GETTING STARTED. iHOGA 3.4.

Updated April 18, 2023

Several example projects are shown to illustrate how iHOGA works. You can find more

information in the User's Manual (https://ihoga.unizar.es/en/descarga/)

This guide is designed to follow sequentially.

Users of the EDU version can perform all the steps up to section 28 (except section 26, version

3). From this section it is only possible to continue with the PRO+ version.
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BEFORE STARTING TO WORK:

iHOGA needs to run:
- Internet connection to check the license validity.

- A printer (physical or virtual) installed in the computer. This is necessary to print the reports.

You can install a virtual pdf printer, for example the free doPDF (http://www.dopdf.com/es/)

1. Create a new project.

In the top menu, click Project->New.

The first time we create a project, iHOGA asks us if we want to change the default currency
(which is EURO).

Confirm .

'.o.' Do you want to use as default currency in IHOGA a currency different from EURO (€)7
- - If you want a default currency different from EURO (€), press 'OK

- If you want to keep EURO (€) as default currency, press 'Cancel’

Cancel

This starting guide is prepared with the EURO currency, so we have left the EURO as the default
currency, by clicking “Cancel”. However, if you prefer another currency you can click on "OK"
and change the default currency to another by following the steps on section 3 of the user
manual (https://ihoga.unizar.es/en/descarga/). In that case the economic results that will

appear later in this guide (in €) will be different from yours (in another currency).

After selecting the default currency, the following window appears.

iHOGA type of project

@® LOW POWER PROJECT: load in W. energy in kwh. currency in its m.u. {_hoga project)

O HIGH POWER PROJECT: load in kW. energy in MWh, currency in k m.u. {.kho project)

014 Cancsl

We can choose the type of project:

e LOW POWER PROIJECT: in this case the load input values are in W, the results of the
energy are shown in kWh and the default currency is shown as it is. The options are
preselected for low power systems. The file extension of this type of project projects is
.hoga.
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e HIGH POWER PROIJECT: in this case the load input values are in kW, the results of the
energy are shown in MWh and the default currency is shown in kilo monetary unit (that
is, in 1000 x the default monetary unit). The options are preselected for higher power
systems. The file extension of this type of project projects is .kho. This kind of projects
are allowed only in PRO+ version.

We choose LOW POWER PROJECT and then click OK.
Then a window appears where we must indicate where is the folder of the project and its name.

The full path from the root directory to the file .hoga or .kho (depending the type of
project) that will be created should not contain more than 60 characters,
otherwise an error may occur.

Wl Create new project X
Guardaren: [ g Discolocal (D) v @ & e @
* Nombre Fecha de modifica... Tipe
14 5 Carp
Acceso rapido Carg
m
Carg
Escritorio Carg
Car
1 Carp
Bibliotecas Car
Carp
] Cary
Este equipo Carp
Car
L;]‘ e, Carc ¥
< >
Red
Norbre:  [ETE] v| [[Guarar_]
Tipo. iHOGA project (hoga) v| | cancelar

In our case, we create it directly in the root directory (or in the folder where you want provided
the full path should not be longer than 60 characters) and call it “Prl.hoga”, then clicking on
“Save”.

The file Pri.hoga will be created in the folder selected, and a folder with the same name (Pr1)
will also be created. If, later, after closing the project, you want to move or copy your project to
another folder or share it with another person, you must move / copy / share the .hoga file and
also the folder with the same name (in this case, you must move / copy / share Pri.hoga file and
Pr1 folder).

In PRO+ version, we can choose general options of the project (upper menu Project-> OPTIONS):

1 Project DAPrl.hoga
Project Data Calculate DataBa
O Mew
(& Open
& save Ctrl+5S
ﬂ Save as

Save as Default Project

OPTIONS

Restore Original Tables
Create Tables backup
Restore backed up Tables
Restore Default Currency

Fl Exit

A window appears where:



In the Simulation and optimization selection, we can select that the simulation is just for one
year (extrapolating the results of that year, by default) or multiperiod, simulating the whole
lifetime of the system (by default 25 years). Multiperiod is only possible for PRO+ version. We
leave the default value.

MAIN OPTIONS:

Simulation and optirmization:

& Simulation of the 1st year and extrapolate results

" Multiperiod: simulate all the vears of the system lifetime (|25 vears)

Economic optimization

@ Minimize Met Present Cost (MPC), usually for off-grid systems and high load on-grid §

" Maxirmize Net Present Value (NPV), usually for low load of nodoad on-grid systems | &

Murnber of decimal places in results of costs |1«

Murnber of decimal places in results of energy |1~

OK

In the Economic optimization selection, we can choose between minimizing the net present
cost (NPC) of the system (for off-grid systems of grid-connected systems with load) or
maximizing the net present value (NPV) of the system (for grid-connected generators without
load or with low load). NPV optimization is only possible for PRO+ version. We leave the default
value (minimization of NPC).

We click OK.

The default project is a Photovoltaic-Diesel-Battery system to cover the demand for a low-
consumption housing (average AC consumption of 3.63 kWh/day). However, later we can
change any of the data that appears by default.

1l Project: Di\Prl.hoga - [m] X
Project Data Calculate DataBase Report Help
~ LOAD / AC GRID GEMERALDATA OFTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART
RECURS0S COMPONENTS MIN. AND M&X. Mo COMPONENTS IN PARALLEL: OPTIMIZATION PARAMETERS SELECTED BY.

" SOLAR

!
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COMPONENTES [J Hydro Turbine q
=
wis

PV panels

Bateries in paraliel Min. Max. ® HOGA O USER

P\ pan. in paraliel, Min. D Max. Maximum execution time:
] ] 0 | min. Paramelers

# P FANELS AL Gen, in parallel Min Man Minimurn time for the Genetic Algorithms
Battery bank

CONSTRAINTS: § mulation
Step [min. ] Simulation starts:
AC Generator Mastimum Urmet Load allowed % annual
TS R EE how [0 [dap[1 | menth(1
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2. Type of system.

By default, the system to be optimized would be hybrid photovoltaic-diesel-batteries, evaluating
different combinations of components.

We are going to assume that we are also interested in testing combinations with wind turbines,
that is, that the system can be photovoltaic-wind-diesel-batteries.

In the main screen, in the default tab (GENERAL DATA), we click "Wind turbines", this way the
system will also consider them.

GENERALDATA  OPTIMIZATION CO

COMPOMENTS
PV panels

ov
[~ Wind Turbines Waly;

[JHydro Turbine

B attery bank il
[“1AC Generator i
Inverter E‘:!—E

CJH2 (F.C. - Elyzer) it

In the group of buttons on the left, the buttons "WIND" and "WIND TURB." are enabled, showing
the "!" symbol indicating that data must be entered for wind speed and wind turbines.

1l Project D:\Prl.hoga
Project Data Calculate DataBase FReport Help
" LOAD / ACGRID GENERALDATA  OPTIMIZATION CONTROL STF
RECURSO0S COMPONENTS MIN. AND
«f SOLAR (
P¥ panels Bateries in
— rtww T> g |
Wind Turbines PV pan. in
: . Wind T. in
COMPONENTES [ Hydro Turbine AC B i
en. in
P PANELS
/ Battery bank il
¢ wioTuRe, [ _ el
AC Generator 'y I awimum L
« BATTERIES Inverter i‘:!—f [g:‘;nﬁtish
m [JH2 (F.C. - Elyzer) -fT;
- ACGENERATOR
+f CHARGE BAT. . 1

3. DC and AC nominal voltages.

In the main screen, under the components buttons (central left zone), the nominal DC and AC
bus voltages of the system are defined. Let's use the ones that appear by default.

DCYoltage |48 [V [ ]50Cd.
AL Yoltage (230 |V

If the checkbox "SOC d." is marked, the DC voltage will vary depending on the state of charge
(SOC) of the batteries, situation more similar to the real one than if we consider DC voltage is



fixed (without marking that checkbox). This option is only available in PRO+ version, so we leave
this box unchecked.

4. Load data.

By clicking on the "LOAD / AC GRID" button, we can modify the load data (electric demand AC
and/or DC, hydrogen load for external consumption or water consumption pumped from a river
or a well to the water storage tank) and the data of purchasing and selling electrical energy to
the AC grid or selling surplus hydrogen.

1l Project: D:\Prl.hoga

Project Data Calculate Dat:

+f LOAD / AC GRID

By default, the load demand is that of a low-consumption housing (average AC consumption of
3.63 kWh/day). Suppose that the consumption of our case is similar to the default values, with
the following changes:

¢ Every day of the year, between 12 and 13 h the consumption is 450 W.
e Every day of the year, between 20 and 21 h the consumption is 370 W.

In the tab that appears by default, AC LOAD (W), we click on the first row (JANUARY), column
12-13 h, entering the value 450:

1st enter the new value at the desired 2nd Click on the box to the right or
time of the month of JANUARY left

AC LOAD (W) DC LOAD [w) H2 LOAD (kg/h)  WATER (m3/day) FROM WATER TANK (PREVIO PUM ] PURCHASE / SELL E

Month [ 0dh | 12h [ 230 | 34n [ 45h [ 56h | &7n | 78h | 85h | S10h [ 10-01h [ 17 Geaz | l¥4h| 14-15h [15-16F A
T[saNUARY 22 2 22 22 22 22 110 176 132 110110 P3od 450 0 176 15
: FEBRUARY 22 22 22 22 22 22 110 176 132 110 110 308 220 176 15
|_|MARCH 22 2 2 22 2 22 10 176 132 110 110 308 308 220 176 15

APRIL 22 2 22 22 22 22 10 176 132 110 110 308 308 220 176 15
'l MAY 22 22 22 22 22 22 110 176 132 110 110 308 308 220 176 15

If you then click on one of the adjacent boxes (row JANUARY, column 11-12 or column 13-14),
the new value of 450 W appears in all the boxes in the column where the data has been entered.
In this way we avoid having to enter all the data in the column one by one:

10-01h [ 11120 [ f20% [ 1314k [ 14150 [I516
110 | 308 176 | 1

110 308 220 176 1t
110 308 220 176 1t
110 308 220 176 1t
110 308 220 176 1t
1o 308 220 176 1t
110 308 220 176 1t
110 308 220 176 1t
110 308 220 176 1t
110 308 220 176 1t

We repeat the same procedure for the case of 370 W between 20 and 21 h.



£\
sh | 13:20n [/2021h
264
264
264
264
264
264
264
264

22-23h
242
242
242
242
242
242
242
242

MM RN RN NN N

In our case let’s suppose that the defined consumption load is for the weekdays, and that on the
weekends the consumption is 20% higher (note that iHOGA considers in the simulations that the
two first days of the year are weekend).

Enter the scale factor 1.2 for the weekend.

In all iHOGA data boxes, the decimal spacing must be entered as defined in the Windows
environment. The computer with which this quide was made has in Windows the decimal
spacing as the dot (".") so we have introduced “1.2”; if your computer uses comma as decimal

spacing you must introduce “1,2”.

Scale factor for Maonday to Friday: Scale factor for the weekend: _1-21

Let’s suppose that we want to add a randomness (variability) in the load consumption, of 5% per
day (total energy envisaged for each day can be modified between +5 and -5%) and 3% per hour
(the energy envisaged for each hour can be modified between +3 and -3%). We leave by default
the randomness of the minutes and the correlation of the minutes (to obtain, by means of a

first-order autoregressive model, the load consumption values in minutes). Enter these data in
the corresponding boxes:

"W ariability

A
D aily ' ariability 5 %
H awrly % ariability 3 A
Minutes Yariability |3 %

Carrelation minutes

The variability introduced may imply that the results obtained by the reader with his/her
computer are slightly different from those obtained in this quide, since the AC load will not be

exactly the same, due to the random variability introduced.

The only load is AC. We can see in the different tabs (DC LOAD, H2 LOAD and WATER load tabs)
that the other load types are zero by default.

Then click the "Generate" button (lower left area) to generate the 8760 AC load hourly values
(and the values for each minute within each hour).

Generate AL load power factor [cog fi):

At the bottom the average daily total consumption, around 4.07 kWh / day, is shown.



The load can be visualized in graphical form, with temporary steps between 1 and 60 minutes.
Select 1 minute:

1= Graph in steps of “ |min.

And then click on the "Graph in steps of" button the load curve is displayed (it can take some
seconds to appear). In this case only the blue curve appears since only AC consumption has been
defined. You can display several days at a time, changing the value in "Days display". In the
example 15 days are seen. January 1% is supposed to start the weekend (Saturday). The
remaining days of the year can be viewed by moving the scroll bar under the graph legend.

V[ Graph - O x

LOAD

700
650
500
550
500
450
400
E 330
300
250
200
150
100
50

January

M — ACload [¢ — DCload [¢ — H2 (in HHY) ¥ — WATER (in pump E) |

(=

2 Back

By clicking "Back" we return to the load screen.

In the load screen, under the “Generate” button, we can add load for a certain time, which can
be repeated or not. In this case we will add 100 W AC for 20 minutes, starting at 7 a.m. in the
morning of January 1st, and it will be repeated every day (see next figure):

Add load of |'||:||:| |W AL« | during mir

| Repeat every

days

from: min|EI |h|:uur|? ||:Ia_l,l|1 |m|:unth|'|

By clicking on the button "Add load of" this consumption is added to the one generated
previously, with a confirmation window of the added load.

At the bottom of the screen it is shown the average daily total load, which is now around 4.11
kWh/day.



If we click again on the "Graph in steps of" button the following screen appears (after indicating
that we only want to visualize 2 days), being able to observe how each day at 7 in the morning
during 20 minutes has been added 100 W.

LOAD
700
650
600
530
500
450
400

300
250
200
150
100

50

M1 -3

¥ — ACload |¥ — DCload ¢ — H2(inHHV) [ — WATER (in pump E) |

In all the graphs, you can do zoom in the graph with the left button of the mouse, selecting an
area of the graph; later you can undo the zoom with the right button of the mouse.

We return to the load screen by clicking "Back".
In this screen, by clicking "OK" (left bottom corner) we return to the main screen of the software.

Remember to save the project periodically (upper menu Project-> Save):

W Project: D:A\Pri.hoga

Project Data Calculate Data Ba

) Mew

= Open

)
Ei Save as

Save as Default Project
Options

Restore Original Tables
Create Tables backup
Restore backed up Tables
Restore Default Currency

Bl Exit

5. Irradiation data.

By clicking on the "SOLAR" button we can modify the solar resource data.

i Project: D:\Prl.hoga
Project Data Calculate Data

«f LOAD / AC GRID |

RESOURCES
S0 |

10



Within the irradiation screen, we must indicate the latitude and longitude of our location. If we
know them, we indicate them directly.

If we do not know them, users of the PRO + version can obtain them directly with the button
"Locate on map" (the first time they must introduce a Google Maps JavaScript API key, which
can be obtained free of charge as shown in the user manual, section 3.3.2), then Google Maps
open in your web browser, you click in the location, click in the “Confirm” button of the web and
go back to MHOGA, irradiation screen, and click in “Update coord” button, then the coordinates
are updated to the value of the location selected in the web (more info in the user manual,
section 3.3.2).

Users of EDU version can search in https://www.google.com/maps the location, once found,

click the right button and you will see the latitude and longitude.

||||||

28.06063,-15.51512

Ruta desde aqui
Ruta hacia aqui
.:.'.’-,-...«., et 9 .
las Nieves Buscar en alrededores
Imprimir
Anadir un sitio que falta
Afadir tu empresa

Notificar un problema con los dat.

I Medir distancia

Suppose that the system will be near Las Palmas de Gran Canaria, latitude 28.06 ° (north,

positive) and longitude -15.5 ° (west, negative). Enter these values (top left corner of the screen):

Latitude (%) (+N, 5) :
Longitude (%) [+E. /N

Get data from local DB |

Download hourly data |

Locate on map ‘ ‘ Download MASA monthly data |

iHOGA can download resources data (irradiation, temperature, wind speed) from:
- Monthly average data:

-NASA POWER (https://power.larc.nasa.gov/) for a specific year

- Local database: monthly average values of 22 years from NASA (if you have installed
the database)

- Hourly data:

-PVGIS (https://re.jrc.ec.europa.eu/pvg tools/en/tools.html)

-Renewables Ninja (https://www.renewables.ninja/)

- NASA (https://power.larc.nasa.gov/)

11
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First we will use NASA monthly average data.

Then click on "Download NASA monthly data". A window appears asking us what data we want
to download (we can also choose the year of the data to be downloaded):

Data to download: Year | 2019 vl

v Monthly Average Iradiation
v Monthly Average Temperature [~ For Bat.
v Monthly Average Wind Speed
v At10m height [v Consider roughness
[~ At 50 m height
v 'Wind Speed Weibull Shape Factor
v Altitude above sea level

oK ‘ Cancel

We use the default values (2019 data) and click "OK". After some seconds (be patient, it can take
even 30 seconds) the confirmation of the downloaded data appears:

HOGA x
|
Data downloaded from hitpsy/fpowerlarcnasa.gov
Data updated for lat. 2806, long. -15.5, year 201%
Monthly average daily irradiation: 3.6 492 5.38 6.28 5.86 7.26 6.02
6.21 5.92 433 3.58 344 . Average of the year: 5.23 kWh/m2/day
| -Manthly average temperature: 17.59 17.94 17.77 18.46 194 2092
21.66 22.37 22.37 22.01 2046 19.17 . Average of the year: 20001 °C
-Menthly average wind speed al 10 m height: 4.73 439 512 465
549 4.61 6.97 7.05 5.48 4.86 6.33 457 . Average of the year 5.35
m/fs. (Converted from downloaded data of land type airport)
-Wind speed Weibull shape factor: not updated (not found local
database)
Altitede above sea level: 109 m

Note that these values are average values of year 2019 for 12 lat x 12 long. around the location
(solar data source is a global 1° x 1° |latitude/longitude grid while the meteorological data sources
are %5° x %° latitude/longitude grid). Weibull shape factor will only appear if you have previously
installed the local database, available in the download area of the iHOGA website (not necessary
at the moment).

By clicking "OK", we return to the irradiation screen.

In this screen the average monthly data of irradiation in kWh/m2 have been updated:

Irradiation

av. horiz. s.
January 36
Februray W
March W
apil  [B
May W
June IT
w fE

August |E 21

September W
October W
November IT
December IT

12



If NASA database fails (server error), you can use the local database of iHOGA (you must
have previously installed the database by downloading and executing the self-extracting
rar file “RESOURCES-ENG.exe”, installing into the iHOGA installation folder, subfolder
“RESOURCES”. (Availalbe in https://ihoga.unizar.es/Desc/RESOURCES-EDU-eng.exe ).

To use the local database, in the irradiation screen, click on the button “Get data from

local DB”.

Let’s suppose that we want to use 22-year average data, instead of the data of a specific
year. Then we should use the local database of iHOGA. If you do not want to install it,
just modify manually the values with the following data (they are slightly different from

the downloaded for 2019):

We can use as input data source data a file with data of global irradiation on horizontal surface
(hourly values, file of 8760 rows, in each row the value in kWh/m? of each hour), a file with data
in minutes (inclined surface) or average monthly data (12 data, one for each month, in different

formats).

When downloading from NASA (monthly values) we obtain average daily data per month in
kWh/m?, so we don’t change the default option "Monthly average", Radiation Horizontal
Surface (kWh/m?).

Data source

(® Monthly Average () Impart from File Hour (horiz. surf. in kiwhim?]

Minutes- B0 per row [tk surf. i kW)
Minutes- 1 per raw [kl zurf. in kW m2]

Calculation kethod for Hourly Iradiation:
() Liu & Jordan () Erbs et al

Drata Source for Monthly &werage Daily radigtion: | B adiation Honizontal Suface [(Kahdm2)

Imadiation lmadiation W

rz. s. av. hilt s.
344 Kwhim2
In this case we will assume that there is no solar tracking system (modules with fixed orientation
and slope) and we will use the method of calculation of the hourly irradiation of Collares-Pereira
and Rabl (default values).

P Tracking Sysfem:

January (®) Collares-Pereira & Rabl Y Graham

13
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We must indicate the slope and the azimuth of the photovoltaic modules. In EUD version there
is only available one zone for the PV generator (PV gen. #1 is 100%). In PRO+ you can define two
zones with different slope and azimuth.

Sometimes these values of slope and azimuth are predetermined by the type of installation, for
example if we want to place the modules on a roof with a certain slope and orientation.

If we can choose the inclination and orientation, the azimuth will be 02 (for northern
hemisphere, that is, orientation towards the south) and the optimal inclination for our case will
be obtained by pressing the button "Optimal slope#1" (only in the case of PRO + version, see
User manual, section 3.3). If we use the EDU version, we will choose the slope that best fits our
locality according to our knowledge. In this case we will choose 352:

#1: P panels slope [E]F"w-" panels Azimuth d]ﬁl
0

=]

PY gen. ﬂ1:2 Ground Reflectance:

Optimal Slopett] Optimize PYH1 panels slope during the optimization of the system

Shadows that affect our PV generator must be defined before calculating the irradiation or
before downloading data from PVGIS, Renewables Ninja or NASA.

By clicking the button "SHADOWS" (down left) we access a window where we can define the
existing obstacles that can shade the photovoltaic modules. Suppose that between -75 and -90°
azimuth exists a 40° elevation obstacle, and that this obstacle eliminates 50% of the direct
irradiation (because it occupies the middle of the strip between -75 and -90° of azimuth), we
introduce these data:

For each range of azimuth, indicate elevation of obstacles [*] and the percentage of reduction in direct irradiation:

. Fom (3 180(N] -1E5
Azimuth;
L P BT R 1=

150 -135 120 - -45 30
135 1200 108 - 5 - -30 -15
Obsteces levaien( [0 | [0 | [0 [0 ][0 | D.}D (I O Y CO O
El

Reduction in direct iradiation %] |100

o Fom @ 05 15
Azimuth:
Mmoo 3

W 45 B0 75 105 135 150
£ 60 75 W 120 150 165
Obstacescevationy [0 [0 1[0 [0 o 1o Jfo o Jo Jo Jfo Jf_|

Reduction in direct iradiation (%] {100 100 100 100 100 100 100 a0 | {100 1an 100 1an

Elevation (")
£ [=r] 2]
= 8 8
1
1

=]
=

-185 -150 -135 -120 -105 -80 -75 50 -45 -30 15 0 15 30 45 &0 75 S0 105 120 135 150 165 180
Azimuth (*)

For reference solar trajectaories are shown for winter and summer solstices for latitude 28,082

0K

By clicking "OK", we return to the irradiation screen.

Before clicking on the Calculate button, we must define how the irradiation values of each
minute will be obtained, since a first order autoregressive model is used. We must indicate the
correlation factor and the standard deviation (kW/m?). We use the default values (down left):

W ariability minutes: cormelation factorn: ; zhd. dev.:
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Then click the "Calculate" button (down) to obtain the 8760 values of hourly radiation on the
tilted surface (35°) and for all the minutes within each hour:

Calculate | B0~ |min E=port hariz. Ex=port tilted

The software also calculates the irradiation of the back surface (needed if we would consider
bifacial PV modules) and the direct irradiation over the tilt surface (needed if we would consider
concentrating PV, CPV).

After calculation, it is shown (above the button Calculate) the daily global average and annual
irradiation on horizontal surface and on tilted surface, the total annual irradiation over the back
surface of the modules and the total direct irradiation over the titl surface, for CPV (note that
the user can obtain values slightly different because a correlation factor and standard deviation
have been applied, implying that a randomness is applied).

O UL U1 I Y MG UYL UYL SU | AUIaLIOn AU LZUTILL SUTIatE (KVEIFIT) e LaIUIgUUTT IELIUU U AUy L guiaui.

Irradiation Irradiation . ()
) PV Tracking System: | No Tracking ~ Liu & Jordan (OFErbs etal
awv. hotiz. g, av.tilts.

Factar F(l) for the back albeda (@ Collares-Pereira & Rabl () Graham
January Sz {hifacial modules) (Durusoy 2020);  (0.33

Februray |44 576 kiwhim2 5 i
MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. / TILTED SURF. ummer:
harch 558 6.12 kiwhfm2 7 Official hour advances:
h to solar hour
Apil 644 | skwnme 8
30
My 6.98 5.93 kiwvhim2 5 From day
4 of month |3
June 6.83 557 Kiwhm2
’ To day
duly 5 53 kihjmZ P o
of month |10
August 654 .82 kKhm2 1 i
Winter:
September l:l 6.12 kivh/m2 0 Official hour advances:
Octoker 6.12 KiWh/m2 MONTH h to solar hour
||7 B Horizontal M Tilted | .
Novembar 533 ki¥hjm2 Import from hourly file:
Official hour
Decernber |3.28 4.93 Kitvh/m2
/ Force Elcloudy consecutive days (only difuse irradiation) in month  |January e

SHADOWS Daily Average Iradiation (Haoriz. Surf): 5.25 kKiwh/m2 Daily Average Irradiation (Tilt Surt): 563 kWhim?2
Total Annual Irradiation (Horiz. Surt):  1919.5 KiWhim?2 Total Annual Irradistion (Tilt Surd): 2079.2 KiWh/m2
Annual Irr. Back surface / Directfor CPY:  165.92 kWh/m2 /174947 k!

Yariahility minutes: correlation factor: . B jodate-minute: Import Back (hourby_tile) i3]

pert-Birect(ToOrTy,

0K | Calculate iz Graph in steps of 60 ~ |min. Export G. tilted Export G. horiz.

The "Graph in steps of" button is enabled. The display can be in intervals of between 1 minute
and 60 minutes.

TTLIT 7=

We use 60 minutes and when clicking in "Graph in steps of" the representation of the global
irradiation on the inclined surface (352) in shown in thick green line, the irradiation on horizontal
surface in red (without random variability), the direct irradiation over the tilt surface (for CPV)
in blue and the global irradiation over the back surface in teal.
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ﬂi Graph - m} X

Irradiance

1,100
1,000
900
800
700
600

Wim2

500
400
300
200
100

3 6 9 12 15 18 21 0
1 January

v — Horizontal surf. |[¥ — Global Azimuth 0°, slope 35° | — Direct (for CPV) '7 ~— Back surface (for bifacial) |

< >

Days display

If we change the days of visualization to 365, we see the distribution of the irradiation during a
whole year:
n{ Graph - O X

Irradiance

1,100

W/m2

January - December

¥ — Horizontal surf. |7 — Global. Azimuth 0°, slope 35° ¥ — Direct (for CPV) [¢ — Back surface (for bifacial) |

Back

We change again the days of visualization to 1, we return ("Back" button) and change to 1
minute and click again on "Graph in steps of" button, we obtain the graph in minutes of the
globalirradiation on tilted surface, the direct over the tilted surface and the global over the back
surface.
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) Graph - [} X

Irradiance
1200
1,100
1,000
900 ‘
800 H ' m
3 700 ﬂ ‘.N ﬂ I\ M
E f\ A [
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400
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200 y i I
100
0
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W — Global. Azimuth 0°, slops 35° | — Direct (for CPV) [ — Back surface (for bifacial) |
< 2

Days display

We can change the random variability for the minutes so that std. dev. is 0:

W ariability rinutes: carrelation factar: ztd. dev.: EI

Then we click again the "Calculate" button and we obtain a different curve, without random
variability, but the average monthly values are the same.

By clicking the button "Graph in steps of" (selecting 60 minutes) we obtain the following curve,
without minute variability.

A Graph - o x

Irradiance

E 500
400
k1]
00
100
3 6 3 12 i 18 21 a
1 January
P — Horzontal surl_ |7 — Global, Anmuth I°. slope 35° 7 — Direct ifor CPV) |7 — Back surface (for batacial)
< > {1
Days display

By clicking "Back" we return to the irradiation screen. Finally clicking "OK" it returns to the main
screen of the program.

6. Wind speed data.

By clicking on the "WIND" button we can define the wind resource data.
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1l Project: D:\Prl.hoga
Project Data Calculate Dati

-« LOAD / AC GRID |

RESOURCES
o soR |

T« WWD\F

The Wind screen appears.

The monthly average wind data downloaded from NASA, year 2019, in the irradiation screen are
already placed here: Latitude and Longitude, Anemometer height and Monthly average wind
speed (m/s).

A WIND RESOURCE

Latitude (%) (+N.-5y7  |28.08 Get data from local DB
Longitude (%) (+E, My Download hourly data ATOEEE AT | |
.-WD |

Locate onmap  Update coord. | Download NASA Monthly deta
Dt

ala source o
(@ Morthly Average () Import data file (in my/s)

Input Data

Month
JAMNUARY
FEBRUAR! 473

MARCH, 438

APRIY 512
485
649
4E1
687
706
548
486
633
457

Av.sp. (m/s]

Hourky wind sp. data:

v
ape(ac‘tur(' Corelation factor

Calculation of wind speed for each minute~sedewy. mfs Update min.

By default, Weibull shape factor is supposed to be 2. In our case, let’s suppose that
Weibull shape factor is 2.9, change to that value manually (value that would have been

automatically obtained if we had the local database installed).

| v
Hourly wind sp. data: Shape factor lb]‘ 0.82

Calculation of wind speed for each minute: std. dev. |1 mi's M

The wind speed data at 10 m height that has been imported from NASA are the ones
corresponding to the roughness of the terrain that appears on the upper right side of the screen:

Surface Roughness

Class |1 ™~ Length 0.03 o

Agricultural open area without fences
neither hedges and with wvery dispersed
buildings. Cnly srmoothly rounded hills

Suppose in our case the roughness of the terrain is different. We select the roughness class 2:
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Surface Roughness

CIass@ Length 0.1 m

Agricultural area with some buildings
and preserving hedges 8 meters high
with an approximate distance of 500 m.

When changing the roughness, we need to import the data again. Click on "Download NASA

Monthly data" and select only the wind speed at 10 m.

Data to download: Year (2019«

[~ Monthly Average lmadiation
[~ Monthly Average Temperature [
v Monthly Average ‘Wind Speed
[v At10m height v Consider roughness

[~ At50 m height
[~ Wind Speed Weibull Shape Factor
r ef
OK | Cancel |

After clicking on "OK" the values corresponding to the roughness class of 2 are downloaded.

Input Data
banth Awowind (myfs)
JANUARY 41
FEBRUARY |
MARCH 445
APRIL 4.04
MAY 478
JUNE 4.0
JuLy 6.06
AUGUST 612
SEPTEMBER 476
OCTOBER 422
NCOWEMBER 55
» DECEMBER 3497

If NASA database fails (server error), you can use the local database of iHOGA (you must have
previously installed the database by downloading and executing the self extracting rar file
“RESOURCES-ENG.exe”. To use the local database, click on the button “Get data from local DB”

(note that the values of the database will be different, as they are 22-year average values from
NASA).

We can choose between average monthly data (by default) or hourly data from file (which would
be ideal, to know the wind of a typical full year).

Data zource

e Hours
(®) Monthly Average () Import data file {in mdz] Minstes (50 per rowl | Impart

inutes [1 per row]

As in this case we do not know the hourly data, we will keep the monthly data as data source.

It is usual to know only the average monthly values (by default, we will use these data), and
not knowing the distribution in average night speed, amplitude, etc., therefore we leave the
default “Monthly Average Speed” selection:
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kanthly Average D ata:
/@) Monthly Average Speed

() Might speed, Amplitude, F Factar and Hour max speed

We could download hourly data from PVGIS, Renewables Ninja or NASA. However, in this case

we Will use the monthly average values downloaded from NASA.

We have already set the Weibull shape factor (in this case 2.9), now we must set the correlation
factor (default 0.82) to be used to calculate the hourly values from the monthly values. We also
need the standard deviation within each hour to calculate the wind speed in minutes using a
first order autoregressive model (default 1 m/s).

Input Data
Month | Av. wind [m/s) l ~
|| JaNUARY 411
|| FEBRUARY 381
| MaRcH 445
APRIL 404
MaY 478
JUNE 401
T auey 6.06
|| auGusT 612
| |sEPTEMBER 476
|| ocToeer 422
| |novemBEeR 55
[»| DECEMEER 397

Hourly wind sp. data: Shape factor (b} |29
Calculation of wind speed for each minute: std. dev. |1 mis

Leave the rest of the values unchanged and click the "Calculate" button (bottom left corner). A
progress bar appears. After a few seconds the progress bar disappears, then the probability
distribution curve of the wind speed is displayed (red) and the Weibull PDF curve which best fits
the data (green curve), and the buttons that were disabled are enabled.

Ladtude [ (+M.-5);  [2E0E Gt e o local DB Moty Aueeags Deta
Longaude [T (+£. W) [153 Diramdtn heurky dots AeasecomierHaight | ) Moned 08 mad
0 m ") Hight speesd. Ampitude. F Facior end How max speed
Locate camap Ly e =
Susce Foughness
Sups Clngs 2 .
Aaengs It e i i g} Aucutuenl seun buidings

‘metoes hugh
with an apprommate distance of 500 m

. wined (i) ~

an & 5p.(mis)
38 Jen 411
445 Fatr 181
04 i 0%
! o
5 s 02
a7 Ape 404 z
5 _ oz
an Moy A8 5
F 2 oz
113 Jun: 401 |
B2 5 018
| T e
| a7 £ ot
an Eou
(11 S o
ECEMBER 7 S a4
¥ DECEME 19 [
Dec 397 g o
. wcasr. % o
| Houtywnd sp.dets.  Srepedacior(b) (29 | Comelston facior (082 Ll
0.
Caicubenon ot wind speed for wach mnwe: st dee | mis Update min E
0 5 10 15 x = »
Forca [0 | consecue daypwimwind s 3 | mysimonh |Januay I s ot
Calcslaty EGnehnmpsal B~ ma Export L Irécy tamae of calm wind

Caim 15 considernd
Form tactor ol the wind 1pesd saral 3 <[
Gcolnd Aveinge Spaedimis F
455

Scale by (x by |! oK

By clicking on "Graph in steps of" it shows the wind speed in the selected steps (in this case 1
minute), obtaining something like this (with 10 days of visualization):
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ﬁ Graph

mfis

WIND SPEED

January

By clicking "Back" we return to the irradiation screen. Finally clicking "OK" return to the main

screen of the program.

