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IEA HPT Annex 52 – International collaboration project

• Long-term performance monitoring of larger 
GSHP systems

• Four years: January 2018 – December 2021
• Seven participating countries, lead by Sweden
• Three Subtasks: 

– (1) Bibliography + case study reports 
– (2) Guideline document on instrumentation & 

measurement
– (3) Guideline document on analyzing and 

reporting of GSHP system performance 



Completed case studies



Overview of monitoring projects
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• COP – Coefficient of 
performance - Ratio 
between delivered heating
from a heat pump and the 
energy used by the heat 
pump at standardized lab 
conditions

• SCOP – Seasonal Coefficient 
of performance – Average 
COP at several standardized 
lab conditions that reflect 
different conditions over a 
full season

• EER – Energy efficiency ratio 
– Ratio between delivered 
cooling from a heat pump 
and the energy used by the 
heat pump at standardized 
lab conditions

• SEER – Seasonal energy 
efficiency ratio - Average EER 
at several standardized lab 
conditions that reflect 
different conditions over a 
full season

• PF – Performance factor –
Ratio between delivered 
energy (heating, cooling or 
both heating & cooling) and 
energy used to deliver it for a 
defined system boundary 
over a defined time period 

• SPF – Seasonal performance 
factor – Performance factor 
for a defined system 
boundary over a full season

Common Performance Indicators

STANDARDS, CODES AND REGULATIONS FIELD MEASUREMENTS



System Boundaries – SEPEMO 2012

Figures based on: Nordman, R., et al. 2012. Seasonal performance factor and monitoring for heat pump systems in the building sector. SEPEMO-Build Final Report.
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Annex 52 System Boundary schema
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• Consistent boundaries for 
heating and cooling => SPFHC
possible

• One level for evaluation of the 
ground source itself

• Flexibility to handle multiple 
supplementary H/C sources

Boundary AND time frame must 
be clearly stated for PF:
Seasonal (SPF), Monthly
(MPF), Daily (DPF), Binned
(BPF)
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• One level for buffer tank
• Flexibility to handle HT-BTES, 

DHC, direct cooling etc
• …and yet some consistency 

with the SEPEMO boundary 
schema used within the EU
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Key Performance Indicators (KPI)
Is it as designed?
(Commissioning)

Does it work well?
(Fault detection)

Could this system be 
better?

(Optimization)

Could future system 
be better?

(Development)
GROUND (0) Do measured ground heat 

exchanger loads, flow rates and 
temperatures match design 
values?

What are the measured ground 
circuit (level 0) performance 
factors over seasons, months, 
days? 

Temperatures and pressure drop?

Could ground circuit pumps and 
pump control strategies be 
adjusted? 

Are there delay times in on-off 
mode? 

Are set-points optimal?

Can borehole thermal 
resistance be decreased? 

Could better hydraulic design 
and lower pressure drop be 
obtained? 

HP UNIT (1) Do measured HP entering fluid 
temperatures and flow rates, 
match design values? 

What are the measured HP unit 
(level 1) performance factors over 
seasons, months, days? 

System Efficiency Index (SEI)? 

Temperatures and pressure drop?

Could controls be changed (e.g. 
change control curves and set 
points)

Could HP be changed?

Could sizing be better? 

Could internal control be 
improved?

SYSTEM (2-5) Do measured temperatures, flow 
rates, energy signatures, 
seasonal heating and cooling 
loads and supplemental heating 
and cooling match design 
values?

What are the measured system 
(level 2-5) performance factors 
over seasons, months, days? 

Temperatures and pressure drop? 

Simultaneous heating and 
cooling?

Are operation schedules and 
control set-points for 
supplementary heating and 
cooling optimal?

Could better hydraulic design 
and lower pressure drop be 
obtained? 

Could components be 
improved?



Key Performance Indicators (KPI)
Overall building KPIs Ground source KPIs

Building energy use intensity (EUI)
Building energy signature
Temperature signature
Energy load fractions

Annual heat extraction and rejection
Specific heat extraction rate
Specific energy extraction
Ground Thermal Imbalance Ratio (IR)
Storage efficiency
ATES well productivity

System level KPIs Component level KPIs

Coefficient of Performance (COP and SCOP)
Energy Efficiency Ratio (EER and SEER)
Performance Factors (SPF, MPF, DPF, HPF, BPF)
System Efficiency Index (SEI)
Load factor average/peak per month

Compressor KPI – Compressor isentropic efficiency
Condenser KPI – Condenser efficiency
Evaporator KPI
Cycle efficiency
Heat pump cycling



Measured Seasonal Performance
System 
boundary

Number of 
reporting projects

Measured 
years SPF range

Measured 
years with SPF 

3 or more
Average Median

SPFHC0 6 39 10.9-65* 100% 33* 33.9*
SPFHC1 14 66 1.5-7.2 88% 4 3.8
SPFHC2 11 62 1.4-13 80% 4.7 3.5
SPFHC3 3 26 0.8-12 62% 5 5.5
SPFHC4 12 57 1.2-8.8 44% 3.3 2.7
SPFHC5 4 21 1.1-3.7 10% 1.9 1.8
SPFH0 9 50 3.1-171* 100% 37* 32*
SPFH1 18 71 1.7-7.2 72% 4 3.8
SPFH2 15 71 1.5-6 72% 3.7 3.6
SPFH3 8 41 0.4-5.5 53% 3.3 3
SPFH4 12 55 1-4.4 49% 2.8 2.9
SPFH5 6 27 1-136* 30% 21* 2.4
SPFC0 8 45 13.5-173* 100% 60* 51*
SPFC1 9 41 1.1-13.2** 76% 4.4 3.9
SPFC2 11 58 1.6-128* 89% 22* 5.2
SPFC3 2 12 0.6-4.3 67% 2.9 3.2
SPFC4 5 27 0.6-5.8 28% 2.5 2.5
SPFC5 5 26 0.5-145* 35% 23.6* 2.4
*High values are systems with free-heating/free-cooling
**High value from HT-BTES



Measured Seasonal Performance



Conclusions from measurements

• GSHP systems generally work satisfactorily. Further 
optimization often possible.

• Good quality long-term performance monitoring of GSHP 
systems is so far rare, but valuable for commissioning, 
fault detection and system optimization.

• Consistent and clearly stated system boundaries and 
evaluation time frame are paramount.

• Need for more frequent uncertainty analyses.
• Missing instrumentation and poor data quality occur 

frequently => Instrumentation and uncertainty analysis 
guidelines welcome.

• Minimizing parasitic losses and energy usage by 
Legionella protection, DHW circulation and the 
distribution system will improve performance.
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Questions?
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