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Introduction  
This project aims to make a model of a simple building that we designed and to analyze 
the results of its implementation and thermal simulation to understand and upgrade the 
behavior of the building. This model does not have to be very precise and comports many 
simplifications but aims at giving a realistic representation of the building’s behavior.  

For the numerical calculation, we will use Matlab. To simulate our own case study, we will 
use the codes and functions studied during the tutorials.  

This report details successively the characteristics of our building in terms of localization, 
design, dimensions, and materials. Then we will set the model hypothesis. From this, we 
can get the thermal model used for the implementation with its justifications and 
description. After that, we will present the Matlab simulations and its results to study the 
thermal behavior. Eventually, some propositions of optimizations of our building will be 
studied.  

Building Description 
Localization and weather  
The building is in Annecy, France: long: 6,1954° lat: 45,8845°.  

 
Figure 0: Localization, source: [Géoportail]  

The more accurate weather file available on https://energyplus.net/weather for Annecy 
is Geneva. 

Plan  
Our building is composed of three thermal zones. It is a lodge with an open space in which 
we find a kitchen and a living room (21,4 m²), one bedroom (11,82 m²) and a bathroom 
(7,2 m²). The total area is 40,42 m². All the exterior walls are made of wood (larch) and 
isolated with 16 cm of hemp, with a bracing on one side and two thin layers of air on each 
side of the isolation as shown on figure 1. The interior walls are composed of a gypsum 
layer with a wood frame, a rock wool layer, and another gypsum layer. In the living room 
there is a bay window, (2,4 x 2,1 m), and there are two other windows in the lodge: one in 
the bedroom (1,34 x 1 m) and one in the bathroom (1,35 x 0,5 m). All the windows are 
made of double glazing. The ground floor is composed of one layer of 20 cm of concrete, 

https://energyplus.net/weather
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10 cm of insulation and a wood flooring. The ceiling is composed of one layer of plaster, 
one layer of air, one layer of insulation and a steel sheet.  

 
Figure 1: Plan of the three thermal zones considered  

Materials: composition of the walls  
Exterior wall 

 
Figure 2: Illustration of the different materials for the external walls, source: [1] 

https://www.kitmaisonbois.com/composition-mur-a-ossature-bois/  

 

 

 

https://www.kitmaisonbois.com/composition-mur-a-ossature-bois/
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Material Thickness 
W 

[cm] 

Thermal 
conductivity λ 

[W/m.K] 

Specific heat c 
[J/kg.K] 

Volumetric 
mass density ρ 

[kg/m3] 
Siding: larch 

 2 0,14 2500 600 

Air 
 3 0,025 1004 1,3 

Bracing: OSB 
 2 0,13 2500 630 

Insulation: hemp 
 16 0,04 1800 40 

Air 
 5 0,025 1004 1,3 

Plaster 2 0,35 4770 1000 
Tab.1: Characteristics of the different materials used for external walls, source [2] 

http://www.ganeeva.fr/thermique.htm  

To simplify our modelling and implementation, the composition of the exterior walls will be 
assimilated to a 2 cm larch layer, a 3 cm air layer, and a 16 cm insulation layer instead of 
6 different layers. The plaster layer is negligible for the thermal conduction as his 
conductivity is high and his thickness is low. 

 

Interior Wall  

 
Figure 3: Illustration of the composition of the internal walls, source [3] 

https://www.dewaele.be/fr/ossature-bois-la-composition-des-murs-en-detail  

  

http://www.ganeeva.fr/thermique.htm
https://www.dewaele.be/fr/ossature-bois-la-composition-des-murs-en-detail
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Material Thickness 
W 

[cm] 

Thermal 
conductivity λ 

[W/m.K] 

Specific heat c 
[J/kg.K] 

Volumetric 
mass density ρ 

[kg/m3] 
Gypsum 1,5 0,35 1090 1000 

Insulation (hemp) 3 0,04 1800 40 
Gypsum 1,5 0,35 1090 1000 

Tab. 2: Characteristics of the components of the internal walls, source [4] 
http://maisonpassiveluberon.e-monsite.com/pages/utile/caracteristiques-thermiques-

des-materiaux-isolants.html and [5] 
https://fr.wikipedia.org/wiki/Capacit%C3%A9_thermique_massique  

 

Ceiling and floor 
To simplify the model, we chose to consider that there are multiple appartements like this 
one above each other so there is no heat transfer through the ceiling and the floor. 

