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Abstract

Study of comparison of solar power generation between the GridLAB-D tool
and System Advisor Model (SAM) in Dili, Timor Leste is presented in this
paper. Weather Research and Forecasting (WRF) model is used to simulate
solar radiation for one calendar year from January to December 2014 using
six-hourly interval 1° x 1° NCEP FNL analysis data. The one calendar year
results from the WRF model will be used as input data for GridLAB-D and
SAM to estimate the solar power generation. GridLAB-D is an open-source
and analysis tool designed to operate the distribution power systems with a
high-performance algorithm. System Advisor Model version SAM 2017.9.5
is used to estimate solar power performance with Photovoltaics (PVWatts)-
Commercial Distributed model. This model is designed to analyze the per-
formance and the financing of renewable energy for electricity generation.
The results show the lowest solar radiation is 512 W/m? obtained in June with
an average monthly power of 20.6 kW and 30.55 kW generated from the SAM
model and the GridLAB-D simulator, respectively. Meanwhile, the highest
solar radiation is 1100 W/m?, 1112 W/m?, 1046 W/m?, and 1077 W/m? ob-
tained in October, November, December, and January with an average monthly
power of 55.72 kW, 62.44 kW, 56.65 kW, and 56.97 kW from the SAM model,
in the other hand, 48.89 kW, 51.31 kW, 55.51 kW, and 57.18 kW generated
by the GridLAB-D. Finally, the results show that the performance of the
GridLAB-D and the SAM model was quite good because both model precisely
presented values are almost closest to each other. This study proposes that the
results of solar output power from both methods, GridLAB-D and SAM can
be used to design grid-connected or stand-alone electric power projects to
increase the quality of electricity generation in Dili, Timor Leste.
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1. Introduction

According to the strategic plan for the development of Timor Leste from the
year, 2011 to 2030, renewable energy such as solar-, wind-, and hydro power, in-
cluding biomass and any other source, has become one of the main targets to
supply the electricity [1]. An investment in the new power plant with the up-
grade of distribution and transmission systems will be expected to supply the
electricity with high quality and its performance. The development of the re-
newable energy system will reduce and improve the conditions of living for the
populations in remote areas or isolate areas which unable to access the electrici-
ty. The feasibility study of renewable energy system about the output power
generation which conducted in this study will be expected using as references for
the development of Timor Leste in the future regarding the planning of con-
struction for the renewable energy system based on the number populations and
an analyzing of output energy for the long term period. Meanwhile, implement-
ing solar power as one part of the renewable system will be expected also to drive
the growth of the economy in rural areas. Therefore, the forecasting of solar
radiation is the most important factor to analyze the output power generation of
the solar power plant. Hourly or daily forecasting is very helpful for optimiza-
tion at different forecast horizons and its diffuse and direct components are im-
portant for the operation of the solar power system. Timor Leste is a tropical
country with available good solar radiation almost all the years suitable for im-
plementing solar energy. Figure 1 shows the plotting of solar radiation analysis
data in the Timor Leste region on the date of March 23 of 2014 at 10 AM local
standard time (LST), where this day was sunny. The plotting is showing that so-
lar radiation obtained above 1000 W/m? indicating a high possibility for solar
farm installation with a high output of solar power.

To forecast hourly or daily solar radiation over an interest region, the fore-
casting of the presence of clouds needs to be clarified under all-sky conditions.
However, hourly or daily solar radiation is not available in many cases as it is
observed at a very limited number of weather stations and due to the cost of
maintaining the observation equipment in an undergoing-developing country.
Developing methods of study for estimation of solar radiation has been paid at-
tention in locations which no observed values are available. These methods are
efficient and simple for weather forecasting. The use of Numerical Weather Pre-
diction (NWP) and time series methods are particularly promising for ap-
proaching the variation of solar radiation modeling. These methods are applied

the different weather variables to make changes in solar radiation. Meanwhile, it
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Figure 1. Plotting of analyses of solar radiation in Timor Leste.

is also very important to understand the characteristic of solar radiation in the
implementation in integration and operation in current power grids, and in the
planning of energy management since the forecasting of photovoltaic (PV)
power generation is dependent on the climate. The output values from an NWP
have been considered useful data in forecasting the power generation of the PV
system.

Nowadays, many developing countries have been applying renewable systems
such as solar and wind energy to supply electricity in all territory [2]. Particular-
ly, countries that geographically located close to the equator line are the most
which have a great amount of sunlight all year, but a shortage of wind and water
in some areas. For all these reasons, the implementation of solar energy in Timor
Leste is an excellent choice to supply electricity for consumers since Timor Leste
is a tropical country located around the equator. In addition, increasing popula-
tion and energy demand in the undergoing developing countries brought many
concerns such as environmental problems, pollution, poverty, and health prob-
lems. Solar energy is the best choice to provide excellent energy to reduce green-
house gas (GHG) emissions and air pollutants especially in remote rural areas in
which the grid connections are technically not available.

