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Abstract- In the present scenario of world (a growing world population & developing countries), the increasing consumption
of electricity controls the progress of different forms of energy (renewable or nonrenewable energy) use around the world.
Fossil fuels are non-renewable sources, and accounted for 81 % of total energy demand in 2017. However, there are some
disadvantages associated with their use such as environmental pollution, emissions of greenhouse gasses, and they are
depleting at a faster rate. Therefore, researchers have to work hard in order to find an alternative (such as solar energy) way for
fossil fuel to generate energy. A large number of investigations on the solar energy have been carried out by many researchers
in order to improve the living conditions, to help reduce air pollution and to go green. The purpose of work is to explore the
current status, challenges, recent efforts and future prospects of solar energy in different countries including Malaysia,

Indonesia (Asia region), Nigeria (Africa region) and Colombia (South America).

Keywords Solar energy, solar radiation, renewable energy, energy, fossil fuel.

1. Introduction

Sun delivers interminable electromagnetic power (solar
energy). Earth receivg@l® fraction of what actually is formed
in the Sun as it emits 38 x 10° EW energy and earth relieves
0.17 EW which 1s felicitous for life existence. In fact, the
sustenance of life on earth is primarily dependent upon the
appropriate temperature delivered by the Sun [1]. In terms of
solar radiation, Sun possesses 60 MW/m® power whereas
earth receives 1325 MW/m® to 1418 MW/m® power with a
typical valuc of 1367 MW/m?, also called solar constant [2].
It is reported that Australia receives the highest amount of
solar radiation of 4-6 KWh/m® among all continents [3].
Electricity demand is envisaged to face a sharp rise of 1.5-
3.0 times by 2050 [4] hence, making it inevitable to look for
an everlasting resource of energy that must be environment-
friendly at the same time. Solar energy offers the best
possible solution in this regard [5]. Although we are utilizing
the fraction of it, it is capable of fulfilling the world’s energy
demand to a large extent. As the growing monster of energy
poverty is a serious threat predominantly in underdeveloped
and developing countries [6]. The use of conventional

biomass fuel is not only disturbing social and environmental
factors but also causes premature deaths [7]. National
renewable energy laboratory claims that the global energy
demand can be fulfilled by efficiently utilizing the solar
radiation received within 1 hour by earth [8]. However, high
cost of associated equipment that harnesses solar energy,
make it seem unfavorable, also other available renewable
alternatives such as hydro [9-11], wind [12-14], biomass [15-
17], geothermal [18, and marine are much more cost-
effective [20]. But solar energy possesses the greatest
potential among all renewable resources and known as
“mother renewable energy resource” due to free of cost non-
stop universal availability, pollution free delivery and
unlikely to be affected by any natural disaster [21].
Therefore, this prime reason provokes the impetus to huge
investment in it globally. As a result, the drastic growth of 33
% 1s observed in the solar energy sector as compared with
other energy sectors [22]. In fact, 7.5 GW of total solar
energy was globally available in 2007, that rapidly increased
to 402 GW mark in 2017 [23]. Furthermore, solar-based
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energy conversion efficiency of 26 % is observed in 2017
[24], whereas scientists are still trying to achieve more [25].

Solar energy exists in abundance all over the globe. In this
work, the uses of solar energy in different countries such as
Indonesia, Malaysia, Colombia and Nigeria were discussed.
Current status, future prospects, funds, laws and issues will
be highlighted.

2. Literature Survey
2.1. Solar energy in Indonesia

Indonesia is a tropical country in the equator, so the
potential for solar energy is high enough with the average
shine of 6-7 hours per day with an ideal duration of
irradiation that can be utilized to generate electrical energy
through solar panels for 5-6 hours per day. It is a country
rich of natural resources with a primary energy source that
can be managed and used to meet national energy needs,
especially the needs of electrical energy to remote
communities. But reliance on energy derived from fossil
thinned provided opportunities to develop environmentally
friendly energy sources (sources of energy derived from new
and renewable energy sources). Based on ESDM data
(2016), Indonesian geothermal reserves amounted to 17,546
MW and its potential of about 29.543 MW. Installed
capacity of geothermal power plant (until 2018) is 1,438
MW. Electricity potency from[detge scale hydro power
amounted at 75.091 GW, whiputential of mini/micro
hydro was about 19,385 MW. The potential of wind energy
is 60,647 MW, while the potential of electricity from
bioenergy is about 32,653 MW.

