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Abstract 
Half of the human population currently lives in urban areas, which poses challenges and opportunities. The 
urban form influences transport, environmental quality, resource use, public space, social-wellbeing and 
economic growth. This paper applies a Multiple Objective Optimisation approach to urban design through the 
use of current computer-aided design tools. The approach will be applied to a case study in Tel-Aviv, Israel, in 
order to maximise outdoor comfort, operational energy use and daylighting. First, a review of sustainable urban 
design was conducted in order to determine the scope of the problem. Next, parametric 3D modelling with 
environmental analysis tools was used in combination with a genetic algorithm to conduct the optimisation 
process. This paper finds that the applied approach is able to optimise the urban form for multiple objectives. 
The results indicate urban form characteristics which are associated with more optimal solutions.  

 
Keywords: urban form, multi-objective optimisation, daylight, energy, comfort 

1. Introduction  
Across the world, just over half of the human population lives in urban areas, and this is 
predicted to increase to 66% by the year 2050 (United Nations, 2014). Increasing urbanization 
provides both challenges and opportunities in terms of economic growth, social well-being 
and environmental sustainability (Kötter, 2004). These challenges are linked with the 
concepts of sustainable development, which is built upon the three pillars of economic 
growth, social inclusion and environmental protection (Harris, 2000). Applying concepts from 
sustainable development to the multi-dimensional urban design problem can give planners 
new opportunities. Sustainable urban planning presents a multi-objective challenge requiring 
the collaboration of various fields of study. With the growing popularity of computer-aided 
design (CAD), there is an opportunity to apply new tools and methods in order to take an 
integrated approach to urban design, which can combine performance metrics from 
economic, social and environmental dimensions. The aim of this study is to test an 
evolutionary multi-objective optimisation (EMO) approach to improve urban design for a 
high-density development in a hot Mediterranean climate. The approach will be applied to a 
typical residential block in the proposed Sde Dov Masterplan in Israel. The design objectives 
considered for optimisation are operational energy use, daylighting and outdoor comfort. 

2. Background and Context 

2.1 Review of Sustainable Urban Planning Frameworks 
Defining the characteristics of a sustainable urban form has been debated for many years by 
academics, planners and government bodies. Through this debate, several groups have 
arrived at varying frameworks to help achieve a sustainable urban form. The purpose of this 
review is to study those frameworks and from them draw a representative selection of design  
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objectives and performance metrics, which will form the basis of the multi-objective 
optimisation. 
 
The frameworks proposed by Egan (Egan, 2004) and Larco (Larco, 2016) provide the most 
comprehensive set of design guidance and performance metrics to gauge sustainable urban 
design. Using the reviewed literature, a framework was developed to characterize sustainable 
urban design and provide a shortlist of metrics that represent the problem. In order to capture 
a wide range of themes one indicator was chosen per category: (1) Building Operational 
Energy, (2) Daylighting, (3) Outdoor Comfort, (4) Floor Area Ratio (FAR). These metrics suit 
the purpose of the study but exclude many complex social, economic and environmental 
issues. 

2.2 Previous Works 
This literature review aims to establish the existing knowledge on optimisation of the urban 
form using parametric modelling tools. This is a vast growing field with new tools and 
approaches being developed, providing new opportunities. The review will focus on 
identifying the optimisation methods used and results achieved. A summary of the reviewed 
studies is in Table 1. From the review of previous studies, we find the following: 
 1. Multi-objective optimisation using genetic algorithms has been used in academia and 
is a viable method to find optimal design solutions in the field of the built environment. 
2. The majority of optimisation studies are conducted at building scale with the objective 
of minimizing energy use (Evins, 2013) 
3. Based off the review conducted in this study, summarized in Table 1, studies focusing 
on the effect of the urban form on energy, daylight and outdoor comfort are insufficient. 

3. Methodology 

3.1 Case Study 
For this study the proposed masterplan of Sde Dov was used with information provided by 
Expedition Engineering. For the purposes of this study, a typical urban block was chosen from 
the plan to serve as the base case for analysis. The base case is a block subdivided by public 
spaces into four smaller plots each with a low rise block and high rise tower. The overall site 
FAR is 4.5, which will be set as a constraint for the optimisation process later. 

 

Study Objectives Parameters Simulatio Results 

(Martins et 
al., 2014) 

Minimize façade 
radiation, maximize 
roof radiation  

Albedo, street width, 
FAR, shape factor, 
plot ratio 

CitySim 24% improvement over 
base case.  

