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Abstract 

In this study a simplified approach for urban microclimate 

modelling by using TRNSYS 17 software has been 

developed and validated. This approach has the advantage 

to model the microclimatic phenomena in order to 

consider them in a dynamic building thermal simulation 

software without going through time-consuming CFD 

calculations, and with a satisfactory accuracy for thermal 

and energy evaluation. This approach is used to determine 

the microclimate impact on Riad’s thermal behavior. The 

obtained results show that the estimated energy 

performances of Riad by only dynamic thermal 

simulation tools are deviating in relation to the developed 

approach.  

Introduction 

Nowadays, it has become essential for living in cities to 

build new buildings able to adapt their environment with 

less energy consumed and meet the requirements of a 

sustainable development. Thus, the building sector 

remains one of the main contributors that have an impact 

on the environment due to their high level of energy 

consumption, especially as the vast majority of the energy 

used in buildings comes from fossil fuel resources. 

On the other hand, climatic conditions are the main 

determinants on building's energy demand since they 

interact with their immediate surroundings. More 

precisely, the urban microclimate resulting from a 

complex interaction between different physical 

phenomena (air temperature, humidity, wind flow and 

solar radiation) and the elements those constitute the city 

such as urban development, building materials and human 

activity. In this respect, several studies have shown that 

urban microclimate has an impact on the building energy 

consumption (Bozonnet, Belarbi, and Allard 2007; 

Allegrini, Dorer, and Carmeliet 2012; Vallati et al. 2015). 

In this context, the engineers, the architects and the 

designers must be able to design buildings with high-

energy efficiency, taking into account the microclimate 

impact. For this purpose, several models have been 

developed in the literature, among them CitySim 

(Robinson et al. 2009), Solene microclimat (Musy et al. 

2015) and EnviBate (Gros, Bozonnet, and Inard 2014). 

These models are generally detailed, but are complex to 

use (high computation time, use of several software). 

However, these studies evaluated the interaction between 

the building and only its external microclimate, which is 

not the case for other building types, namely Riad 

(buildings with courtyard). In architectural design, the 

courtyard represents one of the two major building models 

known in history whose characteristics depend on the 

surroundings and a region's culture. We are faced with a 

common conception that has been applied for thousands 

of years in different regions the world, mainly in houses 

(Edwards et al. 2006). Today, courtyards are also still 

utilized worldwide, and are a traditional component of 

construction in Asia, Middle East, South America and 

Mediterranean countries (Xu et al. 2018). 

In the literature, many researchers have studied climatic 

aspects of courtyards by examining their microclimatic 

performance, while a limited number the studies examine 

the thermal function of the courtyard (Zamani, Heidari, 

and Hanachi 2018). In addition, due to the complex 

interactions between the microclimatic and thermal 

functions of the courtyard, the simultaneous simulation of 

thermal conditions of indoor and outdoor spaces remains 

inevitable (Zamani, Heidari, and Hanachi 2018). 

In this sense, it appears advantageous to develop a more 

complete approach to evaluate the thermal and 

microclimatic (indoor and outdoor) performance of 

courtyard and their energy consumption. 

In this work, we present a modelling approach to assess 

the microclimate impact on the Riad's energy 

performance.  For this reason, a new method integrated in 

the TRNSYS 17 software has been developed that allows 

the description of thermal aeraulic and radiative 

phenomena not only in the Riad’s, but also at the 

microclimatic scale of the near environment to the Riad 

or the neighbourhood. 

In this approach, the radiative model is based on the 

Gebhart factor (Gebhart 1961) to calculate radiative 

exchanges and inter-reflections as well as the solar 

radiation distribution coefficients. While the aeraulic 

model is based on the Harman model (Harman, Barlow, 

and Belcher 2004) and the Soulhac model (Soulhac, 

Perkins, and Salizzoni 2008) which allows to take into 

account the effects of dominant winds. To evaluate the 

validity of the developed method, a comparison between 

the obtained and the experimental results is presented. 

Thereafter, this model is then used to determine the 
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microclimate impact generated by an urban canyon with 

two different aspect ratio (H / W = 1 and 3) on the Riad's 

energy needs. 

