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PROJECT LEHR: LOW ENERGY HOUSING RETROFIT
Up to 35% of the total energy consumption can be attributed to built-up areas, most of which are
situated in the residential sector. Consequently the renovation of existing buildings contributes a
vast potential for energy economy. Example projects indicate that consumption can be reduced up
tot five times while improving living conditions simultaneously.
The LEHR project was a cooperation between three research teams:
• Passiefhuis Platform vzw (PHP), Plat-forme Passive asbl
• Architecture et Climate, UCL
• BBRI
The coordination of this project was done by PHP.
The purpose of this project was to:
• identify highly successful renovations by means of a network of national and international
experts
• systematically collect core information on the design, realization and performance of such
renovations
• compile a manual for owners and architects
• elaborate technical safety documents aimed at construction professionals
• publish the obtained perceptions in one volume
The project started with an analysis of the existing building stock in order to identify those building
segments which may have the largest multiplier effect for energy economy. To this extent a number
of example projects were analyzed. Important in this matter is the energetic performance and the
owners motivation to proceed to the renovation. Based on both these experiences and the most upto-date research developments, new innovative concepts and components were developed.
Insights resulting from International co-operation (Participation in IEA SHC Task 37 and observation
of the European project E-RETROFIT-KIT) were translated to national users, using a deliberate
strategy to extend the market penetration of complex renovations.
As a result of this project several directives were formed by the different partners:
• The UCL introduced the very low-energy renovation to the owners in form of a general
publication
• The BBRI generated a technical manual to persuade the construction industry of the
feasibility of very low-energy renovation
• PHP produced several publications and project files which inform planners and developers
on the experiences with the example projects.
This research was carried out by order of the Belgian Science Policy, in implementation of the “
Programme to stimulate knowledge transfer in areas of strategic importance”
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POTENTIAL OF LOW ENERGY HOUSING
RETROFIT: INSIGHTS FROM BUILDING STOCK
ANALYSIS
INTRODUCTION

1.

1.1. GOAL
This chapter explores the significance and the relevance of the existing building stock in Belgium
concerning energy consumption. This information is crucial for developing strategies for low energy
housing retrofit.
To implement an efficient energy saving policy for retrofit, it is important to define and evaluate
different dwelling types with a high energy saving potential. They depend on many variables such as
building form, building age, ownership, geography etc. These variables have a great impact on
technical issues, decision processes and government policy. This information should clarify the
validity of the intended goal of the LEHR project to use these dwelling types to study retrofit
scenarios that support ambitious and long term goals and marketing aimed at decision makers and
politicians.
1.2. RESEARCH QUESTION
The main question of this chapter is:
For what type of buildings should low energy housing retrofit demonstration projects be initiated and
stimulated?
To examine this question we examine several secondary questions:
-

What can we learn from available data considering the raw need for renovation?
What can we learn from available data on energy characteristics of the existing building
stock?
What target groups can be defined, based on evaluation of building typology and ownership
structures?

1.3. RESEARCH METHODOLOGY
In the following chapter we will have a closer look at the available statistics for the residential sector,
specifically concerning the general characteristics of the building stock.
In chapter 3, Motivation for renovation, we will discuss factors that provide a need for renovation of
the existing housing stock, based on quality and comfort indicators.
A focus on the energy characteristics of the existing building stock will be held in chapter 4.
In the fifth chapter, we discuss the potential of the existing housing stock to reduce energy use,
based on the available data. Building typologies with the greatest potential for reduction of energy
use and/or greenhouse gas emissions by renovation are defined.
After this discussion, we define different target groups for reducing the energy saving potential in the
existing housing stock. Therefore we look at available statistical data considering ownership. This
allows us to formulate market segments.
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2.

GENERAL CHARACTERISTICS OF THE
BELGIAN BUILDING STOCK

2.1. LESSONS FROM BUILDING STOCK ANALYSIS STUDIES
The research field of basic building stock analysis is still developing in Europe. In the past, the
building stock as a whole has not been analysed in a systematic way and knowledge of the building
stock varies widely between professionals and between countries. [KOHL02] The ERABUILD-report
concluded that - except for the International Energy Agency and Eurostat - data, definitions and
methods used in national statistics for the residential sector differ in each country, which is not
favourable for accurate comparisons between countries. [ERAB08]
In Europe, housing surveys have been the traditional approach to gathering knowledge about the
building stock [WILH82], [ODEL88]. Their origin is the planning and assessment of state
interventions in (social) housing. Traditional research approaches have typically concentrated on
specific parts of the stock, with limited objectives and little attempt to generalize findings [KOHL02]
The need to predict refurbishment demand, driven by energy questions, led to public and private
studies in most European countries about the probable evolution of the building stock refurbishment
and the impact on building products and services. [IEA95]
Energy-based models generally divide the building stock into age-groups represented by typical
buildings which are rated for specific annual energy consumption per m2. The surface of each ageuse group is then multiplied by the specific annual energy consumption to predict the overall
consumption. However, energy related typologies and building descriptions are of limited use for
broader building stock knowledge development. See further: [KOHL02].
Implementation of sustainable development requires integration of economic, ecological, social and
cultural value spheres as a central requirement. The further sections provide insight in the data that
are currently available considering the Belgian building stock. These date mainly originate from
traditional housing surveys: energy questions are often still not integrated, therefore the energy
related data are often limited.
In this chapter, a review and examination of statistical data is provided from the federal government
(Belgium) and the Belgian regions (Flanders, Wallonia, Brussels capital region).
The most important data in this study come from:
o Socio economical enquiry 2001, or SEE2001, a statistical sample of 2% of Belgian population
and partially based on data of the whole population: [VANE07]
o Flemish survey on dwellings 2005, a survey on 5216 families: [HEYL07]
o A survey on residential energy consumption in Belgium with a representative sample of 1000
families in 2004: [BART05]
o External study of housing quality by AROHM, 1995 with a representative sample of 8500
dwellings: [LROY06]
o Surveys in 1961 (sample of 70000 dwellings), 1978 (300000 dwellings): [LROY06] and others
The sources can be considered as an important limitation since there is a lack of reliable data in
function of building typology and degree of renovation. Nevertheless, we provided insights into the
proposed questions, based on available data.
The last two questions are tackled by analysis of the previous data and also use findings from other
research: insights from international collaboration (participation in IEA SHC Task 37 and observing
European project E-RETROFIT-KIT) have been examined and integrated with national findings
(study for the Brussels Capital Region and for the Walloon Region, social economic enquiries) and
in order to define building typologies and target groups for diffusion of low energy housing retrofit.

9

2.2. NUMBER OF EXISTING DWELLINGS: GEOGRAPHICAL

DISPERSION AND EVOLUTION
In 2008, there are 4.268.090 dwellings in Belgium. 1 Table 1 gives an overview of the total number of
dwellings in Belgium and its regions, as well as sorts them by level of urbanisation, and shows the
difference between 1991 and 2001. These data show two clear trends. First of all, the total number
of dwellings is still growing, for the whole of Belgium with a mere 9,0%, for Flanders even with 9,6%.
Secondly, the number of buildings, as well as the growth, is not homogeneously spread out. Urban
areas have the biggest density in sheer numbers, but the biggest increase occurs in the suburbs
(14,5%).

Region
Flanders
Brussels
Walloon
Level of urbanisation
Agglomeration
Suburbs
Forensic zone
Small city in a rural area
Rural area
Total

residences 1991
abs
%
2.141.557
57,1
394.468
10,5
1.212.139
32,3

residences 2001
abs
%
2.348.025
57,5
408.882
10,0
1.327.084
32,5

1.712.473
476.402
726.035
438.413
394.841
3.748.164

1.794.454
545.455
810.007
487.484
446.591
4.083.991

45,7
12,7
19,4
11,7
10,5
100

43,9
13,4
19,8
11,9
10,9
100

evolution (%)
%
9,6
3,7
9,5
4,8
14,5
11,6
11,2
13,1
9,0

Table 1: Total number of inhabited private residences, in absolute numbers and in percentages [VANE07] pag 38

Number of dwellings

Level of urbanisation
Agglomeration
Suburbs
Forensic zone
Small city in rural area
Rural area

Figure 1: Pattern of inhabited private residences, in relationship to the level of urbanisation [VANE07] pag 38

1

[VYPE08]
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Figure 1 shows clearly that a majority of the residences is concentrated in the big cities and their
agglomerations. The SEE2001 [VANE07] proved that half of the single parent families live in these
agglomerations, remarkably more than for all other types of families. Families with children on the
other hand show a tendency to live in the greener, calmer and less dense suburbs. 2
If we look at the growth of the Flemish surface that is used by residential functions, we notice a large
increase: in 1990, only 9,6% of the total Flemish surface was used, or 227m² per inhabitant; in 2002,
this has risen to 12,3%, or 278m² per inhabitant.
Figure.2 compares the indexes of the growth relative to 1990, of population, total residential surface
and number of households. Between 1990 and 2002, the number of households rose with 11%,
compared to a growth in population of only 4%. This evolution is in relation to the shrinking of family
size, from 2,61 in 1990 to 2,45 in 2002. 3
Between 1990 and 2000, the growth in number of households (9%) is parallel to the growth in
residences. Because two families of two people need more total surface than one family of four
people, the pressure on the urban space has grown relative to the increase in number of
households.
130
Population

125

Households
Total residential surface (km²)

120
115
110
105
100
1995

2000

2001

2002

Figure.2: Growth of population, number of households and total surface for residential functions, as an index relative
to the situation in 1990, [LEMA04], pag 229.

