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With sensitive and important systems in hospitals requiring an uninterrupted power supply,
finding solutions for power outages is becoming increasingly crucial. Iran's favorable potential
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for renewable energy makes wind and solar energy viable options to support hospital electricity
needs and contribute to sustainable development goals. The present work investigates, for the

first time, the electricity supply of a part of the Parsian Hospital in Shahrekord using HOMER
software. The use of real electricity exchange data with the national grid and the new generation
of tree-shaped wind turbines are unique advantages. Results show that an optimal renewable
energy-based system consisting of two 1-kW solar cells and a 1-kW electric converter costs
$0.111 per kWh and solar cells generate 3% or 2999 kWh/year. The optimal scenario produces

Wind energy 55193 kg of COz annually due to national grid electricity use, highlighting the importance of
renewable energy adoption in hospitals.
doi: 10.5829/ijee.2024.15.01.01
NOMENCLATURE
i Annual interest rate (%) Eoad served Real electrical load by system (kWh/yr)
N Useful life-time (year) p Actual air density (kg/m®)
O&M Operations and maintenance ($) TNgen Electrical efficiency of generator (%)
3E Energy, Economic, Environmental (-) Pgen Electricity produced by diesel generators
(kw)
C grid, energy Total annual energy charge (kWh) Myer Fuel consumption of generator (units/hr)
Ceell back The sellback rate ($/kWh) Pwre Power output of wind turbine (kW)
Crower The grid power price ($/kWh) Pwrg, stp Power output of wind turbine at standard
pressure and temperature (kW)
Enet grid purchases The net grid purchases (grid purchases minus grid ~ LHVye Lower heating value of fuel (MJ/kg)
sales) (kWh)
Yev Output power of solar cell under standard PV Photovoltaic (-)
conditions (kW)
fov Derating factor (%) Po Air density at standard pressure and
temperature equal to 1.225 kg/m?®
Gr Incident radiation on the cell’s surface on a LCOE Levelized cost of energy ($/kWh)
monthly basis (kW/m?)
Grsrc Incident radiation on the cell’s surface under RES Renewable energy sources (-)
standard conditions (1 kKW/m?)
Ppv Output power of PV cells (kW) Cannitotal Total annual cost ($)
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INTRODUCTION

Access to constant and stable electricity is crucial for the
effective and efficient performance of medical
equipment [1, 2]. Due to technical and operational issues
in Iran's national electricity grid, it is not always feasible
to rely on urban electricity for hospital equipment [3].
Therefore, hospitals should have electrical backup
equipment available for each electronic device used,
given their significance. Iran has excellent potential for
wind and solar energy [4-7], which are also
environmentally friendly [8]. Thus, it is logical and
necessary to utilize these sources to provide a portion of
hospital electricity.

Researchers believe that renewable energies can
become the primary choice for energy production due to
the limited resources of fossil fuels and environmental
pollution [9]. Iran, with its geographical location, has
significant potential in renewable energy production,
making it necessary to prioritize renewable energy
development [10].

Table 1 summarized some recent works in the field
of hospital electricity supply using renewable energy.

Based on the information presented in Table 1, it is
evident that incorporating renewable energy sources
into hospital electricity supply is a highly strategic
move. Additionally, none of the previous studies have
examined the impact of annual interest rates and diesel
prices on the technical, economic, and environmental
aspects of the system under investigation. Therefore,
this study aims to assess the feasibility of utilizing
renewable energy sources to provide a portion of
Shahrekord Parsian Hospital's electricity needs. The

primary objective is to identify the most cost-effective
wind and solar-based system that can be connected to
the national electricity grid using HOMER software.
This study investigates various factors such as
renewable energy usage, cost per kWh of electricity
produced, annual electricity grid purchases, sensitivity
analysis on interest rates and fossil fuel prices, among
others.