Method 
Thermoradiative model 

In this study, the proposed thermoradiative model is 

developed using TRNSYS 17 software. On this software, 

the heat conduction transfers are modelled by the transfer 

functions. For modelling convective heat transfer, two 

possibilities are available, one to set the value of the 

convective heat transfer coefficient and the other to use 

specific correlations. For radiative exchanges, TRNSYS 

distinguishes between short-wavelength (CLO) and long-

wavelength (GLO) exchanges. These exchanges are 

modelled differently for indoor and outdoor surfaces. 

More specifically, solar irradiation on outdoor surfaces is 

considered as a gain while the longwave radiation is 

treated as a heat loss to the cold sky. A 3D radiation model 

that takes account of multiple reflections is provided but 

only for interior zones. 

However, a street canyon and the courtyard are 

characterized by the phenomenon of radiative trapping 

which affects the energy balance and is materialized by 

the multiple reflections of radiation on the different 

surfaces. In this model, given that TRNSYS software 

cannot model the urban microclimate, the street canyon 

and courtyard are modeled by an atrium with an open 

ceiling and virtual edges, which are represented by an 

open window. This choice allows the software to consider 

the canyon and the courtyard as an internal thermal zone 

in which the effects of radiative inter-reflections are 

evaluated. 

Solar radiation modelling 

For interior surfaces, direct and diffuse solar radiation are 

not treated in the same way by TRNSYS software. The 

user can specify the distribution of direct radiation. In 

order to model direct solar radiation, either a standard 

model or a detailed model can be used. 

In our model, we have chosen to use the standard model 

since the detailed model does not allow us to model the 

direct radiation entering an area through the adjacent 

windows. Thus, the standard model allows the solar 

radiation distribution even when it crosses through 

adjacent windows in more than two passages. 

The calculation of the coefficients of solar radiation 

distribution was carried out in a way to the solar radiation 

is distributed over all surfaces with the exception of the 

window where it entered. In the case of the surfaces 

constituting the canyon or the inner course, these 

coefficients are determined by using formula (1) which 

depend on the shadow surface. For this purpose, we have 

developed and programmed a calculation code in Python 

language that is implemented on TRNSYS. 

 𝐺𝑆𝑗 =
𝐴𝑗−𝐴𝑠𝑗

∑ (𝐴𝑖−𝐴𝑠𝑖)𝑖
  (1) 

Where: GSj is the coefficient of solar radiation 

distribution, Aj is the surface of the considered wall and 

Asj is the surface of the shadow carried on the considered 

wall.  

In order to determine the Asj surface, we propose a method 

based on a very simple calculation. This method depends 

on the sun position that is specified by two solar angles: 

solar azimuth (s) solar zenith (s). Expressions (2) and 

(3) are used to calculate Asi for walls and road 

respectively. 

 𝐴𝑠𝑖 =
1

2
|∑ (𝑧𝑖𝑦𝑖+1 − 𝑧𝑖+1𝑦𝑖)𝑛−1

𝑖=0 | (2) 

 𝐴𝑠𝑖 =
1

2
|∑ (𝑥𝑖𝑦𝑖+1 − 𝑥𝑖+1𝑦𝑖)𝑛−1

𝑖=0 |   (3) 

With xi, yi, zi are the coordinates of the projected shadow, 

and li is the projection of this shadow on the xy plane. 

 𝑥𝑖 = 𝑙𝑖 sin 𝜃𝑠 (4) 

 𝑦𝑖 = 𝑙𝑖 cos 𝜃𝑠  (5) 

 𝑙𝑖 =
𝐻

tan 𝑒
  (6) 

 e = 90°- s  (7) 

Where zi is determined in function of xi.  

Figure (1) illustrates the projection of shadow on the 

ground. 

 

Figure 1 : Schematization of the shadow projection on 

the ground. 

In the case of the direct solar radiation distribution 

through the canyon adjacent windows, we have adopted 

the method proposed by Chatziangelidis and Bouris 

(2009). The total quantity of solar radiation entering 

through a window i (Qdir,i) is distributed among the other 

five internal surfaces according to the view factors theory 

(Fi→j) given by the formula (8).   