Many researchers have conducted a study regarding renewable energy such as
wind and solar energy. Jose Manuel Soares de Araujo [3] conducted a study of
wind speed and wind power generation above mountain area with a height of
100 and 120 meters above ground level for location in Dili Timor Leste in 2014
using the WRF model and SAM. He showed that strong wind speed for some
months reaching +14 m/s to generate high wind power. His study proposed that
applying the installation and construction of a wind energy system in Dili around
the Hera mountain area as an additional-energy-generator will be one solution
to deal with energy demand in Dili, Timor Leste. A. Dobos ef al [4] introduced
System Advisor Model (SAM) for calculating the performance of the solar ther-
mal concentrating system for six CSP model systems such as empirical through
model, physical through model, generic solar model, molten salt power tower,
direct steam power tower, and dish Stirling. Their study showed a very low root

mean square deviations and provided a significant reduction in computational
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time for the same model. Torsten et al [5] conducted a study of a modeling
framework for wind power integration systems where loads become an addi-
tional resource. The modeling framework conducted on the Olympic Peninsula,
Washington, USA to represent a physical demonstration project. The results in-
dicate that the Demand Response (DR) implementation is used to assist the in-
tegration of renewable energy resource to ensure the functionality of the overall
system. Emeka et al. [6] used SAM to characterize the performance of the power
plant and aid the analysis and evaluation of the power plant performance. They
focused on the modeling and simulation of a 50 kW concentrated solar power
(CSP) located in Crowley, Lousiana. Their model was validated with the actual
power plant data for comparison purposes and showed a good correlation be-
tween the predict results and the actual power plant data.

This study is continuously from the previous study regarding wind speed si-
mulation and wind power estimation in Dili, Timor Leste [3]. The objective of
this paper is to compare the output power of solar PV panels between the System
Advisor Model (SAM) and the GridLAB-D tool for location in Dili-Timor Leste.
Results from Weather Research and Forecasting (WRF) nesting model simula-
tion for one calendar year are used as input data by the GridLAB-D and SAM to
generate the solar output power for comparison purposes. The input data for
both methods is provided by WRF mesoscale model using six-hourly interval
1°x1° NCEP FNL analysis data used as Global Forecast System (GFS) obtained
freely from the NCEP FNL website. The values of input data such as tempera-
ture, relative humidity (RH), wind speed, solar direct and solar diffuse are used
to simulate solar energy by both methods, GridLAB-D and SAM, respectively.

This paper is organized as follows. The study area and the observation data
are described in Section 2. Section 3 describes the description of the methods
which are used in this study; in particular, it presents the configuration of the
WREF model, SAM, GridLAB-D, and four evaluation error metrics. The results
are presented in Section 4; the performance of comparison between observed
and simulated data, plotting of solar radiation in two seasons, output values of
the PV system, annual energy production, after-tax cash flow, and comparison
of solar output power between GridLAB-D and SAM are presented in this sec-

tion. Finally, section 5 describes a summary of the results and conclusions.

2. Study Area and Observation Data

Simulation of solar radiation was conducted in Hera town [7] (latitude: 8°33'03.9"S,
longitude: 125°39'33.7"E) which is located 12.4 km east of Dili. Figure 2(a)
shows plotting of study area and Figure 2(b) is location of weather station at
Hera campus. Hera town is a crop area mixed with planting surrounded by the
sea in the North side and mountains area in the South side. Based on the simula-
tion data in the year 2014, this area recorded the highest solar radiation of 1113
W/m? in October and the lowest solar radiation of 10 W/m? in January. Mean-

while, the temperatures of range 32°C to 35°C are highest observed in October,
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January, February, November and December and the lowest temperatures of
range 17°C to 20°C observed in June and July. This area with hot weather all
year was chosen for it has a weather station for comparison purposes with the
simulation data. In addition, this area was chosen as it is one of the locations
with the high potency of solar radiation for the generation of solar PV power.
Meanwhile, results of simulation data will be used as input data to estimate solar
output power from two different methods, GridLAB-D and SAM, respectively.
This study proposes to analyze the results of electricity generation from the PV
system for a long-term period which can be used as grid-connected or stand-alone
electric power projects to stabilize energy demand in Dili. This study used Intel(R)
Core(TM) i7-7700 CPU @ 3.60 GHz computer, 8 GB of RAM on Linux Ubuntu
16.04 LTS 64 bit operating system. Temperature with 5 minutes interval output
from WXT530 Vaisala in Hera will be used to validate with the temperature at 2 m
height from WREF simulation from 21 March to 25 March 2014. In addition, the
120 hours of solar radiation from 1* to 5* June 2015 from same weather station

were used to validate in order to analyze the performance of the WRF model.

