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ABSTRACT

Taking user behaviour into account to predict #ed energy use and possible savings in housesjnmemahallenge of huge
importance for the Belgian social housing sectdrictv owns large buildings stocks in urgent needefidirbishment. Within

this context, a case-study analysis was carriecbnu86 (nearly) identical social houses from a lsintgighbourhood, dating
from the sixties. Information on user behavioudaar air quality and thermal comfort was gatherethkthrough in-situ

measurements and through surveys of the inhahiténtghermore, air tightness and heat flux measenésnaimed at
increasing the accurate knowledge of the buildichsracteristics and data on real energy use vethegd.

This paper presents some findings from this castysfocusing on the energy use for heating. Thygehlifferences in energy
use observed between households on the one hanbeanden theoretic EPBD-calculations and real nreasents on the
other hand are investigated. The findings fromrtieasurements and the surveys are implemented impmoved multi-zone
quasi-steady state calculation code reaching mattertbcorrelations with the real energy figuresisTitustrates the influence
of some behavioural parameters and the usefulrniebstb sources of information: surveys and measargésn Remaining

causes of discrepancies are further reported.

1. Introduction

Divergences due to user behaviour between
predicted energy use in dwellings as well as sormsicb
principles such as the rebound-effect have beeedainany
times in literature (as in e.g. Hens 2009). Takingger

Within this aim, a case-study analysis was caraetion an
old social housing neighbourhood. The raw data lus t

real arighbourhood was gathered during a joint masesishand

is being reprocessed within the framework of a Pé&earch.
The case-study illustrates the large divergenceméargy use
between households and the even large overestimatithe

behaviour into account to predict real energy use iheating demand by the official calculation meth¥et the

simplified models however, remains a challengingkta
Probabilistic approaches can deliver smooth fitswben
theory and practice when analysing energy use ageta
building stock levels. The challenge is differehgwever,
when predictions have to be made for individualldog
projects or even specific households. This is ehgconcern
to many house owners and tenants in order to khewvdften
financial) effectiveness of their investments. Thisall the
more so crucial for the social housing sector, asias
housing companies are on a tight investment buiibgeheir
often very old and poorly performing building stoels well
as for the tenants on a tight household budgeteStonate
potential savings, current energy use first hasetguantified
and understood before possible renovation measumgshe
‘renewed’ energy figures can be considered.

The calculation method for local official energpddling, as
programmed in the Flemish EPBD-software, aims prilgna
at certifying dwellings with regards to their energ
performance, rather than estimating their actuaérgn
demand for a specific household. More advancedarhjc
calculation methods exist, yet they
knowledge and expertise in order to be used cdyrastwell
as more work and time, resulting in higher costeréfore, it
would be valuable to see how close to reality pt@ohs
could get with simplified, yet more accurate methachile
keeping essential similarities with the officiahlculation
method and some of its advantages.

goals lie further than in mere illustration: théy in gaining
additional insight and knowledge in the most inficiag

factors causing those divergences between thelatduand
measured energy figures. Information on user belhawand
thermal performance was therefore gathered bothugir in-

situ measurements as well as through a thorougteswof

the inhabitants. Furthermore, measurements werducted

on the building level to increase the researchienswledge
of the buildings’ real characteristics. Additionalenergy use
data was collected. The findings from analyseshim data
served subsequently as an input to test possibkease in
prediction accuracy in a more extended, yet siraplé fast-
calculating multi-zone model.

This paper presents the results from the analysisthe
heating demand. It shows that better correlatioas be
found between the present calculations from the [EPB
methodology and real energy use with some basic
modifications of the calculation method, looking inha at
multi-zoning and intermittency. Despite the betterrelation,
both the absolute as well as the relative gapsirehigh.

require a highe

2. Case-study & direct findings

21 Thedwsellings

The case-study consists of a neighbourhood of 2arly)
identical houses dating from the '60-ties. Over tlears,
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some minor works were performed on the houses,gthou glazing is very limited, with only 3 houses havidguble

without any global or systematic approach. Thegeftire

changes and differences between the buildings ahl ,

investigated through visual inspection and measentsn

2.1.1  Building typology

The dwellings are all small single family housesdzhon the
same design, composed of a ground floor with they-'d
area’s’, 3 bedrooms and a bathroom on the firgtrfla small
cellar and a closed attic (Fig.2). The building eope was
built out of brick cavity walls, wood window framesith

single glazing and a tiled roof. No insulation wausver was
placed, be it in the walls, floor, roof panes or the attic
floor. The only heating system originally installeés a gas

glazing in both living room windows.

furnace in the living room. The only 3 original Fig.2. Plans: ground floor (left) and first floaight)

differentiations between the dwellings arise frommeit
positioning within the neighbourhood (Fig.1).

