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Abstract

Titte: Economical and environmental impacts of severatofietoptions for residential
buildings

Author: Samuel Gendebien
Section:  Second year of master in general management

Academic year: 2010-2011

Nowadays, important efforts are deployed to redwes actual residential building
consumption which represents about 40% (25% forrédsedential sector and 15% for the
non-residential sector) of the total energy consionpn Europe. The aim of this paper is to
evaluate the environmental and economical impacewtral retrofit options for residential
buildings. Our study focuses on the Walloon Regioh Belgium. A “bottom-up”
methodology is applied: this methodology focusest fin a micro-analysis. Results from this
micro-analysis are then used and extended to aor@enalysis. The presented methodology
does not permit to determine with precision thébglawonsumption of residential buildings in
the Walloon Region. However, the latter methodolaigws pointing out some economical
and environmental trends related to the differeméstigated retrofit options.

The first part of this end-of-study work offers averview of the Walloon building stock by
presenting statistic data on the Walloon residehbases. From these latter statistic data, it is
possible to divide the Walloon building stock by ans of arborescence. Each type of
building is characterized by constructive data (meaeea, Wai, Uwindow---) @and by heating
production system efficiency.

Thanks to these data, it is possible to deterntiregs and electrical annual consumption for
each type of residential building by means of a goter program that simulates residential
building.

The latter computer program is also used to detenthe annual energy consumption of
envelope retrofitted houses. Retrofit options ezato heat and/or cool production are also
investigated.

A macro-point of view study is carried out in order determine the potential of energy
saving of each investigated options. An environmlerbmparison between the several
envisaged retrofit options is realized in termsG#2 emission, final and primary annual
energy consumption for each type of building.

An economical study is carried out in order to daiae the profitability of each investigated
options for citizens.

The work also proposes a reflection about the aataantive policies.



Résumé

Titre: Evaluation de l'impact environnemental et éconoraiqile plusieurs options de
rénovation des batiments résidentiels

Auteur: Samuel Gendebien
Section: Deuxiéme année du grade du master en managenmenabé

Année académigue: 2010-2011

Une part importante de la consommation énergétaué&urope (environ 40%) est due aux
batiments. D’'importants efforts se doivent d’étealisés afin de réduire nos consommations
dans ce secteur afin de diminuer nos émissionsbutede ce travail de fin d’étude est

d’évaluer l'impact environnemental et économique pligsieurs options de rénovation de

batiments résidentiels, et plus particulieremenbétments situés en région wallonne. Une
meéthodologie de type « bottom-up » sera appliquiag pette étude. Nous partirons donc
d’'une « micro » analyse (investigations sur un draombre de cas) pour ensuite I'étendre a
une « macro » analyse.

La premiére partie de ce travail de fin d’étudesiste a obtenir un maximum de statistiques
sur le batiment wallon (age, types,...) et le marehérgétique belge (prix du gaz, du pétrole,
Subsidies gouvernementales,...).

La seconde partie du travail consiste a divisgraee résidentiel wallon via la détermination

d'une arborescence. Grace aux données statistigeeillies dans la premiére partie du
travail, il est possible de quantifier le pourcgmetade chaque type de batiments (i.e. un
appartement dont la date de construction datant iU siecle, etc...). A chaque type de

batiments (donc a chaque extrémité de l'arbores)emorrespond des caractéristiques
constructives et un type de production de chaleur.

Grace a ces données, il est possible de déterd@isesonsommations annuelles de chaque
type d’habitations grace a l'utilisation du logici€C ALE».

Le logiciel « CALE » nous permet également de ait@er les consommations annuelles des
batiments dont les composants de I'enveloppe éntagtovés.

L’étude ne se limite pas a limpact environnemergtlénergétique de la rénovation de
'enveloppe, mais également du systéme de produdicchaleur.

Une étude est menée afin de déterminer I'impaciremwemental et énergétique de la mise
en place des options de rénovation envisagée.-Cialgu étre réalisée grace a la réalisation
de I'arborescence du parc résidentiel wallon.

Finalement, une étude économique est effectuéereres de ‘Net present value’ (NPV), afin
de déterminer la rentabilité des options de rénonanvestiguées.

Au vu des divers résultats obtenus, une critiqudadpolitique des primes est également
abordée dans ce travalil.
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1 Introduction

The first part of this end-of-study project consist a short overview on the current (at the
international and national levels) energetic contex

1.1 International energetic context

Nowadays, with the increasing of energy costs aedgtowing concern about human impact
on climate, important efforts are deployed to redaar actual consumption. In reality, world
final energy consumption has drastically raisednfrb971 to 2007, as we can observe on
Figure 1 (a). More precisely, world final energynsamption has almost doubled: from 4675
Mtoe in 1973 to 8286 Mtoe in 2007.
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Figure 1 : Evolution from 1971 to 2007 of worlddbfinal consumption by region (Mtoe) (a)
and world CO2 emissions (b) (IEA, 2009)

As a matter of fact, world CO2 emissions and wdinhdl energy consumption are deeply
linked and follow the same evolution (from 15640 &itCO2 in 1973 to 28962 Mt of CO2 in
2007).

Mainly due to the growing scarcity of the world eyetic resources (and many others such as
speculation, economical crisis...), energy pricegsaase. As an example, evolution of the
natural gas import prices for different IEA couagriis given on Figure 2:

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
yearly averages

k%

Jopan** s USA***  m——Belgium Germany™* === Spain***

*The weighted average for EU member states is based only on imports for which prices are available
and may include different components in different time periods. Romania and Bulgaria are not
available for any of the fime periods. ~ **ING ~ ***Pipeline

Figure 2 : Natural gas import prices in US dollaviBtu (IEA, 2009)

The main conclusion to be drawn from this briefrppa@n international energetic context is
that techniques have to be applied to reduce ermggumptions in every sector (transport,
buildings, industries...).

1.2 Europe 2020: objectives

The increasing of the C02 emissions pushed goveartsne take action in order to reduce our
greenhouse gas. As a result, European commissied €ibjectives to reach in 2020 via a plan
called 3x20%.



This plan is based on:

- a reduction oR0% of greenhouse gases emissions in 2020 compareab (which
corresponds to a reduction of 14% compared to 2005)

- an increasing 020% of renewable energy in the final energy consunmpiio 2020
compared to 1990 (which correspond to an increasfirig.5% compared to 2005);

- an improvement 020% of the energy savings and energy efficiencies;

- a presence of 10% of bio-fuel on the fuel markdiviously, if the production is
sustainable).

The European directive CE 2002/91/CE fixes ruleBd@pplied by State Members in term of
energy building efficiencies. Here are some ofEeopean measures:

- Establishing a calculus method to determine theggnuilding efficiency;

- Fixing minimal exigencies concerning efficiencies fiew buildings;

- Fixing minimal exigencies concerning retrofit ofilding larger than 1000 fn

- Making the building efficiency certification obligay for a new construction and for

the renting or the selling of a building;
- Setting up a regular inspection of heating andinggbroduction systems.

1.3 International building sector consumption

International energy consumption can be dividesating to different consuming sectors, as
shown orFigure 3

Figure 3 : Energy consumption in different secto&hare of final end use in % (IEA (2008))

According to IEA (2008), the residential and comamrsectors count for almost 40% of the
final energy used in the world. The major parthe$ tonsumption is in buildings.

From these results, it is obvious that improvemeibuilding’s efficiency represents an
attractive solution to reduce a large part of epargnsumption (and thus to reduce energy
bills).

The major part of energy used in residential boddiis due to ‘Space heating’ as shown on
Figure 4 (a).Differences can be observed between different ttesn especially in terms of
total (not normalized) energy use.
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Figure 4 : Subdivision of energy consumption iridestial buildings in different countries
(IEA (2008))
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Energy consumption due to appliances is risingesit290. This fact can be partly explained
by the growing use of electrical equipment in resithl buildings (computer, cell chargers,
washing machine...). In 2004, the third source ofrgyaised concerns the domestic hot
water supply. Energy dedicated to lighting and coglstays relatively stable and represents a
smaller part of energy consumption (less than 10%).

This end-of-study project only focuses on the ‘Sphaeating’ and ‘Water heating’ energy
reduction. Energy dedicated to these two sectgnesents the major part of the residential
used energy (more than 70%).

Moreover, cooking, lighting and appliances energynstumption highly depends on the
electrical devices efficiencies and the human bengswitching off lights, computer...).

1.4 Studied region

The present work focuses on the residential bugldsituated in the Walloon Region of

Belgium but this study could have been extendednwther country by applying the same
methodology.

The choice to focus only on the Walloon Region barjustified by this main fact: there are

different energetic incentive policies (principaityterms of subsidy) between the North and
the South of the Kingdom of Belgium. Moreover, malifjerences exist between the Flemish
and the Walloon building stock in terms of yearcohstruction and type of buildings (see
Figure 9.

1.5 Research topic in the field of building sector: a short overview

As previously mentioned, many efforts are deployedrder to reduce our consumption in
the (tertiary and residential) building sector. &aV (International, European and Belgian)
research projects have been, and are still, cawigdto reach this goal. Examples are
numerous. Here are some of the research projectsecaout by the ‘Applied
Thermodynamics Laboratory of the University of Elegyhich is very active in the energy
domain:

- The ‘Appendix 53’ project consists in the developtef analysis and evaluation
procedures for total energy used in buildings;

- The ‘Harmonac’ project consists in the developn@rienchmarking, inspection and
audit procedure for air-conditioned buildings. Ameof this project was to propose
and evaluate some Energy Conservation OpportuflEe®’s);

- The ‘Green +' project consists in the developmehtan air-to-air heat recovery
system for residential buildings;

The whole description of these projects (and mahgrg!) in the field of energy performance
of building can be found on the web$ité the‘Applied thermodynamics of the University the
Liege'.

! www.labothap.ulg.ac.be
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2 Statistic data on residential buildings situated in the Walloon Region of
Belgium and Belgian energetic market

The present chapter focuses on the Walloon buildoensus (typology, year of
construction...), the Belgian energetic market (gowental Subsidies, oil and fuel price...)
and the economical hypotheses used for the ecoabamalysis.

2.1 Statistic data on residential buildings

The most recent national census related to resaldmiildings dates from 2001 and was
performed by Vanneste et Al. (2001). Others usadtcags are the survey concerning the
Walloon residential consumption carried out by l8&DD (2005) and the investigation on
the Walloon residential building stock performedtbg MRW (2006-2007).

In the frame of the IEA-37 project (2006), a stithainly based on the data presented in the
three previously mentioned surveys) was manage®ibis (2008). The main part of the
following results is extracted from this report.

2.1.1 Building Stock and Population

Wallonia’s total area is 16844Kn(29.5% of forest, 52.6% of cultivated area and6%3of
urban zone). The total number of houses is equal-th 490 000 (+ secondary building). The
total amount of people who live in Wallonia is 364675 and the total amount of active
people (15 to 64 years old) is equal to +/- 1 390.Mensity of population stands at 205.2
people per ki

2.1.2 Buildings Type

Residential buildings can be classified in fouegaties:
- 4 Frontages houses,
- Semi-detached houses,
- Row houses,
- Flats.

0
L) B 4 Frontages houses

B Semi-detached houses
Row houses

S Flats

Figure5 : Types of building in the Walloon Region (Kif2608))

2.1.3 Buildings Size

The buildings can be classified according to saeshown on th&igure & This factor is
important since the consumption dedicated to hgasiproportional to the size of buildings.

12



Very large
buildings

9,2%
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Large
buildings

13,1% Medium buildings

(from 55 to 104 m?)

Large buildings
(from 105 to 124 m?2)

Very large buildings
(> 125 m?)

Medium
buildings 50,5%

Figure 6 : Buildings size distribution in the Wadlo Region (Kints(2008))

2.1.4 Correlation between sizes and types of buildings

Obviously, size and types of the building are hygbbrrelated. On average, the number of
rooms per residential building is 3.7 rooms pet 8ad 5.3 rooms per house. As expected,
small flats (<55rf) are twice more numerous than small houses (<35 m

100%

90% +——
80% +——
70% +— >125m?
60% T— 105-124m?
50% +——
a0 1| 85-104m?
30% +—o 55-84m?
20% +— m35-54m?
o | |
0% -— .

4 frontages Seml detached Row Flats

houses houses houses

Figure 7 : Correlation between sizes and typesunflings in the Walloon Region

(Kints(2008))

From these results, it is possible to determineriean area per types of buildings. Results are
given inTable 1

(m°) Mean inhabitable area Mean total area
4 frontages houses 97.7 146.6
Semi-detached houses 85.3 128.0
Row houses 77.4 116.1
Flats 60.3 90.4
Every types 83.2 124.9

Table 1 : Mean area according to types of buildimghe Walloon Region (Kints (2008))

2.1.5 Year of construction

Year of construction is a primordial factor in atudy since it is highly correlated with the
insulation and the air tightness of the buildinbise global distribution of buildings according
to their year of construction in the Walloon Regiswgiven in the Figure 8:

13



m<1919

W 1919-1945
W 1946-1960
m1961-1970
W 1971-1980
™ 1981-1990

>1990

Figure 8 : Global distribution of buildings accordj to their year of construction in the
Walloon Region (Kints (2008))

As shown in the Figure 8, the Walloon housing stscglobally old: half of the residential
building stock dates before 1945 and 75% datesréeifd80. By assuming the fact that the
buildings constructed before 1990 need a retr®1it9% of the global stock is concerned.
From this point of view, difference between thenkigh and the Walloon building stock is
guite important, as shown in the Figure 9 :

Surreprésentation

Récent ]
1971-1980 Fl
1946-1970

Entre 2 guerres

<1019 N 1
Figure 9 : Spatial variation of the constructionayeof the building stock in Belgium

Such differences can be explained by:
- ahigher population density in Flanders;
- ahigher purchasing power in Flanders;
- a different socio-economic history between these tegions (industrial area in
Wallonia);
- an interest for ancient buildings in Wallonia;
- alarger destruction of the buildings stock duting two world wars in Flanders;

2.1.6 Correlation between year of construction and types of buildings
Types of building can be linked with the year ohstiuction, as exposed on the Figure 10:

14
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Figure 10 : Correlation between year of construntend type of buildings (Kints(2008))

2.1.7 Constructive building stock characteristics

This part of the work describes the constructivarabteristics of the Walloon building stock
and focuses mainly on the wall, the roof and thedew insulation.

Wall insulation

As we can observe oRigure 11 the main part (71%) of the residential buildingthe
Walloon region is not totally insulated, which repents a high potential of amelioration.

Total insulation

289%

B Partial insulation

B Not insulated

m Synthetic pannels
Mineral wool
B Others

Natural materials

Figure 11 :

800

700 +——

600
500 +

38%.

28%

400 +

300 +
200

100 +

G & & & 3
&

Insulation of the exterior walls: pertdage of houses with insulation, type of

insulation and insulation thickness (Kints (2008))

Obviously, a correlation between year of constarctand degree of insulation exists. This

correlation is represented hereatfter, in
Figure 12
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_ _ m Notinsulated
— — W Partial insulation

Total insulation

Avant de 1875 de 1919 de 1946 de 1971 aprés
1875 a1918 a1945 a1970 a1990 1990

Figure 12: Correlation between year of constructaomd degree of insulation
Unfortunately, statistic data about the correlatimtween the degrees of insulation and the
type of building do not exist. In our study, wewas®e the same proportional repartition of the
degree of insulation whatever the different typéwiding.

