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Abstract (Greek): NepiAnwn

H mapovoa AmAwuaTikh Epyacia Sdigpeuva TNV TEXVOOIKOVOWIKN PBIOCIUOTNTA VOGS
ALTOVOUOL  MIKPOSIKTOOL piag  EevoboxelakNg povadag 5 aoTépwv  OE  Eva
ATTOMAKPLOPEVO vNOi oTnVv Bopeia EANGSQ, TPOPoSOoTOLUEVO €€ OANOKANQEOL ATTO
Avavewoiues Mnyeg Evépyelag (AME). ITOXO TNG WEAETNG aTToTeAEl N Slgpebvnon TV
XQPAKTNPIOTIK@WY €VOG CLOTAUATOG TTOL Ba a&loTolEl TIC TEXVOAOYIEC LLOTAUATOG
DToPOATAIKWV (PV), ATToBnkevong Evépyeliag pe MmmaTapieg (BESS) kal Mapaywyng
Yépoyovou (P2H2P) woTe va KAAOTITOVTAI TTANEWGS Ol EVEQPYEIOKEG AVAYKEC HIAG
Eevoboxelakng povadag 270 KAV 5 aoTepwV BepIVAG AEITOLEYIAG. XTN AITTAWUATIKN
Epyaoia e€etalovTal evaAAaKTIKES S1IaTAEEIC CLOTNUATWY KAl ASIOAOYOLVTAI WG TTPOG
TNV OIKOVOUIKN TOLG ATTOS0CN T SIACTNUA 25 €TCV.

H peAETN YOVTEAOTTOIE TRIA KOPIA TEVAPIA, TO KABE Eva ATTO TA OTTOIA AVTITTOOCWTTEVE
Evav S1aPpopeTIKO cLVOSLACHO TwV oToIXEIWY PV, BESS kal P2H2P. To Aoyiouikd Hybrid
Optimization of Multiple Energy Resources Pro (HOMER Pro) xpnoigotroinGnke yia Tov
OXeSIAOPO, TNV TTPOCOMOION KAl TN PEATIOTOTIOINGN TOL ALTOVOMOL HIKPOSIKTLOUL.
Eva T1éTapTO Oevaplo €€ETAOTNKE pE OKOTTO TNV Slgpebvnon TNG  OIKOVOMIKNG
BIOCIUOTNTAG TNG CLVEEONG TNG ATTOUAKPLOWEVNG TOTTODECIAG UE TO KEVTPIKO SIKTLO
TNG XWEAG, AVTi TNG SNUIoLPEYIAG EVOG PIKPOSIKTOOL PACICUEVOL OTNV TTAPAYWYN
evépyelag 100% armmo AlE. YTOXOG NTav N €0pecn TOL OpioL ToL APXIKOL KOOTOLG
Emévéuong (CAPEX) Tng SiaclbvéeonG OTO OTIOIO YIVETAI OIKOVOUIKA QTTOSEKTO VA
AvaTTLXOEi Eva AaLTOVOPO PIKPOSIKTLO We xpnon AlE.

ITIC TTPOCOPOIWTEIS XPNOILOTIOINONKAY wpEIdia §e60UEVA KATAVAADTEWY NAEKTOIKNG
EVEQYEIQC aTTO LTTAPXOLOEC Kal &v AeTovpyia Eevodoxelakeg povades. MNa N
ouykekplpevn Eevodoxeliakn povada n eTnoia katavaiwon AC avnABe oTic 1354.677
MWh, ue péon nuepnola katavaiwon oTig 3715 kWh kai peyioto poprio 403.87 kW. O
ETTOXIOKEG SlakLUAVOEC TNG {NTNONG EVEQYEIAG NTAV KPICIUOG TTAPAYOVTAG OTOV
oxedlaouo TOL CLOTAUATOG.

Ta amoteAéeopaTta mapouvoialovv OTI 0 cLVELACPOG PV - BESS umopei va kaALyel
a&lOTTIOTA TIC EVEPYEIAKESC AVAYKEC TNG LevodoxelakNg povadacg kaB' oAn 1n SiApkeia
TOL £TOLG WE TO PIKPOTELO NPC CLYKPITIKA pE Ta LTTOAOITTA cevapia 100% TTapaywyng
NAEKTPIKNG evepyeliag ammo AlME. To cevaplo Tou evowpaTtavel PV, BESS kal P2H2P exel
10 6€UTEPO XapPNAOTELO NPC pe Siapopd 0.127 €/kWh oto Kavovikomoinuévo KOoTog
Evépyelag (LCOE) oe cbykpion e TNV KAADTEEN ETTIAOYN. TO TETAPTO Cevaplo avedele
TNV OIKOVOMIKA PRIOCIUOTNTA TOL ALTOVOPOUL MIKPOSIKTOOL av To CAPEX yia Tn
SIacLVEECN TOL £PYOUL HE TO SIKTLO LTTEPPEI TA 9.7 EKATOUMLPIA ELPW, EVA TTOCO TTOL
Sev gival ammiBavo va {NTnoki.

ALTA N AMTA@UATIKA Epyacia KaAOTITEl €&va ONUAVTIKO KEVO OTNV LTTAPXOLOd
BIRAIOYQA®PIA, TTOOTPELOVTAG Hia AETTTOPEPT AVAALON EVOG ALTOVOUOL HIKPOSIKTOOL
UE TTAPAYOMEVN NAEKTEIKN eveépyela €€ 'oAokAnpou atmo AlE yia pia evodoxelakn
povada e eviova peTaPaAAopevn emoxiakn {NTNoON TOL POPTIOL. ZLVOAIKA, N £pEvva
TTPOOPEPEl TTOADTIUEC TTANPOPOPIEC OXETIKA E TOV OXESIAOUO &VOG ALTOVOUOL
MIKPOSIKTOOL TTANPWS TPOPOSOTOLUEVO aTtO AllE yia €UTTOPQIKEG €PAPUOYEG O€
ATTOUOVWUEVES TIEQIOXES, AVOIYOVTAG TOV SO0 YIA TTIO PICCIUES EVEQYEIAKEG ADCEIG
O€ TTAPOUOIEG ATTOUAKPLOUEVES TOTTOOETIEG.
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Abstract

This thesis investigates the techno-economic feasibility of a stand-alone microgrid
system powered entirely by renewable energy sources, designed for a 5 — star, 270
beds resort on a remote island in northern Greece. The key challenge is to meet the
resort’s energy needs sustainably and reliably, without using any conventional diesel
generators. Having created the resort’'s unique energy consumption patterns,
marked by seasonal demand peaks in the summer and low consumption in the
winter, the primary objective of the study is to develop an optimal sustainable energy
system using Photovoltaic panels (PV), a Battery Energy Storage System (BESS), and
a Power to Hydrogen to Power (P2H2P) system. The study explores different
configurations of the above systems over a 25-year project lifetime, focusing on
minimizing the total Net Present Cost (NPC) of the project.

The study models three main scenarios, each representing a different combination
of PV, BESS and P2H2P systems. Hybrid Optimization of Multiple Energy Resources Pro
(HOMER Pro) software is used to design, simulate, and optimize the stand-alone
microgrid. The software optimizes the sizing of the components by searching for the
lowest NPC for each configuration. A fourth scenario is conducted to investigate the
financial viability of connecting the remote location to the main grid rather than
forming a 100% RE system. Various initial interconnection investment costs are
considered to determine the threshold at which it becomes more cost-effective to
develop a self-sustained microgrid using renewable energy sources instead of relying
on grid connection.

The simulations used hourly energy consumption data from existing and already
operating resorts. The dataset indicated an AC annual load of 1,354.677 MWh with
average daily load of 3,715 kWh and peak load of 403.87 kW, providing a realistic
representation of the resort’'s annual demand, enabling accurate modeling of its
energy generation and storage needs. Seasonal fluctuations of energy demand
were a critical factor in the system design.

The results indicate that the combination of PV and a BESS can reliably meet the
resort’s energy needs throughout the year, even during peak summer months, while
also providing the lowest NPC among all three 100% renewable energy (RE)
scenarios. The scenario incorporating PV, BESS, P2H2P system resulted in the second-
lowest NPC, with a Levelized Cost of Energy (LCOE) difference of 0.127 €/kWh
compared to the best option. The fourth scenario revealed that the stand-alone
microgrid is the only financially feasible option if the CAPEX for connecting the
remote resort to the grid exceeds 9.7 million euros, which is not an unlikely figure.

In conclusion, this thesis fills a critical gap in the existing literature by offering a
detailed analysis of a 100% RE stand-alone microgrid of a resort with highly variable
seasonal load demand. Overall, the research contributes valuable insights into the
design of fully RE systems for commercial applications in isolated areas, paving the
way for more sustainable energy solutions in similar remote settings.
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Chapter 1: Introduction

1.1 Motivation

The buildings and construction sector is the leading source of greenhouse gas
emissions, responsible for an overwhelming 37% of global emissions [6]. Resorts
account for approximately 1% of global carbon dioxide emissions. In 2021, out of the
36.3 billion tons of carbon dioxide released worldwide, resorts were responsible for
around 363 million fons, an amount roughly equivalent to the annual emissions of 45.7
million homes.

Scientists have determined that a global temperature rise of up to 2°C above the
pre-industrial average is the acceptable limit by 2050. Achieving this goal requires
significant reductions in carbon dioxide emissions across all sectors, with a particular
emphasis on the buildings sector due to its substantial contribution to global
emissions.

