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DEVELOPMENT OF A DESIGN METHOD 
Background	of	the	design	tool	



BUILDING STOCK ANALYSIS 

!

2 Methodology 
2.1 Description of the process 
A Six-step process is followed to generate load duration 
curves based on general geometrical data for a large 
amount of buildings (Fig.1). The process starts from 
gathering general building data for individual buildings 
within the building stock.! The National Energy 
Performance Building Databases EPBD can be a major 
source for this sort of data. The data usually include 
general geometrical and building physical properties of 
individual buildings, for example gross floor area, 
volume, average U-value for envelope and windows. A 
second step consists of choosing the building archetype 
that represents the building geometry for a specific 
building typology. For example: a form that can be 
parametrized to represent all office buildings in the 
building stock data, including the typical spaces and 
functions that appear in office buildings. This step is 
followed by applying a geometrical fitting process, where 
the building stock data that corresponds to one-
dimensional information about the building form is fitted 
to three-dimensional measurable form (building 
archetype). This method is achieved by using 
mathematical relationships between geometries. The 
output of this step is detailed geometrical data (e.g. the 
building length, width and height) which is an input for a 
multi-zone Building Energy Simulation (BES) model. 
This process is based on the work of [6] and extended to 
cover other building typologies in our research. Fourth 
step, is identifying all the building physical parameters 
(e.g.  the U-values of building envelope, occupancy 
profiles, glazing properties, building orientation etc.) that 
are going to be varied in the BES-model. The fifth step is 
creating the multi-zone BES-model for the archetype 
building using Modelica [7]. The final step is performing 
dynamic simulations of the heating and cooling demand 
and transformation of these data into heat load duration 
curves. This process can be applied to large amounts of 
buildings (with varying geometries and building physical 
properties) in an automated way. In the following 
paragraphs we will discuss some of the aforementioned 
steps more in detail. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Building stock modelling process 

 
2.2 EPBD building stock data for Flanders  
A first source of data that is used in this study is the EPBD 
building stock data for Flanders, that was gathered from 
the Flemish energy agency (VEA). They collect these data 
for the purpose of performing building energy 
certifications. The data contains general geometrical 
information about buildings such as building gross 
volume, gross surface area, heat loss surface area, 
building compactness (volume/heat loss surface area), 
window to wall ratio and building physical parameters 
such as average U-value of walls and windows. [8] 

 The focus of this paper is on data for office buildings. 
From the database we selected newly office buildings that 
were built during the period 2006 - 2016 and that of gross 
floor area larger than 1000 m2, and we have also 
eliminated cases that have missing data. This resulted in a 
data record consisting of 371 office buildings. By 
analysing the building stock data, we observed that 70% 
of the cases has volume less than or equal to 11000 m3 
(Fig.2).  Around 82% of cases has a gross floor surface 
area less than or equal to 4000 m2 (Fig.3), and 70% of 
cases has glazing percentage to heat loss surface area of 
15% or less (Fig.4). This ranges gives an indication about 
the average geometrical building properties within the 
building stock. 

 

Fig. 2. Office building stock Volume distribution  

 

Fig. 3. Office building stock gross floor area distribution  
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A Six-step process is followed to generate load duration 
curves based on general geometrical data for a large 
amount of buildings (Fig.1). The process starts from 
gathering general building data for individual buildings 
within the building stock. The National Energy 
Performance Building Databases EPBD can be a major 
source for this sort of data. The data usually include 
general geometrical and building physical properties of 
individual buildings, for example gross floor area, 
volume, average U-value for envelope and windows. A 
second step consists of choosing the building archetype 
that represents the building geometry for a specific 
building typology. For example: a form that can be 
parametrized to represent all office buildings in the 
building stock data, including the typical spaces and 
functions that appear in office buildings. This step is 
followed by applying a geometrical fitting process, where 
the building stock data that corresponds to one-
dimensional information about the building form is fitted 
to three-dimensional measurable form (building 
archetype). This method is achieved by using 
mathematical relationships between geometries. The 
output of this step is detailed geometrical data (e.g. the 
building length, width and height) which is an input for a 
multi-zone Building Energy Simulation (BES) model. 
This process is based on the work of [6] and extended to 
cover other building typologies in our research. Fourth 
step, is identifying all the building physical parameters 
(e.g.  the U-values of building envelope, occupancy 
profiles, glazing properties, building orientation etc.) that 
are going to be varied in the BES-model. The fifth step is 
creating the multi-zone BES-model for the archetype 
building using Modelica [7]. The final step is performing 
dynamic simulations of the heating and cooling demand 
and transformation of these data into heat load duration 
curves. This process can be applied to large amounts of 
buildings (with varying geometries and building physical 
properties) in an automated way. In the following 
paragraphs we will discuss some of the aforementioned 
steps more in detail. 
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A first source of data that is used in this study is the EPBD 
building stock data for Flanders, that was gathered from 
the Flemish energy agency (VEA). They collect these data 
for the purpose of performing building energy 
certifications. The data contains general geometrical 
information about buildings such as building gross 
volume, gross surface area, heat loss surface area, 
building compactness (volume/heat loss surface area), 
window to wall ratio and building physical parameters 
such as average U-value of walls and windows. [8] 

