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EBSTRACT

The objective of this study is to determine the solar energy potential in Indonesia using
artificial neural networks (ANNs) method. In this study, the metegpplogical data during 2005
to 2009 collected from 3 cities (Jakarta, Manado, gigngkulu) are used for training the neural
networks and the data from 1 city (Makasar) is used for testing the estimated values. The
testing data were not used in the training of the network in order to give an indication of the
performance of the system at unknown locations. Fifteen combinations of ANN models were
ggveloped and evaluated. The multi layer perceptron ANNs model, with @ inputs variables
(average temperature, average relative humidity, average sunshine duration, longitude, latituggy
latitude, month of the year) are proposed to estimate the global solar irradiatiorggs output. To
evaluate the performance of ANN models, statistical error analysis in terms of mean absolute
percentage error (MAPE), mean absolute bias error (MABE) and root mean square error
(RMSE) are conducted for testing data. The best results of MAPE, MABE, RMSE are found to
be 7.4%, 1.10 MJ/m” and 0.17 MJ/m’ respectively as 7 neurons were set up in the hidden layer.
The result demonstrates the capability of ANN model to generate the solar irradiation
estimation in Indonesia.

Keywords: Artificial neural network; Indonesia; Multi layer perception; Renewable energy;
Solar irradiation

1. INTRODUCTION

Indonesia consists of five big islands (namely Sumatera, Kalimantan, Java, Sulawesi and
Papua) surrounded by small islands, all of which are facing energy problems. The archipelago
faces problems in energy demand for island communities characteristically because of their
dependency on fossil fuel supply from island to island that causes high cost for transportation.
Therefore, the utilization of self sufficient energy is worthwhile to be considered. One of the
alternative energy solutions that can be utilized is solar energy which is available locally.

Utilizing solar energy system requires knowledge about solar irradiation potential in different
locations. In order to set up solar energy technology, the knowledge about solar energy
potential is important. In addition, solar irradiation potential is also required for crop models (in
agriculture engﬁering field) as well as building thermal performance (in agriculture field).

Indonesia lies on the equator, located between 6°N and 11°N latitudes and in between 95 °E
and 141°E longitudes. Most of the locations in Indonesia receive abggplant solar energy
throughout all the year. Average annual temperature is 26.5°C and the yearly average solar
radiation is 14.5 MJ/m’ day, and the total yearly sunshine duration is about 2500 hours/year.
Indonesia has a tropical climate which varies from area to area. Commonly, the dry season
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occurs from Jygg to September, while the rainy season occurs from December to h.

Indonesia has a great potential for solar energy harnessing due to the high level of solar
irradiation and the length of sunshine duration.

(7a developing country which has geographical conditions such as islands and remote areas,
the measurement of solar irradiation on the ground becomes difficult and expensive. There are
large areas in the islands of Indonesia that spread over from east to west that do not have any
weather stations. Estimation of solar irradiation data using appropriate models can be an
alternative solution for developing country, such as Indonesia. This paper studies about the
development and usage of the ANN models in such location.

In Indonesia, many meteorological stations only have relative humidity, temperature, wind
speed, and sunshine duration recorders. Measurement of solar irradiation with reliable and
calibrated pyranometers is not available or only available in limited areas/locations. Based on a
previous study by Rumbayan and Nagasaka (2010a), application of PV in remote areas in
Indonesia is least costly compared to gasoline generated electricity due to high costs in
transportation. Since the design of any cost effective solar energy system depends on reliable
data, and since measuring solar irradiation is costly, methods to estimate solar irradiation

should be explored.

This study proposes the ANN baggd method for estimating the solar irradiation potential in
many locations in Indonesia. The proposed approach can be used as a method to estimate the
solar irradiation potential in the remote and rural locations in the islands with no direct
ﬁasurement devices.

The main objective of this stugggis to investigate the feasibility of using ANN to model the non-
linear relationship betweenggjlobal solar irradiation and other meteorological parameters.
Therefore, the model can be used to estimate the monthly average solar irradiation potential for
specific locations in Indonesia where the locations have no records on solar irradiation at the
meteorological ground stations.

2. LITERATURE REVIEW AND PREVIOUS WORK

Artificial Neural Networks are computational systems in which their modelling and
functionality is inherited from the recently acquired knowledge of the biological computational
g5)its, namely, the brain’s neurons. An ANN consists of many interconnected identical neurons.
A typical neural network usually has 3 layers of neurons, each of which is connected to the
neurons in the next layer. Theggconnections are weights which are appliegggo values passed
from one neuron to the next. Input values in the first layer are weighted and passed to the
second (hidden layer). Neurons in the hidden layer produce outputs that are based upon the sum
of weighted values passed to them. The hidden layer passes values to the output layer and the
output layer produces the desired result. Basic theories and applications of ANN can be found
in reference texts such as in ﬁermanshahi (1999),

Artificial Neural Networks consist of an interconnection of a number of neurons. There are
many varieties of connections under study, however, this study only discusses aboggpne type of
the network which is called the multi-layer perceptron (MLP). The MLP is the most popular
learning rule based in the error back propagatiogzylgorithm. Back Propagation (BP) learning is
a kind of supervised learning. The BP algorithm minimizes the mean square difference between
@3 network output and the desired output. The MLP has the ability to learn complex
relationships between input and output patterns.

