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Summary

SunHorizofsH)will demonstrate up to TRL 7 innovative, relisgffectiostcoupling of solar and HP technologies.
SunHorizon addresses three main research pillars that interact each other towards project objectives achi
demonstration and replicajioptimized design, engineering and manufacturing of SunHorizon technologies, ii) s
functional monitoringH&cC, iiilkey Performance Indicakd®} driven management and demonstration.

Deliverable D24tablishes a list of indicators to ahsegsrformances of SunHorizon standalone technology and
combined packages during their operational phase and for the simulataachtrapogect objectimesrder
to develop this deliverab&efdllowing main activities have been atinducte

- Collection of details from SunHorizon dgmdgiteare relevant for the definition of the integral evaluation framewol
(inputs coming from task 2.1).

- Analysis of KPIs definition from shortcomings of other H2020 projects and poevious experien

- Specific sessioand discussiondth consortium experts to gather inputsjtdaequirements and to advance in a
preliminary definition of the monitoring requirements.

- Develop a scale of relevance for KPIs according to Demo Site characteristics/requirementdaseddefine a K
methodologyd ef i ni ti on of boundaries, nomencl atures, | E

As aresulKPls are defined at component and systemdedieided in different categories: technicatétated)y
economic, environmental, and comfort categories. Along with the definition of the list of KPls, data sources re
KPI calculation are defined, which will help to define thgeregpriremients and data gathering(leledsth WP4

of SHproject). KPIs will be usedughouhe project for differpatposes such as supportam¢roblgorithms
maintenance, assessment of demonstaatibogtimization analysis, among. other

This study provides a complete and adapted methodology for performancethesgsgamnbof alsosion

coupled innovative heat pumps to sustain reliable demonstration results and set a robust basis for replication anc
in futureelrelopments that will contribute to a more efficient energy supply and the decarbonisation of heating an
applications.

Keywords

Key Performance Indicators; Sun coupled heat pumps; Performance Kidsassiineddlogy; solar thermal
collector ; hybrid solar collectors KPI; thermal driven heat pumps KPI; adsorption heat pumps KPI; photovoltai
KPI; compression heat pumps KPI
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1 Introduction

SunHorizon prdjeéms to demonstrate thginbgecombination of technologies (Technology RPack&oes now

on) such as solaanels (PV, hybrid, theramad)heat pumfihermal compression, adsorption, reveraitaged

witha controller with predictivepamactive maintenance among other capabilities, can avoid waste energy, ident
malfunctioning of equipment, maximize energy coming from renewablegoinsveastoselfeduce local energy

bills and cut of &¢nisions. By meangloé proper @rition d?erformancedicatorls) it is possible to determine

the success of a project in reachingdtivebjand creating an impact.

According to tlaiidelines for the Calculation of Project Performancephogicstal by the Europeam@ssion

firhe performance Indicators should be SMART (specific, measureable, achievable,-belendhtasildtinde
bedefindin a way that quantifies its eneliagd impacts both within the duration of the project and beyond its lifetinr
demastrating the contb ut i on t o t h(EASMHA) 20&7WhesKeyWPerformance dndisators (KPIs)
definition constitutes a crucial element for the overall evaluation of the SunHorizon pghgenerbkanldsPGn

serve to summarize the results of the performance monitoring and assessment of each TP, antiitirgunHorizon
thecompdsonbetweerthe baseline and the pesbfit period of the energy solatioipsovidingnsights of the
improvements asled On the other hand, KPlasetil fahedevelopment of the monitormggemeptatform,

andthe identifigah of datasets to be moniteeedpors and data acquisition equipimenatfordt will helip define

the requirements of the tmatbire that will allow KPIs storage and visyaizatiorglsolocal control and
surveillance of demonstrator cases.

The main objective of this deliverable providea list ofKPk and the methodology to assess themrder to

be able tevalate and quantifine performances of the SUNHORIZ@htalone technologies and combined
technology packagakroughout the projecto this aim, theoretical KlPtomponent and systesml iaresholds

will be addressed, covdeidgnical, environmental, economic, and comfort CEtegORiEssapproach will be studied

in parallel with conceptual design studies and represents a transitional moment to WP4 and \WWPTsdeillelopments
serve along the project for differguisps(i.e. control, maintenance, assessment of demonstrations, optimizatio
analysisyhose link with other téskxplained in sectzoh

D2.4will be elaborated as a guide for practical application of KPI definitions and consistent evaluation
methodologies during the rest of the projécrmerly, the document starts introducing the project and the
methodology that will be followed througpoojeitt to define and divide the KPlisaNakts he t as ks & ob
plan and links within the prajeatescribedaer the idicators are defined witiefollowing categories:

1 Key Performance Indicators (KPIs) which desdateed specificdlyeach ofél8 demosites of the SH
project

1 Performandedicator@lIsWwhich are explained at technology level (6 technologies

9 Auxiliary indicators that support the overall calculations.

Then, thapplicability of KPIs andhP&ach demosite and the assessments boundaries is explain8diiif gection
conclude, thelationship of the KPIs with the stakeholders is described,swibictiealiiiyvthe most significant
categories for each stakeholder and to quantify the satisfaction accruing of the project.
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2 Methodology

The aim of this deliverable is to describe the list of performance indicators that will serve throughaluictiee projec
technical, economic, environmentarafataspects of the proposed technology packages (TP) at each demonstratic
case. In orderdo so, projects with similar approach andeaetcgg n ol ogy r el ated t o Suil
revewed such as CESBA MEDVFIED, inteGRIBYRESILIENTSHIP2FAIRCELSIUSReUseHeatamong

othersaand other sources like SCIS management system, and thedBuropsiaguidelined’he most relevant
information has been taken into consideration for the definition of KPIs.

On the other handformation obtainfedm T2.1 is used to idehifwthe proposed FHnpact the different
demonstration cases and how these ingratis cantified. Contributions from partners and sshparbeen
considered and discussed through dedicated calls, contrasting ideas and justifgiigos indiicktizdlso,
maintenance repoarsd manualsr om t echnol ogy pr ansoitigdhrehavwe beer takigdlJibidd O R
accountAll thegatherethformation has been used to assure the consistency of the definitions with the overall obje
of the project, being useful(ijddentifyingnonitoring requiremg(iiy Supporthe integradssessment of the
SunHorizon TPs in the different demo envirandfgsssistingontrol, surveillance and maintenance algorithms
and functionalities.

Some KPI s wil/l be related to the tysevauate the idpaghafs i t
SunHorizon technologies in that specific scenario or to compare their performance with the current baseline, w
ones will be related more generally to the H&C technélodietsetire, some indicators are mordrigtéoethe
occupant (to show it in a dashboard or fimeufsere) and some others are more useful for a facility manager (e.c
efficiencies, maintenance indicators, Etr.)that reason, three main categories of indicators were devised, eac
addessing a specific level of analysis

1 Demesited s (dthHgh level KPIsBelection oRiop KPls refedto areas of performance or evaluations
that are common to all demonstration cases. These indicators will be applied to almostcalledemonstratic
and will help to analirs= overall performance of SunHorizon prdjeetdaindss in each specific context
the benefits achieved by the adoption of the differenfT®&tlnis important to mention toates
demonstrations KRE.g. setforsumption) are only appl@da given demo case, depending on their
particularities and boundary conditions. A list of KPIs for each of the eight demonstration cases can be
sectiorB.6(SeeTable33

1 Performancéndicators(by technologyBis will serve &valuate technically each technologyoar,
indicatorsvill help tdetect malfunctioning (WP4/\Midsge indicataan operate a lower levatdifferent
AP§ or modules, to compute alarms, events or to showBhddinig lanagement Sy¢$BMS) to a
facility manager

1 Supporting indicats: Other indicat@sd datareused to support ttedculation of KPIs andIPtsiralso
help tdook in further detail some indicator.

Among the high level KPIs, performance domains are split into four categories:

1 KPIs measuring Energy Performance aspects, such as energy consumption, RES generation ratio, pel
of seltonsumption, etc

1ICESBA MED project. D3.1.1. Transnational Indicators and Assessment Methods for Buildings and Urban areas
2CITyFiED project. KPIs Monitoring update.

3inteGRIDy project. D1.4 Evaluation metrics KPIs

4RESILIENTprojdab. i Pilots observabilitiitial specifications

5 SHIP2FAIR project. Ix&8 Performance Indicators to evaluate the integration of solar heating in industrial processes
6 CELSIUgroject. D4.1 Report on KPI values

7ReUseHeat project. D4.1 Evaluation procedure.



* X%
*

Horizon Loz

* g K

1 KPIs measuring Economic Performance, e.g., operational cost avoidance, return of investment, levelize
heat, etc

1 Environmental Performan&valuate the greenhouse gases reduction of a TP
1 Comfort performance, to evaluate degreecof s @ s ati sfaction from SunHc
Relevance Objective Outputs/Application
Selection of 1 top KPls for overall performance of Ez 3= %
High level KPls SunHorizon project and TPs at demasite level. S o
=1 -
Selection of performance indicators at technology = E
Pls level for WP4/WPS services = =
=

o Other indicators (formulas) and data used to support
Supporting indicators f data the calculation of KPls and Pls. and to look in further
detail some indicator.

Figurel T Relevance and application of each indicator category.
When possible, each KPI is describledrhgteristics listexteafter.

1 KPI code (i.e. Reference), title, deacaipdi definition.

T Unit: indicator uniseecified. In case of normalization, some indicators can be expressed by square met
volume of the desites building structure (e.g. energy savings per square meter of surface that is conditio

1 Required data souate set, in order to know which input data isTreedaid.system used in these inputs
should be verified in order to assure the validation of the calculations.

1 Calculation method followed is expf@nadla and specified viasabeexplained.

1 Reference period: an indicator or anliexeltégbver a representative period. Characteristic time can be less
than one hour up to one year after integration of shorter periods.

