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ABSTRACT 

The energy consumption of buildings depends not only on the envelope, orientation and the performance of its 

equipment but also depends on external environments that may be under the influence of Urban Heat Island, hence the 

need to assess the impact of this phenomenon on the energy consumption of buildings in Moroccan urban design, in this 

study three types of residential buildings (Economic Villa, Medium Class building and Economic building) are modeled 

and simulated by the TRNSYS V17 software in Fez climatic zone, Morocco, using two types of meteorological data, that 

provided by the suburban meteorological station and the urban data obtained by the Town Energy Balance model coupled 

with a turbulence closure model evaluated using experimental data for the city of Fez, then the impact of external building 

geometry expressed by the aspect ratio on cooling and heating demand is investigated for the three buildings types. The 

simulation results show that an average of 17.7 % of under sizing in annual energy demand is obtained due to urban heat 

island effects and the aspect ratio must be equal to 1.85, 2.14 and 1.93 for Economic Villa, Economic building and for 

Medium Class building respectively in order to insure minimal energy need. 

 

Keywords: building energy consumption, town energy balance, aspect ratio, urban heat island, dynamic energy simulation. 

 

Abbreviations 

TEB    : Town Energy balance. 

AR      : Aspect ratio. 

HVAC: Heating ventilation and air conditioning 

UHI    : Urban heat island 

 

1. INTRODUCTION 

During the last two decades, Morocco is 

undergoing an important economic development and 

concomitantly an increase in energy consumption 

estimated to a yearly rate of 7% for the coming years. Part 

of this energy consumption results from a growing 

demand for HVAC in buildings destined for various uses 

in expanding urban centers. Outdoor thermal conditions 

have a great influence on indoor thermal conditions and 

consequently on energy demand for HVAC. On the other 

hand outdoor thermal conditions are becoming a growing 

concern in its own right, especially in urban areas because 

of the UHI effect due to an urban opaque area, human 

activity and 3D architecture, enhancing radiative trapping, 

all this causes a gradient between the meteorological data 

measured in suburban stations and that in urban areas, in 

Shanghai for example an intensity of UHI of 6.5°C was 

measured [1]. 

During urban planning care should be taken 

through designs that mitigate UHI effects to minimise 

energy requirements. Urban geometry is henceforth of 

considerable importance in city planning and design for 

reducing building energy demand by manipulating the 

fundamental morphological unit of urban geometry, the 

aspect ratio (AR), defined as the ratio of the canyon height 

to canyon width AR=H/W, is an important parameter that 

can be used to investigate the influence of urban geometry 

on outdoor environments in terms of external temperature 

increase and building energy demand. 

To examine the impact of street canyon geometry 

on outdoor environments, studies were carried to establish 

the relationship between the AR of the street  and : the 

daily solar gain; explaining that mitigation measures must 

focus on the canyon geometry with aspect ratio greater 

than 1.5 [2], the dispersion of pollutant in the canopy; 

building aspect ratio must be on the wake interference 

region of flow (0.5 < H/W < 0.1) [3], the ventilation 

efficiency of the canyon which become largest in the wake 

interference regime with (0.3 < H/W < 0.65) [4]. 

On the other hand, several studies have been 

conducted to examine the impact of the AR on the thermal 

loads of building; the buildings thermal leads decrease by 

increasing the aspect ratio [23] [24]. In Ghana an AR of 

1.5 can be recommended whilst increases of loads up to 

7% and 9% can be expected for the AR of 2 and 2.5 

respectively [27]. In Canada compared to a less efficient 

aspect ratio (AR=4.2), a reduction of building energy 

consumption by over 15% is possible in many scenarios 

[28]. In Sao Paulo, Brazil the simulated net radiation and 

sensible heat fluxes at the top of the canopy decrease and 

the stored heat increases as the AR increases [29]. In 

Turkey the study on AR have showed that, maximum 
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elongation in east-west axis and an aspect ratio of 2 is 

preferable in hot climates (Diyarbakir, Izmir, and 

Antalya), for cold climates, building having a compact 

form with AR of 1.2 turns out to be the optimum case 

[30]. The direct and diffuse solar radiation received by the 

building is reduced with increasing the AR, which allow a 

consistent drop in energy demand for air conditioning 

[31]. 

