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Overview of PVsyst Software

X Most widely used design software in the world

x Efficacy has been proven with ground data

x Tried and tested for last many years

x Mainly useful for energy simulation

X One time investment and lifetime use

X Purchase cost ~INR 1,00,008hd Upgrade cost
~INR 35,006/(2018)

ee Ly
SOFTWARE :
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Main Features

Choose a section

Preliminary design

Project design
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Q? Preliminary design tool

Quick estimation of production for an early
study of your installation

Project design tool

Detailed study, sizing and hourly simulation,
results in a complete printable report
Databases

Meteo data and components management

Tool

Several educational tools and comparison of
the simulation with measured results
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Step 1: Choose Project Design, Grid Connectad|Blficmes e e

Choose a section

Preliminary design

Content

Full-featured study and analysis of a
project

-Accurate system yield computed
using detailed hourly simulations,

- Different simulation variants can be
performed and compared,

- Horizon shadings, and 30 tool for
near shadings effects study,

- Detalled losses analysis,

- Economic evaluation performed with
real component prices.

System

| Grid-Connected '
| Stand alone '
| Pumping '

DC Grid '
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Step 2: Select New Project, Name it and Check Albedo

“Project's designation
The Project includes mainly the geographic SITE definiion, and the associated METED hourly file il
Project's name lGlid-Connecled Project at Dehradun Date |13.gep.13 j
Please define the geographical site and meteo !
[ New project & Load project “Preferences
S : - Site and Meteo § & Albedo - seltings
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Step 3: Select Proper Albedo Value

Albedo values _? Usual values for albedo
Urban sibuation 0.14-022
Monthly values G 0.15-0.25
Jan. 020 Julp (D20 Fresh Grass 0.26
P— P— Fresh show 0.82
Feb. 020  Aug. |0.20 cat ~ Wet snow 0.55-0.75
Mar. [0.20 Sep. [0.20 8 a common value Dry asphalt 0.09-0.15
Apr. |0.20  DOet j020 0. 20 E?:?;Feha“ 0.25- gi 132
May [020  MNov. (D20 (Default albedo = 0.2) Red tiles 0.33
P— P— Aluminium 0.85
June 10.20 Dec. |0.20 « Set I MNew galvanized steel 0.35
Very dirty galavanised stee 0.08

site-dependent Design parameters

Default
Reference temperatures 4 | Lower termperature for Vmaxdbs limit [ H0 T |
for array design by . . ) —
respect to the inverter Winter operating temperature for VmpphMax design |20 T v

input voltages Usual operating temperature under 1000w /m |50 C

<

Surnmer operating temperature for Vmpphin design |60 ‘C

<
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Step 4: Select Site and Meteo,
Choose Meteonorm Data
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Project's designation

The Project includes mainly the geographic SITE definition, and the associated METED hourly file ﬂ
Project's name |Gtid-Connected Project at Dehradun| Date |18-Sep-18 l]
Please define the geographical site and meteo !
(3 New project = Load project Preferences
&4 Delete oroie = 5~ Site and Meteo | [5f Albedo - settings |

Geographical Location and Meteo

Country |India w| Site |Dehradun Meteonom 6.1 b4 (& Open
Meteo File
IN_Dehradun_MNE1_SY Dehradun Meteonom 6.1 Synthetic Okm  ~v| < Open | ?

< Show all available meteos
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Step 5: Choose Orientation

-

@ Systen

© Detaled losses

© Economic eval
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Step 6: Set Field Type and Optimized
Orientation (Lat: Dehradun 30
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Field type lFixed Tilted Plane x

Field Parameters

Plane Tik [28.0 ﬁ[’]
Azimath [00 =[]

Tilt 28° Azimuth 0°

il

South
~Yearly meteo yield
[FOpiNmANGR by tespect to: Transposition Factor FT 1.16
l,
(¢ Yearly iradiation yield ——J Loss By Respect To Optimum -0.5%
" Summer [Apr-Sep) Global on collector plane 2249 kWh/m?

