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Abstract

The main goal of this thesis is t@velop porfacilities for energy productiofrom renewable energy
sources in order to reduemvironmental pollution. The Port of Lavrion was selected as a case study,

sinceit has great potential fdyothwind and solaenergyproduction due to its favorable gtion and
its yearly sunniness
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Summary

Over the yearsthe energyconsumptionneeds areontinuouslyincreasng. Nowadays most of the
energy production comes frontonventional energy sources buas oil, gasoline and coal. This
growing demand for energy has lead to uncorgbddl environmental pollution, causing serious
problems such as the greenhouse effect. Renewable energy sources are the answer to this problen
they provide alternative ergyr production methods that are environmentally friendly and can be
considerecassentiallynexhaustible.

The purpose of this thesis is &valuate and develop port facilities for energy production from
renewable energy sourctsat will be located in apppuiate areas to reduce environmental pollution.
The focus of this work will be on the Port of Laurio.

Ports areggenerallyconsidered a major source of pollutifam the marine environmermind consume a
lot of energy Through this work, we aim tdesignenergy production facilities that respect the
environment and makée Port of Lavrican exemplar portanational and European level

The thesiss divided into five main chapters as follows:

1 Initially, in the firstand second chaptemwe presenan owerview of the ports of Greece, port
city interaction interms of theenvironment, pollution generated by ports and the definition of
the term AWeralsegive gnovenviewodhie history and the characteristics of the
Pott of Lavrion.

1 We contirue by examining the benefits of the Renewable Energy Sources in general and ther
we proceed to an extensive analysis of PV/T systems and wind turbines and their very
significant advantages.

1 The third chapter identifies the possible installation positfon$V/T systems,heir energy
efficiency (using the softwar®VGIS) and the steel structuregquiredto support thie
installation We present a visualization of the PV/T systeha was renderedsing thedesign
software Sketchupand Adope Photoshop. Thproposedsteel structuresvere designed and
checked fosstability using the softwar&ofistik and Autocad.

1 In the next chapterwe evaluatethe economic aspects of thavestment andanalyze its
economicviability. Additionally, we examinethe environmental impadf the project (shading,
energy production)as well as thaesthetiampact of the construction ahe landscape of the
portand the region of Lavrio in general.

1 Finally, we discuss the design choices for the proggadpresent our key findings as well as an
overviewof theinvestmentata which we evaluatcording tovariouscriteria.
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YGE 72 CELL series 2

ELECTRICAL PERFORMANCE

Electrical parameters at Standard Test Conditions (STC)

GENERAL CHARACTERISTICS

Dimensions (L/ W / H) 1960mm / 990mm / 40mm
Module type YLoooxP-35b (x00=Pynad Weight 25.5kg
Power output P_. W 310 305 300 295 290
Power output tolerances AP, w 0/+5
Medule efficiency n, % 16.0 15.7 15.5 15.2 14.9 PACKAGING SPECIFICATIONS
Voltage at P, Ve v 36.3 36.1 35.8 35.6 35.3 Number of modules per pallet "
Current at P [ A 8.53 8.45 8.37 8.29 8.22
Open-circuit voltage v v 45.6 454 452 450 448 Number of pallets per 40" container 24
Short-circuit current l A 8.99 8.93 8.86 879 873 Packaging box dimensions

1995mm / 1145mm / 1170mm

(L/W/H)
STC: 1000W/m? irradiance, 25°C module temperature, AM1.5g spectrum according to EN 60904-3.
Average relative efficiency reduction of 3.3% at 200W/m? according to EN 60904-1. Box weight 707kg
Electrical parameters at Nominal Operating Cell Temperature (NOCT) Unit
nic: mm

Power output P . w 2261 2225 218.8 215.2 211.5
Voltage atP__ Vi v 331 32.9 32.7 324 32.2 990
CurrentatP_ e A 6.82 6.76 6.70 6.63 6.58 346 =
Open-circuit voltage A A 42.1 41.9 41.7 41.6 41.4 g C B
Short-circuit current 1. A 7.27 7.22 7.16 7.11 7.06

|
NOCT: open-circuit module operation temperature at 800W/m? irradiance, 20°C ambient temperature, 1m/s wind speed. S
THERMAL CHARACTERISTICS -
Nominal operating cell temperature NOCT °Cc 46 +/- 2

~
Temperature coefficient of P___ v %/°C -0.42 [SN::] 5| 5
Temperature coefficient of V__ B %/°C -0.32
Temperature coefficient of | @, %/°C 0.05 T & g