1 KPI threshold within SunHorizon project

The proposeathnnindollowed during the project is listed hexedftkrstratedRigue 2 with a Gantt chart

KPIs definition from shortcomings of other H2020

Nov-18 M2 Preliminary draft of KPIs
and previous experience
Aor-19 M7 Specific sessions with Consortium experts:
Pr: TPs (WP3)lemosites (link with T2}l WP4
May to M3 Revision period of KPIs draft and integration of ing First complete definition of KPIs (in line wit
June 19 M9 all consortium experts planningftToC of D2.4
15 days to receive new inputs and feedback
Integration of updates from T2.4, feedback input:
Julvio M10 WP4 monitoring constraints 2dversion of KPIs integrating new inputs fro
¥ Definition of kPdsed methodology (how to use the and demosites
Develop a scale of relevance for KPIs according 1
Site characteristics
Aug-19 M11 15 days to receive new inputs and feedback -
Sep-19 M12 Deliverable submission Deliverable final version

Tableli Task2.3plan
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Milestone:

jan feb mar apr

M4 M5 M6 M7

Specific sessions wit
Consortium expert

Ask TPs and Demc
Responsible their KF
requirements

First complete definitid

List oKPIs variableq
for control requireme|

List of KPIs variables f
control requirements

of KPIs ( link WP4)

List of KPIs, scale
relevance of KPIs a

List of KPIs, scale of
relevance of KPIs and 1

ToC of D2.4 of D2.4

Integration of update:

from T.2.d4nd/or WP4 2nd version of list d REVIEWED
monitoring constraint; VERSION of th

KPIs list
Definition of kPased )
methodology (how to ( First draft of D2.4 First draft D2.
the KPIs)

integrate new inputs ar Deliverable submiss| ToC D2.5

feedback + Deliverable|

Figue 21 Gantt chart for T2.3

2.1 Relation to other tasks and deliverables

In order to define the list of KPIs, information from other tasks will bigus8d [®eeosite information collected

in T2.1 is used to define KPIs atsitentevel. The solar mapping and business models obtained in T2.2 will be us
for the definition of appropriatdfdRisevaluation KP1 6s | i st wi thelsimidagion cesultssTihal e r e
information obtained from WP3ipplbrs to KPI for what it concerns performance monitoring and instrumentation

technology package level.
» define

theoretical KPls » Perfomances
contraints and barriers

estimation of

SunHorizon
Figureg1 Information/results exchange between WP2 tasks

"« collect specifications on |
technolegy, control
component and
demosite building
information

* provide technical

* climatic condition
mapping
= definition of

business models
systems

Figured shows the relationships of KPIs with WP4 and WP5. Monitored data will be collected in SE cloud platfo
exploited fias data mineodo and wil/l be fed for KPIs
WP5 services. Intmardar, KPIs will be fed into the optimization processes in T4.3. The integration of analytics (
on the definition and evaluation of KPIs and other metrics) for surveillance and fault detection (T5:5) will help
centred maintenance (RC3t}tipes of the involved energy systems in order to detect critical components and prc
support foraesign of relevant facilities. ARG, will be selected and implemeritedfuture monitoring system,

what will be an additional input faode@&ing strategies (T5.4) and will help to maintenance planning (T4.2).
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WP4/WPS5 services:
Proactive maintenance (T4.2)
Smart user-interface(T5.2)
Decision-making strategy
(T5.4)

Predictive maintenance (T5.5)
Surveillance and fault
detection(T5.5)

At the demonstration campaign and monitoring (T6.4), KPIs will be regularly check at the monitoring dataf
evaluated to get insights and lessons learnt from the different demonstratioRatlseisd TtBe)nethodology

definition in WP2, the assessment of the TPs deployed in the demo sites will come from the estimate of the enerc
for each demiesand the analysis of the KPIs during the monitoring period. This work will also report specific gui
for the TPs derived from the experience during the monitoring period.

As it can be seen, KPIs will be used throughout the project. Thie@aiorenthisll continually evolve as to build on
the results of the related Work Packages. Thus, this deliverable should be considered as a living document.

10
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3 | KPIs definition and data requirements

3.1 Nomenclature

The following table presemhtst commaerms that are used in this document and to be used within the SunHorizc
(SH)projectSome amenclaturand definitions drased on Task IEA SHC Task 6@der to increase project
dissemination and increase the impact of the project througindifterieation channels

Term Description

Q Energy in the form of heat

E Energy in the form of electricity

C A negative amownt of heat (fAcoldod). C=

G Gl obal solar irradiation. Wi th a subscript

irradiation on the collector plane

.. F Energy flow rates: quantities representing a thermal or an electric power

é

A Area. With a subscript Acol 6, denotes the ar
collector area (it may be denoted to a different reference area: effective area, etc.)

AC Subscript AC can be used to refgettigcal energy that is distributed as alternating current

DC Subscript DC can be used to refer the electrical energy that is distributed as direct current

STC Standard testing conditions, which ahg fesured in product datasheets

Sys Subscriptys can be used to bundle all system compbdentstes that the energy is used within the
boundary

h Subscript Aho can be used to denote useful
domestic hot water, can be used

c Subscript ficdo can be used to denote useful e

f Subscript Afo can be used to denote final er

DS Subscript DS can be us e dheithybrid seldr and photovoltBiaparels @ls

as PVT panels)
FAHR Subscript FAHR can be used to refer to FAHRE
BH Subscript BH can be used to r&S@QSTHEATEChnology, i.e. their nagaalheat pump

BDR Subscript BDR can be wused to rwaterédeat punop(ABIBAR orlt
water heat pump(BWHP), or flat plate collectors (FPC), or photovoltaic collectors (PV)

RT Subscript RT can be used totolR&TIOTHERMechnology, i.e. their adsorption chiller
TVP Subscript TVP can be used to refer to TVP
(HVFPC)

Tablei Terms and description used within SunHorizon project

Energy quantities can be represented as absolute values (kWh) or per square meters (area within the ass
boundary, i.e. without considering spaces that are not thermal conditioned).

When a gudity of heat, cold or electricity that flows from a component A to a component B can &y denoted by
Cad=Qs 3 or &g An asterisk means the sum of all heat or electrical energy that flows away from @component
that is consumed by a aomapt . Asterisk can be omitted if the context permits it, e.g., all electrical energy consur
by a heat pump;Hkor Ep (IEA SHC Task 60, 2019)

11



* X%
*

*
* o %

Horizon

* g K

3.2 Boundaries

The assessment boungdfny all demsites is theone containing the thermally conditioned spacessi®d on
S u n H o gdaneratian 8yste(@eeFigure, the asessment boundey e f e r r e dtertossitefib o per i n

For the primary energy values, all losses in the whole chain ar@ chnsidesed s e s sment bounda
perimeteonsite+ nearby-distantlusing countspecific primary energy fa&tenset metering is going to be applied

in most of the desites the benefits of exporting energy are corisidguglgting thassociated primary energy
factor of the electrical grid afoinatry. This wine avoided grid electricity productlmm evidlluated, as a result of

the exported PV production which redymém#ng energy consumption of the grid generators.

=

Key
a assessment boundary (use energy balance) 1 PV, solar
perimeter: on-site 2 wind
perimeter: nearby 3 boiler room
perimeter: distant 4 heat pump
51  thermally conditioned space 5 district heating/cooling
52  space outside thermal envelope 6 substation (low/medium voltage and possible storage)

Figuré1 Assessment Boundafiegire obtainéwm ISO520&)

In Technology Packages where RVBDP®) or PVT (from DS) is applied, there will be PV production. The aim
applying PV production is reducing the primary energy consumption (from outside the boundaries) and incre

renewable energy share and@®dimption values. To assess,thae | ectr i ci ty | ssinteeads,ur
t hus: accounting not only the electricity consum
consumption. I'n all cases, t her mentisostofdahe gcgpe.tFdr aaich i s

demo, a definition of thenBaries will be madsdotior8.6 Table3 summarizes the different boundaries considered.

In case of thermal needs, domestic hot water and space heating are uiradhggmeszdsd are consireded as the

heat delivered or exwdcby emitters (heat exchangers, radiators, fancoils, etc.) to maintain the intended sj
temperature conditions or to raise the domestic hot water from the cold network temperature to the prefixed
temperature. These thermal needs are osalithéan the therraaérgyinput to be delivered by the generation
systems (See AUX 01 and AUX 02 in Aooexrignly knoastit her mal ener gy use6e or i
2). Usually, the thermal energy use is measured at the heat exchemgdis lpEneration systems and the
distribution systems. Thermal energy not supplied by the SunHorizon system (e.g. an individual air conditionel
the scope assessment, unless the electricity of the building is intended to be covered.

12
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Only SH equipment, electricity regarding building's consumption is out of the scope/assessment. Therr
supplied by SH is out of the scope/assessferitn DHW and space heating are covered.

Berlin

Buildag'selectricity + SH equipm€&nérmal energy that is not supplied by SH is out of the scope/askiEsale|

N UTmSE DHW and space heating are covered.

Only SH equipment, electricity regarding building's consumption is out of the scapeaest&staet.that is
Sant Cugat supplied by SH is out of the scope/assebs®amt Cugat only space heating and space cooling are covered
DHW demand.

Buildig's electricity + SH equipriémrmal energy that is not supplied bgusldfithe scope/assessnierladri

Madirid DHW, space cooling and space heating are covered.

Buildiag's electricity + SH equiprméetmal energy that is not supplied by SH is out of the scope/msSasdnoeaih]

San Lorenzo DHW, space cooling sjppace heating are covered.

Verviers  Spg Only SH equipment, electricity regarding building's consumption is out of the scope/assessment. Therr
Centre supplied by SH is out of the scope/assebsivientiers Sport Centre DHWpae heating are covered.

Verviers Building's electricity + SH equiphtertnal energy that is not supplied by SH is out of the scope/ass&ssiat
Swimming Pooll Swimming Pool only the swimming pool heating is covered.

Building'slectricity + SH equipment. Thermal energy that is not supplied by SH is out of the sdofRig&d @

R92 and space heating are covered.

Tabli Summary of the SunHorizonds boundari es.

3.3 Overall assessment methodology

SunHorizon project results will be evaluated comparing the basel@gtmfinsitpasions according to the definition
ofassessmebbundarie¥herefore, KPIs will be calculated and compared for different years (and conditions). To |
a proper euation andegendingn the availabilitymonitored data and/or bills of the pilots, the following calculatior
pathways can be taken:

- When monitored datd/ar bills are missing, a simutatidel for the system/s involved in the project will be used
to create the baseline scenario. As this model cannot be validaiedanitbtdataresent directly the baseline
conditionghis can be solved by calibrating the thaxletstthemotitoring datiiom the monitoring campaign
of SunHorizon, atién remove the intervention of SH equipestntate the theoretical perforntdribe
situation without the intervetiimmgthodologpased oaption Bfthe IPMVP procedute ader to establish
a clear definition of the baseline situation, all system specifications, occupation schedules, existing
specifications actdlracteristics of the daiitidoe considered.