" Winter [Oct-Mar)
{2 Show Optimisation
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Step 7: Enter Planned Power and Select
PV module from the internal database
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Homogeneous System |

Presizing Help |
(" NoSizing Enter planned power (¢ |100-d KWp, .. oravalable area ( |455 ?
Select the PY module
All modules v| Sotmodues @ Power (" Technology
SunPower hd | 7WpdeV  Simono  SPR-2ZNEWHTD  Since2010  Manufactuer 2012 +) Open |
Approx. needed modules 306 Sizing voltages:  Vmpp (60°C) 46.1V

Voc (10'C)] 722V

Network Centre of Steinbeis GmbH & Co. (KGfur Technologietransfer, Germany). www.2eskills.com | www.steinbeis.in | wessrsienom




Step 8: Choose Proper Inverter
from the PVsyst database
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Select the inverter
, v 50Hz
Allinverters Y| Sotinvertersby:  Power (" Vokage (max] ™ 60Hz
Siemens v |28 Kw  450-750Y LF Tr 50/60Hz Sinvert 30 Unti2007 v Open I
Nb. of inverters |4 j v Operating Voltage: 450-750 vV Global Inverter's power 104 kWac
Input maximum voltage: 900 v Master/Slave |nvetl|1_ -~ Slave
Design the array
Number of modules and strings _f)J Operating conditions
should be ~ Vmpp(BO'C) 554V
Mod inseiies 12 = I between10and12 | Vmep[20T) 57V
j Voc (10°T) 867V
Noosirgs [3 ST mpossHeMietl. | pigpadacs 1000 Win? C Maxindsls  © STC
Ovedoadloss 0.0 % = — lJ Impp (STC] 171 A Max. operating power 99.4 kw
Pnom ralio 1.06 & Show sizing | 2J |sc (STC) 183 A at 1000 W/ and 50°C)
Nb. modules 336 Area 548 m* | Isc(atSTC] 1814 Arnay nom. Power [STC) 110 Kwp
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Step 9: Define Various Losses ][ i

| Themal parameter | Ohmic Losses | Module quality - LID - Mismatch | Soiing Loss | 1M Losses | Unavailabilty

-----------------------------------------------

You can define either the Field thermal Loss factor or the standard NOCT coefficient:
the program gives the equivalence |

Field Thermal Loss Factor | NOCT equivalent factor
Thermal Loss factor U =Uc + Uy * Wind vel NOCT (Nominal Operating Cell temperature) is
\ often specified by manufacturers for the module

Constant loss factor Uc 230 Wik 9 | itsell. This is an altemative information to the

: — U-value definition, which doesn't make sense for
Wind loss factor Uy 00 Winek / m/s defining the array behaviour in any situation.

Default value acc. to mounting

S o _ Don't use the NOCT approach. This i1s

v "Free'" mounted modules with air circulation quite confusing when applied to an array !

[~ Semrintegrated with air duct behind

[ Integration with fully insulated back | B See the NOCT anyway I ? I

x LID (Light induced degradation) Initial 6 mtkSjp B and G Complex)
x |AM (incident angle modifier) Losses due to angled reflection on surfa
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Step 10: Perform Simulation

7% Create from

I

-

hadings g Results

Qo o B

@ Module layout

@ Economic eval

% Delete variant
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‘Simulation parameters
Vanant iNew simulation variant
Project Gnd-Connected Project at Deh PV module SPR-327NE-WHT-D ater Sinvert 30
Site Dehradun Unit power 327 Wp Unit power 260 kW
Horizon Free Honzon Nb. modules 336 Nb. inverters 4
System Gnd-Connected Array Power 110 kwp Prnom AC 104 kKwWac
“Preliminary definitions —Simulation dates
Ophonal further definitions, For
wecithntl ol Toese S commmpn e v e
@ Houwly data storage
from |01-Jan-90 w| ¥ Meteo beginnin:
BZ Special graphs upto [31Dec90 ~| ¥ Meteaend
NB: 1930 indicates a generic year, i.e. which doesn't
E; Output File correspond to really measuwred data for a given time
@ Batch simulation

