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ARTICLE INFO ABSTRACT

Keywords: One of the major objectives of the European Union by 2030 is to reduce energy consumption at the building level.
Energy consumption Aware of this fact, the main goal of this study is to propose some strategies more adapted to the temperate
2030 ) climate aiming to modernize the existing residential districts towards zero energy and low carbon emissions by
Eizzgean Union 2030. A total of 454,994 dwellings (terraced houses; semi-detached houses; detached houses and apartments)

were investigated for this purpose. These are spread over 5 provinces in the Walloon region in Belgium and
grouped into 5 types of the neighbourhood (isolated rural, peripheral rural, peri-urban, suburban and in urban
neighbourhoods). The technique of reducing energy consumption in the buildings studied in this research is
centred on the implementation of scenarios related to climate, renovation, transport and renewable energy. In
addition, several energy optimization models are being tested for this purpose. The results showed that the
objective “near-zero energy neighbourhood” can be achieved in temperate zones. In fact, current energy con-
sumption is reduced up to 91% by simultaneously applying a heavy renovation of residential buildings,
renewable energy and green mobility. By applying the heavy renovation (100%) on these residence buildings,
the heating energy decreases from 230.6 to 23.7 kWh/m? in the terraced houses; from 239.7 to 24.6 kWh/m? in

the semi-detached house; and, from 202.1 to 20.8 kWh/m? in the detached house.

1. Introduction

The structures, which allow us to learn, work, sleep and recover from
the outside climate, are one of the key components of our economies (U.
S. Energy Information Administration, 2021). The vital role of buildings
for society in the context of the fight against climate change requires an
in-depth reflection on our ways of constructing and using them (U.S.
Energy Information Administration, 2021; Chartered Institution of
Building Services Engineers Profile overview, 2021). The increasing
integration of systems and the emergence in the early 1990s of the idea
that technically the sun could be sufficient to meet the energy needs of
the building, help to reinforce the thinking on zero energy. The sun, well
used and combined with passive techniques of regulation of the envi-
ronment could make it possible to move towards zero-energy. However,
at this time, photovoltaic and thermal solar panels are developing,
gaining in efficiency but above all becoming more and more affordable.
“Low energy” buildings correspond to a level consumption for which
technical choices are a compromise between what is most effective and
what is easily reproducible. “Very low energy” buildings generally no

longer need a heating system (Locale, 2006). A zero-energy house is an
energy-sufficient house, that is, it produces all of the energy it needs on
its own. It does not necessarily meet the criteria of a passive house. An
energetically sufficient house produces, over a year, an amount of en-
ergy equivalent to the amount of energy consumed. However, it will not
necessarily consume the energy it needs when it is produced (Locale,
2006).

Global energy consumption is largely impacted by the construction
sector. At COP24 in Poland in December 2018, the United Nations (UN)
highlighted that the construction sector alone emits 39% of total energy-
related CO, emissions. However, the UN believes that this sector has
enormous untapped potential for reducing emissions (Trabelsi, 2021).
As fossil energy reserves are exhaustible and the combustion of fossil
fuels is responsible for a significant part of global warming, the Euro-
pean Directive on the Energy Performance of Buildings (EPB) requires
the establishment of a certification system energy efficiency of buildings
(Glineur et al., 2014). The objective of the EPB regulations is to reduce
the primary energy consumption of buildings while ensuring their
interior comfort (Energie, 2018). These regulations tend to promote
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renewable energies. The number of building codes implemented has
increased over the past 10 years. Directive 2010/31/EU of the European
Parliament and of the Council on the energy performance of buildings
was signed on May 19, 2010, and entered into force on June 18, 2010. It
defines the main lines of action and the expected results for all countries
member of the European Union. The global average energy intensity of
buildings per unit of the floor area must be at least 30% lower than
current levels. Actions ranging from the choice of sustainable materials
to the design of buildings, including urban planning measures, adapta-
tion and resilience plans, clean energy transitions, construction opera-
tions, and renovation initiatives offer the opportunity to achieve this
goal ambitious (International Energy Agency and the United Nations
Environment Programme, 2018). The search for a “zero-energy” level
reflects a sectorial approach to the energy impact of buildings. This
ambition can be accepted as a sector-wide projection of an overall en-
ergy balance in our societies, but there is nothing to indicate that the
annual balance between production and consumption is relevant at the
scale of project architecture.

The concept of zero-energy can be applied to entire urban blocks,
neighbourhoods or cities. Linking transportation and building energy
consumption with local renewable energy production, Marique and
Reiter proposed a framework to assess the feasibility of zero-energy at
the community scale (Marique and Reiter, 2014). This study considers
the calculation of the zero-energy concept according to annual energy
consumption due to buildings and daily mobility (transportation), as
well as annual production of local renewable energy. The zero-energy
community goal can even be achieved in existing urban environments
through major retrofitting works and sustainable transport policies
(Nematchoua et al., 2021). To enable and facilitate the implementation
of such schemes, a myriad of parameters need to be taken into account,
assessed, and coordinated (Marique et al., 2017).