The houses being spread over both sides of 3 phsaikets,
2 main orientations occur (NE & SW). While oriemtatis a
main concern within energetic design of houseseffect
remains minimal in this case as front and backdacshow

The heating systems also remained mostly unchangéd,
only one house (W27) being equipped with a certfiteaiting
system with radiators. In most houses a small idebeater
was installed in the bathroom and some inhabitadtked an
electric heater in their bedroom.

nearly the same window area and as the house zasingNothing changed in the inside structure or orgdiuinaof the

almost symmetric. Moreover, the living space cdasaf a
single open space reaching from front to back facaih
windows on both sides.

The houses are spread in small groups separatadgbyage
on ground level, causing some to have neighboursriyn
one side and an unheated space adjacent to thedgfimor
on the other side and nothing on the first floor.

To require only 1 access to the street and 1 chimne
construction every 2 houses, one out of two isonéd thus
placing circulation zones as well as living roorgsiast each
other. While not taken into account in the enerayelling
procedure as both sides are considered as zong® @ame
temperature, this is an optimal placement in pcacts the
most heated spaces touch each other. Nevertheless
houses are uninhabited, causing increased heasltis®ugh
the adjacent dweIIings.

F|g 1. nelghbourhood

2.1.2  Building changes

Over their 50 year lifespan, some houses did urdimgted
renovations of which the main ones are describedumeler.
Some windows were replaced on individual basissioguan
unstructured mix of single and double glazing ad a® of

houses, except for the kitchen door being remoxeaimost
every house, creating a single ‘day/living area’.

2.1.3 Measured characteristics

As the massive non insulated cavity walls condittlarge
fraction of the building envelope, making up forhage
fraction of the transmission heat losses, cornefdrination
on their thermal properties is crucial for input the
ctalculation models. While all dwellings were builigether,
workmanship amongst others can cause variatiottseirmal
performances from one wall to another. Furthermore,
measurement conditions, sensor placement and @&nalys
models can cause some additional deviations. Towerefieat
flux measurement were conducted on a sample ofl vh

as many different dwellings, taking measurements2at
different location on each wall. Fig.3 shows thsuits from
those 8 measurements, each analysed with the samptage
method, the average method with storage correammhthe
dynamic method from ISO 9869:1994(E) and compdremt

to measurements on a reference sample of non iedula
cavity walls from a Belgian research project onityawall
retrofitting (Delghust et al. 2010).
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It shows a clear spread of results, of which mistwiithin
each others’ error margins. Those are constitutadlynfrom

wood and PVC window frames. The amount of doublgne grror-estimation due to placement according@® 9869.



The part of the error bars between the horizomads:lines
indicates the error estimation due to the calocmtatnethod
itself. Nevertheless, one measurement on the waltloase
W34 clearly shows a higher level of heat lossess thuld

no intentional ventilation heat losses are consideras
window opening times are considered minimal durihg
heating season (see 2.2.2). Taking into accounptésence
of unheated houses within the neighbourhood catises

partly be due to measurement inaccuracies, butl locadjacent houses to have larger heating demandstharsd

disruptions such as mortar bridges in the cavity aall ties
should not be dismissed. In both cases, the vdluaking
more than one measurement point is to be stressed.

The second set of field measurements on the bgddin

themselves was air tightness testing. The 24 medswuses
showed very high levels of air leakage, reachingneligher
than the default v50 value of 12m3/m?2 implementedhie
Belgian official EPBD-method. This is in consideeab
contrast not only with the best practice valuesldar energy
dwellings, but also with standard levels measuneBHelgium
for standard new builds. This is not uncommon, hasefor
old dwellings. Fig. 4 compares the air change rateSOPa
pressure difference (n50-values'Thwith reference data for
Belgian single family houses. Those are resultsnfra
random sample of houses built in the late ‘80tied aarly
'90ties from the Senvivv-project, from a random pémof
standard dwellings from the past 5 years (UGent) faom
recent measurement data from private party comgal{@D),
of which the explicit low-energy houses (LEH) aeparated,
as a representation of todays ‘engaged’ market eegnas

discussed by Laverge et al. (2010). The spreadiin a

tightness within the neighbourhood can be attridbute
workmanship, some small dispersed renovations asidbcal
window replacements and to the presence of a fewi-se
detached houses.
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214  Reference energy use according to EPBD

