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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
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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 KPls
= Energy
= Economics

= Environmental impact

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

= Goal - Everybody uses the same definitions
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Presentation Notes
Our goal is that the community uses common KPIs, with the same definitions. And where, possible, 


KPI report draft
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1 Introduction

i order to judge the perfommance of a technakogy, well-defined key performance indicatars [KP1's] are needed
Such indcatars are for nstance used ta quaniEatvely compan: fferent products o SySIems. of, as anather
exampe, n crder o quantfy the impact of coimising a companent or system. KEI's can be appiked both 1
maasuremen data and o data generated by mathematical simulaton in the product o system design phase.

The aim of #7s report & (o provide defintions of usefid KFI's for AT systems, both for the companent and the
system lmvel. The defritions are 10 @ consideratie extend hased an the defintions adogted n EA SHE Task 44
adorn 2015}, The stpulaten and use of standandzed KPS and nolations will be essental for the comparability

Key Performance o

Further, ihe use of the KPS s lastraled with several apclication exampies

I n d Icato rs 2 Definition of Key Performance Indicators

SHC Task 60/Report D(1) 24 Nomenclature

Em:nq\'m the farm of neal b dencled by ihe iped. elecirical enengy by the letier £. 4 negalle ameunt of heat
sy b dencted by the WHar”. A quaniity of nc\x ok, or electricity that fows from a component 4 b
c:\m:cm:nl s i dencted g Fas, Cupl= =¥, L respectvely. An asterisk means the sum of al the m:al or
electrical energy that fows away from acnm:cncnl A fie g P 0r o @ cpmpgnent 8§ (e.g. 0.a). B e contest
permits if, the asterisk can be omitted E g Instead g rvr... ane may use (ryr o dencee al the heat that ows
from the PVT colector fiekd o the system, in cases where PYT colectars ane not used for cooling purposes o
rejecting heat. Simdlarty, the tobal eledricity consumpltion of a component that dossn't iself produce elecricity. [k
&g @ heat pump, can be denated as Evr Int Quantites representng a thermal or electrical power
o e e et e
campenants. Eg. & » stands for the fotal electrical energy delivered by e FUT g to the system
components [sef-consumed electridty). Other subscrpts can be defined when necessary. Giobal sofar radiation
«ol” for imadaticn on the colecior
Flane. In cases where enargy ksses that oocur between companents A and & (2.9, hemal ksses of a pipe. o
losses of electrical energy due 1o cabie losses or & DG-o-DG o relevant, cne can specify by &

2.2 Energy-related KPlzs of Components

221 PVT collector

Authorls, editoris namels The tnermal and of & solar colector ane defned as

Date
Report number, DOI

The cantants of this repcet 82 nof necessanly reflect Me viewpalits or policies of the ini
Agency [1S4) or ks memaer couniries, me (54 Solar Heaning ang Coolng Technalogy Cf
Fragramme (SHC TCF) memsers or the pamicioating ressarchers.

slectrical eficlency, gven for AG instead of OC. Th
2rz mesured. Standard condifions for svaiating tham

the standard IS0 SE06 and for phafovokaic modules with crystatine sICon c
mciency at standard esting condiians SSTC” which can te foard n sroduct

Fag 1
gt it o b et e
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Presentation Notes
There is also a report on this.


System square view and nomenclature
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KPIs for Systems in Operation - Selection

J—

= Area-specific thermal yield
= Area-specific electrical yield AC

= Thermal and electrical utilisation ratio

Energy | = 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
Economics —

= Levelized cost of heat and electricity

—

_ = Avoided global warming impact
Environment
= Avoided primary energy depletion
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Example Sotcha - System

N _a\& -
] = Building B
PVT(13O m2)

| Building A
| PV (130 m2)

Building C .\ g ' h* _,'_'h: R
PV & Thermal pEEE
(90 m2 & 40 m2)

= 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
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Utilization ratio