Hydropower energy resource is grouped into large scale
(can be developed for power plants above 10 MW per
location) and small-scale/ micro (potential electricity
generation less than 10 MW). The potential for large-scale
hydropower and small-scale/micro was estimated about 75
GW and 450 MW, respectively. The potential 1s fairly spread
in various parts of Indonesia. The use of hydropower
resource is still relatively low at 42 GW of large-scale and
small-scale of about 84 MW. Utilization of hydropower
resources should be developed primarily with small-scale
power spread schemes to meet local electricity needs [26].

Indonesia has a potential power from biomass of 49,810
MW is undeveloped and only 0.89 % have been
commercially developed. Based on Presidential decree, it has
target to install about 810 MW in 2025, an increase of 74
percent, a very small potential contribution. Table 1 shows
the potential and installed capacity of renewable energy
resources.

The goverment has committed to develop and build new
power plant from the renewable energy sources of and the
target energy mix with 23 percent of renewable energy in
2025 since the clccty demand rising with increasing
population. Based on Figure 1, the potential of solar power is

ac high in Indonesia (as a tropical country) with an
intensity of 4.8 kthmzfday and current installed capacity of
solar power plant is 224.5 MW (in the end of 2017), 6,500
MW (in 20235), and 45,0in 2050 or 21.65 percent of the
total potential energy). Indonesia offers significant solar
power rcsou, but the country has yet to develop a strong
market. The use of solar energy in Indonesia is still very low
due to the cost of equipment (solar panels) is still expensive.
With the growing market demand for solar panels in the
world, estimated future prices of solar panels will tend to
fall. Therefore, solar energy utilization in Indonesia should
be developed including the possible use of the integrated

scheme with grid.

The largest power plants are located in Bali (2 MW),
Kupang (5 MW) and Gorontalo (2 MW). There was over 700
MW in memoranda of understanding as well as
commitments by PLN (State Electricity Comparmi an
Indonesian government owned corporation) to develop
utility-scale solar PV systems in Indonesia by the middle of
2016. The government has been committed to construct the
power plant [27] from renewable energy sources to increase
installed capacity of renewable energy mix up to 23 % in
2025. The estimated potential for different regions is
partially a result of these differences in resource across the
country, but is mainly an outcome of differences in tg
availability of land and rooftops. Solar photovoltaic (PV) is
expected to be used [28, 29] on a significant scale by 2030 in
three ways: in utility-scale plants, on residential and
commercial rooftops, and in off-grid settings for
clectrification in remote areas or to displace costly diesel-
powered generation.

The off-grid potential for solar PV has been estimated
about at 2.1 GW (Maluku), about 0.95 GW (P@E}), about
042 GW (Sulawesi & Nusa Tenggara) by Ministry of
Energy and Mineral Resources (MEMR). In the General
Planning of National Energy (RUEN) 2015-2050, 1t is
assumed that this potential will have been fully exploited of
about 14.4 GW in 2030 and 45 GW in 2050 through active
efforts by the government and PLN to provide electricity to
1.1 million households currently not electrified. With an
overall target of 6.4 GW of solar PV installed by 2025. The
market continues to grow until 2030 to reach 9.3 GW of
installed capacity (2.1 GW related to the off-grid solar
segment, and 7.2 GW is allocated to grid-tied solar PV [30]).
As the theoretical potential for solar PV exceeds 500 GW,
this implies that less than 1 % of this will be captured by
2030, despite abundant potential across the different regions
of Indonesia. This might limit the potential for renewables
in particular solar PV (without any storage), because of
the mismatch between the peak in demand and the time of
day when solar PV produces at its peak. However, the
anticipated quickly increasing demand for cooling In
buildings (from 29 % of electricity consumption in 2014 to
35 % in 2030) is likely to flatten electricity demand,
increasing the opportunity for solar PV to match electricity
demand in buildings [31].
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Table 1. The potential and installed capacity of renewable
energy sources [27]

No. Type of Potential | Installed | Utilization
Energy | (MW) | Capacity | (%)
(MW)
1 Geothermal | 29,544 14385 49
2 Hydro 75,091 4,826.7 6.4
3 Mini & 19,385 197.4 1.0
Microhydro
4 Bioenergy 32,654 1,671 5.1
5 Solar 207,898 78.5 0.04
Energy
6 Wind 60,647 31 0.01
Energy
7 Ocean 17,989 0.3 0.002
Energy
Total 443,208 8,215.5 1.9

Fig. 1. The area of solar energy potential in Indonesia.