(Kämpf and 
Robinson, 
2010) 

Maximize solar 
access 

Building height Radiance Improvement of 18% 
over best practice  

(Vermeulen et 
al., 2015) 

Maximize solar 
access 

Building height, 
translation, scaling, 
rotation 

Clear sky model Convex hull layout 
yielded optimal results 

(Yu et al., 
2014) 

Minimize energy, 
maximize sky view 
factor, optimise 
wind speeds 

Street layout, width, 
height, block type, 
glazing ratios 

ANSYS, net heat 
transfer, ray-
tracing 

Method provided 
improvements over base 
case 

Table 1 Summary of Previous Studies 
 



3.2 Problem Definition and Parametrization 
The first stage in the multi-objective optimisation process is to understand the problem in 
terms of variables, constraints and objectives. Variables can fall into three categories 
independent, dependant and constant. The independent variables are most important as they 
give the parametric model its flexibility. The variables used were: building height, block type, 
number of towers, plan depth, coverage ratio and building offset.  

The objectives are used to quantify the fitness of design solutions and are key in the 
determination of optimal forms. The optimisation objectives were determined previously 
after the review of sustainable urban design principles and are as follows: (1) Operational 
Energy, (2) Daylighting, (3) Outdoor Comfort, (4) FAR. The FAR is set to be a constrained 
objective, so that in order for a design alternative to be valid it must achieve the target FAR 
of 4.5, determined from the base case. The parametric modelling was completed using 
Grasshopper, which is a visual scripting interface for Rhino 3D that also provides a platform 
for various simulation plug-ins. 

3.3 Simulation and Calculation 
Urban Modelling Interface (UMI) was used to conduct the environmental analysis for the 
urban block. The operational energy simulation within UMI uses the EnergyPlus dynamic 
thermal simulation engine along with a sampling method to approximate the urban blocks 
(Reinhart et al., 2013). 

3.3.1 Daylight Simulation 
Daylight was quantified with Vertical Sky Component (VSC), which is the percent of the sky 
with a direct path to the centre of a window. This calculation method is fast and represents 
the amount of light available at the façade and is used in the Building Research Establishment 
(BRE) Guidelines for daylighting (Littlefair, 2011). The VSC was calculated using the 
environmental plug-ins of Ladybug and Honeybee. VSC was calculated at test points every 3m 
along the mid-height of the ground floor façade. A threshold VSC of 16% was used as 
suggested by BRE guidelines (Littlefair, 2011). 

3.3.2 Outdoor Comfort Simulation 
This metric was calculated using Ladybug and Honeybee modules for Grasshopper with the 
same methodology proposed by the UMI tool (Reinhart et al., 2013). The results of the 
simulation indicate ‘cold’ spots which are characterized by hours with no direct solar radiation 
and air temperatures below 10°C. Hot spots are characterized by hours with direct solar 
radiation when the ambient air temperature is above 28°C. The objective for the optimisation 
process is to minimize the total ‘cold’ and ‘hot’ hours throughout the year. This method 
captures the two major microclimate factors of thermal comfort, only ignoring wind speed, 
humidity and mean radiant temperature (Chen and Ng, 2012). 

3.3.3 Floor Area Ratio 
FAR is the total floor area of buildings divided by the site area of the block. Within 
Grasshopper there is a component which calculates the FAR of given geometry based on floor-
to-floor distances. This component also has the capability to scale the input geometry in order 
to meet a target FAR.  

3.4 Optimisation Process 
For this study two optimisation methods were implemented. The first was a user-based 
manual parametric optimisation using best practice design guidelines to shape the urban form. 
The second, implemented a multi-objective genetic algorithm (MOGA). 



Best practices provide urban design guidelines to achieve daylighting, passive solar design and 
outdoor comfort. Adequate daylighting and allowance of passive solar design can be achieved 
through the guideline of obstruction angle (Littlefair, 2011). Littlefair’s guidelines suggests a 
maximum obstruction angle of 34° for this case. The obstruction angle is defined as the angle 
from a 2m height to the nearest obstructing object (Littlefair, 2011).  

The MOGA optimisation method will be implemented through the Octopus plug-in for 
Grasshopper. Octopus implements the Strength Pareto Evolutionary Algorithm 2 (SPEA2), 

which is a strength based Pareto algorithm that 
works well when a high number of objectives are 
defined by retaining a broad solution space (Zitzler 
et al., 2001). 