=<1 Back to params. / Simulation Fesults 5=
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Step 12: Get Final R t and Print | & J[B[ oo tonste
e p . e Ina epOr a.n rl n 4 Technology Transfer India
Simulation parameters —
i t
Project Grid-Connected Project at Dehiz sysetp
Site Dehradun PV modules  SPR-327NEWHT-D  Inverter Sinvert 30
System type Grid-Connected Nominal Power 110 KWp  Inv. unit power 26.0 kW
Simulation 01/01 to 3112 MPP Voltage 537V Nb. of inv. 4
[Generic meteo data) MPP Current 6.1 A
Main results
System Production 178 Mwh/wr Normahzed prod. 4 44 KWh/dwp/day
Specific prod. 1619 KwWh/kWpdyr Anay losses 1.57 KwWh/Ad\wWp/day
Performance Ratio 0.692 System losses 0.41 KwWh/AdwWp/day
Daily Input/Output diagram Deladad rasies
1000 Ll l Ll l . l - | l Ll ' Ll l Ll ] Ll l' Ll
_— Values from 01/01 to 31/12, o B Report Tables
= 800} ol o°°° J
= " P o B Predef. graphs = Houry graphs
o & o0
E 600 . OO o o %o =] - ¢ —
= 5 ° S E AN #9 Economic evaluation
= °° o0
:‘;: 400 B °° = ® ¥ o =
— ° = = & v
Al=E - o* 2y Print Bf Load
0 R R S T T  "ERRVCR O TR LA
_ : Cﬁobal in?:ident uri‘coll. plgne [k\‘&lm*.da?y] g 2 <4 Back Save
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Step 13: Generate RepoftParameters ¢ Bl cms o

Project :
Geographical Site
Situation

Time defined as

Meteo data:

Grid-Connected System: Simulation parameters

Dehradun 100kW Rooftop Solar Power

Dehradun

Latitude
Legal Time
Albedo
Dehradun

Country India
30.3°N Longitude 78.0°E
Time zone UT+5.5 Altitude 653 m
0.20

Synthetic - Metecnorm 7.1 (1981-2010), Sat=100%

Simulation variant :

New simulation variant

Simulation date

19/09/18 20h47

Simulation parameters

Collector Plane Orientation Tilt

Models used
Horizon

Near Shadings

PV Array Characteristics

PV module
Original PVsyst database

Number of PV modules
Total number of PV modules

Array global power

Array operating characteristics (50°C)

Total area

Inverter
Original PVsyst database

Characteristics

Inverter pack

Transposition
Free Horizon

No Shadings

Model
Manufacturer
In series

MNb. modules
Nominal (STC)
U mpp
Module area

Si-mono

Model
Manufacturer
Operating Voltage

Mb. of inverters

30° Azimuth 0°

Perez Diffuse Erbs. Meteonorm

SPR-E19-310-COM

SunPower

14 modules In parallel 23 strings

322 Unit Nom. Power 310 Wp

99.8 KWp At operating cond. 90.6 kWp (50°C)
681 W | mpp 133 A

525 m?* Cell area 474 m?

ECO 25.0-3-S

Fronius International

580-850 VvV Unit Nom. Power 25.0 kWac

4 units Total Power 100 kVWac

Network Centre of Steinbeis GmbH & Co.
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Step 14: Generate Repoctlst Year Data
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Project :

Simulation variant : New simulation variant

Dehradun 100kW Rooftop Solar Power

Main system parameters System type
PV Field Orientation tilt
PV modules Model
PV Array Nb. of modules
Inverter Model
Inverter pack Nb. of units

User's needs Unlimited load (grid)

Grid-Connected

30° azimuth 0°
SPR-E18-310-COM Pnom 310Wp

322 Pnom total 99.8 kWp
ECO 25.0-3-5 Pnom 25.00 kW ac
4.0 Pnom total 100 kKW ac

Main simulation results
System Production Produced Energy

Performance Ratio PR

177074 kWhlyear
79.3 %

Specific prod. 1774 KWh/kWp/year

Normalized productions (per installed kWp): Nominal power 99.8 kWp

8 T T T T T T T T T T T
L Le : Collection Loss (PV-amay losses) 0.28 KWhkWpiday

Ls : Systemn Loss (inverter, ..) 027 KWh'KW piday
- ¥f - Produgad .