Roof insulation

There is a larger part (52%) of the roof insulabedding stock compared to the exterior wall
insulated building stock. However, almost 50% ad thtal building stock is not completely
insulated, which also represent a high potentiamoélioration.

Total insulation 1200 —gp——————
42%
M Partial insulation 1000 g
W Not insulated 800 +— — I
600 +— — I
400 +— —_— —
12%
- Mineral wool o
200 + — — -
M Synthetic pannels 0
& & &
M Natural materials fcg \:"g ,\}c
% A 4

Figure 13: Insulation of the roof: percentage otuses with insulation, type of insulation and
insulation thickness (Kints (2008))

Unfortunately, correlation between year of condtaucand roof insulation are not available.

Windows
Figure 14 represents the part of insulated windows in treédemtial building stock of the
Walloon region.

16



Insulated windows

B Not insulated windows
e 100%

—  90%
80% Exira-insulated double

Triple

70% W Classic double
60%

50%

40%

30%

20%

10%

0%

Totally
Partially

82,40%

Figure 14 : Type of windows (Kints (2008))

Floor

Floor insulation also represents a high potentiahraelioration due to the high number of
non-insulated residential buildings, as we can nlesenFigure 15

21%
Total insulation 450
32%

400
M Partial insulation

350 277
Not insulated
= 300 f———r —

2% 20%
250 A —
o

200+ —
150 4= —F
M Insulating pannels 100 || || | |

Insulating mortar 50 4— | — - - =

W Polyurethane foam 0

Figure 15: Floor insulation: percentage of housaghwinsulation, type of insulation and
insulation thickness (Kints (2008))

Example of U value

Determining a mean value of the convective coeffitifor all types of building is really

difficult. To have an order of magnitude of U vadus the existing building stock, examples
of values measured on-site from real cases (infridame of IEA 37 project), are given

hereafter. One of the parts of this internationabjgrt was to evaluate the energetic
performance of residential houses before and aé&ofitting (transforming into passive

house).
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Year of Type of U wall U_roof U_window U_floor
construction| building | [W/m?K] [W/m?K] [W/m?K] [W/m?K]
BR| AR | BR | AR | BR |AR| BR AR
Case| 19" century| Row |[3.14]/0.135] 55 | 0.14| 4.65 0.72 2.2 | 0.165
1 house
Case| Beginning Farm 3.14 0.26 | 0.76| 0.18| 4.5 1.1 2.2 0.35
2 | ofthe 20 (attic
floor)
Case 50’s Semi- | 1.9 | 0.126] 5.5 | 0.12 5 0.74 2.7 0.086
5 detached
house
Case 1959 Social | 2.78| 0.41| 0.77| 0.28| 5.1 | 1.19 6.66 0.26
4 housing (attic
tower floor)
Case 1960 Single- | 2.12| 0.2 3 0.21| 2.6| 1.1 3.65 0.49
5 detached
house

*BR: Before retrofit
*AB: After retrofit

As we can observe in the previous table, it is wenyplex to establish a correlation between
the year of construction, the type and the U valuthe construction. Correlation between U
values used for our simulation and year of consitvads presented in the chapter relative to
the annual consumption simulation of the existingding stock.

2.1.8 Air tightness

One important factor to determine the annual energgsumption is the air tightness.
Unfortunately, statistic data in relation with agasbuilding types about air tightness are
difficult to find. A mean observed value of 12 Jfmn?] was chosen for non-retrofitted

houses. This value is given by Renard (2008).

2.1.9 Ventilation

Residential ventilation can be divided into foutegpries:
- System A : natural ventilation;
- System B: mechanic pulsing ventilation;
- System C: mechanic extracting ventilation;
- System D: mechanic pulsing and extracting ventitati
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Figure 16 : Ventilation system according to NBN BEIL

In reality, detailed statistic data about ventdatsystem are not available in Walloon Region
but it is a well known fact that the most widespresgstem is theystem A(no mechanical
ventilation) in non-retrofitted existing buildingsor our simulations, we consider this fact as
an assumption.

2.1.10 Heating production system
This part of the work consists in presenting stiatidata about the heating production system:

Flats
Decentralized heating system

0,
Flats 4%

Centralized heating system . .
Single-family houses

13% Centralized heating system
58%

Single-family hous
Decentralized heating syste!

25%

Figure 17 : Distribution of the building stock aguaction of the heating production system
(Kints (2008))

As we can see in Figure 17, Kints (2008) does nakendifference between row houses,
semi-detached houses and four frontages houseBislend-of-study work, the distribution
presented in Figure 17 is assumed to be equallftypas of houses. This remark can also be
enounced for the following figure, which presenit® tdistribution of the type of used
combustible:
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Figure 18 : Combustible used for space heating

70% of single-family houses and 76% of the flate aguipped with centralized heating
production system. In both cases, gasoil and natyaa represent the main part of the
energetic vector used:

- 68% of gasoil in single-family houses;

- 53% of natural gas and 41% of gasoil in flats.

Concerning decentralized heating production systenatural gas and gasoil are less
widespread than in centralized heating productiatesns. They represent 68% of the heating
production system in the single-family houses, tefectricity (12%), coal (10%) and wood

(7%).

Electricity represents 30% of the combustible usethe decentralized heating production

systems in flats.

There is a correlation between combustible usedyaad of construction, as we can observe

on the following figure'
100% -
90% -
80% -
70% -
60% -
50% -

_-
40% 1

H QOthers

H Coal
Butane/Propane
m Wood

Electricity

30%
20% -
10% -
0% -

H Natural gas

m Gasoil

1919

Avant

w10 ||

1971-1980
1981-1990
1991-2001

Figure 19 : Correlation between year of construntaend type of combustible for space
heating (Kints (2008))

2.1.11 Domestic hot water

As we can see oRigure 2Q the production of domestic hot water is the sdcoconsuming
use sector (11% of the total energy use), just #fe space heating (74% of the total energy
use):
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Figure 20 : Distribution of the building consumptias a function of the type of use
(Kints (2008))

Lighting is included in the electro part of the lding consumption and represents 14% of this
part. An easy way (maybe the easiest!) to reduceeanironmental impact is to replace
traditional lighting by low consumption (such agl)ldighting. This solution will not be
investigated in this end-of-study work.

Domestic hot water is mainly provided by electsichatural gas and gasoil (in respectively
34%, 33% and 24% of investigated cases).

2.1.12 Assumptions concerning the determination of the envelope area

One important criterion in the determination of thelding consumption is the heat loss area
(and thus, the compactness of the building). Uofately, available statistic data about
building area only concern the inhabitable andttival area (see 2.1.3).

Assumptions concerning the shape of the buildingehta be done in order to achieve the
present study. The following part describes andifias hypotheses used for each type of
investigated residential building.

Figure 21represents a schematic residential building anevstthe nomenclature used in the
rest of the paragraph:

- o is the slope of the roof;

- yis the height of a storey;

- x s the length of the side frontage;

- zis the length of the “street” frontage.
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Figure 21 : Schematic representation of a residdrituilding and used nomenclature

4 frontages houses

Concerning the 4 frontages houses, the first assamfs to consider the ground floor as a
square (x=y). This fact can be justified by the evlation of a sky view of a 4 frontages
houses living districtRigure 22. The number of floor is equal to 3 (the groufabf, the
first floor and the second floor also called thedar roof” floor) and the height of a storey
(y) is chosen equal to 2.6 m.

: s P

<o

Figure 22 : Sky view of a 4 frontages houses lidigfrict (Beaufays)

The rest of the assumptions are the same tham#epesented by Servais (2010):

a, the slope of the roof, is chosen equal to 25°C;

the last floor of the building is supposed to béainitable when the height is
comprised between 1.5 and 3m;

the “street” frontage is composed of 30% of glazesh;

the “back” frontage is composed of 40% of glazexhar

the “side” frontages are composed of 30% of glazed,

the building is positioned in a way that it facke tstreet” frontage to the east.
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Semi-detached and row houses

Concerning the semi-detached and the row housesesdtablished that the “street” frontage
length is equal to 6 m. Once again, this fact cafjubtified by the observation of a sky view
of row houses living district (sddgure 23.

Figure 23 : y

The rest of the assumptions relative to these timdskof residential buildings are the same
than the ones previously mentioned. One exceptancerns the “under roof” floor. This
latter is not supposed to be inhabitable, accortbrigervais (2010).

Flats

Obviously, a is equal to 0 and just one floor is consideredis Tatter is considered as a
square. An example of apartment building is giveRigure 24

Figure 24 : Apartment building (Liege: St Gilles)

Assumptions relative to the percentage of glazed are given hereafter:
- the “street” frontage is composed of 60% of glazesh;
- the "back” frontage is composed of 40% of glazexhar
These values have been measured in a typical agatrfrom Liege (Quai Churchill, 11a).

The rest of the assumptions are the same tham#égepreviously presented:
- the height of a storey is equal to 2.6 m;
- the apartment building is positioned in a way thdaces the “street” frontage to the
east.
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2.1.13 Determination of the envelope area and the volume

Thanks to the previously mentioned hypotheses {hadnean inhabitable area presented in
2.1.3), it is possible to determine the envelomaaf each type of building by means of a set
of simple equations (use of EES Software for calgulCalculation details are given hereafter
for each type of buildings.

4 Frontages house
In order to introduce the nomenclature used foraalculus,Figure 25presents a schematic
representation of a 4 frontage houses:

i

X
Figure 25 : Schematic representation of a 4 froetagouse and its nomenclature

_ (1)
X4 front = Z4 front
Yafront = 2.6 2)
1 2
112 + 152 = |———— ©)
cos (25)
Xafront = 2 - 11 + 12 4)
l2 - Zafront+ 2 - Xafront- Zafront = 146.6 (5)
X4 front
2 (6)
A =2z s
total,roof4,front 4 front . (25)
A = 2. . — Awi 7
wall,street,4,front= Z4 front © Y4, front wind,street,4,front
Awind,street,4,front: 03 -2 - Z4 front - Y4 front (8)
Awall,back,4,front= 2 - Z4front = Y4 front — Awind,back,4,front (9)
Awind,back,4,front= 04 - 2. Z4 front * Y4 front (10)
Awall,side,4,front= 2 * Xa4front* Yafront — Awind,side 4, front (11)
Awind,side4front= 0.4 - 2 - X4 front* Yafront (12)
Atot,wall,side,4,from: 2 - Awall,side,4,front (13)
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Atot,wind,side,4,from: 2 - Awind,side,4,front (14)

Atot,ext,wall,4,fronl= Atot,wall,'s,ide,4,fron"f Awall,street,4,fronf" AWaII,back,4,front (15)
Atot,wind,4,front= Atot,wind,side,4,fron‘t‘ Awind,street,4,front+ Awind,back,4,front (16)
2 2
X X
h4,front2 4 | Z4front\ _f_ Z4front (17)
2 2 - cos (25)
X4 front

Volg front = Xafront 2 * Yafront Z4front + - Zagront hagont— 11 - 1.5 (18)

Semi-detached house

The same method that the one presented for thentafye houses is applied. One of the
difference concerns the determination of the texérior area due to a common wall between
the two attached buildings. Another difference he tfact that the under roof level is
considered as uninhabitable.

19
YSDH = 2.6 (19)
ZspH = 6 (20)
2 - XspH - ZspH = 128 (21)
XSDH
A =2.2 2z (22)
total,roof, SDH SDH cos (25)
Awall street SDH= 2 * ZSDH * YSDH — Awind street, SDH (23)
Awind,streetSDH = 0.3 - 2 - ZspH - YSDH (24)
Awallback,SDH = 2 - ZSDH * YSDH — Awind,back,SDH (25)
Awind,back,sDH = 0.4 - 2 - ZspH * YSDH (26)
Awall,side,SDH= 2 * XSDH - YsDH — Awind,side,SDH (27)
Awind,side,sDbH= 0.4 - 2 - XspH * YSDH (28)
Atot,wall,side,SDH: 1- Awall,side,SDH (29)
Atotwind,side,sDH= 1 - Awind,side,SDH (30)
Atotextwal, SDH= Atotwall,side,SDH Awall,street, SDHT Awall,back,SDH (31)
Atotwind,SDH = Atotwind,side,SDH" Awind,street,SDHT Awind back,SDH (32)
2 2
XSDH XSDH
henu? + - | XsbH (33)
SDH [ 2 } [2-005(25)}
X
VoIspH = XSDH * 2 - YSDH * ZSDH + 5 ZSDH hspH (34)
Row house
Same method is applied than the two previouslygories!:
YRH = 2.6 (35)
ZRH = 6 (36)
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2 - XRH + ZRH = 116.1 (37)

XRH.
Atotal,roof RH = 2 + ZRH - COSZW (38)
AwallstreetRH= 2 * ZRH * YRH — Awind,streetRH (39)
Awind,streetRH = 0.3 -+ 2 - ZrRH - YRH (40)
AwallbackRH = 2 * ZRH * YRH — Awind,back,RH (41)
Awind backRH = 0.4 - 2 - ZRH - YRH (42)
Awall side RH= 0 (43)
Awind,sideRH= 0 (44)
Atotwall,side RH= 0 (45)
Atot,wind,side,RH: 0 (46)
AtotextwallRH= Atotwall,side, RH Awallstreet RHT Awall back,RH (47)
Atotwind,RH = Atotwind,side,RH" Awind streetRHt Awind back,RH (48)
hrr? + [X;Hr - [2 . c);ZH( 25) r (49)

XRH

VOIRH = XRH * 2 * YRH * ZRH + - ZRH - hRH (50)

Apartment
Apartments are the easiest type of building to rd@tee the envelope area, since it is
considered as a simple parallelepiped:

Zflat - Xflat = 90.4 (51)
Zflat = Xflat (52)
Ylat = 2.6 (53)
Atotal roofflat = O (54)
Awall streetflat = Xflat * Yflat — Awind,street flat (55)
Awind,streetflat = 0.6 - Xfiat * Yfiat (56)
Awall,backflat = Zflat * Yflat — Awind,backflat (57)
Awind,backflat = 0.4 - Zfiat = Yfiat (58)
Awall side flat= O (59)
Awind side flat= 0 (60)
Atotwall side flat= O (61)
Atotwind side flat= O (62)
Atotextwall flat= Atotwall side flat Awallstreetflatt Awall backflat (63)
Atotwind flat = Atotwind,side flat Awind,streetflatt Awind, backflat (64)
Volfiat = Xflat = Yfiat = Zflat (65)

Values resulting from the set of equations aremjivereafter. These are the ones that we will
use for our simulations:
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Alotal,ruof,-’-l,frunt =73.19
MgtalrootsDH = 1062
Aigtextwalpy = 40.56
Aitwal sideflat =0
Asotwind 4font = 6353
Aiotwind,spH = 32.93
AsotwindsiderH =0
Ayl back sl = 14.83
Ayiall side. 4front = 224
AyallsidesoH =44.37
Ayl streetpy = 2184
A, ind back flat = 9-888
Aviind side 4front = 16.94
Ayind side.soH = 11.09

Aind.streetpy = 9-36

hRH =2.256
ly=1.711
Volg, =367.3

X = 9.508

Yafrant = 26

YspH =26

Zpy =6

Aialroottiat =0

At extwall 4front = 109.9
AtextwalsoH = 84.93
Agtwallsiderd =0
Protwind et ~ 2472
Avgtwind side 4frant. = 3388

Atotwind,side,SDH =11.09

AallbackrH = 18.72
Pl sidetat =0

Aall street 4front = 29.65
Ayl streetsoH = 21.84
AyindbackrH = 12.48
Ayind sideflat =0

Ayind streetdfront = 12-71

Av\tind,streeLSDH =9.36

hgpy =2.487

VDI4,fr0nt =4031

Xpy = 9.675
Yiat =26

Z4fon = 8144

zgpH =6
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Aot extwall it = 2472
Ajgtwallside.4front = 20.82
AtwallsidesoH = 4437
AgtwindpH = 21.84
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Al back 4frant =~ 2941
Ayl back sDH = 18.72
Ayl siderd —0

Al street ot = 9888
Aind back 4frant ~ 18.94
AyindbacksoH = 1248
Ayind sidepH =0

A\r\rind,streetﬂat =14.83

hygon =1.899
I, =3.217
Voly,; =235

Xqpont = 8144

xgpy = 10.67
Y = 2.6
Zj = 9.508



3 Walloon residential building stock arborescence

This part of the work is the most delicate one.uady, it is really difficult (and even
impossible) to create an arborescence of the diftekind of residential buildings situated in
the Walloon Region: purists would say that thee @ many cases as there are buildings! It
also exists a compromise between a large numbenvedtigated cases (to be as complete as
possible and to analyze as many cases as posaitleg small numbers of analyzed cases (to
be as efficient as possible in terms of calculatinge). In order to reduce the case number,
the idea is to neglect marginal cases.