- When there is data available, monitored data awdltehilted as baseline period definition. The baseline period
will be extrapolated and projected over time assuming same behaviour but adjusting to the different weather
(in order to make baseline andqiosfit consumptions and perfogrnamparable). Thus, the baseline energy
use data can be regressed against the coincident weather conditions to obtain the representative baseline r
coefficients and forecast the traditional fDwdyicdh Turner, 2004)

"Once the model is calibrated for the baseline-r@tfitosituation, the KPIs are calculated for the baseline period
and during the monitoring phase for each demosite, accordingly to the project monitoring campaign (T6.4) an
learnt tsk (T6.5)."

8 Option D of the International Performance Measurement & Verification Protocol (IMPVP) uses a calibrated calelsutdr simulation
component or whblélding energgrisumption to determine energy savings

13
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3.4 KPIs at derrsite level

3.4.1 Energy Performance

In this section, KPIs to assess the energy performance of the entire system are defined.

3.4.1.1 Nonrenewableripmary energavings

Description

Nonrrenewable primary energy savings are defined as the difference betweewdéidenmmmary energy during

the baseline period and theerawable primary energy during thretpafiitperiod (i.e. after SunHorizon has been
applied)Primaryrmergy is defined by Article 2(5) of the Energy Performance of BuildingstDéecterg\that

has not undergone any conversion in the transformation process, calculated by energy carrier using a prima
factor'lt allows accounting allldisses of the whole energy chain, including those located outside the system bount

YtLQAd 202S0GA@S
The objective of this KPI is to evaluate the primary energy savings triggered by the project, asswiing thad the d
consumption would havaelfollowing the same trend as in the baseline scenario. Baseline scenario will be obte

based on historical -adcatua,ateme rsg ysitaindaetaheanteioftSfnHaridore i el
projectAppropriai@djughents of tHeaseline scenario has legiained in secthf

Assessment method

In order tevaluate the reductionsdif fuels and the amount akuriated energy that is savdyg norenewable
primary energy is consideréte assessment

The amount of a@mewable primary eneRfi net primary energy) of the system is calculated as the weighed
delivered energy to the building sumeredl nerenewable energy carriers; less weighed exportedranszdy
over all energy carriers, as follows:

e} 0¢ Qi Om "QL QD Q G Eq.1
0& Qi 0Qay) ¢ | QWO 0@ 0
0 0/Qas 0a0 00P O i 0 0/Qsy o8P
Where:

Energy deliverisdhe mount of energy coming from outside the assessment boundaries (i.e. amount of ele
energy from the grid, or gas consumption) that is delivered to the pilot.

Energy exportsdthe mount of energy used outside the assessmeéatibs (i.e. amount of electric energy
injected into the grid, etc.)

O fp is the amount of energy coming from the gr
0 is the amount of energy contained in the f(®eesrdex IAUX03)
‘O j isthe amount of energy injected into {Beghichex IAUX1P

0 ‘0’0 is the norenewable primary energy factor (Perimeter: onsite, nea(Bgedistant) AUX2).
For each demosite and energy carrier differant energy factor should be used, depending on country
specific indicat®3 he primary enefggtor for PV exported will be something like the grid/aleetricity

9 Equation differs from case to case (depending on the energy carriers).

10 Reference: 1SO520BAmary energy factor: The system boundary shall encompass the primary energy requir
extract and transportahergy carried to the building, as well as any other associated operations.
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Derived frofaq. 1, the difference between the baselretofie p
period (once SH is applied, denoted with the su

0 ov 0O 5 00 j Fa.2

The periodicity of this calculation may be adapted to fit the application of the KPI and the goal pursued to cor
metric. For instance, for reporting a period equal to the lexgjtimaly gvejuseful for evaluating the tetal non
renewable primary energy savings within the project. Feoptimiiattoom, a period equal to one day could be useful
to find the scenario that optimizes thze&iBés that, R&could be calculdtand disaggregated into the different
demands: R&for DHW covering.&f6f space heating and space cooling, etc.

KPI ENOlan be also expressed in relative values:
BO O =a.3
P BT O

er
bs

=y

o

¢

To summarize:
TabledT Summary &Pl ENO1 Neanewable Primary Energy Savings

REF Notation Description Formula Units Category

Nonrenewable Primary energy Sav = 5o .
‘1 ENOL PESren (Net Balance) 0 Oy 0O ; 4

Data requirement
Based othe formula aforementioned, the following data requirements are set for the KPI computation:

1 natural gas (or any other energy carrier, e.g. biomass, LPG, etc.) volumetitséimedite time
interval. The LHV (Low Heating Value) should be provided by the gas company. Depending on the de
data is necessary or not.

9 final energy consumed from the electric grid in a time interval. Depending on the demo only SH equip
bothSH equi pment and buildingbs electricity cons

91 useful energy produced by the PV panels (or PVT in case of DS), i.e. energy measured at the AC outp
inverter. Depending on the demo this data is necessary or not.

In WP4 hiese requirements are sent in order to define the monitoring architecture. Techaalbgiemiteders
responsible are interviewed in order to know if the data is already being measured (by the PLC of the TPs or by t
monitoring esite, fithere is any).

KPI Threshold

SH TPs are aimed to achieve BN value from 50 to 8@ {expressed in relative valiémjation of the KPI
depend®n the different demands to be covered, size of the equipment and technologies involved (PV, PVT
thermal). Objectives per demosite will be defined as soon as the size of the technologies and simulation re
obtained.
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3.4.1.2 Renewable energy i@t

Description

Renewable energpknown athe total energy produced from renenakldgsource@RES) such asvind, solar,
aerothermal, geothermal, hydrothemchatean energy, hydropower, biomass, landfill gas, sewage treatment plant ¢
and biog&s (ISO, 2017)hermal and Electricity renewable energy pisdejtided separately.

Renewabener gy ratio is the amount of renewable pri ma
total primary emgy usedtexpresses how much renewable enebgehased lige buildingncluding energy from
renewable sources producest®mdelivered hyearbyRES production plafsmary energy factors are used to
make the transformafidre exportaénewable energy has been accounted for in the entrance and RteRefore the
can be higher than 100 %.

YtLQa 202S06GA0S
The objective of this KPIdsaatifjhow much energy is coming from RES, which can help during the control stratec
(WPS5 linkp maximiztéheenergy coming from renewables and cpienfi€didns

Assessment method

In order tevaluate the energy coming fromnBE®newabland renewabfgimary energy is considered in the
assessmenthe perimeter of the boundary tatescatunt net eneglyichis used to consideh e A benef i
reducing the total primary energy requirement of the grid(gatsidataehe limits) thanks to the exported energy
(produced esite by RES). This net energy (PEtot, AUX06), is eal¢chlatmdnmed of #RIBS primary energy
(AUXO07) and RES primary e@ldjy08). For the calculation pfithary energy derivechfRES in pestrofit
periodAUXO0R the renewable energy factors of the energynioiesiiered for the delivered energy and a factor
of 1 is used for thesitie RES production. The ratio will be calculated as follows:

fj'o Eq. 4

0o

WherePErerandPEtotan be calculatedexplained in Aex 1 (See AUX08 atiXOprespectivglyhe periodicity

ofEq. 4depends on the objective of the metrics, and it can be calculated dail{ PVESDY, edn be expressed

in relative or absolute values.

Considering in the assessment the energy exported to the grid can lead to RER higher than 1 (or more than :
can happen that there is a high amount of exported energy and fhetordightiregdelivered energy is lower than

the weighting factor of the corresponding exported energy, therefore RER results in valBesidighdndahan 1.
RER could be calculated for only electricity, in order to assess the electrical covering out of the tottbalectricity co

(from grid and from the PV/DS patER)could also be disaggregated into the different demands: RER for DH
covering, RER of space heating and space cooling, etc.

To summarize:

YOY

Tablési Summary of KPI ENO2 Renewable Energy Ratio

REF Notation Description Formula Units Category |
2 ENO2 RER Renewable Energy Ratio YO'Y RL Ratio Energy
0O Or %

Data requirement
Based on the formula aforementioned, the following data requirements are set for the KPI computation:
1 natural gas (or any other energy carrier, e.g. biomass, LPG, etc.) volumetric flow rate (consumed) i
interval. The LHV (Low Heating Value) should be provided by the gatheampaBepending on the
demo this data is necessary or not.

9 final energy consumed from the electric grid in a time interval. Depending on the demo only SH equip
boh, SH equi pment and buildingds electricity co
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91 useful energy produced by the PV panels (or PVT in case of DS), i.e. energy measured at the AC outp
inverter. Depending on the demo this data is necessary or not.
1 usefuknergy produced by the solar thermal panels (PVT in case of DS or HVFPC in case of TVP) i.e. er
the panel output measured with heat mieyemseaisuring flow rate and temperatures.
In WP4, these requirements are sent in order to define the monitoring architecture. Technology-piteviders and
responsible are interviewed in order to know if the data is already being measured (by the PLC of the TPs or by t
monitoringnesite, if there is any).

KPI Threshold

SH TPs are aimed to achieve BN®Value from0 to 70%ENOZxpressed in relative valiémjation of the KPI
depend®n the different demands to be covered, size of the equipment and technologies involved (PV, PVT
thermal). Objectives per demosite will be defined as soon as the size of the technologies and simulation re
obtained.
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3.4.1.3 Electricity salbrsumptiofraction

Description

Electricity sedbnsumption fraction expsghseamount of energy (in relative or absolute values) thdtiis tiged wit
assessment boundaries out of the total PV proekitdion on

YtLQa 202S00GA@GS
The indicator assessiee amount electricity consumed on site that romesolar PWhich helps to quantify the
reduction of fossil fuel dependency and cgrofsSions. In combination with the KP1 ENO2, helps to understand ho

much RES electrical energy benefisydthe buildiray, (by extent tdemo) and how much RES energy benefits
beyond that.

Assessment method

As no battery is app PY pmoductimmandsdemaHrdocani hapjiiferdstimalimtearvals i t e
electric energgliconsumed on siten&) should be calculated as the summed of all the energy that is used in th
building and comes from the energy prodsaitedabthe same calculation interval t (See ALh¢ @&l PV
production gk is the already dse | ener gy meas uliAJX20RMe ratiohbetwdemyaedr t er 6
Epv s set as:

O s EQ.5
"0 & q.
R 0 &
Where
Erv s the kectric energy produced by PV parsite (Measurechn becalculated as explained in Annex 1
(See AUX0).

