SunSim Storage - User manual

Introduction

The progranSunSim Storage has been devised and developed to calculate in a simple, qdick an
reliable way the behaviour of the photovoltaic systems coedéotthe grid along with their energy
storage.

Frequently, the economic calculation for the photovoltaic sysieith storage is based on yearly or
seasonal average data that do not take into account the aet@lafr electric loads. These
approximated calculations in most cases lead to totally erronexsudtsr because, especially
considering a single user, the highly discontinuous loads trend chenatduced to behaviours
averaged over time.

Demonstrating how said, one should try to see if the calculatitimoch@resently in use can answer
positively to the following questions:

- Does it take into account the different seasonal behaviour,calssidering the different
availability of the solar source and the different trend efltads (e.g. lighting, heating /
cooling devices, etc.)?

- Does it take into account the different load trend in the wegiys (working, Saturdays,
Sundays)?

- Does it take into account the presumable periods of summer ihagtiolydays, vacations,
closures, etc.)?

- Does it take into account the different type of loads (residemitenmercial, industrial,
etc.)?

One should note that while for the usual grid connected photovoltstenss what really matters
are the annual values of production and consumption, in case omsysigh storage, it is
fundamental to foster the storage itself both energetically eexmshomically. Nevertheless, to
achieve this result one needs to consider in detail the ambené@y that the storage can turn into
self-consumption. Only in this way one can evaluate if its peeEseés justified and which size can
be considered as optimal.

Calculation method

SunSim Storage is a simulation program that works in the time domain. As ewsc the
photovoltaic production, results are obtained by tracking the solas pltting the year, thus
evaluating the effects on the site in the sampled pointsiaalkyfby properly adding all those the
partial results.

Consumption data are taken instead from a file and continuously compisinetthevphotovoltaic
production and with the stored energy. The presence of the elgigttiallows to equilibrate the
energy balance, as in every considered instant:
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- if the photovoltaic production is greater than consumptions ttieray®address the surplus
toward the storage and, when this is saturated, the excesdingy is sent to the grid;

- if the photovoltaic production is lower than consumptions the systeks pp from the grid
the missing energy and, when the storage is empty or has detctexhnical minimum, the
same energy is taken from the grid.

The corresponding energy fluxes are illustrated in the followigyi.
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SunSim Storage makes the simulation of the energy behaviour for the system cethjims
photovoltaic plant, storage, electric loads and electric griad full calendar year.

The simulation approach, identical to that usedSapSim 8.0, allows the exploitation of the
initial data in a simple and understandable format (direct afusdiinonthly solar radiation, time
series for electric loads). Conversely, results need a hogrint of calculations (the time step
adopted bysunSim Storage is 5 minuts) and in the Annex B a few details on the used method are
shown.

The program is completely written in C/C++ language.

Minimum system requirements

The programSunSim Storage can work on every PC commercially available with operating
system Windows Vista or higher and a minimum screen resolotid®80 720.

The resources needed ByinSim Storage are anyway very low, because the program does not
need the installation of specific drivers, does not use its dunlibraries and can work without an
installation procedure, because it can run from any folder codt@ina fixed or movable device
such as, for example, a CD or a memory stick.

However, in the same folder 8unSim Storage the fileloads.txt must be present, which contains
the input data related to the total consumptions of the eléa#ils considered.
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Installation

SunSim Storage does not need any installation procedure and can run from any foltained
in a fixed or movable device simply by double-clicking on the pragcamn.

Firstly, it is advisable to copy the executable file on thekidgs(along with thdoads.txt) and, by
means of the right mouse button, activate the command “A8thto Menu”.

Protection

SunSim Storage is protected by means of a code of 3 characters thabéified at delivery time

and that shall be inserted in the specific editable fietdatinsert Code

If the 3 characters are right, the editable field disapped at its place the tektode accepted

will appear. Otherwise, an error message will appeatt@grogram terminates its execution.

Every copy ofSunSim Storage distributed under licence is customized, because in the main
window the name of the owner is properly marked as it isaruser licence.