3. Methodology
3.1. Description of the WRF Model

Weather Research and Forecasting (WRF) [8] version 3.9.1 was used in this study.
The performance of WRF model configuration such as nesting level, spacing and
resolution of the grid, geographical shift and time resolution has been imple-
mented in the centers of the domain. Skamarock et al, 2008 suggested coarsest
grid distance magnitude (in kilometers) should be divided by 3 to stabilize the
WRF model computational to keep a ratio of 1/3. Horizontal nesting resolution is
allowed in the WRF model to introduce finer grid simulation over a region. Mean-
while, one-way and two-way grid nesting technique including initial and lateral
boundary conditions are supported by this model to interact with a parent domain
and a coarse with input from higher resolution. To increase simulation speed with
efficient and accurate, the inner grid domain of this model must be small. These
simulations were done based on the NCEP FNL Operational Model Trophos-
pheric website (https://rda.ucar.edu/datasets/ds083.2/). The spatial resolution was
six-hourly intervals 1 x 1 with 00 UTC, 06 UTC, 12 UTC, and 18 UTC datasets.
Table 1 is the configuration of the WRF nesting domain. Figure 3(a) shows

three two-way-nested domain from west to east and south to north with grid
resolution 9-, 3-, and 1km and grid size of parent domain are 86 x 68 (d01), 88 x
88 as Ist nested domain(d02), and 100 x 100 as the innermost domain (d03).
Figure 3(b) is the view of terrain height of domain d03. This simulation used
Single-Moment 5-class (WSM5) [9] scheme for microphysics which performs
well forecasting over a region and considers the cloud parameters such as cloud
water, cloud ice, rain, and snow to exist and melting of snow. The general circu-
lation model (GCM) for the Rapid Radiative Transfer Model (RRTMG) was used
for shortwave (SW) and longwave (LW) radiation [10] [11]. RRTMG is a new
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Figure 2. (a) Land cover of study area; (b) Location of Hera campus weather station (lat:
8°33'03.9"S, long: 125°39'33.7"E) (see [3]).

modification scheme from the RRTM scheme to improve the computational ef-
ficiency, to update the formatting code, and to represent the variability of the
cloud. Noah Land Surface Model was used for the land surface [12]. Noah LSM
is a collaborative effort input data such as NCEP, NCAR, and AFWA to evaluate
the performance impact of the land surface on WRF model simulation. Yonsei
University scheme was used for the planetary boundary layer [13]. This PBL
scheme is to express the vertical gradient and the turbulent fluxes of the variable.
Monin-Obukhov MM5 similarity theory was used for the surface layer [14].
This theory used the framework to compute the surface turbulent fluxes. Be-
cause of parent grid sizes are not greater than 9 km, theoretically, the cumulus
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Table 1. Computational conditional used in WRF simulation (see ref. 3).

Period

Input data

Nesting

Domain

Map projection
Vertical layer
Geographic data resolution
Microphysics
Longwave radiation
Shortwave radiation
Surface layer
Land surface
Planetary boundary layer

Cumulus parameterization

Start: 1 January 2014
End: 31 December 2014

NCEP FNL (6-hourly, 1° x 1°)
Two-way nesting

Domain 1, d01 (9 km, 86 x 68 grids)
Domain 2, d02 (3 km, 88 x 88 grids)
Domain 3, d03 (1 km, 100 x 100 grids)

Mercator
38
10m,5m,2m
WREF Single-Moment 5-class scheme
RRTMG scheme
RRTMG scheme
MMS5 scheme
Noah land surface model
Yonsei University scheme

None

parameterization must be turned off. NCL (NCAR Command Language) pro-
gramming language version 6.5.0 was used to plot the forecast of solar radiation
and its grid point. NCL is used to analyze scientific data: climate data, oceano-
graphy data, and meteorological data [15].

3.2. Description of the GridLAB-D

GridLAB-D [16] is developed and maintained at Pacific Northwest National La-
boratory (PNNL) in Richland Washington in the U.S. Department of Energy
(DOE) government research laboratory as part of the GridWise program. It is an
open-source and analysis simulator tool that provides information on how to
use the utilities to take advantage of the latest energy technologies. This tool has
advanced modeling techniques that provide high valuable information to users
who want to design and operate the distribution systems including how to use
the utilities with a high-performance algorithm to deliver energy in end-use
modeling. It is flexible and can be integrated with any variety of third-party data
management. This simulator tool can be used to simulate energy from the gen-
eration until the end-user and simulate many households in a village or city. It is
also very useful to simulate renewable energy systems such as solar and wind
energy. The more advantages of using a GridLAB-D tool such as: 1) GridLAB-D
can be used to run time-series solutions. 2) Implementing a simulation method
in the end-user model and including appliances, equipment model and consum-
er model. 3) Retail modeling tool including the model of SCADA tool, the tech-

nology of metering and business and operation for the simulation. 4) Creating
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Figure 3. (a) The configuration of three two-way-nested domain; (b) View of terrain
height of domain d03 (1 km). Data of domain d03 (1 km) were used for validation in this
study (see [3]).

external links to all text-based tools. 5) It can run efficiently on multiprocessor
and multi-core machines.

