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PV System Applications and Design Criteria
Grid-connected PV System with Battery Back-up
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PV System Applications and Design Criteria

Standalone (off-grid) PV system
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Tamer Khatib et. al., A review on sizing methodologies of photovoltaic array and storage battery in a standalone photovoltaic system




PV System Applications and Design Criteria
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PV System Applications and Design Criteria

PV plane of 14 degrees incline angle which is the optimum tilt angle in Bangkok.

Solar Irradiation

Daily solar radiation| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Total (kWh/m?/day)| 5.63 5.93 5.95 571 498 475 4.61 478 497 519 537 541

Global (kWh/m?/day)| 4.9 544 578 589 541 528 507 503 492 481 471 4.62

:%

O R N W b Ul OO N

Mar Apr May Jun Jul Aug Sep

Jan Feb Oct Nov Dec

—4—Total solar radiation (kWh/m2/day) =#=Global solar radition (kWh/m2/day)

Data from Department of Alternative Energy Development and Efficiency (DEDE)
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PV System Applications and Design Criteria

Site and Building factors

Figure A.1.3. PV array view (PV Main Roof)

On or in a gently sloped roof On a fiat roof In a fiat roof
#
#
#
#
Sun shade Steep B o el
dwm Figure A.1.1. Building exterior
Jptions less suitable for Sina.
In front of Coldiwarm
fagade fagade

Figure A.1.4. PV array view (PV Staircase
Facadel

Handbook for Solar Photovoltaic (PV) Systems, The Building and Construction Authority (BCA), Singapore
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Available Area for PV Installation
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32.4 m2
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Load Consumption

PV System Applications and Design Criteria

PV System Applications and Design Criteria

Roof No.2
Roof No.3
Total

Area for
others

Area for PV

Roof No.1 28.8 m2

‘.‘.I

32.4m2
21.6 m2
82.8 m2
25.2 m2

57.6 m2
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PV System Applications and Design Criteria

Load Consumption

System Appliences Qty | Power (W) hojjrrsa/t;;% (i?/s:]g}/ :::) (dZ;z/::Zr) (E\r/':r:g/yyl;i)
Refrigerator 1 60 24.00 1.44 365 525.60
Freezer 1 120 24.00 2.88 52 150.17
Washing Machine 1 2000 2.00 4.00 52 208.57
Clothes dryer 1 2000 1.00 2.00 52 104.29
Dishwasher 1 600 1.00 0.60 209 125.14
House Functioning Television 1 65 7.00 0.46 365 166.08
Computer 1 170 4.00 0.68 261 177.29
DVD Player 1 20 3.00 0.06 261 15.64
Loudspeaker 1 30 3.00 0.09 261 23.46
Oven 1 2500 1.00 2.50 104 260.71
Stove (cooking) 1 1400 2.00 2.80 365 1022.00
Lighting System Light bulbs 8 20 8.00 1.28 365 467.20
. . *Air conditioner 2 2000 8.00 32.00 150 4800.00
Air Handling System —
Ventilation Fan 3 30 8.00 0.72 180 129.60
Plumbing System Electric pump 1 125 2.00 0.25 365 91.25
Display unit 1 50 4.00 0.20 365 73.00
Monitoring System Power&Energy meters 20 1 24.00 0.48 365 175.20
Measuring Data Center 1 10 24.00 0.24 365 87.60
Electric Fan 4 50 8.00 1.60 365 584.00
Others Computer Notebook 1 70 8.00 0.56 365 204.40
Total 25.73 365 9391.2

PV System Applications and Design Criteria

*For stand alone PV system, load is 3694.4 kWh/year if 2 air conditioners are not operated.

Capacity
Limited capacity
Voltage
Efficiency
Warranty
Life time
Availability
Cost
Size
Standard

Reliability

Criteria for components selection

Consider load, size and inverter
(should be >180 W)

PV array rated <= 1.5 inverter rated
power

System voltage 1000V
>=14 %
>=20 years
>= 25 years
Local agent or manufacturer

Reasonable

Consider roof area and maximum
installed power

IEC61215

High

~5kW , 50Hz, 230 V

<= 5kW with >=2 MPPT or 1
MPPT & charge controllers

PV string voltage
>90%
>=5 years
>= 10 years
Local agent or manufacturer
Reasonable
Depend on capacity
IEC61727-2004 and IEC 62116

High

For 3 days off-grid load

Depend on voltage , total size,
and cost

2Vx6,12,24
>70%
>=5 years
>= 10 years
Local agent or manufacturer

Reasonable

Depend on capacity

Safety standard
TISI, IEC, UL

High
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PV System Applications and Design Criteria

System Sizing and Configuration: Voltage and Current Limit

N useable MPP voltage range for PV-array
P (depending on inverter properties)
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PV System Applications and Design Criteria

System Sizing and Configuration: Voltage and Current Limit

Battery voltage and charging current PV array voltage and current

<

=< =

= XW4548 230 50 o

2 85A E

3 o MPPT 80 600

Y MPPT 80 600 3 35A

| goa (mmeEmEevm) | £

< £ PV 4.62 kWp

% MPPT 60 150 G MPPT 60 150

= 60A—| % | 60A (EEEONEE) 5PV 0.363 kWp
<

Battery Voltage (V) PV array Voltage (V)




PV System Applications and Design Criteria

Criteria Parameters for PV System Design and Evaluation

Technical parameters (Off-grid)*
* Loss of power supply probability (LOSP)
* Loss of load probability (LOLP)
* Loss of load expected (LOLE)
* Equivalent loss factor (ELF)
* Total energy loss (TEL)
* State of charge (SOC)
¢ Level of autonomy (LA)

* Tamer Khatib et. al., A review on sizing methodologies of photovoltaic array and storage battery in a standalone photovoltaic system, Energy
Conversion and Management, 2016

PV System Applications and Design Criteria

Limitation of different sizing methods

Sizing Input data*
method H D M
Intuitive . e Simple calculations used based on daily or monthly meteorological data

(simplified) may lead to over/under sizing of system design, low reliability and increase

methods system capital, and maintenance and operation costs

Numerical . . e  Suboptimal solutions are reached as computation involves linear changes
methods of the decision variables
Analytical . . e less flexible in designing a standalone PV system as performance is
methods estimated by the computational models
. . ® Unable to improve system components and limited ability to change the
component specifications

Al methods . . e Complexity in designing system components

. . e Complexity in designing system components which are based on complex

algorithm functions

Remark: *Input data are the Hourly (H), Daily (D) and Monthly (M) average meteorological data.
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Software for PV System Design

Software for PV System Design @)

Classification of PV system design tools based on application

Simulation Econum#c Analysis and 5‘.""".r
Evaluation 2 Radiation
Tools Planning Tools
Tools Maps

TRNSYS ‘ calsol Homer PVSyst PVGIS
RetScreen PVFSOL SolarGIS
sclr st | | sorer
PYWatts PV F-Chart
HySim SolarDesignTool
Hybsim PV DesignPro-G

