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Abstract. Implemented by the European EPB directives, tie@y Performance Certification has
been designed by authorities to “provide clearrimfation about the energy performance of a
building”. Studies led in Wallonia show howeverttlo#ficial results are often too distant from
reality and difficult to understand for the lay pen. This paper focuses on the comparison between
two certified old urban brick single-family housesthe Walloon residential stock: a highly
efficiently renovated “exemplary building”, deseibin detail, versus an inefficient and poorly
described second house. After presentation of #se studies, this paper will investigate the
uncertainties that surround the description ofémergy systems” and the standardized calculation
method. This research explores the possibilitiesle¥fating the confidence in the certification
results by adding information on the descriptiothef envelope and systems, by re-integrating the
human factor in the equations (through a questiomreollecting by interview the dwellers’
energy-related behaviours and practices), and img wynamic simulations. The comparison of
the results to the official standardised resultficietes that additional data on the household’s
composition, practices and energy-related behaviaue as much needed as a more accurate
description of the energy system, which is pendltaedefault values and a severe standardisation
of the calculation method.

1. Introduction

The EPC (Energy Performance Certificate) has beesigded by authorities to “provide clear
information about the energy performance of a lingl{] in order to influence the real-estate matket
bringing the general public to integrate energy thieir dwelling decision-making processes, promote
energy performance improvements and help build amprehensive benchmarking databases,
fundamental for shaping strategies on a local gioral level.

The certification procedure has been imposed bp@®2/91/CE [1] and 2010/31/UE [2] European
Directives, and the definition of the calculatioetimod was left to the member states (or regionthdan
case of Belgium). The Walloon regulatory calculatinethod is described in [3] and had to be adapted
in its Annex D [4] for the assessment of existiagidential buildings. The EPC regulatory calculatio
method is standardized in the honorable and uradetable objective to ease the comparison between
buildings. This leads to the use of a tight anittsprrotocol in the certification procedure thagukates
the acceptable proofs of performance, and delivensy default values to fill the holes.

The general picture, nearly ten years later, shheaslts that are often distant from reality. Thél€a
1 hereunder gives an overview of average gaps ketviEPCs and actual energy performance of
buildings, evaluated by [11].



Table 1.Conversion of consumption per EPB scale level.

EPB scale level | Consumption ratio : real / theoretial
A++or A 100%
B 82.1%
C 75.1%
D 66.6%
E 58.2%
F 54.3%
G 42.5%

It seems also that EPC results are too difficulubalerstand by the lay person. By expressing
performance in kwh of “primary energy”, it bypasses fact that consumers’ only knowledge of their
energy consumption are the final energy bills, egped in money terms. It is believed that the input
data used in the quasi-steady state calculatiohadaised in Wallonia could be used to display more
understandable complementary results. Additiont da the household’s composition, their practices
and behaviors related to energy consumption, dsasel more accurate search in the descriptiomeof t
energy system, could help close the gap betwedranghtheoretical consumptions, allowing future
owners to better understand and appropriate therE®@ts, foresee a rough monthly energy bill, and
make better decisions for their real-estate renovambitions.

2. Uncertainties

The uncertainties that appear in the Walloon ER&quure can be distinguished between the ones
related to the procedure (the protocol that brisiggplifications and shortcuts by design) and those
related to the standardization of the calculati@thod. Only the second kind will be of interestliis
study, resulting from the use, in Wallonia, of anstardized consumption calculation method (asset
rating). Standardization usually means that thgetad parameters cannot be replaced by other values
even if they are known with precision. This is ttese of several default values used in the Walloon
calculation method, such as the definition of teietemperature (constant all year long at 18°Gher
heated volume (equal to 100% of the volume, alt {@&#g). The standardization aims to take the human
factor out of the equations, by using objectiveapagters and statistical values as a replacement (th
protected volume (Y is used with this objective in the Walloon method may objectify the
assessments, but denies all known influences orger@mnsumption from the building state and
condition, its age and typologies characteristtsgjwellers and their characteristics.

