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Teaching Renewable Energy System Design and Analysis with HOMER
Abstract

Equipping engineering students with the skills and knowledge required to be successful

global engineers in the 21st century is one of the primary objectives of undergraduate educators.
Enabling students to practice self-directed learning, to find solutions to design problems that are
sustainable to the application requirements, to have appropriate skills and knowledge, as well as
the familiarity of the modern software packages, tools and equipment used in today industries are
major goals of all engineering or engineering technology programs. This paper presents how the
uses of HOMER (Hybrid Optimization Model for Electric Renewable) software package can be
a valuable tool for renewable energy education (design, modeling and analysis of renewable
energy systems). However, today there are quite a few programs for the renewable energy
design, analysis and modeling. Some of them are more complexes, others user-friendlies, while
others too simple. Here, this software package has been considered to have all the features and
tools necessarily to make a good option, while being not too complicated and complex for
undergraduate engineering or engineering technology students with limited or not previous
knowledge in the areas of renewable energy systems. HOMER optimization software package
can be used for design, model and analysis to determine the optimal architecture, structure, size
and control strategy of the hybrid power system. It can perform comparative economic and
modeling analysis on a distributed generation power system in order to get the best solution in
terms of cost, performances, size and structure. Several educational modules were developed, are
in process or planned to be developed. The first developed module is about how to use, interact
and understand with HOMER software package. Other modules are focusing on how design,
analyze and optimize hybrid power systems (implying various combinations of wind, solar, fuel
cells and batteries). A module underway to be developed is one that can be considered as a guide
on how to use renewable energy to secure a sustainable grid. The paper is also discussing the
technical skills gained by students using the software HOMER package. Finally by using
HOMER students have exposure to non-technical engineering skills, such as economic
feasibility, logistic and decision on hybrid power systems. We are hoping the materials presented
herein can be used as the starting point for other instructors considering the use of HOMER
package as teaching help, design and analysis tool in renewable energy courses.

1. Introduction

Due to the adverse effects of pollution from fossil fuel-based power plants, alternative electricity
generation is being today widely and speedily accepted. In the same time, the electricity demand
is increasing and the conventional energy resources are fast depleting, making the exploitation of
renewable energy sources for the electricity generation the only alternative. Carbon tax, pollution
reduction and emissions trading legislation, or the increasing oil price paving the way for
environmental accountability and sustainability. The renewable energy application has become
an important alternative as power provider in rural electrification and for standalone power
applications. Renewable energy sources have the major advantage in that they can reduce carbon
emissions without the use of underground resources, but have disadvantage also in that their
energy output vary under different weather and geographical conditions. In order to compensate
for these short-comings, micro-grid configurations of various renewable energy sources
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equipped with energy backup systems are considered viable options for supplying energy more
reliably. Applications of renewable energy at a chosen location are through solar radiation via
photovoltaic (PV) panels, wind turbines and battery. Systems based on a single renewable energy
source tend to be oversized to accommodate load demand, while combinations of two or more
sources, the hybrid power systems improve load factors, reduce investment, maintenance and
replacement costs as the renewable sources can complement each other. However the evaluation
of the correct type of renewable energy system needs to be done so that the system needs to be
optimized, usually through designed software packages for modeling, analysis and optimization.

In the last two decades there have been significant advances in renewable energy technologies,
as well as increased demands for engineers and technicians trained in these areas, requiring
innovative curricula, new courses and laboratories to educate students to work in this rapidly
developing industry and to help professionals become acquainted with these new technologies.
However, the pace of change in education curriculum is growing exponentially due to legislative
changes, financial or administrative constraints. Engineering education moves into the twenty
first century charged with an environmental agenda due to response to wider changes in the
society. Educators are regularly modifying curriculum content to embrace technological changes
in the learning outcomes. In modern world where everything changes at an extremely fast pace
keeping up to date with technology is not only desirable but necessary. The renewable energy is
highly interdisciplinary and crosses over between a numbers of research areas, making it quite
difficult to be covered in a single course. Renewable energy technologies have strong potential
for hands-on multi-disciplinary project-based learning. In particular, projects within sustainable
engineering and renewable energy technologies can readily involve electrical, mechanical,
compulter, civil, and chemical engineering aspects while still being accessible to undergraduate
students. A natural and efficient way of teaching and embedding renewable energy technologies
into curriculum is the problem-oriented and project-based learning approach'*®