The heating demand calculations in this paper wese
performed in the official EPBD-software, but in eparately
developed calculation code,
parameterisation as well as calculating the houséh b
according to the official EPBD-method and in moegaied
models (see 3.2). The dark dots in Fig.5 complaeereal
energy use derived from the gas consumption data thée
energy use for heating according to the currentgiBel
EPBD-methodology, taking all available buildingateld data
into account, including also the measurement datse
model is thus composed of a single zone for thereent
inhabited area (ground and first floor), with aefixaveraged
set point temperature of 18°C, while the atticnplemented
as an adjacent unconditioned zone and no heatslaase
considered to the adjacent houses. With the lightekers in
Fig.5 the uninhabited adjacent houses are implezdens
detailed unheated adjacent zones in the buildindemmand

creates a larger spread within the sample. Cornsglaro
ventilation heat losses however, has a larger teffe¢he heat
balance, causing all heating demand estimation ¢o
lowered.

Apart from the estimated divergences due to thedimgj

characteristics and adjacent spaces, the hugerghfaek of
correlation between predicted and real energy tssa@urces
of concern. This can be vastly attributed to theying user
behaviour not being taken into account, even thotigh
overestimation is valid for every household. Pdss#rrors
in the assumed building characteristics and othedeh
properties should not be dismissed, as will be h@mrt
discussed in paragraph 3.
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2.2

Data on the inhabitants, the household compositimaistheir
interaction with the buildings was collected thrbusurveys.
Those surveys were taken only after the measurepeiad
so as to prevent their influencing the measurechbiebrs.
To cross-check the reliability of the answers, infation on
some points of special interest were collected utjno
different ways at different points within the suyvénith
regards to the size of the survey, this paragraphpares
only as illustrative, selecting some of the modgtuencing
parameter from the perspective of the energy nemd f
heating.

Theinhabitants

2.2.1 Theinhabitants and their presence

allowing automation andgrom the 36 analysed houses, 33 have both useable

measurement data and surveys, corresponding to 97
inhabitants. To foresee applicability of the resdtom this
case study onto other cases (of social houses ©; no
checking the representativeness of the inhabitsantsple is
crucial before analysing the survey results in mdetail.
This is especially necessary as the sample is qoitdl from

a statistical point of view and consists purely sfcial
housing. This was done by comparing the figuresftbe
neighbourhood to Belgian data from the Nationafitute for
Statistics (NIS). It is however important to noteatt the
comparison data for Belgium is not specific forgknfamily
houses. Fig.6 compares the ages of the populatimwing a
higher representation of elder people and yountgeh in
this neighbourhood.
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The next comparison selected here focuses on timpility
for a specific person to be present in a certaonmrof the
house over the course of a day, as derived fromtithe
schedules filled in by the inhabitants. It shows thirst,
though not actively defined link between the used #he
building. While some clear and expected agreemeamsbe
seen between the samples’ figures (Fig.8) and thigidh
data (Fig.7), especially when looking at night lu clear
difference can be noticed when looking at day tiwatues.
The sensibly higher occupancy of the living roonrimy
daytime, can be explained both by the age distdhutmore
older, retired people) as well as through the sona¢wigher
level of unemployment found in social housing. Tibeer
occupancy of the kitchen is as noticeable but ddssous to
explain, though the absence of any eating zonkearkitchen
might be one reason for its low occupancy. The abdlty of
at least one person to be present in the house twe present
in the living room, is added in Fig.8 as this wdifine the
possible need to heat the building for direct tr@roomfort.
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Fig.8. cumulated probability of presence: caseystud

2.2.2  Active user-building interaction

Next to presence, the use of heating devices ¢wecourse
of a winter day was investigated and translatea énsimilar,
yet not cumulated, daily probability profile (Fig-9These

figures are of course coloured by the limited adkllty and
spread of heat emission units, furthermore maimgctac
ones, outside the living room. Nevertheless, furtmealyses
of the surveys and measurement data show thattlase
people with heating devices in their bedrooms temdise
them only seldom and for a brief period of time,imha
before going to sleep on very cold days. This ddeg with
findings about heating use from a larger, regidramish
study (VEA 2008).
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Fig.9. probability of heating: case-study (neighthmod)

The opening of windows is yet another major factdr
influence behaviour has on a buildings heat balahds the
subject of Fig.10. The very low amount of open vawd is
most noticeable in the living room, which is thesnbeated
and most actively used room, while the bedroomavaimly
ventilated outside presence time during the wiséason.

