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ABSTRACT

Among renewable energy sources, solar energy is the most widely available, and
solar photovoltaic systems are developing at a faster rate than any other energy
production method. However, theelatively low power density of solar photovoltaic
systems requires large areas of land, especially for {acgée solar parks, which
creates significant competition for land use, primarily with agriculture. An innovative
solution to reduce the conflictdtween agriculture and solar photovoltaics is their
combined use, known as agrivoltaics, which allows for simultaneous food and energy
production, thereby reducing the pressure on land use. This thesis investigates 6
different agrivoltaic systems on a oere field, analyzing parameters such as the
density of solar panels and the height of photovoltaics above the ground. The crop
studied under the panels is wheat. Additionally, the use of solar energy from the
photovoltaics for cooling a typical agriculairproduct storage facility via an air
source heat pump is examined.

The structure of the thesis is divided into 11 chapters. The first chapter provides an
overview of current energy trends and the primary environmental issue of climate
change. The secondhapter offers a brief presentation of the main Renewable
Energy Sources. The third chapter covers key concepts and theory specifically related
to Solar Energy, while the fourth chapter delves into photovoltaic systems and the
principles of photovoltaic alls. The fifth chapter thoroughly examines the
integration of photovoltaic systems with agricultural production. The sixth chapter
focuses on the detailed presentation of the Trnsys simulation program, used for
simulations related to electrical energy pmhaction. It explores the program's
structure, its main functions, and the simulation process. The seventh chapter
explains stegby-step the basic case studies conducted with Trnsys. The eighth
chapter analyzes the structure and functionality of DSSAT ptbgram used for
simulations related to agricultural production. It presents the program's core
principles, its capabilities, and the simulation process. The ninth chapter is dedicated
to the detailed description of the simulation cases in DSSAT. The tapter
discusses the results of the simulations and provides an energy and economic
comparison of the different case studies. Finally, the eleventh chapter summarizes
the research findings, presents the main results of the simulations, and suggests
topics for future research.
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Price of a solar panel per watt

Global solar panel installations
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(multizone)(n * ¢

AN TOHUL D

Meww >
Select project type Description
: Mulki building mode|
= ":l" z izore buildng m
The assiskant will help you set up
Emply TRNSYS New Salar hot & multizone budding project,
Project Compon...  water system including the building description.
f : You can use the TRMSYS bulding
m i | editor (TRMBuld) afterwards ko modify
; - ) the building in the project wandow (right-chck
Building i g 3D Building o g
Project ... Project (... on bypeSé and choose 'Edit Building’).
[:__.-
o™
Coupled
MAT..,
stop 1 Cancel
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. Building floorplan e

Step 2 Adiacency List
Left-chck on the plan to add / remove

zones. Thiz senplified representation is N

only used to define adjacencies *

between zones. |t does not

neceszanly reflect the geometny of the
buiilding cotrestly,

A|B|C|D|E[F|G|H]I]|J
7
2
3
4
£l
£
7
5
9
10
Sep2/10 | Newd> | ~ Cancel
Ko oaf3A soalBjosede i 6¥3L 3
"S>EAT ] ">h s AhT AR Tt YA Y
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Zaone properties hot
Step 3: Define zone dimensions N
Salect the zone you want ko modify in the +
plan and edit the values below,

e

Zane dimension

Height |4 [m]
with [0 | s
- m ]

Wolume [m™3]

Emm-qmm-nmu|-n|
-]
3]
=
m
-
@
=
[

Step 3/10 Mt >3 . Cancel |
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Windowes, orientation and location 4
Fraction of windows in extarnal walls [%6] .[' Building rotation
MNorth
0o Fuotation (Morth ko
\—I Morth East = positive)
N >
West | 0.0 ¢ 0.0 East -+ _ _
' ' ' 0 [deq.]
|n.n |
South
Location .'l,'u'u'aatheri,Meteuwrm'l,El.rDpei,GR-.ﬁ.tIhai-16?14E| | Browses |
<< Previous Step 4f10 Mext = Cancel
AosohBd) a7l U3 UUsasliechd oaUs UstUovyoe egU0U0UY,
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Infiltration and wentilation

Irfilbration (valid For all zones)

Leakage (0,15 [1/h]

[ Mechanical ventiation

[ ] Matural ventilation

<< Preavious

Koo hBB) stie hd

Step S0 Mext >
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Heating and cooling *

[CJHeating

[]cooling )&

Step 610 Mext = Cancel

Koo hBA) sTacoe JgdeatdUrys dyjyeUsldd oUs

Gains and lighting x
iy
AS
Inkernal gains
Specific gains 14 W2 Values apply to all zones.
g ? - ! [Wim~2] They can be changed in
Occupant density | 0.1 [ocoupantsim™2] TRMBuil lzter,
Lighting
Light O#l if total T
harizontal rad < | | [wiim~2] 'U'ﬁlm ﬂpﬁf ':ﬁ sl mdnss-
Light OFF if botal P They can be changed in
horizontalrad > | 200 | [wim~2] TRNBuild |ster,
Specific light 10 [wim~2]
Step 7110 Nexk =5 Cancel

Aooh8UWU)7e.90Y oy tid U K Usdyt 8gd Gy Usi
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Fized shading

Orientation  Ackive
+ Horth
+ South

4 East
L et

[ active

<<Previous Step 8/10

hMovable shading

Onentation  Ackive
-"f Morth
+ South

4 East
I

[ active

<< Pravious | Step 910

Cancel
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Description complete

x

e

A
Building description complete |

4

You are now er'y' to generate & bulldlnq sirnulation -
project.

Push the '"Create project’ button to create the project
fibes and open the project in the Simulation Studio.

Lse the Edit Building” (right-click on TYPE S&) function in

the Simulation Studio bo modify or refine the building
madil,

Push the "<« Previous’ button to return bo the previous
steps of this assistant.

Sepi0fts  [Gesepropet]

AoohsBoBoore, vid Ujcesoaesi GcUUsUlesi o

1 “/\W;B'hz v {BAYde|"lj7\52)5rh{_[ﬁdzl?ﬁ2'5>_,"h‘/\’¢
7.11).
= :
Tum ] H__'_ﬁ
L:_J Trradistion

| t»—
2@
Light Thresholds
Laghts

.

a
. w;.—4_'_ -1
Buildan,

. Temperstures end Gains

g

e
Shading+Light
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16 nttration Types (1)
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B Project
[E§ commerts

@ Orientations

o)) Inputs

{@ Cutputs
[l Properties
= fi) Construction Types
C - Layers (10)

=] ‘f’ Walls, Floors, Ceiings, Roofs (5)
: -0 GROUND

[

o OUTWALL
o INTWALL
o INTFLOOR
o ROOF
! £ Windows (1)
[ 71 Sthedules (7)
2§ Regime Types
[+ I Infittration Types (1)
{8 Yenfilation Types (2)
3] 65 Heating Types (1)
@& Cooling Types (1)
! h Comfort Types (0)
® h'__ Gainfoss Types (5)
L = Daylight Control Types (0)
=% Zones
¢ - Zone WAREHOUSE
- @ Airnode VWAREHOUSE
. i Surfaces
H- Regime
Racdistion Modes
& Geomelry Modes
. Daylight Modes
¥ Geonfo

F-E-E
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Construction Type Manager

./_
[ “construction Type" Manager

nom

i vh < _i0lo02n Y

G < Tty
g 19, " "41emh Y nodmp
adm, -7, n nodnmp

conztruction pe: OUTwAALL ;I
Layer
front / inside
Lo rEw
’ S <<~ Libramy _..
1 0 002 BRICE,
Bl : FOLY URETH 0100 = |CONCRETE
Bl 3 concreTE 0150 EEESTEEH
Bl ¢+ GyPsumM 0.015 FLODR
SILEMCE
GYPSUM
INSUL
Sy |STEEL
POLY_URETH
back
total thickness: I 0267 m
U - vahue: 0183 Wm 2K for reference oy

el h_i=7. 7 W/m™2 K and h_o=25'W/m"2 K)

Solar Ahsorptance

friomi: 075 -
back 03-

Corwective Heat Transfer Coefficient

Lorgwave Ermission Coefficient

framt 0s8 -
back 0s -
Mt

The emizzrity of nside surfaces are applied by the
detalled longwave radistion mode only
For the standard model foed values of 0.9 are used.

front back
& userdefined 1 internal calculation @ uzerdefined ¢ intemal calculation
> Nl kishm" 2K > B kl/hm"2 K
Koo hBHM Bacoe gasat 3 295U Uegd
« T, ~ ¢ vy > h “h h-> <8
h wo.o T A AT < O S hLo T nzocp
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1 ¢ . 7 " 4085mh
r' AL 0
n- " . ":0015m"

cC:

Construction Type Manager

é “Construction Type" Manager m

construction type: 'H 0OF L]
Layer
front / inside
: < new .,
No. ] L ayer ] Thickness [ T_ypc I T
Bl 1 CONCRETE 0.250 massive BRICK
Bl 2 nsuL 0.100 massive v CONCRETE
STONE
PLASTER
FLOOR
SILENCE
GYPSUM
INSUL
by |STEEL
POLY_URETH
back
total thickness: | 0.365 m
u - value: I 0.357 Wim"2K  forreference only
[ncl. h_i=7.7 W/m"2 K and h_o=25 W/m"2K)
Solar Absorptance Longwave Emission Coefficient
front: | 035 - front I 09 -
back 075 - back I 049 -

Note.

The emissivity of nside surfaces are applied by the

detaded longwave radiation mode only!

For the standard model fixed values of 0.9 are used.
Convective Heat Transfer Coefficient

front back
@ userdefined ¢ intemnal calculation @ userdefined O intemal calculation
g m kizhm"2K 0 s kizhm"2K

KoohBWB Basoe goasat s 25U Uds a6y a6
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® TRNBuild - [Zone: WAREHOUSE

[ en I e S o
= R N g

A h

® Fle View Zones

A ~ <l q n

‘ ’ h N ~

- Birnode: WAREHOUSE]

AifNodes Took Opbssns Window Help

> B

> W

>

~

g W
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-1

N - -

fwwyvs S ¢ ht 1t h

- a x

LTt et LT [eh A TROMT O A B

7] | A i |7
NEEE 2 b 1
Alrnodeas Arnode Regime Data Tharm. Zona
o .
WAREHDUSE - — L. 1 Radafion
wokme: 600 w3 W i wmm Garadosses ﬁlduv&m ) Cong =
r AT | w0 i 1 T Mot
capacitance 1320 kK Y - Geomeiry
— e ariir, -& Cockg %Cﬁdﬂl iy :
= E} rumber| 1 o T w2 & b o Modes
Dapbghit
J1 Walls, floors, ceilings, roofs (Total numbes: 6 ) | Windows (Total number: 3) e
[ufiD) | surfaype constctionype | [ooma | calngoy | [t | natype | construckiontype [ aea | calegoy IurVahie | gshie
| Ackiioral 'Wirdows: & WIND W DOUBLE 062
1wl DUTWALL BO00  EXTERNAL N 180 30
T T T b0 E<TERsAL_E 270 %0
4 WAL DUTWALL BI00  EXTERMAL  w_5090
5 CENG GROUND 000 BOUNDARY
13 ROOF ROOF N00 EXTERMAL HOO
2 WALl OUTwWALL 8000 EXTERMAL 5090
sutacedD: 3 sustsce-ID: B
malacetype # wal Moo oceling ol usce-tppe & vndom
contuctionype DUTWALL £ new - coratchon g DOUBLE - -
wea @ w2 incl windows wex —iw2
gy EXTERNAL - catigoty [EXTERNAL -
— N — gesaut oF
¢ e
s BF  um u. gain insicle: = | Wk
wdgenousd: [ B Wik
i h —_—
sigmosice O P e = [ [ros =
i fac. b0 sy fos
rentston: I ] [s.0s0 -
e bac 1otk o5

[ estemal shad facior

Koo hs7TBostUovyoe o
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I~ inteinl shad factor: [

I estewnal shad factor [
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changeratex ‘' h ' """ »B° ' ' aodnnnpHRC[ h2 o

1 AW, s hy “ ¥ ° Y ¢ h " nh “ h B Ah "
h Ah , w~” 8 h * ! C B >Y ¢ h > h ¥ h w h !

“hohe Y ¢ S \SUPBIWIAINGZNE 226F Y 0 vy s bt AR
' L BL K™ h s sl <w " h S U CEAT: Y >™ T h TRt vy
Humidity of Air Flow® h * - ho " B Ah T >"h 7o o>
h=>cmer a1t G A T A LA NS AN TOMY D

Ventilation Type Manager

% *Ventilation Type® Manager m

ventilation type: |VENTMECH =

Supply air fiow

I arr change rate ;I

3 |: 0.0005ZFLOW 1/h

Specific fan power "
elated to supply air fiowy 13 10 kbt Am” /)

Mote: The spec. fan power has no influence on the thermal energy balance.