Engineering and engineering technology programs must offer a relevant and validated
curriculum that prepares students for post-graduation success>*. Courses that cover traditional
subject matter in mathematics, sciences, materials, engineering sciences, economics and related
topics provide the foundation of knowledge upon which specific skill sets are added depending
on emphasis. However, it is critical for engineering/technology to transition from theoretical
work in the classroom and experiential learning with applications of technology and design. The
main objective of senior design courses in engineering and engineering technology curricula is to
bridge the gap between theory and real world practice. Accordingly, the proposed senior projects
should include elements of both credible analysis and experimental proofing such as design and
implementation as discussed in ABET criteria’. Additionally, the senior design courses can serve
as an excellent culminating experience in the program of study when it focuses on research and
design projects that have practical value to consumers or to industrial customers. Due to this
unprecedented growth in the renewable energy use for electricity generation, combined with the
interest of keeping students abreast of the current scientific and technological developments, it
was important and timely to develop an upper-level course on renewable energy. There also is a
well-documented demand and need in offering courses and training in renewable energy areas®
19 This course focuses on wind energy conversion, solar/PV and fuel cell systems, and the
impacts of the intermittency of renewable energy on power systems™. We also strongly believe
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that renewable energy and sustainability topics must be included when it is appropriate into other
engineering courses in our program, an essential aspect of the engineering education.

1.1 Renewable Energy Technology Course Contents

Our upper-level undergraduate course on renewable energy systems was first offered in the
Spring 2010 quarter, and since is offered every year as core course. It is a three credit-hour
course, using several textbooks, due to interdisciplinary nature of the subject. It primarily focuses
on wind energy, wind power systems and solar/photovoltaic energy generation'®*®. To a lesser
extend it focuses on other renewable energy sources and related technologies. Wind and solar
energy and wind and solar power systems make up about 80% of the course since wind and solar
energy represent the fastest growing areas of renewable energy in the past decade. Therefore the
key areas that the course focuses are the wind and solar energy sources and the related
technologies. The teaching modules of this course consist of the following topics each of them
presenting a special type of renewable energy and dispersed generations. The renewable energy
course and power system is divided into ten modules. Each module can be completed within
three to five 50-minute lecture sessions. The outline of the course includes (ten 3-hour lectures):
Basic principles of energy generation

Introduction to renewable energy systems

Electric machines Basics; Electric machines for renewable

Solar energy fundamentals

Photovoltaic energy production; Photovoltaic systems

Wind energy resource characteristics

Wind energy conversion systems: aerodynamic and electric aspects

Wind energy modeling aspects

. Fuel cell systems

0. Distributed generation and power quality

BOoo~NoOR~WNE

Since this course deals mainly with the analysis and the components of the wind and solar energy
conversion systems, and the integration and interconnection to the power grid, the desired
prerequisites include energy conversion, electric machines and co-requisites a course in power
electronics. Students are expected to be well around in general renewable energy issues, electric
machines and energy conversion technologies. They are expected to be particularly skilful in
analyzing and solving wind and solar energy systems and related problems.

2. Using HOMER in Teaching Renewables and Sustainable Design

Engineering students, instructors and professional should be aware that there are several software
packages that can be used to simulate renewable energy and hybrid power systems to provide
cost effective, optimum size and design solutions for specific load, fuel usage and environmental
constraints and requirements. By interacting and learning to use these software packages students
are exposed to new technical and non-technical skills as ones facing the professional engaged in
modern industries. With these knowledge and skills the students are able to get feasible solutions
of renewable energy systems and to become familiar with the current renewable energy industry
practice®?" . The HOMER software package used here, can simulate, analyze and model
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renewable energy or hybrid power systems that can include generation, cogeneration, solar/PV
systems, batteries, wind turbines, micro-turbines, hydropower, and fuel cells among other inputs.

