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Gas turbine combined cycle (GTCC) power plants are widely used as major power plants in grid systems, while
world energy prices are rather high and renewable energy is now stepping in to replace conventional fossil
energy. Therefore, the efficiency of the GTCC needs to be improved for both thermal efficiency and economic
aspects. This concept will help GTCC improve its heat rate by bringing in renewable energy. In the present
research, the installation of solar photovoltaics (PV) in the GTCC power plant for supplying the auxiliary
equipment of the power plant was studied. The heat rate comparison between the proposed method and
conventional GTCC, including an economic evaluation, was conducted through a case study of an independent
power producer operating a 700 MW GTCC in Thailand. The performance test and calculation methodology
followed the Performance Test Code 46 of the American Society of Mechanical Engineers, which eliminated the
uncontrollable impact of environments. As a result, the PV system could replace some of the auxiliary power
consumption by utilizing a PV system of 980 kW, the GTCC heat rate was improved to 59.17 kJ/kWh, and
the electrical power generation was 1,393,379 kWh per year, which reduced the natural gas consumption by
10,086,671 M] annually or 100,867 GJ for the remaining lifetime of the power plant.
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1. Introduction

The world’s energy price today is highly fluctuating, and
there is a tendency for it to drastically grow, resulting in
an acceleration of development and improving the thermal
efficiency of conventional fossil power plants (CFPP) by
reducing the heat rate (HR) in order to reduce the cost of
fuel. Together with the step toward renewable energy (RE)
and the tendency toward clean energy, which influences
electrical power generation, the share of electricity produc-
tion from RE has grown rapidly [1]. Due to the depletion
and high price of fossil fuel and the unlimited availabil-
ity of RE, there is an idea to integrate these two sources
of natural energy together; therefore, improving the ther-

mal efficiency by integrating solar energy with CFPP is the
focus of current research.

Hybrid solar and CFPP have been studied by various
researchers; most of them proposed integrating solar ther-
mal energy with CFPP to increase the thermal efficiency
of CFPP. Hybrid solar electrical power generation can im-
prove coal-fired electrical power plant efficiency by saving
extraction steam that goes through the turbine, and as a
result, electrical power generation and plant performance
are increased [2].

Ameri and Mohammadzadeh [3] evaluated three sce-
narios of solar cycle location in the steam bottoming cycle
of the combined cycle power plant. The outcome of the
proposed integrated solar combined cycle power plant has
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proven to be one of the power plants with the lowest cu-
mulative energy demand among other studied methods
of electricity generation. Abdelhafidi et al. [4] conducted
simulations and experiments on the Hassi R'mel power
plant, which is the first hybrid solar-gas power plant in
Algeria.

The result showed that the overall thermal efficiency of
the combined cycle can be increased to 64.2% and 55.7%
with the integration of the solar field in typical system oper-
ations during the summer and winter seasons, respectively.
A full-day dynamic characteristics analysis of a solar-aided
coal-fired power plant [5] was studied, and the results indi-
cated that with the control strategy of maintaining the solar
field outlet heater fluid temperature constant, the main
operating system could operate within the safety ranges.
Furthermore, during a full day, both the total solar power
output and the CO, emission reduction were 207.7 MWh
and 186.7 tons per day, respectively. Solar PV was also
considered to mix with other renewable energy sources,
such as wind energy conversion systems (WECS), to simu-
late the performance characteristics of the hybrid solar PV
and WECS under varying temperatures, irradiation, and
wind speeds. The integration of these two sources results
in a highly efficient and reliable system [6]. There is not
only the advantage of performance improvement, but hy-
brid solar PV-aided coal-fired power plants can avoid solar
curtailment, which is a challenging issue to be solved for
standalone PV power generation systems [7].

From an economic point of view, Khankari and Kar-
makar [8] studied power generation from flue gas waste
heat in a 500 MW thermal power plant using solar assisted.
The results revealed that the payback period and internal
rate of return of the proposed system at optimum operat-
ing parameters were 12.44 years and 7.11%, respectively.
Furthermore, net present value (NPV), internal rate of re-
turn (IRR), and payback period (PBP) are considered to
ensure the investment return. One of the main economic
indices to show the cost-effectiveness of the newly devel-
oped energy systems is the PBP. To determine the PBP of
the proposed combined heat and power system, the NPV
method is utilized [9].