Supply air conditioning

% external by other companent
" internal calculation

Termperature of supply air flow

" outside air
* userdeiined [3 | 1"TEMP =

Hurridity of Air Flow

% relative humidiy
" abzolste humidity

7 outzide air
(* userdefined 3 ko

@

KoohsBAstUovyoe ~ Uy UeyUjp¥ys 09U Uess UUy o
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Schedule Type Manager

!I‘[L- “Schedule Type™ Manager

’

B
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ANh<HE DOMPL’

’

1

N

schedule type: I'_ AYNIGHT J
@ r ‘s
Daily
1
na
g 06
pun— 2 0.4 4
+
02
from urnitil value o
he 0 B — 2 4 B 8 10 12 14 16 18 20 22 24
mirc |0 0 . tirme
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Typel5-2
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Typel90c : PhotovoltaicArraywith MPPT(no inverter)

B‘_' _V ‘_V‘;B’V STt T Ty B _'A '<*5¢_"
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Typelfc
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Typed8b : Requlator / Inverter
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Typedih

Koo 2B gde ¢isleadi Uy s iy Ud

Typet7b : Electrical Storage Battery

B. . > A_w<” >' h e L - U L A U G L

, . T i Y < hcgr ' > ¢ ht sk vh~ " >h h Lt h, s

¢h A h o~ o , Coo - >~ h h > h s hj h <<

<h>jhAYA_h =" YA T HnNSC T AN TPOHOD " v,
TypedTh

Koo ff.23° UUU) aU

Typ954a : Air Source Heat Pump Model

[ ¢&Lllsppn . "t >T STt UL Y >wah o oh ¢ h o
S Y sy et g >'h hA <>h *“¥°>' ' h”whw’ h §;
> AL, _ " ¢h* wvh >'" "y on" " Ah TOHND

Typelida

Koo fads UatwpPe HUYPUJ
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Typel66 :Thermostat

N A D h - < Cg s v h ' S AB h " 1% oh
2Yyk2F¥F¥FZ 7 ST s >~ Y Y A AN L S
- A4 . { t h ‘ w B B t - 1 1 n 3 Vb’r1>lm/l\ ‘/\lhI qu)h_llp l')— ] 1 n . . VI I

®

Typeléé

Kooffa5s0U) ea GUYUdd

Type24 :Quantity Integrator
i ' > : e, Y V<Y S <t T L ABT Lt h Y B -
he >~y >~¥aA h S ' h -y o ' h C K Cow o S B YA
-y Y e VoV O 77! "t g ¢ahh "h ARV, ° ' <8 € v
ThTLEt TR AR T’OHC O

Type2d

Ko o [.2686 Ul 6 Ussaeahadard ] v Ue d

Type5 : Online graphical plotter with output file
[- R 2yf)\yé L h OO A TR SSIW A K
> B h j <! _ A ~ * * " s h ~ ¢ h h ! 1 ' h " ¢ B " h
E > A h'? 1 " h>” B ~ h N AY D _>B AT ¢ ht B Two, .
Y S B T <! o, ToB 1 ' h ! > B hj <! w C
h > 8 h h A h Yl BA ‘< B''> 1B’ T, B~ > Y AN D
¢ h B >, h A”y Y A h ¢ B w A h v , ., ¢ ! -~ h "~ h ¢ ¥
e o, oy 2y AYS LI 2G0SN) ¢@LlScpz
2yt AYS L 200GSNJ 8¢ _  ~ - A AR PR " At CSh jtEh >R
BV, "SR h =, 8 > Y - v ‘C’) rl"‘ ’C"y/\tsh_ ht*d HMTO' _ YA .o

=

online plotter
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Typeb5 : Online graphical plotter witdut output file

1Y ho_"A ' A "Thih<ccham Y S2YTAYSE L2088
BV LT 1 édNNT SWADATDOHY O

4]

-

Typetod

Koo f.8B8thbdeosasgg)oalU UsUoj UseyYUrs eyjyad Ujye

Typed : Printer- Usersupplied units printed to output file

l ¥ * _ vy, Y B ¢ . T " P S -1 C ’h_j h<t! Al ‘Ah _
v I ¥ ¢h:Y T swah g hews hy
_<*5" - J_’ h ¥ - I* o ! - w T ot A h - h . B " S v
v RN B B ¢ - /\"/_\ H' ¥ h L. B Y BV 1 7 >
LB LT >WVA'hVI AT /\_h g ¢ '__ AT A ho K h ¢ & h . YA
h - _ A h S _ B - - >rlv“¢+”/\'h T"CDH‘Cp‘L’) h < _ v
\

AKooafl.OBaUg vUed

TOp 1 . AL > < 0 7~ "t 8’ A ChF Tt >
B. ™ hah< ©"CHA, B S “ h AL S AL R

‘ h 1 A BT ’ ¢ ! ! A - h h > w . A ¢ h* .
- h 1 > o ur e ' ) Al B ' h - A . A . v
- ¥ ">‘_”+ ! b K C 1 h Y 5_'¢_W - "___t
- ST, 0y A T ¢Nyaeaz Lth,w A > hvy

T hAB <3 rv ¢ h o > YT Tt w ' ) A
_" ¢N‘yé‘eé_ >h. B AL " h | w B ! ~ h h>5_ . _I.
-8 7t - _ B Loy S Yt '¢Chht AY th 211t 'Bh N Al W
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3 3
p! KIHRTO KW
@a PUMP-DE)SL.'ING-PVKWH
E.lrauo:Daﬁm Lg - +.
- Typel20e
EXCESS OR DEFICIT-2 h L Tm.m_._ | 3)
- - Lg Type2d 3 w BATTERIES
WEATHER DATA-2 KM{M.OKm AR
* A
?-_L +—.:_- - b
DUMPED.GRID e Q‘_
Typeléé
(=1
dumpedgenerated i @3 ; L
i ENERGY GAIN_EKW
B | | a2 B
KJHR TO KW-3 U POWER Eiv KIHR TIO KW.S
GE\_._ L — 4. -
powerfromgrid ad b
T‘TA Trpeoshe § j Buildng 4
3
cop ] | .
. L _‘ SAINALOSS WITHOUT BATTERIES
POWER
KI/HR TO KW-4 2
Typs4 S 1
| le-mperlaluxes
Koofj30We cocooad) vreyse &ag Uyoc
I’_ h h g <h ¥ B - " <wa Y > B ¥ h - |
ExternalFiles(n * ¢ " A T ®domMU
fwarehouse project) WEATHER DATS-2 - x
Parameter Output  Extemal Files  Comment
i 1 WWhich file contains the  |CATRMSYS1 S0 Weather il
| TMY-2 weather data?  |eteonormEuropetR-Ath |Brows || Edi...
inad-167140 tm2
KoohslBh BaBoe UjycUaesg oaUsy ai
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L7 S . T wLwr ot AL s s WEATHERATA S v . 0 T <
16" ' Ah SH@GMO NS hws v’ Sgepdiolajels’ >% - hgwr T A I
‘_"‘JB"’ h‘_' Qh""’ >hy "’ > B |'ayer[1""'h"":5_’
* ! * . AW BAY hs \Heyg ¢ b ™ hq“ShbwLayerst" e W, A h > !
, h > A B h ¢ * ! B - ' h A ' h B 1 h >’ h 1 ' h A h > !
Y .8’ h >8 hvy e '
b {BuildingProject3d) Weather data - = Building
Clagsic  Table
[y Select variable fiter : Al v| @123 Oaz
@ ®
Dy bulb temperature 1-TAMB 0
x Dew point temperature 2.RELHUMAME 0
ﬁ Wet bulb temperature 3-TREY o
Effective sky temperature 4 TIGED ]
Es Mainis water temperature 5 MZEN ]
Humidity ratio 6o &8 2 0
Percent relative humadity 7-1T_3_0_50 0
Wind velocity 2-IT_E 270 %0 ]
Wind direction 0.IT_N_180_00 il
Atmosphenc pressure 10-IT_W 90 90 0
Total sky cover 11.IT HO DO 0
Dpague sky cover 12-1B_S_0_90 ]
Extraterrestrial solar radiation 13-1B_E 270 90 ]
Global honzontal radistion (not interpolated) 1418 N _180 90 1]
Direct normal radiation (not interpolated) 15 1B_W_90_90 0
Solar zenith angle 16-1B_H_0_0 1]
Solar ammuth angle 17- A1 S 0_%0 ]
Total honzontal radistion 18- AI_E_270_90 0
Horizontal heam radistion 19- AT W_120_90 ]
Sky diffuse radiation on the horizontal 20- A1 W90 90 ]
Ground diffuse radiation on the horizontal 21-Al H OO 0
Total diffuse radiation on the hotizontal 22- GRDEEF 0z
Angle of meidence for hotizontal 23-CHAT 1 ]
Total tlted surface radiation for surface-1 24T COOL_ON 1]
Total tilted surface radiation for surface-2 25-MS_N_180_90 ]
Total talted surface radiation for surface-3 26-M3_3 0 90 1]
Total tted surface radiation for surface-4 27-M3_E 270 90 1]
Total tilted surface radiation for surface-3 28- MIEB_W_90 90 1]
Total tilted surface radiation for surface-6 28. BRIGHT 0
Total tadted surface radiation for swface-7 30- TEMP ]
Total tilted suface radiation for surface-2 31- FLOW ]
Total tilted surface radistion for suface-9

KoohxRUg3iuBlesgasgoal
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B K

3-W

ALRIZA< U E

1B
.
g
‘£ h

AoofhxBHgzliBlecgacgoal

Classc Toble

[.@ Select variable fier : A

&

2

, > 8 m

inputs_ ~ WEATHERATAH

Atmosphenc pressure
Total sky cover
Opaque sky cover
Extraterrestnal soler radistion

Global horzontal radistion (not interpolated)
Daect normal radiation (not interpolated)
Solar zerath angle
Solar azmuth angle
Total horzontal radistion

Horzontal beam radistion

Sky diffuse radiation on the honzontal
Cround diffuge radiation on the honzontal
Total diffuse radiation on the honzontal
Ange of mcidence for honzontal

Total tilted susface radsation for surface
Beam radsstion for surface

Sky daffuse radsation for surface

Ground reflected deffuse radsstion for surface
Total deffuse radsstion for surface

Angle of mcidence for surface

Stope of surface

' (warehouse project) WEATHER DATA-2 - » Type 190c

r|l¢

9

Dry bulb temperature

Dew pom? temperature

i Wet bulb temperature
Effective sky temperatuze

L Mums wates temperature
Ay Humdity ratio
- Percent relative humsdty
Wind velocty

Wind dwection

Azmuth of surface

r

on

Latiude

¢ ht 1t hY

< _ C < T _
“h ¢ - < h _ ¥ . _
A N has <

- h ~’ hBJ“"/\’_Btlh'ly/\B“"

hy ®.
‘ G4). Ah

I

y

A - h AB < 1t h ) >w gt T _
' Ir]_"'B"k'WVVB;K" ’I 1 ‘shi*¢'h _ _h L _ h ¢
o ¢ h o Z_“"“' B | h,[,BV/\‘

t B’ h ¢ h h Ahs" AV o
,'h <h vy "Cpq>|s oy > 7B .

