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Abstract—In last few years, research on renewables were shifted from inte-
grating renewable energy (RE) with buildings into integrating renewable energy 
(RE) within urban environment due to the large occupies of urban areas in 
comparing to the building foot print. Urban areas such as urban landscape areas 
have a great potential in generating huge amount of energy that could satisfy the 
needs of urban neighborhoods. The presented research identify the properties of 
a new elements called Energy-scape elements (ESE) that integrates RE devices 
with urban landscape elements. This research focuses on analyzing the efficien-
cy of web-based application called “Energy-scape software” (ESS) and com-
pare its efficiency with Energy-scape database (ESD) through a qualitative 
method. The research concludes that Energy-scape software (ESS) application 
is an effective tool for implementing Energy-scape elements (ESE) and it over-
come the basic knowledge of architects and landscape designers toward renew-
able properties. Moreover, it identifies the optimum type and location of Ener-
gy-scape elements (ESE) within a specific project, and it calculates the impact 
of using Energy-scape elements (ESE) in term of energy-savings. 

Keywords—Sustainable City, Energy-scape Elements (ESE), Energy-scape 
software (ESS), Energy-scape database (ESD), Landscape elements, Renewable 
Energy. 

1 Introduction 

Creating sustainable city was the scope of researchers in the past few decades. Yet 
sustainable architecture practices in Egypt does not shows constant steps of growth 
[1]. The main intention of this research is to help in spreading the sustainable practice 
in Egypt by presenting a digital tool that integrates renewable energy within the urban 
environment. This research presents and evaluate the efficiency of new online appli-
cation called “Energy-scape software”. Before introducing the software, the research 
will first introduce Energy-scape elements (ESE). ESE is a sustainable landscape 
elements that share the properties of RE devices in generating clean and efficient 
energy, without compensating the functional and aesthetic properties of landscape 
elements and [2] & [3].  
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Energy-scape elements (ESE) integrates landscape elements with RE devices. As 
stated in Ref. [4], landscape elements can be classified into 5 categories as shown in 
figure (1). 

 
Fig. 1. Framework of landscape elements [3] 

While Renewable energy (RE) sources, are classified into biomass energy, geo-
thermal energy, hydroelectric power, piezoelectric cells, solar energy (PV, and CSP) 
and wind energy [3, 5, 6, 7, 8, 9, 10, 11, 13 & 14]. 

In this research, a digital tool called ‘Energy-scape software’ will be examine. This 
web-based application intends to assist the architects and landscape designers to over-
come their basic knowledge toward renewables and to know the properties of ESE. 
The software should assist landscape designers in designing ESE and choosing the 
most suitable elements for their designs. ESS entitled to encourage the architects and 
landscape designers in using energy generating landscape elements known as ESE 
instead of aesthetic landscape elements. On the other hand, ESE will preserve the 
aesthetic view of landscape elements and generates clean energy. The database used 
to design ESS is presented in table [1].  

Table 1.  The elements and properties of ESE [2 & 3] 

Energy-scape Elements Energy-scape properties 
Landscape Elements Renewable 

energy 
Cost 

Min. Area Energy / 
Day  

Mainte-
nance cost / 

Year  
Life time/ Year 

 
 
 
 
 
 
 

1- Trails & Paths 

 
 

Trails 

PZ (Pavement) $2,397 10 m2 2 kWh $20 15 years 
PZ (Roads) $7,397 10 m 16 kWh $20 15 years 
P.V $2,148.6

6 
2 m2 3.6 kWh $85 25 years 

Small Wind Tur-
bines 

$3,660 12 m2 4.5 kWh $20 20 years 

Geothermal $1,780,3
13 

1.5 m2 24 kWh $50 25 years 

 
 

Path 

PZ (Pavement) $2,397 10 m2 2 kWh $20 15 years 
PZ (Roads) $7,397 10 m 16 kWh $20 15 years 
P.V $1,762 2 m2 3.6 kWh $85 25 years 
Small Wind Tur-
bines 

$1,340 12 m2 4.5 kWh $20 20 years 
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Geothermal $1,780,0
23 

