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ENERGY MANAGEMENT SOFTWARE FOR STUDENTS IN ENGINEERING EDUCATION
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Energy demand of a country should be particularly supplied by indigenous
energy sources; otherwise, the country would become an energy importing
country and dependent on energy-rich countries. In order to benefit from the
current renewable energy resources efficiently, many engineers who are
specialized on energy management (economic, planning, organization and
optimization) are strongly required to be educated with the support of today’s
advance technology. In this context, various engineering disciplines
associated with the concept of energy have been established in many
universities around the world as well as in Turkey. In this study, Hybrid
Optimization of Multiple Energy Resources (HOMER) software which is very
useful for modeling renewable and conventional technologies in various
energy management applications and also easy to use, is introduced in detail
and presented to today’s and future’s energy engineers. In order to better
understand how the HOMER is efficiently applied, a real-time application for
Marmara University Technical Education Faculty which was discussed and
is presented in detail.

Key words: Renewable energy course, Energy management, Energy system
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1. Introduction

Energy is an important indicator for economic and social development. It is important to use
sustainable energy to meet the demand. Yet, most of the energy is produced by unsustainable sources.
Turkey is gifted with many indigenous energy resources like wind, solar, geothermal energy etc., but
since it has not exploited them so much, it supplies the energy demand by importing fossil based energy
sources from some energy rich countries. That is why Turkey is currently an energy dependent country.
Figure 1 shows Turkey's gross electricity production according to primary energy resources in 2019 [1].

As a developing country, Turkey’s electricity consumption has increased rapidly between 2000
and 2014/10 in conjunction with its fast growing economy and population. While total electricity
consumption in 2000 was 98 TWh, in 2013 it raised 198 TWh and also it raised 257 TWh in 2019.
Figure 2 shows that electricity consumption of Turkey has increased rapidly after 2000 with the support
of the fast growing economy and population [1, 2]. Furthermore this trend seems to be continuing in
the future [3-18].
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Figure 1. Turkey's gross electricity production according to primary energy resources.
2020(Oct-Sep) 192 860
2019 257273
2018 258232
2017 249023
2016 231204
2015 217 312
2014 207 375
2013 198 045
2012 154 923
2011 186 100
2010 172051
2009 156 894
2008 161948
2007 155135
2006 143 071
2005 130 263
2004 121142
2003 111766
2002 102 948
2001 97 070
2000 98 296 GWh
50000 100 000 130 000 200 000 250 000 300 000

Figure 2. The electricity consumption of Turkey.

Likewise, in Turkey, the laws and the energy politics of the government affect the development
of renewable energy. The “National Renewable Energy Action Plan for Turkey”, published in 2014,
aims energy targets of Turkey in 2023 as below [19]:
- 30% of total electricity will be produced by renewable resources
- installed capacity for wind energy will be 20 000 MW
- installed capacity for solar energy will be (min) 5000 MW
- installed capacity for geothermal energy will be 1000 MW
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- the whole economically usable hydropower potential of Turkey will be provided for
electricity generation until 2023.

Because of the renewables’ variable and instable behavior, only one renewable energy generator
cannot continuously supply the demand by itself, and therefore, it is combined with another energy
supplier like diesel generator or wind turbine. Besides that, there are some important issues like climate
change, security of energy supply, and economic recession based on using conventional energy
generating systems. In order to solve these problems renewable energy systems can be used instead of
fossil fuel dependent energy systems [20-22]. So, determining the renewable energy potential is very
significant for energy planning and optimization. In this context, the application of renewable energy
and its effects on other components of the system must be considered. To solve these issues, computer
tools are required to perform a techno-economic analysis for defined hybrid energy-systems. There are
many computer tools existing in literature which have been applied in many studies. Some of them are
summarized as follows. Cormio et al. [21] examined the EFOM energy software, Faraji-Zonooz et al.
[23] reviewed the MARKAL energy tool, Ball et al. [24] proposed the MOREHYS energy tool (based
on the BALMOREL tool), Tsioliaridou et al. [25] used the Invert energy tool and lastly, Cai et al. [26]
proposed the UREM energy tool. The studies are mainly based on the functions of the energy tool and
they don’t suggest detailed analysis or information about different energy software. There are some
more studies analyzing at least two energy tools: Lund et al. [27] compared the two energy tools, Energy
PLAN and H:RES, Morris et al. [28] discussed results of NEMS and MARKAL-MACOR, Segurado et
al. [29] examined the EMINENT energy tool with different energy tools (CO2DB, MARKAL,
IKARUS, E3database, and Synopsis),and Urban et al. [30] discussed the feasibility of 12 different
energy tools for energy-systems of developing countries (including LEAP, MARKAL,MESSAGE, Mini
CAM, and RET Screen). Nonetheless these studies do not contain detailed analysis. The unique study
comparing various energy tools was made by Jebaraj and Iniyan [31]. In the study they used the models
such as supply-demand, forecasting, optimization, neural networks and emission models. However the
implementation of each models were not deeply examined [32].