To achieve the target to design comfortable but very energy-efficient
buildings, passive strategies take advantage of natural energy opportu-
nities, based on local microclimate, location of the building, built den-
sity, building typology, bioclimatic design and properties of building
materials (Nematchoua, 2020). The bioclimatic design includes design
strategies related to the building orientation, air sealing, continuous
insulation, daylighting, sun protections for windows, thermal mass, and
natural cooling strategies (Nematchoua and Reiter, 2021). These various
passive strategies, and how they can be used to reduce buildings energy
consumption are applied in this study.

The different processes linked to zero carbon and energy concepts at
the district level were further reassessed in 2011 by Kennedy and
Sgouridis (Kennedy and Sgouridis, 2011). In 2012, Hachem et al.
(Hachem et al., 2012) found after a long study that the shape and
orientation of buildings have a significant impact on the energy intensity
linked to the zero-energy concept at the district level. The same year, the
planning of cities with almost zero energy under the basis of several
scenarios was implemented by Todorovic (2012). In 2013, Marique et al.
(Marique et al., 2013) proposed an approach aimed at applying the zero-
energy concept at the scale of a neighbourhood. Their calculation
method was based on the use of renewable energies, the energy con-
sumption of buildings, and the impact of the place on energy con-
sumption for daily mobility. The results of this research showed that
smart grids and the potential for energy pooling are major issues and of
crucial importance within the framework of a Zero Energy objective at
the district level. In 2015, Kylili and Fokaides (Kylili and Fokaides,
2015) showed the importance of the Zero Energy Building principle to
the realization of smart cities in Europe from 2020. They also analysed
the role of zero energy buildings in smart energy regions. The results
showed that ZEBs will greatly contribute to smart cities in aspects of
energy conservation, energy efficiency, and renewable energy produc-
tion. Lopes et al. (2016) presented the concept of a net-zero energy
cooperative community (CNet-ZEC) through the analysis of three sce-
narios. The results indicated that over a period of one year, CNet-ZEC
potentially increased the electrical demand covered by on-site power
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generation by up to 21% and on-site generation used by the building by
up to 15%. In 2016, Jusela et al. (Ala-Juusela et al., 2016) studied the
effect of implementing renewable energies in the design of positive
energy neighbourhoods, greatly minimizing environmental impacts.

It is interesting to note that the annual energy consumption for the
daily mobility of the population is analysed in several studies based on a
performance index reported in these studies (Boussauw, 2009; Nem-
atchoua and Reiter, 2019). This index takes into account the distances
travelled, the means of transport used and their relative consumption
rates in a region. In Belgium, the Walloon Air-Climate-Energy Plan
provides for the ambitious implementation of new “Zero energy” (ZEN)
buildings from 2025. This objective is based on a detailed Action Plan:
technical definition, regulatory strengthening, promote voluntary ac-
tion, develop demand, improve training for all professionals involved,
financially support ZEN buildings, develop metering infrastructure to
allow monitoring of the real performance of buildings (smart meters),
etc. The gradual closure of power plants nuclear (DE) has been offset by
the growth of renewable energies. The country has thus avoided elec-
tricity shortages, reduced its CO, emissions and stabilized electricity
prices. In this research, we associated the existing approach and new
based on forecast scenarios, by focusing on four important elements:
analyse of degree days, renovations of buildings, photovoltaic panels
and green mobility, and their impact on the energy demand patterns of
five districts, chosen under the basis of built density and statistically
representative of the regional building stock. So, we will concentrate on
several scenarios such as climate change, renovation of buildings,
photovoltaic panels, electric vehicles, distance travelled, and their
combinations. Details on the methodology applied and the analysis of
the main results are shown in the following sections.

2. Methodology

The different steps applied in this study are shown in the next
paragraphs.

2.1. Description of the study location

Belgium is a country in Western Europe, bordered by France, the
Netherlands, Germany, Luxembourg and the North Sea. It is one of the
six founding countries of the European Union and hosts, in its capital
Brussels, the Council of the European Union, the European Commission,
the parliamentary committees and six additional plenary sessions of the
European Parliament, as well as other international organizations like
NATO. Belgium covers an area of 30,688 km? with a population of
11,476,279 inhabitants on January 1, 2020, i.e. a density of 373.97
inhabitants/km?. Belgium is divided into three main regions: Wallonia,
Flanders, and Brussels. The region studied in this research is Wallonia. It
is made up of 5 provinces: Walloon Brabant, Hainaut, Liege,
Luxembourg and Namur.