Solar Energy in Nigeria

Even though Nigeria is an oil and gas producing nation,
renewable energy is contributing to her national energy mix
especially in the use of hydropower for electricity generation
while other renewables such as solar PV and biomass are
being explored. Owing to her large land area of about
923,768 km® and her relative position to the Equator,
adequate amount of solar energy can be generated to make
substantial impact on the national energy statistics although
it i1s currently utilized by small groups for electricity and

heating purposes.

According to our recent study [32], the northern states of
Nigemhave direct normal irradiance (DNI) ranging from 6
to 7.5 kthmzs'day which 1s higher than the recommended
threshold value rcquirc:ﬂ'ﬂr concentrating solar power
technologies. However, from the coastal region to the
northern region, about 3.4 to 7 kth"mzfday is intercd on
the average [33]. Similarly, quantified the amount of solar

radiation incident upon the surface of Nigeria to vary
between 12.6 MIJ/m/day in the coastal zones and 25.2
MJ/m*/day in the northernmost areas [34].

As a result of this high solar resource potential, solar energy
exploitatimﬂ]rms part of the national energy policy (NEP)
of Nigeria. Specifically, the solar energy policy in the NEP
states that “The nation shall aggressively pursue the
integration of solar energy into the nation's energy mix,
which should be based on the established potentials and
available technologies nationwide.” The standing policy has
been a major motivation for scholars, government agencies
and investors to embark on research, pilot projects and
investment respectively in order to realize the set goals of the
working document. Hence, it is imperative to review the
roles played by the aforementioned groups in the harnessing
of the abundant natural resource.

Studies on the development and utilization of solar
energy in Nigeria, datingck to 1980s when the
establishment of Centres for Energy Research at University
of Nigeria, Nsukka (in southeast) and Usmanu Danfodiyo
University, Sokoto (northwest). Following that, more centres
have been established in many other universities across the
country with specific mandates on energy research to cover
the entire country. The fundamental studies have covered the
estimation of solar radiation over major cities and the entire
country. Detailed analysis of those studies will be too much
to compile in this study. Researchers have successfully [35]
developed a pyranometer, (using local materials due to the
high cost of the imported devices) to estimate the solar
radiation. It was observed that the device was able to
measure up to 359W/m” on a bright day. With a multiplying
factor of 2.08 to the systems reading, the actual value solar
radiation value would be obtained. Aidan and co-workers
modelled the relationship between the unavailable solar
radiation and the meteorological parameters such as relative
sunshine duration, cloud cover and relative humidity over
seven states in the northern Nigeria [36]. This is in the bid to
understand better the available solar radiation for solar
devices design in the area. The findings of the study
conclude that unavailable radiation is a good dependent
variable for parameterization of the solar radiation.
Similarly, Hussaini and co-workers studied the correlation
between the solar radiation and meteorological parameters in
Maiduguri, Nigeria by using a 33-year data evaluated with
standard solar radiation estimation equations [37]. It was
observed that the Angstrom coefficient obtained in the study
suggests that there should be caution in using predicted
values obtained from other computations. In other words,
solar radiation values obtained from mere predictive methods
might not be the best values compared to actual
measurements. Meanwhile, Sanusi and Aliyu developed a
new model that correlates global solar radiation with
maximum temperature in order to effectively predict the
solar radiation of the city [38]. The statistical results show
that the temperature dependent model was able to predict
correctly the solar radiation of the city of Sokoto Nigeria.
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Recently, Okoye and co-workers evaluated the solar
resource potential on an inclined plane of some selected
cities based on single and double tracking mechanisms
[39]. The nine cities were selected on population basis
although the very southern (coastal) states were not
included. The results obtained showed that the annual
solar resource potential for the locations ranged from 1621
to 2279 kWh/m® when on a fixed inclined surface without
trackers while a yicld of 1664 to 2983 kWh/m® using solar
trackers is obtainable. In addition, global solar radiation
across the entire country have been undertaken.
Especially, the study of Fagbenle for solar radiation across
Nigeria [40], using meteorological data from Nigeria
Meteorological Agency shows positive relationship
between city latitude and solar radiation increase
regardless the zone [41]. This ccmﬁln; the studies
showing increase in daily solar radiation from the coastal
region to th@]r‘rhem region of the country. The study
also shows the least total solar radiation intensity is
witnessed in the month of August. Even though there are
so many studies on assessment of solar radiation potential
of the country, Ozoegwu found the need to standardize the
several models already developed by indigenous
researchers on solar radiation estimation which come with
varying accuracy [42]. Hence the study carried out a
comprehensive review of avalanche of solar radiation
models, l‘e-calibrfam and comparative testing of some of
the models using data for Enugu metropolis sourced from
E Nigerian Meteorological Agency. The study observed
that Nigerian solar assessment study is affected by very
narrow application of artificial ialligence and time-series
approaches and suggests that future assessment of the
Nigerian solar energy should depend on not only
stochastic regression but also artificial intelligence
techniques for better results. This decision is helpful in
policy making, equipment sizing and installation, solar
energy planning as well as in energy education.

