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Reducing the performance gap
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Fig. 5. Actual energy demand for space heating, Esyg,. in relation to the thermal quality of buildings, g.

Haas et al. 1989

Bild 27: Vergleich von ,Sparern® und ,Verschwendern® (Gebaude mit Liftungsanlage)
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Comparison real and regulatory natural gas consumption

S y=2x Reg. calc. vs real (EE ﬁ/

p Reg. calc. vs real #£PC)
7y =x
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Looking at... 11 NEPBC

User behaviour

Heat generation systemsGrid interaction
Primary & CO2 intensity

Performance indicators

Assessment framework

Input accuracy & support

Making it happen: barriers?

Comparison real and regulatory natural gas consumption
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Looking beyond the (individual) building: people, grid, mix, finances, stoc
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Regulatory calculated primary natural gas consumption [kWh/y]

“Challenge 0”: defining clearly the objectives ntove et 2
(1) to target them efficiently & keep focus
(2) to debate based on well defined grounds

(3) to distinguish main from side issues

Which “building energy performance” (gap)?



Energy performance of “buildings”? 11| Nepsc

Amplitude of peak demand (comparison)
—— N=5,StROBe —— N=15, StROBe = —— N=30, StROBe
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v" Dynamics
v" Looking beyond the individual building

N
o

Amplitude of peak demand [kW]

. Local conditions: neighbourhood/street/... —
. Cross boundaries: electricity market EP A [P QCP\ EP @
v" Future changes: climate, energy mix, technology, behaviour... @ ' '

W <¢
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Energy performance assessment
— ls itself dynamic
—> Should look ahead (at least the lifespan) and will need updating

— Should it all be via EPB/C?
— Theoretical calculation or real data?
— To what level of detail?

Emissions pathways

 Renewable energy production

* Low PE and/or CO2: what matters most?

* Grid stability: for the (near) future

 Smart(readi)ness

* Cost optimality~real energy use(r?) and predictions/scenarios
 LCA
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“energy performance of a building” 11 NEPBC

real energy use?
the amount of energy actually consumed or estimated to meet the different needs

associated with a standardised use of the building, interaction!?

which may include, inter alia, heating, hot water heating, cooling, ventilation and lighting.

This amount shall be reflected in one or more numeric indicators which have been
calculated, for!?

taking into account insulation, technical and installation characteristics, designh and

positioning building & context? location & time dependent?

in relation to climatic aspects, solar exposure and influence of neighbouring structures,

own-energy generation and other factors, including indoor climate, that influence the
energy demand;

(EPBD, EU Directive 2002/91/EC on the energy performance of buildings)

EPB/C: certificates reflect standardized indicators, not the actual energy use!



Simple versus complex?

A higher complexity is not always beneficial/needed
and might give a false impression of accuracy.

Distinguish simplicity/complexity at different levels
Real life

(Meta)model/algorithms

Standardization

Implementation for the end users(!)
Communication to the (ultimate) stakeholders

Potential errorin performance prediction

NN XXX

Examples: Total

present

v' Generation efficiency cost (9
more complex, better model, with more input data, but barely more work: data exists

v" User behaviour
Improved modelling is possible, but an exact prediction is not
Stochastics (e.g. for robustness): longer calculation time doesn’t mean more modelling work
Burden shifting: still choices to be made! (which profiles? Average/median/...?)

v' Cost-optimum @building & @societal level
Future uncertainties: guaranteeing near optimum enough? (~robustness)

v" PEF/CO2:

Complex European grid model for PE/CO2 in the grid
Seasonality => impact relatively limited(?) => “just” changing the average value?

A

W
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Inputs uncertainty

Model accuracy

A

Model complexity

M. Trcka and J. L. M. Hensen, 2010.
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DATA & TOOLS: (availability) & accessibility

For EPB/C-assessment:

More about
- easy access

- exhaustiveness and detail versus pragmatism
v’ BIM
v' Eco-design
v' Product databases, EPREL

Mur De Base [1549138] X

Matériaux et

w
finitions
Matériau st...
+ Propriétés
analytiques

EXTERIOR WALL

structure : masonry

11| NEPBC

& PITCHED ROOF

structure : wood

The following elements that are part of this construction detail are developed further in the document:

Construction
details

Toject xmlns:ur:

urn:peb:bim" name="testProject’ Version="1.0.0">

<urn:ProjectInformation xml-creation-date="2020-12-20">
<urn:region>Flanders</urn:region>

<urn:xsd-vers.

ermit-request-date>2020-09-19</urn:permit-request-date>

1.0.0 is the only one allowed for now:
on>1.0.0</urn:xsd-version>

</urn:ErojectInformation>

<urn:Building n.

