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Software Categories

Pre-feasibility Tools
Sizing Tools
Simulation Tools

Open architecture environment

Trend:
Engineers tools => wider audiences

Software Examples (1)

Program | Function | Plant Outputs

RET | Prefeasibility [Hybrids|Power, LCC, GHG
Screen Emissions
NSOL! Sizing Mainly|  Power, Fuel
PV Consumption

HOMER Sizing,  [Hybrids| Cost,

Optimisation Configuration
Hybrid Sizing  [Hybrids| Cost,

Designer Configuration

PVSYST | Sizing, PV Cost,
Simulation Configuration

Structure of this Presentation

« Software categories

« Examples of available software
Where to get software
Evaluation of different software

HOMER software

Considerations

Software is a tool => it requires an expert
to manipulate the tool

Garbage in => Garbage out
Software needs to be verifiable
May not be designed for this region

First obtain an idea of what is having the
largest effect, before starting with details

Software Examples (2)

PV*SOL Sizing PV | Cost, Emissions

ViPOR | Optimisation [ Any Costs/Profit,
Configuration
(mini-grid or stand
alone)
Hybrid 2 | Simulation |[Hybrids| Performance
predictions, Costs

PV Design| Simulation | PV Power, Load
Pro-S Consumption,
Costs

SOMES | Simulation, [Hybrids|Power, Reliability,
Optimisation Costs

Solar Pro| Simulation | PV Power




Where to Get? (1)

* RETScreen
http://retscreen.gc.ca
+ FATE2-P3.1.1

www.nrel.gov/international/tools/tools.html

« NSOL!

Www.orionenergy.com/Nsol/nsolhome.html

« HOMER
www.nrel.gov/homer
« Hybrid Designer
www.edr.uct.ac.za
« PVSYST3.21

www.unige.ch/cuepe/pvsyst/index.htm

e PV*SOL Pro 2.2
« www.valentin.de

Photovoltaic System Builder

+ Developed in South Africa

Inputs: load power, days autonomy,
panel type, battery type, weather data,

array tilt angle, system voltage, inverter

efficiency, depth of discharge

Outputs: number of batteries and panels,

eXcess power

PSB Output Screen

w Sizing Output

PHOTOVOLTAIC SYSTEM BUILDER

Where to Get? (2)

e PV*SOL Pro2.2
www.valentin.de

* VIiPOR
www.nrel.gov/international/vipor
» Hybrid2
www.ecs.umass.edu/mie/labs/rerl
+ Solar Design Studio v5.0
www.mauisolarsoftware.com

« SOMES

www.che.uu.nl

» Solar Pro
www.lapsys.co.jp/english/e_index.html
- SUNDI

www.ftp://emsolar.ee.tu-berlin.de/pub/progs/sundi

PSB Data Input Screen

. Photovoltaic System Builder 1.2

Client / Site | Chicken farm

File name [chick1.psb

Peak Sun Hrs
System cost analysis System location | G aborone | arrap e angle[30_|
Modues | | | Systomvoltage 15 5

Batteies [ | |Balteylype  [DELTEC1250 v O Manual
TOTAL [ | | Moduewpe [cwELL noMbme -

Peak sunshine hours |

@® From location

Minimum modules Battery cell capacity Total load (Ahrs/day)
Extra modules D Battery cell voltage Total bat cap (100 hi]
Tatal modules D No of series units D Total cap to load she
Total amay power Min parallel balteries
Estra parallel strings D

Excoss aray pow

Days aut to load shed

Battery recharge days

)

d

Salety factor % 10z [] Total No of batteries |2 Battery cycling (%/day) [7.7
3

Add / Remove modules Add/remove battery stiings . DOD to load shed

Add ne..\m‘ Add ‘ “"“‘“"l Requited autonomy

Add/change input data

Open / Save file

[Eox A
hd

Module || Batte | Radiation || Load Defaults|  Print | Performance | Close

B

Prepared for Chicken farm

EBy: Solar International Botswana

SYSTEM Location Gaborene FeakSunHours 570
Amay tilt angle 30 Systemvaliage 12V
ARRAY Wodule type used  SHELL RSM6 Total number of modules 1

Module charge cument 3.70 Amp
Nuiver of sesies modules 1

HNumber of parattel mocules 1

Peak array power 60 W

Excess genetator capacity 298 %

BATTERIES  Baftery type used DELTEC 1250
Huber of series battesies 1
Number of parallel batteries 2
Total mumber of batteries 2
Uit capacity (100 i) 105 Alrs
Total capacity (100 by 210 Alrs

Total useable shes o load shed 126 Ahrs
DOD atload shed 60 %0
Days autonomy ta load shed 7.8 days
Battery recharge days 26.0 days
Daily battery eycling 7.7%