7. Components Databases.

By clicking on the top menu Data Base ->
defined in the databases.

Components Data Base it displays the components

1l Project: D:\Prl.hoga

Project Data (Calculat

ata Base

Report  Help

& LOAD /AC GRID

Components Data

ATl

The following screen appears:

U Databases of components

P modutes | Wind wibines | Bauenes | AC Generators | mvert

Nesre

STECA PRIOID

STECA PRISIS

STECA: PR 2020

STECA: PR 2030

GTECA TAROM 235

STECA: TAROM 205

STECA: TAROM 440

STECA P TAROM 2070

STECA P TAROM 2140

STECA: P TAROM 4055

STECA: P TAROM 4140

STECA 2P TARGOM 4140

STECA 3P TAROM 4140

STECA: TAROM MPPT 6000

STECA SOLARMDC MPRT 3010
[VICTROK. BLUESOLAR HFRT 05
[VICTROK: BLUESOLAR WPPT 40
[VICTROK: DLUESDLAR MPPT 75/50
[VICTROK BLUSSOLAR MPPT 150770
MIOIRKIMGS TAM; T STAR MEPT 25

o
I | Fuel cobs | PV Balt. Charge Controller
| | elm]e|=]=] &|
Jimsdhl vty [Vdcmad) [Aca coatie) _[MovT] -
1] 12 L 36 NO
1% 12 o 193 NO
] 12 u 122 N0
) 2 u 147 ND
5 hr K Ferlli]
5 n” 2 2 ND
1 N M 70 NO
o 12 FLl 130 NO
140 1’ 2 1 NO
= “ " 1500 NO
14 “ “ 2215 No
Fa M L] 4430 NO
ur 48 a8 EE45 NO
0 ] “ 2 ok
] 12 Fil 26 0K
1% 12 F 20
an 12 u 27 ok
= 12 u 215 Ok
n 12 L) O 0K
5 ” a8 58 0K v
My o of P st Ch oo by Lt | -

Clana salactad componsnt

Add components lom the progect | Py Esit. Charge Conimoler table = |

o |
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The different tabs show the components stored in the databases. We can modify the data of
each component, eliminate components or add others. We can also multiply all the prices of a
given component by a factor. Some components are “generic”.

It should be noted that the prices of the components vary by country, even within the same
country depends on different variables. Therefore, the designer must verify or modify the prices
conveniently.

In inverters and inverter-chargers (bi-directional inverters), the manufacturer often does not
supply the efficiency curve vs. the output power of the inverter, or supply the curve for different
cases of voltage, so in many cases it has been estimated (in a conservative way, that is to say,
real efficiency is probably in many cases slightly better).

We will leave everything as it is by default, later the designer can change what he/she wants.

Finally clicking "OK" it returns to the main screen of the program.

8. Photovoltaic modules data.

By clicking on the "PV MODULES" button we can define the photovoltaic modules to take into
account in the simulations and optimizations.

COMPONENTS

The following screen appears:

N PV MODULES o *

Artd P mpdula

Add PV modules famdy | | SMIZ-Aarsa

PHOTOVOLTAIC MODULES DATA:

Hama HomWoh(v)  IeciA)  FoweetWpl  Costlt)  COAMIEAY  Ulegyeers) NOCTEC)  Fower T cost(5M0) BIFACIALTY[M) CF
¥ i Z-Schott ASIH 00 7 (L] g 1 11 13 43 Sk 0 N

Eficionsy due 1o doaradeion of the madses. 165505 i wires. ditin panels, sic. |08

Snantiard concétions

[C]PVimwarter ar batiory cheige mauletor ecludos Meximum Power Paint Tracking (MPPT)

Mime Variston of P qes Cost (8 9. foe an sxpaciad 707 -
reduetion on curent P gen. cost siroduce 70%°) i
Lk i reched in 585 yeors

oK

By default, there is only one type of photovoltaic module to consider, as there is just one row in
the table, the type Schott ASI 100 of 100 Wp (in the optimization the software will consider
several modules of this type in parallel, we will see it later).
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Suppose we want to take into account also another type defined in the database, namely the
TAB PV 135 (polycrystalline silicon, 12 V). The quickest way to add it is:

1. Select it from the list close to the "Add PV Panel" button.

2. Click on the button "Add PV Panel".

A PV PANELS

Add P panel TN

] Zem
Add PV panels family 1 | tersar 410

Sitd12-Abersa: 4200

Mame N SiP12-atersa AGBP
M SiP12-Aersar AJEP L
Marne | SiP12-Atersa; A135P
P eT e

Sitd 12| sofotar] 10

Sitd 12| sofotor:] 522

Sitd 12+ zofotor: | 560

SiM 24+l sofotor:] $150
5

5 35
5 nol 30
45i12-5chatt: ASI100

Now the project will take into account two types of possible modules:

PHOTOVOLTAIC MODULES DATA:

[Mame Momyolt(v] | lscié] | Powerlwp] | Cost®] | COM@E4n | Litelyears) | NOCTEC) | Power T cosf (%/20) fions(kaC024 A
aSil2-Schott: ASIT00 12 679 100 110 11 % 49 0.2 g
[J 5iP12-TAB:PV-135 12 8.73 135 247 2.47 2% 45 0.47 8

The acquisition cost of the PV modules must include the proportional cost of the mounting
structure, cabling, connectors, etc.

Suppose in our case we want to consider that the cost of the module added is not the one that
appears (€ 247) but € 160 (suppose the module plus proportional cost of structure etc. have now
this cost). We can modify it in the database (see point 7) and then in the panel screen, by clicking
on the row of this panel, its cost will be updated. Another option is to change the name on the
screen (for example, add "mod") and change the price. If we do not change the name, any
changes we make will not be effective because the software will consider the data in the
database. Keep in mind that the number of characters in the name is limited.

We change the name by clicking in the cell and adding at the end of the name “-mod”:
SiP12-TAB:PV-135-mod |

And then we change the cost to € 160 and the O&M cost to € 1.6 (we want to keep the O&M
cost as 1% of the acquisition cost):

Mominal Shortcut Nominal Acguiztion 0&M Cost
Mame

Voltage Cumrent Power Cost [unit]
Name Lo ] i | oowe | ® | Edvesr |
|_|aSi12-Schott: AS1100 12 679 100 110 1.1
Ja[SiP12TAB:PY-135-mod > 12 873 135 <__ 160 [IEIE >

We have defined two types of possible components of PV modules. Later, when doing the
optimization of the system, in each combination of components there will be one of them, several
number in parallel (it will be seen later).
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In the central area of the screen we see the efficiency due to degradation, losses, dirt (default
0.8), the fixed O&M cost (default 40 €/year, to be added to the O&M cost of each individual
module), the button “Standard conditions” (where the standard conditions for the PV and CPV
data are set) and the option to consider MPPT.

Fixed Operation and
Efficiency due to degradation ofthe madules, losses inwires, dirtin panels, etc haint Cost
aintenance Los

Standard conditions £y

[CIP invener or battery charge regulatar includes Maximurm Power Point Tracking (MPFT)

In our case we assume that the charge controller of the batteries does not incorporate MPPT
system, so we keep unchecked the corresponding box.

[ ]PV imverter or battery charge regulatar includes Maximum Power Point Tracking (MPPT)

When not considering MPPT, the effect of the temperature is minimal (since the DC voltage is
fixed by the batteries) and iHOGA does not consider this. If we click on the box of MPPT (only in
PRO+ version) it would appear a screen where you can take into account the effect of the
temperature on the production of power by the PV modules.

We keep unchecked the MPPT box.

In the bottom of the screen we could select that the PV generator is connected to the AC bus by
its own inverter, by checking the option “PV generator is connected to AC bus (it has its own
inverter)”, in that case the number of PV modules in serial should be introduced and also the PV
inverter data. In our case the PV generator will be connected to the DC bus so that checkbox
remains unchecked.

[~ P generator is connected to AC bus (it has its own inverter] - 4

Annual Inflation B ate for P 3 . Max. Variation of PY moduless Cost [e.g., for an expected 70% reduction on current
modules Cost : % P modules cost, introduce "-70%"): -0 4

Limit iz reached in 59.6 years

At the top bottom we can set the annual inflation rate for the PV modules cost (default -2%, this
means that each year the PV modules cost will be reduced in 2%) and the maximum variation of
that cost (default -70%, this means that after 59.6 years, calculated below, this limit of -70% in
the PV cost reduction will be reached, as (1-0.02)°°%=0.3, then after that year the technology will
be considered as mature and the cost will be increased with general inflation). This values would
be used to calculate the replacement cost of the PV generator, if its lifetime was lower than
system lifetime (it is not our case, as PV generator lifetime is 25 years, the same as the system
lifetime). If, for example we had defined the system lifetime (study period of the system) to be
40 years, then in the year 25 the PV generator should be replaced, and the replacement cost

)25

would be the initial investment cost multiplied by (1-0.02)*. And in the year 40 the residual cost

would be also calculated considering this inflation rate.

Finally clicking "OK" it returns to the main screen of the program.

9. Wind turbines data.

By clicking on the "WIND TURB." button we can define the wind turbines to take into account.
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COMPONENTS
f PYPANELS |

' wIND TURE. |

A screen appears with a table where several predetermined wind turbines are shown. Suppose
that in our case we agree with the turbines that appear by default: the AIRX, the Whisper and a
hypothetical "Zero" wind turbine to take into account the option that there is no wind turbine
in the system.

GENERAL DATA Qutput Power (W) vs Wind Speed
Hame | Tupe | Cost®) | C Repl (€) | C O8M (Esyr] | Lifespan [yi][ Height im)| Emis.CO2tkal [ 1m/s | 2mss [ 3mss [ dmss [ Smss | Bmes | 7mss [ Brass [Omrs[a
L Zero DC 0 0 i 100 10 0 i i i 0 i i 0 i 0

SouthwestAlR X o] 945 B30 50 o ] 350 0 0 3 13 28 50 a3 116 165
S outhwestwhisper] (el 2865 235 a5 15 1 E50 0 0 2 25 55 100 132 284 442

We must indicate the kind of roughness of the surface of the terrain (already chosen on the wind
screen, but here it could be changed), the air density conditions of the power curve supplied by
the wind turbines manufacturer (default at standard conditions, sea level and 152C, that s, 1.225
kg/m?3) and the altitude above sea level (already updated when we obtained data from NASA, in
our case 109 m above sea level), as they are ok we will not change anything. iHOGA shows the
air density at the height above sea level (in our case 1.212 kg/m?3) and it shows the power curve
of the wind turbine selected by the mouse in red in standard conditions and in green (over the
other curve) the power curve considering the air density at the height above sea level of our
case.

Surface Roughness

Class 2 Length 0.1 m

Agricultural areawith some buildings and preserving
hedges 8 meters high with an approximate distance
of 500 m.

Pawer curve measured at air density (kg/m3): |1.223
Height above sea level: m

Air density at that heightis (15A) 1.212 kg/m3

Southwest:Whisper100

300
800
% 400
200

0

. — - . -
01 2 3 4 5 8 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
WIND SPEED (m/s)

‘—— P in standard conditions (sea level, 135C), 1.225 kg/m3. I

—— P. gt attitude of the place (30 m), 1.221 kg/m3

We will consider the effect of the ambient temperature (the corresponding box is selected by
default). The monthly average ambient temperature values have been previously downloaded
from NASA. The Erbs model is selected to obtain hourly time-dependent data (which depend on
the hour of the day and of the irradiation).

[ Consider the effect of temperature
‘Whan simulating, adjust powar cunve with air density: Ambient Temperature at hub height (2C)

@Use height above sea lewvel and temp. Graph (@) Monthly average Erhs‘, model - FMA MJJA SON D

O File with 8760 hourly values Import &= Graph

O lImport air density (kg/m3) Import
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If we click on "Graph" we see the representation of the hourly temperature.

Ambient Temperature

Days desplags
Click on “Back” to return to the wind turbines screen.

When iHOGA performs the simulation of the different combinations of components (when
optimizing the system), for each hour of the year it will adjust the power curve of the wind
turbines to the air density of that hour. We can choose to calculate the hourly air density by
using the height above sea level and temperature (if the temperature effect is considered by
checking its checkbox) or we can import the air density hourly file (8760 rows, in each row the
hourly air density in kg/m3). We don’t change it.

When simulating, adjust power curve with air density:
(@ Use height above sealevel and termp.

() Import air density (kodfmd) Import

By clicking the “Graph” button we can see the hourly air density, calculated for each hour
considering the height above sea level and the hourly temperature:

Air Density

1.28
127

125
1.24)
1.23
1.22)

1.21

12
1.18)
1.18

1.17]
1.16
1.15
1.14
1.13
112
i

11

kg/m3

0 3 6 9 12 15 18 21
1 January

Click “Back” to return to the wind turbines screen.

In the bottom of the wind turbines screen we can select not to consider the reduction in the
output power of the wind turbine (due to the density lower than standard) after a specific wind
speed. It would be selected if the wind turbine is pitch controlled (for high power wind turbines),
as the output power above around 14 m/s is limited to its rated power. Therefore, selecting that
check box, after that wind speed we would not want that the power curve was reduced. As in
our case the wind turbines are not pitch controlled, this checkbox will remain unchecked.
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[ Do not conzider reduction in Pawer after:

|14 mdz | [check if wind t. are pitch controlled)

Also in the bottom left corner of the screen we should set the annual inflation rate expected
for the wind turbine costs (default -1%) and the maximum variation expected for that rate
(default -35%). We leave the default values and iHOGA informs us that this maximum
reduction in cost will be achieved in 42.9 years (0.99*>°=0.65). These data will be used to
calculate the replacement cost when the wind turbines must be replaced (after 10 or 15 years,
depending on its lifetime) and to calculate the residual value of the wind turbines when the
system lifetime ends (in the year 25).

[~ Do not consider reduction in Pawer after Annwal Inflation Rate expected for YWind ,1— N Maw. Variation of Wind Turbines Cost expected [s.0.. for an expected 36% ’—_35 -
14mis | [check if wind t. are pitch contralled) Turbine Costs: % reduction on current Wind Turbines cost. infroduce -35%"): %

Limit iz reached in 42.9 pears

Finally clicking "OK" it returns to the main screen of the program.

10. Batteries data.

By clicking on the button "BATTERIES" we can define the batteries to be taken into account in
the project.

« BATTERIES

The battery screen shows a table where by default several types of batteries are taken into
account. In the penultimate column of the table it is seen that they are all lead-acid batteries
(defined by “LA” or “Pb").

BATTERIES DATA: Floatlifeat 20 °C Cycles to Failure vs. Depth of Discharge (%)
Mame | Erom ok [ o) [ Castig) [ C.0%MEA) [ 50Cmin() |Sel_dimon)| Imawsd | Effz) | Float | 10% [ 20% [ 30 | 40% [ som | sox | 7oz | so% [ sox J[rvrelv ~
| | OFZSHawkerTLS-3 | 180 2 127 1.27 20 3 3% 65 | 18 | 12000 6500 4350 | 00 2500 2050 1800 1600 | 1500 LA
OFZ5 Hawker TLS6 | 270 2 178 178 20 3 54 85 | 18 12000 500 4350 | 3100 | 2500 | 2050 1800 1500 | 1600 | LA
K 390 2 | 1648 165 0 3 78 85 | 18 | 12000 6500 4250 | 300 | 2500 | 2050 1800 1600 | 1500 | LA

We will add the "Zero" battery to consider that there is no battery in the system, selecting in the
box “Zero” battery and then clicking the "Add Battery" button

Add B atteny £Emn w

Now the “Zero” is added:

]
Cnom. ¥n

Name |k | |
OFZS-Hawker TLS-2 180 2
OFZS-Hawker TLS-5 270
OFZ5-Hawker TWS-5 330
YT o

ra rara
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Suppose we are not interested in considering the OPZS-Hawker: TVS-5 of 390 Ah. To delete a
row, do the following: select the row to remove (by clicking on any cell in that row) and then
click the "-" button on the button above the table:

Add Battery Zero j
Add Batteries family OFZS-Hawker ;‘ ﬂ h ‘ s | ”l + ‘ -l ‘ | ‘ ('l
BATTERIES DATA: Float life at |20
Name [ Cnom(ah) | Vot v) [ Costie) [ C.oamiery) [ SOCminz) [Sell_dizz/mon )| imaxa) [ Ef(z) | Floatiyr
| OPZS-Hawker:TLS-3 180 2 127 1.27 20 3 36 85 18
OPZS-Hawker LSS | 270 2 178 1.78 20 3 54 | 8 18
330 2 164.9 165 20 3 78 85 18
Zero 0 2 0 0 20 0 o | 100 100
<
Once removed the other ones remain:
i
C.nom. ¥n
Name | wh | |

OFZ5-Hawker TLS-3 180 2
OFZ5-Hawker TLS-5 270 2
YT o -

We will take into account the Ah battery model. Regarding the average monthly temperature,
we leave the default values, taking into account that the temperature is the average at which
the batteries are estimated to be. The lifespan of the lead-acid batteries will be calculated
according to the Rainflow model of cycle count.

Batteries Model Fized Operation and Ma
v Limodel &h

FiBak [Marmmel-McGowan 1953]
(" Copetti 1934
(" Schiffer 2007

; Flis Mo afo0 Mo gfe2 T
J22 a2 5[z ofao w[is D[t

v Excep
Tmean>=Tfloat life

city depends on T

Lead-acid Aging battery model ] Li-ion Aging battery model

' Rainflow [cycle counting) [ Modified

" Full equivalent cycles

We have not chosen in this example the Schiffer model (much more accurate) since it cannot be
considered in the EDU version.

Cycle life depends on temperature, and also the battery capacity depends on temperature.
However, as in EDU version it is not allowed, we leave the checkboxes “Cycle life depends on T”
and “Capacity depends on T” unchecked. If you use PRO+ version, in your own projects you
should select these options.

The batteries chosen are all lead-acid batteries, which are the only ones allowed in the EDU
version. In the PRO+ version you can consider lithium-ion batteries, in that case you must specify
the aging model of li-ion batteries, clicking on the next tab and choosing the model:
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Lead-acid Aging battery model Li-ion Aging battery model

(O wang et al., 2011 (LiFeP04)
() Grot et al., 2015 (LiFeP04)
() Saxena et al., 2016 (LiCo02)
(O Full equivalent cycles

(@ Rainflow (cycle counting)

'C) Naumann (LiFePo4 cyc+cal)

Parameters

At the bottom, we can set the remaining capacity at battery end of life (default 80%), that is, we
consider that when the remaining capacity is 80% the battery will be dead and it must be
replaced, we leave the default value.

Also, in PRO+ version we can check the box “If there is an AC Gen., every ....” so that the backup
generator will charge the batteries after a specific number of days without full charge or after a
specific number of full equivalent cycles, as some inverter-charges do. In this case we leave this
unchecked, as it is not allowed in EDU version.

R emaining capacity at battem end of life (%] ;|30

[ Ifthere iz an AL Gen., every |ﬁ dayps ar |E_ equivalent full cycles
charge battery bank, at least up to |95 %

We will use the rest of the default data. Finally clicking "OK" it returns to the main screen of the
program.

11. Inverters data.

By clicking on the "INVERTERS" button we can define the inverters to take into account in the
project.

" IMVERTERS

The table shows a single inverter table, suitable for 48 VDC.

If we click on the button "Include only VDC suitable from family" and we have selected the
family STECA and "Rectifier without PV controller" (we want inverter-charger but the PV
controller will be apart):

Add from Database \ZERD v O witho et [charge
(®) Rectifier wio P contraller

Ihclude only YDC suitable from family: |STED-‘-. ~ | + | () Rectifier + MPPT P¥ contraller

A single inverter-charger that meets the specifications will appear in the table:

GENERAL DATA EFFICIENCY (%] vs. OUTPUT POWER (%] ->

Power [v4) | Lifespan ) | Acq, Cost (€] fBatt. ChargenY Imax_ch.DC ()| EL_charger(H7D Cminty) [VDCmanfy) | PY batt. contioller{Fman_rentw) | | 0% | 2%
1600 10 1440 w 20 43 48/ND 1E15 | 0 | 30

We will force that the minimum inverter that can supply the AC load peak defined in the
consumption screen is used in all the combinations. In this case iIHOGA will select the only
available, but if there were several it would choose the minimum such that its power was higher
than the peak maximum AC power hourly consumption, which is around 630 VA.

To do this, keep the "Select the minimum..." box checked and click the "Select Inverter" button.
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Select the minimum inverter require:
to supply the masimum AC load

Select inverter

Below the efficiency vs. power chart we are informed of the selected inverter:

M autimurn power demanded by load iz 529,434, .@Iected iz the one of 1600,

Average power iz 10.7% of rated power of the selected inverter. Inverter average efficiency conzsidered will be 929 %

Finally clicking "OK" it returns to the main screen of the program.

12. AC generators data.

By clicking on the "AC GENERATOR" button we can define the AC generators to take into account
in the project.

+ AC GEMERATOR

By default, there is the generator "Zero" (to take into account the possibility that there is no AC
generator) and a 1.9 kVA diesel. We will add a 0.5 kVA gasoline generator from the database,
selecting it from the dropdown menu (the penultimate of the drop-down list) and then clicking
on "Add from database".

V[ AC GENERATORS - O X

Add from Database

Gasoline 0.5kWA | H‘d‘ ‘ |.|.|-|A| ‘ ‘p‘
GENERATORS DATA: EUEE
Name [ Powerdkvia) [ Costi€) [ C.0tMEM) [ Lifeth) [ Pin (%Pn) [ Fuel type [ FUnit | F.Costie/ud) [ F. inflat.(%) | Emis.(kg CO2/unit)] Afunit/kwh) | Blunitkw'h) | k) | ~
| Diesel 1.9kvA 1.9 800 014 10000 30 Diesel lite 1.3 5 3.5 0.246 0.08145 110
Zero 0 0 0 100000 30 Diesel liie 0 0 0 0.246 0.08145 0
»|  Gasaline 0.5kvA 0.5 250 0.2 1000 30 Gasoline litre 1.4 5 3.1 0.5 0.2 6.5

In our case we won't allow the AC generator to run from 10 p.m. in the night to 7 a.m. in the
morning, due to possible noise disturbances. To do this click on "AC generator availability"
button and deselect the corresponding boxes:

AC GENERATOR HOURLY AVAILABILITY:
Monday-Friday: ‘wieekend

Oo-1h Co-1h
O1-2h
Cz-3h
O3-¢h
Cs4-5h
[J5-6h
O&-7h
7-8h
Fl8-ah
[3-10h
M1o-11h
E11-120
E12-13n
E113-14n
E14-15h
E15-16h =
E16-17h &
[17-1810 =
18-19h ]
E13-20n F13-20h
20-21h %
M21-22h M21-22h
[122-23h [azz-23n
[J23-24h [d2z-24h

HRRRERRERCOOOO00O0L
b
=
=

oK
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By clicking “OK” and then “OK” it returns to the main screen of the software.

An info message appears showing that extra ageing is considered when running out of the
optimal conditions of the diesel genset, so in some cases (diesel-only systems) the equivalent
hours running of the diesel can be higher to the total number of hours of the year (8760 h). We
click OK.

13. PV battery charge controller and battery charger.

In low power projects, by clicking the "CHARGE BAT." button, we define the characteristics of
the photovoltaic charge controller of the batteries and of the rectifier (or battery charger, that
is, the AC/DC converter to charge the batteries from the AC bus).

+f CHARGE BAT. |

In the case of the PV battery charge controller, several 48 V DC controllers are shown as default.

For each combination of the other components of the system (and control strategy) the
minimum controller of the table will be selected so that its maximum assigned current (Imax) is
higher than that obtained in the simulation. If no controller in the table is adequate, a "generic"
one will be selected, whose cost follows the line parameterized in the equation shown at the
right of the table.

PY BATTERY CHARGE CONTROLLER 48 ¥

Add from database | [STECA: PR 1010 v | |,|H|+|_|-| | |.;-|

Include only YD u'aaue«and-MPPf—amsrmsu-mmﬂmM&m v|

Imax )| WD Cmin ()| VDCmax 0| Cost () IMPPT |

Marme
STECA: TAROM 440
STECA: P TAROM 4055
STECA: P T&ROM 4140

Acquisition cost [€):

+ * lreg,max [4)

eretand-authermatically the cost of the
controller will be considered 0)

Lifezpan: Years

Control data

|1 P¥ charge controlleis include MPPT [ Consider only first one of the table
Al the P charge controlless muts be of the same Family [same control data)

We must indicate whether they include MPPT or not (by default), and we will leave it by default.

In the case of using the Schiffer or Copetti models for batteries, all the controllers in the table
must be of the same family, as the control data must be the same for all of them (by clicking the
“Control data” button we can modify the control parameters, to be applied only if battery
models are Schiffer or Copetti). As in our case the selected battery model is “Ah”, the controllers
of the table could be of different families.

By clicking on the "Control data" button, the following screen will show the parameters of the
controllers.
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Wl Battery Charge Controller Data - ] X

TOBE APPLIED ONLY IN COPETTY OR SCHIFFER MODELS
REFERED TO 2% CELLS

(® CONTROL P
(O CONTROL OM/OFF
OVER-CHARGE PROTECTION [Pw/M)
Float Charging voltage:
Boost Charging voltage: | 2.4 OYER-DISCHARGE PROTECTION:
Boost duration: | 2 h Low Woltage Disconnect [LV'D]: W
Boost activated if S0C< |70 % Low okage Reconnect (LYRY]2 v

Low SOC Disconnect:| 30
Low S0C Reconnect: |50

e

Equalization Charging voltage: | 2.45

B

Equalization duration: |2 h

Equalization activated ff SOC< |40 * [JUse a5 Low SOC for Discannect the value of SOC min, use:
Equalization activated if o squalization in the optimization and uss as Low SOC for Reconnect same

nor boast charge duting days S0C min phus a %
Temperature compensation fonly for Copet modell] | /L

[ I there i an AC Generator, every [ 14 |days or |8 bauivalent ullcycles, aeneratar charges batteres atleast up to (35| %

If the Schiffer or Copetti model was chosen for the batteries, the characteristics of the control
of the charging and discharging of the batteries should be indicated, the voltage values being
relative to 2V cells. As we will later use Schiffer model (in PRO+ version), we are going to indicate
these values now. In our case, we will assume that the regulator used is PWM and it has the
characteristics that appear by default, except that the float charging voltage is 2.25 V per cell
(because it is the value of the controllers of the table or because it is programmable and we
want to fix this value):

OVER-CHARGE PROTECTION [Fhwhd):

oat Charging voltage: | 2. 25

Some controllers have the possibility to start the AC generator to charge the battery bank (until

a specified SOC is reached, by default 95%) when a specified number of days have been passed
since the last full charge (default 14) or when a certain number of equivalent full cycles have
been performed by the batteries (default 8). The controllers selected do not have this
characteristic (and EDU version does not allow it) so we leave unchecked the option on the
bottom:

[11F there iz an AC Generator, every da_l,ls aor quivalent full cycles, generatar charges batteries at least up to 4

Regarding the battery charger (rectifier or AC / DC converter), used by the diesel or gasoline AC

generator to charge the battery bank, the software does not take into account different sizes of
this element. Instead of considering different sizes, its size (power of the rectifier) is selected as
the minimum power needed, obtained after performing the simulation of each combination of
components and control strategies. It is therefore necessary to indicate the acquisition cost line
as a function of the nominal power of the rectifier. Also indicate the duration (default 10 years)
and rectifier efficiency.

In our case, in the inverter screen (section 11) we have chosen an inverter-charger, so the
battery charger is included in the inverter-charger, therefore the charger data of this screen will
not be taken into account. Anyway, we set the coefficients for the cost line as 0:
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RECTIFIER (BATTERY CHARGER) (CONY. AC/DC) 230 Vac { 48 Ydc
Acguisition cost [If battery charger iz included in inverter, thiz cost wall
_ IEI —— authomatically be O if the battery charger is included in

Wesmera TR Efficiercy: % the AC generator, you must indicate here O for costs)

By clicking “OK” it returns to the main screen of the program.

14. Pre-sizing.

With the "PRE-SIZING" button, we obtain the maximum sizes (and maximum number of
components in parallel) recommended for the different components (batteries, PV modules,
wind turbines and AC generators), taking into account the powers of the largest components
selected in their screens and a certain number of days of autonomy (default is 4, however, we
will change it to 4.5 days manually).

FRE-SIZING
dayz alytan,

[ Max bat. parater miir.
[ 1Max P pan. parallel -» P rin.

I Man'wind T. parallel -» P min.
(I Man AC Gen, parallel -> Priin

Then click on "PRE-SIZING" and a window appears indicating the results of the pre-sizing (in your
computer these vales can be a bit different because your total load can be a bit different,
considering the variability of the load):

HOGA =

RECOMMENDED MAXIMUM POWER:

PV Generator 1.8 kWp

Wind turbines group 3.3 kKW

AC Generator 0.6 KVA

Inveter 0.6 kVA

Electrolyzer 3.3 kW Fuel Cell 0.7 kW
ELECTRICITY STORAGE FOR 4.5 DAYS AUTOMN.
(EMAX.DAY.DC* 1.2 = 5.5 KWh/day):

Batteries bank capacity 647.7 Ah (31.1 K\Wh]
H2 tank size: 2.6522 kg

By clicking "OK" another screen appears where the maximum number of recommended
components in parallel is indicated.

HOGA X

Max. numbers of components in parallel allowed have been
updated:

Max. no. of batteries (of type of HIGHEST capacity) in parallel: 3
Max. no. of PV modules (of type of HIGHEST power) in parallel:
4

Max. no. of Wind Turbines (of type of HIGHEST power) in
parallel: &

Max. no. of AC. Generators (of type of HIGHEST power) in
parallel: 1

By clicking on "OK" we return to the main screen, where, in the "GENERAL DATA" tab, the
maximum numbers of components in parallel have been updated (they appear in red):
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A Project: DA\PROYECTOS IHOGA 3.3\Pr1.hoga - O X
Project Data Data Base Report Visual Help License Updates
GENERAL DATA  OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

COMPONENTS

PV modules !

+f LOAD [ AC GRID
MIN. AND MAX. Mo COMPOMNENTS IN PARALLEL: OPTIMIZATION PARAMETERS SELECTED BY:

Bateries in parallel: in Max,

RESOURCES
+ SOLAR

% @HOGA (QUSER
Se AWine Tutines e Moximu oxecation im
_— Y A v e [ el 0 Ih 5 Jmin | pasess
COMPONENTS AC Gen. in parallel: Min Max [AMinimum fims far the Ganstic Algorithims
 PYMODULES [/ Battery bank [ \

15. Minimum and maximum number of parallel components.

In the main screen, in the "GENERAL DATA" tab, the minimum and maximum number of
components in parallel allowed must be set. The more variability you leave the more possibilities
of combinations of components will be evaluated, however also the computation time will be
higher. Let's leave the values that appear after the pre-sizing.

The minimum number of PV modules in parallel has been considered 0 to have the possibility
that there is no photovoltaic generator in the system.

Let’s suppose that we want to change some maximum values, for example we will just allow a
maximum of 2 wind turbines in parallel. We change this maximum value (after changing the
values manually, colour red changes to black):

MIN. AND M&X. No COMPONENTS IN PARALLEL:

Bateries in parallel: Min. |1 Ma:
PY mod. in parallel Min. |0 M3
Wind T. in parallel: Min. |1 M4

AC Gen. in parallel: Min. |1 Ma:

16. Constraints.

In the main screen, in the "GENERAL DATA" tab, the main restriction must be set, that is, the
maximum unmet load allowed (default 1%). We will change it to 0.3%, which means that the
combinations which stand-alone system (without considering the AC grid) cannot supply at least
99.7% of the demand, will be discarded.

COWNSTRAIMTS:

b awimurn L nmet Load alloved: "'. annual

IJnmet load refers to:
(®) E. not supplied by the stand-alone system
(JE. not supplied by the systern nor by the AC grid

kaore Conztraintz

By clicking on the "More Constraints" button we access a screen where there are more
restrictions which, if not met by a certain combination of components (and control strategy),
that combination will be discarded.