- %/
Temperature coefficient of Vmpp Brp %/°C -0.42 Grounding holes
o 6-06 =

&

OPERATING CONDITIONS .
Mounting holes
Max. system voltage 1000V, PRAEES ] o
Max. seriez fuze rating 15A
Limiting reverse current 15A Drainage holes l{e:’.‘&
A e3xe =<
Operating temperature range -40°C to 85°C '\4 = L1 1
Max. static load, front (e.g., snow) 5400Pa
Max. static load, back (e.g., wind) 2400Pa
Max. hailstone impact (diameter / velocity) 25mm / 23m/s
SECTION A-A

CONSTRUCTION MATERIALS

Front cover (material / thickness)

Cell (quantity / material / dimensions /
number of busbars)

Frame (material / color / anodization color /
edge sealing)

low-iron tempered glass / 4.0mm

72 / multicrystalline silicon / 156mm x 156mm / 2 or 3

anodized aluminum alloy / silver / clear / silicone or tape

56
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Warning: Read the Installation and User Manual
A in its entirety before handling, installing, and

operating Yingli Solar modules.
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EUROA = EC > JRC = [E > RE > SOLAREC > PVGIS > Imeacie maps > eurcpe

Mew: PVGIS expanded to cover Asia. Click here to read about it.
e

: 7 Search
Europe Anca-Asia
Latitude:

T
%2 o

Longitude:

. © Hépmc

0 2N
)

=

[ <]

| &
1 =" 7
u NRELwn f 7

+ b}
REMT ACAR 2.
LEON LAYRIO ’:,f.

Apevapyeio Aoupiou =

Photovoltaic Geographical Information System - Interactive Maps

3a7.714, 24063
Go to latlon

opuptpoc

Contact

PV Estimation

EEMNLANE
Important legal
notice

Performance of Grid-connected PV

Radiation database: Climate-SAF PYGIS « | [What i5 this?]
PV technology: Crystalline silicon v

Installed peak PV power 425 kWp

Estimated system losses [0;100] 20 %

Fixed mounting options:

Mounting position: Free-standing W

Slope [0;90] 20 =
Azimuth [-180;180] 0

[ | optimize slope

e [] also optimize azimuth

] woc | Tracking options:
[] Vertical axis Slope [0;90] 0 ° | Optimize
[] tnclined axis Slope [0;90]1 0 ° | Qptimize
[] 2-axis tracking
- Horizon file Avalfmnon..  AsvenkéxBrke apysio.
Output options
[] show graphs Show horizon
) Web page ) Text file ® PDF
Solar radistion 1emperartuid 55::::.1:1:_’600;'9 S A Calculate [help]
{ Koo B B o5 PMGISAG U] e e owmoxgld UUgadlg) aeg
zes Ud | Ed(kwh) | Em (kwh) | Hd (kwhim2) | Hm (kwh/m2)
)] ?B3 ) At] 987.00 30600 3.14 97,2
a AbABJI ] A1 1220.00 34200 3.91 109
Z) N¢gt BE| 1730.00 53600 5.62 174
| BAt st B| 1980.00 | 59500 6.55 197
Z)] RBE 2160.00 67100 7.25 225
£t B3?+tBF 2330.00 70000 7.97 239
£EBJ3st BF 2240.00 69400 7.74 240
] JGBIE¢B 2120.00 65800 7.35 228
EAY¢E KZ bA{ 1930.00 57800 6.55 197
BT ¢ qdAt B 1530.00 47400 5.09 158
?BAz At B 1140.00 34200 3.71 111
PAT Kz bAE| 858.00 | 26600 275 85,1
Aé ¢ FtBE | 1690.00 | 51300 5.64 172
AK¢gELB
£372BsB 616200 2060,3
a3z UaUdysdd deUjyedsU aUs edssUalU "~U;Uoxvoe

Ed zydd deUjeasU Usce
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JRC CM SAF Photovoltaic Geographical Information System - Interactive Maps M annE