Moreover, the creation of the building stock arlssence requires a large numbers of
assumptions. Error sources are also abundant:statatiand data compilation, used
assumptions, used weather data...

In conclusion of this chapter’s introduction, itilsportant to keep in mind that the presented
method does not permit to determine with precidioa global consumption of residential
buildings in the Walloon Region. On the other hatiis latter method allows pointing out
some economical and environmental trends relatedh¢o different investigated retrofit
options.

3.1 Determination of the existing building stock ar borescence

As already mentioned, a compromise exists betwekmge numbers of investigated cases
and a small numbers of analyzed cases. In a iing, ta large arborescence with a maximum
of investigated cases will be created; then singalifons will be made in order to reduce the
number of cases.

3.1.1 Large arborescence

The creation of the largest building stock arbosese can be made by investigating all
possible cases from the statistic data previousggnted.

Large building stock arborescence
Type of building 4
(Separated, Semi-detached and Row houses +
Apartment)
Area 4
(Small, Medium, Large and Very large)
Year of construction
(<1919, 1919-1945, 1946-1960, 1961-1970, 1971- 7
1980, 1981-1990, >1990)
Wall 3
(Insulated, Partially insulated, Not insulated)
Roof 3
(Insulated, Partially insulated, Not insulated)
Window 2
(Insulated, Not insulated)
Floor 3
(Insulated, Partially insulated, Not insulated)
Heating production system 2
(Centralized, Not centralized)
Type of combustible
(Gasaoil, Natural gas, Electricity, Wood, 7
Butane/Propane, Coal, Others)
DHW 3
(Gasoil, Natural gas, Electricity)
Total number of cases 190 512

Table 2 : Large building stock arborescence
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3.1.2 Simplified arborescence

First step

As we can observed in the previous paragraph atfge Ibuilding stock arborescence presents
190 512 of investigated cases, which is way tot Imigthe field of this study. Simplifications
have to be done.

3.1.2.1.1 Simplification concerning the type of building atig inhabitable area

It has been decided to correlate the type of widind the inhabitable area, by using the
mean value presented ifable 1 So, a mean inhabitable area corresponds to a df/pe
building. This simplification divides the numberiaf/estigated cases by 3.

3.1.2.1.2 Simplification concerning the year of construction

Year of construction is divided into seven parigritten henceforward:

- <1919, 1919-1945, 1946-1960, 1961-1970, 1971-19881-1990, >1990.
Simplification consists in aggregating the firsdasecond group, the third and fourth group
and lastly the fifth and sixth group.

Year of construction is now classified as preseht@after:

- <1919-1945, 1946-1970, 1971-1990, >1990.

This simplification can be justified by the obserea of Figure 10 and Figure 12 which
shows the same trends of characteristics for eggregated groups.

3.1.2.1.3 Simplification concerning wall, roof and floor claateristics

Simplifications concerning the wall, roof and flooharacteristics consist in neglecting the
partially insulated case, which is quite negligitfarts relative to the partially insulated case
are proportionally split up.

3.1.2.1.4 Simplification concerning the heating productiostsyn

No simplifications can be made concerning the hggtroduction system.

3.1.2.1.5 Simplification concerning combustible and domebktit water (DHW)

Simplification concerning the combustible and tloengstic hot water is to focus only on the
main used combustible: gasoil, natural gas andralig. Moreover, another simplification
consists in assuming that production of domesttoNader can be done only by the same type
of combustible than the one used for the spacergeat by electricity.
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3.1.2.1.6 Determination of the total number of investigatades

Simplified building stock arborescence

Type of building correlated with mean inhabitable

area 4
(Separated, Semi-detached and Row houses +
Apartment)
Year of construction
(<1919-1945, 1946-1970, 1971-1990, >1990) 4
Wall
(Insulated, Not insulated) 2
Roof 2
(Insulated, Not insulated)
Window 2
(Insulated, Not insulated)
Floor 2
(Insulated, Not insulated)
Heating production system 2

(Centralized, Not centralized)

Type of combustible and DHW

(Gasoil + Gasoil, Natural gas + Natural gas, Gasoll 5
Electricity, Natural gas + Electricity, Electricity
Electricity)
Total number of cases 2560

Table 3 : Simplified building stock arborescencediFstep)

Second step

As we can observe ifiable 3 the total number of cases from the first simptifarborescence
is equal to 2560 which is too numerous in the frarnidis study. Thus, it has been decided to
reduce this number by making more simplifications:

The first simplification consists in neglecting timsulation of the floor. A mean value
will be used for our simulation. This can be justif by the fact that most of the
basement floor is situated above a technical larak cellar which reduce the
influence of the floor insulation. Moreover, reitobptions relative to the floor
insulation are not widespread (heavy building work)

It has also been decided not to take into accoo@attype of heating production

(centralized or decentralized) but only the enacgetctor. This simplification can be

justified by a weak influence of the heating prdiut system in the annual

consumption. In our study, we will only consideremtralized system for two reasons.
It is the most widespread system and retrofit opgtiare mostly centralized ones.

Obviously, roof insulation is not taken into accoumthe flat simulation (roof of an
apartment is not an “exterior” wall).

Since the walls are not the easiest componenttddte and if the walls are insulated,
it has been decided to consider the roof and thmelaws as also insulated (if the
owners have decided to insulate their walls, thayehprobably/certainly made the
efforts to insulate their roof and their windows).
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- Windows (even if the wall is not insulated) are sidered as insulated for building
constructed after 1990.

3.1.3 Repartition hypotheses

Some of the simplifications presented in the presiparagraph (and more precisely the two
last ones) can be justifiably considered as reparthypotheses.

In reality, statistic data about Walloon resideniiailding stock presented in the Chapter 2
does not permit to generate a complete arboresc@&heecreation of this latter requires the
use of some repartition hypotheses. For examplecaneelation exists between windows
insulation and year of construction of the buildifog between windows insulation and type
of building).

Thus, as already mentioned, it has been decidedotwider windows from building
constructed after 1990 as insulated. For buildingstructed between 1946 and 1970 or
between 1970 and 1990, repartition is the same ttharone presented Figure 14(19.1%
insulated vs 80.9% not insulated). In order to nethe same repartition as the one presented
in Figure 14for a type of building, repartition for windowsom building constructed before
1945 is adapted (an Excel file was created to geéad¢he arborescence).

Concerning the repartition of the roof insulatitime same problem that the one met with the
windows insulation can be enounced: correlatiorwbeh year of construction and/or type
does not exist. The same method that the one pessenthe case of the windows insulation
is applied. Roof of building constructed after 19&® considered as insulated. Another
hypothesis is to consider as not insulated, roafmfbuilding with windows and walls not
insulated. Percentages of insulated roofs corsiulbetween 1970 and 1990 and between
1946 and 1970 are respectively equal to 80%. lera@reach the same repartition as the one
presented irFigure 13for a type of building, repartition for roofs frobuilding constructed
before 1945 is adapted (in view of the previousdtlgpses and repartition presenteétigure

13, it is obvious that most of the non insulated soodmes from building constructed before
1945).

All of these previously presented simplificatioegartition hypotheses allow reducing the
number of investigated cases to 265 which is censttl as satisfactory for this study. An
example of 20 cases resulting from the arborescenggven hereafter, ifrigure 26 The
whole arborescence is given in Appendix D.
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Figure 26 : Building stock arborescence

3.2 Arborescence: some interesting numbers

Some interesting numbers can be stressed by aedlie Walloon building stock
arborescence.

Among them and as an example, the most represbuatielihg (2.8% of the building stock) is
a row house constructed with not insulated waflisuiated windows and roofs, and natural
gas as an energetic vector (for both heating spak domestic hot water). The less
represented one (negligible part of the buildingck} is a row house constructed between
1971 and 1990 with not insulated walls and roafsl imsulated windows with natural gas for
space heating and electricity for domestic hot wate
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4  Envisioned Retrofit Options

In the field of residential building, a high numhbsrretrofit options can be investigated. As
already mentioned in paragraph 2.1.11, replacemktraditional light by diodes is a good
way (and maybe the easiest) to reduce our consampti

In the frame of this end-of-study project, envigdrmretrofit options concern only envelope
insulation and heating/electricity production systenprovement.
More precisely, our study focuses on:
- walls, roof and windows insulation;
- replacement of the current heating production sysby a condensing boiler or an
heat pump. Investigations about solar panels &t &e carried out.

We may extend this list of retrofit options, buthiads been chosen to investigate the most
widespread ones in the frame of this end-of-studykwAs an example, we could investigate
photovoltaic panel but this latter does not mathhe frame our subject which concern
energy consumption reduction relative to buildilmgthis context, photovoltaic panels can be
considered as a system of electricity productiahiamestigated as such.

This section briefly presents some of the retroptions investigated in this end-of-study
work.

4.1 Insulation

There are several methods of wall insulation. Weatassify them into 3 categories:
- “inside” wall insulation (a);
- “outside” wall insulation (b),
- “by cavity” wall insulation (c).

Examples of the three types of retrofit insulatawa given in Figure 27:

(@) (b) (©)

Figure 27 : Types of wall insulation

4.2 Condensing boiler

A condensing boilerutilizes the latent heat of water produced from blurning of gasoil or
natural gas, in addition to the standard sensibét, lio increase its efficiency.
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Figure 28 : Schematic representation of a condgrsiiler (Makaire et al. (2010))

To take advantage of this technology, the supplteseemperature has to be inferior to the
dew-point temperature of the flue gas. As we caseoke in Figure 29, the supply water
temperature highly influences condensing boilefgrerance.
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Figure 29 : Measured condensing boiler performafidekaire et al. (2010))

From this fact, it is important to keep in mindttfiae emission system has to be designed to
reach a supply temperature as low as possible.

4.3 Heat pump

According to Ashrae (2004), leeat pump is a machine or device that diverts heat from one
location (the 'source’) at a lower temperaturentotizer location (the 'sink’ or ‘heat sink’) at a
higher temperature using mechanical work or a beghperature heat source.

A heat pump is made of 4 main components:

- A compressor: its role is to raise the pressure of the refrigetay means of a
mechanical work. It operates thanks to an eledtnor.

- A condenser:is a heat exchanger. Its role is is to allow thademsation (passage
from the vaporous state to a liquid state) of tbfigerant. This latter release an
amount of heat to a secondary fluid.

- An expansion valveits role is to decrease the pressure of the refiige

- An evaporator: is also a heat exchanger. Its role is to evapdtreerefrigerant by
allowing the absorption of an amount of heat froseeondary fluid.

A schematic representation of a heat pump is givéfigure 30:
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Figure 30 : Schematic representation of a heat pump

The P-h evolution of a refrigeration cycle is givereafter:

The Ideal Refrigeration Cycle graphed onto a Pressure Enthalpy Chart
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Figure 31 : P-h diagram of a heat pump c3ccle

A four-ways valve can be added to the previous diftheat pump components. This
component allows the reversibility of the cycle.

Heat pump performances are characterized by traffiCient Of Performance (COP) when
the device working in heat pump mode, or by theierfgy Efficiency Ratio when the machine
working in chiller mode.

COP and EER are defined by the two following eapreti

cop = %
W
EER =@
W

4.4 Solar panels

Solar panels, also known as solar collectors, Eeed on the roofs of buildings, oriented as
much as possible towards the south. They receiat fnem the sun and transmit it to an
antifreeze fluid that circulates inside. This flgides through insulated pipes to a storage tank.

% Source : http://www.refrigerationbasics.com
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This storage tank can be used to provide domestionater, or contribute to the central

heating system. They are usually coupled to a attiweal boiler in order to provide heat
demand in every condition.

An example and schematic representation of thesy#& given in Figure 32:

Rendement 3 [a painte

T = 0,85, by = 3,37 wilmaK)
Eau Chaude Santare

S agpoint

Prépacateur soiain

Figure 32 : Basic principle of thermal pariels

®Source : http://www.enersol .be
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5 Simulated annual consumption for existing buildin g stock

5.1 CALE

Several existing software such as Opti-maison (Becture et climat, 1998) or SISAL (which
means in FrenchSimulation deSystémesAccessibles ehigne”) are available to carry out
this kind of study. It has been decided to chobseGALE (also called PEB which means in
French ‘PerformanceEnergetique de8atiments”) Software for its easiness of use and als
mainly for its small calculation time (less thaneosecond) compared to SISAL Software
(more or less one hour). SISAL Software is morecigee (hourly-based dynamic simulation)
than CALE Software (interpolation). This end-oféguwork is based on many assumptions
and, as already mentioned, these assumptions léa’tto precise calculus. Considering this
fact, it would be ridiculous to prefer a long-tirsienulation precise Software.

5.1.1 Description of the ‘CALE’ software

‘CALE’ software is a tool able to estimate the aahconsumption (and the cost relative to
the annual energy consumption) for residentialddogs. The tool is mainly intended for
engineering consulting firm, architects, componeangnufacturers and retailers. The CALE
Sofware was developed daxcel'.

The ‘residential’ (in opposition of ‘tertiary’) veion obviously permits the analysis of all
types of building:

- Single family houses,

- Row houses,

- Semi-detached houses,

- Flats.