2.2. Inventory of district

In this study, only the residential buildings were studied. The
different classes of the net density of dwellings were studied at the level
of the different categories of housings in this region. All the data used in
this research come from the Belgian cadastral matrix. In total, 454,994
residential buildings were studied and grouped into four categories:
164,676 terraced houses; 114,205 semi-detached houses; 144,441 de-
tached houses and 31,672 apartments. To assess the total number of
dwellings in each apartment building studied, the average area of
apartments in the region of Wallonia estimated around 66.8 m? was
applied (CEHD, Enquéte sur la qualité de I’habitat en Wallonie —
Résultats clés, 2014). Only 33% of the total number of apartments
(96,933) found in Wallonia by calculation was used in this study.
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2.3. Simulation tools

In this study, The Meteonorm and the R software resources were
employed. The Meteonorm software contains a very exhaustive database
as well as algorithms allowing to create, from the measured values,
weather files from any place on the globe. This software, offered by the
Scientific and Technical Centre for Building (CSTB), makes it possible to:
(a) to aggregate data from 8325 weather stations, to interpolated data
and to import data; (b) to calculate hourly values of all parameters using
a stochastic model; (c) to include models of climate change.

From the R software, first of all, it was evaluated all the different
types of buildings, distinguishing in the matrix: the terraced, semi-
detached, detached houses, castles, etc. Subsequently, using the “set
diff” function of R, it was evaluated the number of apartment buildings
remaining. It was also evaluated the number of individual apartments by
dividing the total area of the different forms of apartment buildings by
the average area of the different forms of apartments in Wallonia. It was
also considered the different statistical sectors of the regions where the
buildings are located, because some statistical sectors had the same
name, but in different regions. The “group by, on R” function was used to
assess the types of housing in a region and in statistical sectors (SS) and
the “merge function” and “reduce function” were used to sort each type
of building in SS.

Finally, it was evaluated the five classes of urban density in Wallonia.
In general, it was found 9 density classes to classify the 9876 sector
statistics (SS) throughout Wallonia according to the net density of
dwellings. But only 5 classes were studied in this research. Table 1 shows
the different typologies of these neighbourhoods and the net housing
density.

Terraced houses and detached houses are the majority (67.9% of
total dwellings), whereas the number of apartments is a minority (6.9%
of total dwellings). In district 5 (urban-type), the distribution of housing
comprises 56.32% of terraced houses and only 5.42% of detached
houses.

2.4. Energy demand

Climate change has a significant effect on energy demand in all of the
residential areas studied. Today, heating energy represents more than
65% of total energy consumption in residences in Wallonia. In February
2020, the Belgian electricity mix consisted of 50.0% nuclear energy;
15.0% wind power; 3.5% solar energy and 31.5% fossil fuels. This shows
that fossil fuel is still widely used in Wallonia.

By 2021, in Wallonia, all new buildings must meet the Q-ZEN stan-
dard (Walloon equivalent of the NZEB standard for Nearly Zero Energy
building). This standard has already been applied since 2019 for new
public buildings. This is part of the measures aimed at strengthening the
exemplary nature of public buildings, which must show the way and
apply the standards set by the public authorities (Site portail de, 2020).
In Q-ZEN buildings, it is first of all the envelope that must be at the
centre of concerns: a top-level of insulation and airtightness minimizes
energy requirements. Then, the little energy required (for heating,
cooling, lighting, domestic hot water and ventilation) must be covered
to a very large extent by renewable energy, if possible local, and by
efficient systems (condensing boilers, etc.). These objectives, assigned to
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new or similar buildings, are intended to be realistic and achievable and
are perfectly in line with previous regulations which, for several years,
have tended to encourage increasingly energy-efficient buildings. There
are many ways to meet the Q-ZEN objectives: (i) Maximize solar gain
while minimizing overheating; (ii) Maximize the compactness of the
building; (iii) Effectively manage ventilation while recovering heat; (iv)
Choose efficient systems for heating and domestic hot water; (v) Pro-
mote renewable energies (Pacot and Reiter, 2012).

2.5. Climate scenario

The variation of the external climate is evaluated under the basis of
scenario A2 of the IPCC, which most characterizes the studied region.
The A2 canvas and scenario family, with a regional orientation of 2.0 °C
—5.4 °C, describe a very heterogeneous world. The underlying theme is
self-reliance and the preservation of local identities. Fertility patterns
between regions are converging very slowly, resulting in a continuous
increase in the world’s population. Economic development is predomi-
nantly regional in orientation, and per capita, economic growth and
technological change are more fragmented and slower than in other
frameworks. The different variation of outdoor air temperature in 2030,
2050 and 2080 is shown in Fig. 1.

These results show, using the A2 scenario, in the five Walloon regions
and if nothing is made to reduce the variation of climate in the future, an
increase of air temperature from 0.008 °C to 0.2 °C in 2030 °C; between
0.469 °C and 0.708 °C in 2050; and, from 1.80 °C to 2.025 °C in 2080.

