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Preface  
 
 

Dear professors and distinguished delegates, 

 

On behalf of the ICRESBE 2019 Organizing Committee, I would like to welcome you 

to International Conference on Renewable Energy and Sustainable Built Environment 

(ICRESBE) 2019. The aim of the conference is to bring together researchers and 

practitioners working on Renewable Energy Technologies and Sustainable Built 

Environment. We hope that the conference will create as many opportunities as 

possible for further collaboration and technical interchanges between individuals. 

Participants will make presentations and discussions over 6 topics, i.e. Passive 

Design in Architecture; Net Zero-Energy Building; Building Performance Simulation; 

Renewable Energy; Biorefinery; and Sustainable Matrix, which provide more 

opportunities for experts and scholars to communicate with each other. Your 

suggestions are warmly welcomed for the further development of the conferences in 

the future. Wish you have a fruitful and memorable experience. We look forward to 

meeting you again next time. 

 
 

Yours sincerely, 

 
 
 
 

M.Donny Koerniawan  

ICRESBE 2019 Coordinator 
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SJR

The SJR is a size-independent prestige indicator that

ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created

equal'. SJR is a measure of scientific influence of

journals that accounts for both the number of citations

received by a journal and the importance or prestige of

the journals where such citations come from It measures

the scientific influence of the average article in a journal,

it expresses how central to the global scientific

Total Documents

Evolution of the number of published documents. All

types of documents are considered, including citable and

non citable documents.

Year Documents

2010 5

2011 12

2012 272

2013 177

Citations per document

This indicator counts the number of citations received by

documents from a journal and divides them by the total

number of documents published in that journal. The

chart shows the evolution of the average number of

times documents published in a journal in the past two,

three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor

™ (Thomson Reuters) metric.

Cites per document Year Value

Cites / Doc. (4 years) 2010 0.000

Cites / Doc. (4 years) 2011 0.200

Cites / Doc. (4 years) 2012 0.529

Cites / Doc. (4 years) 2013 0.107

Cites / Doc. (4 years) 2014 0.322

Cites / Doc. (4 years) 2015 0.330

Cites / Doc. (4 years) 2016 0.501

Cites / Doc. (4 years) 2017 0.364

Cites / Doc. (4 years) 2018 0.481

Cites / Doc. (4 years) 2019 0.470

Total Cites  Self-Cites

Evolution of the total number of citations and journal's

self-citations received by a journal's published

documents during the three previous years.

Journal Self-citation is defined as the number of citation

from a journal citing article to articles published by the

same journal.

Cites Year Value

f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document

and external citation per document (i.e. journal self-

citations removed) received by a journal's published

documents during the three previous years. External

citations are calculated by subtracting the number of

self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that

have been produced by researchers from several

countries. The chart shows the ratio of a journal's

documents signed by researchers from more than one

country; that is including more than one country address.

Year International Collaboration

2010 20.00

2011 25 00

Citable documents  Non-citable documents

Not every article in a journal is considered primary

research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research

(research articles, conference papers and reviews) in

three year windows vs. those documents other than

research articles, reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years

windows, that have been cited at least once vs. those not

cited during the following year.

% Female Authors

Evolution of the percentage of female authors.
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What is the quartal of this journal?

reply

Documents Year Value

Uncited documents 2010 0

Uncited documents 2011 4

Uncited documents 2012 10

Year Female Percent

2010 30.77

2011 14.29

2012 23.22

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public

policy documents according to Overton database.

Documents Year Value

Overton 2010 0

Overton 2011 1

Overton 2012 0

Overton 2013 6

Overton 2014 12

Documents related to SDGs (UN)

Evolution of the number of documents related to

Sustainable Development Goals defined by United

Nations. Available from 2018 onwards.

Documents Year Value

SDG 2018 4191

SDG 2019 7460

SDG 2020 7789

SDG 2021 11761

Estimated APC

It estimates the article processing charges (APCs) a

journal might charge, based on its visibility, prestige, and

impact as measured by the SJR. It does not reflect the

actual APC, but rather a calculated approximation based

on journal quality.

Year Est. APC (USD)

2010

2011 2216

Estimated financial value

It represents the potential financial worth of a journal. It

is obtained by multiplying the journal's Estimated APC by

the total number of citable documents published over

the past five years. This value reflects the hypothetical

revenue a journal could generate based on its estimated

publication costs and scholarly output.

Year Est. value (USD)

← Show this widget in

your own website

Just copy the code below

and paste within your html

code:

<a href="https://www.scimag

SCImago GraphicaSCImago GraphicaSCImago Graphica

Explore, visuallyExplore, visuallyExplore, visually

communicate and makecommunicate and makecommunicate and make

sense of data with oursense of data with oursense of data with our

new data visualizationnew data visualizationnew data visualization

tooltooltool...