Artificial Neural Networks learn by example. They cannot be programmed to perform a
specific task. The examples must be selected carefully otherwise it takes time to simulate or
even worse it might be functioning incorrectly. The disadvantage is that because the network
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finds out how to solve the problem by itself and its operation can be unpredictable. The effort is
made to identify the best fitted network for the desired model according to the characteristics of
the problem and ANN features (Azadeh et al., 2009).

Basically there are many parameters in the ANN, which the designer of the ANN should assign,
such as learning rate, momentum rate, weight and so forth. Here, we only explain ggput three
important parameters in MLP type of ANN model. Learning rate term, L, indicates how much
the weight changes to have an effect on each pass. This is typically is a number between 0 and
I. Momentum term, M, indicates ggow much a previous weight change should influence the
current weight change. As neuron pass values from one layer of the network to the next layer,
the values are modified by a weight value in the link that represents connection strengths
between the neurons. The weights of connection between neurons are adjusted during the
training process to achieve the desired input and output relation of the network. ANNs perform
in many different forms, some require models with total interconnection among neurons and
others require arrangement in layers.

The advantage of neural networks is their learning ability to perform specific tasksgggearning is
accomplished by adjusting the weights of the connections between neurons. Weights are
adjusted so that the network can be producing the outputs as closely as possible to the known
correct answers of training data. During the training stage, the network is learning the rule for
associating the inputs with the target outputs. Due to the generalization capabilities of the
neural networks, it performs similarly on data for testing that have not been used for training
(Mohandes et al., 1998).

There are several studies to predict monthly avgmge global solar irradiation potential based on
ANN method. Since ANN are highly nonlinear and require no prior assumption gpncerning the
data relationship, they have become useful tools for estimating solar irradiation. Particularly, in
the meteorological and solar energy resources fields, ANN based models have been
successfully deveprged to model different solar radiation variable in many locations. Jiang
(2008) developed estimation of monthly mean daily global solar irradiation using ANN metlgrgl
in China. The data period used are from 1995 to 2004 and the inputs for the networks are
latitude, altitude and mean sunshine duration.

Alawi and Hinai (1998) developed ANN model in @Fgan % analyzing the relationship between
the solar irradiation and climatologically variables in areas not covered by direct measurement
instrumentation. Zhou et al (2005) found the estimation of solar irradiation in China based on
ANN is superior to other available models. Result proved that ANN model could be used to
evaluate the solar potential; however that model is only suitable for Beijing.

Mohandegmgt al., (1998) used a neural network technique for modeling monthly mean daily
values of global solar radiation for locations in Saudi Arabia based on data: latitude, longitude,
altitude and the sunshine duration as inputs. The result obtained MAPE for 10 locations used
for testing, such as 10.7% for Tabuk station, 6.5% for Al-Ula station, 14.6% for Unayzah
station, 10.5% for Shaqra station, 13.4% for Dawdami station, 10.1% for Yabrin station, 16.4%
for Turabah station, 11.3% for Heifa station, 19.1% for Kwash station, 13.5% for Najran
station.

From the above literature reviewed, ANN models have successfully demonstrated the potential
in estimating monthly average global solar irradiation by many researchers in many countries.
However, these ANN models are location dependent and specific to each location. So far, there
are no reports about the estimation of solar irradiation potential for Indonesia by using ANN
method in many locations (except previous work by authors). In the previous work, Rumbayan
and Nagasaka (2010b) have developed the ANN model to estinggig solar radiation in Manado
location, a city in Indonesia. The input data to the network were monthly average temperature,
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monthly average relative humidity, monthly average wind speed and monthly average sunshine
duration. Results performed with the ANN model were estimated with a good accuracy of about
93% and a MAPEf 73

This study aims to develop neural network models for estimating monthly average global solar
irradiation potential in many locations of Indonesia based on meteorological data available.
Solar mapping as spatial potential for the further research is being considered to be developed.

3. METHODOLOGY

The data were gathered from meteorological station in four cities namely Manado, Jakarta,
Bengkulu, Makasar that represent one region in the four big islands of Indonesia that are spread
over in the parts of eastern and central Indonesia.

'ManadJ

e
* Bengkulu

*Makasar

* Jakarta

Figure 1 Map of Indonesia and location of the data

The geographical condition (in term of latitude, longitude, altitucmmd location) as well as the
city and island location of these 4 station data taken are presented in Table 1.

