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Abstract

In recent years, renewable resources have become an important alternative to increase the capacity of
power generation. Among the resources available, the energy in the oceans have attracted more interest
and experiencing a period of strong development. Wave energy is the one that is currently closest to
reach a stage of technical and economic maturity. In this process, computational tools to facilitate
evaluation of the feasibility of power systems including ocean wave power plants are critical. This paper
presents the use of software Homer, version Legacy, for evaluation of technical and economic feasibility
of hybrid energy systems including contribution of wave energy. Homer is a software designed for the
optimization of micro power systems that has a very broad spectrum of applications. A case study in
southern Brazil is presented, studying the inclusion of an ocean wave power plant in a wind biodiesel
hybrid system and showing the functionality of Homer for this purpose.
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1. Introduction

Amid a global economic crisis, it still remains necessary to find alternatives to fossil fuels that have
technical and economic capabilities for providing energy supplies that are currently needed. In some
places, renewable resources are the only available solution rather than a solution environmentally
desirable.

Among the resources available, the energy in the oceans have been experiencing in recent years a strong
and fast ripening process. Specifically wave energy must shortly reach its technical and economic
maturity. There are currently a wide range of designs that allow the conversion of wave energy into
electricity.

There is a lot of designs and projects to convert wave energy into electricity. Some of these projects are
closer to viability than others. Each year several new developments arise, just as many others are being
abandoned [1, 2]. Environmental issues involving the use of wave energy are permanent [3] and should
always be seen as a challenge.

In this process, it is important that computational tools can be applied to expedite the process of
evaluating technical and economic feasibility for a given power plant. Tools that also allow the study of
its insertion in hybrid systems with other resources in most advanced technological stages and the
determination of specific costs that must be achieved.

Among the computational tools available for assessment of the feasibility of energy systems, Homer [4,
5] is designed for optimization of micro power systems that presents a wide and interesting range of
applications. Among the energy conversion equipment based on renewables, except those that use fuels,
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Homer simulates hydro power plants, wind turbines and PV modules.

Above all, Homer is convenient and fast to be programmed, simple to be learned [6] and, even with some
limitations, very friendly with regard to the evaluation of results. The version [7] that is available free of
charge is sufficient for most applications.

Homer is a very user friendly software and beyond the feasibility assessment of power systems, also
allows to study other aspects such as operational details related to failures in the power supply or details
of the rules established for energy dispatches

There are several designs being developed for converting wave energy into electricity and the power
plants can be installed close to the beach as far away from the coast [2]. Wave energy has a variability
that can be compared with wind energy and its use has impact on the system in which it will be
connected [8]. Operating in conjunction with reversible hydro power plants can mitigate these effects [9]
increasing the capacity factor of plants based on these renewables.

The variability of the energy available in the ocean waves, as well as the variability of other renewable
resources may be alleviated if the resources involved present energetic complementarity in time [10, 11].
When one of the energy resources is in its period of minimum availability, the other has higher
availability, ensuring the supply of energy to consumers. Wave energy and wind energy are probably not
complementary to each other, but can be exploited in complementarity with other renewables.

This technical note shows how Homer can be used to simulate an ocean wave power plant and describes
a case study in southern Brazil in which the inclusion of an ocean wave power plant in a wind biodiesel
hybrid system is simulated. As suggested in this work, Homer can be used for any design of equipment
for energy conversion, with the focus always on the evaluation of the economic feasibility. The case
study is not exhaustive and only shows some results.

2. Energy from ocean waves

The power P [W/m] available per unit of length of wave front is given by equation (1) [12], where p
[kg/m3] is the density of sea water, g [m/s2] is the acceleration due to gravity, Hs [m] is the significant
wave height and Te [s] is the wave period.
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The available energy in ocean waves is presented a more thoroughly manner by reference [13], which
also discusses the estimation of energetic potential. Reference [14] discusses the estimation of potential
in conditions of scarce data.

For a real plant with lenght L. [m] and an overall performance of the plant equal to nwav [1], the power
Pwav [W] which may be available will be given by equation (2). Most devices currently in development
involve performances between 30% and 40% [1, 2].

Pwav =PL MNwav (2)

Substituting (1) into (2), the power Pwav can be written as shown in (3).

2
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This equation will be used to build the model for the description of a wave power plant.

3. Homer, the micropower optimization model

The software HOMER (2009), The Micropower Optimization Model, was developed by National
Renewable Energy Laboratory (NREL) and is available for universal access in its version 2.68 beta.
HOMER simulates a system for power generation over the time period considered in the project, which
may be several years, at intervals of 60 minutes, presenting the results for a period of one year [4, 5].
HOMER includes models for simulation of micro hydro power plants, wind turbines and PV modules, in
addition to fuel based generators. The software must be supplied with technical specifications of the
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generator sets, the availability of energy resources and characteristics of consumed fuels. The systems
simulated by Homer also include various types of loads and some alternatives for energy storage. Homer
also has full capacity to studies including the production and consumption of hydrogen.