Operation description
The programSunSim Storage consistes essentially of a main dialogue window through which is
possible to control all the main parameters involved in gheutations.
In the following, the specific items of the main window adlvas the other windows that is
possible to open will be considered.
From the main window, it is possible to find the areas, whichagothe main commands for the
program:

- Solar data-base — Meteo station

- PV Power, BOS

- Storage, DOD, /4 chsrge/disch.

- Loads data-base

Moreover, there are further areas where it is possildelazt the graphical presentation of results:
- Solar, Production, Consumption, Prod. + Cons., Storage, Grid exchange, Self
consumption, State of Charge
- Monthly, Day monthly, Daily
- Buttons for the selection of the current month and the current day

Finally, there are a report area for the yearly resuit$ an area that allow to save the calculated
values on filesRTF e.CSV:

In the next figure an example of main window is shown. As almbstparations made without
opening further windows, the main window include a graphical sub-windosve all trends of the
results can be plotted by selecting those that interest.
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Input data

Solar data-base — Meteo station
This pane manages the choice of the solar source and thetmienfahe photovoltaic array.
The following figure shows an example of this section.

~ "

Solar data-base - Meteo station
| Climate-SAF PVGIS - Roma - | |

111 MNew Site

Latitude = 41.9°

Yearly solar energies

Beam = 1276 kWhim?
Diffuse =339 kKWhim?
Total = 1813 kWM

1 Tift= 30°
Azimuth =

0°

By means of the drop-down menu it is possible to select the ddigeof and diffuse radiation on a
horizontal plane for the chosen site. These data refers tordjoseed in the standard UNI 10349
for the Italian sites and to the calculation methods used by JspraResearch Centre (JRC) for the
Europe, Middle East and North Africa as well as for a nurabegpresentative Italian sites.
Information available on PVGIS are of public domain and caiotxed on the JRC website.
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Data, which refer to the standard UNI 10349, concern the follpdd1 Italian provinces.

% '!

A~ AN AN~~~

Data, which refer to the calculation methods, adopted by the Jesd#arch Centre, concern the
categories Classic PVGIS, PVGIS-Helioclim and Clima#g= PVGIS.
The 88 sites listed here below have been selected byimgfeo the Classic PVGIS method.
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For the following 3 sites the reference is represented intgalle calculation method PVGIS-
Helioclim.

[ # +8- | +& - 4 +, -

Finally, for the following 26 sites in Italy the calcutat method Climate-SAF PVGIS was also
used.

As one can see, a number of Italian sites are recallabldrbatiJNI 10349 and from JRC. In this
way it is possible to understand how different solar data ftect aesults.

By means of a first pair of buttons marked with the arrowend- it is possible to modify the
latitude of the site from 0° N to 90° N by initiating fraimat of the chosen site. The use of these
buttons for minor corrections does not cause any problem. Howelangefvariations are needed
one should always keep in mind that the radiation data loaded faitthabuld not be compatible
with the new latitude, especially shifting northward. Thus indhesses it is always necessary to
verify the correctness of the radiation data and modifyntivben needed.

There is also a second pair of buttons marked with the arroarsd- , by means of which it is
possible to modify the tilt of the PV array plane from 0° N t& RO Similarly, with the arrows

and itis possible to modify the azimuth between -180° and +180° cauparthe South.

The last one of the sites in the list is indicate&ldsw site>. It is a site for which it is possible to
introduce solar radiation data from an existing site.

In this section, the solar radiation values for the selesstecand the specific orientation of the solar
array are also displayed. These values refer to thetdii€fuse and total radiation.
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The buttonNew Site allows the personalization of the direct and diffuse solaatiadi by means
of a specific dialog window as shown in the following figure.

Set-up New site

Up
Drwr
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Dir kWhi] 094 156 228 314 441 541 589 478 311 192 117 086 v
Dif flWhid] 0.83 1414 172 208 242 231 185 178 175 139 094 075 v

[ | | | | | | v d v d |

Clear All | Open | Save As | Exit |

By means of the buttoridp andDw it is possible to increase or decrease the values of dinelct
diffuse daily average solar radiation per month. The valuesddify are chosen by means of a
selection grid made by means of checkboxes placed in corresporafetheemonths of the year
and of the direct and diffuse radiation. By this method it is ptessd modify several values at the
same time.