2.6. Energy scenario

Globally, in this research, four energy scenarios were applied for
mitigating energy demand in the 454,994 dwellings evaluated in 5
Wallonia regions in Belgium:

(a) First scenario relative to the climate change (degree-days (DD));

(b) Second scenario relative to the renovation (heavy, light, heavy
and light, 100%);

(c) Third scenario relative to the implementation of renewable en-
ergy (introduction of photovoltaic panels);

(d) Fourth scenario relative to the green mobility (application of
electric car).

3. Results and discussions
3.1. Mitigating energy demand by applying Degree-Days (DD)

The first scenario set up shows the variation in consumption as a
function of the number of degree days recorded in a year. These repre-
sent the sum over the year for the differences between the average in-
door temperatures during the heating period and the average daily
outdoor temperatures. The indoor comfort temperature is 18 °C and
solar gains are recorded at 3 °C and deducted from the internal tem-
perature. Therefore, degree days are determined by the difference be-
tween 15 °C and the daily outdoor temperature throughout the year.

Degree days are important for calculating the evolution of heat needs
since they represent the climate, and this last one has a significant

The number of residential buildings studied in Wallonia found in each category of the district.

Name Type Density Terraced houses Semi-detached houses Detached houses Apartments Total of housing in each district
District 1 Isolated rural 0-5 26 139 803 14 982

District 2 Peripheral rural 9-14 208 681 3365 110 4364

District 3 Peri-urban 21-32 1174 3692 13,984 396 19,246

District 4 Suburban 49-79 12,845 35,025 111,919 3541 163,330

District 5 Urban 138-256 150,423 74,668 14,370 27,611 267,072

Total of dwellings in each category 164,676 114,205 144,441 31,672 454,994
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Fig. 1. Variation of outdoor air temperature in 2030, 2050 and 2080 according to A2 scenario in the 5 main regions in the Walloon compare to the

period (1980-2010).

impact on buildings energy consumption. We also point out that only
70% of heat needs vary in proportion to changes in the number of degree
days, while the remainder 30% of consumption is assumed to be
invariable considering the thermal inertia of buildings (ICEDD, 2014).
The prospective data were carried out using a linear regression based on
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the evaluation of degree days observed since the 1960s in Belgium
(Marique et al., 2017). We used 2012 as the reference year, which is
embodied in a normal climatic year with 1914.7°days, and we observed
the evolution of energy consumption for two periods (2020 and 2030)
depending on the evolution of degree days. The different values
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Fig. 1. (continued).

obtained are represented in Fig. 2.

It is observed in this figure that the energy consumption is the highest
in district 5 compared to the 4 other districts. This is due to the fact that
this one, called the urban district, has the greatest number of housing in
the region studied. The higher the density of a city, the greater the de-
mand for energy. It is interesting to note that the implementation of the
scenario (DD) on the scale of different types of district studied will make
to reduce the current energy consumption in Wallonia from 6.74%.

It is interesting to noticed that energy consumption is high in urban
district (eg. District 5) than rural district (eg. District 1). This may be due
to the high density in urban areas and low density in rural areas as
shown in Table 1. Indeed, the higher the density of a city, the higher the
energy consumption.

The scenario (DD) plays a major role in saving energy consumption

on a city scale. This (S1-test) can be applied in all regions of the world
with the same climate as Wallonia. Table 2 shows heating energy de-
mand after applying the DDs scenario.

Table 2

Heating energy consumption of each housing category after applying the DDs
scenario (in kWh/m?).

Housing type Average living area  Reference (in In 2030 (DDS

(m?) 2012) scenario)
Apartment 60.3 182.28 170.03
Terraced House 77.4 230.61 215.11
Semi-detached 85.3 239.72 223.56
house
Detached house 97.7 202.151 188.56

E2012 E2020 E92030

300.00
~
E 250.00
S~
<
2
=
§ 200.00
-
€
=}
2 150.00
o
o
>
o
¢ 100.00
w
50.00

Districtl District2 District3 District4 District5

Fig. 2. Variation in energy consumption in the Walloon districts after applying the degree-days scenario.
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By applying this scenario, it was observed that heating energy de-
creases from 230.61 kWh/m? to 215.1 kWh/m? in the terraced houses;
and from 202.151 kWh/m? to 188.5 kWh/m?, in the case of detached
house. It’s interesting to notice that this scenario can be implemented in
different regions of world. But, however, the results vary according to
micro-climate of each region. In this scenario, the main element which
directly affected the energy consumption is the air temperature. If
nothing is done to fight against climate change, a temperature increase
of 1.5 to 3.5° C is expected in this region studied in the next decade,
according to the IPCC scenarios (https://en.wikipedia.org/wiki/Repre-
sentative_Concentration_Pathway). This increase of air temperature will
have a considerable impact on energy consumption in these districts.

