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Abstract: In the step-by-step roadmap for limiting and eliminating power sources that use fossil fuel,
especially coal-fired power, as well as for setting the Vietnamese government targets for develop-
ing renewable energy for replacement, solar farms and rooftop solar power, followed by floating
photovoltaic (PV) power, are considered the best candidates for meeting the goals of land space, PV
system operation efficiency, and meeting environmental goals. In addition to the rapid development
of PV cell technology are the government’s incentives and financial support for PV plants on the
water surface area, which is still very large. Floating PV plants will strongly attract investors in the
near future. This study could help stakeholders in the market understand the economic-technical
aspects from analyzing economic—financial indicators of floating PV plants with a capacity of 47.5 MW
connected to the national utility grid 110 kV at Da Mi hydropower reservoir in Binh Thuan province,
Vietnam, in May 2019. This is the first floating PV plant on the reservoir in Vietnam, and is the
property of a third party.
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1. Introduction

Global warming is the worst thing for the earth in the future, and the use of renewable
energy sources is a valuable solution to prevent adverse effects on human life [1]. It is
necessary to keep the global temperature increase to a maximum of 1.5 °C above pre-
industrial times [2]. According to 2016 data for Southeast Asian countries, energy demand
has increased by 60% in 15 years [3]. Renewable energy targets are set by each country to
enhance their respective goals.

In the context of the world, every country has a step-by-step plan for limiting and
eliminating power sources that use fossil fuel, especially coal-fired power, as well as for
setting targets for developing renewable energy instead. The real understanding of solar
energy is that it offers the most natural, ubiquitous, sustainable, abundant and clean
processes [4-6]. The global potential of solar energy is thousands of times greater than the
current global energy demand [7].

The government of Vietnam has put mechanisms in place in order to encourage invest-
ment in and development of renewable energy, of which, solar power is the most prioritized
industry because it offers many advantages. Vietnam also previously applied an import tax
(FiT) on solar photovoltaic, solid waste, biomass, wind, and small hydroelectricity in 2017.
On 6 April 2020, the Prime Minister approved decision 13, for which, the purchase price of
electricity from PV plants were listed as follows:

O  Floating PV plants have a selling price of 1783 VND/kWp, which is equal to 7.69 UScent/kWp.

O  Solar farm PV plants have a selling price of 1644/kWp VND, which is equal to
7.09 UScent/kWp.
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O Rooftop PV plants have a selling price of 1943 VND/kWp, which is equal to 8.38 UScent/kWp.

According to the report on electricity demand in Vietnam at the Mastering Energy
Supply for International Isolated Areas conference on 31 March 2022, the Government
determined the aim of increasing the total generation and importation electricity capacity
from 70,000 MW in 2000 to 146,8000 MW in 2030. Total generation and importation
electricity energy is meant to increase from 330 million kWh in 2020 to 695 million kWh
in 2030. Currently, Vietnam has produced more than 170 million kWh of electricity from
fossil sources and cannot exploit anymore, so it is imperative to shift to renewable energy
sources to generate electricity without incurring high electricity production costs as energy
demand increases.

Vietnam’s energy target of “Zero CO,” by 2050 was determined by the Prime Minister
at COP26. According to the national targets, solar energy will become the main renewable
energy source of the country in the future. According to the news from the Electricity of
Vietnam (EVN), as of 31 October 2021, the total installed capacity of renewable energy
sources reached 20,644 MW, of which, hydroelectricity accounted for 29.6%, solar energy
22.57%, wind energy 5.16%, gas 10%, oil approximately 2%, and biomass 0.28% of the total
power capacity. The renewable energy development target for power plant VIII, approved
on 1 October 2019, identified the promotion for exploitation and use of effectively renewable
energy sources for electricity production, in which, priority is given to distributed solar
power for the main purpose of self-use.

The variations of energy parameters and economy parameters of the configurations
were analyzed based on an economic point of view, and will help to predict and design
an optimal hybrid photovoltaic system, cogeneration system, or stand-alone solar power
system. Looking at the recent progress results provides a different view of the aspects

detailed in several papers, as shown in Table 1.

Table 1. The recent progress and similar work.

Location

Researchers & Methodology

Design Specification

Remarks in Benefit Evaluation

Northwestern region of
Bangladesh

Md. Mahai Menul Islam et al. [8] used
HOMER Powering Health Tool and
HOMER Pro to analyze the technical
and financial data.

The microgrid hybrid PV system:
80 Solar panel: 120 cell 400 Wp
mono-crystalline panel, 20.8%
efficiency.

1 Grid tied inverter: 25 kW 3 Phase
inverter with 98.6% efficiency.

1 Generator: 28 kW generator.

The return on investment, internal rate of
return, discounted payback, and payback
time are estimated as 9.8%, 12.7%, 6.95 years,
and 7.53 years, respectively.

The electricity production cost is US$ 0.065.

Thakurgaon, Bangladesh

Polash Ahmed et al. [9] used HOMER
Pro to perform the techno—economic
evaluation.

