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Centralized vs. Distributed

Centralized

Typical European system

Heat pumps centralized in
building mechanical room

Hot water/chilled water
distributed around building.

Water-to-water heat pumps
Heating: Panel radiators
Cooling: Fan coil units

Distributed

Typical North American system

Heat pumps distributed
around building

Ambient (ground temp.) water
distributed around building.

Water-to-air heat pumps
Heating: Hot air / ducts
Cooling: Cold air / ducts



Annex 52

* Past: disparate and inconsistent ways to report
system performance
— Terminology
— System boundaries

 SEPEMO & other boundary schema - residential
systems.

 Annex 52: boundary schema suitable for
commercial systems.



Boundary schema — centralized system
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Pictograms by TU Braunschwieg IGS, used with permission within the course of IEA HPT Annex 52



Challenges:

1. Without internal
measurements in
each heat pump,
only boundaries 0
and 5 can be
measured.

2. Measuring htg/clg
provided by heat
pumps distributed
around the building.

i HTGICLG
= Distribution

Ground source

Pictograms by TU Braunschwieg IGS, used with permission within the course of IEA HPT Annex 52
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A tale of two systems

* Centralized system e Distributed system
e Studenthuset, Stockholm  ASHRAE HQ, Atlanta
 Cold, humid, UGT=8°C * Hot, humid, UGT =19.4°C




* 6300 m?

540 kW GSHP (for building heating
and DHW)

e 20200m deep boreholes (Heat pump
source & “free” cooling)

* Legionella protection:
— Continuous circulation

— Electric resistance htg.
(provides 60°C)

* Hydronic distribution and fan coil units
* Data collection and analysis 2016-2020




Return temperatures from GHE
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Daily PF vs. heating & cooling provided
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Studenthuset comments

GSHP portion of the system works quite well.
Owner is quite happy with the system performance.

Performance factors accounting for distribution losses
are IMO low.

Actual performance is counter thermodynamic
expectations due to:

— Legionella protection system
— Load-side distribution system
— Source-side circulating pump
— Cycling effects

— Other parasitic losses
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ASHRAE Headquarters

1445 m?2 (2" floor)
Renovated in 2008
14 WAHP, 119 kW (cooling)

12 122m deep boreholes

Data collection and analysis
July 2011- June 2013
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Overall Seasonal Performance Factors
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Heating System PF

52

Monthly performance factors
(with ASHP comparison)
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Fault detection

One heat pump had a jz
stuck reversing valve .o

that went undetected 35
for several months.

Cooling BPF
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—a&—Clg. BPF - fault =~ —@—Clg. BPF - 55 kPa fixed
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Daily PF vs. heating & cooling provided

200 400 600 800 1000 1200
Total daily heating and cooling provided (kWh)



80

70

60

a 40
=

30

20

10

0
7/1/2011 10/9/2011 1/17/2012 4/26/2012 8/4/2012 11/12/2012 2/20/2013 5/31/2013

Date

——WPFO

Setpoint change



ASHRAE HQ comments

Overall system performance (level 5) seems quite good.

Significantly better performance than air-source heat pump
system.

Even in building with knowledgeable owner and maintenance
staff:

— Poor choice of setpoint went unnoticed for 4 years.
— A stuck reversing valve went unnoticed for several months.

Actual performance is counter thermodynamic expectations
due to:

— Load-side distribution system (fans running continuously)
— Cycling effects
— Other parasitic losses



Uncertainty

* How meaningful are our
results?

* |s System A really better
than System b?

* How should we specify our
instrumentation?

IEA HPT Annex 52 - Long-term
performance monitoring of GSHP systems
for commercial, institutional and multi-
family buildings

Guidelines for Calculation of
Uncertainties

Final Document

DOI: 10.23697/m2em-xg83

Jaffrey O. Spitler
Klas Barghdl
Willemn Mazzotti Palkand

Henk Witte: 1 Mowvemnber 2021



Conclusions

 Annex 52 boundary schema and guidance
provide a powerful tool for:
— Analyzing system performance.
— Comparing results between systems.
— Benchmarking.
— Diagnosing faults.

* We envision a future where performance
monitoring is ubiquitous!
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