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Item Parameter Value unit Reference

Wind turbine rated power 100 kw [30]
hub height 40 m [30]

Model 2019 COE DW 100 ) [30]
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photovoltaic panel

Alkaline fuel cell

Hot water tank

Electrolyzer

Lifetime

Compressed gas tank

Battery

Heat pump

Electricity

Natural gas

Dimension

bond thermal conductivity

Slope

electrode area

number of fuel cell modules in series per

stack

Volume

electrode area

number of cells is series

number of stacks in parallel

thermal resistance

System lifespan

maximum pressure

Volume

Type

number of cells in series

nominal battery storage capacity

bypass fraction

cooling energy input ratio

purchase price

sale price

purchase price

1.658%0.992

45

33

100

64

16.5

0.25

70

0.0563

25

400

50

Lead Acid

110

690 Ah

0.1148

0.256

0.02

0.046

0.03

m

W.miK1

K/wW

years

bar

¢

¢

G

¢

$/kWh

$/kWh

$/m3

[31]

[31]

[27]

[32]

[32]

[23]

[32]

[32]

[32]

[32]

[33]

[32]

[32]

[32]

[32]

[32]

[29]

[29]

[34]

[34]

[34]
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Life cycle cost

Cr Imaization
procedure
Predicted mean vote Output
files
| Design of experiment (DOE) | A

Production capacity )‘—

v

| Response surface method (RSM) |

v

| Configuration of simulation cases |

v Y

Model the proposed hybrid renewahle

CCHF system using TRINSYS & TESS
library

v

Run simulation cases and identify the

Ll

Resulis of ohjective
functions

A 4

performance indicators

v

Utilize the central composite design (CCD) Weather data
and create response surface designs
depending on the data

v

Select the optimal case and show the
interactions

Number of P¥T collectors

£

Maximum numher of
simulation cases
reached?

Fuel cell power

N

Inputs

( HP capacity

R N . e

Electrok i
Ohtain the optimal combination of design ( ectralyzer capacity

variahles

Orptimum solution
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Section Item Value unit
Building area 190 m?
Number 2 m?
Window area 3 -
-2
Overall heat transfer coefficient 3 W}'{’i
-2
Overall heat transfer coefficient 0.29 W}'{’i
roof
Solar absorptance 0.5 -
-2
Overall heat transfer coefficient 0.6 W}'{’i
walls
Solar absorptance 0.5 -
-2
floor Overall heat transfer coefficient 0.29 W}'{’i
Ceiling height 2.9 m

Abs. Electric power fraction. Convective (Radiative ,olie 28ly mls a4 (oww, 5 385 g5lo e jglaied
Sl 00l o.))ﬂ ¥ J9~.\> L k;)" x_:‘).‘.QJU ;U;;L».ws) u‘).o.& GuLQ_OLMJ J?‘.) u,uSLw aQ .by).n humldlty

Oleisls 5o slasg) Slaseie -F Jga

Gain Radiative Convective Electric power fraction Abs. humidity
People 72 144 0 0.059
Electrical 14904 4968 1 0
equipment
Lights 388 166 1 0
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Output Value
PVT 532195.33
Fuel cell 408652.51
Heating
(Kwh) 3003.85
Cooling
(Kwh) 519159.57
Hydrogen
(m3/h) 678393.11
Oxygen (m/h) 339196.55
PMV 0.45
LCC
472846.13
%)
Production capacity
(kwh) 940847.84
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Yearly electricity Yearly electricity Yearly net electricity
roduction (kWh) consumption consumption
P (kwh) (kwWh)
940847.84 716722.76 -224125.09
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Name Goal Lower Limit Upper Limit

Number of panels is in range 675 1425

Fuel cell capacity (kwh) is in range 52.5 97.5
Electrolyzer capacity (kWh) is in range 52.5 97.5
Heat pump capacity (kWh) is in range 40 80
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Factor 1 Factor 2 Factor 3 Factor4 Response 1 Response 2 Responsg
Number of FueIc_eII Electrolyz_er Heat pump Producti_on
Run panels capacity capacity capacity capacity LCC (%) PMV
(kWh) (kwWh) (kWh) (kwWh)
1 1050 30 75 60 423132 334643 0.43
2 1050 75 75 60 607026 427618 0.43
3 1425 52.5 52.5 80 648828 433112 0.44
4 1050 75 75 100 585026 488608 0.45
5 1425 52.5 97.5 80 625428 378165 0.44
6 675 52.5 97.5 80 359330 446139 0.44
7 1050 120 75 60 790920 520593 0.43
8 1050 75 75 60 607026 427618 0.43
9 675 97.5 52.5 40 588624 421071 0.48
10 1050 75 75 20 629026 366628 0.9
11 1425 97.5 52.5 80 832722 470087 0.44
12 1425 97.5 97.5 80 809322 527140 0.44
13 675 52.5 97.5 40 381330 329149 0.48
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14 1050 75 75 60 607026 483618 0.43
15 1050 75 30 60 630426 426565 0.43
16 300 75 75 60 340928 439593 0.43
17 1425 97.5 52.5 40 854722 465097 0.48
18 1050 75 75 60 607026 427618 0.43
19 1050 75 120 60 583626 428671 0.43
20 675 97.5 97.5 40 565224 478124 0.48
21 1425 52.5 97.5 40 647428 373175 0.48
22 675 52.5 52.5 80 382730 389086 0.44
23 675 52.5 52.5 40 404730 384096 0.48
24 1050 75 75 60 607026 371618 0.43
25 675 97.5 97.5 80 543224 483114 0.44
26 675 97.5 52.5 80 566624 538061 0.44
27 1425 52.5 52.5 40 670828 316122 0.48
28 1050 75 75 60 607026 427618 0.43
29 1800 75 75 60 873124 415644 0.43
30 1050 75 75 60 607026 427618 0.43
31 1050 75 75 60 607026 427618 0.43
32 1425 97.5 97.5 40 831322 410150 0.48
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Parameter Value