ErvsydS the kectric energy setfnsunme onsite can be calculated as explained in Annex 1 (88 AUX

To summarize:
Tablesi Summary of KPI ENO3 Self Consumption fraction

Notation Description Formula Units Category

. - ) ) . O Ratio
3 ENO3 Q i Electricity selbnsumption fraction Q i o Energy
O & Or %

Data requirement
Based on the formula aforementioned, the following data regeisetfenthe KPI computation:

T useful energy at t he attmetee (oltageddisectly fromn peasor,of tenlnalagy T
providers: DS or BDR)

9 final energy consumed from the electric grid in a time interval. Depending nSkeedgiponent or
both, SH equipment and buildingds electricity

KPI Threshold

For each demosite where PV or PVT technologies are applied, SH TPs are aanedue ecKiel/&NO03 up to
80% Obijectives per demositebe defined as soon as the size of the technologies and simulation results are obta
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3.4.2 EnvironmentdPerformance

Definition of KPIs to as&ssronment@erformance of the entire system

3.4.2.1 GHG emissions reduction

Description

Greenhouse gasesiissiongeports the total £ emissions of greenhouse gases emitted for all energy carriers
associated with the primary energy use in the facility. The emissions factor (relating GHG and primary energy use
on coungrto country and energgier@dHG emissions reduction expresses the environmental impact difference befi
and after retrofitting, in absolute or relative total GHG emissions reduction associated with the net primar
consumption of the facility.

YtLQa 202S06GA0S
SunHorizoapplies sun coupled innovative heat pumps that are more efficient, uses less primary energy and also
is covered partially by renewable energy sources. It results, in principle, in less GHG emissions than the existi

The objective ofstiiPI is to easure the greenhouse gases emissions reduction as a result of applying SunHor
technologies in a demosite.

Assessment method

Greenhouse gas emissions are calculated considetimgntlaey energy delivered in the building sumrakkd over
nonrrenewable energy carriers, multiplied by conversion factors for each @eagyncexibrAUX09)

Conversion factors are expressed in kg efud@lent per kWh, are coespégific and may also include the
equivalent emissions ofraheenhouse gas emissions like methane, water véffoem etuntry specific values
are misag, default conversion fadtansd inSO52000 Table B8&e Anne) should be usetihe conversion
factors shall be coherent with the choice of teefgosgycalorific value or net calorific value.

The difference betwabsrolute total GHG emissions recheftioa and after retrofitting is calculated as follows:
“O"(I) “O"(D “O"GD Eq.6
It @n be alsexpressed in relative values:
0 B0 Eq.7
B0
Where the subscripts Adpogrétrofiperfodr s to baseline peri
Tabler 1 Summary of KPI\EN.Self Consumptifvaction

o

REF Notation Description Formula Units Category |

4 ENVO1 "O®® GHG emissions reduction kg or tonCO2eq saved Environmental

Data requirement
Based okiqg. 1, the samdata requiremeasKPIENOL are used.

KPI Threshold

SH TPs are aimed to achieve a KB1LEMNYE from 40 to 60% (ENVO1 expressed in relative values), depending on t
differentemands to be covered, size of the equipment and technologies involved (PV, PVT or only thermal). Ol
per demositeill be defined as soon asiteeof the technologied simuliain results are obtained.
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3.4.3 Economid?erformance

Definition &fPls to assess Economic Performance of the entire system

3431 Costumer 6s bills reducti on

Description

Cost umer 6 sexpreissethesostssawinigshat tirée avoided by applying SunHorizemdrBer to be able

to compare the different sceneoists, ara&veighted considering the different energy needs covered before and aft
t he S HO s(Sea se@ithp  set thebassessment boundériepysents the savings in the bills (electricity,
gas, etc.) as a result of applying SunHorizon TPs

YtLQa 202S00GAGS
The objective of this KPl is being ablentp@ar e bi | | 6 s r ewdbeable to assebsdhe redubtien c

in local energy b{ltée of the objectives of the prdjastyery similar to LCoE and LCatbieuintuitive for the
consumer

Assessment method

Thereduction alculateds the difference between theatdbis baseline period multiplied by a weightjiagdactor
thecosts after the retrofit.

The KPI is definasl follows:

56Y 6 6 04 6 8 Eq.8
It @n be also expressed in relative values:
6"(2 oO A
nQ p ni Eq 9

O Oo .. Vaomi

Where the subscripts posrétrofit perfio& aresthetsummbdaotad fluel cods (gag r i
oil, etc.) of a facilijuX10)CG are the summed of all electricity(éd$¥sl1)ando ;, isthe weighting factor,
calculated as the % of costs associated to the same energy théadsessesigethe posetrofit period.

This KPI only considers the costs of electricity and fuels for a consumditida pubtictfaeircial buikdiigere

the user has to pay for maintenance costos KBEd t hei
Annex |, AUX16) could be used ingtéctdis calculated by the total costs difference (OPEX fiezigindedl di
Operational casOPEX) includet only the costs of electricity and fuels that are obtained from the bills, but also
maintenance costs andriting costs of their facility, isrekjslained in KP1 ECO5.

TableBT Summary #fP1 ECOSpeific energy savings

REF Notation Description Formula Category

5 ECO1L 0606'Y Costumerds 166°Y 6 0 0 » 6 06 G saved Economic

Data requirement
Cost breakdown from bills of the demo owners.

KPIThreshold
Demosites, whatemonstration of SunHorizon controller is going to be fully deployed, are aindel tB@ahieve a
up to 60%. For the other demosites, SunHori zon TP

willbe better defined as soon as the technology and siithldatmerformed in detail
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3.4.3.2 LCoH

Description

The Levelized Cost of Heat (LCoH) evaluates the cost of heat produced by the system over their life time. Thi
the comparison of differesigde and technical solutions. This is the combination of CAPEX and OPEX over
expected and actual lifetime of the Iplassesses the costs reduction along the value chain (production tc
decommissioning) and system performance improvements.

Y t bhjeétive
Helps to inform stakeholders on investing in a technology to pursue a project, as it measures lifetime costs ¢

energy productiover an assumed lifetime, allowing to compare different tethnelgpgadife spans, project size,
different capital cost, risk, return, and caf@affiiesof Indian Energy (U.S. Department of Energy), 2019)

Assessment method

The most common calculation in literature is the Levelized Cost of Energy (LCoE)itl€ef msndPtas the
priorityvithin the project is to supply space cooling and heatingleamdul®HWus, LCoH is applied in this case,

as it only evaluated the cost of heating (or thelibGpHislge n i n U/ kWh and it is de
0000
o v B p i : Eq. 10
N ow g a.
Loe© OF 01 Qo
B ——
p i

Where

‘Ois the initial investment cost (or CAPEX) of thiK RIHIG04

Y is part of the investment cost that is subsided (if any)

00 ® foperational expenditure of year |, calculated as the summed of all operating cqstBlof the facilit

ECO05)

0¢ Qi "Qwsummed of final energy demands (AUX03 + AUX 04)

Some assumptions are n&aeded for the value of i
It is important to mentionrbin all demos there is PV prodaictiavhen there is, the technology (DS) also provides
heat (only in San Lorenzo is a pure PV dgdtergase of DS technology, the same technology provides two service
ard the cost will be influenced by two energyherefereg correction factor for DS technology should be made in
order to calculate H&oE (instead of LCasHociated to provide both, electricity and heating demand.
To summarize:
Table9i Summary of KPI EC02 LCoH

REF Notation Description Formula Units Category |
o0 Y B (VNV] Ol W R
6 [ECO02 06¢0 Levelized costsof heat 0 6 ¢ "G - t/ KWh or Economic

Data requirement

Based o&qg. 1, the samedata requiremesKPIENO1 are used, and also investments costs and operational costs
(cost breakdown from bills okthe dwners) are needed.

KPIs Threshold

SH TPs are aimedbhieve a KPIECO2vBlueom 2 t o 4 ctsu/ kWh depending c
Objectives per demositebe better defined as soon as the technology aod siithblatpenfoed in detail
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3.4.3.3 Simple Pay Back

Description

Paybackis a conventional economic indicator to determine when profit generatidetestanitsathyidilling a
cumulated cash flow table established year per year. Cash flow is negative the first year of investment; when it
positive, payback period has been reached. Simple payback can be calculated if the earnings are tonsidered c
this case, the costs savings (Al4%6) result of applying SunHe/@zerthe profits for the facility.

YtLQAE 202S5S0GAQS
Estimates the year of SH TP profit starts.

Assessment method

Simple Pay Back can be calculatesl it betwette total citpl expenditure (CAPERI ECQ4f a facility and
the earningshich are the operating @siglanc€OCA)calculated in Annex |, AUXCARPEX s ex pr essec
and OCA i s e kaenhesddimedasfoliowsdi / year .

., 60000 Eq 11
000

TablelOi Summary of KPI BdEB

REF Notation Description Formula
7 ECO03 06 Simple Pay Back 06 000606000 years Economic
Data requirement
I ni ti al i nvest ment of the TPs and costsd breakdow

KPIs Threshold

SH TPs are aimed to achig&eleEC03 maximum of 10 yeathe demosites where the full demonstration of the
SunHorizon controller is apbjectives per demasiilbe better defined as soon as the technology a@od simulat
will be performed in detail
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3.4.3.4 CAPEX

Description
Capital expenditure (CAPEX) is the total net initial investment for SunHorizon TP deployment.
YtLQA 202S06GAGS

Itis the investment cost of a Technology Patkaigeompared to a traditiondirgaisystem, it provides valuable
information of the CAPEX reduction.

Assessment method

The investment cost of a Technology Package is calculated as the summed of the individual investment cost
technology and its associated components and hydraulics (pumps, valves, etc.). Each technology investmen
provided directly by eachnology providésubsidies are considered, the investment cost is calculated as the proje
cost less the part of the project cost that is subshlized. s ubscr i pt Atechod refer:
components.

66000 O 5 E O j " 5 E O y O Eq.12

When compared to a traditiondirgaisystem, in relative values, the CAPEX reduction will be:

Q 6 6 06O Eq.13
P 3% 0o
Tablelli Summary of KPI Bd¥B
REF Notation Description Formula Units Category
| 8 EC04 60600¢ Capital Expenditure 600000 1] Economic ‘

Data requirement
Initial investment breakdown of the TPs.

KPIs Threshold

SH TPs are aimed to achieve dioedirord to 10% of the CAPEX per technology package. Objectwiddper TP
better defined as soon as the technology aridrsiwillla¢ performed in ldetai
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3.4.3.5 OPEX

Description

Operational expenditure (OPEX) is the sum of total operational costs expenditures on site, planned O&M and un
maintenance.