A list of accepted sources of accurate data imthelling description (“acceptable proofs”) has been
developed to impose arigid EPC assessment md#avihg few liberties to the assessors in the @®ce
Default values also dominate the methodology, wihmacceptable proof of a more accurate value is
available. This research proves that, of all thatefault values, those describing the envelope ast m
influential on the results, as default values ada on the presence of insulation, depending oragee
of the construction or the renovation, impose thedses and thermal properties of all materials,
including the insulation layers.

3. Methodology
This research is based on the manipulation of ¢néification method for two case studies, in ortber
try and bring the results closer to their real comgtion results. This implies the need to:
- Describe, as accurately as possible, those twoelsaursd their energy systems;
- Interview their owners in order to gain additiodata on the house, their data of real energy
consumption, their habits and behaviors that aievsl to be needed in order to de-standardize
the calculation method;



- Re-write some parts of the calculation method, iaterate this “new method” (tested several
times in order to insure the absence of errorahiexcel spreadsheet in order to obtain the new
de-standardized results;

Those two case studies are extracted from a lgmgep of 16 houses studied in [6]. The goal of
that research was to explore the qualitative requémts to close the gap between real and thedretica
EPC consumptions. The objective was not statistighére individual buildings are concerned, EPC
values are bound to vary from actual consumptidmesa depending on a wide range of factors, regatin
to the buildings “energy systems” themselves, warafiatterns and behaviors, which are among the
standardized uncertainties studied in these exarAfiteough the EPC, as a regulatory scheme, might
not seem the right tool to evaluate actual perforceaone of the constraints of the research isdeep
the potentialities of the EPC scheme without thedrfer too deep a change in the calculation method.
As said above, it is believed that the input datduin the quasi-steady state calculation methed ns
Wallonia could be used to display more understaedadmplementary results.

3.1. Casestudies
Both houses studied in this paper date from thé'$9%nd are located in the suburbs of Liege, in
Wallonia, Belgium. Their main characteristics aigpthyed in Table 2 hereunder.

Table 2. Overview of the main energy characteristics ohbmztse studies.

Case study 1 Case study 2
Number of inhabitants (frominterview) 2 young adults + 1 child 2 seniors
Heated floor area An [m?] (from EPC) 261 153
Protected volume \4 [m3] (from EPC) 812 476
Total transmission loss area A [m?] (from EPC) 584 350
Global envelope thermal transmittance G 0.17(obtained from file of 1.86 (mainly obtained by
[W/mz2K] acceptable proofs) default values)
Global coefficient for heat losses by
transmission Hr heat [W/K] 99.56 652.73
In/exfiltration rate at 50Pa vso [m3/h.m?] 1.6 (measured) 12 (default value)
Global heating installation efficiency [%] 77 (acceptable proof) 67 (default value)
Global coefficient for heat losses by air renew
Hrheat [W/K] (from EPC) 49.79 152.54
Theoretical annual consumption for heating 3,906 [wood pellets] 65,637 [Natural Gas]

[kWhl/year] (from EPC)

Livingroom, dining room{  Livingroom, dining room,
kitchen, bedrooms, “othe kitchen, bedrooms,
(fvp.ns= 78.8%) circulations (fp,ns = 64.9%)
22.6°C downstairs, 20°C
upstairs, 24°C in the bathroom
when in use (average 21.6°C

Livingroom, dining room,
kitchen, bedrooms,
circulations (fp,ns = 64.9%)

Tsetin heated rooms during night time o R
(obtained from interview with owners) 16°C 18°C

Heated spaces during daytime
(obtained frominterview with owners)

Tsetin heated rooms during daytime 20°C downstairs, 18°C
(obtained from interview with owners) upstairs (average 19.3°C)

~

Heated rooms during night time Main bedroom
(obtained frominterview with owners) (fvp.ns = 14.8%)

The first house has been renovated in 2016-201&aikth a highly efficient standard (it is now labdll

A+ on the official certification scale). The whaa&isting envelope has been covered with thick kyer
of thermal insulation that allowed to reach bettermal transmittance than those asked today far ne
buildings in Wallonia. It has been equipped witghly efficient systems, using wood pellets for its
production of heat and Domestic Hot Water (DHW)J ancompletely mechanical ventilation system



with heat recovery. There was, for this house, raptete file of acceptable proofs in order to use th
most accurate values everywhere possible, frorJthielues of the different walls, to the in/exfiltien
rate and systems efficiencies.