L

Total incident radiation on tilted surface 0
Ambient temperature 0
Amnsy slope [1]

Beam raciation on tilted suface 0
Sky diffuse radistion on tilted surface 0
Oround dffuse radistion on tlted surface 0
Incidence angle on tlted susface 0
Solar zenith angle 0

0

Wind speed

T PO

a Ud)Us dixddeb @

(warehouse project) WEATHER DATA-2

Parameter Output  Extemal Files Comment
= o Hame Walue Unit More | Macro
1 | @ [Fie Type 2 Mare... | [«
2 | g [Logical unit 51 - Mare... | A
3 | gf Tited Surface Radistion Mode 5 - More.. | A
4 | gl Ground reflectance - no snow (015 mare. || [A
5 | gpf Ground reflectance - snow cover [0.7 More... | [A
B | glMumber of surfaces 1 - Mare... | [A
7 | gl Tracking mace 1 - More.. | [+
8 | gpfSione of surface 38 degrees More... |[]
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>

. __-inverter< _

B (warehouse project) Type190c - » TypedBb

Classic Table

[3 Select variable filter : Al

h

t ¢

A

v @123 Oaz

&

Array voltage at maximum power point

% Atrray current at maximum power pomt

s.} Atray power at maximum powet point

Array power at maximum power pomnt

Open circust voltage

Short circuit current

Array fill factor

Armray temperature

Conversion efficiency

-,

Input power

Load power

Battery fractional state of charge

Koo gz uda e(icyolsaobae belibverter

112

B ¢ v < e ¢ . Z 10 N B h * e * . B 1 t h° > ' + N y .
~h ~ h >w LA < B ' 1 7 h v |'q)’5r/\h_‘5" Thh” A B <
. A " h AB < h A B ' 7 h ¢ h* h AR * "< -y
1t AR Mt NLTT>EAG_TE LA T Db A< Y
T pn ~ 8" " w THMAAD "~ A"
f 257" " w  CHh mmn® D haw <
f 1278 " " w CThH ny ~ hhrex
1 _ Trnsys™ BT o T “h gt AT
- _"“"W_"' _,/\‘hAB<5$E/\'3""“mw'{u _
h ~ h ¢ h . , h > AB ¢ ! B‘tfvsrypé]_g(x:‘J"hh DA TT7h_” htsow
_B"__"' LA H N " h AB < ¢ ht h/\_’ _V!;h
T T LA 0Nt ST Ah THOpPpULOD
(warehouse proj e‘clj Typ;lgﬂc -_ x
Parameter Input  Output  Comment
= Hame Walue Unit More | Macro
11| ghlMumber of cells wired in series |36 Mare... | [~
i 12| gl Humber of modules in series 50 Maore... | [
13 | gpflumber of moduies in parallel 4 - More. | [A
14| gl Module temperature st NOCT 3 & Maore... | [~
15| gl Ambient temperature at NOCT 93 i Maore... | [
16 | gp[nsolstion at MOCT 500 Vit *2 Mare... | [
17 | g|[Modiule area IO.SS m*2 More... |[A
18 ‘,}::_.:;ﬁr;:prouuufomormal |095 More... | (&1
KoohssB D3B®) oUGaUl g Weyrly ws 3 Y3 U



lh ,,_"j"<_h‘¢h h A B < w - Bt
~ h h s~ A B A LW B > h 05/ 0
B ANh <« <h >SB AT ,>h o! /0 JCEh“_
inverter ¢ h © 7 7 7y s h > 6 L A A
“‘_||>h_vl0q)—ml ht -l_ Bll —‘CAV_II
inverter® h Ty s _ht ,osB VvVt Y
1 200" h AMBH@Module voltage at max power point)kodule current at max
power point)x(numbers of panels)=17V x 5.9A x 200 = 20060 'Watt> * h
>t Chotr h QFKWh
1 100" h AMRHh@Module voltage at max power point)¥odule current atmax
power point)x(numbers of panels)=17V x 5.9A x 100630 Watt" > & ' h
> Chrtr e GEKWh
1 48~ h APBphfModule voltage at max power point)¥{odule current at max
power point)x(numbers of panels)=17V x 5.948= 4814 Watt " > s> " h
>t ch " h GKWh
h h ¢ h . o, h > A B t ! B'BvsTypeq_gb‘J"rh
"t T . ' LA HAOnN h AB < ¢ ht h A
T T 8L N)L.ONn AP T DO
(warehouse project) Typedsh - X
Parameter |nput  Output  Comment
& Hame Value Unit | More | Macro
1] & [moce 1 More.
i 2 | gf|Regulstor efficiency 078 Mare... | [
@ 3 | ghIrverter efficiency 036 Mare... |[A
4 ez;::;:tgc:éc;ﬂuanal state of 1 Mare.
5 | g@fLow limt on FSOC i] Mare. | [«]
-] | Charge to discharge limt on FSOC0.85 - More ]
7| g|Irverter output povwer capaciy F‘I—Jltw Mlore. @
Koo Rt V3B oUGaUnvertdry Ue y Uy ¥ 3
B>, 1L~ “ASl'Hnverter> "~ h h h
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B (warehouse project) TypedSb -> TypedTh

Classic  Table

E& Select variable filker :  all v

@123 Onaz

/ Power to or from battery 0

-

Power in from generation
Power to or from battery

FPowerto load

o
=

Dumped generated power

Power from gnd

Fower loss

Koo fh3B8H g3 ida cirwertern d

= 2P -

Ue

® (warehouse project) Typed7b - > TypedSb

Classic  Table
Q Select vanable filter : Al v ®1-23 Oaz
) -
Cell state of charge Input power 0
x Fractional state of charge \ Load power 0
\.} Power Battery fractional state of charge 1
Power lost dunng charge
L Total cumrent
AN Total voltage
-

Max Power for charge

Max Power for discharge
Discharge cutoff voltage (DCV)
Power corresponding to DCV
Charge cutoff voltage (CCV)
Power corresponding to CCV
Excess power

Battery state of charge of one cell

Koo f 0Hg3 B aeece aklblyjitbietder ¢ U

- h “shstw b Y h S 'h=> _ h* " hs>s A h v s
' e hy s S hs h > M h -
g . A “h " h >sw Y h -~ 1 v e ! h

Mad® v BT TR LEhSD p
“Ch w8 h T Y gt N\ thedp.at

(warehouse project) TypedTh - *
Parameter Input  Output  Desivative  Comment
o Hame WValue Unit More | Macro | ~
1| & [|mosde 2 More... || [
l 2 | glcel energy capacity 250 Bl More... |[A
3 | gpfCels inparallel 5 - Mare... |[A
4 | glcets in series 5 More... | [
5 | g@fcharging efficiency 0.9 More... |[A
B gpfiMecc. current per cell charging 3.33 amperes More.. @
7 @pf|tee. current per cell discharge -3.33 amperes More.._ @
8 | gplirax, charge volage per cell 25 G More... || [ v
- o - - e o oo

ahaol V30U, o
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N ro~ ~
1 Al B ! > 8 K, <A "&_MWM L84~ >w
B (warehouse project) WEATHER DATA-2 -> Typed5da
Classe  Table
[ Sedact varishle fiter © Al v @123 Oaz
« N
@ A
Dry bulb temperature Retumn Ax Temperatuse 200
% Dew point temperaturs Return Az Humsdsty Ratio 0008
i Wet bulb temperature Returm Air % Relative Hunsdty 500
Effective sky temperature Retum Ax Flowrate 0
B3 Mains wter temperaturs Tnlet Pressurs 1
N Humadety ratio Fan Pressure Rise 0
Petcent relative humidity Outside Ax Temperature 200
Wind velocity Outside A Husadity Ratio 0005
Wind direction Qutside Az % Relative Humadity 500
Atmosphenc pressure Ambaent (Sink) Temperature 200
Total sky cover Cooling Control Signal 1
Opaque sky cover Heating Control Signal 0
Extraterrestial solas ractiation Fan Control Signal L]
Global horzontal radistion (not mterpolated) Outside Az Damper Position 0
Direct normal radiation (not interpolated) Inlet DHW Temperatuee 20
Solar zenith engle Inilet DHW Flowrate 0
Solar azimuth angle Desuperheater Temperature - Cooling 0
Total horizontal radiation Desuperhester Temporature - Hoating 50
Horzontal beam radiation Desupesheater UA - Cooling 0
Sky diffuse radistion on the horizontal Desupeshester UA - Heating 0
Ground diffuse radiation on the honzortal Stage | Supplemental Control Signal [
Total dffuse radiation on the hotizontal Stage 2 Supplemental Control Signal 0
Angle of ncidence for horizontal
Total tilted surface radiation for surface
Beam radistion for surface
Sky diffuse radistion for surface
Ground reflected diffuse radiation for surface
Total deffuse radiation for surface
Angle of meidence for surface
Slope of surface
Azmuth of susface
Latitude

AKoofhaBgz i ecalolBlovayyB o609 0a B3 U&dBegB@pashUdUUC

—

e h A <’ h T > ! h w - B! A h -~ h > " AB'

¥~ " h¥g h~ "hhpat, > H AL D D " A

8 b hes<s™ A7 % 3
B>, 1 7 A"« " hAT < BT > h
® " (warehouse project) Building - > Type954a
Classic  Table
[ Select variable fiter Al @123 Oaz
v
1. TAIR_WAREHOUSE Retum Air Temperature 00

% 2. QCOOL_WAREHOUSE Retumn Ais Humidity Ratio 0008

‘} 3- HUMCOOL_WAREHOUSE Retum Air % Relstive Humidity 00
Retum A Flowrate 0

&8 Inlet Pressure 1

\ Fan Pressure Rise 0.
Outside Ax Temperature 200
Outside Axr Humudity Ratio 0.005
Outside Aw % Relative Humidity 00
Ambient (Snk) Temperature w00
Cooling Control Signal 1
Heating Control Signal 0
Fan Control Signal 00
Qutside Aw Damper Position 1]
Inlet DHW Temperature 0
Inlet DHW Flowrate 0
Desuperheater Temperatuse - Cooling 0
Desuperheater Temperature - Heating 0
Desupesheater UA - Cooling 0.
Desuperheates UA - Heating 0
Stage | Supplemental Control Signal 0
Stage 2 Supplemental Control Signal 0

Kooh#a@UgziiUlesgasgoal
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B (warehouse project) Type954s - > Building
Classc  Table

[ Select varisble fiter : Al

> o

Outlet Axr Temperature

X Outlet Air Humidity Ratio
\.\‘ Outlet Air % Relative Humudsty
Outlet Asr Flowrate

EE Outlet Air Pressure
\‘ Total Cooling Rate

Sensible Cooling Rate
Latent Cooling Rate
Total Heating Rate

Heat Rejection Rate

Heat Absorption Rate
Auxliary Heatng Rate
Heat Pump Power

coPr

EER

Indoor Fan Power
Outdoor Fan Power
Compressor Power

Total Energy Input
Condensate Temperature
Condensate Flowrate
Outlet DHW Temperature
DHW Flowrste

DHW Heat Transfer

Py |

- w T Bt
o~ " h w -’
> h ¥ B

~ ~

AT >h

>~ S B

@1

23 Oaz

v

-

1-TAMB o
2. RELHUMAMB 0
3 TSKY 0
4 TSGRD 0
5. AZEN 0
6- AAZM 0
7-1T_S_0_%0 0
& IT_E_270_%0 0
9-IT_N_180_90 0
10- IT_W_%0_90 0
1-IT_H 00 0
12-18_S_0_%0 0
13-1B_E_270_90 0
14.1B_N_180_90 0
15-1B_W_%0_%0 [
16-1B_H 0.0 0
17-A1_S 090 0
18- AI_E_270_90 0
19- AI_N_180_90 0
- AI_W_%0_90
21.ALH 00 0
22- GRDREF 02
23-CNAT_I 0
24.T_COOL_ON 0
25-MS_N_130% 0
26. MS_S_0_90 0
27-MS_E_270_9%0 0
- MS_W_90_9%0 0
29. BRIGHT 0
30- TEMP 0
31. FLOW