As an example, in the figure the direct and diffuse solar tiadidor the months of August,
September, October and November has been selected. By ptassingtondJp andDw it is thus
possible to change all the selected values at the sian@e t

The window allow to save the new set values in a properSIE and to open the existing files to
load the data previously saved.

Yearly production

As seen, the sectioBolar data base — Meteo station refers to the solar radiation values
intercepted by the PV modules array, regardless of the smiaersion technology employed and
the characteristics of the photovoltaic system.
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Conversely, in this section dedicated to the yearly productias, possible to specify the rated
power of the photovoltaic system (defined as the sum of ted @awers of the PV modules that
compose it) and the overall efficiency (BOS) of all theichg to the output connections.

The following figure shows an example of this section.

PV Poter KWp  BOS %

Yearly PV production = 5083 klWh

Based on the solar radiation values previously calculated and trectensstics of the PV system
introduced in this section, the yearly production value of the ¥¢em is also calculated and
displayed.

Storage characteristics
The characteristics of the storage are identified by thenpeters contained in the following figure,
reported as an example.

storage kn pop| 60|
1 charge/disch. %

The parameter associatedStworage refers to the rated value of the storage capacity, exqutéss
kwh.

DOD (Depth Of Discharge) refers to the maximum percentage aliithargeable energy from a
chemical storage before a degradation might occur. This paarnygtically, is applied to lead-acid
elements that cannot be completely discharged. A value equal t@80fcthe example, means that
actually only a 60% of the rated capacity of the storagebesemployed. Conversely, if the storage
has not such problems it is possible to indicate a value exqu80%.

The parameteh charge/disch. takes into account the fact that not all the energy entertitein
storage can be retrieved afterwards. In the given exathgle,5% of the stored energy is actually
recovered.

Loads data-base

It must be stated that the temporal values of the aldotxds are contained in a single file named
loads.txt. In this file one can insert up to 10 different types of eledbads also differently
organized.

Loads data-base

|.ftafy_A goregate Residential j

Adjust | 000484  Yearly loads = 4357 kKWh
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By choosing a specific electric load form the dropdown menugpthéyearly consumption in kWh

is automatically displayed. Normally it is however necessargonform such a value to specific
needs, while maintaining the trend over time and for this reasomelys of the parametadjust

it is possible to introduce a proper multiplying factor. In #imve example, the yearly energy
consumed by loads was made almost coincide with the yearlgyepeaduced by the photovoltaic
system (although these two values could differ anyway).

The fileloads.txt provided withSunsim Storage contains a few examples, but it is possible to add
others in a pretty simple way as reported in the annex C.

Graphical views
SunSim Storage can plot the results in different ways by means of genple selection tools.
The time range that one can display is one of the followings:
- Monthly — display of 12 monthly averages in the year
- Day monthly — display of the average daily trend in a given month
- Daily — display of a trend for a specific day in the year
Referring to the variables to be plotted it is possibleatee the following graphs:
- Solar — values of the direct and diffuse solar radiation
- Production — photovoltaic production
- Consumption — consumption of the electric loads
- Prod. + Cons. — photovoltaic production and consumption of the electric loads in the sam
graph
- Storage — energies in transit from and to the storage, compared with piauumnd
consumptions
- Grid exchange — energies in transit from and to the grid, compared with productidn a
consumptions
- Self consumption — percentage of consumptions that have been covered by the produced
energy
- State of charge — state of charge of the storage
The following figure shows the area where it is possiblake these options.

{ | Solar " Production " Monthly — | = | s
" Consumption " Prod. + Cons.