In order to improve the thermal efficiency of electrical
power plants, solar energy is widely used to integrate with
CFPP. In the case of Thailand, most of the electrical power
plants, or 52% of the installed capacity, are GTCC power
plants, where natural gas (NG) is a major fuel for electricity
generation [10]. Furthermore, most of their contract capac-
ity is around 700 MW. Therefore, the idea to utilize solar
energy to integrate with GTCC is convincing, anyway, due
to the fact that GTCC power plants in Thailand have mostly

been in service under guaranteed power purchase agree-
ments (PPA), in which maintenance outages or shutdown
times have been strictly mentioned in the PPA. As a result,
modifications to integrate solar thermal energy to assist
GTCC that take a long time are not encouraged. However,
instead of using solar thermal energy, solar PV has the ad-
vantage of taking a shorter time to modify and being less
complicated to install compared to solar thermal energy.
Hence, a solar PV-assisted GTCC power plant is one of the
solutions and is compatible with Thailand’s PPA contract.
Besides, by using a PV-assisted GTCC power plant, electric-
ity from solar PV can be consumed even when the GTCC
power plant is in operation or on shutdown, unlike solar
thermal energy, which can be utilized only when the GTCC
power plant is in operation. Therefore, it is interesting for
this research to focus on a new concept to integrate a solar
PV system onsite at the GTCC power plant. The assump-
tion is that the GTCC power plant heat rate will be reduced
by fuel gas consumption reduction from MW output or
electricity generated by GTCC. The reduced electricity gen-
eration by GTCC is compensated by solar PV.

2. Theory and formula

2.1. Gas Turbine Combine Cycle power plant

Combined-cycle power plants use a combination of gas and
steam turbines to produce up to 50% more electricity from
the same fuel than a traditional simple-cycle power plant.
In Fig. 1, the major components of GTCC are shown: the
gas turbine drives an electrical generator as a topping cycle,
and waste heat from the turbine exhaust is delivered to the
nearby steam turbine to provide supplemental electricity
as the bottoming cycle. The basic idea is that when the gas
turbine engine has finished its cycle, the exhaust is still hot
enough for a second, succeeding heat engine to use to gen-
erate energy. In order for the two engines to use separate
operating fluids, the heat is often transferred through a heat
exchanger called a heat recovery steam generator (HRSG),
then water inside the HRSG transforms into steam, and
through a steam turbine, which is coupled with an electric
generator, steam, after transferring energy to the turbine,
will go down to the condenser and transform back into
water [11-13]. The overall thermal efficiency of a combined
cycle is practically 60%, a substantial improvement over
the efficiency of a simple, open-cycle application of around
30% [14].

2.2. Heat rate and Efficiency of power plant

Heat rate is one measure of the electrical generators effi-
ciency of power plants that convert a fuel into heat and
into electricity. The heat rate is the amount of energy used
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Fig. 1. Schematic of the Gas Turbine Combine Cycle power
plant.

by an electrical generator of power plant to generate one
kilowatt-hour (kWh) of electricity [15]. Heat rate is also
the inverse of plant efficiency, in this sense, the better the
efficiency, the lower the heat rate.

Input Energy

Heat Rate = —————=>—
ear Rate Output Energy

@

Normally, the overall heat rate (kJ/kWh) for the com-
bined cycle is calculated by taking the heat consumption
of the fuel burned in each of the gas turbines in kJ and
dividing it by the total generation (kWh) from the gas tur-
bine generator and the steam turbine generator, which is
called "gross heat rate," or even dividing the total heat con-
sumption by net generation, which is "net heat rate" [16,
17]. Net generation is the amount of electricity a power
plant supplies to the power transmission line connected
to the plant. Net generation accounts for all the electricity
that the power plant consumes to operate the generator
and other equipment, such as fuel feeding systems, boiler
water pumps, cooling equipment, and pollution control
devices.

Input Energy
Net Output Energy

NHRy, = )

Where NHR,;, is measured net heat rate of GTCC power
plant (kJ/kWh); Net Output Energy is electric energy after
deducted by auxiliary energy or electric energy measured
at revenue meter before sending to grid system (kWh);
Input Energy is energy from fuel burned supply to GTCC
power plant (KJ).

The input energy can be determined in term of fuel gas
flow consume by gas turbine and heating value of such
natural gas as follows [16, 17].