In addition to solar radiation studies, research has
included the growth and characterization of various thin
film materials on glass substrates with a view to
developing the manufacturing of thin film solar cells,
panels and modules in Nigeria. For mstance, Ottih and
Ekpunobi used chemical bath method to deposit cadmium
nickel sulphide on glass and studied the effect of varying
deposition time on optical and its electrical properties [43].
Ezenwa and Okercke studied the optical characteristics of
cadmium sulphide, copper sulphide and cadmium
sulphide/copper sulphide thin films produced by chemical
bath deposition methods [44]. Offia and co-workers
deposited and characterized copper selenide thin film
whose spectral analysis after heat treatment shows that the
heat treatment process increased its crystalline properties
[45]. The thin film possesses the quality for use as thin
film PV cell material. The results of these and many others
of such methods show that the thin films possess good
optical and electrical properties that can be adopted for
production of solar cells and photovoltaic panels which

imply that there is hope for manufacture/production of
solar cells in Nigeria.

The experimental findings of warious researches
carried out over the years have resulted to some pilot and
demonstration projects across the country. Solar energy is
usually utilized in the form of solar thermal devices for
generating thermal energy transferred to the desired
system. They comprise solar cookers, solar driers, solar
stills (for desalination of water), solar water heaters, solar
water pumping, solar incubators and chicken brooders
(Trombe wall systems). Dasin and co-workers investigated
locally designed solar food dryer with heat storage system
and observed great performance over traditional sun
drying within the same environment and solar radiation
intensity [46]. Okoroigwe, Eke & Ugwu [47] and
Okoroigwe Ndu & Okoroigwe [48] designed, constructed
and tested hybrid solar-biomass dryer capable of 24-hour
operation for grain and agro materials processing. They
proposed a method of improving the efficiency of dryer.
The obtained efficiency values are higher than those of the
tial construction. The results showed that efficiency
based on solar, biomass and solar-biomass heating in
drying of fresh okra, fresh groundnut and fresh cassava
chips increased from 5.19-16.04 %, 0.23-3.34 % and
1.636-8.96 %, respectively. Similarly, Itodo and co-
workers [49] have focused their works on the active solar
dryer. Finally, they claim that produced dryer exhibited
drying efficiency of 29 %, which is remarkably higher
than tha’nitial construction.

At National Centre for Energy Research, University of
Nigeria, Nsukka solar chicken brooding systems of
varying capacities have been developed, built and operated
with appreciable efficiency close to 97 % and reduced
mortality of about 1-3 %. Solar powered chicken brooders
of capacity of 50, 100, 200, 2000 chicks and above have
been developed by Okonkwo at University of Nigeria and
are being operated today [50]. Prototypes of 100 chick
capacity were disseminated to Poultry farmers in Nigeria
under the UNESCO’s University Industry Science
Partnership programme in 2000 while a solar trombe wall
chicken brooder of 2000 birds capacity is operating at
cli Poultry Farms Ltd, Eziani Nsukka, which is built by
the National Centre for Energy Research, University of
Nigeria.

