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Keywords: Abstract: The am of this research is to optimize the combined
simulation system consisting of solar photovoltaic panels and a diesel generator
renewable energies as two independent decision variables and five responses or the
optimization optimization objective function, including system electricity
transient systems consumption, system gas consumption, diesel fuel consumption, the
multi-response optimization amount of bio-pollutants reduction. The environment and the return

on investment are dependent variables of this research; an

optimization method is used to achieve the best possible design in
Original Research Article Transis software, and the response level method is used to find the

best combination of selected factors in the system. The main purpose
Paper History: of the response surface is to estimate and predict the effect of
Received: 14/02/2024 independent variables on the dependent variable after implementing
Revise: 29/05/2024 the system in Transis software and optimizing by the response
Accepted: 02/06/2024 surface method. The results showed that the area of photovoltaic

panels in the optimal state is equa to 11770 sguare meters and the
optimal diesel generator power is equa to 984 kW. Also, in optimal
conditions, the system has the best performance, and the combined
utility is equal to 0.740, which indicates that the performance of the
optimal system is close to the ideal state, i.e., one. In terms of energy
consumption, the optimal system achieves a total electricity
consumption of 1026860 kiloweatts, a total gas consumption of
205182 cubic meters, a total diesd fuel consumption of 1338030
liters, an amount of environmental pollutants of 3693.23 kilograms,
and an investment return period of 1.679 years. Also, strategy one,
which includes the direct purchase of the total electricity demand
from the grid and the direct sale of the total eectricity produced by
the system to the grid, seems to be economically more economical.
The results of the simulation showed that the investigated combined
system is a suitable solution to simultaneous energy production. It is
electric and thermal, and it is capable of producing eectric and
thermal energy throughout the year.
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Introduction

The purpose of the research is to optimize an
energy production system with afocus on the use of
renewable energy and reducing environmental
pollutants using a transient smulation method and
an experimental design using the response surface
method. Three independent factors, including the
area of ingdled solar panels, the power of the
diesdl generator, and the solar collectors used to
produce the spa have been selected as the main
design variables of the proposed system. In the
following, five answers or optimization objective
functions were selected. To be considered from the
point of view of energy are total eectricity
consumption, total gas consumption, total diesel
fuel consumption, and the production rate of
environmental pollutants. A return on investment
was chosen as an economic answer for
optimization. After that, it was checked through two
strategies of transmission and of the purchase of
eectricity to the main grid and also through two
modes, with battery storage and without battery.

Materialsand M ethods

In order to simulate the combined energy
production system centered on renewable energies,
TRNSY S software has been used. In this research,
solar panels, as a source of eectricity production,
and a diesel generator, as a support for the solar
system or transmission to the power grid, have been
used; one of the advantages of this plan is the high
maneuverability in the use of equipment so there is
a high overlap. It is very important to support the
production lines during power outages occurring
due to the problems which lead to the stoppage of
the production lines; in addition to other support
cases such as the use of diesdl heat or the use of
solar water heaters for pre-operation, the use of
boiler heating in absorption chillers will be
investigated. To obtain the best energy-economical
peformance of the investigated system, the
response surface method was used. Also, the effect
of changes in the effective factors of the combined
sysem was sudied on the specified energy-
economic responses. Factors are independent
variables for accurate decison-making in the
discussion of the design of the researched hybrid
system. On the other hand, the answers show the
energy-economic indicators of the performance of
the combined system under the influence of the
factors sdected for optimization. The response
surface is a satistica method that is used to
optimize a specific response, where the response is
influenced by severa factors based on the selected
factors. The response surface is a st of
experiments, which design and suggest computer
smulations that evaluate and smulate answers at
those points.

Reaults

In the results of this research, it was observed that
the coupled cogeneration system using solar pandls
and diesd generators can be a suitable solution to
the dmultaneous production of eectrica and
therma energy, considering the needs of buildings.
This system provides the ability to adjust and
optimize fuel consumption and reduce energy costs.
The smulation results showed that the investigated
combined system is able to produce eectrical and
thermal energy throughout the year, according to
the weather conditions of the study area.

The simulation results, using the response
surface method, showed that the area of solar pandls
in the optimal state was equal to 11770 sguare
meters, and the power of the optimal diesdl
generator was equa to 984 kilowatts. Also, in
optimal conditions, the system performs best; the
combined utility, which is equa to 0.740, indicated
that the performance of the optima system was
close to the ided date. In terms of energy
consumption, the optima system achieved a total
electricity consumption of 1026,860 kilowatts, a
totd gas consumption of 205,182 cubic meters, a
total diesdl fuel consumption of 1,338,030 liters, an
amount of environmenta pollutants of 3,693.23
kilograms, and an investment return period of 1,679
years.