Table 1 Geographical information of data taken

Station name (city) Latitude Longitude Al;::]l;de Island Location
Baai (Bengkulu) 325148 102° 18 E 8.5 Sumatera
Pondok Betung (Jakarta) 6% 15° S 106° 45° E 67 Java
Kayuwatu (Manado) 235N 124° 09 E 8.5 North Sulawesi
Maros (Makasar) 4° 59§ 119°34° E 67 South Sulawesi

The database consists of measured values of solar irradiation, average temperature, average
relative humidity, average sunshine duration covering the four cities in Indonesia for 5 years
(2005-2009) recorded by meteorological stations. The typical average sunshine duration,
temperature and relative humidity for these locations for the one year period selected are shown
in Figures 2(a), 2(b) and 2(c) respectively. The data were split into two, as 3 cities (Manado,
Jakarta, Bengkulu) and were used for training a neural network and in one city (Makasar) for
testing.
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Figure 2(a) Typical sunshine duration for four cities
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Figure 2(b) Typical temperature for four cities
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Figure 2(c) Typical relative humidity for four cities
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37
In this study, the training of the models usefeed-forward neural network with Back
Propagation training algorithm. The inputs are monthl erage sunshine duration, monthly
average relative humidity, monthly average temperature, latitude, longitude, altitude and month
of the year. The output is the monthly average global solar irradiation potential. Training the
model is done using a neural net simulator known as “NeuroShell”. The steps are used in this
study is described in Figure 3.

Collect meteorological and geographical data

A

Define the input and output

h

Divide data into train and testing data

A

Train data with various MLP model

A

Identify the lowest MAPE for testing data

Figure 3 The methodology used in this study

Since there is no method to predetermine the best combination of neuron and layers, as this
depends on the specific model, the physical process and the training data that the network will
simulate. From references, there are some empirical relationships to solve this problem but the
best method is up to the researcher to build several models and choose the best suited for the
particular application (Sen, 1998).

Based on the references, the training in this study starts with defining the parameters with

minimum error by trial and error using fixed and change paramgigy's one by one, then using the

selected parameter in the neural network for several cases of the number of neurons in the

hidden layer. Then the model of ANN was used for training and testing. This configuration is
d to present the network model to be reported in this study.

In this stggy. the process of neural networks for estimating the monthly global solar irradiation
potential is divided into two sections, i.e training and testing. First, training data, (the group of
data by which the network adjusts, in order to reach the test fitting of the nonlinear function) is
used to represent the phenomenon. In this case, the recorded data at 3 cities (Manado, Jakarta,
Bengkulu) in Indonesi%uring the period of 2005-2009 are selected as a training set.

Second, testing data, (a set of data which is not included in training data in order to estimate
whether the model has effectively approached the general function representative of the
learning pattern phenomenon) is used. In this case, the data recorded at Makasar, Indonesia
during the period of 2005 to 2009 is used as a testing data. Data fggg Makasar are not included as
a part of training set in order to make sure that the results can demonstrate the generalization
ability of this approach and its ability to produce accurate estimation for solar irradiation.

The feed-forward back propagationgglgorithm with single hidden layer is used in this analysis.
Several attempts of ANNs model by changing the number of neurons at the hidden layer in
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order to find the best MAPE. Estimated values of global solar irradiation are comparedggvith

measured values taken from meteorological data through analysis of error, in terms of Mean

Absolute Percentage Error (MAPE), Mean Absolute Bias Error (MABE) and Root Means
uare Error (RMSE).

Models are evaluated in terms of errors that are given by Equations (1), (2) and (3) where Pl is
measured values and Hy; is estimated values for monthly average global solar irradiation, and n
is the number of testing examples.

The mean absolute percentage error (MAPE) is defined by Equation (1).

e [ Ho
MAPE = — tmi T pi
nzi-l H

i

(D

18

EMAPE, sign of errors are neglected and percentage errors are added up to obtain the average.
MAPE is commonly used in quantitative forecasting methods because it produces a measure of
relative overall fit. It usually expresses accuracy as a percentage. The mean absolute bias error
(MABE) is defined by Equation (2).

MABE = lZf H, H, 2)
1y L=

11

The MABE repigggnts the absolute value of the bias error and is a measure of the goodness of
correlation. The root mean square error (RMSE) is defined by Equation (3).

RMSE =L ' (H, H,F 3)

n

2
The RMSE gives information on short-term performance by allowing a term by term

comparison of actual deviations betgggen estimated and measured values. The RMSE is the
fundamental measure of accuracy, as the lower the RMSE, the more accurate the estimate

4. RESULTS AND DISCUSSION
This section presents the results of ANN model simulation and evaluation by comparing
between measured and estimated neural network values based on statistical error.