A more common solar energy application in Nigeria,
1s in electricity generation although not yet contributing to
the national grid system. Photovoltaic systems have been
installed at micro levels for domestic and research
purposes. Across the country there are several pilot PV
power plants for household electrify, community light
projects (off grid), street light system (ranging from 0.1 to
10 kW). At the dawn of the century, many individuals and
corporate bodies were not aware of the benefits of solar
PV while those who understood were discouraged due to
the high cost of the accessories. Nowadays, through years
of awareness creation and information dissemination, the
technology is penetrating all facets of the society. Owing
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to the unreliable electricity supply from thermal plant
operated grid system in Nigeria, many people are
installing PV systems in their homes while government is
supplementing street light projects with solar powered
systems. There 1s strong advocacy for solar energy
application in agricultural mechanization such as water
pumping systems for irrigation in the arid northern states.
Large commercial farms integrate solar energy in their
farm operations.

Nigeria remains a big market for solar energy
technologies on the basis of her teaming population and
persistent thermal electricity failures. Even though poverty
is inherent among the low income class (which constitutes
greater portion of the population), the middle and upper
income earners can afford to install solar energy such as
the PV systems. Of all the renewable energy options, solar
devices (especially solar powered photovoltaic panel)
appear to have proven commercializable technology which
makes it more preferable. As more awareness is being
created and issues surrounding conventional power
generation from fossil fuels persist the future of solar
energy application in daily livelihood of Nigerians is very
bright. Government through enabling solar energﬂpolicies
encourages installation of carbon neutral electricity
generation technologies. The government should as a
matter of urgency incentivize solar energy technologies by
removal of taxes on importation of solar technologies
while it encou&es investors on this by enhanced feed in
tariff. As long as the nation’s economy depends on oil and
gas, her electricity and thermal energy will continue to
depend on fossil fuel and this will continue to be a major
challenge to full utilization of solar energy for electricity
generation even though there are plans to generate part of
her future electricity through massive solar installation.

2.2. Solar energy in Colombia

In South America, solar energy moves drastically
(although the main energy vector of the entire region is
hydro) and country such as Chile is “betting on” solar
energy. For the year 2017 Chile had an installed capacity
of approximately 2,183 MW, which is 20 % of the
installed capacity in renewable energy. Other countries
such as Uruguay, Bolivia and Brazil have 239, 13 and
1097 MW, equivalent to 6, 2 and | % of the installed
capacity in renewable energy, respectively. The case of
Colombia is different because of the entry of the new Law
1715 renewable energy has begun to awaken from the
lethargy of generation with another type of renewable
energy other than hydro [51] since. However, it is
important to put in context the conditions and
characteristics of the country before explain of the Law
and of the Colombian progress in the subject of renewable
enelﬁi and especially photovoltaic.

Colombia is in the northwestern region of South
America on the equatorial axis, currently has 49,833,209
residents in SEcentralized departments and its capital 1s
Bogota D.C. At the energy level, it is divided into two
zones: i) Interconnected Zones, which have access to
electric power service through the National Interconnected

System (SIN). 1) Non-interconnected Zones (ZNI),
identified according to Article 1 of the Law 855 of 2003,
as municipal, localities and hamlets not connected to
the SIN [52]. The Non-Int@nncctcd Zones are areas that
supply the energy through diesel generation plants mostly,
solar panels and small hydroelectric plants, thus
evidencing a lag of the national electricity infrastructure
and a single alternative to renewable energies.

Colombia, because it is located on the equatorial axis,
has privileged climatic characteristics such as temperatures
are constant throughout the year. For this reason, the
Institute of Hydrology, Meteorology and Environmental
Studies (IDEAM) developed a schematic reference
document detailing the solar raon in the soil in
different regions of the country. The potential of solar
energy in Colombia is 4.5 kWh/m®/ day and the surface
with an optimal solar resource is the Peninsula of
Guajira, with 6kWh/m?/ day of radiation, surpassing the
world average of 3.9 kWh/m’/day. At there is an
interactive map of radiation indices in Colombia [53].
These magnificent and environmental conditions and the
phenomena “El Nifio” and “La Nifa” associated with large
changes in precipitation throughout the national territory
prompted the devel]ent of Law 1715 [54].