T

¢

3BKW(N ' ¢ " AN drpme 47T T " h >4 " AERE T dn

CE <Y1 ¢
A h B "
BT >Y ¢
r5<\,v
‘_‘J>W
. AT 3B
h A <’ h

~ K A h ¢
~ - g J
> A h ¢
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(warehouse project) Type95da - F 4
Parameter |nput  Output  Ewtemal Files  Comment
a5 Hame ] Walue Unit More | Macro |~
10 | gl Total &ir Flovwrate It? m*is Mare... | [
i & Rated Indoor Fan Povwer Il.s KW Mare... || [
12 | gplRated Outdoor Fan Fower 0.5 kv More |[A
13 | gpf Rated Total Coolng Capacity 14 kw More... | [
14 | ol Rated Sensible Cooling Capacity  [10.22 kW Mare... |
135 | gp|Reted Cooiing Power 3.5 Ly More... | [~
16 | gl Rated Heating Capaciy 205 kw More . | [
17 | | Rated Heating Power 1.34 LU More... | [ v
E
Co o o o o o o o o o
AKooh4dld DV3U; oU0GaU Uy Uey U} ¥3 U3 UaaUi
fwarehouse project) Type93da - x
Parameter  Input  Output  Esxtemal Files  Comment
= Hame Walue Unit More | Macro | ~
6 | g|Fan Fressure Rise 0 atm Mare... |[]
i 7| gl Outsicle Air Temperature 00 C More... | [
8 | goutside Air Aumidty Retio 0005 - Mare... | [
g | Outsicle Air % Relative Humiddy (500 % (basze 100) More._ E
10| gl Ambiert (Sink) Temperature 200 C More... |[«]
11| gl cooling Cortrol Signal 1 - More... | [
12 | glHesting Cantrol Signal 0 Moare... |[A
13| g|Fan Control Signal 0.0 Mare... | [« v
. i o - - ° = - .
Kooh45W3D) o6 8adld aUsUsgyoalUd yiaq
) Al B B >Y h Ah <" h LB S ! ' h
16 ho_ T Tt>s 7 Ty T~ ho T o hys h ' B AT . >N
D L S T C_oT s Y ¢&LlSmcec &
‘8 >Y¢"h>>hy “~hA, h-" A T h “h B AB
¢ t s 2 h .{z n 1 n h A < > K ¢y S 1 h q) N . v > B s
6022t Ay3a aSuLRAyGoO _ 7 .. Hwmc/ >%n'.S " _AbhA '
7465 6 A- ' _wooo s> ¢ hoh 6¢SYLISN G
>l ¢ AR T ONTO MuLBEETR ST > E T LT s S T AR
Th o heY ¥ o COANB L L A8 BT o fE T >
T s Yt h ' > B A h <’ h 3 _ 0 B A h * W < AB
‘' h A €7 A8 h' h-h~h Y ®
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(warehouse project) Typel66

Parameter  Input  Output  Comment

=y Hame Value Unit More | Macro
1 | g lMonttaring temperature 200 C Mare... || [

i 2| gl Hesting setpoint 16 C Mare... | [

3 | gplCooing sstpoint 2 C Mare... | 4]

Koo 468 B U0 ¢ fropbling seipoint

(warehouse project) Typel66

Parameter |nput  Output  Comment

= Hame WValue Unit More | Macro
1| gf|Mo. of oscillstions permited 5 Mare... | [~
i 2 | g Temperature dead band L dettaC Mare... | | [

Aooh4tl DV3U;oU0GaU " Uy UeyUpvys dU0yecal
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B {warehouse project) Building - = Type166
Classic  Table

[y Select variablefiter all v| @123 Oaz

e ©

1- TAIR WAREHOUSE ————  Monitoring temperature 200

.4 2- QCOOL WAREHOUSE Heating setpoint 16

ﬁ 3- HUMCOOL_WAREHOUSE

Kooh48UgaiuiUlesgasgoal

B (warehouse project) Type166 - = Type95da

Cooling setpoint 2

aUsj aeg

Classic  Table
] Select variable fiter all v @123 Onz
©
Control signal for heating Retum Air Temperature 200

p .4 Control signal for cooling Retum Air Humidity Ratio 0,008

ﬁ Conditioning signal Retum Air % Relative Humidity 00
Retum Air Flowrate 0.

EE Inlet Pressure 1.

\ Fan Pressure Rige 0.
Outside Air Temperature 200
Outside Air Humidity Ratio 0.003
Outside Air% Relative Humidity 00
Ambient (3:nk) Temperature 00
Cooling Control Signal 1
Heating Control Signal 1]
Fan Control Signal oo
Outside Air Damper Position 0
Inlet DHW Temperatuse 0.
Inlet DHW Flowrate 0.
Desupetheater Temperature - Cooling 0.
Desupetheater Temperature - Heating 50,
Desupetheater UA - Cooling 0.
Desupetheater UA - Heating 0.
Stage | Supplemental Control Signal 1}
Stage 2 Supplemental Control Signal 1]
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B (warehouse project) Type95da - » TypedBb
Classic  Table

[ Select variable filker : 4l v @123 Oaz

% —-_A

Outlet Air Temperature Input power 1]
X Outlet Air Humidity Ratio Load power 0
‘l} Outlet Air % Relative Humidity Battery fractional state of charge 1
Outlet Air Flowrate

Crutlet Air Pregsure
Total Cooling Rate
Sensible Cooling Rate
Latent Cooling Rate
Total Heating Rate

Heat Rejection Rate

Heat Absorption Rate
Aunliary Heating Rate
Heat Pump Power

COP.

EER

Indoot Fan Power
Ctddoot Fan Power
Compressor Power

Total Energy Input
Condensate Temperature
Condensats Flowrate
Cratlet DHW Temperatuge
DHW Flowrate

DHW Heat Transfer
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[1]. TRNSYS 1@ TRaNsient System Simulation program
Volume 1: Getting Started
https://web.mit.edu/parmstr/Public/Documentation/0iGettingStarted. pdf

[2]. TRNSYS 1& TRaNsient System Simulation program
Volume 9: Tutorials
https://web.mit.edu/parmstr/Public/Documentation/09T utorialspdf

[3]. TRNSYS. "TESS Libraries 17: General Descriptions." Available online:
http://www.trnsys.com/tesiibraries/TESSLibs17_General_Descriptions.pdf.
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Main Primary Modules Secondary Modules
Environmental
Program Modification
CSM.for Weather
input
Start
Module
Run
Initialization
e
Seasonal .
Initialization Land Unit
_..} Module
Tillage
o LAND.FOR _
Calculations (The Land Soail - Plant - I Soll Temperature |
= l Unit Module is Atmosphere
E called by o
v,g 8 Program
o
l each step of
processing Soil Water
Output i .
= calls each of Soil
Modules.)
Summary
| | Ceresorganic
{ matter
m Plant | Century organic
matter
l Pest Damage

A 9 o B.2ADBSAT Cropping System Modélc d ¢ Ud) s o ¥

124



U1 %
4
Y
N
4
1
N
-
N
o
V

) V

-~
o
~
o
>
<
x
1
N
N
4
<
N
x
o

{{I(]:z _" Yooy ‘B"J’h,s'ﬁ‘h\/_vhh h“'.IQBl.':‘>‘V\}r
TT Y s>yt .t oldzyd SO FE®Z wHaamo b ¢h* -
W<k, T Y sY . RESCT AR A T
>s _hj<' _ " 5 bplalL/ + " h _t A h re¥ovoe
pn'hos’” " FYR mMYALIOP - AW, ' hy veC" Ah w
¢ h<<c<' B J'_‘C" B T ¢ ht ¢ h <8’ ! >Y Ah g h
. AN > _hij <" oA T T - Tw T oS AN R S\
E > AN h n‘ h ., > 7 v > . IT_]' . >0 h\fa:gt’sl CHh g<'>SE D 'h_‘
“‘_">h_"l “" )h’/\"/\_h‘ ‘_'/\ rl‘(."/\h yq)M
Ch < B " 1! “.‘"I ‘B"'{"‘Z <h >Sj h AB " Tt Y Y
LY Y B{{l¢d @& > AhLh pthowt oty
T Y >TY AD | B R A A h * 1t h !
:<"“I)“"_/\ -y l's"J’h)“ A _,h-{‘h4“1‘¢-h
" ">h _* @ m'h “h hyis'i>hy *  >YAhLh pih, 0~
- Y sY Ah o8B -y B A, >h _ ANB AT bl MY haakh Y h g
ﬁy__“ . 5 _'I . ‘5" >~ ¢~ h" ’-h‘l <.“h‘ t' -4 :/\h > f C".
Y2 Rdz S LBt ST Y > AR s 1t Lh Y s Ch <<
J’h’h(.‘h_' ‘5"J’h)"/\_h‘ h‘_W. vor > Ah | B ¢ h
- Y - Y Y Y s Y YT oA N8 *h Ahyp™t B Vv ¥ g L h |~ G
Ch“ ! . h «<' <8 ~ “,[ ’Ih_‘sl‘ . ) “" cp ) ) s

r 8y wphk [(WEATHERIODULFE

E > Ahyh rh"“’ B " Y hi1 " Ch*'" >~ " AHh >|5_I5+'V
A h L >t O L " >h ¢ = ¥ -~ B Y > B nme ‘B w AQDS h
-y h/\h"h'hj" A ' : h ' CCcw -'Il" '
>B:B+'V<VJ‘C_A‘ 5__-/\(1') lh- 5-<h:"_hl h‘h‘_-"’
T " <h>j hAY A "A ' <" hon heo *“AYi Y <’ h '
hw’'hy ¢ h - oo i Y L tvhT heGe 't jqu > 67 "' VB s
Kvh >¢' ", fth-A" s h-ht ~ A h° s - 0 -
" S¥ ¢ h - h V\"'>s’v‘_4"'_‘v‘() ¢ h* ' h
lh 5<h*“_h >|5_|5"“<"J'¢h 1 81 Y >wAh B 7Y <
> B B, Y <Y1 v ¢! N hh ¢ *>¢' 'S -t <& h, ¥ 15, "¢ S . >k
h * N "L AN ¢ h ‘: ¢ h o 'I>5 como o ul >‘W.I v
LY s Sht U A tcrhenm he AT < ho |
> B Tt w h N . AN B T Y << W h = Y Sh ¢7 1NV 'sShw A B ' OA
h ¢ PR j o - - s v S v R | ' . v s ,_/\‘ t;‘. | _Clh‘
Lot sty s v Taylor, t NASaGE Se

J” St h TS ht st Che T iShT SR ARY _Ans L 7> wiakh T > Y ¢
o> Y S s A h . ' h ¥ h Aw >~ >
A B <‘h L ' ~ . 5_ t ¢ "o J"_h <5 h _<.‘ h“ A - B <
:"" ! J'h_ ! >W_‘V,{V ;5(' st Yt A 'W_<"h/(fh)"’h

125



Lo sy oy e gt h‘_W. _l. _'>WIZ h A -~ h "~ w [ ¥
> w hA 1+ 8A ~H" 7" A _h L8847 >wAh®

e >Y Ah g h * AL w B " ., "' h g > B hj <! w 1 ' h

1 "h> " hs kT SY e hY’h GhtwoirAnc-th." Y ' Chas
:v‘ _'V‘V;V‘_A“‘/\ LU h s . hCh R
€ L Ah_ 't _h TES T jhccTA_ o

¢ ) >|5_ 5_,’_"<"J'¢W s w t."lh_h ! 4'h’l¢|5
_>V}\_ l5<V_'V Lo o Il B:hT'_'LZB'_ .‘_A "lFl<ﬁi x. ah hAG
_ o« A <t hC_ A et h T T L AT A ¢h _h T OA i
{‘hllf"“'l _V‘ T T ] h << A VI(D

rs) wmp B v sSOIIMODULE

o[“ w | h | “l t '(Land ‘Umjtyhu\hh - h Y h " h, . w A h SYAY 1L " h
"“,”4\@‘““>V'yjp\_/\wh T h Ot h'“_t5<t5’_ ' h = ' w
o .>h oA s & > AR LN nt h ., of{ 2Af
h = ! w S B 7t - Y sSsY Ah o8B Y 1 h e Yy oy
k4 h o, v S hA‘ " hGh AGH® Fy .o h= LY Ah BY "~
‘“>“}\f'11h 1 Ah >t ¢ S -B{h-,v” | s
:h’h>w oY T B{hI)“_ ‘J‘h ! ‘>I"/\h4h 1

¢ h B'JH"H' v ‘B,{h," Z ! >_h¢"" "5‘>|5I
" F\<<|5I h o 7 v _ ‘”'C W_.l B '_‘.I'Ih,l‘>’";zl cp B\“_" > Ah yh 1 /\Ih
1 " hj hy " ‘I '{"_'_BI _"‘ B,{h,v‘l h = ' w A h
r 81 B ISBILPLANIATMOSPHERE (SPAM)