The neural networks with multilayer perceptron (MLP) type were trained to estimate global

solar irradiation potential for Makasar as testing. Data testing are not included as part of ANN

training data. Hence, these results demonstrate the generalization capability of this method over
seen data.

e hidden layer was used in order to minimize the complexity of the proposed ANN model.
One hidden layer is chosen to simplify the network architecture proposed. The parameters of
learning rate, momentum, initial weight are selected from trial and error attempts, by setting 2
parameters fixed and vary | parameter in the simulation. These parameters are optimized
during learning step of the ANN, wiggriteria of statistical error based on MAPE, MABE and
RMSE. The parameter selection of learning rate, momentum, initial weight of 0.1, 0.3, 0.5
respectively were used as optimum parameter of ANN model for reporting the result of
estimation. The above parameter has been used for training the ANN models with varying
neurons in single hidden layer by MLP type.
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This study explores 15 models of gg§_P structures i.e 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16
and 17 neurons at highden layer. To evaluate the performance of ANN models, statistical error
analysis in terms of mean absolute percentage error (MAPE), mean absolute bias errorgfyIABE)
and root mean square error (RMSE) are conducted for testing data. The evaluations of predicted
and measured values for fifteen ANN models were presented in the Table 2.

Table 2 Statistically error for testing data with different structures of ANN model proposed

MLP structure MAPE (%) MABE (MJ/m%) RMSE (MJ/m?)
7-3-1 8.1 1.21 0.19
7-4-1 10.8 1.61 0.24
7-5¢1 g B 1.74 0.26
7-6-1 8.3 1.24 0.19
7ri 7.4 1.10 0.17
7-8-1 12 1.78 0.26
7-9-1 75 1.12 0.17
7-10-1 9.9 1.48 0.22
7-11-1 10.7 1.59 0.23
1241 7.6 1.14 0.18
Pai3a 10.9 1.63 0.24
TR 9.1 1.35 0.2
7-15-1 8.71 1.29 0.19
7-16-1 8.25 1.22 0.18
7-17-1 9.8 1.45 0.21

It is found that, the best proposed ANN model is predicted the monthly average global solar
(adiation with MAPE of 7.4%, MABE of 1.10 MJ/m?, RMSE of 0.17 MJ/m? for testing data.
The performance of the neural network model in term of MAPE versus number of hidden layer
is presented in Figure 4.
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Figure 4 The MAPE versus number of neurons at hidden layer

35
After several trials in varying g& number of hidden neurons, it was found that 7 amounts of
neurons were the least error prone for the testing process in the neural network. The best
estimator with the minimum error with 7 neurons at the hidden layer is chosen to be presented
in this paper as described in Figure 5.
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Figure 5 ANN model developed for estimating monthly global solar irradiation
potential in Indonesia

Performance of the best ANN modgiyi.e 7 neurons as the input layer, 7 neurons as the hidden

layer, 1 neuron as the output layer) between measured and estimated values of monthly average
global solar irradiation for Makasar as testing data for 5 years (2005 to 2009) is presented
graphically in Figure 6.
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Figure 6 Measured and predicted values with 7-7-1 MLP structure for Makasar

It is found that the prediction of global solar irradiation obtained for the testing data compared
well with the acgggl measured value, giving a correlation coefficient of 0.86 and MAPE is 7.4%
for testing data. It can be seen that in general, there is a good agreement between measured and
predicted value of monthly glgghal solar irradiation potential in Indonesia. This result shows the
potential of ANN method to estimate monthly global solar irradiation in island area of
Indonesia to a reasonable degree of accuracy.

S. CONCL¥fION

The model of ANN to estimate mogghly average global solar irradiation in islands of Indonesia
has been developed and analyzed. The results of this study indicaggghat the neural networks
model for solar irradiation potential can achieve 92% accuracy. The ANN model can be used to
estimate solar irradiation for any region provided with meteorological gamd geographical
parameters such as: latitude, longitude, altitude, month of the year, mean alshine duration,
average temperature and average relative humidity.

After several attempts a Multi Layer Perceptron model has been developed, the results have
been compared with measured data on the basis of MAPE, RMSE and MBE. In this research, a
mean absolute percentage error @7‘4% can be achieved by the best estimator with MLP
structure thaggggonsists of 7, 7, 1 neurons in input layer, hidden layer and output layer
respectively. A correlation coefficient of 0.86 was obtained with mean absdfle bias error of
1.10 MJ/m® and RMSE of 0.17 MJ/m’. Result from this ANN model has shown good
agreement between the estimatgggand measured values of the monthly average global solar
irradiation. The result indicates a good agreement between measured and estimated values for
solar energy potential in island of Indonesia.

This study proves that ANN can be used for estimating global solar irradiation potential in
some locations in Indonesia by using meteorological data. The use of ANN method can be
useful in the remote locations for islands sites in Indonesia in which there are no solar
measurement devices. For further work, the estimated solar irradiation potential values by ANN
method were presented in the form of solar mapping for the entire country.




120 Solar Irradiation Estimation with Neural Network Method
using Meteorological Data in Indonesia

6. ACKNOWLEDGEMENTS
We would like to thank Meteorological and Climate Biro (BMKG) of Indonesia for providing
meteorological data.

7. REFERENCES

Alawi, A., Hinai, H.A., 1998. An ANN-based approach for predicting global radiation in
locations with no direct measurement instrumentation. Renewable Energy, Volume 14, pp.
199-204.

Azadeh, A. Maghsoudi, A. Sohrabkhani, S., 2009. An integrated artificial neural networks
approach for predicting global radiation, Energy Conversion and Management, Volume 50,
pp 1497-1505.

