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ABSTRACT
We present the practical application of two models 

SustArc (Capeluto and Shaviv 1997, 1999) and 

FLUENT 5.0.2 (1999) to the design of a new 

business district in Tel Aviv incorporating solar and 

wind rights. The new business district was designed 

as a high-density urban area and is located near an 

old low-rise residential quarter. SustArc was used as 

a design tool to create the solar envelope that shows 

the maximum available volume in which it is 

possible to build without violating the solar rights of 

existing residential neighborhood, the main avenues 

and the pedestrian sidewalks. FLUENT, on the other 

hand, was implemented as an evaluative tool, in a 

trial and error method, until a design solution could 

be achieved, in which the wind rights of the 

residential neighborhood were preserved, while 

ensuring tolerable winds inside the business district. 

The paper presents the process of sun and wind 

controlled planning, as well as the recommendations. 

INTRODUCTION
During the conceptual design phase of urban 

districts, the designer deals with different geometrical 

characteristics related to the building's height and 

width, in relation to the open spaces and the 

pedestrian sidewalks. New buildings may create a 

different microclimate, like changing the wind 

regime and shading of existing neighborhoods, as 

well as in the new district. To protect solar rights, as 

well as wind rights, is a complex task. Moreover, 

tolerable winds should be achieved along the 

pedestrian sidewalks. The determination of a 

preferable design solution becomes specially 

complicated due to mutual influences. On the other 

hand, ignoring the solar rights at the stage of the 

preparation of the master plan may cause 

unrepairable discomfort conditions around the 

buildings. 

Different design tools for solar insolation conscious 

design were developed. We can classify these tools 

into generation tools and evaluation tools. The 

generative design tools aid to define the proper 

geometry. Some examples are Arumi (1979), Shaviv 

(1984), Schiller and Uen-Fang (1993) and Capeluto 

and Shaviv (1997, 1999) for determining solar rights. 

These tools generate nomograms that present all 

possible solutions to a given problem. These 

nomograms are called "Solar Envelopes". The 

evaluation tools, on the other hand, analyze the 

performance of a given design. Some examples are 

Kroner and Abrey (1985), Yezioro and Shaviv (1994, 

1999) and Capeluto and Shaviv (1997) for evaluating 

solar rights and the design of the open spaces 

between the buildings. Heliodons are also used to 

evaluate the proposed design, namely a scaled down 

3D physical model examined in the laboratory.  

For microclimate and wind rights conscious design, 

there are today only evaluative design tools. These 

are either wind tunnel studies, or Computational 

Fluid Dynamics (CFD) simulation tools. The CFD 

models are very powerful, require heavy calculations, 

but provide detailed results that can show clearly the 

defects in suggested designs. As a result, new design 

alternative may be thought of and re-evaluated, until 

a good and satisfactory design is achieved.  

In the design of the new business district, we have 

used SustArc, as the design tool to evaluate the 

proposed design (Fig. 2). We have also used SustArc 

to create the solar envelope that shows the maximum 

available volume in which it is possible to build 

while keeping the solar rights of the existing 

neighborhood (Fig. 5). We used FLUENT to evaluate 

the existing situation, the proposed solution and the 

mitigation design, in which the wind rights to the 

residential neighborhood were preserved, while 

ensuring tolerable winds along the pedestrian 

sidewalks (Figures 8, 9). The paper presents the 

design process along with the different design tools 

implemented to create the solutions and to simulate 

and evaluate the proposed design. Using these tools 

we could develop rules and design guidelines that 

ensure proper insolation and ventilation in the 

existing residential neighborhood as well as in 

creating good microclimatic conditions inside the 

new business district. 

SUN, WINDS AND URBAN DESIGN
There are many places in which urban design take 

into consideration solar rights and winds protection. 

Let’s mention a few: New York, Boston, Chicago, 

Philadelphia, Pittsburgh and San Francisco, in the 

USA, Calgary, Edmonton, Halifax, London, 

Montreal, Ottawa and Toronto, in Canada 

(Bosselman et. Al., 1991). Many tall buildings were 
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built during the past in all of the above cities. These 

tall buildings caused different problems, like shading, 

loss of daylight, and creation of strong winds around 

the tall buildings on one hand, and at the same time 

avoid good ventilation by creating wind stagnation at 

some parts around them. From the accumulating 

experience, the city leaders and designers recognized 

the need to control the changes in the microclimatic 

conditions created by a proposed design. In many 

cities, large projects, including tall buildings, require 

wind studies, as well as shading evaluation. 

Nevertheless, in most places, the planning control for 

wind protection and solar insolation are not 

mandatory and are not imposed by standards, but 

rather open to negotiations with the developers.  