5.1.2 Input data

Obviously, ‘CALE’ software requires a minimum nunnloéd inputs to run simulations:

- Surface of walls, windows, doors, floor, roof;

- Thermal transmittance, (in WHi), is the rate of transfer of heat (in W) througte
square meter of a structure divided by the diffeeen temperature across the
structure. These values have to be specified fdswaindows, floor, roof...;

- Type of ventilation and the ventilation flow rate;

- Presence or not of a heat recovery device;

- Centralized or decentralized heating production;

- Type of heating production (heat pump, boiler, earging boiler, ...);

- Type of emitters (radiators, heating floor,...);

- Type of heating production for domestic hot water;

- Cost of energy (electricity, gas, annuity, etc...);

- Air tightness;

- other inputs such as the number of sinks;

An example of an input data sheet from the CALENBaxfe is given in Figure 33. This input
data sheet concerns the geometric characterislithendegree of insulation of the building.
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A Parois de déperdition U; k;) A;
['wim*K] [m?]

1 |Fenétres, tabatiéres, coupales, et autres paraiz translucides

2 |Portes extérieures

a3 Murs entérieurs, fagades

4 Taitures [plates ouinclinées) ou plafonds supérieurs en dessous

des espaces non protégés
5 |Planchers au-dessus de 'ambiance extérieurs
G Planchers au-deszsus d'espaces voisins non & |'abri du gel [vide
=anitaire]

T Planchers au-dessus d'espaces voisins 2 I'abri du gel [caves)

&  |Planchers sursal

i | Murs extérieurs en contact avec le sol [murs enterrés)
101 Paraiz intérieures en contact avec des espaces vaising non & ['abri

© [dugel

10.2 [Ponesintérieurss en contact aves des espaces waizing non & I'abri du
11 Parois intérisures en contact aves des espaces vaising & 'abridu

| gel
.2 |Paorttesintérieurss encantact aves des espaces waising 4 abri du gel

12 Totaux [Superficie de déperdition]): A; = T4 = [m] 242 62
B |Ponts thermiques il L;

' imk] [m]

13  |zuivant les définitions de |3 NBM BE2-002

14 |'|r'o|ume protégé du batiment ou du secteur 1 [m*] | 1
15 |Surlace de plancher chauffée A, [m*] | 1

Figure 33 : Example of an input data sheet fronT@®BLE" Software

5.1.3 Weather data

Walloon climate is supposed to be equivalent frara Walloon geographical zone to another
since the small area considered (16844)kifhe Software does not permit the modification
of the weather data (contrary to “SISAL” Softwaredxample).

5.1.4 Output data

CALE Software is able to produce the following auttp
Annual total consumption due to the space heatheyspace cooling (almost always
equal to zero in residential building), domestidavdneating and auxiliaries;

Total cost relative to the consumption mentionetheprevious point;

Total amount of final energy consumed;
Total amount of primary energy consumed;
Total amount of CO2 produced per year.

An example of result synthesis sheet from the CAldiware is given in Figure 34:
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_ |Emissionde | Coot annuel Caniamaion
€O, [ifan] [€/an] KWh/m? an

13.82 3716 452

Chauffage
Consommation : 165 571 M
Référence : 38252 M
Part de la consommation totale : 8%

Eau chaude sanitaire

Consommation : 17470 M
Référence : 15035 M
Part de lo consommation totale : 9%

Auxiligires
Consommation : 5831 M
Rétérence : 4148 M) WEreunge BEa chaude sonohe DAk eatoidmeran:
Part de lo consommation totale : 3%
Refroidissement
Consommation : o M1
Référence : o M
Part de lo consommation totals 0%
Photovoltaique
Economie dénergie : o M

SYNTHESE DES RESULTATS EN ENERGIE FINALE PAR TYPE D'ENERGIE :

Combustibles Consammation: Coils annuels *

(énergie finale) (redevances comprizes)

électricité 448 kWh 261 €

gaz naturel Om? 0€
mazout 4803 fitres 3456 €

Figure 34 : Results synthesis sheet from the CAbfEn&re

5.1.5 Assumptions concerning simulations

Such as for the creation of the building stock egboence, statistic data and/or correlations
(with year of construction and/or type of buildibyg instance) do not exist about U value or
heating production system efficiency. Assumptioosoerning these values have to be done
in order to realize our study.

The first type of assumptions concerns U vaNe consider a U value for windows, walls
and roofs of respectively 4.65, 3.14 and 3.13 fom msulated buildings constructed before
1945. We consider an improvement of buildings edficy over the years and thus, a
reduction of 20% and 40% of the previously presgrgievalue for buildings respectively
constructed between 1946 and 1970 and buildingstaared after 1970.

Concerning insulated components (walls, roofs amtlews), we use mean value measured
in situ on new constructions. These values arengbyeLagendries (2008).
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Figure 35 : Walls, windows and roofs U value fowrtauilding
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The second type of assumptions concerns heatinduption system efficiency. Values of
77%, 85%, 87% and 89% have been chosen for bugdiegpectively constructed before
1945, between 1946 and 1970, between 1971 and d®®@fter 1990. A value of 85% has
been chosen to characterize the emission systécreatfy.

5.2 Validation of the developed method

The present part of the work consists in comparesylts obtained from the exposed method
and the actual building consumption.

According to Kints (2008), the mean average valued residential house in term of total

final energy is equal to 26.8 MWh. As shown in F®B6, the part relative to the space
heating is comprised between 75% and 78% of thel ®nergy. The part relative to the

domestic hot water is comprised between 10 and I28&%.mean annual consumption relative
to space heating and domestic hot water in terrfinaf energy is estimated (a top-down

methodology is used: repartition of the total amaefnrconsumed energy per sector) equal to
24120 MWh per yeawith 13.3% due to water heatifi we only consider these two energy

vectors).

Space heating
75-78%
Domestic appliances
800
Hot domestic water Cooking
10-12%% 4606

Figure 36 : Building consumption (DGSIE and ICED® the DGO4 (data from 2007))

Our simulations (total amount of 265) have permoitdietermine the annual consumption
relative to domestic hot water and space heatingdoh type of building. These latter results
have been average weighted by means of percentagewrence determined by the building
stock arborescence. A mean annual consumption pdlodv residential building (in term of
final energy) of 27558 kWh per yeaas found with 8.83% due to domestic hot walteinas
been decided not to take into account ‘auxiliarieshsumption (considered as domestic
appliance). It has also been possible to determi@enean annual CO2 emission per house:
8.25 t/an

Difference between official results and our resultds less than 12.5% and difference
between the repartition of domestic hot water is k&s than 5%.

Can we consider results from our simulations asfgatg and can we explain the difference
between the two results?

In reality, differences between results from outcalkation and official results can be
explained by many reasons:
- Our method uses a high number of assumptions (gecnclaracteristics, evolution
of U value over the year of construction, repanitassumptions, weather,... ),
- “Official” method (top-down methodology) also usekigh number of assumptions,
- CALE Software overestimates annual consumption cfmal comparison with
measure in situ confirms this fact).
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- Simulation-based consumption determination of dding is quite difficult (because
of the influence of a high number of factors) aaduires a calibration (adjustment of
parameters of the model) to fit the reality. To daan order of magnitude, a
comparison between actual consumption and simuldtésed results as a function of
the simulation runs (tertiary building) is giverréafter by Bertagnolio et al (2010) :

Calibration — simulation runs

Run # Error Fuel Electricity

0 MEBE —70.9% —47 8%
(benchmark) CV(RMSE) 22.2% 13.8%
1 MBE —4.4% -25.6%
(base case) CV(RMSE) 4.72% 7.4%
3 MBE -11.9% -9.4%
CV(RMSE) 4.5% 2.8%

3 MBE —-6.6% -3.2%
(baseline) CV(RMSE) 3.4% 1.6%

Figure 37 : Calibration vs simulatiams

Determination of the annual consumption of thedngd stock in term of final energy could
be the object of a calibration by adjusting somethe parameters (such as U value or
efficiency of heating production system) in orderfit the mean “official” consumption. As
official method (top-down) also uses a high nundfeassumptions, it has been decided to not
carry out this “calibration”.

In conclusion, we can consider results of our sanoh as (very) satisfying. Moreover, as
already mentioned, the aim of this study was notétermine with precision the mean
consumption in the Walloon region, but to stresaesdrends resulting from a refurbishment.

5.3 Consumption vs type of building

Obviously, consumption is linked (among other tisifgo the type of building. We can stress
some trends relative to this latter fact. As annepi@, row houses consume less than 47% of
energy compared to 4 frontages houses (average)vdlbis can be justified by two major
facts:
- Row houses are considered smaller (21.4 % in tefnmlmbitable area) than 4
frontages houses, in our simulations (146.6 vs1Li@® of mean inhabitable area: see
Table J;
- “Exterior” walls area (and thus windows area) isvziobsly smaller for row houses
than for 4 frontages houses.

We can compare our results with the ones givendnaRl (2008): he shows that a row house
consumes 36% less than a 4 frontage houses (bydedng the same inhabitable area for
both types). Our results are in the same orderagmtude than the ones presented by Renard
(2008).

If we transform these results in annual consumptmer square meter (normalized
consumption), we can observe that row houses a% 2mre efficient than 4 frontages
houses.

Obviously, we can extend this analysis to semialetd houses (which consumes 24.4% less
than 4 frontages houses) and apartments (whicluowes 76% less than 4 frontages houses).

41



Apartments are the type of building the most edfitiin term of energy consumption. This
can be justified by the two previously mentionediga(smaller inhabitable area and smaller
“exterior” wall area) and one supplementary: in smnulations, roof area is consider equal to
zero.

This first observation of our simulation resultighly important and anajor conclusion of
this end-of-study work can already be enounced
- type of residential construction highly influeneasergy consumption. Obviously, the
ranking is the following one: the best type of Hing in terms of energy efficiency is
the apartment type, the second one the row hoyse the third one is the semi-
detached house type and the worth one is the 4afyes house type.

As we can observe iRigure 1Q major part of the new construction (after 199dnceerns 4

frontages houses. Better information and/or ineenpiolicies should be given to urge builder
to opt for row house type than 4 frontage house.typ
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6 Economic analysis

One of the aims of this end-of-study project isetaluate the economical potential of
different (combination of) retrofit options.

The present chapter is divided into several p&itst, investment costs related to each retrofit
option are investigated. Secondly, energy costsdatailed. The third part of the section
investigates different economic methods. One ahtisechosen in order to carry out the study
and compare the investigated retrofit options.

The comparison of the retrofit options in term&obnomic analysis will be done in section 8.

6.1.1 Investment costs

Investment cost relative to each investigated e$liment option corresponds obviously to
one of the most important factor in an economidgtiPrices given in this end-of-study come
from an interview of one of the founders of “Endtsmd from different websités dedicated
to professionals in the building sector. A list inflicative prices of windows is given in
Appendix E.

The boiler chosen for this end-of-study work is bwler ALU DOMUS (KV 120 20 SAl)
from the brand Riello. This boiler is suitable fegating only or for heating and DHW. It has
an average power of 12.5 kW with performances otiai02-108%. The purchase price is €
3750.

Just as the boiler, the chosen heat pump comes thenbrand RIELLO. The model can
operate in SINTESY reversible air conditioning umsner. Rated power is 6.6 kW for a COP
of 3.9. Its purchase price is € 5535.

Retrofit options Price
40-60 for int. insulation
Wall insulation [€/n] 60-75 for ext. insulation
65- by insufflations
Roof insulation [€/rf] 50
Windows [€/nf] 90
Condensing boiler [€] 3750
Heat pump [€] 5538
Thermal panels [€/m2] 1000-1200

6.1.2 Energy costs

This section presents the cost of energy depenaiinthe energetic vector (fuel, electricity
and gas).

Fuel cost
The mean price of the Belgian heating fuel is gibgrStatbel (2011):

4 http://www.livios.be/
> www.energieplus-lesite.be
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tva excl., en euro | % tva tvaincl., en euro
Gasoil de chauffage (1000ppm): minimum 20001 0,573l 21 0,6944/
Gasoeil de chauffage (1000ppm): moins de 2000l 0,5946/ 21 0,71941

Gasoil de chauffage extra (50S) : minimum 2000! 0,59761 21 0,7231

)
Gasoil de chauffage extra (50S): moins de 2000l 0,61821 21 0,748/

5085 = a faible teneur en soufre

Figure 38 : Mean fuel cost (Statbel, (2011))

Concerning our study, just one price is considarmd corresponds to the mean average value
of the four previous values exposed in the talR TR /liter

Electricity cost
Since 2007, the Belgian electricity market is lddeed. The electricity cost depends on the
supplier (their total number is fifteen according the CREG which means in French
“Commission de Régulation de I'Electricité et duzQa
Actually, the electricity price is also dependant the time schedule in the day. To be as
precise as possible, it is important to notice thattotal electricity price corresponds to the
sum of several parts:

- Annual fixed fee and green contribution;

- Energy cost;

- Electrical network use cost (distribution costanport cost);

- Use tax, fee, contribution and excess load.
The repartition of the electricity price is importabecause the SISAL Software requires
“Annual fixed fee” and “Electricity Cost for Nigland Day” as inputs.

In order to have a control on the electricity préoed to protect citizens against an eventual
monopole, an organism called the CREG regulateskbetricity market by fixing electricity
price.

According to a major Belgian supplier (Luminus (21 the electricity cost disaggregation is
given hereafter. The following prices take into @aut the value added taxes and consider a
bi-hour electricity meter (the most widespread or@)ncerning the electrical network use
cost and the electricity meter renting, the presgmrice corresponds to the mean average of
the prices of the several electrical network managthe Walloon Region.

- Annual fixed fee = 117.53 [€/an];

- Day energy cost = 9.58 [c€/day kWh];

- Night energy cost = 5.91 [c€/night KWh];

- Green contribution = 1.06 [c€/KWHh];

- Electrical network use cost = distribution costransport cost = 8.84 + 1.06 = 9.9

[cE€E/KWh];
- Electricity meter renting = 16.04 [€/an];
- Use tax, fee, contribution and excess load = 0&BIBV].

From these results, it is possible to disaggreteelectricity cost in three categories:

- Annual fixed cost = Annual fixed fee + Electricity metenting

=193+ 16.04 = 133.57 [€/an]

- Day electricity cost = Day energy cost + Green contribution + Eleat network
use codiise tax, fee, contribution and excess load
=90.58 98+ 9.9 + 0.943 = 21.48 [c€/day kKWh]

- Night electricity cost = Night energy cost + Green contribution +
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Electd network use cost +
Use,tiee, contribution and excess load
=5.91 06+ 9.9 + 0.943 = 17.81 [c€/day kWh]

An example of a real electricity bill disaggregatis given in Appendix B.

Obviously, each supplier offer is specific. For mxde, some of them give discount to their
first or loyal customer. The previous presentedueslare the one used for our economic
study.

More details about disaggregation of the electripiice are given by Lilien (2007).

Gas cost

The gas cost can be disaggregated in the samehatyhe electricity cost but the gas cost
does not vary at different times of the day. CREGlso an actor in the gas market and
regulates prices of the gas.

According to a major Belgian supplier (Luminus (21 the gas cost disaggregation is given
hereafter. The following presented prices take atcount the value added taxes. Once again,
concerning the distribution cost and the gas meteting, the presented price corresponds to
the mean average of the several electrical netwahkager prices in the Walloon Region for
a middle consumption.