1.5 m2 24 kWh $50 25 years 

 
Pavements 

PZ (Pavement) $2,397 10 m2 2 kWh $20 15 years 
PZ (Roads) $7,397 10 m 16 kWh $20 15 years 
P.V $1,742 2 m2 3.6 kWh $85 25 years 

2- Designated & 
Specific Use Areas 

Open space 

PZ (Pavement)  $2,447 10 m2 2 kWh $20 15 years 
P.V $1,742 2 m2 3.6 kWh $85 25 years 

Biomass $90,421.
50 2.5m3 510 kWh $40 26 years 

Small Wind Tur-
bines $1,220 12 m2 4.5 kWh $20 20 years 

Geothermal $1,780,0
08 1.5 m2 24 kWh $50 25 years 

Wooded 
area 

P.V $1,792 2 m2 3.6 kWh $85 25 years 

Biomass $90,484.
0 2.5m3 510 kWh $40 26 years 

Geothermal $1,780,0
45 1.5 m2 24 kWh $50 25 years 

Picnic area 

P.V $1,742 2 m2 3.6 kWh $85 25 years 

Biomass $90,421.
50 2.5m3 510 kWh $40 26 years 

Small Wind Tur-
bines $1,220 12 m2 4.5 kWh $20 20 years 

Geothermal $1,780,0
08 1.5 m2 24 kWh $50 25 years 

Camping 
site 

Biomass $90,421.
50 2.5m3 510 kWh $40 26 years 

Small Wind Tur-
bines $1,220 12 m2 4.5 kWh $20 20 years 

Geothermal $1,780,0
08 1.5 m2 24 kWh $50 25 years 

Area 
surrounding 
park 

P,V $1,742 2 m2 3.6 kWh $85 25 years 

Biomass $90,421.
50 2.5m3 510 kWh $40 26 years 

Small Wind Tur-
bines $1,220 12 m2 4.5 kWh $20 20 years 

Geothermal $1,780,0
08 1.5 m2 24 kWh $50 25 years 

Wildlife or 
pet area 

Biomass $90,421.
50 2.5m3 510 kWh $40 26 years 

Geothermal $1,780,0
08 1.5 m2 24 kWh $50 25 years 

Parking lot 

PZ (Roads)  $7,397 10 m 16 kWh $20 15 years 

P,V $2,148.6
6 2m2 3.6 kWh $85 25 years 

Biomass $97,909.
0 2.5m3 510 kWh $40 26 years 

Small Wind Tur-
bines $3,660 12 m2 4.5 kWh $20 20 years 

Geothermal $1,780,3
13 1.5 m2 24 kWh $50 25 years 

3- Water Areas 

Lakes Hydroelectric $1,897 ф1.1m 25 kWh $50 50 years 
Ponds Hydroelectric $1,897 ф1.1m 25 kWh $50 50 years 
Fishing area Hydroelectric $1,897 ф1.1m 25 kWh $50 50 years 
Stream Hydroelectric $1,897 ф1.1m 25 kWh $50 50 years 
Wetland Hydroelectric $1,897 ф1.1m 25 kWh $50 50 years 
Reflective 
pools P.V $2,152 2 m2 3.6 kWh $85 25 years 

Waterfall Hydroelectric $1,897 ф1.1m 25 kWh $50 50 years 
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4- Other Amenities 
& Facilities 

Trash box P.V $866.0 1 m2 1.8 kWh $85 25 years 
Telep. 
booths 

PZ (Pavement)  $460 1.5 m2 0.3 kWh $20 15 years 
P.V $1,410 1.5 m2 2.7 kWh $85 25 years 

Kiosks 
P.V $2,332 2 m2 3.6 kWh $85 25 years 
Small Wind Tur-
bines $396.7 ф1m 0.375kWh $20 20 years 

mailboxes P.V $97 0.0931m2 0.168kWh $5 25 years 
Drink 
fountains 

PZ (Pavement)  $221 0.3 m2 0.06 kWh $20 15 years 
P.V $408 0.3 m2 0.54 kWh $85 25 years 

Picnic 
shelters Biomass $90,509 2.5 m2 510 kWh $40 26 years 

5. Playground 
Equipment & Fields 
& Courts 

Play set P.V $1,882 2 m2 3.6 kWh $85 25 years 
Play 
structure P.V $17,592 28 m2 50.4 kWh $85 25 years 