The second house shows far less impressive chaséict its envelope seems to have stayed in its
original condition (without any insulation layerd).is equipped with a natural gas boiler for the
production of heat, an electric boiler for DHW puotion, and no ventilation system whatsoever. The
owner of this house could not mention any presefdesulation in the house, nor could she give any
acceptable proof to feed the description. No ingutawas visible, suspected, or found in the wafls
the house (without dismantling or destructive fests that default values govern most of its desion
in the software.

This paper will focus entirely on the heating cangtions. The owners of the first case study have
followed closely the settings and parametrizatibthe systems in order to maximize their efficiexsci
and minimize their consumptions. Besides showirlglation that there is an element of fun, interest
and intellectual stimulation and real energy sayiatgntial in a technology that can be appropriated
the owner [8], this behavior allowed them to sefeatheir wood pellets consumptions between DHW
and heating end-uses, and detail their solar ptamudn the second case study, heating is the emdly
use consuming natural gas; all other equipmeniiidiveg cooking appliances and DHW installations,
use electricity.

The revaluation of energy consumptions relatedetating will mainly focus on the revaluation of
net heat demands, through redefinitions of set ézatpres and heated volumes, and revaluation of
internal loads and heat losses.

3.2. De-standardization

The consumption of energy for space heating isutatied using a single zone, quasi-steady-state,
monthly calculation method. This imposes to keepamthly approach on the evaluation of heating
demands and consumptions, implying the use of gear@nthly values to define each parameter of the
calculation, such as the climate, set temperahgat losses by transmission and air renewal, iakern
and solar gains... It is the uncertainty on thesethigivalues that is questioned in this researchil&Vh
leaning on the existing calculation method, there ¢lear need to inquire about the heating patiand
energy consuming habits of the households, in aaeatlow a revaluation of the net heat demand. It
appears possible, therefore, to discretize inputssa replace a big uncertainty on monthly averages
inputs by a string of smaller uncertainties on gasiof time that are better described in occupancly
heating. This method remains subjected to averagegslefault values, on which the uncertainty should
be lowered, either by a better description of thiédding, of the household, or their energy consumin
habits.

In order to gain additional data on inhabitantshd&or and energy consumption habits, a
questionnaire has been built, submitted by theaaiuththe respondents during in-depth, open-ended
interview in which questions are worked into a aensational flow. It also permitted witnessing some
habits and behaviors that were not considered overbalized by respondents. Apart from a selection
of additional data on the building and its usecgisdemographic variables), the questionnaire pain
asks the owners to specify their heating habitgg@ad hours of heating, set temperatures, presdnce
temperature controls...) for the six main spacesdigtbove; their ventilation habits in four of them
(living room, kitchen, bedrooms and bathrooms)stdf “rational use of energy behaviors”; a lit o
appliances and equipment to reevaluate the intgaiak; and, of course, their real consumption data
(with the corresponding periods, in order to adjhstclimatic data accordingly).

The discretizing process consists in splitting rhnkengths into sub-periods of time, depending on
the owners’ answers to the questionnaire. It aguktirat each day could be divided into eight petiod
“sleep”, “wake up and get ready”, “morning”, “noqriafternoon (school schedule)”, “afternoon (rest)”
“evening”, and “ready for bed and turn off”. Theeead and last one of them are mainly devoted to the
periods of time the bathrooms are used (and okateld more than usual).



The definitive calculation method keeps the sirgglae model and its important parameters, such as
the protected volume @Y, heated floor area (A, total heat loss area {f\ coefficient of heat losses by
transmission (Hhea), €tc. Contrary to the regulatory calculation neettnypotheses that consider the
whole protected volume as heated, all year rountheasame set temperature of 18°C, this method
needs recalculating the global temperature of th&ling for each of those periods, depending on
heating patterns that have been created basesmwiiiers’ interviews. It uses the discretizatiolyon
to reassess the global internal temperature taaslates the influence of the proportion gfthat is
directly heated and the comfort temperatures depwiml those parts. As a consequence, Net Heat
Demands (NHDs) have to be revaluated for the whalelling, heated and unheated spaces alike.

