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Abstract: The paper focuses on the use of the Homer software on an autonomous hybrid
system. The dedicated Homer software is intended for the energy management analysis of
renewable electricity sources. The program simulates the operation of the systems,
performing calculations on energy variations for each of the 8760 hours (specific to one
year).

1. INTRODUCTION

The best known software product specific to the design and evaluation of renewable
hybrid systems is Homer software. The optimizations and the algorithms of sensitivity analysis
make it easier the evaluation of many power supply system configurations.

The Homer software can also answer at the various questions about the configuration of
low-capacity energy systems, questions that address various issues, including: the effectiveness
of introducing an electric turbine in a system with diesel generator and batteries; the economic
efficiency when using the wind turbines for the supply of electricity and heat for a system with
possibility for connection at the network; how much the price of fuel must increase to make it
economical the use of renewable sources etc.

For using the Homer software environment, the user must provide ton the program the
input data describing the tasks, the technological options (in principle the components of the
system to be simulated and analyzed), the component prices and the availability of renewable
and diesel resources.
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The program uses these inputs to simulate different system configurations or
combinations components and it generates the results that can be viewed as a list of reliable
systems, sorted by net present cost. Homer will also display the simulation results in a wide
variety of tables and graphs which compare the configurations and evaluate them based on
economic and technical merit.

The functions of the Homer system are:

o Simulation: for each hour specific to a year, the software compares the electricity

and the heat demand for that hour with the energy that the system can deliver at
that time and calculates the energy input to and from, each component of the
system . The program also calculates the energy variations for each system
configuration that can be considered. In this way it determines if a system is
reliable, if it can cover the demand for electricity under the specified conditions
and, at the same time, it estimates the cost of installing and operating a system
over the entire life of the project, considering the following costs: the initial
capital, the capital for replacements, the cost of operation and maintenance, the
cost of fuel and the interest:

Optimization: after simulating all possible configurations, the program displays
a list of possible configurations, sorted by current net cost, which can be used to
compare different constructive variants of systems. It can view all possible
configurations or the Homer program, it can be left to choose only one option,
the most economical, for each system.

Sensitivity analysis: if we enter in the program, as primary data, the sensitivity
variables such as the wind speed, the fuel price, etc., it will repeat the
optimization process for each variable entered.

2. HYBRID ELECTRICITY PRODUCTION SYSTEM

The North University Center of Baia Mare has installed a hybrid system, photovoltaic
and wind, for electricity production composed of the following equipment:

Wind turbine AirXLand regulator included 24V - 400W;
Current shunts;

Battery PS PNGB 121400 - 140 Ah;

Inverter Xantrex 3300 W with 220 V charge controller;
150 W photovoltaic panels;

30 A solar regulator;

Digital control and acquisition devices;

Electrical fuses;

Cables and installation materials
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The principle scheme of the system is shown in figure 1.
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Fig. 1. The hybrid, photovoltaic and wind system for electricity production at CUNBM

The system is equipped with two meters, one for the energy produced from renewable
sources and the other for the power supply option from the electricity supplier's network, in
case that the discharge of the batteries cannot be compensated by the renewable sources.

The system is also connected to the Weather Station of the North University Center in
Baia Mare (fig. 2,3,4) which was installed in 2008 and is of the Oregon Scientific Weather
Station WMR 100 type. It has ten external sensors (without the internal of the console) which
are grouped in the following functional units: anemometer, rain gauge and barometer. The
console includes an atomic clock with autonomous and automatic adjustment.

The recorded meteorological quantities are: the indoor and outdoor temperature, the
indoor and outdoor humidity, the wind speed and direction, the monthly precipitation amount,
the daily and annual atmospheric pressure, the dew point temperature, the wind cooling, the
temperature index etc.