& > AhPlant {ZYRfAaLIKSNBE 6{t! a0 h . <s’ h* >s
¢ h* AB T > B h v ¥ 's L hh Y>> "' S h ' 'Ah O] - AN SBh<L
1 “h g ¢ h > 8 _BVEI _>‘:' I "_‘Is{h_)" I ¢_h‘ I‘h
B G ‘>"‘|5‘II 1 ' h ) ! :"'—"‘ /\5"’"' - '

s vh >* Y1 " h~- aAY" 09¢CLVLDP K C BT >Y ¢ h ok v
o Ush A _®S BSOS ohmo e A g
CE =7 h i1 >h t ¢ B v h S YY1 ' h =A™ c’)9¢0 E v h ~ h |
S h ¢t sh o ht ot tsYovo A h 3 hT
¢l ef2N) omMmpTHULOZ T M " " >wAaA! ToB ThEThY L s T >wA
h = h* B B~ ' T <«w Y A 1 81 Y >SwAh 1 ' h A s T
‘J'h:’hq) B,", "V<VJ"_B’ ! 9(_];22 ¢ h h Aw >
, <<->h _“ o Choc<c'w’” s h 69 LJ0 " A -
) AR T T . L', hCA BT h,“ <é<[‘ !<.‘|_"le Sy h™ * A . * A
B AW 48 " ho OYSLIOD B YSLI 4+ h, w” ' 1t Ch ‘B ¢
_l. ¢h<<'w’15‘5| /9W9{Z A >

126



L. o A B ' ¢ h B AB 71" h ¢ A Y Y '« h Yot d wih @7
Kk vh*® A ht h- -t haAr 9A Sht Ay
"I‘:>:_V“A_h._5)_5 _'/\ ‘h<h"_|:s’_' Ssw ‘£ Y oY
T . .7 AT 0 s _ Ritchie. >w* Y4 Y {dzf SAYlY
cE ~ ~hi1 >h t¢on 1 " h = pAYrm v '5I<h€*h‘<‘<"w’>|5t5‘hhvl B "'"Ah
{'flll'l'C_A ‘I_'.>h_+’/\ h‘TV<_V‘I‘B’ _'I/\ -0 T wa
WA(jOK?\S éM(*)(byU ¢ ht "Vh'_h_h‘ h= "> " A _‘¢/\'
! {1 " h* w®™> " s -8 7" B G e ! h AB =Y B ¢
;\BLV h - ! I”yls ";"¢<'_ _/\BI h ¢ ‘B, ' < h
hA ' Tt hAM Tt gt AT - "y i
TN "o WEZ<E T 1 U SKE Tt h L Y A s st
- " hush tew gt h-pAvow 6- " ' <t . As "~ h -
1"">:'“‘L/\ h W/\h'/\ : A B <B " v"'h"h
L hge et -{‘I'Jﬁ‘,"l >t;‘:/\““A‘_“H“‘</\’_JB“<B/\‘._'I"’
T, TAT>hys _nto ¢l wCl/ @
r 81 Bk [ sPLANGMODULE
[h bR >YA w<h Ch<c<' w oMaiZehCEREBSReat, 5{ {! ¢
{h,Dwh Sh' tp!¢Dwhd EB__Hh _h > A w<h svE<’,
h - h As vh ~ ! hs ASYhAY Yw <hhis 7Y *wCA'h  ° * ' > h - B
h =, " ¢h > 7 A: W_<h . ;<‘5<>‘VWA'.J>;W'AhB”CD >'“ Ah 18 ¢ h
']Wh >"/\_W<h Ch<<‘w’15'hl ""‘_"5/\_h‘ ‘_"
C Y <! B! -y Y waogo v Lo T sy Ty g ~ -
“5"h‘>d_14’h"2hh‘5 B -t T AYCH 5‘38"“4_‘¢§hﬁ25¢
¢ h ¢ _ ¢F1‘ ‘,{VC'>W “"_¢‘<'_/\z .I"h /\Ih i h* >Y A
B<WJ:V A h *h’h(l,‘ vron ¢ h h A h ~ \VAR ¢ ht B
- Y Y wy J N 1 BTAY ’h"‘ﬂ" B ) TTYRTY L YA ~ <IVJ Y st ¢
> A w <Y d &E 1 8 5"__‘ "V:\WJJ"' _h)I"’h ! 1!
¢h<_<‘w’1\|5‘hl >\’N_‘h YA S _ gt ¢h T /{a_Z o,
,h " AY <Y1 > h . 1 *h b w~” A Tt >h A YUAC ARt h Th'Totoh \__"w
/ wht Dwh® 1 h " " A =~ " > '5 h-h' s’ |
> A w7 Y ¢ h ' ih > A" >" " " -Sugarbeet ~ h " h >w
h -~ B < B w A h ‘h’h{5‘1>hv/\‘h’{'h‘l,h_h "“‘_“w>|
o[h >"/\_W<h ¢h<<‘w’15'hh/\lh"_‘:‘v'j;"ﬁ“b:h“"_‘ﬁ
T/ WhtDwh Tt <h>ihAY A A QKA 3 < A ]
¢h<h>"¢‘yh‘¢1ﬁ"_‘|5_"""_‘<_"w"Qh/\ . AW E >Y Ah | B
h ¢ <~ NP 7 .. < . A > A W<, A /I 9 w9 {
-7 Yt h >A > hm¢h = h" .Y A_Nh > A _ w<h "1 th TR
> At oA T 7 {a<sT AT BO9Dwh TR 7T SYThAL hwITTE R <
'[ hi! th A hwachTa 2 K S O [T TSTA ww<'Yt S/swh t

127



7 5/{{{a ¢. - T
.7 Iwht{La . " °
Che<<c®" w1 B h PEL B S
1otoh h ¢ " AT R ywC R
s Ah s, E> ht v
If_‘__’w“’/\_hl _'_/\ - s~
(Medicago sativaye =~ ~ 7 w0t T
“h o>ttt hh
-y “h .Y A B

CE

1
~

L IRVARRY =
® T
=

SV > o

(M = =&

N
SRVE
=

= 4 4 4 4 A5 -4
- 5Ss/" S gc
o .
D'D'AD'#—I

<

=

128

o h
B Z-
. hoA
¢ .
( UNXBI
> h '
. _h
. P
T A
[/ {ayY
I h * h
" <

W{“‘h.l"‘hs‘_h“ ‘_u s h ‘AT
oot ¢ B B - 1 ' h
o >hA‘A_¢\h§“l-v‘ ~
> A_w<” [ whtDwhZ
o >YA_W<T® n’A
Y.t ' 0NY OKA N
s <Y {Lat[9
ISHM A W<, A 1 'h Chc
>wAh 847 >wAh O
6alyl3SYSyd Y2RdzZ So
K Ch® ' 87Nl Chgcx' B~
h " | 8 ‘;! > B)h‘,>v
L N Y
> “h _'>Me BT B VE
-GYSyidGan s ~ 8" h>h
L " h s> 7t S B i A
A 8T 1, hAs _h S
5'_h _’_v. T
_ A



y ®o rl",h/\u'hlsjh"h 5{{!¢

G ¢ L HABHTMH Y <cYutc sty 5rf1 ¢ 6580
' ANRPGSOKy2t238 ¢NIYyaFSNDL s aAht _ T bh e
h «<'" <8~ " | 7Y A > B h 1 “h Y 7 h B "1 h <8 ’ h ¢ h* <
1 " h A - "’,“’>" ’ +_" C h clecl B 1 '8¢ _ Mm ST S WOAA, A
- _ v - hish -~ i ew ok ¢ h- vt~ © h A hoAvC

n'¢< Ah yobHd

“mrvmu.s.o m
'n<$r Tin- O
oo \”‘i'!‘ ¥
= =N
wn-u g:ﬂc?m
o P
e | e
g

-4
~ i
Emm.{:{;
9 |

§ s
fawc;:”mn

Ko oB2aMUs3 Uy see edhsd Usg asoslices

1_" s - h A, >w"’l _'. V‘IAI.Z j”‘QB_h‘ _" ¢
S T <FllkrPIaZRENCE5 BOdzYSY i GA2y 1 St LI 1 _°
5{{I¢Z Vot B~ ' <Y 1w - {'h_"s/\_h‘ B 7' <«h s
h=>" _ <> >h ¢t h 7 7t " ¢ h T h s s>
- <Y [ 2YFATAZNF GABY Bh Y hSw g~ - v T 5w
* >, . AN > B ! h Ah i1 C B ¥ L oo 0] rs A
> Y 7 B’ A D B A" > 7 _ Y B¢ h h =, B’ h [{¢Z h v
o _">h oY o BT <74 5FGFol &s TR w ' -
N B_’y"/\_h' > B ¢h<<‘w’15'5l ¢ h* - oY Y Y sy e
s ¢ T . N B LA N L BLTSWAL A" hah > " _
-7 1 " h>s>h @ B w Vot < B " ¥ 1 B E - w7 Y A
ST h o sByfl ¢33 svht h<ty T A b ! w0
S ®

129



.. DSSAT Version 4.7.

@E]mm Model  Docur

. Configuration )
&) UpdateLST files  » p
! Database » v

<& Print
B Exit

Koo B3A o oBileyd

8~ ‘Dgta /h"" w8 - i h B |l BLY>WAh Chcc' B
< B . 0B e w B - P L O A
RSf 1> AB " ! L Ah _ v h A h B~ ' <wyvE S v .
hm L YN A Ahh>h B A" "3 &’ 1¥pahe” 1Y AR '
L B - Y ., '"'h¢w > B hj ¥ <w By T'h TjhTIYY AT 7B trr-
t ] I<‘V,h/\|5'hz -| -I_‘/\h_l_'_h Ah >VA-B<V
- v h 5 ! ;¢ Y st g ¢ ht ! <’ T h AT w S’ B
_hj"<wl B 'h’hj"/\_sl "+n‘_¢"'/\_vb|4ty,q)"|-|ll’)z
File Data |Model | Documentation
INew ~ | Experiment
Seasonal
Tools
Seguence
%\' Spatal
' S— egumes
Koo B4 s okladel d
s - ‘Decurmhehtation” = 7 T, w s T 7t oh T D N B
. <Y HélpmPwT, sy 4 At T b ¢ h ST
. 5{{!lT¢o
I/\ h l\_Br" _<|5 'h _lI v‘l/\llz —h,‘Bl )
* h B 1 h <y’ h Ch " h B <u'w | 811" h>wW A", A ¢ h
YCUYSY UL sL.Ad & sA'_' _h pe22fab "8t <hs>jh
1 Crop ManagementDava m* h _ ' & " h_ s’ """ A LBLT >V
1 Graphical Displag m* h A h Tt oA LBLY >SWA, A
J'h)'q" >V"||q)



1 SoilDatx mih h . " " . L4 >SWAL A BLAh Y
1 Experimental Datd m"' h A ¢ h - ¢ h h AR .
LEL Y >SWA, AD
9 WeatherDatt m'h _ ' A s " hus 2" ¢h* ¥~ svyve’ 4 h"h
1 SeasonalAnalydfs m'h _ " A hAh < " 7Y " hC_ A LB LT
1 Rotational Analys6 mAhhaAabh < >+ ' sBAh<<hs ™  ¢hc<cc
T Genotype Coefficient Calculador m* YA R )
I N “"cp
1.~ sA° ' _h B{SEtSOG2NHrxT "~ h " ,s" >'h & " h~
T Cropy [ & " w., 8" L8177 >wAh 1t h LR Y ¢ h
S " hRY Ty o "~ 7 *hy <h,hA"Chy ¢h-" “ AL
1 Applicatony n~ " _ " w7 8" ! £ h BT Y, t h ¢
E ,h " >Y1 O AD
T Datay n’ A’ S i oh B | B LY >wAh L8t Ch
1B AB Oy h Y CYAY>"ChH ', 8 h ¢h°" h
yCDn n'h,"’h B " 1 h <8 > h
e wouLrT o nor T 5{{! ¢ ~ 8 " <h>jhAas" St h -~
Lo e YA - Y Y ' >h*h : A< A 18407 >w
+ s vhao o > 1 h <, A " T < T <T O LA AR S -
h =~ B < ' >N . AD
ATCreate
EA s~ ' <wv > ExperimentalData“ k~ >% _h | R "
ATCreatedb n ' ¢ ' A" ¢ ONBWGS s Ah Y 81 h<s Y 1o
- 1" Y < AB "'A G h h, _ " ° 1 B1 Y SWA, A 6|
B ' "B ' <«<h >sj KM B8 U " Csh’ 4 8 |, h>"waa h " B <' ¢ h
¢ h hao 7" h " ¢Ch A ¥ w <Y I S S B
, A K 1 7 h > h B L h | Y Khy_ ¥ B L h Y " >
¢ h 17 h v € h A B T Y <« <h T <cw 'S B D N ¢ h i)
l" B 1l h<«g > > " HhHJjWw B8 B > B Tom N g T -
T Le¢> . Tt T h>h A
T gBv'® "< o h= "0 . > A _ w<, A Ch
[ VTe/NBFEGS >- " "8 aAh 4>~ o w 4 v -