YtLQa 202S06GA0S

It should represent the operationabttstsTechnology Packagémen compared to a traditiondirgasystem,

it provides valuable information of the OPEX reduction.

Assessment method
OPEX is calculated as the sum of each operational cost: cost of fuel, cost of electricity, cost of maintenance

technology (within the TP), costs of financing costs (it ahy), et pr e s s ed i nis psoposed itof i c
divide the REXby the total installed hedtngoolinggpacity of each.TP
O00®6 6 6 0
Eq.14

When compared to a traditiondirgasystem, in relative values, the OPEX reduction will be:

000
0 o 22° Eq. 15
00O
Tablel2i Summary of KPI BdEB
REF Notation Description Formula Units Category
9 EC05 OPEX OPEX (Op.eratlom O000M6 6 o] o] a Economic
Expenditure)
Data requirement
Operational costs6 breakdown of the facilities.

KPIs Threshold

SH TPs are aimed to achieve a reduction from 10 to 20% of the OPEX per technology packagevilDbgctives per
bettedefined as soon as the technology andasinuilbe performed in detalil
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3.4.4 Comfort Performance

Definition of KPIs to assess Comfort Performance of the entire system

Thermal comfaran bedefined as the condition of mindcwh expr esses peotfhérmadbs s a
environment.r adi ti onal approaches relies on consolidate
like ambient air and radiant temperatures, relative humidity, air ‘eledtythsgrand activity factors. If rigorously
applied, the monitoring of these variables and computation of common comfort indexes such as PMV or PPD
challenging. However, in practice, most of the abovementioned variables eithextienoaiarguitet #tfluenced

by the applied heating and cooling solutions, so they do not have substantial effects on the thermal perceptic
sense, indoor ambient temperature is by far the most relevant corbfartgraseadim the vast myajairbuildings

and HVAC control systems as the main KPI to evaluate comfort performance. Nextptvge denicattuseare
proposed to evaluate SunHorizon solutions in terms of thermal comfort provision during a given period of time.

3.4.4.1 Heating coffort Index

Description

The Heating Comfort Index (eji28sents a measure of the discomfort level during heating operation periods linke
the inability of the heating system to provide enough high temperature comdiimmealthiated basmtthe

number of occupancy sibetow the established acceptable comfort range; however, in order to account for how s
the discomfort level is, HCI weighs those discomfort hours in terms of the distance between the current indoor te
and théower comfort temperature limit.

YtLQA 202S0O0GA@DS

Identification and quantification of low SunHorizon comfort performance linked to the provision of too cold
conditions during heating operation

Assessment method

According to the previous definition, the HCI is calculated as the cumulatedvaluasofondtygipduct of
discomfort hours d@inetemperature difference between the lower comfort limit and the current real ambient temper
Therefore, itéxpressed in °Chhcan be defined as follows:

060 Y 5 Y Yoh QW Y ; Ea.16

It should be noted that only discomfort hours during the occupancy schedule contribute to the cumulated sum.
Tablel3i Summary of KBOMO1 HCI

REF  Notation Description Formula

Heating Comfort

10 con1 006 O Index

060 Y Y Yoh QW Y °C-h Canfort ‘

Data requirement

Only indoor ambient temperature should be measured. However, the occupancy sctecuierdbadddumt
inorder to disregard discomfort conditions out of this period.

KPIs Threshold

A reasonable threshold for HCI has been estimated on higve¢kiy’@ah based on the assumption of average
10h/day occupancy schedule (including weekends for residential bulidings) and an assumable 10% of the tim
the heating setpoint may not be met-(¥%@ average deviation). This is substaatiallgstrictive than traditional
PPD<10% targets. In case of tertiary buildings, comfort requirements should be less restrictive, thus a 15 °C
assumed as threshold. Objectives per demosite will be better defined as soon as the tetdmmhogyll ded sim
performed in detalil.
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3.4.4.2 Cooling comfort Index

Description

TheCoolingcomfort Inde€l)represents a measure of the discomfort levebdlimgpgeration periods linked to

the inability of tbeolingystem teufficiently reduce timperature conditions. This could be calculated based on the
number of occupancy habiowe the established acceptable comfort range; however, in order to account for how st
the discomfort level is, CCl weighs those discomfort hours indisterxeflibveen the upper comfort temperature
limit and the current indoor temperature.

KRQa 202S0GAGS
Identification and quantification of low SunHorizon comfort performance linked to the provision of too hot thermal
during cooling operation

Assessment method

According to the previous definition, the CClI is calculated as the cumulated sum of the hourly values for the |
discomfort hours and temperature difference between the lower comfort limit and the current real ambient ter
and the upper limit of the considered comfort range. Therefore, it is expressed in °C-h.

6600 Y'Y Yoh QW Y Eq.17

It should be noted that only discomfort hours during thesmt@grde@pntribute to the cumulated sum.

Tablel4ii Summary of KBOMO02 CClI

REF  Notation Description Formula Units Category |

Cooling Comfort

Index 000 Y Y i Yoh QW Y °C-h Comfort

Data requirement

Only indoor ambient temperature should be measured. However, the occupancy schedule should be accoun
order to disregard discomdmditions out of this period.

KPIs Threshold

Similarly to HCI, a reasonable thresholdl has beestimated on a weekly valughbased on the assumption

of average 10h/day occupancy schedule (including weekends fouitdisigemtidlan assumable 10% of the time

in which the coolingsaint may not bemet (with°@ aerage deviation). This is substantially more restrictive than
traditional PPD < 10% tarljetase of tertiary buildings, comfort requirements should be less restrictive, so 15 °C:
be assumeak threshold. Objectives per demdkiie better defd as soon as the technology andismuithbe
performed in detail
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3443 Costumer 06s satisfaction rate

Description

Customer Satisfaction Score (CSAT) measures an average value of costumer comfort level in the building. The
their opinion in a range from 1 to 5 (liker scale)-ifiteefaselimplementegitais a tablet PC on a mount making

it accessihléAn average value of the costumer's satisfaction rate is obtained as the mean value of all user o
recollected daily. It is not applicable for all demo sites, a#¢hiaaeser only implemented to thesitetinat are

public buildings (Mers).

0 0006

Figuresi graphic of thi&ér scaléanswer for each question)
YtLQa 202S0i0AGS
The bjective of this Kftoobtain the user behaviour and in this wiye feadhing algorithmiB5ar8 SHscope is

not aimed to achieve a specific value of CSAT score, it aims to learn from the user to achieve better cooling ar
comfort indexes.

Assessment method

For this purpose, several questitbaiow the users to provide their feedbhekawittof learning from them (comfort
levels and habitEhe question will be the following:

1 How would you describe the comfort level of the indoor temperature here today?

1 How would you describe the comfort level of the indoor air humidity here today?

9 Ths facility has been equipped with a X that has reduces greenhouse gas emissieqs(dmgnuadlg CO
CQeq per person and year in the EU is _ kg) during the last month. How does this information affe
experience here today?

1 This facility has beeuipped with a Y that has reduces greenhouse gas emissionsday (arkgu&lO
CQeq per person and year in the EU is _ kg) during the last month. How does this information affe
experience here today?

1 This facility has been equipped with ahZstmatluces greenhouse gas emissions by.edkGal
CQeq per person and year in the EU is _ kg) during the last month. How does this information affe
experience here today?

Where X, Y, Z would be equipment installed by SunHorizonpemhideiogartners (difie depending on the
demositeX.herefore, theeardl feedback could be obtained biitimgighe answarthe following way:

w2 3 o B WEéE E MmN 6Qi 00 & Eg. 18

6 YOIDE | O e T b R Eton 6 01 o e ¢ !

The CSAT score will be gadleach time a user gives their feedback. Several users could give their opinion in the s
hour, resulting in several CSAT scores for certain outdoor and indoor conditioatgdfibhriesrniogld be
interesting to have an average CSAT skouelyoralues in order to learn from them in that specific hour (with specif
indoor and outdoor conditions). Average daily values of CSAT score foolddwveingdide overall comfort.

Tablel51 Summary of KPI COMSAT

_ ~ REF Notation Description Formula _ Units Category
... Costwu Bi Gé i &M 60 Qi 0 Q¢ &_i Otol
12 COM3 0 Yo satisfaction 0 "YOi"™wé | '@— T Or Comfort

rate €00 QME T 0O 6 Qi ol %

Data requirement

Scores from the questions provideelisgrinterface, number of anspersiseand number a$erger houthat
haveanswerethe questions

27



*
* o %

Horizon

* g K

3.5 PIs at technology level

3.5.1 Performance indicators

3.5.1.1 TVP

TVP technologpgsMT-Power Higidacuum Solar Thermal teaiyoelih &ransparent insulating mateaalcan

reach up to 180%arting fromighexperienceYP will optimize and demonstrate a lower temperature high efficienc
solar thermal system dedicated to space heating sew/iDétil order to assess the performance to be achieved
within SH projetie following Pls are defioedVRechnology:

1 Instantaneous thermal efficiency
I Solar thermal fraction

Pls Threshold

TVP aims to achieve an instantaneous solar theental effdd% (at 90°C). Furthermore, TVP aims to achieve an
energy output increas08f(compared to traditional flat plate solar thermal collectors), resulting in better solar the
fractions (Pl TPV02) compared to traditional solar fields. As tHersa@lac t i on depends on
consumption, a value will be given once the size of all technologies and simulations results are obtained. R
economic values, T\WéndanOPEXet59% lass i€ dmfansonadt gakfrides form
typical households atZBUevel.