 

Window  
Window Total thickness W 

[cm] 
Conductance 

[W/m²/K] 
Energy 

transmittance 
Double glazing 2,4 2,9 0,7 

Tab.4: Characteristics of the windows, source [6] https://www.picbleu.fr/page/l-isolation-
thermique-double-et-triple-vitrage-isolant  

The radiative characteristics used for the windows are: 𝛼𝛼 = 𝜀𝜀 = 0.2 ;𝜌𝜌 = 0;  𝜏𝜏 = 0.8. 

 

Door 
Door Thickness W 

[cm] 
Thermal 

conductivity λ 
[W/m.K] 

Specific heat 
c 

[J/kg.K] 
 

Volumetric 
mass density 

ρ 
[kg/m3] 

Wood (larch) 5 0,14 2500 600 
Tab.5: Characteristics of the doors, source [2] http://www.ganeeva.fr/thermique.htm  

  

http://maisonpassiveluberon.e-monsite.com/pages/utile/caracteristiques-thermiques-des-materiaux-isolants.html
http://maisonpassiveluberon.e-monsite.com/pages/utile/caracteristiques-thermiques-des-materiaux-isolants.html
https://fr.wikipedia.org/wiki/Capacit%C3%A9_thermique_massique
https://www.picbleu.fr/page/l-isolation-thermique-double-et-triple-vitrage-isolant
https://www.picbleu.fr/page/l-isolation-thermique-double-et-triple-vitrage-isolant
http://www.ganeeva.fr/thermique.htm
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Thermal Model  
Description and numbering 
We organized the space in three thermal zones called:  

- zone 1: living room,  
- zone 2: bedroom,  
- zone 3: bathroom. 

Simplifications and operating hypothesis 
Given the potential complexity of the calculations and modelling required, we decided 
to make a few assumptions which are detailed below. 

- The heat transfer is assumed unidirectional because the width of the elements 
considered is small compared to the other dimensions. 

- The apartment is considered below and above similar apartments so that there 
are no heat exchanges through the floor and the ceiling. 

- Potential thermal bridges are neglected regarding the other flows. 
- Windows are considered closed; doors are considered closed. 
- The interior temperature is assumed homogenous in each room. 
- The convection coefficients are taken equal to the most usual values encountered 

in thermal resolutions: hint = 8 W/m²/K and hext = 25 W/m²/K. 

Flows and sources to be considered. 
- Conduction through external walls, internal walls, windows, and doors.  
- Radiation of the sun heating the exterior surface of the building and getting 

through windows, considered as sources of flow. 
- Convection between the outside air and the exterior surface of the building and 

between the inside air and the interior walls. 
- Air flow (ventilation) coming in by the living room and bedroom and coming out 

by the humid rooms, which are the living room with its kitchen and the bathroom. 
Air flows take place between zones 1 and 2 and zones 2 and 3.  

 
These flows are calculated to have a ventilation of 0,7 vol/h. We consider the following 
flows: 
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Figure 4: Ventilation flows considered 

 In terms of heat exchanges there is: 

o A volume of 0.7*V1 getting in thermal zone 1 with a temperature Text and 
getting out with a temperature θ1. 

o A volume of 0.7*V2 getting in thermal zone 1 with a temperature θ2 and 
getting out with a temperature θ1. 

o A volume of 0.7*(V2+V3) getting in thermal zone 2 with temperature Text 
and getting out with a temperature θ2. 

o A volume of 0.7*V3 getting in thermal zone 3 with temperature θ2 and 
getting out with temperature θ3. 

These flows (Figure 4) are represented that way in the thermal model: 

 
 

- Sources of flows due to the heating system in each thermal zone and due to the 
occupants, lights, and electronic devices there in the rooms. At first, they are set 
to zero and then we will add a controller to regulate the temperature in the 
rooms. 

- Source of temperature is the external temperature. 

= 𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 .𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎. 𝑉̇𝑉 
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Thermal model  
The flows detailed before are represented by this thermal model:  

  

 
Figure 5: Thermal model 

(temperature number in blue, flow number in green) 
 

In this thermal model, we did not discretize the different materials. One thickness of 
material is represented by two resistances and one capacity between them.  