INPUT
Load Demand
Available Resources
System Components
Optimization

- 1. Optimal System
Homer Analysis 2. Net Current Cost

& s 3. Net Energy Savings

Modelling ;4: Energy Excess
raction

Total Capital Cost
Fuel Consumption

Renewable Energy
Fraction

OUTPUT: Optimum
System
Configurations

Figure 1 HOMER software package architecture

Simulation programs and software packages are the common tools for optimizing and evaluating
the performances of the hybrid power or renewable energy systems, HOMER being one of the
most used. By using such tools, the optimum configuration can be found by comparing the
performance and energy production cost of different configurations. HOMER was originally
developed at the National Renewable Energy Laboratory (NREL), United States. A commercial
version has been developed, upgraded and distributed by HOMER Energy, LCC and is used by
the authors as teaching aid for our renewable energy course. It can be used to design, analyze and
model micro-power and hybrid power system’s configurations with various energy resources for
economics and sizing to determine the optimal combination of them to meet the load demand
and the user requirements. Figure 1 shows the basic architecture of this software package. It
shows the calculation result of the number of cases of different renewable energy sources under
weather conditions, load demands, capacity ranges, fuel costs, and carbon emission constraints to
select the optimum system. HOMER software package can facilitate the design and analysis of
hybrid power systems for both stand-alone and grid-connected applications. Input information to
be provided to HOMER includes: electrical loads (one year of load data), renewable resources,
component technical details and costs, constraints, controls, type of dispatch strategy, etc. It
designs an optimal power system to serve the desired loads, performing several simulations to
ensure best possible matching between supply and demand in order to design the optimum
system. It uses life cycle cost to rank order these systems, while can simulate the operation of a
system by making energy balance calculations for each of the 8,760 hours in a year. For each
hour, HOMER compares the electric demand in the hour to the energy that the system can supply
in that hour, and calculates the flows of energy to and from each component of the system.
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HOMER performs the energy balance calculations, system cost calculations for each of the
considered system configuration, listing all of the possible system sizes, sorted by Net Present
Cost (NPC). HOMER includes several energy component models, and evaluates suitable options
considering cost and availability of energy resources. Grid connection is also considered in HOMER
design procedure. It requires initial information including energy resources, economical and technical
constraints, energy storage requirements and system control strategies. Inputs like component type,
capital, replacement, operation and maintenance costs, efficiency, operational life, etc. are also required.
HOMER has widely been used in previous renewable energy system case studies taking place in the
literature. Both grid-connected and stand-alone systems have been investigated, consisting of various
combinations of renewable energy sources and conventional systems such as diesel generators have also
been considered in many studies. Many demonstration-level and experimental micro-power systems
of renewable energy sources have much focused on the installation of renewable energy sources
without enough and thorough investigation of the feasibility and the optimal combination of the
resources and thus have met numerous problems including failure to meet the load demand,
economically unacceptable system configuration®?’

3. HOMER Hybrid Power System Analysis

E quipment to consider
=)
Hydragen Tank
+
|
Electralyzer P
.
Deferrable Load Fuel Cell
8w'h/d
AL 5.2 W peak e
Resources Other
Solar Resource @ Econamics
ﬂ Syztem Contral
ﬂ Emizsions
Constraints

Figure 2 Configuration in HOMER of a PV-fuel cell hybrid power system

To realize the potential of distribution generation, generation and load must be taken as a
subsystem. This system may use any combination of generation, load and storage technologies
and can operate in grid connected mode or autonomous mode. Some examples of micro power
system or microgrid are solar-battery serving a remote load, wind-diesel system serving an
isolated village, a grid connected natural gas microturbine providing heat to a factory. Micro-
power system consists of electric and thermal loads and any combination of PV modules, wind
turbine, small hydro, biomass power generation, microturbines, fuel cells, reciprocating engine
generators, batteries and hydrogen storage. The analysis and design of micro-power system is
challenging due to large number of design options and uncertainty in key parameters such as
load size and future fuel price. Renewable energy sources add further complexity because the
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output may be intermittent, seasonal and non-dispatchable and the availability is uncertain. Once
HOMER is open the user may start by adding/removing buttons on the upper left, enabling the
equipment and components to be used in simulation and analysis, as one shown in Fig. 2

