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EXECUTIVEUMMARY

This document covers thefaition of reference mufamily buildingsand the calculation of the correspondémgrgy
demandso be used in the simulation framework developed in Task 1.3

The study targets two distinct scenarios: space heating (SHjadedand space cooling (SC) dominated climates,
corresponding to Northé@entraland Southern Europe, respectivitya base for the energy demand calculatitres
particulabuildingsrepresentative cfach zonaveredefined as reference casedlthe parameters, such as dwelling floor
surfacejnsulation etc.were setonsideringaverage valuesesulting in the typical kind of construction that can be found
in each zoneAdditional parameters, such as number of occupants, use of appliancestestiso particularized sinat

the energy consumption is also representatiwach case

Both reference cases were méetblising different simulation software. Then, several scenarios were tested in order to
calculate the corresponding energy demaindsarious conditions. Mainlynew lowenergy buildings (lowpace
heatingtoolingSH/SCdemandwith a significant share dbmestic hot watedbHW and older SH/SC dominant buildings

were simulated. The aim was to obtain different sets of conditions to further analyze the performance of the systems
developed in the projashenimplemented in different kinds of buildings. In order to do that,mefemrameters, such as
WUvalues or infiltration rate, were modified in the mametepresentative valueReference values according to local
regulations were considered when doing so.

Additionally, different climatic zones were analyzed for eachcddbsg, so as to broaden the scope of performance and
applicability studies that will lbedertakelin other tasks (mainly within \WPFor instance, the dusdurce system, which

is intended for Southern Europe, i.e. typicatlingdominant climatesyill also need tprovide heat (e.g. for the case of

Madrid). For the purpose of providing the necessary data to assess such cases, the Southern European reference buildin
was simulated also in a climate in which heating demand is signidhad

Apat from the heating and cooling demand, domestic hot water (DHW) and electric deresadculated in order to
simulate the complete system with the whole energy demand. Occupant behavior was taken into account in the calculatior
process.

Consequentlythe whole energy demand of different reference buildings was obtained for various climates. All the
combinations result in energy data representative of a significant number of European bhiklnefstence data will be

used as an input for the desighthe systems developed within the project as well as for the extrapolation to various
conditions, maximizing the impact of the project.

Finally, the preliminary design conditions were defined for each heat pump concepeféieese design pointgere
defined taking into accouttie characteristics of each concept as well as nominal conditions derived from applicable
standards.
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LIST ORCRONYMS

ACPH
Bsk
Cfa
Cfb
Csa
Dfa
Dfb
Dfc

DHW
ET
HP
MFB
nZEB
SC
SH
TUD

U-value

air changes per hour

semiarid (steppe) climate

Humid subtropical climate

Oceanic climate without dry season and warm summers
Hotsummer Mediterranean climate

Hotsummer humid continental climate

Humid continental climate without dry season and warm summers
Regular subarctic without dry season

Domestic hot water

Polar climate/permanent ice and snow

Heat pump

multifamily building

near zero energy building

Space cooling

Space heating

Time Use Data

thermal transmittance
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1. INTRODUCTION

The main objective of WP1 is to setftheneworkfor the TRHP project. The progress obtained in this work package is
fundamental, as it defines the boundary conditions that will later be used to design and asgstsribaleveloped in
the projectTask 1.1 represents the first steps within this goal.

Reference energy demands (including SH, SC, DHW and electricity demand)iarfetiiedsgstem simulations of Task
1.3.These simulationaill thenbeused as a tool for the design, assessmentsaating/extrapolation of the two systems
developed in the project (solar-gterry and dualource heat pumpsysten). In order teensurea wide approach that
allows fora thorough studgf the new concepts, different referenases are defined.

The vork undertaken along this task is clearly divided in two groups, corresponding to two distincCeagrahsind
Northern Europe, and Southern Eurbipe.methodology that was followed for both cases is equivalent, but each of them
has clearlylistinguishable particularities, being that the reason for the separate treatment.