The 8760 hours of one calendar year data in 2014 from WRF model simula-
tion in Dili, Timor Leste were used to simulate solar power. There were 5 mod-
ules used in this simulation such as module tape, module generators, module
power flow, module residential and module climate. Module climate uses two
objects such as object csv_reader and objects climate to read the input data file
in CSV file type. Object meter as part of module generator applies a nominal
voltage of 220 V. For generator case, phase CN with panel type of Multi Crystal
Silicon is applied with ONLINE generator status. Generator mode of supply-driven
applied in an area of 75 mA2 with 30 degrees of tilt angle, 180 degrees of solar
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azimuth, and the efficiency is 0.14. This module orientated in Fixed Axis with
solar power model was set as default. The inverter object also used phase CN
with ONLINE generator status applied with Constant PQ as the generator mode.
The inverter type used Four Quadrant with 0.9 of power factor, the rated power
was 150 VA, solt tilt model is solpos, and the efficiency inverter was 0.96%. Ta-
ble 2 shows an example of 24 hours of one calendar year input data from WRF
simulation which is used to run the solar power simulation in GridLAB-D simu-
lator. Some variables such as temperature use degree Farad (DegF), solar direct
and solar diffuse use Watt/square feet (W/f?) as the units.

Table 2. Input data for solar power simulation in GridLAB-D.

$state_name = Timor Leste
$city_name = Dili
$lat_deg = -8
$lat_min = -8
$long_deg = 125
$long_min = 125

$timezone_offset = +9

temperature humidity wind_speed solar_dir solar_diff
2014-01-01 00:00:00 78 68 2.05 0 0
2014-01-01 01:00:00 78 68 1.96 0 0
2014-01-01 02:00:00 78 67 2.18 0 0
2014-01-01 03:00:00 78 67 2.3 0 0
2014-01-01 04:00:00 78 66 2.34 0 0
2014-01-01 05:00:00 77 65 2.25 0 0
2014-01-01 06:00:00 77 66 2.34 0 0
2014-01-01 07:00:00 81 67 2.29 24.89 5.94
2014-01-01 08:00:00 83 66 2.08 65.40 7.43
2014-01-01 09:00:00 85 64 1.93 73.95 10.68
2014-01-01 10:00:00 86 64 2.18 83.51 10.12
2014-01-01 11:00:00 88 66 2.65 83.89 12.63
2014-01-01 12:00:00 88 67 3.85 94.01 5.94
2014-01-01 13:00:00 88 67 4.22 85.65 13.47
2014-01-01 14:00:00 88 70 4.65 92.64 6.50
2014-01-01 15:00:00 88 74 4.06 85.74 9.38
2014-01-01 16:00:00 87 76 3.79 87.32 5.20
2014-01-01 17:00:00 86 78 3.07 74.13 6.59
2014-01-01 18:00:00 84 83 2.81 44.40 6.50
2014-01-01 19:00:00 81 87 1.1 0 0
2014-01-01 20:00:00 80 89 1.07 0 0
2014-01-01 21:00:00 81 94 1.89 0 0
2014-01-01 22:00:00 77 90 1.08 0 0
2014-01-01 23:00:00 78 82 2.16 0 0
DOI: 10.4236/jpee.2020.88001 9 Journal of Power and Energy Engineering
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3.3. Description of the SAM

System Advisor Model version SAM 2017.9.5 [17] was used in this study to pre-
dict and estimate the renewable energy technologies. SAM was first developed in
2006 by the National Renewable Energy Laboratory (NREL) in partnership with
the US Department of Energy (DOE) Solar Energy Technologies Program and
conjunction with Sandia National Laboratories, the University of Wisconsin
aims to help the researchers to simulate the financing and performance of re-
newable energy. This model can be used to design grid-connected or stand-alone
electric power projects for electricity generation such as PV system, wind system,
geothermal systems, thermal power plant model, and biomass. In this study, the
Photovoltaics (PVWatts) - Commercial Distributed model of the SAM was used
to simulate solar power generation. An hourly performance data is used in this
model to calculate and estimate the annual electricity including interest rates,
incentives, and system specifications. SAM then reports all results in tables and
graphs to analyze its performance. A weather file with 8760 hourly from the
WRF model simulation was used to simulate and estimate the electricity load
and financing from the PV system. To remain the input variables for the solar
farm construction, the tilt, and azimuth angle, the total installed costs inverter
size, system nameplate size, array type, module type, DC to AC ratio, and inver-
ter efficiency are default value as the starting point for the solar farm project.
The total installed costs, analysis period, degradation rate, debt percent are used
for analyzing the financing of the models. In this study, the LCOE options are
selected to estimate the output of the financial. The values of financial parame-
ters such as state income tax rate, federal income tax rate, and insurance rate
annual are used based on the reports from the Ministry of Finance policies in
Timor Leste [18]. In addition, Timor Leste uses the US dollar as the current cur-
rency for daily life and marketing which is means the implementation of the
finance in the SAM can be well extrapolated in this region. Sales tax, deprecia-
tion, electricity rates, and salvage value were all set with values specified in the
SAM. Table 3 shows the configuration of characteristics from the PV panel sys-
tem used in this study.