2.3. BUILDING TYPE AND EVOLUTION
In social economic studies the Flemish building stock is divided according to the different building
types. Primarily, we want to analyse the differences between single family housing (SFH) and
multifamily housing (MFH), the former being a building giving residence to one single family, the
latter combining the residences of multiple families. On a more detailed scale, further subclasses
can be defined. SFH for example can be divided in detached housing, semi-detached housing and
terraced housing, while MFH can vary greatly in size and construction method, and also in size and
type of the single residence itself, but, no further subclasses were defined.
Table 2 gives an overview of the different data that were collected in the period 2001-2005. More
recent data are not yet available. This shows that a vast majority of the Flemish dwellings are single
family houses (80%). This percentage has not changed significantly over time. Of these single
family houses, almost half are detached houses, the most common building type in Flanders. Semidetached and terraced housing makes up for 21% and 25% of the total amount of houses. The
remaining 20% of residences are part of a multifamily housing stock. The vast majority (95%) of
these MFH are apartments, and only a marginal fraction is studios, lofts, etc. (5%). 4

2

[VANE07] pag 39
[LEMA04], pag 228
4
[HEYL07]
3
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SFH
- Detached
- Semi-detached
- Terraced housing
MFH
other

2005

2001

1995/1998 5

79,9%
33,6%
20,7%
25,6%
19,9%
0,2%

79,5%
36,3%
20,5%
22,7%
20,0%
0,5%

84,4%
38,3%
22,5%
23,6%
15,1%
5,0%

Table 2: Overview of data regarding building type distribution in Flanders [APS07A]

These average values show some significant geographical variations, as illustrated in table 3. This
table shows the dense building in the agglomerations of big and regional cities. As could be
expected, apartment buildings are concentrated in these urban areas, while semi-detached and
detached housing is less common than average. In Ghent for example 64% of the inhabitants live in
a SFH, compared to an average over Flanders of 80%. In Antwerp this drops even further to 39%. 6

Agglomeration of 1991
big and regional 2001
cities
evolution
Suburbs
1991
2001
evolution
Commuter zone
1991
2001
evolution
Small cities in 1991
rural areas
2001
evolution
Rural areas
1991
2001
evolution

Detached
15,5%
13,7%
-1,9%
51,9%
50,8%
-1,1%
41,2%
41,2%
-0,1%
39,1%
39,4%
+0,2%
55,8%
55,1%
-0,7%

Semidetached
11,9%
12,7%
+0,8%
20,1%
20,1%
0,0%
21,6%
22,0%
+0,4%
18,2%
18,5%
+0,3%
19,1%
19,7%
+0,6%

Terraced
28,4%
28,1%
-0,3%
16,0%
14,9%
-1,1%
25,1%
21,8%
-3,3%
27,1%
23,2%
-4,0%
15,8%
13,9%
-1,9%

Apartments
44,2%
45,5%
+1,3%
12,0%
14,2%
+2,2%
12,0%
15,0%
+2,9%
15,5%
18,9%
+3,4%
9,2%
11,3%
+2,0%

Total
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%
100,0%

Table 3: Building type, according to level of urbanisation for Belgium [VANE07] pag 66

For small cities we notice a large percentage of detached housing. This is explained by the
administrative definition of these cities, including not only their urban core, but expanding into the
surrounding rural areas, where detached housing is most common.
The previous table shows no dramatic changes between 1991 and 2001. There is an increase in
MFH that is more explicit in small towns and rural areas than in the larger cities. Another trend is the
small increase of semi-detached housing. This is explored further by linking building type, building
surface, number of residences per building, number of rooms and diversity of functions in a single
building. 7 The resulting classification into 6 groups of all municipalities, is visually represented in
Figure 4..
Groups 5 and 6 have the most distinct profile: they consist mainly of MFH, with smaller rooms ( <85
m²) and less rooms (# < 4) per residence than average. Buildings in these groups more frequently
have multiple functions. All urban areas, in large or small cities, as well as most of the coastline, fall
within these groups.
5

Studied term: 1 June 1995 to 31 May 1998 (average of the three studies 1995/1996, 1996/1997
and 1997/1998).
6
VRIND 2003, pag 378; [PICK04]
7
[VANE07], pag 69-70
12

The groups 2 and 4 consist mainly of larger SFH, with a tendency towards detached housing. In
group 2, houses are bigger than average (≥ 85m²), and have a more exclusively residential function
(# > 5), compared to group 4. The latter often combines housing with agricultural functions. In this
way, group 4 marks those areas where agriculture still plays a role of some importance.
Group 1 consists of a significantly higher percentage of terraced housing. Geographically, This
group can be found in the vicinity of the bigger cities, and in the old Walloon industrial belt.
Group 3 represents a mix of different building types, but with a small increase in semi-detached
housing. This indicates a smaller mean building lot size, and a higher building density, making this
group somewhat more common in Flanders than in the Walloon region.

Figure 3: Quantity and distribution of residences for the year 2005, [3EHL08], pag6

(multi family housing)
(large apartment blocks)
(large rural houses)
(semi-detached houses)
(large residential houses)
(terraced houses)

Figure 4: Geographical synthesis of building type and surface, on a municipality level [VANE07] pag 71
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The coastline takes a special position. Due to the pressure on real estate by the tourist market, MFH
are overrepresented. On a provincial level, Antwerp takes a special position in Flanders. Here the
large suburban zone around the city of Antwerp results in a significantly more than average
percentage of MFH for the whole of the province. 8
As suggested in Table 3, an increase in MFH is witnessed throughout all levels of urbanisation. The
trend towards more apartment buildings is a relatively recent phenomenon, and is clearly noticed in
both increase in numbers of sales per year, as well as in prices per m². This is illustrated in Figure 5.

Figure 5: Evolution of the number of sold SFM, MFH (apartments) and building lots, 1990-2005

The increase in MFH is a trend that is most explicit in commuter areas and small cities, and not in
the urban agglomerations with an already high concentration of MFH, as illustrated in Figure 6. The
municipalities along the coastline also still demonstrate an increase in MFH.

4,1 ‐ 9,9
2,3 ‐ 4,0
1,1 ‐ 2,2
0,0 ‐ 1,0
‐8,5 ‐ ‐0,1
Figure 6: Evolution of the percentage of MFH between 1991 and 2001 [VANE07] pag 72
8

[HEYL07], pag 11
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The counterpart of this can be seen in those regions where the percentage of MFH is status quo or
even decreasing. This does not mean that apartment buildings are being torn down in those areas,
but rather that the number of SFH is growing more rapidly than the number of MFH.
As for detached housing, this is most common in areas with a rural character (group 4 of Figure 4),
or in areas with a lot of recently constructed buildings. Other historical influences also helped to
shape the complex landscape, graphically shown in Figure 7.

Figure 7: Detached housing in percentages [VANE07], pag 73

2.4. BUILDING AGE AND TRANSFORMATION OF THE BUILDING

STOCK
In general, we see a decrease in the percentage of old buildings (built before 1945): 33% in
1994/1995 compared to 24% in 2005. A large part of this evolution can be explained by the increase
of the total number of residences, due to new construction. Between 1991 and 2001, around
290.000 new houses were constructed in Flanders. 9 Roughly speaking, this means that for Belgium,
between 1991 and 2000 almost three quarters of all newly built houses were constructed in
Flanders. 10
Further, we see in Table 4 that the total building stock is relatively young in the Flanders, Region,
compared to the building stock of the Walloon and Brussels Region. As for renovation the situation
was the inverse, with around 10% of the Walloon and Brussels building stock having been

9

[VANE07] pag 45
[VANE07] pag 191: Brussels: 13.944 new buildings; Walloon region: 96.587 new buildings, over
the period 1991-2000. The total for Belgium is than 398.019 new constructions.
10

15

renovated in the period 1981-1990. During the period 1991-2000 Flanders seems to catch up with
9,8% of houses having been renovated, compared to 6,4% in 1991. 11

Building period
Before 1919
1919 - 1945
1946 - 1970
1971 - 1980
1981 - 1990
1991 - 2000
Age unknown
Unknown, but >20 years
Unknown, but <20 years
Total

Flanders
%
number
6,4% 175.385
10,3% 283.411
21,8% 598.882
11,7% 322.553
7,7% 210.579
10,5% 287.488
17,1% 469.727
13,1% 360.824
1,5%
40.266
2.749.115

Wallonia
%
number
15,7% 260.457
10,5% 173.663
13,7% 227.422
8,1% 134.163
4,1%
67.085
5,8%
96.587
22,2% 367.707
18,4% 304.691
1,4%
23.019
1.654.794

Brussels region
%
number
7,6%
41.247
12,6% 68.208
18,0% 97.957
5,3%
29.019
1,7%
9.114
2,6%
13.944
27,5% 149.393
22,6% 122.695
2,1%
11.201
542.778

Belgium
%
number
9,6% 477.089
10,6% 525.282
18,7% 924.261
9,8% 485.735
5,8% 286.778
8,0% 398.019
19,9% 986.827
15,9% 788.210
1,5%
74.486
4.946.687

Table 4: Building age in percentages and absolute numbers, according to the data of SEE 2001 [VANE07] pag 191

Belgium, and Flanders, do not show a homogeneous spread of building ages, rather there is a clear
pattern following geographical and historical trends. Figure 8 represents a synthesis of building
ages, averaged out per municipality. Municipalities are grouped in 5 classes, or types, according to
the distribution of building ages on their territory. The map shows how each building period is
geographically concentrated in certain specific regions, depending on historical or infrastructural
factors.