The first step for the energy demand calculation was to set the climates used for the simulations. Then, a typical reference
building was defined for each case and allr¢thevant parameters defined considering «igendent particularities.
Finally, energy demands were calculated by means of energy simulation software.

TRI-HP
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2. CQLIMATE DEFINITION

As stated abovéhere is a clear distinction between the climates of the two reference regions. The main difference is found
in the annual average temperature: northern climates are colder and thus the space heating demand is clearly dominan
over cooling needs. Southefimates are typically characterized by the exact opposite.

In thissection two particularclimatesareselected as dasefor theenergydemand calculations correspondingézh of

the reference regionsAdditionally other climates are proposddr extrapolation purposes) order toassessthe
performancef the systems in fierent regions and ensure the applicaktitgpughout Europe.

The climate selection is based on Kdppen classificfit]pras it is one of the most wkliown climate classification
systems:
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Figurel. European climate zones according to Képpen classificHfjon

2.1 CENTRAL ANNORTHERNEUROPEAGLIMATES

In Central and Northern European climates, the demand for heating during the winter monthssig)tyféeaitly higher

than the cooling demand in summer. However, there are considerable differences among different types of climates as wel
as among the building tygpéost of Central and Northern Europe is covered by the categories Cfb, Dfb, Dds aad ET

be seen inFigure3, Figured, Figure5 andFigure7 withthe only exception being the areas close to the Danube river in the
south east that fall into the category Dfa. Regions classified as Cfa are most of France, the Benelux Union, western German
the British Islanddreland as well as the south of Denmark. The category Dfb spans most eastern Germany, most of the
eastern European countries, the northern part of Denmark, the southern part of Sweden as well as parts of both Norway ar

T TRI-HP _
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Finland. Finally, regions that atassified as Dfc are in the Alps, in some low mountain ranges like the Ore mountains or
the Massif Central as well as in Scandinavia.

Switzerland is a country withriousdifferent climatic conditions. Since it is located at the Alpine main ridge there are
regions on the south side of the Alps witld wintersas well as on the north side with colder climatic condiffavesefore,
according to the Koppen classificatitwcations in Switzerland representative for large parts of Europe in terms of
temperatures and humidity can be chosen for the project.

The most densely populata@a of Switzerland is located in Bwiss Plateau that reaches from Geneva in the wast to S

Gallen in the East and contains all of the country's major cities. A recent recalculation of the Képpen classification with 1
km resolution that is shown kiigure2 revealed that while most parts of the Swiss Plateau are classified as Dfb (Humid
continental climate without dry season and warm summers) some areas close to lakes and rivers fafbictateery
(Temperate ceanic climate without dsgason and warm summef8) Areas in the Alps between 1450 and 2100 Meters

are classified as Dfc (Regular subarctic without dry season) and mountain regions above 2100 meters fall into the ET (Pola
climate/permanente and snow) categofhe valleys south of the Alps exhibit warmer climatic conditions and are mainly
classified in the oceanic climate group Cfb. Some areas are having the humid subtropical climate Cfa.

As themainreference for the Central and NorthEtmopean climate the city of Zurich is chosen since it lies at the
intersection of the two most dominant climatic conditions Cfb and Dfb. For extrapolation, the city of Bern is chosen to
represent a typical Dfb climate, the city of Davos is chosen ésaepa typical Dfc climate and the city ofarnois

chosen to represent the climatic conditions of southern Switzerland as well as northern Italy at the intersection of Cfb and
Cfa. With these cities, all climatic conditions of Switzerland are represg&népt the very sparsely populated ET area.

A limitation of this approach is that the Kdppen classification does not consider both the yearly sum and the annual
distribution of solar irradiance. This becomes most evident when comparing e.g. thda®easwith the south of
Scandinavia. Both are classified as Dfb according to Képpen but show large differences in the availability of solar resources
In order to account for this, additional locations will be used for extrapolation. Warsaw willbastudiexample of a

more pronounced continental. Oslo will be used to investigate the effects of high latitude solar irmadidtidin,

Vienna, Prague, Kopenhagen and Riga will be added to study the effect of latitude on shiangaieshe#tg period

in more detailA summary of all covered climate categories with the respective logatioding the cases defined for
Southern Europe in secti@i2 can be found ifiablel.