Because of this low probability of opening windoimsthe

heating area, it is left out of the energy caldalatmodel,
resulting in a sound simplification, as early citegparagraph
2.1.4. This is further strengthened by the fact thaeping
the cold outside” is clearly indicated as the nraiason in all
rooms for keeping windows closed ctosing any open
windows, yet interestingly enough more so for teefrooms
(79% of the respondents) than for the heated liviogm

(58%). This is followed by “preventing cold drafhowing
no significant difference between living room (33%id
bedrooms (30%) and by “for security reasons” (eistigoon

the ground floor on street side: 36%). In additionly 3 out
of the 33 households stated that they did not clagg
windows in case of weather precipitation.

1.0
0.9
0.8

0.7

0.6

0.5

03 ~ /) PN

02 A ,_/\ A A /’\
X—H—k—'\)é/

0.1
X X X X x’dz N 0 ‘\E/Aka/ \ S

00 OO OO U‘I‘:’/D/ D‘I‘]‘E‘I\ DDD\I‘:\Q\D*DDD\D\
0O O O O O O O O O O O O 0O O O O O © © © © © O O
Qe e 2 e Qe 9 Q2 Qe Q9 Q9 9 QQQ Q QQQ
o N M g N VW N 0¥ OO0 A N M T N VW N 0 OO0 4 N MmO
O O 0O O O 0O 0O 00 d@ @ & A =4 =4 A 4 A4 < N N N N O
+bedr.1 xbedr.2 -—=bedr.3 2bathroom --kitchen -=livingroom

Fig.10. probability of an open window: case-study

2.3 Theindoor measurements

Measurements of indoor air quality and thermal aoiribok
place for relatively brief periods of 7 to 10 dajysring the
heating season. CO2-measurements were only takémein



living room, while temperature and relative hunydivas
measured (if possible) in every accessible roomluding
the basement. Although this would be a possiblgestiffor a
separate inquiry on indoor air quality and comftints data
will only briefly be discussed here, solely frometh
perspective of the heating demand and thermal admfo

As might be expected from the distribution of theating
appliances and their use profiles, the temperaturethe
living room reach much higher values than in theeotzones
(see 3.3.2 and Fig.14). Their fluctuation over tiimenainly
caused by the heating intermittency patterns irirashto the
cold outdoor temperatures, while the fluctuatiorfs tiwe
indoor temperatures in the other zones are mordlyhig
influenced by the dynamics of the outdoor climatatself.
From these dynamic profiles, averaged set poinpézatures
and daily heating periods have to be derived fdrsssguent
use as inputs in the heating demand calculatioremod

231

As the analysed houses (except W27) have simple g
furnaces without thermostat, it might seem questibm to
look for a ‘set point’ temperature. Neverthelesent careful
analyses of the temperature profiles, average ebant set
point temperatures can be deduced from the averaigé of
stabilisation of the indoor temperature during gamcy. The
low energy performance of the buildings allows vetgar
distinction of the real start and end of heatingg#s during
the cold measurement period. The representativarigbese
set point temperatures for use over the whole hgateriod
can be questioned due to manual control of inddiarate
conditioning being subject to different phenomen& o
adaptation through e.g. shifts in expectation. Sdrasic
correlations exist such as from the work of van dieden
(2006), though they are mainly of probabilistic urat and
often oriented towards use in office buildings dhdrefore
risky to apply here as we are looking at individoaliseholds
in a specific type of dwelling. As measurementseneken
during the middle of the heating season, underestidhset
points might be rendered for the start and enchefheating

Set point temperatures

season due to these adaptation phenomena. On libe ot

hand, during the middle of the winter, other causés
discomfort are more likely to occur, such as draitjiation
asymmetry etc. that might be compensated by a higée
point. In the absence of longer term measurememiaking

corrections on the measured values would be mere

guesswork.