Defining urban standards can be carried on along 

three different approaches (Bosselman et. Al., 1991): 

1. Prescriptive and descriptive standards, in which 

the exact physical solution is given. For example, 

the specific maximum height of buildings in the 

inner city neighborhood of San Francisco is 

dictated along with the angle of the slope of a 

plan that cut the upper floors further from the 

street.  

2. Performance standards, in which the expected 

performance of the design is given. For example, 

Boston zoning ordinance dictates for some 

downtown areas, that “No net increase in shadow 

is permitted between 8 a.m and 2.30 p.m”. In San 

Francisco for example a performance standard is 

set for the maximum allowed wind velocity so 

that “a building form which causes wind speeds 

to exceed eleven miles per hour in areas where 

people walk and seven miles per hour in areas 

where people sit, should not be used.” 

3. Discretionary review, in which a comprehensive 

study is required as part of the Environmental 

Impact Study (EIS) process. For example, in New 

York, sponsors of large development projects are 

required to conduct wind studies. The expected 

wind velocities in new or existing open spaces 

shall not exceed the mean wind velocity in 

existing comparable open spaces. 

There are not yet urban standards and legislation in 

Israel about how much a building can shade 

neighboring buildings, open spaces, or what is the 

maximum allowed wind speed. As for solar rights, 

we were contracted to develop legislation (Shaviv et. 

al., 2001) and we hope that our future 

recommendations will be imposed. However, in 

many cities, the Israeli ministry of the environment 

demands from every developer, who wants to build 

high-rise buildings, a discretionary review for winds 

and shading, as part as the Environmental Impact 

Study. As there are not yet urban standards, the 

results of the study are not always imposed on the 

project. 

The shading study is usually an evaluation process, 

carried by different computer codes, while the wind 

assessment is in most cases a wind tunnel study. In 

the following chapter we shall demonstrate a 

different approach to deal with planning control for 

sun access and wind access and protection (HELIOS, 

2000).

PLANNING CONTROL FOR SUN AND 

WINDS IN A NEW BUSINESS DISTRICT 
A new business district is being planned in the heart 

of Tel Aviv on an area of 250,000m
2
. The urban 

density was changed from 200% to 450%. As a 

result, the developers wish to build in the area many 

high-rise buildings 40 stories and above. Existing 

low-rise residential buildings surround this new 

business district will be affected by the high-rise 

buildings (see Fig.1).  

Figure 1. An aerial view of the business district 

The new master plan of this district was not approved 

yet, and the residents of neighboring communities 

can submit objections to the new plan, which they 

did. The designers of the Tel Aviv City planning 

department produced a 3D model of the site, in 

which they assumed that all developers would build 

the maximum allowed (a likely outcome). The model 

allows the visualization of the spatial drawbacks in 

the preliminary design. In particular, it was found 

that the new buildings create a high wall that would 

deprive the sun and winds from the existing buildings 

(Fig.2). Therefore, the designers of Tel Aviv City 

planning department decided to adopt certain rules 

for the design of this new business district so as to 

ensure sun and winds in the existing residential 

neighborhood.  
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Figure 2. Sun-View presenting the shading of the 

main green avenue (the area adjacent to the tall 

buildings from the right) and the residential 

neighborhood (the long square on the right) 

The Tel Aviv climate is hot and humid, and the sea 

breeze helps in summer to bring about thermal 

comfort in open spaces, as well as indoors. 

Therefore, the proposed high-rise buildings should 

not block the sea breeze. Moreover, tall buildings can 

create strong winds at the foot of the buildings. This 

fact complicates the situation, as near tall buildings 

the wind velocity may change very fast from 

extremely strong wind to no breeze at all.  

The sun in Tel Aviv is undesirable in summer but it 

can cause any open space and parks to be a very 

pleasant and enjoyable place to stay in winter. 

Therefore, permanent shading, even if needed in 

summer, compromises winter sun. A dynamic 

solution, like shading open spaces and sidewalks in 

summer by deciduous trees that supply winter 

insolation, is preferred. In general, at least one 

pedestrian sidewalk should be exposed to winter sun 

to provide thermal comfort in winter. The other 

sidewalk, which is shaded by the building in winter, 

can be protected from the summer sun by permanent 

shading devices, or by evergreen trees. On top of it, 

in Israel there is a requirement by law, for every 

residential unit, to have solar panels for hot water. It 

is mandatory, therefore, that these panels will be 

exposed to the sun the year around.   