Samer Alsadi and Tamer Khatib, Photovoltaic Power Systems Optimization Research Status: A Review of Criteria,
Constrains, Models, Techniques, and Software Tools, Appl. Sci. 2018, 8, 1761; doi:10.3390
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Software for PV System Design
Software Developed by  Type of Analysis Advantages Disadvantages Availability
SAM National Renewable  Performance user friendly; easy to understand; graphical 3D shade modeling is not supported; No Free
Energy Laboratory analysis; Economic representation of results; Manually add available weather data for other locations
(NREL), USA. 2007 analysis custom modules and inverters of the world
Institute of Performance Extensive meteorological and PV systems Program screen cannot be maximized to  priced, 30-day
T I Financial Has ability to identify enable user to see all parameters if using trial version is
Sciences (ISE), imation used  the of the system design through a small monitor; Inability to handle free
University of Geneva, for both grid- Loss Diagram; Results include several dozens shadow analysis; No single line diagram
i | d, stand- of si ion variables
alone, pumping
and DC-grid PV
systems,
National Renewable  Optimization and  Determines the possible combinations of a list  Inability to guest missing values or size; priced, 21-day
Energy Laboratory Sensitivity of different technologies and its size; Very isti i and time i free trial is
(NREL), USA analysis; Technical detailed results for analysis and evaluation; Detailed input data is needed available
analysis; Financial Has optimization algorithms used for feasibility
analysis and economic analysis
|AAE(e B Valentine Energy Shading analysis ~ Vast meteorological database with over 8000  Sensitivity analysis is not supported; priced, 30-day
Software, Germany and 3D climatic location worldwide; Strong module Complexity in building and site modeling;  trial version is
visualization; and inverter database with over 13000 Error in the presentation of circuit free
Performance modules and 3100 inverters; M Ily add di ; Advanced scientific calculation is
analysis; Economic custom modules and inverters not supported
analysis
{3 ELEEENE Natural Resources Benchmark Strong meteorological and product database;  Inability to save, print and export files priced, Viewer
Canada analysis; Feasibility Contains extensive integrated training when using free view mode version; Data mode is
analysis; material; High strength in financial analysis sharing problem; No option for time available free-
Performance series data files Import; Does not support of-charge
analysis; Portfolio advanced calculations.
analysis
Najibhamisu Umar et. al., Comparison of different PV power simulation softwares: case study on performance analysis of 1 MW grid-
connected PV solar power plant

Software for PV System Design

Software Developed by  Type of Analysis Advantages Disadvantages Availability
LUERTTEAA ACCA software, Italy Technical analysis;  Extensive meteorological database; Numerical Less user-friendly as compared to other priced, 30-day
Economic analysis; and graphical results can be easily exported; Has  softwares Advanced feasibility analysis is free trial version

Shading analysis photographic simulation feature not supported; Internet connection is is available
required for installation
LGS Folsom Lab, San Technical analysis;  User-friendly; Is a web-based tool, so thereisno  Does not support financial analysis; Does 30-day trial
Francisco, USA shading analysis software to download; Provides a detailed wiring not support feasibility analysis; Does not version is
diagram; Has 3D model design support advance scientific calculation available
SUETRIL Laplace Systems Technical analysis; ~ Strong meteorological database; Advanced 3D isti software as P to Priced, 30-day
Company, Japan shading analysis; shading analyses; Provides system layouts; other softwares; Advanced feasibility study trial is available
Economic analysis;  Provides detailed and customized reports which  is not supported
Performance can be exported
modeling
Lol Solargis, Slovakia. 2010 Technical analysis; ~ User-friendly; is a web-based tool, so there isno  Not suitable for financial analysis; Less 30-day trial
Planning and software to download; Provides a detailed output technical parameters; Feasibility analysisis ~ version is
optimization with graphs and tables not supported; Internet is needed to run the available
simulation.

Najibhamisu Umar et. al., Comparison of different PV power simulation softwares: case study on performance analysis of 1 MW grid-
connected PV solar power plant
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Software for PV System Design

Table 1: Basic data of the systems investigated
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Software for PV System Design

B c

Figure 3: Comparison of real and simulated data

Gerd Becker et. al., Energy Yields of PV Systems - Comparison of Simulation and Reality

[ Photovoltaic Software

<> oo

lls/Modules
News

Intreduction

PV Software

[0 EE—EY - 0 ox - O fr] Qe n @
<\ 0 om0 Seter BV E:6ibion 2078 Disdme)

- Date: August 16"-18" Venue: Guangzhou, China - ﬁ
About

24th - 26th April 2018

Contact

Inverters/BoS PV and Art pico PV & SHS
Periodi Reports Standards

Solar Radiation | Site Analysis Software Il Economics

http://www.pvresources.com/

Modular Simulation Tools

INSEL - is software for planning, monitoring and visualising energy systems. For this purpose INSEL
provides state-of-the-art functions in the form of blocks that can be linked to a concrete solution, for
example for simulating meteorological data, electrical and thermal energy components etc.

TRNSYS - (TRaNsient SYstem Simulation Program) is an energy simulation program whose modular system
approach makes it one of the most flexible tools available. It includes a graphical interface, a simulation
engine, and a library of components that range from various building models to standard HVAC equipment
to renewable energy and emerging technologies. TRNSYS also includes a method for creating new
components that do not exist in the standard package. A spedial library of components is available to
simulate renewable energy-based power generation: PV systems, batteries, wind turbines, fuel cells.

a-__ o

23/11/61
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Software for PV System Design

http://www.pvsyst.com/en/

“ - C e

© www.pvsyst.com/en/

0
miajae
PVsvsr

PHOTOVOLTAIC SOFTWARE

Final report Software development

New Features in PVsyst6

'Afull package for
B the sty of your

iphotovoltaic'systems stu g and hourly simulation,
a printable report

alocaton using Google Maps

7 Databases ferpolaton program for any ocation on eath
eteo Gata and components management

Tool

Several educational tools and comparison of
the simulation with measured resuls

¥ DOWNLORD PVever

resd more.

roved shading calculations

News A powerful software for your photovolta

New version 6.70!
Hew training in September 2018!

Hew PVsyst6 tutorials
cess, copy,templates.

ht-soaking gain for CIS.