Building IER" id="CBTK-D">

<i--big-renovation = IER:
<urn:building-type>big-renovation</urn:building-type>

<!--no prec:
<urn:Protectedvolume n.
<urn:EpbUnit name

n needed

<!-- unit-type only needed in

<1-- total-surface is used in residential--—>
<urn:total-surface>5000</urn:total-surface>
<urn:VentilationZone name="VZ" id="34ZK3">
<urn:EnergeticSector name="ES" id="cjSRxE">
<urn:volume>20.00</urn:volume>
<!-- EnergeticSectorContent so we have a residential unit-->

<urn:EnergeticSectorContent>

<urn:Space name="Ruimte 1" id="Uzn bI">

<urn:usage-surface>30.00</urn:usage-surface>

</urn:space>

<urn:Construction name=} id="U4z£VY">
<urn:environmentType </urn:environmentType>
<urn:construcclon’1‘¥pe /urn:constructionType>

:surface: /urn:surface>
ptional apd only used if u-direct
u-value: /urn:u-value>

>

<ur

</urn:Construction>
<urn:Construction name="Venster Sm*" id="oTeZlg">

<urn:environmentType>outside</urn:environmentType>
<urn:constructionType>window</urn:constructionType>
<urn:surface>5.00</urn:surface>
<urn:slope>90</urn:slope>
<urn:orientation>120</urn:orientation>

</urn:Construction>
<urn:Construction name="Lichtkoepel 30m?" id="tQs7e8">

<urn:environmentType>outside</urn:environmentType>
<urn:constructionType>dome-1ight</urn:constructionType>
<urn:surface>30.00</urn:surface>

elements

=] ¢ Technische insta
.7 Opwekkers
% Verdeelsystel
Building IER (2)

]

+ exterior wall (structure - masonry) @

« pitched roof (structure : wol

may be part of the insulztion of the
exterior wall or of the sloping roof

diameter and location

ifcMemberPLATE

ffcheam BF

) Beschermd v B
4 = 2
=i EFB-eenh: = ©
H £35 gutter
=E3vz  =E |t
. fasciaboard
insulation
3
roofdrain
-]
g wall plate
. &8
- ring beam
6
Vel .

[=h# Sanitair warm water (1)
&= InstsWw1 (2)
-l Niet-beschermde volumes

Scheidingsconstructies 'Muur 10m2"
Naam :
Type :

Opperviakte :

Bestaande scheidingsconstructies

Hieuwe of vernieuwde constructie :

Begrenzing :
Directe invoer U-waarde :
U-waarde :
staving : U-waarde
Stavingsstuk :

@ Etiket

Muur 10m2
B Muur MIECHEEY] | ‘
10,00 m?
OJa O Neen
Buitenomgeving ~
@Ja O Neen
0,60 W/maK

~| ) Aanpassen

=)

Niew

Casteleyn et al. 2021

FDXM3!

EHEePr1A - EVEPYELQ

DAIKIN 5MXM80M2V1B / FDXM25F2V1B +
FDXM25F2V1B + FDXM35F2V1B +

kw 9,00
SEER 6,01

kWh/annum 524

" S

53 dB

L R

N )
5

copP @3___;;:._:“

KW x 646 X
SCOP  «x 402 x
kWh/annum  x

o

ENERGIA - EHEPTUA - ENEPTEIA -
626/2011

ENERGIA - ENERGY - ENERGIE - ENERGI




DATA & TOOLS: (availability) & accessibili 11| NepaC

B

T4848 BELGISCH STAATSBLAD — 08.12.2010 — MONITEUR BELGE

ELJLAGE 3

TRANSMISSIE REFERENTIE DOCUMENT

Madere i muhit, de berekening van de i issieverli in et kader van de
BEPALINGSMETHODE VAN EET FEIL VAN PRIMAIL energieprestatieregel geving
VAN RESIDENTIALE EENEEDE

BEREKENING VAN DE WARMTEDOORGANGSCOEFFICIENT VAN
WANDEN VAN GEBOUWEN (U-WAARDE) EN VAN DE
---------------------------- WARMTEOVERDRACHTSCOEFFICIENT DOOR TRANSMISSIE IN

For Research, Development & Policy making = L

2 SYMBOLEN, AFHORTINGEN EN

Sinds het midden van de jaren 1990 zijn door CEN {Europees comité voor normalisatie) een reeks normen

