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ABSTRACT 

This paper deals with solar indicators and 

simulation as a step toward global assessment of a 

district. The final aim is to assess district projects as 

much exhaustively as possible, including among 

other things energy aspects, acoustic aspects, 

emissions… The present article deals only with 

solar aspects. First are presented the key indicators 

regarding solar aspects. Next, solar simulations are 

run at the scale of the district with the SOLENE 

software. Important parameters such as the time 

span and the reflectance of surface are investigated: 

the simulations demonstrate that reflections must be 

taken into account even at early stage of design. 

Concerning the time span, shading effect has a 

significant influence in dense districts and prevents 

from using a single day to represent the solar 

behavior during a month or a season. 

INTRODUCTION 

A French project named ADEQUA aims to develop 

a toolbox to assist in the planning of urban 

operation. This methodology allows actors in the 

building sector to define and to qualify indicators 

related to sustainable development and also to 

consider different sustainable alternatives for a 

project. Urban planning can be treated at different 

scales: the building, the district, the city, the 

territory… The district has been chosen as it seems 

to be the best adapted to sustainable development 

assessment and to urban planning (Cherqui et al., 

2004). Starting from the global objectives, 

quantification or qualification of indicators will 

lead to the evaluation of different alternatives of a 

district using multicriteria analysis. This method is 

a design method allowing solutions to be compared 

in order to find the best adapted or rather the least 

bad.  

The core of the methodology is the set of indicators 

allowing assessing different project's alternatives. 

They need to be better defined and recent research 

focused on their use (Khanna, 2000; Kurtz et al., 

2001; Mendoza et al., 2004; Shi et al., 2004). Kurtz 

et al. (2001) defined indicator as "a sign or signal 

that relay a complex message, from potentially 

numerous sources, in a simple and useful manner". 

Indicators are also a mean to highlight key 

parameters to be taken into account during design 

stage. Assessment of indicators involves the use of 

computer tools for predicting energy consumption, 

sunshine, acoustic levels, etc. This paper deals only 

with solar indicators and solar simulation as a step 

toward the global assessment of a district. "The 

huge solar resource available within cities is not 

exploited. One reason for this is that city planners 

have no tools to help them make informed 

decisions on how best to deploy solar energy 

technology" (Gadsden et al., 2003).  

The following section presents the key indicators 

regarding solar aspects, which have been produced 

by the literature. Next, solar simulations are run at 

the scale of the district with the SOLENE software. 

Important parameters such as time span and 

reflectance of surface are investigated. Results are 

then discussed and conclusions are drawn. 

SOLAR INDICATORS 

Introduction 

In the following, a state-of-the-art of the most 

pertinent indicators is presented. Each indicator is 

introduced to quantify a precise criterion of a 

project. Yet, indicator will be given without an 

average value or an optimum value, as it is strongly 

dependant of many parameters such as 

geographical location, objectives, specific climate, 

vernacular specificities… Other pertinent indicators 

which deserve to be mentioned in this paper may 

have not been found in the lavish literature and 

authors will be glad to have information upon them. 

Solar irradiance and illuminance 

Solar irradiance and illuminance on a surface are 

the most often used and numerous variations exist. 

These indicators give elementary information of 

solar power density [W/m²] and luminous power 

density [lux] received by a surface. "Knowledge of 

direct irradiance is important in applications where 

the solar radiation is concentrated..." (Lopez et al., 

2005). Moreover "effective daylighting can reduce 

electricity use, not only for artificial lighting but 
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also for air-conditioning in hot climates, due to less 

heat dissipation from electric lighting fittings" (Li 

et al., 2005). Both of these indicators are widely 

used to evaluate possibility of passive and/or active 

solar systems. 

The computation of irradiation value can be done 

for different time steps (an hour, a day, a season, a 

year…), depending on the aim. Compagnon (2004) 

utilizes the total annual irradiation or illuminance 

aggregated into cumulative distribution in order to 

provide an overall view of the solar and daylight 

availability (see Figure 1). 
 

 

Figure 1 : Cumulative distribution of mean annual 

illuminance (Compagnon, 2004)  
 

The distribution presents the percentage of façades 

lit for each annual irradiation or illuminance values. 