2.3.2

One by one comparisons of the measured indoor tettuyse
profiles with the assumed heating profiles frora Hurveys
reveal the need for a critical approach to datéectdd from
surveys. While some variations are fully normal an
expected, especially as there are no clock theatsgysiome
discrepancies are quite recurrent. The most comor@s
consist of systematically later wake-up times aed-bmes
as well as less frequent use of the bathroom wbitethe
opposite,
sometimes forgotten. The use of the electric heaterthe
bedroom, while almost always of brief duration,ocathows
discrepancies. From the measurements and sunigy;ahld
probably be attributed on the one hand to the dlating
outdoor temperature (lower use of electric heatang when

Heating periods

it is really cold) and on the other hand from tleerstive
turning on of the heaters by the children in tHeédroom.
While the reason or origin of these discrepancasddconly
be investigated through more extended analysesamgerl
samples, it is important for this analysis to téke findings
from the individual measurements into account wiefiming
the heating profiles for the individual heating demd
calculations. This might not always be feasibleainlesign
phase by absence of measurement data on the prgceti,
by definition, on the future condition. Neverthedest is
performed in this analysis to narrow down the emargins
and filter out a maximum number or error causes.

Fig.11 shows, for the living room, both the averhge
measured temperature and the daily heating tinidrain
comparison to the derived set point temperatureshtiws
how most people heat their living room less thaoGif the
time, resulting in a considerably lower averageperature
than the high set point temperature. Few have thas
furnace on almost all day long. Those reach good
cgrrespondence between both temperatures. While the

verage temperature in mid season might reach highels
than the set point temperature, due to e.g. sufiaynaons,
this was not noticed here due to the very coldgakein which
measurements took place and the low insulationl lefvéhe
houses. Some houses where heating is assumed 84hday
show slightly lower average temperatures than #tepsint
temperature. This might be caused by temporary ¢eatpre
drops due to very rare occasions of setback, lddieating
power, or brief opening of windows/doors. Of coureee
has to bear in mind the possible error on the estichset
point temperature or its possible fluctuation othex course
of the heating season and even the measurementdpeas
described in 2.3.1.
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03. Per sonalised heating demand calculation

Findings from the cross-analyses of both the sunamd the
measurements, as selectively illustrated abovee weed to
further refine the calculation models and persseate input
data to each households’ profile. The results fribhrase

switching the bathroom heater back off isnodels are subsequently compared with the realggnese

figures and measured temperatures.

3.1 Pre-consider ations

While the goal is to see how close the simplifieddeis’
results will get to the real measured values, depematch



can hardly be expected. Discrepancies will arisesnf
inaccuracies on the measured values, on the irgiatfdr the
model and on the simplified model itself.

In the surveys, the inhabitants were asked abopbiitant
building and user related changes over the lastsyda
determine the length of the representative enasgyperiod
back in time. As very few changes occurred to thasks and
a large portion of the households have lived tHerea long
time, for most dwellings, energy figures datingnfrget 2004
are considered useable, with data of at least &syfea the
few other cases. Those energy use figures fromlyygas
meter readings were further completed with severater
readings taken over winter/spring 2010-2011. THdsneed to
estimate the gross heating energy use for a n@ethlyear
through regression analyses based mainly on dedmge
principles, the gas meter readings and the sunmyts.

The second cause of errors arises from the inptat dfehile
thorough care is put in detailed analyses of theegudata
together with the measurement readings,
fluctuations might occur both on the measured lngd
properties as well as on the user related settiagsis
described in previous paragraphs. Furthermore, sopé
values could not be measured as a result of wiiiebrétic
calculations had to be made and default values tbale
taken as prescribed in the Belgian EPBD-regulatibinis

often occurs with varying consequences for buiIding322

component characteristics such as e.g. the physiopkrties
of old glazing and the efficiency of the old gasnfaces, for
building zone characteristics such as infiltratrates of the
attic, but also within conversion factors when egnverting
air tightness measurements to infiltration rated @orrecting
thermal resistances of ground floors to heat loskesugh
the ground. Nevertheless, most of these charatitsriwill

show only minor variations from one building to &rer due
to them being nearly identical. These inaccuracraght
therefore be expected to cause mostly systematicsewith
fewer consequences on the correlation factor betweal
and simulated values rather than on the differémedosolute
values. This for one, is a major reason for tediregbuilding
model in practice on nearly identical buildingsfir

The third cause of errors can be found in the d¢atiicun
model itself, which bases are briefly described niext
paragraph.