3.1 Spmbolen en afkortings: gop mbr de ing van i Sinds enkele jaren is in samenwerking met
3.2 Indices..........__. 1803 {international daardisatie organisatie) een herziening van deze normen lopende.
4 OPEOUW VAN DE METHODE.................._. . . . . _— . . .
Bij de van de in Viaanderen per | januari

MATISERING VAN HET GEBCUW

2006) is zoveel mogelijk getracht de meest recente versie te volgen van de betreffende normen, of de
entwerpen van herziening ervan (vaak nog in de vorm van werkd lende technisch

comités). Dt is kunnen gebeuren 1ot de zomer van 2005, wanneer de 1° publicke versie van de EPB-
software gefinaliseerd is, en de EPB gestart zijn. Op dat moment is voor wat betreft de

Encrgicprestaticregelgeving de toestand veor cen hele recks punten bevroren,

het gebouw ...
de EFF-eenneid

VEKA |

&  EET PEIL

Dit document beschrijft explicict deze specificaties m.b, de issicherckeningen zoals die gelden
vour de energieprestatieregelzeving. De averheid kan 7o nodig later aanvullende specificaties vastlezgen,

53 g Afvesia ) = it document is gebaseerd op het rapport dat in opdracht van ATIC (Stichting Gilbert Bumay) apgesteld P— N TEe p—
VAN TRIMATR EMERGIEVERBRUIE. ... ..... . s Diteelide ATIC document heeft ook het startpumt gevormd voor her hereieningsproces van de

Belgische norm NBN BA2-002, Domein

[ ]
Vlaams Energic- en Klimaatagentschap.
7 NETTO TE VCOR RUIMIEW ING EN Laatste update bijsluiter
7.1 Principe ........ . . D tekst behandelt vnl. de rekenmethoden dic rechtstrecks door verslaggevers (en ontwerpers) gehantecrd Lictie Domein o
: Mamndelijzse messa snesgie: : moeten  worden. De  bepaling  van  productgepevens dient in  cerste insiantic  door de I

sgissector . . fabrikanten/leveranciers te gebeuren. De procedures die hiervoor pelden worden nader toegelicht in Energieprestatie an Binnenkimaat (£PD)
7.2 Masndelijise nesto energiehehosfre woor warm documenten uitgewerkt in het kader van de EPB-productzegevensdatabank. Omschrijving dataset
liszen door tramsmizsis Beschwijuing dotuset Laatste update bijsluiter Boven
Al algemene regel kan gesteld worden dat de door een de il dri o B .
N - Bijkor de informati
is. Fen precieze bepaling van de warmisoverdrachtscozfficient HT vergt dan ook cen gedetailleende premendt RIS ameany
van b I

L]
. ; toae numericke berekening. In sirikie 7in kan enkel de wang i " Open Datasets VEKA. —
bestaande wit viakke, parallelle lagen g correct berekend worden, Voor alle andere Contact Licentie Boven
[ ] situaties is in principe een numericke berekening nodig. Onderhavige tekst bevat evenwel een aantal

Modellicentie Gratis Hergebruik - v1.0

7.4 Maandelijkse wazmtews

vereenvoudigde, benaderende methodes die voor die specifieke pevallen toch een gemakkelijke
berekening toelaten, Het gaat by, om houwelementen met niet-homogene lagen (§6.2), om mechanische
bevestigingen (§7.2.3), om bouwel met variabele dikic (§7.4), om vensters cn deuren (§9), of nog Naam dataset Bovea

om lichic gevels (§100. Deec mogen siceds tocgepast worden in zoverre voldaan is aan de

. nowing the origin? Research & objectives! S

P ATIC: Koninklifke Technische Vereniging van de verwarmings- en verlichtings-nijverheid en van de aonverwante de uitde epl i wan de geomatrie van het gebauw zoals b het
takken beschermd volume, inertie, glasopperviakte, vensteroppeviakte, enz. De deta wordt weergegeven tot op het niveau van de

omidat bepaalde dit niveau warden_ Vioar sammige aangiftes kan het jn dat de waarde.
waar de VENTILATIE_ZONE_ID of ENERGIE_SECTOR_ID niet gekerd is. Dit is te wijten aan het feit dat het COW-formulier pas in

v Open data EPB => EPC?, non-residential? e
v" Towards open calculation APl and/or kernel?

Fluvius
Energy use data

ttpe:/futsamsenergitageat
schap.atiassian.net
Iwikildisplay
JINF[%3ARtest

AANGIFTE_ID Unieke referentic van e aangife.