Construction
pre 1919
1919-1945
1946-1960
1961-1970
1971-1980
1981-1990
1991-1995
1996-2001

1
++
--

Type of municipality
2
3
4
+++
+
+
-+
----

5
+
+
++
++
++

( --- ) dominantly absent
( -- ) strongly under-represented
( - ) under-represented
( ) no significant variation
( + ) over-represented
( ++ ) strongly over-represented
( +++ ) dominantly present

Table 5: Definition of classes by the typical composition of the municipalities [VANE07] pag 49

A first visible pattern is the difference in average age between Flanders and the Walloon region. In
most municipalities of the latter region, more than 40% of the building stock was built before 1945.
In Flanders on the other hand, we see a majority of constructions erected after 1945. A second
pattern that emerges is an infrastructural one, clearly showing the E411 highway crossing the south
of Belgium, stretching from Brussels in the centre to Bastogne in the south-west. Another historical
pattern emerges in the old Walloon industrial belt. Flanders itself may have a majority of more
recent constructions, it is in itself far from homogeneous. The Kempen stands out of the rest of
Flanders in the north-east. This region is characterised by a strong urbanisation after the second
World War, due to a boom of its population.
Also, some suburban areas clearly show a smaller percentage of old buildings, due to the
suburbanisation trends in these cities in the same period. Due to the definition of the cities as
administrative entities, not enclosing the city itself but also the surrounding suburbs, differences are
equalled out in Flanders.

11

The data from the 1991 and 2001 research are not perfectly comparable. In 1991 people were
asked for a renovation in general terms, in 2001 renovation was defined as an alteration of the
surface and/or the number of rooms of the house. No attention was paid to increasing the comfort or
quality of the house.
16

Figure 9 shows the number of buildings built before 1945, in absolute numbers. Here a totally
different pattern emerges. First of all, Flanders does have a lot of older buildings, only this is
compensated by a more important share of new buildings.

(recent, na ‘60)
(jaren ‘70)
(na-oorlogs)
(interbellum)
(19de eeuws)

Figure 8: Building age, represented on a municipality level [VANE07] pag 52

Figure 9: Number of buildings, constructed before 1945, in absolute numbers [VANE07] pag 52
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In the Brussels Capital Region, the following Figure from the CERAA analysis shows the relative
importance of old apartment buildings.

Figure 10: Number of buildings, per typology and age group [CERA08] pag 12
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MOTIVATION FOR RENOVATION

3.

When we look at experiences from the demonstration projects (see addenda to the research report),
people renovate, or purchase a new house for renovation, for several possible reasons:
-

To extend or decrease the living area
To have other spatial functions
To get rid of building damage
To improve the quality of the building
To improve the quality of the amenities
To have better access for/to work/ services
To reduce living expenses
To increase the chances for rent or sale
To invest and increase the value of the property
To improve thermal, visual, acoustical comfort and/or air quality
To have a better social neighbourhood
..

On many of these aspects statistical data are missing. However, we can discuss available data on
floor space, building quality, comfort and perception of the building context from data from social
economical enquiries and surveys.
Quality (see §3.2) is defined by the condition of the building, while comfort (see §3.3) is defined by
the available facilities of the building.
3.1. FLOOR SPACE PER DWELLING AND EVOLUTION

Figure 11: percentage of small houses (<55m²) [VANE07] pag 74
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Figure 11 shows the dispersion of residences smaller than 55 m². Regions with a larger density of
MFH have a higher amount of small residences (the cities and the coastline). Another pattern occurs
in those regions were for historical reasons a lot of terraced or semi-detached houses were built,
often less than 4 meters wide, to house the working class. These regions cluster in and around the
bigger cities, along the old Walloon industrial axis, and mainly in West of Flanders. Specifically for
the ‘Westhoek’, the region in the far West of Belgium, the density of smaller houses is explained by
the need to rebuild the region after World War I. 12
In 1991, only 8,7% of all residences had less than 3 living spaces, in 2001 this has raised to 12,5%.
At the same time, the mean surface of residences has decreased. Both phenomena are linked to
the changing family composition towards smaller families. 13 Figure 12 illustrates this evolution,
contrasting it to the evolution from 1981 to 1991, where there was still a clear tendency towards
bigger residences.
100%
90%
80%
70%

more than 125 m²

60%

105 to 124 m²

50%

85 to 104 m²

40%

less than 85 m²

30%
20%
10%
0%
2001

1991

1981

Figure 12: Evolution of the total useful space of residences, compared between 1981, 1991 and 2001, [APS07B]

Another link is visible in relationship to the ownership status of the building. While on average 4,8
rooms per dwelling are available, owners in general have 5,1 rooms per residence, tenants have 4,1
rooms at their disposition, and tenants in a social housing residence only 4,0. The same trend is
observed for the room space, as shown in Figure 13.
This trend is closely related to the composition of the family: couples with or without children are
more likely to be owners, and they need bigger residences. In general, there is a statistical
correlation for the relationship between ownership and bigger residences.
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Figure 13: Average total surface of living quarters, bron: NIS, SEE2001, [PICK04], pag 23
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3.2. QUALITY OF RESIDENCES
Quality of residences is evaluated both objectively (experts judge the quality of the façade) and
subjectively (inhabitants are enquired). Different surveys use different methods, and the resulting
definition of quality varies accordingly:
o Woonschouwing 2005: This housing inspection was intended as an update of the former quality
survey of 94/95. Flemish Government officials examined 8249 buildings, assessing quality
based on visible elements: general characteristics, surroundings and context, and visible
degradation of roof, windows and façade.
o Woonsurvey, 2005: Out of these 8249 projects, 5216 took part in a quality survey. For each
project a reference person was interviewed. The definition of quality is based upon the method
used in the analysis of the SEE2001, as described below.
o Social Economic Enquiry, 2001: this survey by the NIS 14 was sent to all registered residents of
Belgium. With an overall response rate of 96%, the SEE2001 forms a very detailed source of
information. [VANE07] analyses the data, and defines quality based on an analysis of the
answers to six questions evaluating electrical installation, interior walls, exterior walls, windows,
roof and gutter.
According to a Flemish survey in 2005 which judges the condition of the façades, 93,4% of all
dwellings have good quality and only 1% or 30.000 houses need serious retrofit or demolition. 15 An
enquiry in 2005 showed an increase of quality in Flanders over the last 10 to 20 years. Other
enquiries (Woonsurvey 2005, SEE2001) show the same tendencies.
However, the number of dwellings of low and inadequate quality did not substantially decrease
during the last decades. 16 This is the result of scarcity on the real estate market, which makes it
easier to sell houses in a bad state. 11% of Flemish inhabitants judge that at least one major repair
is needed in their house. Only 8% of all Flemish rental houses have no flaws and thus have very
good quality conditions. 17
Quality of residences relates to several parameters, listed in order of importance: 18
o Ownership: Residences owned by the inhabitants (e.g. married couples with a higher income
tend to own their house), have higher quality and comfort. Social housing residences have also
higher quality and comfort. Quality judgement is worst in rental houses on the private market.
The subjective judgement of quality strongly depends on the ownership statute (see §4.3). 19
o Age of inhabitants: The relation between age of the house and quality is also very significant.
People living in older houses, such as singles or seniors, thus tend to inhabit lower quality
houses. 20 Nevertheless, there is a slight increase of quality between the ages of 65 and 74,
because of less loan payments. After the age of 75 people seem to be unable to keep the
quality of their houses at the same level, due to physical and financial problems. Also, around
20% of inhabitants between 20 and 39 years old live in houses with low or very low quality.
Contrary to the other age groups, the percentage of private owners amongst the group between
20 and 29 is still small, explaining the high percentage of low quality housing. For the group
between 30 and 39, a rapidly increasing number becomes owner of a property. Quality
increases, but less rapid than ownership. This can be explained by phased renovation just
starting to improve the overall quality of the house.
o Income and ethnicity: Non-EU members have worse quality houses than EU members. This is
correlated to ownership, because non-EU members mostly inhabit rental houses. Families with
two incomes tend to have a house of higher quality. However, overall the socio-economic
situation of the inhabitants has a limited influence on the façade quality.
14

NIS: National Institute for Statistics, Belgium
[HEYL07] pag 13
16
[LROY06] pag 51
17
Vlaams Overleg Bewonersbelangen, Huurdersblad (1994), nr. 90
18
[HEYL07] pag 13
19
[PICK04] pag 28
20
[VANE07] pag 97
15
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o

o

Geography: In east Belgium and in Flanders, quality of buildings is generally higher. There is no
relation between urbanity and façade quality. But because of a higher average age of the
buildings in cities and in the far west end of Flanders, quality is somewhat lower.
Building type: There is no significant relation between type (apartment or single family house)
and quality. Different studies give different correlations. 21

Figure 14 shows how houses of ‘bad’ quality are geographically dispersed throughout communities.
There is a large contrast between the Flanders and the Walloon Region. Municipalities with real
estate in good shape appear in the Flemish Region. Municipalities with most houses in moderate
and (very) bad state appear mainly in the Walloon Region. The most problematic areas are the
western province of Hainaut and the Brussels Region. Houses in very bad state almost do not
appear in Flanders, except for the cities (Antwerp, Ghent, Leuven…). In absolute numbers, most
houses of (very) bad quality are in cities.