 The focus of this paper is on data for office buildings. 
From the database we selected newly office buildings that 
were built during the period 2006 - 2016 and that of gross 
floor area larger than 1000 m2, and we have also 
eliminated cases that have missing data. This resulted in a 
data record consisting of 371 office buildings. By 
analysing the building stock data, we observed that 70% 
of the cases has volume less than or equal to 11000 m3 
(Fig.2).  Around 82% of cases has a gross floor surface 
area less than or equal to 4000 m2 (Fig.3), and 70% of 
cases has glazing percentage to heat loss surface area of 
15% or less (Fig.4). This ranges gives an indication about 
the average geometrical building properties within the 
building stock. 
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Fig. 4. Office building stock windows to opaque area 
percentage distribution  

  
2.3 Building archetype and fitting process 

When developing the archetype building, the main goal is 
to find a generic form that includes all typical office 
building functions / spaces and of which the geometry can 
be adapted to the building geometrical input data. This 
was achieved by choosing a modular form that can be 
parameterized following typical offices zones and 
dimensions. The archetype typical floor plan is divided 
into 5 zones. Each zone represents different functions 
such as, meeting rooms, single offices, landscape offices, 
restaurants and services area. 

In the fitting process we used three equations that 
describes the building form as a function of volume, heat 
loss surface area and gross floor surface area that were 
input from the building stock data. We assumed that the 
building consists of two volumes (Fig.5). The first volume 
(A) is of a cuboid form, where (a) is a constant width equal 
to 15.5 meters. This width represents two offices zones 
facing each other, each of 6 meters length with a 2.5 
meters corridor in between, and total walls thickness of 1 
meter [8]. The building length (l) is a variable that is 
parametrized based on each individual case in the building 
stock. Building height is a function of the number of floors 
(n). Number of floors is assumed between 2 and 10 floors, 
which is representative for office buildings in Flanders. 
Building floor height (h1) is derived from the building 
input data by dividing the volume by the gross floor area. 
Volume (B) is an extended cuboid form, that is added to 
represent all the semi-attached buildings in the building 
stock. All cases were fitted to this form and classification 
has been made based on the fitting process outcomes, 
where 25 cases were fitted using only volume (A), 280 
cases were fitted as semi-attached building, and 66 cases 
where fitted as attached building.    

 

Fig. 5. Three-dimensional geometry of the archetype  

 
2.4 Building energy simulation model  

The BES-model describing the archetype was made in 
Modelica modelling language, using the Dymola tool and 
the OpenIDEAS library [9]. The building model is made 
of five classes, each defining a model component. The 
first class is the building structure that defines the building 
geometry with different zones. Each zone is defined by 
the number of surfaces (such as walls, floor, windows, and 
internal walls) that are connected to adjacent zones. The 
archetype contains (n) number of floors refer to section 
2.2, each floor having five zones, and an external zone that 
defines the adjacent volume attached to the building. For 
each surface type, the material is defined where its 
material thickness is calculated to define a chosen U-
value. The second class is the heating and cooling system. 
We have used an ideal heating system which is modelled 
with temperature setpoints of 20°C and 25°C, so the 
temperature in the zones is always between 20 and 
25°C.The third class is a mechanical ventilation system 
with heat recovery that has 85% efficiency with a constant 
flow rate. The flow rate is 36 m3/h per person based on the 
EN 13779 standard [10]. The fourth class is set for the 
internal heat gains and occupancy schedules. For offices 
the occupancy schedule, influencing internal gains, starts 
from 8am till 5pm with a lunch break that starts from 
12pm till 1 pm. The fifth class defines all building 
geometrical parameters, material properties and occupant 
profiles data. By grouping them in one record, it is easier 
to automatically vary each input based on the individual 
building properties from the building stock data.  