We will modify the value of the minimum autonomy to 4.5 days (as was done in pre-sizing) and
the minimum renewable fraction to 50% (indicating that at least 50% of the energy must be

covered by renewable sources):
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1l CONSTRAINTS - O hd

IF & combination of components and strategy does not meet any of the following restrictions, this solution will be discarded [for that combination it is
aszigned infinite cost):

b axirmum Unmet Load allowed: % of annual load

[Max. energy not supplied by the stand-alone system. This Energy can be purchazed from the AC grid if such AC grid exists and also the purchase is
allowed on the LOADAAC GRID screen)

imimurm number of days of autonomy [batteries+hidrogen(; days
[[=] if there is AT generator or fuel cell using extemal fuel orporctiEsing unmet load from AC grid is allowed. number of days of autonomy = infinitur]

Marinal capacity of batteries bank [Ah) < w [shartcut current of P generator + current from 'Wind Turbines gruop at 1dm/z) [4)

[[#] if there is AT generator o fuetesllusing external fuel or purchasing unmet load from AC grid is allawed, do not take into account thiz constraint]]
binimurm renewable fraction: 'p

Mairmurn Levelized Cost of Energy: £/wh

Finally clicking on “OK” it returns to the main screen.

17. Maximum execution time allowed.

In the main screen, in the "GENERAL DATA" tab we should set the maximum execution time
(maximum time the optimization can last) and who (the user or iHOGA) must set the
optimization parameters (recommended iHOGA). The longer the time allowed the more likely it
is that all the possible combinations can be evaluated and thus obtain the optimum. If sufficient
time were not left, genetic algorithms will be used to optimize the system (without evaluating
all combinations) in the allowed time. We will leave the 15 minutes by default, enough time in
this case so that all possible combinations can be evaluated (enumerative method).

OPTIMIZATION FPARAMETERS SELECTED BY:

(@ HOGA (JIUSER
M aximum execution time:

|I] |h_ |'|5 | min. Farameters

kirirnLim time for the Genetic Algarnithmz

If we pass with the mouse on the zone of maximum and minimum number of components in
parallel (see point 15) we are informed that the method chosen for the optimization will be the
enumerative method (EVAL. ALL, to evaluate all the possible combinations), since the allowed
time (15 minutes) is greater than that needed to evaluate all the combinations (1620 possible
combinations). In this computer the estimated calculation speed is 18 cases per second, so in
1'28" it is expected that all combinations will be evaluated and the optimum will be found.

NUMBER OF CASES AND TIME EXPECTED

Computation speed 18,391 cases/second

EVAL ALL POE. (% ALL) GEN ALG. G4 ALLY

MARN ALG. (COMB. COMPONENTS) 1620 1135 (7006%) 16548 {1021.40%)
11620

SEC ALG (COMB STRATEGIES) 1 3 (300%) 41 (4100%)

MAINALG, SEC ALG. MNUMBER OF CASES

OFTION . EVAL ALL ALG BEAZ0
OPTIONY GEN ALG. EVAL ALL TES48
OFTION 4 GEN ALG. GEN ALG 70460
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18. Optimization type.

In the main screen, tab "OPTIMIZATION" we must indicate if in the optimization it is considered
the entire system life (usual, fixed installations, default) or temporary transportable installations
(only for PRO+ version). We leave the optimization by default: “TEMPORARY INTERVAL: ALL
USEFUL LIFE OF THE SYSTEM (FIXED INSTALLATIONS)".

GEMERAL DATA OPTIMIZATION CONMTROLSTRATEGIES FINAMCIAL DATA RESULTS CHART

OPTIMIZATION TYPE:
(® TEMPORARY INTERVAL: ALL USEFUL LIFE OF THE $YSTEM [FIXED INSTALLATIOMNS]

@ MOND-OBJECTIVE [Cost) (O MULTI-OBJECTIVE FParameters
_ . Dizplay only non-damin,
Cost - CO2 Emiz. Triple 00 5
Cost - Unmet load Another a0 Bmmi PeelEs

() TEMPORARY INTERYAL: LESS THAM ONE YEAR [TRANSPORTABLE FACILITIES, ONLY FOR PYY-DIESEL-BATTERIES]

We must indicate if the optimization is mono-objective (minimizing the total cost over the life
of the system, considering all the costs transferred to the initial moment of the investment, NPC)
or if it is multi-objective, where it seeks to minimize several objectives at a time. Let's leave the
default mono-objective.

By clicking in the button “Parameters” we can see the details of the optimization. In this case all
the combinations will be evaluated, in the results we will see the best 10 combinations, we could
change that value in the field “Display best” (see next figure).

V| PARAMETERS OF THE OPTIMIZATION - O X
MAIN ALGORITHM (OPTIMIZATION OF COMPONENTS) SECONDARY ALGORITHM (OPTIMIZATION OF STRATEGY)
OFTIMIZATION METHOD OFTIMIZATION METHOD
(O GENETIC ALGORITHMS (@ EVALUATE ALL COMB (O GENETIC ALGORITHMS (@ EVALUATE ALL COMB
15 1234 15 3
a0 1 Mutation Uniform 90 1 Mutation Uniform
15 15
1 5 1 5

EV,

Display hest:

NUMBER OF CASES AND TIME EXPECTED

Computation speed: 20 cases/second

EVALALL  POP (%ALY GEN. ALG.(% ALL)
MAIN ALG. (COME. COMPOMENTS): 1620 1234(7617%) 17932 (1110.62%)
{11620
SEC ALG. (COMB. STRATEGY) 1 3(300%) 41 (4100%)
MAINALG  SEC. ALG.  NUMBER OF CASES %  TIME EXPECTED
OFTION 1. EVALALL EVALALL 1620 0%  Oh1t21®
OPTION 2 EVAL ALL  GEM.ALG 56420 400%  OhG5 21"
OPTION 3 GEN ALG. EVAL ALL 17892 11106%  Oh14'59"

OFTION 4: GEMN.ALG.  GEN. ALG. 737672 4B535.3 % 10h14'

Optimization by means of enumerative method (evaluating all combinations). tis guaranteed to ohtain the
optimal solution
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19. Control strategy.

In the main screen, the "CONTROL STRATEGY" tab indicates the type of control strategy: load
following or cycle charging, or testing both. In addition, different control variables can be set to
be optimized. In EDU version only load following strategy is allowed.

In the PRO+ version you can set or optimize the strategy of charging/discharging the batteries
in systems connected to the AC grid (charging batteries by the AC grid when the electricity price
is low and discharging batteries when the AC grid electricity price is high).

Let's leave everything by default.

GEMNERAL DATA OPTIMIZATION CONTROLSTRATEGIES  FINANCIAL DATA RESULTS CHART

CONTROL STRATEGY &WND WARIABLES TO OPTIMIZE

Global strategy: System with batteries and grid connected

@ Load Following D Battenes are charged by the AC and /¢ discharaed if:
(O) Cycle Charging [ | Continue up ta SOC stp

(O Try Both [] Optimize strateqy of grid-conneted batteries:

Variables a optimizar relativas a la estrategia global:

1 Pmin_gen Prrin_FC HaTANK stp
[JP1_gen P1_FC P2
[J50Cstp_gen SOCstp FC [ 50Cmin

[ Peritical_gen Peiitical _FC Flim_charge

Fin wariables “anables accuracy: = 100%

20. Financial data.

In the main screen, in the tab "FINANCIAL DATA" we must set different economic variables
(interest or price of money, general inflation, study period, currency, installation costs, and
loan). Let's leave the data by default.

By default, at the end of the study period (25 years) the residual cost of the components will be
considered as incomes.

Also, by default the LCOE (levelized cost of energy) will be calculated considering in the energy
the real discount rate (see user manual, section 3.1.4)

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

ECOMNOMIC DATA:
Loan (constant quota, French system):
MNominal interest rate (capital cost): %
{nominal discount rate) Annual real discount ratel (22): Amount of loan: %
o ofthe initial cost of investment

Annual inflation rate (O&M..): % 1.96 %

[+]In LCOE include real disc. rate in Energy Loan Intarast kA
Study period (svstem Iifet\me): years
[“]Atthe end of the study period consider the residual cost of the components Duration of loan: years
Currency |Euro (£) ~
Installation cost and variakle initial cost. 300 £ Fix+ % of initial cost Extra Cash Flow

37



21. Calculate (optimize the system).

Before calculating, it is important to save the project (in the main screen, upper menu Project-

> Save).

In the general screen, clicking on the "CALCULATE" button a window appears indicating the 5
constraints that are going to be considered and if it is agreed, the calculation of the optimization
begins.

88 CALCULATE

Confirm *

'..:0.' The constraints (3) to be considered are:

1- Maximum Unmet Load allowed: 0.3% of total annual load.
(There is no AC grid or it is not allowed to buy Unmet load to AC gnid)

2- Minimum number of days auton.: 4.5 days.
(If there is AC generator or fuel cell using external fuel or purchasing Unmet load from AC grid is allowed,
the number of days auton. will be considered as infinite)
3- Nominal Capacity of Batteries bank (Ah) = 20 x (Isc PV gen. + |dc wind turbines group at 14 m/s).
(Do not consider this constraint if there is AC generator or a fuel cell using external fuel
or purchasing Unmet load from AC grid is allowed)
4- Minimum Renewable Fraction: 50%.
3- Maximum levelized cost of energy: 100€/kWh.

To change these constraints, press 'Cancel'. Do you watn to continue with the optimization of the system?

Cancel

22. Results.

When using the optimization enumerative method, iHOGA evaluates all the possible
combinations of components and, for each combination of components, it evaluates all the
combinations of control strategies (but in this case there is only one control strategy). Each
combination is simulated during a whole year, in this case in steps of 1 hour. If that simulation
meets all the constraints, then it calculates the Net Present Cost (NPC), considering all the costs
during the lifetime of the system (25 years) and moving all the costs to the first year (taking into
account inflation and interest rate). The combinations that do not meet all the constraints are
discarded, assigning them a NPC of “infinite” and showing them in the graph with a cost NPC of
0.

Once the evaluation of the different combinations is finished, the results are shown.

38



GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FRANCIAL DaTA RESULTS CHART

Mono-abjactve optimization. Total Mo, of cagas evalustad: 1620, Tima: 55"

H 3 4 5 5 T ] [ 10
GENERATIONS
[ Shaw dingram
#[ Total Cost (NPCHE) T 2] Unmotkily)  Unme LCOFEMWT)  Simulste  Report I
1 144583 10409 14 051 SIMULATE . REPORT). «
2 149583 104.09 14 U517 SIMULATE. REPORT.. (
3 156375 102.9% 1 o . REPORT..
4 16537 5 102 93 1 ] REPORT . (
5 156161 176,96 EE} ] REFORT . (
] 156161 126,36 i3 ] . REPORT.. «
7 15673 8.18 oy 0.05 053 SIMULATE.. REPORT..
] 15673 9818 oy 005 WF a6 053 SIMULATE.,, REPORT., «
L] 159840 17 74 016 WF 63 M3 054 SIMULATE.,. REPORT . (
< >
COMPONENTS: F hot ASIT00 (100'We) 43 4p. (100% PV slope enes OPZ5-Heawker TLS-3 (180 A 245 x 1p. f 1 xAC
Gen. p STECA XFC 1600-48 of 1600 VA I FV ban AROM 440 of 40 A Unmen losd = 0.1 % 4 Total Cost
e
STRATEGY. LOAD FOLLOWING. Pl gert INF. Frein_gen. 150W. Peritcal_gen: 0 W, SOC setpeint_gen 20 %, SOC min_ 20 %,

Due to the random variability introduced for the AC load in section 4, and also for the irradiation

and wind speed, it is possible that the results obtained by the reader with his/her computer are
slightly different from those obtained in this quide, since the AC load and the resources will not
be exactly the same for all the time steps (due to the random variability introduced).

In the "RESULTS CHART" tab it is shown the graph of the total cost of the best solution (in red)
and of the life cycle annual CO2 equivalent emissions (green) of the 10 best solutions found.
iHOGA has used the ENUMERATIVE METHOD, that is, all possible combinations have been
evaluated. In addition, instead of the scheme of the components a table with the results of the
best combinations appears. The table shows the 10 best combinations ordered from best to
worst: the best is the first of the table (#1), second best is the #2,.... The number of the best
combinations shown (in this case the 10 best ones) can be modified by clicking the "View
Parameters" button in the tab “GENERAL DATA” of the main screen, next to where the
maximum execution time is set.

After finishing the optimization, the number of solutions to be shown can also be modified in
the main screen, bottom left corner, close to the button “See best”. After changing the value, if
you click that button, the best number of results will be shown in the table and in the chart.

|

See best 10

To see the diagram of the components, click on the "Show diagram" button above the table, on
the right:

Show diagram

Appearing again the diagram instead of the table:
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ICharge

Reg. J

DC DC
AC AC

Although DC load appears in the scheme, as we have not defined it and by default DC load is O,
such load is not considered.

To see the results table again, uncheck "Show diagram".

Below the table the characteristics of the optimal solution (corresponding to the first row of the
table, solution #1) are shown. This text can be copied (select and Ctrl + C).

COMPONENTS: PV modules aSi12-Schott: ASI100 (100 Wp): 4s.x 4p. (100% PV#1: slope 359,
azimuth 09) // Batteries OPZS-Hawker:TLS-3 (180 Ah): 24s. x 1p. // 1 x AC Gen. Gasoline 0.5kVA
0.5 kVA // Inverter STECA: XPC 1600-48 of 1600 VA // PV batt. charge controller. STECA: TAROM
440 of 40 A // Unmet load = 0.1 % // Total Cost (NPC) = 14958.3 € (0.51 €/kWh)

STRATEGY: LOAD FOLLOWING. Plgen: INF. Pmin_gen: 150 W. Pcritical gen: 0 W. SOC
setpoint_gen: 20 %. SOC min.: 20 %.

If we move through the table with the bottom bar, and focus on the first row, we can see many
results. In blue we can see the results of the annual energy (load, PV generation....), for example,
we can see the annual energy charged by the batter (energy that enters into the battery, but
the energy stored will be lower, as the charge efficiency is lower than 100%), the annual energy
discharged by the battery (energy that effectively supplies the battery, considering efficiency)
or the energy supplied by the AC gasoline generator (just 2.8 kWh per year). In black, we can see
the hours that it runs in the year (just 18.6 hours) and the battery lifetime (11.36 years).

€ ch. hat(kih) " disch. bat (kih) £ ehzer (kiwh) E gen (kiwh) B FC (ki) Hours eq. Genat. life {yr) ours Ch. Bat. Hours Disch E A
10764 9228 2.8 N 158 11.36 g B
75,4 F72 8 74 £ 736 34 5

= S
=

10813 9247 ] 51 1] 1219 13 nz7 e
10813 9247 ] 51 1] 1219 11.31 27 5t
10696 9153 ] B8 1] 5384 11.36 3154 Bt
1069.6 91583 i} 8.6 ] 53.84 11.36 3158 Bt
10783 4257 ] 14 1] 1nzz 173 ama Bz
10763 9257 ] 14 1] 1.2z 173 ma e
10768 921.4 ] 142 1] 3 a7a 5: o
< >

We can see the simulation of the operation of the optimal solution by clicking on the first row
of the table, in "SIMULATE":

# Total Cost (NPC)(E) Emission (kgCOZ4r) Unmet(dthinl  Unmet() Daut CnWh)iPowePaed v Reni® LCOEEMKWH)
; 149583 104.08 14 20l NE 58] 9972 151 (sMULATE. —

The simulation screen appears as shown below (if it has not appeared, click on the iHOGA icon
in the taskbar at the bottom of the computer screen and the simulation screen will appear):
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¥ SMULATION = o

| Houty simutstion  Hourtyveles separcinly  Monthéy oed Ancusl Aversge Power | MontlyEneigy  Anmwsl Enesgy | Hydeogen A Geesentor Watsr lood /PHS | MULTIPEFSCO

Simulation of 1 ysar, il the years the same.

1500
3000
2500
8000
7.500
7.000
53500 §
5000 &
550 B
5000 E
4500
st |
1500
3000
2300
2000

: Y Ry
Eluctolyror ;

2 e (M HE] Om

hargo ] P eritical Gan.
Cap M

P criticad Ful Cob

[ 50C sutpoint Gan

Wind Turb =
LB e AC o et
- LJ " i 4
L 7] AG Generatar EakmAGow ] | P
2 [ PmaxGan SOCET| | T bl change
Surelaton step (rin) 60w Seve deta A - 1. | Sowe Simuasion Deta

COMPONENTS P ganamior of 1600 Wi (100% PRl siope 350 azimeth 1) 1 x AC Generstor of 500 A Basery benk of B540Wh. invarar of 1600 VA

STRATEGY: LOAD FOLLOMANG. Plgan B4F W, Prain_gen: 150 W, Periscal_gws: 0'W S0C _gen 20 % S0Cmn 0%

Months when it is not supplied the whole load by the standalone syste. Decembaes
Dhays whan it is sot v gt V12 1212 V12 V8712 19/12 2512 2612

¢ - - m - = 1300
>
QWER CAISUMED O SLEPLED (W) .
& =] potier bank Discharge =2 Plim Chargs i

We can see that during several days in December there is unmet load. The first day with unmet
load is in December 11", from 0 to 7 a.m. (due to the random variability introduced for the AC

load in section 4, and also for the irradiation and wind speed, it is possible that the results

obtained by the reader are different, the first day with unmet load can be December 12%), shown

in orange, during these hours the battery is at the minimum SOC (so it cannot supply load) and

the gasoline generator cannot work because we did not allow it in the AC generator screen (see

section 12).

Simulation of 1 year, all the years the same.

POWER (W) /H2 Tank /WATER tank (Wh)

50
= 7 ‘
Q 3 (] 9 12 15 18 21
Legend 11 December
g

<
POWER CONSUMED OR SUPPLIED (W)

e

9,500
9,000
8,500
8,000
7.500
7,000
6,500
6,000
5,500
5,000
4,500
4,000
3,500
3,000
2,500
2,000
binn

BATTERY ENERGY (Wh)

See Over

Total Load
— Export

Unmet Load
= Disch. Batt
== Charge Batt
= AC Gen

PV
= S0C

>

Days display

By changing the number of days to show (center right “Days display”) you can see several days

at a time. You can select and deselect the curves you want by clicking in their respective boxes.

You can see the results of the simulation in different tabs, separated time values, average

monthly and annual power, monthly values, annual values ...
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nthly and Annual Average Power ] tdonthly Energy ] Annual Energy ] Hydiogen-detailed 1 AL Generator-detailed ] Water load ]
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh}

Hourly simulation

Hourly values separately Fbg

ofal Coad PV Generator Wind Turbines
04
0.5 0
02
T T T T T T T T 0 T T T T T T T T T T T " T T T "
0 1,0002,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,0002,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 5,000 &,000 7,000 8,000
Hydro Turbine / TEG AC Generator Excess
o
T 0 UL SR e e
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 £,000 6,000 7 000 8000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank, end of the month
|| || o oo
N R I U R I r
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 o

Battery bank Charge Battery bank Discharge

02 0.2
0 0 T T T T T T T T T
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 &,000 0 1,000 2,000 3,000 4,000 5,000 6000 7,000 3000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0 1}
0.05
0 T T T T T T T T T T T T T T T T T T T T T T T T
0 1.000 2.000 3.000 4.000 5.000 6.000 7.000 &.000 0  1.000 2.000 3.000 4.000 5.000 £.000 7.000 8.000 0 1.000 2.000 3.000 4.000 5.000 £.000 7.000 &.000

By clicking on the simulation screen in "Back" button we return to the main screen.

We can see the report of the optimal solution by clicking on the first row of the table, in
"REPORT".

# Total Cost (NPC)(€) Emission (kqCO2Ax) Unmetldwhiyr)  Unret(3) Doaut CrldWhi(Ppw+Pedld Ben( LCOEEkvwh)
1 14958.3 104.09 14 003 INF b6 9972 0.51

Simulate

The screen of the report of the best solution appears.

(The same report would have been obtained if we click in the bottom left corner button

[i S rEPoRT | showing this button the best solution found)

The AC gasoline generator implies that autonomy is infinite, complying with the constraint of at
least 4.5 days of autonomy, and, since the batteries do not comply (in the optimal solution the
batteries only give 1.4 days of autonomy, see 5th line of the report), the presence of the
generator implies infinite autonomy.
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|T Preview

B AR e QE|ED0E K| WL o3k M Close

; NPC NPV (€]
iHOGA software. Report.

Froject: Pri hoge. Solution # 1
DC Valtage: 48 V. AC: 230 V.

COMPONENTS: S—
P\mod sS5i12-Schott: ASI100, £x4100 Wp. P totsl =1.6Wp (100% PV#1) (PTEe |
Batt OPZS Hawer TLS-3, 28¢1x150 AR Etotal =8.64KWN (1.4.5u1) POWER (kW)
WithoutWind Tubines

15]

1

e
AC GEN. FUEL

, 16000
PV Battery charge controller STECA: TAROM 440 of 40 A 05
Without battery charger

PV GEN
CONTROL STRATEGY:

IF THE POWER PRODUCED BY THE RENEWAELE SCURCES IS HIGHER THAN LOAD CHARGE
The Betteries are charged with the spare power from renewable

IF THE POWER PRODUCED BY THE RENEWABLE SOURCES IS LESS THAN LOAD: DISCHARGE

The power nat supplied 1o meetthe Ioad will be supplied by he Batteries (i they cannot aupply the whole, the rest wil ENERGY BALANCE DURING 4 YEAR (kihiesri;

be supplisd by the AC Genemtor)

Plgen = INF W Overall Load Ensrgy: 1500.5 KiVh/ys. From Renewable: 59.72%
Thera i no Fusl Cail Unmetload: 1.4 Whiyr {0.05 % losd)

E. Purchased from AC grid: 0 KWy
AC Generaior Minimum Power : 150 W Export Energy: 188 1 kWhiyr

. . . E. 0ld 1o AC grid: 0 KWy

Wien power & b supplies by AC Gan. is < Paitics|_gan=0 W, AC gen runs st full power (without excess), charging

the Bett, {this hour and the next houss) until 20 % SOC isreached Em:::‘;::: ;W;?::T;;%%Z’-MM
LOAD FOLLOWING. SOC min. baiteries =20 % B el by Liyeet Tormimes © Wiy
Energy delivared by AC Generaior: 2.8 Wihyr
Energy delivered by Fuel Call. 0 Kivhiyr

cosTs: Enemy at Eledrolyzer. 0 Kihir
costs: Energy charged by Batisries: 10784 Kihiyr
nitial Investment: 7231.5 €. Loan: 30 %, int. 75 in 10 yeas, annual quotar 237 € Cost AC gen. fuel, 1st year: 4.1€ Eneray dlschaged oy Bataries 3226 Minyr

MFC OF THE SYSTEM (26 years lifetime): lcomparing o only AC grid, 150 1kWhiyr, NPC=8827€) OTHER RESULTS:

Total System Costs NPC| 14958.2€. Levelized costof energy: 0.51 €kWh Betteries Lifetime: 11.28
L Hours eq of AC Generstor oparstion: 18.8 hir
Distribution of NFC:
Hours of Electiclyzes opesstion: 0 h
Y GenerworComs e 207 € Heim o Pl Cal et
tiery band Emi of AC. i i
A Gt NFC) mae Total COZ amissicns: 104 0%gCO2yr; {due of2529 gCO24r

H2501d in one year: 0 kg 24t
:‘ﬂ“ m”"““sm‘"mx ge2sE Human Development Index (HDI): 0.5259. Jobs created during sysiem lifetime: 0.0048

ter Costs [NFC): 3
AC Generster Fuel CnsE{NPC) 1182¢&
Installstion+financing (NPC}: 1331 .6€

ENERGY BALANCE DURING 1 YEAR (kWhiyear)

2,000
1,500 44—
1,000
- == il
LoAD Unmet Exp Py GEN C.BAT D.BAT
20f3

The report can be printed, on paper or in PDF format (if you have installed a virtual Pdf printer,
for example Adobe Acrobat or doPDF, which is free).

Press the print button and then select the physical or vitual printer (in the example,
Adobe PDF):

Print X
Printer
name: (ENTI I - | Properties...
Where: [ print to fie
Pages Copies
@ Al Number of copies |:| =
O current page
O Pages: ' ' Colate
Enter page numbers and/or page ranges,
separated by commas. For example, 1,3,5-12
Other Print mode
Print All pages ~

>|] Defauft v

Duplex Default ~ Print on sheet Default

s

Order Direct (1-9) ~

Once the printer is selected (physical or virtual PDF), the report is printed or the PDF file is
created by clicking OK (a dialog appears in the Windows taskbar, where you must select the
location of the PDF file).

By clicking on the "Close" button, the software ask us if we want to save the report in .rtf format
(which can be open by Microsft Word). We click YES, we save it and then we can open it with
Word:
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Project: Prl.hoga. Solution # 1
DC Veoltage: 48 V. AC: 230 V.

COMPONENTS ¢

PV pan. aSil2-Schott: ASI100, 4x4x100 Wp. P total = 1.6 kWp (100% PV#1)
Batt. OPZS-Hawker:TLS-3, 24x1x180 Ah. FE total = 8.64 kWh (1.4 d.aut)
Without Wind Turbines

Without Hydro Turbine

1 % AC Gen. Gasoline 0.5kvA, 1x500 kVA

Without Fuel Cell

Without Electrolyzer

Inverter S : XPC 1600-48, 1600W

PV Battery charge controller STECA: TAROM 440 of 40 A

Without battery charger

o

CONTROL STRATEGY:
The Batteries are charged with the spare power from rencwable

In the main screen, we click on the "COSTS" button of the results table (close to "SIMULATE"
button), in the first row:

Unmet(?:) Daut CniwhiiPpv+Pw)v Ren(® LCOEE/KWh) Simulate Report DI Jobs P P¥mod. (Wp) Slope#1(®) CnBa ~
00s  INF BB 9972 051 SIMULATE.. {REPORT) 0152589 0.0048 4=4¢100 35 24xIx

The following screen appears, informing us graphically of the different costs throughout the
life of the system:
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Project: Pri hoga. Solution #1

Distribution of costs ) and incomes (-}, MPC, during the years. RED: acquisition costs, replac. costs and incomes for
sales. BLUE: O&M Currency: €.
Total Cost (NPC): 145583 € (051 €kWh). Initial cost of investment: 72315 €. Loan of 80 %, int. ™4 in 10 yr., quota: 823.7 €hyr.

TOTAL COST (MPC) 142583 € Financial Cost {MPC): intizl payment + annusl guoss: BLZT.6E
1,500

2,000

1,000 I Il 1,000
D00oo0oo .......I.l._l o

-1,000 = - ———

MR IRAERAR e  RGEEAREE nas e 0 ' " ' Pt
02 448681 13 18 19 22 25 02 48810 12 18 19 22 25
Total Cost of PV Generator (MPC): 28857 € Total Cost of Wind Turbines group (WPC): 0 €
1,000
D2 &6 2140 13 18 19 22 28 024681 13 16 19 22 25
Total Cost of Hydro ([NPC): 0 € Totsl Cost of AC Generator (WPC): 323 €
200
100
0248810 13 18 19 22 25 024881 13 16 19 22 25

Totsl Costof Inwerter {(NPC): 31583 £ Totsl Cost of Battedzs Bank (MPC): G484.TE

1,000 2,000
l I I | i i

. -
02486581 13 16 18 2 25 0248681 13 18 19 22 26
Total Cost of Bectrohy=r (MPC): D€ Total Cost of Fuel Cell (NPC): 0 €
0
02 4 8 210 12 168 19 =22 25 02 48810 13 18 18 22 25
Total Costof HZ Tank (MPC): D€ Total Cost of AC Gen. Fusl (NPC) 116.2€
:'ZIIE I4 IE IE; 1IEI 'IIE- 1IE-I 1.5 EI‘E .'llE 02 4 8810 12 18 19 22 25
Totsl Cost of Exiernal Fusl for FC (NPC) D€ Taotsl Cost of E purchased from AC grid (NPC): 0€
D] s
0248810 12 16 19 2= 25 0248381 13 16 19 22 25
Total Incomes of E sold to AC grid (MPV): 0 € Taotal Incomes of HZ sold (MPC): D€
H 0
02486821 13 168 18 2 25 0246810 12 16 19 2 25
Total Cost of Charge Reg. (NPC): 8E3.8€ Totsl Cost of Rectifier (MPC): 0 €
200
[ L » s
0 B
LB A N L N ey iy sy s e ) A L ma p s e T
024881 13 18 19 22 25 024 8810 13 18 19 22 25

As in the case of the report screen, you can print or create the PDF. If we close (“Close” button)
it asks if we want to save the cash flows in Excel.

Save Data

Do you want to save cash flow?

][ W
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We save the file. Open the saved file with Microsoft Excel (or equivalent software). When
opening it we will see a warning:
Microsoft Excel *

I El formato y la extensidn de archivo de "pruebaltablaxls’ no coinciden, Puede que el archivo esté dafado o no sea seguro, Mo lo abra a
e menos que confie en su origen. ;Desea abrirlo de todos modos?

We answer "Yes" and the Excel file opens perfectly, showing the table of costs.

- Keep in mind that the decimal separation appears as a point. If the decimal separation
defined in Windows is comma (usual in Spain and other countries), for Excel to treat the
data as numbers we have to:

- Select the entire Excel sheet and change points by commas
- Or, in the properties of the Excel sheet, indicate that the decimal separation is the point

for this file.
A B C D E F G H ] i) K L M N a P Qa R
1 [Project Pranbes. soluten w1
2
3 9 €finchuded installation and initial variable costs of 435.9 €. Loan: 80 %, int. 7% in 10 yeaes.
4 HOLT SYSTEM LIFETIME
5 (o) ANDINCOMES |- )
L] ., et -, FOr @aCh componen, cash Bows comespond 10 acquisition coat [year O replacement 0osts (years inwhich the component & replaced), and return revesue at the end of the system’s ke, if it has a useful lite negative valse
T D&M #V Gen. Costs Wind T. OEM W Co iro T, OEM Hydio T, = 3 AC G, DEM AD Gen, Tt
a 2 NPC cash year NPT cath year NPC <cash year NP t NPT caihyear NPT cash year NPC cash yead NPC canh a
9 o 1760 1760 o o o o o 0 a a a L] P s0 o o 144
10 1 o o SRR 565 o a o o n L] L] L] 0 o R RE
n 2 [ ] 9.9 5.4 0 a Q (] Q Q 1] 1] o o 36
12 3 o o 1.1 54.3 o o L) o L] o L] o o o 13
13 o o 2.3 333 o a L) o a L] L] o o o 14
4 5 o o 616 523 o a Qo o a L L o o o ER
15 & o o 49 513 o a a o a o o o o o i3
16 7 o o 5.2 0.3 o a o 0 a 0 L L] o o 3.2
17 8 ¢ 0 LTAY -3 o ') o 0 o 1] 1] 1] o o EW ]
L.} 5 o o 688 484 o o o 4] a L] Q o o o L) N |
19 10 o o 0.2 47.4 o o o 0 Q o o 1] o o a5 31 T
20 11 o o 6 46,5 o o o a o L] L] o o L6 3
2 12 0 o 1 56 o a a 4] a o 0 o 0 o a7 20
22 13 0 o 45 a7 1] [+] -] 4] Q 4] 4] 4] 0 0 48 25
3 14 o o o EER ) o o o o o o o o o o & LB
4 15 o o s 43 o a o o Q o L o 0 o 5 B
2 16 e o ™1 2.2 o a L) o a O O L o o 27
% 17 o o 0.7 414 o a a o a o o o o o 7
n 18 o o f.rk 06 o o o o a L] L] o o o 3 16
o 149 L o FER) £ N o o o o o o o o o o s F R
e | M 1 o 5B .0 o o o . n 1] 0o 1] 0 ] 2.5 2134
cash +

We can save this Excel file by the "Save As" option of Microsoft Excel in Excel format (*.xIsx) and
the next time we open it, the previous warning will no longer appear.

23. Save results table.

In the main screen, we can save the results table by clicking on the button "Save Excel table"

# Total Cost (NPC)E)  Emission (kgCO2A Unmetlkhdel  Unmet(3) Doaut Chdwh)/ (P Pwily Fieni® LCOEE/MWh) Simulate Report A

1 14958.3 104.09 14 003 INF BB 99.72 051 SIMULATE.. REPORT... i

2 14958.3 104.09 14 003 INF GE 9972 051 SIMULATE.. REPORT... €

3 15537.5 102.99 1 007 INF 66 99.59 053 SIMULATE.. REPORT... €

4 155375 102.99 1 007 INF EB 93953 053 SIMULATE.. REPORT... €

5 15616.1 126.36 39 026 INF 64 9917 053 SIMULATE.. REPORT... ¢

[ 15616.1 126.36 39 026 INF E4 8817 053 SIMULATE.. REPORT... €

7 15673 98.18 0.7 005 INF 9.9 99.66 053 SIMULATE.. REPORT... ¢

8 16673 98.18 07 005 INF 949 5985 053 SIMULATE.. REPORT... €

9 15984.8 121 24 016 INF 649 98.69 054 SIMULATE.. REPORT... C v
< >

COMPOMNENTS: PY modules aSi12-Schott AS1100 (100 Wa): 4s.x 4p. (100% PY#1: slope 358 azimuth 02) /f Batteries OPZ5-Hawker TLS-3 (180 Ah): 245, x 1p. 4 1 = AC
Gen. Gasoling 0.5kVA 0.5 KVA Y Inverer STECA: XPC 1600-48 of 1600 WA/ PV batt. charge controller. STECA: TAROM 440 of 40 A/ Unrnet load = 0.1 % /f Total Cost
(NPC) = 14958.3 € (0.51 £/kMvh)

STRATEGY: LOAD FOLLOWING. Flgen: INF. Prain_gen: 150 W, Peritical_gen: 0W. S0C setpoint_gen: 20 %. S0C min.: 20 %.

