40 HLR units installed in return air 

plenums on two floors
• Data from 2017 summer 
• Weekly on-off operation
• Exhaust problems prevented 

winter operation
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ArcBest HQ, Fort Smith, AR

• 190,000 ft2 5-story office building 
• Occupancy was 17% over design
• 10 HLRs were installed June 2016
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Results – UMH Wellness Center

Indoor Air Quality

Year Data Collection 
Period

Chilled Water 
Savings

Comments

2015 September 10% OA damper #2 was stuck open
2016 8/14 – 9/14 28%
2017 6/22 – 9/27 36.8% Uncertainty in OA dampers

Energy

Contaminants of Concern Below Limit
Formaldehyde 4 locations pass, 2 slightly over
Acetaldehyde Pass
Limonene Pass
Toluene Pass
Xylenes Pass
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Results – Morgan Stanley HQ

Indoor Air Quality

Year Data Collection 
Period

Chilled Water 
Savings

Comments

2017 7/17 – 9/28 4.6% Building has high internal loads 
and high envelope loads 

Energy

Contaminants of Concern Below Limit
Formaldehyde Pass
Acetaldehyde Pass
Toluene Pass
Xylenes Pass
Ozone (outdoor source) Pass
PM2.5 (outdoor source) Pass
PM10 (outdoor source) Pass
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Results – ArcBest HQ

• Operation pre-HLR did not meet IAQ requirements
Baseline could not be established

• HLR operation met IAQ requirements and avoided costly 
upgrade to chilled water plant and AHUs

• Indoor temperature and RH improved – fewer hot/cold calls
• Energy and water savings
• Extended life of OA filter in AHUs
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Conclusions

• The HLR technology removes CO2 and VOCs from indoor air 
and allows for a reduction in OA

• Energy savings are highly dependent on the OA reduction, 
hours of operation, and climate

• Best with long cooling (hot humid), long heating, or mix of 
cooling and heating climates

• Works well with poor OA quality
• Retrofits: Need to know OA flow rates and air balance
• New Construction: May allow for smaller HVAC system



Jesse Dean, NREL

High-Performance Circulator Pumps
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Communicating M&V Outcomes from GSA Test Beds

Technical report 4-page Findings Infographic Webinar Series

Register for GPG Webinar: https://www.gsa.gov/governmentwide-initiatives/sustainability/emerging-building-technologies/outbrief-webinars

Report Reference: https://www.nrel.gov/docs/fy18osti/71705.pdf

https://www.gsa.gov/governmentwide-initiatives/sustainability/emerging-building-technologies/outbrief-webinars
https://www.nrel.gov/docs/fy18osti/71705.pdf
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High-Performance Circulator Pump

• Applied to pumps 2.5 hp or smaller
– DHW recirculation pumps, small hot water and chilled 

water pumps

• EC motor
• Local and remote monitoring and control
• Zero maintenance

Grundfos Magna 3 
High-performance 
circulator pump (HPCP) 

Onboard Metering
• Temperature
• Speed
• Flow
• Power
• Head
• Energy (kWh)
• BTU
• History

Control Modes
• Constant speed
• Constant pressure
• Proportional pressure
• Constant temperature
• AUTOADAPT
• FLOWADAPT
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Comparison to Standard Pumps

• 10% to 15% improvement 
in hydraulic efficiencyOptimized Impeller 

• 10% to 20% electric 
efficiency improvement

ECM with variable speed 
operation vs induction motor

• Up to 65% savingsSelf-optimizing control logic 
and built in night time setback

Over 90% of the currently installed circulator pumps in the US are constant volume pumps powered by 
standard induction motors (over 30 million pumps) i

iReference: https://www.epri.com/#/pages/product/000000003002001762/

https://www.epri.com/#/pages/product/000000003002001762/
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High-Performance 
Circulator Pump Size

• NREL tested the two smallest 
pumps in the line of HPCP from this 
manufacturer

• With pumps this size, any potential 
reduction in O&M costs has very 
large impact on economics
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Domestic Hot Water Pump Tests
• GSA Building 67 - 14 floor office building in Lakewood, CO