The scientific novelty of the present work lies in its
comprehensive analysis and assessment of the
feasibility and effectiveness of integrating renewable
energy systems with backup to meet a portion of a
hospital's electricity demand. This study presents a
unique approach to address the challenges associated
with ensuring a reliable and sustainable power supply
for critical healthcare facilities, which has significant
implications for energy policy, healthcare management,
and environmental sustainability. The research findings
provide valuable insights into the technical, economic,
and environmental aspects of renewable energy
integration in  grid-connected hospital  settings,
contributing to the advancement of knowledge in this
field.

Investigated area and its potential

Shahrekord, located 85 km southwest of Isfahan, is a
central city in lIran and serves as the capital of
Chaharmahal and Bakhtiari province. The city has a
population of 190,441 people and sits at an altitude of
2060 m above the sea level, making it the highest
provincial capital in Iran. Shahrekord boasts good wind
and solar potential, placing it among the top 50% of
high-potential areas in the country according to lIran's

Table 1. Recent studies in the field of supplying electricity to hospitals using renewable energy.

. Renewable Wind Sensitivity . EIectrncn_ty Levelized cost of
Location energy type turbine type analysis Connection consumption electricity ($/kwh) Ref.
gy typ P y (kWh/day)

Iran Solar, Wind Hog)z(iosntal No Off-grid 19 0.721 [11]
Saudi -

Arabia Solar, Fuel cell - Yes Off-grid 33.76 0.105 [12]
Iran Solar, Wind Vertical axis Yes Off-grid 54 0.636 [13]
Saudi . .

Arabia Solar, Biogas - Yes On-grid 250 0.21 [14]
Turkey Solar - Yes On-grid 25108 0.05 [15]
Ethiopia Solar - No Off-grid 77 0.359 [16]
India Solar - Yes Off-grid 220 0.11 [17]
Malaysia Solar - Yes On-grid 22128 0.022 [18]
Nigeria Solar, Wind Hog)z(ios”ta' Yes On-grid 19 0.096 [19]
Iran Solar, Wind Vertical axis Yes On-grid 246 0.111 P\::gﬁ?t
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wind and solar atlases [20, 21].

Chaharmahal and Bakhtiari province offers a clean
climate, cold mineral water springs, pristine nature,
medicinal plant species, and relaxing natural attractions
that make it a promising destination for health tourism.
The authors of this work aim to develop the necessary
infrastructure to promote health tourism in the region.
Parsian Hospital in Shahrekord is the only private sector
hospital in Chaharmahal and Bakhtiari province with 7
floors and 18 thousand m? of infrastructure and is under
investigation by the authors.

METHODOLOGY

The HOMER software is responsible for assessing and
designing micropower systems that are optimal for small
power generation in two states: connected and
disconnected from the power grid, in order to achieve
desired application goals [22]. Once the possible
configurations have been simulated, the HOMER system
presents a list of configurations sorted by total net present
cost, allowing for comparison of different system design
options [23]. To gain a better understanding of the
software's functionality, as well as its inputs and outputs,
Figure 1 displays a flowchart of how the software
operates [24].

Input data and governing equations

The most crucial data required by the software is the
hourly electricity consumption over a year, which is
obtained by reading the hospital's electricity meter. Based
on the hospital's electricity consumption data, January has
the highest demand for electricity, with a maximum
amount of 60 kW. Other important data include solar
radiation intensity and wind speed, which are based on a
20-year average for the region in question. The price of
diesel used is $0.06 per liter, while the project has a
useful life of 25 years and an annual interest rate of 18%
[25]. Table 2 provides information on device prices and
specifications used in the simulated system.

In relation to the pricing of renewable electricity sold
to and purchased from the national electricity grid, the
prices are based on literature [26] and were provided in
response to a query from technical experts at the
electricity organization. The pricing structure includes a
three-time tariff and an incentive price for purchasing
renewable electricity. It should be noted that these prices
apply to systems with a capacity of less than 20 kW. The
cost of purchasing electricity from the grid during low-
load, mid-load, and peak times is $0.005, $0.007, and
$0.012 per kWh, respectively. The corresponding prices
for selling electricity to the grid are $0.0318, $0.0445, and
$0.0763 per kWh, respectively.