Ground 
surface 

Biomass $90,421.
50 2.5m3 510 kWh $40 26 years 

Small Wind Tur-
bines $1,220 12 m2 4.5 kWh $20 20 years 

Geothermal $1,780,0
08 1.5 m2 24 kWh $50 25 years 

Things to 
swing/hang 
from 

P.V $7,182 12 m2 21.6 kWh $85 25 years 
Small Wind Tur-
bines $2,360 12 m2 4.5 kWh $20 20 years 

Things to 
climb 
on/up/throu
gh 

P.V $21,344.
50 42.5 m2 76.5 kWh $85 25 years 

Small Wind Tur-
bines $3,560 42.5 m2 4.5 kWh $20 20 years 

Things to 
stand or 
walk on 

PZ. C (Pavement)  $2,347 5 m2 1 kWh $20 15 years 

Things to 
slide down P.V $1,832 2 m2 3.6 kWh $85 25 years 

 
The work flow of ESS is divided into three phases as shown figure (2); phase one 

data input, were the users are asked to enter the coordinates of the project land and to 
answer questions related to the geographical location of the land. Phase two process, 
where the software will start to filter ESE according to the answers of the geograph-
ical location and present the elements that could be used in this project or in the pre-
sented land. Phase three is data output, were the software presents the properties of 
the chosen ESE and suggest a location for each element in the designed land. The 
software can be access through http://energyscape.bue.edu.eg/web/app_dev.php. 
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Fig. 2. Work flow of ESS [12] 

The presented software were built by Programming language Hypertext Pre-
processor (PHP), MySQL (My Structured Query Language) used the database pre-
sented in table (1). According to the answers provided by the user in the input phase, 
the software filters the components stored in the SQL database, and gives the user a 
filtered list of the component that is needed. In addition, the software provides the 
users with information about each and every component, such as the landscape prop-
erties, R.E properties (Energy/Day), total cost, and maintenance cost per year. The 
filtration process is mainly done by statements and conditions that the system has to 
go over, to carry out the final output. From that short list, the user could choose the 
preferable elements s/he would like to use, then the software calculates the total cost 
of the chosen elements, and the total amount of energy produced from using the cho-
sen elements. Finally, the system shows the elements chosen by the user as well as it 
presents its properties. Moreover, the software presents the best location for each 
element could be placed, on the map, based on each elements properties. 

2 Method 

This research intends to help in creating sustainable city by increasing the percent-
age of energy generation from renewable energy. In order to reach the previous goal, 
the research examine the efficiency of online digital application that integrates renew-
able energy with landscape elements called Energy-scape sofware. The research ap-
plied experimental method for investigating the efficiency of ESE. The method took 
place in to three stages. Stage One: the research applied a qualitative survey, where 
the research asked the participants to design ESE using ESD in a public park. Moreo-
ver, the participants were asked to calculate the properties of the chosen elements. 
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Knowing that the participants should use the min number of ESE that can generate the 
energy needed for the park to operate efficiently. 

Stage two; the same participants were asked to design ESE in the same park using 
ESS as a designing tool. In stage three; the participants were given a questioner to 
measure their experience in designing ESE before and after using the web-based ap-
plication. 

2.1 Study area 

The purpose of this research is to measure the efficiency of ESE using the opinions 
of the professional’s architects and landscape designers through designing ESE. The 
survey took place in Egyptian private universities such as the “British university in 
Egypt” (BUE) and “Arab Academy for Science, Technology and Maritime Transport 
College of Engineering and Technology” (AASTMT).  

2.2 Characteristics of participants and data collection 

The participants were chosen according to their level of experience, the participant 
were professors, Associate professors, lecturers and teaching assistants of architecture 
department. The research participants exposed to two test, after that they were given a 
questionnaire to summarize their experience. The participants who didn’t participate 
in one of the three stages were eliminated from the experiments and their results were 
exclude from the survey. 56 architects and landscape designers were willing to partic-
ipate in the research. The sample started with more than 78 participants but the partic-
ipants that completed the three stages were 56 out of 78. This experiment was made 
during February 2018. The distribution of the participants, social and demographic 
characteristics are presented in table (2).  