Evaluation cost of energy for Levelized Costs of Energy (LCOE) [19] from the
PV system was presented in this study. LCOE metric is the most used to express
the capital cost of operation and maintenance of the PV system. The install cap-
ital cost, the annual operating expenditures, the discount rate, the operational
life, and the net annual energy production are the five important parameters in
the LCOE metric. The LCOE metric can be expressed in Equation (1):

FCR xICC+ AOE

LCOE = (1)
AEP

net
where: LCOE = levelized cost of energy ($/MWh)
FCR = fixed charge rate (%)
ICC = installed capital cost ($)
AOQE = annual operating expenses ($/year)

AEP, = net annual energy production (MWh/year)

DOI: 10.4236/jpee.2020.88001
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Table 3. More characteristic of solar PV system.

System name plate size
Module type
DC to AC ratio
Rate inverter size
Inverter efficiency
Array type
Tilt
Azimuth
Analyses period
Total installed cost
Degradation rate
Debt percent
State income tax rate

Federal income tax rate

Insurance rate annual

250
Standard
1
250 kWac
96%
Fixed open rack
30 degrees
180 degress
25 years
$53,183,375
0.5%/year
0%
10%
0

0.5%

3.4. Error Metrics

Two of three widely following Diagne et al [20] were used to evaluate accuracy
between simulated data and observed data such as root mean square (RMSE)
and the mean bias error (MBE), and expressed in W/m?* Meanwhile, solar radia-
tion is normalized in the considered period for error percentage using the nor-
malized RMSE (nRMSE) and the normalized MBE (nMBE) and expressed in %
[21] [22]. These error metrics are defined as below;

1

MBE =—- z;’:l (pred, —obs,) (2)
n
RMSE = \/l.z;’_ (pred, —obs,) 3)
n
nRMSE = {LSE} £100 (4)
Rmax — Rmin
nMBE = { MBE }* 100 (5)
Rmax — Rmin

where n is the total number of points to compare (in which both the observed
and simulated values exist), pred represented WRF simulated data from domain
d03 and obs represented weather station observed data, Rmax is the maximum
value of temperature and solar radiation and Rmin is the minimum value of
temperature and solar radiation. Respectively, these two metrics are especially
for measuring the dispersion of model (RMSE) and average bias (MBE) and an

accuracy percentage error calculation: nRMSE and nMBE.

4. Results

This section presented the results of the performance comparison between ob-
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served and simulated data, plotting of solar radiation in two seasons, output
values of the PV system, annual energy production, after-tax cash flow, and
comparison of solar output power between GridLAB-D and SAM. Figure 4(a)
shows the plotting of temperature comparison between the WRF model and
weather station data. Forecasting of decreasing, increasing, and unstable tem-
perature is affected by decreasing and increasing relative humidity (RH) and
wind speed. The performance of 5 days comparison results of temperature from
21st to 25th March 2014 was quite good. The temperature at 2 m of WRF simu-
lated data showed +3°C lower compared to weather station observed data in the
daytime and +2°C different in the night time. In this present study, the relative
humidity data for five days obtaining from time and date homepage [23] for lo-
cation in Dili Timor Leste were used to analyze the difference between simulate
and observed data. However, the temperature at 2 m of WRF simulation was
slightly different from the weather station observed data in the midday time and
night time may be caused by:
40

— Weather station observed data— WRF simulated data

///Vr\\/\

2-m Temperature ['C]
N w
o o

-
o

21 March 2014 22 March 2014 23 March 2014 24 March 2014 25 March 2014
Time
(a)

12

|

0.6

—WRF

—OBS
0.4

Solar radiation (kW/m"2)

0.2

: i

2 JUN 2015 4 JUN 2015
1 JUN 2015 3 JUN 2015 5 JUN 2015

Time (days)
(b)

Figure 4. (a) Comparison of temperature at 2 m between observed and simulated data;
(b) Comparison of solar radiation between observed and simulated data.
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1) The relative humidity (RH) from the observed data obtaining from the date
and time homepage showed the RH during the night time was obtained about
21% - 34% higher compared to the RH generated by the WRF simulation as it
may affect the temperature of observed data higher than simulated data during
night time.

2) The RH will only affect temperature become unstable when the pressure
reaching more than 1005 hPa for local climate environments. The observed data
from the date and time homepage showed that the values of the pressure reached
from 1006 to 1011 hPa higher than 999 to 1002 hPa from the WRF simulation.
This study assumed that the high values of pressure from the observed may af-
fect the unstable temperature of the observed data during the daytime.