Unieke referentie van de ventilatiezone(s) voor een

VENTILATIE_ZONE_ID bepaskde AANGIFTE 1.

Unieke referentie van de energissectorien] voar cen
Bepaale AANGIFTE_ID en VENTILATIE_ZONE_ID.

ENERGIE_SECTOR_ID

Het volume: uitgedrukt in m? van alle ruimten in cen

gebouw die  thermisch sin wan de

Buitenomgeving {lucht of water), de grond en alle schap.atlassian.net
sangrenzende ruimten die niet nor een beschermd fwiki/display

walume behoren. Noteer dat het hier gaat over het [INF/Beschermdsvolume
Eescherme volume van de EPB-senheid

BESCHERMD_VOLUME_EPS_EENH

Sty flmamresesmeryieage at
schap.atiassisn. net
Jwikifdisplay
JINE[563Rinertie

. a
%A’M Snel aan de slag Meer weten Neem contact op SN

Bet constructictype (inertie} beschrift de swaarte van de
CONSTRUCTIE_TYPE constructie of ce eflecteve thermische mams of
capaciteit van de constructie

5 Nieuwste datasets Verbruiksgegevens Verbruiksprofielen
Overzicht van de nieuwste datasets @ Per sector De reéle verbruiksprofielen van huishoudelijke
—_— 5 ® klanten elektriciteit (kwartierwaarden) en
Per maand
% 4 - tarraced house aardgas.
§' @ Verbruiksgegevens per maand @ Perstraat @ Elektriciteit (kwartierwaarden)
f 5 e l l E 3 ----semi-detached @ Aantal actieve budgetmeters per @ Per statistische sector @ Gas (uurwaarden)

5] gemeente
= house
g. 2 @ Alle lokale productie-installaties per

detached gemeente

house

[ ] [ ] : -
v 100 00 200 400 00 500 7o Actieve budgetmeters Lokale productie-installaties Premies per gemeente
gross floor surface (m?)
Aantal actieve budgetmeters per gemeente. Lokale productie-installaties per gemeente Het aantal premies per gemeente vind je
(aantal en geinstalleerd vermogen) terug op energiesparen.be.
‘/ n f .|| ” b& man
Lab & fi |d( | d)d t

Open libraries
IDEAS, StROBe

@ Alle actieve budgetmeters per gemeente @ Alle lokale productie-installaties per @ Overzicht van alle premies op
gemeente energiesparen.be

7
7

- <

https://www.fluvius.be/nl/blog/wat-doet-fluvius-voor-jou/fluvius-zomerroute-tour-elentrik



RESULTS: (availability) & easy access

NEPBC: modelling tools, data and reports

v" Scientific papers & PhD dissertations
v Public reports on http://new.nepbc.be/results/
v" PEF & CO2 data for 28 countries
v" EROB-model, building on StROBe, on GitHub

¥ main ~  EROB / Corpus / windowhabits.py

B0 siverbru Add files via upload

A1 contributor

811 lines (771 sloc) 27.6 KB

=> Feel free to contactus! -~

Created on Thu Apr 15 14:48:51 2021

3

4

5  @author: siverbru
5 wen

7 import math

8 import numpy as np
9

@
11 This model calculates which window use habi-

12  Based on the work presented in (REF)

O Why GitHub?

& siverbru / EROB ' Pubiic

<> Code O Issues 11 pull requests ® Actions

¥ 1branch ©0tags

¥ main ~

00 siverbru Update README.md

Corpus
Data

README.md

Corr

README.md

EROB-model

Team Enterprise

WindowUseHabitsAsAnExampleOfHa...

Explore Marketplace

m Projects 0 wiki

Add files via upload
Add files via upload
Update README.md

Add files via upload

Pricing

@ Secu rity

|27 Insights

Go to file

85388bf 26 days ago %) 9 commits

26 days ago
26 days ago
26 days ago

26 days ago

EROB Event-based Residential Occupant Behaviour model created by Silke Verbruggen at the research group of

Building Physics (Ghent University) to model occupant behaviour in the residential setting and for the implementation

in dynamic modeling environments (e.g. Modelica). The model is based on the StROBe-model as developed by Ruben
Baetens (https://github.com/open-ideas/StROBe).

