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Our Mission

+ Economic deployment
of heat pump water
heating systems is
critical to building
decarbonization

Electrify
Everything

When
Matters™
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Current Monitoring

+ ~40 multifamily
CHPWH sites

+ 7 small Light
Commercial HPWH
sites

+ 30 residential
HVAC sites

+ 20 commercial
HVAC sites
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Goals of EcoDash

+ Validate Savings
Potential

+ Support Standard
Protocol Measure

+ Identify and solve
knowledge gaps

+ Engage manufacturers,
contractors, building
maintenance, and
utilities.




Agenda

+ Data Management, System
COP, Appendix H

+ Current EcoDash Features

+ Standard Protocol and
Continuous Improvement

+ Flexible Load Management
with CHPWHs

+ Next Steps




System COP,
Appendix H, Data
Management




System COP

+ Equipment COP:
Heat pump only

Heat pump + storage

+ Temp. Maintenance
COP:
Temperature
maintenance system

Accounts for all water
heating energy
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AWHS Appendix H

+ Methods for Calculating System
COoP

+ Boundary, Equipment,
Primary Equipment
+ Data to be logged in 1-minute
intervals

+ SysCOP to be calculated daily,
stored for at least 6 months

Advanced Water Heating Specification Version 8.1

Appendix H: Commercial System COP Measurement
and Verification Requirements

The coefficient of performance (COP) represents perfarmance of heating equipment and is determined
by calculating the ratio of the useful heating energy output by the electrical energy input. When all the
heat output and energy inputs for a water heating system are measured, this ratio is called the System
Coefficient of Performance (SysCOP). This appendix defines the minimum requirements for a
Measurement and Verification (M&V) system to monitor SysCOP when it is required. Instrumentation
needed to field monitor and calculate SysCOP is described for each system configuration outlined in
Section 3.3.5, Figure 2 through Figure 8.

The SysCOP represents the performance of the entire water heating system, can be used to estimate
annual energy and greenhouse gas (GHG) emissions savings, and is used to rate commercial products on
the Qualified Products List. In addition to instrumentation needed to monitor SysCOP, instrumentation
needed to monitor equipment COP (ECOP), primary COP (PCOP), and temperature maintenance COP
(TMCOP) are described. Definitions of all COPs are included in the Glossary.

When required by utility programs, instrumentation to validate field SysCOP shall be installed per this
Appendix based on system configuration and desired measurement method (boundary method,
equipment method, and/or primary equipment method). The M&V system is intended to calculate and
report the heat pump water heating SysCOP and should meet the following requirements:

1. Minimum requirements for sensors and meters:
a. Temperature Sensors: £1.0°F tolerance

i. Temperature sensors may be direct immersion, placed in thermowells, or
strapped to pipe under insulation. Temperature sensors in thermowells and
strapped to pipe must be installed using thermal paste to increase conductivity
and minimize errors,

ii. Temperature sensor used to record ambient conditions (shown as T4) must be
installed in the space from which the HPWH pulls air — outdoors or in a buffer
space. If the HPWH is installed outdoors, National Oceanic and Atmospheric
Administration (NOAA) data may be used instead of a temperature sensor.
Temperature sensors shall not be exposed to direct sunlight.

b. Flow rate sensors/water meters: 3% accuracy at minimum and maximum flow rates.

i. BTU meters may be used in place of a flow meter and two temperature sensors
where appropriate, if accuracy of temperature sensors and flow sensor comply
with accuracy requirements and temperatures and flows are logged separately.
BTU meters shall not be configurated to log energy; they shall be configured to log
flow, and two temperatures.
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EcoDash Data Flow

CW Supply

CONTROLS

Equipment communicates through controls
to fulfill design intent. These can be either
internal or third party controls.