See best Save Excel tahle
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The table is saved in the file indicated. When we open the file with Microsoft Excel, after
accepting the warning, the table appears.

A B c o E F G H I J K L M N o P a R

1 [Protect: DAPForECTOS 1M0GA 3341 hoga
2 Mo MPC[E) Em COMfkgfyri Unmeet{kvhiyr} Unmeeti®] Days auton, Tl ipvaiwiiW) Renewasle fraction () LOOE (£/kwh)
3
4 1 169883 104.088 1394 0w 1410 [ 99,72

2 149583 104,088 1.398 o 1E010 663 .72
[ ] 155375 102.580 103 007 16410 661 99,50
7 ] 155375 102589 103 0o7 15410 663 oo50
8 5 15616.1 126,364 3925 0.26 1E410 687 9917
3 ] 15616.1 126,508 Luzs un 16410 (EH w1y
0 ? 13073 98,185 005 894 9980
i 8 15673 98,185 005 9.94 9,96
12 L] 150848 016 687 289
13 10 150848 016 687 9559
" 1 162018 015 w3 9943
15 12 162014 016 103 99.43
16 1 162763 003 994 99,78
17 u 16276.3 003 B9 9878
18 15 16648 o1 k] 0937
13 16 16048 i vl 1051 g2
20 17 16843301 ] o 467 100
2 18 17122801 £.736 005 47 99,48
n 19 17873.801 ] o 467 100
Pz} 20 17785 0.456 no3 47 9,47
E] a 180211 y ) 7 100
5 7] 182359 ] o 718 100
% F1] 182639 Y. 00 1 1335 99,98
n ET] 182610 0095 001 15410 1235 9098
2 # 186516 0 0 1E410 7 00
S n H8Sd. N 1 1 164100 514 20K

table .

We can save this Excel file by the "Save As" option of Microsoft Excel in Excel format (*.xIsx) and
the next time we open it, the previous warning will no longer appear.

24. Save the project.

In the top menu of the main screen, click Project-> Save, the project will be saved. It should have
been done periodically.

Al Project: D:\PROYECTOS IHOGA :

Project Data Calculate DataBa

0 New
s—Open
< E Save Ctriy-S
Ei Save as
Toject
OPTIONS

Restore Original Tables
Create Tables backup
Restore backed up Tables
Restore Default Currency

ﬂ Exit

25. Save as default project.

We won'’t do it, but, in the top menu of the main screen, clicking Project-> Save as Default
Project we could save the present project to be the default project when we create new projects
(you don’t have to do it in this case). Later we can change the default project to another one
that interests us more.

26. Consumption of water previously pumped to tank.

Now we are going to add water pumping consumption to the project.
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We save the project with another name. To do this, in the top menu of the main screen click
Project-> Save As and the project will be saved with another name, preserving the original
saved. Let's save it as with the name "Pr1-Water.hoga".

Clicking on the main screen on the button "LOAD / AC GRID" it shows the screen where the
demand is indicated.

The water consumption data are indicated in the tab "WATER (m3/day) FROM WATER TANK
(PREVIOUSLY PUMPED)". Suppose the house has a well so that we pump water to a 20 m3 tank,
assuming it is full at the beginning of the year. The pumping height is 12 m. Consumption, mainly
for irrigation, is 10 m3/day in summer (June-September) and 5 m3/day the rest of the year, with
a consumption profile like the one shown in the figure. The pump is AC type of 600 W. The
estimated performance of the pump is 30%. The rest of the data is left by default.

V' Load and options of Selling / Purchasing Energy from the AC grid - m} X
Deim ouEs Hours | JAC [ ]DC [ H2 [ |water
Winutes- each h 1
@ Monthly Average (O Load Prafila () Import File (4, kgH2/h, m3/h) 1] pimiae s porrow o [impen Export

AC LOAD (W) DC LOAD (W) H2 LOAD (kgH2/h) WATER (m3/day) FROM WATER TANK  PURCHASE / SELLE
DAILY WATER CONSUMPTION (m3/day)

p— HOURLY WATER COMSUMPTION [N % OF DAILY CONSUMETION):
Januanf 5 B335 Kiwhiday)  July 1,193 Kiivhicioy) [ et

Februar/s 5335 kWhyday)  August rsawyaey O T0 T 10 Jfo ] [ ] Jo ] |oeAne =
March sog5kwhidey)  Septembef0 | frisskwney) |12 137 14h 18h 18R 17h ish ish 20h 21k 22k 23h - Toml-

April 5995 kivhyday)  October 05395 kivh/day) o "

May S 1 8495 Kbt HOURLY WATER CONSUMF TION (% OF THE DAY)

June 199 kKWhidey)  December] 0.5395 kKiwhyden) 20 ” H

Scale folaadaliey - Friday Forthe weEmEmE= | o - - Variability minutes ()30 |
WATER TANK } hour

Water tank capcadity:

20 3
a} m ELECTRICAL PUMP.
Capacity atthe heginin uationd20 | ] .
pacity ? m Pump electrical rated puwer W Pump minimurm FUWEfD % of rated

EUMPING DATA i ded 199.8 W for Bh/day) Pi El
recommeande r iori i K
— A A+ . 1y, riority to pump if surplus E > % P. pump

Extra pump
—
Friction Losses: Ea Total purmp efficiency: % []Vvar Pump eff Pump valtage: v

The graph below the data shows the average daily consumption for the month selected (where
you clicked the last time the daily water consumption):

AVERAGE LOAD IN JANUARY (included scale factor), TOTAL 4675.84 Whiday
v M ACload W [l DCload ™ M HZ2 (HHV) ¥ I Water (E pumped) |
500
400
300
=
200
100
0
0 B
hour

By clicking on "Generate" button you get the new total consumption of the system. In the lower
part of the screen you can see the average value of 4.88 kWh/day. If we visualize the graph in
steps of 60 minutes, it can be seen the first two days of January:
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LOAD

550
500

430 Water consumption during
400 this hour is equivalent to 239.8
330 W of previous pumping
= 300 V_I

250
200

150

100

50

0

11 21

W — ACload [¥ — DCload [¢ — H2 (inHHV) [ — WATER (in pump E.)

< >

Days display

AC power consumption is shown in blue color and in turquoise color is water consumption
(translated to W previously pumped). For example, in 1°* January the water consumption in the
hour that goes between 6 and 7 h a.m. is 40% of the day (40/100-5 = 2 m3), which will have been
previously pumped a height of 12 m plus 10% friction losses (equivalent to a total height of 13.2
m) with a 30% efficiency pump. The energy needed to pre-pump that volume of water is:

E = volume-density-g-height-(1+friction_losses)/Efficiency =
=2m?3-1000kg/m3-9.81m/s*-12m-(1+0.1)/0.3 = 863280 J = 239.8 Wh.
That is, equivalent to a consumption of 239.8 W during that hour, as shown in the graph.
We return to the main screen of the program.

Click on "PRESIZING" and we see how the maximum numbers of components in parallel are
updated. But we will change manually to the following, reducing the maximum allowed:

MIN. AND bAx, Mo COMPOMNENTS IN PARALLEL:

Bateries in parallel: Min, M
P mod. in parallel: Min. EIM
Wind T, in parallel. bin.
A Gen. in parallel: Min

]

2

il

b,
hd

2

Save the project. By clicking on “CALCULATE” the system is optimized, obtaining the following
results:
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GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 2160. Time: 2' 42"

19,456 B 168
19,200 160
© 152 =
= 16,944 e
g s &

a1 B
< 15,688 o
g 136 2
2 g4 T
= 128 &
= O
18,176 120
17,920 12
1 2 3 4 5 6 7 8 9 10

Solution # (sorted from best to worst)

[ 5how diagram

# Total Cost (NPC){€) Emission (kgCOZhr) Unmetlkdhiyr)  Unmet(®e) Daut Cniwhi(Ppv+Puw) (v Ben(™ LCOEENh) Simulate Report [

1 178814 [ TiBA84 32 018 INF 47 9883 051 SIMULATE . REPORT _ (¢

2 18457.2 149.73 43 024 INF 79944 053 SIMULATE.. REPORT... (

3 18639.9 110.49 0 0 INF 52 100 053 SIMULATE.. REPORT... (

4 18639.9 110.49 0 0 INF 52 100 053 SIMULATE.. REPORT... (

5 18914.4 145.38 2.3 013 INF 7093 054 SIMULATE.. REPORT... (

B 191073 154.08 0.6 003 INF 36 99.93 055 SIMULATE.. REPORT... (

7 192703 110.49 0 0 INF 52 100 055 SIMULATE.. REPORT... (

3 19270.3 110.49 0 0 INF 52 100 055 SIMULATE.. REPORT... (

9 194213 1672.77 4.7 026  INF 72 9862 056 SIMULATE.. REPORT... ( o
< >

COMPONENTS: PV modules aSi12-Schott: ASIT00 (100 %g): 45.x 4p. (100% PVv#1: slope 352 azimuth 0% /f Batteties OPZ5-HawkerTLS-3 (180 Ah): 245 x1p. f 1 x AC
Gen. Diesel 1.9KVA T8 kVA i1 %ind Turb. DC SouthwestAlR X (547 W at 1A m/s) i/ Inverer STECA: XPC1800-48 of 16800 %A §f Rectif included in bi-di inverter ff PV
batt. charge controller. STECA: TAROM 440 of 40 A/ Unmet load = 0.2 % §/ Total Cost(NPC) = 17881.4 £ (0.51 £/dwWh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Pmin_gen: 570, Pritical_gen: W, S0C setpoint_gen: 20 %. S0Cmin.: 20 %

Remember, for all the results: due to the random variability introduced for the AC load in section

4, and also for the irradiation and wind speed, it is possible that the results obtained by the reader

with his/her computer are slightly different from those obtained in this quide, since the AC load

and the resources will not be exactly the same for every time step (due to the random variability

introduced).

The optimal system differs from the original (Prl.hoga) in that it includes a wind turbine and
backup generator is diesel of 1.9 kVA.

In the simulation of the optimal system (first row of the table), the energy equivalent of the
water tank can be seen (energy needed to pump the water previously, in Wh, referred to the
left axis) in light blue.

In dark blue, a fine line shows the pumping, which occurs when there is surplus energy from the
renewables, dedicating the remaining energy primarily to pumping, and when the tank is full, it
is dedicated to charging the batteries.
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen AC Generator Water load / PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

2,400 9,500
2,200 | —> 8,000 Total Load
8,500 W. load (E.)
= o0 T———— | 5,000 — Export
= Unmet Load
£ 180 7.500 W.tank (E)
= 1600 7000 £ — Water Pump
i Energy of the water stored in the tank needed to 5,500 § = Disch. Batt
£ 1400 . X . & == Charge Batt
] pump it previously (left axis, Wh) G000 8 |—WindT
£ 1200 5500 2 = AC Gen
= > PV
E 10004 5,000 & —s0c
% a0 Excess energy from renewable 4500
. 4000 &
o
g 500 sources is used to pump water 1500
& 00 3,000
00 2,500
g N 2,000
0 = - = 1500
3 6 ] 12 15 18 21 0
[ Legend 1 January
< >
POWER CONSUMED OR SUPPLIED (W) Energy price SeeOver  Days display
Batter bank Discharge Plim Charge Legend
= BATTERY ENERGY (Wh)
O ] O Electrolyzer soc
o
E. max. disch. hatt. P1
O O E.HZtank(HHvHZ) R [ SOC limite
Battery bank Ch P critical Gen.
Expart Energy attery banl arge [ P critical Gen Cap. Max.
O Eito supply FC P critical Fuel Cell )
Ll Wind Turb D S0C setpoint Gen.
n urb_ D
E boughtto ACgrid || Prax S0C setpoint FC
AC Generator E sold to AC grid Prax
[ Pmax. input Inverter H2 TANK setpaint (HHY HZ) S0C(0-1) T full charge

[ P mex. Gen

In the last tab of the simulation window, "Water load", the following is shown:

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Morthly Energy  Annual Energy  Hydrogen  AC Generator Water load /PHE  MULTIFERIOD

MONTHLY WATER LOAD, PUMPED AND TURB. (m3). WATER STORED IN TANK AT THE END OF EACH MONTH

=)
E
=
=
=
=
o
5}
=
Month
|. Water Load [ Water Pumped [ Water Turbined Water in tank at the end of the month
MONTHLY ENERGY OF WATER LOAD, PUMPED AND TURB. (kWh). WATER STORED IN TANK AT THE END OF EACH MONTH .
=
£ - B B = : 2
= =
> =
s B
im} 5}
=
w
Manth
Hourly Water Load (m3) Hourly Water Pumped (m3) Hourly Water Stored in Tank (m3)
4 20
3 4 15
2 2 10
1 5
0 0 0
0 2.000 4,000 6,000 8.000 0 2.000 4.000 6.000 8.000 0 2,000 4,000 6.000 8,000
Hourly Energy of Water Load (kWh) Hourly Energy of Water Pumped (kWh) Hourly Energy of Water Stored in Tank (kWh)
04 04 2
0.2 02 1
0 0 0
0 2,000 4,000 6.000 8.000 (1] 2,000 4,000 6.000 8,000 0 2.000 4,000 6.000 8,000

Version 2: water consumption by direct pumping (without water tank):

Let's now assume the same case but without water tank (pumping the water directly when we
need to consume it).

We save the project. Then Project-> Save As and save the project with the name "Pr1-Water-
NoTank.hoga".

In the water consumption screen, we set the tank capacity to 0 (and the initial volume):
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V. Load and options of Selling / Purchasing Energy from the AC grid - [m] X

Diata source:

Hours
@ Menthly verage O Load Profe O lmpart File (v, kaH2/h, mvh) Minutes (60 per o] | Exsport
AC LOAD [w) DC LOAD [w) H2 LOAD [kg/h)  WATER [m3/day) FROM WATER TANK [PREVIOUSLY PUMPED]  PURCHASE / SELL E

DAILY wATER CONSUMPTION [m3/davl HOUELY WATER CONSUMPTION (N % OF DAILY CONSUMPTION}
Januay [5 |[DEKwhiday)  July (2kwhidy]  Oh 1h 2h 3h 4h 5h Gh 7h 8h 9h 10k 11h
Febuary 5 [(06Kwhidsy)  August (ke [0 1[0 ][0 Jfo ][] [0 Jfo J[o ] loerme v
March [ |i6kwhidsy)  September[1D | (12kwhide) (2h 13h 14h 15h 16k By Tl - - - EIB" Stma =
April 5 [0.E kb day) Dctober [0.6 kiw'hiday)

May [0 kwhiday]  Movember (06 Kwh/day] HOURLY WATER CONSUMPTION (% OF THE DAY)
J 10 1.2 k'wh/d. D b 5 0.6 k*w'hd.

une [ ay) ecember [ ay] 20

Scale factor for Mundag ° Flidar. 1 For the ‘Weekend: |1 o

WWATER TAMEK: ] 0 8 h:ja 18 W ariability minutes (%]:
“water tank. capcadity: 0 m3

Capacity at the begining of the simulation: |0 m3 ELECTRICAL PUMP:
PUMPING DAT&: Purnp electrical rated power: W Pump minimum power: EI * of rated
Elevation head + suction lift: m [recommended 200 %W for Bh/day)
Friction Lozses: k4 Tatal pump efficiency: |30 E4 Purp Yoltage: DG~

Click on Generate button. OK. In the main screen, save the project and CALCULATE again. The
optimal system is the following:

# Total Cost (NPC)E)  Emission (kgCO24) Unmetlidhber)  Unmet(3a) Daut CaWh)APoaw+Peild Ren(® LCOEEWh) Simulate Report (A

1 199132 126.15 0 0 INF 52 100 057 SIMULATE.. REPORT_. (

2 19913.2 126.15 0 0 INF B2 100 057 SIMULATE.. REPORT... (

3 20524.8 12b.85 0 0 INF 77 0568 SIMULATE.. REPORT... (

4 20524.8 12b.85 0 0 INF 77 0568 SIMULATE.. REPORT... (

1 20543.6 126.15 0 0 INF B2 100 0568 SIMULATE.. REPORT... (

[ 205436 126.15 0 0 INF 52 100 068 SIMULATE.. REPORT... (

7 205478 18599 4.8 027 INF 36 99.48 068 SIMULATE.. REPORT... (

i 20872.7 151.08 2.3 013 INF 34 9989 06 SIMULATE.. REPORT... (

9 21042 181.86 3 017 INF 36 9935 06 SIMULATE.. REPORT... ( o
< >

COMPOMNENTS: PV modules SiP12-TABPY-135-mod (135 Wp): dsx 4p. (100% PV#: slope 352, azimuth 02) /f Batteries OPZ5-Hawker TLE-3 (180 Ah): 24s < 1p. {1 2 AC
Gen. Gasoling 0.5KYA 08 KA Y Irverter STECA XPC 1600-48 of 1600 WA PV batt. charge controller. STECA: P TARDM 4055 of 55 A Jf Unrmet load = 0 % /¥ Taotal Cost
(NPC) = 19913.2 £ (0.57 £7/kWh)

STRATEGY: LOAD FOLLOWING. Plgen: INF. Pmin_gen: 150'W. Peritical_gen: 0%, 50C setpoint_gen: 20 2. 50C min: 20 %

In the simulation of the optimal system (first row of the table) we can see that the batteries
supply the consumption when there is no solar irradiation. The wind turbines supply very little
energy due to the low wind speed. It can be seen that the discharge power of the batteries is a
little higher than the AC consumption, due to the losses in the inverter. At the end of the year
some hours the diesel generator supplies the demand.

Hourly simulation  Hourly velues separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Waler load / PHS  MULTIFERIOD

Simulation of 1 year, all the years the same.

a0 9,500
’ 3,000 Total Load
Ty o p— - 8,500 W load (E)
£ 1000 8,000 — Export
= Unmet Load
£ o 7,500 W. tank (E.)
= 7.000 £ — Water Pump
ﬁ 800 6500 & — Disch. Batt
g 5 — Charge Batt
£ 700 6.000 & = AC Gen
E 600 5500 Z PV
< —s0¢
& 5.000 %
o 500 i
z 4500 £
E) 4,000 &
£ a0 3,500
5
g L 3,000
. 2,500
2,000
0 — — —
171 21 31 1,500

[] Legend

Version 3: AC grid available (not allowed in version EDU).

We save the project. Then we open the previous project, Project->Open, select Pr1-Water.hoga.
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1l Project: DAPROYECTOS IHOGA :

Project Data Calculate DataBa

< [& Open )
ave Ctrl+5

W Saveas
Save as Default Project

OPTIONS

Restore Original Tables
Create Tables backup
Restore backed up Tables
Restore Default Currency

B it

—— T ——

Then we save it as "Pr1-Water-Grid.hoga".

We assume that we have access to the electricity grid, but for example we want at least 70% of
the energy to be covered autonomously (that is, by the stand-alone system without AC grid),
and that the AC grid can provide as much as 30% of the annual energy.

For this, in the main screen, tab "GENERAL DATA", in Restrictions we change the maximum
unmet load allowed (by the stand-alone system) to 30%.

COMSTRAINTS:

M axinnum Unmet Load allowed: % annual

Unmet load refers to:
(® E. not supplied by the stand-alone system
(D) E. nat supplied by the system nor by the AC grid

More Constraints

Then click on the "LOAD / AC GRID" button on the main screen, and access the consumption
and grid data screen. Click on the last tab ("PURCHASE / SELL E").

There we mark the box "Purchase from AC grid Unmet Load ..." and we put the taxes at 21%.
The maximum contracted power is 3.45 kW and the annual cost is 40 €/year. We leave the other
data by default.

The kWh costs 15 c€ (plus 21% tax). The annual inflation of the price of electricity is 3% and the
emissions due to the energy of the AC grid are 0.4 kg of CO; per kWh.

1l Load and options of Selling / Purchasing Energy from the AC grid - [m| *
Drata source: - F i |— P
(# Maorthly Average  Load Profile © Import File [, kgH2/h, m3sh) (c 1 hd E=port
AC LOAD (W) DC LOAD (W) ] H2 LOAD (kgH2/h) | WATER (m3iday) FROM WATER TANK PURCHASE | SELL E ]
[v Purchase from AC grid Unmet Load [Hon Served [~ Sell Excess Energy to AC gnd S NEHIVAEILTY |
Energy by Stand-alone system]) = .
i riority ko zupply E not covered by renewables:
R [v Fized Sell Price [£/\wWh) 01z
v Fixed Buy Price [£/kiwh] 015 E——— . '1_ % Storage/Generator © AL Grid
) — 1. sell = pr. buy =
Annual Inflation (%] Emigsion [kaCO2AMW h): = Sell fus H2 in tank [diff
i ell surplus H2 in tank [difference
3 0.4 aalanglier] S between the H2 in the tank at the
W Fired Proas (W) Fised Cost P (B/kW7yr Mas. Powerlkw)  [245 7 =Pmas buy oo off i 72 ) &R s (BT
345 Options 40 Energy Generation Charge [Transfer Charge| Price [€/kwh
— [V Fired Transfer price [EAwh] |0.0005 o 3
Access Charge Price h P .
W Fized Access price [£/k4Wh) [0 | Self-consumption and Met Mettering: Data to compare with electrical supply
Back-up Charge Price [£/WH] ‘Nn net mettering ﬂ only from AC conventional grid:
W Fived Back-up price [\ |0 Cost of niet metering service [0 |0 Total cost installation of AC grid:| 3000 £
[The cost of the back-up tall wil be added to the E purchased) Bu-back: Excess E it paid &t £/ |0 08M anrual cost of grid: |100 £
I Total tax for electricity costs (buy + charges] (%): |21 I Tatal tax for electricity sold (%) |0
T

We return to the main screen, save the project and calculate.

The optimal system no longer includes AC generator nor batteries.
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# Total Cost (NPCYE) Emission (kgCO2Ax) Unmet(kidvhier)  Unmet(3) Daut Codwh)/ (PP W Ben (2 LCOEEKkWh) Simulate Report Ca
IR /TN 327.96 516.9 2888 INF 0 7102 151 SIMULATE.. REPORT... €
2 178031 327 .96 5169 2898 INF 0 702 051 SIMULATE.. REPORT.. C
3 178031 327 .96 5169 2898 INF 0 702 051 SIMULATE.. REPORT.. C
4 178031 327 .96 5169 2898 INF 0 702 051 SIMULATE.. REPORT.. C
5 17837 286.21 5112 28E6 INF 0 7134 051 SIMULATE.. REPORT..
B 17837 286.21 5112 28E6 INF 0 7134 051 SIMULATE.. REPORT.. C
7 17837 286.21 5112 28E6 INF 0 7134 051 SIMULATE.. REPORT.. C
B 17837 286.21 5112 286 INF 0 7134 051 SIMULATE.. REPORT..
5 17844 4 213.94 372.9 209  INF B8 791 051 SIMULATE. REPORT.. C

< >

COMPOMNEMTS: PV modules aSil 2-Schatt ASN00 (100 Wp): 45 4p. (100% PV#1: slope 352, aziruth 09) /f 2 Wind Turb. DG Southwe st AIRX (547 W at 14 m/fs) /f Inverter
STECA: XPC1600-48 of 1600 A Jf Unmet load = 29 %% 4 Total Cost (NPC) = 17803.1 € (0.51 £/kivh)

STRATEGY: LOAD FOLLOWING

In the simulation, for example, we can see that on January 1%, during all the night until 7 a.m.,
there is AC load that cannot be covered by the stand-alone system (there is no solar irradiation
and there are no batteries, so it is unmet load by the stand-alone system), so that load is
purchased from the AC grid.

Hourly simulation  Hourty values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load f PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.
3.600

3.4004 Total Load
3.200 W. load (E.)
3.0004 — Export
2,800 4 Unmet Load
2,600 w 1“”:; E)

1 — Water Pump
2400 — Wind T
22004

PV
2.0004 Buy E from grid

1,600
1,600
1,400 ] (unmet load) -> Purchased to the AC grid
1,200
1,000 |
800
600
400
200
0

AC load not covered by stand-alone system

POWER (W) /H2 Tank AMATER tank (Wh)

0 3 [ 9 12 15 18 21 0
[FLegend 1 January
< >
POWER CONSUMED OR SUPPLIED () [JseeOver  Days display

. Eneripy price
Batter bank Discharge Plim Charge Legend

0 O Electralyzer P2 EATTERY ENERGY (Wh)
s0C
0 E. max disch. hatt E. H2 tank (HHY H2) r P S0C limi
imits
Battery bank Charge Fuel Cell P critical Gen.

Cap. Max.
B Sl e P critical Fuel Cell 50C setpoint G
Wind Turb. Ealiz e selpoint Gen.

=] Or S0C setaoint FC
“ater Pump

[] Pmax. input Invertar

E boughtio AC gri
AC Generator E sald to AC grid
[] P max. Gen.

H2 TANK setpoint (HHY Hz) S0C (0-1) T.full charge
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Hourly simulation  Hourlyvalues separately  Manthly and Annusl Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generstor ‘Waterload /PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)

Total Load

PV Generator

Wind Turbines

0.6

02

0.5

0 2,000 4,000 6,000 8,000 2,000 4,000 6,000 8.000 0 2,000 4,000 6.000 8.000
Hydro Turbine / TEG AC Generator Export
1
0 0 0.5
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4.000 6.000 8,000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank // accum. Sold
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0

Battery bank Charge

Battery bank Discharge

Energy in Battery bank

0 2,000 4,000 6.000 8.000 0 2,000 4,000 6.000 8.000 0
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
04 04
02 02 0
0 0
0 2,000 4,000 6,000 8,000 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000

27. Using hourly irradiation and wind speed data from PVGIS or Renewable Ninja.

We can use hourly data for irradiation, temperature and wind speed data obtained from the

database of PVGIS or from the database of Renewable Ninja. We could also use hourly data from

NASA.

We save the project.

We open the project “Prl.hoga” (Project -> Open).

Then we save the project with another name, Project-> Save As, let's save it as "Pr1-Ninja.hoga".

In the SOLAR or WIND resource windows, click in “Download hourly data”.

1 SOLAR RESOURCE

Latitude (%) (+N, 5):  [28.06

Longitude (#) (+£. ‘w):|-15.5

Locate on map |

et data from local DB

Download hourly data

| Download NASA monthly data |

Then a small window appears, showing the database to choose (PVGIS or Renewable Ninja) and

the that can be downloaded.

Renewable Ninja data:

First we select the database of Renewable Ninja. This database has some restrictions: with this

database we can only download data of year 2019, and we can do only 5 downloads per day

(each download of irradiation/temperature is counted and also each download of wind speed is

counted) however if you can change your IP (for example using a free VPN service as
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https://www.tunnelbear.com/) you can do 5 downloads each time you have a new IP. These

restrictions are not for PVGIS database.

Download from: __C_PVGIS -‘ear m |'I

= Renewable Ninja (vear 2019} |
. - | 1r|

MNASA - Year | 2020 |
v Houuly Irradiation
v Houry Temperature for: W P [V ‘wWind T|[ Batt
v Hourly wind Speed

akK Cancel ‘

We leave the checked default values, all are checked except for the temperature of the batteries,
because we can suppose the batteries temperature is different from ambient temperature,
assuming they are into a place and not in the outdoor (their temperature will be defined later in
the batteries window).

By clicking “OK” an info message appears, we click “OK” again and hourly data are downloaded,
in two times, first irradiation over tilted surface and temperature and later wind speed.

In the solar resource window, we can see hourly irradiation over tilted surface data imported
from Renewable Ninja.

) SOLAR RESOURCE - [m] X
Latitude (2 (+M, 5 : 28.06 Gat data from local DB #1: P panels slope () i P panels Azimuth (%)
. B 141} 0 -
Longitucte (%) (+E. W) Download hourly data.
PV gen. #1: % Ground Reflectance;
I it Al G
Locate on map | Update coord Download NASA monthly date. . [Pt llace 7 i
Optimal Slopes#] Optimize PY#1 panels slope during the optirmization of the system
Data source for Global irradiation
Steps
(O Monthly Average (@) Import from File FROM RENEWABLE NINJA (@ Hour (kwh/m2) (O Horiz (@) Tilt
O 1 v Minutes- each hour in 1 row (tilt, in kKW/m2)
@) Minutes- 1 per row (tilt surf. in kWw/m2) H[ZE
Data Source for Monthly Average Daily Irradiation: | Radiation Horizontal Surface (kvh/m2) Calculation Method for Hourly Iradiation:
radizion PV Tracking System: | No Tracking a0 Liu & Jordan Erbs et al
Factor F{l) for the back albedo Collares-Pereira & Rabl Graham
Januery 5.38 kih/mz2 {bifacial modules) (Durusoy 2020y |0.33
Februray 6.8 kiwh/m?2 - )
MONTHLY AVERAGE DAILY IRRADIATION, TILTED SURFACE ummer:
tarch B.73 kKih{m2 7 Official hour advances:
April 7.08 kvh/m2 6 Blobebihony
30
May 5.82 Kivhjm2 5 Frmazy
4 of month |3
June B.58 kwh/m2
’ o dey
July 6.73 kiWh/m2 2
of month
August B.77 kiWhim?2 1 3
Winter:
September 6.73 kivh/mz 0 ] F M A M 1 ] A 5 0 N D Official hour advances:
Ortober 803 Kivhim2 MONTH Blokekihouy
3 i '3
Navemier 5.43 Kivhjm2 8 Horizontal ! @ Tited Import from hourly file:
Official hour
December 5.56 kivh/m2
o January
SHADOWS Daily Average lradiation (Tikt Surf):  6.39 k\Wh/m2
Total Annual Irradiation (Tilt Surf): 2335.27 kKWh/m2
Scale factor (<by) Annual lir. Back surface / Diract for CPYV:  185.87 Kvhym2 /1860.35 kih/m?2
“ariability minutes: correlation factor. std. dew. El Update minutes Import Back (hourly, tilt) Import Direct (hourly, tilt)
OK Calculate 2= Graph in steps of 60  ~ |min. Export G. tilted Export G. horiz.
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Total annual irradiation over the inclined surface is 2335 kWh/m?, compared to 2079 kWh/m?

obtained with NASA data (obtained in section 5).

If we click on the button “Graph in septs of” (60 min.) we see the hourly irradiation downloaded

from Renewable Ninja:

Irradiance
1,000

00
800
o[ /| | |

(| | J

o[ /Il (1

Wim2

500
400
300 | : |
0| | [ M [

100 | | | I |

January

[# — Global. Azimuth 0, slope 35° [# — Direct (for CPV) [#

Back surface (for bifacial) |

< >
Danys display
In the wind resource window, we see the data downloaded from Renewable Ninja:
1l WIND RESOURCE - m] X
Latitude [%) (+M, -5]:  |28.06 Get data from local DB Monthiy Average Data:
Longitude (2] [+E, ] ’ﬁ Dawnload hourly data Anemometer Height || & Manthly Average Speed
10 m " Might speed, Amplitude, F Factor and Hour max speed
Locate on map fro HASA | Download HASA data ‘ -
Surface Roughness
Data source
?ﬁeﬁ'j Class |2 =] Length |21 m
" Monthly Average @ Import data file (in m#s] [FROM RENEWABLE NINIA ~ o Mirutes- each howrin 1 ow  Import Agricultural area with some buildings and
sl :" Minutes- 1 per row preserving hedges 8 meters high with an
approximate distance of 500 m.
Ay sp [mds
Jan: 6.75
Feb: B.41 02
Mar. 7.08 018
Apr: B.75 =
May 785 | £ CE
Jun: BB4 S 014p----
W8 | 3 o4z
Aug 9.03 L o
Sep 747 | A&
Octesd | £ 008
Mow: 8.41 E 0.06
‘ S
Dec: B.62 e
0.02
0 T
10 15 20
Wind speed (m/s)
| 1= Graphin steps of | 60 *| min Av. year (/5] Inta time of calm wind
[ Calm iz considered
Form factor of the wind speed serial: 4 < |3 mie
Scaled Average Speed [m/s|
Soile by [« by} ’1— SFC;SIBdAvara & Speed [m/s oK

In this case average wind speed is 7.39 m/s and the Weibull form factor of the downloaded data
is 4. Previously, in section 6, with NASA data an average wind speed of 4.62 m/s was obtained.

If we click on the button “Graph in septs of” (60 min.) we see the hourly irradiation downloaded

from Renewable Ninja:
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WIND SPEED

o
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Dapys display

In the Wind turbines window, we can see the air temperature downloaded:

Ambient Temperature

285
25|
24
23
22
21
¥
20
15
18
17
15
15
1 2 3 4 5 [ il g 9 10
January
L] o [
Daye digplap

You must accept the wind turbines window (OK) so that the temperature values downloaded
are considered.

In the PV modules window we would see this if there was MPPT, but we do not consider MPPT
so temperature has no effect.

Now, in the main window, save the project and click “CALCULATE” to optimize the system with
the new data downloaded from Renewable Ninja.