Input energy = V), - HHV 3)

Where HHV is high heating value of natural gas
(kJ/kg); V, is calculate total fuel gas flow supply to gas
turbine (kg/h). According to this study, the flow meter
to measure natural gas flow supply to gas turbine is tur-
bine flow meter, hence fuel gas flow can be determined as
follows [16, 17].

p T Z
e () ) o

Where v, is gas density at base condition from
1501976:1995 (kg/m?) ; Py is static pressure of fuel gas at
flowing conditions (MPA(a)); P, is static pressure of fuel
gas at base conditions (= 0.101325MPA(a)); Ty is absolute
temperature of fuel gas at flowing conditions (K); Ty is ab-
solute temperature of fuel gas at base conditions (K); Z¢
is compressibility factor of fuel gas at flowing conditions
(from AGA report No.8); Z; is compressibility factor of fuel
gas at base conditions (from AGA report No.8); and V, is
correct total fuel gas flow during performance test (m3 /h)
which can be calculated as follows [16, 17].

Vye = vy - (0 2Var) )

Where AV, is flow deviation from actual fuel gas flow
as per calibration result from laboratory (%); V; is measure
total fuel gas flow during performance test (m®/h), hence
measure total fuel gas flow can be determined as follows
[16, 17].

(Npulse,end - Npulse,start )
= 6)
Kfactor

Where Npyise start 1S measure pulse signal of flow meter
at the start point of the test (pulse); Npuise,end is measure
pulse signal of flow meter at the end point of the test (pulse);
Kiactor is K-factor of the flow meter (shop calibration value
pulse /m3).

Anyway, GTCC power plants are used to generate
power and design based on required conditions, but ac-
tually inlet conditions cannot control as per the designed
conditions. Combustion turbine performance changes
with ambient conditions, which are the dominant cause
of changes from the design reference conditions. In this
paper, GTCC heat rate need to be compared and in order
to eliminate uncontrol from ambient conditions affect to
GTCC heat rate calculation result, correction curve from
machine manufacturer is used to correct back performance
of GTCC to reference condition. Therefore, calculated heat
rate after corrected back to the same reference condition
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Table 1. Site Reference Condition.

Site Reference Condition value
Ambient air temperature 32.2°C
Atmospheric pressure 1010mbar

Relative humidity 75%
Excess air filter total pressure loss 100mmAq
Excess exhaust duct total pressure loss  390mmAq

can be compared. These conditions include ambient air
temperature, atmospheric pressure, relative humidity, ac-
cess air filter total pressure loss and access exhaust duct
total pressure loss. These reference conditions are shown
in the Table 1 [16, 17].

Thus, net heat rate of GTCC power plant NHR,, ac-
cording to Eq. (2) is adjusted by correction curve from
manufacturer as follows [16, 17].

NHR
NHRc:Hlesz3ZH4><H5 @

Where NHR, is corrected net heat rate at site reference

condition (kJ/kWh); Hy is correction factor for ambient
temperature; Hp is correction factor for barometric pres-
sure; H3 is correction factor for relative humidity; Hy is
correction factor for access inlet air filter total pressure loss;
Hs is correction factor for access exhaust duct total pressure
loss.

Net heat rate is better reflected overall efficiency of elec-
trical power plant compares to gross heat rate due to there
is some portion of generated electricity from generator of
gas turbine or steam turbine has been reverted to power
plant for internal used. If such internal electricity used is
more, there will be lower utilize electricity send to the grid
system, hence measured electricity sends to the grid system
at revenue meter directly reflect efficiency of power plant.
The internal used electricity in power plant usually calls
“Auxiliary power”.

2.3. Auxiliary power for power plant

The electricity from the power plant has to supply not only
the grid system but also auxiliaries that keep the power
plant up for a certain period [18]. The function of the auxil-
iary power system is the distribution and control of electri-
cal energy to the station’s auxiliary plant. Auxiliary power
is electric power that is provided by an electric genera-
tor in the power plant itself or imported electrical power
from the system grid that serves as backup for the pri-
mary power source at the station’s main bus or prescribed
sub-bus. For GTCC, auxiliary load means power used to
operate auxiliary equipment and the facilities necessary
for power generation such as pumps, blowers, fuel prepa-
ration machinery, exciters, cooling fans, air conditioners,
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Fig. 2. Schematic diagram of auxiliary power in GTCC.

lights, computer systems, etc., as shown in Fig. 2. Total
plant auxiliary consumption is divided into two broad cat-
egories: plant-generated auxiliary (when the power plant
is in operation) and total import (when the power plant is
shut down).