Jiang, Y., 2008. Prediction of monthly mean daily diffuse solar radiation using artificial neural
networks and comparison with other empirical models. Energy Policy, Volume 36, pp. 3833-
3837.

Kermanshahi, B., 1999. Design and Application of Neural Networks. Shokodo Publishing
Company.

Mohandes, M., Rehman, M.S and Halawani, T.0O., 1998. Estimation of Global Solar Radiation
Using Artificial Neural Networks. Renewable Energy, Volume 14, pp.179-184.

Rumbayan, M., Nagasaka, K., 2010b. Prediction of Solar Irradiation Potential in Island Area of
Indonesia Using Artificial Neural Network (ANN) Method. The Official Journal of ISESCO
Centre for Promotion of Scientific Research (ICPSR), Volume 7, No.10.

Rumbayan, M., Nagasaka, K., 2010a. Resource and Economic Assessment of Solar Irradiation
Potential in an Island Community, Tokyo University of Agriculture and Technology, In:
Proceeding of the4th Indonesia Japan joint Scientific Symposium (11JSS), Bali, Indonesia.

Sen., 1998. Fuzzy algorithm for estimation of solar irradiation from sunshine duration. Journal
of Solar Energy. Volume 63, pp. 39—49.

Zhou, J., Wu, Y.Z., Yan, G., 2005. Solar radiation estimation using artificial neural networks.
Journal of Solar Energy, Volume 26, Number 4, pp.509-512.




SOLAR IRRADIATION ESTIMATION WITH NEURAL
NETWORK METHOD USING METEOROLOGICAL DATA IN
INDONESIA

ORIGINALITY REPORT

25, 12, 22, .

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
WWW.nexoncn.com 1 .
Internet Source A)

Rehman, S.. "Solar radiation over Saudi Arabia 1 Y
and comparisons with empirical models”, °
Energy, 199812

Publication

www.faqgs.org 1 Y
0

Internet Source

e

Laidi, Maamar, Salah Hanini, Ahmed Rezrazi, 1 y
Mohamed Redha Yaiche, Abdallah Abdallah El °
Hadj, and Farouk Chellali. "Supervised artificial
neural network-based method for conversion of
solar radiation data (case study: Algeria)",

Theoretical and Applied Climatology, 2016.

Publication

oa.upm.es 1 .
Internet Source /0

Lopez, G.. "Selection of input parameters to



model direct solar irradiance by using artificial
neural networks", Energy, 200507

Publication

1o

Tijana T. Ivancevic. "Neuro— CSB: Artificial
Neural Networks", Cognitive Systems
Monographs, 2009

Publication

1o

Kheradmanda, Saeid, Omid Nematollahi, and
Ahmad Reza Ayoobia. "Clearness index
predicting using an integrated artificial neural
network (ANN) approach”, Renewable and
Sustainable Energy Reviews, 2016.

Publication

1o

Azadeh, A., M. Sheikhalishahi, and F. Monshi.
"Selecting optimum maintenance activity plans
by a unique simulation-multivariate approach”,
International Journal of Computer Integrated
Manufacturing, 2015.

Publication

1o

Karoro Angela. "Predicting Global Solar
Radiation Using an Artificial Neural Network
Single-Parameter Model", Advances in Artificial
Neural Systems, 2011

Publication

1o

Rehman, S.. "Empirical model development
and comparison with existing correlations”,
Applied Energy, 19990901

1o



Publication

www jourlib.org

Internet Source

1o

"Emerging Intelligent Computing Technology
and Applications”, Springer Nature America,
Inc, 2009

Publication

1o

research.ijcaonline.org

Internet Source

1o

Ahmad, H. A.. "Egg production forecasting:
Determining efficient modeling approaches”,

The Journal of Applied Poultry Research, 2011.

Publication

1o

2016.tae-conference.cz

Internet Source

1o

Mihalakakou, G.. "On the energy consumption
in residential buildings", Energy & Buildings,
200208

Publication

1o

Mohamed Ahmed Mohandes, Shafiqur
Rehman. "Short term wind speed estimation in
Saudi Arabia", Journal of Wind Engineering
and Industrial Aerodynamics, 2014

Publication

1o

V. Sampathkumar, M. Helen Santhi, J.
Vanjinathan. "Forecasting the Land Price Using

<1%



Statistical and Neural Network Software",
Procedia Computer Science, 2015

Publication

www.inderscience.com

Internet Source

<1%

Azadeh, A.. "A simulated-based neural network
algorithm for forecasting electrical energy
consumption in Iran", Energy Policy, 200807

Publication

<1%

Liang, Steven Y. "MONTHLY MEAN GLOBAL
SOLAR RADIATION MODELING USING
ARTIFICIAL NEURAL NETWORK TECHNIQUE
IN SOUTHEAST HILL AREAS, CHINA DURING
1993-2013", Energy and Mechanical
Engineering, 2016.