L hitp://www.globalpetrolprices.com/diesel_prices
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Figure 1. General framework of operations performed by
HOMER software [24]

HOMER software uses equations 1 and 2 to calculate
the output power of solar panels and wind turbines,
respectively [27, 28].

va = Ypv -fpv (—L) (1)

Gt sTC

@

p
Pwrc = 00 X Pwrg sTP
0

The efficiency of the diesel generator in HOMER
software is obtained by the following equation [29].

3.6 Pyen

Ihfuel X LHVfuel

In the HOMER software, electricity exchange with the
national grid is obtained by the following equation [30].

®

Nigen =

Cgrid,energy
rates 12

_ Z{ Enet gria purchases,i,j * Cpoweri U Ent grid purchases,ij = 0 (4)

Eret grid purchases,ij * Csetibacki U Enet grid purchasesij < 0

i

Economic calculations in the software, which include
determining the parameters of the total net present cost
and the adjusted cost of electricity, are performed by the
following equations [31-34].

Cann ,total
Total NPC = W (5)
(1+i)N+1
Cann ,total
LCOE = ——2nn.total (6)

ELoad served

Results

The wind speed data of the Lutak station was used to
validate the present work. A comparison was made
between the Weibull function drawn by Teimourian
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Table 2. Information of the investigated system

) Cost ($) Size . i )
Equipment - Other information Schematic
Capital Replacement O&M (kw)
Converter [23] 200 200 10 0-5 Lifetime: 10 years
Inverter Efficiency: 90%
Rectifier Efficiency: 85%
PV [23] 3200 3000 0 0-20 Lifetime: 20 years A
Deratlﬂg factor: 75 % TSWT feralea] —— ﬂ
Tracking system: No Frimary Load 1 Fi
. . 245 kwhed
Battery Trojan T- 174 174 5 0-20 Lifetime: 845 kWh [, B0 kW peak
105 [23] Nominal specs: 6V, 225 Gl
Ah > > 3|
PP ﬂ‘_' Converter T-105
Generator [23] 200 200 0.5 0-5 Lifetime: 15000 h Erd
Max. efficiency: 50% AL e
Tree shape wind 35000 35000 200 0-3 Lifetime: 19 years

turbine (TSWT) [35]

Hub height: 6.8 m

Rated power: 11.7 kW AC

et al. [39] and the present work, as shown in Figure 2. The
data used by Teimourian et al. [36] were obtained through
fitting wind energy data for parameters ¢ and k equal to
7.22 and 1.6, respectively, using an analytical method. In
contrast, the present work was done using HOMER
software, resulting in ¢ and k values of 7.36 and 1.97,
respectively. The Weibull function was chosen for
validation as it measures wind occurrence potential and
actual probability fit. Figure 2 demonstrates good
agreement between the results of the Weibull function of
the present work and Teimourian et al.'s [36] findings.

In the present study, sensitivity analysis was utilized
to evaluate the annual interest rate and fuel price in order
to determine the most optimal outcome. After simulating
all modes using software, it was determined that an
interest rate of 18% and a fuel price of $0.06 were the
most suitable parameters for the investigated system. All

12
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Figure 2. Validation of the results of the HOMER software
compared to the work of others [36] using the Weibull function

results presented in this work are based on these two data
points, with the system being connected to the power grid
and capable of exchanging up to 1000 kW of electricity.

Table 3 displays the results of 12 examined scenarios,
with scenario 1 being determined as the most economic
option with a total net present cost of $54,303 and a cost
of $0.111 per kWh of electricity produced. This scenario
utilizes two 1 kW solar panels and a 1 kW electrical
converter, with solar panels producing approximately 3%
(2999 kWh/year) of the total electricity produced
throughout the year.