7 gy (inverer output) <486 KWhkKWp/day

B

Mo lized Eoe gy [k'Whk Wp/day]
.
T

i
T

1

0

Jan Feb Mar Apr Bay Jun Jul Aug Sep et Mow Diec

Performance Ratio PR

Bl == - Pefformanck Ratio (777 vr): D.7E3 ! T T T T

[+R-3

0.g

Performames Ratio PR

0.4

o2

0.0

Jan Feb Mar Apr Bay Jun Jul Aug Sep Ot Mow e
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Step 15: Generate RepoctMonthly Data
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GlobHor T Amb Globlne GlobEff EArray E_Grid EffArR EffSysR
EWhim® “C EWh/m® kWhim? kWh kWh % %
January 1218 1228 1858 1764 18153 15641 18.57 18.05
February 1202 15.17 174.3 185.5 14863 14474 18.35 15.81
March 184.5 2025 217.8 206.3 18183 176816 15.91 15.40
Apnl 2042 2513 2128 200.8 17388 15405 15.57 13.78
May 2213 2T 87 207.3 184.7 16779 16204 15.41 14.88
June 185.1 2774 167.0 158.3 13855 13145 15.57 1488
July 153.3 2678 140.1 13122 11574 8742 1573 13.24
August 1614 26.08 158.8 14688 12685 12482 15.78 15.17
September 1558 2473 168.3 158.5 14024 13524 15.78 15.22
October 164.8 22108 2125 201.8 17678 17123 15.84 15.34
Hovember 133.0 17.03 2022 182.0 17187 16665 16.20 15.70
December 118.0 13.37 1808 181.1 16481 15053 18.47 15.04
‘fear 1821.9 21.57 22362 21124 187078 177074 15.683 15.08
Legends:  GlobHor Honzontal global imadiation EArray Effective energy at the output of the amay
T Amb Ambient Temperature E_Gnd Energy injected into gnd
Globlnc Global imcident in coll. plane EffArR Effic. Eout array / rough area
GlobEff Effective Global, corr. for LAM and shadings EffSysR Effic. Eout system [ rough area

Network Centre of Steinbeis GmbH & Co. (KGfur Technologietransfer, Germany). www.2eskills.com | www.steinbeis.in | wersrslertom




Step 16: Generate Repottoss Diagram
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1932 kWh/m?= __________—L/

+15.8%

-2 6%
k‘“j-a.n%
2112 KWVWh/m= * 525 m?*= coll.
efficiency at STC = 19.06%

211469 KWh

L"’—D_E%

-5 8%
-0 5%

I\\:) _2.0%

¥ -1.0%

E—#ﬂlz%

—2 3%
0.0%
0.0%
0.0%
0.0%

I\#-1.1%

-2 1%

187079 KWh

182830 KWh

L 177074 KWh

Loss diagram over the whole year

Horizontal global irradiation
Global incident in coll. plane

1AM factor on global

Soiling loss factor

Effective irradiance on collectors

PY%Y conversion

Array nominal energy (at STC effic.)
PV loss due to rradiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Module array mismatch loss
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss durning operation (efficiency)

Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
Inverter Loss over nominal inv. voltage
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Auxilianes (fans, other)

System unavailability

Energy injected into grid
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PR & CUF é J B0 ey e i
X Performance Ratio = Energy measured
(KWh/Yr) / (Irradiance on the panel
kWh/m?4/Yr x Active area of PV module m

