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Abstract 

This paper investigates the effect of climate change on a 

selection of renovation strategies for a social housing case 

study. The energy demand for heating is calculated by 

using the equivalent heating degree day method. The 

energy needed for cooling is simulated with the EPBD 

method complemented by ISO 52016-1. Various 

locations (urban versus rural, seaside versus inland) 

across Flanders are considered to evaluate regional 

effects. The results reveal that including local climate data 

in the simulations leads to different recommendations for 

the regions and that passive cooling should be included in 

renovation to minimise overheating in the future. 

Key Innovations 

• Use of future climate data in simulations to support 

social housing companies in the decision making 

process for renovation 

• Include regional effects to evaluate the performance of 

renovation strategies over the region 

Practical Implications 

It is recommended to include regional and future climate 

data in energy simulations to assess renovation strategies. 

Moreover, both the energy for heating and for cooling 

should be assessed in the early design process. 

Introduction 

As building renovation is assumed to play a key role in 

the mitigation of climate change (European Commission, 

2020), the urge to renovate the social housing stock in 

Flanders is growing. The majority of the single-family 

houses for social housing in Flanders is built between 

1975 and 1984, while the majority of the apartments are 

constructed between 1995 and 2004 (Flemish Society for 

Social Housing, 2020). To date only nine percent of the 

social housing units in Flanders have an EPC score lower 

than 100 kWh/m² per year (Flemish Society for Social 

Housing, 2020), which is the goal set by the policy for 

2050 (Flemish Energy Agency, 2020) (Flemish Energy 

Agency, 2017) (Flemish Government, 2018). A typical 

aspect of the Flemish social housing is the repetition of 

similar housing types throughout the whole region, 

especially for houses constructed between 1950 and 1990 

as at that time whole new neighbourhoods with 

standardised housing types were constructed (Van Herck 

K., Vandeweghe E., 2016).  

The importance of including the effects of climate change 

when assessing building renovation was pointed out by 

Nik et al. (2015). They argue that increasing temperatures 

could lead to a lower heating demand for the building and 

that more regular extreme conditions such as heat waves 

might violate comfort limits. The method presented by 

Nik et al. (2015) evaluates the robustness of the effect of 

renovation measures on the heating demand for the 

building stock of Stockholm, using statistical analyses. 

Andric et al. (2017) studied the impact of differences in 

the climate on the heating demand in different climate 

zones. They mentioned that although regional differences 

were found, the impact of changed weather conditions on 

the heating demand was lower than the impact of building 

renovation. van Hoof et al. (2016) used past weather data 

from a year warmer than average to represent the future 

climate in the Netherlands in their analyses of the effect 

of passive climate adaptations on the cooling demand. 

They found that, for their specific case in the Netherlands, 

the energy needed for cooling was decreased by adding 

external solar shading or additional ventilation, without 

strongly affecting the energy needed for heating. A recent 

paper on the effects of climate change on Belgian 

Households studied the risk of overheating in a Nearly 

Zero Energy Building (Attia S., Gobin C., 2020). It was 

found that well insulated buildings are indeed vulnerable 

to overheating. Attia and Gobin moreover recommend to 

address overheating risks during the design phase to avoid 

the need for active cooling.  

For the future climate of Flanders, the research of Ramon 

et al. (2020) showed a reduction in the number of heating 

degree days (HDD) (base temperature 18°C) of 28% by 

the end of the century under an RCP 8.5 climate change 

scenario. Slightly higher decreases were found in the 

western part of Flanders, while the eastern part is 

characterised by a higher number of heating degree days 

(+6.4% in future). According to their study, urban areas 

are characterised by a lower number of HDDs than rural 

areas. Ramon et al. moreover expect that the number of 

cooling degree days (CDD) will increase by 138%. 

Similarly, the eastern part is characterised by a higher 

number of CDDs in comparison to the western part of 

Flanders (+31% in future). In addition, a higher number 

of CDD were found in urban areas. 

Based on the findings in literature, climate change might 

affect the energy demand for heating and/or cooling of a 

building. As regional differences are moreover expected, 
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it seems appropriate to study those effects on building 

renovation of social housing.  