3.2. Mitigating energy demand by applying renovation scenarios

This scenario consists of carrying out the heavy and light renovations
of all the buildings studied. The light renovation involves the revision of
the window frames, roofs, heating system etc. In Wallonia, the annual
renovation frequency is 0.8% (light renovation), and 0.5% (heavy
renovation). Heavy renovation involves the total overhaul of the entire
building (walls, roofs, ventilation system, windows etc.). Major reno-
vation allows buildings to be obtained with low heating energy (30
kWh/ (rn2 year)) (Marique et al., 2017).

In this study, we evaluated the energy consumption according to four
sub-scenarios until 2030:

e Application of the annual light renovation at the frequency of 0.8%;

e Application of the annual Heavy renovation at the frequency of 0.5%
of the residence building stock;

e Application of annual heavy and light renovation;

e And application of the heavy renovation on the total building of this
region.

q 247 26041 T
S 2 = ([T
g 2
%
& 20000
g
:
B e
b
=
[543
(a) Light renovation
261,36 2664 i
= ) -
N I
- - — ) [ — !

(c) Heavy and Light renovation
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Fig. 3, shows a variation of energy consumption after renovating
Walloon building stock.

In Fig. 3, it is important to notice that the energy consumption de-
creases depending on the type of renovation applied at the residential
districts. For example, a light renovation will allow reducing of 5.97% of
total energy demand in 2030. It was also found a reduction of 7.74% of
total energy consumption for heavy renovation; 12.89% for heavy and
light renovation. The 100% heavy renovation of the entire building
stock will generate a save of 88.74% in 2030, compare to 2012.

Table 3 gives a variety of heating energy consumption after reno-
vating the scenario in 2030. It is seen that in the 31,672 apartments
located in the 5 districts analysed in this study, between 2012 and 2030,
the heating energy decrease from 182.28 kWh/m? to 171.45 kWh/m?
after applying light renovation; from 182.28 kWh/m?to 168.18 kWh/
m2after applying heavy renovation and between 182.28 kWh/m? to
18.77 kWh/m? by applying heavy renovation (100%). In addition, on
the same period, an application of heavy renovation reduces heating
energy consumption to 212.76 kWh/m? in the case of terraced house; to
221.26 kWh/m? in the case of 114,205 semi-detached houses and to
186.50 kWh/m? in the case of 144,441 detached houses evaluated in
this research.

By applying the Light and heavy renovation scenario, it is noticed
that the heating energy consumption decrease from 230.61 to 200.63
kWh/m? in the case of terraced houses and from 202.151 to 175.87
kWh/m? in the case of detached houses.

The main variables that affect the variation of the results of energy
consumption according to the categorization for the typology of housing
are the temperature and relative humidity due to the orientation of the
main facade of the building and the effect of shading of the building. The
heating demand is the highest in the Semi-detached house.
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i 25 fhe M= i Mhiv
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Fig. 3. Variation in energy consumption in the Walloon districts with renovation scenarios.
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Table 3
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Heating energy consumption after applying each renovation scenario in 2030 (in kWh/m?).

Housing type Reference (in 2012) Light renovation

Heavy renovation

Light & heavy renovation Heavy renovation 100%

Apartment 182.28 171.45
Terraced House 230.61 216.91
Semi-detached house 239.72 227.01
Detached house 202.151 190.14

168.18 158.58 18.77
212.76 200.63 23.75
221.26 208.55 24.69
186.50 175.87 20.78

3.3. Mitigating energy demand by applying photovoltaic panel scenario

Photovoltaic solar energy is electrical energy produced from solar
radiation through solar photovoltaic panels. It is said to be renewable
because its source (the Sun) is considered inexhaustible on the scale of
human time. At the end of its life, the photovoltaic panel will have
produced 20 to 40 times the energy required for its manufacture and
recycling.

The photovoltaic cell is the basic electronic component of the system.
It uses the photoelectric effect to convert electromagnetic waves (radi-
ation) emitted by the Sun into electricity. Several cells connected
together form a photovoltaic solar module or collector and these mod-
ules grouped together to form a solar installation.

The annual production of solar energy used in these 5 studied dis-
tricts derives from the tool applied in this study (Marique et al., 2017;
Marique et al., 2015). We have installed a surface of 20 m? of photo-
voltaic panels on the roof of each building. In the literature, it is
explained that panels for domestic use of 3 kW produce on average 3000
kWh/year. The application of this scenario to the 454,994 residential
buildings studied makes it possible to record a reduction in the demand
for fossil fuels of more than 1365 GWh/year. By applying 0.95 as a roof
correction factor as recommended in (Teller and Azar, 2001), it is ob-
tained a new amount of solar energy production is closer to reality. In
this case, it was defined for the 454,994 residential buildings studied, a
total production potential of photovoltaic solar energy of 1033.85 GWh/
year. This corresponds to 9.58% of the total energy consumption of the
residential building stock in the 5 districts of Wallonia studied in 2012.
Some more detailed results are given in Table 6 of the reference Nem-
atchoua et al. (2021), and in Fig. 4.