Important legal
notice

EURCH = EC » JRC = [E > RE > SCLAREC > PVGIS > Ineracihe maps = EUrope

Contact

Mew: PYGIS expanded to cover Asia. Click here to read about it

e @ =.g., “Ispra, Ttaly” or "45.256N, 16.5565E a7 713 24,082
: 24 Search selectzd -
Europe AfmicaAsia 37.712, 24.085 Performance of Grid-connected PV
Latitude: | Langitude: Goto latilon Radiation database: Climate-SAF PVGIS v | [What is this?]
"% x> ; A P
4 R L) Rdpmg | Acpugpdpog PV technology: | Crystalline silicon v
Ty ~ o
TR o > Kahiac T, Installed peak PV power 236  kWp
i | Kakapa {"r_ﬁ Estimated system losses [0;100] 20 %
EEik a Aviag Mapaokeuric o Fixed mounting options:
P f_} ) "
; .J & . Mounting position:  Free-standing w
U [TAELLIVE Py w
A T
T RENTACAR 2 Slope [0;90] 15 = [ optimize slope
S LEON LAYRID %, - _ .
Mpevapyeio Aaupiow S ".:,:_ Azimuth [-180;180] 0 ° [ Also optimize azimuth
4] ,- {Azmuth angle from - 180 to 180. East=-%0, Scuth=0)
@ 8 LSt Tracking options:
[] Vertical axis Slope [0;90] 0 @ Optimize
[ ] Inclined axis Slope [0;90] 0 @ Optimize
[ ] 2-axis tracking
- Horizon file Avaditnon..  Aev enéxBnke apxeio.
Output options
Show graphs Show horizon
) Web page () Text file ® pDF
¥ ©2015 AsSoptva xapm Google | DpoiXphong  Avagopd ogaliaros xapmn
Solar redistion  Tempersture Other msps Calculate [help]
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CM SAF

Photovoltaic Geographical Information System - Interactive Maps
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Important legal

Contact
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PV Estimation

Performance of Grid-connected PV

Radiation database: Climate-SAF PVGIS v [What is this?]
PV technology: | Crystalline silicon w
Installed peak PV power 2065 kWp
Estimated system losses [0;100] 20 %
Fixed mounting options:
Mounting position: Free-standing v
Slope [0;90] 30 =°

Azimuth [-180;180] 0

[ optimize slope

e [] Also optimize azimuth

{Azimuth angle from - 180 to 180. East=-50, South=0

Tracking options:

[ ] Vertical axis Slope [0;90] 0 © Optimize

[ inclined axis Slope [0;90] 0 @ Optimize

[] 2-axis tracking

Horizon file  AwafAtnon..  Aev entéxBnke apyeio.

Output options

Show graphs Show horizon

) Web page ) Text file ® ppF
[help]
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. . S . . . . Important legal
EURDPA > EC = JRC > [E = RE > SOLAREC = PVGIS > Imeracive maps > europe Contact

notice

Mew: We are recovering from a hard disk crash. PYGIS may be unstable in the
next few days, please let us know if you see strange resulis.

Europe Afiica Asia haupe Search ar7izé000 | Performance of Grid-connected PV
Latitude: Longitude: EvmlEdT Radiation database: Climate-SAF PVGIS v | [What is this?]
A Xgpms | Acpusépos | | PV technology:  Crystalline silicon v
£ 2 Installed peak PV power 1122  kWp
Y aquTn ¥ i Estimated system losses [0;100] 20 %
; Fixed mounting options:
aoxes I % f"ﬁ,ﬂ A Mounting position: Free-standing v
= § ’o,% % f: Slope [0;90] 30 9 [ | optimize slope
E: [ Kakape Azimuth [-180;180] 0 ® [] Also optimize azimuth
5 o A e ke fron A b 180 Emafefl Srasthe=
I [] Vertical axis Slope [0;90] 0 @ Optimize
Mapld iicliplon.S [ ] inclined axis Slope [0;90] 0 @ Optimize
PAIACI KABE = @ [] 2-axis tracking
- Horizon file  AvagAtnon...  Aev endéxBnke apxeio.
Output options
. iﬁﬁ?(&'f.”nﬁi’.'n‘é” ¥ Show graphs Show horizon
) Web page ® Text file ) pPDF
e Calculate [help]
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Contact notice

PV Estimation

Performance of Grid-connected PV

Radiation database: Climate-SAF PYGIS « [What is this?]
PV technology: | Crystalline silicon w

Installed peak PV power 2332 kWp

Estimated system losses [0;100] 20 %

Fixed mounting options:

Mounting position: Free-standing W

Slope [0;90] 30 *©
Azimuth [-180;180] 0

[ ] optimize slope

° [ ] also optimize azimuth

{Azamusth angle from - 180 to 180, East=-50, Scuth=0)

Tracking options:

[] vertical axis Slope [0;90] 0 °  Optimize

[ inclined axis Slope [0;90] 0 © Optimize

[[] 2-axis tracking

Horizon file Avafdrnon..  Aev entéxBnre apyeio.

Output options

Show graphs Show horizon

() web page ) Text file ® pPDF
[help]

Calculate
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Groups System preview
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Preprocessing
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Mesh Generation
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(@) Automatically (Structural Elements) () Manually (Finite Elements)
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