Publication

<1%

cdn.intechopen.com

Internet Source

<1%

24

leeexplore.ieee.org

Internet Source

<1%

25

Dalal Al-Sirri. "Predicting Lower Fars Heavy Oil
Molar Compositions Using Artificial Neural
Networks", Proceedings of SPE Heavy Oil
Conference and Exhibition HOCE, 12/2011

Publication

<1%

jcbsc.org



Internet Source

<1
ejournal.undip.ac.id
IntJernet Source p < 1 %
www.pubmedcentral.nih.gov
Internet Eource g < 1 %
Xin-hua, Wang, Guo Mei-hua, Xu Xu-yan, and <1 o
Wen Juna. "Changing Trends of Reference °
Crop Evapotranspiration and Impact Factors in
Yunnan Mengzhi Plain in Recent 50 Years",
Procedia Earth and Planetary Science, 2012.
Publication
Mellit, A.. "An adaptive wavelet-network model <1 o
for forecasting daily total solar-radiation”, °
Applied Energy, 200607
Publication
Li, Y.L.. "Measurement of evapotranspiration of 1
. . . o <l%
irrigated spring wheat and maize in a semi-arid
region of north China", Agricultural Water
Management, 20030606
Publication
Maitha H. Al Shamisi, Ali H., Hassan A. N. <1 o

Hejase. "Chapter 9 Using MATLAB to Develop
Artificial Neural Network Models for Predicting
Global Solar Radiation in Al Ain City — UAE",
InTech, 2011



Publication

Rene Buffat, Stefano Grassi, Martin Raubal. "A
scalable method for estimating rooftop solar

irradiation potential over large regions”, Applied
Energy, 2018

Publication

<1%

Sen, Z.. "Angstrom equation parameter <1 o
estimation by unrestricted method", Solar °
Energy, 2001

Publication

Mahboubeh Fazaeli. "Prediction of the <1 o
Physicochemical Properties of Spray-Dried °
Black Mulberry (Morus nigra) Juice using

Artificial Neural Networks", Food and

Bioprocess Technology, 07/07/2011

Publication

w
B

drmc.library.adelaide.edu.au <1 %

Internet Source

w
~

www.researchgate.net <1 o

Internet Source

w
B

medicaldevices.asmedigitalcollection.asme.org <1 y
(¢}

Internet Source

W
B

www.mdpi.com <1 %

Internet Source

internationalscienceindex.org <1 Y
(0]

Internet Source



41

Amir H. Mohammadi, Dominique Richon. "Use
of Artificial Neural Networks for Estimating
Water Content of Natural Gases", Industrial &
Engineering Chemistry Research, 2007

Publication

<1%

Lubecke, T.H.. "Combining foreign exchange
rate forecasts using neural networks", Global
Finance Journal, 199821/22

Publication

<1%

Mohandes, Mohamed Ahmed. "Modeling global
solar radiation using Particle Swarm
Optimization (PSO)", Solar Energy, 2012.

Publication

<1%

Rehman, S.. "Global solar radiation estimation”,
Renewable Energy, 199712

Publication

<1%

Mehmet Sahin, Yiimaz Kaya, Murat Uyar.
"Comparison of ANN and MLR models for
estimating solar radiation in Turkey using
NOAA/AVHRR data", Advances in Space
Research, 2013

Publication

<1%

B.E. Psiloglou. "CALCULATION OF GROUND
ALBEDO FOR THE ESTIMATION OF GLOBAL
RADIATION ON TILTED SURFACES, FOR
FOUR EUROPEAN LOCATIONS", International
Journal of Sustainable Energy, 1997

<1%



Publication

Fangping Deng. "Global Solar Radiation <1 o
Modeling Using The Artificial Neural Network °
Technique", 2010 Asia-Pacific Power and
Energy Engineering Conference, 03/2010
Publication

e oapress.com <1

Azadeh, Ali, Amin Ziaeifar, Khosro Pichka, and <1 o
Seyed Mohammad Asadzadeh. "An intelligent
algorithm for optimum forecasting of
manufacturing lead times in fuzzy and crisp
environments”, International Journal of
Logistics Systems and Management, 2013.

Publication

Yusuf Kurtgoz, Emrah Deniz. "Comparison of <1 o
ANN, Regression Analysis, and ANFIS Models °
in Estimation of Global Solar Radiation for
Different Climatological Locations", Elsevier
BV, 2018
Publication

WenQuan Zhu. "Comprehensive analysis of the <1 o

impact of climatic changes on Chinese
terrestrial net primary productivity", Chinese
Science Bulletin, 12/2007

Publication

www.cder.dz



Internet Source

<1+
ace.wacong.or
Internet Source g g <1 %
Benghanem, M.. Rafjlgl Basis Function <1 o
Network-based prediction of global solar
radiation data: Application for sizing of a stand-
alone photovoltaic system at Al-Madinah,
Saudi Arabia", Energy, 201009
Publication
Benghanem, M.. "ANN-based modelling and <1 o
estimation of daily global solar radiation data: °
A case study", Energy Conversion and
Management, 200907
Publication
M.J. Taylor. "A comparison between single and <1
. . , %
combined backpropagation neural networks in
the prediction of turnover”, Proceedings of 1st
International Conference on Conventional and
Knowledge Based Intelligent Electronic
Systems KES 97 KES-97, 1997
Publication
lhya, B., A. Mechaqgrane, R. Tadili, and M. N. <1 o

Bargach. "Prediction of hourly and daily diffuse
solar fraction in the city of Fez (Morocco)",
Theoretical and Applied Climatology, 2015.