- Annual fixed fee = 49.95 [€/an];

- Energy cost (transport included)= 4.29 [c€/kWh];

- Variable distribution cost = 1.45 [c€/kWHh];

- Fixed distribution cost = 85.13 [€/an];

- Gas meter renting = 8.45 [€/an];

- Use tax, fee, contribution and excess load = 0.180&Wh].

From these results, it is possible to disaggretpggas cost in two categories:
- Annual fixed cost Annual fixed fee + Fixed distribution cost + Gaster renting =
143.53[€/an]
- Variable cost = Energy cost + Variable distributicost + Use tax, fee, contribution
and excess load = 5.92 [c€/kWh].

6.1.3 Incentive Policies: Subsidies
The list of subsidies can be divided into five gatges:
- Insulation ;
- Equipment (Heating and/or cooling production);
- Audit ;
- Ventilation;
- Solar protection.

All Subsidies (for all types of residential buildinnew, passive and retrofitted houses) can be
found on the website of the Wallonia governmentbsilies and Subsidies relative to our
study are given in Appendixe A.

6.1.4 Maintenance Costs

Maintenance costs concerning retrofit options arfficdlt to determine and several
assumptions have been done:
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- maintenance cost relative to air tightness and walllation are considered equal to
zero ;

- maintenance costs relative to heating productictesy are supposed to be the same
before and after refurbishment.

In conclusion, differences in term of maintenanosts, before and after refurbishment, are
considered equal to zero for all investigated cases

6.1.5 Investigation on several economic methods

In this section, several investment evaluation w@share presented and compared. Then, one
of them is chosen in order to compare the sevevaistigated retrofit options.

Pay Back Time (PBT) method

The Pay Back Time method is the simplest one: it evaluates “theqokaf time required for
the return on an investment to "repay" the sunhefdriginal investment”.

PBT = INV Y
=<F [Year]

where

- PBT is the Pay Back Time in year,

- INV is the Investment Cost in €;

- CF is the (generated) Cash Flow in € per year. Oshouetrofit house options do
not allow generating cash flow (except for the emgration and the photovoltaic
panels by injecting current on the electrical nekydut allow saving money in
comparison to the initial situation. It is the é&atamount of saved money compared to
an initial situation that we should take into aatioior the analogy of the systems.

The two main drawbacks of the payback time methiedaccording to Bodson (2011):

- It ignores all benefits that occur after the paghoperiod and, therefore, does not measure
profitability.

- Itignores the time value of money.

Net Present Value (NPV) method or Net Present Worth (NPW)

This method was initially used in finance as anaatbr of how much value an investment or
project adds to the firm. Contrary to the Pay Baake method, theNet Present Value
method takes into account the time value of moneuding the actualization principle. The
method is the following one: the future value of tjenerated cash flow has to consider the
actual value of money balanced by an actualizatet

FV=AVx(1+k)!

- FV: the Future Value;

- AV: the Actual Value;

- k: the Actualization Rate;

- t: the time considered (generally in years).
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The Net Present Value method takes into accouwnirtiial investment and the cash flow
generated during the period. The general definisagiven by Bodson (2011):

CF, CF, CF4 CF, =/ CF,
NPV = —INV + + + +- —IC+Z< )
t=1

A+l A+kZ @A+k3 A+kt 1+ k)t

With:
- IC : the Investment Cost ;
- CR: the Cash Flow generated at time “t” thanks wittvestment;
- k: the actualization Rate;
- t: the time considered (generally in years).

Obviously, three situations can be met (Net Pregahte Rule):
- NPV>0: investment is financially interesting and the aétrproject is worth taking
on;
- NPV<0: investment is not financially interesting and tte¢rofit project should be
rejected,;
- NPV=0: investment does not create loose or gain. Othtarier (such environmental
one) should be considered to decide if investngemtteresting or not.

The aim of this end-of-study work is to evaluate gnofit of a retrofit option versus an initial
situation (non-retrofitted house). Soccal (2009pmdd the previous Net Present Value
equation in order to compare several heat pumpsragsto a reference one in non-residential
building. Since we also compare different optiomstreference one (non retrofitted house),
the same equation could be used:

n
Fix(A4+)ED 4 (Eq+M)*(1+DED
NPV = —INV. 2
ot < A+hr

t=1

Where:

- INVy : Investment Cost relative to the retrofit optiomsinlered (difference between
the cost relative to the retrofit option consideasd Subsidies) ;

- F4: the difference of money spent the first year uelfbetween the system
considered and the reference system. This valube&ither positive or negative ;

- ] : the inflation rate on the fuel ;

- E;: the difference of money spent the first year iaceicity between the system
considered and the reference system. This valube&ither positive or negative ;

- My : the difference of money spent the first year imeot expenses such as
maintenance between the system considered aneféremce system. This value can
be either positive or negative ;

- 1: general inflation rate. The same inflation ratd applied for the electricity and the
other yearly costs ;

- n: the period considered ;

- k: the actualization rate.

Life Cycle Cost (LCC) method

Life Cycle Cost Analysis Handbook (1999) defindée Cycle Cost (LCC) as “the total
discounted dollar cost of owning, operating, mamtey, and disposing of a building or a
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building system” over a period of time. “Life Cycdgost Analysis” (LCCA) is an economic
evaluation technique that determines the total obstwning and operating a facility over a

period

of time.

The unit of the Life Cycle Cost is € and take iatzwount the investment cost, the energy cost,
the maintenance cost. These values are obviousiyndxd by economic parameters such as

inflatio

n and actualization rate. Soccal (2009)duae equation allowing the determination of

the Life Cycle Cost for different heat pump systefitss latter equation is given hereatfter:

Where

6.1.6

Econo
(2009)

6.1.7

Cra*(A+)NEV 4+ (Cor+ Crng) » (1 + i)(t-D)

n
Life cycle cost = INV + ; < (1+ k)t

INVo: the initial investment at the start of the peraddstudy. Obviously, the initial
investment corresponds to the difference betweeh @ative to the retrofit option
and Subsidies;

N: the period considered;

C:1: annual cost of the fuel for the first year;

Ce1: annual cost of the electricity for the first year;

Cma1: annual cost of other items for the first year (mhamaintenance);

j: fuel inflation;

i general inflation.

Economic Parameters
mic parameters used in our economic studytherdollowing ones (given by Soccal

):

Period considereds chosen equal to 20 yeabgcause this is the value used in
economic study related to building or building gyst Renard (2008) assumed a life
cycle of 25 years for his study ;

Actualization rateis in a range comprised between 4% and 8% in gnsaging
activity according to Alexandros (2007). The meailue (6% will be chosen for our
economic study ;

According to Stanley et al. (2000), fuel inflatiesycomprised between 3% and 6%.
The latter mean value is considered in this engtafly work (4.5%

According to Rushing et al. (2006), the value o #iectricity inflationis taken at
1.6%

Choice of the economic study

In order to compare retrofit options from an ecormpoint of view, the net present value

metho
metho

d has been chosen. This fact is justifiedhieypreviously presented advantages of this
d. Moreover, it is the most widespread metbazhrry out this kind of study.
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7 Environmental analysis

The present section presents the philosophy comgerthe environmental analysis by
presenting the two most used environmental indisatbe consumed primary energy and the
CO2 emissions.

7.1.1 Final and primary enerqy

In this kind of study, two types of energy havebeoconsidered: the annual final energy and
the annual primary energy. A definition of both thiese energies was found on Isover
website:

‘Final energy is a form of energy available to timger following the conversion from primary
energy. Final forms of energy include gasoline @sdl oil, purified coal, purified natural
gas, electricity, mechanical energy, etc... Whengdéiam primary energy to final energy,
we must take into account the efficiency of thevermsion device (typically a power plant in
the case of electricity), and, as the case mayobdransportation. Generally speaking, a
country always has higher primary energy consunmptitan final energy consumption, the
difference between the two representing the lossiéhe energy system.’

In the frame of this work, the primary energy caméint (the ratio between final and primary

energy) is chosen equal to 1 in the case of nagasland fuel. Primary energy coefficient
relative to electricity is the one stored in thelBASoftware and equal to 2.5. It corresponds
to the European coefficient according to Bertagnel al. (2010) and this is the one used in
the PEB program (which means in French ‘Performa&mesggétique des batiments’).

7.1.2 CO2 emissions

In building energy sector, CO2 emissions can belywed on site (by heating or cooling
production system using fuel or natural gas) othenplace of the power plant that provides
electricity to the building systems.
In order to compare our retrofit option versus ithigal situation in terms of CO2 emissions,
it is important to determine the quantity of COZ2itbeal:

- by kWh of consumed fuel;

- by kWh of consumed natural gas;

- and by electricity kWh.
These quantities are called the CO2 emission e, Obviously, the electricity CO2
emissions coefficient highly depends on the powantptype (nuclear, hydraulic, combined
cycle,...) used in the country.
For example, the smallest European CO2 emissioffideat is the Swedish one (0.044
[kgC02/kWh]) according to Andre et al. (2008). Thian be explained by the fact that
electricity is mainly provided by nuclear (42.3%2608 according to IEA.org) and hydraulic
(46.1% in 2008 according to IEA.org) power plarfisance with its huge nuclear park is
second in the ranking.
Greece is the country with the highest CO2 emissiopefficient (0.814 [kgCO2/kWh])
according to Andre et al. (2008). This high vala@ e explained by a large number of coal
power plants (52.3% of the total production in 2008

Belgian CO2 emission coefficient for electricityds268 kgCO2/kWhaccording to Andre et
al. (2008).

CO2 emission coefficient relative to burning natugas is equal to 0.231 kgGRWh
according to Bertagnolio et al. (2010).
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Concerning the CO2 emission coefficient generatgdbbrning fuel is equal to 0.272
kgCO2/kWh according to ADEME (2005).

According to the previous source, in Belgium, COgission coefficient for each type of
energetic vector are quite close.

Value concerning these CO2 emission coefficientsefectricity differs from one source to
another. Assumptions relative to the determinatibeach of the CO2 coefficient obviously
generate different value. It is also very diffictdtchoose the CO2 coefficient for this kind of
study: should we choose the Belgian CO2 emissieifficent for electricity or the European
one (by considering the European electrical netvasrinterlinked)?

In the frame of this end-of-study project, we usedues previously stored in the CALE
Software. Concerning the CO2 emission coefficientiie natural gas and the fuel, values are
the same than the previously mentioned ones.

On the other hand, CO2 emission coefficient forcteieity (the most delicate one to
determine) is chosen equal to the same as usée IREB program (which means in French
‘Performance énergétique des batiments’): 0.713kdvk

It would be interesting to investigate and compattesr type of mix for the determination of
the CO2 emission coefficient for electricity. Inaligy, different points of view exist. As an
example, you can take a supplier mix by only foegson the power plant of a specific
producer. This approach could be interesting irfridu@e of the study for a precise case (as an
example, for the determination of the annual condion of an University). Another point of
view consists in considering the production of gveew kWh of produced electricity as
renewable. It is called the renewable mix.

Comparison of the different retrofit options inrteof environmental analysis will be done in
section 8.
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8 Energy consumption reduction resulting from retro fit options envisioned

Our investigation concerning the retrofit optiors de divided in two steps:
- The first step focuses on insulation;
- The second step focuses on the heating productgiars.

The first section of this chapter evaluates thédglompact of a (or a combination) retrofit
option(s) from a macro point of view.

8.1 Global reduction of the residential sector: “ma cro” point of view

One of the aims of the construction of the buildargorescence is to point out some global
trends by evaluating energy reduction resultingnftbe application of a retrofit option.

This can be done by balancing simulation results peycentage of occurrences. The
method/philosophy applied in this end-of-study woduld be a decision tool for our politic
leader.

Thus, thanks to the building arborescence, it issiide to determine_global final energy
reductionof the Wallonia building sector by assuming altotgpartial insulation of each type
of building and without changing the current hegtsystem.

Mean value of annual consumption (dedicated toesp@ating and domestic hot water) and
CO2 emissions per Wallonia residential building basen determined in 5.2:

- 27558 kWh (in term of final energy) per year;

- 128770 MJ (in term of primary energy) per year;

- 8.25tCO2/an.

8.1.1 Windows insulation

This section presents the global reduction of thall®@n building sector by assuming the
insulation of the total amount of “non-insulatedindows. Mean annual consumption and
CO2 emission per residential building would become:

- 26010 kWh (in term of final energy) per year;

- 122368 MJ (in term of primary energy) per year;

- 7.84tCO2/an.

Insulation of the total amount of non-insulated eaws only decrease our final energy per
year by 5.6%our primary energy by 4.9%nd our CO2 emissions by 5&@ompared to the
current situation).

8.1.2 Roofs insulation

This section presents the global reduction of thal®@n building sector by assuming the
insulation of the total amount of “non-insulatedfofs compared to the current situation.
Mean annual consumption and CO2 emission per masadiéuilding would become:

- 23589 kWh (in term of final enerqy) per year;

- 110736 MJ (in term of primary energy) per year;

- 7.14tCO2/an.

Roof insulation represents a global reduction ofi@% in term of final energyl4% in term
of primary energyand 13.45% in term of CO2 emissioihese results are superior to the
ones presented in the previous section.
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8.1.3 Walls insulation

This section presents the energy saving compardbetaurrent situation by assuming the
insulation of the “non-insulated” walls of the Wadh building stock. The mean annual
consumption and CO2 emission per residential mgldéiouse would become:

- 18954 kWh (in term of final energy) per year;

- 90249MJ (in term of primary energy) per year;

- 5.837 tCO2/an.

Insulation of the non-insulated wall of the curraiMalloon building stock arborescence
permits _savings of 31.2% in term of final ener@®.9% in term of primary energgnd
29.25% in term of C02 emissians

8.1.4 Conclusion about the potential of the three types of insulation

This section presents some conclusions about sequiviously presented. The first
conclusion to be enounced concerns the importateinpal of energy saving resulting from
the wall insulation (compared to the two others).

Concerning windows insulation, results stresstke Igotential of energy saving, which could
seem surprising. This fact can easily be explaimedhe simple observation of the statistic
data about the Walloon building stock. In realttye major part of the Walloon building has
already insulated windows (s€g&ure 14. Moreover, the difference between the U value of
“non-insulated” windows and the U value of insutht@indow are inferior than the one
observed for the wall or the roof insulation. Wimgoconsidered area is also inferior to the
wall area, for example. All these facts can expldia little potential of energy saving of
windows insulation.

However, if we take a look to the list of subsidie® can observe that subsidies concerning
windows retrofit options constitute a larger amoahmoney than the ones concerning walls
or windows retrofit options. From this fact, ref@wh about incentive policies concerning
insulation has to be reconsidered.

8.1.5 Total insulation

If we consider a complete insulation of the enbtglding stock, mean annual consumption
per residential building become:

- 13437 kWh (in term of final enerqy) per year;

- 65813 MJ (in term of primary energy) per year;

- 4.317 tCO2/an.

As we can observe, insulation of the whole Walldméding stock could permit to save 48%
of final energy and 48.8% of primary enemgyd to reduce CO2 emissions of 51%

These results stress the fact that (total) insadtiave to be the first step any refurbishment
(replacement of the current heating system by &behe will never permit to save as much
energy as the insulation could).
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If we take a look to the list of subsidies (Append), we can observe that there are no
priorities to retrofit options. One of the improvents of the system of Subsidies would be to
consider total insulation as a priority retrofittigm. From this fact, an audit could be
interesting to be carried out to determine the ee@f insulation of each Subsidies seeker
building.