 𝑄𝑑𝑖𝑟,𝑖 = ∑ 𝐹𝑖→𝑗𝑄𝑑𝑖𝑟,𝑖
𝑛
𝑖   (8) 

If the total direct radiation entering the zone is defined as 

follows: 

 𝑄𝑑𝑖𝑟,𝑡𝑜𝑡 = ∑ 𝐺𝑆𝑗 ∑ 𝑄𝑑𝑖𝑟,𝑖
𝑛
𝑖=1

6
𝑗=1   (9) 

Knowing that the direct radiation entering a zone is given 

by the following formula: 

 𝑄𝑑𝑖𝑟,𝑡𝑜𝑡 = ∑ 𝑄𝑑𝑖𝑟,𝑖
𝑛
𝑖=1   (10) 

As a result, the solar radiation distribution coefficient can 

be given as follows: 

 𝐺𝑆𝑗 =
∑ 𝐹𝑖→𝑗𝑄𝑑𝑖𝑟,𝑖

𝑛
𝑖

∑ 𝑄𝑑𝑖𝑟,𝑖
𝑛
𝑖

  (11) 

After determining the solar radiation distribution of the 

considered surfaces, the quantity of direct solar energy 
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absorbed by these surfaces is obtained by the product of 

the absorption coefficient αs and the solar radiation 

distribution coefficient. About the reflected radiation, we 

used a diffuse radiation detailed model of TRNSYS based 

on Gebhart's factors (Gebhart 1961; Klein et al. 2010) 

which allows to include the multi-reflections of solar 

radiation. These factors are calculated by equation (12). 

 𝐺𝑖,𝑘 = (𝐼 − 𝐹𝑖,𝑘𝜎𝑘)−1𝐹𝑖,𝑘(𝐼 − 𝐹𝑖,𝑘𝜌𝑘)  (12) 

Where G is the Gebhart factor matrix, i is one of the 

surfaces exchanging with surface k, I is the identity 

matrix, F is the view factor matrix and   is the surface 

reflectivity. 

The solar radiation fluxes in closed volumes are 

calculated as follows: 

 𝑄𝑐,𝑘 = 𝐴𝑘(1 − 𝛼𝑘)𝐼𝑐,𝑘 + ∑ 𝐴𝑖
𝑛
𝑖=1 𝐺𝑖,𝑘𝛼𝑖𝐼𝑐,𝑖  (13) 

With n is the surfaces number, Qc is the solar radiation 

flux, A is the surface area, α the surface albedo and Ic is 

the solar radiation flux on surface k. 

Thermal radiation modelling 

The modelling of thermal radiation for inside surfaces is 

based on Gebhart's factors (Gebhart 1961) : 

 𝑄𝑔,𝑘 = 𝐴𝑘휀𝑘𝑇𝑘
4 − ∑ 𝐴𝑖휀𝑖𝑇𝑖

4𝑛
𝑖=1 𝐺𝑖,𝑘  (14) 

 𝐺𝑖,𝑘 = (𝐼 − 𝐹𝑖,𝑘𝜎𝑘)−1𝐹𝑖,𝑘휀𝑘  (15) 

Where Qg is the thermal radiation flux, ε is the emissivity, 

  is the Stefan–Boltzmann constant and T is the surfaces 

temperature. 

For outside surfaces, the solar radiation received is 

considered as a heat gain. However, the thermal radiation 

is considered as a heat loss to the sky and calculated by 

the following formula: 

 𝑄𝑔,𝑘 = 𝐴𝑘휀𝑘(𝑇𝑘
4 − 𝑇𝑠𝑘𝑦 𝑓

4 )    (16) 

 𝑇𝑠𝑘𝑦 𝑓 = (1 − 𝑓𝑠𝑘𝑦)𝑇𝑎 + 𝑓𝑠𝑘𝑦𝑇𝑠𝑘𝑦  (17) 

Where fsky is the fraction of the sky seen by surface k, Ta 

is the ambient temperature and Tsky is the fictive sky 

temperature. 