The discretization leads to these formulas: 

𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
2𝑙𝑙𝑙𝑙
𝑤𝑤

;  𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = ℎ𝑆𝑆;   𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶 = 𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌 

Matrix A is built to connect flows and temperatures (nodes). It has the number of flows as 
the number of rows and the number of temperatures as the number of columns. A(i,j)=1 if 
the flow i enters in the node j and A(i,j)=-1 if the flow i gets out of the node j. 

Matrix G is a square matrix with a number of rows (and columns) equal to the number of 
flows. On its diagonal there is the value of G, the conductance of the branch. 
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Matrix C is a square matrix a number of rows (and columns) equal to the number of 
temperatures nodes. On its diagonal there is the capacity of the node.  

Vector y is a vector with as many rows as the number of temperature nodes. There are 
only zeros except on the nodes of interest in which there is ones. It will help determining 
the state-space representation of the system. 

Matrix f is a vector (in static) containing as many rows as the number of nodes. It contains 
the sources of flows. f(i)=Qi if there is a source of flow Qi or is equal to zero if there is no 
source of flow. When we are in a dynamic model, f is a matrix with a number of columns 
corresponding to the number of time step. Each column contains the sources of flow of 
the corresponding time step. 

These flows are mainly sun flows calculated using the weather file of Geneva and the 
orientations and surfaces of the elements catching the sun radiation. 

HVAC flows (contained in Qint on the schema) could be added using a controller to 
maintain temperature of the room constant. 

A source of flow due to the human activity and electronic activity (also contained in Qint) 
can be added and is equal to 100W per human and 60W for the electronic and cooking 
activity. These flows vary during the day: 2 people in the bedroom from 10pm to 7am, 2 
people in the living room from 6pm to 10pm. Electric and cooking activity in the living 
room is considered only from 6pm to 8pm. 

Matrix b is a vector (in static) containing as many rows as the number of flows. It contains 
the sources of temperatures and is similar to the vector/matrix f. It only contains the exterior 
temperature since it is the only source of temperature. These data directly come from the 
weather file. 

Once these matrices are implemented, then the thermal model is achieved. 

The equation to solve is:  

Cθ̇ = −ATGAθ + ATGb + f 

It is now possible to find the steady-state solution (case θ̇ = 0), 𝜃𝜃 = (ATGA)−1(ATGb + f). 
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Simulations on the building  
Steady-state resolution  
For this simulation, the matrices b and f have been implemented with the average of the 
values of the sun radiation and the exterior temperature on a day. We choose for example 
the 5th of July. 

Calculation of the radiative flows and exterior temperatures 
To calculate the radiative flow, we use the function fReadWeather which gives us the 
values of the temperatures, direct normal solar radiation, and diffuse horizontal solar 
radiation at every hours of the day. Then, we use the function fSolRadTiltSurf which gives 
us the value of the radiative flow intensity (in W/m²) on every surface depending on its 
orientation. These two functions are used in the function CalculFlux which calculate the 
flows on the surfaces of the building. 3 different types of flows must be considered and 
these equations are used:  

- Radiative flow on the exterior surface of the building:  
𝑄𝑄𝑟𝑟𝑟𝑟𝑟𝑟,𝑜𝑜𝑜𝑜𝑜𝑜 = 𝛼𝛼𝑠𝑠𝑠𝑠,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ∗ 𝑆𝑆𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ∗ 𝜑𝜑𝑟𝑟𝑟𝑟𝑟𝑟,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  with 𝛼𝛼𝑠𝑠𝑠𝑠,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤  the coefficient of absorption in 
short wave of the exterior wall 

- Radiative flow on the exterior surface of the window: 
𝑄𝑄𝑟𝑟𝑟𝑟𝑟𝑟,𝑜𝑜𝑜𝑜𝑜𝑜,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝛼𝛼𝑠𝑠𝑤𝑤,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ∗ 𝑆𝑆𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ∗ 𝜑𝜑𝑟𝑟𝑟𝑟𝑟𝑟,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  with 𝛼𝛼𝑠𝑠𝑠𝑠,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  the coefficient of 
absorption in short wave of the glass 

- Radiative flow getting through the window: 
𝑄𝑄𝑟𝑟𝑟𝑟𝑟𝑟,𝑖𝑖𝑖𝑖 = 𝜏𝜏𝑠𝑠𝑠𝑠,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ∗ 𝑆𝑆𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ∗ 𝜑𝜑𝑟𝑟𝑟𝑟𝑟𝑟,𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑒𝑒 *0.8 with 𝜏𝜏𝑠𝑠𝑠𝑠,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  the transmittance of the 
glass in short waves; 0.8 is a coefficient which represent the part of the flow which 
gets out of the building by multi-reflections.  

