MIFANFIVINTNSTIUNAMTEUATWTD UA 30, aTUT 2 1w.8.-5.8. 2563 995

The Journal of KMUTNB., Vol. 30, No. 2, Apr.—Jun. 2020

UNANLIRY

N153ATIEINISIUNTaMmULasmAtiaNan WA LS IR Ina LA findnsal
Anwludeaningnamvng Uszmelne

TN AsgTeduNS* uae dena sedugsudina
medvagmansindl augasmansanamnssy anInedumalulagnszaeundmszuasivile

* fiwususyanue nsdwed 08 1925 4159 Blua: withawin.tu@gmail.com DOI: 10.14416/j.kmutnb.2020.03.004
fuidle 9 nangew 2562 wAluidle 23 fugneu 2562 neuFulile 30 fugnu 2562 weunsooulat 17 futau 2563
© 2020 King Mongkut’s University of Technology North Bangkok. All Rights Reserved.

UNANED

nuATs IR wiumsanuuazmalialunstalasmslslimdsnusaseniiod nad
Anwsanandulsslnindsnusaseinduuin 1 wneing &agjﬁﬁwi’mﬂmmi Useweilne sasethinaue
nszvumsitmulassnsfoangalasiinisfionsafoniuassgmansuasmaiiunaie dadeivhng
AnwUszneuludie dununsamu Amdanuuaseiing Amdsnuluiningals slaundvaiwad viaves
Sunedines HansynunannydunndeuiitinadeUssavsam sunnituiiresauarssuulaseeliihiisesdu Tne
LL.mIézja"]Lﬂjaéﬁ%‘lﬁgﬂﬁmisﬁuimaﬁﬁ%ﬁ??i’miuizﬁu Tier 1 wagdinssuuseiunandugiannnii 10 U lnediuseiu
Uszandnmnisudnlniinaenssezinal 25 ¥ Fanisanasweadarulnihduioanainnisidenanimuoun
Tounin 0.8% sfed wiosmiundliiiuni 20% Ussovduneswesiidulssaniideusesussuulnssinglihle
msilusulseiuaiesannlsenunisuan 5 93Ul wasdosldsunissusedlnedaviidialusesu Tier 1 vuniiud
Tunsandslssliimgsnuuaioingildiiausiiiivuin 7,000 ms1auns sumianisanslsslnimgany
wasofindsadlignuativanndull ng vieenmsouilmAnaiuslsasad Tnsfufidodldogluuinaifiiuun
waglaiflunnagnifuly fuflasiidnenrauBsuwarlidowenisfmivi sdrimwdsnuuasoinddosaglnd
srudlasatglwihuiienedensidenseuazfaiandunilunisdouse vasferiudesilaldiiszuulaseineg
Tisnaiuiirudeinsiuaniinssiuidanisuan mnnansinsnsdfodne (selwiimdsnuuasenfing
14nnvns) wudh wasnulwiiedsdindalae 1,506,000 Aladmdtluasied fnsnansuununelu (RR) Ae 13.5%
AdnuuaseAinduuiuiaannnd 6.1 Aladnddlusdemsiamasieu Ussansnmeedssliiimdanuneasenfing
(Performance Ratio) 1171 76.26%

AdAey: Tsslnindanuuasondind nsasmu nsaunlasinislea

NN38198eUNAY: I3 ASaSeduns uae Foena seegdna, “nslaseinieinunisamuiazmaliaiionsiaulsdlin
ndnuuaterindnsdlfnwludmiaynaims Ysewelne,” 2959753910505 900 M sz uATmde, TN 30, atull 2,
Wi 225-237, W.e.-l.8. 2563,



http://dx.doi.org/10.14416/j.kmutnb.2020.03.004

296 MFENTIVINTNTTIDUNAMSTUASIHTTD TN 30, aUUil 2 1W.8.-3.8. 2563

The Journal of KMUTNB., Vol. 30, No. 2, Apr.—Jun. 2020

‘ Research Article ‘

The Investment and Technical Analysis of Solar Power Plant Development

Case Study in Mukdahan Province, Thailand

Withawint Srisuriyajan* and Chaiyapon Thongchaisuratkrul
Department of Teacher Training in Electrical Engineering, Faculty of Technical Education, King Mongkut’s University of

Technology North Bangkok, Thailand

* Corresponding Author, Tel. 08 1925 4159, E-mail: Withawin.tu@gmail.com DOI: 10.14416/j.kmutnb.2020.03.004
Received 9 July 2019; Revised 23 September 2019; Accepted 30 September 2019; Published online: 17 March 2020
© 2020 King Mongkut’s University of Technology North Bangkok. All Rights Reserved.