Publication




Marti, P.. "Improvement of temperature-based <1 o

58
ANN models for solar radiation estimation
through exogenous data assistance", Energy
Conversion and Management, 201102
Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



LEMBAR

Lampiran 6

HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW
KARYA ILMIAH : JURNAL ILMIAH

Judul Karva Ilmiah (artikel :

Nama Penulis

Jumlah Penulis

Status Pengusul
Identitas Jurnal {lmiah

Solar Irradiation Estimation With Neural Network Method Using

Metcorological Data In Indonesia
. Meita Rumbayan, Ken Nagasaka
22

. Penulis pertama

. a. Nama Jurnal

b. Nomor ISSN
¢. Volume. Nomor, Bulan Tahun
d. Penerbit

¢. DOI artikel (jika ada)

https:doi.org 10.1016:].rser.2011.11.024

Kategori Publikasi Jurnal Ilmiah (beri Vpada kategori vang tepat)

f.  Alamat web Jumal

- International Journal of

Technology

: 3,2, July 2012
: Faculty of Engincering,

Universitas Indonesia

. http://www ijctech.eng.uiac.id/

old/index.php/journal/article/
view/87

¢. Terindeks di Scimagojr. SCOPUS. SINTA, Google Scholar

v" Jurnal llmiah Internasional/Internasional bereputasi*

Hasil Penilaian Peer Review

COPERNICUS *

[0 Jurnal Hmiah Nasional Terakreditasi
{71 Jurnal Ilmiah Nasional/Nasional terindeks di DOAJ, CABI,

Komponen vang dinilai Nilai Maksimal Jurnal llmiah Nilai Akhir
International/Inter | Nasiona | Nasional vang
national I Diver

. ‘ iperoleh
Bereputasi* Terakre p
ditasi

|

f

{

(10%)

a. Kelengkapan unsur isi artikel

Y

§.s

pembahasan (30%)

b. Ruang lingkup dan kedalaman

o

data /informasi dan
metodologi (30%)

c. Kecukupan dan kemutakhiran

Do

d. Kelengkapan unsur dan
kualitas terbitan/jurnal (30%

™

Total = 100%

Nilai Pengusul

Catatan penilaian artikel oleh Reviewer :

|
f Fers rlex JCO/)/»g .

Manado, November 2018

Reviewer,

Cmaannl)

Prof. Dr. Ir. Fabian J. Manoppo, M. Agr

NIP. 196210141992031001

Unit kerja : Fakultas Teknik Universitas Sam Ratulangi




HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW
KARYA ILMIAH :JURNAL ILMIAH

Judul Jurnal Ilmiah (Artikel)

Penulis Jurnal Ilmiah

Identitas Jurnal Ilmiah

Solar Irradiation Estimation With Neural Network Method Using
Meteorological Data In Indonesia

Meita Rumbayan, Ken Nagasaka

a. Nama Jurnal

: International Journal of Technology

Kategori Publikasi Jurnal Illmiah
(beri v'pada kategori yang tepat)

b. Volume / Nomor
c. Edisi (bulan/tahun)

d. Penerbit

e. Jumlah halaman

5312

: July 2012

: Faculty of Engineering, University Indonesia
: 11 Halaman (110-120)

Jurnal Ilmiah Internasional
D Jurnal Ilmiah Nasional Terakreditasi

D Jurnal Ilmiah Nasional Tidak Terakreditasi

Reviewer 1

\

\

Hasil Penilaian Peer Review :
Nilai Maksimal Jurnal Ilmiah
Komponea Nasional Nilai Akhir
’ inilai Nasional Tidak Yang
Yang Diniiai .
Internasional | Terakreditasi | Terakreditasi | Diperoleh
Kelengkapan unsur isi buku (10%) 85
. Ruang lingkup dan kedalaman pembahasan
(30%) 2
Kecukupan dan kemutahiran data/informasi dan ‘7
metodologi (30%) %
. Kelengkapan unsur dan kualitas penerbit (30%) 3 6
Total = (100%)
Malang, November 2017

Prof. Dr. Eng. Ir. Abraham Lomi, MSEE, MIET, SMIEEE
NIP.Y. 1018500108
Unit kerja : Jurusan Teknik Elektro
Institut Teknologi Nasional Malang




HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW

LEMBAR

KARYA [LMIAH : JURNAL ILMIAH

Lampiran 6

!
J

Judul Karya limiah (artikel : Solar lrradiation Estimation With Neural Network Method Using
Meteorological Data In Indonesia