Figure 4(b) shows the plotting of solar radiation comparison between the
WRF model and weather station data. A total of 120 hours of direct normal irra-
diance (DNI), diffuse irradiance (DIF), and cos zenith are the three parameters
used to estimate solar radiation for the ground calculation by the WRF model.
solar radiation can change rapidly due to the presence of the cloud. In this
present study, a small cloud was observed about 10 kg/m’ at noon time on the
Ist of June, while on the 2nd, 3rd, and 5th of June, large amount of clouds from
10 kg/m”® to 1000 kg/m® were observed in the midday and continue to night time.
All of these presented clouds made variation in forecasting of solar radiation.
Table 4 shows the results of the MBE, RMSE, nRMSE, and nMBE error between
the simulated and observed data. Results of Table 4 show all metrics of 2-m
temperature are positive values indicating a tendency of the estimate of the va-
riable. The results of the error calculation between the WRF model and one me-
teorological station observed data for five days of solar radiation from 1st to 5th
June 2015 and five days of temperature at 2 m from 21st March to 25th March
2014 are also presented in this work. The four error metrics of RMSE, MBE,
nRMSE, and nMBE of 120 hours predictions between the WRF model and the
observed data are shown in Table 4. The performance of lower values of RMSE
and nRMSE will indicate the accurate prediction of the WRF model. The RMSE
and nRMSE will be used to measure the agreement between simulated data
(WRF) and observed data (weather station). In this case, the WRF model per-
formed 233.8 W/m? for the RMSE error metric and 23.5% of nRMSE is observed
for this prediction. However, the MBE and normalized MBE performed 65.4
W/m? and 6.5% lower compared to the RMSE and nRMSE. On the other hand,
the temperature at 2 m performed also lower error about 1.91 deg.C and 14.7%
for RMSE and nRMSE. However, the MBE and nMBE of temperature at 2 m

show an underestimation of the WRF model as it shows the negative values of

Table 4. RMSE, MBE, nRMSE, and nMBE of the simulated and observed data.

Variable RMSE MBE nRMSE nMBE
2-m temperature 1.91°C -0.33°C 14.7% -2.6%
Solar radiation 233.8 W/m? 65.4 W/m? 23.5% 6.5%

DOI: 10.4236/jpee.2020.88001 13 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2020.88001

J. M. S. de Araujo

MBE and nMBE, -0.33 deg.C and —2.6%, respectively. This study also presented
the results of solar irradiance on a sunny day and a rainy day. Figure 5(a) and
Figure 5(b) show irradiance on a sunny day at 09:00 AM and 3:00 PM time.
Meanwhile, Figure 5(c) and Figure 5(d) show irradiance on a rainy day at 09:00
in the morning time and 3:00 p.m. time. The plotting of these two seasons shows
the maximum values of the solar radiation reach to 1000 W/m?.

In this present study, the maximum solar radiation around the Dili area for
some months in 2014 reaching 1000 W/m? where it can be categorized into one
of the strong solar radiation. Figure 6(a). shows hourly solar irradiance genera-
tion from the WRF model for one calendar year in 2014. The low solar radiation
observed in May, June, and July which have solar radiation less than 1000 W/m?.
However, the lowest solar radiation was 512 W/m? observed in June. Meanwhile,
the high solar radiation observed in January, February, March, April, August,
September, October, November, and December, where the highest solar radia-
tion reached 1100 W/m?2, 1112 W/m?2, 1046 W/m?, 1077 W/m? observed in Oc-
tober, November, December, and January 2014. Since there is the difference in
the amount of solar radiation reaches out to the location cause the differences in
the amount of electricity generated by the installation of PV system each month.
Several studies show daily solar radiation is always affected or influenced by the
presence of clouds, temperature, relative humidity, and dust on top of the PV
panel for a location.

The results of the comparison between GridLAB-D and SAM performances
shows some interesting features. Figure 6(b). shows the comparison of solar
output power from the PV system for a period from January to December in
2014. Respectively, the blue curves represent SAM and the red color represents
GridLAB-D. The minimum average solar power was observed in May, June and
July generated the average solar power 25.21 kW, 20.6 kW, and 23.77 kW from
the SAM model. Meanwhile, the maximum average solar power were observed
in January, February, March, April, August, September, October, November,
and December respectively generated 56.97 kW, 50.66 kW, 46.87 kW, 35.5 kW,
32.83 kW, 45.06 kW, 55.72 kW, 62.44 kW, and 56.65 kW electricity from the
SAM model to the grid. On the other hand, the minimum average solar power
was observed in June generated 30.55 kW of electricity from the GridLAB-D si-
mulator. Meanwhile, the maximum average solar power were observed in Janu-
ary, February, March, April, May, July, August, September, October, November,
and December respectively generated 57.18 kW, 46.55 kW, 40.22 kW, 40.84 kW,
38.8 kW, 36.67 kW, 35.57 kW, 44.51 kW, 48.89 kW, 51.31 kW, and 55.51 kW
electricity from the GridLAB-D to the grid. The graph showed that SAM gener-
ated less output power compared to GridLAB-D in April, May, June, July, and
August where in these months, the difference up to 15% to 25%. On the other
hand, SAM generated more output power in February, March, October, and
November compared to the GridLAB-D where the differents up tp 25% to 35%.
Meanwhile, months of January, September, and December generated output