We obtain an optimal system similar to the obtained with NASA.
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GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 1620. Time: 1' 17"

13,872

116

19,744 114
_ 12 -
W 15,616 10 =
5 =
o 15,488 108 &
£ 106 -2
2 15,360 104 E
= 102
£ 15232 100 8

15,104 -

96

14,976 94

1 2 3 4 & [ 7 8 9 10
Solution # (sorted from best to worst)

I:‘Shclwdlagram

# Total Cost (NPC)(E) Emission (kgCOZM Unmet(kWhial  Unmet(2) Daut Cn(wWh)/iPpw+Puw)iv Ren(® LOOEEKWh) Simulate Report [
1 14937.7 1.6 01 INF 6.6 99.72 051 SIMULATE.. REPORT... C
2 14937.7 1.6 01 INF 6.6 99.72 051 SIMULATE.. REPORT... C
3 15384.5 117.2 2.8 019 INF 6.9 4934 052 SIMULATE.. REPORT... C
4 153845 117.2 28 019 INF 69 994 052 SIMULATE.. REPORT... C
5 155221 101.88 1 007 INF 6.6 9963 053 SIMULATE.. REPORT... C
6 155221 101.88 1 007 INF 6.6 99.63 053 SIMULATE.. REPORT... C
7 15594.5 93.03 0 0 INF 9.9 100 053 SIMULATE.. REPORT... C
G 15594.5 93.03 0 0 INF 9.9 100 053 SIMULATE.. REPORT... C
a 157257 110.96 16 011 INF 57 997 053 SIMULATE.. REPORT... C v

W

<

COMPOMENTS: P modules aSi12-Schott: AS1100 (100 Wp): 4s.x 4p. (100% PYv#1: slope 352 azimuth 02) /f Batteries OFZ5-Hawker TLS-3 (180 Ah): 245 x 1p. /1 x AT
Gen. Gasoling 0.5KVA DS KYA Y Inverter STECA: XPCT1E00-48 of 1600 WA Rectf. included in bi-di inverter i PV batt. charge controller. STECA: TAROM 440 of 40 A/
Unmetload = 0.1 % § Total Cost (NPC) = 14937.7 € (0.51 £/ h)

STRATEGY: LOAD FOLLOWING. Fl1gen: INF. Pmin_gen: 1560, Poritical_gen: 0%, S0C setpoint_gen: 20 %. 30C min. 20 %.

PVGIS data:
Save the project. Then save as with the name “Pr1-PVGIS”.

Now we will download hourly data from PVGIS database. We can download data from any year,
from 2007 to 2020, and there is no limit in the number of downloads per day. There is no data
for extreme locations near the poles neither for the sea, check in
https://re.jrc.ec.europa.eu/pvg tools/en/tools.html.

In the irradiation window, click in the button “Download hourly Data” and select PVGIS
database, year 2007.

Download from: (&_FVGIS - Year hd
" Renewable Ninja [year 2019]

" NASA- Year (2020 ]

[v Hourly Irradiation
v Hourly Temperature for: W PY [ Wind T.[ Batt
v Hourly Wind Speed

—

0K Cancel

Click “OK” and the hourly data form PVGIS will be downloaded.
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)| SOLAR RESOURCE - m} hs
. 5 ; o
Lafitude @ (+1, -5) (Gt dlata from local DB kR pemels dep d) P panels Azimut (10|
0 -
Langituce (2 (+E, W)
Download hourly data PV gen. £1- - Ground Reflectance:
I rt Alb G
Locate on map | Updaie coord Download NASA maonthly data . Pt dlsee . rnpn . L
Optimal Slope#t Optimize PY#1 panels slope during the optimization of the system
Data source for Global irradiation
Steps
(C) Monthly Average (@) Import from File FROM PVGIS year 2007 @ Hour (kwh/m2) (O Horiz @ Tilt
1 v Minutes- each hour in 1 row (tilt, in kW/mz2)
O Minutes- 1 per row (tilt surf. in kw/m2) LT
Data Source for Monthly Average Daily Irradiation: | Radiation Horizontal Surface (k\Wh/m2) Calculation Method for Hourly Tradiation:
!:Iaj;:mn PV Tracking System: Mo Tracking ~ n 237w Elbsaal
Factor F{l) for the hack albedo Collares-Pereira & Rabl Graham
demrEgy Uy L2 {bifacial modules) (Durusoy 2020);  |0-33
Februray 5.26 kih/m2 3 )
MONTHLY AVERAGE DAILY IRRADIATION, TILTED SURFACE ummer:
karch 576 kvvh/m2 5 Official hour advances:
April 568 Kvhjm? 5 Clickcihouy
May 5.47 Kivhjm2 4 emdsy
of month
June B.71 kiwhfm2 3
Tod
July 6.16 KWhfm? 2 ey
of month
August 592 kivhim2 1 )
Winter:
September 5.77 kiwh/m2 0 ] F M A M J J A [ 0 N [5) Official hour advances:
October 552 Kyh/m?2 MONTH hito solar hour
2 2
November 513 Kiwh/m2 @ Horizontat M @ Tited ] Impart from hourly file:
Official hour
December 429 kyh/m?2 -
0 January
SHADOWS Daily Average Irradiation (Tilk Sud): 5.5 KWhim2
Total Annual Irradiation (Tilt Surf): 2008.12 kivhim2
Sleals ety Fi) Annual It Back surface / Directfar GPY: 165,97 kKihm? /122053 Khym2
“ariahility minutes: correlation factar: std e EI Update minutes Import Back (hourly, tilt) Import Direct (hourly, tilt)
0K Calculate {z= Graph in steps of 60 > min. Export G. tilted Export G. horiz.

We can see that annual irradiation over the inclined surface is 2008 kWh/m2. Average daily
irradiation in December is 4.29 kWh/m2. We accept clicking “OK”.

In the Wind resource window, we can see the average wind speed is 4.25 m/s, with a Weibull
form factor of 2.7. We accept clicking “OK".

W WIND RESOURCE - O X
Latiude (%) (+N. -5) Get data from local DB ey EeER DR
Langitude (¢) (+E, ) Download hourly data Anemometer Height | @) onthly Average Speed

O Night speed, Amplitude, F Factor and Hour max speed
Locate an map | Update coard Download MNASA Monthly data

Surface Roughness
Data saurce

Stegs Class 2 | Length U] m
(O Monthly Average (@ Import data fils (inmys) | FROM PVGIS year 2007 ours Minutes- each hourin 1 row Impart Wgricultural area with some buildings
T Minutes- 1 per row and preserving hedges B metars high

with an approximate distance of 500 m.

Av. sp. (m/s:
Jan: 3.61
Feb: 378
Mar: 4.56
Apr 4.25
Iay: 436
Jun: 458
Jul: 568
Augr 533
Sep:3.85
Oct 36
Maov: 1.5
Dec:3.77

Probability Density Function

Caorrelation factor:

Calculation of wind speed for each minute: std. dew. mis Update min.

0 3 10 15 20 25 30
Wind speed (mls)

Av. year (m/s
425

Calculate = Graphin steps of | B0~ pin Export Info time of calm wind
Calm is considerad

Farm factor of the wind speed serial: 2.7 g mfs
Scale by fxhy):

Scaled Average Speed (m/s)
Scaled Average Speed (m/s
425
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We optimize the system and we obtain the following results:

# Total Cost (NPCY(€) Emission (kgCO2f) Unmetlddhie)  Unmet(38) Daut Cn{Wh){(Ppv+Pw) v Beni® LOOEE/ k) Simulate Report L

1 198445 138.01 32 021 INF 5.2 9891 068 SIMULATE.. REPORT... C

2 198445 138.01 3.2 021 INF 5.2 9891 053 SIMULATE.. REPORT... C

3 199369 130.94 22 015 INF 77 9953 058 SIMULATE.. REPORT.. C

4 199369 130.94 22 015 INF 77 9953 068 SIMULATE.. REPORT.. C

5 203819 184.57 41 028 INF 3B 987 069 SIMULATE.. REPORT.. ¢

B 204381 126.31 11 005 INF 27 4943 069 SIMULATE.. REPORT.. ¢

7 20438.1 126.31 1.1 005 INF 77 9943 069 SIMULATE.. REPORT.. ¢

8 205125 159.78 43 028 INF 39 9917 0.7 SIMULATE.. REPORT... (

9 20805.8 149.18 32 021 INF 39 99.03 071 SIMULATE.. REPORT... C v
L4 >

COMPOMNENTS: PY modules SiP12-TAB:PY-135-mod (135 Wp): 45 4p. (100% Pv#1: slope 352 azimuth 0% §/ Batteries OPZ5-HawkerTLS-3 (1580 Ah): 24s. x Tp. ff 1 x AC
Gen. Diesel 1.9kWA 1.9 KVA Y Inverer STECA: XKPC 1600-48 of 1600 %A ¢ Rectif. included in bi-di inverter §f PV batt. charge controller. STECA: P TAROM 4055 of 55 A
Unmetload = 0.2 % /f Total Cost (NPC) = 195445 £ (0.65 £7/kMvh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Pmin_gen: 570, Pcritical_gen: 0%, SOC setpoint_gen: £0 %, S0C min. 20 %

NPC is higher as irradiation is lower than for Renewables Ninja.

We suggest the reader to repeat the optimization by using the NASA hourly data, and for
different years.

We save and close the software. In the next steps we will continue using the original project
Prl.hoga.

28. Including thermoelectric generator (TEG).

Next we will add in the Prl1.hoga the possibility to include TEG (thermoelectric generator to use
the hot temperature of the exhaust gas of a cooking or heating stove to obtain electricity; more
info in the user manual).

We open the project “Prl.hoga” (Project -> Open).
Then we save the project with another name, Project-> Save As, let's save it as "Pr1-TEG.hoga".

We include the TEG, by checking “TEG” in the main screen:

COMPOMENTS
PV panels

Wind Turbines (%7
Hydro T. TEG © ‘

Battery bank il

AL Generator L'y ]
Inverter _‘“:z'-f

[H2(FC. - Elyzer) 0

Then we click the button “TEG TEMP.” in the main screen.

We will consider we have a cooking stove that works 6 hours, during 6 to 9 a.m. and also during
all the days, and the temperature of the hot exchanger of the TEG is around 7002C during that
hours. We change the hot temperature from 6 to 9 a.m. and from 16 to 19 h to 700 C (change
the first line, then click on the right or left cell to change all the cells of the column):
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Temperature of HOT source (*C]  Temperature of COLD source [°C)

56h | 6vh | 7ok | eoh [ 910h [ 1071h [ 1192k | 1243k [ 1314k [ 14950 | 1516 | 1617k [ 1718k [ 1819h | 19200 | 2021k | 2120k [{ A
20 700 700 700 | 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 700 700 | 700 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 70 700 700 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 70 | 700 | 700 | 20 20 20 20 20 20 20 700 700 700 | 20 20 20
20 700 700 700 | 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 70 700 700 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 700 700 700 @ 20 20 20 20 20 20 20 700 700 700 | 20 20 20
20 700 700 700 | 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 70 700 700 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 700 700 | 700 @ 20 20 20 20 20 20 20 700 700 700 | 20 20 20
| 20 70 | 700 | 700 | 20 20 20 20 20 20 20 700 700 | 700 | 20 20 20
M 20 | 7o | 7o | 70 | 20 20 20 20 20 20 20 700 700 | 70O 20 2 |,
£ >

We will leave the temperature of the cold source without changes.

Then we click the button “Generate” and then clicking in “Graph in steps of” we can see the
graph of the temperatures of the hot and cold source (in K).

) Graph - O X

Temperature hot and cold sources

1,020
1,000
950
900
850
800
750
= 700
650
600
550
500
450
400
350
300

3 6 9 12 15 18 21 0

1 January
¥ — HOT W COLD
< >
Days display

Clicking OK we return to the main screen.
Now we click the button “TEG” in the main screen.

Let’s consider all the default data. iHOGA will use for the simulations the output power curve
for 1 module shown and also the Seebeck coefficient, thermal and electrical conductivities
shown in the right tab.

Default TEG considered are three: one of 0 W (that is, without TEG), another one of 1 module of
8 W (TEG1) and another one of 6 modules of 8 W, total 48 W (TEG1x6). For each one, cost and
number of modules is shown, and also the parameters of 1 module (same parameters for TEG1
and for TEG1x6 because the module is the same).
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V| THERMOELECTRIC GENERATORS - m] X
Matched load, output power of 1 madule Seebeck coefficient, themal and electrical conductivities
Use this power curve -
Interpal. Seeb. g2 = Tcold= 30°C
! fror M T = Teold= S0°C
1 Thet, Teold using circ £ —TCUM: 8l E‘
Z &t 300K [+1E-3 K1) 210 Joold_ 12070
S sl
8
2 at 500 K [41E-3 K-1] 8 o
60 20 100 120 140 160 120 200 220 240 260 280 300 320 340 360 330 400 420 440 460 480 500 520 540 560 520 600 620 640
T 10 f hot side (°C
DConsideIZinM emperature of hot side (*C)
T hat  B0'C 1onec 180°C 200°C 280°C 300°C 380°C 400°C 4500C BO0EC BROEC EO0EC EBROEC
- L J[e J@s J[r [[e2 [ 2 Jz [ [ J& J= & ]
T cald ) - E:;p%t&zﬁzieaw]atched [0 | [ BN N A A A A
2 L Jf _Jpe e [ Jp = Jpe 3 [z Jf= J0= = |
® b Jk b JE JF kB I JB J J _JE_JE_JE ]
Increase of thermal conductivity of hat heat exchanger with temperature (%K)
Increase of thermal conductivity of cold heat exchanger with temperature (/K] Factor Voc
Th | 1 f i d contacts of th dule (% of total Rith)
ermal resistance of ceramics and contacts of the module [3 of total ] | |D|H|+|_|“ | ‘("|
Inertial Time Constant [min):
Losses due to Thomson effect and athers (%] E Parameters of 1 madule
Mame | Powerte] | CostE) | Mmodules | M couples | Refohm) | Fithikiu-1 | Thet (C) | Teold () | Rthvesch Hotlkin1] | RiheschCold(dw-1] | Lietimet) |~
L TEGTX6 48 850 6 63 0.8 0.675 300 30 0.8 0.2 15 MPET eff
|_|TEGD 0 1} 0 1 0.1 0.1 300 30 01 0.0 15
| |TEG1 8 150 1 63 0.8 0.675 300 30 0.8 0.2 15 Caleulation of Thet
Teold of the rodule:
Mas, difference ()
v
Annual Irflation Rate for | - Max. Vaniation of TEG Cost [e.g.. for an expected 70% reduction on
TEG Cost: = current TEG cost, introduce "-70%"): %
Lirmit is reached in 11.4 years

We click OK and we return to the main screen.

Save the project. We click “CALCULATE” button and the system is optimized (after several
minutes), in this case considering also the possibility of TEG. However, the optimal system is the
same as the one of Prl project, it does not include TEG (the optimal combination includes the
one of 0 W, 0€). It is because in our case the PV is enough to cover the demand and including

TEG would not reduce the NPC.

Variant: System in Norway:

Now let’s consider another location

, in Norway, with much lower irradiation in winter. Let’s

suppose shadows are the same as previously (we won’t change it).

In the SOLAR screen, we change latitude and longitude to 60.332 and 8.779, respectively.

Latitude [¥) (+N, -5) : | |60.33 Get data from local DB ‘
Longitude ) (+€. w877 Download hourly data ‘
Locate on map | | Download NASA monthly data ‘

Now we click on “Download NASA monthly data” button.
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Data to download: Year 2019«

[V Maonthly Average |radiation
[ Monthly Average Temperature |~ For Bat
v Monthly Average Wind Speed
v At10m height v Consider roughness
[~ &t 50 m height
v iwind Speed Weibull Shape Factor
v Altitude above sea level

0K \ Cancel |

After downloading the NASA data, we change the PV panels slope to 702 (to maximize irradiation
in winter) and press the button “Calculate”. We see the irradiation in winter is quite low.

1 SOLAR RESOURCE - O %
vy - L . .
Latitudle (2) (+N, -5) PP —_— #1:PVpanels slope (5:[70 PV panels Azimuth 2 ]
50 0 -
Longitude [ (+E. ) Download houtly data
PV gen. #1: o Ground Reflectance:

I AL | Gr.
Locate on map | Update coord Diowen|oac NASA monthly data i Fixed albedo . fm?o . :
Dutimal Slope#l | [T] Optimize PY#1 panels slope during the optimization of the systerm
Data source for Global irradiation
Steps

(@ Monthly Average () Import from File Hour (kWh/m2) Horiz Tilt
1w Minutes- each hour in 1 row (tilt, in kW/m2)

Minutes- 1 per row (tilt surf. in kW/m2) LG
Data Source for Monthfy Average Dally Irradiation: | Radiation Horizontal Surface (kwh/m2) ~ Calculation Method for Hourly Iradiation:
e LI PV Tracking System: Mo Tracking w O & tordan Oerbs etal
av. horiz. s av. filts © O
Factor F{l) for the hack albedo Collares-Pereira & Rabl Graham
damEgy [RISEAA e (bifacial modules) (Durusoy 2020y, |0-33
Februray 2.29 kiWhim2 3 )
MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. | TILTED SURF. ummer:
harch 487 K\Wh{m2 Official hour advances:
April 5.92 kKiWh/m?2 b e i
30
May 3.96 KWhimz R &
of menth |3
June 3.75 KWh/m2
To d -26
July 42 Kh/m?2 . :w:;
August 362 Kiwthim?2 R
inter:
Septermber |2 3.07 kwh/m2 Official hour advances:
October  [1.19 204 Kiwhm2 MONTH Blckclagiey
v - — -
November 1.03 Kihfm2 B Horizontal % M Tited | [:7] import from hourly file:
Official hour
December |0.2 0.81 K\Wh/m?2
. Force Elcluudy consecutive days (only difuse irradiation) in month
SHADOWS Diaily Awerage Irradiation (Horiz. Surf): 2.52 kivwh/mz2 Daily Average Irradistion (Tilt Surf):  2.98 kith/m2
Taotal Annual Irradiation (Horiz. Surf): 922.6 KWhim2 Total Annual Irradiation (Tilt Sud): 1089.58 kiWh/mz
BezlS ity () Annusl I Back suface / Directior CPV: B0 673 IWhim? § 797.20 kidhym?
“Wariability minutes: correlation factor: std. e EI Update minutes Import Back (hourly, tilt) Import Direct (hourly, tilt)

0K {2 Graph in steps of 60 min. Export G. tilted Export G. horiz.

Then we can click in “Graph in steps of” button to see the new irradiation.

We return to the main screen. In the WIND screen (it was updated with the average monthly
wind speed for the new location in Norway), we click “Calculate” to obtain the hourly values.
We can see wind speed is quite low in that place.
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We return to the main screen. We click “TEG TEMP.” and we access the TEG hot and cold source
temperatures. We change the temperatures of the TEG as we consider a heating stove (instead
of cooking stove) that works many hours in the day, see next figures (remember, you can change
all the values of each column in just 1 click).

Hot source:

Tosspmtabusn of KOT soumen ] Tarparatias of COLD souce (1)

Morith I &1h 1dh I 23h 4h I 4:5h Seh I &7h Téh I B3h 3100 I 10116 | 1943h I 12130 | 1314k I 14450 | 1598k | 1617h | 1798k | 1615h | 1930k I Adth | 212 I 2223h | 23k I ~
JANUARY 20 20 20 20 20 E0D E00 40D 400 300 200 E00 400 ADD 400 300 300 BOD B0 400 400 300 300 300
FEBRUARY 20 2 20 2 20 L U Aop Aug o L Lt Auo Ao Auo e EL L B o0 A0 Ju EL Ju
MARCH 20 20 20 0 20 GO0 0O 400 400 o0 300 60D 400 ADD 400 300 300 GOD G0 400 400 300 300 00
APHIL 20 2 20 2 20 L U Aop Aug o L Lt Auo Ao Auo e EL L B o0 A0 Ju EL Ju
MAY 20 20 20 0 20 GO0 0O 400 400 o0 300 60D 400 ADD 400 300 300 GOD G0 400 400 300 300 00
JUHE n m n m n KO0 B0 400 400 a0 O GO0 00 a0 30 300 KO0 RO o 4 T 1] a0
JuLy 20 0 20 0 20 GO0 600 40D 400 0o 300 600 400 400 300 300 GO0 GO0 400 400 300 300 00
ALGUST n m E m n KO0 B0 400 A0 a0 0 GO0 A0 M0 300 300 KO0 B0 ann 4 £ 1] 300
SEPTEMBER 20 20 20 20 20 GO0 00 40D 400 oo 300 GO0 400 400 300 300 GO0 GO0 400 400 300 300 300
OCTORER n m E m n KO0 B0 400 A0 a0 0 GO0 A0 M0 300 300 KO0 B0 ann 4 £ 1] 300
HOVEMBER 20 20 20 20 20 GO0 00 ADD 400 Joo 300 GO0 400 400 300 300 GO0 GO0 400 400 300 300 300

n m E m n KO0 B0 400 A0 a0 0 GO0 A0 M0 30 300 K0 BN e A LT 1] o

« 3

Cold source:

Terpeslias of HOT souea fC) T empesaiuae of COLD sowee [1T]

Moeth [Toih [ teh [ 23 | 34h | 4% | Son | &7h | 76h | 856 | Sdok | 1000k [ 11020 | 12430 | 1304h | 14ish [ 1516 [ 1eam [ e [ sim [ som [ onen [ oo [ o [ osaan | A
JANUAHY 2 20 20 m m [ [0 ET] ET] . : [ [0 ET) 30 30 0 a0 40 30 30 0 0 30
: FEHHUAHT an 2n n m m an an an an an am an an an an 30 30 40 40 30 30 30 30 30
|ManCH 20 20 20 20 20 40 4 0 0 0 0 [ 40 an 0 an an an a an an E an a
APRIL 0 0 20 20 n 10 40 EL] a0 n 30 10 40 30 30 n 0 a0 40 a0 £l n 0 0
: MAY a0 2n an o m an an an an an am an an an an 20 0 40 40 30 a0 20 20 10
|JunE 20 20 20 20 2 [ [ 30 a0 30 0 [ 40 an a0 an an an an a0 an an an aw
JuLy 20 20 20 20 £l 10 0 a0 a0 0 0 10 40 an a0 0 0 40 40 20 30 a0 0 0
:Alllill!i T an n n m m an an an an an amn an an an an 0 0 40 40 30 0 0 0 30
|SEPTEMBER 20 20 20 20 2 [ [ 30 a0 30 0 [ 40 an a0 an an an an a0 an an an aw
| |ocrosen 20 20 20 20 20 40 4 n 0 0 0 4 40 I 0 an an a0 an 30 an an an an
NUVEMBEH 20 20 2] m m 1 I ET] EL] . £l w I 30 a0 30 0 40 40 £ 0 0 0 0
H 20 20 20 20 m 4 40 an an n 0 an 40 an an an EL] au u 30 ET] El] EL] W
< >

Now we click on “Generate” button, we can see the hot and cold sources temperatures.
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Temparature hot and cold sources
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Click “OK” and then “OK” to return to the main screen.

We return to the main screen. In the constraints, make sure the minimum number of autonomy
days to 4.5 as it was in Prl project.

1l CONSTRAINTS - [m] x

|F & combination of components and shiategy does not meet any of the following restrictions. this solution will be discarded [for that combination it is
assighed infinite cost):

Masimum Unmet Load slowed % of annual load

[Max. energy not supplied by the stand-alone system. [[is Energy cai
allowed on the LOAD /AC GRID screen)

Minimum number of days of autanamy [batteries+hidrogenl): diys

[[] if there is AT generatar or fuel cell using exteral fliel or purchasir®y unmet laad from AC grid is allowed, number of days of autonomy = infiniturn)

o purchased from the AC grid if such AT giid sists and also the purchase is

Mominal capacity of batteries bank [#h) < # [shartcut current of PY generator + curent fram Wind Turbines gruap at 14m/s) [4)
[[] if there is AC generator of fusl cell using external fusl or purchasing unmet load from AC grid is allowed. do not take into account this constraint]]

Minimum renewable fraction: %

Maximum Levelized Cost of Energy: £/RwWh

oK

We also make sure in the PRE-SIZING:

Energy storad dys auton.
[ tax bat. = min.
[ tMax P pan. parallel -» P min.

[ tax ‘wind T. parallel -» P min.
[JMax &AC Gen. parallel -3 Prmin

And then we click on “PRE-SIZING” button. The maximum number of components in parallel is
updated, a big change is obtained for max. number of PV modules in parallel, as in winter
irradiation is very low.

BN AMND bAA Mo COMPONENTS IN PARALLEL:

Beteries inparaliel Min. |1 |Max |3 |
PV mad. in parallel: Min. |0 Max |20 |
Wind T.inparallel Min. |1 |Max |66 |
AC Gen.in parallel: Min. |1 Max |1 |

Now the number of possible combinations of components is too high, and it would take a lot of
time to evaluate all of them. As wind speed is too low, it is likely that there will not be any wind
turbine in the optimal system, we change to 5 max. wind turbines in parallel so that optimization
time is reduced:
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RN, AND bAX Mo COMPONENTS IN FARALLEL:

Bateries in parallel: Min. bl .
P mod. in parallel: Min. EI bl .
Wind T. in parallel: Min [EEVS
AL Gen. in parallel: Min hdax.

Optimization time, if evaluating all the combinations, would take near 1 hour. Let’s suppose we
want to optimize only in 5 minutes, then, in the main screen, “GENERAL DATA” tab, we change
to that value in maximum execution time:

OFTIMIZATION PARAMETERS SELECTED BY:

@ HOGA (JUSER

Maximum execution time:

D h. El min. Fararmeters

inirmurn tirme for the Genetic Algorithms

iHOGA will use genetic algorithms to optimize in that low time. Save the project. Now we
CALCULATE again to optimize the hybrid system.

During the optimization, for the first generations we can see that for each generation of the
genetic algorithm, the best combination found is better than the one of the previous generation.
But after several generations, the optimal is the same, that is, we can see it is the true optimal
(in a high probability).

When using genetic algorithms, the best combination found (lowest NPC) is the last, that is the
one of the last generation (in this case from 9% to last generation the optimal is the same):

Mono-objective optimization. Total No. of cases evaluated: 4853. Time: 5' 7"

400

31,744

31,232 384
@ 30720 =
S 30,208 368 2
= z
S 29,69 oy £
5 29184 o
P
4 E
S 28,672 e
£ 28160 o

27,648 320 ©

27,136

26,624 04

GENERATIONS

I:‘ Show disgram

Gen Total Cost (NPCYE) Emission (kgCO24r) Unmet(kKWhiye)  Unmet(34) Daut Cadwh)iPpw+ Pl Ren(® LOOEE/KWh) Simulate Report (A
7 26935.7 319.94 2.6 018 INF 14 9914 082 SIMULATE.. REPORT... (
8 26935.7 319.94 2.6 018 INF 14 9914 092 SIMULATE.. REPORT... «
9 26367.2 299.61 36 024 INF 15 9851 0.9 SIMULATE.. REPORT... (
10 263672 299.61 36 024 INF 15 9851 0.9 SIMULATE.. REPORT... (
1 26367.2 299.61 3.6 024 INF 15 9351 0.9 SIMULATE.. REPORT... (
12 26367.2 299.61 3.6 024 INF 15 9851 0.9 SIMULATE.. REPORT... (
13 26367.2 299.61 36 024 INF 15 9851 0.9 SIMULATE.. REPORT... (
14 263672 29961 16 L2 e LA s] LG SIMLUATE _BEPORT __(
15 26367.2 299.61 3.6 024 INF 15 9351 0.3 SIMULATE..  REPORT... J( v

<

COMPONENTS: Y modules asSil2-Schott 3100 (100 R): 4z T6p. (1005 Fv#T: slope 702, azimuth 02) /f Battenies OFZ5-Hawker TLS-3 (180 Ah): 245 2 1p. T x AT
Gen. Diesel 1.9kKVA 19 KVA N TEG TEGTXE of 48'W. Inverter STECA: XPC1600-45 of 16800 WA # Rectif. included in bi-di inverter ¥ PV batt. charge controller Genetic of
159 A Unmetload = 0.2 % /f Total Cost(NPC) = 26367.2 € (0.9 €4 h)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Pmin_gen: 570 V. Peritical_gen: 0. S0C setpoint_gen: 20 *5. S0C min. 20 %
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In this case the optimal combination is PV-Diesel-TEG-batteries, it includes TEG of 48 W (the

highest one allowed).

In the simulation of the last generation (last row of the results table) we can see in light blue the

generation of the TEG:

In the tab of hourly values sep

Hourly simulation  Hourly values separately  bonthly and An

arately we also can see it:

nual Average Power  Monthly Energy  Annual Energy Hydrogen

HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator VWater load / PHS  MULTIPERIOD
Simulation of 1 year, all the years the same.
3.600 9,500
3.400 9.000 Total Load
3.200 8,500 — Export
£ 3.000 8000 — Unmet Load
£ 2800 = Disch. Batt
Z e 7.500 — Charge Batt
2 o 7.000 £ Hydro T/ TEG
& 24004 6500 = | = ACGen
5 2200 -1 PV
£ 20001 6.000 & — s0C
£ 1800 5500 &
= 1600 5000 %
= 14004 4500 E
% ﬁgg ] 4000 &
u 3.500
% o 3,000
o 6004 .
400 2,500
2004 /\___ //\x__ 2,000
- =
3 6 9 12 15 18 21 0 1.500
[ALegend 1 January
< >
POWER CONSUMED OR SUPPLIED (/) See Over  Days display
_ Energy price
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (wWh)
0 0 [ E-1a supply by hatt Electralyzer s0c
E.max disch. batt E. H2 tank (HHY HZ R Om
[l O ¢ ! S0C limits
Battery bank Charge Fuel Cell [ P critical Gen.
Export Energy Cap. Max.
0 E o supply FC P critical Fuel Cel
Unmet Load - [] SOC setpoint Gen.
Wind Turb. E—— E.max FC O
g E houghtto AC grid Pmax S0 setpoint PO
Water Pump TEGWH
AC Generator E zold to AC grid Pmax H2 TANK satosint (HHY H2 T full ch
[ Pmax. input Inverter [ Prmax. Gen setpaint (1 ) 50C([0-1) ull charge

AC Generator  Water load f PHS  MULTIFERIOD

Total Load PV Generator Wind Turbines
04 3
2 0
02 1
0
il Zallll] 4000 G0 000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Hydro Turbine / TEG AC Generator Export
0.06 3
0.04 4 2
0.02 2 1
0 0 0
0 2000 4 000 6.000 8.000 0 2,000 4,000 6,000 8.000 0 2,000 4,000 6,000 8,000
s w—
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank /f accum. Sold
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
04
05 02 5
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8.000 0 2,000 4,000 6,000 8,000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0.2
0 0
01
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
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THE FOLLOWING CAN ONLY BE CARRIED OUT WITH PRO + VERSION

29. Multi-objective optimization.

Next we will carry out a multi-objective optimization project.
We open the project “Prl.hoga” (Project -> Open).

Then we save the project with another name. To do this, in the top menu of the main screen,
we click Project-> Save As and the project will be saved with another name, preserving the
original saved. Let's save it as "Pr1-MO-Emis.hoga".

Once saved as, the new name appears at the top of the screen:

1 Project: D:\Pr1-MQ-Emis.hoga

Project Data Calculate DataBase FReport Help

Let’s suppose that we want to modify project Prl so that there is a connection to the AC
electricity grid. We will specify a certain value of unmet load allowed (maximum energy that
may not be supplied by the autonomous system, so it will be supplied by the AC grid). And we
will make several multi-objective optimizations. We start with the multi-objective optimization
NPC - CO; emissions.

In the main screen of the program, "GENERAL DATA" tab, in “CONSTRAINTS” change the
maximum unmet load allowed to 30% (in such a way that the system, without considering the
AC grid, is obliged to supply at least 70% of the load, the rest will be supplied by the AC grid, if
there is AC grid, as in this case):

COMNSTRAIMTS:

b airourn L nmet Load allowed: % annual

nmet load refers to:
(®) E. not supplied by the stand-alone system
() E. not supplied by the systern nor by the AC grid

tare Constraints

In the "LOAD / AC GRID" window, tab "PURCHASE / SELL E.", check the box "Purchase from AC
grid Unmet Load (Non Served Energy by Stand-alone system)". Assume that the price of
electricity purchased from the grid is 0.18 €/kWh (including access charge and taxes), the
maximum power we can acquire from the grid is 3.45 kW and the emissions of the generated
energy of the AC grid (national energy mix) is 0.45 kgCO,/kWh:
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[I? Purchasze from AC grid Unmet Load [Mon Served ] [~ Sell Excess Energy to AC grid
Energy by Stand-alone system]

Fised Sell Frice [Ekwh) 012
7 Fixed Buy Price [E/kwh] | [0.18 ] | I Fired Sell Price { :

[ Pr sell = pr. b 1
Annual Inflation [%): mrisicie [k gC0 2k h): . gell = pr. Duy 5

K] Annual Inflation (%] |3
i (k) Fixed Cost P [E/KW fur] Max. Powerkiw]  |3.45 [ =Pmax buy
3.45 } phions | d Erergy Generation Charge [Transter Charge] Price [E/4MWh]

v Fized Transfer price [£/kwh) |0.0005

Access Charge Price [£/kWh)
[v Fixed fccess price B/ | [0 | Self-consumption and Met Mettenng:

Back-up Charge Price [£/kiwh |Na net mettering ]
W' Fied Back-up price [E/Kuh] |0 Cost of net metening service £ H] |0

[The cost of the back-up toll will be added to the E purchased) Buy-back: Excess E is paid at [E/h) |0

Total tax for electricity costs [buy + charges] (%] |0 Tatal tax for electricity sold (%] |0

We consider the priority to supply the energy not covered by the renewables the Storage
(batteries) or the AC generator, as default:

Priority to supply E not covered by renewables:
(®) Storage/Generator () AC Grid

By clicking OK we return to the main screen, tab "OPTIMIZATION", and we mark "MULTI-
OBJECTIVE", using the default optimization NPC-CO2 emission.