131



T B  .8Y " [# *“<h>jhas® °~ A " " Ch' Q"% LSwWAhS
h - g ¥ ' Y ' AY ¢ h ¢ 7Tt s , h v A
1 B84 Y >wAHhD h At Y Y 7 2 h ¢ h ! 'S8 7Y >Ss'" A h .
T B .Y [ " <h>jhAas Thoh e v A
B - ", h AB " h , << . A - > B Tom o ¢ B B 1 ' h
1 "G E " h ' h Ah - v s L 817 >wAh
To>T T T <ch > h AT SWALA _ e A it T >hy ho
h Ah~h " has [ 2 " ¢ _ A Y0 h AL AT 17 h > 7 h B | h | Y
L S A D N TV <<h h<<h @
n- " <wi > A_h o B CGATSA T > kalh T YA T s> >h T
h », g7 ¢ h "A.S8h°" Y h A »0 ¥t ., hy h Ah <> 1 h > B > h
, th v Y > B
”:‘l: reate Version 4.7.5.0 roouc
YA B FET S WA ERE @
[#
|
KooaBB3Molaeliaed G WKCreatg o UasUa e
GBuild
B A &~ ' <GraphicalDisplay” + ' '~  >h GBuitd(n' ¢~ Ah[ "y ®c WzA f R
B Ah s "~ whks ¥ L L8 ¢ < ABS '
h =8 ¢ ' At L BL T >SWA, AT 4t h? B T oh A
>TA_ W<, A Shsg"BTa Y O AD [ 77, w8 LR T e
Loh, Yt cw Tt oW < >A s A T CDLodeA fR TS
* ;¢ v T 1 B1L Y >SWA, A h - ' " h >h vt Cow > B .
R S T S .\ ¢ h - Y <Y1y B¢ * h v ' ¢ h
- oYY Y syt o sw Ah 1 B >w AQh @ o[h h -~ B <wW ' >h h
vVEUAY T AR A G " 7 f h - Y ¢« ¢ g ¥ A B h~, 8> Y3
9EODS ¢ " h ~ 8>~ S SWAY D [ =7 " 1 " h ss>h ¢ h
Ah -l|>rv (O T L VA h B ~- v ¢ >| h J'h’">h hq)

132

N



‘B * "<t 1L B 1L 7 >wA,

B, h <’ | 8B 1 h ¢ A h = h
K {‘h‘w“>llsl >5_hj<'_v;l y'h 1" h _ "sh hy v
ndérsz ~h" > St hy YA _ bt >t haA_ Yo Tk
1 81 Y >wAh """"5"‘.‘5‘,31\£\hh .t h = ., 8 h Fq)gdzﬁ C
- Bt ’h>h_‘¢hc 'ﬂ.TBA{fVA&éW/\H 1 81 Y >wAh Y U ” S
Ch<cc'w as'h  §-d.d ! CD'ycnmMd.p ¢ oA ~¢ h¢w_ h
G 1 -y * ¢ AT A h Ah > B <lw® >h
1 B 1 Y >wANh >\;v"l ‘h"l""l ,I"h __" 'B"_h>-h ¢h<-.
- D.dZAf R w. 5" .4t h s B L " ¢h ot h Y B¢
R L PO R - I S S A - B R
T T h >s>h o
B caisvazs - o x

File Vwnable Sciection Options  Melp
Open_. 0

(20

Ko o iBBBMatealad GOGRuldIy o UaUaa

1

WeatherMan

BAa &' <wv® > h- b G22fa _ 7 2SFiKSNI 50
on' ¢ eh [yd2SEGKSNRFY s Ah*t  wah s 70 h <Y
g vha a0 > TN T T LA > B E ., <Y ST AT VT IAT Shw A,
> A B vy ¢h<<'5’_15‘_/\ ¢ h ! B ,h;<5

4‘hI‘¢h"B B <wWl1 , Y - yov ' h ¢ h * >S" <",
hA h= € > A A ht T e now gy
phr o ew oY < . . 2SIGKSNhIY'“"<h>ihAV

T n* > h . 1, _hsEAL A <t > VO oA oS>0 A
ﬂrl“hj,l" Bﬁ‘h_w’;h‘_,/\ ns¢">W/\,/\ ¢ h _n'>
T[rl'BVB 1 h > h I<"",""_/\1_h‘>_A



'ﬂrl‘svs’ih"h r' A" h . A rw . A nsd >SW A, A
ﬂrl_BVB'Jh"h [ s B, " Y <Y1 "¢ _ A pB{V>WA.A
I m h, "Ebsh* " A 8 _8, T <TI0 _ A pELTSWA,A
ﬂn]’h)">h_h 1‘Av‘_‘¢_/\1_h_“_‘(.‘_/\
ﬂB‘“‘"cs A ¢ h* rlvhJ,J" rl“<"1_/\
ﬂn'>“’"1’h E>8 " 7 LA r5_5+’“<"1‘¢_/\ n54
Tna_ """ "> .M > A" pnh* "7
?‘w’nat:»ﬂﬂanwm:!f.!.ﬁﬂ Froeacsc
» %] L] = ]
L4
¥4}

AKooaBBAGcliaed G WeatherlylamUa Ua @
XBuild
o[h SY AT Wl Sy, T Ch«cc®" B8 1 B _ A h = ht ¥ A > B
Chr Tt T LT OAD [T ST Ah TGy AT dKkER 6
8~ ' <w CropMarragementData” =~ ., w " & > h vt s~ h o jh?
1toh A L T B " Tt h:étﬁeqtmems’)Z“A’hLﬁ&bc“Ag
owd4{ h ¥ ¢ h ¢ h ¢+ 7! > 1 h ., 8 7 A Ch << B "1
rl_‘ C Wk . v s " A h Cht v o N A _
L th 2 m 1t h A STy sy L th T A
5“C,’+"' (’p‘s,rﬁh”‘h‘_""’>5/\h 1 81 Y >wAaAh()3S B ¥
Ch<c® B 1 B _ A ¢ ht A S h Ah < Y T, B A h
K v h i h ., 8 h L " >wA, A 5{{1¢ CAfS. o
[ . dAfR hv >~ ->cw> s hewe., A _°  5f
R L B 5{{!'"¢twhotnt2 ” R ¢Che« >y
-7 Y1 " h>>h . A ©ht h =, B , A E1L 7 >SWA, A T 7 . !

134




Elxpata v 475 = o x

Fe Enusrment  Mansgement  Teatments Simulation Options  Refresh  Help

KooB8Mulaeluaed OMRildU; oUaUaasa

SBuild

BA B8~ ' <wvy > Soil5 ' (i | hh /\[j"2’21f|5£8u1|d‘6"r1'gq‘"g)d'hh'< by @
{.dZAf R s  Ah' waAh s 1 hgs’> =~ | 'E ¢ < Ab"
S T - h=h
Ch<< BT oA ST B{{!l¢dTyg T ¥ AhT BA shvs T 1Th
AN ST T twhe s T < >sw E A B~ ' <B 1 SWAY
~ oy 'B_"W,B‘ 1 B1L Y >wAHh .I'fl'l h _h " h¢ .
IBJ_">WAh Lo sy Ty ey /\_h‘ ‘_‘I B_/\"V_'_BI_J
¢ ht Y oA LA >v/\_W<:A qh<<lB'JB‘_A;D .
[ {.dzAfR 8 Ah* wah ~ " "a " h>>h 1 °h 2XyR2¢4
1L >wAh T T ARGCE 5 hTT s 0T AN -t “haAhR
A - ¢ . i\ h = :/\ h>|5‘,’ B‘f‘é"lil.ﬂ{"v>tVBAhv>w
1 " h o ",A“B" _‘," B{h,"‘l h A f jh“’lz B
B <<B > T Y A h 1 81 Y >wAaAh sw Co, N /\h'_"‘B’/\ - KLY >

135



] SBuste v 475 . Workieg weh fie CADSSATAT\SCHL\SOR SO - o
Fle Proble Hetp

KooB8Molaeluaed GBRildUy oUaUaasa

GLUESelect
Bx -~ ' <wl™ ' Mceessories GLUE Coefficient Estimatora ™ °_ 48”4 h < ° ~
GLUESelectn(' ¢ 'yndmn o &~ D[ ! 9{StSO0G s ah" ' 1
Cht Yt SswAl Bt hay Lo sy Y>waAL, A Y DSYSGAO
ODSYSNI AT SR [A1SEAK22R 9-@O MY M2AND >w 0> vy
''A B C >t . A C>_ A ©ht ' o, 0B teon h j
?‘/\_"<;‘_"¢ n]_‘h A h <' , "B S th h¢’_‘j"ll B ¢
h=h* 8° h= w A h T < >8 1 h <~ Tem - v v g v
T<"h L8417 >wAh L T SSTWA YW ¢ h <<
A Y N 1t h A P hE ST A>T v |
s hT A’z s~ C¢h " h T ¢hy Thoh-
I" D[:g B > Aht ""J’h>>}h|‘_h"_>w’/\"_"/_\'_H<|1“_‘Hn’
Y w 4 °h A h B > Ah B 1 ¢ h B s w oA * YA P
R R L oh _"h"—h‘>:w‘"',,{p_,tg/\“fm“h
Lo KTt cw ok "__h->‘h"-‘h<_<‘w"’_1'!s'h ¢ h ot
o0 T LS8t hys ht jhtSY A 9T DEMILS
- -8 " <h>jhAY A h " "'A Y U™ < ht hC h -
L s e /\‘.‘>‘B‘/\-"5'{-"'CDJf‘lhih‘,"I}\f'A"h‘B'”<v
>- 7 T8 A h BJ"'/\’<BW‘VBJ':h‘h>/\VA"h>'I" >'_A_“ __'. ,-h‘l/\‘
> AT o habh=- v 3 " ¢ h e N LT [weT X
B¢_|s<w B, A “" ‘h ""'>""’"“’,/\ 1t h A
>t T o AR <™ uh > " T ABIA B AL <W T BA AT '
j s YA > >" Y 7 8 A h 1 " h ¢ w"® > " h’¢|s_wl
i >t A > oy T Lo > 7 T8 A h LBt o
* A B < B ° " ¢ h ! A hj s j h ! ! h - .08 Ty
h="¢<’ " 6. Ad - - - _

136



[ PO

We Oats Mode Cocmertston beb

e <

,._,,:,’_._, ﬁlm Wizard Version 4.7.5.0
¥ Fae et

Selct | Evnarg Corw s (1) | v

Ao oBBOWBalasliced 0 GBBIESEa UaUaas

137



bt s £t BUGAGEURAG) s) £ B3I

[1]. HoogenboomG., CH. Porter, KJ Boote V. Shelia P.W. Wilkens U. Singh JW.
White, S Assengdl. LizasoL.P. Moreno, W. Pavan R OgoshjLA. Hunt, G.Y. Tsuijj
andJW. Jones2019.The DSSAT crop modeling ecosystem. In: p21B3K.J. Boote,
editor] Advances in Crop Modeling for a Sustainable Agriculture. Burleigh Dodds
Science Publishing, Cambridge, United Kingdom
(https://dx.doi.org/10.19103/AS.2019.0061.1.0

[2]. Hoogenboom, G., C.H. Porter, V. Shelia, K.J. Boote, U. Singh, W. Pavan, F.A.A.
Oliveira, L.P. Moren@adena, T.B. Ferreira, J.W. White, J.I. Lizaso, Badglieno,

B.A. Kimball, P.D. Alderman, K.R. Thorp, S.V. Cuadra, M.S. Vianna, F.J. Villalobos,
W.D. Batchelor, S. Asseng, M.R. Jones, A. Hopf, H.B. Dias, L.A. Hunt, and J.W. Jones.
2023. Decision Support System for Agrotechnology Transfer (DSSAT) Vergion 4.8
(Wwww.DSSAT.ite DSSAT Foundation, Gainesville, Florida, USA.