Instantaneous thermal efficiency:

The panel is tested by ISO standard 9806 to determine the collector performance in standard conditions an
production (Q in watts) of the panel dependingadiagaarand ambient temperaturéCtiaiasard, Sukchai,
Sonsaree, & Sirisamphanwong, irbdjtime conditionthe efficiency is calculated as the ratio between the useful
energy outpul ( ) and solar irradiance received in the titled surface offtherpéorel, the efficiency is stated

as follows:

V & Eq. 19

Where
1 Qrve.is thenstantaneous thermal power output. It can be aggregated ovéna §pedifiermal energy
output. See AnneAllX22)
1 Geis the slar irradiation on the collector plane
1 A is thesolar gross surface agze¢ifiedy technology providatyoefficiencies may also be related to
different reference area (effectyeabsorber area, etc.).
Heat flows in the solar collectors will be calculated by aggregation of measured data (available every 15
Aggregatiofor computation of the avevagyee)will allow calculatingydaieeklymonthlyandyearly KPI values
Figuu¢s hows t he main TVP v dheifobowihgaeata idreguncanrpwtette aalcdation:V P 6
f To determine the useful energy autpyt)either a heat mesaused or by measurindithed and
the temperature difference in/out of théYpage  “Y
1 The irradian¢€.) can be obtained from a weather station (measured or estimated irradiance) or by a we
service
1 Inorder to consider the temperature at which the solar technology is supplying heat, for instantaneous ef
the collector mean fluid temperdtdre is——, and for seasonal values the following indicator to calculate

the average operating temperature could be used:

YQo Eq. 20
y Q.
—~
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To ut,TVP

Heat

Meter QTVP *

mrvp Tin,TVP
TVP
FigureZi TVP illustration (Variables and data requirements)

Tosummarize:
Tablel61 Summary of PI P Instantaneous thermal efficiency

Notation Description Formula
.
_ Instantaneous thermal U i o .
ot n efficiency f 0 b % or ratio

Solar thermal fraction

Thesolar thermal fractioexpresses how much heat input into theispstanided by solar thermal energy. It can be
defined as

CA
¢

ol Eq.21

CH
N
5¢

Where

Qrve.is theinstantaneous thermal power output. It can be aggregated over a specific time (i.e. thermal €
outputSee Annex I, AUX2RTVP supplies the evaporator of a heat pump, only the part that is directly provi
to cover heating and DHW needs should be considered.
Q- sysis hermal energy output from other technologies (e.g. summed of all othet@®Eryy input
Heat flows in the solar collectors will be calculated by aggregation of measured data (available every 15
Aggregation will allow calculating daily/weekly/monthly/yearly KPI values. Final decision to be taken accc
monitoring platfodesign/requirements

The following data is required to compute the calculation:

1 To determine tkem 6all heat inputs to the systiseful energy ougpat energy inputs to the main tank
(RT tank in most cases) should be measured&itieat byeter by means of measuringlateand the
temperature differendeut.

Tablel7i Summary of PVRV02 Solar Thermal Fraction

REF Notation Description Formula Units
. ) " U i )
TW02 Qp Solar Thermal Fraction Q i 5 ratio
zh

29



*
* o %

Horizon

* g K

3.5.1.2 BH

BoostHeat (BH) is a gas driven heat pump technology thatheobasinefett pump armbndensing boiler
technologies to achieve unmatched effltienyistsf@ single thermodynamic module with imoee thermal
compressors in parallel, a heating headl@tbawner, an exchanger; &2t pump circuit, and a control sirstem.
order to assess the performance to be achieved within SH project, the followindd? B ldee iadioey :

1 Sea&onal Gas Utilization Efficiency
i Seasonal Performance Factor

Pls Threshold

BH aims to achieve up to 200% of SGUE values (Pl BHO1). The Seasonal Performance Factor depends on t|
installation, thus it will be calculated in detailed during sRagatiting economic values, BH aims to achieve an
OPEX reduction of 28%pared with traditionafigad systems

Seasonal Gas Utilization Efficiency

Seasonal Gas Utilization Effiqi§@dyEjneans the gas utilization effidiemepvide a useduitputyhich can be
calculated as thaio of the overall heating efethg overall gas consumption:

et O RAQO
YOYO——F—— =022
. L Qo
T
BH20 ’ a TourJEH |
Heat )
. m T Mete QB H,x
A Gas
Q*,f l I
Mpy TinpH
E*,BH

Figure3i BH illustration (variables and possible data requirements)

Figurds hows t he mai n BH v deatflavslara slectricgty consumptiont sldlized b H 6 s
aggregation of measured data (available every 15min/1h). Adlgadigatioalculating daélgkly/monthly/yearly
KPI valuesThe following data is required to compute the calculation:
70 i i IS the thermal energy output (heating) from the boost heat unit obtained from AUX 22(See Anne
directly measured by heatmeter.
1 0 is the final energy consumption (gas) in kwWh obtained from AUX 03 (See Annex 1), or directly meas
heatmeteasr gas flowmetet. im thdattercase, a transformatio kWh is needed
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Tablel8i Summary of Pl BH 01 Seasonal Gas Utilization Efficiency

Notation Description Formula

. iy O R QO
BHO1 "Y' O'YO Seasonal Gas Utilizaffitiency Yo'y O”~—h£h)
v Qo

ratio

Seasonal Performance Factor

Seasonal Permance Factor (SPE)esfficiency factortod unit in primary energy terms. It considers the total amount
of primary energy used to produce a usefuinoluging electricity associated to pumps, auxiliaries, etc. of the BF
unit and the gas consumptfipallows to compare different type of heatippcampise calculd&s the ratiof the

overall heating energy tadta primary energy consumed, as follows:

0 QO Eq. 23
0.5 Qo0 '0'Q;

Y30 —
. Qp Qov O0'G,
Besides the previous data required for coapidtie&hputatiothe amount @f;, electrical energy consumption
in kWh is also required, and it can be obtained from AUX04 (See Annex I) or directly measutedly wattmete
compressor is thermal driven, the electricity consumption of the BH unit is very low and assdlidaies avith the
pumps®é consumption.
Tablel9i Summary of Pl BHO2 Seasonal performance factor

v

REF  Notation Description Formula Units
R R 0 Q0 .
BH02 "YUO Seasonal Performance Factc "Y0O - — = —— % or ratio
. Qp Qo 0G LUy Qo0 O'G

31



Horizon

*
* o %

* g K

3.5.1.3 FAHR

FAHRechnology ishg/brid sorption/compression théteuses low GWP and ODP refrigerantsrdoides the

energy efficiency of adsorption technology with the precision aotnpoessiai cooliggica gel is used as an
adsorbent in the current mddelZeoliteadsorbents for the sorption technology and alternative refrigerants for th
compression part will be studied. The current available models have a totaycaalyngochgaeeen 45 to 90 kW.

In order to assess the performance to be achieved within SH project, the following Pls are defined for FAHR te

1 Seasonal electric EER (cooling)
i Seasonal Performance Factor of FAHR unit

Pls Threshold for FAHR

FAHR aims to achieve an increase of C&P%f&id an OPEX reductionii%0compared to the state of the art

of vapour compression systems. The Seasonal Performance Factor dependsnstaliatonierslit will be
calculated in detailedrdusimulations. Regarding economic values, FAHR aims to achieve a CAPEX reduction o
compared to the current thermally driven chiller prices.

Seasonal electric EER (cooling)

Electric Efficiency RaEBR)is the energy efficiency ratchefat pumair conditioner or comfort cliilleooling
modecalculated as theoling demand divided by the associated energy consumption to provide that cooling de
throughouwt specific time periddeating mode of the FAHR technolgy is out of theSsadgerizon (it will only
cover space cooling needs)

OO U ﬁﬁ'Q‘O Eq. 24
. Qp Qo

Heat flows and electricity consumption will be calculated by aggregation of measured data (available every 1
Agyregation will allow calculating daily/weekly/monthly/yearly. KRhevaoegputation is made for a year, it is
representative for the cooling seasbit,is widely knowisaasonal electric EER (comlou

Figured shows the main FAHR variables to compute the FAHIR KHsving data is required to compute the
calculation:

T 0 hi IS theliermal energy output (codhiogn the FAHR wiitained from AUX 22(See Annex 1), or

directly measured by heatroetey measuring flwv @ and the temperature difference in/out of the
unit Y j Y i

1 E-ranr€electric energy consumptioasored at the FAHR ubthined from AUX 23 (See Annex |). All
auxiliaries, pumps, etc. and compressords ener
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I
— Heat
N/ \;\
.. ‘ (m)(T) | Meter QFAHR,C,*

N i mFAHR Tin,FAHR

E*,FAHR

Figuré®i FAHR illustration (variables and possible data requirements)

Table0i Summargf Pl FAH®RL Seasonal electric EER (cooling)

Notation Description Formula
o . . e 0 e QO .
FAHR1 YOO'Y Seasonal electric EER (cooling YOO'Y ﬁ ratio
~ “h o

Seasonal Performance Factor of FAHR unit

Seasonal Performance Factor (SPF) is the efficiency factor of the unit in primary energy terms. It considers the to
of primary energy used to produce a usefuholuginy electricity associated to pumps, auxiliaries, etc. of the FAHF
untad other energy carrier 6s cdasite vatioptieiowenall h€ating energye r e
to thetotal primary energy consumed, as follows:

YOO . — s Eq.25

REF Notation Description
it D 1
R Seasonal Performanc: ., x . U in Q0 o .
FAHR02 “Y0O Factor of FAHR unit YO o 060 0°G, - T Q0% 0°G, 0% or ratio

Besides the previous data required for compute PI FAHRO1 dbemrtationt, of; heating energy
consumption in kWh is@gaired, and it can baioktd from AUX01 (See Anoegifectly measured by heatmeters

(in case of Sant Cugat demosite, TP3, this heating energy comes from solar thermal energy and the PEFtot f
being entirely from a renewable energy.source
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3.5.1.4 BDR

BDR has three technologies to be applied within the project:

1 An electrical heat pump to be combined with solaribdreslpump heating power range is, for residential
heating, from 4kW to 27RM/defined ar®easonadlectricCOP(heating), seasonal eleEtER (cooling)
and Seasonal Performance Factor (SPF)
1 Fla plate solar thermal collector. Pls defined are: Instantaneous thermal efficiency and solar thermal fre
1 PV solar pandlldefined is solar electric efficiency.
BDR is going to develop and demonstrate (also tha
HP O p.Zangiderin@ weather forecast, consumption profile and energy storagkingpgpitydictable and
manageahl@ wilenhance the matching of supply/dantatittocally usefthe solar energy gathduced

Pls Thresholds for BDR

BDR will apply different technologies in SunHorizon. BDR aims to increase the CER b%ileasystemthe
optimal integratiohthe PV or PVT panels with the heatcpaompared to traditisaglour compression systems. It
will result in 15% electricity savings and 20% of OPEX reduction.