For that purpose, the mono-zone model needs a lmggiston the temperature of unheated (or
indirectly heated) spaces in order to estimat@lbleal average internal temperature of the dwellitg
first, this temperature in unheated spaces is défihus in this research:

(Tseths + ATiser) — O,
Tuhs,m = (Tset,hs + ATtset) - [<( = 2 = em) X (1 - pr,hs) X fAT,uhs X fpct (1)

where:

- Tusm= monthly average temperature in unheated spacesgcheating periods [°C];

- Tseths= Set temperature in heated spaces [°C];

- ATwet= positive or negative increment in set tempemtgcording to sensitivity to cold [°C]
(data extracted from the questionnaire);

- Be,m= monthly average exterior temperature [°C];

- fvpns = ratio of the heated spaces’ volumes on the fwiatected volume, during the heating
period considered.

- far.uns= empirical factor (0.8 to 1.2), depends on timeléancy to close doors between them (data
extracted from the questionnaire).

- foe = multiplicative factor considering the quality thie envelope as influence on temperature
homogenization, equal to the sum of transmissiaha@inchange heat loss coefficients, divided
by the protected volume [W/m3.K].

The average periodic temperaturg:land the resulting global monthly internal tempam® Tset,m
can then be defined thusly:

Tset,i = lgeths X pr,hs + Tyns X (1 - pr,hs) (2)
i=8
(Tseti * tm heati)
Tyggm = ) ~—cii_mheat 3)
sebm = tm,heat

The software developed for the regulatory EPC assest of existing dwellings, PACE (for
“Procédure d’'Avis et de Certification Energétique'Energy Certification and Audit Procedure”), does
not allow alterations on the calculation methode $bftware used in this research, therefore, Bxael
spreadsheet in which the method could be implerdeartd modified. A series of input parameters were
gathered from the PACE software then directly idtroed in the spreadsheet, such as the average
thermal transmission coefficient g)) the solar gains; or the efficiencies for théntgcal systems. Tests
have been run, between the PACE software and teadgheet to ensure the correspondence of results,
before implementing any other modification madeessary by the objectives of this research and
integrate the (coded) answers to the questionnaire.

4. Results

These results are very convincingly close to rgadis the revaluations made under real climatia dat
hypotheses only show a 0.5% gap with the real gopton data given by the owners. Revaluations
under the average climatic data are overestimat&2 5%, which emphasizes the need to use adequate



climatic data in order to reach accurate resule dverage climate used in the EPB regulatory mletho
is based on the data registered in Uccle (nearsBlsisduring the last 50 years.

Official EPC - AC NG +21.1%
Reval. cons. - AC I +52.5%
Reval. cons. - RC I -0.5%

Real cons. - RC

0 1000 2000 3000 4000 5000 6000
W Net Heating Demand Heating system losses Real wood cons. for heating
Official €PC - AC | ¥175%
to +185%
Reval. cons. - AC | +139% to +147%

Reval. cons. - year 3 # +131%
Real cons. - year 3

Reval. cons. - year 2 # +129%
Real cons. - year 2

Reval. cons. - year 1 # +112%
Real cons. - year 1

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000

Figure 1. Results in final energy consumptions (kWh/yeartfeating) for (a) the first case study
and (b) the second case study. “Reval.” = RevalnafiRC = Real Climate (obtained from loca
weather stations); AC = Average Climate (Belgiagrage used in regulatory EPC calculations).

In the second case study, there is a discrepanaebe the revaluations and the real consumptica dat
that cannot be wiped away by the de-standardizgtimposed here. The theoretical EPC results
(65,637kWh of natural gas final consumption) weseneated 2.8 times higher than the average real
consumption data (23,427kWh). Revaluations lowénede theoretical consumptions, which remained
as high as twice the real data. It is believed tiaparametrization of the calculation method caive
the only questionable determiner of this discreganc

The ratio between natural gas consumptions revahsand real data shows a wider range of
variation when using the real climatic data, whiosdans that the real consumptions data vary lass, fr
one year to another (standard deviation of 421k\t#ia); the evaluations that were made using the real
climatic data (standard deviation of 3,290kWh). sThiould incriminate the characterization of the
energy system in this case: should its envelopehaating installation be more accurately described,
revaluations results would better follow the dynesmof real data, and be less influenced by climate.
Looking closely, the first year’s revaluations gparticularly low” (+112%), whereas the second and
third year are both overestimated by 130%. A bairalichange in habits at that time, or in the eperg
system, might bring a better explanation; unfortatyathis kind of dynamics is not possible in aée
shot” interview and description of the heating ksbi