The microgrid hybrid PV system:

24 kW PV panel: 400 Wp, MONO
PERC HALF CELL MODULE, 19.88%
efficiency.

11 kW Converter.

17 kW Diesel Generator.

The electricity production cost was
$0.06/kWh;

CO; emissions 399 kg/year;

Investment expenses will be recovered in 7.7
years.

Saint Martin Island,
Bangladesh

Tamal Chowdhury et al. [10] used
Homer pro software to design and
model the system.

A stand-alone energy hybrid system:
PV module: 327 W.

Diesel Generator: 57 kW, 50 Hz.
Wind turbine: 1 kW, 12-48 VDC.
Battery: 6 V, 820 Ah (4.92 kWh).
Inverter: 1 kW.

Levelized cost of energy (LCOE) is 35% lower
than the solar home system.

The PB, ROJ, and IRR of the optimized
system are 7 years, 10, and 13%, respectively.
27% less CO, than a diesel-based fuel system.

Misurata, Libya

Khalil Abdulfattah Glaisa et al. [11]
used HOMER to evaluate the different
configuration options.

Power system Components
Considered:

Generator 1 kW.

PV panels 1 kW.

Wind turbine 20 kW.
Trojan L-16 battery.
Converter 1 kW.

Case 1: NPC of 293,961 US$, COE of US$
0.191/kWh, and RF of 53%.

Case 2: NPC of 384,181 US$, COE of US$
0.25/kWh, and RF of 79%.

Case 3: NPC of 753,505 US$ and COE of US$
0.489/kWh, and RF of 71%.

Sabratha, Libya

Ahmed Aisa et al. [12] used HOMER
software for optimizations and
simulations.

A 10 kW wind turbine.

A 350 W solar panel.

The batteries and generator systems
were selected.

The optimization performance at PV array
1507.73 MWh/yr, wind turbine 596.81
MWh/yr, and generator 588.31 MWh/yr,
while the cost of energy is $0.182/kWh.




Appl. Sci. 2023,13, 2948

30f17

Table 1. Cont.

Location

Researchers & Methodology

Design Specification

Remarks in Benefit Evaluation

Baghdad, Iraq

Ali Saleh Aziz et al. [13] used HOMER
software to carry out the overall
analysis using five different control
strategies.

A PV microgrid system to supply
electricity for a household.

PV module: Canadian solar-mono,
18% efficiency.

Converter: the PH18-5048 Plus
on/off-grid hybrid inverter, 5 kW.
Battery: Trojan SAGM 12,205, 12-V
batteries, 2.63 kWh.

Grid: The PV arrays supply the
daytime only.

Controller: management system.

The NPC of $29,713.

The lowest CO, emissions with 64.9% and
4533 kg/year, respectively.

The NPC by 11.6%, while increasing the CO,
emissions by 32.7%.

southern Iraq

Ali Al-Karaghouli and L.L. Kazmerski
[14] Used the HOMER software.

The most economic system for a
remote health clinic in southern Iraq
having a daily load of 31.6 kWh is
composed of 6 kW PV modules, 80
batteries (225 Ah and 6 V), and a 3 kW
inverter.

COE US$ 0.238/kWh.

Prevent 14,927 kg/yr of CO,, 36.8 kg /yr of
CO, 329 kg/yr of NOy, 4.08 kg/yr of HC, 30
kg/yr of SO,, and 278 kg/yr of suspended
particles.

Chutani village, Iran

Mohammad Amin Vaziri Rad et al.
[15] considered COVID-19 scenarios.

The optimized includes a 5.2 kW PV, a
2.7 kW converter, a 2 kW DG, and a 5
kWh battery.

COE of $0.133/kWh.

Cheras, Selangor, Malaysia

Normazlina Mat Isa et al. [16] used
HOMER software to perform the
techno-economic analysis.

The proposed cogeneration system
consists of grid connected
photovoltaic, fuel cell, and battery
generating both electricity and heat at
the same time.

The NPC is $ 98,318 and LCOE is
$0.0841/kWh.

COE can be saved up to 30%.

It only produces 25,708 kg/yr of CO,, 111
kg/yr of SO, and 54.5 kg/yr of NO.

Aceh, Indonesia

T.M.IL Riayatsyah et al. [17] used
HOMER to analyse and optimise the
renewable energy.

The system architecture consists of
power sources from the utility, PV,
wind turbine, lithium battery, and
converter are connected to a local
utility grid.

682 kW solar PV, 100 kW wind turbine and
431 kW converter, which contributed 62%
and 20%, respectively. The CoE decreased to
$0.0446/kWh from $0.06/kWh.

Rajasthan, India

Santosh Kumar Sharma et al. [18]
used MATLAB for the analysis of

A rooftop grid-connected solar PV
power plant:

The value of PP and LCCE, have been

Punjab, Pakistan

83 PV modules of TRINA. calculated as 6 years, 0.007 respectively.
MPP tracker. 34.35 kW Inverter.

The hybrid system:
M. Kashif Shahzad et al. [19] used Solar modules of 10 kW. The NPC of PKR4.45M.