3.1 System Descriptions

The proposed hybrid power systems, used as teaching aids are designed based upon the certain
important sensitivity variables to optimize the cost & size effectively. Hence, before designing
the model, certain parameters like solar irradiation, wind speed and load profile must be
evaluated. It's presented in the following subsections of this paper. Hybrid energy systems with
renewable generation are built in many remote areas or for special applications where the
renewable resources are abundant and the environment is clean. To determine the system size,
we formulate an optimization problem that minimizes the total construction and operation cost
subject to maximum tolerable risk. Simulations and analyses, by using the package are used to
determine the feasible set of the optimization problem. These simulation and analyses are
designed and implemented to enhance the students’ renewable energy knowledge and
applications. PV panels, wind turbines, fuel cells, power converters, batteries, generators,
electrolysers are among of many of the system components to be considered. The type and size
of the load used and its characteristics is one of the most important inputs since it determine the
system energy demand and is critical for system optimization, architecture, size and cost.

STORAGE PV WIND
b(t) s(t) TURBINE

7
N

LOAD
d(t)

Fig. 3 The hybrid energy system with PV// wind turbine/ battery storage

During our 10-week renewable course students are required to form a team of 3 to 4 by their
preferences. Each team is in charge with a hybrid power system project. The team may propose
the project or select from a list provided by the instructor. These projects are a good example of
multi-disciplinary cooperation of different engineering disciplines as well as providing valuable
hands-on experience to the students. In addition to providing useful lessons in teamwork and
project management, the project will provide a working demonstration wind and solar energy
system®*2. During the final month of the fall quarter section of the course, each student team
(formed by three to four individuals) is given partial specifications for a renewable energy
conversion application. The team builds it initially with the function module and/or using circuit
simulation packages. Each team demonstrates the finished project to the entire class. Each term a
written report summarizing the project is also required as part of the senior project design course.
This process synthesizes all of the basic materials in the core courses and can also be used as part
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of the requirements of the senior project requirements for each student. In the following
subsections of the paper we are presenting some the HOMER applications.

3.2 Solar Radiation and Wind Speed Data

The HOMER simulator will be driven by traces of solar power output s(t) and wind power output
w(t) (see Figure 3 for details). These traces are obtained from empirical data on solar radiation
and wind speed at the interest sites or at locations close to that sites. For solar resources the time
zone where the system will is also important factor. HOMER has it own wind and solar database
that gives hourly, daily, monthly and annual averages. However, the wind resources are little bit
more complicated than the solar resources because their inconsistence and variations. The wind
speed and direction data from at least one year of measurements is needed in order to have a
good wind resource assessment and estimate. Figure 3 is showing the power flow in a system
consisting of wind turbine, PV panel, storage unit and a load, while Figure 4 is giving the solar
radiation for a selected location.

Solar Resource (Synthesized Data)
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Figure 4 Typical yearly profile of the solar radiation

HOMER synthesizes solar radiation values for each of the 8760 hours of the year. Its algorithms
produces realistic hourly data, being easy to use, requiring only the latitude and the monthly
averages, while displaying realistic day to day and hour to hour patterns. The synthetic data are
created with certain statistical properties that reflect global average value. However, generated
data for a particular location will not exactly replicate the characteristics of the real solar
radiation. But tests show that synthetic solar data produce virtually the same simulation results as
real data. HOMER synthetic wind data generator is little different to use than the solar data as it
requires four parameters, in order to generate wind statistics for this specific site. A user starts by
specifying system parameters and hourly electrical load, wind and solar resource data. For each
simulated hour the software calculates global irradiation at the photovoltaic array titled surface,
calculates the output energy from the array, and performs energy balance at the DC and AC
buses to determine amount of energy taken from or transferred to the electrical grid. Energy
balance at the DC bus takes in consideration the storage component when present. The software
keeps record of hourly, daily monthly and one year simulation results. It displays these results in
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a tabular format. Results also include economic analysis that takes into account investment costs
and financial benefits projected over the life time of the project.