8.1.6 Heat pump

This section concerns global reduction in term érgy saving, if the replacement of the
current system by a heat pump is envisioned. Acsedsannual COP of 3 is used for our
simulation. DHW is also provided by the heat pump.

Annual results are given hereafter:
- 8440 kWh (in term of final enerqy) per year;
- 75959 MJ (in term of primary energy) per year;
- 6.01 tCO2/an.

The replacement of all of the current systems kat pamp would lead to reduction of 69% in
term of final energya reduction of 41% in term of primary enet@yd 27% in term of CO2
emissions.

8.1.7 Condensing boiler

Replacement of current heating system productiondmglensing boiler is investigated in the
present chapter. Energetic vector concerning tlaeespeating are supposed to be the same
before and after the replacement of the currentiigeaystem; except for electrical heating
system which is considered to be natural gas #iterefurbishment. Annual performance of
condensing boiler is supposed to be equal to 10286densing boiler is also supposed to
provide hot domestic water.

Results from simulation are given hereatfter:
- 22017 kWh (in term of final enerqy) per year;
- 97357 MJ (in term of primary energy) per year,
- 5.57 tCO2/an.

The replacement of all of the current system byt peanp would lead to reduction of 20.1%
in term of final energya reduction of 24% in term of primary energyd 32.5% in term of
CO2 emissions.

8.1.8 Conclusion about potentials of the two type of heating production system
investigated

In term of final energy and primary energy, reptaeat of the current system by heat pump

seems more interesting compared to the condensiiigr loption. But in term of CO2

emission, the condensing boiler option seems tode efficient.

Assumption concerning the total amount of CO2 eadiper kWh elec (see 7.1.2) is very

important to conclude to a better system in ternC@f2 emissions. If we had chosen the

hypothesis of 0.268 kgCO2 per kWh elec, conclusiwosld have been different.

A reflection about the actual incentive policy abdlso be enounced in view of results.
Subsidies concerning condensing boiler are more theee times smaller. Once again, we
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could enounce the same conclusion that the oneme for insulation: a better repartition of
subsidies between the two heating system has ite-bensidered.

8.1.9 Solar panels

Investigation about solar panels is different fritra two other ones since it does not consider
the replacement of the current heating system mtaxtu It considers the solar panels as an
additional heat production source. For our simafaj we consider 5 square meters of solar
panels which faces to the south with a horizontadle of 35°C. Solar panels are only
dedicated to the DHW.

Simulations give the following results:
- 26304 kWh (in term of final enerqy) per year;
- 118634 MJ (in term of primary energy) per year,
- 7.66 tCO2/an.

Installation of solar panels would lead to reductiof 4.5% in term of final energya
reduction of 7.8% in term of primary energyd_7.1% in term of CO2 emissions.

Subsidies concerning installation of thermal pame600 € for 5 m2. Once again, compared
to subsidies relative to condensing boiler, thi®ant of money is three times bigger.

8.2 Economic comparison

The present section determines the economic Walmfieach system by estimating the total
costs over a period of simulation. Each (combimatif) retrofit option is compared in term of
Net Present Value to each non-refurbished buildiage (defined in the previous chapter:
building stock arborescence). So this economigdysisiinteresting at many levels:

- it could help owners deciding whether a house fiésbould be envisaged or not, and
determine the best retrofit option to be envisdgedlentifying his type of building in
the arborescence,

- it could determine an order of magnitude of theiahiinvestment cost of each
investigated retrofit option,

- it could determine the best retrofit option as raction of initial available budget.

Net present value has been determined for eaclstigaged cases thanks to formula and
economical assumptions presented in section 6N/ calculated for each investigated
cases are all positives. Once again, this econérstcay was performed thanks to EES
Software.

Obviously, the higher NPV concerns worth residériialding in term of energy efficiency:
the ones with bad insulation and electrical heagirgduction system. Since electricity is the
more expensive energetic vector, building owneth wiis kind of production have interest to
quickly consider retrofit options presented in thinl-of-study.

All results from this economical investigation aggzen in Appendix F. These latter can
constitute a reference directory to permit to emizo have an order of magnitude of the NPV
of their investment (by identifying their type diiilding in the arborescence).

An interesting remark can be enounced in view silite presented in Appendix F. All of the
investigated retrofit options concerning the engelimprovement present a NPV superior to
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zero (with or without subsidies). It is not theseaf heat pump and condensing boiler retrofit
options.

Conclusions concerning the profitability of heatguare different: sometimes, the NPV is
inferior to zero. It happens when the natural geatihg production system is replaced. In
reality, this can be easily explained by the dédfere between electricity and gas cost.

8.3 MCMA method

What is the best configuration to choose?

Answer is not obvious. It depends on several Gaiteeconomical criteria, environmental
criteria, social criteria and technical criteria.this end-of-study work, we only focus on the
two first mentioned ones but the others are algmomant. A deeper analysis of each retrofit
(or combination) option could be investigated untte¥ MCMA “Multi Criteria Methods
Analysis”. An interesting introduction of this meth applied in energy field and many
references on the subject are given by Colen (2010)

8.4 Improvement of the developed tool

An improvement of the presented method could bedtheelopment of an algorithm able to
determine the best retrofit options or combinatadrretrofit options for each investigated
cases.

Inputs of this algorithm will be the type, the yedrconstruction of the building, the initial

investment, the degree of insulation and the emiergector for the space heating and the
domestic hot water. These parameters are very wagietermine for each user of the
algorithm.

Consumption relative of the investigated buildingl Wwe stored in a data base thanks to
results from our building arborescence.

Algorithm will be able to determine the best sautifor each investigated case according to
two criteria: NPV and CO2 emission. This method akhiequires simple inputs could help

citizens to have an idea of the best retrofit opgtitor their houses as a function of their initial

investment. This algorithm could be considered gueaudit” residential building.

The integration of the MCMA method to our algoritheould also be considered as an
improvement.
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9 Conclusions and perspectives

This present end-of-study work focuses on the stifdhe Walloon region building stock. It
proposes aottom up method to determine the mean annual consumption of resale
building. This bottom up method is based on thatowa of abuilding stock arborescence

Each kind of building composing the arborescenah@acterized according several criteria:
- Type of building (4 frontages, semi-detached hot®&,houses, apartments);
- Year of construction;
- Degree of insulation (walls, roofs, windows);
- Energetic vector (for both domestic hot water goace heating).

Annual consumption relative to space heating, domést water and auxiliaries have been
determined by means of the use of building simotegoftware for each type of building
(total amount o265 simulationg. Thanks to the percentage of occurrences andrheaal
consumption for each type of building, it has bpeasible to determineraean annual final
energy consumption per residential building housdrom the Walloon region. This value
has been compared with (“official”) results fromta down method. Differences between
these two methods are consideredery satisfying (see 5.2) in the building sector (12.5% of
difference in the space heating prediction andfteréince of 5% in the repartition of the
domestic hot water).

First major conclusion (see 5.3pf this end-of-study results from the simple okagon of
the mean annual consumption of each type of byld#+H, SDH, RH and apartments): 4
frontages houses are the worth type of buildingerm of energy consumption (principally
because of two major factors: its larger inhabéadtea and its larger “exterior” wall area
compared to other types of building). As an examples houses consume 47% less than 4
frontages houses. Obviously, the best type of mglaeh term of energy consumption is the
apartment (smallest inhabitable area, smallestriexte/all area and roof area considered as
zero). Unfortunately, the main part of new condians is 4 frontages houses...

Once the method validated (see 5i@Yyestigations about retrofit optionswere carried out.
First, we consider retrofit options concerning lason of the building. Secondly, we focus
the improvement/replacement of the heating systemyztion.

Some reflections concerning the actual incentive police have been enounced in the
sections of this end-of-study project.

The first one concerns new buildings. Major partlem is4 frontageshouses. However,
this type of building is th&vorth one in term of energy efficiency A better information or
incentive policies should be given to urge builteeropt for row house (or apartment) type
than 4 frontage house type (see 5.3).

The best way to economize on energy is to reduegggrdemand. Thus, insulation seems to
be the best way to improve building efficiency. farahis fact, a second reflection about
incentive policies can be enounced. This latterceoms thenon-priority given to the
subsidies. One of the improvements of the systensulfsidies would be to consider
insulation (and especially wall insulation) as a pority retrofit option (no improvement of
heating production system could be as efficiethagnsulation). Subsidies relative to heating
production system could blealancing by the degree of envelope performancef the
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building. Moreover, urging people to improve thenvelope before their heating production
system would permit tdecrease initial investment relative to heating sysm production
(lower nominal heating power of the device). Frdmns tfact, an‘obligatory” audit (before
replacing the current heating system) could beresteng to determine the degree of
insulation of each subsidies seeker building (s&&58

A third reflection about incentive policies is alsoounced. This latter reflection concerns the
repartition of thesubsidies concerning insulatior(see 8.1.4). Environmental impact relative
to the replacement of windows would permit to samby 5% of energy. Thugompared to
roof and wall insulation, it represents a little pdential of energy saving However,
subsidies concerning windows retrofit options cibatg a larger amount of money than the
ones concerning walls or windows retrofit optiofom this fact, repartition about
incentive policies concerning insulation has to beeconsidered

Same conclusionscan be enounced in the view of simulation resgli®icerning the
installation of heat pump, condensing boiler and dar panels. Subsidies relative to
condensing boiler are three times smaller comp#éoethe ones concerning solar panels.
However, replacement of the total current heatimgdpction system by condensing boiler
could permit to reduce our CO2 emissions of 32.%stallation of solar panels in every
residential building could reduce our CO2 emissioh¥.1%. Having said that, it is quite
difficult to compare both systems and several gowmit view exists.The long term one
justifies the current incentive policy by considering solar panels as a “passive” systeth
renewable. Thehort term one evaluates the direct impact of the installatb condensing
boiler. From this point of view, incentive polityas to be reconsidered.

An economic study was also carried out in this efadtudy. In reality, each retrofit option
was economically evaluated by means of Nle Present Valuemethod for each case from
the arborescence. Results from this investigatrengaven inAppendix F. These latter can
constitute a reference directory to permit to emizo have an order of magnitude of the NPV
of their investment.

Moreover, some interesting subjects are tackleatarframe of this end-of-study project:
- Therepartition of the electricity and natural gas price (see 6.1.2);
- A comparison oflifferent economical method(see 6),
- Aninvestigation ometrofit initial investment concerning;
- Anintroduction to thtMCMA method (see 8.3),
- Aninvestigation on the determination of thggC02/kWh_elec(see 7.1.2).

As already mentioned, the method presented inetiisof-study worlcould be improvedat
many levels:

- Statistic data could be more precise (degree aflation, correlation between year of
construction and degree of insulation, and so onlhis improvement requiresrew
national study;

- Assumptions presented in this study could be jestibyin-situ measurements

- Arborescence could take into accouigher number of casegsee 3.1.1);

- An algorithm could be develop to determine the best retrofitomg as a function of
the initial investment (see 8.4);

- Taking into account theentilation issue

- More retrofit options could be investigated;

- Alife cycle analysisof the different retrofit options could also beestigated.
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To conclude, this end-of-study presents a methddgaphy of investigation which permits
to stress/confirm some trends related to the agipbic of some retrofit options in the field of
the building sector.
This latter method could be used at many levels:
- by citizens by identifying their type of buildinghé thus evaluating the economical
potential of some retrofit options for their reqitlal house;
- by politic leaders to evaluate the application eifafit options from a macro point of
view and thus adapting their incentive policies.
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Appendix A

List of Subsidies concerning refurbishment and gp@ry the Walloon government is given
hereafter. This list can be found on the energy patal of the Walloon regidn

Affectation Subsidies and Subsidies | Restriction Extra-
Subsidies
Insulation
Eve\r/\;//hlz)ildmg - 5€/nt for base case M?oxr. :silnocl)en%
. . - 6€/nt for modest 9 Extra-subsidy of
Roof insulation| acknowledgement « house ;
. . seeker 3€ if used
realized by the of receipt of 7€Int for precarious material is
citizen building permit is i seekel P Max.: 200n} natural
previous than 3 for other type
December of 1996 of building
Eve\r,\)//htf)tgledlng - 10€/nt for base case M%Xr' :silno?erﬁ
Roof insulation - 12€/nf for modest 9 Extra-subsidy of
. acknowledgement « house ;
realized by an . seeker 3€ if used
building of receipt of - 14€/nt for precarious material is
contractor building permit is secket Max.: 200n natural
previous than 3 for other type
December of 1996 of building
Wall insulation (inside)
- 20€/nt for base case
- 24€/nt for modest
seeker
- 28€/nf for precarious
seeker
- Wall insulation (in wall cavity) .
Eve\r/\;//hlz)l;ldmg - 10€/nt for base case M?oxr. .silnzcl)en%
- 12€/nf for modest g Extra-subsidy of
. . acknowledgement « house or flat ;
Wall insulation : seeker 3€ if used
of receipt of 14€/nt for precarious material is
building permit is i L orp lou Max.: 240n
- seeker natural
previous than % . . : for other type
December of 1996 Wall insulation (outside) of building
- 30€/nt for base case
- 36€/nt for modest
seeker
- 42¢€inf for precarious
seeker
Floor insulation (cave)
- 10€/nt for base case
- 12€/nf for modest
seeker
Every building - 14€/nt for precarious Max.: 80 nf
whose seeker for single .
. . . Extra-subsidy of
. . acknowledgement| Floor insulation (on paving stone)  house ;
Floor insulation ) 3€ if used
of receipt of - 27€Int for base case material is
building permit is - 30€/nf for modest Max.: 160n]
. - natural
previous than i seeker for other type
December of 1996 - 35€/nt for precarious of building
seeker
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45 €/nf for base case