5. PV modules and model management

PVsyst presents results i the form of  ful rep.
tabl use!

ight, IV curve)
rofle, Vmax UL)

inverter
e o, CEC efficiency)
° Hu eticinputs
* Improvement of anufacturer
25
7. Batch model for parametric studies

PVsyst: Photovoltaic Systems Software
Advantage

- Large database: PV component, meteorological sites

Software for PV System Design

- Many systems: Grid-connected, Stand alone, Pumping, DC grid

- Parameters allowing fine effects analysis, including thermal
behavior, wiring and mismatch losses, real module quality loss,
incidence angle losses

- A 3-D CAO tool for "near shading”, animation

PAY
- economic evaluation performed using real component prices.

additional costs and investment conditions, in any currenc

23/11/61
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Concepts of PV System Design with PVsyst

Files Preferences Language Licence Help

Choose a section

Preliminary design

Databases

Content Systemn

Full-featured study and analysis of a

project. L‘ Grid-Connected J

-Accurate system yield computed

using detailed hourly simulations,

- Different simulation variants can be

performed and compared,

)

- Horizon shadings, and 3D tool for L‘ Stand alone

near shadings effects study,

- Detailed losses analysis

- Economic evaluation performed with )

real component prices. L‘ pumpmg J
L DC Grid J

23/11/61
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Concepts of PV System Design with PVsyst

Site & Meteo

Grid-connected

Preliminary

. Standalone
Design

Pumping

Concepts of PV System Design with PVsyst

) PVsyst V6.66 - TRIAL - Photovoltaic Systems Software -

(0 Project's location

Project

Content

Projectname  [Giid system presizing el Bangkok ‘

Pre-sizing step of a project, aterfew ecaoy
dics, without real componens.
~First evaluation of the system's and County  [Thaland -
components sizes,

- Systen yield quick evaluations
performed using monthly values

Site [Bangkok MetecNorm 7.1 station
Fiease 0o notuse tese gross
estimations for a presentation o your
parameters seten ok database) - o X
(Moo netes | |

rid system presizi
e preszng sit Bangkok  (Thailand)
Help

Datasouce  [MeteoNom 7.1 station

Global Irad. Diffuse  Temper. Wind Vel.

KWt mh KW/t mh T s

275
%7
28
E5
Ex
22 Edra data
234 [V Horizontal diffuse iiradiation
@2 ¥ Wind velocity
284
%8 © kWit day
20 @ KWhnkmth
276 © M dey
0 © Mi/ntmih

© wint

© Cleamess Index Kt

30

& Pint L Close
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e pep
[ Anay ificatic | Collector plane orientation
© St oo Tilt 5° Azimuth 0°
€ Active area[m2]
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———t
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- Yearly Meteo Yield
Transposition Factor FT 1.02
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o € hmsapriinl =l
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More details .
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 Flat roof " Firee standing
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Tiepy po _ _
o o &
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X Cancel | Next g | <9 Back | X Cancel oK
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More details

© Results o x

Input Data Parameters Results
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Concepts of PV System Design with PVsyst

Project Design

Project g 5 §
Design z g -
Grid-connected . .

BT - -
DC Grid

Water needs

" c
g £
w
a =% °
= o e a0
2 ° = i
2 ) c o
> =] =
2 il S &a
= v
v =]
a []
)
L] L] L] L]
L] L]
L] L]
L[] L]

Horizon

Near shading

Module Layout
Energy Manage
Economic Evaluation

Concepts of PV System Design with PVsyst

Project Design

Site and Location
Determination

Input: Detailed
losses

Optional:

Horizon & Near
Shading

Define
Meteorological
Data

Input: System
Info.

Setting and Run
Simulation

Input:
Orientation

Input: User’s
needs

Results Analysis

Advance Simulation

T T oo mion

Report

Detail Results

23/11/61
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Site and Location Determination

Concepts of PV System Design with PVsyst

) Psyst V6.6 - TRIAL - Photovoltaic Systems Software - o

Content

Meteo and components databases
management

Preliminary design

Meteorological data
~Monthly and houry files, synthetic
hourly data generation

-Analysis and check of hourly data

tiis,
~Importfrom many diverse sources.

Component database
~(PV modules, inverters, batteries
ool te ot

Component choice

Databases. - [u]
Metgod | Components Database:
PV modules I ol
Synthetic hourly data generation ol Grid inverter
Meteo tables and graphs | ol Batteries I o|
Compare Meteo Data | ol Controllers for stand-alone | @ |
Import meteo data | ol Generators I o|
Import ASCII meteo file | ol Pumps I ol

Controllers for pumping 2]

... Read our Notes on Meteo ... | Manufacturers and Retailers I ol

Please select a Geographical site.
Search [Thaiand =l
Filename. [Town [County [Data source
anokok. Banakak. Thaiand Meteollom 7.1 staion }
Mueana Chiana Hai MueanaChianaMai  Thaland MeteaNlom 7.1 station
% Setfavorites. | By Export D New X Delete I 3 Open i, close. |

Bea

Site and Location Determination

=) Define Meteorological Data

Geographic site parameters, new site - O

Geographical Coordntes | Morthly meteo  Ineraclive Map |
Please click on the desired location, then import data to Psyst. @

Map  Satelite

Gne  [Nakhon Ratchasima \

Geographical Coordinates

|

Decinsl  Deg. min
Latiude [1838  [1 [14 [55 (+=Noth. -=Southhemisph)
ude [10208 [ [102 [ (+=East - = West of Greenwich)

[ Tabuer /0 Excel)

By Exporttabls

Legal Time - Solar Time = Oh 12m

5 mport

Y Nowsie & Fin X Concel |

Geosraptic st prametersfor NewSIT (under modifcation) -0 x
[ |
y4 N\
ste Nakhon Ratchasima _(Tailand) B
o srce N s roses it ot o Mstomnorm
Global Inad.
Wi doy

artl global inadistion

Average Ext. Temperstire

D Newsie £ pin X Cancel

23/11/61
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Define Meteorological Data

AayanavundiaIiod 39rin: uassi2dna - dna: wiasuassidnn - diua: lusias
Aafundnuuasaiad

9
s
o
G fe. M Aw My am M Mg S O Mo e
n O

® Global Irradiation

< B ¢ _ D 3
o 2owall aagl dBnelu Swoudu
! BIRAICC) 6oy suan(u)
2 | wunsan 185 82 R
3 | auamiug 2 )
4 | snau 232 .
5 [ERTRTy 249 .
6 | wowmen 25 .
7 | flawou 251 .
8 | msogen 207 .
9 | &wmau 245 R
10 | Aueou 24 ~
11| amen 22 )
12 | womsmou 211 i
oo 13| Bonen 183 S
14
Geogiaphical Coording | sheett | @ o
ste (Thailand) & Faste

The monthly ambient
temperature is not defined for

Datasouce  [Example data source. this site.

Global Irrad.
/i day

| Required Data
¥ Horzorta global iraciton
7 Averoge Ext Temperature

~Edra dat
I Horizontal difuse inadiation
I~ Wind velocity

Inadatonunts |
& KWhir.day

© KWhintmih

© Mi/nday

© Mi/ntmih

© Wit
 Cleaness Index Kt

Global Irrad.
/i day

Datasouce  [Example data source

[P Average Ext. Temperature

~Edra dat
I Horizontal difuse inadiation
I~ Wind velocity

Inadatonunts |
& KWhir.day

© KWhintmih

© Mi/nday

© Mi/ntmih

© Wit
 Cleaness Index Kt

& pint X Concel

| ( Vo

Define Meteorological Data

" Save the geographical site file — ] X

Description

Nakhon Ratchasima:Thailand:Asia

Filename  |Nakhon Ratchasima

Directory  C:\Users\ballang\PYspstBE0_D ata\Sites

x Cancel

) Component choice

Current Geographical site: Nakhon Ratchasima.SIT

Search || [Thaiand |
[Fiename TTown TCounty [Data souce
‘Banakok Banakok Thailand MeteoNorm 7.1 station
ue: Mueang Chiang Mai Thailand MeteoNorm 7.1 station

'g_mnm;.l By Export | B New | X Delete I B Open 1, Close.