As previously mentioned, the canyon is modelled by an 

atrium with an open ceiling and virtual borders.  However, 

the virtual layer must not interfere with the heat transfer 

between the canyon and the outside environment. The 

solar radiation is transmitted to the canyon surfaces and 

the courtyards because this layer is transparent. However, 

it is an obstacle to the thermal radiation exchange between 

the canyon surfaces and the sky. Therefore, it was 

necessary that its temperature be equal to the sky 

temperature. 

However, TRNSYS 17 software does not give the 

possibility to assign a temperature to any surface but it 

allows to impose an internal or external gain. In this 

context, we decided to follow this method to make the 

temperature of this layer equal to the temperature of the 

sky. This was achieved by imposing an energy balance, so 

the sum of the losses to the virtual surface be equals the 

loss to the sky. 

Finally, the shading of adjacent buildings and the 

exchange of shortwave and longwave radiation between 

the different canyon buildings and the courtyards surfaces 

can be precisely modelled.  

Soil model 

The modelling of ground heat transfers with is based on 

NF EN ISO 13370 standard and TRNSYS type 77. The 

latter represents the sinusoidal evolution of the 

temperature over the year. This model permits the 

calculation of the temperature profile for undisturbed 

ground at different depths based on the Kusuda model 

(Kusuda and Achenbach 1965). The cyclic evolution of 

the ground temperature Tsz, at a depth z, is expressed as a 

function of the mean surface temperature Tsu,avg for the 

period studied using the following formula : 

𝑇𝑠𝑧(𝑡) = 𝑇𝑠𝑢,𝑎𝑣𝑔 + ∆𝑇𝑠𝑢. 𝑒
−𝑧√

𝜋

𝑎𝑠𝑜𝑙.∆𝑡 cos (
2𝜋𝑡

∆𝑡
− 𝑧. √

𝜋

𝑎𝑠𝑜𝑙.∆𝑡
) (18)  

With ΔTsu is the amplitude of surface temperature 

variation over the period considered, Δt is the period 

considered and asol is the thermal diffusivity of the 

ground. 

Aeraulic model of a street canyon  

The urban airflow depends essentially on the streets 

geometrical characteristics, building wall roughness and 

wind speed and its direction. This airflow influences the 

heat flow generated by the air of the interior spaces and 

the convective exchanges on the building envelope's 

external surface. In the following, the aeraulic model is 

described in detail, knowing that model developed in 

Python programming language was coupled to the 

multizone building model component (Type 56) by 

creating a new TRNSYS component, to calculate the 

street and courtyard mass balance.  

Longitudinal flow modeling 

In street canyons, the airflow generated by an outside 

wind blowing in any direction relative to the street axis. 

This flow consists of a recirculation in the plane 

transverse to the street and a longitudinal flow along the 

street. 

The longitudinal wind velocity component Ucanyon is 

modelled by the Soulhac model (Soulhac, Perkins, and 

Salizzoni 2008). The main hypothesis of this model is that 

longitudinal flow results from a balance between 

entrainment by the external flow and friction on the street 

sides.  By applying these assumptions, the Ucanyon velocity 

can be calculated as follows: 

𝑈𝑐𝑎𝑛𝑦𝑜𝑛 = 𝑈𝐻 cos(𝜑)
𝛿𝑖

2

𝐻𝑊
[

2√2

𝐶
(1 − 𝛽) (1 −

𝐶2

3
+

𝐶4

45
) +

𝛽
2𝛼−3

𝛼
+ (

𝑊

𝛿𝑖
− 2)

𝛼−1

𝛼
]    (19) 

Where: 

 𝛼 = 𝑙𝑛 (
𝛿𝑖

𝑍0,𝑏𝑙𝑢𝑖𝑑
) (20) 

 𝛽 = 𝑒
𝐶

√2
(1−

𝐻

𝛿𝑖
)
  (21) 
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 𝑈𝐻 = 𝑈∗√
𝜋

√2𝑘2𝐶
[𝑌0(𝐶) −

𝐽0(𝐶)𝑌1(𝐶)