Finally the impact of UHI on annual energy 

savings and peak-power avoidance of heat island reduction 

strategies in the building sector have been the subject of 

many studies; in Greater Toronto Area the potential annual 

electricity savings were estimated at about 150GWh, and 

the avoided peak-power was estimated at about 250MW 

[6]. In Modena, Italy an undersizing of cooling energy 

demand by 16% and oversizing of heating energy demand 

of 8% is measured [7]. Athens in 2001 between 44.4 and 

53.4% of electrical energy demand increase is marked [8]. 

For the case of Morocco and in order to ensure thermal 

comfort very deep canyons with high thermal capacity is 

preferable by including some wider streets or open spaces 

or both to provide solar access in winter period [5], and 

the outdoor thermal comfort can be achieved if a suitable 

aspect ratio of Moroccan buildings is respected [32]. but 

there is no exact AR value included to ensure a good 

ventilation of canyon heat fluxes on the outside of the 

canyon in the summer period and allow these flows to be 

trapped inside the canyon in the winter period in the case 

of Moroccan microclimate,  in order to reduce cooling and 

heating energy demand in future urban building project 

and to detect areas likely to be a target of mitigation 

techniques agues UHI in the old buildings. 

The intention of this study is to promote a 

geometry, allowing both; evacuating the heat fluxes 

generated by the external surfaces of the street during the 

summer period and trapped solar gain inside the street in 

winter period in order to decrease energy demand of 

heating and cooling and preserve a good coefficient of 

performance for cooling and heating systems by avoiding 

the undersizing and oversizing of air conditioning and 

heating systems respectively. In this study, the influence 

of the urban canopy geometry; expressed by the aspect 

ratio on the energy demand of cooling and heating 

according to Fez climate zone is analyzed for three types 

of residential buildings the most frequently used 

(Economic Villa, Medium Class building and Economic 

building), the three types of residential buildings are 

modeled and simulated by the TRNSYS V17 software in 

the city of Fez, Morocco, and using two types of 

meteorological data, that provided by the suburban 

meteorological station and the urban data obtained by the 

TEB model [16] coupled with a turbulence closure model 

(AROME) [26]evaluated by using a measured data of air 

temperature made in Fez, Morocco [5], the model is then 

used to produce the meteorological data in urban area for a 

various values of the AR, and used to investigate the effect 

of the AR on the annual cooling and heating demand of 

residential buildings for the Fez climatic zone, (Figure-1). 

 

 
 

Figure-1. Fez climatic zone of Morocco. 

 

1.1 The climatic zone of Fez and the study area 

The climatic zone of Fes is the fifth climatic zone 

among six climatic zone in the kingdom of Morocco, 

climate zoning work were carried out based on the 

analysis of climatic data recorded by 37 meteorological 

stations over a period of 10 years (1998-2008) as part of 

the project of Moroccan thermal regulation in the building 

sector, the climate of Fez zone is characterized by a dry 
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and hot summer and a cold winter, the summer 

temperature may exceed 40 ° C and reached less than 0 ° 

C in winter, climatic zone of Fez situated in northern 

Morocco (Figure-1) includes the potential cities of Taza, 

Meknes, Beni Mellal, Kasbah Tadla and Fez. 

Fez was chosen for this study because of the 

availability of experimental data outside urban 

temperature conducted in 2001 [5] in the city of Fez 

(33.1580N, 4.1590W), the measures carried out in two 

different urban quote: the old city with its very deep street 

and its thickened walls with a high thermal capacity, and 

the new city with its narrow street with walls built of brick 

and lower thermal capacity, which will allow us to 

evaluate the microclimate model in such climatic zone for 

two totally different scenarios. 

 

2. METHODOLOGY 

 

2.1 Energy modeling and calculation 

Three standard typology of residential buildings 

in Morocco determined by Moroccan thermal regulation 

[14] are used as the base case of simulation (Economic 

building, Economic Villa and Medium Class building), the 

annual energy needs in term of cooling and heating 

demand of the three building types are determined by 

simulations using the TRNSYS V17 [9] dynamic thermal 

modeling software, using a structured component to be 

introduced in a graphical interface connecting the software 

kernel and numerical models used for the determination of 

each parameter needed to perform the simulation, the 

components of the global schematic (Figure-2) are 

connecting to each other to allow output and input data 

exchange according to the need of every models used, 

namely the component Type 56 (Figure 2, 1) modeling the 

thermal behavior of a building with multiple thermal zones 

[10], the component Type 16 (Figure 2, 2) which is a solar 

radiation processor that interpolate radiation data, 

calculates several quantities related to the position of sun 

necessary as input for Type 56, and estimates insolation on 

a number of surfaces orientation [10], Type 77 (Figure 2, 

3), this subroutine models the vertical temperature 

distribution of the ground [11], Type 69 (Figure 2, 7) 

calculate the effective sky temperature used to take into 

account long-wave radiation between walls and the roofs 

[12] and finally Type 9a (Figure 2, 5) which include 

weather data for the period simulated. The Transient heat 

conduction through the multi-layer envelope is calculated 

using the transfer function method (TFM) [13]. 