3.5.1.4.1 BDR heat pump

Seasonal electric COP (heating)

Coefficiemf performan¢@OP)s the energy efficiency ratio of a heat pump, air conditioner or contkatiobiller, in
mode calculated astibaing demand divided by the associated enengytongo provide that depcatallated
throughoutspecifi¢ime period

~x .U RgQo Eq. 26
YO UIB T —— o
. Qy Qo
(1)
ToutBDR
BDR " Out,
|
heat pump .
: : Heat
(M) LT )| Meter QBDR’h"*
mBDR Tin,BDR
E*,BDR
FigurdlOiBDR6s heat pump il lustration in heating mode (vV

Heat flows and electricity consumptioncaliiuteted by aggregation of measured data (available every 15min/1h
Aggregation will allow calculating daily/weekly/monthly/yearly KPI values. If the computation is made for a \
representative for the heating season, and it is widelySeasonasCoefficient of Performance (heating mode,
SCOP)Figurel0s hows t he BDR6s heat pump in heating mode,
KPIs (heating modd)e following data meguired to compute the calculation:
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70 i i IS the thermal energy output (heating) fBibRRtheat puroptained from AUX 22(See Annex ),
directly measured by heatmelgr measuring the flaw and the temperature difference in/out of the

unit 'Y g Y
1 E-sorelectric energy consumpticaisored at the BDR heat pump obtained from AUX 23 (See Annex ). A
auxiliaries, pumps, etc. and compressorods ener

Table22i Summary of Pl B@IRSeasonal electric CO@afing)

REF Notation Description Formula Units |
- . s L0 Q0 .
BDR1 Y6 W Seasonal electric COP (heating Yo W —_—— ratio

Seasonal electric EER (cooling)

Electric Efficiency Ratio (EER) is the energy effimerityheat pumpjr conditioner or comfort cliilleooling
modecalculated as theoling demaidividedy the associated energy consurnppoovide that cooling demand
calculatethroughoutspecifitime period

o L0 REQO Eq. 27
YO'O'Y ‘ — o
~ Qn
(1)
BDR | Tout,BDR
|
heat pump .
~ Heat
o (0| e | @BDRx
mBDR Tin,BDR
[vatmeter jri
E*,BDth
FigurlliBDR6s heat pump il lustration in cooling mode (V

Heat flows and electricity consumption will be calculated by agyesgatied dhta (available every 15min/1h).
Aggregation will allow calculating daily/weekly/monthly/yearly KPI values. If the computay@arisimade for a
representative for the heating season, and it is widely known ele SsadtE@oolig mode, SEEFigurell
shows the BDR6s heat pump in cooling mode, and it
The followg datarerequired to compute the calculation:

0 i is the thermal energy outpuirigbdom tHBDR heat puroptained from AUX 22(See Annex I),
ordirectly measured by heatrodtgmrmeasuring the fléw and the temperature difference in/out of the

unit Y Y oh
1 Ergeorelectric energy consumption measured at the BDR heat pump obtained from AUX 23 (See Anne
auxiliaries, pumps, etc. dudell compressordéds ener
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Table23i Summary of Pl BDR 02 Seasonal electric EER (cooling

BDRQ "YOO'Y Seasonal electric EER (cooling  "YOOY - “——— ratio

Seasonal PerforgaOS CIF Oliantd 2F . 5wQa

Seasonal Performance Factor (SPF) is the efficiency factor of the unit in primary energy terms. It considers the to
of primary energy used to produce a useful output, including electricity asyusiated|iaries, etc. of the BDR
unit and other ener gy Itcanmbe caEuldéssthe catohtlse wvwanltheating energyf  t
to theotal primary energy consumed, as follows:

“Yf‘o D 5o ol 5

Eq. 28

Table24i Summary of Pl B@ERSeasondPerformance Factor

REF Notation Description Formula

Seasonal Performance "YGO v A
Factor of BDR unit Q, 000 0,; 000

BDRG  "YUO % or ratio

Besides the previous data required for Pl BDRO1 and BDR02 tenpuationdt;,  (energy consumption

in kWh in treondenser in cooling maddevaporator hreating mode) is also requireah be oained from AUX01
(See Annex @y directly measured by heatmétarsycase either if thieeating energy comes from solar thermal
energyr the environmémé PEFtot factor is 1, being entralya freneable energy source.

3.5.1.4.2 BDR Solar thermal panels

Instantaneous thermal efficiency:

The panel is tested by ISO standard 9806 to determine the collector performance in standard conditions an
production (Q in watts) of the panel depending on smtaamddiatibient temperature(@atmsard, Sukchai,

Sonsaree, & Sirisamphanwong, BOfpigctice, the efficiency is calculated as the ratio between the useful energy ou
© #) and solar irradiance recaivitbititled surface of the panel. Therefore, the efficiency is stated as follows

v f Eq.29

Where

1  sorealis the instantaneous thermal power oofruhdtaggregated over a specific time (i.e. thermal energy
output. See Annex |, AUX22)

1 Guis the solar irradiation on the collector plane
1 As the solar gross surface area (provided by technology provider)

Also efficiencies may also be relateertmtlifference area (effectiagaysorber area, etc.).

Heat flows in the solar collectors will be calculated by aggregation of measured data (available every 1&
Aggregation (or computation of the average value) will allow calculekilyg maihhlyeand yearly KPI values.
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Figurdtl2i BDR&6s sol ar collector illustration (variabl es

Figurdl2shod t he main variables to computie the BDRO6s s
1 To determine the useful energy olitput () either @eat meter is used ornigasuring the flow

a and the temperature difference infoupahéhiay “Yi
1 The irradiance can be obtained from a weather station (measured or estimated irradiance) or by a \
service

In order to consider the temperature at which the solar technology is supplying heat, for instantaneous efficie|
collector mean fluid temperatife is———, and for seasonal values the following indicator to calculate the averag
operating temperature could be used:

~ "YQO Eq. 30
—
Superscrigharefers to characteristic temperaituseimmarize:
Table25i Summary of BDRO4Instantaneous thereféitiency:

REF Notation Description Formula Units |

O "
BDR04 - R Instantaneous thermal efficie - A # % or ratio

Solar thermal fraction

Thesolar thermal fractioexpresses how much heat input into the system is provided by solar thermal energy. It c
defined as

‘0 - Eq.31

Where

1 Qsoreolis the instantaneous thermal pomyart. It can be aggregated over a specific time (i.e. thermal energ
output. See Annex |, AUX22) f B D Bupgies the évaperatdr of & heat pump, only the part that is
directly provided to cover heating and DHW needs should be considered.

1 Qsysis thermal energy output from other technologies (e.g. summed of all other energy inputs to RT)
Heat flows in the solar collectors will be calculated by aggregation of measured data (available every 15
Aggregation will allow calculating elelilyfmonthly/yearly KPI values. Final decision to be taken according t
monitoring platform design/requirements

The following data is required to compute the calculation:
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9 To determine the sum of all heat inputs to the system, useful energy mytjpsitsrterthe main tank
(RTtankimadr i d case and B DIRshduld beknedsured Sithen by b beatenater ordys
means of measuring the flow and the temperature difference in/out.

Table26i Summary of PDR 05 Solar thermal fraction

REF Notation Description Formula
BDRO5 Q j Solar thermal fraction Qi T i % or ratio
i

3.5.1.4.3 BDR PV panels

Solar Electric efficiency

Solar electric efficiency quantifies how much sunlight (irradiance) is converted into useful power output. The hi
efficiency the higher is the amount of power produced by the PV panel. Efficiency is tiotesibnsteet over
depending dhe temperature, optical properties (presence of dust, etc.) and other elecifleepasiargtarsous
efficiency can be defined as follows:

@ B Eq.32

EBDva,*

wattmeter

Inverter

Geot

co

\

gross
AEDRFV

FigurdtlB3ir BDR6s PV panel illustration (variables and p

Figurdk3s hows t he main var,meel es of the BDR&6s PV panel

1 Esprevis the instantaneogpswer output. It can be aggregated over a specific elewtrif.@nergy
productiorBee Annex I, AUXZ he useful power output is measured at the output of the inverter by means
a wattmeter.

1 G is the solar irradiation on the collectarTlanieradiance can be obtained from a weather station
(measured or estimated irradiance) or by a weather service

A is the solar gross surface area (provided by technologyismefiieizncies megoabe related to different
reference area (efifiextarea, absorber area, étegt flows in the solar collectors will be calculated by aggregation o
measured data (available every 15min/1h). Aggregation will allow calculating daily, weeldyly &M trdyjuasd
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Table27i Summary of Pl BDRXiar Electric efficiency
REF Notation Description Formula Units |
o O & .
BDR06 - 3 Solar Electric efficiency - R % or ratio
3.5.1.5 DS

The DualSun modul&6g7x990mrkackhybrid modufean be insulated or-mmulated) that has an electrical part

of 280Wp photovoltaic module with 60 monocrystalline cells and kasbWiteidetandard conditidifer
applications of 209@)order to assess the performance to be achieved within SH project, the following Pls are d
for DSechnology:

1 Instantaneous thermal efficiency
I Solar thermal fraction
1 Solar Electrédficiency
I ThermakElectric Ratio

Pls Thresholds for DS

DS aims to achieve an increase of 25% the instantaneouselfici¢anyperature applications and an increase of
60% for DHW preparation. Regarding economic indicators, DS aims to iEedunel @t CAP

Instantaneous thermal efficiency:

The panel is tested by ISO standard 9806 to determine the collector performance in standard conditions an
production (Q in watts) of the panel depending on solar radiation and ambient téGiperesard, dau&chai,
Sonsaree, & Sirisamphanwong, BDpdhctice, the efficiency is calculated as the ratio between the useful energy ou
(0 &) and solar irradiance received in the titled surface ofTtherptorel. the efficiency is stated as follows

UV i Eq.33
h "0 o
Where

1 Qs+is theinstantaneous thermal power output. It can be aggregated over a specific time (i.e. thermal e
output. See Annex |, AUX22)

1 Gais the elar irradiation on the collector plane

1 Als theolar gross surface area (provided by technology provider)

Also efficiencies may also be related to different reference area (effective are, absorber area, etc.).