Figure 14: Geographical dispersion of Belgian dwellings in bad and very bad state (%) in Belgium [VANE07] pag 105

3.3. COMFORT OF RESIDENCES
[VANE07] describes four indicators of comfort: high, average, low or no comfort, depending on the
availability of heating, sanitary facilities, kitchen, electricity. Newer indicators also incorporate the
living surface and the condition of the facilities 22 . The direct link between the quality of the residence
and the resulting comfort level, is expressed in the terminology used. It is important to stress that
though the term quality is used, the main subject is comfort level. This method was developed to
interpret the results of the SEE2001. The share of the new indicators is illustrated per region in
Table 6. Comfort of residences also includes satisfaction of the inhabitants and of the living
environment, which will be discussed later.
21

According to SEE2001, quality of apartments is lower than quality of single family houses.
AROHM 1994/1995 concludes the opposite, and explains that apartments are more recently built
and therefore have higher quality. SEE2001 is a subjective enquiry, and tenants tend to complain
more easily than proprietors.
22
[VANE07] pag 29; the four old indicators are used for comparison in time.
22

It is important to remark that some enquired correspondents deliberately underestimate the comfort
of their residence, fearing fiscal repercussions.
Inadequate quality
Elementary quality
Good quality
Good quality + spacious
Very good quality

Vlaanderen
5,7%
27,8%
28,4%
21,0%
17,1%

Wallonië
9,5%
29,2%
26,4%
20,7%
14,3%

Brussel
10,6%
23,7%
33,6%
18,7%
13,4%

Table 6: Representation of different modern comfort indicators in Flanders, Wallonia and Brussels in 2001 (De Decker
P. et al. (red.), 2005, Wonen aan de onderkant, Garant, pag. 128).

About 1.200.000 houses (31%) still have few or no comfort in 2001. Houses in Flanders have higher
comfort than in the Walloon and Brussels region. Houses in the suburbs are generally more recently
built and have therefore a slightly better comfort on average. Older buildings have lower comfort:
they more easily lack bathrooms, central heating etc. Houses that are rented out by private persons
also have lower comfort. 23 In 2001 all comfort parameters increased compared to ten years before
and the use of coal heating decreased. In comparison to surveys of 1976 and 1981, comfort
increased significantly. 24 This rise in time might be explained by the increase of house sales, half of
which are coupled with serious renovation works.
The four indicators of comfort are concentrated by region. Therefore, municipalities are classified in
five groups with typical representation of the comfort indicators, as defined in Table 7. Certain
municipalities have generally more comfortable houses (group 2 and especially 3). Other
municipalities have generally more houses with less comfort (group 4 and especially 5). There are
also municipalities without a striking profile (group 1).

Variable
inadequate
elementary
good
good + spacious
very good

1
+
-

2
--+++
++

Group
3
4
5
-+++
--- +++ ++
-++
----+++
---

( --- ) strongly under-represented
( -- ) under-represented

(-2<T≤-1)
(-1<T≤-0,5)

( - ) slightly under-represented
( ) no significant variation
( + ) slightly over-represented
( ++ ) over-represented
( +++ ) strongly over-represented

(-0,5<T≤-0,25)
(-0,25<T<0,25)
(0,25<T≤0,5)
(0,5<T≤1)
(1≤T<2)

Table 7: Definition of groups by the comfort indicators [VANE07] pag 90
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[PICK04] pag 26
[HEYL07] pag 16
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(inadequate)
(elem entary)
(good to very good)
(good)
(no distinct profile)

Figure 15: Pattern of comfort groups in Belgium [VANE07] pag 91

On Figure 15 we notice a very strong geographical coherence. Group 3 (labelled as very good)
occurs in rich, suburban municipalities with high average income. The existing dwellings are larger,
mostly built after 1970 and thus still sufficient for contemporary necessities. While group 2 (good)
occupies the eastern part of Belgium with more recent building, group 4 (basic) occupies the west of
Flanders. Group 5 has an overrepresentation of inadequate comfort and is problematic. This group
is concentrated along the French border, in Brussels and around Liège. We can conclude that
comfort, like quality, is higher in Flanders and in the eastern half of Belgium. The region along the
French border is in particular bad shape. The lack of comfort is related to the old industrial and rural
areas.
Comfort in dwellings is correlated to the social status of the inhabitants: 25
o Family composition: Single people or single parent’s houses have the worst comfort conditions
and their comfort increases less fast between 1991 and 2001, compared to other family types.
o Income: The share of houses with high comfort decreases in time for families with only one parttime or full-time income.
o Age of inhabitants: Older inhabitants generally have less comfort. 26 The increase in comfort has
been greater for older people. In 2001, the share of high comfort houses (52,7% average) is
greatest for people between 35 and 64 years, because they are more likely to own their house.
But also the share of houses with no comfort (6,5% average) increases with age, because older
people tend to inhabit older buildings.
o Ownership: Rental houses on the private market have less comfort than properties inhabited by
the owner. 27 The increase in comfort over the last 10 years is also less significant for rental
houses.
o Nationality: The share of houses with high comfort increases for EU citizens to almost 50%, but
stagnates for non EU citizens living in Belgium around 25%. They tend to live in rental houses of
lower quality and have lower income.

25

[VANE07]
[PICK04] pag 26
27
[LROY06] pag 49, PSBH2002, SEP1997
26
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Due to high ageing of the Belgian population, the mortality is expected to have an influence on the
real estate market. It is expected that around 170.000 houses, now owned by single people of more
than 75 years, soon will be for sale. But only when real estate prices drop, families with lower
income will more easily become proprietors. The older the proprietor, the more houses have
insufficient comfort. These houses will have to be retrofitted by the new, younger owners who
generally have higher comfort expectations.
3.4. CHOICE OF LOCATION: QUALITY OF LIFE, PROXIMITY TO

SERVICES
The perception of the building context is evaluated based on three aspects: 28
o Experience of the direct environment: neatness, calmness, air quality, greenery and look of the
buildings;
o Infrastructure: quality of infrastucture on a small scale, and accessibility on a large scale;
o Local facilities: commercial facilities, administrative, health and educational services, culture and
recreation.
Figure 16 shows the results of the SEE2001 enquiry on the experience of the direct house
environment. Percentages for neatness and look of the buildings are parallel. Overall, satisfaction is
lowest in Brussels and highest in Flanders, with 9 out of 10 Flemish persons being satisfied or very
satisfied 29 . However, in the Flemish Region, most buildings have a neglected building within 150
meters range. 30
The agglomeration of Brussels shows typical urban properties: neatness, air quality and calmness
are worse than in Flanders and Wallonia. However, the appreciation of greenery is higher in
Brussels, probably because of lower expectations of green space in an urban environment.
Experience of the environment quality is an important comfort parameter because of the link
between inconvenience and feeling of safety (although there is no link between feeling of safety and
actual burglary). 31 Inhabitants judge calmness and greenery to be the most important parameters.
Calmness can be improved through renovation.
The experience of the environment is correlated to both level of urbanisation and ownership. In
agglomerations, overall dissatisfaction is highest with e.g. 30% of correspondents reporting noise
discomfort. 32 The rich suburb around Brussels is second most dissatisfied, probably because of (air)
traffic. Satisfaction is highest in rural areas. These environment factors make certain people like
young families move from cities to suburban or peri-urban municipalities. The disadvantages of lack
of services and employment in these areas seem not to bother them. There is also a strong
correlation between all environmental aspects and ownership: inhabitants of rental houses are
substantially less satisfied than proprietors. 33 This can partly be explained by the better average
comfort of a proprietor’s house (see §3.3) or their stronger identification with and involvement in the
neighbourhood.
Satisfaction is geographically more or less equally spread for all five parameters concerning the
environment, as in Figure 16. A lower-than-average satisfaction occurs in city agglomerations and
the former industrial axis from Mons to Liège. The dissatisfaction is nowhere extreme, probably
because people appear to accept the consequences of their environment.
The second aspect of building context, infrastructure quality, is evaluated in two studies: on a small
scale in SEE2001 (direct environment of the house) and on a larger scale in Vanneste 1992 34
(accessibility to important employment centres).
28

[VANE07] pag 143
[LROY06] pag 55
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[HEYL07] pag 22
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[LEMA04] pag 182
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[VANE07] pag 145
33
[PICK04] pag 33-34
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Vanneste, D. (1992), Ordinale gegevens bij de studie van economische referentiekaders, from:
Liber Amicorum Prof. Dr. M. Goossens, Acta Geographica Lovaniensia, p. 387-398
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Figure 16: Experience of the environment, in % of the correspondents [VANE07] pag 144