Table 2.  Social and Demographic characteristics of the research participants 

 
The aim of this research is to measure the efficiency of proposed web-based appli-

cation and compare it with database that presents ESE and its properties. Question-
naires were chosen to be the method of data collection because the study measures the 
experience of architects and landscape designers toward the proposed web-based 
application. The web-based application was designed to overcome the basic 
knowledge of architects and landscape designers toward renewables properties and to 
encourage the architects and landscape designers to design ESE. 

A short questionnaire consists of 14 questions have been used in this research, the 
14 questions were divided into 7 questions related to ESS while the other 7 questions 

GENDER AGE EDUCATION 
Type % Range % Education level % 

Male 42% 
20-29 35% PHD degree 44% 
30-40 32% Master degree 26% 

Female 58% Above 40 33% BSC of engineering 30% 
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targeting ESD. The questions were measuring the speed of design (time saving), fea-
sibility, the ability to modify the properties of chosen elements, software interface, 
and efficiency. The participants were asked to indicate the rate of effectiveness of 
ESS from ‘totally disagree’ (5 points) to ‘totally agree’ (1 point). Finally, questions 
were randomly ordered in the questionnaire to elicit more objective answers from the 
respondents. 

2.3 Procedures 

The research procedures started by choosing the participants carefully according to 
on their educational level. The chosen participants were asked to design ESE in a 
specific public park and present the properties of the chosen elements. The partici-
pants were asked to choose the most suitable elements to their sites, moreover to cal-
culate the initial cost of all ESE used in their project and to calculate the energy gen-
erate from ESE. The goal was to pay as less money as possible to generate enough 
energy for this park to operate efficiently. 

In stage one: the participants were asked to design ESE in a local park using ESD 
as a guiding tool. Since that the initial cost of RE is very high and ESE generate ener-
gy from RE that makes the initial cost of ESE high. The challenge that faced the par-
ticipants was to choose the most suitable ESE according to power generation and cost.  

In stage two: the participants were asked to design ESE using ESS. The partici-
pants were asked to choose elements that generate enough energy to operate the park 
efficiently and to pay as less money as possible. 

In stage three: The participants were given a questionnaire consist of 14 questions 
in order to measure the rate of simplicity, time saving, and efficiency of ESS. The 
interviewing process was very simple because the participants were educated and had 
a scientific background. 

The experiment took place at the “British university in Egypt” (BUE) and “Arab 
Academy for Science, Technology and Maritime Transport college of Engineering 
and Technology” (AASTMT). All the questions were described to the participants. 

3 Results 

This section introduces the results of the three stages. The purpose of this survey is 
to measure the applicability of designing landscape elements that is integrated with 
RE devices by professional architects and landscape designers with a poor back-
ground regarding the use and properties of renewables using ESS.  

According to the questionnaire which was targeting professors, lecturers and TAs 
at Egyptian universities, the research revealed that 38% of the participants has a mod-
erate background on different renewable system properties and use, while only 17% 
have strong background regarding the properties of renewables. Moreover, 45% 
which is almost half the research sample as shown in figure (3), which was collected 
from universities staff members have weak or no experience regarding the use of 
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renewables as shown in figure (3). Which is consistent with the fact that Egypt has 
only 3 certificate sustainable buildings. 

 
Fig. 3. The experience of professional architects and landscape designers toward the use of 

renewables 

The results of stage one revealed that almost 32% of the participants choose ESE 
according to its order in the database. While, 23% of the participants choose elements 
with low initial cost. Although, 31% choose ESE randomly and 14% choose ESE 
according to the elements that is integrated with landscape the elements that is already 
existed in the study area as shown in figure (4). On the other hand, It was noticed that 
the participants needed 1 hour and 35 minute to complete the test (the first participant 
submit the test after 45 min and the last participant submitted the test after 95 min.). 