E

Total DC load 195 Whrsfd

Total ACload Whrs/d
Totalload 195 Whrsfd

Daily Amp hour losd 16 Ahrsiday
Inverter efficiency 85 %
Safety factor 10 %

Save design

PSB Ah Generated

w System Performance

Average daily Ahrs generated

n12345&‘4’89101112

Month

Display Dptions

" Ahrs excess " PSH values

" % Ahis excess " Average bat 50C

(+ his generated " Recharge days Annual Ave

Anay TitAngle 30 [A&]  optimum kit
hd




PSB Daily Ahr Excess

w. System Performance =B

1 2 3 4

Average daily Ahrs excess

= 6 7 38 0

1011 12
Ivonth

Display Options
o £
% Ahrs excess

" Ahrs generated

" PSH wvalues
" Average bat SOC

" Recharge days

Jan

5.0

5.6

48

6.0

5.8

49

5.6

71

Sep

7.3

Oct

7.0

Hov

5.4

Dec

56

Annual Ave

5.9

PSB Battery Recharge Days

S

12 3 4 5

Awerage battery recharge days

6 7 3 O
Ivonth

1011 12

Display Options
 Ahis encess
% Ahrs excess

" Abss generated

" PSH values
" Average bat SOC

~ Hecharge days:

Jan

Feb

Apr

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Annual Ave

Aray Tilt Angle [30 |l  Optimum tir Close

Array Tilt Angle Optimum

17

RETScreen

X icroroft Excel PY 2000 1

PVZOOO SW &R .’x‘un'f ® (] 0"7“-"“-‘: * S
— ( ) ‘I“ . P ® Canadi
Pre-feasibility tool i e -

RETScreen s avallable
: i free-of-charge at
nternet Opt

RETScreen
International

Photovoltaic Project Model

TO START (click here)

Developed by CEDRL Canada

Excel based

Freeware http://retscreen.gc.ca

Project Analysis Software

Sizing and costing

i/ Cont Andiyss £ GHG Arvdyss £ Fewrd Sy { Sheeki { ek { shvetd 1« of,

4 413 W\ Intro { Ervey Modd / Scls Resource & Ssten L
| 5 Z-A-=

Outputs: Power, LCC, GHG Emissions

. .. ETC
Site and System Cha acterlstlcs“

RETScreen” Energy Model - Photovoltaic Project

RETScreen Flow Chart

Project name
Project location

Nearest location for weather data
Latitude of project location

Annual solar radiation (iited surface)
Annual average temperature 20010300
DC energy demand for months analysed

AC energy demand f

Complete SRESL sheel
90010

Model Flow Chart

“Appitcation ype Oitgria
PV System configuration

Base Case Power System
Source -
Fueltype
Specifcfuelconsumption Lkwh

Power Conditioning
Suggested inverter (DC to AC) capacity KW (AC) 036
Inverter capacity i (AC)
Average inverter eficiency % 80% 10 95%
Wiscellaneous power condtoning losses % %10 10%

ter
Days of autonomy required d 70 1010150
Nominal barery voliage v 210 120101200
Battery eficency % 5% % to 85%
w % 0% 20% 10 85%
Charge controllr (DC to DC) eficiency % o5% 5% 1o 95%
Battery lemperature control : Wirimum
Minimum battery temper c 5o 0010150
age batery temperature derating % £3 0% 10 50%

Suggested nominal bttery capaciy ah Lm0
Nominal barery capaciy A 1170

PV module manufacturer / model # See Product Datahase

Nominal PV module efficiency % 15.0%
pc 401055

PV temperature coefficient %iC 0.10%t0 0.50%

PV array controler - WPPT

Miscellaneous PV array losses % 0.0% 0.0%1020.0%

Suggested nominal PV array power KWp 130




SIZERDMO

ETC

Fle Edit Project Catalog Help

Guide

Location

0 (Grand Junction]
System
12V 5 daye autonamy

PAppliances
53 /dday; 4E0W

2436V, 26408k
©Battery charger
108; 1200129
Generator

Gas; 1.7k

Array mount
Fined; Lat oU

PV al

28@55w 1540 tatal u
©lnve

1@12\/\20\/ 260w

1 Radio
| Esﬁw,AEnzwl ',

Catalog
Appliances

il Install appliances that will be
powered by the P4 system

1 TyvlcalHuwescent
= 04, D] ’

Installed

1 Refrigerator, 12 cu
il 330w, AC (120V)

What is HOMER'

+ Originally: Hybrid Optimization Model for Electric Renewables

+ Now: A tool for micropower system design and analysis

©Controller
@120, 164 1 Refiigerator, 12 cu . s
Wiring 58w, AL (120V] )

P30 L0 L 14 AWG

Reports
PEnergy

Economics

Avg. consumption 128 kwhidsy (358 Aweay @ 12vom)
Avg. production 429kWhiday ( 358 Ahiday @ 12 volts)
Energy storage capacity TTkwh  ( 2640Ah @ 12volts)
Design month Decerber Design monthsolar radiation 4,10 kWhim2/day

What does HOMER do? Technology Combinations

¢ Simulates many types of systems using a
one-hour time step

+ Analyzes system performance
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ETC