HOMER to design and perform
techno-economic analysis.

Biogas fueled generator of 8 kW.
32 Li-ion, 6.0 volt batteries of 167 Ah.
Converter of 12 kW.

Provides 432 electricity to the consumers at
the low cost of 5.51 PKR/kWh.
Payback period of 9.5 years.

All regions located in Saudi
Arabia

Ali Sulaiman Alsagri et al. [20] used
HOMER software to assess the
techno-economic and environmental
aspects of the possible solutions.

A hybrid energy system including PV
panels, diesel generator, and battery
bank is considered:

The development of off-grid
renewable systems is not economically
attractive.

PV module: Sharp ND-250QCS, 15.3%
Efficiency.

Diesel Generator: GREAVES Power,
25% Minimum Load Ratio.

Battery Unit: 1 kWh Li-Ion, 3000 kWh.
Fuel Cell Unit: Proton-exchange
membrane, 40% Efficiency.

Converter: 95% Inverter Efficiency.

The COE of the optimal system is 0.105
$/kWh, which can reach 0.120 $/kWh in the
areas with poor solar radiation.

A 2 kW electrolyzer, despite the unfavorable
increase in the energy costs, can reduce the
excess electricity from 32.5% to 6%.

The cost of energy can increase by up to
23.8%; moreover, by imposing fuel
restrictions, the excess electricity can reach
more than 60%.

Vietnam has many hydroelectric reservoirs and nearly 7000 irrigation reservoirs. In
addition to exploiting hydropower capacity and creating water sources for irrigating agri-
cultural lands, with the large surface areas, these can also be used to install other floating
PV plants. Regarding various renewable and sustainable energy technologies [21-28], the
Hybrid renewable system [10-12,16,17,19,29,30], Hybrid PV system [13-15,20,31-33], Energy
conservation of smart grid system [34], the floating PV plant can utilize the large water surface
areas of hydropower reservoirs to add more capacity to the national utility grid, and has been
promoted by many researchers and agreed upon by the Vietnamese government.

The selection of evaluation criteria is one of the most important concerns. The cri-
teria must be explicitly selected to avoid inconsistencies when solving values of the ag-
gregation function between different objectives (Technical objective—Economic objective—
Environmental objective—Social objective) [14,27]. The floating solar power plants with a
capacity of 47.5 MW connected to the national utility grid 110 kV at Da Mi hydropower
reservoir in Binh Thuan province were selected to be electrically empowered and beneficially
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analyzed because they represent one of the first efforts to develop floating solar power plants
connected to the utility grid with a large PV capacity. The importance of the present work
is expected to be beneficial for both government and other stakeholders in decision-making,
as a premise for plants to utilize the water surface of hydroelectric reservoirs to install more
floating PV plants.

In this paper, the layout and environmental impact assessment, national economy analy-
sis, and plant financial analysis (taking into account the sensitivity analysis results [8,26]) have
been carried out. All these specific objectives highlight the great benefits for implementing the
plant, especially taking advantage of the available space, helping to protect the environment
and regulate the climate, replacing the PV plants installed on agricultural land, forest land,
and buildings (in the case of ground-mounted PV power plants, a great dilemma facing
investors concerning the ratio of the useful area is posed by the need to take the transmission
towers and their conductors into consideration, since their shading effects are extremely great
and significant) [35]. Therefore, the floating PV plants will provide higher electricity output
than the conventional ones and increase economic benefits.

2. Environmental, Technical, Financial Specifications of the Plant
2.1. Solar Radiation Data at the Plant Area

Solar radiation data can be obtained from a variety of sources, for example Chao Wang
et al. [36] from the National Aeronautics and Space Administration (NASA). The floating
PV plant at Da Mi hydropower reservoir, Binh Thuan province is built in Tanh Linh district
and Ham Thuan Bac district, Binh Thuan province. From the software Meteonorm 7, this
calculated data is synthesized and interpolated from radiation measuring stations around
the world. Combined with measured radiation data of satellites, the global horizontal
irradiation GHI at the hydroelectric reservoir area is about 1777 kWh/ m2/ year, which is
equivalent to 4.87 kWh/m? /day (Figure 1).

Da Mi

Pong Tién

LaDa

La Ngau
Dong Giang

Note
kWh/m2.day

4.8
5.0
— - — - . Commune boundary

—— Reservoir boundary

Figure 1. GHI Map of theoretical average day recording of project area.
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The data collected from NASA’s free public data source (at website: https:/ /eosweb.
larc.nasa.gov/sse/, accessed on 13 April 2017), the global horizontal irradiation in the plant
area is 1874 kWh/m?/year, which is equivalent to 5.13 kWh/m?/day.

The data collected from SolarGIS’s free publicly available data source (at website:
http:/ /solargis.com/, accessed on 13 April 2017), the global horizontal irradiation in the
plant area is 1846 kWh/m? /year, which is equivalent to 5.06 kWh/m? /day.