_ " Day monthiy e :
" Storage ™+ Grid exchange o =

" Seifconsumption | State of charge {*' Daily

From a simple simulation as that reported in the example (3RWp 3 kWh storage) and with the
residential-type consumptions as indicated, one can observe thamné vginter-autumn periods
there are days where the produced energy is totally self-cedsamd the storage can therefore
transfer all the daily production to the evening hours. Converselfthe months of higher
production, the storage cannot store all the exceeding energy aedit ®saturated, it must be
perforce disconnected up to the end of the day, when it wileQeired to give back the stored
energy.

The following figures show these behaviours in two specific tiagen in the months of December
and July.
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The program displays also a summary table that reports thgienexchanged during the year. The
following figure shows an example.

Reports

SunSim Storage allows to obtain a number of reports that can be used by wordgsars and
spreadsheets, because it can produce .iR&& (Rich Text Format) andCSV (Comma-Separated
Values).

In the sectiorBave results it is possible to generate the reports of interest, shat i

Text RTF  File readable by every word processor

CSV (i.f) File readable by every spreadsheet with a dot between theadeiich the integer
part of the values and those separated from one another by a c@ngiesh
standard)

CSV (i,f) File readable by every spreadsheet wa comm: between the decimal and t
integer part of the values and those separated from one amgtreerdot (Italian
standard)

Text file .RTF

The content of theRTF files is different depending on the temporal interval setecte

If Monthly is selected, the file reports the monthly averages andaéity trends.

It is the report most frequently used and that can give a @eview of the trends of the system
variables, as in the example reported in the followiggré that displays a portion of the file.
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In the case instead thBay monthly is selected, the file reports every single value wihnainute
interval of the average daily trend for the selected moashjn the example reported in the
following figure that displays a portion of the file.
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Finally, if Daily is chosen, the file reports every single value with a Sitaimterval of the specific
selected day, as in the example reported in the folloviguge that displays a portion of the file.
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File for the spreadsheet .CSV
The .CSV files type generated b$unSim Storage, contain the same informations of the report
files .RTF but these can be read by every spreadsheet.
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Annex A

Files managed by SunSim Storage

LOADS.TXT File containing the data of the load types ®anSim Storage can use

<filename>.SIT File conaining the latitude and the values of solar radiation data
monthly averages for a given site not included in the list proposéakeby
program

<filename>.RTF Report file readable by a un word processor

<filename>.CSV Report file readable by a spreadsheet

Files included in the software package

SunSim Storage.exe Executable rogran

Protection.txt File conaining the 3 characters to digit in order to enable
operation of the program

Licence.PDF User licence of the program
SunSim_Storage_Manual.PDF User manual oSunSim Storage

Possible problems of use in a few PC

Although SunSim Storage was made with the aim of having the widest possible dffusn
different PCs and versions of the Microsoft Windows operating rsyste a few cases some
compatibility problems have been detected as listed hereaf

Windows 8.0 e Windows 8.1

In some installations of these versions of Windows the libraaycm 00.dll is not present, although
C-written programs, aSunSim Storage, often use it. In these cases, one can fix this problem by
adding the proper file in the system folder or by installirigrivsoft Visual C++ 2010 (free).

Windows XP
On this version of Windows, no working problems have been reported, buabthef the program
is not always properly read and in these case Widows showlefdgit symbol for unknown icons.

Annex B
Method used for the calculation of the solar radiat ion

Solar paths and shadows diagram
The values of the solar elevatign and of the azimuth anglg, are obtained from the latitude e

the declinationa (different curves have different declinations). Each cuswlerefore obtained by
varying the hour angles in the following formulas.
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c0sg, =sina:sinF +cosa:cosF >cosw

_sing, >sinF - sind

co
% cosg,, XcosF
Where
. 284+n .
d =2345sin 360){% (n is the day of the year calculated from tReol January)
w=15t+Dw- 180 (t is the time in hours andwn depends from the longitude)

Orientation of the PV module array

The possible values for the tilt of the arrayrange from 0° and 90°, while those of the azimath
must range between -180° and +180° referred tohSdtitis possibility to operate on the entire
diagram allow the simulation of northward tilts tbe PV module array.