Tablel Main Képpen classifications of Europe with the respective locations chosen for the project (Bold: reference
cities, Normal: citiesisedfor extrapolation)

Kdppen classification City Latitude

Cfa Humid subtropical Venice 45.43°
Locarno(Cfa/Cfb) 46.17°

Cib Oceanic with warm Bilbao 43.26°
summers Zurich(Cfb/Dfb) 47.37°

Csa MHeOdt_ifSrrrnarRz;n Tarragona 41.12°
Bsk Cold semarid Madrid 40.42°
Bern 46.95°

Vienna 48.21°

Prague 50.09°

Dfb Humid continental Warsaw 52.23°
Kopenhagen 55.68°

Riga 56.95°

Oslo 59.91°

Dfc Regular subarctic Davos 46.80°
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Figure2. Detailed view on Swiss climate zones according to Kdppen classififAtion

Figure3. European I climate zone, according to Koppen classification
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Figured. EuropearDfcclimate zone, according to Kdppen classification

2.2 SOUTHERNUROPEAN CLIMATES

In Southern European climaté® cooling demand is typically dominant over heating needs. However, there are also
locations in which winters are cold enough for the heating demand to become relevant, for example, Madrid.

Spain is a good examplelafd withvarious climate conditior{as it can be observedHhigurel), including regions with

cold winterdn spiteof being at the southernmost part of Eurdpdact,the northern part of Spain is in the same climate
zone asthe United Kingdom or the Netherlands, as shoWwigumne5. This climate zone, named Cfb, is the temperate
oceanic climatand is chaacterized byelatively cool summers, with an average temperature 22/@@vin the warmest

month Therefore, the cooling needs are typicallyDawingwinter, however, temperatdes not drop textreme values.

In factthelack of extreme temperatures throughout the year is a characteristic of this kind of \lithatthis climate

zone Bilbao is selected as the reference location for the heating doregfianin Southern Europe

-

Figureb. EuropearCfbclimate zone, according to Koppen classification

T TRI-HP .
PROJECT 7 Deliverablél.1



Regarding the pycal cooling dominant climatBarragonas defined as theeference locatigrbelonging thvotsummer
Mediterranean climate (Csap shown ifrigure6. Thisclimate is characterized by haotd dry summers, widim average
temperature above 22 °C during its warmest mhiglconsidered the typical Mediterranelémate coveringan important
areg includingities such as Rome or Athens.

Figure6. EuropearCsaclimate zone, according to Képpen classification

Both proposedlimates in combination, cover a vast extensioBwbpean land, and thus atétableas a base for the
system simulationsasthis impliesthatthe performance of the system will be tested for an important plaet pdtential
market.

Regarding extrapolatiospme more extremelimatesare proposedin order to assasthe pasible application in
alternative zonesSuch is the case diumid subtropicatlimate particularly hot and hum@fain Kdppen classification,
seeFigure7); andcoldsemiarid climatecharacterized Hyig temperature swingB in Képpen classification, seegure

8). Venice andladrid, respectively, are proposed as representative reference locations for each of the climate zones.

Figure?7. Europeartfa climate zone, accordintp Képpen classification
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Figure8. European B&climate zone, according to Koppen classification
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3. REFERENCE BUILIBMGID HYPOTHESIS BERIAND CALCULATION

As a base for the energy simulationsgefarencemultifamily building was selected feachzone (Central and Northern
Europe; Southern EurapBpth buildings are representative ofirthegiors, as they haveharacteristic particularities
derived from local factors, such as climate, country specific, laws, etc.