Through research and evaluation, the PV plant is proposed to use data sources pur-
chased from SolarGIS. This is a commercial database that is measured from satellites over a
long time series, from which, the data are aggregated and calculated to produce a typical
meteorological value of a typical year for the plant. The SolarGIS data source has been
rated by many independent research organizations as the most reliable source of solar data.

2.2. Specifications
A direct grid-connected PV plant includes the components described in Figure 2:

O PV module: each photovoltaic panel consists of many photovoltaic cells (PV cells)
connected together; the photovoltaic panels will be connected in series (string) and
parallel (array) to achieve the required DC output power.

O  Inverter: a power electronic device that converts DC current into AC current suitable
for connection to the power grid.

O  Mounting system: with the solution of installing panels on the water, the rack system
is replaced by a floating float system.

O  Step up transformers: depending on the capacity scale and regional utility grid
conditions, the voltage level can be changed appropriately (for example 22 kV, 35 kV,
110 kV, 220 kV ... ). With high voltage levels, the electricity will need to go through 2
levels of transformers.

O  Infrastructure for grid connection: specifically, here is the substation, including pro-
tection, metering, and control equipment.

Power system

Radiation

PV system
‘f‘ L Transformer
Rack system LVIMV &
MV/HV
= Energy
Inverter & e
DC cuqu}T AC/DC swich 2
lo imverter disconector 1
| o = ==
== ==
= ==
|| AC
= =
Converted —_ = systemn
AC current - -
. - == =

Figure 2. Overview diagram of grid-connected PV plant.

2.2.1. PV Module

Currently, the main semiconductor material used to manufacture PV is silicon. The
most widely used PV technologies are polycrystalline (p-Si), monocrystalline (m-5i), and
amorphous silicon (a-Si). There are also other materials such as CdTe or CIGS/CIS for the
production of thin-film PV, including Amorphous Silicon (a-5i), Cadmium Telluride (CdTe),
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Copper Indium Selenide (CIS), Copper Indium (Gallium), and Copper Indium Selenide (CIS),
Di-Selenide (CIGS/CIS), and Heterojuntion with intrinsic thin-film layer (HIT). Due to the low
production cost, high efficiency, and decades-old production technology, crystalline silicon
photovoltaic cells still dominate the market (Figure 3). Si (crystalline) photovoltaic modules
can achieve efficiencies up to 21.9% and 25.6%, respectively [37—42]. In Europe, the m-Si, p-Si
type has a typical yield of 10 < 18% [43]. Amorphous silicon (a-Si) has an efficiency of 4 <+ 6%
and amorphous silicon (a-5i) thin film PV has a maximum efficiency of 10.5%. The selection of
panels with the right capacity needs to be evaluated with many different conditions. Table 2
shows the average efficiency of current PV panel technologies.

All others
a-Si Glass/Glass 1%

2%

CIS/CIGS Sputter
2%

-Si p-type Multi

CdTe (First Solar)
4%

c-Sip-type Multi
Advanced
27%

c-S p-type Mono
Advanced
10%

c-Sip-type Mono
Standard
14%

Figure 3. Market share of PV panel technologies in the world in 2016.

Table 2. The average efficiency of current PV panel technologies.

Technology p-Si m-Si HIT a-Si CdTe CIGS/CIS
Efficiency 13-17% 16-21% 18-20% 6-9% 8-16% 8-14%
Temperature ., 50 /oc  _045%/°C  0.29%/°C  —021%/°C —0.25%/°C  —035%/°C
coefficient

Calculation results of different capacities panel are presented in Table 3 below, calcu-
lated using Pvsyst software. In order to improve the efficiency of the plant and reduce the
area and installation cost, the proposed plant for Da Mi solar power plant is a 72-cell silicon
photovoltaic panel with a large capacity (more than 330 Wp). The panel efficiency is not
less than 17%. This range of power and performance is currently popular across the world,
with many manufacturers responding.

Table 3. Calculation results of different silicon panels.

PV Type Capacity Efficiency Number of PV Energy  Total Area of
(Wp) (%) Panels (MWh/Year) Panels (ha)
305 15.72 155,740 69,609 30.22
310 15.98 153,220 69,552 29.73
315 16.23 150,800 69,381 29.26
72 cell-poly 320 16.49 148,440 69,340 28.80
325 16.75 146,160 69,500 28.36
330 17.01 143,940 69,519 27.93
335 17.26 141,800 69,569 27.51

2.2.2. Inverter

The inverter is one of the most important devices in the PV system with the function
of converting direct current DC into AC current from the high-frequency switching semi-



Appl. Sci. 2023,13, 2948 7 of 17

conductor components (FET, MOSFET, IGBT, etc.). There are many major manufacturers
in the world, such as Huawei Technologies Co., Ltd. (Shenzhen, China), Sungrow Power
Supply Co., Ltd. (Sydney, Australia), SMA Solar Technology AG (Niestetal, Germany), and
Growatt New Energy Technology Co., Ltd (Shenzhen, China). According to the technical
documents of most inverter manufacturers around the world, inverters have the ability to
adjust the power factor in the range of 0.9 (early phase to late phase), ensuring the system
connection requirements, as in Circular 39/TT-BCT. The parameter of some inverters are
shown in Table 4:

Table 4. Main parameters of some types of inverters in the world.