13 e

14  def get_habits(VentS, DW, Year, members, HHI
15 # load inputdata if available

16 if VentS == -1:

17 probvs = [@.661,8.167,8.171]
18 cumprobVs = np.cumsum(probvs)
19 rnd = np.random.random()

28 idz = @

21 while rnd >= cumprobVs[idz]:
22 idz += 1

23 Vents = idz

24 Vent3_no = 1 if VentS == @ else @
25 Vent3_C = 1 if VentS == 1 else @
25 if DM == -1:

27 if np.random.random() < @.204:
28 DW =1

29 else:

EL:] oW =8

31 DW2 = 1 if DW == 1 else @

32 YEAR_unk = 1 if Year == -1 else 8

33 YEAR_1 = 1 if Year <= 1958 clse @

11| NEPBC

The project Results News and events

Results

On thizs page. the results and reports of the NEPEC project are publizhed.
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Report: Building-grid interaction: assessment
framework 2406 2001

This report presents a framework to assess the impacts of buildings on the
ow-voltage el ity grid. The interaction of buildings and the grid becomes
a crucial aspect of the energy transition as more low-carbon technologies are
adopted in bulldings that require or produce large amounts of eledric
Technalogies such as heat pumps and rooftop photovoltaic sy
amaong those expected to be widely adopted in Belgium inthe ne
s therefore important to assess what their impacts will be onthe
grid, what the |atter depend on, and how building design can contribu
imit thern.

sams ars

#+ Report_Building-grid-interaction-Aszessment-Framework. pdf

Video presentation: on present and future Primary
Energy Factors 30 ocr zizo

Sam Hamels provides an overview of the different aspects related to
ting primary energy factors (PEFs) for electricity consums
buildings.

Aspects include the geographical scope, temporal resolution and taking into
account electricity imports.

Taking these a:
fior the years 21

into account, 5am also provides indicative PEF results
2025, 2 nd 2040,

4 4 PEF workshop 27/10/2020

Report: Trade-offs for a cost-efficient transformation
of the residential buildings sector 1& r 2000

Report: Towards a grid friendliness assessment for
buildings 24 aus 2021

Low-carbaon technologies, such as heat pumps and photovoltsic solar panels,
oould hawe important impacts on the low-voltage ity di sution grid.
To avoid that high penetration of these technologies is hindered by
distribution grid constraints, and also to manage potential grid
reinforcements efficintly, it is important to assess the interaction of
buildings with the
Taking a building p
baildings i proposed. Such an
uence building owners and ¢
system marn ufacturers and others o adopt prachics
integration of more low-carbon technologies while limiting the grid
reinforcemant costs.

that can benet the

This report investigates possibilities to develop such a grid friendliness
aszezzment of buildings. by examining existing building energy-related
performance rating approaches, reviewing possible available indicators, and
employing a grid impact asssssment framework to propose a method for
deriving requirements for the indicators.

= Report_Towards-a-grid-friendliness-assessment-for-buildings. pdf

Report: Barriers and motivators driving the
renovation of the residential building stock 18 res 2020

Enormaous investments in renovation activities are n sary to realize a
carbon-neutral building Home owners need to invest
in & variety of measures, like replacing their heating system and improving
insulation levels. However, the rate atwhich these irvests are happening

is much too slow.

To better understand what is causing this low renovation rate and how to
inc report reviews the most recent academic literatures on the
subject. Many so-cal
investments in so also identify many ‘motivators’. These are
just as important in order for the imvestments to happen.

-d ‘barriers’ can be identified, which hinder renovation

ort_Barriers-and-Mothators-Renovation. pdf
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Critical notes 11| NEPBC

v" Beyond residential: integrating EPB & EPC, residential & non-residential
v" Not everything related to building energy use can/should be dealt with via EPB/C
v Fully implementable solutions?

. SBO: not software, regulatory document, or even directly implementable formulas/data, but knowledge, models and data
. Looking at the past: some very easily implementable solutions not yet implemented

1
polynomial approach o

W D Espe= 1028 q - 10.2 ¢° %
T
-
1.
A1 =
Fi 5: 1 Jd1 A f 2h i qEM’;'zK]l' he thermal quality of buildi 00’:“/ o I I‘ I
v" Focus on what matters the most! ’ hmmm———— van Hove ot a1, 2091
. Urgency: often better to implement best available knowledge now than delay (temperature take-back, climate change, CO2&PE-F)
. Looking ahead: building life span, (averaged) future user, climate, PE/CO2 intensity...

v" Not looking enough at real consumption data, looking back fast enough
v" Framework: quality of assessment (of the assessment)

. “Challenge 0”: defining clearly the objectives
v Performance gap vs. renovation gap: total saving = {A * N}
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