PV module efficiency YBepresents
Quality of Plant

x Capacity Utilization Factor = Energy
measured / (365 x 24 x Installed capacity ¢
the plant)Represents Time Behaviour
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x 1 MW Chandrapur
X Total energy generation = 16,50,000 Units
x SimulatedCUF = 18.18%
x ActualCUF = 18.835%

x 1.09 MW Punjab
x Total generation = 16,04,835 Units
x SimulatedCUF = 20.8%
x ActualCUF = 16.79%

Network Centre o6teinbeisGmbH & Co.KGfurTechnologietransfeiGermany). www.2eskills.com | www.steinbeis.in | www.steinbeisindia.com
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X Case 1: 250.42 kW Gandhinagar
X Energy generation: 39,858 Units
x SimulatedPR: 77.7%

x ActualPR: 80.2 %

X PVsyst has conservative approach
x Safe for Business Decision

Network Centre of Steinbeis GmbH & Co. (KGfur Technologietransfer, Germany). www.2eskills.com | www.steinbeis.in | wersrslertom



N
~

. m Steinbeis Centre for
Technology Transfer India

Other Tools Used for
Pre Feasibility Analysis & Energy Prediction

x GoogleSketchUp
X HelloScope

X Sustainable by design
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Google SketchUp 3

x https:// www.sketchup.com

X GoogleSketchug-reehttps:// www.sketchup.com/products/sketchup
free

X GoogleSketchug@dPro (INR 50,000)
https:// www.sketchup.com/products/sketchupro

Features

x SketchUg-ree is the easiest way to draw in 3D, now delivered in a we
browser. Draw, orbit, puspull: make anything you can imagine,
however you envision it.

x SketchUppro is useful from the earliest stages of design to the end of
construction. Programming, diagramming, design development,
detailing, documentation

X Video DemoO =)
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https://www.sketchup.com/
https://www.sketchup.com/products/sketchup-free
https://www.sketchup.com/products/sketchup-pro

N
S

m Steinbeis Centre for
Technology Transfer India

Google SketchUp Sample

YouTube Video 4.49 minutes:
https://www.youtube.com/watch?v=wNRsSEzcXsWQ

YouTube Video 2.56 minutd#ips://youtu.be/Ee9zys\Wd9yo
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https://youtu.be/Ee9zysWd9yo
https://www.youtube.com/watch?v=wNRsEzcXsWQ
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X Latest software: Shading analysis, Shading loss
analysis, CAD design, Energy simulation all clubbe
together

x HelioScope layout and performance modeling tool:
are cloud-basedand available globally

x Used for preliminary layouts, value engineering,
energy vield calculations

x Used for projects of all sizag¢idential,
commercial, utility and all countries

X Purchase cost INR 6,500/0nthlyand INR 65,000/
annually
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Helioscope : Youtube Videos

x Commercial Project: (5 minutes)
https://www.youtube.com/watch?v=UTgre4il4Fo

x Residential Project: (5 minutes)
https://www.youtube.com/watch?v=D4fHHMeBDDU
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https://www.youtube.com/watch?v=UTgre4il4Fo
https://www.youtube.com/watch?v=D4fHHMeBDDU

Sustainable by Design é BT sammy s i

x Shading Analysis: Inter row spacing throughout the year
X Free of Cost Online Softwartgtps://susdesign.com/
X [nputs:
X Panel height: Vertical height of the physical panel
X Panel thickness: Thickness of the panel
X Panel spacing: Horizontal distance between rows of
panels
x Panel tilt: The tilt of the panels from horizontal
x Latitude: The geographical latitude of location
x Cell Color Schem&lacktotal shadin complete sun
Graypartial shading(zreensun below horizonBluesun
above horizon, but not shining on the panels
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https://susdesign.com/
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Sustainable by Design

Design Tools

N

Sustainable By Design provides a suite of shareware design tools on sustainable energy topics:

SUN ANGLE TOOLS

SunAngle
! the premiere tool for solar angle calculations
it te- -
. gin- SunPosition
> % E e calculates a time series of basic solar angle data
LR L
» " n » >

Sol Path
visualization of the path of the sun across the sky

g
0

=)
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