This paper is part of a larger research on the sustainable 

renovation of social housing in Flanders and targets more 

specifically the questions of whether current renovation 

strategies will be robust enough to address future changes 

in the outdoor climate and whether good examples of 

renovation strategies could be applied throughout the 

whole region. To answer the research questions the 

indicator for overheating and the relation between the 

energy needed for heating and cooling in current and 

future climate conditions is estimated for various 

renovation strategies of a typical social housing unit. It is 

studied whether climate change will affect the choices for 

renovation and whether these differ across the different 

regions. 

Methods 

Weather data 

Typical Meteorological Years (TMY) have been 

extracted from an EC-Earth driven convection-permitting 

climate model for the Belgian domain for an RCP8.5 

climate change scenario by the KULeuven (Ramon et al., 

2019) The weather files are extracted for the recent past 

(1976-2004) and the end of the 21st century (2070-2100). 

The spatial resolution of the model (i.e. 2.8 km) allows 

extracting weather files for the location of interest. The 

climate model used includes urban effects as it is extended 

with the urban land-surface scheme TERRA_URB (v2.0) 

making use of the SURY (Semi-empirical URban 

canopY) parametrization (Wouters, et al., 2016) to 

integrate urban canopy parameters (e.g. building height, 

roof fraction, albedo …) in the model and calculate the 

radiation, heat and moisture fluxes between the urban 

environment and the atmosphere. More information about 

the climate model used can be found in Ramon et al. 

(2020). 

For the purpose of this paper, weather files have been 

extracted for Leuven (50.88°N 4.73°E) in the centre of the 

region, Mol in the East of the region (51.20°N 5.11°E), 

and Woesten in the West of the region (50.90°N 2.79°E). 

Based on the two periods of hourly weather data (i.e. 

1976-2004 and 2070-2100), for each period and each 

location a TMY is extracted. From these TMYs, the 

monthly values have been extracted for temperature and 

solar radiation in order to use these in the energy 

simulation methods used for the early design phase.  

Energy simulation 

Energy for heating is estimated using the equivalent 

heating degree day (EHDD) method (DPWB, 1984 a) 

(DPWB, 1984 b). As explained by Trigaux (2017) the 

yearly energy demand for heating is based on the number 

of EHDD which is depending on the difference between 

the temperature of no more heating (TNH) and the 

temperature without heating (TWH). The TNH includes the 

effect of internal heat gains (persons, lighting, 

appliances,…) calculated using the EPBD method 

(Flemish Government, 2017), on the indoor temperature, 

for which a default value of 18°C is set. The TWH is based 

on the thermal resistance of the building envelope, 

monthly average outdoor temperatures and monthly solar 

gains. The solar gains are estimated with the EPBD 

method (Flemish Government, 2017) for each location. 

No obstructions are included, for alphah the default value 

of 25° for (over)heating and 15° for cooling are assumed. 

The energy needed for cooling is estimated based on the 

Flemish EPBD (Flemish Government, 2010) and ISO 

52016-1 standards (ISO, 2017). As the Flemish EPBD 

standard does not assume situations where the average 

outdoor temperature is higher than the indoor 

temperature, the ISO standard is followed when these 

situations occur in the future climate. This means that for 

these cases 1) no utilisation factor for heat losses is 

assumed and 2) the flow of transmission is reversed and 

added to the solar and internal gains. 

Case study 

To gain insight in the effects of climate change on the 

decision making process of renovation of social housing, 

a specific case study building has been assessed. First, the 

net energy use for heating and the indicator for 

overheating (Qexcess) for the existing building are 

estimated for different climate conditions. Second, the 

same values are calculated for the renovated building. In 

case a problem with overheating is found, it is 

investigated whether passive solutions such as changing 

the g-value of the glazing or adding solar shading would 

be sufficient to lower the energy need for cooling.  

Description of the case study building 

The case study building is a terraced two storey family 

house with a pitched roof, constructed in 1983. The front 

façade is oriented to the East, the back façade is oriented 

to the West. The total living area of the building is 116m². 

The g-value of the current glazing is 0.75. To date, no 

ventilation system is installed. The default value of 12 

m³/(h.m²) (Flemish Government, 2017) is assumed for 

airtightness. In Table 1 the composition and surface area 

of all elements of the building envelope are presented.  