The auxiliary power consumption or internal used elec-
tricity in GTCC is usually supplied by gas turbine or steam
turbine generators when the power plant is in service, but
whenever the power plant is put on shutdown, such in-
ternal used electricity is still needed; therefore, imported
electricity from the grid system needs to be sent back to
supply necessary equipment in the power plant as backup
or reserve power. In GTCC power plants, the auxiliary
power consumption is in the range of 2 to 5% of the actual
generating capacity [19].

2.4. Solar PV electricity generation

The average solar light intensity in Thailand is 18-20 mega-
joules per square meter per day [20]. Figure 3 shows On
Thailand’s solar resource map, there is a high PV potential
area in the northeastern and middle of the country [21].
In 2021, the total capacity of solar energy in Thailand will
reach approximately 3,049 MW. The capacity of solar en-
ergy in the country has continuously increased in the past
ten years [22].

According to National Renewable Energy Laboratory
(NREL) [23], PV output generation ENy4c is calculated as
follows:
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Fig. 3. Thailand photovoltaic potential map
(Source of image :
https:/ /globalsolaratlas.info/download /thailand).

EN,c = PR x [pSTC X (21;‘;?)] 8)

where ENyc is the PV output, kWh; PR is the overall
efficiency coefficient, 0.82 in this study; Pstc is the capacity
of the installed PV system, 980 kW in this study; Gpp4 is
local horizontal irradiance, kWh/m?; Ggrc is the standard
test condition of PV, 1000 W /m?2.

The amount of NG consumption reduced by PV system
(NR), NR is calculated as follows:

NR = ENAC X NHR. (9)

where Ny is the amount of natural gas consumption
reduced by the PV system, k]; NHR is the net heat rate of
GTCC, kJ/kWh as per equation Eq. (7).

2.5. Internal Rate of Return and Payback Period

The IRR and PBP are widely used for economic evaluation
of energy conservation investment project, so PV assisted
GTCC is studied for finding the IRR, and PB. Formula and
Calculation for IRR used to determine the figure are as
follows:
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Fig. 4. Proposed solar PV to assisted GTCC.
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Ct is net cash flow during the period t; Cy is total in-
vestment costs; IRR is Internal Rate of Return; where t is
number of time period [24, 25].

PBP simply computes how fast a project will recover its
cash investment. A simple payback period is calculated as
follows:

PBP = L (11)
P
Iis the investments; where P is annual savings [25].

3. Experimental setup

This study is an actual case study of the independent power
producer’s (IPP) 700 MW GTCC power plant in Thailand
by installing solar rooftop PV (980 kW) for supplying the
auxiliary equipment of the power plant and then compar-
ing the heat rate of GTCC between the proposed method
and conventional GTCC. The schematic of the proposed
concept is shown in Fig. 4, and the real installed figure is
shown in Fig. 5. The modification is to only tie in electricity
from solar PV (rooftop solar) from each building in the
power plant to the incoming bus of each building. When-
ever solar PV supplies electricity to the incoming bus of
a building equal to GTCC, it can reduce auxiliary power
from itself.

The heat rate test and test conditions are according to
the Mitsubishi performance test procedure [16] and ASME
PTC 46 [17]. The calculated heat rate from testing is cor-
rected back to the reference ambient condition in order to
make the result comparable by using the GTCC manufac-
turer’s correction curve. The heat rate test was set up on
February 10, 2022, by using the data recorder of the power
plant to record data. The test period is totally 2 hours for
each test, with load stabilization taking 1 hour and data
recording for heat rate calculation taking 1 hour. During
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Fig. 5. GTCC power plant 700 MW which installed 980 kW
solar PV.

Combustion
Chamber

Fig. 6. Conventional GTCC which auxiliary power supply
by GTCC.

the 2 hours of testing, GTCC MW output is controlled in
local mode, separate from dispatch instructions from the
national control center (NCC) of the Electricity Generating
Authority of Thailand (EGAT). The operation condition of
GTCC MW output during the test is set up to be maximum
capacity rate (MCR) by selecting GT control mode to be ex-
haust gas temperature control in order to let GT raise MCR
by controlling the firing temperature of GT. While steam
turbines also generate maximum capacity from the highest
exhaust temperature of GT, the total output of GTCC is
MCR.