An average value for the whole district can also be 

used: different projects are then compared upon 

their exposure to sun. Hot and arid climate will 

involve the search for a low average value instead 

of cold climate which seek a high value. Yet this 

average value enables only to compare different 

projects but not different districts in different 

locations, because the irradiance and illuminance 

values are strongly dependant of location. In this 

case, irradiance level and illuminance level are 

useful to provide normalized values which can be 

compared. 

Repartition maps 

Irradiation level repartition can be defined as the 

percentage of the maximum value of the area 

studied HL (equation 1), and represented on a 

spatial repartition map: 
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Figure 2 shows an example of an irradiation level 

distribution on a district. Spatial indicators give 

information on "hot spot" where the flux is 

maximum and permit to control if solar flux is 

distributed wisely, e.g. on glazed surface for 

daylight, on roof for photovoltaic cells or for solar 

thermal energy…  

 

 

Figure 2 : spatial distribution of the total direct 

solar irradiation (HL) from the 1st to the 4th of june 
 

Potential level of a surface i can be defined as a 

potential irradiation (HPi) compared to the 

theoretical maximum value. The theoretical 

maximum value is the irradiation of the same 

surface but with no shading effect from other 

building (unobstructed irradiance value Hm), as 

shown in equation 2: 
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This indicator has a major importance to quantify 

shading effect. "We found that orientation had very 

little effect. However, when surrounding obstacles 

were included, the energy consumption for each ilot 

increased since solar radiation falling on the 

facades was blocked and the resultant solar gains 

were reduced" (Crawford, 2002). 

Other indicators point out the distribution of solar 

irradiation on roof, façade and ground. According 

to Okeil (2004) "solar energy falling on facades is 

the only part of solar energy that could be passively 

used without complicated mechanical equipment 

and expensive installations". In a more general 

manner, urban planning should tend to optimize 

solar radiation on roofs and facades in order to be 

able to use this renewal energy. Solar radiation 

distribution is expressed through equations 3-6: 
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Ground repartition: 
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And d
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gH =1 (6) 

Chatzidimitriou et al. (2004) also used these 

parameters, among others, to investigate design 

- 168 -



proposals for microclimatic modifications and 

potential improvements. 

Iso-shadow 

This indicator has been introduced by (Kristl et al. 

(2001). "Iso-shadows represent the ratio of incident 

solar radiation on a building or land to unobstructed 

solar radiation received at the same location during 

the chosen period of time, day or year, 

respectively". An example of iso-shadow is given 

Figure 3. 
 

 

Figure 3: Yearly iso-shadows for 12 m wide 

buildings (Kristl et al., 2001)  
 

This indicator is used to compare and characterize 

distances between buildings, their orientation, and 

the building geometry. 

"Orientation rose" 

Compagnon (2004) defined it as the facade surface 

area oriented towards each direction, weighted in 

function of sky view factors of each surface (see 

equation 7) and aggregated into several azimuth 

sectors s (typically 15° wide).  
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AS is the total weighted facade area for the azimuth 

sector s and SVFi represent the sky view factor of 

façade i. Coefficient of 0.5 is used because for an 

unobstructed vertical façade, SVFi = 0,5 (i.e. the 

facade is exposed to half of the sky vault). 
 

 

Figure 4 : Example of orientation rose 

(Compagnon, 2004)  
 

"The sectors that contain the largest facade area 

indicate the main orientations affecting the solar 

and daylight access to the buildings. The purpose of 

an orientation rose is also to serve at the early stage 

of urban planning" (Compagnon, 2004).  

Shadow density and daylight distribution 

Ratti et al. (2003) used mean shadow density: "high 

values recorded in the streets are beneficial in hot-

arid regions as they provide protection to 

pedestrians and to the horizontal street surface from 

solar radiation". They also used mean daylight 

distribution of all ground surfaces such as streets 

and courtyard floors to measure daylight benefits. 

Shadow density Shd corresponds to the average 

number of hours of protection from direct 

irradiation from the sun (equation 8): 
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Daylight distribution Dayd is the average 

normalized direct daylight factor on a surface 

(equation 9): 
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Values are normalized: 100% represents the 

illuminance that would fall on an unobstructed 

surface which sees the whole sky vault, 0% 

represents nil illuminance. 

Sky view factor or sky opening 

Ratti et al. (2003) introduced sky view factor as a 

"good measure of the openness of the urban texture 

to the sky, often associated, among other indicators, 

to the increase in temperature in the urban context 

compared with the surrounding rural context, 

referred to as the urban heat island phenomenon." 