Eaton SMA Schneider ABB
Parameters

1670 2000 2200 1000 2500 680 1000

AC capacity (kW) at pf =1 (50 °C) 1666 2000 2200 900 2250 680 1000

AC capacity (kVA) (50 °C) 1831 2000 2200 900 2250 680 1000
DC voltage (V) 550-1000  550-1000  605-1000 625-850 850-1425 550-885 600-850

DC max current (A) 3100 3700 3700 1635 3000 1280 1710

AC voltage (V) 356 384 423 365-465 440-660 380 400

AC max current (A) 2707 3000 3000 1568 2624 1040 1445

Due to the manufacturing characteristics, the inverter is coupled from many smaller
units with a capacity of 500 kW or 600 kW to ensure the installation area on the reservoir
surface, together with 0.6/22 kV transformer equipment and 22 kV electrical cabinet. The
plant recommends the capacity of each inverter be 2500 kW, connected to an 01 transformer
and 22 kV distribution cabinet system with a circuit breaker to protect against short circuit
failure occuring on the transformer circuit.

2.3. Environmental Impact Assessment
2.3.1. Current Status of Da Mi Hydropower Reservoir

Da Mi hydropower reservoir is a day-regulating reservoir with a high average depth,
large surface area, surface discharge through free overflow, small discharge volume, and
low flow rate, which is convenient for large scale PV installation. The reservoir is currently
being used to raise sturgeon, which is an aquatic species of high economic value.

By studying the topography of Da Mi reservoir, the different colors in the topographic
map represent the density of the mountain rock layer. The terrain around the reservoir is
mostly high mountains covered with thick forest (Figure 4). The southeast and southwest
areas of the reservoir have flatter terrain. The reservoir bed environment has no specific
aquatic species and has been operated since 2000. The mineral issues of the reservoir bed
had been evaluated before the construction of Da Mi hydropower plant period.

2.3.2. Impact of System Components on the Natural Environment
PV Panel

The level of environmental impact during the operating period is negligible and is
globally defined as a form of clean energy. After an operating period, large volumes of PV
panels can be collected and recycled.

Positive impact during the operating period: the installation of solar cells has the effect
of reducing water evaporation, reducing solar energy absorption, tends to decrease water
temperature, increase dissolved oxygen concentration in water, and has good impact on
the activities of fishery in the lake.

Substation

110 kV substations using oil-immersed transformers can be a source of water pollution,
fire, and explosion hazards, threatening human life and property safety.
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Power Line

Power lines are at risk of electrical safety for plants and animals when there is a ground
fault, short circuit, or a violation of the grid safety corridor.

2.3.3. Effects on People’s Livelihood, National Security, History and Culture

The plant is built mostly on the lake and does not affect residents, a 110 kV transformer
station is located on the land area that has been allocated by the local government for the
investor to manage and protect the reservoir. The 110 kV connection line only affects
people’s arable land, not people’s settlements.

The construction location does not affect national security or any historical- cultural
relics of the area.

D T T S N NS
; 8 & L

4 1

Figure 4. Topography of Da Mi hydropower reservoir area.

2.4. Incentives and Financial Support
2.4.1. Tax

According to Circular 78/2014/TT-BTC on 18 June 2014 guiding the implementation
of the Law on income tax and Decree No. 218/2013/ND-CP on 26 December 2013 of the
Government regulations on the implementation of the Law on income tax, the tax rates are
as follows:

O  First 4 years of profit: 0% tax rate
O Next9 years: 5% tax rate

O Next 2 years: 10% tax rate

O The remaining years: 20% tax rate

2.4.2. Electricity Price

Electricity selling price in financial analysis 9.35 UScents/kWh applying Decision
No. 11/2017/QD-TTg on 11 April 2017 on encouragement development mechanism of PV
plants in Vietnam.

2.4.3. Loan Interest Rate

50%/70% (loan for imported equipment) is temporarily calculated from a credit source,
and the supplier expects the interest rate in USD is 5.0%/year.

20%/70% loans for domestic items, commercial loans with a mobilizing interest rate
of 9.5%/year.
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2.4.4. Pay

Interest during construction (IDC) will be accrued to the commercial operation day
(COD) and this accrued interest will be added to the principal payment during the course
of commercial operation.

The principal and interest payment plan can be any one of the methods, depending
on the agreement between the investor and the lending institutions. The plant is expected
to pay the principal annually for 10 years and pay interest annually for 10 years after
commercial operation.