1. DHW loop #1: 8 hr/day, weekdays only

2. DHW loop #2: 11 hr/day, weekdays only

Characteristic DHWP-1 Baseline DHWP-1 HPCP (40-80)
DHWP-1 HPCP (32-100)

Pump Size ¼ HP 0.37 HP ¼ HP

Duty Point Power 
(watts) 280 157

77

Wire-to-Water 
Efficiency 8.2% 14.5%

30.1%

Area Served Floor 1 Floor 1 Floor 1

Control Modes Tested - AutoAdapt and 
constant temperature Constant temperature

Characteristic DHWP-2 Baseline DHWP-2 HPCP (40-80)
DHWP-2 HPCP (32-100)

Pump Size ½ HP 0.37 HP ¼ HP

Duty Point Power (watts)
370 176 97

Wire-to-Water Efficiency Unknown 23.9% 44.3%

Area Served Floors 2–7 Floors 2–7 Floors 2–7

Control Modes Tested – AutoAdapt and constant 
temperature Constant Temperature
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DHW Results
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DHW Results

DHWP Savings Estimate

DHWP-1 DHWP-2

Baseline
Constant 

Temp. 
(Model 
40-80)

Constant 
Temp. 

(Model 
32-100)

Baseline
Constant 

Temp. 
(Model 40-

80)

Constant 
Temp. 

(Model 32-
100)

Weekday 
Total Power 
(kWh)

2.36 0.23 0.10 4.18 0.26 0.18

Max. Power 
(watts) 281 136 12 373 143 72

Weekday 
Savings – 90% 96% 94% 96%
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DHW Economic Performance

• Economics 
evaluated at end of 
life replacement -
compared to a new 
constant speed 
standard efficiency 
pump

Category

DHWP-1 -
Constant 

Temp. 
(Model 40-

80)

DHWP-1 -
Constant 

Temp. 
(Model 32-

100)

DHWP-2 -
Constant 

Temp. (Model 
40-80)

DHWP-2 -
Constant Temp. 
(Model 32-100)

Annual Energy Savings 
(kWh/yr.) 554 587 1,017 1,039

Annual Energy Cost Savings 
($) $18 $19 $35 $36

Peak Demand Reduction 
(kW) 0.15 0.27 0.23 0.30

Annual Demand Cost Savings 
($) $21 $39 $33 $44

Total Annual Cost Savings ($) $39 $58.0 $68.5 $79.5

Annual O&M Cost Savings ($) $75 $75 $75 $75

Installed Cost ($)
(HPCP installed cost—
standard pump installed cost)

$829 $575 $829 $575

Simple Payback 7.3 4.3 5.8 3.7

Net Present Value ($) $512 $988 $857 $1,240

Savings-to-Investment Ratio 1.6 2.7 2.0 3.1
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Heating Hot Water Circulator Pump Test

• Office building air handling unit, Lakewood, CO 
• Tested over 2016-17 and 2017-18 winters

AHU 17 AHU 19

Baseline
New ½ hp constant speed pump
3-way valve controls flow 
through AHU

Grundfos Magna 3 
Automated flow control

Bypass valve 
closed
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AHU Heating Hot Water Results

• Operation problems invalidated data from 2016-17 season
• The AHUs serve different loads making a direct comparison 

difficult
• AHU19 had low heating runtimes and sometimes switched to 

cooling during the middle of the day
• Savings were estimated by applying the baseline pump power to 

the AHU 19 pump runtimes
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HHW Results

AHU-17 AHU-19
Duration 12/21/2017 to 03/02/2018
Max. Power (watts) 221.6 204.0
On-Peak Avg (kWh/day) 0.144 0.093
Off-Peak Avg (kWh/day) 0.728 0.550
On-Peak Savings (%) 35%
Off-Peak Savings (%) 24%
Overall Savings (%) 25.7%
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HHW Economic Performance

Compared to a new constant speed standard efficiency pump

Category AHU-19 Model 
40-80

AHU-19 (with 
60% save, 20 

hrs./day)