During the test, data is collected and recorded for GTCC
heat rate calculation in 2 patterns are as follows.

1. Conventional GTCC which is normal feature of GTCC,
the total auxiliary equipment of power plant receives
total energy from GTCC itself as shown in the Fig. 6.

2. Proposed method which using solar PV 980 kW for
supplying some portion of auxiliary equipment of the
power plant as shown in the Fig. 7.

From the features of the testing circuit, there are three

Input . L S S K
Energyl r 1 o 2
as chromatagraph o

Steam Turbine

Fig. 7. Proposed method which using solar PV 980 kW for
supplying auxiliary power.

important portions: input energy from fuel burned, out-
put energy from electricity from the revenue meter, and
ambient condition measurement for the elimination of un-
controllable conditions by using a correction curve. Hence,
according to standard test conditions, the parameters con-
trolled during the test are listed in Table 2. Therefore, if all
of the test conditions and measurement parameters con-
form to the test code, we can ensure accuracy and reliable
performance evaluation.

After testing, GTCC heat rate is calculated by using the
recorded data from data recorder as per Eq. (1) to Eq. (7).

The economic evaluation of a PV-Assisted Combined
Cycle Power Plant is extremely interesting for discussion
from an economic point of view before making an invest-
ment. PVgys instant software is used in this research to
simulate electricity generation, and the actual total solar
PV generation in the year 2022 was recorded by the data
recorder of the power plant to compare and prove the ac-
curacy of PVgys instant software. The investment cost and
operation and maintenance (O&M) cost are based on ac-
tual bidding data, and then the IRR and PBP are calculated
according to Egs. (10) and (11).

4. Result discussions

4.1. GTCC Heat rate comparison

After installed solar PV 980 kW to GTCC 700 MW, the heat
rate test was performed on 10 February 2022 according to
the test condition, the raw data and calculation result are
shown as follow.

From Table 3, it can be seen that the corrected net heat
rate of GTCC with solar is lower than conventional GTCC,
equal to 59.17 k] /kWh, or the heat rate is improved by
0.8%. At the test time, even though the power output of
conventional GTCC was 739,501 kW, which was higher
than GTCC with Solar’s 731,436 kW, the energy consumed
by conventional GTCC was also higher at 5,330 GJ com-
pared to GTCC with Solar’s 5,251 GJ. Furthermore, the
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Table 2. Controlled Parameter during the test.

Variable

Permissible rapid fluctuation from the average
test value during any one test run

Ambient Air Temperature
Atmospheric Pressure
Power output

Fuel gas heating value
Speed

+/ —2.0°C
0.50%
2.0%
1.0%
1.0%

Augxiliary power
13,100 VP

12,900
12,700
_% 12,500
12,300
12,100
11,900
11,700

11,500
8:24 AM 9:36 AM 10:48 AM 12:00PM 1:12 PM 2:24PM
Time

Fig. 8. auxiliary power consumption reduced when GTCC
with solar was in operation in the afternoon.

uncontrollable impact of ambient conditions was taken out
by correction factors such as the impact of ambient tem-
perature, in the afternoon was 32.73°C hotter than in the
morning (30.3°C); therefore, ambient temperature correc-
tion factors were 1.00106 and 0.99646 , respectively. The
substantiated parameter that could be observed during the
heat rate test was auxiliary power, which decreased when
GTCC with solar was in operation in the afternoon. As
shown in Figure 8, the auxiliary power generated from
GTCC was reduced from 12,600 kW to around 12,000 kW.

4.2. Energy output from solar PV

The data was recorded to investigate the performance of a
PV-assisted GTCC power plant. The main parameters of a
700 MW GTCC power plant located in the middle area of
Thailand are shown in Table 4.

A PV system with a capacity of 980 kW was installed in
the power plant; the actual output of the PV system was
recorded and compared to the predicted output by PVgys
Instant software as per Eq. (8). Actual yearly PV system
outputs and predicted PV output are nearly the same, with
only a 2.69% difference, as shown in Table 5.