E Solar energy production(Gwh)

District5

District4

District3

— Energy consumption of all buildings for the reference year,

— Solar energy production from 20 m? of PV panels on all the building
rooftops (without considering the effects of shading between
buildings),

— Remaining fossil energy consumption after the use of solar energy
produced (without considering the impact of shading between
buildings),

— Roof correction factor to apply on solar energy production taking
into account the impact of shading between buildings, based on their
built density.

— Solar energy production with roof correction factor, considering the
impact of shading between buildings, based on their built density.

- Remaining fossil energy consumption after using the solar energy
produced, considering the impact of shading between buildings,
based on the built density.

From this figure, it can be observed that the introduction of 20 m? of
PV on each of the roofs of the 454,994 residential buildings studied will
allow an average reduction of 9.58% of the total non-renewable energy
consumed in 2012. This yield is variable and depends enormously on
sunshine, orientation and maintenance of the PV.

3.4. Mitigating energy demand by applying of mobility scenario

Transportation is a major consumer of energy because commuting is
necessary to travel from home to places of work or study and return
back. Given this fact, in this research, we evaluate energy consumption
related to current household travel and by 2030. Data adopted for
assessing annual energy use regarding daily mobility could be registered

= Energy consumption produced by other sources(Gwh)

5590.33

District2

Districtl

0% 20% 40%

60% 80% 100%

Fig. 4. Variation in energy consumption in the Walloon districts with the photovoltaic panel scenario.
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from different kinds of sources, such as ‘in situ’ campaigns, national
censuses among others. The Beldam survey was carried out between
December 2009 and January 2011 for 8532 households, including
15,821 people aged 6 years and above (Hubert et al., 2010). The annual
energy consumption for daily mobility was evaluated with some in-
dicators such as those shown in (Hubert et al., 2010; Nematchoua et al.,
2021). The distances travelled by Walloons are, on average, longer than
those made by the inhabitants of Brussels city. The proximity (or not) of
amenities around the dwellings is a factor that may explain these
differences.

The daily work-related trips are, on average, quite long and measure
around 22 km. However, this is perfectly consistent with the distances
between the home and work place already evaluated through other
surveys. For more ‘recreational’ activities (i.e. visits to friends, family,
sports, recreation, and culture), the average distance of a round trip is
13.4 km. The results of the BELDAM survey (Hubert et al., 2010) also
affirmed that schools, shops, and services are closer to dwellings than
work places, with round trips of 18 km to get to schools, 14 km to go
shopping, and 13 km for other services.

It is, therefore, necessary to determine the average distance travelled
by a resident considering the different modes of transport and the cor-
responding kilometric fluctuations within each of them. Thus, from the
Beldam report we obtained the average distance depending on the type
of transport and average number of trips per resident per day.
Combining these data, we obtained the average kilometres travelled by a
single resident per day and annually, which led to an average distance
travelled of 30 km per day and an average annual distance of 10950.00
km. However, it seemed necessary to distinguish the more rural districts
where the distances travelled are slightly higher (Hubert et al., 2010)
due to the low density of buildings and services, by applying a factor of
+20%, which led to an average distance travelled of 36 km per day and
an average annual distance of 13140.00 km.

The average consumption for different transportation types in Wal-
lonia (Hubert et al., 2010) is 0.56 kWh/km for diesel vehicles, 0.61
kWh/km for gasoil vehicles, 0.585 kWh/km for an average motor
vehicle, 0.45 kWh/km for a bus, 0.15kWh/km for a train, and 0 kWh/km
for non-motorized modes of transport. Next, to calculate the annual
transport consumption for a resident we established the average con-
sumption per kilometre (travelled in Wallonia), which is 0.32 kWh/km.

After determining energy consumption for travel, we implemented
reduction scenarios based on certain assumptions:

Solar Energy 230 (2021) 1040-1051

(i) Now, a car park is not composed solely of cars running on fuel but
some of them are electric. The first scenario assumes that half the
cars will be electric by 2040 and the second scenario that the
entire car park will comprise electric vehicles in 2040. To achieve
this, we first determined the annual consumption of a resident
living in urban areas versus a resident living in rural areas. We
adopted the same method described above, by assuming that an
electric car consumes 0.17 kWh/km (Boussauw and Witlox, 2009;
Nematchoua et al., 2020). The average consumption was
0.21kWh/km for a half electric car park and average consump-
tion of 0.11 kWh/km by using only electric cars.

(i) Now we will opt for a hypothesis impacting the number of kilo-
metres. We consider that the distance travelled by a resident will
be reduced by 20% by 2040, if residents live closer to their place
of work and their children’s school. This translates into 24 km per
day travelled for urban and suburban residents and 30 km for
those living in rural areas. The results obtained are as follows:
average consumption (0.32 kWh/km, both); distance travelled in
one year (8760.00 km per resident in urban areas and 10950.00
km per resident in rural areas). Some results are shown in Fig. 5.