Abstract

This research presents both investment and technical aspects of solar power plant. The one mega-Watt
solar power plant, located in Mukdahan province, Thailand, is used as case study. The right process is
proposed. Both economic and technical is considered. Interested parameters consist of investment cost,
solar radiation, power energy, PV module, type of inverter, environmental impact, area size and the grids
connection. PV module must be indexed by 1st tier manufacturing and workmanship warrantee is more than
10 years. Degradation grad warranty must be less than 0.8% per year in the term of long period 25 year.
It is not over 20% along period. Inverter type must be pure sine wave grid connected and it should have
warrantee from original manufacturing 5 years above and indexed by 1st tier. The area size should be
more than 7,000 m”. The site location must not be obstructed by building, trees, or tall objects. The
site must not be prone too dust and rain. The area must be flat and not prone flood. The plant must
be near connecting grids and sufficient grid capacity. From the result of case study (Mukdahan plant),
it shows average output power energy is 1,506,000 kWh/year. In conclusion, it is found that project has
equity internal rate of return (IRR) is more than 13.5%. The surface solar radiation is more than 4.1 kWh/
m’/day. The power energy after Commercial Operation Date (COD) has performance ratio is more than
76.26% (PR ratio).
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1. Introduction

The energy is focused more and more because
it is needed for all people to run the world [1], [2].
The conventional energy is fossil energy; coal gas oil
and etc. [3], [4]. From the data of energy situation
[5], [6], it is investigated that the fossil energy is
used more therefore it will be gone in a short time;
becoming energy crisis. On the other hand, the
demand of energy is increased [7]. From data in [8],
[9], it is found that energy consumption is higher
than the past [10]. Overall the world, the energy
consumption is raised at the growth rate of 2.3-2.9%
in 2018, nearly twice the average rate of growth since
2010 [11]. Also, the energy consumption had rinsed
at the rate of 22% in 10 years in Asia [12]. Considering
in the past 10 years, it is found that the energy
demand increased three times and the next 10 year
will increase 20% including renewable energy source
[13], [14]. In Thailand, the energy consumption has
been increased at the rate of 1.18% to 2.13% per
year on average [15]. The data of Thailand energy
situation [16] shows the consumption is higher
than 10 years ago by 30%. From data of prediction
in Thailand, it is found that the situation of the
demand of energy continues to increase while the
energy reserve is very little [17]. So, the new choice
is renewable energy. The renewable energy suitable
for Thailand is solar energy [18].

According to power development plan [17], the
solar power plant in Thailand has been developed
since 2014. They can be generated at 1419 MW in
2015 [19]. The using target is 10,000 MW in 2033.
Now it has the gap far from target. Therefore,
government has supporting policies to stimulate

the home-use solar panels [20]. However, home

used still is small capacity 5-10 kW [20]. But it is
not enough for supporting demand. Because the
solar system cost has reduced for more than 40%
from 5 years ago [21], [22], the beak even point
is just 4-5 years. Hence the reasons why several
factories which need greater energy consumption
have shown interested in installing solar panels for
energy saving and solar self-generating energy [23]
[24]. Then, understanding of running this operation
and maintenance efficiently is utmost important.
Therefore, this research presents investment and
technical analysis of solar power plant case study
in Thailand. The case study is done in Mukdahan
province. The plant was commercially operated for
5 years. The capacity is 1 MW for case study which is
sizeable for a factory. The objectives of this research
are to summarize the process of development
and investment for solar power plant, to analyze
economic worthiness of Mukdahan solar power
plant. All investment data was collected from Pre
financial model and actual operation costs for 5 years.

