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ABSTRACT

In this thesis, the author evaluated whether HOMER Micropower Optimization should be
used by the Marine Corps as a pre-deployment tool for meeting expeditionary energy
demands. The author created two unique experiments to facilitate the evaluation of
HOMER’s modeling capability. First, a grid-tied-photovoltaic (PV) system at the Naval
Postgraduate School was monitored for a one-month period. During this experiment, a
HOMER model of the system was created. The actual energy production from the
system was compared to the model. Then, the model was calibrated to the particular
system to ensure that the model’s energy estimate matched that of the actual system. The
second experiment involved the use of two different types of PV panels and a small wind
turbine. Each system was monitored over a one-month period, and the results were
compared to a HOMER model of the systems. The difficulty of modeling wind turbines
and the related limitations of HOMER’s modeling strategy is discussed in this thesis. The
calibration method established in the grid-tied-PV experiment was used to ensure the
HOMER models were accurate. Following the calibration, the concept of expeditionary
energy density as it pertains to power production was defined and utilized to evaluate
each of the systems. The final portion of this thesis shows the advantage of using
HOMER as part of the Experimental Forward Operating Base (EXFOB). The ExFOB
was conducted by the Marine Corps to evaluate alternative power solutions currently on
the market for expeditionary energy purposes. Four distinct power production solutions
were chosen by the Marine Corps following the EXFOB. These solutions were then field
tested in Morocco and scheduled to be deployed to Afghanistan. This thesis details how
the use of HOMER would have benefited the ExFOB process had it been utilized.
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EXECUTIVE SUMMARY

August 13, 2009, marked a dramatic shift in the United States Marine Corps’ (USMC)
view of alternative energy. On this day, General James T. Conway, 34th Commandant of
the Marine Corps (CMC), held the first ever USMC Energy Summit in Washington, DC.
Speaking about energy use within the Marine Corps, he stated, “I am unsettled by what |
now know about where we are, particularly with regard to our expeditionary capabilities
and energy efficiencies. ... [T]he alarm was set for 5:00 this morning; at 4:00, | was
staring at the ceiling thinking about what we’re going to do about this problem [1].” He
showed obvious concern about how the Marine Corps viewed energy and about the lack
of priority given to doing things efficiently. He went on to discuss how the Marine
Corps’ great thirst and reliance on fossil fuels comes at an unacceptable price in national

treasure and risk to human life.

Since that day, the CMC has gone to great lengths to change the way the USMC
looks at expeditionary energy. Reducing the amount of fuel and water that is transported
around the battlefield has become one of his top priorities. This thesis was designed to
generate ideas that will help the Marine Corps reduce that demand for fuel. The
evaluation of HOMER Micropower Optimization modeling software as a pre-deployment
tool has only one objective: to determine whether or not the use of this tool will
ultimately lead to a reduced demand for fuel in combat.

The HOMER Micropower Optimization modeling software, developed by the
National Renewable Energy Laboratory (NREL), was designed to compare multiple
power production capabilities in order to meet a particular load. The software models
power systems based on the physical behavior of a system as well as on economic
ramifications. HOMER allows a user to compare many different design options based on
the inherent technical and economic estimates. The details of each comparison are
derived from the performance characteristics of the equipment and the unique availability
of the required resources for a particular location, such as the solar radiation profile, wind

patterns, and price of fuel.
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The following process was used to analyze HOMER’s modeling capability:

. Conduct photovoltaic (PV) experiment,

o Develop a calibration process to match the HOMER model to measured
energy,

. Conduct wind turbine and PV experiment,

. Refine calibration process for PV,

. Develop calibration process for wind,

o Develop expeditionary energy density concept, and

o Integrate HOMER into the Experimental Forward Operating Base
(EXFOB).

To evaluate HOMER’s potential as a pre-deployment tool, the modeling accuracy
first had to be scrutinized. This was accomplished by creating an experiment in which
the unknown variables were kept to a minimum. For example, the exact azimuth and
orientation of solar panels had to be known; the exact solar and wind resource at the
location of the PV and wind turbines, respectively, had to be tracked; and the temperature
at these locations had to be monitored. Then, and only then, could a HOMER simulation
input with these known variables be effectively evaluated against the actual measured
production from the utilized equipment. A positive evaluation was not necessarily the
result of a perfect match between HOMER’s model and the actual measured energy
production. Rather, it was the determination of whether a specific HOMER model could
be calibrated to a unique setup and still achieve comparable results.