23/11/61
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Concepts of PV System Design with PVsyst

Define Meteorological Data: Synthetic Hourly data generation

Databases - o x
Generation of Synthetic Hourly Meteo Vz

| Meteo database | Components Database

Source data (site, monthly values)
(I | °| Country / Region Ste B Open)
Grid imvertor | ol [Thailand | [Nakhon Retchasima Example data source K|

Meteo file to be created (hourly data)

o T—

Type [Synthetic [Nekhon Ratchasima

Compare Meteo Data | ol [Examle dai source
wommmios 0]
Import ASCII meteo file | ol Firstrandom |1 =]

seed

The monthly difuse

Global  Diffuse Temper. 4
wownimideyTiv e ) || @ kwhmidgy | SEEEVALER

C KWh/m
Read our Notes on Meteo | ey (M o7 2 MJI:N forthis site.
Febru 525 336
Mmhmy 553 %6 C MI/mEmi PVSystwill apply the
April 565 365 C Wim synthetic generation
[ Exit May 535 350 C Cleamesqindg _ ihoutpossiiliyto
June 523 344
duly 496 338
August 487 332
September 477 22
Ociober 481 310
November 462 301
December 453 293
Year 5.03 33.0 (
S Z

Concepts of PV System Design with PVsyst

Meteorological Data

Global Solar Radiation (Surface Measurement) Database

World Radiation Data WMO, Main Geophysical 1964 — present, >1000

Center Observatory in St. stations, daily sums and
(WRDC) Petersburg, Russia monthly mean data
Baseline Surface World Climate Research ~40 stations, high time
Radiation Network Program resolution (1-3 minutes)
(BSRN)

Integrated Information System

Photovoltaic Joint Research Center of ~566 stations, 1 km grid,
Geographical Information the European 1981-1990 in Europe,
System (PVGIS) Commission (JRC) HelioClim-1 in Africa
METEONORM www.meteonorm.com 1961-1990 and 1981-2000,

1325 stations with irr, very
high resolution (0.1-1 km)
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Meteorological Data

Online Satellite Data

|

Satel-Light European Union Heliosat model, 1996 to 2000, Monthly average data
SoDa MINES ParisTech long-term time series of daily irradiation
SMSE or Surface Meteorology and 200 satellite-derived meteorological parameters, 1 x

SSE Solar Energy (NASA ) 1°, 64800 regions from GOES

ABM Australian Bureau of daily global solar irradiation from GMS-5, GOES-9,
Meteorology MTSAT-1R, MTSAT-2

SolarGIS http://solargis.info/ by Satellite data from Mateosat, GOES
GEO Model SOLAR

http://re.jrc.ec.europa.eu/pvg_tools/en/tools.html

https://sam.nrel.gov/weather https://nsrdb.nrel.gov/nsrdb-viewer

Concepts of PV System Design with PVsyst
Summary of sources in Hourly values
Database Region Values Source, Period Variables Availability PVsyst import
GHI_ DHI
3Tier-Vaisala Worldwide Hourly Satellites 1998 - today | DNI available For pay Direct (file)
i MoDIS| no temper. _csv PVsyst format
Canada EPW Canada Hourly | CWEC, 80 stations 19531995 | GHI DHI, TA Web Direct (file)
Typical Meteo Years (samples) WindVel free _EPW format
2004-2016 Direct (file)
Explorador Solar Chile Hourly Satellites and GHI, DHI, TA Web _csv Pvsyst format
Interp: 90x90 m* My WindVel free csv SAM CSV format
At site creation
Meteonorm Worldwide Hourly Synthetic Reference |GHI DHI. TA| Included in and available for sites
Wind. RH PVsystV 6 from other sources
NREL TMY2/3 usa Hourly | NREL, 1693 stations | 1991.2005 | GHI DHI, TA Web Direct (file)
(NSRDB) + Hawaii Typical Meteo Years WindVel free TNIY28TM3 format
America (Sub-) Satellites 19982016
NREL NSRDB | 175°Wto 25°W | Hourly 4x4 km® and GHI, DHI, TA Web Direct (file)
Viewer 20°S to 60°N PSMv3 model ™Y WindVel free csv SAM CSV format
India and around Satellites 2000-2014 Included in
67°E to 98°E Hourly 10%10 km? and GHI DHI, TA | PVsystV 6.76 TMY at site creation
5°N to 38°N SUNY model ™Y WindVel (requires internet access)
Satellites Web TMY at site creation
PVGIS v5 Worldwide Hourly | CM-SAF, SARAHor | Reference |GHL DHI.TA| Includedin  |(requires intemet access)
NSRDB TMY WVind, RH PVsystV 6.76
Meteosat
Satellight Europe Hourly Any pixel of about 1996.2000 GlobH Web Direct (file)
5x7 km? 5 years only | no temper. free tsv format
Web Direct
Soda-Helioclim3 Europe Hourly Meteosat 2004 - today GlobH For pay by copy/paste
Africa no temper. 2004/5 free or_csv PVsyst format
Solar GlobH, DiffH Web
Anywhere USA Hourly Satellites 1398 _ today |Temp forpay| 2010 - today Direct (file)
(SUNY model) + Hawaii 10x8 kni* Wind for pay for pay native + PVsyst format
Solargis Worldwide Hourly Meteosat, ERA 1994 - today | GHI. DHI, TA For pay Direct (file)
native + PVsyst format
Solar Web
Prospector USA Hourly Satellites 1998 - 2009 |GHI, DHI, DNI No more Direct (file)
(SUNY Model TA, WindVel available TMY2 format
Vortex Solar Worldwide Hourly Satellites 1997 - today | GHI, DHI, TA For pay Direct (file)
_csv PVsyst format
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Meteorological Data (Monthly Data)
Database Region Values Source Period Variables Availability PVsyst import
Meteonorm Worldwide Manthly 1200 Terrestrial 1960-1991 GlobH Included in Direct by
stations averages Temp. PVsyst V 6 site choice
{+ complement satellite) V6t Wind
19952005 Others Software Direct
Interpolations (optional) by hourly file
2500 Terrestrial 1961 -up to | GHI, DHI, TA | Software, for pay | Direct import - hourly file
Meteonorm 7.2 Worldwide Manthly stations 2015 for some| Wind, RH, Included since Included stations or
{+ complement satellite)| countries |Linke turbidity] PVsyst V6.7.3 at site creation
Web, free
NASA-SSE Worldwide Manthly Satellites 1983-2005 GlobH Included in At site creation
(old data) 1°x1° cells (111 km) averages Temp Pvsyst
RET Screen Worldwide Monthly Compil. 20 sources 1961-1930 GlobH, TA Software, Direct
incl. WRDC - NASA (averages Windvel free by copy/paste
Solargis Worldwide Manthly Meteosat, ERA 1994 - today | GHI, DHI, TA For pay Direct (file)
_csv native format
Hourly
WRDC Worldwide Daily 1195 stations 1964-1993 GlobH Web Direct
(old database) Monthly (each) no temper. free by copy/paste