CONTROLS

Filter Options EcoDash
Date Range:
03/06/2025 — 03/08/2025

Summary Data Raw Data Event Log Dictionary

Possible range for HPWH PLZ:
11/13/24 - 06/18/25

If no date range is filled, The last three days HPWH PLZ
of raw data and last 30 days of summary
data will be returned.

Energy and COP

Filter Site Type:
MF CHPWH -
_ 200 Variable
Select Site: 2.5 EnergyIn HPWH1 (kwh)
u v B Energyln Recirc Pump (kWh)
150 2 M Energyln SwingTank (kWh)

EnergyIn HX Loop Pump (kWh)
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Current EcoDash
Features




EcoDash — Summary Data

EcoDash

+ System COP
Performance
Tracking

+ OAT
Regression

+ Usage or HP
and ER

+ Water Usage
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EcoDash — Summary Data

Distribution of Energy Consumption
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Outdoor Air Temperature & System COP Regression
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EcoDash — Raw Data

EcoDash

Summary Data Raw Data Event Log

+ Troubleshooting nrwhPLZ
+ Zooming, .

40

Hovering, .
Filtering Data ’
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align points

Time

Tarrp HPWHY Ootiet (F)

L Tamp HEWHY Inket (7

22:00

Dictionary

HeatOut HPWH1 (kW)

PowerIn HPWH1 (kW)

PowerIn SwingTank (kW)

ECOTOPE



EcoDash — E

Summary Data

HPWH HTN

Event Log

id start Date End Date Event Type

706

707

651

686

685

708

2025-03-18

2025-04-09

2025-03-03

2025-03-18

2025-03-18

2025-04-23

2025-03-18

2025-04-09

2025-04-10

2025-04-23

2025-04-23

2025-04-23

SITE_VISIT

SITE_VISIT

DATA_LOSS_COP

S00_PERIOD_COP

DATA_LOSS

MV_COMMISSIONED

vent Log

EcoDash

Raw Data

Details

Initial Installation

Repair 1 temperature sensor, reconfigure HPWH flow
meter

HPWH Flow rate not accurate. Adjusted 4/9/25 on site and
updated in Aquisuite 4/10/25.

Swing tank setpoint 135F. Lowered to 130F on site visit
4/23/25.

DHW supply temperature configured incorrectly. Fixed
during site visit 4/23/25. Supply temperature adjusted in TM
and DHW usage calculations prior to correction.

Final site visit, including adjustments to swing tanks.

Event Log

Filtered from Summary Graphs Filtered from Optimized coOP
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NO
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YES

NO

YES
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EcoDash — Event Log

System COP Timeseries
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EcoDash — Event Log

Event Log

id Start Date End Date Event Type

Details

241 2024-06-27

2025-01-14

EQUIPMENT_MALFUNCTION

HPWH non functional due to a leak on the flex joint at the QAHV unit causing the system to
lose pressure.

512 2025-01-13

242 2023-10-31

71 2023-10-31

597 2023-04-21

2025-01-13

2023-11-14

2023-11-14

2023-04-23

SITE_VISIT

HW_LOSS

EQUIPMENT_MALFUNCTION

EQUIPMENT_MALFUNCTION

Broken flex connection replaced with high temperature flex connection. Coil Cleaned.
System filled with water. QAHV is operational again! Repairs made by . Dustin
(METUS) walks site with to finalize.

Based on data there appears to be a problem with the secondary loop pump resulting in a
HW loss

Based on data there appears to be a problem with the secondary loop pump resulting in a
HW loss

Heat exchanger failure and replacement
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EcoDash — Event Log

+ Issues identified as valve closed that should be
open using raw data. Data logged in Event Log.