𝐽1(𝐶)
]  (22) 

C is the solution for    
𝑍0,𝑏𝑢𝑖𝑙𝑑

𝛿𝑖
=

2

𝐶
𝑒𝑥𝑝 [

𝜋

2

𝑌1(𝐶)

𝐽1(𝐶)
− 𝛾]  (23) 

We define 𝛿𝑖 = 𝑚𝑖𝑛 (𝐻;
𝑊

2
)   (24) 

Where J0, J1, Y0 and Y1 are Bessel functions, u* is the 

friction velocity,  is the external wind direction with 

respect to the street axis, H and W are the street height and 

width, respectively, and, z0,build is the aerodynamic 

roughness of canyon walls.  

To calculate the mean wind speed u(z) at a height z, above 

a surface can be estimated using Tennekes' formula (25) 

(Tennekes 1973). 

 𝑢(𝑧) =
𝑢∗

𝑘
𝑙𝑛 (

𝑧−𝑑

𝑧0
)  (25) 

Where u* is the friction velocity, k =0.4 is von Karman's 

constant, d is the displacement length and z0 is the 

roughness length of the urban canopy considered. 

Transverse flow modeling 

In this study, the transverse flow in street canyon and 

courtyard have been modelled by using the model 

developed by Harman et al (2004). This model 

decomposes the street canyon (or courtyard) into two 

separate regions according to its geometry: a recirculation 

region and a ventilated region (Figure 2). 

The recirculation region is approximated by a trapezoidal 

cross-section (Malet 1983) of a length (Lr) that depends 

on the turbulence of the boundary layer and the geometric 

shape of the buildings and that varies between 2H and 

3.5H according to the authors. In this model, the length Lr 

has been fixed at 3H.  

 
Figure 2 : Schematic of the circulation region and the 

ventilated region in a street canyon (Harman, Barlow, 

and Belcher 2004). 

The flows in the ventilated and recirculation region are 

due to the air jet generated by the air detachment behind 

the upstream roof. According to Harman et al (2004), 

these air flows develop boundary layers along the canyon 

street facets as a function of the size of the recirculation 

region.  

For determining the jet velocity profile, Harman et al 

(2004) proposed a logarithmic profile that describes the 

effect of the aerodynamic resistance exerted by the 

surfaces on the jet using the formula (26) (Figure 3): 

 𝑢𝑖(𝑥) =
𝑢(𝑧𝑟) sin(𝜑)

𝑏
𝑒−𝛼1

𝐿𝑠𝑒
𝐻 ∫ 𝑒−𝛼2

𝑥

𝐻𝑑𝑥
𝑎+𝑏

𝑎
  (26) 

With: u(zr) is the velocity at a reference height zr, α1=0.9, 

α2=0.15×max(1;1.5h/d), a is the total distance travelled 

by the jet to the start of the facet in question, and b is the 

length of the facet.  

 
Figure 3 : Schematic of the Transverse Wind Velocities 

in a canyon street (Harman, Barlow, and Belcher 2004). 

The urf and uct velocities are calculated as a function of the 

wind velocity at a reference height u(zr) by extending the 

logarithmic profile of the inertial zone (formula 27 and 

formula 28). 

 
𝑢𝑟𝑓

𝑢(𝑧𝑟)
=

𝑙𝑛(
𝐻+𝛿𝑟𝑓−𝑑0

𝑧0
)

𝑙𝑛(
𝑧𝑟−𝑑0

𝑧0
)

  (27) 

 
𝑢𝑐𝑡

𝑢(𝑧𝑟)
=

𝑙𝑛(
𝐻−𝑑0

𝑧0
)

𝑙𝑛(
𝑧𝑟−𝑑0

𝑧0
)
  (28) 

With: 𝛿𝑟𝑓 = 𝑚𝑖𝑛[0.1(𝑅 − 𝑊), 𝑧𝑟 − 𝐻] 

In the case of the ventilated region, the average velocities 

on the facets ure, uds and udw are calculated as follows: 

 𝑢𝑟𝑒 = 𝑢𝑐𝑡𝑒
−𝛼1𝐿𝑠𝑒

𝐻   (29) 