GENERAL DATA  OFTIMIZATION  CONTROL STRATEGIES FINAMCIAL DATA RESULTS CHART
OPTIMIZATION TYPE:
(® TEMPORARY INTERWAL: ALL USEFUL LIFE OF THE SYSTEM [FIXED INSTALLATIONS)

() MONO-OBJECTIVE [Cost] [ (® MULTI-OBJECTIVE ] Parameters

] ) Digplay only non-damin, - Save Pareto eveny:
@ NPC-CO2Emis. | O Triple % sobre coste min | 300 |5 |gen.
O NPE - Unmet Load - O Another M2 max. Mo dom.: {50 Erport Paretos

() TEMPORARY INTERWAL: LESS THAM OME WEAR [TRAMSPORTAELE FACILITIES, OMLY FOR PV-DIESEL-BATTERIES]

Let’s suppose the PV has its own inverter, with MPPT, therefore the PV generation will be
injected in the AC bus. In the PV modules window, check the boxes

F ireeerter or battery charge requlator includes Maximum Power Point Tracking (MPFT)

q F' generatar is connected to AC bus (it has its awn inverter) —>
an

The number of PV panels in series is 4 and the PV inverter rated power and efficiency are the
default ones (clicking the button “PV inverter data”) they are shown.
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A PVMODULES - O X

= W |k p | =|allv x| e
Add P modules family SiM12-Atersa ~
PHOTOVOLTAIC MODULES DATA:

Narme NomVolv)  lscid)  Powerwp)  Cost)  CO&MEAr  Lifelyears) NOCTEC) PowerT. coef(%/C) BIFACIALITY(0-1) A

aSil2-Schott: ASH 00 12 6.79 100 110 1.1 25 49 -0.2 o

» SiP12-TAB:PV-135-mod 12 8.73 135 160 16 25 45 -0.47 o
-

< >

Fixed Operation and

Efficiency due o degradation of the modules, losses inwires, dirtin panels, etc Vot o
sintenance Cos

Standard conditions -
A ehr

[ PYinvener or battery charge regu}a{nr includes Maximum Power Paint Tracking (MPFT)

[ Calculats number of P modules in serieal as: Ybus_dc/ Ymax_p_module (grid-connected systems..). Date: Ymax_p_module / Ynominal_moduls = |1.475

[“] Consider effect of Temperature
Dista of ambient termperature (C)
(@ Monthly average Etbs madsl

] s

wwind far CRY

() Fromfile (8760 houtly values) Import FROM PVGIS year 2007 &= Graph
[P\/generatur\sEDnneE\edtDACbus fithas its awn inverter) = Number of P madules in serial: (4| PV inverter data ]
Annual Inflation Rate for PV 12 5 hex. Waristion of PV gen. Cost (e.g. for an expected 70%
Generator Cost % reduction on current PV gen. cost introduce "-70%") %

Limitie reached in 59.6 vears

Save the project. We click on "CALCULATE" and we obtain the following results, where we have
obtained four non-dominated solutions (called the “pareto front”), that is, none of the three is
better than the remaining in both objectives at a time. Once obtained the “pareto front”, the
designer will choose one of the non-dominated solutions for his/her project, considering NPC
and CO; emissions.

'_—1| Multi-objective optimization. Non-dominated Pareto of Gen. 1. Total cases evaluated: 1620
-t

168
160
152

144
136 .

128
120
12
104
96 (¢

13.696 13.824 13.952 14,080 14,208 14,336 14,464 14,592 14,720 14.848 14,976 15.104 15,232
Total Cost (NPC) (€)

CO2 Emissionsikg/yr)

[ show diagram

¥ Dom. by, Total Cost (NPC)(€) Emission (kgCOZAr) Unmetliddhir)  Unmet(®) Daut Cniwh)dFpw+Pe)iy Ben(® LCOEEWh) Simulate Repor ~

1 0 13603.2 173.96 2509 1672 INF 103 B3za 046 SIMULATE.. REPO
2 0 13765.8 136.92 1445 963 INF G4 9037 047 SIMULATE.. REPO
3 0 144738 92 81 1} 0 INF BE 100 049 SIMULATE.. REPO
4 0 15277 9215 1} 0 INF 99 100 EPO
v
< >
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Variant: optimization NPC — Unmet load by the stand-alone system:

Next we save the project and save as with the name "PriMO-Unmet.hoga". We will perform
the multi-objective optimization NPC — Unmet load (by the stand-alone system). We chose the
type of multi-objective optimization "NPC — Unmet load".

OPTIMIZATION TYPE:
(® TEMPORARY INTERWAL: ALL USEFUL LIFE OF THE SYSTEM [FIXED INSTALLATIONS]

(O MONO-OBJECTIVE [Cost) (®) MULTI-OBJECTIVE Parameters

Dizplay only non-domin. — Save Pareta eveny:

(ONPC-C02Emis. O Triple % sobre coste min.| 300 gen.
(® NPC - Unmet Load |0 &nother - )
M2 maw. Mo dom.: |50 Export Paretoz

() TEMPORARY IMTERYAL: LESS THAM OME YEAR [TRAMSPORTABLE FACILITIES, OMLY FOR PY-DIESEL-BATTERIES)

A screen appears informing us that we must adjust the value of the maximum unmet load
allowed. We accept (we have already done so, leaving it at 30%).

iHOGA x

Adapt the value of the Maximum Unmet Load allowed

Save the project. We recalculate and obtain the following results screen, in which three
solutions are not dominated. None of the solutions is better than the others in both objectives
at the same time (NPC and unmet load by the stand-alone system). The rest of solutions are not
visualized because they are dominated, that is to say, at least one of the non-dominated is better
in both objectives.

Multi-objective optimization. Non-dominated Pareto of Gen. 1. Total cases evaluated: 1620

()

(KWWhiyr)
o o B9
g8 K

@™ W M
= o @

[
3

B
13,632 13.696 13.760 13.824 13888 13,952 14,016 14,080 14144 14,208 14.272 14,336 14,400 14,464
Total Cost (NPC) (€)

Unmet load (by standalone sys )

=

[ | show diagrarm

# Dom. by Total Cost (NPC)(€) Ermission (kgCO240 Unmet(kdhdyer)  Unmet(34) Doaut CndwWhiPpav+Pw)lt Ren(® LODEEkWh) Simulate Repor «

1 0 13603.2 173.96 2509 1672 INF 103 8328 0.46 SIMULATE.. REPO
2 0 13765.8 136.92 1445 963 INF 8.8 90.37 0.47 SIMULATE.. REPO
3 0 14473 8 92.81 0 0 INF 66 100 0.49 ¢ J

Variant: triple optimization (NPC - CO, emissions — Unmet load by the stand-alone system):
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Next we save the project and save as with the name "PriMO-Three.hoga". We will perform the

optimization of three objectives (NPC - CO, emissions — Unmet load by the stand-alone system).

We chose the type of triple optimization:

OPTIMIZATION TPE:

(@ TEMPORARY INTERYAL: AL USEFUL LIFE OF

() MONO-OBJECTIVE [Cost)
(ZJNFC - CO2 Eris.
(O MPC - Unmet Load 1) Another

We obtain nine non-dominated solutions (in this case, the same as in the case of cost-emission

(® MULTI-0B

optimization, in other cases it can be different). The graph shows unmet load versus NPC.

Multi-objective optimization. Non-dominated Pareto of Gen. 1. Total cases evaluated: 1620

- = o

= ]

[=TR SC R
B

W m W
ROE @

3

Unmet load (by standalone sys.) (Kvh/yr)
]
&

o

13,696 13824 13,952 14,080 14,208 14,336

14,464

Total Cost (NPC) (€)

[Jco2 Emissions(kopr - Tatal Cost (MPC) (€]

14,720

14,848

15104 15232

[ Show diagram

# Daorm. by, Total Cost (NPCYE)  Emission (kgTO247) Unmet(kdhdyr)  Unmet(38) Doaut Coiwh}(Ppv+Pa)( Ben(® LCOEEKWh) Simulate
10,3 8328
8.8 4037

1 0 13603 2 173.96 2509
2 0 137658 136.92 1445
3 0 144738 ]
4 0 15277 [ 0

16.72
963
1]

1]

IMF
INF
INF
INF

b6
949

i}
i}

046 SIMULATE..
0.47 SIMULATE..
0,49 SIMULATE..
052 SIMULATE..

Repor
REPO
REPO
REFPO
REFPO

If we click on the lower left of the graph in the box "CO2 Emissions ...", the emission versus cost

representation of the non-dominated solutions appears.

Finally, we save the project.

73



30. Save simulation data.

We open the project “Prl.hoga” (in the top menu, Project->Open) and let's see how the

simulation data can be saved in an Excel file.

In the simulation screen of the optimal combination (by clicking on the first row of the table, in
"SIMULATE"), we can save the simulation data in Microsoft Excel format.

3 SIMULATION (=] F]
Hoully simulation | Houry values separately | Monthly and Annual Average Power | Monthly Energy | &nnual Energy Hudiogen-detalled | AC Generator-detailed | Waterload |
Simulation of 1 year, all the years the same.

950 9,500
= 900 9,000
2w 8500
= 800 —_
8,000
E 0 \/ g
~ 700 7,500
= 650 7000
u 600 8,500 E
x o =z
< :»“ 6,000 {5
& w00 5,500 X
g1 oo X
5 5,
S @ 000
. 350 4500 -
S 4,000 E
EZED 5
3,500
& 200 <<
g0 3‘200 4
FRL \ 2,500
a s 2,000
0 3 6 E) 12 15 18 21 [
1January
4 IR
POWER CONSUMED OF: SUPPLIED (W) Days display
f v I~ Plim Charge
W ¥ Batter bank Discharge BATTERY ENERGY (wh)
- r r I Electrolyzer P2 2 e
- - [~ E. max disch. batt [~ E.H2tank HHVH2) " R [ P1 [ SOC limits
¥ Excess Eneray 3 llajue.y bank Charge = e [~ P ciitical Gen. I Cap. Max.
7 v - 0 supply I™ P iitical Fuel Cell [~ 50C setpoint Gen.
i r tnd furb- r ™ 50C seipoirt FC
I Water Pump = T E bougr to AL o[~ Prias [
AC Generat E soldto AL giid [ P
I™ Frma input Inverter v S Proas o I Esoldto ACoid 7 Pmas e oo iy Hz) || SOCI00)| T fullcharge

Simulation step (min} |60 r | Save data: [&ll - h[ Save Simulation Data ‘

COMPONENTS: PV generator of 1600%p (100% PYH1: clope 359, azimuth 0], 1 2 AC Generator of G004, Battery bank of 8640 Wh. Inverter of 1600 WA,
STRATEGY: LOAD FOLLOWING. P1gen: INF %W/ Prmit_gen: 150%. S0C stp_gen: 20 % SOC min.: 20 %

Months when it is not supplied the whole load by the standalone system: December

Days when it is not supplied the whole load by the standalone system: 11/12 12/12 18/12 19212 24712 25712 26/12

To do this, click the "Save Simulation Data" button. Once the Excel file has been saved, when
opening the Excel file, it warns us about opening the file, to which we respond "Yes".

The Excel file opens perfectly, showing for each hour of the year the different power of the
different components. At the end it shows the monthly and total annual values, the values of
the purchase and sale of energy to the AC grid (if any), the cash flows of costs and revenues ...

We must save this file by the option "Save As" of Microsoft Excel in Excel file (*.xIsx) and the
next time we open it, it will no longer show the previous warning.
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31. Simulation with time steps of less than 1 h.

In the main screen of the program, in the default tab "GENERAL DATA", we can change the steps
of the simulation. Let's set time step of 1 minute:

Simulation:
Step [rmin.]: Simulation starks:

|v hour EI day mu:unth

B0

an
15 are with "Worth Month Method [PY-bat.)

10 4
5

g [ 5how diagram
2

To see the variability of the irradiance in steps of 1 minute, in the SOLAR window (click “SOLAR”
button in the main window), we change std. dev. to 0.1.

Y ariability minutes: correlation Factor: zhd. dew.:

Then in the solar window we click “Calculate” and the irradiation in steps of 1 minute has
variability. In the graph, steps of 1 minute, we see:
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Days display

We can recalculate the optimization with time steps of 1 minute, but it will take a long time. At
the moment we are not going to do it.

If we click in a row, the simulation of that combination will be performed with temporary steps
of 1 minute and the results will be updated. Clicking on any cell of the first row, after some
seconds, it updates the results for time steps of 1 minute, changing the result of the NPC to
14993.9 € (due to the randomness of the load and of the irradiation in 1-minute time steps, your
results will be a bit different). In this case the change is very low, so in this case the value of the
time step has little effect. However, in other cases it can affect much more.

Gen Total Cost (NPC)(€) Emission (kgCTO2fr Unmetlkivhiyr)  Unmet(®2) Daut CniWh)/(Pov+Pwily Ben(™ LCOEE/kMh) Simulate Report A
T 14993 80 104.99 14 005 INF 6.5 99.71 051 SIMULATE.. REPORT... €

By clicking on the "SIMULATE" cell in the first row, we obtain the full year simulation in time
steps of 1 minute (be patient, the simulation takes some seconds).
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Hourly simulation  Hourly values separately  Manthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load /PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

1,300 9,500
1.200 9.000 Total Load
] 8,500 — Export
= 1.100 Unmet Load
8,000
2 100 — Disch. Batt
= 7.500 == Charge Batt
z 900 7000 — AC Gen.
£ 800 6.500 g PV
= 5 —s50C
z 6.000 &
700 &
T w0 5500 Z
H ]
N 5.000
£ 5004 4500 £
R 4000 &
i 3,500
300 .
3 3,000
& 2004 :
. 2,500
100 / ‘r
o \ - = e
3 5 12 18 21
[ALegend 1 January
< >
POWER CONSUMED OR SUPPLIED () See Over  Daysdisplay
" Energy price
Batter bank Discharge Plim Charge Legend
0 O 0 - . B BATTERY ENERGY (Wh)
ectrolyzer
soc
0 [ E. max. disch. batt. EHtank(HHVHZ) R [ P1 06 imit
v imils
/] Battery bank Charge |:| P critical Gen.
Export Energy i g Cap. Max.
] Eta supply FC P critical Fuel Cell .
) [] SOC setpoint Gen.
B Wind Turb. | i
— O Eboughtio A grid | Prnes 500 setpaint FC
it
R AC Generator E sold to AC grid Prax
[] Pmax inputlnverter [] Pmax Gen H2 TANK setpaint (HHY H2) S0C(0-1) T full charge
[ Simulation step (min): 1~ ] [ Back Save data: | Al “|h | Save Simulation Data Save Prob. Data

In the simulation screen, we can change the simulation time step, under the legend, in the left,
and the simulation will be updated to the new time steps.

We go back with the button “Back” to the main screen.

In the main screen, we re-select 60 minutes as a time step:

Sirmulation:
Step [min.]: Simnulation starts;

B0 - hour IIZI_ day |1_ manth |1_

And, in the SOLAR screen, we change again the std. dev. to 0, to have same conditions as before,
Calculate to update the irradiation and OK.

Yariability minutes: corelation factor; (09 std dew.: |0

If we click again on the rows in the table of results that we had clicked in the case of 1 minute
time step, they return to the results obtained with 60 minutes time step.

32. Advanced Schiffer ageing model for lead-acid batteries.

Save the project and then save as with the name "Pr1-Sch.hoga". Now in the new project (Prl-
Sch) we will modify the batteries lifetime model (model to estimate its lifespan) to the Schiffer
et al. advanced ageing model. On the BATTERY screen, we modify the following:
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B atteries Model Fixed Dperation and Ma
" Ah [+ Limadel Ah

" KiBaM (Marwel-MoGowan 1933)

 C 11934 Control D ata

Schiffer bat. data

Ternp JN i1 1|2 alz b2 1z Mean [2C)
[ C] Jl22  alz2 502 020 N1 b1
{* hon.
2 E:-ccept Schiffer model, conzsider ~H
Tmean:=Tfoat life ol
Float life reduces 50% for every (100 2T increasze ﬁ T Graph
[ Cycle life depends on T
[ Capacity depends on T

Lead-acid battery model ] Li-ion battery model ]

" Rainflow [cypcle counting)

" Equivalent full cycles

+ Schiffer ageing mode|

We click in the button “Schieffer bat. data”, seeing the data needed for this battery model:

1\l Aging batteries model data - m} X

Aging batteries model shown in (Schiffer et al.. 2007) - (0816 v

Potential of reference electrode Hg/Hg2504:
Batteries data: |0PzZ5 -
all LA batteries must be from the same family, voltage data refered to 2 ¥ cells]: Curve of G, 1on speed vs. potential of positive electrode [vs. Ha/Hg2504 ref. |

O pen-circuit voltage at full charge, UD: |21 W Uean s iy BeEEEnepeedls |H“55l5'3h' 2004 - K3 in microd/emz ﬂ
Gradient of change in OCY with state-of-charge, g: |0.1 W 15§

144
Initial effective internal resistance [charge], ro_c_0; |0.43 chriedh 13

12

|nitial effective internal resistance (discharge), ro_d_0:|0.38 chirdh £

1
Resistance representing charge-ransfer process which depends on S0C, Mc: |0.36 § 10 i

w 9y-
Resistance representing discharge-transfer process which depends on SOCC, Md: |0.29 c i

@
Mormalized capacity of battery, charge. Ce: |1.001 E

Mormalized capacity of battery, discharge, Cd:|1.642

Mormalized reference cument for curent factor, Iref: |-0.1 Addh

Height of battery, 2: |20 cm

1T
THTATTT

y y t ¥ y

) ) [135 06 07 08 08 1 11 12 13 14
Corrosion voltage of fully-charged battery without curent flow, Ucord |1.75 W T Potential of positive electrode (V) vs ref. Ho/Hg2504
Mominal Yoltage for Gassing, Ugas(: 223 W _

Mormalized Gassing Current, lgas0: |20 mé/ 1008,

SOC far considening full charge in order to set fsoc=1 and obtain current for factor f: |0.99 [~ ‘when Max Capacity < Mominal Capacity. use this SOC in terms of Max. Capacity
Minirmum state-of-charge for bad charges, SOChmit 0,993
SOC to reset Number of Bad Recharges: |0.9

End of batteries lifetime will be considered when Max. Capacity iz |80 % of nominal capacily

Corrosin speed during floating life

' Comosion speed for folating life [data): |2

" Calculate

In this window, there are many parameters that are usually unknown as they are not published
by the batteries manufacturers. The default parameters were obtained from the publication of
Schieffer et al., 2007 (see the user manual for reference). You should not change any value
unless you know this. It is important that all the battery models considered in the battery screen
table are of the same type, in our case it is true, all are OPZS-Hawker, TLS model. As they are
OPZS, it is important to ensure that in the window of the Schieffer data, at the top it is selected
OPZS:
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\l Aging batteries model data

Aging batteries model shown in (Schiffer et al., 2007)

>

[all LA batteries must be from the same family, voltage data refered

(_Batteries data: |0FZ5

We will leave all the default data and then we return to the battery screen by clicking on “Back”.

We return to the main screen (by clicking on "OK"). In the main screen, with the mouse over the
area of the maximum and minimum allowed number of components (GENERAL DATA tab)
something similar to the following is shown:

NUMBER OF CASES AND TIME EXPECTED

Computation speed: 1.22 cases/second

Eval AL POP [zALL) GEM. ALG. (% ALL)
MAIN ALG. [COME. COMPOMENTS): 3240 75(231%) 1093 (33.73%)
[1x3240)
SEC. ALG. (COME. STRATEGIES) 1 3[300%) 41 [4100%)
MAIN ALG.  SEC. ALG. MUMBER OF CASES % TIME EXPECTED

OPTION 1:  EVAL ALL  EVAL ALL 3240 100%  Oh44' 16"
OPTION 2 EVAL ALL  GEM. ALG. 132840 4100% 1 dapsEh
OFTION 3 GEM.4LG. EvaL ALL 1043 337%  Oh14' 56"
OPTION 4 GEM.ALG.  GEM. ALG. 44813 13831% 10h12'

Optirization of the combination of components by means of Genetic Algarithms.
It iz not guaranteed to obtain the optimal combination of components, but this iz probable to obtain the optimal or
a zolution near the optimal

Depending on the speed of your computer, the data on this screen may be different, since it

estimates the time it will take to evaluate the different combinations.

Now the optimization will take a lot more time, since the Schiffer et al. model, although much
more accurate, is also much slower (it performs a vast quantity of calculations). A calculation
speed of 1,22 cases per second is estimated, and the estimated optimization time using the
enumerative method (all possible combinations) is 44'16". As we are only allowing 15 minutes
of calculation, it chooses the method of genetic algorithms (marked in red).

It is possible that the actual calculation time is lower than the estimated one, since the Schiffer
model implies simulating each combination of components during the life of the batteries, and
since this depends on each combination of components (and control strategy), it cannot be
previously known. Therefore, the simulations can last for more or less time and the total duration
of the optimization may be significantly different from the estimated one. The estimate is quite
conservative, that is, it is likely to take less time than expected.

Save the project. We click on "CALCULATE" and, after some minutes in the case of the computer
where this guide has been done (much less than expected, due to the above), the optimization
finishes, obtaining something like this:
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GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 856. Time: &' 25"

17,664

r
N

17,536

17.408

17,280
17,152

Total Cost (NPC) (€)
CO2 Emissionsikgfyr)

17,024

16,896
121

GENERATIONS

[ show diagram

Gen Total Cost (NPC)(E) Ermission (kgCO2h Unmet(kWhiy  Unmet(3) Daot CnlWh)/(Ppe+Pwily Ben(® LCOEEKWh) Simulate Report

(

7 16812.8 120.9% 02 0ot INF 66 99497 057 SIMULATE.. REPORT... (

il 16812.8 120.95 0.2 0o INF 66 9947 057 SIMULATE.. REPORT... (

9 168128 120.9% 02 0o INE GE 99497 057 SIMULATE.. REPORT... (

n 16812.8 120.9% 0z 0o INF GE 9947 057 SIMULATE.. REPORT... (
1 16812.8 120.95 0.2 001 INF 66 99497 057 SIMULATE.. REPORT... (
12 168128 120.95 02 0ot INF EE 9947 057 SIMULATE.. REPORT... (
13 168128 120.95 02 0ot INF EE 99497 057 SIMULATE.. REPORT... (
14 168128 12095 0z 00l INE G 999 057 SIMULATE,. REPORT.. (

[ 15 16812.8 120.9% 02 0ot INF 66 99497 057 SIMULATE.. REPORT... ( v]

< >

COMPOMNENTS: PV modules aSil2-Schott ASN00 (100 Wa): ds.x 4o, (100% PV#L: slope 352, azimuth 0Y) /f Batteries OPZ5-Hawker TLS-3 (180 Ah): 245, % 1p. /1 x AC A
Gen. Gasaline 0.5KVA D5 KA Inverter STECA: XPC 1600-48 of 18004/} PV batt charge controller. STECA: TAROM 440 af 40 A /f Unmet load = 0 % /f Total Cost
(NPC) = 16812.8 € (0.57 £/kivh)

STRATEGY: LOAD FOLLOWING. Plgen: INF. Pmin_gen: 150W. Peritical_gen: 0% S0C setpoint_gen: 20 2. S0C min: 20 %

The last row (row 15, corresponding to the last generation evaluated by the genetic

algorithms) shows the optimal solution found. However, it can be seen that, in this case,

already in the 3™ generation that solution has been found, and since then no better one has
been found. Other tests have been performed and iHOGA obtain the same optimum around the
5% or 6™ generation. As all possible combinations have not been evaluated, it is possible that
the solution found is not optimal, but it is sure to be close to it. It is possible that the reader will
see a different evolution throughout the generations, but it is very probable that in the 15
generation you have obtained the same optimal solution on your computer.

The characteristics of the optimal combination found are shown in the lower part. The optimal
solution in this case is the same as in the previous project (with the battery model Ah and life
estimate according to the Rainflow cycle count):

COMPONENTS: PV modules aSi12-Schott: ASI100 (100 Wp): 4s.x 4p. (100% PV#1: slope 359,
azimuth 09) // Batteries OPZS-Hawker:TLS-3 (180 Ah): 24s. x 1p. // 1 x AC Gen. Gasoline 0.5kVA
0.5 kVA // Inverter STECA: XPC 1600-48 of 1600 VA // PV batt. charge controller. STECA: TAROM
440 of 40 A // Unmet load = 0 % // Total Cost (NPC) = 16812.8 € (0.57 €/kWh)

STRATEGY: LOAD FOLLOWING. Plgen: INF. Pmin_gen: 150 W. Pcritical gen: 0 W. SOC
setpoint_gen: 20 %. SOC min.: 20 %

However, the estimated cost in this case is higher than that obtained in the previous project,
because the estimation of the lifespan of the batteries is much more realistic with the Schiffer
model: 7.09 years (compared to the 11.36 years estimated with the Ah model and cycle count
ageing model, see section 22). Battery lifespan can be seen in the report or in the results table:
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E gen (kivh) E FC {kih) Hours eq. Gen Bat. life {yr) Hours Ch. Bat. Hours Disch. Bat. Hours FC - Hours Elyzer.

0.3 1] 163 7049 337462 5308 1]
0.3 ] 163 7.09 337462 530G 0
0.3 1] 163 7049 337462 5308 1]
0.3 1] 163 .04 3374862 E308 1]
0.3 1] 163 .04 337482 h308 1]
0.3 1] 163 7.09 3374862 5308 1]
0.3 ] 163 7.09 337462 530G 0
0.3 1] 163 7.09 3374862 5308 1]
0.3 ] 0

163 3?4 B 5308

oo oo oo ooo

. Fuel Gen. i)

0.4
0.4
0.4
0.4
04
0.4
0.4
0.4
0.4

C.Fuel FU A

If we simulate the optimal combination, the simulation screen shows certain buttons with which

we can visualize different results obtained with the Schiffer battery ageing model.

Clicking on the last row of results, in the "SIMULATE" button, after some seconds the following

screen appears. If, after 10 or 15 seconds, the mouse returns to the usual arrow and the

simulation screen did not appear, click on the iHOGA icon on the taskbar at the bottom of the

computer screen and the simulation screen will appear.

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Water load /PHS  MULTIPERIOD

Simulation first 8 years. 1st batteries replacement: 4 February, year 8. Batteries lifetime: 7.1 years

POWER (W) /H2 Tank /WATER tank (Wh)
B
3

swf{ o ———
400
350
300
250
200
150 |
100 |
50|

] i \

5 g 2 (o

enend 1 January year 1

18

POWERTCONSUMED OR SUPRPLIED (W)

14,000
13,000
12,000
11,000
10,000
9,000
8,000
7.000
6,000
5.000
4,000
3,000

2,000

BATTERY ENERGY (Wh)

See Over

Total Load
— Export
Unmet Load

== Disch. Batt
== Charge Batt.
= AC Gen

PV

= 50C

>

Days display

By means of the bar under the graph, you can navigate in the simulation, seeing how the years

pass and the remaining capacity of the batteries is reduced: brown curve, lower figure where

we see the first 8 years (2920 days display), the batteries end their life when 7.09 years have

passed.
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generalor ‘Waterload /PHS  MULTIPERIOD

Simulation first & years. 1st batteries replacement: 4 February, year 8. Batteries lifetime: 7.1 years

950 14,000
9004 13.000 Total Load
350 — Export

= 8004 12,000 — Unmet Load

£ 750 — Disch. Batt.

£ 7004 11,000 ~ Charge Balt
= 6504 10000 T ACGen

& 500

% 550 9000 % - 50C

o

= 50 8,000 E

5 450

E 100 7,000 E

‘g‘ 350 s E
300 &

£ 550 5,000

£ 2004 4000

< 150
1004 3,000

501 2,000
o
[“Legend January year 1 - December year 8
< > [2820]
POWER CONSUMED OR SUPPLIED () Energy price SeeOver  Days display
Batter bank Discharge Plim Charge Legend
= BATTERY ENERGY (Wh)
O O [ E-ta supply by batt Electrolyzer
A soc W battany Capacity
0 [] E. max disch. bt E. H2 tank (HHV H2) R ORP S0C limit
v imits
] Battery bank Charge Fuel Cell [ P critical Gen. MloESiET:
Exqmi By =/ g Cap. Max. —
O Eto supply FC P criical Fuel Cell i
Unmet Load - [] sOC setpoint Gen.
a wind Turb_ E.max FC | Cycles
- U E boughtto AC grid [ ] Prnax S0C sstpont FC Bad Ch
ater Furm
i P AC Generator E sold to AC grid Pz
[1 Pmax. input Inverter ] Pmeax Gen H2 TANK setpaint (HHY H2) S0C(0-1) T.full charge Resist

Simulation step fmin): 60~ Back Save data: h | Save Simulation Data Save Prob. Data

COMPONENTS: PV generator of 1600 Wp (100% PVv#1: slope 35¢ azimuth 02). 1 x AC Generator of 500 WA, Battery bank of 6640 Wh. Inverter of 1600 VA

STRATEGY: LOAD FOLLOWING. P1gen: INF Y. Pmin_gen: 150 W. Peritical_gen: 0%, S0C stp_gen: 20 %. SOC min.: 20 %.

You can also see the remaining capacity of the batteries by clicking the "Capacity" button on the
right side of the simulation screen. If we indicate a high value of display days we get the following
graph:

Battery max. capacity, capacity loss by corrosion and loss by degradation
16 T
15
14
13
12
11

09
08
07
06
0.5
04

03
0.2
01

January year 1 - December year 8

W — Maximum capacity F — Capacity loss by cormrosion '7 Capacity loss by degradation |

‘ >

Ceorrlimit=0.674 Days display
Cdeg limit=0.842
Batteties lifespan = 2143 hours (7 1years)

Where it is seen that the loss of capacity due to corrosion in this case is much higher than the
loss due to degradation.

You can click the other buttons and see different parameters: battery voltage, battery current,
factors used by the Schiffer model, unweighted and weighted cycles performed, bad charges,
resistance, time since last complete charge and SOC.
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33. Lithium batteries.

We save the project and then Save As, with the name "Prl-Li.hoga".

Let's add a type of lithium battery, so that we will also consider it in the optimization. In this case
the battery chosen is the LG Chem RESU3.3 (48 V).

On the battery screen, select this battery and click on "Add Battery"

A\ BATTERIES
Add Baltery | |LGChem RESU3Z
Add Battenes family |DF’ZS-Hawkel e |
It is added:
BATTERIES DATA: Floatlite at/20 | *c Cycles to Fallure vs. Depth of Discharge (%)
Name Cnom(ah)  Volt(v) Cosht) COWMIEAT  SOCmin(%) Self_d(*/mon) Ime{a) EM*) Floathyr) 0% 20% o a0% 50% 0% s §0% 90%  100% ~

S 160 2 127 1.27 20 3 36 a5 10 1 6500 4350 Nnoo 2500 2050 1800 1600 1500 1000 L
2n 2 178 11 20 i 54 a8 18 1 BROD 4350 300 0 2080 1800 1600 1500 000 1
0 2 ] ] 20 ] 0 100 100 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 L
13 LG Chem RESUZ 3 B3 &R 3400 in 10 2 74 E ﬂ% 15 ZR800 14400 9600 7200 &760 4R00 414 3600 300 Z500 L

< >

Maximum current is 62.5 A (approx. 1C), but many manufacturers recommend to limit current
to 0.5 C, therefore we will change the name (adding “-mod”) and later we change the Imax to
31.5A:

5] £ 3400 30 10 z @'_‘_q;‘_‘_‘; 15 28300 14400 9BO0 P00 570 4800 4114 3EO0 30D 200 L

For lithium-ion batteries, for the battery model, we must ensure that the checkbox “Li-ion model

Ah” is checked because it is the most simple and adapts correctly to lithium-ion batteries.

Batteres Mao
" ah [v Limodel &k

" KiBaM [Marael-tcGowan 1333)

" Copetti 1934 Contral Data

&+ Schiffer 2007 Schiffer bat. data

For the ageing model, you can select several models: Wang, Grot or Naumann for LiFePO4,
Saxena for LiCoO2 or generic models (Full equivalent cycles or Rainflow). See the user manual

for details.

It is important to say that Wang, Grot, Naumann and Saxena models were obtained by
researchers by testing specific commercial batteries, so these models are only adequate for
those commercial batteries tested and for the conditions they were tested. If you are not sure
about if your battery is similar to the ones tested by these models, it would be better to select
a generic model (Full equivalent cycles or Rainflow). In our case we select “Rainflow (cycle

counting)” model (by default).
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Lead-acid Aging battery model Li-ion Aging battery model

(C)wang et al., 2011 (LiFePO4)
(O Grot et al., 2015 (LiFeP04)
() saxena et al., 2016 (LiCo02)

(@) Rainflow (cycle counting) FREEEE
TR == "

Full equivalent cycles or Rainflow models are generic models, and they consider the number of

cycles to failure of the battery data.

After you select the model, click in “Parameters” button and you should be sure that the
calendar ageing model is included, then both calendar and cycle degradation will be considered.
In some cases (specially in stand-alone systems where cycling degradation is low), if you do not

include calendar ageing you can obtain very high battery lifetime, which would be not real.