3 Case study  

To test the success of the proposed methodology, it was 
tested for 14 cases. The main parameters that were varied 
are building physical parameters (U-values, building 
orientation, and internal gains) cases (1 to 8), building 
geometry cases (9 to 12), and glazing to heat loss surface 
area ratio cases (13 and 14). Since all cases are located in 
Belgium, a weather file of Uccle was used for simulating 
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When developing the archetype building, the main goal is 
to find a generic form that includes all typical office 
building functions / spaces and of which the geometry can 
be adapted to the building geometrical input data. This 
was achieved by choosing a modular form that can be 
parameterized following typical offices zones and 
dimensions. The archetype typical floor plan is divided 
into 5 zones. Each zone represents different functions 
such as, meeting rooms, single offices, landscape offices, 
restaurants and services area. 

In the fitting process we used three equations that 
describes the building form as a function of volume, heat 
loss surface area and gross floor surface area that were 
input from the building stock data. We assumed that the 
building consists of two volumes (Fig.5). The first volume 
(A) is of a cuboid form, where (a) is a constant width equal 
to 15.5 meters. This width represents two offices zones 
facing each other, each of 6 meters length with a 2.5 
meters corridor in between, and total walls thickness of 1 
meter [8]. The building length (l) is a variable that is 
parametrized based on each individual case in the building 
stock. Building height is a function of the number of floors 
(n). Number of floors is assumed between 2 and 10 floors, 
which is representative for office buildings in Flanders. 
Building floor height (h1) is derived from the building 
input data by dividing the volume by the gross floor area. 
Volume (B) is an extended cuboid form, that is added to 
represent all the semi-attached buildings in the building 
stock. All cases were fitted to this form and classification 
has been made based on the fitting process outcomes, 
where 25 cases were fitted using only volume (A), 280 
cases were fitted as semi-attached building, and 66 cases 
where fitted as attached building.    
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The BES-model describing the archetype was made in 
Modelica modelling language, using the Dymola tool and 
the OpenIDEAS library [9]. The building model is made 
of five classes, each defining a model component. The 
first class is the building structure that defines the building 
geometry with different zones. Each zone is defined by 
the number of surfaces (such as walls, floor, windows, and 
internal walls) that are connected to adjacent zones. The 
archetype contains (n) number of floors refer to section 
2.2, each floor having five zones, and an external zone that 
defines the adjacent volume attached to the building. For 
each surface type, the material is defined where its 
material thickness is calculated to define a chosen U-
value. The second class is the heating and cooling system. 
We have used an ideal heating system which is modelled 
with temperature setpoints of 20¡C and 25¡C, so the 
temperature in the zones is always between 20 and 
25¡C.The third class is a mechanical ventilation system 
with heat recovery that has 85% efficiency with a constant 
flow rate. The flow rate is 36 m3/h per person based on the 
EN 13779 standard [10]. The fourth class is set for the 
internal heat gains and occupancy schedules. For offices 
the occupancy schedule, influencing internal gains, starts 
from 8am till 5pm with a lunch break that starts from 
12pm till 1 pm. The fifth class defines all building 
geometrical parameters, material properties and occupant 
profiles data. By grouping them in one record, it is easier 
to automatically vary each input based on the individual 
building properties from the building stock data.  
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To test the success of the proposed methodology, it was 
tested for 14 cases. The main parameters that were varied 
are building physical parameters (U-values, building 
orientation, and internal gains) cases (1 to 8), building 
geometry cases (9 to 12), and glazing to heat loss surface 
area ratio cases (13 and 14). Since all cases are located in 
Belgium, a weather file of Uccle was used for simulating 
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PROJECT DATA INVENTORY 