Number of panels 1425

Fuel cell capacity (kwh) 65.99
Electrolyzer capacity (kWh) 52.5
Heat pump capacity (kwh) 40.01
Production capacity (kWh) 725955.250
LCC ($) 344014.637

PMV 0.43
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Nomenclature

Abbreviations

Tsetpoint

Gr

m
i
|
Ic
L
Ls

no

area (m?)
panel length

axial induction factor
system’s operating cost during

a year (3)

specific heat capacity (J/kg.K)
Power wind turbines
coefficient

discount rate

energy efficiency

metabolic rate (W.m™2)
ON/OFF  statues of a
component (0 or 1)

set-point temperature

solar radiation (kJ/hr.m2)

mass flow rate (kg/h)
inflation rate
current (A)
initial investment cost ($)
lenght (m)
thermal load of inhabitants’
body

number of factors
temperature (°C)
voltage (V)
total hydrogen consumption
factor
response

number of timesteps

lifespan (year)

AFC
BFC

PMV
DOE

HP
PVIT

RSM

WT
LCC
IAM

EIR
OEC

PWF
Scripts
a
amb

AS
db

f
in
out
r
setpoint
wb
(1%

Greek symbols

alkaline fuel cell
boiler fuel
consumption
predicted mean vote

design of
experiments

heat pump
photovoltaic/thermal
response surface
methodology

Wind turbine

life cycle cost
incidence angle
modifier

The bypass fraction
overall  electricity

consumption
Present value factor

air

ambient
actual air state
dry bulb

heat transfer fluid
inlet

outlet

Wind turbines rotor
setpoint

wet bulb
photovoltaic  panel
transmittance-
absorptance
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Niubes number of tubes in photovoltaic Em emissivity
panel

Qgen heat produced by fuel cell ) absolute  humidity

ratio (kgwater/kgair)

Qsens sensible cooling performed by n efficiency
the heat pump (kJ/h)

Qtot heat pump cooling performed T transmittance-

by the (kJ/h) absorptance product

for photovoltaic

panel

Qsens sensible cooling performed by v Wind speed (m/s)
the heat pump (kJ/h)

Gtot total cooling performed by the Pa Air density (kg/m?)
heat pump (kJ/h)

Tt out outlet temperature of the heat 0 angle of incidence

transfer fluid ")
Epyr electricity produced by the
photovoltaic panel
% wind speed
a axial induction factor
Cpmax The maximum power
coefficient
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Combination of cooling, heating and electricity production units with solar
energy and the feasibility of setting up in the coastal city of Bandar Lengeh
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Abstract

In this research, the modeling of a solar renewable system along with the use of intelligent optimization
method was discussed in order to increase the system performance and reduce the life cycle cost. A
system with a combination of five units of PVT panel, heat pump, PEM electrolyzer, hot water storage
source and fuel cell was designed to provide the required energy consumption of an 80-unit residential
complex in Iran, including hot water, cooling, heating and electricity. The performance of the proposed
system was analyzed by using the weather information of the coastal city of Bandar Lengeh in
Hormozgan province. System modeling was done using a new approach by TRNSYS software.
Optimization of this system to increase system performance and reduce life cycle cost was done by
Design Expert software and using RSM. The three objective functions investigated included electricity
production, PMV and LCC, and four decision variables including the number of solar panels, fuel cell
capacity, heat pump capacity and electrolyzer capacity were selected. The optimization results showed
that in the most optimal state with the number of 1425 solar panels, the capacity of 65.99 kW for the
fuel cell, the capacity of 40.01 kW for the heat pump and the capacity of 52.5 kW for the electrolyzer
are in the optimal state. The system can reach the production value of 725955.25 kWh per year in the
optimal condition with a PMV of 0.43 and a LCC of 344014.63 $.

Keywords: Photovoltaic Thermal panel, Optimization, Response Surface Method, Fuel Cell,
Electrolyzer, Heat Pump
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