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= |ntroductions
» 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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Ventilation and Indoor Air Quality

Balance IAQ with energy consumption
ASHRAE Standard 62.1 sets ventilation rates

fO r I AQ ANSI/ASHRAE Standard 62.1-2016
(Supersedes ANSI/ASHRAE Standard 62.1-2013)
Includes ANSI/ASHRAE addenda listed in Appendix K

Typical approach: Dilution with outside air Ventilation
for Acceptable

Ventilation rate procedure
Indoor Air Quality

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

I AQ p ro c e d u re ( I AQI ) This Standard is under continuous maintenance by a Standing Standard Project Committee (35PC) for which the Standards

Committee has established a documented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. The change submitral form,
instructions, and deadlines may be cbined in electrenic form from the ASHRAE website (www.ashrae.org) or in paper

L] L] L] L] L] L]
form from the Senior Manager of Standards. The latest edition of an ASHRAE Standard may be purchased from the
ASHRAE website (www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Adanta, GA 30329-2305.
E-mail: orders@ashrae.org. Fax: 678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for

orders in US and Canada). For reprint permission, go to www.ashrae.org/permissions.

contaminants of concern S
(may be lower or higher than VRP) Gans)



Gaseous Air Cleaning Technology

e Solid sorbent technology licensed from
National Energy Technology Laboratory

* Removes CO,
* enVerid formulation removes VOCs
 Low regeneration temperature (130°F—150°F)

* Unaffected by humidity k

enverid

Energy savings. Air quality.

NREL | 6



HVAC Load Reduction (HLR) Module

Process air Regen air outlet
outlet T

Process air
inlet

Sorbent
Cartridges

NREL | 7



HLR Operation

* |nstalled in the return air duct path or in a return air plenum
* Treats about 10% of the return air

* CO, and VOCs removed during adsorption cycle

* CO, and VOCs are purged during regeneration cycle

~ : . A
30min once or twice per day
Ao A e Ay
* Reduce outside air to maintain - \
building pressurization Lt SR N
=> leads to energy savings

NREL | 8



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

NREL | 9



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

- (]
NREL | 10



University of Miami Wellness Center

* 60,000 ft2 fithess 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

""""""

NREL | 11




Morgan Stanley HQ, New York City

42 story, 1.3 million ft? office building

40 HLR units installed in return air
plenums on two floors

e Data from 2017 summer
 Weekly on-off operation

 Exhaust problems prevented g
winter operation

NREL | 12



ArcBest HQ, Fort Smith, AR

e 190,000 ft% 5-story office building
* Occupancy was 17% over design
10 HLRs were installed June 2016

Clean air from HLR Regeneration Qutside air for 0 Return air
ducted back to AHU "= exhaust from HLR " regeneration from AHU

200 LJ.L;_II

NREL | 13



Results — UMH Wellness Center

Energy Year Data Collection | Chilled Water Comments
Period Savings

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
Indoor Air Quality
Formaldehyde 4 locations pass, 2 slightly over
Acetaldehyde Pass
Limonene Pass
Toluene Pass

Xylenes Pass

NREL | 14



Results — Morgan Stanley HQ

Energy BREERREE Collection | Chilled Water Comments
Period Savings

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

Contaminants of Concern Below Limit

Formaldehyde Pass
Indoor Air Quality Acetaldehyde Pass
Toluene Pass
Xylenes Pass
Ozone (outdoor source) Pass
PM,_s (outdoor source) Pass

PM1o (outdoor source) Pass

NREL | 15



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

NREL | 16



Conclusions

The HLR technology removes CO, 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

NREL | 17
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Communicating M&V Outcomes from GSA Test Beds

i SMALL CIRCULATOR PUMPS WITH
: AUTOMATED CONTROL

OPPORTUNITY.