To try and bring those results closer to real condion data, several additional results were saught

First, the presence of an un-witnessed presenttehal insulation could partially explain the gap.
A hypothetical insulation layer of 6cm of minerabeV in the roof brings the WJto 1.49W/m?K, and
lowers the theoretical consumptions by an aver2gg0DkWh under average climate, 11,527kWh under
real climate (10,765 to 12,327kWh, depending onyeer). The standard deviation mentioned above
slightly decreases to 3,158kWh, but this improvetndees not allow to better explain the consumption
dynamics on the period covered, nor does it allowldse the “prebound” gap. At their lowest, these



consumption revaluations are still on average 72i6@ber than the real consumption data. The
hypothetical insulation layer in the roof couldthé&ker than 6¢cm, but this hypothesis has a liboth

in credibility and on the total heat losses by $raission, as 480W/K of them are attributed to tiern
uninsulated walls and windows.

Then in addition to a permeability test (in orderget a more accurate infiltration air rate, which
proved to be around 9 m3/h.m2 under a 50 PA pregditfierence), a monitoring campaign of this case
study’s internal temperatures has been realizegdsst February 21st, 2018 and March 4th, 2018, a
cold period in Wallonia. Sensors have been placexkierior (protected from wind and sun influences,
to monitor 6e,m in EQ. 1); in heated spaces (living room, where thermostat is placed, kitchen,
bathroom and two bedrooms, including the main and)in unheated spaces inside the Vp (those which
temperature is revaluated by Eq 1: the garage arahda). This monitoring campaign allowed to draw
the following conclusions:

- The heating pattern was no so far off the realitye bathroom temperature often rises above
27°C, which is more than the model hypothesis 6€24ut can be explained by the running of
hot water in such a small space. During [LOAM — NIDPdaytime” periods, the monitored
average temperature is 22.08°C in daytime spaoe&(Ithan the 22.6°C used as input in the
model), and 20.82°C in night-time spaces (highanttme 20°C used as hypothesis). This is an
example of compensation, where overestimated copsoms for one end-use offset another
end-use’s consumption underestimation. Furtherntbecheating system needs more than two
hours to raise the living room temperature, whietar fell under 18°C, above 22°C. This sheds
another light on the calculation method, which cdes the heated share of the volume to reach
the set temperature within seconds. Old, uninsdjateermally inert and globally inefficient
homes need time for the installation to heat thelliivg up, whereas efficient buildings reach
comfortable temperature quicker, which might pagtyplain their more accurate results so far.
The adjustment of the heating pattern to these tmi@ud data results saw a reduction of the total
final energy consumption of around 2 to 3%, whiemainly attributed to the first “start of the
heating system” period.

- There does not seem to be any indication of a nigtg heating, despite the declared setting.
The thermal inertia of the house, and the high tradpire to which it is constantly heated daily,
allow a slow reduction of the internal temperatduging the cold nights of the campaigns
without resorting to active heating. The choice wekle to keep the night time settings in the
calculation method, hoping that it would come te same conclusions by itself.

- The veranda is central in the definition of the Ws temperature curve shows that it should
probably be excluded from it, which would be quiteaccordance with the owner’s use of the
space (they only use it in the summer, never whenheating system is on) but had to be
included when considering the certification proloddve garage would then become the only
unheated space in the,\and the Eq 1 then becomes accurate enough teedtditheoretical
temperature. However, the exclusion of the verdiraita the Vp means some important changes
in simulations parameters (VAc, At, Um, Hrneas fvpng). The reduction in solar gains is also
important, from 14,798 annual kWh in the initial §Ro 4,640kWh/year after the exclusion of
the veranda’s windows from the,\énvelope. The heat gains were probably overestunat
before this change, as the owners keep the aazélds veranda shut during winter times and
do not use the solar gains that are captured byetfeda’s glazed areas but for the small share
that reaches the living room. Now that the veraisdaut, the calculation method cancels any
solar gains that could be considered coming throligi3.6m2 of window that separate the living
room from the veranda. This scenario delivers nsarerising revaluated results, thanks to the
diverse consequences on the results that this sodmangs: there is a compensation between
effects, as the revaluated results of final eneansumption do not change much on average.