Then we took the mean value on a day to implement the vectors f and b. 

Results of the steady-state resolution:  
These temperatures are found for the 5th of July.  

𝜃𝜃1 = 42.3 °𝐶𝐶 ;  𝜃𝜃2 = 35.9 °𝐶𝐶 ;  𝜃𝜃3 = 37.6 °𝐶𝐶 

It shows that the radiative flows are very intense (particularly in the living room), so the 
temperatures are high. 

Dynamic simulation: state-space model 
From thermal circuit to state-space model 
To solve the dynamic problem, we need to convert the algebraic differential equations 
to state-space representation. Meaning that this equation  Cθ̇ = −ATGAθ + ATGb + f  is 
replaced by these equations: 𝜃𝜃𝑐̇𝑐 = 𝐴𝐴𝑠𝑠.𝜃𝜃𝑐𝑐 + 𝐵𝐵𝑠𝑠.𝑢𝑢 and 𝑦𝑦 = 𝐶𝐶𝑠𝑠.𝜃𝜃𝑐𝑐 + 𝐷𝐷𝑠𝑠.𝑢𝑢. Where 𝜃𝜃𝑐𝑐 is the vector 
of the temperature nodes which have a capacity (state vector), y is the vector of the 
temperature in the nodes of interest. As, Bs, Cs and Ds must be defined from the previous 
equation. To do this, we use the function FTC2SSa.m. 

These equations can now be solved using a Euler forward integration scheme: 

θk+1 = (𝐼𝐼 + ∆𝑡𝑡.𝐴𝐴𝑠𝑠).𝜃𝜃𝑘𝑘 + ∆𝑡𝑡.𝐵𝐵𝑠𝑠.𝑢𝑢𝑘𝑘 



Cécile Siapsiowski, Lola Rosenberg, Honorine Salomé, Emma Siboni  
4GCU  
 
 

11 
 

Step response of the building 
To check our model and to have a first approximation of our building’s behavior, we can 
check the step response of our building: we set the outside temperature to 20°C, the 
initial temperatures to zero and the sources of flow to zero and then check the results. 

We get these results:  

 

 
Figure 6: Step response of the building to a constant outside temperature equal to 20 

degrees 

We can notice that the 3 temperatures of the rooms reach the outside temperature of 
20 degrees in about 150 hours. It shows that there is no obvious problem in our model at 
this point. 

Dynamic simulation 
For the dynamic simulation, we proceed the same way as the step response but with the 
real weather data. 

The radiative sun flows and outdoor temperatures are calculated like we did for the 
steady-state part. The only other thing we must do is to interpolate the values because 
they are given every hour and we want them with an interval of dt. We also must calculate 
the flows due to human activity which is different from one hour to another.  

We choose a time step depending on the eigenvalues of the As. It depends mainly on the 
values of G. The more the Gs are high, the more the dt must be small. 

Results of the dynamic resolution in free running mode 
The dynamic resolution gives these results for the period 01-30 of July:  
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Figure 7: Dynamic response of the system without HVAC 

We can notice that the temperatures are quite high (around 75°C). This is due to the solar 
radiation which is remarkably high. Particularly, the window in the living room has a surface 
of 5.2m² and is south-west facing. 

These results give us indication of how to improve our building: first, we can try to control 
the amount of energy brought by the sun with solar protections, then, we can try to control 
the ventilation flow to bring some fresh/warm air instead of using AC or heating system. 