Colombia has the third largest installed hydropower
capacity in south America, at about 11725 MW (makes up
69.64 %) in 2017. Meanwhile, a total of 9.8 MW of
photovoltaic (or 0.06 %) was installed as shown in Figure
2 [55]. Solar energy has started to penetrate in the
populations with basic deficiencies in the service and that
are not connected to improve their quality of life. It is due
to their location in areas of difficult access, low capital
development, deficits in infrastructure. The Law was
signed and its regulation has been completed in 2018,
most major projects (greater than 300 kW) were completed
before 2017 as isolated installations with batteries [56].
This shows that the zones with scttlements, are
characterized by vulnerability conditions are one of the
best options for this type of technology, especially for the
price of generation. Characteristics such as difficult
access, problems of public order and transport logistics
mean that the price from diesel is between 0.4 to 0.53 US
$/kWh. It is a very attractive price for potential foreign
investors [57, 58].

The implementation of photovoltaic systems in
Colombia has a]med 2 % of the population of the areas
that do not have access to electricity to meet their lighting,
cooling mmisure needs, allowing them to expand their
capacities and improve their quality of life. The systems
installed have focused mainly on the rural sector. One of
the most important projects isolated to t@ectric erid and
with batteries storage was carried out in the Department of
La Guajira, where one of the most important indigenous
communities of the country is located (Waylu community
[59, 60]). Even with this panorama of positive
development from the social and productive contexts in
1solated regions, different barriers were presented for the
evolution alternative  generation  technologies.
Therefore, it is necessary to formulate programs to
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develop renewable energy sources that seek to diversify
the national energy market and laws that expand the
energy matrix and allow the implementation of self-
consumption, distributed and hybrid systems [61]. Thus,
the new Law was born, regulated by seven governmental
entities  in m:ulombia that would give way to new
challenges in electricity generation from alternative and
renewable energy sources. This allowed the transition to
pre-feasibility and feasibility analysis for new projects in
urban areas for self-generation from photovoltaic or other
clean generation technologies such as wind power [62].

Colombia, due to its aforementioned location, has
constant solar radiation in certain areas of the territory,
obtaining some of the highest rates worldwide registered
along with those of Africa. Currently, in the Colombian
national territory the installation of photovoltaic
infrastructure corresponds to the 9.8 MW officially
registered and some 5.28 MW informal represented in
small projects (about 20,000 solar panels). These projects
are distributed by 46 % in the ZNI and 54 % in the SIN.
However, recently the largeEmject currently connected
to the electric grid with an installed capacity of 9.8 MW
and generating about 16.5 GWh per year was inaugurated
in September 2017 (Colombian power company Celsia in
Jumbo, Department of Valle del Cauca).

Regarding the projects installed in the SIN (Figure 3),
only 15 out of 32 departments at the national level have
participated with photovoltaic energy projects. The
departments such as Atlantico, Cundinamarca, Valle del
Cauca and Antioquia are the departments with the largest
projects in photovoltaic syst for power generation.
Cundinamarca (Bogota D.C.) participates with a total of
865 kWp of installed capacity, with a total of 9050 solar
panels installed in different types of infrastructure from
recreational companies, to educational industry.

In rural territory and specifically in ZNI, the projects
are currently more profitable. However, from a logistical
and sustainable point of view, they have had many
problems since, as previously mentioned, they are found in
indigenous communities or in places with very difficult
access. In the last decade, 23 departments have had a total
photovoltaic development of 2.25 MWp in ZNI. Figure 4,
shows that 18 % of the projects executed correspond to
solar fields greater than 100kWp, and 77 % to projects
smaller than 50 kWp. ZNI projects with installed
capacities greater than 100kWp are located in the
departments of Cundinamarca, Amazonas, Guajira,
Amazonas and Arauca.