2.5. Other Financial Parameters

Debt repayment: Interest during construction will be accrued through the date of
commercial operation and this accrued interest will be added to the principal payment
during commercial operation. The principal and interest payment plant can be selected,
depending on the agreement between the Investor and the lending organizations. The
plant is expected to pay the principal annually for 12 years and pay the interest every year
for 12 years after commencing commercial operation.

Slippage of Vietnam Dong vs. the Dollar according to statistics from the last 10 years
(2007-2016) averaged 4%/ year, and in the last six years (2010-2016), was 3%/ year. Over
the life of the plant, the average price slippage is 2%/ year for revenue calculation based on
the central exchange rate set by the National Bank.

2.6. Cost of PV System

Technical and financial parameters relevant to the economic-financial analysis
Plant capacity: 47.5 MW

Power output: 69.99 million kWh/year

The highest rate of degradation of photovoltaic modules: 0.7%/year
Economic and financial life: 20 years

Operation and maintenance costs:

O  Operation and maintenance (O&M) cost is temporarily calculated as: 1.2% (value of
construction and equipment of the work) O&M cost increases every year by 2.5%.

O  The cost of dismantling and handling the equipment of the PV plant after the end
of the plant includes the following costs: the cost of dismantling the panels and
equipment, the cost of transportation to the concentrated location, and the cost of
treatment. The cost of handling PV panels is calculated by the cost of destroying the
lead battery. All dismantling, transportation, and disposal costs are included in the
final year operating costs of the plant.

2.6.1. Depreciation

O Depreciation of fixed assets by the linear method: Depreciation period of equipment
is 10 years, depreciation of the remaining value is 15 years. Value for depreciation
calculation is the total investment value of the plant.

2.6.2. Discount Factor

O  Applying Decision No. 2014/QD-BCN on 13 June 2007 on promulgating provisional
regulations on economic and financial analysis of investment by the Ministry of
Industry and Trade in this plant are as follows:

O  Analysis of financial performance: calculated according to the average financial
discount rate for investment sources (WACC) is 7.03%.

O  Economic discount rate 10%.

2.6.3. Total Investment

O  Total investment includes all expenses, such as: costs of compensation, support and
resettlement; construction cost; equipment cost; plant management cost; construction
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investment consulting cost; other expenses and provision expenses are presented in
Table 5, below.

Table 5. Total investment amount (Unit: million VND).

No Category of Work Pre-Tax Value VAT Tax Value after Tax
1 Compensation, support and 5711 0 5711
resettlement expenses
2 Construction cost 501,098 50,110 551,208
3 Equipment cost 594,622 59,462 654,084
4 Project management cost 10,747 0 10,747
5 Constrgction investment 32,356 3036 35,592
consulting cost
6 Other cost 70,966 3542 74,508
7 Redundancy cost 97,417 9610 107,027
Total investment 1,312,917 125,960 1,438,877

3. Economy-Financial Analysis
3.1. Main Calculation
3.1.1. Net Profit Value—NPV

The plant’s NPV is calculated for the total investment cost of the plant, calculating
both operation and maintenance costs using a simple formula assuming constant annual
utilization of the system, operating costs and maintenance remains constant and total
investment costs, with a focus on year 0:

NPV = (R — com )ka — It )

O  where, R is the annual revenue, com is the cost of operating and maintaining the
system, It is the total investment cost of the plant and

_(4a) -1
ka—w (2)

O  where, a is the discount rate and n is the life of the plant in years.

For PV installations, while the panels come with a long 25-year performance warranty,
the inverter is the weak point of the system that needs to be replaced. Therefore, the NPV
formula has been modified to account for substitutions according to Equation (3) [17,35,44,45]:

Cinv Cinv Cinv

NPV = (R = com)ka = Ir = 1+a)™ (14+a)™ (1+a)™ ©)

O  where, Cj,;+ is the replacement cost of the inverters and n1, n; and n3 is the year in
which the replacement will take place.

NPV shows the feasibility or infeasability of a plant. When the NPV is positive,
the investment is recouped, the minimum rate of capital return is achieved, a surplus is
obtained, and thus, the plant is viable. When the NPV is negative, the plant is not profitable
because the minimum rate of return is not achieved. The higher the discount rate, the lower
the NPV.

3.1.2. Internal Rate of Return—ROI (IRR)

The internal rate of return defines the amount of profit gained by investing in an energy
system. [8,17,35]. The internal rate of return measures the amount of profit relative to the
cost of an investment. The return on an investment, in this case the savings accumulated
over the life of the plant, is divided by the cost of the investment, in this case the initial
investment. The results can be expressed as a ratio.
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Benefit
ROI =
Investment cost

4)

Solar plants will be profitable when IRR > Ik. Ik is the cost price determined by the
loan interest rate or the required cost of the corresponding source of capital.

3.1.3. Benefit—-Cost Ratio—B/C
Benefit—cost ratio: The ratio of the present value of benefits to the present value of costs.
n B
=Y (14r)!
—— 5)
=0 (141)f

B/C=

O  where, Bi is the revenue in year i, Ci is the cost at year i.