AHU-19 Savings 
(with 60% save, 20 
hrs./day, 11 cent 

rate)

Annual Energy Savings 
(kWh/yr.) 45 688 688

Annual Energy Cost Savings 
($) $1 $23 $76

Demand Reduction (kW) 0.0176 0.08 0.08
Demand Cost Savings ($) $2 $18 $0
Total Annual Cost Savings 
($) $3 $41 $76

Annual O&M Cost Savings 
($) $75 $75 $75

Installed Cost ($) $500 $500 $500
Simple Payback 6.4 4.3 3.3
Net Present Value ($) $420 $865 $1,274
Savings-to-Investment 
Ratio 1.8 2.7 3.5
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Recommendations

• DHW Recirculation Pumps – Deploy as end-of-life replacement 
with as little as 40 hours/week with low electric rates.

• Heating Hot Water and Chilled Water Pumps – Target constant 
volume pumps that operate for more than 10-12 hours per day, 8 
months per year, with electric rates of 11 cents/kWh or higher.
– Pumps serving multiple heating coils are anticipated to have greater energy 

savings due more intermittent operation, and longer run times.
– Three way valve bypass must be closed or converted to two way valves

• GSHP Circulator Pumps – Deploy as end-of-life replacement with 
greater than 40-60  hours/week with low electric rates



Dan Howett, ORNL
Presenting – Michael Deru, NREL

High-Efficiency Chillers



High-Efficiency Chiller Field Test

 GSA Proving Ground Project
 Sidney R. Yates Building, 

Washington, D.C.
 208,000 ft2 office building
 U.S. Forest Service HQ
 Constructed in 1880
 Major renovation in 2013
 Chiller tests in summer 2016
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Test Overview

 Two chillers
 Variable-speed direct drive screw chiller (VSS)
 Variable-speed direct drive oil-free centrifugal chiller with magnetic bearings 

(MBC)

 Chillers operate in parallel
 Same chilled water loop
 Same cooling tower/condenser water loop
 Same chilled water loop pumps

 Chillers alternate days of operation
 Data collection during Summer 2016
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Chillers – Tales of the Tape

VSS MBC
Capacity (tons) 275 400 (2-200 ton 

compressors)
Weight (lb) 18,857 13,800
Cost $119,000 $185,000
Cost ($/ton) $433 $463
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Rated Performance

 AHRI rated performance comparisons
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Load % VSS MBC FEMP 
standard

100 0.615 0.543
75 0.414 0.412
50 0.278 0.295
25 0.303 0.265

IPLV 0.33 0.33 0.54



Energy Performance

Two methods for performance estimation
1. Cooling rate (kw/ton)
 Data: chiller kW, OAT, condenser water temperatures, chilled water flow 

rates (estimated)
 High uncertainty in chilled water flow rates

2. Energy as a function of outdoor air temperature
 Data: chiller kW, OAT
 Data binned by OAT and condenser entering water temperature
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VSS chiller had lower energy consumption
 4% lower by method 2
 11% lower by method 1



Conclusions

 Both chillers performed effectively
 More than 35% better than FEMP standards for water-cooled chillers
 No difference in chilled water supply temperature
 Both chillers operated successfully within the range of conditions for which they 

were specified
 No complaints from occupants or operations personnel 

 VSS chiller accepts lower condenser entering water temperatures
 GSA recommendation: Either chiller technology (MBC or VSS) 

should be considered when purchasing a new chiller
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Communicating M&V Outcomes from GSA Test Beds

Technical report 4-page Findings Infographic Webinar Series (Jan 2018)

Reference: https://www.gsa.gov/governmentwide-initiatives/sustainability/emerging-building-technologies/published-findings/hvac/variablespeed-directdrive-screw-chiller

https://www.gsa.gov/governmentwide-initiatives/sustainability/emerging-building-technologies/published-findings/hvac/variablespeed-directdrive-screw-chiller
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Thank you

Questions?

michael.deru@nrel.gov
jesse.dean@nrel.gov

mailto:michael.deru@nrel.gov
mailto:jesse.dean@nrel.gov
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