The global schema generates a system of 

algebraic and differential equations that represent the 

whole energy system, this system are then solved by the 

simulation engine. The software uses other useful 

components for plots, basic calculation or for 3D graphical 

representation of results (Type 125). 

 

 
 

Figure-2. Components of the Graphical Interface of Trnsys V17 software. 

 

2.2 Building description 

In this study three types of residential buildings 

used in Morocco are studied (Figure-3), the choice of 

these building types are the result of the work to achieve 

establishment of the thermal regulation in Morocco [14], 

the conditions of use of the residential buildings in terms 

of occupancy, air change rate, infiltration, percentage of 

external shading and set point temperature for heating and 

cooling are shown in Table-1. Values of global heat 

transfer coefficients, recommended by the Moroccan 

thermal regulations for residential buildings in Fez 

climatic zone are given in Table-2, for each of the 

investigated climatic zones. The thermal characteristics of 

building materials which are generally used in new 
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Moroccan constructions are used and calculations were 

performed at the center of gravity of the climate zones of 

Fez (see Table-3). 

 

                                 
                       (a)                                                     (b)                                                                    (c) 
 

Figure-3. External façade of buildings (a) Economic building, (b) Medium class building (c) and Economic villa [14]. 

 

Table-1. The internal conditions of the three types of residential buildings (according to standard 

Moroccan NM ISO 13789/2010 [14]). 
 

Interior conditions 

Week Week-end 

7:30-

17:00 

17:00- 

7:30 
7:30-17:00 

17:00- 

7:30 

Occupancy 2 5 5 5 

Air change rates 0, 6 volume/h 

shaded percentage of external windows from 15 

may to 15 September 
50% 

Set point temperature heating 20°C 

Set point temperature cooling 26°C 

 

Table-2. Recommended global heat transfer coefficients (according to the thermal regulation of 

Moroccan residential buildings with a window to wall ratio in the interval [26-35] [14]). 
 

Climatic 

zone 

The overall 

thermal 

diffusivity of 

exposed roofs 

(W/m².K) 

The overall 

thermal 

diffusivity of 

external walls 

(W/m².k) 

The overall 

thermal diffusivity 

of glass (W/m².k) 

Coordinates of the 

centroid (decimal 

degrees) 

Longitude latitude 

Fez 0.65 0.7 0.38 -5.34 33.76 

 

Table-3. Thermal characteristics of ordinary urban constructions. 
 

Envelopes Albedos (-) Emissivity(-) 
Heat capacity 

(MJ. . − ) 
Thickness (m) 

Wall 0.25 0.85 1 0.2 

Roof 0.3 0.85 1 0.2 

Road 0.15 0.94 2.5 

Null heat conduction 

(infinite thermal 

resistance) 

 

The three types of building are modeled in 3D 

format (Figure-4) using Google Sketchup drawing tool 

that allows the generation of the input file required by 

Type 56, containing the detail description of the building 

in terms of surface façade and orientation, the rate and 

position of the glassed bay, the adjacent opaque surface 
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(adjacent building) who plays the role of a mask against 

the solar ray and the thermal zoning including the 

thermally homogeneous zones of the building. 

 

 
                                                         (a)                                                                      (b) 

 
(c) 

 

Figure-4. 3D modeling buildings by Google Sketchup used in Trnsys simulations, (a) Economic Villa 

(b) Economic building (c), Medium class building. 

 

2.3 Description of meteorological and simulated data 

Simulated data over the year 2013 were provided 

for the Fez climate zone. The chosen year are 

representative of weather conditions in terms of external 

temperature for the last 10 year, so it can be used as the 

reference year for the simulations (Figure-5). The 

suburban meteorological data are taken from ASHRAE 

Climate Data Center [15]. 