Most off-grid systems have fraditionally relied on diesel generators to ensure
autonomy, often coupled with Renewable Energy (RE) technologies, with or without
a Battery Energy Storage System (BESS). Even though this approach has been
effective, it has led to significant emissions. Current RE technologies, such as solar,
wind or hydroelectric, often face challenges on maintaining a stable energy
generation due to their dependence on weather conditions, which may change
multiple times per day. Therefore, a storage system is essential to ensure that during
the time periods of high energy production, the excess energy will be stored to be
used later, when the conditions do not allow to generate the energy that is required
to meet the load. BESS and pumped hydro storage are commonly used in energy
storage systems, however they come with technical and financial limitations.

Designing a SAM in a remote/ islanded area for a 5-star resort poses significant
challenges, due to the resort’s high energy demand which must be met at all costs
to ensure visitors’ satisfaction. A decentralized system like this requires local electricity
generation sources to meet the localized energy needs, as well as a storage system
to ensure the system’s reliability.

The primary challenge of this thesis lies in designing this islanded SAM while selecting
and sizing the optimal technologies and balancing system reliability with minimizing
both capital and operational costs.

20



1.2 Purpose of the Thesis

The purpose of this thesis is fo develop and analyze different scenarios of power
generation and storage for a SAM to meet the energy needs of a 5-star, 270 beds
resort. Currently, research has been conducted in the field of microgrids, exploring
various scenarios to evaluate the technological and financial feasibility of
establishing a microgrid in a remote area. The existing bibliography primarily focuses
on specific types of loads, usually annual loads with low demand, such as those of
small offices, households, or small communities. This research seeks to introduce a
solution that optimizes the sizing of components of a 100% RE with the goal of
minimizing the total Net Present Cost (NPC) of the project in an islanded area in
northern Greece. The study evaluates a potential seasonal load from a 5-star resort
to ensure the reliability of the microgrid.

The findings of this thesis are expected to contribute to the advancement of stand-
alone microgrids by providing technical and financial data that could improve the
autonomy of a seasonal and high load demand in a remote area. Through extensive
simulations in HOMER Pro software, this study will provide practical and financial
insights into the most effective method for similar cases to the one analyzed in this
thesis.

1.3 Hypothesis

The core issue in this research is determining the optimal sizing of components for a
100% RE system to minimize NPC and ensure reliability for a 5-star, 270 beds seasonal
resort in a remote islkanded area in northern Greece. The study will evaluate three
100% RE scenarios, including solar PV system, BESS and P2H2P system. The results of
these simulations will be analyzed and compared to the NPC and LCOE for the same
system if connected to the grid. This leads to the hypothesis following hypothesis:

Hypothesis 1: By optimizing the sizing of microgrid’'s components, it is possible that a
stand-alone 100% RE microgrid could be a techno-economic feasible solution for the
project.

Hypothesis 2: Scenarios with P2H2P systems will have higher NPC than the scenario
that does not include these components but will ensure a more reliable system.

The key variables involved in testing this hypothesis include the size and configuration

of RE and P2H2P components, as well as financial parameters such as the NPC, LCOE,
OPEX and CAPEX.
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1.4 Literature review

This study’s research is divided into the three following sectors into which the related
work from other studies can be categorized: stand-alone system, Hybrid Renewable
Energy Systems (HRES) and resort. With advancements in the technologies ufilized by
P2H2P systems, these systems have now been a reliable source of seasonal storage
and production in isolated areas. Not only do they enhance the reliability of an off-
grid system but also offer an alternative to avoid grid connection, thereby improving
grid reliability and alleviating congestion.

Beginning with the oldest papers to the most recent ones, this chapter is focused on
reviewing the existing literature.

E. I. Zoulias at al. [7] performed a techno-economic analysis on the integration of
P2H2P technologies (electrolyzers, fuel cells, and hydrogen storage tanks) into a RE
stand-alone system in Kythnos Island, Greece. HOMER software was used to simulate
the system (PV-P2H2P) and compare it to the existing PV-diesel setup. The study
proved that it is technically feasible to replace fossil fuel-based generators with
hydrogen technologies. G. J. Dalton at al. [8] analyzed a SAM of a resort with over
100 beds. The average energy consumption of the resort was 15000 kWh/day, with a
peak load of 966 kW. It was concluded that a hybrid diesel/RE configuration would
provide the lowest NPC.

L. H. Jing Li af al. [?] analyzed the optimal configuration of a large residential
community with a daily average power consumption about 28,634 kWh and peak
load 6,169 kW in residential community in Beijing, China. The area allowed the
installation of both PV and wind turbines. The results of the simulations in HOMER Pro
indicate that the microgrid could supply successfully 90% of the onsite electricity
demand with 47-100% RE sources. It is also shown that it is more cost-efficient when
wind power becomes the main energy source, while combined with PV. Finally, the
scenarios that were simulated without a BESS proved to be less cost-effective than
those that a BESS was included.

H. Zahboune at al. [10] explore the MESCA method for optimizing a standalone hybrid
PV/wind power system with battery storage, applying it to a residential area in Oujda,
Marocco, with a primary load of 18.7 kWh/ day. The optimal design resulted in a LCOE
of 0.374 €/kWh. V. Suresh at al. [11] conducted a study on the modelling and
optimization of an off-grid hybrid energy system for three vilage hamlets in Kollegal
block, Karnataka, India, assessing four combinations of HRES. The total energy
demand in the area was estimated at 724.83 kWh/day, with a peak load of 149.21
kW. The four combinations included various setups of solar PV, wind fturbines, biomass
gasifiers, fuel cells and BESS. The configuration that included all components was
found to have the lowest NPC and LCOE of 0.15 €/kWh.

The latest studies prove that isolated remote communities with medium load a P2H2P
system is often chosen coupled with PV and BESS. F. Dawood at al. [12] analyzed a
100% renewable energy SAM in a hypothetical remote community in the Western
part of Australia. The community consisted of 100 households and a few small
commercial buildings and factories. The semi-residential daily load profile was 2 MWh
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AC and 192 kW peak. The researchers evaluated the techno-economic feasibility of
a RE system using hydrogen as energy storage for a SAM. HOMER Pro software was
used to simulate the system, while the results showed that the hydrogen-battery
hybrid energy storage system is the most cost-effective scenario and has significant
potential in electrifying remote communities. G. Lacey at al. [13] investigated the
techno-economic feasibility of including RE to support the operation of a hotel unit
on Myanmar's west coast with a capability of grid connection limited to 5 hours per
day. The study’s results showed that it was not economically realistic to build a
microgrid which supplies 100% of the load, so a hybrid diesel generator and PV array
were chosen to cover a demand of 20%.

M. G. Basiony at al. [14] developed a mathematical system model, implemented
using MATLAB/Simulink, to analyze the performance and sizing of different
components in a standalone microgrid. The system included PV panels, an
electrolyzer, fuel cells, hydrogen storage and a multi-effect mechanical vapor
compression (MED-MVC) desalination unit. The study focused on meeting both the
freshwater production and the annual energy demand of 255.17 MWh for a building
in New Bord El-Arab City, Egypt. Simulation results demonstrated a viable solution
capable of fulfiling the energy and freshwater needs, with a LCOE of 0.64 €/kWh.

1.5 Contribution

There is extensive research on techno-economic feasibility of stand-alone microgrids
in small, medium, and larger communities using PV-BESS or P2H2P systems. However,
upon reviewing the available studies, it became evident that there is no updated
research available on SAM of resorts in remote areas. Resorts differ significantly from
residential communities or offices in terms of the daily energy demand patterns, peak
load timing, and annual load distribution. This is partficularly true in seasonal resorts,
where the energy demand is very low during the winter months but peaks
dramatically during summer, highlighting the need for seasonal energy storage. In
addition, most of the available research focuses on comparing a fraditional diesel
generator set up with PV-BESS or P2H2P systems.

This study is addressing these gaps by focusing on a resort with seasonal operation on
a remote island in northern Greece, by creating a SAM with 100% RE with no DG.
Different scenarios are explored to conduct a techno-economic analysis and identify
the optimal configuration with the lowest NPC. Due to the location and the nature of
the project, certain restrictions are considered in the analysis.
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1.6 Organization

In this study the following organization system is used to ensure the gentle infroduction
of the reader to the case study.

In Chapter 2, the theoretical background needed for the study is analyzed. The
methodology used in this study is described in Chapter 3, including the software, data
analysis and mathematical analysis of the problem and its components. Chapter 4 is
dedicated to infroducing the case study to the reader, explaining the different
scenarios of the problem, and detailing the input data. The results for each scenario
and outputs of the simulations in HOMER Pro can be found in Chapter 5, while also
including a sensitivity analysis. In Chapter 6, the study's conclusions are analyzed, and
suggestions for future work are presented. Following this, supporting documents and
files used throughout the thesis are detailed, concluding with the bibliography.
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Chapter 2: Theoretical background

2.1 Infroduction

In this chapter the theoretical background of the study is analyzed. The main key
words of the research as well as other terms used in the study are explained.

2.2 Small Power Systems (SPSs)

Small Power Systems (SPS) is an electrical power system designed to generate and
distribute electricity in small-scale applications. These types of systems are often used
in remote areas, microgrids or residential setups where large scale grids are not
technically or financially feasible. Depending on the connections to the grid, SPS can
be grid-connected or off-grid.

As for their scale, SPS often serve smaller geographic areas, and a limited number of
consumers compared to larger power grids. The system could generate energy from
various types of sources, for example RES (solar, wind), DG, or a combination of the
above to ensure reliability (hybrid SPS) [1].