Calculation of the direct solar radiation
The calculation of the direct solar radiation isd@&®y examining separately the solar paths referred
to different months. Each solar path is thus cared as composed by a number of points, whose
radiation with respect to the PV module array ikwated for each of them on the basis of the
following factors:

- Solar radiation data

- g angle between the path of the direct radiationtaednormal to the plane of the module

array

- Turbidity of the atmosphere
The solar radiation data are those prevoiouslyddaoh the site, while thg angle is calculated
according to the following expression:

cosg =sina:sinF - sing>cosF *sinb:cosa
+ cosa >cosF >cosb >cosw + cosa >SinF >sin b scosa >cosw
+cosa:sinb:sina :sinw

The turbidity of the atmosphere is calculated byanseof the Linke formula:

- OcpaX) 2am

Iz =1,

The Linke formula therefore may allow the calcwatf the value of the direct solar radiation on
ground I ; from the extra-atmospheric ohg The formula uses the value of the Air mass, set
to 1/sing, , and the Linke turbidity coefficient, which mayryaccording to the site and the season

of the year, but for sake of simplicity has beetrceastant and equal to 3, considering this lasimas
average value commonly used.
As concerns the paramenter,, a number of expressions may be used. Among thbese,

proposed by Kasten was chosen, which is validvida interval ofarr :
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CDA

1
94+ 09xam

Calculation of the diffuse solar radiation

The calculation of the diffuse solar radiation & PV array pland , takes into account the
inclination & of the PV array with respect to the horizontal pland uses the expression:

1+cosb

;=1
p ~ oo
2

Annex C

Structure of the file loads.txt

The file loads.txt allows a rather flexible management of the electansumption data, because it
is able to host both simple tables and very detdiébles, containing data collected with a high
frequency.

The main characteristics of the tables containddads.txt are reported here below.

The file may contain up to 10 types of loads (taplalso with different formats. The integer
number in the first lineNumber of loads) specify the number of loads.
Each type of loads has its own name, to be typdHowi spaces,Lad name) with a
maximum of 45 characters.
Data may be monthly, where for each month theeerecord of data referred to the average
day, or alternatively may be daily, where it is @&gary to introduce 365 records of data,
one for each day of the year. A proper value inhtsader of each table specify if data are to
be considered:

- Monthly, in this case type &Q  Monthly data)

- Dalily, in this case type (L Daily data)
In case of daily data, each month is considerembagposed by the corresponding number of
days in a year of 365 days (28 days for February).
As previously indicated, the difference between thiynand daily data is in the fact that
monthly data consider that the trends of load congions are the same in all days of the
same month, while the daily data are differentdach day of the year. In other words, in
case of monthly data we have 12 records of hourlintva-hourly data, while in case of
daily data we have 365 records for the same data.
In all cases, at the beginning of the data of eaohth, a number indicates the reference
month Month), between 1 (January) and 12 (December).
The minimum frequency of the daily data is hourB4 (values for each day), but the
program is able to accept frequencies also furfirenide they correspond to a multiple of 5
minutes in each hour. The maximum number corresponthe time interval used in
calculation, equal to 5 minutes, that is 12 dathd®our. A suitable integer value in tables,
between 1 and 12NUmber of data per hour), provided is a submultiple of 12 (i.e. 60/5),
specify the number of data per hour. For sakeanitg| here below a list is reported with the
number of consumption data for each day 8@ Sim Storage needs to read according to
the value previously set.

- 1 24 daily values (1 data every hour)

- 2 48 daily values (1 data every half hour)
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- 3 72 daily values (1 data every 20 minutes)
- 4 96 daily values (1 data every 15 minutes)
- 6 144 daily values (1 data every 10 minutes)
12 288 daily values (1 data every 5 minutes)

- Consumption data contained in the tables are esedesy kW (that is the average power

value in the period) with a free number of decimals

The next figure visually shows a portion of theefibads.txt, highlighting the structure. It is
important that the organization and the number ahdactually inserted be consistent with the
values indicted in the fields above specified. dit,nthe program reports the error and cannot
perform calculations correctly.
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