 

 
 

Figure-5. Comparison between monthly average atmospheric temperature in 2013  

and historical data (2004–2014 period). 
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For the urban meteorological data The TEB 

model [16] hypothesis is assumed according to which all 

road orientations and wind directions are possible with an 

equal probability [16]. This allows calculation of the 

average gains for the road, roof and walls. On the other 

hand, we assume the external surface of the envelope to be 

dry so as to neglect the latent heat flux. For the long wave 

radiation flux (L) just one re-emission is taken into 

account [17]. Masson's formula [16] is used to compute 

the total solar radiation flux (S) absorbed by each surface 

type for a street assumed to be perpendicular to the sun’s 
trajectory. The sky view factors are calculated for a 

canyon assumed to have an infinite length [18]. 

The heat budget for the wall, roof, and road 

surfaces can be written [16]: 

 ∗ � = ∗ + − − −                                  (1) 

 

Where  W/m  is the net solar radiation 

budget,L W/m  the net infrared radiation 

budget,He W/m  the sensible heat flux for urban 

envelopes Le W/m  the latent heat flux andG W/m  

the conduction heat flux for wall, road or roof,  the 

wall, road or roof temperature, C ( . − . − )  the heat 

capacity of the wall, road or roof, d(m) the wall, road or 

roof thickness and t(s) the time. 

Data on a three-hourly basis for the first 

atmospheric layer above the urban canyon were thus 

computed using the AROME model [26] by the 

Meteorological Agency of Morocco, with a resolution of 

0, 025° (2.5 km). The turbulence closure model is a 1D 

prognostic-turbulence scheme on 6 vertical levels inserted 

between the surface and the lowest atmospheric model 

level, it provides wind speed, temperature and humidity at 

a reference height, about 10 m above the ground level, 

which represent the height of building used in the model 

evaluation, the coupling of the TEB model with the 

turbulence closure model is carried out via the 

temperature, wind and humidity at the top of the buildings 

in the study cases. The TEB computes the energy fluxes in 

a similar manner as described by Masson [16]. 

A two-dimensional model is coupled with the 

TEB model results (wall temperature Tw, road 

temperature Tr, and the roof temperature TR) to get the air 

temperature profile in the street as a function of the width 

(x), the height (y) and time t, � , , ), based on the 

Navier-Stokes, continuity and heat equations. 

Navier-Stokes equation: 

 ��  = − � 2� − �� − ��� + � �2� 2 + �2� 2                            (2) 

 ��  = − � 2� − �� − ��� + � ∗ �2� 2 + �2� 2                         (3) 

 

Where u /  and v /  are the air velocityin the 

direction of the x coordinate and y coordinate respectively, 

−  the Reynolds number and � ��  the pressure of air 

assumed to be non-compressible. 

Continuity equation 

 �� + �� =                                                                                (4) 

 

Heat equation neglecting the radiative term: 

 ����  = − ∗ ���� − ∗ ���� + � ∗ �2��� 2 + �2��� 2               (5) 

 

Where �  is the external air temperature. 

 

The system of partial differential equations (2, 3, 

4, and 5) is solved using the SIMPLE method [19] to 

calculate the pressure, the air velocity and air temperature 

on different locations in the street required of the model 

evaluation. For this, the urban canopy is divided into 

standard grids. The characteristic length of the Reynolds 

number is supposed to be equal to the height of the 

canyon, thereafter the temperature found is used as a given 

input of Trnsys software that implemented in the 

component type 9a (Figure 2, 5), the solar radiation is also 

calculated using the following correlation and 

implemented in the same component: 

The direct solar radiation flux is calculated using 

the Davies et al. equation [20] [21]. 

 � = � ∗ � ℎ                                                                 (6) 

 

Where Satm W/m   is the downward direct 

solar radiation on a horizontal surface, W/m  the direct 

solar radiation at normal incidence and ℎ �  the sun 

height. 

The horizontal diffuse solar radiation flux is 

calculated by the Barbaro et al. empirical equation [21] 

[22]. 

 = . ∗ √sin h   ∗ [  –  .  −  √sin h ]             (7) 

 

Where D(�/ ) is the downward diffuse solar radiation 

on an horizontal surface and TL the trouble factor of Linke 

used to characterize the atmospheric turbidity (due to 

water vapor, mist, fumes, dust ...), it is calculated using the 

following empirical equation of Ineichen and Perez [25] 

 = − . − . ∗ � ∗ �
 

Where �,  and m are respectively the direct solar 

radiation at normal incidence, Solar Constant and the air 

mass. The infrared radiation flux from the sky is computed 

using the Idso et al. empirical equation [22]. 