The HOMER software, one of the computer tools used to construct and optimize hybrid power
generating systems, belongs to the National Renewable Energy Laboratory (NREL). HOMER is and
easy to use software capable of simulating and optimizing the model. Many different kinds of
applications can be simulated and analyzed in environmental and techno economical aspect. In Turkey,
the HOMER software which is very useful from many aspects aforementioned should be introduced to
users related to the concept of energy and of course, involved into the courses at technical universities
in order for engineering students both to learn how various energy applications can be performed and to
have considerable experiences about the real-world energy management problems and also to be ready
as an engineer of future for the tough conditions of the business life [33, 34].

In this study, the HOMER simulation software is introduced in detail and presented to people who
are still studying or currently energy engineers. It should be put into the curriculum of the courses in the
departments of energy engineering for providing the development of engineering education in Turkish
universities. To understand HOMER better and underline that it is easy to learn and use, a simple
application for Technical Education Faculty, University of Marmara with a moderate energy demand is
considered. The task is modeled step by step and then analyzed by using the HOMER software.
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2. A Short Overview of Engineering Education in Turkey

Considering all engineering faculties of Turkey that educate engineers, almost all universities
have engineering faculties. However, they offer standard or conventional education to engineers of the
future which could not allow them to think like a real engineer when faced some real life problems.
Therefore, engineers graduated from those faculties are, in fact, away from engineering mentality. Both
to develop the level of the engineering education and also to educate smart engineers who can think
analytically and offer practical ideas for some engineering problems, the current engineering education
in Turkey must, of course, be supported with advanced technology such as useful engineering software
programs that let engineers simulate real life problems, experience some solution ways to the problem
and observe their effects on some important parameters as well. Recently energy is very popular concept
in the world as well as in Turkey. Turkey has abundance of indigenous energy resources but has many
problems dealing with supplying high energy demand [35, 36]. Exploitation of indigenous energy
resources in Turkey is currently at the low level; therefore some radical steps should be urgently taken
to minimize that problem regarding the current status of higher education:

- New engineering departments (especially energy systems engineering) in many
universities should be established and energy engineers should be educated because they
are urgently needed to develop the level of exploitation of renewable energy resources.

- Engineering education as well as energy engineering education should be enriched with
the contribution of today’s advance technology such as engineering software programs,
simulation programs, well-equipped workshops, etc.

In this study, HOMER engineering software program, one of the useful ones, is introduced in
detail. Furthermore, we think that integration of HOMER software program to the current engineering
education in Turkey enables engineer have good experience and equipment for easy-adaptation to tough
business life.

3. Why should the HOMER be in the energy management based engineering education in
Turkey?

The HOMER s very efficient and user friendly program. It is easy to use it as well as to analyze
and model energy systems. Furthermore, there are many advantages of HOMER software, which will
be mentioned in this section taking three major aspects into consideration; many useful characteristics
of HOMER software, education of engineers of future and economical and social development of the
country, Turkey. The contributions of the HOMER software to both engineers of future who will be
educated in Turkish universities and also Turkey will be determined and expressed here.