A common feature is that badlhe new lovenergybuildings meaning that their higlerformance constructive elements

lead to low heating/cooling demands. As a result,ateyeferred adZE | X! e p nj o beaven!thatvdgpendingorh t LJ
the climate, heating demand might still be higher than the DHW dbmamdrast, witlthe aim of testing the SH/SC
dominant scenario,naalternative set of talues was defined for the constructive elements in order to simaolate a
equivalent older building

After the definition of thehysicatharacteristics corresponding to the buildjrgilitional parameters (such as occupancy,
consumption profiles, etc.) were set in order to complete the definition othgibthieesigequred for the calculation of
the energy demands.

3.1 REFERENCE BUILDMNB HYPOTHEFISRCENTRAL ANBORTHERBEUROPE

The reference building used in the Central and Norther European Climates is an apartmentfamdif building (MFB)

with sixliving units on three floors. The reference building meets the Swiss Mitengigrd3], that certifies buildings

with an envelope of high energetic quality. Theespeating demand of the building in Zurich is 30 kWh per heated surface
area and year (30 kWh#aar)) and is called MFB30. Therefore, the reference building repaesent building with
relatively high DHW demand shares, e.g. around 40 % in Zertohildihg characteristics correspond approximately to
the average of a set of 65 apartment buildings in Switzerland that have been analyzed in a recent resedjct project
detailed documentation of the building can be fouAdmex 1lts main features are:

6 dwellings (divided in 2 floors + ground floor)
Basement with parking and cellar

13961 n? gross floor area

12050 n¥ heated/cooled floor area

1500 n¥ average dwléng net floor area

=A =4 =4 -8 A

Figure9. Reference mukfamily building for Northern Europe

The Wvalues of the main constructive elements are:
External wall to ambien0.18W/(m?K)

External wall to ground.39W/(n?K)

Internal wallagainst not heated room8.34W/(m?K)
Internal wall2.57 W(n7K)

Gound floor 0.27W/(m?K)

=A =4 =4 -8 -
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1 Hoor against not heated room 21 W/(n?K)
1 Floor betweeheated rooms0.66 W(n?K)
1 Roof ceiling0.19 W(n?K)

The naturainfiltration through other parts of the building skin than opened windows is neglectedediamnical
ventilationoperates nostop with a heat recovery efficiency of 80f¥he moving 24 h average ambient temperature is
higher than 18 °C, the ventilation systees asbypassn whichthe air from outside is directly transferred into the building
without heat recovery.

Natural ventilatiordue to window openings was derived from monitoring régulisgeneraljt was assumed that one
window per apartment is open in the night from spring to autumn. The conditions for opening the windows are:

1 Time between 20.00to 07.00nh
1 Day betweerstof April to 38 of September

Inorder to achieve significant cooling demands, the additional window opening during night time aimed at passive cooling
during summer time that is defined in the reference building in Annex 1 was removed.

Two types of shading where taken into account for the simulation. The fixed shadings due to e.g. balconies and the variable
shadings like window blinds. All windows in the buildings are equipped with external blinds. When the blinds are activated
the windw gvalue is reducef(ultiplied by0.14), and the shosvave shading coeffignt is reduced by a factor of 0.19.

The Wvalue is not changed when the blinds are adtheblinds aractivated, if following conditions are met:

1 Solar irradiation on corqesnding facade is over 20@/n?
1 Wind speed is less than tfls
I The moving average op. room tempeeatwer 48 hours is comfortable

The internal loads caused by occupants and appliances are calculated by using daily reference profiles for weekdays a:
wellas weekends. For each hour, these profiles provide a factor that determines the fraction of the maximum load that is
present. The maximum values are 1440 W for occupation and/#84&opliances. The daily profiles are givefignre

10.

10 «
0o NN SNl L
o8 N\ e
0.7
0.6

05
0.4
0.3
0.2
0.1
0.0

Hour of the Day [h]

Appliances factor

Weekday @ — ===-- Weekend

Occupation factor

FigurelO. Daily profiles of occupation and appliances

For the energy calculation, the heating room temperature set point is definé@.ash2lcooling set poiwas is defined
as 26°C.