[3]. Jones, J.W., G. Hoogenboom, C.H. Porter, K.J. Boote, W.D. Batchelor, L.A. Hunt,
P.W. Wilkens, U. Singh, A.J. Gijsman, and J.T. Ritcb8.T2e DSSAT cropping

system model. European Journal of Agronomy 18:2@5
(https://doi.org/10.1016/S11610301(02)001077).

[4]. DSSAT
https:// dssatnet/

138


https://dx.doi.org/10.19103/AS.2019.0061.10
https://dssat.net/
https://doi.org/10.1016/S1161-0301(02)00107-7

P [ B BrEI ml & | IDSIAEr B[ 1 1] 8
CbcDM rl“hJ+J"

c[" 5{{I¢ ""_'>""CB 'h A <71t st e 1 " h _'
i ook h ot ¢ A . h - h . VYo« h * ¢ h ¢ h * _
S Y Y U AA h oA T v' X CUA svw<tyr G CoA
L Ah>' ¢ K- > 4. h *M > ' Bhy h¢'hv “h o w, ok hv' ' -
h=> s<w'>h h T ' o
G Che<ctw’ 1 8" h -y O L R O * ' -~ h -
ot h oot h -~ B < B j‘h"(f" oy, 1t h BCh_ VoS> .
© > h L 's' “the¢h -~ - h " h ¥ A h*h**h“;",‘\_ry"llh'
h<<h o+ 0@ [~ ' A"t s’ aAh® ¢ chc X gy
cyp E ¢ O _ AN . -C cnh B .Ip, 1 " I/\Z . C prf h _ h Ah <, . 9
- Y Y0y Y A _J:sMcbn_ "5‘¢ qu' /\VM‘CIJ'I B v, . () rh _
h AR~ vy ~ ot Aot - " AN h - Tt 9 Tt B
‘L->F1q_f“'>'_chr __'/\‘h’hJ'J"q)-l__'/\‘l’__,' , h
i <h° ~ v 5 S B A h AR - v AN LI
- h ; fllj ¥ A _ B ._ _— . ._ a ‘hs"’>h"E§ ’1;1_‘" h 4 B_[] ‘_ s ! ‘).I h” >
h Ah -~ e h * h | h h 5 Y, ' >nh Ty YA h h ,
B < B o h > h i , h 3 S C R Aot . o s hy 5_‘ zl C_h LY
:h’hE‘_"" ' ¢ h ’_/\ C".‘_‘."/\ "‘cp
l" o h ot Checg' B 1 8B ’<_‘r>'h _t."C(N" . Iy_‘/\ns . & ' h _hu/\ll
AB T ¢ h < - YA h ' ¢ T, >w -t [ oo 2
h'{ts">|5/’\|sl- '-B"Vl‘WI(DI'lB . A h >|5- >l5l.lh<
">h/\_'¢h _'/\ h Ah ~ ‘v' _'. Ch<<‘w’15'hlq) ‘
>" Y 7B A h )_h‘s‘ wo, ¢ h ! _h sz >w o h d E °
< ' 1, ' h A*Y B C vt e ' f > * t L h s <w ‘
-7 hog h-_"l“"s’_h-' ‘j/\'-"i‘-h“' __V',\ ]VW>j"'V
: N I V. I U AN TAT S h R N <" 73 ' h A
W:B' -w ot Ch_: h,‘"_" Mp,s::;a) ’ )
I TR B0 AN, > the AC hhaac' " BWE” ABEU"h 8 " °A” v, “"'h S 3
h ' AVhATh R N ‘ oo g oY ¢ h ¢ _ - - h "~ > h
“"_’Ch<ts’ >B_'+>W/\h_ -y oy h /\BI'V - ) , h/\.
h -~ W <B ' >h ! * 1 ¢ w A ’+‘-' AB Y ’ ‘(E“ J-CB¢
Lt h . Y s ¢ h. v h sE h'' AN BYUTCRh Y h Wy hss”
) ) "sh Y st s > h h A = ¢ ¢ > ' h A
Bih:"N\‘ Ep e T, ) B ' 4 h > ¢ h 't K h ‘,5‘“’('-’1 ~ > B
ht % < he¢' ~ ~ sh s-vc g Ah Cw g
‘B’>"¢":"Z¢¢h""- . h " hg¢ vooe e ¥ B’/\h‘l
- ' h Z' L. s AN Yo h o< t
-~ h - h->w- = v IN S ¢ ’C“hCI‘<’>h‘I" oYY >yt s ‘
DSSAT, Q-’ oot ‘hl - f; ’ h >_B _ oY . -y - - B-‘/I\ '{I§Hn /,\lN" E * _ £ h™ )h



E > A D ' ¢ h o - Y ¢ h <« A .. Y)Y < h
¢ h<«c® I8 h @ o[“ - v ! “ ¢ h '._ B’/\h_' ¢ r e
L. A Chec" 8 1 8B AT ¢ h - ¢ h ! 1 ' h A h - " g ¥
Tt>hoaA O i< P
(I)‘>’y+ v h AR _!. C 1 ,V'B_'¢WI - "___‘B'I
Lt-", h™' zZ4mewyhh= ' hooogmami T L LA
2.t .7, hT ' zZAmSwyh hT ot hcodegmi T L A
30t .7, hT zEAmCwrhopT o hcodmgmi T Lt A
4.t,“l h"lz_:ancm{'h,h‘“ hto d=2Zmni * oY LY O
5-t'v. h - Z=5m¢ W £ h h™ hto d=4mi * oY LY O
6.t -7, h™ ' zBmSw{h T hcodgmgmi T LA
92p' >~ 71 ’h h = | & LA S hY Y 5{{! ¢
B>8 _ " R wot A A B " h <h " LR L' <, >
h A h -~ \VAR hato 7Y j Y <« h * _ A * * ' > h A ¢ ht h AR
> B __V‘ - <Iw__1 >Vh,5"/x\lws i 1"_5’ h . Q0 _" ._I I‘: wh R, " ’ i] h _ B i’
> B8 * ' h ¢ CATh) Y, hYj YC«h h ) Ch - '«™ ¢ ' € h A
-h "> “h sSss<w ' 1toh A - v g G~z h - v
. hoAs v wyh, v K vht °h v hov
S Cs A_h .. TiT<ihrsen o
LA h.ll’vjv‘<_h‘q—/\‘q) o[h’ '-h/\|5< -_" ";“F]B-’_",/\_h-'
T h AN Tt S eYY b gipome T LA . T T <
h"‘_h" F’Q >|5_th ¥ I{cp‘ ﬁB,‘V"B"V<_V‘J>'W‘I>V”,VW‘JI‘
.Y ©h h‘i"_h“‘“‘_R'cp‘t."h"l "V< ot G "
" h ANB < 01 MU ¢ h* B W A h trosB h/\hc’)q‘ls“ﬁ‘h' Ahh = ! 1
9.2)
X
W
N N
KooaB3l jUj;UaUdyHaGUsayY eUoydd

140



I
21_
|
|
N ' N Y Sy
N | N\ N N
I
|
|
|
|
|
I
|
521
: : — s
KooaB3B EdeUaU g eeasosteli Usg “"slGeuaUs
iv VVVVV _ -I |<lhq|| hq-lAVJV< h - v .
B ’Jﬁ"" > B _“ “““““ _' “’J""jﬁ<_wh,‘_f.h_/\,qzl
“hY C C Ay spthht S hh hdM ' SET Tpifm FhEsh C hon

1 HO

141



100,00
90,00

80,00

70,00
60,00

50,00

40,00

ato £dapog (o)

30,00

20,00

10,00

[Mogootd olkg aktvoPfodiog mow @rdver

0,00
0 2 4 3 8 10

Amdotaon cuoToyumy puTofoitalikoy d (m)

= 7=1 11 == E=21] =—=Z=311] =—l=7=417] =——=7=51m

qosYo;DvsdaslﬁGSﬁUI?‘ UsUssebesaalUd "eg GUX¥3egs dUc
aUs U m8aUOUO4yg Uvrs GgGUesslat 3 osU Us G«

100,00

90,00

20,00
70,00

60,00

50,00

40,00

Edccepoc (%)

30,00

20,00

10,00

0,00

[Mogootd odaig axtwvoBodiog mow prdvel oto

a 2 4 b 8 10
AmooTaot ousToluy puTopoitaikwy d (m)
——z=1lm =—e—z=2m =—8—z=3m =—8—z=4m =—8=—z=5m

-

qos‘?‘o;Ud&asﬁieSﬁUZtanUss”ebeaioUg’ "eg GUxs3s8g3 UGUc
aUs U waU0OUOg4yg Uvxs WglhUes®ass F2s U

142



(W

< < W

h

~

A

h h

'

h

h
*AN[ChANE B fpdMh WAET AWY 4 hu Ch>>h -

h L 81 7 BxeeR hw§

i

>B8 Ah S -~ h Y h 'y B

h e hu s ymhy hdo

YWOE AIMO TO
EAAMOE z (m)

ANOITAIH /B
IYITOIXION d ( m)

w

MOEZOEITO OAIKHE AKTINOBOAIAE NOY QTANE
ITO EAAMOE (%) -

=1

50

B0

74.5

84

89

92.5

96.5

97.5

=2

45.5

57

659.5

77.5

83

87.5

91

93.5

=3

47

57

67.5

76

81

84

S0

93

z=4

47

56

67.5

73

79.5

82.5

a7

91

z=5

47.5

56.5

g7.5

75

78.5

83.5

88

89

10
daa Us Bgo9UsU) vUs =
yuUided

143

~

Mg 0 UusasUa8dosebeaald
99 U zalsY We 1hhetilizdt U 3 J

“h ®BHAHhLwYwWHE Y A

<h >|j
> W

’

¢ d

GdgtUescol 3



120

100

80

60

40

20

NOZOETO OAIKHE AKTINOBOMAIAE NOY MTANEI ETO EAAMOE (%)

4

ANOITAIH IYITOIXION d (m)

—t—7=1

——z=2

6 8

Po YOy Daxrsl?o@’ﬂ@&:djﬁ Ut 3
UoYiGeyzB Usy d e U

B‘_ “" > h ¢
oY wyihpvoo
1.1 -~ h -
2.1 . " h -
3.t . h -
4.t . " -
5.1 -~ h -
6.t - ° h -
[ - _ " i "DSYAF "
1 h ¢Ch * B I‘B
o>" 87t <h >j h
¢ h ! ! ''< ' h
B f h 1 B 1 ¥
DATAACCESBI EWE F{rl
Da||y 1B, h
B~ ' <cwi Y
¢ h ¢ _ B > Ah
9.4).

z=4m ¢
z=4m*¢
z=4m*
z=6m*¢
z=5m¢
z=5m¢

ATh !

1

AD>

¢ n

& &§ §8 & & ©

>w A D

c
to¢

>

> B

A,

19

T
_Us UssebeaaUg’” g GUYs
Ullgg Uxs GgaUescol 3

AR S w T w Yy hy o AT MY

v - hs ¥ &‘W"‘h“’ ‘w>*|5" ‘:‘>h|5’ hC¢hh‘_ .