Wang Grot  Saxena Calendar ageing Naumann

[]Include calendar ageing : ; -
C) Petityet al., 2016 .+ [0.05
in ‘Wang and Saxena modeals ’ ) Llimit (cycle / calendar): C -
() swigrczynski et al., 2015

[+|Include Calendar in Full eq. cycles and Rainflow models
Data (Fetitet al.. 2016):

Data (Swiefczynski etal., 20151

T A R e ) B ade(6)=(a" SOC b+c) (d' T e+) t°g
soc  30% 65% 100% a [0019 | b [o823 |
B |739:3 | [675E3 | [228e3 | ¢ [o5105 | d [3258 |-10m0
A [73369 | [6ss04 |[56937 \ e [pos7 | f [0 |
z |u.943 ||0.9 ||D.683 | .
graph T(°C): graph: T(°C): SOC(%]:
£ _ 40
R & 4 =3
é‘ b g 24
z 8 £ 16
S 0 z
0 5 10 15 20 25 g 8
Time (years) 0
— S0C30% — SOCGE5% — SOC100% — EOL L T:ie[yeﬂri?
oK

You should set a threshold limit to consider cycle or calendar ageing, by default a C-rate of 0.05
is the limit (we leave the default value). In the time steps when the C-rate is lower than this value

calendar ageing will be considered and when it is higher cycle ageing will be considered. Then

click “OK” to save the changes.

It is also important to select the checkboxes “Cycle life depends on T” and “Capacity depends
on T”, to consider the cycle life dependence on temperature and also the capacity dependence

on temperature during each time step. With the button “Data” you can change that

dependence, but we will leave the default values.
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For lithium batteries it will use Rainflow life model (including cycle life dependence on
temperature and calendar degradation) while for lead-acid batteries it will use the Schiffer

model.

Click on "OK" and return to the main screen.

Since wind turbines have not been part of the optimum solution in the previous optimization,

we will eliminate them to reduce the search space.

On the main screen, deselect the "Wind Turbines" box:

COMPONENTS
PV panels !
o

<] wind Turbines TV

[ Hydro Turbine

Battery bank il

AC Generator !'-_

Inverter e

CIH2 (F.C. - Elyzer) L

If we now move the mouse over the min. and max. number of components in parallel, we see
the following screen, which indicates that in about 2 or 3 minutes it can be evaluate all the

combinations.

NUMBER OF CASES AND TIME EXPECTED

Computation speed: 241 cases/second

EVAL ALL  POP (24l GEM. ALG, (401)
MAIN ALG. (COME. COMPOMENTS) 30 151 [41.94%) 2159 (599.72%)
[1x360)

SEC. ALG. (COME. STRATEGIES) 1 3(300%) 41 (4100%)
MAINALG.  SEC.ALG  NUMEER OF CASES % TIME EXPECTED
DFTION1:  EVAL AL EWAL ALL  3RD 00%  Oh2 29"
OPTIONZ  EVAL ALL GEM ALG. 14760 4100%  1h42
OPTION 3 GEM.ALG. EVAL ALL 2159 5399.7% (Oh14'55"
OPTION 4 GEM.ALG. GEN.ALG. 88519 245886 % 10h12

Optimization by means of enumerative method (evaluating all combinations). |t is guaranteed to obtain the aptimal

zolution

We see that there are 360 possible combinations. If we click on the "Parameters" button in the

area of the selection of the optimization parameters:

OPTIMIZATION PARAMETERS SELECTED BY:

(®) HOGA (JUSER

Maximum execution time:

o n[5 Jmn

Finimurn time for the Genetic &lgarithms
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The following screen appears:

1 PARAMETERS OF THE OPTIMIZATION — m} *
MAIN ALGORITHM (OFPTIMIZATION OF COMPONENTS) SECONDARY ALGORITHM (OPTIMIZATION OF STRATEGY)
OPTIMIZATION METHOD: OFTIMIZATION METHOD:
(O GEMETIC ALGORITHMS (®) EVALUATE ALL COME (O GENETIC ALGORITHMS (®) EVALUATE ALL COME
15 181 15 3
30 1 Futation Unifarm a0 1 Futation Unifarm
15 15
1 5 1 =)

EVALUATE ALL COMBINATIONS:

Dizplay best:

NUMBER OF CASES AND TIME EXPECTED

Computation speed: 2.41 cases/secaond

Eval ALL POP. [% ALL) GEM. ALG [ ALL)
MAIN ALG. [COME. COMPOMENTS]: 360 151 [41.94%) 2183 (589.72%)
[1%360)
SEC. ALG. [COMB. STRATEGY]: 1 3(300%) 41 [4100%)

MalN alG. SEC. aLG. MUMBER OF CASES % TIME EXPECTED

OFTIOW 1:  E¥alL ALl EWal ALL 360 100 % Oh 2* 29"
OFTION 20 EVAL ALL  GEM. ALG. 14760 A00%  1h 42
OFTIOMN 3 GEM. ALG.  EWaL ALL - 2158 B397%  Oh14'B5"
OFTION 4: GEM. ALG. GEM. ALG. 88519 24BB8E % 10h 12

O ptimization by means of enumerative method [evaluating all combinations). [t is guaranteed to obtain the optimal
zolution

If we change the value of "Display best" (default 10) by 360, when the optimization is finished
we will see the results of all the combinations:

EVALUATE ALL COMBINATIONS:

Display best:

Then click on "OK" and return to the main screen.

Save the project and then click on the "CALCULATE" button to optimize the system, obtaining
the results shown in the following figure, where you can see the 360 combinations and the
optimum is the first row (since the enumerative method has been used). If we go down the
table, itis observed that from solution 54 all have an "INFINITUM" cost, assigned to indicate that
they do not satisfy all the constraints.

It is observed that the optimal solution (the first of the table, as all the combinations have been
evaluated) is the same as in the previous case where we did not consider li-ion batteries.

The optimal solution found is shown in the next figure.
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Mono-objective optimization. Total No. of cases evaluated: 360. Time: 2' 25"

45,056 5,632
40,960 X 5,120
36,864 4608 T
< 32 768 ‘ | l 4096 ©
g 28,672 3584 w
= 24,576 3 3072 -2
& 20480 ; | ! 2560 £
= 16,384 | | | 2,048 U
S 12,288 536 O

| 'I ‘ 'l 1536 g
8,192 i ! ) 1,024
4,096 %4 I, 512
0 32 64 96 128 160 192 224 256 288 320 352

Solution # (sorted from best to worst)

[ 8how diagram

Mo, Total Cost (NPCY(E) Emission (koCOZ4 Unmetldvhty)  Unmet(32) Doaut Crdwhi(Ppv+Pu) (v Ben(® LCOEEKVWR) Simulate Report [

1 16812.8 120.95 0.2 001 INF 66 99.97 057 SIMULATE.. REPORT... (

2 17735 122.2 0.2 007 INF BB 959.96 0.6 SIMULATE.. REPORT... C

3 192899 15253 1 007 INF £S5 5981 066 SIMULATE.. REPORT... €

4 19339.3 132.87 2.5 017 INF 23 98.688 066 SIMULATE.. REPORT... C

5 19769.1 155.32 2.4 016 INF 23 97.07 067 SIMULATE.. REPORT... C

B 19773.7 141.75 3.3 022 IMF 24 987 067 SIMULATE.. REPORT... (

7 197739 150.53 0 0 INF 35 100 067 SIMULATE. REPORT... €

3 19892.8 152.39 0.4 003 INF 65 99.73 068 SIMULATE.. REPORT... C

9 201157 165.76 2.8 018 INF 24 967 068 SIMULATE.. REPORT... ( y
< >

COMPOMNENTS: P modules aS5i12-Schott: AS100 (100 Wp): 45.x 4p. (100% PY#1: slope 352 azimuth 0%) 4 Batteries OPZ5-Hawker TLS-3 (180 Ah): 245 x 1p. 1 x AC
Gen. Gasoline 0BKVA 08 kWA Inverter STECA XPC 1600-48 of 1600 VA Jf PV batt. charge controller. STECA: TAROM 440 of 40 A Y Unmet load = 0 % /f Total Cost
(NFC) = 16812.8 £ (0.57 £/kwvh)

STRATEGY: LOAD FOLLOWING. Plgen: INF. Prin_gen: 150, Poritical_gen: 0W. SOC setpoint_gen: 20 %4, S0OC min.: 20 3.

Navigating the table, we can compare the first rows (the best solutions), seeing the components
of each one. We can see that the third best solution includes li-ion batteries (in the table, go to
the right with the scroll until you see the column of the nominal capacity of the battery, you can
see the 4™ row includes 1x1x63 Ah, that is, 1 serial (as the lithium battery nominal voltage is 48,
same as the DC bus voltage) x 1 parallel x 63 Ah (the capacity of the lithium battery considered).

Report Costs HDI Jobs F. PV mod (Wp) Slope#(®)  CnBat (Ah) P. Gen (W) Folnv () P WInd T. (W) F. Turbilfs) F.F &
REPORT... COSTS... 0525968 0.0045 4x4x100 35 24x1x160 1x600 1600 1=0 0
REPORT.. COSTS.. 0525371 0.0043 4x4x100 35 24x1x180 1x1900 1600 1x0 0
REPORT... COSTS... 0525916 0.00486 4x3x135 3524 A0 «500 1600 1x0 0
REPORT... COSTS.. 0525818  0.004302 4x4x100 3x5EIEI 1600 1x0 0
REPORT... COSTS.. 0525824  0.004306 4x4x100 35 Tulxbd 11900 1600 1«0 0
REPORT... COSTS... 0525768  0.004862 4x3x135 35 1x1x63 1x600 1600 1=0 0
REPORT.. COSTS.. 0525331 0.0048 4x4x100 35 24x1%270 1x500 1600 1x0 0
REPORT... COSTS... 0525955  0.004861 4x3x135 35 24x1x160 1x1900 1600 1x0 0
REPORT... COSTS... 0525501 0.004567 4x3x135 35 1x1x63 1x1900 1600 1x0 0 -

< [_] >

The 4% best solution NPC is 19445.7 €, considerably higher than the best one.

Mo, Total Cost (NPC)(€) Ermission (kgCO24a Unmet(kivhda)  Unmet(3s) Dawt Cnddh)iiPpe+Pu) (v Ren(® LCOEEKWH) Simulate Report [
1 16012.8 120.95 02 001 INF B6 9957 057 SIMULATE.. REPORT... C
2 17735 122.2 02 001 INF B6 99.95 06 SIMULATE.. REPORT... (
3 9289 9 152,53 1 007 INF B9 5981 066 SIMULATE.. REPORT... C
a] 132.87 25 017 INF 23 9848 066 SIMULATE.. REPORT... ¢

We can see that in this case, with the batteries and models selected, the optimal system includes
lead-acid batteries and not lithium batteries. But in other cases it can be different, if the cost of
the li-ion battery decreases or for places with different temperature.
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Lithium batteries can become competitive in some stand-alone systems, depending on costs,
cycle life and working conditions.

More results can be compared, for example the hours of operation of the AC generator (gasoline
or diesel): in cases with lithium batteries (third best solutions), it has to operate 98.01 h per year
(equivalent hours, including equivalent hours due to the 5-minute penalty for each start as well
as the life cycle penalty due to operating the generator out of its optimum range).

E disch. bat (kiv'h) E elyzer. (kih) E gen (kitvh) E FC (kivh)

928.3 0.3
9286 0.4
9208 1.8
9116 14.4
904.9 41.6
912.2 16.2

929 0

91 36
9116 6.7

Hgflirs eq. GeNEBat. life (yr) Hours Ch. Bat. Hours Disch. Bat. Hours FC - Hours £
709 337482 5308
6.98 33947 5309.57
511 367 5347.33
574 2923 5252
673 2958 5230
675 2960 5293
743 3369.38 5313
51z 3355 5364
673 29588 5279

oo oo ooooo
o o0 oo o o o oo
o0 oo ooooo

Comparing the 1% row (lead acid battery 180 Ah) with the 4™ row (Lithium battery 63 Ah), being
the total capacity of the lithium 1x1x63 Ah x 48 V = 3024 Wh, lower than that of lead-acid
(24x1x180 Ah x 2V = 8640 Wh), in the case of Lithium (4™ row) the generator must run for 98
hours during 1 year, while in the case of lead-acid (optimal solution, 1 row) it just work for 1.63
hours (this is the average during the 7.09 years of the battery lifetime, as Schiffer model was
selected for lead-acid, the first years the generator doesn’t run for any hour, the last years runs
few hours). The total cost of the gasoline fuel and of replacement of the generator is higher than
the savings in the batteries (total cost including their replacements), so in this case the
combination with backup generator and lead-acid batteries is better. Smaller capacity lead-acid
batteries could be added, and probably the optimal solution would have more difference in NPC,
being lead-acid batteries the optimal in this case.

There is unmet load even though there is a backup generator in the system, which should supply
all the missing energy. However, as we indicated on the AC generators screen that the
availability of the gas generator is only from 7 am to 10 pm, during night hours it cannot run, so
there are some hours when the batteries cannot deliver the energy during the night (because
they are at minimum SOC) and also the gasoline generator is not allowed to run in those hours.
If we see the simulation of the optimal solution, at the bottom of the simulation screen we are
informed of the months and days when the demand is not covered (Year 8™, January the 3™):

Simulation step (min): (B0 v [3 Back Save data: |Al ~|h | s

COMPONENTS: Py generator of 1600 (100% PV#1: slope 352 azimuth 02, 1 x AC Generator of 500 %A, Battery bank of 8640 Wh. Inverter of 1600 WA,

STRATEGY: LOAD FOLLOWING. P1gen: INFW. Prin_gen: 150 %, Poritical_gen: 0%, SOC stp_gen: 20 %%, SOC min.: 20 %,
Months when it is not supplied the whole load by the standalone system (year 8 ): January

Days when it is not supplied the whole load by the standalone system (year 8 ): 3/1

In the simulation we can see in orange the unmet load (energy not served) for the Year 8™,
January the 3™. At 6 a.m., the battery still has no energy to supply the load that is consumed at
that hour, and the backup generator cannot run at this hour.
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Hourly simulation  Hourly velues separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load /PHS  MULTIPERIOD

Simulation first 8 years. 1st batteries replacement: 4 February, year 8. Batteries lifetime: 7.1 years

950 14,000

900 13.000 Totalload

850 [ Unmet Load
£ 8004 12,000 Biseh—Sait
£ 750 = Charge Batt
T 7004 11,000 — AC Gen.
2 s = PV
& 10,000 & — s0C
£ s00 =
g 5509 /\ 9000 2
= 500 w
5 450 8000 @

4 -4

o 400 7,000 W
= 3504 E
g 300 6000 &
& 250
E 200 5,000
£ 450 4,000

100

50 3,000

0 _
0 9 12 15 18 21 0
Legend 3 January year 8
‘ >

POWER CONSUMED OR SUPPLIED (W) S SesOver  Days display

During these hours the generator cannot operate (unavailable at night), so there is some unmet
load (orange).

Note that, in the tab “Hourly values separately”, we see the simulation of the last year (8 year).

Finally, in the main screen of the program, we save the project with Project-> Save.

34. Probability analysis.

Next, we will perform, for a particular combination, the analysis of probability of variation of
load, irradiation and inflation rate of the price of gasoline. Thus we will see how the variations
of these variables affect the system.

We open the project "Prl" (top menu, Project-> Open) and, once opened, we save it with
another name (Project-> Save as), in this case we give it the name "Pr1-Prob.hoga".

Next we eliminate the possibility of wind turbines, (deselecting the box "Wind turbines" of the
main screen) to reduce the space of search (since we have seen that they do not appear in the
optimal solution):

COMPOMENTS
EAPY panels

[1wind Turbines
[IHpdro Turbine
Battery bank

AC Generator

g BE S0\

Inverter
[JH2 [F.C. - Elyzer) ¢

To better see the effect of the gasoline price inflation rate variable, we will limit the size of the
photovoltaic generator, so that the gasoline generator will have to run more hours and the gas
price effect will be better shown in the analysis of probability. To do this, we set a maximum of
2 branches of PV modules in parallel:
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MIM. AND Max. No COMPOMEMTS IN PARALLEL:

Bateries in parallel; Min, |‘I [GEYS |3
P mod. in parallel: Min. |D Max. |4
I E

AL Gen. in parallel: Min. |1 tax. |1

In the AC generators screen, we eliminate the availability restriction, that is, we leave the AC
generator available during all hours of the day (see section 12):

AC GENERATOR HOURLY AVAILABILITY:
Maonday-Friday: ‘Weekend:

0-1h
E1-2h
E2-3h
]3-4h
E4-5h
[£5-6h
E6-7h
7-8h
E8-9h
9-10h
1011k
E411-12h
[112-13h
13-14h
[14-15h
[A15-18h
Fl16-17h
[117-18h
E18-13h
E13-20h
Ez0-21h
21-22h
E22-23h
E23-24h

oK

We have 162 possible combinations, clicking on the "Parameters" button on the main screen,
tab "GENERAL DATA" (see section 30), a screen appears where we must change the number 10
of "Display best" by 162. Then after the optimization we will see all the possible combinations:

EYal UATE ALL COMBIMATIOMNS:
Dizplay best:

Save the project. Then click on "CALCULATE" on the main screen, and perform the optimization
again:

Mono-objective optimization. Total No. of cases evaluated: 162. Time: 6"

98,304 9216
90,112 5150
81,920 _

@ 73.728 7168 %,

) =

g o L R

Z . 2

= 19152 D 2

S 40,960 4.096 £

= 32,768 3072 o

= 24,576 Z
16,384 2,048
8,192 1.024

0 0

0 8 16 24 32 40 48 56 64 72 80 86 96 104 112 120 128 136 144 152 160
Solution # (sorted from best to worst)

] Show diagram

# Total Cost (NPC)(E) Emission (kgCO24) Unmet(kiWhiy)  Unrnet(3) Doaut CrldWh)(Ppv+Pwild Ben(® LOOEEKWh) Simulate Report A
1 31105 1123.87 0.2 001 INF 1003 6383 1.06 SIMULATE.. REPORT... ¢
2 32226.2 1124.09 0.2 007 INF 155 G4.06 1.09 SIMULATE.. REPORT... (
3 34457 6 112453 0.2 001 INF 206 B4.28 117 SIMULATE.. REPORT... (
4 36969.2 112418 0.2 001 INF 309 647 126 SIMULATE.. REPORT... (
5 37897.6 112418 0.2 001 INF 309 647 129 SIMULATE.. REPORT... C
[ 43251.2 1144.2 0.2 001 INF 46.4 65.39 147 SIMULATE.. REPORT... ¢
7 62966.2 1941.23 1.4 003 INF 103 71.08 214 SIMULATE.. REPORT... (
g 644277 194116 14 0.0%  INF 165 71.24 219 SIMULATE.. REPORT... (
3 66953.3 1943.07 14 003 INF 206 71.42 228 SIMULATE.. REPORT... ( o
< >
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The optimal one is shown in the first row (as all the combinations have been evaluated):

COMPONENTS: PV modules SiP12-TAB:PV-135-mod (135 Wp): 4s.x 2p. (100% PV#1: slope 359,
azimuth 0%) // Batteries OPZS-Hawker:TLS-3 (180 Ah): 24s. x 1p. // 1 x AC Gen. Diesel 1.9kVA 1.9
kVA // Inverter STECA: XPC 1600-48 of 1600 VA // Rectif. included in bi-di inverter // PV batt.
charge controller. STECA: TAROM 440 of 40 A // Unmet load = 0 % // Total Cost (NPC) = 31105
€(1.06 €/kWh)

STRATEGY: LOAD FOLLOWING. Plgen: INF. Pmin_gen: 570 W. Pcritical_gen: 0 W. SOC
setpoint_gen: 20 %. SOC min.: 20 %.

The cost is significantly higher than the case of Prl, since we have now do not allow more than
2 branches of photovoltaic modules in parallel, which implies that to supply all the energy the
AC generator (in this case diesel, since in the optimum solution appears Diesel 1.9 kVA) has to
work many hours a year (1272.08 equivalent hours, including start-up and operating outside the
optimum range penalties). Thereforem the cost of diesel fuel is high (365.1 €/year), and also the
generator must be replaced every few years (the generator lasts 10,000 hours, so every
10000/1272.08 = 7.86 years you have to replace it). The results table shows the average hours
per year the diesel runs and the fuel cost:

Haours Ch. Bat. Hours Disch. Bat. Hours FC Hours Elvzer.  ClFuel Gen (£ C. Fugl FC A
3813 4542 0 0 3661

By clicking on the cell "COSTS" of the first row of the table we can see the different costs, where

E gen (Kvh) E FC (kivh)
5426

in the AC generator we see the replacement costs every 7 or 8 years (see next figure).

In the figure, below, we see the cost of the fuel, it increases every year due to fuel inflation (5%),
although the cost that is displayed is the one transferred to the initial moment of the installation:
annual_cost * (1 + inflation)¥*®" / (1 + Interest) ¥**". Where Interest is the nominal discount rate
defined in the FINANCIAL DATA of the main screen (4%).

We see that the total cost of fuel over the useful life (NPC) is 10360.1 €. It is affected by the
inflation rate of the price of fuel (fixed at 5% annual on the screen of AC generators) and interest
rate (4%, fixed in the main screen of the program, tab "FINANCIAL DATA").
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Project: Pr1-Prob.hoga. Solution # 1

Distribution of costs (+) and incomes (-), NPC, during the years. RED: acquisition costs, replac. costs and incomes for
sales. BLUE: O&M. Currency: €.
Total Cost (NPC): 31105 € (1.06 €/kWh). Initial cost of investment: 7303.3 €. Loan of 80 %, int. 7% in 10 yr., quota: 831.9€/yr.

TOTAL COST (NPC). 31105 € Financial Cost (WPC). initial payment +annual quotas: 8207.8 €
I 1,500
2,000 I 1,000
0 |||||||I | llllllllllllll_ 500
024681 13 16 19 22 25 0246 810 13 16 19 22 25
Total Cost of PV Generator (NPC): 23156 € Total Costof Wind Turbines group (NPC) 0 €
1,000
500 0
U L LI L L L B 1 T T T L I B B B B e § T T
00246 810 13 16 19 22 25 02 4 6 ¢ 10 13 1% 19 22 25
Total Cost of Hydro (NPC). 0 € Total Cost of AC Generator (MPC): 57571 €
0 500
0
TR T T T T T T L S B o o e e T =TT
02 4 6 810 13 16 19 22 25 02 46 810 13 16 19 22 25
Total Cost of Inverter (NPC): 3159.3 € Total Costof Batteries Bank (NPC): 75174 €
1,000 I I I 2,000 I
0 ] o |l—— I I L
DML B AR LS NLELELE NLELEL N T T T UM L L L LR NI N T T =TT
02 46 810 13 16 19 22 25 02 46 810 13 16 19 22 25
Total Cost of Electrolyzer (MPC): 0 € Total Cost of Fuel Cell (NPC):. 0 €
0 0
0246810 13 16 19 22 25 0246810 13 46 19 22 25
Total Costof H2 Tank (NPC) 0 € Total Cost of AC Gen. Fuel (NPC) 10360.1 €

400
200
0

00246 810 13 16 19 22 25

If we change the fuel inflation, the total cost NPC of the system will be modified.

Let's see below the probability analysis in which we will see the effect of irradiation, load and
fuel price inflation.

In the main screen, click the "Probability Analysis" button (above the calculate button):
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1l Probabilistic analysis of variability of load, irradiation, wind speed and/or water flow (or fuel price inflation)

(O DO NOT PERFORM PROBABILITY ANALYSIS (®) PERFORM PROBABILITY ANALYSIS

Mumber of zeries to ly

each bination of p and control strategy:

Analyze variability of the average value of load
Do L T
Mean: 411 kKwhiday

Standard Deviation: Khwhiday

Mean= 4.122, 5td. Dev. = 0.299 k'wh/day
M aximum = 4.98, Min. = 3.2 k\wh/day

tean: 5.85 khwhim2/day

Standard Dreviation: Kwh/m2/day
Mean = 5.868, Std. Dev. = 0.21 kwh/m2/day

M aximum = 6.52, Min. = 4.97 XWh/m2/day
Hourly wariahility in the series: _ %
Std. deviation for temperature: i

Probability

Average Load (kKWh/day)

Hourly variahility in the series EI %

apping rule i konte Carlo Simulatior
(®) Confidence level %]
P

| far max. eror of the mean (%) EI

Probability

Arialyze variability of the average value of water low
Analyze variability of the average value of fuel price inflation. Average [%):
il

6
Average fuel price infl.(%)

lp iability of the ge value of wind speed
EAVERAGE FUECFRHEEHNEL{SUE 52
Mear 5% E
Standard Dewallon: % E
Mean=5.007, Std. dev. = 0.607 % E
Marimum = 6.37, Min. = 359 %
Haury variability in the seres: EI %
[] Consider lation bet the Carrelation data

In the simulation, show the case obtained with the following data;

Load: Irradiation: Wind speed Fuel inflation

‘Average

v| |Ave|age v| |Average v‘ |Avarage

> ‘

[ In the case of the simulation, include hourly variability

In t it [psis repoit, in the last two charts, chow the probability distribution of;
|Huurs wnning AC Generatar (hdr) w | |Annual cost of fuel of AC Generator [currencydyr) e |

['w'hen chicking = Teloi-

[J'when dlicking on simulation button, do not consider the characteristic cases

lhs-table donat update resyl:

Ok

Each year different mean values

We select "PERFORM PROBABILITY ANALYSIS", and also "Analyze the variability of the average
value of load", "Analyze the variability of the average value of irradiation" and "Analyze the
variability of the average value of fuel price inflation". We leave the number of series to be
performed for each component combination and control strategy in 500 (default) and the stop
rule according to the default value. We also leave the standard deviations that appear by default
(for load 0.3 kWh/day, for irradiation 0.2 kWh/m2/ day together with the temperature affecting

the modules 1°C and for inflation of the price of fuel 0.5%).

Make sure that in the two drop-downs menus at the bottom appears "Hours running AC
Generator (h/year)" and "Annual cost of fuel AC generator (currency/year)", respectively.

Click on "OK" and return to the main screen.

If we pass with the mouse over the area where the minimum and maximum number of parallel

components are indicated, a window similar to the following appears:
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NUMBER OF CASES AND TIME EXPECTED
Computation zpeed: 0.1 cazes/second

EVAL. ALL POP. [ZALL GEM. ALG. [ZALL

MAIN &L0G. [COMB. COMPOMEMTS]: 162 10(B.17%] 143 [38.27%]
[1x162]
SEC. ALG. [COMB. STRATEGIES]: 1 3[300%] 41 [(4100%]
MAalM &G, SEC ALG.  MWUMBER OF CASES % TIME EXPECTED

OFTION 1: EVWAL ALL  EVAL ALL. 162 100°% Ok 26' 53"
OPTION 20 EMAL ALL  GEM. ALG.  EBB42 Mo0% 18h2E
OPTION 3 GEM. ALG.  EVAL ALL. 143 983 % Oh 23" 49"
OFTION 4 GEM. ALG. GEM. ALG. 5863 191 % 16k 1T

Waring!. Minimum computing time is Oh 23" 49" g0 that the Main Genetic Algorithm can
evaluate a minimum number of combinations.

Wfith thiz minimum time it iz not guaranteed to obtain the optimal combination of components,
but thiz iz probable to obtain the optimal or a zolution near the optimal

Indicating that the calculation speed is now 0.1 cases/second (approximately 500 times lower
than before, since each case is evaluated up to a maximum of 500 times with different load and
irradiation values, obtained randomly from their probability curves, whose mean values follow
a normal distribution as we have seen). iHOGA would need at least 23’ to perform the
optimization.

In our case we will not perform the optimization including the probability analysis. What we are
going to do is simply to see the effect of the variation of the irradiation, the load and the inflation
of the price of the fuel in a concrete case. For example, if we want to see how the probability
analysis affects the best solution found, simply click on the first row of the table (where the
best solution is indicated).

The following window appears, indicating that you are performing the 500 probability analysis
combinations for the selected combination (although it will stop earlier if the stop criterion is
reached before):

Frobability series # 93 of 500
Cancelar

After a few seconds, that screen disappears and the results in the 1st row of the table are
updated, but now the results we see in the 1st row are the average values of the combinations
of probability analysis evaluated (500 or less if reached the stopping criterion). In our case, the
average results are slightly different from the original result. Each time we click on the table, it
will slightly change the result, because a new analysis of probability is performed and therefore
new average values are obtained.

Gen Total Cost (NPC)(E) Emission (kCO2k) Unmetiiada)  Unmet(®) Dt CnéwhyiPryvPw)(s Fents: LCOE(EAWE)  Simulate Report CA
11 30889 7 11131 0.3 00z  INF 103 644 1056 SIMULATE.. REPORT... (

If we click again on the 1% row, but now in the "SIMULATE" cell, the following box appears, which
indicates that you are doing the analysis of 500 probability combinations again (or less if the
stop criterion is met), plus other 5 typical cases (combinations of mean, mean + standard
deviation, mean-standard deviation, mean + 3 standard deviation, mean - 3 standard deviation),
as there are 2 variables in the probability analysis (wind speed), 5! = 5 typical cases of
combinations are evaluated, in addition to the 500 (or less if the stop criterion is met) random
combinations.
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Frobahility series # 207 of 500+125

Cancel

After some seconds the simulation screen appears:

Prob: Irrad. Av.; Inf.F. Av.; Load Av. Simulation of 1 year, all the years the same.

500 9,500
9.000 Total Load
5501 8,500 — Export
£ 5004 5.000 Unmet Load
E == Disch. Batt
£ 450 1,500 ~— Charge Batt
£
ot 7.000 — AC Gen
& 004 500 Py
g 5 - 50C
= 350 6,000 &
w
£ 300 5,500 F
H
s 5,000 &
o 250 &
= 4,500 |
£ 200 1000 &
£ 150 3,500
g
2 o] 3,000
w0 2,500
] 2,000
ol . N,
3 G 9 12 15 18 2 o 1900
[Legend 1 January
< > [ ]
POWER CONSUMED OR SLPPLIED () S See Over  Deays display

The simulation of the case of average irradiation (Irrad. AV), average inflation of fuel price (Inf.F.
Av.) and average load (Load Av.) is visualized. By default, the average case is displayed, but we
could have chosen to display another combination, for example, the worst extreme, which
would be the case of average load + 3:standard deviation, average inflation fuel price +
3-standard deviation and average irradiation - 3:standard deviation), the case being displayed
must be indicated before on the probability analysis screen as shown below:

In the zimulation. show the case obtained with the following data:
Load: Imadiation: Wind speed Fuel inflation

|.t’-‘n.verage v| |.t’-‘werage v| |Average v| |Average v|

In the simulation screen, clicking the "Save Simulation Data" button saves the time data of the
simulation case being displayed (in our case, the average case).

Save Simulation Data Save Prob. Data

By clicking the "Save Prob. Data" button, the results of the probability analysis are stored in an
Excel file. If you open the saved Excel file, something similar to this is shown:
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A B C D E F G H I J K L M N o P

1 |Project: Prl—!’mb. Solution #0
2 |COMPONENTS: PV generator of 1080 Wp (100% PV#1: slope 352, azimuth 02). 1 x AC Generator of 1900 VA. Battery bank of 8640 Wh. Inverter of 1600 VA.
3 |STRATEGY: LOAD FOLLOWING. Plgen: INF W. Pmin_gen: 570 W. SOC stp_gen: 20 %. SOC min.: 20 %.
4
5 |RESULTS FOR THE DIFFERENT COMBINATIONS OF THE PROBABILITY ANALYSIS:
6 |First 500 rows are the results corresponding to random data series. Next 125 rows correspond to characteristical cases. Next row correspond to the case shown in simulation. Finally MINIMUM, MAXIMUM, AVE
7 —
¢ |Results correspgnding to %dum data sErie? ( \ / \ ( \
¢ |Case prob. No. Rad.(kwh/m2/day) Tamb(2C) Tambv(ec) wind(m/s} W.Flow(l/s) or inf. fuel(%|Lpad(kwh/day) C.total(NPC/NPV)(€)
5.7 20.24 20.24 4.62 5 4.12 311919
5.73 20.16 20.24 4.62 5 452 35885.2.
5.23 19.09 20.24 4.62 5.36 4.08 34444.3
5.63 21 20.24 4.62 5.83 3.44 24059.1
5.68 19.89 20.24 4.62 6.08 4.2 34034.4
571 19.23 20.24 4.62 4.36 4.09 29956.9
5.75 20.74 20.24 4.62 4.75 3.89 27780.5
5.56 19.77 20.24 4.62 4.64 4.33 34097.7
5.7 20.23 20.24 4.62 3.76 4.14 29977.9
5.77 20.75 20.24 4.62 6.11 3.69 26505.5
5.55 21.23 20.24 4.62 5.99 3.96 317119
5.81 2213 20.24 4.62 4.35 422 30696.5
5.79 20.24 20.24 4.62 4.77 425 31883.9
5.77 19.67 20.24 4.62 4.6 3.87 27281.5
5.74 20.42 20.24 4.62 4.24 4.29 31921.1
5.74 18.84 20.24 4.62 4.77 4.1 30478.4
5.55 20.44 20.24 4.62 5.23 4.24 33942.9
5.68 22.21 20.24 4.62 4.14 4.58 35440.3
6.03 21.25 20.24 4.62 4.6 442 31957.9
5.53 19.65 20.24 4.62 4.13 3.96 29518.6
6.04 20.11 20.24 4.62 4.87 4.43 32349.6
5.51 21.07 20.24 4.62 4.96 3.7 27437.6
5.87 20.62 20.24 4.62 47 432 31958
543 20.09 20.24 4.62 4.76 4.02 31557.8
5.42 20.23 20.24 4.62 571 4.04 33304.5
5.45 20.18 20.24 4.62 3.88 4.62 36743.4
541 20.87 20.24 4.62 4.75 4.47 37014
5.97 19.97 20.24 4.62 5.09 3.99 278317
6.25 20.99 20.24 4.62 5.38 4.2 28624.8
5.49 J L 194 J 2024 462 \ 56 / \__ 27 /um_ﬁ_/
Prob @ 4

In this case we see the 77 rows corresponding to the random probability cases, one in each row
of the table (cases 0 to 76, since 500 cases have not been reached because the stopping rule of
the Monte Carlo Simulation was met, the reader may see another number of rows since it is
unlikely that the random analysis has been the same). In each case the average irradiance,
temperature, fuel price inflation and average load are random (following their probability curves
defined in the probability analysis screen). In each case (each row of the table) the results of this
case are shown: total NPC cost, energy price, emissions, unmet load, renewable fraction, etc.