All technical data was collected from SCADA system.

2. Methodology

The objective of this research was to find the
most suitable site that maximize the annual electricity
output and minimize investment cost. Data collection
has been conducted prior and after the commissioning
of the power plant from the target area for technical

and financial analysis.

2.1 Preliminary assessments of potential location
The factors for choosing locations can be found
in Table 1. Firstly, there is no shading effect from

tree and building in south direction. In study case
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of Mukdahan plant, there is no object (building and
tree) to obstruct the light. Secondly, the plant must
be near grid connections and free of any obstacle
to access. The grid should be along the direction of
light. For Mukdahan plant, the plant is far from grid,
about 200 meters and the grid just placed in front of
the plant which is easy to access. Moreover, the grid
is along the direction of light. The plant should be
on flat area for avoiding from shading effect among
PV layer. Studied plant is above flat roof high 20 meter
from ground. Another important thing, the plant
must avoid flood plain. If flood cannot be avoided,
the water flood protection system is prepared. Other
techniques include the construction of levees,
dikes, dams, reservoirs or retention ponds to hold
extra water during time of flooding. In this site is
on the roof top so there is no chance of having
any flood issue. The suitable solar radiation is
4.2 kWh/m’ a day which related with the case study
plant (4.1 kwWh/m’ a day). The plant must not be
in heavily polluted area, generally occurred from
transportation system, so the plant should be far
from the main road. Furthermore, the rain does not
play significant role on solar radiation decreased.
Mukdahan solar power plant is on the area which
maximum average raining rate in 2009-2019 is just
200-220 mm [25] a year which is less.

The main permits consist of three types;
construction, energy and synchronizing permission
license. The construction permit is issued by
Provincial Industry Office. The needed evidences
include the construction drawings and engineering
calculations. The energy permit is issued by Energy
Regulation Committee Department. This permit will

be approved when the construction proceeding

1 Month

o>

Construction
License

- Technical Drawing
- Calculation Analysis

2 Months

Energy
License

- Construction Licens
- Plant Erection > 80%

3 Months

Synchronize
Permit

- Construction License
Energy License +
Plant complete

End

Figure 1 License permission process.

Table 1 The criteria of site selection.

+

The Mukdahan Plant
Considered Criteria . Check List
Lists Condition
No | Yes
1. Shadow | No shading No shading X
Effect effect from tree | effect
and building in
south direction
2. Grid The distance < 200 meters X
Connection | should be not
Distance too long
Easy to access | Easy to access X
Along the light | In Front of X
way power plant
3. Considered | Flat area Flat roof area X
Feature Area
4. Water No water flood | On the roof X
Flood Sometime need | No need X
protection by
the land cannel
protection
5. Solar Input upper 5.2 kWh/m’ X
Radiation 5 kwWh/m’aday | a day
6. Dusty No too dust Far from 800 M X
(vehicle) sothe dustis less
7. Raining No too must 1507.1 mm X
raining ayearthatis less
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more than 80%. Synchronizing permit is issued by
Provincial Electricity Authority (Thailand). To approve
this permit, the construction and synchronizing
permits must be approved. The process is shown in
Figure 1. Finally, to approve grid available capacity,
it is checked by Provincial Electricity Authority
(Thailand). It is to make sure that the solar power

plant is connected to system.

2.2 Technical analysis

2.2.1 Solar module

Presently, the silicon solar module technology
consists of two type; thin film and crystalline silicon
solar cell. Solar power plant in this research is
developed for installing in Mukdahan province,
Thailand. The poly crystalline silicon solar cell was
chosen because its characteristics are suitable for
Thai climate. Durability is its strong advantage, more
than 25 years of usage. Most importantly, requited
space for installation is less a half of thin film. For
example, 1 MW solar power plant, for thin film needs
12000 m” while just 6000 m’ is needed for crystalline
type. The reason is that efficiency of module (watt per
area) of crystalline is higher than another. Moreover,
the total investment cost is lower. [26]-[29].