{hoh= " h 0 d=anMb56% = _ 7 " . - A

Lhoh> 0 h o d=4mH73%, T L - A

fhh> > h> ' g=gnHh87%, ~ _ ~ ' . " - A

thph> " h d=anH56.5% _ 7 ' .t - A

£hons _h T d=4nH7E%, L T T L - A

fhoh- Ch o d=gnMh88%, T . - A

A h ., " hwv? > B _h C 1 “h B

R . st hy s ht ">k 7" toh

A ' >w gt T ' ¢ h B < h [ "

h¢_‘;\"]"<’h CD_B: v o n -

_site . < NASApbwer s ~> s< whi™'A  h¥ h Lt
hCIOCDO 2 AW Agrbchmatalogy <w o>
'<h_v ¢ ht TimeExent: "~ h , ' ¢
S ICASAnH‘“ommaﬁh“‘ hw s v T
T hDSSAT *h ™ . 'hS'ubmro{:ﬂB hej'hayhs * ¢

144



€« C % powerlarcnasagov &

(&)

@ ) NASA Prediction Of Worldwide Energy Resources JOCUMENTATION

GIS-Ready Time-Enabled ArcGIS Image

l ArcGlIS Image Services

es for mapping, visualization, and

-

AWS Open Data aWS

Reaistry :
Koo B3/ G e U iU dNisaPowera Us U DATA ACCESS VIEWER

[3]

o NASA POWER | DAV w14

gle Point ) :

User Community = a

g

e

82
Temporal Level [A]

Periston
®
n Athens
s
Locat
@

Latitude N
Longitude o
Time Extent

w

L Athans
Para &l <!
L
o
ta Dx

Koo B4l sacsoe BPlceysrs

[~ hoLs T o <h >)hAY > w_ ' >7 "
h v ° s ~ h A h B > A h 't ! "> 7 Y >s'" A7 h Y Ty

145



w
0

E e e

<

. _h L LAY A YWY OHANHOULX ¢ Nh' h
¥ b l“ hy '8 18 ’>"W Ahs "1 ' wh B' ' ¥ ¥ w '
- , -
¢ !
n AN ®p
$WEATHER DATA: NASA
I T2M Temperature at 2 Meters (C)
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I TMAX Temperature at 2 Meters Maximum (C)
| TDEW Dew/Frost Point at 2 Meters (C)
I RH2M Relative Humidity at 2 Meters (%)
| RAIN Precipitation Corrected (mm/day)
| WIND Wind Speed at 2 Meters (m/s)
| SRAD All sky surface Shortwave Downward Irradiance (MJ/m~2/day)
| Mean elevation for source NASA/POWER data tile (©.5 x ©.625 grid cell) = 140.03m
@ INSI WTHLAT WTHLONG WELEV TAV AMP REFHT WNDHT
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@ DATE M TMIN TMAX TDEW RH2M RAIN WIND SRAD
2823001 11.3 8.2 16.7 9.2 86.9 0.0 3.0 9.9
2023002 11.5 ey 16.4 7.6 77.4 9.9 2.1 1@.6
2023003 12.3 9.8 16.4 5.8 65.3 0.0 1.1 18.7
2823004 11.7 ey, 16.9 9.2 84.8 0.9 2.4 18.3
2823005 12.8 1.5 16.4 8.7 77.5 0.9 2.2 1e.e
2023006 11.7 8.0 16.9 8.0 79.9 0.0 2.3 18.4
2823007 11.7 8.1 16.4 8.3 79.9 9.9 1.9 1@.2
2023008 11.4 7o 15.8 7.8 79.9 0.0 1.9 18.6
2823009 11.4 8.9 15.8 7.8 79.9 0.9 2.1 18.8
2823e1e 12.8 10.2 15.2 1e.1 83.7 11.4 4.8 3.7
2823011 18.4 ey, 13.3 6.6 78.1 a.7 2.8 8.9
20823012 1e.1 7o) 14.1 6.8 81.3 0.5 3.3 9.7
2023013 9.6 8.1 12.9 7.1 84.8 8.7 4.5 9.6
20823014 9.8 73 13.7 6.4 80.9 0.9 2.3 9.8
2823015 1e.e 7.6 13.3 7.8 86.6 e.1 3.5 8.8
2823016 1@.5 e 14.4 7.3 81.4 0.0 2.5 1@.8
20823017 14.3 1.4 17.5 11.@ 8l.e 9.6 5.6 703
2023018 15.4 13.6 17.8 12.2 81.4 0.0 6.8 9.6
2823019 15.3 14.1 17.6 11.7 79.6 0.0 6.9 11.4
2023020 12.6 8.9 14.7 78 73.6 8.8 5.2 1e.1
2823021 12.9 9.4 16.0 9.3 79.4 3.2 4.9 7.8
2023022 12.2 10.8 14.6 1e.e 86.9 2.5 2.2 9.3
2023023 12.8 10.6 16.8 9.2 80.3 1.1 2.2 11.4
20823024 12.8 10.3 16.3 9.4 81.4 2.2 1.3 18.8
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NASA 37005 23849 14003 151208 2
@ DATE TZM  TMIN  TMAX  TDEW  RHZM  RAIN WIND  SRAD
wzao01 113 a2 167 92 869 ] 3 55
2023002 115 7 16.4 16 4 o 21 58
anz0: 123 a8 164 58 683 0 11 60
wz0ps 117 27 168 R TY 0 24 s
w2005 128 105 164 a7 715 [ 22 56
10 023006 117 a 165 a 798 ] 23 s8
1 023007 117 a1 164 a3 798 ] 19 57
12 mzaons 114 79 158 78 799 ] 19 59
13| 2023009 11.4 a9 15.8 18 9.9 o 21 B0
14 o010 128 102 152 101 837 114 28 21
15 2023011 104 27 133 66 781 07 28 50
16 023012 104 73 11 68 813 05 13 54
17 2023013 %6 a1 128 71 848 07 45 54
18 2023014 9.8 73 137 64 809 ] 23 55
19 0z3ms 10 76 133 78 866 0.1 35 49
20| 2023016 10.5 15 14.4 3 a4 o 25 B0
3 02017 143 104 175 1 a1 [ 56 42
22 023018 154 136 178 122 814 [ 68 54
23 02019 153 141 176 117 796 0 69 64
34 02300 126 83 147 79 76 88 52 57
75 w20 129 9.4 16 a3 794 3.2 29 44
26 2023022 12.2 10.8 146 10 6.9 5 22 52
27| 023023 128 0.6 16.8 9.2 80.3 11 23 64
3B 023024 128 103 163 94 814 22 13 60
23 2023025 Y EERETT 73 845 15 4z 28
3D 023026 114 27 143 0w 2 316 37 0s
3 2023027 %6 65 132 & 788 17 21 54
W EECDL Z=am, d=4m - Microso Excel
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@INSI WTHLAT  WTHLONG WELEV  Tav AMP REFFWNDHT

nAsA 37,005 23849 14003 151208 2 Fl

© DATE T2M  TMIN  TMAX  TDEW  RHZM  RAIN WIND  SRAD
02001 113 82 167 02 69 ) 5 7.2
w202 115 77 164 76 T4 ) 21 7.7
2023003 123 9.8 16.4 5.8 65,3 o 11 7.8
w3008 117 77 168 02 B4a a 24 75
2023005 118 ms 164 BT A a 1.2 3
2023006 1.7 8 16.9 B a9 a 23 76
2023007 117 81 164 81 799 o 19 7.4
001008 114 78 158 78 793 a 18 27 1
202009 114 89 158 78 799 a 21 79
02010 128 102 152 101 837 14 48 27
w2301 104 77 133 65 781 07 28 65
w23z 104 73 181 6B BL3 a5 33 71
073013 .6 a1 129 71 B4E a7 Ak Exd
2023014 9.8 73 137 B4 0.9 a 23 12
2023015 10 76 123 78 E66 01 15 64
202016 105 75 144 71 Bl a 25 79
2021017 143 104 175 1 B 06 56 55
023018 154 136 178 122 Bl4 ) 68 7.0
023019 153 141 176 117 796 a 69 83
w2300 126 B9 147 [E T a8 52 74
073021 129 a4 16 LE] .4 X am 5.7
2023022 132 0.8 146 w0 B9 25 p¥3 6.8
2023003 128 106 168 02 803 11 22 83
2023024 128 103 163 04 14 22 11 79
2023025 08 83 100 71 Bas 15 a2 27
023026 114 77 143 0 o2 136 a7 12
023027 96 65 132 5 788 17 21 71
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3
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5 023001 113 82 167 92 69 [ 3
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B 023004 117 7 169 92 BB 0 24
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16 68 BL3 05 a3
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0 73 B4 [ 25
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2 122 814 [ 68
bE] 17 796 [ 69
24 78 716 a8 52
5 91 794 32 49
26 0 869 25 22
7 92 803 11 22
u 94 814 22 13
b 73 845 15 42
1] 0 e 16 a7
a 6 a8 17 21

ZaSmd=2m - Microsoft Excel
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2 Nasa INE05 23849 140.03 15108 2 z
= —
4 @ DATE T2m TMIN TMAX TOEW RH2ZM RAIN WIND SRAD
5 | 2023001 1.3 82 167 92 859 [ 3 5.6
6 | 2023002 115 77 164 6 T4 [ 21 6.0
?:m;m; 123 a8 164 58 653 a 11 6.0
B | 2023004 1.7 .7 1649 2.2 B4B a 24 5.8
5| 23005 128 105 164 87 775 [ 22 5.7
10 2023006 117 B 169 ET ] [ 23 5.9
11 2023007 17 a1 164 a3 a9 a 19 58
12 023008 114 78 158 78 T8 [ 19 60
13 2023009 114 85 158 78 798 [ 21 61
14 2023010 128 102 152 wa ey 114 48 21
15 2023011 104 .7 133 6.6 TE1 o7 28 5.0
16 2023012 0.1 73 141 68 B3 05 33 55
17| 2023013 56 81 129 71 BB 0.7 45 5.4
18 2023014 9.8 73 137 6.4 809 a 23 55
19 2023015 10 76 133 78 B&E 0.1 35 5.0
0 2023016 105 75 144 73 B4 [ 25 61
2023017 143 104 175 1 8 0.6 56 42
2z 2023018 15.4 136 178 122 Bl4 a 6.8 5.4
23 223018 153 141 17.6 117 796 0 69 64
4 2023020 126 85 147 78 76 8.8 52 5.7
2023021 129 EX) 16 93 rma a2 48 a4
6 2023022 12.2 WE 146 o 889 25 22 53
27| 2023023 128 106 168 92 03 11 22 64
M 2023024 128 103 163 94 B4 ¥ 13 6.1
9 2023025 9.8 a3 109 7.3 B4 15 42 28
30 023026 114 77 143 o s 336 37 ng

T=Smd=4m - Microsoft Exoal

T | g E B
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|| o i rpopier
_mhmtm‘m §| Tobnipnan | ednps [y r— mm Anmcipuat
| Swséong | Taluoion & piapaus | Epyaain Bib
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A | 8 | ¢ o | E | F | & | W | 1 T
1 @INSl  WTHLAT WTHLONEWELEV  TAV AMP REFEWNOHT
2 Masa 37805 23848 140.03 151208 2 2
s —
4 @ DATE TIMm T™MIN TMAX TDEW RHIM RAIN WIND SRAD
5 | 2023001 13 82 167 92 868 [ 3 7.4
6 003002 115 77 164 76 774 0 21 8.0
7 w303 123 98 164 58 653 i 11 B0
& 023004 107 77 16.9 9.2 848 [ 24 7.7
9 23005 128 105 164 87 75 0 22 75
10 2023006 117 8 169 8 788 i 23 7.8
11 2083007 107 81 164 B3 799 [ 19 7.7
12 003008 114 79 15.8 7.8 7.9 [ 19 B0
13 2003008 114 85 158 78 788 o 21 81
14 223010 128 102 152 01 87 114 a8 28
15 2023011 104 77 133 66 781 07 28 6.7
16 2023012 101 73 141 68 L3 LX) 13 7.3
17 2003013 9.6 81 128 71 s4s 07 a5 7.2
18 2023014 9.8 73 17 64 809 i 23 7.4
19 2023015 10 76 133 78 866 0.1 35 6.6
0 206105 75 14.4 73 a4 0 25 81
31 23017 143 104 175 11 a1 0.6 56 5.6
22 2I0E 154 136 178 122 814 0 6.8 7.2
23 2023018 153 181 176 1.7 796 0 639 B
24 023020 126 29 14.7 7.9 736 83 52 7.6
25 2023021 128 9.4 16 9.3 0.4 32 EX] 5.8
26 2023022 122 108 146 10 868 25 22 7.0
27 2023023 128 106 168 92 803 11 22 B
B 23024 128 103 15,3 94 814 22 13 81
29 2023025 9.8 a3 0.9 73 84.5 15 4.2 38
30 2023026 114 77 143 0 912 336 a7 12
31 2023027 96 65 132 6 7BE 17 21 7.3
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13 2003000 114 89 158 78 799 ) 21 s
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18 2023014 08 723 17 64 809 ) 21 B6
19 2023015 10 76 113 78 856 01 s 7.7
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24 2003020 126 a9 147 79 736 a8 52 o
35 2003021 129 a4 16 03 794 12 a9 69
26 2023022 122 108 146 0 85 25 22 B2
27 2023023 128 106 168 02 @03 11 22 100
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) | Import an exisiting DSSAT weather station
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