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What is the purpose of key performance indicators ?

 Compare the performance of a system (or component)

 with its rated or optimal performance

 with the performance of another system (or component)

(Can be applied to measurement data or simulation results)

 Useful both in design and operation phases

Presenter
Presentation Notes
Does the system perform as well as it could/should?
Does the system perform better or worse than another PVT system or a system with another technology?
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Various Key Performance Indicators

 Three categories of KPIs 
 Energy

 Economics

 Environmental impact

 Which ones are used in a certain case depends on the purpose

 Goal  Everybody uses the same definitions

Presenter
Presentation Notes
Our goal is that the community uses common KPIs, with the same definitions. And where, possible, 
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KPI report draft

Presenter
Presentation Notes
There is also a report on this.
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System square view and nomenclature
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KPIs for Systems in Operation - Selection

 Area-specific thermal yield
 Area-specific electrical yield AC
 Thermal and electrical utilisation ratio

 Solar thermal fraction (secondary)
 Solar electrical fraction
 Electrical self-consumption fraction
 Seasonal performance factor of system (for heat pump systems)

 Cost per square meter collector area
 Levelized cost of heat and electricity

 Avoided global warming impact
 Avoided primary energy depletion

Energy

Economics

Environment
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Example Sotchà - System

 Each system with a 30 kW heat pump and 5 x 170 m boreholes

 Solar heat in buildings B and C for borehole regeneration DHW and SH

 

Haus B: 
PVT (130 m2) 

Haus A: 
PV (130 m2) 

Haus C: 
PV + Flachkollektoren 
(90 m2 + 40 m2) 

Building A
PV (130 m2)

Building B
PVT (130 m2)

Building C
PV & Thermal
(90 m2 & 40 m2)
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Utilization ratio

 Solar thermal / electrical / energy utilization ratio ω

Individual component Complete solar installation

Thermal 𝜔𝜔 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇,𝑡𝑡𝑡
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝑄𝑄 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑡𝑡𝑡

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑄𝑄𝑇𝑇

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

Electrical 𝜔𝜔 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃,𝑒𝑒𝑒𝑒
𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝐸𝐸 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃
𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑒𝑒𝑒𝑒

𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 + 𝐸𝐸𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

Energetic 𝜔𝜔𝑃𝑃𝑃𝑃𝑃𝑃,𝑒𝑒𝑒𝑒
𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑒𝑒𝑒𝑒

𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑄𝑄𝑇𝑇 + 𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 + 𝐸𝐸𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

Presenter
Presentation Notes
zuerst zeilen, dann kolonnen beschreiben
nomenklatur erwähnen (solarer nutzungsgrad omega, thermisch, der pvt bzw t anlage, bezogen auf die gross d.h. bruttofläche
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Utilization ratio

 Solar thermal / electrical / energy utilization ratio ω

Individual component Complete solar installation

Thermal 𝜔𝜔 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇,𝑡𝑡𝑡
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝑄𝑄 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑡𝑡𝑡

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑄𝑄𝑇𝑇

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

Electrical 𝜔𝜔 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃,𝑒𝑒𝑒𝑒
𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝐸𝐸 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃
𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑒𝑒𝑒𝑒

𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 + 𝐸𝐸𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

Energetic 𝜔𝜔𝑃𝑃𝑃𝑃𝑃𝑃,𝑒𝑒𝑒𝑒
𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑒𝑒𝑒𝑒

𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑄𝑄𝑇𝑇 + 𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 + 𝐸𝐸𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

comparison of combinations of PV / T / PVT

Presenter
Presentation Notes
zuerst zeilen, dann kolonnen beschreiben
nomenklatur erwähnen (solarer nutzungsgrad omega, thermisch, der pvt bzw t anlage, bezogen auf die gross d.h. bruttofläche
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Utilization ratio

 Solar thermal / electrical / energy utilization ratio ω

 Weighted average operating temperature («Quality of heat»)

Individual component Complete solar installation

Thermal 𝜔𝜔 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇,𝑡𝑡𝑡
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝑄𝑄 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑡𝑡𝑡

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑄𝑄𝑇𝑇

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

Electrical 𝜔𝜔 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃,𝑒𝑒𝑒𝑒
𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝐸𝐸 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃
𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑒𝑒𝑒𝑒

𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 + 𝐸𝐸𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

Energetic 𝜔𝜔𝑃𝑃𝑃𝑃𝑃𝑃,𝑒𝑒𝑒𝑒
𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =

𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝜔𝜔𝑠𝑠𝑠𝑠𝑠𝑠,𝑒𝑒𝑒𝑒

𝐴𝐴𝐴𝐴,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑄𝑄𝑇𝑇 + 𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴 + 𝐸𝐸𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ (𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑃𝑃𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐴𝐴𝑇𝑇
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔)

comparison of combinations of PV / T / PVT

𝜗𝜗𝑚𝑚 =
∫𝑑𝑑 𝑡𝑡 𝜗𝜗𝑚𝑚 ⋅ 𝑄̇𝑄 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇

∫ 𝑑𝑑 𝑡𝑡 𝑄̇𝑄 ⁄𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇
(𝜗𝜗𝑚𝑚 = mean fluid temperature)

Presenter
Presentation Notes
zuerst zeilen, dann kolonnen beschreiben
nomenklatur erwähnen (solarer nutzungsgrad omega, thermisch, der pvt bzw t anlage, bezogen auf die gross d.h. bruttofläche
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Example Sotchà – Solar yields and characteristic temperatures
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Example Sotchà – Solar yields and characteristic temperatures
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Presenter
Presentation Notes
very similar temperatures, but factor 3 difference in area.
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Example Sotchà – Solar utilization ratios
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Thank You

More information:

task60.iea-shc.org

Contact:

task60@iea-shc.org

daniel.zenhaeusern@spf.ch
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Example Sotchà – Performance Factors of Heat Pump and System
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Presenter
Presentation Notes
SPF_HP practically equal (not trivial, A has higher WW share, Solar heat (B&C) on secondary side reduces SPF, Solar heat on primary side increases SPF)
SPF_Total lower bacause more losses included (storage, circulation) and additional electricity consumers. Solar heat on secondary side is included which raise SPF, strongest for building C
SPF_Grid self-consumption deduced from electricity consumption, increase highest for A , then B then C
	 A and B equal, C uses 7.5 % less grid electricity per unit of useful heat generated

 consumptions are different, A is not regenerated, could decrease over time.
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Example Sotchà – Further KPI’s on System Level
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 Precise comparison would need system simulations with equal demands, 
and analysis of long-term evolution of ground temperatures

 Systems controls not optimized

Presenter
Presentation Notes
sol_th_total	B am höchsten (C jedoch mit höherem Heizwärmeverbrauch)
sol_th_secondary: C am höchsten, weil am meisten wärme sekundär

sol_el_local all similar, systems with higher PV surface somewhat higher
sol_el_net B highest, C lowest because smaller PV surface, (A higher demand)

sol_en_local like sol_th_total, though A not zero
sol_en_net all values higher, C increases least because smaller PV

ren_local, all similar around 80 % (ground heat considered renewable)
ren_net all values increase, B most because most feeding to grid, C least
-> all net 100% renewable and 80 % renewable self-sufficiency

f_self C higher than B because smaller PV, Why A is higher needs to be analysed
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