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IX52 Achievements in the Annex Subtasks

e Subtask 1:

— An annotated bibliography of published long-term performance monitoring of larger
GSHP systems containing 82 publications describing GSHP systems in 17 countries

— 32 GSHP case study projects in 7 countries were monitored and 29 have completed
the monitoring program and are reported in individual case study reports.

— 2-pager case study summary reports with the 29 completed case studies have been
compiled (to be published shortly)

e Subtask 2:

— An instrumentation guideline is published
— An uncertainty calculation guideline is published

e Subtask 3:

— An extended system boundary schema with 6 system levels has been published and
is implemented on the 32 case studies.

— Alist of target groups and corresponding questions has been compiled
— A key performance indicator guideline has been published
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Annotated Bibliography

Signhild Gehlin
Jeffrey D Spiter March 2022

DOI: 10.23697/dzpy-yp81

82 publications describing long-term
performance of (larger) GSHP systems
in 17 countries:

* Nomenclature for performance
indicators is inconsistent and often
unclear

* Lack of consensus how to evaluate,
express and present performance

* Existing performance data far too
limited to be useful in setting
performance expectations

* Uncertainty analyses of
performance indicators - extremely
rare
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Instrumentation Guideline
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Final Document
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Sami Vallin, Geological Survey of Finland (Finland)

Dacember 2021

An overview of instrumentation typically
required to measure long-term performance
of GSHP systems

Focuses on instrumentation, not methods of
analysis

Provides additional information on heat
meters and distributed temperature sensing
in GSHP studies

Addresses measurement intervals and data
storage

Discusses challenges of data management
and some methods to address these
challenges

The guideline is also directly applicable to
air-source heat pump systems and air-
conditioning systems
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Klas Bergldf
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Henk Witte 1 November 2021

Uncertainty analysis is an important tool to
help understand the significance of results
not only for GSHP systems, but from any
measurement program

Overview of uncertainty analysis and
definitions used in uncertainty analysis

Discusses sensor errors and typical
specification formats for sensor uncertainty

Covers uncertainty analysis in calorimetric
measurements of heat transfer rates as well
as the internal method

Focus on calculating performance factors
over long time periods; however, the theory
is the same for short intervals

Guideline is also applicable to air-source
heat pump systems and air-conditioning
systems
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Guide for analysis and reporting of GSHP system performance
- system boundaries and key performance indicators (KPI)

Final Document

Signhild Gehlin

Jeffrey D Spitler

Henk Witte

Olle Andersson
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Matthew Davis

Saqib Javed

Franziska Bockalmann
Josh Tumer

John Clauss

DOI: 10.23697 /xaTz-vd92 April 2022

Identifies and addresses different targets
groups for performance monitoring

Introduces the Annex 52 system
boundary schema

Defines and explains recommended KPls
for different system boundaries

Examples of KPIs used in the Annex 52
measurement projects

Financial indicators not within the scope

Several of the KPIs provide material for
financial indicators and evaluation



Three summarizing publications

®

IEA HPT Annex 52

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

Final report

DOI: 1023697 frsbe-xr83

May 2022

Compiled by
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29 page umbrella report
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Ground-source heat pump (GSHP) systems for larger buildings pr
renewable heating and cooling for a wide range of system appli

Long-term performance measurements from such systems a

valuable tools for commi ing. fault detection. system op

and component development. Broad consensus on instrumentation.
monitoring and analysis of long-term performance leads to further
energy and cost savings.

Key Findings

1The previousty defined SEPEMO system bound
ary schema i insufficient for tresting the com
plexity of large-scale GSHP systems. The Annex
52 system boundary schema with six defined
boundaries and an indicatar for use of supple-
mental hesting or codling (Fig. 1), better captires
the complex nature of large GSHP systems.

understand the sigrificsnce of its resuits. Annex
52 provide guidelines simed at the agplication of
uncertainty analysis to messurements made to
mmanitor performance of GSHP systems.

4The manitoring projects report a combined total
6F 116 years of data, with combined heating and
ol SPRHC Boumciry 1In g Din e range

diearly stated system baundaries s well a3 the
time frame at which the perfarmance is evalust

uud oty mmumd perfarmance cver a full

year. Meas nce over shorter time

interals - aany ity mmhly QAPF) o Hnnes
P

formance indicatars.

T Uneertainty analysis of performance dsta b
parely peponed desples being as important il
elp design the measurement program and

ofthe measu

years have SPFHCT uf:«mgm SRIMen
The range 1 4.12 6 with an mverage of 4.6 50% o
the project years have SPFHC2 of 3 or higher.

5 The projecs camied out wihin Annex 52 (g2

that most systems wark saticfactorily al-

thm.gh there Is rdom for further |mpm=nm:

and_optimization. The distribution

the Ioad side of the hest pump has 4 derimen-

tal effect on the system

boundaries 3.5. Energy use for hat water, datri-

bution pumps and fars are common causes.

Compilation of 2-page
summaries of each case study

2-page summaries
for busy people

+ 27 individual case study reports from 29 buildings




Annex 52 deliverables - Summary

3 guideline documents + 3 task reports + 2-page summaries
e 27 case study reports from 29 buildings

* Total > 1000 pages

* 119 measurement years

* Three sets of open access measurement data series from two
buildings

In addition:

e 7 journal papers (+ at least one more in progress)

* 11 published conference papers (+2 accepted + 2 in progress)
* 16 magazine articles

10 other related reports and publications

https://heatpumpingtechnologies.org/annex52/documents/



https://heatpumpingtechnologies.org/annex52/documents/

This presentation is part of the international collaboration project Annex 52 within International Energy Agency Heat Pumping
Technologies Technical Collaboration Program (IEA HPT TCP Annex 52).
The funding granted by the Swedish Energy Agency, Grant 45979-1, is gratefully acknowledged.
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