In the SEE2001 poll, the accommodation of footpaths, cycle tracks, roads and public transport is
evaluated. Walloons correspondents are worst satisfied. People are most satisfied about cycle
tracks and roads in Flanders. The satisfaction of footpaths and public transport is highest in city
agglomerations. While the experience of the environment is generally regarded as quite pleasant
(Figure 16) in most municipalities except cities, the satisfaction of infrastructure shows the opposite
tendency. Public transport is generally regarded as rather insufficient except for cities like Brussels,
Antwerp, Ghent, Hasselt, Namur and Liège, and for the coast line.
In the Vanneste 1992 study, accessibility potential (Figure 17) is derived from railway and highway
connections. Logically, agglomerations and suburbs have a high potential. The trace of some
highways, often coupled with railways like E411 and E19, is clearly visible. These traces form
important axes of future suburban development.
Local facilities are the third aspect of building context. They also strongly depend on the level of
urbanisation. The city agglomerations, followed by the small towns, have the largest percentage of
satisfied inhabitants, which is in accordance to the actual offer of facilities. Outside cities, people are
less pleased, but it is possible that residents of small municipalities expect or wish for commercial
activity that is exaggerated compared to the inhabitants’ density. Generally, the aspects “experience
of the direct environment” and “local facilities” are opposed to each other.
In contrast to experience of the environment, there is no correlation between ownership and
satisfaction of facilities. 35 Furthermore, as opposed to infrastructure, there is a clear difference in
satisfaction of facilities between south (Wallonia) and north (Flanders). For all examined facilities,
satisfaction is lowest in Wallonia and highest in Brussels and other large cities. The historically
higher number of dependent small villages in Wallonia, with only few facilities, explains the higher
level of dissatisfaction in this region.

35

[PICK04] pag 35
26

Figure 17: Accessibility potential (result of the presence/absence of railway stations and highway accesses) based on
the Vanneste 1992 study [VANE07] pag 151

Experience of the presence of facilities in the same geographical area is segmented and coloured:
both extreme judgements “very good” and “bad” appear equally. The majority of people are satisfied
of health services, schools and social facilities. The majority of people are rather dissatisfied of
administrative facilities, independent professions, child day-care centres, culture and recreation.
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4.

ENERGY CHARACTERISTICS OF THE
BUILDING STOCK

4.1. RESIDENTIAL ENERGY USE AND EVOLUTION
The ODYSSEE database provides some data about the evolution of energy use in the residential
sector in Belgium. The following figures shows increasing trends for energy consumption compared
to 1990 levels. [ECON07]
Note that the federal energy consumption statistics by individual industrial branch appear to be
inconsistent. The ODYSSEE database aggregated the energy consumption statistics of the three
Regions, even though these regional statistics may not be completely harmonised. [ECON07]

Figure 18: Evolution of final consumption by sector in Belgium (1990=100), before climate correction, according to
[ECON07]

Figure 19: Evolution of final consumption by sector in Belgium (1990=100), before climate correction, according to
[ECON07]
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In densely populated areas most of the primary energy use goes to dwellings. This is for example
illustrated in the following figure for the Brussels Capital Region.
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Social sector
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Other
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Education
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Offices
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Housing
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Industry
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Figure 20: Total primary energy consumption per sector in the Brussels Capital Region (Bilan énergétique 2004)
[CERA08]

Total energy use of the Belgian residences was 347990 TJ (or almost 100 billion kWh) in 2005. 36
Table 8 shows that energy consumption in older houses is still double of recently built houses. 61%
of all houses is built before 1980 and never seriously retrofitted. These houses represent almost
three quarters of total energy consumption. They mostly lack thermal insulation, double glazing and
a modern heating installation. Therefore, not only their energy efficiency but also their comfort is
insufficient.

Construction Year
<1945
1946-1970
1971-1980
1981-1990
1991-1995
1996-2000
2001-2005

Energy demand per
dwelling
GJ
kWh
118
32800
107
29700
96
26700
79
21900
60
16700
60
16700
56
15600

Number of
dwellings
1011714
1022032
580922
537400
422953
417723
275346

Total energy demand
TJ
119400
109400
55800
42500
25400
25100
15400

%
30,4%
27,8%
14,2%
10,8%
6,5%
6,4%
3,9%

Table 8: Distribution of the total energy demand by construction year in 2005 (total energy demand is energy
consumption of heating, cooling, hot water, electricity), according to [3EHL08]

Belgian energy consumption is still growing over the last decades, while other countries, like
Denmark, stabilised thanks to extensive energy saving policy. 37

36
37

[VYPE08] summary pag 8
[BART05] pag 66
29

4.2. HEATING OF DWELLINGS AND EVOLUTION
The European Union aspires to reduce the greenhouse gases with 20% in 2020 in comparison to
the emission level of 1990. 38 Special measures will be necessary in all economic sectors. Heating of
buildings (more than 20% of all CO2 emissions or 25 million tons CO2 every year) takes an important
place in the CO2 reduction strategy and is recognized as a high improvement potential field. Heating
is the most important share with 70 to 75% of total energy consumption. The growing size of
houses, number of households, and number of electrical appliances play important roles in heating
energy consumption.

Figure 21: Total end energy use and the related CO2 emission, [3EHL08], pag 7

The following Figure shows the relative importance of emissions of greenhouse gasses when
heating buildings in Belgium is compared with other sectors.
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30,6%

Other Agriculture
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buildings
21,8%

Transport
17,7%

Figure 22: Distribution of the emission of greenhouse gases over the various industries in Belgium, according to
[3EHL08]

38

“2020 Vision”, agreed by European Union heads of state in Brussels, 9 March 2007
30

Non-renewable energy is still the lion’s share of energy sources for heating of dwellings. In 2005
only 2,2% energy use was renewable (sun, wind or biofuel), while the Belgian target for 2020 is
13%. Half of the Belgian dwellings use natural gas as energy source. 40% uses oil, but this number
is decreasing, and 8% uses electricity. 39 Other used energy sources for heating are coal, wood,
butane an propane, together good for 3%. Natural gas is used more over the last decades but also
electricity (+8% in 2005). 40 However, electricity is less often used in dwellings built after 2000. There
are significant differences between the regions. In the Walloon Region, oil is most popular (52%)
while in Brussels 7 out of 10 households heat with gas.
Gas
Oil
Electricity
Other/unknown

Flanders
53,9
34,8
9,1
(2,2)

Wallonia
35,9
52,4
(6,8)
(4,9)

Brussels
70,6
(22,5)
(3,9)
(2,9)

Total (Belgium)
49,9
39,2
7,8
(3,1)

Table 9: Percentages of main energy source used for dwelling heating in Belgium. Brackets mean that the statistical
sample was too small to be completely reliable [BART05] pag 23

Most dwellings have individual and quite old heating systems, with a mean age of 17 years. Almost
all heating systems have a regulating system like a programmable thermostat. In the Flanders
Region, 71% of the dwellings have central heating in 2001 in comparison to 62,5% in 1991. 41 In the
Walloon Region, this percentage is equal. 42
There is some correlation between central heating systems and age of the inhabitants: 43% of
people over 80 years have no central heating. These houses need to be retrofitted in the near
future.

Figure 23: Percentage of households using coal for heating, [VANE07], pag 95.
39

[BART05] pag 22
[HEYL07] pag 19
41
[PICK04] pag 25
42
SHC Presentation Walloon Building Stock Analysis LEHR 2008
40
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The following Figure shows that the energy audits performed by ABEA in the Brussels Region
confirm that basically all buildings from before 1970 show a very poor performance considering
energy consumption for heating.

Annual heat consumption
[kWh/m².a]

Yearly heating consumption per m² in relation to building age (energy audits ABEA)

Buildings, ranked by Construction year

Figure 24: Results of energy audits performed by ABEA in the Brussels Capital Region: Average consumptions:
before 1919: 158 kWh/m²a; 1919-1944: 173 kWh/m²a, 1945-1970: 186 kWh/m²a, from 1970 onwards: 130 kWh/m²a
[CERA08] p.15

Especially the Brussels Capital Region has invested money and effort to increase the energy
performance of building by means of demonstration projects. The following Figure shows which
values for are achievable in the near future in the demonstration projects compared to regular
Brussels building typologies.
Pilot projects supported by the Brussels Government

Annual heat consumption [kWh/m².a]