 L↓ = − . . exp{− . ∗ −  ·  − Tatm  ²}       (8) 
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Where ↓(W/m^2) is the downward infrared radiation on 

an horizontal surface and �  the air temperature at 

the top of building. 

 

3. TEB MODEL EVALUATION 

The evaluation of the present model is performed 

using two experimental data measured in Fez [5], the first 

is in a deep canyon on the old city of Fez (the Seffarine 

district (S)) and the second is on a large canyon in the new 

city of Fez (the Adarissa district (A)). Evaluation is done 

using continuous data measured on a hot day in the city of 

Fez (6-August. 2001), 3.5 meters above the ground in the 

deep street and 6.2 meters in the wide street. The 

simulations were performed on putting the model under 

the same climatic conditions during the day studied, the 

simulated climate data of the first atmospheric layer (10 

meter above ground) were obtained from Meteorological 

Agency of Morocco by using AROME model [26]. The 

characteristics of the different envelope of the two 

canyons have been respected; thick walls (1mètres width 

and high thermal capacity) in the case of Seffarine and 

ordinary brick walls in the case of Adarissa. The 

temperature variation of the outside air for the both types 

of streets whit their different thermal conditions of the 

envelope was compared with the corresponding 

experimental data. Figure 6 and 7 shows the good 

agreement between the model predictions and the 

experimental data of the outside air temperature.

 

 
 

Figure-6. TEB model evaluation: case of deep canyon, Seffarine (S) (AR=10). 

 

 
 

Figure-7. TEB model evaluation: case of wide canyon, Adarissa (A) (AR=0.6). 

 

Both 6 and 7 Figures show that the TEB model 

coupled with the AROME model can accurately predict 

the urban microclimate for the case of Morocco with 

sufficient accuracy; the model will be used to determine 
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the external urban air temperature for the climatic zone of 

Fez. 

 

4. RESULTS AND DISCUSSIONS 

External air temperature from weather station in 

suburban area for Fez climate zone taken from ASHRAE 

Climate Data Center [15], and the simulated data (external 

average air temperature) inside the canyon for the hottest 

period (from 1 to 3 August 2013) and the coldest one 

(from 27 February to 1 March 2013) are respectively 

shown in Figure 8 and 9. It is possible to observe that the 

higher temperature differences between urban and 

suburban areas are found during the nocturnal period, 

where values of around 10°C are reached in the hottest 

period and 5°C for the coldest one in the case of Economic 

Villa with an AR=1; which is explained by the radiation 

emitted by the building envelope in the night time, the 

same observation was found in the city of Fez in Morocco 

(Erik Johansson, 2001). 

 

 
 

Figure-8. Atmospheric temperature profiles in the urban and suburban areas: 1–3 August 2013 in 

the city of Fez for economic villa with an AR=1. 

 

 
 

Figure-9. Atmospheric temperature profiles in the urban and suburban areas: 27 February–1 

March 2013 in the city of Fez for economic villa with an AR=1. 

 

Simulations have been made for various aspect 

ratios (1/6, 1/3, 2/3, 1, 3/2, 1/2, 2, 3, 6) over the year 2013, 

and have been carried out with annual urban and suburban 

meteorological data, using the results of simulated data 
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from the TEB model and the weather station data 

respectively, the results founds show clearly the effect of 

UHI on the cooling and heating energy need of the 

residential buildings. 

Tables 4 and 5 show that the total energy needs of 

the two seasons are lower when the suburban data is used, 

for all the three building types (see Figure-10), as shown 

in Table-6 the cooling energy need by using suburban 

meteorological data is undersizing by 42%, 39% and 48% 

for Economic Villa, Economic building and Medium Class 

building respectively, and the heating energy need is 

oversizing by 26%, 6%, 20% for Economic Villa, 

Economic building and Medium Class building 

respectively, and by taking the average of the two coldest 

and hottest period the energy need of all residential 

building types is undersizing by 17,7%. 

 

Table-4. Annual energy needs required by the three 

reference buildings using urban and suburban 

weather data (KWh/m²) for an AR=1. 
 