Adding a controller  
Simulation with the controller 
In this part, we want to add a controller. This controller aims at regulating the temperature. 
If the temperature is inferior to a comfort limit 𝑇𝑇𝑚𝑚𝑚𝑚𝑛𝑛 = 18°𝐶𝐶, then the heating system will start 
and warm up the room to reach 𝑇𝑇𝑠𝑠𝑠𝑠 = 20°𝐶𝐶.  Reciprocally with the cooling system, we will 
define a second comfort limit 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 = 27°𝐶𝐶. When this temperature is exceeded then the 
cooling system tries to cool down the room to reach 𝑇𝑇𝑠𝑠𝑠𝑠 = 26°𝐶𝐶.  

To achieve this regulation, we add three sources of temperature, one on each room 
temperature:  

 
Figure 8: Illustration of the branches added for the simulation with a controller 

To keep the thermal model correct, we complete the matrices: 
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- A (by adding 3 lines A(i,j)=1 : flow enter in the node Theta, room i),  
- G (by adding 3 lines and columns and putting their diagonal values at Kp:  the 

conductance of the branch), 
- b (by adding 3 lines to the end of the vector (which recap the sources of 

temperatures) like: b(i)=1).  

Those matrix changes induce a change of dtmax because Kp is a quite high G, so we 
must adapt our dt to the new dtmax for the resolution.  

So, we must be careful about the value we assign to Kp. If it is too high: the model is 
unstable and when it is too low: the model is not enough precise. Here, we decide to put 
Kp = 5 000 as the value which deals better with stability and precision of the model.  

Then, we make a temporal resolution with the Euler explicit scheme by using different loop 
for and if to detail the different cases for each time-step.  

We finally want to calculate the total energy used during the simulation, so for each time-
step and each room, we calculate 𝑄𝑄ℎ𝑒𝑒𝑒𝑒𝑒𝑒 for the heating, 𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 for the air conditioning and 
the total energy: 𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒 and 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 : 

𝑄𝑄ℎ𝑒𝑒𝑒𝑒𝑒𝑒 =  𝑄𝑄ℎ𝑒𝑒𝑒𝑒𝑒𝑒 +𝐾𝐾𝑝𝑝 ∗ (20− 𝑇𝑇ℎé𝑡𝑡𝑡𝑡, 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖) 

𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐾𝐾𝑝𝑝 ∗ (26− 𝑇𝑇ℎé𝑡𝑡𝑡𝑡, 𝑟𝑟𝑜𝑜𝑜𝑜𝑜𝑜 𝑖𝑖) 

𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒 =  𝑄𝑄ℎ𝑒𝑒𝑒𝑒𝑒𝑒 ∗ 𝑑𝑑𝑑𝑑 

𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∗ 𝑑𝑑𝑑𝑑 

 

 
Figure 9: Matlab Code for the controller 
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We obtain these results for a one-year simulation:  

Figure 10: Temperatures in the building with controller and heat or cold produced by the 
controller for a one-year simulation 

We can see on the first graph that the temperature of the three thermal zone is contained 
between 18°C and 27°C which are our consign temperatures: the controller is functioning. 

For the total energy used in one year, we obtain those results:  

𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 12,6 𝐺𝐺𝐺𝐺 

𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒 = 6,8 𝐺𝐺𝐺𝐺 

The energy used in summer to refresh the 3 thermal zones is around twice higher than the 
energy used to heat. So, for the optimization of the model, we decide to focus on the 
summer case and to find solutions to refresh more efficiently our building.  

Influence of the Kp factor  
We also decided to study the impact of the Kp factor on the energy consumption for a 
year and the comfort inside the building (i.e: the percentage of days in a year with 
temperature lower than 18°C or higher than 27°C: the lower is the criteria “comfort”, better 
is the comfort felt by the inhabitants of the building).  

Kp 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐[J] 𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒[J] 𝐸𝐸𝑇𝑇𝑇𝑇𝑇𝑇[J] Comfort [%] Tmax/Tmin 

[°C] 

10 3,33*10^9 2,25*10^9 5,58*10^9 80 75/7 
100 9,59*10^9 5,76*10^9 15,35*10^9 75 46/14 
500 1,19*10^10 6,50*10^9 18,4*10^9 70 32/18 

1000 1,23*10^10 6,57*10^9 18,9*10^9 50 29/18 
2000 1,24*10^10 6,66*10^9 19,1*10^9 20 28/18 
3000 1,25*10^10 6,72*10^9 19,2*10^9 0 27/18 
4000 1,25*10^10 6,77*10^9 19,3*10^9 0 27/18 
5000 1,26*10^10 6,81*10^9 19,4*10^9 0 27/18 
5500 Unstable Unstable Unstable Unstable Unstable 

Tab.6: Energy consumed by the building in function of Kp  
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Figure 11: Energy consumed in the building in function of Kp 

 
Figure 12: Comfort, Tmax, Tmin in the building depending on Kp 
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The first observation is that the energy consumed increases with Kp until Kp=1 000. After 
that, it increases very slowly.  