power almost close to each other where the difference up to 5%. Based on these
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Figure 5. Plotting of solar irradiance. (a) Sunny day at 09 morning; (b) Sunny day at 03
afternoon; (c) Rainy day at 09 morning; (d) Rainy day at 03 afternoon.
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Figure 6. (a) Plotting of 8760 hours of solar radiation in 2014; (b) Comparison of output
average solar power between SAM and GridLAB-D.

solar power output results, the performance of these two methods is dependent
on the local time (hour, minutes, and seconds) and universal time (green meri-
dian time (GMT)) because sun movement is determined by the given date falls
on a leap year. Apart from solar time parameters, solar altitude, solar azimuth,
solar declination, day number, latitude, longitude, altitude, and weather condi-
tions must be determined to perform solar power generation. In addition, the
specification or characteristics of solar panels such as rated power, inverter effi-
ciency, power factor, and inverter types may affect the output results of power
generations.

In addition, based on the result of solar power from one-year simulated data
in 2014, the calculation of output for annual was also done using the SAM model
to analyze energy production for 25 years. The estimation result of the annual
energy production from the solar PV system for 25 years almost equivalent to
350 MWh which may cause the price of net present value (NPV). As shown in
Table 5, the prices of NPV determined by the calculation of the costs and the
benefit of an investment of a period for the PV panel system. NPV then will de-
termine whether a project of solar farms is profit (if NPV is obtained in positive
value) or loss (if NPV is obtained in a negative value). In this present study, the

PV system presents negative values for a year indicating the loss of the project
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Table 5. Analyses output values of solar PV system.

Metric Value
Annual energy (year 1) 373,409
Capacity factor (year 1) 17.1%
Energy yield (year 1) 1494 kWh/kW
Levelized COE (nominal) 14.24 ¢/kWh
Levelized COE (real) 11.27 ¢/kWh
Electricity bill without system (year 1) $826,030
Electricity bill with system (year 1) $787,244
Net savings with system (year 1) $38,785
Net present value $-101,885
Payback period 14.6 years
Discounted payback period NaN
Net capital cost $531,834
Equity $531,834
Debt $0

PV system itself. The equity values are equal to the total installed cost for the
cash project.

Meanwhile, one of the abilities of the SAM is the calculating of tax cash flow
after the project installed. The result shows that annual cash flows are not also
constant for a project with a 25-year life as it may also cause by tax-deductible
debt interest payments, periodic operating and maintenance (O & M) costs and
incentive payments in the first 5 years. The year zero value shows a negative
number as the initial investment amount. The year one value is the sum of the
year one cash flow and the initial investment, year two is the sum of the year one
cumulative cash flow and the year two cash flow, etc.

Another ability of the SAM is to calculate the financing of the solar PV system
using one calendar year data. Table 5 shows the results of LCOE for both no-
minal and real costs estimated by NREL SAM including the annual energy gen-
eration, capacity factor, payback period, net capital cost, equity cost, and annual
energy yield. The results show that the cost of energy of the nominal LCOE and
real LCOE is 14.24 cents/kWh and 11.27 cents/kWh, respectively. SAM is also
considering the effect of with system or without the system for the electricity bill.
SAM applied both systems of the annual electricity system to calculate the an-

nual value of electricity savings.

5. Conclusions

In this study, the simulation of the WRF model was conducted in Dili Timor
Leste for a full calendar year in 2014, focusing on the simulation of the solar

radiation. In addition, the full calendar year performance comparison of two
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methods such as SAM and GridLAB-D for solar power generation was also
conducted in Dili Timor Leste. The previous studies regarding wind power gen-
eration have done in Dili Timor Leste by the same author. This study conti-
nuously from the previous study aims to predict solar power generation based
on local solar radiation. The performance of the WRF model to forecast hourly
solar radiation is helpful to analyze the solar power generation in itself. The
WRF model uses 1 degree x 1 degree of six hourly interval from the NCEP FNL
datasets is able to simulate solar radiation for comparison purposes of solar
power generation. Since there is a lack of information about solar radiation, pres-
sure, and relative humidity from the weather station observed data in 2014, the
five days temperature values from the weather station were used for validation
with the temperature at 2-m from the WRF model simulation. Meanwhile, the
five days data of solar radiation in year of 2015 from weather station are used to
validate in order to understand the performance of the WRF model simulation.
However, due to the high computational cost and timing of the runs, it appears
not feasible to the author to simulate one more calendar year for solar radiation.
Despite inherent limitations in this study, the performance configuration of the
WREF model is able to simulate solar radiation well for one-calendar year. Mean-
while, the relative humidity and pressure obtained from the date and time ho-
mepage are valuable points to analyze the performance of the temperature from
the weather station observed data.