The total energy consumed by the mobility of residents of the 5
studied districts is estimated at 3813.29 GWh. The implementation of
the mobility scenarios will lead to a reduction by 2030 of 33.26%, with
50% of electric cars and 65.21% with 100% electric cars in circulation.

3.5. Common analysis of all the categories of scenarios

The synthesis of scenarios detailed in the previous paragraph is
represented in Fig. 6 and Table 4.. Overall, it is found in this research
that in Wallonia, in 2030, the reduction in energy demand in the 5 re-
gions is estimated at 9.1% with the alternation of degree days; by 5.97%
with the application of light renovation techniques; 7.74% with heavy
renovation; 12.89% for heavy and light and up to 88.74% by application
of the 100% of renovation.

The photovoltaic scenario, consisting of applying 20 m? of PV to each
residential building studied, will generate a reduction of 9.26% in the
demand of fossil energy for all the residential buildings studied. In
addition, the energy consumed during mobility can be reduced up to
65.21% with 100% electric cars in circulation.

It is important to note that, in terraced houses, the heating energy is
reduced to 215.11 kWh/m? with (DD scenario) and to 23.75 with heavy

770.38
District5 ]
] 2214.32
471.13
District4
] 1354.18

66.65

District3
191.58

15.11
District2 %l

43.43

3.4
Districtl l

9.78

0 500 1000 1500 2000 2500

Energy consumption assuming all cars are electric(Gwh)

O Energy consumption assuming half of electric cars (Gwh)

OEnergy consumption due to mobility of residents(Gwh)

Fig. 5. Variation in energy consumption in the Walloon districts with the mobility scenarios.
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Fig. 6. Frequency of reduction of energy consumption in each district in 2030 (by scenario).

Table 4
Recap of energy consumption in each district in 2030 (by scenario).

District
5

District
4

District
3

District
2

District
1

Energy consumption in 24.35 107.63 475.51 4030.78 6151.18
2012 (GWh)

Energy consumption in
2030 applying:
variation in DDs
(GWh)

Energy consumption in
2030 applying:
Heavy and light
renovations (GWh)

Energy consumption
applying (heavy +
light renovation x2)
in 2030 (GWh)

Energy demand from
fossil energy sources
after applying
photovoltaic panels
in 2030 (GWh)

Energy consumption
due to the mobility
(GWh)

Energy consumption
assuming 50% of cars
electric in 2030
(GWh)

Energy consumption
assuming 100% of
cars are electric in

2030 (GWh)

22.71 100.37 443.45 3759.05 5736.50

21.22 93.78 414.25 3511.13  5349.41

16.75 74.03 326.94 2770.38  4206.51

21.40 94.80 420.08 3629.00  5590.33

9.78 43.43 191.58 1354.18  2214.32

28.99 127.85 903.75 1477.79

3.40 15.11 66.65 471.13 770.38

renovation (100%) scenario.
3.6. Association of scenarios

In this paragraph, 5 models related to energy consumption (reduc-
tion) in Wallonia in 2030 are designed based on the previously detailed
scenarios. Thus, each of these models combines the hypotheses linked to
the variation of the outdoor climate, to the renovation, the installation
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of PV and the implementation of green mobility. The goal is to choose,
among these 5 models offered, the one that will make it easier to achieve
the zero energy objectives in the 5 Walloon regions.

The description of each of these models is:

Model 1: Application of the global warming scenario + application of
the heavy and light renovation scenario + application of current
mobility scenario;

Model 2: Application of global warming scenario + application of
100% heavy renovation scenario + current mobility scenario;
Model 3: application of global warming scenario + application of
heavy and light renovation scenario + 50% electric vehicle scenario
— application of solar panel scenario;

Model 4: Application of heavy and light renovation scenario +
application of global warming scenario + 100% electric vehicle
scenario;

Model 5: Application of global warming scenario + application of
100% heavy renovation + application of 100% electric vehicle sce-
nario - application of solar panel scenario.

The general formula for assessing total energy consumption in 2030
taking into account the different scenarios established at the scale of the
entire region is the energy consumed in buildings + energy consumed
during mobility - local renewable energy production. Fig. 7 shows in
detail the efficiency rate of each model by the district.

Model 5 (Application of global warming scenario + application of
100% heavy renovation + application of 100% electric vehicle scenario -
application of solar panel scenario), is the most important of all the 5
models analysed, indeed, the implementation of this model at the
regional scale enables a reduction of 91.1% of the total energy con-
sumption in 2030 compared to that consumed in 2012. This model is
unique in the achievement of nearly zero-energy at the city scale. In
addition, model 2 (Application of global warming scenario + application
of 100% heavy renovation scenario + current mobility scenario) also
gives very good results (65.2% energy reduction in 2030). This is one of
the most easily achievable cases. Table 5 shows the summary of
reduction in energy consumption by 2030 if each of the models is
adopted.