Otherwise Teller et al. (2001) define sky opening as 

an indicator of "the perceptive confinement felt by 
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an observer located in the open space". An example 

of sky view factor of a district is given Figure 5. 
 

 

Figure 5: sky view factor of a district 
 

Conclusion 

At the scale of the district, solar indicators are 

diverse and usually need to be represented spatially. 

These indicators often demand exact values to be 

useful, and so simulation tools require reliable 

inputs such as climatic data, geometry or 

reflectance of surfaces. Apart from the orientation 

rose and the sky view factor, all the other indicators 

presented are 4D dependant indicators: they vary in 

time and in space. Urban planning through the 

utilization of this kind of indicator implies their 

accurate quantification. The user must define 

pertinent conditions such as duration of simulation 

or measurement, dimension of studied area, 

precision of simulation (e.g. meshing or time steps). 

In the next section, solar simulations have been run 

at the scale of the district with the SOLENE 

software. 

SIMULATION 

Aim of the simulation 

The simulations done at the scale of the district are 

becoming primordial tools for urban planning. 

They are in our gasp thanks to the evolution in 

computer performance. However, this kind of 

simulation still remains a major time consuming 

step: a recurrent question concerns the optimization 

of the time span, the meshing and the necessary 

precision of surface reflectance. This choice is 

strongly depend on expectations, on studied 

indicators and on available data.  

Yet, the influence of these parameters still remains 

hardly known at the scale of the district. 

Simulations have been run on a simplified case 

study in order to explore these issues. 

Brief presentation of the case study 

The case study is a part of a district located in 

North West of the city of La Rochelle (France). The 

major aspect is a rather high density of building. 

The geometry has been simplified in order to 

decrease calculation time as the shape of the 

buildings and their layouts are the geometrical key 

parameters for solar simulation. Height of buildings 

is between 23 and 28 meters. 

Figure 6 introduces the denomination of the 

different buildings. Each building possess 5 faces 

which are named "_t", "_n", "_s", "_e" and "o" 

respectively for roof, face oriented to the north, the 

south, the east and the west. 
 

 

Figure 6: case study and names of building faces 

Parameters 

La Rochelle's latitude is 46°N and longitude is 

1°W. Terrain is considered flat because of the very 

low difference of level of the entire area. One major 

parameter is the reflectance of each surface. Urban 

form has been divided into 3 kinds of surfaces: 

ground, building façade and building roof. In these 

studies, all the buildings are approximately of the 

same height. Therefore a variation of roof 

reflectance will not influence reflected irradiation 

receive by the district: roof reflectance is kept 

constant for all simulations. 

All the facades of the buildings have the same 

reflectance and this value change from one 

simulation to another. The same treatment has been 

applied to the ground. Table 1 presents the 

variation of reflectance for the building facades and 

the ground. 
 

Table 1: reflectance of the surfaces for each case 

Case 1 2 3 4 5 6 7 8 9 

facades 0.1 0.3 0.4 0.5 0.7 0.4 0.4 0.4 0.4 

ground 0.1 0.1 0.1 0.1 0.1 0.3 0.5 0.7 0.9 

 

According to measurements (Martin Centre for 

Architectural and Urban Studies, 1997), realistic 

reflectance values for facades are between 0.1 (dark 

brick façade) and 0.8 (white plaster façade) and for 

ground between 0.05 (dark asphalt) to 0.3 (clear 

concrete). Reflectance of the ground can be beyond 

0.3 if all outdoor objects such as cars are 
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considered. Roof reflectance has been set to 0.3, 

considering a white gravel roof. 

A mesh (4824 mesh elements) was applied to the 

external envelope of the model and simulations 

have been run for a time span of one year. For each 

day of the year and for each surface, two variables 

are stored: 

♦ the daily global solar radiation (direct + 

diffuse, before any reflection): Hinc_i(day) 

♦ the daily total solar radiation (direct + 

diffuse, after all reflections): H_i(day) 

Both variables are expressed in Wh/(m².day). The 

tool used, SOLENE, has been developed in the 

CERMA laboratory, Nantes (Miguet et al., 2002). 

This software simulates solar, luminous or thermal 

effects on outdoor conditions from a 3D model of 

the urban fabric. To run automated simulation over 

several months, a homemade C++ program has 

been developed to drive SOLENE. 