SMALL POWER SYSTEMS

} } J ! J
&= (= =>
D

Figure 2.1: Small Power Systems, Source: [1]

2.2.1 Grid Connected systems (GC)

Grid connected (GC) systems are larger independent decentralized setups
that can operate when connection to the main electricity tfransmission and
distribution system has been made. The capacity of these types of systems is
determined but the supply source and the systems operates only if there is
available supply sources [15].
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2.2.2 Stand-Alone Microgrids (SAM)

Stand-alone microgrids (SAM) are suitable for remote locations, in areas where
grid connection is not the technically or financially a feasible choice. The
operatfional capacity of the system is matched to its demand. To ensure its
reliability a storage unit, such as BESS or P2H2P system needs to be
implemented.

2.3 Photovoltaic system (PV)

A Photovoltaic (PV) systemis a RE power generation system designed to convert solar
radiation into electrical energy. The main part of this technology is the solar cell
modules. Their applications vary from small residential setups (GC or SAM) to large
scale solar farms. SPV electrical direct current (DC) power production systems show
many advantages such as the absence of CO2 emissions and the lack expenses
regarding fuel costs [16].

2.4 BESS

A Battery Energy Storage System (BESS) is a supporting system with a rapid response
time, high reliability, and low self-discharge rate. Depending on the application in
which is going to be used, there are specific attributes, such as the name, capacity,
energy, power output, charging/discharging rates, efficiency, life cycle, and cost,
that must be taken into consideration to determine the most efficient BESS for the
system.

A very common battery energy technology is lithium-ion batteries. Their main
advantages are portability, high energy density, and fast response time. However,
the downsides of this type of technology is its high cost and limited capacity [17].
Therefore, their use is primarily for hourly and daily storage, which highlights the need
to find methods for seasonal energy storage.

2.5 Power to Hydrogen to Power (P2H2P) Systems

2.5.1 Introduction

Power-to-hydrogen-to-power (P2H2P) is an upcoming alternative of BESS fo
overcome their technical and financial challenges. According to B. Modu at
al. [18] hydrogen (H2) is considered a form of renewable energy storage due
to its ability to be produced through the process of electrolysis and stored in
tanks.
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As shown in Figure 2.2, P2H2P systems convert excess electricity to gaseous
hydrogen via electrolysis which is later stored in gas tanks or fransferred through
pipelines [2]. A fuel cell (FC) converts stored hydrogen into electricity during
time periods when the generated energy from the RES does not match the
load.

Due to the increased fuel prices, P2H2P is considered a financially viable
solution in mini-grid systems with zero CO2 emissions [19].
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Figure 2.2: P2H2P systems, Source: [2]

As shown in Figure 2.2, the considered elements in a P2H2P system are the
electrolyzer, hydrogen tank and fuel cell. All these technologies are presented
in this chapter.

2.5.2 Electrolysis & Electrolyzer

Electrolysis refers to the process which splits water info hydrogen and oxygen
by applying DC current within an electrolyzer [20]. Green (renewable)
hydrogen is produced by RES via the process of electrolysis.

The electrolysis process is represented by the reaction in Equation 2.1.

H,0 - 2H, + 0, AH® = 286 kJ/mole (at 25°C, 1 bar) (2.1)

4H* + 4e > 2H, 2H,0 > 0, + 4H*

2H, 0, +4e
2 & g @ o
S ]
B HI® ©
=" o
sl & 8 &
o &
& ® o Iq
}0

Figure 2.3: Electrolysis process, Source: [3]
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There are three main water electrolysis technologies that are mostly mentioned
in literature [21]:

o Alkaline water electrolysis (AWE)

e Proton exchange membrane (PEM)

e Solid oxide electrolyte (SOE).

As shown in Figure 2.3 the inputs of an electrolyzer are the electric energy from
RES and water, while the main output is hydrogen. Secondary outputs are
considered the oxygen and heat.

2.5.3 Hydrogen Storage

The main product of electrolysis, the Ha, requires compression to enhance its
volumetric energy density and allow it to transfer it or utilize it as a source for
electric power generation [2]. Once the hydrogen has been compressed, it is
stored at a pressure not exceeding 200 bar [14].

Figure 2.4: Hydrogen Storage, Source: [4]

Hydrogen storage is necessary for a stand-alone energy system to always
ensure that the load demand will be met, even when energy produced by RES
is insufficient.
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2.5.4 Fuel Cell (FC)

A lot of attention has been drawn to hydrogen fuel cell technology, due to its
high efficiency, low levels of noise and pollution compared to other chemical
energy conversion, such as DG.
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Figure 2.5: A typical Fuel Cell, Source: [5]

Fuel cells essentially operate as the reverse process of electrolysis. A fuel cell is
an electrochemical device that generates power through oxidation/
reduction reactions. As shown in Figure 2.5 it consists of an electrolyte
membrane placed in between two catalyst-coated electrodes, the anode
and the cathode. Oxygen drawn from the air flows through one electrode
while at the same time hydrogen flows through the other. This reaction
generates energy, along with water and heat as byproducts [22].

The proton exchange membrane fuel cell (PEMFC) is one of the best forms of
fuel cell for distributed power production systems, since it runs at lower
temperatures and can start and stop faster than other types of fuel cells [18].

2.6 Hybrid Renewable Energy System (HRES)

A Hybrid Renewable Energy System (HRES) combines RES (solar, wind, hydroelectric
power) with on-site Hy production and storage [23]. Adding FC to a RES system can
reduce the size of the BESS, extend project’s lifetime, and enhance overall system
performance [18]. This type of system can be implemented in both grid-connected
or stand-alone systems.

In large-scale energy systems, hydrogen can be used for ancillary purposes to
stabilize the grid by absorbing excess renewable energy and releasing it back to the
grid when necessary. In off-grid locations, RES-H2 hybrid can be implemented to
provide a self-sufficient energy solution.
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2.7 Dispatch Strategies

Load Following (LF) and Cycle Charging (CC) are the two dispatch strategies used
in hybrid power systems, crucial for managing energy production while optimizing
efficiency.

2.7.1 Load Following (LF)

In the Load Following (LF) strategy, when RES are available the system uses it
to meet the load. If the demand is not satisfied with the RES production, a
generator produces only enough power to meet the remaining demand.
Charging the storage bank is only charged by the RES. This strategy is
particularly effective in a system where RES is the main source of power
production.

2.7.2 Cycle Charging (CC)

In the Cycle charging (CC) strategy, the generator is running at full capacity if
turned on despite the load. When there is excess energy produced by the
generator, the storage system is charged, and once it is fully charged, the
generator shuts down. The system then relies on the storage system until it is
fully discharged and the process repeats. Cycle charging strategy tends to be
optimal in little or no renewable power systems.

2.8 Financial Terminology

This study incorporates many economic terms, with the four key terms that shape the
thesis outcomes described below.

2.8.1 Net Present Cost (NPC)

Net Present Cost (NPC) is a financial metric that is used to calculate the total
cost of a project or investment over its lifetime, expressed in present-day
economic value. It consists of both the initial capital investment and any future
costs, such as operation & maintenance or replacement. By discounting future
costs to their present value, NPC provides a comprehensive view of the total
cost of the project, allowing comparisons between different investment
options.
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2.8.2 Capital Expenditure (CAPEX)

Capital Expenditure (CAPEX) refers to the funds needed to be invested in a
project to provide value over an extended period. In this study, when the term
CAPEX is used, it specifically refers to the initial CAPEX of the project.

2.8.3 Operation & Maintenance Expenditures (OPEX)

Operation & Maintenance Expenditures (OPEX) refer to the ongoing costs
required for the daily functioning of the project. Unlike CAPEX, which involves
one-time large investments, OPEX covers recurring expenses that are
necessary for maintaining regular operations.

2.8.4 Levelized Cost of Energy (LCOE)

Levelized Coste of Energy (LCOE) is a meftric used to calculate the average
cost of energy generation over the lifetime of the project. It considers all the
costs associated with the project, including CAPEX, OPEX and emissions
penalties LCOE is expressed in €/kWh.

This tferm helps to compare different energy technologies by averaging costs
over the system'’s lifecycle, making it easier to determine which energy
production system is the most economically feasible.
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Chapter 3: Methodology

3.1 Infroduction

This chapter presents the software used for the simulations of this research, as well as
the mathematical modelling of the components and mathematical analysis of the
system. HOMER Pro was used for the simulation of the research to optimize
components’ sizing to achieve the lowest Net Present Cost (NPC). The software uses
several mathematical formulas during the optimization process which are all
explained in this chapter.

3.2 Software: HOMER Pro

The Hybrid Optimization of Multiple Energy Resources Pro (HOMER Pro) is a software
developed by the National Renewable Energy Laboratory (NREL - USA), and is widely
used to design, simulate and optimize microgrids. Through HOMER Pro the researcher
can compare different power technology components, getting information about
their physical behavior, purchase, installation and operation costs. It allows users to
simulate both grid-connected and off-grid systems with various energy sources
available, such as solar PV, wind turbines, DG, and storage systems like BESS or P2H2P.
During the simulation process, it performs chronological simulations to evaluate
system performance over the years, optimizing the Net Present Cost (NPC) by
considering fuel prices, weather conditions and consumption. It evaluates different
combinations of the above components to propose the most optimal combination
of technologies that minimizes the total NPC.

HOMER Pro requires input data regarding the location of the microgrid, weather data
and electrical load that needs to be served. If needed to be used, a specific BESS is
required to be chosen from a wide range of battery components. The software
optimizes the parallel strings for the BESS. Generators can be either chosen from the
suggested list or create a custom one.
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3.3 Modelling of system components

Modelling of the RES-H2 system is a crucial step to understand the algorithm HOMER
Pro software uses to optimize the sizing of the components in each simulation. The
mathematical modelling for the components used in the scenarios is explained
below.