The software output for the first three days of January
is shown in Figure 3, indicating that due to limitations in
electrical conversion capacity, there is approximately 267
kWh/year of excess electricity produced by solar cells
that cannot be converted to AC power and sold to the
power grid. Adding an electrical converter would not be
economical and would increase costs; instead, it is
recommended to use a battery for storage which would
result in further cost increases.

Figure 4 illustrates the power output generated by
solar panels, with electricity production occurring for
4384 hours due to solar exposure. The capacity factor of
the solar panels is 17.1%, resulting in an average output
power of 0.34 kW. The uniform cost of electricity is
$0.399/kWh.

Table 4 displays the amount of electricity exchanged
with the national electricity grid, indicating that most of
the produced solar electricity is consumed and only a
small amount is sold to the national electricity grid. The
annual amount of electricity purchased from the grid is
87337 kWh, while only 5 kWh of electricity is sold to the
national grid. In scenario one, where the electric
converter functions solely as an inverter due to non-
operational diesel generators and wind turbines, the
performance factor of the inverter is calculated as 1.28%.
The inverter experiences an annual loss of 273 kWh with
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a main annual performance of 4384 hours. The pollutants
produced by the power grid include 55193 kg of CO,, 239
kg of SO, and 117 kg of NOx annually.

In scenario six, where only one wind turbine with a

capacity of 1 kW is used to supply required electricity,
each kWh produced costs $0.171 - approximately a 54%
increase from scenario one. This scenario has a total NPC
of $83,838 with only 4% supplied by wind turbine-
generated electricity and 96% supplied by grid-generated
electricity. Pollutants caused by grid-generated electricity
include 54554 kg CO,, 237 kg SO, and 116 kg NOy
annually according to Table 3 results.
Table 3 presents the results for scenario 12, which utilizes
two 1 kW solar panels, a wind turbine, a generator, 4
batteries, and a 1 kW electric converter. The cost per kWh
of electricity is $0.184, with a total NPC of $91,059. The
generator requires 128 liters of fuel and operates for 624
hours annually. The wind turbine produces 4% of the
electricity, while the solar panel produces 3%, the diesel
generator produces 1%, and the grid produces 92%. The
diesel generator is started 152 times per year and has a
useful life of 24 years. The batteries have their highest
charge in March and never reach zero charge throughout
the year. They have a loss of 257 kWh/year and a useful
life of 10 years.

Table 5 shows that scenario 12 purchases 83,821 kWh
from the grid while selling only 573 kWh to the national
grid. In July, it sells the highest amount of renewable
electricity to the grid at 106 kWh while the lowest amount
of renewable electricity to the grid only 19 kWh in
February. During hot months when national electricity

consumption is high, renewable energy production also
increases. Scenario 12 emits pollutants including 52949
kg of CO, 0.831 kg of CO, 0.0921 kg of unburned
carbon, 0.0627 kg of fine matter, 229 kg of SO,,and119
kg of NOx per year due to power grid and diesel generator
fuel use.

The results of the sensitivity analysis are shown in
Figure 5. Based on the results, since the optimal system
includes the national electricity grid, the price of diesel
has no effect on the results, but with an increase in the

20
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Figure 3. The relationship between the output power of solar
panels with the performance of the electrical converter and
excess electricity in the first three days of January (first
scenario)

Table 3. The results of the analysis performed on different scenarios

Scenario Components Total LCOE Renewable Diesel Diesel
P NPC ($) ($/kWh) energy (%) consumption (L)  generator (hrs)

1 2 PV, 1 Converter 54303 0.111 3 0 0
2 2 PV, 1 Converter, 5 Diesel generator 54444 0.109 3 341 333
3 2 PV, 1 Converter, 1 Battery 54534 0.111 3 0 0
4 2 PV, 1 Converter, 1 Diesel generator, 55050 0112 3 39 190