In addition to the reference building with high insulation standards, a second building that represents an old building
constructed in the period of 195980 was defined. As a difference of the reference case used for nawfuidi case
representing old buildings is not based on real buildings, but on an adaption of the new building to achieve reafistic demand
of low insulated buildings. The general shape of the older building is the same as in the base case builyimgimdth o

TRI-HP
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changes. In order to take into account the lower insulation standard of the older buildiraduie df the envelope have
been changed as follows:

Bxternal wall to ambien0.68 W/(m?K)

External wall to ground.91W/(n?K)

Internal wallagainst not heated rooms3.23W/(m?K)
Internal wall2.57 W(m?K)

Ground floor 1.14W/Am?K)

Hoor against not heated roomk.03 W(m?K)

Floor betweeheated rooms1.0 W(m?K)

Roof ceiling0.48 W(m?K)

E I R

The space heating demand of the old buildifyiiich is 90 kWh/(fyea) and is thus calleMB90. It has a constant

infiltration of 225.7 I/s. Tiere is nanechanical ventilatioassumed for the older buildingsecond opened window was
assumed whenever the specified conditions defihedeare met.

It is assumed that there are also older electrical devices with higher electricity demand compared to the new building.
Therefore, the maximum reference load of appliances is increased to 9277 W.

3.2 REFERENCE BUILDINBSF THEREUROPE

The buildinglefinedas a reference for Southern Europe has the characteristinswhaarly Zero Energy Build{ngEB
multifamily buildingA real building was taken as a referencettierbase caseThis buildinchas beemewly builtin
Santurtzi (Spainand itis a reference ithe H2020AZEB projedb]. Its mainfeaturesare the following:

32 dwellings (divided #floors+ground floor 1 sembasement)
32 storage roomis basementl

14 parking spots in basemeat

18 parking spots in basemeat

28855 nt gross floor area

239787 nt heated/cooled floor area

73.79 ntaverage dwelling net floor area

=A =4 4 -4 -4 -4 -4

LT

i

T

Figurell. Referencamulti-family building for Southern Europe

TheU-valuesof the main constructive elements are the following:
1 Window: 1.09p 1.18 W(n7K)

Facade0.23 W(m?K)

Wall to dwellingd.29 W(m?K)
Wall to stairs0.41 W(n?K)
Ceiling to dwellingd.62 W(m?K)
Roof:0.23 W(n?K)

= =4 -4 -4 -4
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The selectedalue forinfiltrations, considering that the basase is a new loenergy buildings set at0.05 ACPH &ir
changes pehoul).

The rest of parametergrhich are more related to the usage,seto typical valugsmeeting the requirements stablished
bylocal regulations (inthiscasez ! ui f! Tqboj ti ! dzDL ej hpBJ' dojdp!ef! mb! Fej g

Mechanical ventilatiois oncontinuously during the whole year, in ordensaregood indoor air qualitas required by
CTHB#]. A heat recovery system is included to increasefftoéency of the building and keep energy demand low.

Natural ventilations set at4 ACPH from 1hto 8 h,from June to Septembénclusive) as defined in the usage profile
establishedy theCTHE]. It representshe ventilation caused bypening windows during nighttimehe summer.

The aforementioned usage profileo defines théhermal loadsaused by occupants, appliances bgitting as follows:

Table2. Usage profile and associated thermal loads

24h profile
Residential use
1-7 8 9-15 16-18 19 20-23 24
Weekdays 2.15 0.54 0.54 1.08 1.08 1.08 2,15

Occupatiorp sensible heat

(W/n)
Weekends anlablidays 2.15 2.15 2.15 2.15 2.15 2.15 2,15

Weekdays 1.36 0.34 0.34 0.68 0.68 0.68 1,36
Occupatiorp sensible heat

(W/n#)
Weekends and holidays 1.36 1.36 1.36 1.36 1.36 1.36 1,36

Lighting(W/n®) 044 132 132 132 220 440 220

ApplianceW/n?) 044 132 132 132 220 440 220

Occupancys set to 27 inhabitants per dwelling, according to reference dataSEDREPAHOUSHY corresponding to
multifamily buildings in Spain.