Period Meteorological data 

Energy need of 

the reference 

case 

(Economic Villa KWh/m²) 

Cooling 
Urban 167,2 

Suburban 96,8 

Heating 
Urban 115,5 

Suburban 146,3 

Total 
Urban 282,7 

Suburban 243,1 

Energy need (Economic building KWh/m²) 

Cooling 
Urban 119,9 

Suburban 72,6 

Heating 
Urban 93,5 

Suburban 99 

Total 
Urban 213,4 

Suburban 171,6 

Energy need (Medium Class building KWh/m²) 

Cooling 
Urban 105,6 

Suburban 55 

Heating 
Urban 75,9 

Suburban 91,3 

Total 
Urban 181,5 

Suburban 146,3 

 

Table-5. Variation of the urban energy needs (heating and 

cooling) versus the suburban energy needs for the three 

reference residential buildings for an AR=1. 
 

Building type Period Variation (%) 

Economic Villa 

Cooling -42,1 

Heating 26,6 

Total -14 

Economic 

building 

Cooling -39,4 

Heating 5,9 

Total -19,6 

Medium Class 

building 

Cooling -48 

Heating 20 

Total -19,5 

             Total Average -17,7 

 

 
 

Figure-10. Annual heating and cooling energy needs of 

the three residential buildings with an AR=1. 
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Figure-11. Simulation result of canyon temperature with AR varying from 1/6 to 6 for summer 

[2 August 2013 (a)] and winter [28 February (b)] at 12:00 AM for the Fez climatic zone. 

 

The energy need is plotted against the AR for the 

two seasons in Figures-12. These data show the energy 

need to have a minimum value with a medium AR for the 

two seasons and for the average between the two periods 

(Figure-12 c), for a high AR the solar gain (S+L) decrease 

for the canyon surfaces (Figure-13), but the canyon 

ventilation is becoming unfavorable with a deep canyon 

due to the apparition of a recirculation vortex formed by 

the acceleration of the shearing zone of the upper air layer 

of the canyon, which allow a high heat accumulation and a 

non-homogenized air temperature(see Figure-11) and 

therefore an high external gain for the cooling energy 

budget (Figure-13 a), the same phenomena are depicted by 

a less AR value, the energy increasing at this time is due to 

high solar access (S+L) as depicted in Figure-13, more 

impactful than favorable ventilation in the canyon during 

the summer period (see Figure-13 a). For the winter period 

the very cold wind effect become more impactful than 

solar gain, therefore, high AR stop the cold wind effect 

(Figure-11 b) but decrease solar gain (Figure-12 b), which 

allow a high heating energy demand and for a less AR, we 

have maximum solar gain (Figure-11 b), but a high winter 

wind effect causing an air temperature homogenisation 

(Figure-12 b). Finally with a medium value of the aspect 

ratio we have a homogenized air canyon temperature due 

to a balance between ventilation and solar gain. These 

results are still valid for the three building types. 

During the summer and winter period, the 

examination of the results depicted in Figure-14 

representing the annual energy need variation of the three 

building types, shows that an AR equal to 1.85, 2, 15 and 

1,9 insures minimum energy need for Economic Villa, 

Economic building and Medium Class building 

respectively. The results found is obtained by calculating 

the AR value corresponding to the minimum of the 

polynomial trend curve equation representing the annual 

energy need variation for the three reference residential 

buildings (see Figure-14). 

The results of the recommended AR for the 

heating period, cooling period and over the year to insure 

minimum energy demand are grouped in Table-6. 
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Figure-12. Urban cooling (a) and heating (a) energy 

demand variations with the AR and the total energy 

demand over the year 2013 (c) within the climatic zone of 

Fez and for Economic Villa. 

 

 
 

 
 

Figure-13. Annual heating (a) and cooling (b) energy 

demand and the heat fluxes due to solar gains (S+L) 

variations with the AR for the climatic zone of Fez. 

 

 
 

Figure-14. Annual energy needs variation with the AR 

within the climatic zone of Fez for the three buildings 

types. 

 

Table-6. Recommended AR for the summer, winter and over the year to insure 

minimum energy demand for residential buildings. 
 

