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ARTICLE INFO ABSTRACT
Article type: With the industrialization of countries and the increase in urban
Research Paper population, humanity has an urgent need for energy. Over the past few

decades, to address this necessity, humans have increasingly relied on
fossil fuels. This reliance has resulted in the emission of greenhouse
gases into the Earth's atmosphere, leading to global warming.
Consequently, numerous natural hazards, such as climate change and the
endangerment of habitats, have arisen. Two major concerns regarding
fossil fuels are their rapid depletion and their significant contribution to
global warming. Solar energy, as a renewable, abundant, and
inexhaustible resource, offers a viable alternative to fossil fuels,
producing considerably less pollution. In this study, we first introduce
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and analyze a thermal-solar system. Subsequently, using the TRNSYS
software and its associated plugins, we model a hybrid thermal-solar
system employing a liquid working fluid. Finally, the system is optimized
using the GENOPT program, and the results for the optimized system are
obtained and discussed
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1. Introduction

The resources that can currently be used in the distributed energy sector are solar, wind, and
geothermal resources, the most important of which are solar and wind. In this article, we will examine
solar thermal systems.

2. Background
A solar system is a system that converts the energy of the sun's rays into thermal energy and
electricity.

3. Methodology

For this purpose, TRNBUILD software, which is an extension of TRNSYS software, was used, which
is applied in TRNSYS software through 56-TYPE. To model the heating load, as shown in Figure 4, a
house with dimensions of 10x12x3 and two windows of dimensions 1.5%2 on the south side and two
windows of the same dimensions on the north side (total of 4 windows) was designed in SKETCHUP
software and imported into TRNBUILD software. The thickness and materials used in the walls and
roof can be seen in Table 1 and Figures 5 and 6.

After modeling the system, it is time for optimization. For optimization, an extension called
TRNOPT has been used in the TRNSYS software, which is the interface between the TRNSYS
program and the GENOPT optimization program. For optimization, the objective function: the useful
energy of the collector and its variable: the collector slope value are considered. The GENOPT
program has various capabilities including multi-objective, single-objective, multivariate and
univariate optimization and also has various types of optimization methods. In this section, we have
used the COORDINATE SEARCH method for optimization.

4. Results and Discussion

In Figure 8, the total solar radiation for a year and in Figure 9, the total solar radiation for each month
separately for Tehran can be seen. As you can see, Tehran has good potential for solar systems due to
its many sunny days with high solar radiation. By carefully looking at the total solar radiation graphs
for each month, it can be seen that the amount of radiation in the summer and spring months is higher
than in other months of the year, and this is because in the 6 months of winter and autumn, due to
cloudy or rainy weather and bad weather conditions, the amount of solar radiation is minimized.

The total energy produced by 2heaters during a year is 13 MW. The energy produced by 2,1heaters
during a year and the comparison of the useful energy of the collector and the energy produced by
2,1lheaters during a year are shown in Figures 17 and 18. The total energy produced by the external
installation is heaterl+heater2 (28 MW).

5. Conclusion

According to the results, it can be said that Tehran has a very high potential for using solar energy in
the distributed energy sector, and not only for heating but also for any air conditioning system, even
cooling, such as solar absorption chillers. However, according to the results obtained in this article,
despite optimizing the collector slope, the system has difficulty in providing the heating load of the
urban space, and the combination of the two cycles has even caused a decrease in the efficiency of the
solar water heater. For space heating, it is better to use air-based systems, and for hot water
consumption, liquid-based systems, because air systems directly heat the return air from the urban
space and deliver the same air to the environment, and there is no need for a heat exchanger, and
therefore the efficiency of the system increases. For future research, it is suggested that the economic
and environmental effects of optimizing solar heating systems on a larger scale, such as commercial
and industrial buildings, as well as its integration with other renewable energy sources, be
investigated.
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