Studied Typologies

Figure 25: Demonstration projects compared with regular Brussels typologies. On the left: Red: Existing examples in
Brussels; orange: regular renovation of these examples; green: thorough renovations low energy or passive
[CERA08] p.29
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4.3. THERMAL INSULATION PROPERTIES OF BUILDINGS
The SEE2001 included questions regarding the level of insulation of the buildings. Insulated
elements included presence of insulation in the residence, roof, external walls and heating ductwork,
as well as double glazing. These questions had a high rate of non-response, so the results are to be
interpreted with care. It shows that a lot of households do not know the insulation level and thermal
performance of their house. Rental houses on the private market have 1,8 insulated elements on
average. 43 Rented social housing has about 2 insulated elements and proprietors report 2,5
insulated element in their house. Rental houses on the private market appear again to have the
greatest need and potential for improvement.
Double glazing is incorporated in the comfort indicators used in social economic surveys. 44 The
dispersion of dwellings without double glazing is thus roughly comparable to the dispersion of
comfort (see previous section). Of all thermal insulation measures, double glazing is applied most
frequently (70%), followed by roof insulation (60%). It appears that comfort, which is substantially
improved when double glazing is installed, is an important parameter for thermal insulation choice.
In short term, between 2001 and 2005, the use of thermal insulation increased, mainly because of
the higher comfort expectations. Durability and environment awareness, coupled with fiscal
advantages also make energy efficient measures more popular. Mainly the stronger socio-economic
population, with a house with high comfort and quality, apply energy efficient measures. Older
people, lower incomes and unemployed people, less educated people and singles are less
interested in energy efficiency but the difference is small. 45
4.4. OTHER CONSTRUCTION RELATED TRENDS
As already mentioned, 7 out of 10 dwellings have some double glazing. More than 60% of the
dwellings have roof insulation. The most recent houses are more airtight. 46 In 2005, 63% of all
newly built houses were airtight, compared to 41% in 2001. But older houses are not airtight at all.
Frequently recurrent energy saving appliances are fluorescent lamps (70%), energy efficient
appliances (class A) (65%), thermostatic water tap (50%) and water saving showerheads (40%).
According to the SEREC survey in 2004, 47 the reasons to save energy is mainly “to protect the
environment” (28,8%) and “to avoid wasting” (24,8).
6 out of 10 families do not use any form of ventilation. 16% has window grills, 17% has extraction
ventilation. Only 5,8% uses mechanical ventilation. A quarter of all houses become to hot in
summer, but only 5% of all families want to install air conditioning. Natural ventilation is most
popular. 48

43

[PICK04] pag 26
[VANE07] pag 30
45
[HEYL07] pag 20
46
[VEA05] pag 41. Airtight is defined in relationship to the perception of drafts in the house. This is
not only influenced by the airtightness of the building in it’s strict sense, but also by the location of
the building and it’s level of natural ventilation.
47
[BART05] pag 45
48
[VEA05] pag 43
44
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5.

POTENTIAL OF THE EXISTING HOUSING
STOCK TO REDUCE ENERGY

5.1. GENERAL CONSIDERATIONS
From the European ERABUILD study [ERAB08], it can be seen that on the European level, the
owner-occupied sector accounts for 35% to 70% of the residential building stock in the countries of
interest in this study. This is also a sector where the penetration of sustainable renovation is low, in
spite of the fact that a lot of renovation and modernisation activities are undertaken. Therefore, it
seems to be an interesting sector to address. Owner-occupation accounts for 60% to 96% of single
family dwellings and 20% to 60% of multi-family dwellings. Barriers to sustainable renovations in the
owner-occupied market are the low investment capacity and the lack of knowledge about technical
solutions. In owner-occupied multi-family dwellings, an additional barrier is the complex decisionmaking process related to the co-ownership of building parts.
The social rented sector, is strongly structured and easier to address than the private rented sector
because the investment capacity and the structure are better. The private rented sector, has to
contend with a low investment capacity and a lack of knowledge about technical solutions. In both
sub sectors, the main barrier to sustainable renovation seems to be the return on investment; the
one who invests is not the one who profits. This calls for specific financial and organisational
solutions. [ERAB08]
Urban renewal, which is taking place on a large-scale in Germany, Austria and France, could be an
opportunity for sustainable renovation, at least if decisions on asset management were related to
the technical quality of the buildings, which is mostly not the case. Here, too, specific organisational
and financial solutions are needed. [ERAB08]
Most renovation activities in the residential sector are maintenance, repair and modernisation
activities aimed at increasing the service life of components, increasing comfort or replacing
components. The decision-makers in these renovation activities are owner-occupants and mostly
small contractors. There is a need for the dissemination of knowledge and decision tools (for
instance the “repair or replace” decision tool) to these small sized firms and non-professional actors.
The consultancy process is also very unclear because the contractor acts as consultant too, but is
not objective. There also seems to be a need here for specific organisations and processes.
[ERAB08]
The LEHR project provided the opportunity to follow the discussions of the International Energy
Agency considering the preparation of advanced research. From the IEA ECBCS Annex 53
proposal, it is clear that on the international level it is recognized that analysis and evaluation
methods for the definition of the total energy use of buildings still need further research. [IEA09]
One of the most significant barriers for achieving the goal of substantially improving energy
efficiency of buildings is the lack of knowledge about the factors determining the energy use. Also
policies agreements about energy saving targets (e.g., Energy Performance of Buildings Directive of
the EU) as well as agreements about limiting greenhouse gas emissions are based on a knowledge
of building energy consumption, in which a complex array of factors, including the user/occupant
behaviour, play a significant role. [IEA09]
This discrepancy leads to misunderstanding and miscommunication between the parties involved in
the topic of energy savings in buildings:
 Despite the fact that the building regulations have been strengthened in many countries with
respect to energy savings, the real energy consumption is not decreasing at the same rate and
on many occasions even is increasing. Buildings and their systems improve, but building usage
and activities in buildings can lead to an increasing energy consumption
 The implementation of energy saving measures is supported and enforced via standards and
regulations. These standards and regulations define human behaviour and activities in
buildings for the average situation and conditions and exclude non-building related issues.
Instruments based on these standards, such as Energy Performance Rating (EPR) and
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labelling systems more and more lose the credibility of the public as they do not reflect the real
energy consumption of a building.
 For investors (property developers, banks, insurance companies, public and private services
corporations) in the field of energy, instruments are lacking that enable the assessment of the
energy use of buildings and give information about real cost-benefit relationship between
investments in energy saving measures and profits.
Building energy consumption is mainly influenced by six factors: (1) climate, (2) building envelop, (3)
building services and energy systems, (4) building operation and maintenance, (5) occupants’
activities and behaviour and (6) indoor environmental quality provided. The latter 3 factors, related
to human behaviour, can have an influence as great as or greater than the former 3 ones. The user
related aspects and behaviour effects can be seen from the large spread in energy use for similar or
identical buildings, but a distinction between the building related and the user related energy part
cannot established. All six factors need to be investigated together to understand building energy
consumption data. Detailed comparative analysis on building energy data, concerning the six factors
mentioned above, would provide essential guidance in identifying energy saving potentials and
opportunities.
A limitation of much current research is that it focuses only on the first three factors (climate,
building envelope, building services and energy systems). All of the factors, including building
operation, occupants activity and behaviour, and indoor environmental quality, need to be analyzed
using a combination of simulation and real measured energy consumption data. As the differences
in indoor climate can also cause huge differences in energy consumption, it is important to gather
data on the real indoor climate conditions (in addition to energy usage) to understand and interpret
measured data on building energy consumption. Besides that, another pivotal problem is that there
is lack of a scientific method to account for interactions between the six influence factors and energy
use in a clear and thorough way, and to predict the expected energy use as well in the case of all
the influence factor are taken into account. [IEA09]
There is often a significant discrepancy between the designed and the real total energy use in
buildings. The reasons for this discrepancy are generally poorly understood, and often have more to
do with the role of human behaviour than the building design. In addition, the inconsistency in the
terms related to building energy is also a surprisingly serious problem in our achieving
understanding of factors affecting energy use in buildings. For instance, many research projects
show information on building energy consumption in Europe for heating for residential and nonresidential buildings in terms of kWh/(m2.a), but there is no way of knowing what the term
kWh/(m2.a) means. Because it applies to both space heating and cooling and other end uses, we
know that it includes both electricity and fossil fuel. For some countries and researchers, the results
are likely to refer to final energy, ignoring the energy losses associated with the production of
electricity. For other countries, kWh/(m2.a) will include fossil fuels with their efficiency of conversion
to electricity. This is an approximation of primary energy units. The first is inappropriate to measure
the effect of buildings on energy use. The second is vague and unclear. Hence, this explanation of
the energy use data makes the analysis of the factors responsible for energy use impossible.
[IEA09]
Future research should therefore focus on better understanding and strengthening the knowledge
for robust prediction of total energy usage in buildings, thus enabling the assessment of energysaving measures, policies and techniques.
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5.2. A CASE STUDY FOR THE BRUSSELS REGION
CERAA studied the potential for the existing housing stock in the Brussels Region to reduce energy
consumption by means of the application of passive house principles [CERA08]
The following Figure shows that an increase in building stock is still to be expected and that the
current renovation rate (0,6%) will not be able to reach a very large part of the existing building
stock.

Figure 26: Evolution of the surface of residential buildings in the Brussels Capital Region from 1996 to 2007 and
projection for 25 years in a business as usual scenario; Green: new constructions and extensions; yellow: demolitions;
ochre: heavy renovations with building permit; red: small renovation without building permit; orange: unchanged stock.
See [CERA08] p.43 for discussion and details.

The following Figure shows that due to this trend it can not be expected that the energy
consumption for heating of buildings will reach the 1990 value, even if the passive house standard is
introduced for new construction.

Figure 27: Evolution of the heating energy consumption of residential buildings in the Brussels Capital Region from
1996 to 2007 and projection for 25 years in a scenario with currently prospected regional legislation; Green: new
constructions and extensions in passive house standard 15 kWh/m2a; light green: heavy renovations towards a low
energy standard 60 kWh/m2a; yellow: small renovation without energy concern 99 kWh/m2a; orange: unchanged
stock 153 kWh/m2a. See [CERA08] p.86 for discussion and details.