From Kp=5 500, the model is unstable.  

We also can confirm that we consume twice more energy to refresh the building than to 
heat it for all Kp. That is why we are going to focus on summer comfort for the 
optimizations. 

The maximum and minimum temperatures reach the consign from Kp=2 000 and the 
comfort is correct over the year from Kp=3 000 too.  

To conclude, we decided to take Kp=5 000, because the model is stable, the 
temperatures are contained into the consign and the model is precise enough.   

Optimization of the model  
In this part, we tried to optimize the energy consumption of our building. It means that we 
tried to have the lowest energy consumption possible, while keeping comfortable 
conditions.  

Exterior ventilation  
We started by trying to use the outside air to ventilate the building and regulate the 
temperatures without spending energy if possible. It means that if the inside of the building 
is too hot, and the outside temperatures are inferior to the inside temperatures, we will try 
to use the outdoor air to cool down the building. The reasoning is the same for the heating. 
This way we can use the air conditioning and heating systems only when it is necessary.  

To do this, we added a loop in the controller loop, to compare the outside temperatures 
with the inside ones (exemple of lines 365 for cooling and line 393 for heating). We added 
a small difference of temperature in those instructions to order the trigger of the HVAC 
system : the ventilation starts when the outside air is inferior to the inside temperature minus 
4 degrees when cooling is needed, and the ventilation starts when the outside 
temperature is superior to the inside plus 2 degrees when heating is needed. We need to 
do this because inside and outside temperature cannot be exactly equal, we would need 
an infinite flow of ventilation for this. So the HVAC system would not start in this case, and 
the natural ventilation is not always enough to ensure comfortable conditions inside. 

We implemented the modelling with a renewal of air equal to ten times the volume of the 
room concerned when we use ventilation to regulate the temperatures. It is the maximal 
of air renewal that can be obtained naturally. 

Figure 13: Matlab Code for the exterior ventilation   

Finally, we obtained the following results presented on figure 12 for a one-year simulation. 
We can see that the temperatures go very high on some days in the zone 1. We obtain 
that the energy used by the HVAC system are: 
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𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 1,5 𝐺𝐺𝐺𝐺 

𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒 = 6,3 𝐺𝐺𝐺𝐺 

The energy necessary for the heating of the building is close to the one for the simulation 
without ventilation, but the energy used for the cooling is ten time smaller. So, we can say 
that this system allows to save a lot of energy. But the temperatures of the zone 1 
sometimes go exceedingly high and are not in the interval of comfort so we need to 
continue to optimize the model (120 days uncomfortable).  

In this case we could add another optimization like adding blinds (what we are 
going to do) but we could also make the limit gap bigger between the inside and outside 
air so the HVAC would be activated more often instead of just ventilation. It would make 
the comfort better but the energy consumption worse.  

 

 
Figure 14: Results of the simulation with ventilation 

Add of blinds  
We noticed that the inside temperatures where sometimes very high with this system of 
natural ventilation, especially in the zone 1. This required a lot of energy for cooling, and 
still the inside temperatures were not in the comfort zone. This zone receives a high 
radiation flow from the sun because there is an important window surface that is oriented 
south-west. So, we decided to add blinds on these windows. The blinds only let 30% of this 
radiation flow to go through, diminishing the inside temperatures in summer and the need 
of air conditioning. The energy used by the HVAC system is:  

𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 3,4 𝐺𝐺𝐺𝐺 

𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒 = 6,3 𝐺𝐺𝐺𝐺 

We can see that the energy used to cool down the building is superior to the last 
simulation. It is because the loop with the natural ventilation for the air conditioning is less 
used. The condition to have the exterior temperature inferior to the inside temperature 
minus four is less often fulfilled, because the inside temperature is cooler with the blinds.  
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So even if the energy used by the HVAC system is higher than without the blinds, it is still 
very inferior to the simulation without ventilation and blinds, and the temperature are in 
the comfort zone almost every day of the year, so the results are acceptable. 