Therefore, two unique experiments were designed to properly evaluate HOMER’s
modeling capability. The first experiment involved a PV system installed in 2006 on the
campus of the Naval Postgraduate School. The system is tied to the Pacific Gas &
Electric grid, which supports the school’s electricity requirements. It includes 56

Kyocera panels, rated at 205 watts apiece, forming three separate PV arrays.

The initial HOMER model estimated an energy production level that was over
25% higher than the actual measured energy. However, the following calibration method
was developed to improve HOMER'’s accuracy. The calibration method included these

three steps:
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1. Include temperature effects in the model,

2. Add the true solar irradiance levels from the experiment, which replace
estimates derived from monthly averages, and

3. Vary the derating factor to account for system inefficiencies.

The second experiment was also on the Naval Postgraduate School campus and
consisted of two non-fixed solar panels and one mobile wind turbine. Each of these
components was set up for the purpose of this experiment and was not tied to the grid.
The two solar panels were a 50-watt-rated hard panel from Kyocera and a 60-watt rated
flexible panel from PowerFilm. The wind turbine was a 400-watt-rated Air X from
Southwest Wind.

This experiment was an opportunity to evaluate HOMER’s modeling of small PV
and wind systems. The objective was to compare the measured energy output of these
systems to a HOMER model of each configuration. Both the experimental setup and the
HOMER model were conducted one system at a time, rather than all together. The PV
portion of this experiment showed the effectiveness of HOMER’s modeling capability.
However, the same cannot be said for HOMER’s wind turbine modeling. Wind as an
energy resource is much more variable than solar irradiance. Therefore, HOMER’s
modeling strategy of hourly simulations was insufficient in the context of this experiment

and perhaps insufficient in the context of expeditionary energy all together.

The PV calibration method detailed in the first experiment was used to effectively
calibrate both PV models in this experiment. A similar calibration was then developed
for the wind turbine model. It included the following two steps:

1. Add the true anemometer measured wind speeds, which replace estimates
derived from monthly averages, and

2. Use HOMER’s sensitivity analysis capability to vary the hub height and
surface roughness length to account for turbulence.

While the result of this wind model calibration was successful for this experiment, it is

unclear if it would be successful in a pre-deployment context.

The concept of expeditionary energy density was developed to provide a metric to
evaluate how a system would perform in the context of how much valuable space it
consumes within a Forward Operating Base (FOB). HOMER is used to estimate the
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energy production capability of a system in a specific location over a defined time frame.
Then, that energy estimate is divided by the area of the system in squared meters and by
the number of days. The result is an energy density in a kilowatt-hour per meter squared
per day (kWh/m?/d) value. An expeditionary energy density was calculated for each of
the three systems used in the second experiment; Kyocera KC50T solar panel, PowerFilm
FM-15 3600 flexible solar panel, and Southwest Windpower Air X wind turbine. The
results are shown in Table 1, revealing that the Kyocera KC50T will provide a higher

energy density per day at NPS.

Table 1.  Expeditionary energy density calculations from Wind-PV experiment.

System Exp. Energy
Energy | Lengthand |Consumed |Exp. Energy Density
Total Width Area Density |No. of days per day
(kwWh) (mxm) (m?) (kWh/m?) | inperiod | (kWh/m/d)
Kyocera
KC50T 5.367 0.639 x 0.652 0.417 12.881 30 0.429
PowerFilm
FM-15 3600 4.781 1.499 x 1.092 1.637 2.921 30 0.097
Air X 1.538 11.5x 3.45 39.675 0.039 30 0.001

The Experimental Forward Operating Base (ExXFOB) concept was first established
by the USMC in September 2009. It involved the following three major components,

described in the context of power production:

. Evaluation and selection of commercial off-the-shelf power production
systems; March in Quantico, Virginia,;

o Testing of selected power production systems; May in Morocco; and

. Fielding of selected power production systems; October in Afghanistan.

Four PV power systems were selected by the EXFOB process. These four systems were
used to illustrate HOMER’s potential as a tool for evaluating alternative power systems.
Each system was modeled in the three locations and months listed above. Two different
modeling strategies were utilized. The first involved modeling all four systems as a

single system. The PV inputs were intentionally chosen to underestimate the collective
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energy production capability of the systems. This established a low bound estimate for
the systems, which would benefit those responsible for meeting the energy demands of a

forward operating base (FOB).

The second modeling strategy involved the creation of a model for each of the PV
systems, and it involved evaluating them individually at each location and date. This
refined the energy production estimates, which could be used to better inform those
responsible for power planning. The results of the two modeling strategies, along with
the percentage of the energy load (8,650 kWh) they represent, are shown in Table 2.