PLANNING CONTROL FOR SUN 

ACCESS
"Solar Rights Envelope" defines the space of all 

possible solutions for the determination of a design 

that does not violate the solar rights of existing 

buildings and open spaces during a given period of 

the year (See Fig. 3). The model SustArc creates such 

an envelope (Capeluto and Shaviv, 1997, 1999). 

Figure 3. The Solar Rights Envelope 

In the design of the new business district, the use of 

solar envelopes was recommended to protect the 

solar rights. The requirement was to achieve solar 

access during the entire winter, between 8 a.m. and 

3.00 p.m., in the residential neighborhood, as well as 

in the main avenue that is the only existing green 

open area. The solar envelope that fulfills the above 

requirement, as well as the obtained shape of the 

buildings under this envelope, are presented in Figure 

4.

Figure 4. The solar envelope that ensure solar rights 

in the existing residential neighborhood as well as in 

the main green open space 

Although the requirements were only to ensure solar 

access to the residential neighborhood, we added the 

demand that the main two avenues from west to east 

will be exposed to the sun during the same period. 

This is in order to ensure that the morning and 

afternoon walk from the railway station to work, is in 

the sun (see Fig. 6). On top of it we required that the 

main inner street parallel to the main green avenue 

would have solar access during lunchtime from 12.00 

to 13.00. These requirements will allow the people to 

enjoy walking in the sun to the two avenues that lead 

them to the main green avenue, to have lunch in the 

garden, or in the planned restaurants along the green 

avenue.  

Figure 5 presents the solar envelope that was 

accepted as design guidelines for the relocation or 

reshaping of the tall buildings in the business district. 

All buildings higher than this envelope (these are the 

buildings that can be seen above the net of the 

envelope) must be displaced to another location, or 

should be reshaped (see Fig. 6). This is a descriptive 

approach, in which all possible consistent solutions 

are given in advance. However, we mixed the 
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descriptive approach with the performance one, by 

allowing some exceptions, as long as the shading 

caused by these buildings is not above a given 

standard. But, till such standard will exist, a 

discretionary review approach might be necessary. 

Until now, few tall buildings have already been 

relocated and reshaped, so that they will not stick out 

from the given solar envelope. 

Figure 5. The solar envelope that ensure solar rights 

in the existing residential neighborhoods as well as in 

the main avenues and streets 

Figure 6. The maximum allowed floors for each 

building, keeping solar rights in the existing 

residential neighborhoods as well as in the main 

avenues and streets 

PLANNING CONTROL FOR WIND 

ACCESS AND PROTECTION
Contrary to other cities, where the requirements were 

only to protect from high wind velocity around 

buildings, the demand in our case was to ensure good 

ventilation to the residential neighborhood located 

east to the business center. The situation today is, that 

in the business district, most of the buildings are 

seven floors high and are in a very bad physical 

condition. Therefore, the majority of the buildings 

should be demolished and replaced by new ones. The 

only exception is the first row of buildings near the 

freeway that are seven floors and new. Today, one 

can feel in the neighboring residential quarter the 

good breeze coming from the west. The proposed 

new tall buildings, thirty floors and above, may block 

the breeze. Therefore, the residents of this quarter 

objected to the new design on the ground of wind 

rights. The question that was raised, therefore, was 

what should be the ventilation corridors inside the 

business district tissue, so that good natural 

ventilation will remain in the residential 

neighborhood, as well as in the new business district. 

This fact complicated the situation, as in many design 

alternatives the very solution for ensuring the breeze 

in the residential quarter, may cause excessive winds 

in the business district (see Figures 8, 9).  

There are not yet design tools that can create the 

envelope of all possible solutions that satisfy wind 

requirements, or wind protection. Therefore, 

performance approach and evaluation technique were 

applied by using a Computational Fluid Dynamics 

(CFD) simulation model FLUENT 5.0.2 (1999). We 

required the following: wind velocity in the main 

avenues and streets should be in summer at least 

2m/s in walking areas, and 1m/s in sitting areas. In 

winter, wind velocity in the main green avenue 

should not be higher than 5m/s in walking areas and 

3.5m/s in sitting areas. In other streets, where people 

move fast, it can reach up to 9m/s. In the residential 

neighborhood, the breeze should be similar to what 

exists today. 

FLUENT is a very powerful tool. It requires heavy 

calculations, but gives detailed results that can show 

the wind pattern in any plan or cross-section (see 

Figures 8, 9). We used FLUENT with the k-ε
turbulence model, to evaluate the existing situation. 

We compared it with the proposed design (Fig. 8) 

and with the design based on the solar envelope (Fig. 

9). Many different design alternatives were proposed 

and evaluated, until a design solution, in which the 

wind rights of the residential neighborhood are 

preserved while ensuring tolerable winds inside the 

business district, was found. 