The software can be downloaded without any charge and about 120,000 people have been using
HOMER so far [37]. HOMER has high reliability and can be used in many applications. Especially,
standalone and grid connected systems consisting of combinations of PV panels, fuel cells, biomass,etc.
can be modelled and analyzed by the users in HOMER. The software calculates all costs excluding cost
of fuel handling and taxes. Standalone and grid connected systems consisting of combinations of PV
panels, fuel cells, biomass,etc. can be modelled and analyzed by the users in HOMER. The software
calculates all costs excluding cost of fuel handling and taxes. The simulation aims to investigate the
techno-economic optimization of quantity of system components considering the cost and availability
of the resource.
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Students will have energy management problem solving opportunities through the HOMER
software program which are effectively and simply applied for simulations of various energy
management problems. So, they will gain great experiences for solving complex problems they may
probably have in future. After a well-engineering education which is supported by more practicing with
computer software programs like the HOMER software and workshop works, engineers will be much
more ready for the tough conditions of the business life because they are well-equipped with some
necessary qualifications such as, technical information, experience, well-practicing, application skills.

As a developing country, Turkey should efficiently exploit available abundant energy potential,
which is mentioned in detail in the previous sections. That is why Turkey urgently needs well-equipped
engineers who know energy planning, modeling and optimization to make the energy production more
possible and efficient. Providing energy production from domestic sources with the supports of native,
smart and skillful engineers will seriously contribute to achieve Turkey’s energy independence. So,
Turkey will not both import much more energy from some countries and also pay billions of dollars for
meeting the energy demand any more. Turkey will not need to import skillful and smart engineers from
countries for big energy projects anymore because it will be able to educate them in universities itself,
providing the integration of today’s new technologies into the engineering education.

4. The HOMER Software as an Educational Energy Modeling Tool

4.1. Overview of the HOMER Software

HOMER is a user-friendly micro power design tool developed in 1992 by the NREL in the USA.
It allows to design energy systems containing both standalone and grid connected. By means of
optimization and sensitivity analysis algorithm of HOMER, users can investigate techno-economical
suitability of the quantity of the resources and calculate the costs potential of energy sources and other
variables [37].

4.2. Loads, Components, and Resources in HOMER Software

In HOMER software there must be at least energy sources such as wind turbine, diesel generator,
etc. and load such as thermal or electrical load. Additionally, converters (DC-AC, AC-DC, Electrolyzer)
and energy storage devices such as batteries and hydrogen storage can be used in the design of the
system. Only four types of renewable energy sources (solar, hydro, biomass and wind) can be used in
the software. Alternatively, Fuel cell and diesel generator can also be utilized. Energy production of
renewable energy sources depends on the geographic and climate conditions of the place. It is directly
related with the quantity of components of the renewable energy sources estimated by HOMER
software [33].

HOMER takes care of ten types of components in the system modeling. Three of them called as
photovoltaic modules, wind turbines, and hydro turbines generate electricity from intermittent
renewable sources. Other three types of components, namely, generators, the grid, and boilers, are
dispatchable energy sources, which means, when needed, they are controlled by the system. Two types
of components, converters and electrolyzers, change the form of the electrical energy from AC to DC
or from DC to AC. Hydrogen storage tanks and batteries are devices used to store energy. While batteries
store dc electric, hydrogen tanks store hydrogen obtained from the electrolyzer and supply fuel to
generators.
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4.3. Overall Analysis in HOMER Software

Three principal tasks; simulation, optimization, and sensitivity analysis, are performed in
HOMER. In the simulation process, for each hour of the year HOMER models the performance of a
particular power system configuration considering its technical feasibility and life-cycle cost. In the
optimization process, HOMER simulates many different system configurations and tries to find the one
that satisfies the technical constraints at the lowest life-cycle cost. In the sensitivity analysis process,
HOMER makes multiple optimizations under some assumptions in order to have information about the
vague or variances in the model input values. Figure 3 demonstrates the relation between simulation,
optimization, and sensitivity analysis. Similarly, the sensitivity analysis oval encloses the optimization
oval because a single sensitivity analysis consists of many optimizations.