 𝑢𝑑𝑠 = (
𝑢𝑟𝑒

𝑊−𝐿𝑟
) ∫ 𝑒

−𝛼2𝑥

𝐻 𝑑𝑥
𝑊−𝐿𝑟

0
  (30) 

 𝑢𝑑𝑤 = (
𝑢𝑟𝑒

𝐻
) ∫ 𝑒

−𝛼2𝑥

𝐻 𝑑𝑥
𝑊−𝐿𝑟+𝐻

𝑊−𝐿𝑟
  (31) 

Where Lse is the length of the sloping edge of the 

recirculation region. 

Determination of the convective heat transfer 

coefficient  

The value of the heat transfer coefficient for building 

façades is assumed to be constant for the inside of the 

building (6.1W/m²K for the ceiling, 1.6 W/m²K for the 

floor and 4.1W/m²K for the walls). For the outside, we 

calculated the convective heat transfer coefficient using 

the Hagishima and Tanimoto (2003) correlation given by 

formulae (32) and (33). 

For Horizontal surfaces: 

 ℎ𝑐,𝑒𝑥𝑡 = 2.28𝑉𝑅 + 8.18  (32) 

For vertical surfaces: 

 ℎ𝑐,𝑒𝑥𝑡 = 10.21𝑉𝑙𝑜𝑐 + 4.47  (33) 

Concerning the calculation of VR and Vloc speeds [m/s], we 

propose a new method. This method takes into account 

the variations of the building type (high, medium or low), 

the orientation of the surface, the shelter effects by other 

buildings as well as the roughness of the surfaces. So, 

these velocities can be calculated based on the following 

formulas: 

 𝑉𝑅 = 𝑢𝑟𝑓  (34) 

 𝑉𝑙𝑜𝑐 = √𝑈𝑟𝑢𝑒
2 + 𝑈𝑟𝑒

2  (35) 
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Comparison with experimental results  

In order to evaluate the validity of the theoretical model 

that we have developed, a comparative study with 

experimental ClimaBat measurements has been 

performed. 

The ClimaBat experiment  

The experimental model "ClimaBat" represents an urban 

scene on a scale of 1:10 composed of five parallel and 

identical rectangular buildings when the canyon facades 

are oriented to east and west (Figure 4) (Doya, Bozonnet, 

and Allard 2012)(Djedjig, Bozonnet, and Belarbi 

2016)(Djedjig, Bozonnet, and Belarbi 2015). Each 

building is formed by the juxtaposition of 3 rainwater 

collection tanks. The tanks, made of concrete, are 1.26 m 

high, 1.13 m wide and 1.68 m long. The regular spacing 

of the buildings forms four street canyons with an aspect 

ratio of Width/Height equal to 0.8. The roadway is 

equivalent to a light pedestrian area. It consists of 4 cm 

thick gravel concrete slabs placed on a bed of sand and 80 

cm gravel. Concerning meteorological data, a TMY2 file 

was created from experimental measurements during the 

period from 01/02/2012 to 13/03/2012.  

 

Figure 4 : ClimaBat experimental platform (Djedjig 

2013). 

The table (1) summarizes the thermo-physical properties 

of the materials used in the ClimaBat model: 

Table 1: Thermophysical properties of building and soil 

materials (Doya, Bozonnet, and Allard 2012; Djedjig, 

Bozonnet, and Belarbi 2016, 2015). 

 Concrete Roadway 

Thickness [cm] 4.5 10 

Conductivity [W/mK] 2.36 0.04 

Density [kg/m3] 2150 1.25 

Heat capacity [J/kgK] 915 1000 

 0.9 0.9 

 0.36 0.64 

Canyon facades comparisons 

The comparison of the results obtained using our 

theoretical model and ClimaBat experimental results for 

the estimation of eastern canyon surfaces temperatures 

shows a good agreement (Figure 5). It can be noted that 

the results obtained from this comparison are satisfactory 

since the maximum absolute error does not exceed 

3.24°C. Also, the mean absolute and mean relative errors 

are respectively 0.86°C and 4.49%, the standard deviation 

is about 20.90°C. The regression coefficient in this case is 

greater than 0.9415 (Figure 6). 

