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Abstract: For promotingthe development of renewable energy in Vietnam, in 2015 the
Government approved tlitStrategy for the development of renewable energy in Vietham
to 2030, with a vision to 2090ntending to gradually increase the proportion of renewable
energy in nationaénergy production and reduce dependence on fossil energy sources,
contribute to ensuring energy security, mitigating climate change, and sustainable socio
economic development. In recent decades, remote sensirgemgglaphy information of
system GIS) have been able to build thematic maps with high accuracy for managing and
monitoring natural resources and the environment, inclutfiegolar radiation potential.
Establishing solar potential maps from satellite data combined with natural conditions,
topogaphy, and land cover will effectively assist in planning solar energy development
while helping to identify the appropriate technology and lowest cost. Therefore, this paper
presents thezonalization ofthe solar energy potentiddased onits calculationsfrom
Himawari 8 satellite and elevatiofrom The Shuttle Radar Topography Missidata
applied forDak Nong province. The results show that only aboét @8land inDak Nong
province is suitable for sol@nergydevelopmentThe appropiateitesfor thedevelopment

of solar energyre distributed in differentgionsof theDak Nongprovince.
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1. Introduction

Vietnamhasa vast potential forsolar resources that could ba&pped for solar energy
development usingolar photovoltaic (PVandsolar thermal (ST) applications fie hot
water, commerciaheatandindustrialgenerationCurrent scientific estimates tdtal solar
resources iVietham givan average of % kWh/m?/dayin mostpartsof southern,
centraland everpartly northern Vietnam (totdl,46Q 1,825kWh/m?/
year)andanaveraganaximum irradiancef up to 5.5kWh/m?/dayin some southern
regions(totalup to 2,00(kWh/né/year[1i 2]. The rapid growth in electricitpemandis
challengingVi et namés energy sector and grten gr ov
Government of Viet Nam has prioritidea development of the renewable energy in the
National Power Development Plan VII with a share about 6% of the total energy production
by 2030 In detail the solar power was expected to reach 850 MW (0.5%) by 2020, about
4,000 MW (1.6%) in 2025 and about 12,000 MW (3.3%) by ZGB0A reportimplemented
by Vietnam Electricity EVN) showsa rapiddevelopment othe renewable energy in Viet
Nam (Figurel).

VN J. HydrometeoroR022 13, 54-63; doi:10.36335/VNJHM.20232 3).54-63 http://vnjhm.vn/



VN J. HydrometeoroR022 13, 5463; doi:10.36335/VNJHM.2022(13).583 55

In order to enhance this rapid development of the renewable energy, it is urgent to study,
evaluate, and regionalize its potential for every energy soimdeding the irrandicance
energy However, the barriers to solar energy development are production costs, policies,
database information for planning and policy; technology, and ancillary sef#jceéghich,
there are three difficulties related to planning issues: 1) Lack of reliable assessments of
potential renewable energy sources; 2) lack of terrestrial data series with appropriate
distribution for trend and reliability studies; 3) limited underdtag of the variability and
relationships of renewable energy potential with other variables such as climate, topography,
and human impact on the environmgijt
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Figure 1. Renewable Energy Productivity Growth 202020 by Vietnam Electricity{25].

Solar energy estimation using satellite data has been studied and applied very early in
countries such as the USA, EURO, Brazil, China, Iran, India, and Viefaash. With
outstanding advantages in terms of coverage, spatial resolution, and monitoring frequency,
satellite data has become a useful alternative largd scale extraction of surfagadiant
energy parametersspecially for areas withotiburly frequency measuremestations|9].

The satellites commonlysed for irradiance calculations are Geostationary Satellites like
MGS (Meteosat Second GeneratioiQEVIRI, GOESUSA, INSAT-India, FY-2-China, and
MTSAT/ Himawari8 (Japan. Vietnam is in the best coverage of satellites GMS/Himawari

8 (Japai, Elecktrd Russia, and F¥ (Ching. However, from 1997 until now/i et na mo s
Ministry of Natural Resources and Environment has only collected HinieBvedta for
weather forecasting. Therefore, this study also used this data to estimate the value of solar
erergy in Vietham

The concept of zoning is quite brgadcluding natural geographic zoning, landscape
geography, ecological zoning, clin@atzoning, economic zoning, and cultural zoning.
However, the principle of zoning is to divide the territory into ragievith similar and
homogenous characteristics. From there, serving the planning for each object or the overall
development[10i 15]. The objective of radiation zoning is a combination of radiation
characteristics and many other factors such as topography, land use, etc. to study zoning for
the development of solar enefgys]. For example, the study 7] presentedhe development
zoning for solar power plants with a capacity of 1LMWe or more over Vietham. The research
[7] has also performed solar energy potential zoning for the solar power plant using terrestrial
PV technology with a capacitf more than 1IMWe. However, there has been no research on
solar zoning at the provincial level. Therefore, this study implements zohitige solar
potential for Dak Nong province, contributing to the formulation of a solar energy
development strategy the Dak Nongprovince.
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2. Data and Methodology

2.1.Data

Solar radiation data The Himawari 8 satellite was lached in 2014 and became
commissionedy the Japan Meteorological Agency (JMia July 2015 The Himawaii8
features the new 16andAdvanced Himawari Imange (AHI), covering visible, shortware
IR and thermallR spectra. A highspeed algorithm to estimate solar radiation using
HIMAWARI T 8/AHI data was developed by the Oceanic and Atmospheric Research Institute
(AORI) of Japan.The goal ofsatellité based irradiance estimation models is to use
information about irradiance at the top of the atmosphere and albedo to calcul&éotmthl
horizontal irradiance (GHRndDirect Normal Irradiatior{DNI). In this studywe used the
GHI data as detaily described in our previous publicatiaas1[9] for radiation potential
zoning in Dak Nong provinceandthe averageGHI value is calculated frordata ofthree
years from 2016 to 20109.

Figure 2. Average surface radiation in the period @04018 in Dak Nong province (kWh/fday).

Figure 3. The slope map of Dak Nong province is built from DEBRTM30M;Land cover map in
Dak Nong province
