Discussion and Conclusion

From the analysis of the resullts, it can be concluded
that the optimal system combined with diesd
generators and solar panels is able to provide the
totd eectricity required by the complex not only in
peak hours (when the demand for eectricity is
high) but also in low peak hours (when the demand
is low). This system demondtrates that at certain
time there is the ability to generate excess
electricity that can be sold to the public power grid.
This feature has important advantages.

- The use of renewable energy sources. the
simultaneous use of diesel generators and solar
panels exploits renewable energy sources. This
helps reduce dependence on fossil fuels and helps
preserve the environment.

- Stable dectricity supply: The combined
optimal system has the ahbility to supply stable
electricity and provides the required eectricity for
the complex at al times, even during low load
hours.

- Reducing fuel costs: using solar panels during
off-pesk hours reduces diesd generators fuel
consumption. This enhancement in system
efficiency reduces fue costs and system payback
period.

- The sale of excess dectricity: at times when
the dectricity production by the diesel generator
and solar panelsis more than the eectricity demand
of the complex, this excess electricity can be sold to
the public power grid and be used as an additional
source of income.
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1. Transient Simulation
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1. Pay Back Period (PBP)
2. Diesel Energy Generator System (DEGS)

Gp JS S pas XYY
G S S me Sl plgl lan s (B ae O p e
L s i Dl sl s S sla 550 ¢l
o |y s Yo B O e il Jsb 5o ()G

1l e s 4 () sl 31 &S S e
AEC

N,
— Zii1(PCpump-fpump + PCfan-ffan + PCHW-fHW + PCDW
3600

)
Ol |5 sl s J 53 e lapd slias N
el KIN-1 s (655 G ae PO 5 bl (g5l
Sop o gl b sy Cands oS Sl (o5 £ e
DBl by e AiS G me sy oS s das e OLES 1 i)

o o F il el S Sl 5 S f

b S8 e JS XYY

e oty LSS (Kos S ek Eomy SI3 S b0l
sy 5 gl i 5l 008 Gl Gl b 6
Il sl SRl (gl sl 0 o3litul oS 2 LSk
ek LS BV G e (Tgep) Lasein slos S U Jule
1Ll s s 4 () Uslas 31 (ANGO)

Z[ivil(mfcf(Tset — Tf.in)- fooiter) )
nboilerLHV

ANGC =

IS el Gl 2l LHV 5 Ko o33k Mpoiter OF L3 &S
Ll (b pan ok

Jps S g 5 pan JS FXF

S5 go g sl il J 303 5 g B 20 S
(@+bX) w) St g G peme gie 5 (Nppgs o) I3
el g s 4 XS o IS 5155 s BS U 5 Sl S

TDC = Npggs X (a + bX) ©)
e 5 s ¥T Ol .Y Y

dmloms (7) ikl 51 ametey 3 Slaod iy VT G e 2alS

Py
Er = (Ap/1.82) x 0.37) Q)

she 5 gl e Sl VAY SAe (ph e e



bt 9 SHloand mls ¥
S St 5 Sl 5l Jol s i ol s

et

adlas Jous algp sl Lyl o N ¥
st glmnasal glaesls oll; 06 Sed 2lppscl Jal 2
A OV Ll (o ,s sl old a8 8 5 50 Olgs
Lo b 31 Ll o3 s Y10 olila J b ¢ Jled
Slas S Slu iz pn YV Sl i sles 201V
SV e Csby ol S sl A VY Sl b
Sl edd mmad (Sl 4B 5 2o VO 5L AV g o
gl s dlw b 3 Ay 5 ainld 5 O len led
IS YV D g s se e 03 A plalS
S o S e S

Ol g bl G 618l 5 (555 0 STb (slaosls 45 (©) Jsr
Ly Sloaloe s sddesbizad (6550 5 sl glaesls el OT s
Oreee Vo 05 08,8 a5 5o bl S5 0LLa s e 0L
sl 4§y g0 Vs s p Slsls den JL Slpe
e (53133 56T 3 enddles! gablasl Slasia 1(0) Jyua

RS $sbasl Lasia
JARIAS ST
AL N

s celu Olgghs /ey a5l G b 2 B e

Yo celu Dlgghs o/ FF Sl G i, B
R
by ¥ oo s &5
Sl pMazl &b

,’)l:;,.&.a,‘.a'/'\\’
Ju,0eenns

VEeY OLT Y.

Skt s VY
b s el bl e e S 5 e el 2
23lin () Jpdoar Aot oslinal el e (Sl 5 Sl
o aS Gl S b e sl oy e Jan g e o
o b rzmen Jad e QL (S g o> A ot
el 0l et (V) Jodr 53 aige lail 5 gl = s
Vb s Sonp oS g Ol gl VS LS 5 gl

J.AT Cowd & G|

4. National Aeronautics and Space Administration
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1. Simulation Runs
2. Central Composite Design
3. Design of Experiment (DOE)
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2. Sensitivity Analysis
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1. Utility Function
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1. Optimization Algorithm
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1. Environmental Pollutants
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