The software used for data management is Weather Display.
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Fig. 2. Oregon Scientific WMR weather station and weather display interface
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Fig. 3. The variation temperature and the wind speed in April 2016
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Fig. 4. Graphic report in CUNBM weathéF-'station, May 2016
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3. EXPERIMENTAL DETERMINATIONS

The 400W wind turbine and the 300W solar module, component parts of the hybrid
system within the CUNBM are installed on the roof of the Faculty of Engineering.
The equipments considered for optimization is shown in figure 5.
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Fig. 5. The equipment considered in optimization

The profile of solar radiation is presented in figure 6. According to the Maramures
Energy Management Agency, the solar radiation corresponding in Baia Mare is 1450 kWh
/m2/year. Thus, the coordinates corresponding to the location were entered, as well as the
annual average of the local temperatures. Figure 7 shows the profile of the solar panels.
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a) The solar radiation profile
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Fig. 6. The solar radiation profile and the temperature variation

Fig. 7. The photovoltaic panels properties and mounting location

Based on the data obtained from the weather station, figure 8 shows the profile of the
wind speed during 2016. The average daily speed is 2.2 m/s, measured with the help of the
weather station located at a height of 17.2 meters above the soil. In figure 9 it can see the profile
of the wind system for which we used the results obtained from the experimental measurements.

WIND RESOURCE 49 n_m

Choose Data Soawce- @ Frer manthly aver sges Impo from a time sevies. data Sle or the Sbrany
Choote Worcrangasal for
| Eiead Frem i | Library: pvoved wand modetns
Mctbily Avarage Wind Speed Cuta
Mot orarg 1 =
n 1860 E 231
Fet 2170 £ 21
e

s 2330 2 s

g 2560 2'_ -

My 2280 $os

Lol EREY

na 2250

¥ & & R £ &

- — . & = o & £ & &

Sep 2110 Parametess Wiaiatae Witk biaight | Asvanced Parameten

O 2030

Mo usm ARRUSE ADOVE L Wevel (L 200

Dec 2170 Znemometer hesghe imi 0
Aneusal Avesage imgsk 227

Scoted hneuss Mecropetmint 221 | (@D

Fig. 8. The wind speed profile
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Fig. 9. The profile of wind system

The battery is a 6FM200D model. It has a rated voltage of 12 volts and a rated capacity
of 200Ah (2.4 kwWh). In the simulation, 2 batteries were considering, the profile of the batteries

being the one in figure 10.
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Figure 10. The battery profile

The conversion system is shown in figure 11.
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Fig.11. The profile of converter and inverter
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We considered a task composed of several components such as: workbenches,
projectors, PC stations etc. as in figure 12.
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Fig. 12. The task of the considered system

The result obtained from the optimization (figure 13) gives the initial capital cost of $
3,425 while the operating cost is $ 69 / year. The total net cost is $ 4259 and the energy cost
(COE) is$ 1.74 ] KWh.

The cost-benefit analysis of the hybrid system, compared to the tariff of energy supplied
from the national grid, showed that the hybrid system is not economically cheap and must have
a payback period of thirty-five years.

A hybrid energy system with solar cells, wind turbines would be cost effective if there
were a reduction in component costs by installing more components, thus reducing the cost of
investment per KW, the availability and the sustainability.

Summary lables Graphs Cakculstion Report
mparw £ mics @ hmn Ch
Optmization Results
AT Biten N suw 85 ¢ ® Categorized ¥ Overal
r+o@ VY 0v L L] o ]
4+ @ ow $3026 s
¥ + @ P o3 5 4 5

Fig. 13. The System Optimization

4. CONCLUSION

The use of this software is very useful, because you can analyze some constructive types
of systems and their operation in conditions imposed by the user.
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Simulating the variants of the energy system with such a program, can be useful in
establishing the possibility of placing a hybrid system for converting the wind energy, in a place
about which the data on average wind speed are known.

The program can also answer at the various questions related to the configuration of the
low-capacity of energy systems, questions that address various issues, such as the economic
efficiency of using the wind turbines for providing electricity for a system with the possibility
of connection to the grid. After the simulation, the user can view detailed information about the
chosen system and can analyze the system for several reasons: cost, electrical and components.

The program uses a relatively poor initial information on the wind potential of the area:
monthly average wind speed values, possibly Weibull distribution parameters. Some problems
that the Homer software has are related to the consideration of energy transfer through the
battery, in the case of relatively short periods of the excess wind energy or considerating the
situation when the charging controller works on dump load etc.
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