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Abstract: This article examines the simulation, optimization and dynamic modeling of a multi-source energy production
system. This system includes solar panels and CCHP devices as the main energy production equipment and the target
functions also include: total electricity consumption, total gas consumption, CCHP fuel consumption as well as return on
investment, as the economic and energy response of the system. Further analysis of the dynamic results of the system
includes: temperature changes, efficiency and average daily electricity produced by solar panels, average daily absorbed
energy in solar collectors, hourly changes in electricity demand, electricity produced by solar panels and electricity
produced by CCHP, the hourly changes in electricity demand, the total electricity produced and the hourly changes in gas
consumption demand of the system and the complex will be investigated throughout the year. The results show that the
utility distribution in the optimization section is 0.735. This number showes that the system is in a suitable and ideal state
and the return on investment can be justified with 1.64 years. Also, even though the amount of solar radiation is higher
in the hot months of the year, but due to the increase in the temperature of the solar cell, the efficiency of the solar panel
decreases. These systems are also able to use solar energy to provide part of the heating needs of the complex’s hot water
system. The design and use of the combined optimal system of CCHP and solar panels allow the complex to fully and
sustainably supply its electricity needs provide and even sell the excess amount of electricity to the public power grid and
use it as a source of additional income.
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Extended Abstract

Introduction

Photovoltaic solar cells (PV) have emerged as the primary
technology for producing green electricity. This
innovation uses direct sunlight to generate electricity and
its installation flexibility has led to significant investment
in PV panels. Despite the many advantages, these cells are
hampered by the decrease in efficiency caused by the
increase in cell temperature. In this way, researchers have
conducted extensive research on possible solutions with
the aim of increasing the performance of photovoltaic cells
using different techniques. This review provides a
thorough analysis of cooling techniques for photovoltaic
panels. It includes both passive and active cooling
methods, including air cooling, phase change materials,
and various approaches. Within each category, detailed
subcategories such as evaporative cooling, water
immersion, floating systems, water pipes, cooling
channels, water sprinklers, jet impingement, geothermal
cooling, and natural convection transfer are explored with
PV designs. Also, forced displacement using cooling
ducts, heat sinks and air collectors, along with the
integration of phase change materials (PCM), nanofluids,
radiant cooling, thermoelectric methods, heat pipes, heat
pumps and other techniques. covers innovative Each of
these approaches is shown with specific schematics and
has been fully discussed and compared, the results show
that with the decrease in the temperature of the solar
panels, we see an increase in efficiency.

Methodology

This paper examines the simulation, optimization and
dynamic modeling of a multi-source energy production
system. At first, the model is implemented using
TRANSIS software; In the following, using Design Expert
software, the optimal model is executed again in
TRANSIS software and its dynamic results are analyzed.
This system includes solar panels and CCHP device as the
main energy production equipment. The objective
functions include total electricity consumption, total gas
consumption, CCHP fuel consumption as well as return on
investment as the economic and energy response of the
system. In the continuation of the analysis of the dynamic
results of the system including: changes in temperature,
efficiency and average daily electricity production of solar
panels, average daily absorbed energy in solar collectors,
average daily changes in electricity production, exhaust
heat and fuel consumption in CCHP, hourly changes in
electricity demand, Electricity produced by solar panels
and electricity produced by CCHP, hourly changes in
electricity demand, total electricity produced, and hourly
changes in system and complex gas consumption demand
will be investigated throughout the year.

In order to obtain the best state of energy, environmental
and economic efficiency of the reviewed model, the
response surface test design method is used. Also, the
impact of changes in the effective factors of the combined

system was studied on the target and the specified energy,
environmental and economic responses. Factors are
independent variables for making accurate decisions in the
discussion of the design of the combined system under
investigation. On the other hand, the responses show the
energy, environmental and economic performance
indicators of the combined system under the influence of
the factors selected for optimization. A response surface is
a statistical method used to optimize a specific response,
where the response is influenced by multiple factors.

The aim of this study is to optimize the combined system
by considering energy, environmental and economic
aspects, that is, more than one answer should be optimized.
For this purpose, a method called utility function is used.
In this method, each response is converted into a specific
utility function. The studied utility function changes
between zero and one values; That is, for the worst case,
the numerical value of the utility function is zero. While
the utility function is equal to a state indicator with ideal
conditions.

Results and discussion

To calculate the best combination of selected variables, the
method of experiment design and response level
optimization was used. Table (5) shows the values
predicted by the response level for the variables in such a
way as to achieve the optimal system. Also, the values of
each goal for optimal conditions are specified in Table (6).
The combined utility of 0.724 was obtained for the optimal
solution, which is close to the ideal of CD=1. Figure (2),
which shows the contours, shows the effects of changing
the solar panel area factors and the CCHP power on the
energy-economic responses. This contour plot is a flat
curve that shows how these changes affect energy-
economic responses based on different values of solar
panel area and CCHP power. In other words, this graph
shows that at each point of the graph, the energy-economic
response value obtained for that point is The results of the
simulation using the response surface methodology
showed that the area of the photovoltaic panels in the
optimal state is equal to 11770 square meters and the
optimal CCHP power is equal to 1986 kW. Also, in
optimal conditions, the system performs best; The
combined utility, which is equal to 0.724, indicates that the
performance of the optimal system is close to the ideal
state.

Conclusion

In the results, it was observed that the simultaneous
production system using photovoltaic panels and CCHP
can be a suitable solution for the production of electrical
and thermal energy, taking into account the needs of
production and office halls. This system provides the
ability to adjust and optimize fuel consumption and reduce
energy costs. The simulation results show that the studied
hybrid system is capable of producing electrical and
thermal energy throughout the year, according to the
weather conditions of the study area.
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'Building Information Modeling
2 Heating, Ventilation, and Air Conditioning
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! Response surface methodology (RSM)

Z‘Combined Cooling, Heat, Power, and Water generation (CCHPW)
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2 Central composite design
3Design of experiment (DOE)
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! Composite desirability (CD)
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