oo wnagyy 4 7 REPLACING 30 MILLIDN
. U.S. CIRCULATOR PUMPS
e ] 5TW|] \WTH 5P HIGHER EFFOENCY

G S:\ TECHNOLOGY

LINREL

Prepared for the U.S. General Services Administration and the U S.
Department of Energy by the National Renewable Energy Laboratory

« 25 HORSEPOWER PUMPS.
VARIABLE
SPEED

ELECTRONICALLY

SMALL CIRCULATOR PUMPS e
WITH AUTOMATED CONTROL

SEPTEMBER 2018

High-Performance Circulator

Pump Demonstration

WATIONAL RENEWARLE ENERGY LABORRTORY 16571 o
P TINTHOCE OF T T ) IOSEEHTOFTS B e SUlIIge Wi 1o et
Fengeral Can hat 1D st e . it

Energy Savings and Positive Return-on-
Investment from Two Appications

Becmsse most sl cidisie Damas ke 15 Sospone comss 8t
& constant speed and use very The erergy ey uve hoosly been
rver ke for ey efferey oase Wb ove 30 micn
Aty gumos ratales £ U S coreecs Sotngs however,

RESULTS

the coportunity lor savegs & Sgncant GERS Proveng Grours
IGPGI DIOgREM COMMISSOnas T8 Namonsl Ssngwas Snemy

Jesse Dean (NREL) Laboratory (NFEL) to evate ~ow hoh-paro—aos wabe

Anoop Honnekeri (NREL)

Greg Barker (Mountain Energy Partnership)

weth 3 more BT Dasine PR YWhen SIS Wi 3
Frarkst standaTd Consar- e bassine SoTn. howset SRS
Moeesed 1o 60%. Paytack lo 5ot e DHW s ANU curres wes
L 6 yees, when Brvssl e i Snvegs mere molaisd
Degiicyr L

srrell igh- cer g with -
shouid be consdered for snc-of-s repiecement for ol corma
spsed purps.

I:Iié-HPerformance Circulator Pump

Emerging Technologies, GPG Pragram | U.S. General Services Administration | Oct 11,2018

END-OF-LIFE REPLACEMENT .
FOR CONSTANT-SPEED PUMPE e GS»‘\

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

NREL | 19
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High-Performance Circulator Pump

* Applied to pumps 2.5 hp or smaller T T e

— DHW recirculation pumps, small hot water and chilled
water pumps

* EC motor
* Local and remote monitoring and control
e Zero maintenance

0
!
=
Z
0
m
0
w

Control Modes Onboard Metering X
* Constant speed gcre)gmepderature
* Constant pressure e Flow
* Proportional pressure II:owotcl:r Grundfos Magna 3
« Constant temperature €a ,
e FLOWADAPT « History circulator pump (HPCP)

NREL | 20



Comparison to Standard Pumps

e 10% to 15% improvement

Optimized Impeller in hydraulic efficiency

Mrket Standard

ECM with variable speed e 10% to 20% electric
of o[ [ a R A alo[Flaio]aNaslelfe]@M efficiency improvement

Self-optimizing control logic e Up to 65% savings

and built in night time setback

Grundfos Magna3

Over 90% of the currently installed circulator pumps in the US are constant volume pumps powered by

standard induction motors (over 30 million pumps)
'Reference: https://www.epri.com/#/pages/product/000000003002001762/ NREL | 21



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

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

e 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

e  GSA Building 67 - 14 floor office building in Lakewood, CO
1. DHW loop #1: 8 hr/day, weekdays only

DHWP-1 HPCP (32-100 \ 1 | b
Characteristic DHWP-1 Baseline DHWP-1 HPCP (40-80) . \ |G \ l ..
27 ¥ I i '_.‘._ g
f

% HP 0.37 HP % HP Srunoros X
R:;yt/tsP)oint Power 780 157
‘E'\f'f':;;:c;” ater 8.2% 14.5% 30-1%
Floor 1 Floor 1 Floor 1
- conﬁtlfa\ tr?tAtde?\ft)grna(iure Constant temperature