5. Discussion



Multi-zone dynamic calculations could perhaps remdere precise (and closer) results, but this study
in order to evaluate the potential of the exisfingtocol and assessment method, is purposefullydbas
on the existing steady-state regulatory calculati@thod. “All models are wrong, but some are useful
[9]. Dynamic simulations are also expected to aslkafmore precise input data collection, in order t
deliver a precision in results that is not realtyight in the EPC procedure. There are, however, two
major parameters of the dynamic method that cowrhaps be wisely integrated into the EPC
calculation method: the available power of theayst, and the thermal inertia.

The collection of accurate acceptable data ishrotaissessor’s job, but the applicant’s, which iegli
that all assessors should start their EPC withséme information, use the same default values when
there are no information, and therefore reach aimésults. When no such data exists, or is availab
the method proposes many default values. They aflosimplification of the protocol, so that the
certification procedure can remain affordable fog bwner, and worthwhile for the assessor. It is an
admitted principle in EPB procedures in Wallonidatt the use of default values should be
disadvantageous for the results. “Choosing morestigedefault values can help bridging the preidict
gap. However, this would oppose itself to the adfleonservative default values, namely to admonish
building teams to perform better and to verify theisults, by rewarding these efforts through Ibette
energy labels based on measured values.” Additigriatore positive default values could even result
in some kind of impunity for those buildings thaally do perform badly.” [7]

Last but not least, the prediction of energy hd|dy essence, uncertain, and in that regard Mimha
can be the main determiner of annual variationghasefinement of calculation parameters proggesse
the influence of the remaining pool of unknowndefault) parameters increases. Exact correspondence
between real consumption data and theoreticalwatiahs is limited by the high number of uncertaint
parameters in the method to control. These reviahgtonly considered the “habitual consumption
resulting from routine conscious and unconsciousiagament”, one of the three dimensions of
consumption patterning identified by [10] (the atheo being the “structural consumption that occurs
when the building is unoccupied”, and the “dailyigtion consumption resulting from unusual events”)

6. Conclusions

This research has been devoted to explain paggyenensumptions by increasing the accuracy of their
determiners in the calculation method. The objecisvclearly not statistical, given the low numbeafrs
case studies in this paper (2) or in the thesi§r@®h which they are extracted (16). With the neaeg
understanding that the EPC calculation method némdemain standardized in order to allow the
comparison of buildings, this research mainly aineednswer to the question “could it also give more
accurate complementary predictions in energy copsiom with a number of additional data?”

It seems possible to predict with an interestingueecy margin, the final energy consumptions of a
household which profile is known, in a house whishaccurately described. It is quite clear, when
comparing those two case studies’ results, thatdlmilation method is more accurate for new bogdi
than existing ones; or rather, for insulated buaidi which owners can prove their information, tfan
inefficient or undocumented buildings. The EPC ghtton method was designed on the basis of the
Walloon EPB regulatory calculation method, whichswaitially developed for new and efficient
buildings. Its standardization, considering 100%hef\}, heated at 18°C, is closer to the reality of the
first case study.

This research (along with other case studies pteden [6]) permitted to highlight the inaccuracy
of the envelope description as most likely souifcéhat remaining gap. The next challenge, therefore
concerns the possibilities to refine the set odifvalues, without increasing the cost of datkection,
bearing in mind that building documentation is ag&ilable for the majority of the building stock in
need of renovation. A more thorough analysis ofdkisting Walloon dwelling stock could lead to a
matrix of more accurate default values based oblbgies, to replace the actual list of values that
characterize the whole building stock.

Although the standardized view on the stock’s epgrgrformance is much needed, this research
stresses the importance of an increased accuraty ianergy system'’s description, and the need for



nuance in the results given by energy audits. Oae tev achieve that could be based on statistics and
added information, in order to deliver more acaredsults in final energy consumption, and the
integration in the calculation method, of behavidieterminers of energy consumption.
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