From Table 4, the average auxiliary energy consump-
tion rate in the past 5 years was 2.76%, i.e., the annual
energy output and auxiliary energy consumption were
3,218,147,020kWh and 86, 521, 660kWh, respectively. The
PV system generates 1,393, 379kWh of electricity annually,
which is equal to 1.61% of average auxiliary energy con-
sumption (the year 2017-2021) and makes the auxiliary
energy consumption rate decrease from 2.76% to 2.72%.

This reduction is not significant compared to total auxiliary
consumption. The reason is that the installed capacity of
the PV system is too small to cover auxiliary energy con-
sumption. However, as the PV system is installed on the
power plant with the existing facility, the cost of installation
is low compared to the greenfield project. This feature will
be important for the consideration of the solar PV system’s
capacity to assist the GTCC power plant.

4.3. Economic analysis

The cost of PV systems includes the initial capital invest-
ment cost for the PV system and the operating and mainte-
nance (O&M) cost equal to 18.13 million THB, as shown in
Table 6.

Due to the windy and dusty weather in Thailand, oper-
ation and maintenance (O&M) costs should be considered.
The panels shall be cleaned three times a year, following
the cleaningup requirements. With the local wage standard
and management fees considered, the total annual O&M
expenditure is estimated to be around 258,634 THB per
year and 2,219,857 THB for the entire service period.

The Internal Rate of Return (IRR) and Payback Period
(PBP) are calculated, and the results can be concluded in
Table 7 based on NG prices of 473.36THB/MMBTU as per
the Petroleum Authority of Thailand (PTT) billing of May
2022.

From Table 7, because this GTCC lifetime has 10 years
remaining, the IRR is based on the 10-year assumption. As
per the result, the IRR is 19.9%, in accordance with the PBP,
which is the payback period of only 4 years and 2 months
as well as the initial investment cost of 18.1 million THB.
Although the electricity generation is too small to cover
auxiliary energy consumption, the economic point of view
is the most influential.

5. Conclusions

In this research, the concept of PV-assisted GTCC power
plant technology was proposed, and a 700MW GTCC
power plant in Thailand was selected as a case study to
evaluate its performance. The results show that the GTCC
heat rate was reduced by 59.17 k] /kWh, or 0.8%, by using
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Table 3. Heat rate calculation compare between conventional GTCC and GTCC with solar.
Conventional GTCC GTCC with selar
Step-1 |Measare data for fuel gas flow calcnlation Unit Symbol Test time 10.00-11.00 Test time 13.00-14.00
GT21 GT22 GT21 GT22
1 Static at flow condition bar(g) Pla 35.18 35.11 3547 3540
2 |Temp at flow condition c i 27.24 2743 27.69 27.82
4 (M pulse flow at start of test pulse Pulse 9327664 5733060 173044 6573908
5 M pulse flow at stop of test pulse Pulsc,,,, 9612874 | 6016832 452352 6851522
6 K-factor of flow meter lse/; K-factor 11855 118.82 118.55 118.82
7 [Measme total fuel gas flow m3/h Vi 240582 | 238827 | 235604 | 233644
VE(Pulse i Pulse,p VK-factor
8  |Flow deviation from actual flow % delta Qealb 0.01 0.01 001 0.01
9 Corrected total fuel gas flow m3/h vic
Vic=VI*(100-delta Q_q, /100 240559 | 238804 | 235580 | 233621
Step-2 |Calkenlation of fuel gas flow rate
'W=Qac*rb*(Pa/Ph)*(Tb/T2)*(Zb/Za)
10 Density at flow condition kep/m3 A 29.10 29.02 2928 2922
11 [Density at base condition(ISQ 6976:1995) kg/m3 b 0.81 0.81 0.81 0.81
12 Static gas at flow conditions Mpa(a) Pa 3.62 3.61 3.65 3.61
13 |Static gas at base conditions Mpa(s) Pb 0.10 0.10 0.10 0.10
14 |Absolute temp of gas at flow conditions K Ta 300.39 300.58 300.84 300.97
15 |Absohte temp of gas at base conditions K Th 288.15 288.15 288.15 288.15
16 |C ibility factor at flow conditio{ AGAS) - Za 0.95 0.95 0.95 095
17 |Compressibility factor at base condition(AGAS) - 7b 1.00 1.00 1.00 1.00
18 Calculate fuel gas flow kg/h Vb 69,995.49 6930924 68,984.89 68,252.33
19 |Calculate total fuel gas flow ke/h Vb 139304.74 137,237.22
Step-3 |Net heat rate calcalation
NHRm—Vb*HHV/Net ontpat energy
20 |NG high heating valne (IS06976) Lirkg HHV 38.262.00 38,262.00
21 Total energy pti )'a) Input energy 5,330,077,822.71 5,250,970,450 26
22 M power output (revemme meter) kWh Output energy 739,501.97 731,436.00
23 M net heat rate LI/kWh NHRm 7,207.66 7,178.99
Step4 |Correction factor
NHR—NHRw/(H1*H2*H3*H4*15)
24 |Ambi p correction factor °c |HI1(303/32.73) 0.99646 1.00106
25 heric correction factor mbar  [H2 (1009.8/1006.73) 1.00000 1.00008
26  |Relative lnmidity correction factor %  |H3 (59.18/49.51) 0.99922 0.99876
27 |Excess air filter loss correction factor mmAq  |H4 (49.88/19.86) 1.00000 1.00000
28  |Excess exhamst duct loss correction factor mmAq [H5 (380.88/371.86) 1.00000 1.00000
29  |Comected net heat rate LIAWh NHRc 7,238.85 7,179.68
Table 4. GTCC parameter.
Parameters Value Unit
Capacity 700.00 MW
Heat Rate 7,239 kJ/kWh
Average Gross Generation (2017-2021) 3,218,147 MWh
Average Net Generation (2017-2021) 3,131,625 MWh
Average Auxiliary Energy Consumption rate (2017-2021) 2.76 Y%
Average Auxiliary Energy Consumption (2017-2021) 86,521.66 ~ MWh
Table 5. Year 2022 monthly energy output of the PV system.
Month Jan | Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov Dec Total
Predict output
(KWh) 123,100| 98,800 (136,500(137,300|120,200{122,500(122,600(115,200/108,700]112,300( 114,600( 119,000 1,430,800
Acn(lsi;ll:)t o 114,350]105,381(138,181|132,615|113,998|124,665|122,200{115,246(113,258|100,174(100,427(112,88411,393,379
Difference (%)| -7.65 6.24 1.22 -3.53 | -5.44 1.74 -0.33 0.04 4.02 | -12.10 | -14.11 | -5.42 -2.69
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Table 6. The initial capital investment cost of the PV