 

Figure 5 : Temporal variation of Est surfaces 

temperature. 

 

Figure 6 : Comparison of simulated and measured 

temperature values for the East surfaces. 

Similarly, to the East surface temperatures, a comparative 

study was conducted between the numerical and 

experimental West surface temperatures (Figure 7). In this 

case, the maximum absolute error is about 2.58°C and the 

mean absolute error is 0.58°C and the mean relative error 

reaches 3.06%, the standard deviation is about 20.88°C. 

The regression coefficient R² is 0.9674 (Figure 8). 

 

Figure 7 : Temporal variation of the West surfaces 

temperature. 
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Figure 8 : Comparison of simulated and measured 

temperature values for the West surfaces. 

Based on this comparative study, the microclimatic model 

developed and the method proposed for calculating the 

convective heat transfer coefficient provide a very 

satisfactory and accurate estimate of outdoor surface 

temperatures and can subsequently be used in the energy 

modelling of thermal buildings and the urban 

microclimate.  

Riad energy simulation using the model 

developed  

Description of the Riad studied  

In order to analyze the studied Riad heating and cooling 

demand, an energy modelling was carried out for three 

different cases: a stand-alone Riad in an open field by 

using TRNSYS software only, the same Riad by using the 

developed approach (SARM) and the same Riad but this 

time is located in an urban environment with a street 

canyon in front and behind the considered building. 

Street canyons with aspect ratios of 1 and 3 are considered 

(aspect ratio H/W with H: height of the building, W: street 

canyon width). Figure 9 depicts the studied Riad 

surrounded by street canyons with an aspect ratio of 1. In 

the set of simulation only one orientation for the street 

canyon axes was adopted: E-W. The studied street canyon 

building is surrounded by two other rows of buildings 

(Figure 9-b), which have the same properties as the 

studied Riad. The energy demands of these two buildings 

are not evaluated.  

 

Figure 9 : Overview 3d of the Riad (a) and the street 

canyon (b). 

The considered Riad has a total area of 169 m² (13 m of 

width and 13 m of length) and the height is of 3.5 m, with 

10% of this area occupied by the courtyard. Concerning 

the openings, the total area of the window size is 12.2 m² 

and the percentage of the façade is about 6.22 %. Figure 

10 and Table 2 give the description of the Riad model used 

as a case study.  

Table 2: Thermophysical properties of Riad and soil 

materials. 

Envelope 

element 
Materials 

Thickness 

[cm] 



[W/mK] 

Cp 

[J/kgK] 

 

[kg/m3] 

Outside 

Wall 

Cement 1.5 1.15 1000 1700 

Brick 7 0.3 741 1200 

Air 10 - 1000 1 

Brick 7 0.3 741 1200 

Cement 1.5 1.15 1000 1700 

Adjacent 

Wall 

Cement 1.5 1.15 1000 1700 

Brick 7 0.3 741 1200 

Cement 1.5 1.15 1000 1700 

Roof and 

ceiling 

Tile 0.7 1.4 1000 2500 

Screed 1 0.42 1000 1800 

Concrete 4 2.3 1000 2350 

hollow 

block 
16 0.6 880 1000 

Cement 1.5 1.15 1000 1700 

Ground 

floor 

Tile 0.7 1.4 1000 2500 

Screed 1 0.42 1000 1800 

Concrete 20 2.5 1000 2350 

Pavement 
Ceramics 0.7 1.4 1000 2500 

Concrete 10 0.04 1000 2350 

Where:  is the conductivity, Cp is the heat capacity and 

is the density. 

  

 

Figure 10 : Ground floor (left) and first floor (right) 

plans. 

The following table shows the glazing characteristics 

used: 

Table 3: Windows characteristics. 