Table2. HOMER modeling results for the EXFOB selected PV systems, using both
the collective and individual modeling methods.

Quantico (kWh) Morocco (kWh) Afghanistan (kWh)

PV Combined 1645 2074 1984
Percent of Load 19% 24% 23%
Individual
Powershade| 191 223 240
creens| 583 606 675
zeroBase| 430 449 501
nest| 822 839 940
Cumulative 2026 2117 2356
Percent of Load 23% 24% 27%

Overall, HOMER proved to be a very capable tool, which could benefit the
Marine Corps in many ways. The Marine Corps should further explore the HOMER
calibration processes discussed in this thesis and the role they might play in the pre-
deployment process. The idea of wind turbine modeling should also be researched
further to determine whether the hourly simulation strategy is compatible with the use of
small wind turbines used for expeditionary energy. Finally, the use of HOMER in
evaluating systems according to their expeditionary energy density should also be

explored further.
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l. INTRODUCTION

In January 2010, Hastily Formed Networks (HFN) deployed to Haiti in support of
the Humanitarian Aid/Disaster Relief (HADR) efforts following the country’s
devastating earthquake. HFN is a Naval Postgraduate School (NPS) organization that
specializes in providing small, self-sufficient communications packages in support of
civil-military HADR efforts. To be self-sufficient in a disaster area requires that HFN
bring their own power sources. Simply having small generators is not adequate because
fuel is usually in short supply and high demand following natural disasters, such as the
earthquake in Haiti. Therefore, HFN maintains solar panels and wind turbines in their

inventory.

The author was a member of the six-person HFN team that deployed to Haiti.
The team held the general assumption that solar and wind power would be very useful
during the deployment due to Haiti’s location near the equator and to the presence of
strong trade winds on islands in that region. Recognizing the critical role power plays in
HFN missions, the author conducted HOMER analysis, before deploying, to truly
determine if solar and wind power would meet HFN’s needs. This HOMER analysis
detailed the specific characteristics of the HFN’s PowerFilm Solar Field Shelter solar
panels and the Southwest Windpower Air X wind turbines, in combination with the 12-
volt deep cycle batteries. Utilizing the specifics of Port-au-Prince’s solar and wind
resource, the HOMER analysis was completed. The author discovered that there was
great potential for solar power, but wind power could not be relied on due to marginal
wind speeds at best. With this knowledge, the HFN team ensured that the solar panels
received the highest priority as the team setup in different locations around Port-au-
Prince. In Figure 1, the author can be seen setting up a wind turbine and solar panels on

the grounds of the destroyed Haitian National Palace.



Figure 1. Photos of the author setting up a wind turbine and solar panels outside the
destroyed Haitian National Palace, January 2010.

Just as HOMER facilitated the HFN’s needs for the HADR mission in Haiti, there
is potential that it could play a substantial role in the Marine Corps. In Chapter II, a
discussion of why alternative energy capabilities are important to the Marine Corps is
presented. Actions taken by the Command of the Marine Corps in 2009 and 2010, which
speak to the high priority of expeditionary energy throughout the Service, are detailed.
The role HOMER could play in Marine Corps expeditionary energy is highlighted.

This is followed by an explanation of HOMER’s capabilities in Chapter Il1l. The
reader is provided the critical information needed to use HOMER themselves. The focus
of this chapter is centered on the details of HOMER'’s capabilities as they pertain to this
thesis.

In Chapters 1V and V, the two controlled experiments created for this thesis are
discussed. Both experiments provided an opportunity to measure actual alternative
power production as a comparison to HOMER’s modeled power production. As detailed

in Chapter 1V, the first experiment is a grid-tied-PV system, which is installed at Naval
2



Postgraduate School. The system was monitored for a one month period, the results of
which were then compared to a HOMER model of the same system. Through this
analysis, a method for calibrating HOMER to the particulars of the system was

developed.

In Chapter V, the second experiment is covered. This experiment focused on two
mobile solar panels and one small-scale wind turbine installed specifically for this thesis.
These systems were installed separately and were also monitored over a one-month
period. Again, these results were compared to HOMER models created to match the
systems. The calibration unique to each model is detailed. Additionally, the concept of

expeditionary energy density is developed as a metric for expeditionary energy analysis.

In Chapter VI, this thesis concludes with a discussion of the benefits that using
HOMER could have brought to the Marine Corps’ alternative power evaluation process.
This process, known as the Experiment Forward Operating Base (EXFOB), is detailed.