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

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

Characteristic

% HP 0.37 HP % HP
Duty Point Power (watts)
370 176 97
Wire-to-Water Efficiency Unknown 23.9% 44.3%
Floors 2—-7 Floors 2—7 Floors 2—7
Control Modes Tested - AutoAdapt and constant Constant Temperature
temperature NREL | 23
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DHW Results

DHWP Savings Estimate

DHWP-1 DHWP-2
C%\%a nt C%Qrs%ant C?gls%ant C%re\rs%ca nt
Baseline (MocP'I §MO0Pe'$ Baseline (ModePZLO— (ModeP32-
40-80 2-100 80) 100)
Weekday
Total Power 2.36 0.23 0.10 4.18 0.26 0.18

(kWh)

Max. Power

NREL | 25



DHW Economic Performance

DHWP-1 - DHWP-1 -
DHWP-2 -
Category c%re‘rs::nt c?::: :nt SElETE Con?sT:x: }zer-np
y - Temp. (Model |
(Model 40- (Model 32- 40-80) (Model 32-100)
. 80) 100)
* Economics

kWh/yr. ’ ’
evaluated at end of Rk .
Annual Energy Cost Savings $18 $19 $35 $36
life replacement -
compared to a new
($)
constant speed 30 $58.0 S68.5 $79.5
standard efficiency 75 $75 75 $75

p u m p Installed Cost ($)

(HPCP installed cost— $829 $575 $829 $575

standard pump installed cost)

Simple Payback 7.3 4.3 5.8 3.7
Net Present Value ($) $512 $988 S857 $1,240

Savings-to-Investment Ratio 1.6 2.7 2.0 3.1

NREL | 26




Heating Hot Water Circulator Pump Test

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

Bypass valve
closed

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

Grundfos Magna 3
Automated flow control

NREL | 27



AHU Heating Hot Water Results

 Operation problems invalidated data from 2016-17 season

 The AHUs serve different loads making a direct comparison
difficult

e AHU19 had low heating runtimes and sometimes switched to
cooling during the middle of the day

e Savings were estimated by applying the baseline pump power to
the AHU 19 pump runtimes

NREL | 28



HHW Results

On-Peak Avg (kWh/day
Ott-Peak Avg (kWh/day

On-Peak Savings (%)
Off-Peak Savings (%)

Overall Savings (%)

NHU AHIL o
12721,2017 to 03502,2018

221.6 204.0
0.144 0.093
0.728 0.550
35%
24%
25.7%

NREL | 29



Category

Annual Energy Savings
(kWh/yr.)

Annual Energy Cost Savings

Demand Reduction (kW)
Demand Cost Savings (S)

Total Annual Cost Savings
Annual O&M Cost Savings

Installed Cost ()

Payback
Net Present Value ($)
Savings-to-Investment

—
N

AHU-19 Model

40-80

AHU-19 (with
60% save, 20

HHW Economic Performance

Compared to a new constant speed standard efficiency pump

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

45

S1

0.0176

$2
S3

$75

$500

6.4
$420

1.8

hrs./day)

688

$23

0.08
$18

541

$75

$500

4.3
$865

2.7

rate)

688

S76

0.08
SO

S76

$75

$500

3.3
$1,274

3.5

NREL | 30



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

NREL | 31
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High-Efficiency Chiller Field Test

= GSA Proving Ground Project

= Sidney R. Yates Building,
Washington, D.C.
= 208,000 ft? office building
U.S. Forest Service HQ
Constructed in 1880
Major renovation in 2013
Chiller tests in summer 2016

C.M. Highsmith - Library of Congress

33
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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

34
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Chillers — Tales of the Tape

I - -

Capacity (tons) 275 400 (2-200 ton
compressors)

Weight (Ib) 18,857 13,800

Cost $119,000 $185,000

Cost ($/ton) $433 $463

35
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Rated Performance

= AHRI rated performance comparisons

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

36
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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