Concepts of PV System Design with PVsyst

© Project_DEMO_Sevia Tacking PRI
poject see yurisnt

New Project’ -

StoFie [soits

Floname | DEMO_Sevils_Tracking PRI Procts name [DEWO tackig somct o Sevis % |0
it 1 s T Son ]
MeteoFie. [Sevta M1 MET Watscoomt 1 S 0in /00 @
Simulation done Meteo detabase
ersion .40, doe 13/01/15)

() Component choice

Current Geographical site: Nakhon Ratchasima.SIT
Click on OK to transfer to the project

Search [

O Projct Euam 100p Roottop.
Broject §oe Yuriant

e o the geomapicl s [
VSt il e the vkt oves fe sccondogy
Meteo dotbase”
This moukd stomtsoly st the geoopheol e © oy |

—— -
[Exom 08p oofion Princts o (16 Fotes x| @
I Tholnd Q
o
Mecodssboe |

O Propct setings

b un Seciaton

O RT
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roject settings

Albedo Design condions | Qther imtations | Preferences |

Design
leference temperatures. ¢ Lower temperature for Absolute Voltage i( 10 C gs

R

for antay design

e Lo Wite oprating temperauae frVmppMos desion [23 T

R Ususloperating temperature under 1000W/m [50 T [
Sunmer operatingemperatue for VippMin design [0 T [

- Other design
Amay Max. voltage foc value Limit e l:m—x v
& IEC (usually 1000V) ' From one-diode model
UL (usualy 600V) " Fiom specification

Transposition Model for this project
© Hay model robust) 2|
@ PerezIneichen model sophistcaled)

v oK

© Prject: Euam 106Wp Roohtop = 8 X |project settings X
eriect ste yoant
I ) o Abedo Design condiions | Other mitatons | Preferences |
Fiorame [ o Rooltop Prancts e [105Ws Focon AQ*Hx |0 . ore
SteFie 1 Thabord Qe ite-dependent Design parameters
e e T S S LT |
erence temperatures ? Lower temperature for Absolute Vokage: o
e slcted Mot i, Epom NokganFochosinSYH MET lumym T PO }' doin [ T T
Ploats contider theprselaction and 1avethe puect e 100w/ 50 T W
‘Summer aperaling forVmppMin design [60 T [
(. Save project as ... — O X
D
(|1 OkWp Rocftop

Filehame IExammkW'p FRooftop
Directory  C:\Users\ballang\PVsyst660_Data\Projects

Exam 10kwp Rooftop.PRJ

X Cancel |

Input: Orientation

/

& Yearly inadiation yield —"’J

© Puiect Exam 100 Roohop PRI =8 X | () Orientation, Variant "1 fixed plane” - o X
[Broject Ste  Yoriant
P [Exam TR Rt PRI Pctiame 1605t a*Mx|0 Field type [Fixed Titted Plane |
sur Tk ae
MeteoFle [ xam Nokhon Ratchasma SYNMET ‘Exam dats sousce. 7 o] @
 Field Parameters e " .
Design condﬂma-versmn\[&' - e e
lFEatos Azmuh [00 {11

‘early meteo yield

Transposition Factor FT 1.04
Loss By Respect To Optimum -01%
Global on collector plane 1912 kWh/m?

East

© ot Bam 102Wp Roofop R € Summer (Apr-Sep)
broject Ste yeriant " Winter (OctMar)
Filo e [Exam 108Wp Rooliop PRI Procts e [10%5 P Q* HMx |0
Storie I—_— aw
MeteoFle.[Exam ko Rtchasen, SN MET s-..y( S 7in =] 1 @
e & vemiime_|
© Pt |

Tilt and Azimuth of Array

23/11/61
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Input: Orientation

Field type [FLEERNLERNSE0E]

Field parameter

Tilt 15° Azimuth 0°
Plane Tik [150 {11
fzimuth [0.0 j‘["]

Yearly meteo yiel
[~ Optimisation by respectto—— 1) Transposition Factor FT 1.04
¥ Yearly imadiation yield
 Summer [&pr-Sep]

 inter (Oct-tar)

Lass By Respect To Optimum 0.0%
Global on collector plane 1947 KwWh/m?

& Show Optimisation

Concepts of PV System Design with PVsyst

Seasaonal tilt adjustment
Unlimited sheds

Unlimited sun-shields

*** One-axis fracking planes
Hariz. axis, unlimited trackers
Tracking tiltted or horiz. N-5 axis
Tracking, horizontal axis E-w/
Tracking, vertical axis
Tracking sun-shields

= Two-axis tracking planes
Tracking two axis

Tracking two axis, frame N-5
Tracking two sxis, frame E-W

X Carcel | oK |

Input: System Info. (Grid-connected)

© Project Eam 106p Roofop PR

Concepts of PV System Design with PVsyst

-30 30
Plane orientation

— 0 X | Grdsystem definition, Variant “1 fixed plane” - O X
Broject_te_Yociant ¥ Global System configuration Global system summary
[T = Number of kinds of sub-anays. Nb. of modues E3 Nomnal PV Power 20 kwp
* =] Moduie area L Masimum PV Power 87 kwde
Florame [Exom 108Wp Rooliop PRI Prorcts name [108Wp Foaiop Q (aK) 2 P . | B . e Gt
- el e = =
MeeoFie [Eramiarn Rachoms SHNET im0 soses = T e @ |
‘Sub-array name and Orientation izing Help
Pk i e = — ot Enatedions IO
Tt 15°
Onent. Fixed Tilted Plane. ? Resize | or avalloble arealmodules) © [55 L
© Puoet I Azmuth 0" _I._j
—————— e = -
[Tinasas ] [B0womv Swav  TowaorD1e Sice 2016 Wendscuas N =] B Open
Sizing vokages . Vimpp (BC) 255V
I Use Optimzer Voe (10T) 417V
L W S0Hz
ED =] [35KW 300-530V TL 50/60Hz Suww Tipower 1000OTLEEPAT Sice 2014 =] B Oopen
o detes [T ey 99 W
Input masimum vokage: 600V
Dezign the anay
Number of modules and strings. o
2]2] Vi UD W6V
ot s [ 7| 7 bown 12014 i S
e e Frensiuce_1000WIm Cuscnms @S0
Ovedoadloss ~ 0.0% = Impp(STC)  253A Max. operaiing power 81 kW
. . Prcm a0 oy 5 Showseeo| 2] I 610 %94 S1000W/r and S0C)
System configuration, Array | wew = s e sn sweereso s

details, PV Module, Inverter =~

1 ==
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Concepts of PV System Design with PVsyst

Input: System Info. (Grid-connected)