Table 1: Composition and surface of building envelope 

for the existing situation (before renovation) 

Element  Surface 

(m²) 

Composition U-Value 

(W/(m²K)) 

Floor on 

grade 

 

86.85 - Concrete slab 

- Cement based 

screed 

- Ceramic tiles 

2.89 

External 

walls 

83.20 - Facing brick 

- Mineral wool 6cm 

- Loadbearing brick 

- Gypsum plaster 

0.45 

Pitched 

roof 

83.70 - Roof tiles 

- Wind and water 

barrier 

- Mineral wool (6cm) 

between   

  wooden structure 

- Gypsum board 

0.55 

Windows  27.88 Wooden frame with 

double glazing 

3.30 
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Description of the renovation strategies 

The renovation strategies per element are presented in 

Table 2. For each option, several thicknesses of the 

insulation materials are considered. The floor on grade is 

assumed to be dismantled and replaced by a new concrete 

layer with insulation and new screed and finishing. The 

renovation option for the external walls is adding external 

mineral wool insulation finished with façade tiles on 

wooden laths. For the pitched roof the existing internal 

and external finishing, the wind and water barrier and the 

insulation are replaced, only the roof structure is kept. The 

windows are replaced by new wooden frames with double 

glazing with a U value of 1.5 W/(m²K), the g-value of the 

glazing is 0.75.  

Table 2: Composition of renovation strategies 

Element  Composition Insulation 

thickness (cm) 

Floor on 

grade 

 

- Concrete slab 

- EPS insulation 

- Cement based screed 

- Ceramic tiles 

6, 8, 10, 12, 14, 

16, 18, 20, 22 

External 

walls 

- Façade tiles on  

  wooden frame 

- Wind and water barrier 

- Mineral wool 

6, 8, 10, 12, 

14,16,18, 20, 22 

Pitched 

roof 

- Roof tiles 

- Wind and water barrier 

- Mineral wool between   

  wooden structure 

- Gypsum board 

6, 8, 10, 12, 14, 

16, 18, 20, 22 

Results 

To study the effect between urban and rural locations and 

potential differences between locations in the region, only 

the weather data for Leuven, Mol, and Woesten are 

further used in this paper. In Figure 1 and Figure 2 the 

weather data obtained from the climate model for the 

current and future climate for an urban location (Leuven) 

and two rural locations, Mol in the East (landwards) and 

Woesten in the West (seawards) are presented. The 

climate data in the Belgian EPB method which are based 

on observations is included as well (Flemish Government, 

2017).  

Figure 1 Comparison of current and future temperatures 

for different locations 

The mitigating effect of the North Sea on the moderate 

climate in Woesten is shown by a smaller difference in 

temperature between winter and summer. In Mol, the 

temperature difference between winter and summer is 

more extreme. In Leuven, the temperatures are slightly 

higher in general, probably due to the heat island effect of 

the city. The data for temperature in the EPB standard 

show higher temperatures for May, June, and October. 

For the other months, the data are in between the data for 

the other locations. The direct radiation in Woesten is 

higher for the whole year, for diffuse radiation there is no 

clear difference on a yearly base. The data in EPB for 

direct and diffuse radiation are lower in February, March, 

and April but higher in May and September. In general, 

the EPB data seem to be a good average for the whole 

region.  

Compared to the current climate, Figure 1 shows that the 

future temperature increase in winter is highest in 

Woesten. In summer the temperature in Leuven is highest, 

similar to the current climate. For radiation, a mixed 

picture was found.  

Figure 2 Comparison of current and future values for 

the global horizontal radiation for the different locations  

The effect of climate change on the number of EHDD for 

the existing building is shown in Figure 3. For Leuven, a 

reduction 29% is shown, while for Mol and Woesten 

respectively a reduction of 30% and 36% is observed. Mol 

has the highest number of EHDD both today and in the 

future as the temperature during winter is lowest in Mol. 

The decrease in the number of EHDD in the future is 

highest in Woesten, due to the biggest differences in 

temperature in the majority of the heating season. As the 

number of EHDD is directly linked to the Net Yearly 

Energy Use for Heating (NYEUH), the latter is decreasing 

similarly in future climate.  