Figure 1 shows the alternatives offered by HOMER for the simulation of energy systems. HOMER can
simulate systems with multiple generators in parallel, with up to ten different designs of gen sets, up to
ten different models of batteries. HOMER can also simulate the connection with interconnected energy
systems.
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Select check boxes to add elements ta the schematic. Clear check bares ta remave them. The schematic represents spstems that HOMER will simulate.
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Figure 1. Alternatives offered by HOMER for simulation of hybrid energy systems

The intention of this work is the simulation of an ocean wave power plant, not currently contemplated by
HOMER. In the absence of a specific model, then the solution will be obtained improvising with some of
the available models.

The most appropriate choice is the model of hydroelectric plants. It should be emphasized however that
available height and design flow rate, in the case of simulation of an ocean wave power plant, lose their
meaning and become new model parameters.

4. Homer’s model for micro hydro power plants

The power in a hydroelectric plant, Phyd [W], is given by equation (4), where y [N/m’] is the specific
weight of sea water, Q [m’/s] is the flow rate, H [m] is the available head and Muya [1] is the total
performance of the power plant.

Paya =Y QHMyyq “)

The HOMER simulates a “run-of-river” plant, with constant available head [4]. The Figure 2 shows the
information that must be supplied to the power plant model used by Homer.

Among the specifications of the turbine, the available head [m], the design flow rate [L/s], minimum and
maximum flow ratios, as a percentage of the design flow rate, and efficiency.

For Economic values, capital cost, replacement cost, operation and maintenance cost per year and life
time in years.

There is a module for calculating the pressure drop in the pipeline, depending on the pipe length, pipe
diameter and pipe roughness.

At the end, there is still the option to include a hydro power plant in all simulated systems or to include
only those systems for which prove feasible.
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Figure 2. Parameters for the HOMER’s model of a micro hydro power plant

5. Adaptation to simulate ocean wave power plants

As Homer does not offer a model that reproduces a wave power plant, it will be necessary to perform this
simulation with some of the available models. The most appropriate choice for the characteristics of the
adopted model is the model that reproduces hydro electric power plants.

Adjustments will be made simply by determining which values should be entered as height and stream
flow in the model used to describe a hydroelectric power plant and will be adapted to describe an ocean
wave power plant. Equation (5) shows what will be done.

Phyd = I:)wav (5)

Substituting equations (3) and (4) into (5) and defining that nhyd [1] is equal to nwav [1] and that H [m]
is equal to L [m], it is possible to write (6).

Q=-2-H7T, (6)
64m

The flow rate then takes a new interpretation. Since (g/64n) is equal to 0.0488 m/s2, the variable Q
[m3/s] can also be expressed by (7).

Q=(0.05)H,” T, (7

The flow rate can also be determined by the other side, from the data of available wave energy. Thus,
simply divide the available power per meter of wave front by the specific weight of water, as shown in
(8). If H is assigned to a constant value, it should appear in the denominator of (8).
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6. An application example

The model was developed to study the insertion of a wave power plant in a micro power hybrid system
situated not far from the coast. Since there are no commercially available technologies, the study was
aimed to determine minimum cost to make it viable. The results can serve as a parameter for building a
power plant or to purchase equipment.

The application example is a wind diesel hybrid system located on a small farm in the municipality of
Mostardasl, in the state of Rio Grande do Sul. This system has been the subject of a study, conducted by
Ponticelli and Beluco [16] for inserting biodiesel and PV modules and will now also be considered for
the use of wave energy.

The farm lies between the Atlantic Ocean and the Lagoa dos Patos, in a region of rice cultivation and
livestock activities, dedicating themselves to this second activity. The hybrid system is used to supply
small mechanical drives and other minor loads. The system also supplies the electrical loads of the
farmhouse when the interconnected system failure, but this was not simulated in a specific way. The
system is shown in Figure 3(a).
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Figure 3. (a) Hybrid system of the Reference [16] and (b) hybrid system including an ocean wave power
plant on the right

Loads have consumption value around 105 kWh per day, kept constant by a control system which
connects loads for heating water. There is also a water storage system, modeled on Homer as deferrable
loads, with consumption of about 400 Wh per day.

The engine generator set is Branco [17], model BD 6500 CF with 10 hp, with 5.5 kVA /5.0 kW nominal
power. The wind turbine WES 5 [18] was employed, with 2.5 kW rated with three rotor blades 5m
diameter, with induction generator and IGBT converter. An anemometer connected to a control system
allows controlling the speed of the turbine.

1 The city of Mostardas can be located on Google Maps (Google Inc., [15]) at goo.gl/maps/qlC8S.
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Figure 4 shows the wind speeds recorded in the first year of operation of the wind turbine, between
August 2009 and July 2010. Data were obtained at 25 meters from the ground at approximately the same
height as the wind turbine. Figure 5 shows the availability of solar power for the hybrid system, obtained
through software Homer with NASA.

Figure 6 shows the instantaneous power in the form of waves available per meter of wave front over a

year. These data were obtained with Reference [19] and correspond to the availability of energy
throughout the year 1998.
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Figure 4. Wind speed data obtained in the first year of operation of the equipment

Figure 7 shows these data as used by software Homer, obtained using equation (17). These data
correspond to a wave power plant with a length of 1 meter, simulated with the model of a plant with 25
meters high. The performance of the power plant is considered equal to 100% and hydraulic losses are
equated to zero.