VSS chiller had lower energy consumption

» 4% lower by method 2
» 11% lower by method 1

Better EEEEEEEEEEEE

Buildings EN ERGY
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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
= VVSS chiller accepts lower condenser entering water temperatures

» GSA recommendation: Either chiller technology (MBC or VSS)
should be considered when purchasing a new chiller

38
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Communicating M&V Outcomes from GSA Test Beds

GSA

OAK
RIDGE

National Laboratory
Prepared for the US General Services Administration
By Dan Howett, PE
0ak Ridge National Laboratory

Variable-Speed Screw Chiller
Sidney Yates Building
Washington, DC

Dan Howett, PE

Mark Adams

Technical report

General Services Administration
Public Buildings Se

GPG-031 | UPDATED NOVEMBER 2017

VARIABLE-SPEED DIRECT-
DRIVE SCREW CHILLER

Both the Variable-Speed Screw Chiller and the
Magnetic Bearing Chiller Should be Considered
for New or End-of-Life Chiller Replacements

Over the past 16 years, chillers have bacoma more effigient, mora
Hlenibla and easier to operate. Most contamporary chillars will
outperform the late 20th century models they are replacing, but
there are significant differances to consider ameng chillars now on
the market. GSA's Proving Ground (GPG) pregram, in collaboration
with rasaarchers from Oak Ridge National Laboratory (ORNLJ,
evaluated a recant development in chiller tachnology, the variabla-
speed diract-drive scraw (VSS) chillar, against a baselina state-
of-the-art chiller tachnology, the variable-spaed magnetic bearing
chillar (MBC). A previous GPG study of the MBC found sneray
savings of 42%, when compared to a conventional rotary-screw
chiller! Tha tast bed dasign at the Sidney R. Yates Building in
Washington, D.C. connectad the VSS and MBC chiller to the
same chilled water and condenser water loops, creating operating
conditions as close to identical as possible within a real-world
environment. Maasurement and verification (M&V) from the
Yates Building showed similar performanca for both chillers,
supporting the conclusion that both WSS and MBC should ba
considerad for new or end-of-lifa chiller replacaments. Individual
site characteristics will determine the most cost-effectiva chiller
tachnology for a particular application.

4-pag

e Findings

UPDATED NOVEMEER 2017

VARIABLE-SPEED DI
SCREW CHILLER

" MOST LARGE COMMERCIAL BUILDINGS (> 108,000 FT?)
USE WATER-COOLED CHILLERS
80% of 65 for spase isin rge buings

TECHNOLOGY

CAPACITY CONTROLLED BY

REGULATING MOTOR SPEED ALONE
ROTORS ANDA VARIABLE-SFEED MOTOR ARE THE
 PARTS; THERE ARE HO UNLDADERS:

chiler MB. The chilers ware nstaled a he Sidnef A Yates Bulingin
Washingion, DT, e poncenser
water loops, ereati operating condiions as chse o identcd as possble
witina raakwerld snronment.

BESULTS

o &1 12

Hiﬂ.':'v Range ' Quiet

EFFICH OF OPERATING
DITIONS MET PERFORMANCE

ENERGY 77.83 DECELS
FERFORMANCE Forboth V55 & MEC®
CONPARED TO

BASELINE MEC

Average Energy Consursption at the Yates Buikling
VS5 sawings over baseline MBC. co J 2% to 4% due to

CONSIDER VSS & MBC FOR

END-OF-LIFE REPLACEMENT

han 5% beter than FEMP st for watar-coelad chilrs. Inhvidl it
characterisics wil detemin the most costeffetive il for the applkation

g, s

ey o

g e pa

P —
Infographic

Next-Generation Chillers

Emerging Technologies, GPG Program

L8, General Services Administration

January 18, 2018

Webinar Series (Jan 2018)

Reference: 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
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