system 980 kW.
Capital category Cost (THB)
PV module 7,000,000
Inverters 1,364,000
Monitoring and 447,140
control system
DC cable 988,932
AC cable 2,453,400
Grounding system 382,887
MDB and protection 1,492,400
Mounting structure 465,906
Race way 653,770
Walkway 504, 800
Lifeline roof safety 151,000
Ladder 55,000
Civil work 294,500
Water cleaning 259,641
Manpower 956, 611
Machine 230,000
Qp?ratlon & Maintenance 133,712
in first 2 years
License permit 300,000
Total 18,133,699

a PV system of 980 kW to supply the auxiliary system, and
it can compensate for the auxiliary power consumption of
1,393, 379kWh of electricity yearly. According to the GTCC
power plant heat rate, there is 10,086,671M] of natural
gas consumption reduction annually, or 100, 867G] saved
in 10 years of the remaining lifetime of a power plant by
this method. The total net cost of the PV system (980 kW)
is approximately 20.35 million THB, and the project IRR
and PBP are 19.9% and 4 years and 2 months, respectively,
demonstrating that the PV system is economically attrac-
tive. Anyway, the results of IRR and PBP were based on
the NG price of 473.36 THB/MMBTU from the PTT billing
of May 2022. If the NG price is going up, the IRR will be
getting higher and the PBP will be shorter. On the other
hand, if the NG price is going down, the IRR will be getting
lower and the PBP will be longer.

Most importantly, the system recommended in this re-
search can supply auxiliary power to the GTCC power
plant either during GTCC in-service or during its shut-
down condition, which is much more beneficial when com-
pared with importing the energy from the grid system
when GTCC is on shutdown. Besides, the solar-assisted
GTCC power plant takes advantage of existing infrastruc-
ture, such as distribution systems and an internal grid,
which reduces the difficulty of construction and invest-
ment. Integrating PV systems into the GTCC power plant
makes full use of the space in power plants, so there is no
land acquisition requirement.
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