3.3.1 Solar PV system & Inverter

Equation 3.1 calculates the output of the PV array.

Ppy = Ypy fpy (G_—T) [1 +ap (Tc - TC,STC)] (3.1)

Gr,sTC

Where Y, stands for the rated capacity (kW) of the PV array, meaning its
power output in standard conditions, fpy is the PV derating factor (%), Gy stands
for the solar radiation incident on the PV array in the current time step (kW/m?2),
while Grsr¢ deals with the incident radiation at standard test conditions (1
kW/m?2).The ap is the temperature coefficient of power (%/°C), the T, and T¢ sr¢
is the PV cell temperature in the current time step (°C) and under standard test
conditions (25°C) respectively.

HOMER Pro allows the user to enter the cost, performance characteristics, and
orientation of an array of photovoltaic (PV) panels and choose its size. The user
can either allow the software to optimize the PV size based on the needs, or
manually select the size of the PV system. The selection of the inverter and its
characteristics can be made using the same process and information as
described above for the PV system.

3.3.2 BESS

As for the battery bank, the software offers a selection of battery banks that
the user can choose from a library. The user can review the technical details
and specify the costs. All this information is drawn from datasheets of BESS
manufacturers. Apart from the finances of the battery bank, the user is also
able to adjust the State of Charge (SoC) to the desirable value. HOMER Pro is
capable of sizing and optimizing the strings used in the BESS.

Then availability of power in the battery bank at any time is described by A.
Chauhan at al. [24] in Equation 3.2.

Epate(t) = Epqee(t — 1) + Egg(t) * N¢e * Nene (3.2)

where, Eg(t)is the exira energy available from all the systems, nq is the
charging conftroller efficiency, and nqys the battery charging efficiency.
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3.3.3. Electrolyzer

In HOMER Pro, the user can specify electrolyzer's costs, efficiency, while the
software can optimize electrolyzer’s size in term of maximum electrical output.

The power transferred from electrolyzer to hydrogen storage tank is described
by V. Suresh at al. [11] Equation 3.3.

Pgiec—Tank = Pren—Eiec * NElec (33)

where, ngec is the electrolyzer efficiency assumed as constant.

3.3.4 Hydrogen tank

HOMER Pro assumes that adding H2 to the tank does not require electricity and
that the tank does not experience any leakage. The user can specify tank’s
finances, efficiency, while the software is capable on optimizing tank’s
capacity (kg).

The mass of hydrogen storage is calculated using the Equation 3.4.

E an (t)
Mrank (t) = ;H—kaz (34)

where, HHVy, is hydrogen storage higher-heating value considered as 38.9
kWh/kg [T1].

3.3.5 Fuel Cell

In HOMER Pro, the user can specify the size of the fuel cell in terms of maximum
electrical output and the components finances.

The output power of a Fuel Cellis described by M. J. Khan at al. [25] in Equation
3.5.

Ppc = Prank—rc * Nrc (3-5)
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3.4 Mathematical analysis of the problem

HOMER Pro targets on minimizing the Net Present Cost (NPC) when optimizing the
system’s components. The NPC of a system is the present value of all the costs the
system incurs over its lifetime subtracting the present value of all the revenue it earns
over its lifetime. It includes variety of costs including the capital costs, replacement,
Operation & Maintenance (O&M), fuel, buying power from the grid, penalties and
emissions. Revenues include income from selling power to the grid, when available.
In remote, stand-alone systems, the revenue value is set to zero, due to the lack of
connection with the grid [26].

HOMER Pro uses Equation 3.6 to calculate the Total Net Present Cost (TNPC):
TNPC = CC + O&MC + RC + FC (3.6)

where, CC is the total capital cost, 0&MC is the total maintenance & operation, RC
stands for the cost of replacement and FC is the cost of fuel and all the system
components. As mentioned above, in this study the revenue value is set to zero due
to the stand-alone system that is analyzed.

For hybrid RE systems, the cost of energy (COE) is calculated by using Equation 3.7:

COE = TNPC * CRE (3.7)

EprimtEdeftEgridsales

where Ej.,is the primary load, E4r the deferrable load, Egpigsqes the amount of

electrical energy sold to the grid each year and CRF the Capital Recovery Factor

and is calculated by Equation 3.8.
CRF = Y&’ (3.8)
y(+y)-1 '

where y the rate of annual interest and 7 the plant life [11].
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Chapter 4: Case study

4.1 Weather Data

The case study analyzes the stand-alone microgrid of a potential resort on a remote
island in northern Greece.

HOMER Pro software allows the user to enter the exact location of the study areq,
and uses solar data downloaded from NASA Prediction of Worldwide Energy
Resources for the exact latitude and longitude of the location entered. As shown in
Figure 4.1, the scaled average annual global horizontal solar irradiation is 4.15
kWh/mZ2/day. The clearness index, which indicates the rate of solar irradiation passing
through the atmosphere and reaching earth’s surfy surface, tends to be high on
clear, sunny days and low during cloudy conditfions.
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Figure 4.1: Daily Radiation & Clearness Index of Case Study location

Figure 4.3 shows the temperature data for the case study location downloaded from
the NASA Surface Meteorology and Solar Energy database. This information is used
for the operation of the PV system, which is negatively affected when the
temperature of the environment is high. The annual average temperature is 16.24°C,
but during the summer months, it can reach 27°C.
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Figure 4.2: Daily Temperatures of Case Study location
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4.2 Data processing

The resort, with a maximum capacity of 270 guests, will be operating seasonally from
March 31st to October 26™. To simulate the SAM, hourly electricity load demand data
for the entire year was required.

Load data from a resort with a capacity of 1,200 guests were successfully collected.
Although this resort is located on Kos Island, Greece, it shares ownership with the
case-study resort and has similar characteristics. Both are luxury, all-inclusive, 5-star
resorts, offering the same pool surface area per guest, and employing identical
techniques for heating, cooling, water processing and automation systems. An
analysis of the data collected from all the company’s resorts revealed that daily
electricity demand is not significantly impacted by the varying regions of Greece,
despite the potential differences in climate zones. The electricity demand was
estimated to fall between 24 and 28 kWh per guest per night. Additionally, all resorts
exhibited a similar guest capacity profile throughout the year.

The electricity demand load dataset, with 1-hour resolution, for the resort in Kos Island
covered the period from July 12th to December 31st, 2023. This created the need to
generate data for the remaining of the year (January 15t to July 11th). Additionally, a
document outlining the resort’s daily energy consumption throughout the year was
provided.

Figure 4.3 displays the data drawn from the existing resort.
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Figure 4.3: Data from existing resort
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In this dataset, some values were flagged as unreasonably high or low, attributed to
inaccurate measurements. A pattern was identified starting from July 239, where the
daily electricity consumption displayed mirrored behavior. For instance, the daily
electricity consumption on July 22nd matched that of July 24th, and July 21st matched
that of July 25t, following this pattern. Figure 4.4 illustrates how this pattern was
applied to fillin the missing data.

DO

Figure 4.4: Data Recovering Method

The two resorts, the existing one and the case-study, have different guest capacities.
The annual capacity rate of the existing resort was first calculated using the Equation
4.1.

Guest capacity (%) _ Daily guest capacity (existing) (4.] )

Maximum guest capacity (existing)

According to this rate, the daily guest capacity of the case-study resort was
calculated by Equation 4.2.

Number of guests per day (case study) =
= Guest capacity (%) * Maximum capacity (case study) (4.2)

By knowing the daily guest capacity and electricity demand load of the existing
resort, it was feasible to estimate the electricity demand load for the case study
resort. The annual energy demand, calculated with an hourly resolution, was
determined using Equation 4.3.

Ecase study (kWh) =

_ Hourly consuption (existing) » Number of guests per day (case study) (4.3)
B Daily guest capacity (existing) '
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Figure 4.5 represents the annual electricity demand profile of the case study resort.
This updated figure reflects the corrections made to the erroneous data, ensuring
that the analysis is based on a reliable depiction of the resort’'s energy consumption.
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Figure 4.5: Annual load demand

In summary, the average daily AC load was 3,715 kWh with a peak load of 403.87 kW
in July.

Figure 4.6 presents the average monthly load profile, showing higher overall demand
during the summer season (April to October), when the case study resort is operating.
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Figure 4.6: Average monthly load
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Figure 4.7 displays the average daily load profile for each month.
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Figure 4.7: Average daily load profile by month

During the months when the case study resort is operational, peak loads occur
between 9AM and é6PM, while lower loads are observed in the early morning and late
evening hours. In the off-season months, the daily load remains low, with peak around
1TAM.

4.3 Proposed Microgrid

A stand-alone fully powered by RES microgrid has been examined in this study. This
system comprises three main components, Photovoltaic system (PV), Battery Energy
Storage System (BESS) and Power to Hydrogen to Power (P2H2P) system, which
includes an electrolyzer, a Fuel Cell (FC) and a hydrogen storage tank. Three
scenarios are examined to evaluate different sizing options and combinations of
these components. The objective is fo determine the key technical characteristics of
the system in each scenario that leads to the best financial results, and to compare
the scenarios in terms of their economic performance.
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4.4 Scenarios

In this study, three scenarios are evaluated for the stand-alone microgrid over a 25-
year project lifetime. These scenarios explore different configurations and sizing of
the PV system, BESS, and P2H2P system to determine the most technically and
economically feasible solution for powering the resort entirely through renewable
energy. In addition to these three scenarios, a fourth scenario is also considered. This
scenario investigates the CAPEX required for a potential grid connection, analyzing
the conditions where connecting the resort to the grid would be a more financially
viable solution.