As the buildings are not yet designed, and for the 

master plan only general information about the mass 

of the buildings is required, we assumed simple 

shapes, and conducted parametric evaluation, in 

order to find the influence of each design option on 

the wind pattern. Also, as the simulations are CPU 

time intensive, we shorten the evaluation procedure 

by presenting in the same plan different widths for 

the ventilation corridors, as well as different widths 

for the north-south streets. In this way we could learn 

from the same run, what is the preferred width of the 

ventilation corridors.  

Figure 7 presents the standard meteorological wind 

measurements on site, 10m above the ground. From 
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this figure one learns that the desired winds in the hot 

seasons come mainly from the west and northwest 

and in general the wind velocity is about 3.5m/s. To 

ensure winds rights, we carried simulations for these 

two directions. In all simulations we assumed a wind 

profile appropriate for the urban roughness and wind 

velocity of 3.5m/s at the entrance. 

Figure 7. The wind rose as measured in site 

Figures 8 and 9 show few of the simulations results 

and only for winds coming from the west. In general, 

the wind coming from northwest gave better results 

than what is shown here. Figures 8 and 9 top left 

present the existing situation; i.e. all buildings are 

seven floors high. The widths of the north-south 

streets are 16m and 36m according to the existing 

situation and widths of the east-west streets are 36, 

24 and 12m. The latter are the ventilation corridors 

that should allow the sea breeze to reach the 

residential neighborhood. According to the wind 

pattern obtained, we required that the north-south 

streets should be at least 36m in order not to have 

wind stagnation in the street. The ventilation 

corridors should be at least 24m, preferable 36m. For 

the 12m wide ventilation corridor, the wind velocity 

in the residential neighborhood is too low, even in 

the existing situation of seven floors high buildings. 

Therefore, we defined the wind pattern examined 

area as the area east to the 24 and 36m ventilation 

corridors only. 

Figure 8 presents the simulation results for the 

proposed design (top right) and parametric analysis 

for mitigation (bottom left and right). We can see that 

cutting the building in 45 degrees at the exit of the 

business district, improves the ventilation in both the 

main green avenue and the residential neighborhood 

(bottom left). On the other hand, changing the plan of 

the middle tower from square to round deteriorates 

the microclimate conditions.  

Figure 9 presents the simulation results for the 

proposed design according to the solar envelope 

section (top right) and parametric analysis for 

mitigation (bottom left and right). We can see that 

the design according the solar envelope preserves 

also the wind rights. However, the wind velocity 

along the east-west pathway is too high, and should 

be reduced. Adding seven floors high buildings along 

the 36m wide pathway, reduces the high velocity 

wind speed in this pathway, but also reduces a little 

bit the wind velocity in the residential neighborhood. 

Adding trees at the entrance to the ventilation 

corridors reduces the wind velocity inside the 

ventilation corridors, and also in the residential 

neighborhood. However, the wind pattern obtained is 

quite satisfactory (bottom right).     

SUMMARY AND CONCLUSIONS
This work presents a case study in which, for the first 

time, the solar rights envelope was used in Israel for 

the design of a new business district in Tel Aviv, 

keeping solar rights in a high-density urban area. 

Using this solar envelope we could determine the 

maximum allowed heights of the buildings that 

ensure proper insolation in the existing residential 

neighborhood as well as in the new business district 

and the main green avenue (see Fig. 5). The 

requirement to build under the solar envelope is a 

prescriptive/descriptive approach. 

To protect both, the solar and wind rights, the solar 

envelope was created first, this envelope was then 

evaluated using a CFD technique to ensure the wind 

rights and tolerable winds inside the business district. 

From the many simulations performed (only few of 

them shown here) we found that it is not easy to use 

the prescriptive/descriptive approach, as was done in 

the solar rights requirement. Rather, for the winds 

rights and wind control, a standard performance 

approach should be applied. This is because the 

winds pattern depends on the exact geometry of all 

buildings around. Changing the geometry of one 

building can influence the wind pattern around other 

buildings. Therefore, performance standards should 

be established, and the wind pattern around the 

building should be evaluated against these standards, 

by certified tools and users.  
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Figure 8. Simulating winds in the business district by using FLUENT: Top left- Existing situation. Top right- 

Proposed design. Bottom- parametric analysis. 
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Figure 9. Simulating winds in the business district by using FLUENT: Top left- Existing situation.  Top right- 

Proposed design according to the Solar envelope section. Bottom left- parametric analysis: Seven floors 

buildings along the pathway. Bottom right- parametric analysis: Adding trees at the entrance of the ventilation 

corridors.
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