Heat flows in the solar collectors will be calculated by aggregation of measured data (available every 15
Aggregatiofor computation of the average walualiow calculating daily, weekly, monthly aiPyeatlyes.
Figurdldshows he mai n var i abl whefethillovdng data iskeguiredc o mput at i on,

f To determine the useful energy autpslt éither a heat meter is uségroeasuring the flotv ~ and
the temperature difference in/out of th&Ypanel “Y j
1 Theirradiance can be obtained from a weather station (measured or estimated irradiance) or by a weathe
In order to consider the temperature at which the solar technology is sigophstentestpus efficienties
collector mean fluid temperiatife , and for seasonal vathedollwing indicator to calculate the average
opeating temperature could be used:

“YQOo
"y g Eq.34

Y
Superscrigharefers to characteristic temperature.
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A DS

Figurel4i DSillustration (Variables and data requirements)
To summarize:

Table28i Summary of BPISO1 Instantaneous thermal efficiency:

REF Notation Description Formula

DSO01 -k Instantaneous thermal efficier - % oratio

Solar thermal fraction

Thesolar thermal fracticexpresses how much heat input into the system is provided by solar thermal energy. It c:
defined as

C
¢

Q - Eq.35

CH
N
¢

Where

1 Qos:s the instantaneous thermal power output. It can be aggregated over a specific time (i.e. thermal
output. See Annex |, AUXZ2$sliipplies the evaporator of a heat pump, only the part that is directly provid
to cover heating and DHW needsl $leoconsidered.

1 Q.sysis thermal energy output from other technologies (e.g. summed of all other energy inputs to RT)

Heat flows in the solar collectors will be calculated by aggregation of measured data (available every 1&
Aggregation willoall calculating daily/weekly/monthly/yearly KPI values. Final decision to be taken accordil
monitoring platform design/requirefedetermine the sum of all heat inputs to the system, useful energy outputs
energy inputs to the main tank (Rintardst cases) should be measured either by a heat meter or by means
measuring the flow and the temperature difference in/out.

Table291 Summary of Pl DS02 Solar thermal fraction

REF Notation Description Formula

DS02 Q; Solar thermal fraction Qo % or ratio
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Solar Electric efficiency

Solar electric efficiency quantifies how much sunlight (irradiance) is converted into useful power output. The hi
efficiency the higher is the amount of power produced by the PV panel. Efficiency is not constant over time,
depending ahe temperature, optical properties (presence of dust, etc.) and other eleciirepasiargtersous
efficiency can be defined as follows:

O & Eq.36

Where

1 'O jisthe instantaneqasver output. It can be aggregated over a specifieléatéiemnergy production
See Annex |, AUXZI'he useful power output is measured at the output of the inverter by means of a wattn
1 Geais the solar irradiatiorthencollector plaggame variable as in Pl DS01)
9 As the solar gross surface sagae(as in Pl DS01)
Heat flows in the solar collectors will be calculated by aggregation of measured data (available every 15
Aggregation will allow calculatilygweekly, monthly and yearly KPI values.
Table30i Summary of BIS03Solar Electric efficiency

REF  Notation Description Formula

DS03 - Solar Electric efficiency - —_— % or ratio

ThermalElectric Ratio

Thermaglectric ratio is the ratio between the amount of heating solar output and power output of a hybrid solar «
It allows identifying instantaneously if the solar cpitediaring more heat or more electricity. In a hybrid solar
collector, the more heating power is provided, the less electricity is possible to be produced as temperature get
the higher the temperatures of the panel, lower electricala#icktaiiesd and thus, less power pro@luten

Oztekin, & Cuce, 2018)

The ratio is defined as follows:
O s
YOY i Eq.37
O &
It can be computed using afmevdioned variables, and it is usually obtained instantaneously, but an aggregated v
could be useful as wlgregation will allow calculating daily, weekly, monthly and yearly KPI values.

To summarize:
Table31i Summary of Pl DS04 Thermal electric ratio

REF Notation Description Formula Units

l') ~
DS04 YO'Y Thermatlectric Ratio YO'Y O—H % or ratio
A
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35.1.6 RT

Ratiotherm storage is basedeirprinciple of injection knownfas t he fAcane of stratifi
distribution by natural convection. More precisely, the fluid goes up insidesypiute (seatiftcation canes) with
bored holes for the injection of fluid in the tank. By the differendbénfldahsirculates in the cane of stratification
until reaching the height of the of the same layer temperature.

In order to calculate the stratification efficiency of the tank, the difference between the top and bottom tempera
unit coulde measured, meaning that the higher the value the more stratification is obtained. Other temp
measurements could be made (at different heights), in order to measure the difference among the layers (if req

QY Y : "y : Eq. 38

Figurel5i RTillustration (Variables and data requirements)
The minimum data to compute the calculation will be the top (measured at the highest point) and bottom ter
(measured at the lowest point of the tank).
Table32i Summary of RITO1 Stratification Efficiency

REF Notation Description Formula
RTO1 QY Stratification Efficiency QY Y j Y 3 °C
PIs Thresholds for RT

RT aims to achieve an increase of annual efficiency of solar energy up to 20%, thanks to the stratification €
Furthermore, RT aims to reduce the OPEX up to 15%.
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3.6 KPIsAssessment demaite level

3.6.1 Definition for each densie

A table summarizing the identified general KPIs on energetic, environmental, economic and comfort aspect:
relative specific cases for which they are relevant is repofted fudlowing KPI will be mainly used for control
strategies as welltagnform the user.

KPIs DEMONSTRATION CASES \
N°| REF Notatior Berlin Nurnberc CSL?;;[ Madrid Losrggzo Sp:f)er'[VCI:eeritre Swi\r/r?r;\/ilr?grSPoo Rigal
1| ENO1 PESnrel X X X X X X X X
2| ENO2 RER X X X X X X X X
3| ENO3 SCR X X X X X
4 | ENVO1 GHGa | X X X X X X X X
5| EC01 CBR X X X X X
6| ECO2 LCoH| X X X X X X X X
7| ECO3 SPB X X X X X X X X
8| EC04 CAPEX X X X X X X X X
9| ECO5 OPEX| X X X X X X X X
10, COMO: HCH X X X X X X X X
11 como: ccl X X X
12/COMO: CSAT | X X X X X X X X

Table33i High level KPlIs for each of the eight demonstration cases.

Pls are related to technology packages and tthenefare alsapplied differently at each e#@oA table
summarizing which technology is applied in eagite detps to understand where and which Pls will be used at
demesite level for WP4/WP5 services.

Technologies | DEMONSTRATION CASES |
Technology . . Sant . San Verviers Verviers .
provider veennelagyy | EEili sy Cugat el Lorenzo Sport Centre Swimming Poo ik
TVP Solar Thermal| X X X
DS Solar PV X X X X
BDR Solar Thermal X
BDR Solar PV X
BDR Heat Pump X X
BH ThermaDriven HI X X X X X
FAHR Adsorption HP, X
RT Ratiotherm tan| X X X X X X X

11Depending the enenggs that SUNHORIZON addresses
2Dependinghere the SUNHORIZ@G8knterface is implemented
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Tabled4i Plsapplicabilifpr each of the eight demonstration cases.

In the following schematics, the assessment boundary for KPIsfedchlagonosite, as well as an illustration of
t he ¢ onnec ttosnow the energyniowsardrstbrage are defined. The schmsatisstaresquare
view proposed from (Erank, Haller, Herkel, & Ruschenburig, 2010

3.6.1.1 TP1: BERIN AND SPORT CENTRE (VERVIEHRE) CASE

Berl i nds dd2smalresidentia loonsss instiie town centre of Barient leaergy sysferbhased

on boilerand one house with? @mflat plate solar thermal paneldl banstalled in parallel g technology
packagé (TP1dhatconsists of amllel integration ofas thermal (TVP) for space haatingHW purposes with a
gasdriven R (BoostHEAT) to cover non solar periods.

TheHall Moragemaosites a public sport celiti@ted in the city of Verviers. The sport centre is currently heated by tw
large gafired boilers and one separate boiler for DHW purp®8d$SH Isgstem will be integrated in parallel to
cover partially both demandséatimg or partial flows) and reduce thieeddsiler consumption.

As there is notsite electricity productignSH systemlectricity regarding building's consumption is out of the
scope/assessment. Only electricity consumed by the SH eqaimitenelbr the evaluatiofhermal energy
needdbs assessment wil/ be the entire system (spac
| EAG6S squar Biguliee vEliesc tsrhiocwnt yi nf rom the grid to cove
and natural gas to cover th&&dtheat pump will be the final energy considered in the assessmérigwhich wi
converted to primary energy).

Sun Air

l
|

TVP

, Heat Pump

|
|
|
|
I
| SRR oo BH- Gaz
|
I
|
|
|
|
|

-+ Electrical Energy
—— Driving Energy

Sport's centre (VERVIERS) — Water

and Berlin Demo-site = = » Brine
------ » Refrigerant

....... » Air

Figurel6i | EA® s s c h e and Hall Ma@ysf oBieenBoe r | i n

12please note th#tis document has been elaborated befschématics of the demosite are closed and it might differ from the
final schematics that will be installed. An updated document will be elaborated once the technologies aheimatated and the
and real conditions are known.
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3.6.1.2 TP2: NURNBERG, RIGA AND SWIMMING POOL (VERVIERS) DEMO CASE

The Nurnberg demo site comprises four residential afjdraiexitting system -foitd backp heatingyil be
removed and substituted dghnologgackage 2 (TP2), to replacexisting heat sources that serve individual
apartments, providing a centralised system that serves the spacddraatitig hedter needs of the occupants.

Ri gads demosi t-familgresidential detecked houses, is Imanta AhetBeciase of Imantagas
fired boilers cover space heating and DHW needs. In the case offBadibpitegasver spheating and dHW
needs, and an-tair heat pump covers cooling needs in stiRgneitl be installed in parallel.

Swi mmi ng Pool 6 sbuildiegmuttsa large paols a smaller panlr andsadditional amenities such &
gymnasium, weightlifting, rooms, toilets and changing rooms. The energy needs are very high and-covered by
fired boilers and air hisgdunitsSTP2 will be installed in parallel.

TP2 consists of DS panels to cover the evaporator needs of the BH unit, and the BH unit covers the deman
heating and DHW in two demos i TheSH systerdwileoall meeds inthe p o o
case of NUrnberg and Riga, thus the assessment istlye ritire m éomsuraptian.ringcgse of Verviers demosite,
only the smal/l swimming pool 6s demand wi lwllebe <co
considerefbr the assessment. Besides that, in all demos electricity will also be covered by DS pantile, and there
electricity consumpiohthe building and SH system will be assessed.

| EAGs squar EBigudi7ffeowr i Bi gah oavmahdFiweh8s o8 st bas&er vi er 6
from the grighunp s , auxiliaries, abdi tdi ndp&s gecoms yrmhptoimo DS @
DS panels (and the useful outputs) and natural gas to cdvar teaBplump will be the final energy considered in
the assessment (which wilbbeerted to primary energy).

Figurel7il EA6s schematics fsgeg Riga and Nunbergds I
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