32 Mode

3.21  Sarting point

While more advanced dynamic simulation softwarestext
was decided for this project to first look at piidin through
simplified quasi-steady state models. The reassmifi their
being widely used in building practice and in thiiwer

errors a

simplified methods bares some major advantages sasch
ease of use, lower dependency on users’ knowledge,
experience and conscientiousness and, last butleast,
lower work and calculation loads. These are alltenatof
great concern within practice in the building secto
especially when looking at small scale and rel&tidew
budget projects such as in large parts of the hgusgctor.

In research projects, comparisons are often madtamge
theoretical, yet simplified samples between dynamic
simulations and quasi-steady state simulations hen dne
hand to validate or correct the simplified methodson the
other hand, on limited samples between dynamic lations
and their thorough and detailed real word casetessud
Another path was chosen here, making a direct casgra
on a sample of nearly identical dwellings betweienitéd
measurements, completed with survey data and difadp
yet more elaborated model than the official sofewar
Therefore hope lies in directly identifying how séoenergy
edstimation can get to real energy use for this tygbe
uildings, through a simplified, more pragmatic mbdnd
limited questioning and measurements. While thisuldio
logically yield lower level of agreements betweenthth
comparison datasets, it is more representativehaft would
be achievable on large scale in everyday practitt@nvthe
nearer future.

Calculation model

The model used, is based on ISO 13789 and the Igonth
method from ISO 13790, as is the Belgian EPBD-saftwlt
goes further by being a multi-zone model (basedomex B

of 1ISO 13790), by implementing a simplified methtat
taking intermittent heating into account and, otirse, by
allowing an override of all input constants sucteas the set
point temperature (instead of a fixed value of 1)8°C

While some small corrections to the methods frora th
standards were developed for this code, discusHiege
would carry us beyond the scope of this paper. The
implementation of intermittency-correction howevés, of
very high importance and is based on the formuwafDIN
18599-2 stated in Eq.(1), giving a corrected edaiviaset
point-temperature due to heating switch-off;

’9i,h,soll - fNA (ﬂi,h,soll - ’9e)v

t
Zi hsol ~AF Na %

i =ma
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Where 6501 iS the internal set point temperature in the
normal heating mode 6, is the monthly average external
temperature AB;na iS the permitted set-back of the internal
temperature for reduced heating operatiog,;i$ the daily
reduced heating time, the boost time being partthaf
operating time ;\a is the correction factor for reduced night-

computational costs. Many countries base their ggner time heating operation according to Eq.(2):

labelling of buildings on simplified transmissioredt loss
calculations according to ISO 13789 and the quasiety
state hourly or monthly methods from EN 13790. &igum,

t T
fua = 0262 exg — 2
NA 24h ’{ 250hj @

a monthly method is used in the governmental EPBDWheret is the thermal time constant of the building zéine

software. While these were originally conceivedaizlling
tools, many architects and engineers use themaictipe for
their estimations on energy use and savings. Tiesn deads
to an overestimation of energy savings due to simimerent
simplifications of the model and it neglecting someajor
user related factors. Nevertheless, using such tgpe

hours).

The heating set point temperature and the switthhwie
used in these formulas are here derived for eveividual
case from the survey and measured temperature dsata,
described in 2.3.1 and 2.3.2.



3.3 Results

3.3.1 Heating energy use

Fig.12 and Fig.13 compare the real measured enesgyfor
heating with the results from the adapted modeal in, 2-, 3-
and 8-zone configuration. While in the 1-zone modeé
whole inhabited part of the house is considered a®ne
(without the basement and the attic), the livingmoand
kitchen are isolated together in the 2-zone moddie
circulation area is further
intermediate zone in the 3-zone model and for tiEor&
model the heat balance is calculated for all spaeparately.
The adjacent houses were also further detailed 2reone-
models to take into account temperature differerareghe
other side of the party walls, as discussed in12.When
combining spaces into one zone, it was found nacgds
consider weighted average set point temperatugsslting in
better correlations between measured and calcuktedyy
use. However, while this in itself is a necessamycpss in
every but the 8-zone model, it causes them to shighver

the input parameters. While both will have theiarghin this
matter, it is an important question to ask as thiesethe area
of further investigation. Unfortunately, this quest cannot
be answered by looking only at this data.