50 €/nf for modest

Double glazing| Houses builded 15 el Max: 40 nf
ears ago Seeker per buidling
y 60 €/nf for modest
seeker
Equipment
400€ only for high efficiency i .
Every building boilers + extra-subsidy in functio Extra §ub5|dy (.)f
- ) 200€ if an audit
whose of the heating power: . .
Installati f acknowledgement IS pre\(lously
nts:c?n(?elr?gir?g a of receipt of >50kW : 400€ + 25€ per extra- Max.: realised
boiler building permit is kw 12500€ per 50€ if there is a
previous than 3 >150kW : 2900€ + 12€ per installation functional
December of 2010 extra-kw requlation
and >500kW : 7100€ + 6€ per extra 9
Every building kw
Every building
whose
acknowledgement| 75€ (flow rate < 1I) or 125€ (flow
Installation of a of receipt of rate > 10I) Max.:
natural gas building permit is 12500€ per
water heater previous than 3 25€/kW for condensing water | installation
December of 2010 heaters
and
Every building
, Max.: from
Installation of 6250 to
aerotherms, Between 12.5 and 25€/kW,
. - : 12500€
warm air Every building depending of the type of the ;
. depending of
generators and device
. . the type of
radiant devices .
the device
Every building
whose
Installation of | acknowledgement
an heat pump of receipt of
dedicated to building permit is 750€
domestic hot previous than 3
water December of 2010
and
Every building
_— Max.: one
Every building subsidy for
whose )
space heating
: acknowledgement
Installation of : or
an heat pump .Of receipt O.f . combination
. building permit is 1500€
dedicated to . han st of space
space heating previous than heating and
December of 2010 d 4
and om;astlc hot
== water per
Every building building
Installation of Every building Max.: one
an heat pump whose subsidy for
combining acknowledgement space heating
: ) 2250€
domestic hot of receipt of or
water and space building permit is combination
heating previous than % of space
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December of 2010
and

heating and
domestic hot

Every building water per
building
Installation of Max
micro Every building 20% of the bill 15000€
cogeneration
1750€ + extra-subsidy in function
of the heating power:
, >50kW : 1750€ + 35€ per extra
Installation of KW
ban automatic Every building >100KW : 3500€ + 18€ per Max.:
iomass boiler
extra-kwW
>500kW : 10700€ + 8€ per extra-
kw
Audit
Every building Max.: 360€
whose for a single
Realization of | acknowledgement family house
an energetic of receipt of 60% of the bill Max.:1000€
audit building permit is for another
previous than % type of
December of 1996 building
Max.: 200€
Realization of for a single
an energetic _— . family house
audit by For every buildings 50% of the bill Max.:700€
thermography for another
type of
building
Ventilation
Installation of
an heat For every type of .
recovery building 75% of the bill Max.: 1500€
ventilation
device
Solar
protection
Every building
whose
. acknowledgement .
Exterior _solar of receipt of 15€/nt of protected glazing Max.: 15€/nf
protection per

building permit is
previous than 3

December of 1996

* Precarious seeker: income inferior to 12000€/yfearisolated people and 16400€/year for coupler(i@a or

not)

* Modest seeker: income comprise between 1200024400 €/year for isolated people and between 16400

30100€/year for couple (married or not)

"http://energie.wallonie.be/fr/Subsidies-energie-nouveautes-a-partir-du-ler-mai-

2010.htmI?IDC=6302&IDD=23470
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Appendix B

Consommateurs residentiels

Luminus Actif Electricité (tevrier 2011)

Conditions particulizres (REF EATCS1.7) Valabls pour les reccordeme s awc mlevd de complewr arnusl, dune capaciié « 56 KVastou avec ure consommaton de

paz < 1 Gwh. Dans e cas confraine, Luminus se réears b droft dadapier vors tanl.

Informations concernant voire tarif

Lo mentants menionnés ont &8 amonds. La mdevance e & ke ool de Féneege ont
&8 calcuis surbese des indx mensuels connus bes plus Boents fanvier 2011), Ne =
1,5734 &t lem = 1,918 Formules de faris pour & Bdevance fe: jour= 56,352 Ne , nuit
= 18,32 & Ne. Formuies de terls coilt de Téneegie: jour foompewr de jourl = 3002 Ne +
206x lem , jour (compiewr de o et de nul) = 3,59 Ne + 2052 lem , = 1,712 Ne
+ 1,68 x lem , exchisf nuit = 147 x BB + 1,60 % lem _ 00 lem = 0,684633 + 003855 1
DAH511 + 0006321 & Belpexdt1 + 0.002473 x CoslS11. La méthode de caloul, sinsi que
ks vaeum menselze o Mem et de ®s composamss sont publdes sur Bosde
wrw uminuz.be. Lindex Ne est d&ini dans laméed minsséeel du 1271271 ot est pubbé
fous tes mois =i b sie W creg be. Nous nous réaenons le drok diotiser de nouveeLD:
paraméines ou composantes pour cakculr 8 mule du pric o de MNem =i ks pammétes
actuels viennen! & changer, st supprimée ou 5is devalent ne phe Ete deponibla
Dans oe cas de figus, Luminus skfomeea de mainkent e pre moyen 2w méme nieau

Tarifs
Vot tanf élecincié e compose da 3 parfies, chacune compranant la TVA:

Lor du décompie &b voie consommaion efbcive, la edevencs fis ot b colt de
[énerge sont cafooés sur base des index mersusls applicables durent ke pénode powr

wouE 8es factode. Loz montants menfionnes ders vote belen @ capinladt
pewend dée bors waner par repport o pr ci-dessous. Les colts dutisation des Seeam
B0 qUESTEN 500t celn Spprowes par ke CRES, au moment de Timpmeesion de |z prsents
st de prin. L taees, redevences, cofisations st suchanges st menhorréss eles gue
comees B ter Bwner 2011 Les drentusles modifications des ool duiisstion des
résesu, fEess, mdevances, colisafions o surcharges wous semnt Dufes eniéEment
refiactuses 2u prix coltant 5 wous oplez pour une formule de prx indexde, s fanis
mentionnés oM B e WIEUr s momem & | fomuation & offe. Ces tardfs
pewent modifer o Suctuer en onction de Téwolufion des parsméires composant
formule wriize ndaee.

1. Redovance annuele fie, colt de Ménergie, contritartion énengie vers af colls copdnération

Fedavanse Cilitz de Téremgie
fies {ER
i) o Wt | Eacl oot Fande Walorie
(Compieur de jour BT BES . = | Confribution énerge wre 106 163
Compieur de jourst de not 11753 ] 59 - | 2ot [cEWWh) (7 )
Compieur de jour st sxchsss nui En 853 4 BB Coilts cogénémation 2041 028 =
Compewr e jour, de nuk stexcl ngit 11753 8,58 53 555 [l
2. Codts dutilisation des résasu
Cioifs de dstrbation (oL Coifts t transpoet (oE) 2
Gagionnare de Jour Jour Jour o COmpiE Ur
R {compler & ur da Pt Exchsilnst | joompleurds ] [T Exclusd nui WEan
(") | et ™) fourh &l e nut)
FLAKTHE
ASEM 41 BA1 452 1z 72 oTE oFz .72 1,80
3G .18 298 9,18 918 088 o 1 0zg 524
EWEHA {058 1050 1058 10,58 L9 3 ;] 08 Y3
GASELWEST 10,82 hlH B2 389 .02 102 102 1pa %3
MER 705 706 444 286 116 1,18 116 1,18 [
MEND BT BE LH it 113 113 113 113 Ly 3
INFRAK WEST LT rd T BT 42 150 140 108 108 LE
INTERELECTRA BiT Bl 555 385 124 1.4 13¢ 124 85
INTERGEM &7 b 4 318 134 114 114 .14 (¥
NTERAMOSARE 10 1155 1.6 601 142 142 142 142 1635
NEG BT im 6.0 3,04 108 108 106 18 %3
WEKA 760 780 447 206 .08 118 108 108 %3
NERLEX &73 Che] 5.5 333 k] 1 111 £l Y3
PIE 258 958 T 303 100 10 100 100 16,64
SEEGASN L Bod 4% 233 106 108 106 108 &75
WALLOHE

MIEG i B35 44z 366 138 1= 128 138 05
AlEsH 835 00 874 et 102 i 102 108 1850
GASELWEST 10,10 iR 556 352 098 0 096 056 675
0ea 269 LT 663 452 126 1% 1.2 1% 1852
= 23 B3 £ 485 12 1 122 12 1773
INTEREST 1222 1282 675 B34 120 120 120 120 1808
TEALLD EE 151 651 535 120 12 120 120 178
IKTEAMOSANE 1670 1070 8.2 BB +38 8 1.8 130 1£3%
agz E,1 BE BAT 289 1 -} L] g 168
SEDHEC 538 k] L. 40 106 146 105 116 1722
SIMOGEL 705 7.6 L3 383 (1 1 o0 80 1638
TECTED AESA i B3 4TE 4,18 07 e ik 0,78 1830
WAVTE 508 508 340 3,80 51 .5 051 051 3

fla TGS S Teml O Farenm aoninsve Dok s fer ™1 A pohcalis 0 COMEGUT BV L Y DRSS 00 RN = 3 kA

™ Apicebia mmmnmmmc SERVA

DT Aieasa 0o Lone soortines ;| Luminus « 57 43000 « §000 BamaSon VI

SFE 5 = Boobvend du fogan = 1000 Erxales = Tl BE- 71 BT EE = AFW Bumalis
Luminus g5l une maesin i =om comne el & 5FE S
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4 Tawes, recevances, colisationset surcharges

T Fland= Wighorie " Eee:s SegeaENES | RECLICHIN
——— (R BRINTIGE sy T Y (h
COMEMMEEUs frofsssonneis) sl
Fonctomnement CREG CO184 e I Manches. & ConscmmENDn
Fonds social {CPAS| 00500 0,050 e o
Fonds Syt 0,156 0,564 20 M-S0 MAT: 155
Pazsf nack s 02810 nzEn B0 MWh-1 GWh 208
esetrerot Bl Bl A
Primes chaufiage 0164 ‘00164 el ¥ OEE
Wootmatioon sur [émeng e 02310 02310
Had-e'm raccomkement ) X LT

Lz cofinzson Bdimls appdnuds s mnes o b2 surchanne Eliede 01 %, d o poursenizge de compensation pour ls pets da semay, done merkhare minstatie ds 1 1% 2
Svemelement Giminuss dos netourres Japplcation. Vous pouvez consaer ks prx Etaiks surwww CREG DS
Line remeése osf Becordés -sur ies cotisations Fonds Myotoet Dassé nuckaie surle bass du mizénengtige.

Paiement

Wos chosisser voim mode de peement {domicifation cu wirement} st la méquence
e facwraion imensuelle, bmesirelle oo mmesriels]. 5i vous neflecher pas
encom W paements par domichation meis dcider depter pour o2 mode de
paisment, vous bénsficer d'uns mouciion unigue o8 10 euras. Par 8 s, wous ne
reCeRE Dlus wos fadures dacomzte pa coumier. S2ul ke décompe annusl vous
BETE B0

Duree de voire contrat
Luminus Acti Elbcrice est un conbrst & duse débermmés de 1 an, gui sera
suterafguemerd proongd pour des périodes succassives din an. Sivous des
rowaal dient, ke pesant comfral endm en wigkswr 3 la dok du 9ébud O la
Fourmiture, 34 wous S4es 08 un clie nt de Luminus pour B foumiare délecinge au
it de foumiture ef que wous souhsiler concise un conmbre? Luminus ActE
Ebcinichd conformérent & Famcle 113 des condiions générakes, kb novsesy
coned enirara en wgusur @5 leanmegeiemeant dans nos sslmes, sauf = moos

FLARDRE
Ongine the M nermee pout i oyl 8 vous s
2 100% coUrES (erEIgE EroUmishes

'WALLONIE
CrigE e MEreie fout ke Tt e wous sHiss
2 100% BouRES (erTgE Enouwslshiss
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Qe g2 [Energie poor |8 totsl denerps Tourme par Luminus:
S 100% 50CES dENSNge: ENCWNE BhiES.

Wiz Zoomil vows ponez conaubisr, Blddhamer, ssueeganier of payer woe fackess
Lusminuzz dans Tensiromneremt amilier da vore nlemet banking.

5i wous sOeuscTiEE & 0B SBioR , WOUS mecewar une Bduciion uniguee de 10 £ surveins
prochain décomple d8korice .

Le régduction nlest pas cumwshie seec la néduction powr la domiciistion db wos
fachirzs.

gwons comeny dume auvts dae oo comrmun mccord Siomous mecovons et
emegstons wabe contrad dans mos sysemas awant kb gurzbme jour do mois, ke
con¥at entera on viguow kb premiar jeur du mok suvant. S nous moseons. at
eregetrens wobe coniied dams nos aystmes pRs ke quinziEme jour dumais, celdi-
ci-antrara enwiguaur ke premisr jowr du deipc me mois suivestt

Les ariices 4.2 ek d 4 des conditicns gendrale s demaurent inchangés.

Por (63 MOMANNE 5P BE COMEJESS MO0
Fevimmensr en & qul ComEme ks EmEskon
C02 & deche® radoacls os B  moduchon
dElacincid & pal de dNamenies soumes DBNEgE,
CONSUMET ko8 Si3s W Cimat e BSwww.onorafbe.

Crgine E & neigie pour i ol fenene e par Lumnus:
2 100% BouCes TEneI ENCIMEEs,



Appendix C

Consommaews rsidentisls

Luminus Aclif Gaz wewier 2011

m‘rdltms
Eﬁbmmﬂm Lumings 52 meene & deodl d adaper vl tard.

informations concornant vetre tarif

Les mariants memDmes on S aronds.

L1 mdevance e ot b oot de Energe om 48 cacuBs swrobess e mo
memEiE s conres B plus Bents {Emier 20010 gm = 125993 & igd - 1. 70
Fammule d= @i powr & eoevanes Fe: 2254 1 bl Fomuls de 1anf per i woillf de
leneene: 2,581 by 4 0,601 lod. 00 bam= (0000042 GOLEDS -+ 0,00025 HUE -
CROE2 S0 021 21470,

L1 methode & %ﬂuﬁbéiﬂlmmml?ﬁwgrm;ﬁmﬁ
Composanies st £ 5ur b s wew i = n
[amsé mmnisiEns! g. 12 Eemie 200 l'mda'ﬁiﬂ.!rﬁgjmudfﬂl ou
rempECaT D2t ameted et pable Y0S B TOE SUrE SRR W CRbe

hous mous Emneons b odrd dollssr de nowean prametes oo de nowets
composanies pour cacubr B fommok & pee H;rn =i s pramites scek

ricuigms{REF GA1C51.7)Vakbl pour es mooedements @wec ik de comptear ennesl, d ure capeché < 56 b a s ou s ure consommalion de

Lors dudé e vt comsommation efie ce, la edarence oe et b ool e
Pty vl sk s e des ik e apliebien dmaid b ptimek
pour Egele worE Yes boues Les moplame mentionnés. dme wobhe bim
moapiuleti peaven® tr lormvartr 3ar mppon Sk B s deonoas

L= codis dutiisationdes réssain en question sov cea sppmaes = ke CIEG, b
megddiea behs e rt'ln:rgl:- du ||l.|||:'1lllh'r|1 sl L |d ondeaanie lists s prin
Lee lmes, Edevanes, crmabom s mentionnees feles
onmes B ez 0011 _c:mn'h:lbr. do poilitn dgsilicaion
meenum, e, mdwencs, cossfios of SURERES sous sesDnt dowE
e Nt B actees 8U D Colrant.

Eiwous opiE our e formule deprix mieEe, les farfs merfionnés sont oA en
e a0 monsm de |2 fomed ation da Moffe. Cas tard pewent mocifier ot oot
i foncion de [Evodalon des pammétes composnt & bmuse e indess.

wemen & changer, 30 Supvime 5 o6 5 devabenl ne phs & 5 lere

£ 038 e AU, Lumins §'S10/mes o8 MAmSTITie prix Moy en 51 me e fiveal.