Grid system definition, Variant *1 fixed plane” - m] X
Number of Array < Global System configurati Global system summary
T Nb. of moduies E Nominal PV Power 90 kwp
= Modue area 59 Masimum PV’ Power 87 kwde
2| 5% Singled Schema | Nb. of inverters 1 Nominal AC Pover 99 kWac
Array Name >
Sub-array name and Orientati  Presizing Help
. . Name |1 € No sizing Enter planned power @ [10.0 Kwp
Tilt &Azimuth ’ﬂ Resize | or avalable areafmodes) C [55 w
of Array _
W Approx. needed modules 40
or
P [50Wo 25V Sipol TSM-310PD14 Since 2016 Manufactuer DNV «] B Open
i [
Available Area _— .
Voo (10°C) 417V
PV module ——T Select the inverter
o] 20
Inverter deh
—T [sMa ~| [39Kw 300-530V TL  50/60Hz Sunny Tripower 10000TLEEJP-11 Since 2014 =1 B Open
Nb ofimveters,  [1 = [ —— 300590y GlobalInverter's power 9.9 Kiwac
Number of Input masimum vokage: 600 V
inverter ———" | Design the anay
" Number of modules and strings | Operating conditions The inverter power is slightly oversized
(2]l 2] Vipp (BT) 306 V
5 Vimpp (20°C) 364V
Array o insaes [12 | ¥ between 12and 14 e By
. . . -
configuration _/ et | il e Plane iradiance 1000 W/n? € Maxindsta @ STC
Dl 00% . Impp(STC)  25.3A Max. operating power 81 kw
e e Showsizng | 2 lsc (STC) 2694 1000 W/r? and 50°C)
Nb. modules 36 Aea 59 it lsc(atSTC) 2694 Anay nom. Power (STC) 9.0 kwp

Concepts of PV System Design with PVsyst

Input: System Info. (Standalone)

ser"s needs | Pre-sizing suggestions | System summar

[ SpeoledUssrsneads Posziomogesons [Sysemeuneay| |

Av.dlpresds  Eneraccepled FLOL  [50 % 2| Balteny (uer) vohage 8 v 9|
1.0 KWy Enteroqesed atonony[£0 =] cndel 2 1239

£ Detiedpesiing Suggested PV poner 316 Képlnon)

Stoage | P ] 8k Up | Sl evena]

Stwage PV Aty | SackUp| SimliedSchema

baney name Presizing Help
Name [P Ay  Nosieng Erterplarmed power  [31 K
d th " - Tik 15
1-Presiing condions (LOL Auorom, Batiey voleoe) e s @ | e | orviebeoee Cfp ”
S [ Select the PV
3.-PV Anay design Design the PV array [PV modul dvised to b th | controller.
4 -BackUp Define an eventual Genset Al modules ~| Sotmodules 1 Power " Technology
Geneic =] [16Wo28V  o5iH tiool o5iH. iope bncion _ Since 2015 Trpical -] B open
 Speciythe Battry f = Taews el 2SiH. ol C =1 B om |
T —— e ey
Generc <] [i2v 10Ah b Open Plass Open 12V /1000 =1 B Open
I = _I [Select the control mode and the controller
Leatad DD - ——— MPPT power conveter
=g b R ® Global capaciy 2 27 Srivdorclr [aimoniontsss =] g scharocunn
{7 bateis insees mber of batteres 2 Operating mod
= Stored energy (80X D0D)  46.1 Kiwh [6 b [WerT 0w v 1A a5 Universalcortoller with MPPT corv €] B Open
[Z 124 ' bateresinpasel Number o clemerts 208 Tolweaht 28519 I e 1 o
Vo eyloc TR 20 ~ DCDC converter atfusted according o the propertes of the system
Tota tred energy duing the batleyife 610 Mwh
PV Anay desia
[ Operating battery temperature Number of modules and string: e
| should be: Vmpp (E0~C) B2V
Temper. mode [Fied (empered ocal — Mod.inseries [2 = ¥ No constrant Vmpp 00 74
- Voo (10°T) 103V
p Nbre stings [12 = ¥ between 10 and 14
Fixed temperature |20 ~C = Plane inadiance 1000 W/m2
U o e o 2| mpsTO 4e9A Max. operating power 32K
e bty temperaur s impota o1 the ageing of the s @A e E)
battery. & increase of 10 ~C divides the "statc” batery ife: modules rea
Betendion v (It @ a S2M | STO B12A Anay nom. Power (STC)  3.3K/p
X Coneel s X Concel VK




SeciedUsetreds o0 oo St ey
L T e EREY I e S
a

1.0 Kwh/day [60 = das 2] 1239 4

EE Detaied re-izing Suggested PV power 316 K/ from).

__ Stand-alone system

User'sneeds  Hausshold
Battery Pack 12 paralel, 48
PV Anay 125t of 2 modles
Controller Uriversal MPPT

Specified Lser's needs | Pre-sizing suggestions  System summary

Aver, pover 457W  Daly energy TL.0KWh Night ratio 435 %
Capacity 1200Ah  Stored energy 46.1Kwh Autoromy 424

Hom. Pover 326k Av. dai eneray 12.0KWh Fy/PLoad 7.1

Mom Fower 284kw  Thiesholds acc.taSOC  PV/PCony 115

Stogs | PV Arey Backlp | Smpfd Schema

Backup
|7 Uses back-up genset

B gpen

Full load capability Nominslpower 30 KW  Ballayvolage 48V ChagngCurent 6254
Effective operating Pover 25 kW Baleyvoage 48V ChagngCurent 521A

Input: Detailed losses

Theial 3] Ohmic Losses | Mokl quall-LID -Mismaich| Soing Loss | [4M Losses | Specta Corecton

st factor of T cosflcint
the program gives the equivalerce |

Field Thermal Loss Facto NOCT equivalent factor |

Thermal Loss factor U =Uc + Uy * Wind vel NOCT (Nominal Operating Cel temperature] is
e e o e e
Consantlossfactar Us 00 Wik 9 s, T s an teiaive ommaion o

U-vahie defintion which dossrit make sense when

sl By | SRS ‘appled to the operating aray

Default value ace. to mounting
Don"t use the NOCT approach. This is

I~ "Free" mounted modues wit at ciculation Guite confusing when apphed to an afray 1

T~ Semiintearated with ai duct behind

Storage | PV Anap | BackUp Simplfied Schema

Typical layout of a stand-alone system

System

UBatt.

Regulator

g L

User (ioad)

X Cancel oK

Concepts of PV System Design with PVsyst

1764 kWh/m?

1750 kWh/m? * 47 m? coll.

efficiency at STC = 14.91%

12301 kWh

I~ Integration with flly nsulsted back. B SeetreOCTormwy | 2|
9978 kWh
9523 kWh
I Losses graph X Cancel v 9523 kKW

04% Near Shadings: iradiance loss
33% 1AM factor on global

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
-12% PV loss due to irradiance level

-14.1% PV loss due to temperature

Module quality loss
Module array mismatch loss
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during 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

Energy injected into grid

26



23/11/61

Concepts of PV System Design with PVsyst

Run Simulation

rject Ste Varant oject Ste Varant
Project’s designation Project’s designation
Filename [Exam 10kWp Rooftop. PRI Projects name [10-Wp Roofop Q+*Hx |0 Filename [Exam 10kWp Rooftop. PRI Projects name [10-Wp Roofop Q+*Hx |0
Sie File [Nakhon TEvomple dia source Qm SteFile [Nekhon Reichasima ST [Exemple daia source T Thoiend Qe
Meteo Filgafffokhon Ratchasima_SYNMET  Example data source Synthetc Okm | B MeteoFile [Nekhon Ratchasima_SYNMET  Example data source Synthetc Okm =] P @
Simulation done Simulation done Meteo detebose

tversion .75, date 22/08/15) tversion .75, date 22/08/15)