The scenarios are:

e Scenario 1 (S.1): Solar PV and BESS

e Scenario 2 (S.2): Solar PV and P2H2P system (electrolyzer, Fuel Cell, Hz tank)

e Scenario 3 (S.3): Solar PV, BESS and P2H2P system (electrolyzer, Fuel Cell, H2
tank)

e Scenario 4 (S.4): Grid-connection
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(@] |{mw & T
3?'1% EEEI-:thd ) e Lt AcC DC k
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Figure 4.8: Scenario 1, Solar PV and ) ’.‘E J i ‘%:.g
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Figure 4.9: Scenario 2, Solar PV Lilen
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Figure 4.11: Scenario 4, Figure 4.10: Scenario 3, Solar PV,
Grid-connection BESS and P2H2P system

(electrolyzer, FC, Hz tank)
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The scenario 1 schematic, which uses a Load-Following (LF) dispatch strategy and
solar PV and Li-lon BESS to create a 100% RE system, is depicted in Figure 4.8.
Simulation constraints were adjusted so that at least 99.98% of the load demand
could be satisfied. The BESS system was chosen to have at least two hours of
autonomy. HOMER Pro sizes and optimizes the system's component parts to achieve
the minimum NPC possible.

Figure 4.9 illustrates the schematic of scenario 2, which is a RE-P2H2P system consisting
of solar PV, electrolyzer, fuel cell, and Hz tank with LF dispatch strategy. The constraints
of the simulation were the same as those chosen for Scenario 1. HOMER Pro sizes and
optimizes the system's component parts to produce the lowest NPC feasible. The H»
tank was completely empty at the beginning of the simulation. The size of the fuel cell
was left to be optimized by the software during the simulation.

The schematic of scenario 3 is shown in Figure 4.10 and represents a HRES consisting
of solar PV, electrolyzer, fuel cell, H tank and Li-lon BESS with LF dispatch strategy. The
BESS system is chosen to have a minimum of two hours autonomy and is optimized
by HOMER Pro. Fuel cell’s size is optimized to utilize the maximum excess energy in the
remote microgrid. The simulation constraints were identical to those in S.1 and S.2.
System’s components are sized and optimized by HOMER Pro to achieve the
minimum NPC possible.

Figure 4.11 represents the schematic scenario S.4, which demonstrates a grid
connected AC system. In this instance, the financial viability of connecting a remote
location to the grid rather than forming a HRES is examined by looking at the LCOE.
Various initial interconnection investment costs are considered to determine the
threshold at which it becomes more cost-effective to develop a self-sustained
microgrid using renewable energy sources instead of relying on grid connection.

4.5 Input Data

In this section, the input data of each component used in HOMER Pro simulations is
described.

For scenarios S.1, S.2 and §.3 components’ specifications, capital and operating costs
(CAPEX and OPEX) were imported from the HOMER Pro library and adjusted to the
costs in the literature reviewed and the market, proposed by Z. Medghalchi at al. [27]
and B. D. James at al. [28].

A generic flat plate PV system was chosen to be optimized by HOMER Pro. For each
scenario, four sub-scenarios were analyzed by adjusting the panel slope to 10, 20, 30
and 40 degrees. The sub-scenario with the slope that resulted in the lowest NPC was
then chosen. The BESS was composed of Lithium-ion technology with SoC from 20%
to 80%. The BESS size is optimized by the software in each simulation, as well as the
size of the converter based on the maximum energy level of the system. In scenarios
S.2 and S.3 where a fuel cell (FC) is simulated as part of the microgrid, multiple values

for the FC size are entered with a step of 50 kW.
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The financial modelling inputs are shown in Table 4.1.

Table 4.1: Financial Input Data

Specification Unit Value Reference
PV Capital Cost €/kW 1547 [27]
PV Replacement Cost €/kW 1547 Author estimate
PV O & M Cost €/kW/year 24 [27]
Panel Slope degrees (°) 10 to 40 Author estimate
Derating factor % 80 HOMER Pro Default
BESS Capital Cost €/kWh 550 [27]
BESS Replacement Cost €/kWh 550 Author estimate
BESS O & M Cost €/kWh/year 10 [27]
Fuel Cell Capital Cost €/kW 3947 [27]
Fuel Cell Replacement Cost €/kW 3947 Author estimate
Fuel Cell O & M Cost €/kW/op. 0.018 [28]
hour
Electrolyzer Capital Cost €/kW 4600 [27]
Electrolyzer Replacement Cost €/kW 4600 Author estimate
Electrolyzer O & M Cost €/kW/year 138 [27]
H2 tank Capital Cost €/kg 470 [27]
H2 tank Replacement Cost €/kg 470 Author estimate
H2 tank O & M Cost €/kg 9.4 [27]

In scenario S.4, the connection between the mainland grid and the remote microgrid
is examined. Different values for the initial capital cost of interconnection are used as
input data to identify the point at which a 100% renewable energy microgrid
becomes more financially viable than connecting the remote location to the grid. In
this scenario, the initial inferconnection investment is increasing by increments of
100,000 € in each simulation and stops when the S.4 LCOE is higher than the lowest
LCOE of scenarios S.1, S.2, and S.3.

43



The input data for scenario S.4 is shown in Table 4.2.

Table 4.2: Input Data S.4

Category Specification Unit Value Reference
Grid Extension Grid capital cost (€) 100,000 Range
cost
Rate Definition Rate 1 (€/kWh) 0.198 Author estimate
Rate 2 (€/kWh) 0.159 Author estimate
Rate 3 (€/kWh) 0.146 Author estimate
Emissions Carbon Dioxide (9/kWh) 632 HOMER Pro Default
Sulfur Dioxide (9/kWh) 2.74 HOMER Pro Default
Nitrogen Oxides (9/kWh) 1.34 HOMER Pro Default
Emissions Carbon Dioxide Penalty (€/1) 85 EU ETS
Penalties Sulfur Dioxide Penalty (€/1) 100 EU ETS
Nitrogen Oxides Penalty (€/1) 50 EU ETS

Grid’s rates were determined according to Greece's grid prices in 2023. The Grid
Rate Schedule was formed as shown in Figure 4.12.

Price  Sellback
€/kWh  €/kWh

0.1880 0.0000

Rate 1

Rate 2 0.1590  0.0000

Rate 3 0.1460  0.0000

23:00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Figure 4.12: Grid Rate Schedule

The emissions penalties have been determined according to the European Union
Emissions Trading System (EU ETS).
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In all scenarios the following constraints were added shown in Table 4.3.

Table 4.3: Constraints for all scenarios

Specification Unit Value Reference
Location Latitude, 40°13'25"N Author estimate
Longitude 23°47'06"E
Project’s lifetime years 25 Author estimate
Discount rate % 8 HOMER Pro Default
Inflation rate % 2 HOMER Pro Default
Maximum annual capacity % 0.02 Author estimate
shortage
Minimum renewable fraction % 100 Author estimate
Real discount rate % 5.88 Author estimate
System’s precision % 0.01 HOMER Pro Default
Net Present Cost precision % 0.01 HOMER Pro Default
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Chapter 5: Results

5.1 Infroduction

This chapter discusses the simulation results of all four scenarios outlined in Chapter 4.
Beginning with the optimization results, then moving on to the sensitivity analysis
results. HOMER Pro analyzes various component sizes for each of the four scenarios
and chooses components that meet at least 99.98% of load requirements. The
technical, economic, and emission related aspects are used to evaluate and
compare the four scenarios.

5.2 Resulis for Scenarios S.1, S.2, S.3

5.2.1 Scenario 1 (S.1): Solar PV and BESS

Scenario S.1 analyzes a solar PV and BESS microgrid with at least 99.98%
capacity shortage. The panel slope that resulted in the lowest NPC was 109.

The optimization results of scenario S.1 with panel slope at 10 ° are shown in

Table 5.1.

Table 5.1: Optimization Results S.1

Optimization Results S.1
(Solar PV and BESS)

Generic flat plate PV (10°slope) (MW) 3.52
System Li-lon BESS (MWh) 9.0
Components
Converter (kW) 439
Generic flat plate PV production (kWh/year) 4,518,133
Excess Electricity (kWh/year) 3,000,000
Excess Electricity (%) 66.8
Unmet Electric Load (kWh/year) 1,388
Electrical values
Unmet Electric Load (%) 0.102
Capacity Shortage (kWh/year) 1,613
Capacity Shortage (%) 0.119
Renewable Fraction (%) 100
Autonomy (hours) 49.7
BESS
Usable Nominal Capacity (MWh) 7.686
Carbon Dioxide produced (kg/yr) 0
Emissions
Sulfur Dioxide produced (ka/yr) 0
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Nitrogen Oxides produced (kg/yr) 0

Total Net Present Cost (Total NPC) (million €) 13.2
System initial capital cost (CAPEX) (million €) 10.8
Finance values
Levelized Cost of Energy (LCOE) (€/kWh) 0.753
Annualized System O&M cost (€/year) 180,555

The optimal configuration for this scenario with the lowest NPC consists of an
approximately 3.5 MW generic flat plate PV, 9MWh Li-lon BESS (20-80% SoC)
and 439 kW converter. 99.89% of the total electrical load managed to be
covered by the 100% RE system. The results show that 66.8% of the total PV
production is not used.