RESULTS ANALYSIS 

Basic case 

Considering usual value for the reflectance of 

surface (0.3 for facades and 0.1 for the ground), the 

average global annual energy received for the area 

studied is 886 kWh/(m².year) without any reflection  

and 916 kWh/(m².year) after all reflections; that is 

to say a difference of 3.35 %.  

Figure 7 show the proportion of reflected 

irradiation PHrefl_i received by each surface i of the 

district, calculated with equation 10 below. 
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Figure 7: proportion PErefl   for each surface 
 

Very significant difference (at least 30%) is found 

for surfaces K_n, I_n, A_n, H_n, P_n and O_n. 

These surfaces are located in the core of the district 

therefore more irradiation is reflected to them. 

Maximum annual difference is obtained for surface 

K_n (building K, face oriented to north). 

Figure 8 shows the daily evolution of (H_i/Hinc_i) 

ratio for each surface.  
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Figure 8: annual variation of (H_i/Hinc_i) ratio: 

each curve represents a surface 
 

Ratios vary in time: low values correspond to the 

months of May, June and July; i.e. when the sun is 

high in the sky. During this season, direct 

irradiation beams are the most vertical and so 

reflected irradiation is directed to the sky and lost. 

Ratios close to 1 (nil reflectance) correspond to 

roofs surfaces, to the surfaces facing the outside of 

the studied area (very low view factor) and to the 

surfaces which have no building directly opposite. 

Figure 9 presents the typical annual variation of 

global irradiation (incident + reflected) for each 

façade of building; the behavior of building I is 

representative of the majority of the others 

buildings. 
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Figure 9: annual variation of irradiation without 

(SR) and with (AR) reflections for each facade of 

building I 
 

Considering daily irradiation, reflected proportion 

has a low influence. However, as shown in Figure 

7, integrated annually this difference becomes 

enough significant to be considered. Figure 9 also 

shows that south-facing façade has a different 

behavior than other facades. Furthermore, 

simulations have permit to compare daily irradiance 

of all the different facades with same orientation. 

All ground surfaces have the same trend during the 

year; it is also the case for surfaces facing south and 
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north. Whereas east and west oriented facades have 

different behavior, as shown in Figure 10 for east-

facing facades. 
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Figure 10: annual variation of irradiation with 

reflections for different east-facing facades 
 

Figure 9 and 10 show that in the case of significant 

density district, results for a unique day cannot be 

generalized to longest periods such as the month or 

the season. This discrepancy is due to shading 

effect and the reflectance of surface increases this 

phenomenon. In the following, reflectance of 

surface is further investigated. 

Variation of the reflectance of facades 

The simulations conducted in this section 

correspond to case 1 to 5 (Table 1) and concern the 

buildings located in the core of the studied area (i.e. 

G, H, I, K, M, O and P). For each orientation of 

surface, the daily proportion of irradiation reflected 

received PHrefl_core has been investigated. Figure 

11 presents the results corresponding to south-

facing facades. 
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Figure 11: proportion PHrefl_core of south oriented 

facades for different façade reflectance 
 

Discrepancy between each surface orientation is 

observed. Results also show low variation for south 

and east orientated facades: the direct irradiation is 

predominant in these cases. Irradiation of façades 

facing north and west are lowest for high position 

of sun because the vertical position of the sun limits 

the reflection. North orientation is the orientation 

where the maximum reflected irradiation is 

obtained due to the absence of direct irradiation. 

Figure 12 shows the results of the daily proportion 

of irradiation reflected received by ground. 
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Figure 12: proportion PHrefl_core of the ground 

during the year, for different façade's reflectance 
 

Variation of the proportion of reflected irradiation 

received by the ground is of the opposite of sun's 

azimuth: due to the mask effect from buildings, low 

direct irradiance and high reflected irradiation is 

found when the solar height is low. 

Variation of the reflectance of ground 

The same study as previously is conducted, but 

reflectance of facades is kept to 0.4 and reflectance 

of ground varies (case 3 and 6 to 9, Table 1). 

Figure 13 presents the results corresponding to 

south-facing facades. Significant values are 

observed during the summer season. 
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Figure 13: proportion PHrefl_core of south oriented 

facades for different ground reflectance 
 

Compared to Figure 11, Figure 13 has more 

significant summer values for the same winter 

values. The same phenomenon is found for all other 

orientations of façade, but it has less importance for 

north and west oriented facades. Consequently, the 

major part of reflected irradiation received during 

summer season is coming from the ground. 