Figure 3(b) shows the hybrid system already equipped with the wave power plant. The system includes
an AC bus and the other in DC, with the first receiving supplies of wind turbines, diesel generator and
wave power plant and the second photovoltaic contribution. The electrical load is connected to the AC
bus and battery bank [20] to the DC bus, with the energy flow in both directions between the two buses
made possible by the converter device.

Simulations were performed for the following values of the optimization variables: 0, 1, 2, 4 or 8 wind
turbines; 0 kW, 5 kW or 10 kW for diesel generator set; 0.00 kW, 0.20 kW, 0.40 kW, 0.80 kW, 1.20 kW,
1.60 kW and 2.00 kW for PV array; 0.00 kW, 0.25 kW, 0.50 kW, 1.00 kW and 2.00 kW for converter
capacity and 0, 1, 2, 4 and 8 batteries. Simulations were performed for the following values of the
sensitivity inputs: 60 kWh/d for AC Load; 4 m/s, 6 m/s 8 m/s or 10 m/s for wind speed; and 0.40 $/L,
0.60 $/L, 0.80 $/L, 1.00 $/L, 1.20 $/L or 1.40 $/L for pure diesel price. These simulations were repeated
to 0 kW, 5 kW and 10 kW for biodiesel generator set, with 0.40 $/L, 0.60 $/L, 0.80 $/L, 1.00 $/L, 1.20
$/L or 1.40 $/L for biodiesel price.
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Figure 5. Availability of solar energy obtained by Homer with the databases of NASA
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Figure 6. Data series for the wave energetic potential available in the location of the case study

Additionally, these simulations were also repeated to 7,500 $/kW installed, 5,000 $/kW installed, 3,000
$/kW installed, 2,000 $/kW installed and 1,000 $/kW installed for capital cost of wave power plant,
always with 80% of this for replacement costs and 5% of this for annual operation and maintenance
costs. Finally, the plant was considered with two meters wavefront harnessed and efficiency 40%. All
results are presented in Reference [21].
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Figure 7. Data for wave energetic potential on-site of the case study, manipulated for Homer

Figure 8 reproduces the optimizations space for the system of Figure 3(a) even without the addition of
ocean wave power plant. This result is also valid for the capital cost of the plant over U.S. $ 7,000 per
kW installed, without solutions in optimization space that include wave power plant.

Optimal System Type System Types

B

BBl wind/B100/Battery

Wind Speed (mvs)
=]

0.4 0.5 0.8 1.0 1.2 1.4
B100 Price ($iL)

Figure 8. Simulation results with the system of the Figure 3 (a)

Figures 9, 10, 11 and 12 show the optimization spaces for the system of Figure 3(b) respectively with
USS$ 5,000/kW installed, US$ 3,000/kW installed, US$ 2,000/kW installed and US$ 1,000/kW installed.
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In these figures, where it is written “Hydro”, should read “Wave”. The area corresponding to solutions

that include wave power plants appear in the lower right corner of the optimization space, where wind

speeds are lower and biodiesel costs higher.

In Figure 9, the brown area corresponds to systems containing wave power plant and biodiesel generator

set and the blue area with green stripes corresponds to systems composed of wave power plant, biodiesel

gen set, wind turbines and batteries. These two areas will grow in the following figures, as the cost of

installation is decreasing. The Figure 12 is dominated by these two areas, meaning that all solutions

include wave power plants.

The results indicate that for a capital cost of US$ 2,000/kW installed for converting wave energy, only

the systems subject to higher wind speeds do not include wave power plants. For cost of US$ 1,000/kW

installed for converting wave energy, all solutions include wave power plants.

Obviously, more studies are needed to evaluate the relationship between dimensions of the wave power

plants, their efficiency and capital costs. But these results already show the potential use of Homer as a

tool for evaluation of feasibility of systems including wave energy converters.
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Figure 9. Simulation results with the system of the Figure 3 (b) with capital costs for wave power plant
equal to US$ 5,000/kW installed
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Figure 10. Simulation results with the system of the Figure 3 (b) with capital costs for wave power plant
equal to US$ 3,000/kW installed
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Figure 11. Simulation results with the system of the Figure 3 (b) with capital costs for wave power plant
equal to US$ 2,000/kW installed
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Figure 12. Simulation results with the system of the Figure 3 (b) with capital costs for wave power plant
equal to US$ 1,000/kW installed

7. Final remarks

This paper has presented and discussed the use of software Homer for simulating ocean wave power
plants. As there is no model for this type of power plant, was proposed to adapt the model of
hydroelectric power plants. A case study allowed the discussion of some initial results considering the
inclusion of an ocean wave power plant in a wind biodiesel hybrid system.

Homer can be applied in the simulation of any device configuration for converting wave energy. The
case study considered an ocean wave power plant exploring two meters of wave front, with 40%
efficiency. The results indicated that all the solutions of the optimization space will include ocean wave
power plants, when the installation cost to be US$ 1,000 per kW installed.
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