4. Results and Discussion 

4.1 Pareto Analysis 
The results of the optimisation process are shown 
in the three charts in Figure 1. The charts show that 
initially the algorithm started with random 
solutions with poor fitness and as the generations 
progressed so did the fitness of the solutions, 
indicating that the algorithm was successful.  

Also included on the charts in Figure 1 is the 
performance of the base case design and the 
alternative design using the obstruction angle 
guideline. It can be seen that the base case 
performs well in terms of outdoor comfort and 
operational energy but the daylight objective is 
poor with about 80% of test points along the 
ground floor façade having a VSC of less than 16%. 
The results using the design guideline for maximum 
obstruction angle are good as they compare well 
with the pareto front. The limitation with the 
design guidelines is that they provide a singular 
solution which represents one combination of 
trade-offs between design objectives. The strength 
of multi-objective optimisation is that it can provide 
a range of optimal solutions, which will be 
discussed later. 

4.2 Parameter Analysis 
The final two pareto generations were analysed to 
determine if there were any significant 
commonalities in the geometric parameters. The 
most significant conclusion was from the analysis of 
low-rise block types. In the final pareto set of 
solutions, 86% of solutions had the H-plan layout 
with the remaining having a N-S slab layout. 
Although this optimisation was performed with a 

0%

20%

40%

60%

80%

10% 20% 30%

D
ay

lig
h

t 
(<

 1
6

%
 V

SC
)

Discomfort Hours (% of year)

Comfort and Daylight

All Solutions Final Pareto

20

30

40

50

60

70

0% 20% 40% 60% 80%

O
p

er
at

io
n

al
 E

n
er

gy
 (

kW
h

/m
2

)

Daylight (< 16% VSC)

Daylight and Energy

All Solutions Final Pareto

20

30

40

50

60

10% 15% 20% 25% 30% 35%

O
p

er
at

io
n

al
 E

n
er

gy
 (

kW
h

/m
2
)

Discomfort Hours (% of year)

Comfort and Energy

All Solutions Final Pareto

Figure 1 Pareto Results 



small sample size, it is still valuable that almost all of the optimum solutions favoured the H-
plan block layout. The H-plan layout may be favourable in this case because it has a less 
compact shape, which would provide better daylighting, increased heat dissipation and 
increased self-shading. Additionally, the blocks heights for the H-plan layout resembled a 
stepped pattern from west to east, with taller heights on the west, which would shade the 
adjacent blocks from morning solar gains. Additionally, it was found that the pareto solutions 
that performed well for outdoor comfort and energy had narrow north south corridors, when 
compared with solutions that performed better in terms of daylight. The narrow north-south 
corridor would self-shade the adjacent blocks and also provide shading for the outdoor spaces. 

4.3 Optimal Solutions 
In Figure 2, the final pareto front is shown along with optimal solutions for each objective and 
a balanced optimal solution. From the figures a distinct difference in form can be seen 
between the comfort and daylighting solution. The comfort solution is much more compact 
and has more regular tower heights when compared to the daylighting solution. The comfort 
and energy solutions share similar attributes having lower tower heights and more 
compactness, this could indicate that for this case these two objectives are somewhat 
complimentary. The combination of these three variants is shown in the balanced solution, 
which achieves a median performance for all three objectives and is reflected in the form, 
which is a mix between the two extremes. 

5. Conclusion 
In this study, the application of a EMO approach to improve a residential urban block in a hot 
Mediterranean climate was tested. The metrics of Operational Energy, Daylighting and 
Outdoor Comfort were chosen along with a constraint for FAR.  

The results of the study indicate that EMO is a viable method for improving the urban form. 
The strength of this method lies with the multi-objective approach which lends itself well to 
urban design applications. In this study the EMO method was able to find optimal forms for 
the various objectives and improvements in performance were observed over the base case. 
When compared with the traditional method of using obstruction angles, the method 
provided more choice in optimal design solutions.  

Comfort 

Daylighting 

Energy 

Balanced 

Figure 2 Optimal Solutions 



Even though there are limitations with the applied method, the results show that the 
evolutionary algorithm was able to improve the fitness of solutions, validating the methods 
applicability to urban design. As computational capabilities improve, a wider range of metrics 
can be included in the optimisation providing a more informed design process. 
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