© Projectsetings

Veriantn™ [VCO 1 xed plane Run simulfation - Htix -0 Veriantn™ [VCO 1 xed plane o Kt % -] 9

Mendsioy  Optonel Mendsioy  Optonel

@ Orientation @ Horizon @ Oriertation @ Hoiizon
— » Run Simulation

[E @ ear Shodin [E @ Near Shadings

o

@ Detailed losses| @ Detailed losses|

|| —

@ Viscalionsous

Hourly Simulation P
ot Dotslod resute

Statu |
Simulation ended sucessfullv || @ System overview alexit
[[II]]]]
Attenuation factors for Diffuse: Display
1AM Shading  |AM*Shading " Hourly Values

Diffuse 0.042 0.000 0042 @ DailyValues

Albedo 0195 0.000 0185 " Monthly Values
Display daily values Simulation 31/12/90

Meteo: Global, Diffuse, Tamk4.48, 2 20kWh/m3day, 31.17C, 0.0m/s

On coll: Global, Diffuse, Glob.5.18, 2.40, 0.02, 5.02 KWh/m?day = Continue
System : EMax ENet EUse 384, 38.4, 37.24kWh/day

Load : ELoad, EUsed, EOverUnlimited , 0.0, 0.0 k¥Wh/day v 0K

[ Automatically close when simulation ends succes

Results Analysis

PVSYST Ve 75‘ ‘wumm‘ Page 12 || Main simulation results
System Production Produced Energy  13.33 MWh/year  Specific prod. 1451 KWhikWplyear
Grid-Connected System: Simulation parameters Performance Rafio PR 78.16 %
Project : 10kWp Rooftop
Feromancs Rata PR
Geographical Site Nakhon Ratchasima Country  Thailand
Situation Latiude  1498°N Longitude  10208° E T T P e e R
Time defined a5 Legal Tme  Time zone UT+7 Alitude 185 m
02

Meteo data Nakhon Ratehasima  Example data sourcs - Synthatic
Simulation variant: 1 fixed plane 3

‘Simuiation date  22/08/16 2252 i
Simulation parameters System ype o 3D scene defined E
Collector Plane Orientation T 18 Az 0° :
Models used Transposiion  Perez Difuse  Perez, Meteonom
Horizon Free Horizon
Near Shadings No Shacings

G fe Me ok Uy ek dug Sep O R Dec

PV Array Characteristics

PV moduie Sipoly  Model TSM-310PD14
Original Psyst database Manufacturer Tna Solar
Number of PV modules Inseries 12 maduies. Inparallel 3 stings.
Total numbser of P moduies . modules Unit Nom. Power 250 Wp 1 fixed plane
Amay giobal power Nominal (STC) 9.00 kWp  Atoperating cond. 8,09 kip (S0°C)
Armay operating characterisics (50°C) Umpp 320V impp 254 Balances and main resuts
Totalsrea Modue area 582 m Celarea 226m°
Inverter Modsl Sunny Tripower 10000TLEE-JP-11 GlobHor | Difftor | T Amb | Globinc | GlobEF | EAmay | E Grid PR
Orginal Psyst database Manufacturer SMA Wihim® | kihim® © Whim® | ke | M Nt
cites Cperating Vofage 000V UniNom. Poer 890 Kifec January 188 | ooss | a0 [ s | aees [ a0 | 12z | o
Inverter pack Nb. ofinverters 1 units. Total ""';; g—g‘k‘”“ February 1470 8540 60 818 1570 1182 1128 74
b 3 March e 038 .00 7o 1721 1251 122 | o
April wes | 7es | =0 1573 1820 LT e | o
PV Armay loss factors
Thema Loss factor Ue (const) 200 Wink Uy (wind) 0.0 WK 1 e ey B o Ivocll B I SO B o IS
Wiring Ohmic Loss Global amayres.  212mObm Loss Fraction 15 %t STC .
Ve Carmy Lo o 1=yl July 1538 s | ma 143 1389 1058 10w | o
Modue Mismateh Losses Loss Fraction 1.0 % at MPP August 1510 a2 020 158 07 1087 10s | o
Stings Mismatch loss Loss Fraction  0.10 % September 1431 7410 3220 51 05 1061 1024 o7e4
Incidence effect, ASHRAE parametrzaton 1AM = 1-bo(lcosi-1)  boPaam 005 october 141 a0 o i i Tien Tz | ores
November 1288 8254 010 1550 1511 1156 1121 o7
User's needs : Unlimited load (grid) December 1404 5233 2030 1630 1580 1218 1122 0802
ear 1265 | me0z | 2t | sz | iesss | vared | remr | ore
Legends: GiobHor  Horizental global imadiation GibER  Efictve Giobal, cor. for [AM and shadings
or  Horzontal dftuse imadiation Eatay  Efiectue ensrmy at the outputof the amay
T Ambient T E_Grd Energy injected into grid
Gisblne: o PR Perfommance Rafio
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(" Simulation Results Monthly Tables

Please choose a Table 8 Parameters defined for this table :

't - Reference Incident Eneray in col. plane
Balances and main results Lo - Nommalized Ariay Losses

Meteo and incident eneray 2 - Normalized Ay Production
Effective incidont energy (Transpos. 1AM. Shadin  |Ls-Homdlizd Sytem Losses

—

Optical factors (Transpas. JAM Shadings) 1 - Nomalzed System Froduction

Detailed System Losses Lot - Anay Loss /Incider Enetgy Rtio

Detailed Inverter losses Lsr - System Loss / Incident Enerqy Ratio
Cemmegon | gp use and User's needs PR - Perfomance Ratio

| .

]| G D

E_Grid hourly averages

Inadiance /|kowh/ord v

Project  10kWo Roofton [Evser] Erergy [ fiwh - " il Cise
e o yekhon fetchacima PVmodules TSM-310PD14 \\nverter v Trioower 10000TLEE-~. — -
S Nominal Power .00 kWp 99 KW Simulation
Simulation01/01 to 31/12 MPP Voltage 297V Nbofinv. 1 Close Pintm Export Help
(Genericmeteodata)  MPP Current 84A
 Main results
System Production 13332 kWhjyr  Normalized prad. 4.06 KWh/kWp/day 1 fixed plane
i 1481 I .00 P
Performance Retio 0.782 System losses  0.14 KWh/kip/day Nemmalized Periomence Cacficlents
e L Ya Ls vt Lo | Ler | PR
o i Detailed results
& Daily Input/Output diagram X — howh k. WhJKWp,
_ Values from 01/01to 31/12 o B Report [@Tobles ) January 553 | 1008 | 451 | 013% | 438 | 0184 | 0025 | 0791
FOT 1 — February 578 | 1168 | 4s1 | 0137 | a4 | o202 | oo24 | 0774
] ol 1 Predef. graphs | {5 Hourly graphs March 573 | 1244 | 448 | 0139 | 434 | 0217 | 0024 | 0759
z - April 558 | 1218 | 43 | 0142 | 422 | 0218 | 0025 | 0756
£ ol ’Emnﬂmlcsvelum] May 505 | 1000 | 405 | o142 | 3@ | 0198 | g8 | 0774
3 June 485 | 0s4 | 393 | o141 | 379 | o1e0 | o028 | o7e1
2 1 July ags | oss2 | 379 | o140 | 365 | 0185 | 0030 | 0785
i o August 470 | osez | ase | 013 | 369 | 0187 | 0029 | 0783
i 1 & Print 3% Load September 484 0.908 393 0136 379 0.188 0.028 0.784
L October 516 | 0%8 | 423 | 013 | 408 | 0180 | 0026 | 0734
2 Y T8 e o November | 520 | 0918 | 428 | 0129 | 415 | 0177 | 0ozs | 079%
et ncséin ol pane i oy 4, = December | 528 | 0310 | 437 | 0129 | 424 | 0172 | 0024 | 0803
ear 519 | 0937 | 420 | 0137 | 406 | 01% | 0026 | 0782