Regarding heating/cooling systetemperature setpointghe following profiles are defined:
1 Heatingmode- Winter set points (October to May)°C&uring night (24) / 21°C during day (83)
1 Coolingnode- Summer set points (June to Septemberk Z6 (924)

ThenZEB building described above corresponds to a DHW dominant ssienaritsheating / coolinglemand are low
due toproper insulation, heat recovery system, asevidenced by thepecified valueBased on that scenario, a new set
of parameters was defined odifyingsome relevant variables in orderréproduce theharaderistics of an older
building, so as to obtain a SH/SC dominant sceffdméonodifications that led to such scenario are the following:

TheU-valuesof the main constructive elememisresetaccording to reference dggj for a buildingbuilt between 1975
and 199qSH/SC dominant scengrio
1 Window: 4.20 W/(n?K)

1 Facadel.20 W/(m?K)
1  Floor:0.80 WA(m?K)
1 Roof:0.80 W/n?K)

TRI-HP
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1 Wall between dwelling&2 W(m?K)
1 Wall between dwellings and corridd2s W{m?K)
1 Floor between dwellings and garages/storage rooms/haliv{m?K)

Likewise, window solar factor was increased#tpvehich is a realistic value for an olugitding.

Additionallymechanical ventilatiowas set to zero, adder building did notincludesuch systems.

On the contrarg, combined value farfiltrations + ventilatiowas setto 0.7 ACPH.
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4, METHODOLOGY FOR EMEREMAND CALCULATION

In all cases, energy demands were calculated based on all the parameters corresponding to each case, as well as the
assumptions and hypothesis defined in the previous section. However, the energy simulation software used was different
for each kind of demand.

For the heating and cooling demand of Central and Northern European reference case, the building simulation software 1D
ICE v.4.8 was used. The simulations were done with climate data of Zurich, Switzerland and under the assumptions of idez
heaters. Adetailed 3Bnodel of the building that incorporates all the boundary conditions and building characteristics
defined above was implemented for the simulation. The use of IDA ICE allows to take into account detailed phenomena o
the energy balance in thellling such as partial window shading due to balconies or heat bridges in the building structure.

The electricity as well as the hot water consumption profile for the Central and Northern Europe was defined using the
software LoadProfileGenerga[8]. The LoadProfileGenerator uses households that consist of archetype users to construct

a yearly load profile. The consumption profiles together with the building occupancy are cohewmit dttrareDue to
constraints in the profile import of IDA ICE only a single reference day profile for weekdays as well as weekends could be
used.

On the other hand, for the reference case corresponding to Southern Europe, DesignBuilder was uséderbDgsignBui
simulation software aimed principally at building design and assessment. It offers additional functionalities allowing
detailed parameter specification (e.g. detailed HVAC design) and comprehensive simulation results.

First, the Southern Eurepereferencenultifamilyc v j mej oh! x bt ! diznodelerad ghgwin Figurei2! dpsf ! 4

Figurel2. SoutherrEurope reference case representation in DesignBuilder
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At this buildingnodellingstage, all the constructive elements were defined taking into accountuhleie,lhccording to
the data stated in the previous section.

As the goal with this software is to calculate the space heating and cooling sldRakvdnt parametettsesidesthe U
valuesthat need to be defined are
1 Location (and associated parameters such as climate zone)

Occupancy

Temperature setpoints for both the heating and cooling systems
Heating and cooling system working hours

Appliance usage profile

Infiltrations

Mechanical ventilation (and heat recovery efficiency)

Natural ventilation rate and profile

=A =4 =4 4 -4 -4 =4

All the relevant parameters were adjusted accordingly for each simulatethcaseparameters are the inputs for the
energysimulationghat are carried oddty mans of EnergyPluwsmulation engine. Energy plus is tigimtggratedwithin
DesignBuilder (which provides the user interface) and performs all the thermal calculations to obtain the resulting heating
and cooling loads.