For case study (Mukdahan power plant as shown
in Figure 2), the crystalline is used by considering
from Tier 1 manufacturing certified by PV Tech
[30]. It is warrantee the degradation percentage
decreased not over 20% for 25 years. Degradation
grad warrantee must be less than 0.8% per year
in the period 25 year and it is not over 20%.
Furthermore, workmanship warrantee is more
than 10 years. Moreover, the solar module is built

according to IEC and UL standard.

Figure 2

Another considered factor is temperature
coefficient of maximum power. It should be —0.37%
to -0.42% in range at 25°C at nominal operating cell
temperature. So, the chosen module is —0.41%/°C
for coefficient of maximum power. The installing
power is approximately 120% of output power
because it is realized the power loss in system. The
solar module 250 watt peak amount 4800 modules
are installed in studied plant. The comparison
between thin film and crystalline silicon solar as

shown in Table 2.

Table 2 The comparison between thin film and

crystalline silicon solar.

List Cry.s'.calllne Thin Film
Silicon
Module
13-19% 4-12%
Efficiency (%) o-19% ’
Lower (Lower is
Temperature ) beneficial at high
High
Coefficients sher ambient
temperatures)
A h
Types of crystalline silicon .r.norp ous )
Technolo (S silicon Cadmium
& Telluride (CdTe)
Frameless,
Module With Anodized sandwiched
. " between glass;
Construction Aluminium
lower cost, lower
weight
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Figure 3 Installed inverter in Mukdahan.

2.2.2 Inverter

The inverters in solar power plant consist of two
types, central solar inverter and string solar inverter.
Central solar inverter is on big size g¢rid inverter.
It is suitable for the big plant about 500-2500 kW.
Itis simple to install but its reliability is low because
it is not easy to maintenance.

String solar inverter is small inverter about
2-100 kW which suitable for office and home.
Mostly, it is installed on the roof. Because of small
size, if some inverter fails, the remaining is still
running and not affect the whole system. However,
installation is more complex. In conclusion, the 25
kW 44 string solar inverters were installed. Because
the size in Mukdahan was 1MW so if some inverters
fail, the rest can still generate sufficient power
required. The installed inverter in Mukdahan Plant
as shown in Figure 3.

2.2.3 The location

To choose the location, must consider the
following factors, it needs to be close to the grid,
the land must be flat and the level has to be
higher from the riverbank, the solar radiation should

not be covered by mountains or obstacles in the

south and north direction and the solar modules
should be installed facing southward for Thailand.
The important factor for high yield is that the
solar radiation has to be sufficient all year around.
Mukdahan plant is upper than 4.1 kWh/m?/day
and its Global Horizontal Solar radiation is at least
is 5.0 kWh/mZ/day [31] in range of Solar radiation.
Therefore, it is suitable.

2.2.4 Accessory

The accessories of system consist of SCADA
main distribution boards and protection system,
service walk way and water pump systems
which used to wash modules. SCADA system is
supervisory data and acquisition system. The
SCADA is used to get online data for analyzing.
The online data includes output energy, solar
radiation, temperature, wind speed and electrical
quantity which these influence on power plant
efficiency [32]-[34]. The SCADA is important
because it helps to get data for using in warning
system, maintenance system and monitoring
system. Main distribution board should be installed
near transformer because to reduce electrical loss.
The service walk way is spare free space about
5-10% to maintenance and protect shading effect.
The water system consists of storage tank and
piping. The water distribution should cover the
site area.

2.2.5 Simulation

The simulation program is PVSyst which is solar
power plant design simulation. After information on
location, plant size of the model of solar module,
and inverter size are selected, plant data can be
calculated. The result of simulation is shown in

Figure 4.
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PVSYST V570 Photovoltaic System & Standard Testing Research Unit | 1411113 | Page 2/3

Grid-Connected System: Main results

Project : PV System

Simulation variant : New simulation variant

Maln systam parameters Systemtype  Grid-Connected

PV Field Orientation it 15° azimuth 0"

PV modules Model TSM-250 Pnom 250 Wp

PV Array Nb.ofmodules 4416 Prom total - 1104 kWp
Inverter Model Sunny Tripower 20000 TLEEPnom 20,00 kW ac
Inverter pack Mo, of units 46,0 Pnom fotal 920 kW ac.