Figure 15: Results of the simulation with ventilation and blinds 

Over-ventilation  
In this part, we choose to over-ventilate the living room during the night after warm days. 
To do this, we implement a vector T24h which contains the outdoor temperatures of the 
last 24hours. If the maximum of temperature in these 24 hours is over 27 degrees, then we 
consider the day as a warm day so we can try to over-ventilate in the night. To check if it 
is the night, we check if the radiation is equal to zero. 

If we respect this condition and the outdoor temperature is lower than the indoor 
temperature, we ventilate at a rate flow of 20 volume per hour until the temperature 
reaches 20 degrees.  

We obtain these results:  

Figure 16: Results of the simulation with the over-ventilation 

𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 2,2 𝐺𝐺𝐺𝐺 

𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒 = 6,8 𝐺𝐺𝐺𝐺 

There are 32 days over 27 degrees in the year and Tmax is 32 degrees. 

We can see that the energy consumption is lower than the one with no over-ventilation 
at night. But we need to specify that the energy consumed by the ventilator used to do 
this is not taken into consideration. 
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Over Ventilation optimized  
As said before, if we want to compare our optimized solution with the first one (only HVAC), 
we should reach a comfort for all the days of the year. This is to compare the energy 
consumption with an equivalent comfort. To do this, we just got the limit gap between the 
inside and outside air from minus 4 degrees to minus 5 degrees for the use of the ventilation 
instead of the HVAC. And we obtain these results: 

 

 
Figure 17: Results of the simulation with the over-ventilation optimized 

𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 3,8 𝐺𝐺𝐺𝐺 

𝐸𝐸ℎ𝑒𝑒𝑒𝑒𝑒𝑒 = 7,4 𝐺𝐺𝐺𝐺 

We can see that the temperatures stay in the range of comfort that we defined. As the 
HVAC system is used more often, the energy consumption gets higher, but it is normal. We 
can see that the over ventilation leads to a tiny elevation of the energy consumption for 
heating in the year compared to the initial simulation (without optimization). However, the 
energy consumption for cooling is divided by more than 3, so the total energy is reduced 
of more than 40%. 

Results and conclusion  
This tab recaps all the results we get with the different simulations. 

Optimization 𝑬𝑬𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 [GJ] 𝑬𝑬𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉[GJ] Comfort 
Without optimization 12,6 6,8 0 days  

Exterior ventilation 1,5 6,3 120 days 
Add of blinds 3,4 6,3 34 days 

Over ventilation 2,2 6,8 32 days  
Over ventilation 

optimized 
3,8 7,4 0 days 

Tab 7: Comparison of the different simulation 

The first optimization was the exterior ventilation which allowed us to get a ten times 
smaller energy consumed in cooling than without any optimization. But this optimization 
induces too much discomfort (120 days in a year with inside temperatures lower than 18°C 
or higher than 27°C). So, it is not enough. 

To reduce this discomfort, we added blinds on the living room windows to limit the solar 
radiations coming into the room. The energy spent in cooling is twice higher than the 
previous one but there is less discomfort, so we keep this idea and add something new to 
reduce the energy consumption in summer and increase the comfort over the year. 
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The next optimization allows us to do so, thanks to over ventilation during the night. The 
energy spent in cooling the building is lower than previously and the comfort is better. We 
need to find an optimum to keep the air conditioning energy small and have less 
discomfort.  

The last optimization allows us to summarize the results of the simulation because we can 
compare our optimized building with the not optimized building with an equivalent level 
of comfort which is more relevant. This leads us to conclude that the energy saved with 
these quite simple optimizations is about 40% of the initial energy consumption.  

The optimizations shown in this project are quite simple. Other solutions for saving energy 
and ventilate the building are possible like installing a ground-coupled heat exchanger 
(‘puit canadien’ in French) which uses the inertia of the ground to regulate the building’s 
temperatures. This kind of solutions is very well adapted to wooden construction because 
their main problem is the lack of inertia.  
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Matlab Codes  
The Main Matlab code for the more optimized solution is: 
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The function CalculFlux is:  
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