Several parameters were selectedatput for comparison and validation purposes. The outputs of all the simulated cases
were compiled in a spreadsheet and analyzddtail Once th@utputswere validatetdy comparing them with the ones
obtained through other simulation tools (e.g. Herramienta Unificada RIBEBRF O F D-[A0|pheating and cooling
demands were selected as the main rasilhey are shown ihefollowing section 5.

As for the DHWemandcalculationthe software DHWCalc v21d] was usedThisprogram distributes DHW draffs
throughout the year with statistical means, according to a probability function. Reference conditions ferfthéfldnaw
rates, dravoff periods, etc.) and reference conditions for the probability function (daily probabilities-&dfsdetss), can
be set by the user, as well as general profile parameters like time step period and meanafaiwpldrae. The program
can be downloadddee of charge at the web pagfehe University of Kassel.

Finally, electricity demand was estimated by meaasstafchastic electricity profile generator developed by IREC. This
model relies on two main sources of information, the SpeinighUse Data (TUD) and $teCFSPAHOUSEC stuf#].

The TUD survey is a harmonized European survey that describes what people are doing durifigetid&JBaused to
develop the model was carried out in in Spain by the Spanish Statistical Office. It is made out of 19,295
participants living in total of 9,541 dwellings. Respondents were asked to document their daily activities wittea 10 minu
intervals.

The SECISPAHOUSEC project characterizes the energy consumption of the residential sector in Spain, including detailec
information about the equipment stock and the main energy uses.

Based on the TUD, the model stochastically establisheB) minutes interval the number of occupants in each dwelling,
as well as the activities undertaé@rany). Each activity has a probability duration (quantified based on étexaiteiv)

and an associated use of equipment. The availability apdwes consumption of each electrical device for a dwelling is
based on the information taken from $#&CFSPAHOUSEC study and other souFegstel3 shows the worlkdw of the
electric load generator used.
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INPUT Measurements
Time Use Data SECH-SPAHOUSEC & literature
DATA review
Transition ‘ Appliances’ use i J{
MODEL probabilities Activities’ probabilities
INPUTS matrices probabilities Appliances’ load

Time duration

profiles and cycles

MODEL
OUTCOME [OCCUPANCY]*[ ACTIVITY

ELECTRIC
LOAD

Figurel3. Overview of the stochastic electric load genérator. Source: IREC
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5. RESULTSENERGY DEMANDS

This section collects the energy demand results obtained from the pralésuslyed calculation process.

51 ENERGY DEMANDS FORTASES DEFINEEMNTRAL ANNORTHEREJROPE

For thechosen reference location of Zurich MIEB30showed a calculated heating demand o2 BBkWhAearwhich
corresponds t&0.1kWh{m?year) The detailed monthly heat balaicshownin Figurel4. It can be seen that due to
assumed window openibghaviothat starts in April the heatingrdand in April exceeds thiee fromMarch. In addition,
the defined building showedly a very smatboling demand in summfer Zurich
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Figurel4. Monthlyenergy (heatpalance corresponding to thd&=B30defined for Central and Northern Europ€fin
climate gurich

Monthly energy demands of MFB90 are shoWwigimel5. The older building showed anréased heating demand of
104594kWhkearwhich corresponds t68 kWh{mPyear) Due to the generally higher heating demand, the effect of the
window opening behavior is less pronounced in the old building. Like in the MFB30, the MRBIteghgibleooling
demands in Zurich.
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Figurel5. Monthly energyheat)balance corresponding to the old case miathily building defined for Central and
Northern Europe i@fb climate Zirich

Results for the base case building in the climatic conditions in Locarno are figuell. In comparison to Zurich, due
to the warmer and more sunny weather in Logdmbuilding has a lower heating demand of 16.9 k¥dmana higher
cooling demand of 7.1 kWH/m
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