Therefore it is required that the energy saving efforts in the renovation sector should be increased,
both in target as in volume. The following Figure shows that energy consumption can be drastically
reduced when the renovation rate is increased.
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Figure 28: Evolution of the heating energy consumption of residential buildings in the Brussels Capital Region from
1996 to 2007 and projection for 25 years in a scenario with currently prospected regional legislation and increased
renovation rate (5%); Green: new constructions and extensions in passive house standard 15 kWh/m2a; light green:
heavy renovations towards a low energy standard 60 kWh/m2a; yellow: small renovation without energy concern 99
kWh/m2a; orange: unchanged stock 153 kWh/m2a. See [CERA08] p.94 for discussion and details.

The case study shows that it is possible to reduce energy demand for heating of building, and
therefore primary energy demand with stricter energy performance regulation: minimum passive
house standard (15 kWh/m²a) for all new built construction and minimum low energy standard (60
kWh/m²a) for renovations with a building permit. A continuous energy policy and stimulating context
during 25 years is also recommended, even for renovations without building permit. Also building
policy should be prepare the increase the level of renovation activity from the current 1% to about
5%.
5.3. PROPOSED BUILDING TYPOLOGIES FOR FURTHER

RESEARCH
For Wallonia and Brussels, a building stock analysis report defined typologies with the highest
potential for retrofit. 49 Both studies are based upon establishing a direct link between building age
and typology. Grouping the buildings according to topology and age, will divide the building stock
into technically more or less homogeneous categories, representing more or less homogeneous
technical solutions.
For Brussels, this is further combined with the calculated energy consumption to further strengthen
the selection 50 . For Flanders, no such study exists, neither is there a comparison between building
type on one hand and age on the other.
Considering the analysis of the housing stock the following building typologies are proposed as
representative retrofit case-studies for the Belgian situation. More rural categories are presented
first, followed by more urban categories. Though this division into rural versus urban is interesting
for defining strategies (cities versus towns), there is a large overlap, in small cities, large towns and
suburban developments.
On a technical level, a similar division can be made between open and dense architecture, the first
corresponding more or less to the rural categories, the latter to the urban ones.

49
50

[CERA08] and [KINT08]
[CERA08]
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1. The vernacular building: built before WWI by the owner himself, in stone, detached, in rural
areas or small city centres.

Figure 29: farmhouses, Bousval, Wallonia,
built at the start of the 20th century

Figure 30: farmhouse, Herselt, Flanders, built at
the start of the 20th century

2. Rural house: built during the interbellum, in towns all over Belgium. These houses can be
detached, semi-detached or terraced.

Figure 31: rural house, Chaumont-Gistoux, 1916.

3. Suburban villa: these houses form the bulk of the ever growing suburbs around the cities,
certainly since the seventies, and incorporate the dream of the villa: detached single family
houses in a rural context, escaping the density and stress from the cities.

Figure 32: Freestanding house in Woluwé-Saint-Lambert
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4. Working class house: very small houses in former flourishing industrial zones (coal mines in
Wallonia and Kempen) and in the far west of Flanders, quickly built in series in the interbellum.

Figure 33: working class house, Bousval, end of 19th century

5. The urban terraced house: Medium sized urban terraced house, built before WWI or during the
interbellum, with architectural value, certainly on the level of the façade, often owned.

Figure 34: Terraced house, Schaerbeek, 1888

Figure 35: Terraced house, Deurne, 1938

Figure 36: Eupen, city house, built mid 19th century
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6. The large urban terraced building: located in the older urban zones, originally designed as single
family houses for the rich and upper middle class, and later on converted into apartments, or
directly designed as an apartment building. Built before WWI, often rented and in bad state but
with good intrinsic qualities, and architectural value.

Figure 37: old upper class terraced house, Liège, 1905. Renovation transformes the house into 4 apartments
and an office space.

7. The suburban semi-detached house: built after the second world war, they are part of the
suburbanisation, mainly built alongside main roads, creating long ribbons of habitation between
cities. While the front looks out on a busy street, the back typically looks out on the countryside.

Figure 38: Semi-detached house, built in the fifties, De Pinte.

8. The post war low rise apartment: built in large numbers after the second world war in the
emerging suburbs, often with low build and architectural quality, often rented. Their relative
closeness to the city centre makes them popular, so renovation can be an added value here.

Figure 39: Low rise apartment building, being prepared for retrofit.
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9. The high-rise apartment building: usually post-1960, concrete slab construction and often
prefabricated façades. Low build and material quality, and small and outdated apartment units.

Figure 40: Sterrenveld, social apartment block, 1960, before and after renovation

10. The social housing neighbourhood: built mainly after the second world war, as medium sized
developments, mostly consisting of terraced houses or medium sized apartment buildings.

Figure 41: Terraced social housing, built
in the sixties, Wachtebeke

Figure 42: Detached social housing, built in the seventies,
Limal

11. The conversion of an industrial building: renovation of old industrial buildings into lofts has
become trendy.

Figure 43: Transformation of a steel workshop in a single family house, Oudenaarde.
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6.

MARKET SEGMENTATION FOR LOW ENERGY
HOUSING RETROFIT

6.1. OWNERSHIP OF DWELLINGS AND EVOLUTION
When developing strategies for low energy housing retrofit, it is important to know who you are
addressing. For our research we segment the building market according to defined types of
ownership:
—
owner (74,4% of all Belgian dwellings)
—
tenant in private market (18,5%)
—
tenant in social housing (5,6%)
Comparing the building type to the type of ownership, a relationship emerges between both: if
almost 80% of all Flemish families live in a SFH, this percentage is even 10% higher amongst
owners. On the private market or in the social housing sector, this percentage is much lower.
Tenants more frequently live in apartments: more than 55% of tenants within the private market, and
43% of tenants within the social market do live in MFH.

owner

60,0%

tenant

50,0%

social tenant

40,0%
30,0%
20,0%
10,0%
0,0%
detached SFH semi-detached terraced SFH
SFH

MFH

other

Figure 44: Type of residence, according to type of ownership. [PICK04] pag 22

As discussed in §4.4, rental houses are generally less insulated. They also have less comfort and
quality, and they lack gardens and garages more often. 51
Figure 44 shows a steady general trend towards more ownership. In comparison to 1981, the
percentage of residents owning their house increased with 10%. A small group (1,5%) lives in their
house for free.

51

[PICK04] pag 27
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owner

tenant

free of charge

Figure 45: Evolution of ownership between 1981 and 2005.

Ownership is geographically heterogeneously dispersed. In rural areas, 81,8% of dwellings are
owned by the inhabitants. In city agglomerations, this percentage drops to 66,7%. There is also a
large dispersion by age. Figure 45 shows that older people are more likely to be owners, while
younger people still rent, waiting for an opportunity to buy the right house. However, the percentage
of younger owners rapidly increased the last decades. There seems to be an increasing pressure for
people to buy a house sooner.

Figure 46: Evolution of the percentage of owners, by age

The overall percentage for rental houses in Belgium is very low in comparison to other European
countries. The construction of dwellings is mainly financed by private families (generally the
eventual inhabitants) in Belgium. There are almost no real estate investment funds that construct in
a large scale and benefit from standardization, like in Germany or the Netherlands. Pension funds or
insurance companies seldom invest in real estate.
In Belgium, there is historically a large amount of different dwelling types, and this makes large
scale investments and standardization impractical. Moreover, the private rental market is small in
Belgium (18,5%). In comparison: Germany, for example, has a population of 80 million people and
50% rental houses.
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Table 9: Socio economical factors per type of ownership. (Woonsurvey 2005)

Table 9 shows the differences between tenants of social housing, tenants in the private market and
proprietors. It is clear that tenants have lower incomes on average. This lower income is mostly the
reason why they are no proprietor. Figure 47 shows the difference between owners and tenants in
income and expenses on payment or rental prices. 30 years ago, there was no difference in income
between owners and tenants, while in 2005, it is obvious that the stronger socio economic
population with higher income is able to afford a property and is able to pay off the loan.

Figure 47: Evolution of income and expenses on the residence of owners and tenants, in euros per month
(Woonsurvey 2005; Pannecoucke e.a. (2003), SEP ’76, ’85, ’92 and ’97)
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In Belgium, the rental market is strongly regulated to keep rental prices low and to protect the
tenants who are socio-economically weaker. This appears to have the opposite effect: when there is
a maximum rental price, more proprietors of rental houses decide to sell their property because the
income of renting out is not high enough. This makes the rental market smaller and makes the
weaker socio-economic class, who need a rental house, more vulnerable. In France, there is no
reduction of the rental market because there is no regulation of rental prices. Tenants are protected
by other means like retrofit subsidies for private rental houses.
In Belgium, the largest part of owners of a rental house has only one property for rent. This means
that most proprietors are private persons who invest in one house to let. In other countries like the
Netherlands and the United Kingdom, professionals are encouraged to invest on a large scale in the
rental market through fiscal measures. In these countries, retrofit on a larger scale is thus more
probable.
Compare: In Germany and the Netherlands, social housing sector and the private rental market are
equalized. Tenants, who can make a claim to social housing, can also rent in the private market.
Subsidies take care of possible price differences between social housing and the private market. As
a result, tenants with a weaker socio-economic profile can find an affordable house in both social
housing and the private market.
Summarized, the socio-economic status of owners versus tenants is very different as shown in
Table 10.

