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The problem with COP....

AT and corresponding error depends on:
heat pump equipment, system design, and installation
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The problem with COP....
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Rethink EM&V for
Ground Source Heat Pump Systems

Overreliance on ‘COP’

Consider all system components

Uncertainty and Risk

Need quantitative performance
metrics with risk attribution

) GHP System Components
Relies upon measurements of:

a, AT, kW

Weather Conditions

Heat pump equipment Building Envelope
Ground |oop Heat Pump Equipment
Building envelope Building Occupant

System design
. Ground Loop
User operation Heat Exchanger

Weather conditions
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Conceptual Framework — the Hypothesis

Manufacturer HP Performance Data
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Example Analysis:
Single Family Ranch House
Coos County NH

COP Uncertainty: Install 1660
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Realizations

60

* COP appears to be below expected
* Potential factors:

* Heat pump
* Ground loop
* Building

* Occupant
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Hourly Entering Water Temperature (EWT) for Heating and Cooling Modes
Selected GES installations
Calendar Year 2016

Mode
[ Heating
[ Cooling
70 -
t ] -\
1 |
60 | 1 |
1 |
= I I
c [ I
E 50 | |
1 |
1 |
1 |
40 | |
1 |
1 |
1 |
1 |
30 .
\
540 545 570 575 632 634 644 648 649 659 660 677 683 685 691 692 695

Installation

Observed low EWT

U.S. DEPARTMENT OF SBIRISTTR }. "‘:. SBIR STTR
e ENERGY Programs Office Y & GrOUnd Energy

SUPPORT



Heat Pump Model
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Ground Loop Model

Observed and Simulated Groud Loop Temperature (Install 1660)
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Demand Model

Daily Load Profile for 1660
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Performance of Site 1660

* Heat pump
— Operating within expected

ranges
 Ground loop:
— Lower than expected thermal K
— Low borehole resistance (good)

* Demand 3
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Challenges with Commercial GSHP Applications

* GES monitoring five commercial-scale buildings

— Mixed Residential-Commercial Building (New)

* Distributed heat pumps (10), large pumping penalty
— Town Library (Retrofit)

* Centralized heat pumps (2 10-ton units)
— County Correctional Facility (New)

* Centralized ‘multi-stack’ (12 10-ton units), intermingling of propane backup
may be an issue

— Multi-story climate-controlled self storage (New)

» Distributed water-to-air heat pumps (9), highly efficient pumping, no back-up
system.

— Multi-unit (multistory) low-income housing (New)
* Distributed water-to-air heat pumps (~40) make it difficult to quantify
usage/savings.

* Highly variable design, installation, operation
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Challenges with Heat Meters in RTT systems
Onicon System 10 Heat Meter — One of the Best on the Market

Site A Site B

Ground Loop AT: Example A 2500 Ground Loop AT: Example B

| |
Avg AT~ 2.5°C Avg AT ~ 1.0°C
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AT[ C] AT[C]

Meter Error: Example A

1800 Meter Error Example B

Heat Meter Heat Meter
Error ~ 4% Error ~ 16%

40 60 80 100
Meter Error [%] Meter Error [%}
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oTherm Initiative

Renewable Thermal Web-based oTh_erm
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Installer registers system on oTherm:

Support Multiple Web--Based Services oTherm user .
. * Monitoring Service provider
each using a range of systems * Monitoring system model
* Building information
Standardization is in data dictionary and * HVAC system nformation
Application Programming Interface (API) Customer information
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oTherm Initiative

N

e Data models for RTTs, GSHP use case

J

\

e Consensus on best practices

e APIs to connect databases

e Build oTherm platform and launch
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Conclusions

Performance verification is needed to build
confidence and demonstrate benefits.

Efforts should focus on factors that are both
measureable and provide insight.

Small systems may more amenable to standardized
approach.

oTherm initiative is a community-driven effort
standardize data dictionaries and aggregate data.






HPXML is standardized
data exchange protocol
(XML), focused on home
performance (HP)

oTherm Initiative

HPXML Toolbox

dator « i= Data Dictionary
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2 sign Up +J Login

HEXML
Built using elements
Version: 221+
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oTherm Initiative
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The Coefficient of Performance (COP)

Heating
_ HE + 3412 - kWjy, kilowatts
= 3412 - kW, in r:_p Ground _ Heat
Source Produced
HE=c- Qs [Tin — Tout] < Pllj_lnfzzs}
Geo
HE =c- Qs - AT Exch$

Sources of Error when calculating COP

 Temperature (AT)
GeoExchange (HE)

* Ground loop flowrate (Q)
kW (compressor and electric auxiliary)

kW (circulating pumps, fans)
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Measurement Error Model
Propagation of Sensor Errors
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