R

Melanie Ortiz 6 months ago

Dear Ribka,

Thank you for contacting us. Please see comments below.

Best regards, SCImago Team

M

SCImago Team

40k

80k

20

40

60

2010 2012 2014 2016 2018 2020 2022 2024

0

200

400

2018 2019 2020 2021 2022 2023 2024

0

4k

8k

12k

2010 2012 2014 2016 2018 2020 2022 2024

0

2k

4k

2010 2012 2014 2016 2018 2020 2022 2024

0

200M

400M

4/24/25, 2:12 PM IOP Conference Series: Earth and Environmental Science

https://www.scimagojr.com/journalsearch.php?q=19900195068&tip=sid&clean=0 3/12

https://www.graphica.app/
https://www.graphica.app/


CiteScore

1.0 =

Calculated on 05 May, 2024

CiteScoreTracker 2024

1.3 =

Last updated on 05 April, 2025 • Updated monthly

Source details

IOP Conference Series: Earth and Environmental Science
Years currently covered by Scopus: from 2010 to 2025

ISSN: 1755-1307 E-ISSN: 1755-1315

Subject area: Earth and Planetary Sciences: General Earth and Planetary Sciences

Environmental Science: General Environmental Science

Source type: Conference Proceeding

 View all documents ▻  Set document alert  Save to source list

CiteScore 2023

1.0


SJR 2023

0.199 

SNIP 2023

0.325 

CiteScore CiteScore rank & trend Scopus content coverage

2023 

68,990 Citations 2020 - 2023

66,209 Documents 2020 - 2023



73,923 Citations to date

55,167 Documents to date

CiteScore rank 2023

Category Rank Percentile

Earth and Planetary

Sciences

 

#139/195 28th

 

Environmental

Science

 

#180/233 22nd

 



General Earth

and Planetary

Sciences

 ▻View CiteScore methodology  ▻CiteScore FAQ  🔗Add CiteScore to your site

Feedback

https://www.scopus.com/source/citedby.uri?sourceId=19900195068&docType=ar,re,cp,dp,ch&citedYear=2024,2023,2022,2021&years=2024,2023,2022,2021&pubstageExclusions=aip
https://www.scopus.com/source/search/docType.uri?sourceId=19900195068&years=2024,2023,2022,2021&docType=ar,re,cp,dp,ch&pubstageExclusions=aip
https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=NO%20ORIGIN%20DEFINED


 



IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Effect of Tilt Angle of Building-Integrated Wind
Turbine and Photovoltaic Façade on Wind
Pressure and Solar Radiation
To cite this article: D S Mintorogo et al 2020 IOP Conf. Ser.: Earth Environ. Sci. 520 012016

 

View the article online for updates and enhancements.

You may also like
Designing a facade by biomimicry science
to effectively control natural light in
buildings (Glare analysis)
Sukhum Sankaewthong, Teerayut
Horanont, Kazunori miyata et al.

-

On the use of tensegrity structures for
kinetic solar facades of smart buildings
F Fraternali, E De Chiara and R E Skelton

-

Performance analysis of the MICRO-V
(Multifunctional, Integrated, Climate-
responsive, Opaque, and Ventilated)
façade with different ventilation modes
SS Soudian Shahrzad and UB Berardi
Umberto

-

This content was downloaded from IP address 140.118.136.106 on 08/04/2023 at 01:43

https://doi.org/10.1088/1755-1315/520/1/012016
/article/10.1088/1757-899X/1148/1/012002
/article/10.1088/1757-899X/1148/1/012002
/article/10.1088/1757-899X/1148/1/012002
/article/10.1088/0964-1726/24/10/105032
/article/10.1088/0964-1726/24/10/105032
/article/10.1088/1742-6596/2069/1/012024
/article/10.1088/1742-6596/2069/1/012024
/article/10.1088/1742-6596/2069/1/012024
/article/10.1088/1742-6596/2069/1/012024
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstw8Pt9B7O5bsiYbyQN-Gv1rG5Hm-FkP4xNJWdHyD1PThntS_6TCxn2i-l6OZ8bv8Uc2ogRq8fELUZ39kw5Mjb-gwVIyiBof9DxbEfJaFSZWnX5OyvsrCTyMXn6ygfD6n2BvHYux_gILLzuAO-3L2yQ9xY9GI-PUGnI1xjmp6k3R2D4D1yBq1zeZsydLUFneuWwTJJ-Rk5wyEC80JMsjcXzanyJR-kMEiHcqTEW6lhOv4631fkzamqCBCaws66WYnxkZTfxtz2o-wACHE7iLuxcMShSCt-ctGuGoD33fe6INA&sai=AMfl-YQ97kbRjKMz2q37NVoXCkrhI47Ka7-2En_a7WrIErO24HhojOKy76dkqs6e7jlRYCN5c7rAvePJXcxmSts&sig=Cg0ArKJSzHeflT7tjqdZ&fbs_aeid=[gw_fbsaeid]&adurl=http://www.electrochem.org/upcoming-meetings