Owner

Tenant
Private

Number

74,4%

Social
24,1%

18,5%
Location

Suburbs and rural areas

Socio-economic profile

5,6%

City agglomerations

Stronger

Weaker
Strong

Age

< 40
40 – 65
> 65

Income

low (q1)
average (q2-q3)
high (q4-q5)

Employment working
(1 p. working)
(2 p. working)
unemployed
Education
Household type

Weaker

60%
80%
75%

40%
20%
25%

55%
65 – 70%
80 – 85%

45%
30 – 35%
15 – 20%

76,7%
67,5%
85,2%
45,7%

22,3%
3,5%
14,8%
54,3%

Rather high

Rather low

Couple with children

Single, Single parent family

Table 10: Summary of the social profile of owners versus tenants. [HEYL07], pag 7-10
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6.2. DECIDING FACTORS
Ownership
The vast majority of inhabitants in Belgium are owners: 74,4% in 2005. Furthermore, half of all
tenants wish to become owner. Ownership is thus very popular in Belgium, mainly because of the
financial advantages. For older people, ownership has a large impact on their welfare. In addition,
there are fiscal advantages for proprietors.
It is important to notice that the evolution towards more owners and more popularity of ownership is
not entirely positive. Only the highest incomes are able to purchase one or more houses, since the
payment of a loan to purchase a house is higher than the average rental price. The socio-economic
gap between tenants and owners becomes larger (see also Figure). There is also an increasing
difference in quality between rental houses and dwellings inhabited by their owners. 52
Do most proprietors buy a newly built house or an existing house? The average house costs 165263
euro. The amount differs depending on the type of investment. Acquisitions under 100000 euro are
mainly purchases of existing houses with or without renovation (32%) and almost never newly built
houses (5,6%). Summary:
—
purchase of a house: 122736 euro on average
—
purchase and retrofit: 148612 euro on average
—
newly built houses: 212163 euro on average
Price is related to quality and comfort. The average cost difference between a dwelling of good
quality and average quality is 24000 euro. Strangely, there is no price difference between houses of
average and good comfort. But there is a large gap of 46000 euro between good and very good
comfort.
Private rent
Of all people who have an income out of rented houses, 60% has only one house to let. Only 15%
has more than three houses to let. This means that the Belgian renting market is cut into bits. Most
letters are private persons who invest deliberately in real estate, primarily as a supplement for their
pension. They are often retired people.
Few rental houses are under the authority of professional real estate funds. This means that no
large investments are made in residential renting real estate. There are no big insurance companies
or pension funds that invest in the renting market, except for two companies operating in Brussels.
In Flanders, the tradition of many different dwelling types makes large scale standardized
construction projects less effective, so less investments are made.
Social rent
In Belgium, there are three methods of renting in the social housing sector.
— Social housing associations (SHA) own houses and let them at a low price. In 2006, there are
137659 dwellings owned by SHAs.
— On municipality level, there are a small number of dwellings let by social welfare (OCMW), the
municipality, or intercommunal organisations.
— Social rent offices (SRO) rent apartments in the private sector and sublet them as social
housing with a lower price, thanks to subsidies. In 2005, SROs letted 3032 dwellings.
Of all dwellings let as social housing, 54% are single family houses (SFH) and 46% are multi family
houses (MFH). Mainly in city agglomerations, most social housing dwelling are high apartment
buildings with over 5 floors. These high rise buildings cover 16,5% of all social houses.
The quality of these houses is generally very good (see previous chapter). Two thirds of these
houses are built after 1971. They mainly have a better score on access and accommodation than
properties, since they are often built in city agglomerations.
52

[HEYL07]
46

SUMMARY AND CONCLUSIONS

7.

7.1. POLICY DECIDING PARAMETERS
Our analysis shows that energy and building policy decisions considering low energy housing retrofit
should relate to the specificity of the municipality, province or region.
From the research we conclude that the following research parameters are essential policy
motivation parameters considering low energy housing retrofit:
— Comfort and quality improvement
— Energy efficiency reduction potential
— Number of houses in a certain typology
The first two parameters depend on building age and socio-economic status of the owner. The third
parameter decides whether a certain typology is worth researching in detail. All three parameters
are linked with geography and ownership.
The underlying motives to increase low energy housing retrofit are [EBR2005]:
-

-

-

Resources & consumption – energy saving in the building sector requires essentially high
energy efficiency;
Comfort & well-being – low energy housing retrofit can lead to optimal indoor climate,
healthy indoor air conditions, overall comfortable surface temperatures and even
temperature distribution, better natural lighting, and better acoustical performance of
buildings;
Construction protection – good insulation, reduction of thermal bridges, airtightness and
good ventilation prevent condensation and formation of mould: the reason for many
construction damages can thus be avoided;
Construction value – the applied new components are durable; the better energy
performance will lead to better future value of the houses
Rentability – the living space is long-term attractive for tenants through high standards, high
living comfort and low energy expenses; energy efficiency guarantees an assurance against
increasing energy costs and due to the relatively stable energy expenses of low energy
housing retrofits, tenants will be more able to pay rent.
Urban development – the retrofit of buildings from the 30ies to the 70ies lead to a technical
strengthening and a social, cultural and urban revaluation.
Employment creation – hundreds of thousands of regional employments could be created
and maintained through an aimed applied energy policy. Subsidies should be looked at as
an economical perpetuum mobile, since the resulting savings effect is higher.
Climate protection – it is possible to save 90 % CO2 with cost-value ration with a broad
effect. Insulation and energy efficiency must be made attractive, because they represent an
environmentally and politically extreme thankful activity field.

7.2. DIFFERENT BUILDING TYPES REQUIRE DIFFERENT TYPES

OF RETROFIT
There are some clear definitions of which types of dwellings need to be retrofitted, based on the
discussed statistical data. These are determined by following factors:
— North / South and New / Old contrast: the north of Belgium has more recently built houses than
the south. This has great impact on the quality and comfort of the houses. The geographical
and historical dispersion is quite parallel. The area along the French border also belong to the
older building stock. An important share of these older houses are detached, built before 1970
(or even 1919), and have a very large energy consumption. Quality and comfort are often
insufficient, and retrofit will have a positive impact on both energy efficiency and living comfort.
— City / Suburbs contrast: the vast majority of all dwellings are in cities and suburbs, because of
their good accessibility. But the contrast of typology between these two is very large. The
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suburbs house is detached, recently built, large and has very good comfort. The city house on
the other had is an apartment or an old row house which is not energy efficient. The popularity
of cities decreases because of the lack of quality (modern services, acoustic insulation,…) in
houses in the cities. This is why the retrofit of urban dwellings will have a large impact.
In a very rough way, the most important share of the Belgian building stock can be divided in these
two classes: New-North or Old-South on the one hand, and City or Suburbs on the other hand. The
Old-South group and the City group have a high retrofit potential; those houses belonging to both of
these groups have the highest potential. These are the Walloon houses of the workman’s class in
the industrial belt between Liège and Charleroi.
It is important to notice that relatively more of the houses with a high retrofit potential are rental
houses. Policy should be adapted to this type of ownership by making retrofit more attractive and
giving advantages to owners.
Due to increasing house prices, smaller houses and rental apartments become more popular. That
is also why it is important to focus on these smaller house types.
In the previous section building types for further study have been defined.
7.3. A TARGET GROUP ORIENTED APPROACH IS REQUIRED
Strategies for the promotion of low energy housing retrofit should be person-oriented, preferably
related to ownership structure (owner, private rent or social rent).
Building owners can be considered to be the lowest hanging fruit for low energy housing retrofit,
because or the large amount of buildings with private owners. However, we notice that this target
group remains largely immobile between a first renovation, just after obtaining the house, and old
age when other spatial or comfort requirements are wished for. Strategies should be developed to
reach this target group at the stage when they intend to renovate, usually because of non-energy
related factors. Additionally, secondary low energy housing retrofits should be stimulated, because
energy policy objectives can never be reached with the current rate of renovation.
Urban areas might have more benefit with examples focusing on quality improvement of row houses
or apartment buildings in the (private) rent sector. Stimulating low energy housing retrofit for existing
mixed-owner buildings requires the development of innovative participation processes. An urban
area approach could highlight the extra difficulties to solve on the urban level.
The specificity of the social housing sector requires a separate approach for social housing
renovation, focusing on cooperation between low-income target groups and their points of
reference, municipalities and social housing associations.
7.4. ENERGY POLICY SHOULD REINFORCE AND BROADEN

BEST PRACTICE ENERGY EFFICIENT RENOVATION
The scenario analysis for, and demonstration projects in, the Brussels Capital Region show that it is
possible to drastically reduce energy demand for heating of building, and therefore primary energy
demand in a whole region. However, to obtain reduction in energy consumption compared to 1990
levels, stricter energy performance regulation is required: minimum passive house standard for all
new built construction and minimum low energy standard for renovations with a building permit. A
continuous energy policy and stimulating context during 25 years is also recommended, even for
renovations without building permit. Also the amount of renovation activity should be increased by
stimulating action from the current 1% to about 5%.
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