Y \ | Simulation
N
\ , - o
o~ e T - //
\‘H w-.__\_\_\____ __'_'___'__.-4' -
— —_— ~
— P

Figure 3. Conceptual relationship between simulation, optimization, and sensitivity analysis.

4.3.1 Simulation Process in HOMER

Many different system configurations can be simulated in HOMER. The system can include PV
modules, hydro turbine, wind turbines, batteries, generators, converters, hydrogen storage tank and
electrolyzer. The simulated system can be grid connected or standalone and can meet the loads of ac, dc
or thermal load.

Systems containing a battery bank and one or more generators require a dispatch strategy which
charges the batteries in the system. In HOMER there are two strategies one of which is load following
and the other is cycle charging. In the load following strategy renewable energy sources charge the
battery while generators do not. In the cycle charging strategy, the generators produce more energy than
needed which meets the demand and also charges the batteries.

In the simulation process two targets can be achieved. First, the most suitable system can be
determined. Second, life-cycle and cost of the system including capital and operational cost can be
calculated [33].

4.3.2  Sensitivity analysis in HOMER

A sensitivity analysis indicates how the output values change in terms of the variance of the input
values. The user can enter multiple values for a variable in the sensitivity analysis and therefore it can
be called as sensitivity variable. Grid power and fuel prices, lifetime of wind turbine and load can be
examples for sensitivity variables.
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5. An Application for Marmara University Faculty of Technical Education

In this section, an application is performed to better explain how to use the HOMER software. In
the application, it is aimed both to supply all the energy demand of Faculty of Technical Education in
Marmara University with the available regional renewable energy sources (solar and wind energy)
instead of the grid and also to determine the economic and best one among all possible system
configurations. Thus, the electricity generated in this way will be more sensitive to the environment.
Main components of the system are shown in Figure 4.

¥

TEF
494 kwih/d
A 120 ki peak [E—1F
Enercon E33 P
o
Converter
A - DC

Figure 4. Hybrid system components.

Energy demand of the campus is currently met by electricity grid. Data of the load is received
from AYEDAS. As seen in Fig. 5, the peak value of the load is 120 kW while average daily load demand
is 494 kW [38, 39].

Daily Profile

Load (kW)
[%1]
L=

Figure 5. Daily load profile of the faculty.

Solar radiation data of the location was received from Turkish State Meteorological Service
(TSMS) in 2017 [40]. Annual average solar energy density is estimated to be 4.98 kWhm2d. The
hourly wind speed data of the location was measured at 10 m altitude and the data was obtained from
the Turkish Metrological Department. As seen from the wind speed data, the wind speed distribution
varies between 4.26 m/s and 6.27 m/s and the locational average wind speed is about 5.208 m/s.

Table 1. System components considered.

Component Size Capital Cost Replacement cost O&M Cost Lifetime
($/kWh) ($/kWh) ($1yr)
PV Panels 0-1000 kW 2800 $/kwh 2800 $/kwh 200 $fyr 15yr
Enercon WT 0-1320 kW 1500 $/kWh 1500 $/kwh 350 $fyr 15yr
Converter 0-250 kw 900 $/kWh 900 $/kWh 100 $/yr 15 yr
Battery 0-500 pieces 300 $ 300 % 0.010 15 yr
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The search space, list of the system component and size that HOMER considered for this analysis
are shown in Table 1. Standalone power generating system that allows supplying all of the electricity
demand from renewable energy sources includes main components such as converter, load, PV panel,
wind turbine and battery. System construction or arrangement of the components in the system is can
be seen in Figure 6.

Py Array FL250 S4KS2EP Carwverter
] [Huantity] [Euantity] 2]
i 0.on
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240.000
360.000
430.000

300
E00
200
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Figure 6. The possible sizes of each component of the standalone power generating system.