Care	
facility	
26%	

School	
11%	

Residen
tial	
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Office	
37%	

Others	
13%	

Type	of	Buildings	
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	 Demand Installation 
	 Heat	 Cool 	 HP HEX 

Minimum 14,55 0,00 Minimum 15,75 0,00 

Q1 50,00 32,50 Q1 38,90 32,50 

Median 110,00 82,50 Median 56,00 82,50 

Q3 187,75 145,00 Q3 94,50 145,00 

Maximum 544,84 429,54 Maximum 273,00 429,54 

INFO	ABOUT	INSTALLED	HVAC	



						RELATION	WITH	BUILDING	GEOMETRIE	PARAMETERS	



COST	
	



STANDARDISED MODULAR HYBRIDGEOTABS 
COMPONENT PACKAGES 

•  Standardised	documentation	and	marketing	material	
•  Standard	hydraulic	schemes	
•  Standard	drawings	
•  Standard	Tender	documents	
•  Marketing	material	
•  …	

•  Predefined	–	standardised	–	pre-engineered…	
•  Avoid	case-by-case	work	
•  Optimised	combination	
•  Degree	of	diversification?	





Sizing	the	GSHX	and	the	Heat	Pump	based	on	load	duration	curves	of	building	for	building	stock	

		
P(w)	

t	(h)	
Load	duration	curve	

Building	General	
DATA	

Measurable	data	

H	

W	
L	

Simulations	
Interface	

ID* 
Constructi
on	year Function 

Volume	
m3 

Heat	loss	
area		
m2 

compact
ness	V/
(Alosses) 

No.	Of	
units	in	
building 

Gross	floor	
area	of	
building	
units	m2 

Volume	
of	

Building	
Units	m3 

Heat	loss	
area	of	
Building	
Units	m2 

Building	
Units	

compact
ness		V/
(Alosses) 

Heat	loss	
area	

windows	
m2 

52978 2006 SCHOOL 3.070 1.894,19 1,62 1 603,70 3.070 1.894 1,62 78,80 

59558 2006 SCHOOL 34.782 8.771,16 3,97 1 6.897,57 34.782 8.771 3,97 1.124,28 

70793 2006 SCHOOL 3.120 1.369,92 2,28 1 628,72 3.120 1.370 2,28 110,68 

74719 2006 SCHOOL 7.024,72 2.788,86 2,52 1 1.659,40 7.025 2.789 2,52 546,36 

81162 2006 SCHOOL 2.607,29 2.023,85 1,29 1 771,15 2.607 2.024 1,29 137,53 

103661 2006 SCHOOL 2.604 1.455,45 1,79 1 691,05 2.604 1.455 1,79 181,55 

104626 2006 SCHOOL 513,20 462,17 1,11 1 136,70 513 462 1,11 29,31 

109808 2006 SCHOOL 6.162,13 2.753,63 2,24 1 1.538,44 6.162 2.754 2,24 231,45 

115088 2006 SCHOOL 4.308,72 2.241,50 1,92 1 753,06 4.309 2.242 1,92 164,58 



PARAMETERS VARIATIONS 

Building	
stock	

Geometry	
Envelope	U-value	and	airtightness	

Climate	zone	in	Europe	
Orientation	

Shading	system	

Thermal	mass	

Internal	heat	gains	profiles	

West	

South	 Warsaw	
Brussels	

Madrid	
High	dense	profile	
Low	dense	profile	

Heavy	structure	
Light	structure	

Screen	shading	

No	shading	

Group	(A)		high	insulation	buildings	

Group	(B)	moderate	insulation	buildings	

Group	(C)	low	insulation	buildings	

144	combinations	



Weather	analysis	

2	(Intermediate	subtropical)	→	Rome,	Toulouse	
3	(continental	subtropical)	→	Madrid,	Athens	
4	(Maritime,	temperate	warm→	Paris,	Brussels,	London	
5	(transitional,	temperate	warm)	→	Copenhagen,	Berlin,	Warsaw	
9	(transitional	cold)	→	Stockholm,	Helsinki	
	



U-Value	
Walls	
(W/m²K)	