Concepts of PV System Design with PVsyst

Results Analysis

1 fixed plane
Normalized Performance Coefficients
Yr Le Ya Ls Yt Ler Lsr PR
kiwh/m™.d kiWh/kip kiwh/Kivp

January 553 1.018 451 0136 4.38 0184 0.025 0791
February 578 1168 461 0137 448 0202 0024 0774
March 573 1.244 4.48 0139 434 0217 0.024 0.759
April 5.58 1.218 4.36 0142 4.22 0218 0.025 0.756
May 5.05 1.000 405 0142 i 0198 0028 0774
June 485 0924 383 0141 379 0190 0.029 078
July 465 0.862 379 0.140 3.65 0185 0.030 0.785
August 470 0.882 3.82 0138 3.69 0187 0.029 0.783
September 484 0908 383 0136 379 0188 0028 0.784
October 516 0928 423 0136 409 0180 0.026 0.794
November 5.20 0918 4.28 0129 415 0177 0.025 0.799
December 5.28 0.910 437 0129 4.24 0172 0.024 0.803
Year 518 0997 420 0137 406 0192 0.026 0.782
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Concepts of PV System Design with PVsyst

Results Analysis

Performance Parameters in PVsyst

* Yr: Reference Incident Energy in coll. Plane

* Lc: Normalized Array Losses
Thermal losses

Ohmic wiring losses
Module quality losses
Incidence angle losses

* Ya:Normalized Array Production
* Ls:Normalized System Losses

AN NN

* Yf:Normalized System Production
* Lcr: Array Loss/ Incident Energy ratio
* Lsr: System Loss/ Incident Energy ratio

¢ PR : Performance Ratio

Concepts of PV System Design with PVsyst

IEC 61724 ed2-2017 : Photovoltaic system
performance monitoring-Part1: Monitoring

* Yr: Reference yield

meaning : Total in-plane irradiation (Hi) divided by
module’s reference plane of array irradiance (Gi,ref)

* Ya:PV array energy yield

meaning : Array DC energy output (Ea) divided by
installed PV array (Po)
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Concepts of PV System Design with PVsyst

IEC 61724 ed2-2017 : Photovoltaic system
performance monitoring-Partl: Monitoring

* Yf:Final system yield

meaning (For grid-tied): net AC energy output (Eout) of entire PV
system divided by the installed PV array power (Po)

¢ PR : Performance ratio

meaning : The over all effect of losses on the system output due to
the array temperature, system loss, failure etc.

PR = Yf/Yr

[ Project and Simulation variant

System Walue:
Project KMUTT PROT-2INov Project KMUTT PROT-21Nov & Global By
Site. KMUTTBET Simulation  New simulation variant 00 s
P moddes  aSiH, bipple junclion  Baltery: S e Stond e e
System type Stand alone Nrninal Fower 326 Kwp  Battery voltage e ”‘;y" "”'"S'H ; B Al L R " Bypiece " Byn?
Simudation 0140110 31112 MPP Volge 32V Tolslcapaciy GEEH08 Geth ML alEn
[Generic meteo data) MPP Curnent 334
P modues  Zdunitsof 136 W [ R @
5156 kwh/r  Non d  3.35 KwhkWp/day Supparts / Integialion o EUR
1580 kwh/kwp/yr Aray 1.56 kw/h/kiw/p/day Eatteries 480f 12471004k [0 EUR
0638 Syt 0.38 KWh/kWp/day L 5 .
Setings, wihg. . o EUR
z . Detailed result
H —Daily Input/Output diagram . Others, miscelaneous Detais | [0 EUR
Z g Values from 01701 to 3112 ] Fiepart Substitution underrvorth _[o EUR
= & . 1 Gross investment, (excl. taxes) 0 EUR rieE Curency;
E BF Predet. grophe — Duiation  [20 ‘Years [0 Ewe =]
2 14 o Financing -curo
K . Rale 50 %
§ = % O X o= 1500 R 0 Ann factor 802 %oap A @ Fotes
0 . ] Subsidies - EUR
2 sf / t FHe o ] Net investment 0 EUR [Energy cos!
B . . s 2L s 0 EUR /i Ui sla oy 400 i
N 1 HCess energy year
Fiint Flunning Cost 0 EUR/
: of g ] & Fin T"”"‘I"g ”Ts _Detsis | e lw e et 0 EUR /year
Blpplhoess wo ou 4o o oy oy i & Used eneigy cost 0.00 EUR /kih
O " Gihaiinciskntin cofl pane i fayy | ° < Back

Carbon Balance | & Pint X Cancel
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Exercises with PVsyst

Exercises with PVsyst

Load consumption Use example: template household 12kWh/d

of Daily Household consumptions for Summer (Jun Aua) |

0D B B e G S ) \

Puwe: Daily use Houly Uistiils  Daily eneruy
i wsemp [0 hidey UK UL Wk

08 wies  [5o w0 1000 wh reazsson rciesio
j5nn W app. an hrday oK 2000 wh -1 Total 511 101 -1 Total 511 101

TV 7 PE/ Mabile————

[20 tdew 0K 2000 wh 24 21 [
U wsamn [280 e R 2ann i ot ot
06 wiepp.  [33 hidey Ok 3000 W

144 wh

17642 Whidny
979.2 Kwh/month,

s Conn Vs |

0 0z o6 5 1z 15 1 21 24

1. Design standalone PV system over the limited roof area.
Lead Acid Batt. LOL 5%, Autonomy 4 days, Battery voltage 48V
PV Array Operation mode: MPPT

Generator Back-up 3kW Effective 2.5kW

Location: at home!
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Exercises with PVsyst

Available Area for PV Installation

3.6mx9m=

32.4m2 Total 82.8 m2

Area for 57.6 m2

. Area for PV 1 ~2m PV

|:| Area no use
6 6

Exercises with PVsyst
2. Design Grid-connected PV system on full area over the same roof and same

place.

No storage, Not self-consumption

Horizon: Azimuth/Height 120/10, -40/15

Without near shading

Report the Balance and Main results
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