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICRESBE 2019

IOP Conf. Series: Earth and Environmental Science 520 (2020) 012016

IOP Publishing

doi:10.1088/1755-1315/520/1/012016

1

 
 
 
 
 
 

Effect of Tilt Angle of Building-Integrated Wind Turbine and 
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Abstract. This study investigated the potential impacts of wind pressure and incident solar 
radiation on a building tilted façade installed with micro wind turbine and photovoltaic panels 
as a second skin façade for generating electricity. The wind pressure will affect wind turbine 
rotation, and solar radiation will affect the energy produced by the photovoltaic. The study used 
simulation modeling software to analyze the wind pressure and solar radiation received on the 
tilted façade. The research found that the force received by the tilted façade is more significant 
than that received by the 90° tilted façade. The smaller the tilted-angle of the façade, the more 
radiation received by the PV panel. Conversely, the larger tilted-angle of the building façade, the 
less radiation received by the photovoltaic, despite the wind pressure received by the wind 
turbine being higher than that received by the 90° tilt façade. However, the more radiation 
received by the façade, the more heat received by the building. 

1.  Introduction 
Energy conservation has become a significant concern around the world as buildings are built taller and 
consume more energy—about 30–40% of all primary energy is accounted for by buildings [1]. While 
fossil fuels are getting scarce and the price is unstable as well as the power generation from fossil fuels 
engenders environmental problems, the attempt to harness renewable energy, especially wind and solar 
energy, is much improved [2]. Building-integrated photovoltaic (BIPV) as well as building-integrated 
wind turbine (BIWT) systems have been developed to serve that purpose. 

The Bahrain World Trade Center is the first building integrated with three sets of turbines, each of 
which has a diameter of 29 m. The Miami Cor Tower utilizes wind energy by installing multiple 
horizontal wind turbines in four exterior walls at the top of the building [3]. BIWT can be applied on 
high-rise buildings as one or a few large-size wind turbines, or as many small-size wind turbines on the 
buildings instead of a few large-size wind turbines [4]. Installing many small-size wind turbines does 
not require any specific structural strengthening. Still, the total output power from this system would be 
considerably lower than that from large-size wind turbines because their installable area is limited to 
such areas as rooftops and edges of buildings, and the diameter of the wind turbine is smaller. Therefore, 
to get enough electricity, a lot of wind turbines are needed. Installing a wind turbine on building façade 
should consider the shape of the buildings because it is a significant determinant of airflow patterns 
around buildings, and the wind flow is much dependent on the precise form of the architecture [5,6]. 

The shape of the building affects not only the wind flow but also the incident solar radiation on the 
building façade, which is the primary energy source for the BIPV system. PV panels have been 
developed to be installed as building elements, such as vertical claddings, windows, and shading devices. 
However, to increase BIPV efficiency, the PV modules’ direction and inclination angle need to be 



ICRESBE 2019

IOP Conf. Series: Earth and Environmental Science 520 (2020) 012016

IOP Publishing

doi:10.1088/1755-1315/520/1/012016

2

 
 
 
 
 
 

considered [7]. For example, in Singapore, an east-facing façade and panel slope of 30–40° is the most 
suitable location and inclination while in Indonesia, west-oriented PV panels with a 30° inclined angle 
generate more energy than PV panels facing other directions [8].  

In this paper, an innovative building-integrated wind turbine and photovoltaic and (BIWtPv) system 
is proposed as a second skin façade that not only produces electricity but also reduces heat received by 
the building. As a Savonius-type wind turbine is installed on the building, the wind pressure and solar 
radiation received by the PV installed on the second skin façade should be analyzed. 

2.  Proposed Model 
 

 
Figure 1. Wind flow pattern around a high-rise building [9] 

 
Because the wind approaching a high-rise building is partly guided over the building, slightly around 
the vertical edges, and partly deviated to the ground-level (Figure 1), a Savonius-type wind turbine is 
used. The turbine is the simplest model and works due to the difference of forces exerted on each blade. 
The concave part of the wind flow catches the wind and forces the blade to rotate around its central 
vertical shaft. Otherwise, the convex side of the wind flow causes the blade to be deflected sideways 
around the shaft. Hence, concave edges with more drag force than the other half-cylinder will force the 
rotor to rotate [10]. In this proposed design, the Savonius wind turbine will be installed horizontally on 
the building façade to utilize the wind guided over the vertical façade of the building (Figure 2). 
 