Windows Material 
Thickness 

[mm] 

U-value 

[W/m2 

K] 

G-

value 

(%) 

Single 

glazing 

Ordinary 

glass 
2.5 5.74 0.84 

Concerning the absorption coefficient, we have adopted 

0.6 for walls and roofs and 0.8 for pavements. 

y = 0.9533x + 0.6564

R² = 0.9674
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During the modelling, we supposed that the Riad is 

occupied by five people. The rooms are occupied every 

day from 22h to 7h 30 min. The living room is used for 

relaxing during the day. It is occupied from 7h30 to 8h, 

from 13h to 18h by two people and from 20h to 22h. The 

kitchen is occupied from 7h to 7h30, from 12h30 to 12h 

and from 18h to 19h by two people. 

The internal gains due to the lighting system are 5W/m² 

(incandescent lamp). The other appliances that produce 

the internal loads in the building are presented in the 

following table: 

Table 4 : Specific values of internal gains. 

Appliance Area 
Operating 

time 
Power [W] 

Refrigerator Kitchen 24/24 125 

TV 
Living 

room 
In occupation 75 

Cooking 

appliances 
Kitchen In occupation 200 

Computer Bed-room In occupation 100 

The ventilation rate is 0.5 vol/h while the envelope 

infiltration rate is assumed to be 0.2 vol/h. The cooling 

and heating temperature set point are respectively 26 °C 

and 20 °C. The climatic data taken into account are those 

of the city of Tangier (Morocco) and they are used as input 

for the energy simulation of the Riad. 

Numerical results 

In this part a presentation and commentary on the results 

obtained from simulations is provided. They concern the 

considered urban configurations, namely the stand alone 

building case modelled by TRNSYS and by the developed 

approach (SARM) as well as the two cases in which the 

Riad is located in its urban context (SARM H / W = 1, 

SARM H / W = 3). Figures 11 and 12 represent heating 

and cooling energy needs for the different simulation 

cases. 

First, the comparison of the results from TRNSYS and 

SARM shows that TRNSYS heating and cooling energy 

needs are 26% and 24% higher than those of SARM 

respectively. This results in the fact that TRNSYS does 

not take into account the microclimate generated by the 

courtyard. 

Secondly, the comparison between the energy demand of 

RMH/W=1 and RMH/W=3 in relation to SARM shows that the 

lowest cooling demand (Figure 12) is associated with the 

RMH/W=3 configuration. In fact, in this case, the building 

is flanked by more narrow canyons, thus being sheltered 

from direct solar radiation. Since the Riad is closed to the 

outside, which protects from street heat and noise. As a 

result, the narrow canyon, preventing solar radiation from 

entering, provides energy benefits in the summer season.  

Similarly, for space heating demands (Figure 11), the 

results show that the RMH/W=3 is the most advantageous 

configuration. This is due to the radiative trapping 

phenomenon that is materialized by the multiple inter- 

reflections between the canyon surfaces. 

 
Figure 11: Heating energy needs. 

 
Figure 12 : Cooling energy needs.  

Conclusion  

In this study, a simplified approach has been developed 

using TRNSYS 17 software to assess the impact of urban 

microclimate on a Riad's energy demand. This approach 

takes into account the effects of dominant winds, sunshine 

and inter-reflection. 

In order to evaluate the validity of the approach 

developed, a comparative study between the experimental 

results and our numerical results has been performed, 

which showed a good agreement. 

Based on the developed method, a comparative study 

between the energy demand of a stand-alone Riad 

including and excluding the microclimate generated by 

the courtyard and for the same Riad located in a street 

canyon in Tangier has been realized.  

First, a comparison between the results obtained by using 

TRNSYS 17 only and by using the developed approach 

showed that the estimated demand determined by 

TRNSYS is overestimated. 

Secondly, the results obtained show that the cooling 

demand for the SARM configuration is lower than 

RMH/W=1 by 25% and RMH/W=1 by 17% on the one hand, 

and on the other hand the heating demand for the SARM 

configuration is high than RMH/W=1 by 3% and RMH/W=3 

by 11%. As a consequence, the most advantageous 

configuration is RMH/W=3. 

Finally, the results obtained show that the use of this 

method is interesting for its reduced calculation time 

compared to CFD calculations with satisfactory accuracy 

for thermal and energy evaluation. 
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