1 Battery
5 1 Wind turbine, 5 Diesel generator 83805 0.168 4 345 337
6 1 Wind turbine 83838 0.171 4 0 0
7 1 Wind turbine, 1 Battery, 1 Converter 84285 0.171 4 0 0
8 1 Wind turbmg, 1 Battery, 1 Converter, 85741 0174 4 134 655

1 Diesel generator
9 2 PV, 1 Converter, 5 Diesel generator,
1 Wind turbine 88928 0.178 6 371 362

10 2 PV, 1 Converter, 1 Wind turbine 89360 0.181 7 0 0
11 2 PV, 1 Converter, 1 Wind turbine, 1

Battery 89453 0.182 7 0 0
12 2 PV, 1 Converter, 1 Wind turbine, 4 91059 0184 7 128 624

Battery, 1 Diesel generator
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annual real interest rate, the total NPC drastically
decreases. In other words, an increase in inflation will

Table 4. Amount of electricity purchased from the network and
sold to the network (first scenario)

make the use of the national electricity grid more Month Electricity sold Electricity purchased
justified. (kWh) (kwh)
_ The result_s_of the superior scenario were compared January 1 7423
with the traditional scenario (only the national power
grid) in Figure 6. Based on the results, it can be seen that February 0 6522
during the useful life of the project, there is a very slight March 0 7619
difference between the results of the superior scenario and April 0 7238
the traditional scenario from the economic point of view.
But it should be mentioned that based on environmental May 2 193
analysis, the best scenario leads to a reduction of more June 0 7253
thap 1:6 tons of produceq pollutants durlqg_ the year, July 1 7346
which is due to the production of solar electricity.
August 0 7721
“ “ September 0 7228
1 October 1 7237
§u November 0 7116
o December 0 7441
Yearly 5 87337
Figare 4, Oumtputmpowaér of solar paﬁbls in different da§s of
the year (first scenario)
System Types
3524,603 24,603 24603| [__]crid
Superimposec
Total NPC ($)
30
€
B ®
48,444 48,444 48,444
15
10487,041 87,041 87,041

Diesel Price ($/L) ($/L)

Figure 5. Results of sensitivity analysis on fuel price parameters and annual real interest rate
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Figure 6. Comparison of the results of the best scenario with the traditional scenario (only national power grid)
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Table 5. The amount of electricity purchased/sold from/to the
national electricity grid (scenario 12)

Electricity sold

Electricity purchased

Month (kWh) (kWh)
January 28 7189
February 19 6290
March 33 7321
April 47 6933
May 60 6746
June 78 6866
July 106 6934
August 70 7382
September 49 6950
October 49 6982
November 26 6915
December 31 7212
Yearly 573 83821
CONCLUSION

Continuous availability of electricity is very important
and critical for healthcare organizations because every
second without electricity can become a matter of life or
death. Therefore, the aim of the present work is the
feasibility of supplying a part of the electricity of Parsian
Hospital located in Shahrekord using wind and solar
energy, which uses national grid electricity and diesel
generator as backup systems. In order to find the optimal
hybrid system, HOMER software was used, which
performs  technical-economical-energy-environmental
analyses on all 299376 available configurations. The use
of a three-time electricity tariff, taking into account the
incentive purchase price of renewable electricity, the use
of updated equipment price data and the inflation rate, as
well as the use of the new generation of wind turbines, are
among the advantages of the present work compared to
previous similar works. These advantages make the
results of the present work more consistent with the
existing reality. The important results of the present work
are:

e The solar panel-based scenario is the most
economical with a price of $0.111 per kWh and a
total NPC of $54,303.

e Inthe best scenario, 3% of the total energy required
is provided by solar energy and the amount of
pollution caused by the use of the national
electricity grid is about 55 tons/year.

e  The lowest cost per kWh of electricity produced is
$0.109, which corresponds to the solar panel-diesel
generator scenario.

e  The highest percentage of electricity production by
renewable energies is 7%, which is seen in the solar
panel-wind turbine scenarios.

e  The use of solar panels in Shahrekord is superior to
the use of wind turbines.
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