Figure 5.1 shows the average daily solar PV production (kW) for every month of
the year. As expected, production varies between 6AM and 6PM, with the
peak power output occurring at midday, forming a bell-shaped figure. In
January and December, the peak power output occurs at around 10AM and
14PM respectively.
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Figure 5.1: DMap Generic flat PV Annual Power Output

Figure 5.2: DMap Generic flat PV Annual Power Output
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As illustrated in Figure 5.3 and Figure 5.4, the peak month for average RE
production at this location is June, which coincides with the highest average
global irradiation and relatively low temperatures.

£ 1000
an g haay un Wl g Sep o N Dec

Figure 5.3: Global Solar Monthly Averages. Figure 5.4: Generic flat PV Power Output
Monthly Averages.

Figure 5.5 shows the average State of Charge (SoC) of the YMWh BESS over a
24-hour period for each month of the year, reflecting seasonal and daily
variations. Each subplot represents a month from January to December, with
the SoC percentage on the y-axis and time of day in hours on the x-axis. During
the summer months, when the resort is hosting guests, the SoC varies, with dips
in the morning and evening suggesting that the battery discharges to meet
energy demand, due to the lack of PV production at that fime of the day. The
BESS charges during the time of the day with high PV production. In winter
months (November to March) the SoC remains almost stable to 100%, since the
load demand is very low and can be covered directly from the PV system. The
BESS has 49.7 hours of autonomy, while the usable nominal capacity is 7.686
MWh.
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Figure 5.5: Li-lon BESS 9 MWh State of Charge Average Daily Profile
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In Figure 5.6 the y-axis represents the hour of the day, while the x-axis represents
the day of the year. During the summer months the SoC ranges between 100%
(TTAM to 6PM) and 80 - 60% during the late evening and early morning hours.
It is shown that the BESS discharges to 20% on August 1st. An unmet electric
load of 1,388 kWh is detected on this day, as shown in Figure 5.7.

90 270
Day of Year

Figure 5.6: DMap BESS 9 MWh annual State of Charge
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Figure 5.8 illustrates the system operation of the PV - BESS in scenario 1 for one
week in a typical solar radiation summer month of June. The plot demonstrates
the conftribution of the PV production in covering the load demand, while also
showing the BESS contribution on covering the hours where generation is not
possible.
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Figure 5.8: One week load, PV production & BESS profile (June)

Figure 5.9 illustrates the system operation for scenario S.1 for one week in a
lower solar radiation winter month of January.
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Figure 5.9: One week load, PV production & BESS profile (January)
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The total NPC for scenario S.1is 13.2 million euros. The allocation of funds spent
during the project’s lifetime are shown in Figure 5.10. The system’s initial CAPEX
is 10.8 million euros, while OPEX is 180,555 €/year, while the LCOE in this case is
estimated to be 0.753€/kWh during the project’s lifetime (25 years). The system
does not appear any emission harmful for the environment.

€7,000,000
€6,000,000
€5,000,000
€4,000,000
€3,000,000
€2,000,000 ~
€1,000,000

€0

Generic 9MWh Generic flat System

Li-lon plate PV Converter

Figure 5.10: Scenario S.1 - NPC

5.2.2 Scenario 2 (S.2): Solar PV and P2H2P system (electrolyzer, Fuel

Cell, Hz tank)

Scenario S.2 analyzes a Solar PV and P2H2P system with electrolyzer, fuel cell,
and hydrogen tank. As shown in Figure 5.11 HOMER Pro optimization software
was unable to identify any financially viable combination of components for
scenario 2. This indicates that the chosen combination was neither technically
nor financially feasible, and the Net Present Cost (NPC) could not be reduced
sufficiently to make the scenario worthwhile for consideration.

HOMER was unable to find a system which meets the demand.
No feasible solutions.

Here are some reasons why this may have happened:
- Not enough generation capacity

- Not enough annual capacity shortage allowed

- Emissions limitations

- Minimum renewable fraction

Click the "Calculation Report" button for details

Figure 5.11: Scenario 2, no feasible solution

This result of scenario S.2 simulation provides valuable information on P2H2P
systems. Although these types of systems are selected for seasonal storage
purposes, it seems that they cannot operate without a BESS in this type of load
demand. This can be explained due to the low efficiency of P2H2P systems
compared to BESS, combined with the high cost, as the technology is still new
and developing.
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5.2.3 Scenario 3 (S.3): Solar PV, BESS and P2H2P system (electrolyzer,

Fuel Cell, H2 tank)

Scenario $.3 analyzes a solar PV, BESS and P2H2P system with fuel cell,
electrolyzer and hydrogen storage. The system is obligated to have at least
99.98% capacity shortage. The panel slope that resulted in the lowest NPC was
400,

The optimization results of scenario S.3 with panel slope at 40 © are shown in
Table 5.2.

Table 5.2: Optimization Results .3

Optimization Results $.3
(Solar PV, BESS and P2H2P system (electrolyzer, Fuel Cell, H2 tank))

Generic flat plate PV (MW) 3.161
Li-lon BESS (MWh) 4.5
System Fuel Cell (kW) 900
Components Electrolyzer (kW) 257
Hydrogen tank (kg) 2,850
Converter (kW) 474
Total electricity production (kWh/year) 4,253,000
Total consumption (kWh/year) 1,800,000
Excess Electricity (kWh/year) 2,322,032
Unmet Electric Load (kWh/year) 745
Electrical values Unmet Electric Load (%) 0.06
Capacity Shortage (kWh/year) 1,120
Capacity Shortage (%) 0.0826
Renewable Fraction (%) 100
Generic flat . . 4,219,651
plate PV Generic flat plate PV production (kWh/year)
Autonomy (hours) 23.9
Li-lon BESS
Usable Nominal Capacity (MWh) 3.7
Fuel Cell production (kWh/year) 32,849
Hours of Operation (hrs/year) 165
Fuel Cell
Number of Starts (starts/year) 40
Fuel consumption (kg) 6,900
Elec’rrc?lyzer consumption (kWh/year] 430,754
Electrolyzer (input energy)
Total production (kg/year) 9,282
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Energy storage capacity (kWh) 95,000

Hydrogen tank

Tank autonomy (hours) 614
Carbon Dioxide produced (kg/yr) 0
Emissions Sulfur Dioxide produced (kg/yr) 0
Nitrogen Oxides produced (kg/yr) 0

Total Net Present Cost (Total NPC) (million €) 15.6

i ance valves System initial capital cost (CAPEX) (million €) 13.6

Levelized Cost of Energy (LCOE) (€/kWh) 0.88

Annualized System O&M cost (€/year) 187,310

A configuration of an approximately 3.2 MW generic flat plate PV, 4.5 MWh Li-
lon BESS (20 -80% SoC), 200 kW fuel cell, 257 kW electrolyzer, 2.8 tones hydrogen
tank and 474 kW converter,

In scenario S.3, 99.94% of the total electrical load managed to be covered by
the HRES. The results show that around 50% of the total electricity production is
not used.

Figure 5.12 shows the average daily solar PV production (kW) for every month
of the year. PV production follows the same pattern as scenario S.1, but due to
the lower rated capacity the total energy production is lower.
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Figure 5.12: Generic flat plate PV Power Output Average Daily Profile
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Figure 5.13 indicates the PV annual power output for 24 hours.
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Figure 5.13: DMap Generic flat PV Annual Power Output

Figure 5.14 illustrates the average State of Charge (SoC) of the 4.5 MWh BESS
over a 24-hour period for each month of the year, with the SoC percentage
on the y-axis and time of day in hours on the x-axis. Since BESS capacity in
scenario S.3 is significantly lower than S.1, the battery has larger Depth of
Discharge (DoD) during the summer months. The BESS has almost 24 hours of
autonomy, while the usable nominal capacity is 3.7 MWh.
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Figure 5.14: Li-lon BESS 4.5 MWh State of Charge Average Daily Profile
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Figure 5.15 makes clear that in
scenario $.3 there are multiple
days during the year where the
BESS discharges fully (to 20%)
and the system needs to cover . |
this lack of power by operating ,

,‘"
IJ“ ] \ |‘ q‘ |\w“ ‘ ‘ ‘ﬂ‘
the fuel cell. (' u.utnm'ln"' LN

As shown in Figure 5.16, the fuel
cell does not operate at all |
during the winter months, since “

the system can cover its load Figure 5.15: DMap BESS 4.5 MWh annual State of Charge
demand by the PV - BESS

configuration alone. During the summer months, the FC operates on average
during the early mornings and late nights. Due to the highest load demand
during July, the FC operates on average all day, with a peak at around 8PM,
when the PV production is low.
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Figure 5.16: Fuel Cell Power Output Average Daily Profile
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Figure 5.18: Fuel Cell Power Output Annual Profile

The electrolyzer consumed in total 430,754 kWh/year to produce 9.3 tons of
hydrogen annually. Figure 5.19 illustrates the average daily input profile for
each month. Since the electrolyzer was powered by the energy generated by
the PV system, its input pattern resembles a bell curve, similar to the PV system'’s
production. During the summer months, the electrolyzer received less energy
for hydrogen production due to higher load demand, leaving limited excess
energy for this purpose.