If the plant has a B/C greater than or equal to 1, the plant is financially viable. In the
case of multiple plants that cancel each other, the B/C is a standard for ranking according
to the principle of ranking higher for the plant with the larger B/C.

3.1.4. Payback Period—PP (Years)

A plant is considered good when it has a Payback Period that is less than the number
of years of the life of the plant. It is inevitable that investors want to recover capital as
quickly as possible, avoiding fluctuations and difficult-to-identify risks [10,17,35,46,47].

DPP
Co+ E Ci (6)

t=1

O where, C; is discounted (net) cash inflow for the duration of investment ($), C is total
initial investment costs ($), DPP is discounted payback period (years).

3.1.5. Net Present Cost—NPC

The net present cost of a cost analysis remark component taking into account all costs
and revenues incurred over the plant’s lifespan. The total NPC is determined by Equation
(7) [8,10,13,15-17,31,48,49].

NPC = _Ctotamn @)
CRF(i, Tp)

O where Ty, is the plant lifetime (year), Ciotann is the total annualized cost ($/year),
iis the real interest rate (percent), and CRF is the capital recovery factor which is
calculated by Equation (8) [8,10,13,15-17,31,48,49]:

. i(1+1)"
CRE(i, n) = ——x— 8
60 = oy ®

O  where n refers to the number of years.

Additionally, the operating cost is calculated by subtracting the total annual cost from
the initial cost, as shown by Equation (9) [20].

OoC = Carm.t - Carm.capital (9)

The COE is the mean cost of fruitful electrical energy per kWh, and is one of the
most important parameters for comparing the cost effectiveness of hybrid systems and for
finding the optimal size of the system [8-10,13,15,17,20,50].

COE = Sannt (10)
Eserved
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O  where, Cannt is the annualized total cost (including the component-related expenses
such as capital, replacement, and maintenance ($)) and Egerveq is the annual served
energy (kWh).

3.2. National Economy Analysis of the Plant

The objective of the national economy analysis is to evaluate the feasibility and effec-
tiveness of an investment plant for the economy. The analysis results are used to select the
optimal parameters and layout of the works, as the basis for the competent authorities to
decide whether to allow or not to allow the plant investment or to decide on mechanisms
and policies to the investment support in order to encourage the plant implementation.

The socio-economic efficiency of an investment plant is the difference between the
economic benefits that the national economy and society derive from the plant and the
costs that society must spend when the plant is completed. The effects of the plant on the
national economy will be analyzed in detail in both qualitative and quantitative terms.

3.2.1. Meeting the Demand for Electricity Load Growth

The floating PV plant at Da Mi hydropower reservoir, Binh Thuan province will partially
meet the demand for the increased electricity load of the Vietnamese power system. On the
other hand, the plant also contributes to increasing the proportion of renewable energy in the
system, contributing to stabilizing the electricity supply for the economy.

3.2.2. Impact on the Environment

At present, the issue of environmental protection has become a global issue, attracting
more and more attention from society; investment in the construction of PV plants and
renewable energy sources is receiving more attention and becoming more popular.

Solar power is considered a clean energy source that does not pollute the air when
producing electricity. Thereby, solar power can significantly reduce the amount of CO,
emitted into the environment by the power generation industry, contributing to a reduction
in climate change and helping to protect the environment.

3.2.3. Other Effects

The floating PV plant at Da Mi hydropower reservoir, Binh Thuan province will
play an important role in the development of the region’s electricity grid, as a basis for
facilitating the development of other industries in the locality.

In addition, the construction of a PV plant on a hydroelectric reservoir is intended to
make the most of the plant’s available resources to improve economic efficiency, and at the
same time, to reduce the land fund used in the electricity production process. This also
benefits the economy.

When the plant is put into operation, the number of human resources used in the PV
plant is minimal. However, the PV plant needs to use trained local human resources, and
some jobs use local untrained workers. This also contributes to increasing the income and
stabilizing the lives of workers.

For state budget payment: will contribute to state budget revenue through taxes.

3.2.4. Evaluation of Economic Benefits with Other Alternative Energy Sources

With the current situation of the accompanying natural gas source having been reduced
in output, the combined cycle thermal power plants must reduce capacity or run DO
oil. According to Decision 428/QD-TTg on 18 March 2016 of the Prime Minister on
approving the adjustment of the National Power Development Master Plant for the period
2011-2020 with a vision towards 2030, in the coming time, after about 2020, the need to
import liquefied natural gas (LNG) to operate the Phu My, O Mon, Nhon Trach Power
Centers with high fuel prices, the introduction of solar power into the power system is
necessary to meet the national energy demand. According to the forecast of the General
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Power Plant 7, the price of liquefied natural gas in the period through 2025 will increase
2.5 times the current price, specifically:

The PNG source with the most potential is Indonesia’s Natuna D Alpha mine, with an
output ranging from 5-7-10 billion m3/year, when considered after 2018, the estimated
price is about 10 USD/million BTU.