 
Figure 2. Savonius wind turbine (A) and wind turbine design installed on the building (B) 

 
Instead of a large-size wind turbine, some small wind turbines and PV modules are installed on the 

second-skin façade. In a densely built city, high structures generate high wind turbulence and speed 
fluctuations, diverting the wind direction and potentially reducing its speed [11]; thus, installing small 
wind turbines is more effective. The proposed model is shown in Figure 3. A second-skin façade 
integrated with a wind turbine and photovoltaic material is installed on the building façade to harness 
both wind and solar energy.   
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Figure 3. Proposed model of BIWtPv as second skin façade 

 

3.  Method 
A simulation method was used in this study for calculating wind pressure and solar radiation received 
by the second-skin façade. A model of a BIWtPv as a second-skin façade was set up within Flow Design 
and EnergyPlus simulation software. Flow Design, a CFD (Computational Fluid Dynamics) software, 
was used to simulate and visualize various design configurations of the fluid flow. It also can predict 
the airflow on cars and airplanes as well as on buildings [12]. EnergyPlus is a building energy simulation 
software developed by the United States Department of Energy [13] that can simulate cooling/heating 
loads, daylighting and photovoltaic systems with repeated accurate results that have been validated 
through analytical, comparative and empirical tests [14]. Flow Design software was used to analyze the 
wind pressure received by the façade, while EnergyPlus was used to calculate the incident solar 
radiation. 
 
 

 
 

Figure 4. Tilted wall façade models at (A) 75°; (B) 80°; (C) 90°; (D) 100°; and (E) 105° 
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4.  Result and discussion 
Table 1. Wind velocity, wind pressure and pressure difference visualization 

Model Wind velocity (m/s) Wind pressure (Pa) Pressure Difference (Pa) 

A 

  

 

B 

 

 

 

C 

 

 

 

D 

 

 

 

E 

 

  

 
Table 2. Drag force, drag coefficient, pressure difference and wind speed 

 
 
 
 
 
 
 
Tables 1 and 2 show the wind speed and wind pressure around the model. Of all models, the wind 

speed around the second-skin façade is the same at about 0–1 m/s, except in Model E, where the wind 
speed is around 0–4 m/s. Different from the wind speed, the wind pressure around the façade is different 
for all models. Among all models, the pressure difference of Model C is the smallest, indicating that a 
90° tilted second-skin façade is less efficient for installing a wind turbine compared with the other tilted 
façades. There was no significant pressure difference between Models A and B.  The same occurs 
between Models D and E despite the pressure on Models D and E being higher than on Models A and 
B. This indicates that a façade tilted at less than 90° is more effective.   

Model Drag Force 
(N) 

Drag Coef. Pressure Difference 
(Pa) 

Wind Velocity 
(m/s) 

A 1935.448 1.94 12 0-1 
B 2089.775 1.97 10 0-1 
C 1699.244 1.59 5 0-1 
D 2213.338 2.02 16 0-1 
E 1867.150 1.73 15 0-4 
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Savonius wind turbine performance is based on the difference between the drag force that concerns 
the rotor surface and the amount of drag force required to rotate the turbine shaft [15]. Among all models, 
the drag force and drag coefficients for Models B and D are higher than for the other models, and it 
indicates that the potential of wind turbine rotation is higher than for the different models. On the 
contrary, the drag force and drag coefficient of Model C is the lowest, indicating that the wind turbine 
rotates less than in the other models. However, the higher drag force could result in damage to the 
building façade [12]. 

 

 
Figure 5. Solar incident radiation on second skin façade 

 

 
Figure 6. Surface heat gain on the east façade 

 
Figure 5 shows solar radiation obtained on the second-skin façade. It is obvious that the higher the 

tilt angle of the wall, the smaller the solar radiation obtained. The highest solar radiation is obtained for 
Model A (about 313.91 W/m2), while solar radiation obtained by Model E’s façade is the lowest (about 
202.22 W/m2). The higher the solar radiation, the more effective the PV panel in producing electricity. 
However, the more solar radiation received on the façade, the more the heat gain. Figure 6 shows the 
surface heat gain obtained on the walls of all models. As solar incident radiation on Model A is the 
highest, the surface heat gain on the façade is also the highest (over 50 W/m2). 

5.   Conclusion 
In this paper, a second-skin façade integrated with a wind turbine and photovoltaic panels is analyzed at 
different tilt angles. The study indicates that models with a tilted façade provide better performance for 
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wind turbine installation than the 90° tilt angle façade model because the pressure difference around the 
façade is higher as well as the drag coefficient. However, a higher drag force could destroy the wind 
turbine installed on the building façade. Considering that the 75° tilt angle façade model can received 
solar radiation higher than the other tilted façades and it produced more electricity, the façade model 
with a 75° tilt angle produced more energy than different models, however the heat gain received by the 
building was larger than for the other models.  
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