It is very interesting to notice that, in Table 6., heating energy varied
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Fig. 7. Reduction (in %) in total energy consumption (buildings + transport — local renewable energy) based on several new models applied on the Walloon districts.

Table 5
Frequency of energy consumption after applying each model on the five cate-
gories of the district.

Model Detail of each model Reduction of energy
in 2030 (in %)
Model Application of the global warming scenario + 20.04
1 application of the heavy and light renovation
scenario + application of current mobility
scenario
Model Application of global warming scenario + 65.21
2 application of 100% heavy renovation scenario
-+ current mobility scenario;
Model Application of global warming scenario + 36.48
3 application of heavy and light renovation
scenario + 50% electric vehicle scenario —
application of solar panel scenario
Model Application of heavy and light renovation 37.56
4 scenario + application of global warming
scenario + 100% electric vehicle scenario
Model Application of global warming scenario + 91.09
5 application of 100% heavy renovation +
application of 100% electric vehicle scenario -
application of solar panel scenario.
Table 6

Variation of annual heating energy after application of each scenario.

from 182.28 kWh/m? to 18.77 kWh/m? in the apartments after applying
heavy renovation (100%), between 239.72 kWh/m? and 208.55 kWh/
m? in the semi-detached house with Light and heavy Renovation and
from 202.151 kWh/m? to 188.56 kWh/m? in detached house after
applying degree days scenario.

Among the 454,994 dwellings investigate in this research, it was
noticed that more than 75% of those were old than 100 years. Given the
different scenarios applied, the heavy renovation inside residential
buildings proved to be more effective in reducing the energy con-
sumption used for electricity and heating of the building. These different
results are practically similar to research works carried out in the
country explaining that the renovation of buildings is the most impor-
tant method to significantly reduce energy consumption in Belgium
(Reiter and Marique, 2012; Attia et al., 2012).

The adoption of the concept of “zero energy building in new designs
and the application of heavy renovation techniques in old constructions
increase the energy performance of buildings and considerably reduces
most environmental impacts (Nematchoua et al., 2019; Nematchoua and
Reiter, 2019). These new techniques are based on the design of more
comfortable buildings and, above all, adapted to the current context
linked to climate change (Nematchoua et al., 2019). A transition to more
sustainable mobility and renewable energies are also a very favourable
option for achieving the zero-energy goal in cities around the world.
These findings are consistent with those found in several other studies

Housing type  Initial heating Heating energy after Heating energy after

Heating energy after Heating energy after Heating energy after

energy (kWh/ applying Degree days applying Light applying Heavy applying Light & heavy applying Heavy
m?) scenario (kWh/m?) renovation (kWh/m?) renovation (kWh/m?) Renovation (kWh/m?) renovation 100% (kWh/
m?)
Apartment 182.28 170.03 171.45 168.18 158.58 18.77
Terraced 230.61 215.11 216.91 212.76 200.63 23.75
House
Semi- 239.72 223.56 227.01 221.26 208.55 24.69
detached
house
Detached 202.151 188.56 190.14 186.50 175.87 20.78
house

1049



M.K. Nematchoua

(Nematchoua et al., 2021; Modeste et al., 2020; Nematchoua et al.,
2020).

4. Conclusion

An energy scenario is a very powerful tool that makes it possible to
quantify and optimize energy consumption over a relatively long period
of time taking into account variations in the external climate. This
technique is clearly explained in detail in the literature. However, its
implementation in the current life is associated with certain difficulties
associated with obtaining certain temporal variables strongly dependent
on the environment studied.

This study proposes some strategies aiming to reduce energy con-
sumption in 454,994 dwellings in Wallonia taking into account the
evolution of the external climate. It is noted a strong dependence be-
tween outdoor climate and energy consumption in all regions of
Walloon.

By successively applying four scenarios and five optimization
models, it was found a model more suited to the temperate context,
making it possible to obtain nearly zero energy at the scale of residential
buildings. It is noticed that most of the buildings studied in their natural
state are very uncomfortable, with high energy consumption, because
they were built not always taking into account the evolution of the
external climate. It is possible to reduce energy consumption by 91.1%
in 2030 compared to that of 2012, by a successively major renovation of
buildings and installation of photovoltaic panels. At the city level, it is
imperative to reduce daily distances and promote travel with electric
vehicles.

The main approach aimed at designing buildings respecting the zero-
energy concept differs according to the regions associated with their
climate. The hypotheses vary according to the places of study but the
final objective remains the same. In the specific case of Belgium, and
other countries with a similar climate, these strategies can be adopted.
However, it will be more interesting in the future to propose for all
climatic regions of the world strategies more suited to the local climate,
aiming to achieve zero energy at the scale of residential districts.
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