Figure 5.20 shows that the electrolyzer operated at maximum capacity more
frequently during the winter months.
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Figure 5.19: Electrolyzer Input Average Daily Profile

56



300

250

~

S

S]
!

v
]
1

Average Electrolyzer Input (kW)

5]
S]
L

Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec
Month

Figure 5.20: Electrolyzer Input Monthly Profile

The hydrogen tank’s
energy storage
capacity was 95,000
kWh, providing 614
hours of autonomy. The
tank was completely
empty at the beginning
of the year. Figure 5.21
shows the tank the
amount  of  stored
hydrogen in the tank
throughout the year. By
March, the tank E =y

reached full capacity. Figure 5.21: DMap Stored Hydrogen

From March to June, the

PV-BESS system appeared to cover most of the load demand, which kept the
tank’s hydrogen level at its maximum (as also indicated in Figure 5.22), with
only occasional drops when the fuel cell needed to operate. However, the
tank’s hydrogen level dropped significantly from August to November and was
unable to fully recover during those months.
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Figure 5.22: Stored Hydrogen Monthly Averages
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An unmet electric load of 245 kWh is detected on October 5th, as shown in
Figure 5.23.
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Figure 5.23: Unmet load compared to AC Primary Load Served

Figure 5.24 illustrates the system operation of the PV, BESS, P2H2P system in
scenario S.3 during the year, while Figure 5.25 for one week in a typical solar
radiation summer month of July. The plot demonstrates the contribution of the
PV production in covering the load demand, while also showing the BESS
conftribution on covering the hours where generation is not possible. Figure 5.26
illustrates the system operation for scenario 1 for one week in a lower solar
radiation winter month of January.
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Figure 5.24: Annual load, PV production, BESS, FC profile
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Figure 5.25: One week load, PV production, BESS, FC profile (July)
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Figure 5.26: One week load, PV production, BESS, FC profile (January)
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The total NPC for scenario S.3is 15.6 million euros. The allocation of funds spent
during the project’s lifetime are shown in Figure 5.27. The system'’s initial CAPEX
is 13.6 million euros and annualized System O&M cost is 187,310 €/year, while
the LCOE in this case is estimated to be 0.88 €/kWh during the project’s lifetime
(25 years). The system does not appear any emission harmful for the
environment,
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Figure 5.27: Scenario §.3 - NPC
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5.3 Comparison of Results for Scenarios S.1, $.2, S.3

Table 5.3 shows the simulation results for scenarios S.1, S.2 and $.3 based on inputs
analyzed in Chapter 4.

Scenario S.2 was not a feasible solution for this case study, indicating that under high
and seasonal load demand a microgrid cannot operate either technically or
financially without a BESS. This result is explained due to the low efficiency and high
cost of the P2H2P systems. The unique load profile, characterized by continuous high
electricity consumption for 24 hours over seven months of the year, renders the P2H2P
system impractical as a standalone solution. Its low efficiency and high cost confirm
that while the P2H2P systems are suitable for seasonal storage, they are not effective
for daily energy storage.

Between S.1 and S.3 the scenario with the lowest NPC was S.1 by 2.4 million euros,

while also having the lowest LCOE by 0.127 €/kWh, evaluated over the project’s
lifetime. Both scenarios have zero emissions.

Table 5.3: Comparison of Results S.1, S.2, §.3

S.1 S.2 S$.3
Solar PV (10° slope) | Solar PV and P2H2P Solar PV (40°
d BESS t lope), BESS and
Results o (elecholsyZ:,?ur:Cell, H2 ) :’,ESZP Sysieanr:
tank) (electrolyzer, Fuel Cell, H2
tank)
Generic flat plate PV 3.52 Unfeasible 3.161
(MW)
Li-lon BESS (MWh) 9.0 Unfeasible 4.5
Fuel Cell (kW) X Unfeasible 900
System Components :
Hydrogen tank (kg) X Unfeasible 2,850
Total consumption 1,356,066 Unfeasible 1,800,000
(kWh/year)
Excess Electricity 3,000,000 Unfeasible 2,322,032
(kWh/year)
Unmet Electric Load 1,388 Unfeasible 945
i (kWh/year)
Capacity Shortage 1,613 Unfeasible 1,120
(kWh/year)
Capacity Shortage (%) 0.119 Unfeasible 0.0826
Renewable Fraction (%) 100 Unfeasible 100
. Generic flat plate PV 4,518,133 Unfeasible 4,219,651
Generic flat plate PV oroduction (kWh/year]
Autonomy (hours) 49.7 Unfeasible 23.9
Li-lon BESS Usable Nominal 7.686 Unfeasible 3.7
Capacity (MWh)
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Fuel Cell production X Unfeasible 32,849
(kWh/year)
Hours of Operation X Unfeasible 165
(hours)
Fuel Cell Number of Starts X Unfeasible 40
(starts/year)
. X Unfeasible 6,900
Fuel consumption (kg)
Electrolyzer consumption X Unfeasible 430,754
(input energy)
Electrolyzer (kWh/year)
Total production X Unfeasible 9,282
(kg/year)
Energy storage capacity X Unfeasible 95,000
Hydrogen tank (kWh) .
Tank autonomy (hours) X Unfeasible 614
Carbon Dioxide 0 Unfeasible 0
produced (kg/year)
. Sulfur Dioxide produced 0 Unfeasible 0
Emissions
(kg/year)
Nifrogen Oxides 0 Unfeasible 0
produced (kg/year)
Total Net Present Cost 13.2 Unfeasible 15.6
(Total NPC) (million €)
System initial capital cost 10.8 Unfeasible 13.6
Finance values (CAPEX] (million €)
Annualized System O&M 180,555 Unfeasible 187,310
cost (OPEX) (€/year)
Levelized Cost of Energy 0.753 Unfeasible 0.88
(LCOE) (€/kWh)

In scenario S.3, despite the reduction in solar PV capacity and a 50% decrease in
BESS, the addition of the P2H2P system resulted in a slightly higher OPEX and CAPEX
compared to scenario S.1. Meanwhile, scenario S.1 shows an excess of 66.8%
electricity produced every year, while in scenario S.3 this percentage comes down
to 50% annually. Scenario S.3 covered 99.94% of the total load demand, while S.1
managed to cover 99.89%.

The slope of the panels appears to have a notable impact on the NPC of the
scenarios. In scenario S.1, a panel slope of 10° resulted in the lowest NPC, whereas in
scenario S.3 the optimal slope was 40°. Given the seasonal load profile with peak
demand in the summer, the PV system in scenario S.1 is not required to generate
significant energy amounts during the winter months, so a steep panel angle is
unnecessary. This adjustment not only reduces the excess energy production, but
also addresses aesthetic concerns, as the panels need be mostly installed on top of
the resort buildings, and a steeper angle would be visually unappealing to the guests.
On the other hand, in scenario S.3, the P2H2P system requires energy production even
during winter to store hydrogen for summer use, which explains the need for a steeper
panel angle in this case.

Since the goal is to find the most financially feasible solution, scenario S.1 seems to
be the winning scenario due to its lowest NPC and LCOE.
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In Chapter 5.4, the winning scenario of the 100% RE SAMs, scenario S.1, is financially
compared to scenario S.4. In Chapter 5.5, a sensitivity analysis is performed to assess
the impact of varying maximum annual capacity shortage percentages and panel
slopes on component sizing, NPC and LCOE.

5.4 Results for Scenario $.4 & financial comparison with
the winning 100% RE scenario

Scenario S.4 represents a grid-connected AC system. Multiple simulations were
conducted to determine the conditions where the LCOE for the S.4 system exceeds
that of the winning scenario among systems S.1, $.2, and S.3.

Since system S.1 was the most cost-effective 100% RE SAM, the simulations for S.4
involved adjusting the initial capital cost (CAPEX) in increments of 100,000 euros. The
goal was to identify the CAPEX for grid interconnection that would make the 100%
RE SAM (S.1) more financially viable. The simulations stopped when the LCOE of S.4
exceeded the LCOE of S.1, which is 0.753 €/kWh.

Table 5.4 shows the results of S.4 where the LCOE exceeded 0.753 €/kWh.

Table 5.4: Optimization Results S.4

Optimization Results S.4
(Grid-connection)

Electrical values Grid Purchases kWh/year 1,356,066
(Grid) Excess Electricity kWh/year 0
Unmet Electric Load kWh/year 0
Energy Sold kWh/year 0
Emissions Carbon Dioxide produced kg/year 857,033
Sulfur Dioxide produced kg/year 3716
Nitrogen Oxides produced kg/year 1,817
Finance values Total Net Present Cost (Total NPC) million € 13.3
System initial capital cost (CAPEX) million € 9.7
Annualized System O&M cost (OPEX) €/year 277,322
Energy Charge €/year 204,011
Levelized Cost of Energy (LCOE) €/kWh 0.758

No PV, BESS or P2H2P systems were added in scenario S.4, thus selling back electricity
to the grid is not available. Figure 5.28 shows the annual electricity purchased from
the grid, which is equivalent to the load demand, 1,356,066 kWh/year.
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Figure 5.28: Monthly grid purchases

Including the penalties from the emissions, the total NPC in S.4 is 13.3 million euros,
system initial capital cost (CAPEX) is 9.7 million euros and LCOE was 0.758 €/kWh
(Figure 5.29).
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Figure 5.29: Scenario S.4 - NPC

Table 5.5 shows the comparison between the optimization results of scenario S.1 and
S.4.

Table 5.5: Comparison of Results S.1, S.4

Optimization Results

S.1 S.4
(Solar PV and BESS) (Grid-connection)
Total Net Present Cost (Total NPC) 13.2 13.3
(million €)
System initial capital cost (CAPEX) 10.8 9.7
(million €)
Levelized Cost of Energy (LCOE) 0.753 0.758
(€/kWh)
Annualized System O&M cost (€/year) 180,555 277,322

CAPEX represents the inifial capital cost, which, in scenario S.4, corresponds to the
inferconnection cost requested. Simulations in HOMER Pro revealed that when the
CAPEX (interconnection and medium to low voltage transformers) equals to 9.7
million euros, the LCOE (€/kWh) becomes 0.005€ higher than that of scenario S.1,
even though the CAPEX in S.1is 1.1 million euros higher than in S.4. This discrepancy
can be attributed to the fact that the annualized operation and maintenance costs,
are more favorable, almost by 65%, in scenario S.1.
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5.5 Sensitivity Analysis for 100% RE SAM winning scenario

Sensitivity analysis is a financial modeling technique used to assess how changes in
input variables impact the results of the simulations.