System COP Timeseries
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EQUIPMENT_MALFUNCTION

Blus closes wrong valve
during cite visit resulting in
HP short cycling and ER
heating. Contractar
installed thermostatic
balancing valves. Shut
system down to install.
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Standard Protocol
and Continuous
Improvement




Standard Protocol Measure

+ Pay for performance
approach recommended in
the March 18t RTF Meeting

+ Appendix H M&V Standard
Protocol Measure for
CHPWHs

+ Current market maturity,
achieving high long term
SysCOP requires monitoring

+ EcoDash can be used to
help RTF determine a
baseline

* Most promising way to achieve savings

assumed 1.2 long-term SysCOP for the baseline

* UES = 46,000 KkWh/yr

— Assume 1,700 gallons/day hot water, 50°F inlet, 120°F outlet

(1700)X(120—50)X(365X8.34X1+3412)
~  UECpasetine = = = 88,500 kWh/yr

__(1700)x(120-50)x(365x8.34X1+3412)
- UECefficientcase - 25

* Cost ~ $5k to $30k (initial) $4k (recurring)

— Monitoring equipment installation and initial commissioning cost (does not
include HPWH equipment cost)

= 42,500 kWh/yr

*  Assume $5,000 where “installed” at time of manufacturer
*  Assume $30,000 if installed after-the-fact

— Recurring (every 3 years) commissioning and reporting
= Assume 54,000

* Benefit/Cost Ratio ~ 0.59 to 1.5

— Assumes 15-year life, with commissioning and reporting costs recurring
every 3 years, flat load shape




Qualified Products List

SystemCOP # Manufacturer’s published COP or DOE Test COP

Hot Mild Cold Very Cold
Climate Climate Climate Climate
Zone Zone Zone Zone

Market

Company Identifier Configuration Delivery
Method

Tier SysCOP Tier SysCOP Tier SysCOP Tier SysCOP

Multi Pass Return ~ Custom
to Primary Engineered

Multi Pass Return ~ Custom
to Primary Engineered

Multi Pass Return ~ Custom
to Primary Engineered

Multi Pass Return stom 1.7 / /\

to Primary End\neered

Swing Tank fulySpecified | 5, 55 | 3 2.6\ 3 24 /2 2.0
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Fault Detection/Data Quality

q ASHRAE o q q
Site cz Equipment Expected COP Average COP Ongoing Events Details

HPWH 02 3C 2.5 2.4 No ongoing events. N/A

HPWH 03 4C 2.5 2 No ongoing events. N/A

HPWH 04 3C 2.5 29 No ongoing events. N/A

HPWH 05 3C 2.5 2.6 No ongoing events. N/A
Missing balancing valve on the recirculation return branch to the
swing tank causes more recirculation water flow back through the
swing tank and less is directed to the mixing valve. When more

HPWH 06 4C 3.2 1.6 INSTALLATION_ERROR recirculation water flows to the swing tank, less water from the
primary storage flows into the swing tank during hot water draws.
As a result, the swing tank does a higher percentage of the overall
heating.

HPWH 08 3C 39 11 PARTIAL OCCUPANCY, MISC EVENT Partial occupancy. Swing tank setpoint set to 140F instead of 122-

- - 125F at start up.

Partial occupancy. Swing tank setpoint set to 140F instead of 122-

HPWH 00 B e 14 FARUTAL OEEIFANET, [ SC 2HENT 125F at start up. Swing tank handling majority of TM load.

HPWH 10 3G 24 11 DATA_LOSS Broken recirc return BTU meter. Recirc losses estimated with
redundant flow metering.

HPWH 18 3B 17 14 PARTIAL_OCCUPANCY Building is not fully occupied: estimated 52 occupants as of

11/5/24.