The user would not know the quantity of wind turbines, PV panels, batteries, and size of converter
in advance. Hence, these four variable sources are decision variables in sensitivity analysis. The In
HOMER, different values for each variable can be defined to observe the effects of the interested
variable on the system outputs like net present cost and cost of energy. Figure 6 includes a table including
different amount of the components which was simulated through the HOMER. For example, five
different values of the PV array, ranging from 0 to 480 kW; five different quantities of the wind turbine,
ranging from O to 4; five different quantities of the battery, ranging from to 0 to 800; and two different
values for the converter, ranging from 0 to 120 kW, are specified in the HOMER software for making a
comprehensive analysis of all possible system configurations and determining the best one regarding
some economic parameters (Cost of energy, net present cost). The search space of the proposed system
comprises of 250 different types of system configurations which is the result of the multiplication of the
guantity of the components such as wind turbines, PV Panels, converters and batteries. In sensitivity
analysis HOMER lists optimum systems in table according to total net present cost.

Figure 7 illustrates the consequences of the standalone power generating system analysis. Feasible
system configurations are represented in each row in Figure 7. Columns in Figure 7 are called as follows;

- First two column show sensitivity variables such as solar radiation and wind speed.

- Between the third and the sixth columns demonstrate the types of utilized energy system.

- From the seventh to the tenth column illustrate the amount of the utilized energy systems.

- Initial capital, operating cost, total net present cost and cost of energy are shown between
the eleventh and the fourteenth columns respectively.

- In the last three columns Renewable fraction, capacity shortage and battery lifetime can
be seen.

According to Figure 7, it can be seen that the first row is estimated to be the optimum
configuration by means of current solar radiation and wind speed data. The optimum system includes
300 batteries, 120 kW converter and 250 kW wind turbine. It is also possible in HOMER software to
filter the results according to the least cost configuration. The least cost configuration of Figure 7 is the
standalone Wind-Battery system [39, 41]. The system configuration has capital cost of $343,600 and
cost of energy of $0.217 per kWh.
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Solar Wind ’ ‘4“ & PV | FL250| S4KS25P| Conv. In'rti_al QOperating Total COE | Ren. |Capacity |Batt. Lf.
kWhs/m3d) | {mss) W) W) Capital Cost (S/yr) NPC (S/KWh)| Frac. |Shortage| )

4028 5.208 e, 1 300 120 % 343,600 10,044 $472001 0217 1.00 007 120¢
4028 4.500 H 2 0 120 $ 518,600 14312 §70155 036 100 pos 120
4028 5000 H 1 0 120 § 343,600 10,044 $472001 0220 100 pos 120
4028 6.000 e 1 100 120 $ 283,600 7,555 38017 0178 100 008 120
4028 7.000 ,L\ 1 100 120 $ 283,600 7,555 £38017% 0170 100 004 120
4028 3.000 ’, 120 3 D0 120 5$1.107.600 26,970 $1452366 0681 1.00 Do 120
5.000 5208 ,L 1 0 120 $ H3,600 10,044 $472001 027 100 ooy 120
5.000 4 500 ,k = 2 00 120 % 518,600 14312 §70155 0316 100 Dos 120
5.000 5.000 ;L\ 1 o0 120 $ 343,600 10,044 $472001 0220 100 00s 120
5.000 6.000 yk 1 100 120 § 283,600 7,555 £380179 017% 100 oos 120
5.000 7.000 ,L 1 100 120 $ 283,600 7.555 $38017% 0170 100 D04 120
5.000 3.000 ’,L\ = 120 3 B0 120 5$1,107.600 26,970 1452366 0672 1.00 pos 120
6.000 5203 ,k = 1 o0 120 $ 343,600 10,044 §472000 0217 100 007 120
6.000 4.500 yk 2 300 120 § 518,600 14312 §70158 0316 1.00 oos 120
6.000 5.000 yL\ 1 0 120 $ 3,600 10,044 $472001 0220 100 pos 120
6.000 6.000 ,L = 1 100 120 § 283,600 7.555 380779 0175 100 pos 120
6.000 7.000 ,k = 1 100 120 § 283,600 7,555 380179 0170 100 Dod4 120
6.000 3.000 ’zL\ 120 3 600 120 51107600 26,970 $1452366 0663 1.00 007 120
7.000 5208 yL\ 1 0 120 $ 3,600 10,044 $472001 027 100 Doy 120
7.000 4.500 ,L 2 0 120 $ 518,600 14312 §70155% 036 100 pos 120
7.000 5.000 ,k = 1 00 120 % 343,600 10,044 $472001 020 100 oos 120
7.000 6.000 ,k = 1 100 120 $ 283,600 7,555 38017 0178 100 008 120
7.000 7.000 yk 1 100 120 § 283,600 7,555 $380179% 0370 1.00 oo4 120
7.000 3.000 ’ylm 120 3 00 120 $1.017.600 23.236 $1314633 0618 100 Do 120
3.000 5208 ,L = 1 0 120 § 343,600 10,044 $472001 027 100 ooy 120