Nama Penulis : Meita Rumbayan, Ken Nagasaka
Jumiah Penulis s 2
Status Pengusul : Penulis pertama
ldentitas Jurnal limiah : a. Nama Jurnal
b. Nomor ISSN
c. Volume, Nomor, Bulan Tahun
d. Penerbit

e. DOl artikel (jika ada)

f. Alamat web Jurnal

: 3,2, July 2012
: Faculty of Engineering,

. International Journal of
Technology

Universitas Indonesia

g. Terindeks di Scimagojr, SCOPUS, SINTA, Google Scholar

Kategori Publikasi Jurnal limiah (beri Vpada kategori yang tepat)

v Jurnal limiah Internasional/internasional bereputasi*

[} Jjurnal llmiah Nasional Terakreditasi
[0 Jurnal limiah Nasional/Nasional terindeks di DOAJ, CABI,

COPERNICUS *

Hasil Penilaian Peer Review :

Komponen yang dinilai Nilai Maksimal Jurnal limiah Nilai Akhir
international/inte | Nasional | Nasional yang
rnational Terakre Diperoleh
Bereputasi*® ditasi

a. Kelengkapan unsur isi artikel 8 LY
(10%) s ’
b. Ruang lingkup dan kedalaman
pembahasan (30%) 8 2‘;-/ s
¢. Kecukupan dan kemutakhiran
data /informasi dan 8¢ iy 4
metodologi (30%)
d. Kelengkapan unsur dan 8 95
kualitas terbitan/jurnal {(30%) S 23
Total = 100% N
| Ay

Nilai Pengusul

hitps./fdoi.org/10.1016/].rser.2011.11.024

. http://www.ijetech.eng.ui.ac.id/
old/index.php/journal/article/
view/87

Catatan penilaian artikel oleh Reviewer :

Akl Jondile, -

Manado, 30 November 2017

Reviewer 2

Prof. Dr. Ir. Jefrey 1. Kindangen, DEA
NIP. 196506031990031003

Unit kerja : Fakultas Teknik
Universitas Sam Ratulangi



LEMBAR (FORM)

Ltampiran ©

HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW

Judui Karya limiah {artike!
(Title)

Nama Penulis

Jumiah Penulis

Status Pengusui
Identitas Jurnal limiah

Kategori Publikasi Jurnal fimiah (beri Vpada kategori yang tepat)

Hasil Penilaian Peer Review :

b. Nomor ISSN

c. Volume, Nomor, Bulan Tahun
d. Penerbit

e. DOI artike! {jika ada)

f. Alamat web Jurnal

KARYA ILMIAH : JURNAL ILMIAH (JOURNAL)

: Solar Irradiation Estimation With Neural Network Method Using
Meteorological Data In Indonesia

. Meita Rumbayan, Ken Nagasaka

02

: Penulis pertama

: a. Nama jurnal

. International lournal of
Technology

2 3,2, July 2012
. Faculty of Engineering,
Universitas Indonesia

hitps.//doi.org/10.1016/.rser.2011.11.024

: http://www.ijetech.eng.ui.ac.id/
old/index.php/iocurnal/article/
view/&7

g. Terindeks di Scimagoijr, SCOPUS, SINTA, Google Scholar

v Jjurnal lilmiah Internasional/internasional bereputasi®
[ lurnal limigh Nasional Terakreditasi
1 Jurnal imiah Nasional/Nasional terindeks di DOAJ, CABI,

COPERNICUS *

Komponen vang dinilai Nilai Maksimal Jurnal limiah Nilai Akhir
Iinternational/inte | Nasional | Nasional yang
rnational Tera)fre Diperoleh
Bereputasi* ditasi

a. Kelengkapan unsur isi artikel ) 9
{10%)/ Completeness of the G ¥
content
b. Ruang lingkup dan kedalaman
pembahasan (30%)//The G ¢ 216 1
Scope and the depth of B il
discussion
¢. Kecukupan dan kemutakhiran ,, o
data /informasi dan O Y 23,3
metodologi (30%)
d. Kelengkapan unsur dan q - PR
kualitas terbitan/jurnal (30%) G) > 25,5
Total = 100% o
Nilai Pengusul

Catatan penilaian artikel oleh Reviewer/Note by reviewer :

Tks QA‘Q‘QAQ\ACL,s &““&}Ye& ‘u\( cha.s c“ r"esﬁ‘ﬁfti'\ét{g .,_ho

workk \n the arq.

Tokyo, March 2018

Prof. Dr. Ken Nagasaka

Department of Electrical and Electronic Engineering

f)



	SOLAR IRRADIATION ESTIMATION WITH NEURAL NETWORK METHOD USING METEOROLOGICAL DATA IN INDONESIA
	by Meita Rumbayan 29

	SOLAR IRRADIATION ESTIMATION WITH NEURAL NETWORK METHOD USING METEOROLOGICAL DATA IN INDONESIA
	ORIGINALITY REPORT
	PRIMARY SOURCES

	img090