Two multfidimensional sensitivity analysis were conducted in this study, to analyze the
influence of panel slope and capacity shortage in the NPC and LCOE.

Figure 5.30 and Figure 5.31 illustrate the two-dimensional sensitivity analysis of
scenario S.1, showing the impact of two key variables, the PV slope and capacity
shortage on the NPC and LCOE respectively of the system. The x-axis represents the
capacity shortage percentage ranging from 0.02% to 5%, while the y-axis shows the
PV slope in degrees ranging from 10° to 40°. In Figure 5.30, the different colors
represent the value of NPC with the red and yellow colors denoting costs up to
16,000,000 € and blue representing lower costs, around 6,000,000 €, while in Figure
5.31 the different colors represent the value of LCOE with red color being the highest
value at 0.9 €/kWh, while blue is the lowest value at 0.4 €/kWh.
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Figure 5.30: Sensitivity analysis — NPC

In both figures, it is observed that as capacity shortage increases, the Total NPC and
LCOE decreases significantly showing that allowing more unmet load demand leads
to lower NPC and LCOE. The PV slope has a smaller influence on Total NPC and LCOE
compared to capacity shortage. However, in low-capacity shortages, such as the
one used in the simulations (Chapter 4.5), adjustments to the PV slope do impact the
Total NPC and LCOE. As illustrated in Figure 5.30, at a capacity shortage 0.02% the
Total NPC ranges from 15 million euros to 13 million euros as the PV slope varies from
400 to 100 respectively. As capacity shortage increases, the PV slope does not
significantly affect the Total NPC. A similar pattern is observed in LCOE in Figure 5.31.
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Figure 5.31: Sensitivity analysis - LCOE

Figure 5.32 illustrates the total electrical load served versus the unmet electrical load
of the sensitivity analysis with 2% capacity shortage and 10° PV panel slope. In this
case the NPC is estimated at 9 million euros with LCOE of 0.525 €/kWh.
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Figure 5.32: Sensitivity analysis (2% capacity shortage, 10° PV slope) — Load Served, Unmet load

As expected, there are more instances throughout the year where the system is
unable to fully meet the resort’s energy demands. However, measures can be taken
to maintain this case while ensuring guest comfort. One approach would be to
prioritize loads into essential needs, which must always be fulfiled, and secondary
needs, which can be curtailed when electricity is insufficient. For instance, secondary
loads might include the cooling system for the reception building or the heating for
swimming pools. Reducing these secondary loads would significantly decrease the
total unmet load while also lowering the NPC and LOCE, especially in comparison to
those in scenario S.1.
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5.6 Discussion of the Results

Based on the input data and the constraints given to HOMER Pro, the software
optimally sized in scenarios S.1, S.2 and S$.3 components that could form a remote
microgrid of a resort with seasonal load of 1,356,066 kWh/year. During the simulations,
solar PV system, BESS and the converter were optimized by the software, while for
electrolyzer’s, fuel cell's and hydrogen tank’s size, the software selected the optimal
size from the predefined list of available sizes. In addition to managing short-duration
peak loads, the BESS was also utilized for ancillary services, such as frequency
regulation and voltage control within the microgrid. All simulations were made to find
the most feasible technical solution with the lowest NPC.

Scenario S.2 provided valuable insights, revealing that even in systems with seasonal
operation, each load has unique requirements. In this case, due to the high 24-hour
loaod demand during seven months of the year, incorporating a BESS in the SAM s
essential for optimal performance. Scenario S.3 demonstrated that while P2H2P
systems offer a promising solution for achieving microgrid autonomy in remote areas,
there are still significant techno-economic challenges to address.

The lowest NPC between scenarios S.1, S.2 and S.3 appeared to be the one of S.1
despite the larger solar PV system and BESS. The CAPEX and OPEX of S.1 were lower
than those of scenario S.3. The LCOE in scenario S.1 was 0.127 €/kWh lower than
scenario S.3. Meanwhile, by conducting a sensitivity analysis, the slope of the panels
appears to have a notable impact on the NPC and LCOE of the scenarios S.1 and
S.3.

Scenario S.4 provided the lowest interconnection CAPEX for linking a remote area to
the grid, beyond which the LCOE would surpass that of the 100% RE SAM winning
scenario, scenario S.1. This CAPEX is influenced by the distance between the remote
microgrid and the nearest high-to-medium voltage transformer. The CAPEX for
Scenario S.4 was determined to be 9.7 million euros. Considering the additional costs
for a medium-to-low voltage transformer, the Power Transmission Operator would
need to charge approximately 8.9 million euros or more for the 100% RE system to be
the most financially viable option. As a result, it is likely that in some locations the S.1
solution would be more economically feasible than grid connection.

The two-dimensional sensitivity analysis explored the effect of the PV panel slope and
capacity shortage on NPC and LCOE. Results showed that as capacity shortage
increases, both NPC and LCOE decrease significantly, with capacity shortage having
a greater impact that the PV slope. Thus, a suggested strategy to reduce unmet
loads involves prioritizing essential energy needs over secondary ones, such as
cooling and heating for non-crucial areas in the resort.
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Chapter 6: Conclusion

The primary objective of this thesis was to explore the techno-economic feasibility of
a 100% renewable energy stand-alone microgrid for a resort located on a remote
island in northern Greece. The study focused on addressing the seasonal and daily
fluctuations in energy demand by investigating various configurations of PV, BESS and
P2H2P systems. Based on simulations conducted using HOMER Pro software, the
following key results were obtained:

e The analysis of the three 100% RE scenarios indicated that the PV-BESS
combination (scenario S.1) is the most viable solution for the stand-alone
microgrid of this resort.

e A P2H2P system consisting solely of a PV, electrolyzer, FC and hydrogen tank,
without a BESS, is not an economically feasible solution for the type of load in
this project, due to the high cost but low efficiency of the system.

e The hybrid system (scenario S.3) results in reduced amounts of excess
generated electricity compared to the PV — BESS systems (scenario S.1), while
providing lower capacity shortage.

e When the CAPEX for the interconnection and medium to low voltage
transformers surpasses 9.7 million euros, creating a stand-alone microgrid is the
most financially feasible solution.

The two unexpected but valuable findings were that the P2H2P system, without the
inclusion of a BESS, is not always a technically or economically viable solution due to
its low efficiency and high costs. Therefore, there are still significant techno-economic
challenges to overcome in this scenario to meet a resort’'s energy demand of a
standalone microgrid. Additionally, there are likely many instances globally where a
remote resort like the one in this study could financially benefit more from a stand-
alone microgrid than from connecting to the grid.

The first hypothesis suggested that by optimizing the sizing of microgrid’s components,
a 100% RE stand-alone microgrid could be both technically and economically viable
solution for the project. The results confirmed this hypothesis, showing that the PV -
BESS configuration (scenario S.1) offered the most cost-effective solution achieving
the lowest NPC while reliably meeting the resort’s annual energy needs.

The second hypothesis proposed that while incorporating a P2H2P system would
result in higher NPC compared to the configuration without it, it would provide a more
reliable energy supply. This hypothesis was also validated by the results. The scenario
S.3 did indeed show higher costs due to the added complexity and components, but
it also offered enhanced reliability.
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In addition to the insights gained from this study, there are several opportunities for
future research. While this thesis focused on a stand-alone PV, BESS, P2H2P system
configuration, due to location’s limitations, future work could explore the integration
of additional renewable energy sources. Investigating hybrid systems combining
multiple sources could provide further optimization of both NPC and performance.
Furthermore, another scenario worth exploring is a grid — connected system that
incorporates RES. Since the current results show that nearly half of the energy
produced is not utilized, this scenario could involve selling the excess electricity back
to the grid, potentially providing financial benefits. The NPC and LCOE of this setup
should be analyzed to determine if it is a viable and worthwhile opftion. In addition,
future research could explore strategies for reducing unmet loads by prioritizing
essential energy needs over secondary. Finally, the model presented in this thesis
could be applied to other remote locations with varying seasonal demand patterns,
providing valuable insights into the adaptability and scalability of 100% RE microgrid
systems in different contexts.
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Supporting Documents and Files

This section outlines the key documents and files that were either used as references
or generated during this thesis. These materials provide supplementary insights and
support the findings and methodologies presented in the main body of work.

The original electricity consumption data from the existing resort, collected during the
research, is stored in two Excel files: "DAILY CONSUMPTION" and
"DATA_AND_PROCESSING". The "DAILY CONSUMPTION" file contains the resort's daily
electricity demand, while the "DATA_AND_PROCESSING" file records the hourly
electricity demand. Both files also include the necessary conversions and
calculations used to fransition from the current resort setup to the case-study resort
model. The "HOMER INPUTS" file contains 8,760 values, each representing the resort's
energy demand load for every hour of the year. These values were used as input
data for the HOMER Pro software to model the resort's energy consumption patterns.

Four simulation files were created to model the scenarios described in the thesis:
“S.1_PV_BESS", “S.2_PV_H2", “S.3_PV_H2_BESS", and “S.4_GRID". Each file simulates a
distinct energy system configuration, examining the use of PV panels, BESS, P2H2P
systems, and grid dependence, to evaluate the performance and feasibility of
different energy solutions for the resort’s SAM.
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