Tarifs

Vot e de e e compome & 3 parie s chacune roeprenart i TWA

Fedevans annelle f= of vodt oo Ménengle

Redevinge fme fEan 41596
FiniH e [Bnange donl AR s amnes (PR ) L

2 Cois duifisaton des résenm

Coliz 32 dehmuifor
PR CORSUTISN Conscemraten: Noeme FIENE cotsommaTon Lazahion omplewr
s < EIEWhH = LIl HROTH W o URTIEWYRE < 1 AT AR
Vbl Pl Veniehiie Fler Vel Flar Fhsibrnd 2 it
ran) (G ) oA FE) )
FLANDFE
RERE WESRT B3 7 > TRE o EETRE EAE]
MEA k. R o] ] game [=h] kL Tla
MEAT g 008 118 1258 [l S6E3 718
INFHAR WS m 1.2 12 BAES e W4 EE Bl
NTEFELECTRA 2.4 1619 12 TERET 061 MaEy £23
NTLTCAE 0,14 1L o4 11038 0,14 11053 1210
NTEFGEM 238 16,88 117 TEER oA Hrm T8
NES 217 wn nTd AR R RN £23
NERA ] 1681 [ekr) BAER 0Er 210 714
NERLEX o] 1629 108 TR ora 110 T3
SEELISREHN ZH1 181b ALy WAL 1M Fraly) A
WILLOWIE

] L85 e ] 1 TR [T} Ei El
GAREEWEST LB wmw a7 761 ki o} TAIE T8
Ukl 217 wmn 14 gl 125 E20 B, LA
IGH 317 el 1A ] 1.2 1285 817
INTEFLLR & Tehe LBr ] E T S LAY
SEOREC %06 wah 158 BaE2 113 Em 817
LKL P T 12 By o Bt Bl

[T AT ARSI ¢ i « EP S300 « DN Sncke 1

BFE . » & Brskeard o Rtvgont» S0 Erociion - TWA B 04718 181 « R Aol
Loms o us mama of o emeel & SPE S8
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1 |exms, EdevaEnces, colselonsst surchenss

ofh: Flasiie e
Innteshon Semie
Fonceonmemen CHES 0,082 L=
Fonce socal (CPARY oo 201
Prnms uaui=g e il Gooad
Irrérzann 2F laname niay LREL] Iyl
eris peieges 00a51 ilicx ]
B ETIEETETE ") - LOFE
[ it (5] (T8 IFUFSNE 08 ORI h e
Pabwat

Fﬁﬁﬁhﬂ:mmﬂaﬂemﬂnﬂtﬂmhﬁhﬂmmﬂuﬂﬁhﬁqm
e Bohuton Imersustie, mesinele 08 PmesTele ),

Luminus 408 Ger o5 on coviet @ dode Eemres B 1 51 @ =@

WRETED! probongs podr des péiodk s sunessies dun . Sivousbies m
nowoau dor, b préicent coodt onie o viguow & b doke du dEbul do o
foumire. S vous fes 488 un chient de Lumines 2our b2 focmitus de g au pomt
e e of e woes souledes condue un oot Lomme AdF G
remnrreman & Faficke 11 3 e condiinrs péndmlen. I manean nmiret antem
&n viguedr de lerregiste ment din: nos sysien=s, s @ rows e OmE W

NoF SpqiCahE SUT §5 DEmE 100 BA
Cetg I'E'BM.I'IEE’S"I‘E_IJ-E'E'U'E moant

Wiz Zoomit wos poaver consulier, BEchaner, Esvaankr &l pEer v oies
Lummnie dare fenyrmmesent taniher dewite Hemel herkng.

dre aie dk & commin acced. S nos reosvons o srregisions voie contst
s Mos ByRE mes et i qanreme ourdu mos, B ooTa e en AgEw B
pemicr jour du moic subvasl, B nout mocons of enecgeiions voto cowiral donc
n:ﬁisémaauéa le qairiéeme jour Ju mois, col o e nte ren vigue B pEmier
JCUT O Lo e s S RENTE

Lo eriles 4.2 et 4.0 wess car e gins idess dearume 1l i e,
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Appendix D
The whole building stock arborescence is givendfeze

Garnil 0454 Garnil 05240175 1 D0 ETIEEDE
Ele= 0.4TE9EEE 1 0EFEAEE]
Wallr inrulate 4 i Windour irrulated 1 Fioofiraulared 1 Hakural Gar S Havural Gar P8 43z20 1 nOE10TH
Ele= NEETTOZ 1 MO0ZZRAETE
Elcc 0059 Elec 1 1 0000911345
Garaoil 0.45% Garoil 05240175 1 000ZIETETE
Eles 04759525 1 0.0 59zEd
Fioofiraulake & #595545F Hatural Gar L Havural Gar P8 43z20 1 nIzEEE
Ele= nEETTOZ 1 nOETEEASE
«19d5 oE Eles LR Ele= 1 1 zzoEzdl
Windour inrulated DEEDTY Garail 0455 Garail n.5240175 1 0.00ENTE14E
Elec 04759825 1 0005515257
‘Wallr nok inrulated 036 Fioof notinrulake 34034545 MaturalGar 0483 Hatural Gar F062z2208 1 0002353325
Ele= 0EETTOZ 1 DOEETER0S
Eles 0064 Ele= 1 1 LRSEL S P
Garail 45 Garail nEZA01TE 1 nOOTTEATT
Ele= 0.47F9E20 1 0.0TzIz0E
Windowr notinrulated —0.22921 Roof notirculakes i HaturalGar 0483 Hatural Gar F0.6832298 1 0010625424
Elec 0ETTOZ 1 0.00492TTZE
Elec 0054 Eles 1 1 LR e
Garail ke Garail nd 1 LELE L6
Ele= nE 1 LRIk
Wallr inrulate 4 WEE Windour irrulated 1 Fioofiraulared 1 Hakural Gar 35 Hatural Gar P 9424571 1 LT o2
Ele= nOST1429 1 0.0zEETE
Elcc 005 Elec 1 1 0O009EZIZE
Garaoil 0k Garoil odq 1 LR A Ii) [3:74
Ele= nE 1 0.M5EEEAZ
Fioofiraulaks & PR Hatural Gar .5 Hatural Gar Fi 9424571 1 LR ELESE
Ele= NOETI4ES 1 n0EdTEEE
19E-1970 0217 Eles 005 Ele= 1 1 0.z11EdE:
Windowur inrulateda 07452322 Garaoil LLES Garoil odq 1 0.0001EEZ9E
Elec 0k 1 0000249593
Wallr ot inrulated n7s Finof notirculakes S0 34085: Hakural Gar .35 Hatural Gar Fiadz2574 1 n002EETId
Ele= NOETI4ES 1 13EEEFE-0F
Eles .0 Ele= 1 1 B AEREEE-O5
Garail ke Garail nd 1 0EERZEd
Ele= nE 1 W05z aEAZT
Windowr notinrulated Fioof notinrulakes i HaturalGar 0.35 Hatural Gar FL 942857 1 0.004555516
Elec 00571429 1 0000294274
dfrantaqer howrer 0.355 Ele= LR Ele= 1 1 n00TE6REd
Garail 0575 Garail LX) ) 1 DEDNTETE
Ele= 0.5EEROET 1 NNEERAFRZY
Wallr inrulate 4 Wt Windour irrulaked 1 Fioofiraulaked 1 HMakural Gar el Hatural Gar Fo.0T0E 282 1 0.ozzeImaz
Elec 0.0zadis 1 0O00EEESTS
Elcc 0085 Elec 1 1 0O05EESZTI
Garail 0.575 Garail LX) pct ] 1 LLLELES-LE]
Ele= 0.5EEROET 1 LRIALEEE))
Fioofiraulare & HMakural Gar .34 Hatural Gar P aT0E 82 1 0.EEERE1E
Ele= nozadiE 1 nOOZNTTE
1971-1990 nx0E Eles LR Ele= 1 1 0.7 e
Windowur inrulateda 0510256 Garaoil 0.575 Garoil 0417391 1 000022174
Elec 0.5526027 1 OO00ZZIEE
Wallr ot inrulated nxs Finof notirrulakes 5358260 Nakural Gar O3 Hatural Gar Fb.aT05 552 1 n0003EdTd
Ele= nozadiE 1 & Fd0EE-NE
Eles Q.06 Ele= 1 1 £ 3ASIE-0F
Garail 0575 Garail nA1TEE 1 0.00EN1Z1dE
Elec 05526027 1 0.00NES9E12
Windowr notinrulated 0470244 Roof notirculakes i HaturalGar 034 Hatural Gar P 9705332 1 0.00E2917
Eles nozadits 1 n002NEE3S
Eles Q.06 Ele= 1 1 00T TEEE
Garail e ES Garail NEEEFAE 1 DZEENE
Ele= n.dd 1805 1 LLELEE B
Wallrinrulated WET Windour inrulated 1 Fioofinrulated 1 Hatural Gar 047 Hatural Gar Fi. 7021277 1 DMEFIESES
Elec 0.zaTEI2E 1 0007134425
Elcc o1 Elec 1 1 000509025
Garnil LK Garnil 055513495 1 0.EETSY
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Appendix E
The list of indicative prices coming from the EngRjus websit&is given hereafter.

Windows

Type de verre ou vitrage Composition en mm Estimation en €£/m?
Vitre simple claire neutre & mm 45 s0
Vitre simple claire neutre 12 mm 110 130
Vitre simple claire réfléchissante & mm 95 105
Verre armé* & mm 25 37
verre feuilletd* 44.2 s0 a5
Vitrage RF (résistant au fau)* 1/2 heure 210 400
Witrage RF (résistant au fau)* 1 heurs 570 620
Double vitrage ordinaire (U=2.9 W/m2K) 4-12-4 mm 48 50
Double vitrage ordinaire (U=2.9 W/m2K) §-12-6 mm 52 57
Double vitrage isolant -12-6 mm - 5

2 basss dmissivitd (U=1.5 W/m?K)

Double vitrage réfléchissant clair §-12-5 mm 145 150
Double vitrage acoustique 8-12-4 mm (28 dg) 115 120
Double vitrage acoustique 10-20-4 mm (41 dB) 125 120
Vitrage chromogéne 11 mm 24380 2975
Triple vitrage 28 mm 80 as

6 . .
www.energieplus-lesite.be
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Appendix F

The number of case is the same than number inrleeesscence presented in the previous

appendix.
Total insulation Heat pump Condensing boiler
Case NPV | npvwith | NPV npvwith | NPV Npy with
without ———— | without | ———— | without | ———F—
—_— subsidies | ———— subsidies | ———— subsidies
subsidies | =————— | subsidies| = | subsidies | =
1 0 0 2552 4802 2325 2725
2 0 0 6980 9230 7194 7594
3 0 0 -2558 -307.9 490.7 890.7
4 0 0 3780 6030 6774 7174
5 0 0 24382 26632 29749 30149
6 26527 32881 14388 16638 10384 10784
7 26527 32881 18816 21066 15253 15653
8 16828 23182 -421.3 1829 6173 6573
9 16837 23191 5925 8175 12458 12858
10 56781 63135 66472 68722 75378 75778
11 47082 57095 23109 25359 16319 16719
12 47082 57096 27537 29787 21188 21588
13 30243 40257 1160 3410 10358 10758
14 30244 40257 7498 9748 16641 17041
15 99603 109616 97459 99709 108975 109375
16 63840 79572 45585 47835 21828 22228
17 63841 79572 50013 52263 26697 27097
18 40328 56060 16963 19213 14231 14631
19 40374 56105 23346 25596 20525 20925
20 93885 109616 97459 99709 97011 97411
21 0 0 1917 4167 85.32 485.3
22 0 0 6345 8595 5415 5815
23 0 0 -2674 -423.5 -1075 -675.3
24 0 0 3664 5914 5519 5919
25 0 0 22105 24355 26333 26733
26 18382 24736 11926 14176 5654 6054
27 16659 23013 14630 16880 9251 9651
28 11603 17957 555.9 2806 3364 3764
29 9877 16231 5168 7418 8225 8625
30 37828 44182 51559 53809 56990 57390
31 30082 40095 16344 18594 6768 7168
32 30094 40107 20784 23034 12100 12500
33 18266 28280 -62.43 2188 3638 4038
34 18266 28280 6275 8525 10233 10633
35 66992 77006 73442 75692 79773 80173
36 38566 54298 21463 23713 9135 9535
37 38567 54298 25891 28141 14465 14865
38 22554 38285 859.3 3109 5306 5706
39 22554 38285 7197 9447 11900 12300
40 88525 104256 91609 93859 98685 99085
41 0 0 1765 4015 -425.4 -25.42
42 0 0 6205 8455 5022 5422
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Appendix G
Constant used in this end-of-study work (Kints @0Q.

PO combustibles (Valeurs extroites de Energie °)

- mazout ou gasoil : 1 litre = 36 M) = 10 kWh

- g2 natured type H (riche) : 1 m" = 36,43 M) = 10,12 kWh

- Az nat. type L (pauvre - Bt wall) : 1m"= 32,97 M1 =92,16 KkWh

- dlectricité - 1 kWh =36 M

- butane : L kg= 4556 MI= 12,7 kWh

- propane @ 1 litre = 23,72 M) = 6,59 kWh

-charbon : 1 kg = +/- 30 Ml = 833 kWh

- bois : biches sbehes: 1 kg = 16 MJ ou 4,17 kWh
biches humides : 1 kg = 9 Ml ou 25 kWh
Note :une stére dié chéne séché b Fiair pése 488 kg et dquivaut 4 1560
Btres de morout, une stére d épicée pése 315 kg (« 105 | momute)
pellets: 1 kg = 17,5 Ml ou 4,86 KWh

Unités
-1 tep (tonne déquivalent pétrole) = 11 628 kWh

~1kWh=36M;1keal= 4,187 1= 1,163 10" kwh
-1 m'gaz = 1| mazout = 10 kWh = 36 Mi (sauf gaz type L)
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Executive summary
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Nowadays, important efforts are deployed to redwes actual residential building
consumption which represents about 40% (25% forrédsedential sector and 15% for the
non-residential sector) of the total energy consiongn Europe. The aim of this paper is to
evaluate the environmental and economical impadewtral retrofit options for residential
buildings. Our study focuses on the Walloon Regioh Belgium. A “bottom-up”
methodology is applied: this methodology focusest fin a micro-analysis. Results from this
micro-analysis are then used and extended to aor@enalysis. The presented methodology
does not permit to determine with precision thébglawonsumption of residential buildings in
the Walloon Region. However, the latter methodolaigws pointing out some economical
and environmental trends related to the differeméstigated retrofit options.

The first part of this end-of-study work offers averview of the Walloon building stock by
presenting statistic data on the Walloon residehbases. From these latter statistic data, it is
possible to divide the Walloon building stock by ans of arborescence. Each type of
building is characterized by constructive data (meaeea, Wai, Uwindow---) @and by heating
production system efficiency.

Thanks to these data, it is possible to deterntiregs and electrical annual consumption for
each type of residential building by means of a goter program that simulates residential
building.

The latter computer program is also used to detenthe annual energy consumption of
envelope retrofitted houses. Retrofit options ezato heat and/or cool production are also
investigated.

A macro-point of view study is carried out in order determine the potential of energy
saving of each investigated options. An environmlerbmparison between the several
envisaged retrofit options is realized in termsG#2 emission, final and primary annual
energy consumption for each type of building.

An economical study is carried out in order to daiae the profitability of each investigated
options for citizens.

The work also proposes a reflection about the aataantive policies.
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