3.2 Load Profile

An important consideration of any power generating system is load requirements and
characteristics, not only for load itself but also for the efficiency and reliability of power
transmission. The load factor for the project is important in the design process. The project team
is usually distributed strategically over the 24 h period to improve the system load factor to
minimize the possibility of errors and to optimize the system size and structure. Figure 5 shows
monthly average load profile. The peak load requirement decides the size, structure and
architecture of the proposed system. The model of each project has been developed using
HOMER, consists of a PV, WG(s), a battery, and fuel cell. The schematic of this hybrid power
system is shown in Fig. 5. In order to verify the system performance under different situation,
simulation studies have been carried out using real weather data (solar irradiance and wind
speed). The goal of the optimization process is to determine the optimal value of each decision
variable that interests the modeler. A decision variable is a variable over which the system
designer has control and for which HOMER can consider multiple possible values in its
optimization process. Decision variables in HOMER include: 1) the size of the PV array; 2) the
number of WG; 3) the battery capacity; and 4) the size of the DC-AC and DC-DC converters.
While Fig. 5 is showing a snap shot of the HOMER solar input data.

WIND
TURBINE

AC LOAD

BATTERY INVERTER

PV
GENERATOR

DC BUS
Figure 5 Project block diagram

3.4 System Optimization

The optimization process is done after simulating the entire possible solutions of hybrid
renewable energy system configuration. HOMER display a list of configurations sorted based on
the Total Net Present Cost (TNPC). It can be used to compare different types of system
configuration from the lowest to the highest TNPC. However, the system configuration based
TNPC is varied depending to the sensitivity variables that have been chosen by the designer.
HOMER can repeat the optimization process for every selection of sensitivity variables for the
hybrid renewable energy system. The sensitivity variables are such as the global solar, wind
speed and the price of fuel that maybe used in the proposed system. Then, the list of various
configurations of hybrid renewable energy will be tabulated from the lowest to the highest
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TNPC. The optimal solution of hybrid renewable energy system is referring to the lowest TNPC.
In a hybrid power system, a component generates, delivers, converts and stores energy. In this
HOMER analysis, solar PV, wind turbines, and run-off river hydropower are the intermittent
resources and the bio-diesel is kept for backup. Batteries and converters are for storing,
converting electricity respectively. The performance and cost of each of components is a major
factor for the overall cost and the design. HOMER performs the simulation for a number of
prospective design configurations. After examining every design, it selects the one that meets the
load with the system constraints at the least life cycle cost. It also performs its optimization and
sensitivity analysis across all components and their resources, technical and cost parameters, and
system constraints and sensitivity data over a range of exogenous variables. The competitiveness
of the best suited hybrid power system for a specific application is then used in the design
selection process. Sensitivity analysis eliminates all infeasible combinations and ranks the
feasible combinations taking into account uncertainty of parameters. HOMER allows taking into
account future developments, such as increasing or decreasing load demand as well as changes
regarding the resources, for example wind speed or solar radiation variations, or fuel prices.