Figure 7. The categorized optimization of all results.

Added to this, the second ranked Figure 8 system in is the least cost configuration for the
standalone PV-Wind-Battery system category, including one wind turbine, the 120 kW PV panel, 100
batteries, and a 120 kW converter. Also, the standalone PV-Wind-Battery system with optimal
configuration has the initial investment of $607,600 and the cost of energy of 0.356 $/kWh. But, when
focused on the cost of energy values for the two possible power generating system categories in Figure
7, one of the very important parameters in the determination of the best or optimal configuration for any
power generating system category, it is easily realized that the standalone Wind-battery system with
optimal configuration is more applicable and reasonable due to the fact that it has the least cost of energy
and the least total net present cost and the least capital. Furthermore, one of the obtained results is that
for the standalone PVV— Wind-Battery system with optimal configuration, the 120 kW PV panel and one
wind turbine suffices with no contribution of wind turbines to the system.

* A\ & PV | FL250| S4KS25P | Cony. Initial Operating Total COE | Ren. |Capacity |Batt. Lf.
A W) W) Capital Cost (S4T) MPC (8/Wh)| Frac. |Shortage| fyr)

A\ = 1 0 120 § 343,600 10,044 $472001 0217 1.00 007 120

f;l\ =1 120 1 100 120 % 607,600 12,211 £763.701 0356 1.00 003 120

Figure 8. Categorized optimization results.

6. Conclusions

In summary, the HOMER software program should be certainly involved in the
engineering departments at the Turkish Universities due to the following reasons as mentioned
in the previous sections.

- Itis simple and easy to learn and use, such that a typical analysis by the HOMER can be
made in a short time learning facility.
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- InHOMER traditional and renewable technologies can be modelled with real world limits
and the result can be achieved easily.

- Standalone and grid connected systems consisting of combinations of PV panels, fuel
cells, biomass, etc. can be modelled and analyzed by the users in HOMER. The software
calculates all costs excluding cost of fuel handling and taxes.

- Students will have energy management problem solving opportunities through the
HOMER software program which are effectively and simply applied for simulations of
various energy management problems. So, they will gain great experiences for solving
complex problems they may probably have in future.

- Many different situations and conditions can be calculated and analyzed

- Turkish engineers will be much more ready for the tough conditions of the business life
because they are well-equipped with some required qualifications such as, technical
information, experience, well-practicing, application skills etc.

- As a developing country, Turkey should efficiently exploit its own available rich energy
potential. That is why Turkey urgently needs well-equipped engineers who know energy
planning, modeling and optimization to make the energy production from those sources
more possible and efficient. In addition, providing energy production from domestic
sources with the supports of native, smart and skillful engineers will seriously contribute
to achieve Turkey’s energy independence. So, Turkey will not both import much more
energy from some countries and also pay billions of dollars for meeting the energy
demand any more. Furthermore, Turkey will not need to import skillful and smart
engineers from countries for big energy projects anymore because it will be able to
educate them at the universities itself, providing the integration of new technological
developments into the engineering education.

- To understand how to use HOMER better, a simple application for the campus, with a
moderate energy demand is considered. The task is modeled step by step and then
analyzed by using the HOMER software to determine the followings.

o the optimum configuration of a standalone hybrid energy system including any
combination of wind turbines, PV panels a converter and batteries and

o the behavior of the economical parameters such as NPC and COE for various
system configurations with different size or quantity of components.
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