0.15	 0.17	 0.30	 0.30	 0.35	 0.57	 0.66	 0.73	 0.82	 0.94	

U-Value	
Windows	
(W/m²K)	

0.8	 1.0	 1.1	 1.5	 1.7	 2.5	 2.7	 3.1	 4.2	 5.7	

PARAMETER RANGES 



		 U-value	opaque	
[W/m2.	K]	

U-value	window	
[W/m2.	K]	

Airtightness	at	
n50	value	

Group(A)	 0.15	 0.8	 		0.6				
Group(B)	 0.27	 1.5	 2.0	
Group(C)	 0.50	 2.5	 		5.0			

Building	envelope	&	airtightness	
categories	
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Internal	gains	high	dense	office	per	m2	

People	 Appliances	 light	 Total	

Ventilation	system	 Fixed	flow	with	heat	recovery	 	36	m3/h	per	person	

Shading	system		 External	screen		 On	at	200	W/m2	

Occupancy	gains	 Low	dense	
High	dense		

1	person	/20m2	

1	person	/10m2	



Building	stock	
database	

Automated	dynamic	
heating	and	cooling	
demand	curves	

Surface	area	

Heat	loss	surface	area	

Volume	

Window	ratio	

Climate	&	
Building	

parameters		

+	

Sizing	of	HP,	GSHX	and	
secondary	systems	

Cluster	analysis	based	
on	sizing	and	
parameter	
combination	Heating	and	cooling	

load	duration	curves		

INPUT	 OUTPUT	 SIZING	 CLUSTERING	

Example:	
Cluster	1	→	60	kW	
Cluster	2	→	90	kW	
Cluster	3	→	150	kW	
					:	

!

  

On the other hand, case (9) has the lowest maximum peak 
power of 24.4 kW for heating and 23 kW for cooling. In 
terms of duration, case (9) has shortest duration of 4075 h 
equivalent to 5.5 months for heating, and 1609 h 
equivalent to 2.2 months for cooling. Case (10) is a large 
building with larger gross floor surface area and volume 
than of case (9) that is why case (10) has maximum peak 
power. However, Case (10) is more compact than case (9). 
The effect of compactness is clearer when we compare the 
total heating and cooling demand per square meter 
annually, where case (9) has much higher total demand of 
30 (kW/m2. a) than case (10) which has 18.39(kW/m2. a) 
see Table 2. Cases (11) and (12) are close in terms of the 
peak power 44 kW, 40 kW respectively with durations of 
4147 h, 4454 h. 

 To examine the influence of glazing percentage we 
chose two cases from the building stock with different 
glazing percentage (fig. 8) with same compactness, 

however case (13) has larger surface floor area than case 
(14), thus more internal gains, since internal gains is a 
function of the surface floor area (please refer to 
section.3).  In case (13) where the ratio of glazing to heat 
loss surface area of the building is 40%, and more internal 
gains due to larger surface area has the highest maximum 
peak power of 131 kW heating, and 258 kW cooling, with 
the shortest heat duration of 3499 h equivalent to 4.7 
months.  The low heating load duration is due to the large 
surface of glazing that is exposed to solar gains in winter 
and the higher internal gains. For cooling load duration, it 
has the longest duration of 2572 h equivalent to 3.5 
months due to the large surface of glazing exposed to solar 
gains and facing the west orientation in summer. Case 
(14) has the lowest glazing percentage of 3%, the 
maximum peak load is 71.5 kW for heating and 72.9 kW 
for cooling. The heating load duration is longer than case 
(13) as it has smallest exposed area to solar gains in 
winter, while for cooling loads the duration is very short, 
thus minimizing the solar gains in summer.  

!!!!! !

Fig. 6. Heating and cooling load duration curves for the cases from (1) to (8) !

         

Fig. 7. Heating and cooling load duration curves for the cases from (9) to (12)

!



HOW TO EVALUATE OUR BASELOAD 
ALGORITHM 

Thermal	Zone	
(building)	

Heat	demand	curve	
Baseload	Methodology	

Set	of	Heat	pump	
power	calculated	
by	the	baseload	

algorithm	

Injecting	the	heat	pump	
power	to	the	pipes	by	

model		

With	ideal	heating	and	
cooling	system	

Outputs?		
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