3.3.2  Averageindoor temperature

To further investigate where the differences oagithin the
calculation, one can look at the temperature dadait is a
major intermediate step within the calculation lod heating

considered as a separatiemand and as measurement data of higher intedligén

available: directly measured temperatures in eamte.zTo
make the comparison of the indoor temperatures valie
has to start from the same boundary conditions.thes
outdoor temperature is assumed to have the higfiesitic
influence on the indoor temperatures of such loglated
dwellings, it is taken as the point of referenchisTis done
for all houses individually by taking the 12 momtibklues of
both indoor and outdoor temperatures from the raoltie
calculation and interpolate (or extrapolate) thesedel-
values of indoor temperatures for the models’ ootdo

spreads in agreement between measured and cattulatemperatures to match thaverage measured outdoor

values. While the overestimation of the heating aeen
remains high in the 8-zone model, a better coimgiatan be

found between both values. As only user behavioure

parameters were changed in comparison to the dionga
from Fig.5, one can conclude that their influerséaken into
account in a large extent by using the adjustedirgea
profiles in a multi-zone model.

150 1 100%
©'e 1-zone | ¥=0:3036x 423914
. ] R?=0.5294
=
L) 1 =0.4121x 4 15.773 75%
. 1A y=0. .
e Ji4 2-zone R?=0.4993 -
é 100 -
1 y=0.45x + 12.706 _
E 1:¢ 3-zone . _
1 R?=0.5219 ~ o
3 75 = Pt
= 1
=
50
o 01
g
3 ]
8 25
@ q..-
E
g o ‘
0 25 50 75 100 125 150
2
H,model [kWh/(m a)]

Fig.12. gross energy demand for heating: 1/2/3-zoodels

150

y=0.5939x -0.1001 | 100%

{{® 8-zone R?=0.5621

-
N
a

=
o
=]

~
a

[
=]

N
a

QH,measured [kWh/(mza)]

o
-

0 25 50 75

100

H,model [kWh/(mza)]

125 150

Fig.13. gross energy demand for heating: 8-zoneeinod

One might be inclined to further use a correctiactdr to fit
the calculated gas consumption to the measuredasnis
often done in building stock models. Nevertheldssis
impossible to conclude from this single case whethe
remaining discrepancies are systematic only to ¢hise or
not and whether they are due to the calculationahod to

temperature.
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Fig.14. average temperatures: measured vs. 8-zodelm

Fig.14 compares for each room the average temperaam
the multi-zone model to the corresponding averagasured
temperature after the extrapolation. First of #fle high
correlation between the temperatures of the heatetks
appears, yet with a limited averaged overestima@i&?C.
This is even more appreciable as this is the nyattonly
intermittently heated zone. Part of this overestiommight
be due to an underestimation of the boost heate&mipg
caused by the high thermal inertia and the higt traasfer
coefficient of the building in combination with thelatively
high set point temperatures. Nevertheless, corisiiehis
boost heating period as a part of the operatiorioger
coincides with the directives from DIN 18599-2 wiis in
line with the manually switching on of the heatiggstem
when entering the room. The resulting small ovéredton
of the average temperature will be one of the dicacses of
the overestimated heating demand. Nevertheless results
from the total heat balance, looking at the othamezs will
give further information.

The underestimation of the temperatures in thedmds and
the circulation area is the second most obviousitpais it
appears almost systematically in every house, ésdpetor

the circulation hall. It is the more surprisingtas (limited)



ventilation heat losses due to window opening @sthzones characteristics of both HVAC and building envelope
were neglected. If the cause is an overestimatfaheoheat components. These problems should be tackled tegetith
losses from those rooms to the outdoor, throughtleegattic, further investigation on some default correctiontdas and
this would further explain the underestimation loé heating use factors on which the quasi-steady state methadbased
demand. If the cause lies in an underestimatiothefheat and which were mainly derived for single zone medeften
gains from the adjacent heated living room, thisildojield  without intermittency and with lower set point tesngtures
the opposite conclusion. Indications about the &napire in - than those measured in this case study.

the attics might have been of valuable interestrtalyse the

heat balance of the first floor, yet no such measent data Acknowledgements

are available. The authors would like to thank the Flemish asdmsiafor
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