 

Figure 3 Number of EHDD for the existing building for 

the current and future climate in Flanders 
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The NYEUH per m² per year is calculated for the existing 

case, before renovation (BR), and the various renovation 

strategies, for both the current and future climate and in 

the different locations (Figure 4). The results show that 

the first cm’s of insulation have the highest effect. The 

effect of additional insulation is decreasing both in the 

current and in the future climate scenario, with even 

smaller effects in the future climate context. As the 

absolute value of the NYEU for heating is lower in the 

future climate, the absolute savings and the according 

financial marginal efficiency will be less. The results 

furthermore show significant regional differences. For the 

current climate, an insulation of the building envelope 

with 6cm in Leuven and Woesten, results in a similar 

NYEUH as a renovation with 12cm in Mol. For the future 

climate, the NYEUH for a house in Woesten with 6cm 

insulation is similar to 10cm in Leuven and 18cm in Mol. 

The latter can be explained by the larger reduction of 

EHDD for Woesten in the future. 

 

Figure 4 Effect of renovation on NYEUH (kWh/m²) for 

the current and future climate in Flanders 

Figure 5 shows the effect of renovation on the indicator 

for overheating (expressed in Kelvin hours), for the 

current and future climate on different locations in 

Flanders. As shown, there is more risk of overheating in 

better insulated buildings. Leuven has the highest risk for 

overheating both today and in the future. This is a 

consequence of the urban heat island effect. Where the 

risk for overheating to date is similar in Woesten and Mol, 

it becomes more important in the future for Mol. This can 

be explained by the higher increase in summer 

temperatures and solar radiation in summer in Mol in 

future compared to the other locations.  

 

Figure 5 Effect of renovation on overheating (Kh/y) for 

the current and future climate in Flanders 

The Net Yearly Energy Use for Cooling (NYEUC) to date 

and in the future and the NYEUH in the future are 

presented in Figure 6. For the existing building an 

increase for the net energy for cooling of 4% is estimated 

for Leuven en Mol and 3% for Woesten.  Although the net 

energy use for cooling for the existing building increases 

significantly in the future, it is only about 10% of the net 

energy needed for heating. For the well-insulated 

buildings, the graph shows a different picture. For a well-

insulated building in the future in Leuven the net energy 

use for cooling is about 41% of the net energy use for 

heating. It should be noted that no obstructions are 

included in the modelling, which is an underestimation of 

reality especially in cities. Therefore, the actual share of 

cooling energy might be lower. 

 

Figure 6 Current and future NYEUC and future NYEUH 

for several renovation strategies (kWh/m²) for the current 

and future climate in Flanders 

Finally it is studied whether passive cooling solutions are 

sufficient to reduce the risk of overheating and the need 

for cooling in the future. In a first step, the g-value of the 

glazing is reduced from 0.75 to 0.45. Table 3 shows the 

effect on the NYEUH and NYEUC for the whole building 

with the renovation option of 22cm insulation with future 

weather data, as here the need for cooling is the highest. 

Only adapting the g-value of the glazing reduces the total 

NYEU (for heating and cooling) with 7% in Mol and 8% 

in Leuven and Woesten. In practice glazing with low g-

values have lower Light Transmittance (LT) factors, this 

should be considered when selecting the glazing. 

Table 3 Effect of reduced g-value on NYEUH and 

NYEUC for 22cm building envelop insulation 

 Leuven Mol Woesten 

Increase NYEUH (kWh)  +273 +319 +316 

Decrease NYEUC (kWh)  -824 -800 -756 

Decrease total NYEU 

(kWh) -551 -482 -440 

In a second step, manually operated external solar shading 

was added to the building. The default values from the 

Belgian EPBD method (Flemish Government, 2017) are 

used. For manually operated solar shading the 
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reductionfactor is set to zero and the use factor is zero for 

heating, 0.2 for cooling and 0.5 for overheating (yearly 

average for south oriented vertical windows) . The effect 

on the NYEU for heating and cooling are presented in 

Table 4. The total NYEU after adapting the g-value of the 

glazing and adding external solar shading is 10% lower 

than if no adaptations were made, estimated for the 

renovation option with 22cm insulation with future 

weather data. The additional investment in external solar 

shading, which moreover leads to additional maintenance 

for the social housing company, does not seem to have an 

important effect compared to only adapting the g-value of 

the glazing.  