= Solar thermal / electrical / energy utilization ratio ®

Individual component Complete solar installation
Thermal 0IToss  _ Qpyr/T gross __ Qpyr + Qr
PVT/T,th — G A97oss sol,th — gross gross gross
col " “pyT/T Geor* (Apyr +Apy  +A7 )
AC AC AC
Electrical acgross _ _ Epvr/pv ACgross _ Epvr + Epy
PVT/PV,el — . A97T0SS solel - . gross gross gross
Geol APVT/PV Geol (APVT + APV + AT )
AC AC AC
Energetic Ac,gross _ @pvr T Epyr AC,gross _ Qpyr + Qr + Epyr + Epy
PVT,en gross sol,en - gross gross gross
Gcol ’ APVT GCOl ) (APVT + APV + AT )
W
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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 ®

Individual component Complete solar installation
Thermal 0IToss  _ Qpyr/T gross __ Qpyr + Qr
PVT/T,th — G A97oss sol,th — gross gross gross
col " “pyT/T Geor* (Apyr +Apy  +A7 )
AC AC AC
Electrical acgross _ _ Epvr/pv ACgross _ Epvr + Epy
PVT/PV,el — . A9710SS solel - . gross gross gross
Geol APVT/PV Geol (APVT + APV + AT )
AC AC AC
Energetic Ac,gross _ @pvr T Epyr AC,gross _ Qpyr + Qr + Epyr + Epy
PVT,en gross sol,en - gross gross gross
Gcol ’ APVT GCOl ) (APVT + APV + AT )

comparison of combinations of PV / T/ PVT
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Utilization ratio

= Solar thermal / electrical / energy utilization ratio ®

Individual component Complete solar installation
Thermal 0IToss  _ Qpyr/T gross __ Qpyr + Qr
PVT/T,th — G A97oss sol,th — gross gross gross
col " “pyT/T Geor* (Apyr +Apy  +A7 )
AC AC AC
Electrical acgross _ _ Epvr/pv ACgross _ Epvr + Epy
PVT/PV,el — . A97T0SS solel - . gross gross gross
Geol APVT/PV Geol (APVT + APV + AT )
AC AC AC
Energetic Ac,gross _ @pvr T Epyr AC,gross _ Qpyr + Qr + Epyr + Epy
PVT,en gross sol,en - gross gross gross
Gcol ’ APVT GCOl ) (APVT + APV + AT )

comparison of combinations of PV / T/ PVT

= Weighted average operating temperature («Quality of heaty)

—_fdtﬁm'QPVT/T

m

[dt QPVT/T

(9,, = mean fluid temperature)
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zuerst zeilen, dann kolonnen beschreiben
nomenklatur erwähnen (solarer nutzungsgrad omega, thermisch, der pvt bzw t anlage, bezogen auf die gross d.h. bruttofläche



Example Sotcha — Solar yields and characteristic temperatures

Energy [kWh/a]
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Example Sotcha — Solar yields and characteristic temperatures

Energy [kWh/a]
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Presentation Notes
very similar temperatures, but factor 3 difference in area.


Example Sotcha — Solar utilization ratios

Component

Complete solar installation
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10,0%

5,0%
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40,0%
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10,0%
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0,0%

k- omega_{PVT/T,th}*gross}
-0 omega_{PVT/PV,el}*{AC,gross}

@ c-ccceeresrecnaacsrssranns .::'. .......................... )
Haus A Haus B Haus C
(PV) (PVT) (PV&T)

-k~ omega_{sol,th}*{gross}
---0--- omega_{sol,el}*{AC,gross}

omega_{sol,en}*AC,gross}
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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 Sotcha — Performance Factors of Heat Pump and System

e SPF_{HP} SPF_{SHP+}A{Total}  —+—SPF_{SHP+}*{Grid}
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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.


Example Sotcha — Further KPI's on System Level

1200% N
100,0% I an— e . - f_{sol th}r{total)
. ~a- f_{sol,th}*{secondary}
80’0% PN FOUUUUUTPPPR P PO ORN PP PP PP TR -...,._:Z e f_{sol'el}/\{local}
~-a-f {sol,el}net}
60,0%
O f {sol,en}*{local}
40,0% . f_{sol,en}*{net}
ST ET - ceeepeen f_{ren}/\{local}
20,0% vt Aot A <o f {ren}net}
.............. fa|
..................... E........................... f_{self’e”
O’O% [ CWRPRTTITLLLL
Haus A Haus B Haus C
(PV) (PVT) (PV &T)

- Precise comparison would need system simulations with equal demands,
and analysis of long-term evolution of ground temperatures
- Systems controls not optimized
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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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