Solar Resource Inputs

File Edit Help
@ HOMER uzes the zolar resource inputs to calculate the PY array power far each hour of the year. Enter the latitude, and
either an average daily radiation value or an average clearmess index for each month, HOMER uzes the latitude value to
calculate the average daily radiation from the clearness index and vice-versa.
Hald the painter over an element or click Help far more infarmation.
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Figure 6. PV/Solar input
4. Student Learning Experience
The inclusion of HOMER in a renewable energy course could provide additional added values to

the course. In the authors view, it is an excellent tool not only for designing and analyzing
renewable energy systems, but also for improving learning such systems because of its friendly
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methodology, capabilities and the available open resources and programs. Any undergraduate
engineering and technology student could use it without any or little previous knowledge in these
areas, requiring very little training for a user to employ it to design quite complex hybrid power
and renewable energy systems. So it can bring technical skills related to energy systems to
undergraduate engineering and technology students or professionals interested to learn and
expend their knowledge in these areas. Moreover HONER can be a useful tool and aid for
students’ research projects or to engage the students in renewable energy related research and
project. In next section we are presenting some examples of how HOMER could be integrated as
part of the existing or planed renewable energy courses. After interacting and learning the
HUMER use students and other users (teaching and research assistants, laboratory engineers or
technicians) are expected to get technical and non-technical skills required in renewable energy
or hybrid power system analysis, modeling and design. Some of these skills include: ability to
apply economic analysis and to provide the optimum solutions to lower the cost; ability to design
hybrid power systems, components and processes to meet the needed requirements; ability to
learn about local codes and standards; ability to identify, formulate and solve engineering
problems; knowledge how energy systems work and operate; or ability to apply logistics and
make better decisions energy systems.

The renewable energy course was first time offered in the 2009-2010 academic year, during
2012-2013 academic year it was approved by our university senate as upper level course. During
Sumer 2013 quarter one of the authors taught it with the inclusion of HOMER software as
teaching aid. At the end of the summer quarter, all students have been requested to answer (with
a five point scale: 1-very poor, 2-poor, 3-satisactory, 4-good and 5-very good) an anonymous
questionnaire, as shown in table 1. According to the results, the new project-based approach
received a 3.9/5.0 rating, comparing with an average rating of 3.4/5.0 for the all courses at our
program. The results from the students’ feedback have been extremely positive with the regard to
the HOMER based renewable energy-related projects. The majority of students felt that such
projects enhanced their understanding of the theoretical materials and made the course more
interesting. Similar surveys were or are planned to be conducted at the end of each quarter of the
future academic years, when the course will be offered.

Q1 | Have you learn more than expected with the course?

Q2 | Is the team project useful to you?

Q3 | It was useful the use of HOMER during the laboratory and end-of-term project?
Q4 | What was the level of “hands-on” experience has been achieved by learning
HOMER?

Q5 | Please, provide an overall evaluation of the course.

Table 1: Questionnaire for the evaluation of the renewable energy course, using HOMER as
teaching aid

5. Conclusions and Future Work

The design experience develops the students’ lifelong learning skills, self-evaluations, self-
discovery, and peer instruction in the design’s creation, critique, and justification. Students learn
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to understand the manufacturer data sheets, application notes, and technical manuals and
component specifications. The experience of teamwork, prototype design and test, which would
be difficult to complete individually, gives the students a sense of satisfaction and
accomplishment that is often lacking in many engineering courses, not including projects.
Furthermore, the design experience motivates student learning and develops skills required in
industry. The students were able to make satisfactory estimations and calculations of these
projects. Their results reflect that they have understood well all the basic ingredients of the
modeling techniques and design of the renewable energy systems. They were also very pleased
with the approach used to teach them.

HOMER software package is a useful tool that can really help the undergraduate engineering and
technology students in the area of design and analysis of renewable energy or hybrid power
systems. HOMER is a very easy to use and learn software package, requiring only basic
knowledge in the areas of energy and power systems. The software package demonstrate that
with just a little training any undergraduate engineering and technology student are able to
design and analyze renewable energy systems. It prepare the students with a useful tool used in
industry and maybe to make some students to pursue a career in energy industry or to enroll in
graduate programs in the energy field. It is important to encourage students to learn to use such
kind of software packages that work with renewable energy systems. Because by taking the
advantage of such tools students can learn and adapt better solutions to fix the energy problem
issues. It is is important to keep in mind that how we are using the energy today will shape the
way how we live in the future.
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