Source of LNG: can be purchased on the world spot market or purchased under long-
term contracts. In which, priority should be given to buy under long-term contracts from
Australia, the Middle East, or Russia, with a forecast price of 12-14 USD/million BTU. To
import by this method, it is necessary to build a system of LNG terminals.

The cost of operating power plants will increase; comparing the economic efficiency
of a PV plant with a typical alternative source such as diesel thermal power, with cost-
effectiveness at 90% capacity and updating, the current oil price is about 14.5 US cent/kWh,
which is considered as input for comparison. The economic analysis results are shown in
Table 6 below.

Table 6. Economic analysis results.

Economic Indicators Achieved Result Unit
- Electricity price 14.5 UScent/kWh
-IRR 17.2 %
-NPV 664.3 billions VND
-B/C 1.55
- Payback time 9.3 year

3.3. Plant Financial Analysis

The objective of the financial analysis is to evaluate the feasibility of the plant from
the investor’s view to orient the investor to the method of capital mobilization methods,
financial mechanisms for the plant to achieve a reasonable level of profitability, ensuring
the plant’s sustainable, long-term, and effective operation. Financial analysis results are the
basis for prioritizing investment decisions.

For a plant to be considered financially viable, it must satisfy the following conditions:

O The financial internal rate of return FIRR must be greater than the cost of capital determined
by the borrowing rate or the required cost of the corresponding source of capital.

O NPV > 0 when calculated according to the discount factor of each required capital source.

O  Benefit-to-cost ratio B/C > 1

O  The sooner the payback period, the better

Financial analysis results are shown in Table 7:

Table 7. Financial analysis results.

Financial Targets Achieved Result Unit
Financial discount factor (iF) 6.95 %
Electricity price 9.35 UScent/kWh
IRR 11.14 %

NPV 220.3 billions VND
B/C 1.211
Payback time 14.4 year

In order to assess risks and find a safe margin for the plant, in financial analysis, it
is necessary to analyze the sensitivity of changed levels in investment capital; generated
electricity or operating hours; purchase price of main equipment of the PV plant; O&M
costs; combination of changes in investment capital; and generated electricity.

Financial sensitivity analysis aims to consider the possibility of changes in economic
and financial parameters affecting the financial evaluation criteria of the plant. Thereby
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helping investors make optimal investment decisions. Sensitivity analysis is conducted
with the following cases (Table 8):

Table 8. Sensitivity analysis results.

1. Investment 2. Power 4. Investment Capital Increased
. . 3. O&M Costs .. .
No. Targets Capital Increased Generation Increased by 10% by 10%, Electricity Generation
by 10% Reduced by 10% y Decreased by 10%
1 IRR % 8.43% 8.08% 10.9% 5.70%
NPV; (billions
2 VND) 82.9 56.8 205.50 79.2
3 B/C; 1.073 1.055 1.20 0.931
Discounted
4 payback period 17.5 18.0 14.7 >20
(years)

When considering the individual parameters: investment capital, electricity output,
and O&M costs, the following chart shows the influence of factors on the efficiency of the
plant (Figure 5):

400
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Figure 5. Sensitivity analysis results.

From the results of the sensitivity analysis, it is shown that evaluating the financial ef-
ficiency in individual cases, considering the factors, investment capital increases, electricity
decreases, and operating costs increase. With effective plant options, especially the plant of
combining investment capital increased by 10% and electricity reduced by 10% of the plant
did not guarantee financial efficiency.

However, in recent times, the price of panels has still been on a downward trend.
Therefore, in order to increase the financial efficiency of the plant, the investor needs to
manage the investment capital closely, combining effective management and operation to
minimize the reduction of generating capacity. In addition, finding capital sources with
low interest rates will also contribute to ensuring the financial efficiency of the plant.

4. Conclusions

Through the analysis and evaluation of both economic and financial aspects, it has
been found that with the base cases of both:

Economic evaluation of the plant is the first main finding for the verification consultant
and the national agency to select the solution and optimal plan, to compare the general
economic criteria of the plant. The national economy points of view with the electricity
price of 14.5 UScent/kWh, IRR = 17.2%, NPV = 664.3 billion VND, B/C = 1.55 > 1, payback
period is 9.3 years and;
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Financial evaluation of the plant based on the factors constituting the electricity price, in-
cluding revenue sources, reasonable expenses through electricity selling price, risk evaluation
from sensitive analysis results is the second main finding for investors to make investment
decisions. The investor’s opinion with financial discount coefficient (iF = 6.95%); electricity
selling price 9.35 UScent/kWh, IRR = 11.14%, NPV = 220.3 billion VND, B/C = 1211 > 1,
payback period is 14.4 years.

Therefore, the plants are effective, have the ability to recover capital, and can ensure
debt repayment obligations for banks as well as capital sponsors. The plant is feasible, con-
sidering both economic and financial aspects, especially taking advantage of the available
space, helping to protect the environment and regulate the climate, replacing the PV plants
installed on agricultural land, forest land, and buildings.
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