As expected, reflectance of the ground has no 

influence on reflected irradiation received by the 
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ground because view factor between ground 

surfaces is null. 

DISCUSSION AND CONCLUSIONS 

Basic case analysis 

Case 2 (Figure 7) has shown the importance of 

reflected irradiation: it can represent more than 

30 % of the irradiation received by a surface. 

Obviously, the proportion of irradiation reflected 

increase with the density of buildings around the 

simulated surface: to maximize the reflection 

proportion, surface must be close to another 

building (to increase the view factor). High density 

districts save thus statistically more reflected 

irradiation than low density ones. It should be noted 

that increasing the density of a district will also 

conduct to the decrease of incident irradiation on 

surface; as the number of masks is increasing too. 

The solution which consists to increase density of 

building is thus advisable when the aim is to 

increase reflected irradiation and decrease incident 

radiation. 

Figure 8 points out that importance of reflected 

irradiation varies during the year. And low value 

corresponds to high solar height, when direct 

irradiation is vertical. However it remains 

significant all the year for most surfaces. Moreover, 

north oriented surface have the most significant 

proportion of reflection irradiation because they are 

not exposed to direct solar irradiation. 

Concerning time span, in the case of significant 

density districts, results for a unique day cannot be 

generalized to longest periods such as the month or 

the season. This discrepancy is due to shading 

effect; and the reflectance of surface increases this 

phenomenon. Further investigations are needed to 

quantify the error involved by this simplification. 

Reflectance variation analysis 

Trends are different for each façade orientation, 

depending mostly of direct irradiance received. 

High reflectance for façade increases reflected 

irradiance during all the year except in summer 

season and permit to use wisely solar energy. 

Concerning east and south oriented facades, 

reflected irradiance has less importance. And a 

higher value for ground irradiance increases 

reflected irradiance during summer season. 

Discussion upon indicators 

The indicators presented in this paper concerns 

mostly energy aspects and further investigation are 

needed to widen range to aspects such as outdoor 

comfort and visual impact. This consideration is a 

part of the global study on how to use solar 

indicators at the scale of the district in order to 

assess a project of district. 

Simulations clearly demonstrate that reflection 

must be taken into account for the accurate 

quantification of indicators such as solar 

irradiation, spatial distribution of irradiation and 

potential irradiation. Reflected irradiation indeed 

varies from one orientation of façade to another. 

Consequently, solar simulation should include 

reflectance of surfaces, even at early stage of 

design if it is possible. 

Daylight distribution is depending on reflected 

illuminance, unlike shadow density. Consequently, 

in hot and arid climate, a theoretical way to 

increase shadow density while increasing daylight 

distribution may be to increase density of buildings 

and reflectance of façade. 

SCOPE 

This paper has shown the importance of shading 

effect and inter-reflection between buildings of a 

district. Both have to be taken into account during 

solar simulation and use wisely at the planning 

stage. To draw more general conclusion on the time 

span of simulation and its consequences, more 

simulations are required. The scope of these 

simulations will be enlarged to various kind of 

density and to different meshing characteristics of 

the model. The next step concerns variation of 

reflectance in a district where roofs have significant 

difference of height. 

Concerning solar indicators, spatial indicators are 

being investigated. The assessment of a district 

requires that spatial representation is simplified into 

one or several variables such as average value, 

maximum or minimum value… These 

investigations are of major importance for the 

global assessment of district projects. Others 

investigations concerning the set of solar indicators 

defined are also expected: weight of each indicator, 

aggregation method… 

Solar aspect is a step toward the global assessment, 

involving all aspects allowing being as exhaustive 

as possible. Next step will concern acoustic aspects 

and energy aspects. 

ACKNOWLEDGMENT 

This work is supported by the French Research 

Project ADEQUA funded by the French Ministry 

of Capital Works (RGCU and PUCA) and by the 

ADEME. 

REFERENCES 

Chatzidimitriou, A. and Yannas, S. 2004. 

Microclimatic Studies of Urban Open Spaces 

in Northern Greece, 21st International 

- 173 -



Conference Passive and Low Energy 

Architecture, Eindhoven, The Netherlands. 

Cherqui, F., Wurtz, E., Allard, F. and Mora, L. 

2004. Caractérisation du développement 

durable à l'échelle du quartier : application du 

projet ADEQUA au cas d'étude de La 

Rochelle, IBPSA France 2004, Toulouse. 