The study of new energy supply sources must be of focus and interest for the
governmental institutions. Converting of solar radiation forecasting to power
output is a good choice to evaluate the performance of solar forecasting opera-
tional. Plotting of solar radiation and solar PV power generation in this study
contains very important information that can help and guide for further analysis
of solar potentiality of this country, it is because there are still in remote rural
areas which do not have access to the energy service. The performance of LCOE
will consider the initial investment and operating cost which can be used as a
decision criterion for the financial investment.

The consideration of this study is that the implementation of the WRF model
as a NWP for solar radiation forecasting and the application of SAM and Grid-
LAB-D for the solar power generation are to recommend highly to the govern-
ment of Timor Leste as a decision maker in order to focus and pay more atten-
tion about solar radiation, it is because Timor Leste is a country with high po-
tency of annually solar radiation for solar farm installation. To conclude this
study, the presented methodology such as WRF model, SAM, and GridLAB-D
simulator are very useful tools for technologies related to the management of
solar source in PV power plants, where forecasting of solar radiation can be ap-
plied as decision system for the correct implementation of a technological sys-
tem based on local atmospheric conditions. Furthermore, the proposed solar
radiation forecasting and solar power generation using the WRF model, SAM,
and GridLAB-D simulator is suitable and useful to perform for solar farm for

tropical countries. Particularly, in the Timor Leste region, implementation and
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improving the management system of the PV power plant as grid-connected or
stand-alone electric power projects will be expected to increase the quality of
electricity generation for long term period use. For future research, this study
will use WRF-Hydro method to predict water production in Dili Timor Leste in

order to analyze Hydro-power generation.
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Appendix

The research article entitled “Performance comparison of solar power genera-

tion between GridLAB-D and SAM in Dili, Timor Leste” contains information

of Timor Leste region about solar radiation forecasting and solar power genera-
tion in the year of 2014. Site of study was conducted in Hera which located about

12.4 km east of Dili. The 8760 hours data of solar radiation was obtained from

WRF model simulation and used as input data to simulate and estimate solar

power generation including cost of energy (LCOE). Two methods such as Grid-

LAB-D simulator and System Advisor Model (SAM) are used to simulate gener-

ation of solar power. This study uses Intel(R) Core(TM) i7-7700 CPU @3.60 GHz

running on Linux Ubuntu 16.04 64 bit operating system with 8 GB of RAM. The
data of temperature at 2 m in year 2014 and solar radiation in year of 2015 are
used to validate against weather station in Hera.

Value of the data in this study.

* Data available here can be used by other researchers to analyses solar radia-
tion and generation output of solar power.

* Data presented here might be used to understand the performance of simula-
tion and estimation from WRF, SAM, and GridLAB-D about forecasting of
solar generation and solar power.

Tables 1-4 of Appendix A.xls. shows data on Hera about output results of so-
lar radiation generated by WRF in year of 2014, average output solar power gen-
eration between SAM and GridLAB-D, data validation between WRF and
weather station for solar radiation and temperature at 2 m forecasting in Hera.
RADIATION.ncl is computer code used to simulate solar radiation from WRF
model.

The below code is used in GridLAB-D to simulate solar power generation in
Dili, Timor Leste.

/I GridLAB-D solar power simulator code

clock {

timezone WET-1WEST+9;

starttime 2014-01-01 00:00:00';

stoptime '2014-12-31 23:00:00';

}

module tape;

module generators;

module powerflow;

module residential;

module climate;

object csv_reader{

name CsvReader;

filename "weather.csv";

15

object climate {
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name "TL";

tmyfile "weather.csv";

reader CsvReader;

b

object meter {

name meter;

phases CN;

nominal_voltage 220;

b

object inverter {

name inverterl;

parent meter;

phases CN;

Groupid Inverter_System;
generator_mode CONSTANT_PQ;
generator_status ONLINE;
inverter_type FOUR_QUADRANT;
power_factor 0.9;

rated_power 150 VA;
inverter_efficiency 0.96;

b

object solar {

name SOLARI;

parent inverterl;

phases CN;

generator_status ONLINE;

weather TL;

panel_type MULTI_CRYSTAL_SILICON;
generator_mode SUPPLY_DRIVEN;
INSTALLATION_TYPE GROUND_MOUNTED;
area 75 mA2;

tilt_angle 30;

efficiency 0.14;

orientation_azimuth 180;
orientation FIXED_AXIS;
SOLAR_POWER_MODEL DEFAULT;
SOLAR_TILT_MODEL SOLPOS;

b

object recorder {

file output_solar.csv;

property measured_real_power;
interval 3600;

parent meter;

b
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