User's neec Unlimited |oad (grid)

Main simulation results
System Production Produced Energy 1734809 kWhiyear Specific prod. 1571 kWhikWpiyear
795%

Parformance Ratio PR

Warmallanel prouctions [aar Installed K¥Vg): Nominal power 1104 kilp

Partormancs Rallo PR
|

et o preiion]

Figure 4

2.3 Investment analysis

2.3.1 Financial feasibility

The financial feasibility analysis of Mukdahan
solar power plant is shown in Table 3. All data has
been obtained in 2015. The total investment cost
is 1.91 Million US. The project operation time is
25 years. Mukdahan power plant is a government
backed power plant. It’s subsidized and a part of
feed-in tariff policy at the purchase rate of 0.19 U$
per unit. The goal is to stimulate growth of renewable
energy investments in private sector. This project
is working in accordance to Public Policy Doctrine,
2015 Power Development Plan. The total income is
7.24 Million US. The operational expenses are 1.71
Million US. The net profitis 3.27 Million US. The project
IRR in 25 years is 11.50% and equity IRR is 16.519%.

Table 3 The economic analysis of solar power plant.

ltem Quantity
Project Investment CAPEX (DC) 1.91 Million US
Project Operation Period 25 years
Feed in Tarif (FIT) 0.19 US /kWh

Total Project Income 7.24 Million US
1.71 Million US
3.27 Million U$
11.50%

16.51%

Total Operational Expenses
Net Profit Yr1-Yr25

Project IRR in 25 Years
Equity IRR in 25 Years

After one year in operation, it is found that
the investment cost exceeds the target about
5%. Therefore, the output power energy per year
decreased 4%. The project IRR reduce down to
10.05% and equity IRR is 13.50%.

Beside aforementioned variables, solar radiation
is the most important factor that affects Internal
Rate of Return (IRR). According to Table 4, it clearly
shows that values of project IRR and equity IRR
will rise in accordance to the rise of solar radiation.
Scenario case will show this plant operating within

projected range afterayear of commercially operation.

Table 4 The Project Internal Rate of Return (IRR)

sensitivities.
Scenario Solar Project Equity Payback
Case Radiation | IRR (%) | IRR (%) Period
(kWh/m?/ (Years)
day)
Worst 3.50 8.72% 11.02% 9.62
Case 3.60 9.22% | 11.93% 9.25
Base 3.70 9.70% 12.85% 8.91
Case 3.80 10.19% 13.79% 8.59
3.90 10.66% 14.75% 8.29
4.00 11.14% 15.73% 8.01
4.10 11.60% 16.73% 7.76
4.20 12.07% 17.76% 7.51
Best 4.30 12.53% 18.82% 7.29
Case 4.40 12.98% 19.90% 7.07
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2.3.2 Bank funding

To form the investment, the PPA contact will
completed. The land will be permitted for 25 years.
The construction permit will be approved. The solar
power plant should be operating within planned
budget, not corporate loan. The owners will gain
an equity of at least 30% of total investment. Loan
from lenders will be finance 70-80% maximum. The
yearly expense includes operation cost mandate
and spare part maintenance for solar equipment. In
term of financial projection, the project IRR is more
than 10%. The equity IRR is more than 12%. This

decision depends on investor policy.

3. Results
3.1 Simulation and 1 year yield operation

After surveys and studies, the main equipment
will be put in the simulation software. In this research
PVSyst is used. The result from simulation is shown in
Figure 4. It is found that specific productionis 1571 KWh/
KWp/year. The performance ratio is 79.5%. However,
the real operation of Mukdahan solar power plant
is operated for a year. It is investigated that specific
production is 1506 kWh/kWp/year. The performance
ratio is 76.26%. It is shown that the simulation result is
greater than actual operation. However decision is done
on the simulation. The real operation depends on the
environmental factor for each season and yearly cycle.
It does not mean that next year output will drop. When
better climate condition occurs, the energy production
is higher. Therefore, from the simulation, the investor

decided to move forward.