Compagnon, R. 2004. Solar and daylight 

availability in the urban fabric, Energy and 

Buildings, 36(4), 321-328. 

Crawford, K. 2002. Analysing the extend to which 

morphological indicators give a useful 

description of the urban form, PLEA 2002, 

Toulouse, France. 

Gadsden, S., Rylatt, M., Lomas, K. and Robinson, 

D. 2003. Predicting the urban solar fraction: a 

methodology for energy advisers and planners 

based on GIS, Energy and Buildings, 35(1), 

37-48. 

Khanna, N. 2000. Measuring environmental 

quality: an index of pollution, Ecological 

Economics, 35(2), 191-202. 

Kristl, Z. and Krainer, A. 2001. Energy evaluation 

of urban structure and dimensioning of 

building site using iso-shadow method, Solar 

Energy, 70(1), 23-34. 

Kurtz, J. C., Jackson, L. E. and Fisher, W. S. 2001. 

Strategies for evaluating indicators based on 

guidelines from the Environmental Protection 

Agency's Office of Research and 

Development, Ecological Indicators, 1(1), 49-

60. 

Li, D. H. W., Lau, C. C. S. and Lam, J. C. 2005. 

Predicting daylight illuminance on inclined 

surfaces using sky luminance data, Energy, 

30(9), 1649-1665. 

Lopez, G., Batlles, F. J. and Tovar-Pescador, J. 

2005. Selection of input parameters to model 

direct solar irradiance by using artificial neural 

networks, Energy, 30(9), 1675-1684. 

Martin Centre for Architectural and Urban Studies. 

1997. Project ZED: Towards zero emission 

urban development - the interrelationship 

between energy, buildings, people and 

microclimate. The Martin Centre, Cambridge, 

European Commission, 129. 

Mendoza, G. A. and Prabhu, R. 2004. Fuzzy 

methods for assessing criteria and indicators of 

sustainable forest management, Ecological 

Indicators, 3(4), 227-236. 

Miguet, F. and Groleau, D. 2002. A daylight 

simulation tool for urban and architectural 

spaces - application to transmitted direct and 

diffuse light through glazing, Building and 

Environment, 37(8-9), 833-843. 

Okeil, A. 2004. In Search for energy efficient urban 

forms: the residential solar block, CIB World 

Building Congress 2004, Toronto, Ontario, 

Canada. 

Ratti, C., Raydan, D. and Steemers, K. 2003. 

Building form and environmental performance: 

archetypes, analysis and an arid climate, 

Energy and Buildings, 35(1), 49-59. 

Shi, C., Hutchinson, S. M. and Xu, S. 2004. 

Evaluation of coastal zone sustainability: an 

integrated approach applied in Shanghai 

Municipality and Chong Ming Island, Journal 

of Environmental Management, 71(4), 335-

344. 

Teller, J. and Azar, S. 2001. Townscope II--A 

computer system to support solar access 

decision-making, Solar Energy, 70(3), 187-

200. 

NOMENCLATURE 

Ai  area of façade i [m²] 

AS total weighted facade area for the 

azimuth sector s [m²] 

dDay  daylight distribution [%] 

Hi irradiation of a surface i [Wh/m²] 

Hfi irradiation of facade i [Wh/m²] 

Hri irradiation of roof i [Wh/m²] 

Hgi irradiation of ground i [Wh/m²] 
d

rH , d

fH , d

gH  respectively proportion of  irradiation 

on roofs, facades and ground [%] 

Hinc_i(ts) global irradiation of surface i, without 

any reflection for a time step ts [Wh/m²] 

H_i(ts) global irradiation of surface i after all 

reflections for a time step ts [Wh/m²] 
m

iH  maximum irradiation of a surface i, 

considering no shading effect [Wh/m²] 

HLi spatial irradiation level of a surface i [%] 

HPi potential irradiation of a surface i [%] 

Lgi global illuminance of surface i [lux] 
m

iL  maximum global illuminance of surface 

i, considering no shading effect [lux] 

n number of surfaces of the studied area 

s azimuth sector [°] 

Shd shadow density [%] 

SVFi sky view factor of façade i [-] 

daylightt  duration of daylight at a specific location 

sh

it  duration of shadow on a surface [hours] 

ts time step (e.g. day, month, year…) 
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