Table 4 Effect of reduced g-value and additional 

external solar shading on NYEU for heating and cooling 

for 22cm building envelope insulation 

 Leuven Mol Woesten 

Increase NYEU heating 

(kWh)  +273 +319 +316 

Decrease NYEU cooling 

(kWh)  -931 -906 -853 

Total decrease NYEU 

heating and cooling (kWh) -658 -587 -537 

Discussion 

It should be noted that using the EPBD method does not 

allow to include extreme events (i.e. as only monthly 

values are considered) as it would be included when using 

dynamic simulations or hourly calculations. It is expected 

that the latter would lead to a higher cooling demand. This 

should be explored in further research.  

In this paper, only the effect of climate change on the net 

energy use for heating and cooling is studied. The 

reduction of the marginal efficiency by adding additional 

thickness of insulation is important to include in the 

assessment. The effect of the efficiency of heating and/or 

cooling installations should however also be taken into 

account in the decision making process to better assess the 

financial and environmental consequences. To date, the 

majority of social houses is equipped with a gas boiler to 

heat the building and sanitary hot water. Although not 

very common in social housing, mostly electric 

installations are used for cooling. As the conversion to 

primary energy is lower for gas than for electricity, the 

gross energy for cooling will be more important compared 

to the gross energy for heating. However, a shift to electric 

heating with heat pumps is expected as part of the strategy 

for decarbonisation in the future. Finally, both the 

environmental impact and cost of gas and electricity 

might influence the final decisions. 

The effect of ventilation is not included in this paper as 

the focus is to evaluate renovation measures for the 

building envelope. However, Hamdy et al (2017) have 

found that ventilation could play a key role in mitigating 

overheating in buildings in the future. Therefore, it should 

be included in the decision making process for renovation.  

A last recommendation for further research is to study the 

effect of control and monitoring systems on the energy 

use for heating and cooling as further improvements in 

technology are expected here.   

To study the importance of the orientation on overheating 

and the effect of passive cooling strategies, a sensitivity 

assessment is done for the building with a North-South 

orientation. For the renovation strategy with 22 cm 

building envelope insulation, modelled with future 

climate data, a reduction in the total net energy for cooling 

and heating of 258 kWh is found for Leuven (-4%), 196 

kWh for Mol (-3%) and a reduction of 119 kWh is found 

for Woesten (-3%) when only the g-value of the glazing 

is changed. Adding external solar shading results for this 

orientation in a reduction in the total net energy for 

cooling and heating of 450 kWh for Leuven and Mol 

(respectively -8% and -9%) and a reduction of 205 kWh 

for Woesten (-4%). The effect of additional external solar 

shading on South-oriented windows is thus smore 

important inland and in cities.  

To date it is important for social housing companies to 

assess the future effects of renovation strategies including 

the future needs for cooling to avoid a lock-in situation. 

In this paper the indicator for overheating and net energy 

for cooling is assessed based on the EPBD standard as a 

frist step. To evaluate the discomfort due to overheating 

and the need for cooling in more detail, dynamic 

simulations are advised. 

Conclusion 

Although the weather data for Ukkel used in the EPBD 

method seem to be a representative average for Flanders, 

regional differences were found in current and future 

weather data, derived from an EC-Earth driven 

convection-permitting climate model for Belgium. 

Especially the increase in temperature in the future results 

in a decrease in Equivalent Heating Degree Days (EHDD) 

and Net Yearly Energy for Heating (NYEUH) with 29% 

to 36% depending on the region, while an increase in the 

Net Yearly Energy for Cooling (NYEUC) with 3 to 4 % 

is identified for the non renovated building.  

Although the effect of additional insulation in the building 

envelope on the NYEUH is similar for the future as for 

the current climate, regional differences are found and the 

decrease in absolute values is smaller in future. For the 

case study building the NYEUH for the renovated 

building with 6cm insulation in Woesten was similar to 

the renovation option with 10cm in Leuven and 18cm 

Mol, estimated with future climate data. Similarly to 

previous findings in literature, well insulated buildings 

have a higher risk for overheating today and even more in 

the future. Changing the g-value of the glazing for the 

considered orientation has a significant impact on the 

NYEUC and does not result in an important increase in 

the NYEUH. Especially inland and in cities, additional 

solar shading on top of the reduced g-value on the south-

oriented windows is advisable. As this paper only studied 

the effects of climate change on the net yearly energy use, 

it is important to include the (evolving) efficiency of the 

heating and/or cooling installation in the decision making 

process for the renovation of social housing. 
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