3.2 Construction

The structure is constructed from anodized

clectrical quality

checking, inverter
. hecking, modulc
Dail e,
d ty physical visual
operation checking
PV module cleaning.
Main distribution bord
heck and maintenance,
: Quarterl c '
Operat\on & || - i 1, terminal and connecting
Maintenances SRSIC point is checked and
transformer visual
checking and inverter
cleaning
(S J
N Yearly main distribution board
operation

and dc panel absolute
checking, grounding
cbecking and
maintenance, tansformer

absolute checking and

maintenance, 22 kV high

tension is tested ground
and abnormal.

Figure 5 Operation & Maintenance diagram.

aluminum because it is light weight and oxidation
protection. The connection point is used strip type.
This project foregoes the use of stainless screw
type to protect the leak from water damage. To
promote cooling and air circulation between panels
and rooftops, gaps should be approximately 10 cm.
The solar panels are set facing south and the angel
should be set 15-18 degree [35]. In case of the
research, it is set at Mukdahan province on the roof
of warehouse building. Because the structure will
be fitted to the characteristics of building.

3.3 Operation and maintenance

In case of operation and maintenance, from
Figure 5, it consists of daily, quarterly and yearly
operation. The daily operations include electrical
quality checks, inverter checks and module physical
visual checks. Quarterly operation includes PV
module cleanings, main distribution board check and

maintenance, terminal and connecting point checks
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and transformer visual checks and inverter cleanings.
Yearly operations and maintenance include main
distribution board and dc panel absolute checks,
grounding checks and maintenance, transformer
absolute checks and maintenance. The 22 kV high
tension is ground tested and yearly replacement of
miscellaneous parts.

However, the solar power plant should be
strictly doing the routine maintenance. An operator
needs more experiences and competencies. The
other major cause is faulty equipment and human
error. Power system equipment is rated to operate
under specific conditions and durations before
periodic checks or planned maintenance. These
issues must be emphasized in power systems and
adhered to standards. Then the competency base
training [36], [37] necessaries for operator human

before working in power plant.

4. Discussion and Conclusions

The right process model is shown in Figure 6.
It should start with 3 criteria such as area survey,
grid connection availability and permits.

The next step, technical analysis which
includes PV module, Inverter and engineering design
and construction firm consideration are performed.
Then financing processes which are feasibility study
and bank funding. And the next step is construction.
Finally, operation phase includes long term 25 years
plant’s operation and maintenance.

For future research, the data of solar module
efficiency will be collected for 10 years to compare
with solar module replacement costs for decision
making of economic worthiness.

From the results gathered, it can be concluded

Techincal

Pv Module Inverter EPC

Project

Contruction

End

Figure 6 The proposed process model for solar

investment.

in following;

1) The solar module suitable for Thailand is
crystalline for the reasons of technical characteristic
and economic worthiness. The global horizontal
solar radiation is more than 5.00 kWh/mZ/day. The
power energy after Commercial Operation Date
(COD) must perform with Performance Ratio more
than 78% (PR ratio). PV module must be indexed by
1st tier manufactures and workmanship warrantee
is more than 10 years. Degradation limit warrantee
must be less than 0.8% per year in the term of long
period 25 year and it cannot reach 20% degradation
for the term.

2) The string inverter is suitable to use on the
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roof solar power plant because it is high reliability.
While central inverter is simpler for installation,
when damages occur, the power loss will be greater.
Inverter type must be pure sine wave inverter grid
connected type at least 5-year warranty from first
tier manufacturers.

3) The site will be flat area and free of shade
shadow effect and minimal amount of dust or
pollutions, not on the flood plain or flood hazard
region. The plant must be near connection grid and
enough grid available capacity. The area size should
be more than 7,000 m”. The area the plant will be
in is approved by town planning department.

4) The layout design has the modules facing
to the south direction with 15 degree of angle. And
the main distribution board and control room have
to be near the grid.

5) In the case of central inverter, the inverter is
installed at the centre of plant with the maintenance
space area about 15% of the plant for.

6) The project internal rate of return (IRR) is
more than 10%. Equity IRR is more than 129%, its
best.
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