Because the new Law is so important in the future of
facilities in Colombia, it is important to know about the
entities that regulate it and the benefits of it. In terms of
regulation, lebia currently has few leading entities
that influence the Lmerenewab]e energies in an efficient
manner such as (1) Ministry of Mines and Energy (MME),
(i1) The Mining and Energy Planning Unit (UPME), (iii)
Energy and Gas Regulation Commission (CREG), (iv)
Institution for Planning and Promotion of
Solutions for Non-Interconnected Zones (IPSE), (v) Inter-
Sectoral Commission for the Rational and Efficient use of

encrgy and non-conventional energy souffls (CIURE).
Likewise, there are two specialized funds for the support
renewable energy projects in Colombia that are:
Financial Support Fund for Energization the Non-
Interconnected Zones (FAZNI), and Naal Royalties
Fund (FNR). This Law is formalized to regulthe
integration of renewable energies in the national energy
system, cfffcially for non-interconnected areas (ZNI).
Likewise, to promote the use of non-conventional sources
of energy (FNCE) and non-conventional sources of
renewable energy (FNCER) in the country through
reductions in the income statement (Article 11), tax
incentives on technology and residential, commercial and
large-scale projects (Article 12), tariff incentives (Article
13) or through accelerated depreciation in machinery,
equipment and civil works (Article 14).

The above has allowed the entry of new companies
mostly foreign and multinationals that have begun to
invest in photovoltaic solar technology projects to generate
and sell to the electricity grid. In addition, some self-
generation projects for smaller companies as well. This is
demonstrated by the large number of projects submitted to
the UPME to be approved by Law 1715 and can obtain all
the benefits mentioned above. As of May 2018, 2619.5
MW was registered in Phase I and 1398 MW in Phase II
for 353 registered photovoltaic projects. Phase I, II and 111
are classified as pre-feasibility, feasibility projects and
projects with definitive designs & schedule, respectively
[63]. Among the 353 projects presented, there are 72
projects are solar farms (above 90 MW of installed
capacity). The foregoing demonstrates that the great
energy future in Colombia based on renewable energies
and specifically solar energy. All these projects will be
completely done by the year 2025.

Net Effective Capacity [%]

Fig.2. Installed capacity by technology/resource % [44]
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important role in setting the importance in the nation’s
energy development. In future, Tenaga Nasional Bhd will

e build the biggest solar plant on 98 ha site in Malaysia.
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2.3. Solar energy in Malaysia
Table 3. Solar energy capacity in Malaysia from 2008 to
Malaysia has a promising potential to establish solar 2017
power plant due to is located at equatorial zone [64],
received great average daily solar radiation (4500
kWh/m?) and abundant sunshinc for about 10 hours per Year Megawatts
day. Table 2 shows that the highest solar rmltion of 1900
kWh/m’ in Kota Kinabalu, then, followed by Bayan Lepas 2008 9
(1809 kWh/m®) and Georgetown (1785 kWh/m®) in 3000 H
different cities in Malaysia [65]. However, solar energy
seems so unpopular because of high cosij installation 2010 13
and solar electricity tariff rate. Therefore, the government 2011 13

has introduced different incentives [66], policies [67],
funds [68], investments [69] and strategies (as highlighted 2012 32
under 9" and 10" Malaysia Plan) to enc@hge the growth

of the solar energy. Table 3 shows the solar energy 2013 138
capacity in Malaysia from 2008 to 2017 [70]. The solar 2014 203
energy capacity was increased from nine to 362

megawatss in 2017. Malaysian has shown positive 2015 263
behavior towards the gﬂverr&nt efforts on promoting 2016 340
solar technology [71, 72, 73]. There are many government

agencies [74, 75, 76] such as Petronas, Tenaga Nasional 2017 362

Bhd, sustainable energy development authority Malaysia
(SEDA) and Malaysia Energy Centre (PTM) play a very
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3. Conclusion

Indonesia, Malaysia and Colombia all lie along the
equator, so the potential for solar energy is high enough
with the average shine of 6-7 hours per day. Therefore,
government has committed to build solar power plant for a
variety of applications. We must understand that cannot
continue relying on fossil fuels in future since the demand
of eletricity becomes increased as well as the economic
and population growth. In Nigeria, photovoltaic systems
have been installed at micro levels for domestic and
research purposes including for household electrify,
community light projects & street light system.
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