Technology Combinations Inputs — Building a system model
Equipment to consider

o and economics |
2|

Primary Load
10 Kwh/d
1.65 kW peak

P

P

T e L
Conponsrt Cotd [Replcensre
| (e
wocEm o
T4 Dioral ! 2317
150 Diset fReny
By nex
Comertr ! 151 o au o y
Tk 23 x (kS AC
Resources

& | Solar resource
i
z5pe < i
ot N 25| wind resource
[
& | Gasoline

Generator BwWC KL1

< o

Battery

Converter

Tetal Armrficert $129 7% Economics
Generator control

Grid extension

Emissions

@ Constraints




ETC

Inputs — Renewable Energy System

PY iPhotovoltaic] Inputs

It e

Siza Ksv) | Goptally] | Fepiazament 15 | 05 (5291
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Inputs - Load

Aggregate Load
A [

May Jun  Jul  Aug  Sep
Day of Year

ETC

Inputs — allows you simulate unknowns
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Inputs — Fuel Generators
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Inputs — Renewable Resource

Solar Resource Inputs
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Inputs — example of simulation

Fuel Curve Calculator
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Outputs
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HOMER Calculates Life-Cycle Cost

¢ The total cost of a system over its useful life

+ Initial capital costs
PV {Photovoltaic) Input: : -
{Photovolteics Inputs + Operating and maintenance costs

isa s window 10 dfne the cast CurYS of pharovalTac
(F0) pans, chonss tha sizes ye want HOMER ta Eorader
S 1 Caarories for the conmal Systarh S ey e
it St of tho s

Fuel costs

Costs

Component replacement costs

o
Siom KW | Copia 41| Feclocesrerd 3] DUM (8] .
e [ —

Grid purchases and sales

| Salvage value

i the cost tatle, entar tha PY cost Gurke, mearing tha
e wth e 1

¢ Expressed as a lump sum in "today's
dollars"

T

N

¢ What size PV array?

+ How many wind
turbines?

Frmary Load

10 kwh/d .
1.65 R/ peek. b
g sw DR He Dus i WKL

Initid
Capital

Annudized | Arralzed
Capial
]
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Battey

¢+ How many batteries?

i

¢ What size generator
¢ RET vs. Generator

esouces
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| Solor esource
| windesauce
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Optimization Optimization

Wi Turbine Input: pY. o) Inputs
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Optimization Optimization Results
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Sensitivity Analysis

¢ Key variables may be
s uncertain
127 Kl peak

== (=]
75 kv Dieoel Baklery — Wind Speed

= . -
1508 Plesel — Fuel price Ea
_ Wind turbine life & ST
¢ What if our guesses e L
’ ™ Lmtusaze to iyl
are wrong

Fuslprcpettes
Lower heskna vobie: 44 Mirka




Results - Sensitivity Analysis

System Tywes
[Eersoin
o

Variabie: Gissalne Pis
U

Link with:[enare>
vaee [

Dicse Pice (1) _

Hep Cancst

Many Other Kinds Of Systems Other Features

¢ Cogen systems

Willage load Primary Load
623 kwh/d B0 kwth/d
53 kw peak KW peak
Biomass generator

Waler pumping Corveter

41whid ¢ Net Metering

SKW peak

Hydiogen tark.
'y

Electric Load
1,000 kwh/d
93 ki peak
Fuel Cel Electrolyzer

je—3le
Primary Load Fuel Cell

2 kwh/d
Bailer  Theimal Load 339 W pesk

HTML Input Summary
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HTML System Summary

Simulation Results

System vcitesua 1R PY 1 kit e
TEWERL 075 K Feciiis Total NFC: $20676
264w Gererstor Cyole Charging Levobzod COE: $ 0831 #h
6 T LT6P

Got | Cecicel| Germtm | BWEALT] PV | Bt G| Esiors| ot D]
Cotal+Focl: 315550 DA+ Fust 52810 Toltarrusizod $1.9570

£

Il Anvsized | Arcusized | Annl
Companet Coptd  Captal  Aeclocerent
0] [C)
[ 7om
B amm an

3
122
75
13070

HOMER summary - Pros

¢ Directly compares and optimizes system
alternatives

¢ More realistic model of relationship between
resource and load

— although not too detailed keeping it manageable to
build

— often as good as the estimates you can make
¢ Excellent graphical outputs
¢ Sensitivity analysis
¢ Flexibility

QUESTIONS ?

Gerrit Jacobs
ETC Energy

winter@etcnl.nl
PO Box 64
3830AB Leusden
the Netherlands
T:+3133432 6025
F:+3133 4940791

HTML System Summary

TOlANFL $ 20676
Levalzod COE: § 0531 kwh

HOMER Summary - Cons

¢ Cannot model purely thermal systems

+ More complex model to build
— and see
— building model is non-linear

¢ Required input data is often not available
and needs to be simulated

— note: simulations can be made with reasonable
accuracy and ease

— still better than a single number input