 
Fig. 4. The criteria that were used by the participants in stage 1 
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In stage two 99% of the participants chose ESE according to the elements with low 
initial cost and high energy production as it was presented by ESS. The participants 
compared the properties (cost and price) of ESE that was revealed to them by ESE. 
The participants chose one or two elements will low initial cost and high energy pro-
duction, they stated the amount of energy needed and left the software calculate the 
area, cost, annual maintenance and lifetime. Finally, the participants allocate the ele-
ments according to the suggestion that was given to them by ESS It was noticed that 
the participants completed the test in 20 min.  

Stage three, the participants were given a questionnaire that summarizing their ex-
perience in the previous two tests. The questionnaire revealed the experience of the 
participants toward using ESS and ESD as a designing tools for designing ESE. Some 
aspects where taken into consideration in the questionnaire process; these aspects are 
the “Simplicity, Accuracy, Time Saving, Efficiency, Design Modification and Ele-
ments Location”. 

In order to understand the significant of ESS it was decided to choose the aspect 
that was presented previously as a measuring criteria for the efficiency of ESS. When 
the participants state 2 or less than 2 in any aspect, it represents the highest satisfac-
tion aspects that satisfy the participants. The total number of response is 5 and 3 is the 
moderate effect, while 4 or more than 4 is the lowest satisfaction aspects that satisfy 
the participants. 

 
Fig. 5. A comparison between the simplicity of ESS and ESD 

Figure (5) represent the simplicity, is the level of simplicity that the participant 
fund in using the designing tools (software or database) to design ESE. Figure (5) 
revealed that 97% found the software very simple. On the other hand, 73% stated that 
the database was very confusing. 
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Fig. 6. A comparison between the Accuracy of ESS and ESD 

Figure (6) measures the accuracy of the quantity survey calculations for ESE, the 
calculations of 71% of the participants using ESD were wrong, while 86% of the 
participant’s calculations using ESS were perfect and14% had minor errors. 

 
Fig. 7. A comparison between the time spend in using ESS and ESD 

ESS provided the users with the ability to design ESE in little time. On the other 
hand, while using ESD the participants wasted more than an hour to calculate the 
properties of ESE as shown in figure (7). 

 
Fig. 8. A comparison between the efficiency in using ESS and ESD 
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Figure (8) revealed that 97% of the participants using ESS has been able to choose 
ESE with low cost and high energy production while 77% failed to choose and design 
the most suitable ESE to the site, which proved the efficiency of ESS. 

 
Fig. 9. A comparison between the applicability in modifying the design using ESS and ESD 

Design Modification: is the flexibility to change or modify the calculations of the 
chosen elements with less errors, 100% of ESS users have been able to modify their 
designs. Moreover, 98% of ESD were able to modify or change the chosen ESE in a 
flexible way as shown in figure (9). 

 
Fig. 10. Evaluating the efficiency of Energy-scape software on suggesting of ESE locations 

Elements Location, represents the ability that the design tools give to the partici-
pants to choose the most suitable location for the chosen ESE. Figure (10) revealed 
that 100% of ESS users were able to allocate the places of ESE in their designs even 
those with weak background toward renewables while 91% of ESD users faced some 
difficulties for locating ESE. 

The participants show positive response toward ESS, while a negative respond to-
ward the database. All the participants agreed that the database was very confusing 
and not understandable, while the software was very efficient and easy tool to use 
even for those who didn’t have a strong background on renewables as shown in fig-
ures (5;6;7;8;9 and 10). 
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4 Conclusion  

The research revealed that Egyptian architects and landscape designers have been 
able to overcome their weak knowledge toward the use of renewables, using Energy-
scape software (ESS). ESS has been proved as a useful landscape designing tool that 
integrated renewables with landscape elements and helps architects to overcome their 
basic knowledge of using renewables in their designs. Moreover, the research re-
vealed that without ESS the use of ESE will not be implemented due to the difficulties 
of using ESD. Egyptian architects and landscape designers found many difficulties in 
using ESD but this all difficulties has been solved because of ESS.. Energy-scape 
software is a tool for cleaner energy production, it will provide a useful tool for de-
signers to implement renewables in outdoor spaces which will increase the share of 
renewables toward energy generation and it will help in producing sustainable cities 
and cleaner environment. ESS will help in spreading the use of clean and efficient 
energy generation tool and will help in creating clean and health environment in de-
veloping countries such as Egypt. 
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