 August (AR) 
February 

(AR) 
Average (AR) 

Economic Villa 0,9 3 1,85 

Economic building 0,94 3,3 2,14 

Medium Class building 1,1 3,9 1,93 
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Internal thermal zones temperature profiles of the 

three building types (see Figure-15) are analyzed for the 

recommended and the base case of simulations, 

considering three hottest and coldest representative 

summer and winter days of 2013. The analysis 

demonstrates that the average air temperature of building 

zones achieves a value of 33.3°C in the summer period, 

and by the application of the recommended AR, air 

temperature increase to 34.7°C due to heat accumulation 

with a higher AR (Figure-11 a), increasing significantly its 

overcooling. However, the application of the 

recommended AR in winter period allows the average 

temperature of the thermal zones to achieve a value of 

27°Cagainst 23°C in the base case (Figure-16, b), which is 

equivalent to 4°C of temperature increase, reducing 

significantly its overheating. Thus the AR value 

recommended taking into account the interest of reducing 

the energy consumption of buildings while maintaining an 

increase or decrease the balance between the two needs of 

cooling and heating systems. 

 

 

 
 

Figure-15. Air temperature profile of buildings zones presented by Google Sketchup at 12:00 AM, 2 

August 2013, Economic Villa (a), Economic building (b), Medium Class building (c). 
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Figure-16. Average air temperature variation of the building thermal zones in the base and 

recommended for summer (a) and winter (b) period in the case of Economic Villa. 

 

5. CONCLUSIONS 

A numerical simulation based on an evaluated 

TEB model coupled with a turbulence closure model 

(AROME) was used to investigate the influence of urban 

canyon geometry on the outdoor and indoor air 

temperature and energy need of three residential building 

types in Morocco for the climatic zone of Fez. The 

investigations led to the conclusion that the AR of the 

canyon has a great influence on outdoor conditions and 

therefore on the building energy demand. Considered 

individually these two parameters do not influence thermal 

comfort conditions of an urban canyon. The results 

obtained for Fez climatic zone and based on the average 

temperature of the air canyon, showed that the annual 

cooling energy need obtained by using suburban 

meteorological data is undersizing by 42%, 39% and 48% 

for Economic Villa, Economic building and Medium Class 

building respectively, and the annual heating energy need 

is oversizing by 26%, 6%, 20% for Economic Villa, 

Economic building and Medium Class building 

respectively, and by taking the average of all residential 

buildings types the annual energy demand is undersizing 

by 17.7%. On the other hand the building energy demand 

can be minimized if the AR is equal to an appropriate 
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value, for the Economic Villa the AR should be equal to 

1.85, this parameter should be equal to 2.15for Economic 

building buildings and finally the AR should be equal 

to1.9for the Medium Class buildings to ensure a minimum 

annual energy demand of cooling and heating in the 

climatic zone of Fez. 

As highlighted by N.Yaghoobian, J. Kleissl 

(2012) [23] our results indicate the importance of the 

evaluation of the urban microclimate impact on buildings 

energy consumption. This study tries to resolve the 

problem of urban diversity in terms of building design by 

giving recommendation to reduce energy consumption of 

typical buildings, but the diversity of outdoor conditions 

cannot be resolved because of the multitude outside 

constraint that differs from one site to another, For 

example, in the old city of Fez the albedo of buildings is 

very lower than the albedo in the new city of Fez, only 

local simulations for specific cases can elucidate the exact 

value of AR to minimise building’s energy consumption. 
N. Yaghoobian, J. Kleissl (2012) investigated the 

effects of reflective pavements on total energy use 

(heating, cooling) in canopies inPhoenix, Arizona. In their 

study the Increasing of pavement solar reflectivity from 

0.1 to 0.5 increased annual cooling loads up to 11%. 

Consistent with our results, N. Yaghoobian, J. Kleissl 

(2012) show that the thermal loads decrease with 

increasing canopy height-to-width ratio. The same 

conclusion is shown by Stromann-Andersen and Sattrup 

(2011) [24], the novelty of this study is that it was able to 

show that the previous results remains valid while the 

canyon is not so deep (AR>2) where the increasing of the 

aspect ratio leads to an increasing of thermal leads 

precisely the cooling energy demand due to high thermal 

stagnation and low ventilation effects. 

The present work shows that the AR of an urban 

canyon can be used to minimize annual energy demand of 

residential buildings by changing the thermal character of 

the canyon geometry. This parameter can henceforth be 

used to mitigate some of the effects of UHI and should be 

given due consideration in the future urban design, 

planning and most be taken into consideration in the 

dimensioning of cooling and heating systems in order to 

avoid the undersizing of air conditioning systems and the 

oversizing of heating systems . 

The UHI effects on other building types, such as 

administrative or commercial buildings, will also be 

investigated in the future. 
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