ECOTOPE



Identification and Tracking of

Common Issues

+ Missing balancing valve
+ Swing tank setpoint is too high

+ Feedback to AWHS QPL
Diagrams

+ Event log tracking to allow FDD
in Progress

Market
Identifier Configuration  Delivery
Method
Multi Pass  custom
AHPAO60 Return to Engineered
Primary System
Single Pass  custom
AHPAOG0 Return to Engineered
Primary System
Custom
AHPADG0 Engineered
System
Multi Pass  custom
AHPA140 Return to Engineered
Primary System




RECOMMENDED CHPWH SYSTEM CONTROLS

GENERAL NOTES
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Flexible Load
Management
with CHPWHs




HPWH systems are a valuable utility
resource for load shifting
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Controls

+ 4 modes of operation sent via EcoPort (CTA-2045)
requests

o Normal
o Load up
o Shed
o Critical Peak
+ Load shift strategies
o Storage staging
o Increase water temperatures
o Increase capacity

|




HPWH
normal
operations

+ ~40% Aquastat
Fraction

+ Simple on/off logic

T 0OAH

+ Long compressor .
cycles
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Load-up
controls

TEOAMH

+ ~20% Aquastat
Fraction

+ Forces heat
pump on

+ Short compressor |
cycles

ON
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T OAH

§ T-6
i

i
T3

T-4
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Shed
controls

+ ~85% Aquastat
Fraction

+ Keeps heat
pump off i

= =

-

+ Prevents hot
water loss

T 0OAH

T 0AH

T-6
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75

T-4

T3
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Load shifting with CHPWHSs

Storage Volume at
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Bayview M&V data
— Summer demand reduction

DHW System
B In Unit Electric

B QAHV No Load Shift
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Controls Optimization
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Preliminary Results

Monitoring length (days) 214 153
Baseline energy (kBtu) 617,360 683,127
CHPWH energy (kBtu) 195,214 210,778
Energy savings (kBtu) 422,145 (68%) 472,348 (69%)
Baseline GHG emissions

(tons CO,e) 33.7 37.3
CHPWH GHG emissions

(tons CO,e) 2 =/

GHG emissions savings o o
(tons CO,e) 30.5 (90%) 33.6 (90%)
Baseline customer utility costs $8,009 ($6,407%) $8,702 ($6,962%*)
CHPWH customer utility costs $25,879 ($18,116%*) $23,114 ($16,180%*)

*with CARE discount @ =7~



Solution: Critical Peak

+ HPWH staging
+ Swing tank lock out
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Solution: Critical Peak
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Results

On-Peak and

On-Peak

Load Shift On-PeSe::_fEnergy Part-Peak C L gall_y Demand Ug"t)f i GHG Impacts TSB Impacts
Schedule L Energy Shift Nergy Savings  poduction avings (tons CO2e/yr) ($/yr)
(kWh/ day) ’ (KWh/day) ($/yn g !
(KWh/day) (kW)
1 39.5 1.0 375 4.9 $2,428 0.36 $1,539
(58%) (-1%) (-13%) (11%) (5 %) (-4%) (15%)
) 37.0 BE 50.8 0.7 $1,754 -0.90 $728
(55%) (-2%) (-18%) (-2%) (-3%) (-10%) (7%)
3 23.7 22.6 18.9 12.9 $2,884 0.71 $867
(35%) (21%) (-7%) (29%) (6%) (8%) (9%)
. 22.9 22.3 21.4 14.6 $3,335 0.74 $755
(34%) (20%) (-8%) (33%) (7%) (8%) (7%)
5 10.3 27.5 279 29.1 $9,713 0.09 $162
(15%) (25%) (-10%) (65%) (19%) (1%) (2%)
5 10.3 28.3 15.9 29.2 $8,558 0.14 $314
(15%) (26%) (-6%) (65%) (17%) (1%) (3%)
7 9.5 26.0 9.3 29.0 $7,860 0.47 $360
(14%) (24%) (-3%) (65%) (16%) (5%) (4%)

ECOTOPE



Next Steps

+ Continue collaboration with
Manufacturers and Distributors to
facilitate ease of setup.

+ Engage with facilities staff on Event
Logging and refine Event Types.

+ Develop Automated Fault Detection
and notification System.

EEEEEEE



Questions?

Madison Johnson

Data Analyst
madison@ecotope.com
206-408-5803

Scott Spielman, PE
Director, Research
scott@ecotope.com

ECOTOPE
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