After the first rows, the results for 53 = 125 typical cases of combinations of irradiation, fuel price
inflation and load (cases 163 to 258), including the average case, the most optimistic (mean
irradiation + 3DT, mean consumption - 3DT) and More pessimistic (mean irradiation-3DT, mean
consumption + 3DT):
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Cases of irradiation and
temperature: average, av.+SD,

Cases of fuel price inflation:,
average, av.+SD, av.+3SD, av.-

Cases of load: average, av.+SD,
av.+3SD, av.-SD, av.-3SD

av.+3SD, av.-SD, av.-3SD SD, av.-3SD
] D E F G H 1 J K I M N o P
87 [Results corraspondu1gtozbﬁra:taristic cases (combinations of data: 3 VERAGE, AVERAGE+5tdDv, AVERAGE+35tdDv, AVERAGE-StdDvf AVERAGE-35tdDv):
88 [case prob. No. Rad.(kwh/m2/day) TambieC) '\ Tambviec) Wind(m/s) Flow(1/s) or inf. fubl(%h Load(kwh/day) C.total(NPC/NPV)(€)
39 77 5.7 20.24 20.24 4.62 5 31191.9
%0 78 5.7 20.24 20.24 4.62 5 34705.4
o1 7 5.7 20.24 20.24 462 H 41690.3
o2 80 5.7 20.24 20.24 4.62 5 27530.4
EE] 81 5.7 20.24 20.24 4.62 5 20155.3
o4 82 5.7 20.24 20.24 4.62 5.5 112 31388
95 83 5.7 20.24 20.24 4.62 5.5 4.42 35543.4
% 84 5.7 20.24 20.24 462 5.5 5.02 42808.3
o7 85 5.7 20.24 20.24 4.62 5.5 3.82 28084.6
%8 86 5.7 20.24 20.24 4.62 5.5 3.22 20428.1
99 87 5.7 20.24 20.24 4.62 6.5 412 33455.1
100 88 5.7 20.24 20.24 4.62 6.5 4.42 37429.8
101 89 5.7 20.24 20.24 462 65 5.02 45325.2
102 50 5.7 20.24 20.24 4.62 6.5 3.82 29332.4
103 91 5.7 20.24 20.24 4.62 6.5 3.22 21042.2
104 52 5.7 20.24 20.24 4.62 4.5 4.12 30547.8
105 93 5.7 20.24 20.24 4.62 a5 4.42 33930.2
106 54 5.7 20.24 20.24 462 as 5.02 40655.9
107 95 5.7 20.24 20.24 4.62 45 3.82 27017.5
108 96 5.7 20.24 20.24 4.62 4.5 3.22 19503
109 57 5.7 20.24 20.24 4.62 3.5 4.12 29299.8
110 98 5.7 20.24 20.24 4.62 35 4.42 32548.2
11 59 5.7 20.24 20.24 462 35 5.02 38812.1
112 100 5.7 20.24 20.24 4.62 35 3.82 26103.4
113 101 5.7 20.24 20.24 4.62 \ 3.5 J 3.22 19453.1
114 102 5.9 21.24 20.24 4.62 5 4.12 29622.8
115 103 5.9 21.24 20.24 4.62 5 4.42 33401
116 104 5.9 21.24 20.24 462 H 5.02 40355.9
17 105 5.9 21.24 20.24 4.62 5 3.82 26168.7
118 106 5.9 21.24 20.24 4.62 5 3.22 18792.5
119 107 5.9 21.24 20.24 4.62 5.5 4.12 30260.8
120 108 5.9 21.24 20.24 4.62 5.5 4.42 34182.2
121 109 5.9 21.24 20.24 462 5.5 5.02 41417.2
122 110 5.9 21.24 20.24 4.62 5.5 3.82 26665.5
123 111 5.9 21.24 20.24 4.62 5.5 3.22 19008.5
124 112 \ 5.9 21.24/ 20.24 4.62 6.5 4.12 31696.9
IS\ 11 ) 2.3 21.24 20.24 4.62 a3 4427 \
[Prob | @ i

162 150 6.3 23.24 20.24 4.62 1.5 1.82 22204.5

163 151 6.3 23.24 20.24 462 3.22 16150.9] ]

e ; =

Optimistic extreme case:
irradiation av.+3SD, fuel
inflation av.-3SD, load av.-3SD
18 51 17.24 2024 452 £S5 442 422125

20| 189 51 1724 2024 462 €5 5.02] 497301
20, 190 =1 1773 0. Xk [ ER:) OIS

203 191 5.1 17.24 20.24 4,62 65 3.22 25948.1

2 192 5.1 17.24 0.24 462 a5 412 345667

205 193 5.1 17.24 0,24 4.62 45 4.42

206 194 51 17.24 20.24 462 a5 5.02 .. .
207 195 5.1 17.24 0.24 462 a5 382 Pessimistic extreme case:
208 196 51 17.24 20.24 462 a5 322 . P
209 197 51 17.24 0.24 462 s 412 |rrad|at|°n av'-3SD’ fue'
210 198 51 17.24 0,24 462 15 442 A .

21 199 51 17.24 20,24 462 35 5.02 inflation av.+3SD, load av.+3SD
212 200 51 17.24 0.24 4.62 35 ez

213 2m 51 17.24 20,24 4.62 15 322

214|Results coresponding to case shown in simulation:

215 Case prob. Na. Rad [KWh/m2/day) Tamb(eC) TambV{ec) Wind[m/s) W.Floudlfs) or inf. fuel(%) Load[kKWh/day) C.total(NPC/NPV){E}
216 20 5.7 20,24 20.24 462 s 412 311919

217

218 Values MINIMUM, MAXIMUM, AVERAGE and STD. DEV. of sach result abtained in the 77 seres:

219 Case prob. No. Redl (kWh/mz/day) Tambl9C) TambV(eC) Wind[m/s) W.Flowll/s) or inf. fuel(%) Load(kWh/day) CAotal(NPC/NPVIE)
220 MINIMUM: 5.25 18.06 .24 4.62 176 3438 14055.146

221 MAXIMUM: 6.25 2237 20,24 462 611 4.792 3B766.416

222 MEAN: 5.69 20.33 2024 462 4.93 412 3118834
223/STD.DEV.: 023 0.3 0 0 0.56 0.26 3195.54

224/
225

It is observed that, in this case, the optimistic extreme case (irradiation average+3SD, fuel

inflation average-3SD, load average-3SD) it has a NPC of 16150.9 €. The pessimistic extreme case
(irradiation average-3SD, fuel inflation average+3SD, load average+3SD) has a NPC of € 49730.1
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The next line (case 202) shows the case that is represented graphically in the simulation (mean
values of the variables).

The following lines show the minimum, maximum, mean, and standard deviation values for each
column (from the 0 to 76 cases, i.e., the random cases).

If we return to the main screen of iHOGA and click on the first row of the table, in the cell
"REPORT", after a few seconds the report appears, which shows the average results of the
analysis of probability of that combination of components and strategy:

HPC | HPV (6]
HOGA sultware, Report.

Praject. Pri-Prob hoga. Solution # 1
DC Volage: 48 V. AC: 230 V.

COMPONENT §: TN+ ALY !/.--'

PV mod. SP12.TAB PV-135.mod. 4x2x135 Wp. P total = 1.08 kWp (100% PVE1)
Eatt. 0P Z5-Hawker TLS-3, 24x1x780 Ah. E tolal = 364 KWh (1.4 d aut)

Without Wind Turbines

ot Hydro Turbing

Sem Dinsel 1 3RVA, 11900 VA 15
usl Call ‘ ‘ [CAE GENERATOR.

BATTERIES .

POWER (kW)

INSTALLATION+FINANCI I

Without Electrolyzer 1
inverter STECA. MPC 160048, 1600W

P! Battary charge controllor STECA: TAROM 440 of 40 A [T
Battery charges (AC/DC comeler) inchuded in bi-di inverter

|_AC GEN. FUEL l

Ay GEN o
CONTROL STRATEGY:

IF THE POWER PRODUCED BY THE RENEWASLE SOURCES 1S IGHER THAN LOAD: CHARGE

The Batteries am charged with the spare pawes from renewable

IF THE POWER PRODUCED BY THE RENEWABLE SOURCES 15 LESS THAN LOAD: DISCHARGE

The pawer not supplied 1o meet the load wil be supplied by the Batteries (f they cannot supply the whale, the rest vl EHERGY RALAHEE RIBING 1Y AR Do
b4 suppind by tha AC Gansmtor)

ek Cverall Load Enrgy: 1515.2 KWhiyr. From Renewable: 63.7%
Pigen = INF W Unrret load. 0 KWhiys (0 % basd)

E. Purchased frem AG grid: 0 KWy

Expart Energy: 8 3 KiVhiyr

There is no Fuel Cell

AL Generator Mirmum Power - 570 W £ aol1o AL and 0 KNV
WWhen powed to B2 supphed by AC Gen. 18 < Pertical_gan = 0 W, AC gén. nans at full power (without excess). charging r - b PV o P
the Bait._{ihis hour and the e hours) until 20 % SO is mached e e b e iyt
LOAD FOLLOWING. SOC min. batteries = 20 % ;::;gz al:\:;;n ;: ';\W 1"“”:&' 0 "n_'.\i"
Energy delivered by AC Generator. 5534
Energy deliversd by Fuel Cel 0 ke

W
Wiy

) Energy at Electiiyzer. 0 Kihiyr
FAsrs Enangy charged by Hattenss: 963 9 kWhiyr
Intial kmestment: 73033 €. Loan: 80 %, ind. 7% in 10 ywars, ancual quota: 831 8 € Cost AG gen. fuel_ 15t year 373 € Enrgy dischanged by Blattesies: 8346 kWhiyr

NP OF THE SYSTEM (25 years lifstime ) {comparing ta only AG grid, 1501k Whiyr. NPC=8317 £) OTHER RESILTS:
Batteries Listime: 8 81 yoars

Hours aq_of AC Ganarater aparation: 131187 hiyr

Hours of Electrolyzer aperation:  hiyr

Hours of Fuel Cell operation 0 hiyr

Total COZ emessions: 1144, TekgLO2yr. Emiasions of AC gensrator {dug to consumgtion of 286 923 Mranyr): 1004.23
kgCO2hyr

H el in ona yaar 0 kg M2y

Human Development Index (HD1): § 5268, Jobs croated during system lifetime: 00033

Todnl Systom Costs (NPC) 194384 € Lovelzed cost of anargy 106 E/kWWh

[stribution of NPC.

PV Generator Costs (}
Eiattary baek Costs (N
AL Generator Cos

AL Generator Fusl Custs (NPC). 10601.2 €
Instaliationsdnancing (NPCE 14343 ENERGY BALANCE DURING 1 YEAR (KWhyoar)

e —

Click on "Close" (upper area of the report) and after selecting or not to download the .rtf file,
after few seconds the report of the probability analysis of this case appears.

This report is of several pages, you move from one to the other with the arrow buttons at the
top.

i Preview

d;_blj@ﬁ"f&100%'5&E||;-'||;|d:||l.4v]l of3 b M Close

You can print or create a PDF file, selecting the printer (physical or pdf creator) and then you can
print or create the PDF.

The first page shows the probability representation of the most representative results, marked
in red the columns of the probability distribution obtained and the green curve is the one that
best fits that distribution. The second page shows the results of other less important variables
(only the mean and standard deviation) and then the results of the characteristic cases are
shown (the 125 cases mentioned above, which include the mean and the optimistic and
pessimistic extremes).
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Project: Prl-Probhoga. Solution # 1
PROBABILITY ANALYSIS:

RANDOM DATA FOR THE PROBABILITY ANALY SIS (PDF and Gausslan curve):
Irradabon: mean & 73 aNmminay. 910 Dev: 0.8
5

Load: man 4.1 1Whizay. S0 Dew: 0.3
2

o
525 54 A5 S AT 451 505 EO9 632
Fuatl INRL; mean 5 %, 53, Dev: 0.45

0
37 3% 361 38 §4715 437 459 48
WG AL e 15 1 wind furbing
nI ¥

0000000000 ODO0000000

0
A6 IBE AT A48 4ED &7 839 &7

RESULTS OF THE PROBABILITY ANALYSIS (PDF and Gaussian curve):
Totsl Cost HPC maan 30878 3 € 501 Dev: 38701 Law, Cost of Endrgy mean 1045 €700, 533 Duw.: 0068
P
0.000 I~
[
206508 M7 2206 313 M
Unmetinad meant %, $id. Dev: &

o
OB 0893 096 1 1043 1M 1768
©O% Denissions mean 11095500024 513, Dev. 229,60

nl 0007

[
00000000000 000000000 5068 G821 BT93 1OBTS ANITE 184TT

Fan fac - masn 847 %, Sid Dew. 585 ExportE: mean Sk, Std Dev: 13

01 05

0 o
34 571 61 641 €81 T2 TSN 79 414743 B6S5 TT4 BHES 39410

Bafteries Mespan: maan 8.05 years. 51 dev: 0.8 A gen bosl: masn 277 534 Brale 514 Dev: 8135

! om

(] o
TT& 84 88 03 98 103 109 15 12 143 1823 2963 2703 33 ITE3

P gan. enargy mean 1401KATYT 10 Dev - 348 WG rBiNES DIoUp eneNgy. misan OKARY. S0, Dee 0
(1] |
oo 1

goooooDOOO0OODODOOODD

]
12931 13309 13016 W08 14926

Chinge energy in Balery Sank mes S600NMAT. 514 Dev. 212 Energy of AT ganeralor maan SISKWRAT St Dev: 198

nos 5
0.005 =

byt m
T NEY A1T4 LY 6

0
BTET 32 910 9307 42 9791 10053

OTHER RESULT S OF THE PROBABILITY ANALYSIS:

Hours g running AC Gesarator: mase 1769 h. Std Dev: 27804
Aceul cost of foel of AC Generstor. mesn 360, 36\" Sad Dev 8222
Hydro Turbine Energy. mean 0kWh'yr. Sid. Dev.
Descharge Energy Battery Bank. mﬂﬂzh\'\h\l Sid. Dew.. 18
Hoers of Batienes cnm;n madia 3803 Wy Std. Dev 10,4
Herrs of Baflanas dachigs. mean 4957 iye. Std Dev 691
Max_current of Biattenas Changs Regulator maan 'nn 5t Dev: 0
Rectfier max. power. mean 538.7 W, Std. Dav,
Energy purchased to AL gid: mean DKWhiyr snd Dw ]
Energy sold to AL grid: mean DKWy Std. Dev- 0
Cost of purchasing E to A grid: mean 0 € Ay, Std. Dev,: §
incomas of salling E 1o AC gt masn 06 e St Dew: 0
He tank saze. mean 0 kg S Dev. 0
Ensegy ol Fusl Call. magn DkWhiye Sid D 0
Howrs nenning Fuel Cell. mean 0 hiyr. S1d. Dev. 0
Energy of Electrolyzer. mean kWhiyr. Sid Dev ﬂ
Haers funning Ebctrelyzer: mean 0 hyr. Std. Dav.
Mycrogan 5o for xtemal usa mesn 0 kyyr St nw 0
incomas of anling HP mase 0 € e 514 Owe 0
Extpensl fusl purchased to b u3ad at Fusl Call: mesn 0 lgiyr St Dav - 0
Oou lﬂeAIulual\.eI purchased 10 be used at Fuel Cell. mean 0 € /yr. Sid. Dev. 0
{purchase E - sel E + variable replacement of compenenis + O&M variable + fuels + regulaior
' ucm + m mk all M2 - repdual vanabie valuss of companents at the and of systam Ifatims): maan 18585 € yr
S e 18791
Cant of purchasng £ o AL god [NPC). maan 0 € Sid Duw 0
incomes of seling E Lo AC grid (NPV). mean 0 € Std Dev.. 0
Variabls cost of batteries (NECHepiacement - residusl) mrean 2820.4 €, St Dev: 322
\c'wbﬂe cost of AC nrn {NPC) (D&M + replac ement - residual): mean 48759 € Sad. Dev.: 1205.7
mam 102%-9¢. S, Dev: 2332

sidhasl], rwan G538 € 514 D 0
Vamkl of Elpea [m zamant - rasidusl) mean 0€ Std Dav: 0
Vasiable cust of Fusl Cell { (NPCHOBM + replacement - residual). mean 0 € Std. Dev.. 0

Caat of purchasing extemal kil ki Fusl Coll (PC]). saan 0 € 5t Duv 0

incomes of selling H2 for external use (NPV). mean 0 €. Sid. Dev. 0

To close the report we click "Close" and we are asked if we want to save the results of the

analysis of probability in a .rtf file (which can be open by Microsoft Word). We agree, download
the file and open it with Microsoft Word:

AaBeColc AaBbCCD:

Fegw S E W BT || T TEn e
P Fopmtomus (MK # ] :

[Preject: Prl-Preb. Sclution # 0

PROBABILITY ANALYSIS:

EANDOM DATA:

A0Bp0ol ASBBOCD Ao BaBbOcDr 4850

Irradiation: mean 5.66 kWh/m2/day. Std. Dev.: 0.2
Wind irrelevant, there is no wind turbine

Fuel infl.:

RESULTS:

Total Cost (NPC): mean 31260.9 €.
CO2 Emissions: mean 1131.17kgCo2/yr.
mean €4 %. Std.
Excess E: mean BkWh/yr. Std.

Fen. frac.:

Unmet load: mean 0 %. Std.

Batteries lifespan: mean 8.9 years,
mean 283.9 litre/yr.

AC gen. fuel

mean 5.03 %. Std.
Load: mean 4.1lkWh/day. Std.

PV gen. energy: mean 1391kWh/yr.
Wind turbines group energy:
Charge energy in Battery bank:

0.5

: 0.33

std. Dev.: 433

7.1
std. Dev.: 252.4

6.02

N}

S5td. dev.: 0.86

Std. Dev.: T71.22

Std. Dev.: 49.8B

mean OkWh/yr. Std. Dev.: 0

mean 957kWh/yr. Std. Dev.: 22.8

Energy of AC generator: mean 54ekWh/yr. Std. Dev.: 129.B

Finally we save the project.

35. Sensitivity analysis.

Now we will perform the sensitivity analysis in the Prl.hoga original project.

We open the Prl.hoga project and save it as "Pr1-Sens.hoga"

Click the "Sensitivity Analysis" button on the main screen (above "Probability Analysis").

A screen appears whose default tab is the sensitivity analysis of load:
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A Sensitivity Analysis

Wind ] Solar :EEEH.M Interest and Inflation (general or electricity cost) I AC gen. fuel inflation Components cost

SENSITIVITY ANALYSIS OF LOAD

Load 1: Case base: Average Daily Total Load: 4.11 kwh

Add = Graph

Case Loadl is the load defined in the screen LOAD / AC GRID.

Click on "Add" and a few fields appear to add a second consumption, Load2:

1l Sensitivity Analysis

Wind Solar Load Interest and Inflation AC gen. fuel inflation Components cost

SENSITIVITY ANALYSIS OF LOAD

Loadl: Case base: Average Daily Total Load: 4.11 kwh

Base C Seale Fach 15
[Lnad 2 (®) Base Case » Seale Factar l

() From file [hourly values: B760 of AL inWh + 8760 of DT in Wh + 8760 of H2 in kg + 8760 of water flow in m3/s) Import
e =t Av. daily okl Ioad = 6 16 Kwh

Add Remove last one {7 Graph

In "Base Case x Scale factor" indicate 1.5, this way we will consider cases with the base load and
other cases with a consumption 50% higher.

Click on the "Wind" tab and add to consider cases with a wind 20% higher than defined on the

wind resource screen:
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W Sensitivity Analysis - [m) ks

‘Wind Solar Load Imerest and Inflaion (general or electricity cosl) A gen. fuel inflation Components cost

Wind1: Coge boze: Average Wind Spead:  4.66 m/s

(@ Baso Caso x Scaly Factar 1.2 1
ing g, BBos0 CasoxScalo Fector | F] | PR
(" From file (hourbyvalues in myz) Heifht (m) 1 :

Add Remove last one |5 Graph

Then click on the tab "Components cost" to consider costs other than those defined in the
screens of the components: Photovoltaic modules 80% of the defined cost, wind turbines 90%,
batteries 90%:

Wl Sensitivity Analysis — O X

Wlind Solar Load Interest and Inflation AC gen. fuel inflation Cormponents cost

SENSITIVITY ANALYSIS OF THE ACQUISITION COST OF SOME COMPONENTS:

Pr.1: Case base [values in tables of components) [Scale Factor x1)

[ Pr.2:  Acquisition Cost of P Panels: & [Scale Factor):  Wind Turbines Acq. Cost: x Batteries cost: & H2 components cost: & ]

Add Remove last one

We could also define sensitivity analysis of irradiation, interest (price of money) and inflation
(general or inflation of electricity cost).

Click on "OK", save the project and then "CALCULATE" in the main screen.

After a few minutes the sensitivity analysis ends. We have analyzed 2 cases of load x 2 cases of
wind x 2 cases of costs = 8 projects.
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Mono-objective optimization. Sensitivity analysis No. 1. Total No. of cases evaluated: 12960. Time: §' 22"

16,000
15,872 i
g 15,744 arE
— 2
; 15,616 116 &
= =
= 15,488 12 &
8 15,360 3
El 108 5
2 15,232 2
' 104
15,104
14,976 e
1 2 3 4 5 6 7 8 9 10
Solution # (sorted from best to worst)
I:‘ Show diagram
Sensitivity Analysis # 1 ~
Wind.1: 4.66m/s ~ | Rad.1: 5. 7kWhi/m?2 ~ ||Load.1: 4.11kWhiday - | (I-g)1: 436-2% ~ ||Inf.F.1:Base ~ Pri:x1 xl w1 x1 ~
# Total Cost (NPC)Y(E) Emission (kgCO24) Unmetikvhier)  Unmet(36) Doaut CnWh)(Pow+ Pty Reni LOOEE/kWh) Simulate Report [
1 104.09 14 003 INF 66 9372 051 SIMULATE.. REPORT... C
2 14958.3 104.09 14 003  INF 66 9972 051 SIMULATE.. REPORT... (
3 155375 102.99 1 007 INF 66 9959 053 SIMULATE.. REPORT... (
4 155375 102.99 1 007 INF 66 9959 053 SIMULATE.. REPORT... (
5 15616.1 126.36 39 026 INF 6.9 9917 053 SIMULATE.. REPORT... C
[ 15616.1 126.36 39 026 INF 69 9317 053 SIMULATE.. REPORT... C
7 15673 98.18 07 005 INF 9.9 9386 053 SIMULATE.. REPORT... €
g 15673 98.18 0.7 005 INF 9.9 99.56 053 SIMULATE.. REPORT... (
9 15984.8 121 2.4 016 INF 6.9 98.89 054 SIMULATE.. REPORT... (v
< >

COMPONENTS: PY modules aSi12-Schott ASI00 (100 Wa): 45.x 4p. (1002 PV slope 352 azimuth 0% /¢ Batteries OPZ5-HawkerTLS-3 (180 Ah): 245 x 1p. /1 x AT
Gen. Gasoline 0.5kVA D15 KVA Y Inverter STECA XPC1600-48 of 1600 VA 4 PY batt. charge controller. STECA: TAROM 440 0f 40 A ¢ Unmet load = 0.1 3% }f Total Cost
(NPC) =14958.3 € (0.51 £/kivh)

STRATEGY: LOAD FOLLOWING. Flgen: INF. Pmin_gen: 150 %, Foritical_gen: 0. S0C setpoint_gen: 20 %%. S0C min.: 20 %

See best Sensitivity Analysis Summary Save Excel takle

By default, the sensitivity analysis #1 is shown, corresponding to the base case (same result as
in the Prl.hoga Project).

We can select another project by clicking on the drop-down box "Sensitivity analysis #" (above
the results table):

Sensitivity Analysis # 1 -

wity Analyzis # 3
Sensitivity Analysis i 4
Sensitivity Analysis # 5
Sensitivity Analysis ## 6
Sensitivity Analysis # 7
Sensitivity Analysis # 8

For example, if we choose # 2, the results of sensitivity analysis #2 appear:
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[ 5how diagram

Sensitivity Analysis # 2 e

Wind.1: 4.66m{s ~ | Rad.1: 5.7kWhfm2 ~ | Load.1: 4.11kWh{day | {l-g)1: 4%-2% ~ | Inf.F.1:Base ~ Pr2:x0.8x0.9x09x
# Total Cost (NPC)(€)  Ernission (kgCO2ZAx) UnmetikMWhie)  Unmet(2) Daut CnlWh)/(Powv+ P Ren(® LOOEE W) Simulate Report A

1 14019.6 104.09 14 0o INF 66 8972 045 SIMULATE.. REPORT... C

z 14019.6 104.09 14 0o INF BB 9972 043 SIMULATE.. REPORT... (

3 145881 102.99 1 007 INF EE 9959 05 SIMULATE.. REPORT.. C

4 145861 102.99 1 007 INF 66 8959 015 SIMULATE.. REPORT... C

[ 146406 126.36 39 026 INF 69 9917 05 SIMULATE.. REPORT... C

B 14640.6 126.36 39 026 INF 69 9917 05 SIMULATE.. REPORT... C

7 146779 98.18 0.7 00ns  INF 99 99.88 05 SIMULATE.. REPORT... C

g 146779 98.18 0.7 00s  INF 99 99.86 05 SIMULATE.. REPORT.. C

9 15008.8 121 24 016 INF 6.9 8889 051 SIMULATE.. REPORT... C v
< >

COMPONENTS: PV modules aSi12-Schatt ASN100 (100 Wp): dsxdp. (100% PV slope 354 azimuth 09 /f Batteries OPZ5-Hawker TLS-3 (180 Ah): 245 x Tp. i 1 x AC
Gen. Gasoling 0EKWA D5 KA Jf Inverter STECA XPC 1600-48 of 1600%A ) P batt. charge controller. STECA: TAROM 440 of 40 A ff Unmetload = 0.1 % ) Total Cost
(NPC) = 140196 £ (0 48 £/kiwh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Prin_gen: 150%W. Pcritical_gen: 0W. S0C setpoint_gen: 20 2. S0C min. 20 %

We see that it corresponds to the base wind (Wind1), base load (Load1), components cost 2
(Pr.2). As the costs are lower, the optimum has a lower cost than in the base case.

We can also modify directly the drop-down box of each variable. For example, if we change the
wind drop-down box and select Wind2:

Wind.1: 4. 66m/s

Wind. 2: 5.59m/s

We see that analysis number 6 appears, where the optimum found is the same as in analysis
number 2 (since in both cases no wind turbines were selected in the optimum solution):

|_|'show disgram

Sensitivity Analysis # b w

Wind.2: 5.59m/s ~ | Rad.1: 5.7kWhim2 ~ Load.1: 4.11kWhiday -~ (l-g)1: 4%-2% ~ ||Inf.F.1:Base w Pr.2:xD.8x0.9x0.9x
# Total Cost (NPCY(E)  Emission (kgCOz4y UnmetldWhir)  Unemet(3) Daaot CrAh)(Pov+Puw)( Ren(® LCOEE /W) Simulate Report A

1 14019.6 104.09 1.4 003 INF 66 99.72 0.48 SIMULATE.. REPORT... C

2 14019.6 104.09 14 003 INF 66 9972 0.48 SIMULATE.. REPORT.. C

3 14598.1 102.99 1 007 INF 6.6 99.59 0.5 SIMULATE.. REPORT... C

4 14598.1 102.99 1 007 INF 6.6 99.59 0.5 SIMULATE.. REPORT... (

5 14640.6 126.36 39 026 INF 63 9917 05 SIMULATE.. REPORT...

6 14640.6 126.36 39 026 INF 69 9917 05 SIMULATE.. REPORT... (

7 14677.9 98.18 07 005 INF 83 9985 05 SIMULATE.. REPORT... (

8 14677.9 96.18 0.7 005 INF 9.9 99.86 0.5 SIMULATE.. REPORT... C

9 15008.8 121 2.4 016 INF 6.9 95.89 051 SIMULATE.. REPORT... C “
< >

COMPOMENTS: FY modules aSi12-Schott ASN00 (100%p): 4s.x 4p. (100% FY#1: slope 352 azimuth 1) §/ Batteries OPZ5-Hawker TLE-3 (180 Ah): 245, x 1p. Jf 1 x AC
Gen. Gasoline 0.5k 0.5 kKA f Inverter STECA: XPC 1600-48 of 1600 WA §f P batt. charge controller. STECA: TARDM 440 of 404 Unmet load = 0.1 % /f Total Cost
(NPC) = 14019.6 € (0.48 £/kMh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Pmin_gen: 150, Poritical_gen: 0W. S0C setpoint_gen: 20 %, S0C in.: 20 %.

If we click on "Sensitivity Analysis Summary" (below the table) a comparative chart of the 8
analyzes projects appears, indicating below the optimal solution of each one:
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ﬂ‘ Sensitivity Analysis Summary - O X
NPC/NPV and CO2 Emissions of the best solution found for each sensitivity analysis
24,576 200
23,552 192
22,528 184
176
168 =
Z 20480 =
= 160 &
= o
%, 19,456 5
2 18432 o
= o8
=4 o
17,408 13 &
16,384 128
120
15,360
112
14,336
104
1 2 3 4 5 6 7 8
Sensitivity analysis #
Digplay in graph:
Back @ NPCand CO2 emissions  (JNPC () CO2 Emissions () CO2 Emissions-NPC () Unmet load - NPC RiEpeil
Save Excel Save Word

Best solution found for each sensitivity analysis

SENSIT. ANALYSIS #1 (Wind.1: 4.66m/s; Rad.1:5.7kvwh/mz: Load.1: 4 1TKWh/day: (Fg)1: 4%-2%; InfF.1:Base; Priixd «1 x1 x1): ~
MNPC=14958 3 £ COZ Emissions = 104088 kgfyr. Unmet load = 1.4 kitvhfyr (0.09%). Days auton. = INF_E. renewable = 99.7% of demand. Levelized cost of energy = 0,609 £/kivh
Companents: P Generator 1800 Wp (100%¢ PV#1: slope 352 azimuth 0%).1 x AC Generator of 500 W. Batteries bank of 8840 %h. Inverter 1600 %/ Rectif. 04

SENSIT. ANALYSIS # 2 (Wind.1: 4 66m/s: Rad.1: 5 7khfm2: Load.1: 417 kKWhiday: (-g)1: 4%-224: InfF 1:Base: Pr.2: »0.8 x0 909 x1):
MPC=140196 £ COZ Emissions = 104.086 kgfyr. Unmet load = 1.4 kitvhfyr (0.09%). Days auton. = INF_E. renewable = 99.7% of demand. Levelized cost of energy = 0.477 £/kivh
Companents: P Generator 1800 Wp (100%¢ PV#1: slope 352 azimuth 0%).1 x AC Generator of 500 W. Batteries bank of 8840 %h. Inverter 1600 %/ Rectif. 04

SENSIT. ANALYSIS # 3 (Wind.1: 4 66m/s: Rad.1: b 7kwhim: Load.2: 6.17kKWh/day: (-g)1: 4%-2%4: InfF 1:Base: Pr1:d x1 x1 x1
NPC=24707 3 £ CO2 Emissions = 203.256 kgfyr. Unmet load = 4.8 kiwhAyr (0.21%). Days auton. = INF_E. renewable = 39 6% of demand. Levelized cost of energy = 0561 £/kivh
Companents: P Generator 2160 Wp (100% PV#1: slope 352 azimuth 0% Wind Turbines group DC of 1094'W. 1 x AC Generator of 500 %/ Bafteries bank of 8840 Wh. Inverter 1600 W, Rectif. DW.

SENSIT. ANALYSIS # 4 (Wind.1: 4 B6m/s: Rad.1: b 7kivhfm2: Load.2: 6.17kKiWhiday: (-g)1: 4%-224; InfF 1:Base: Pr.2: »0.8 x0 909 x1):
NPC=23201 7 £ CO2 Emissions = 203.256 kgfyr. Unmet load = 4.8 kiwhAxr (0.21%). Days auton. = INF_E. renewable = 39 6% of demand. Levelized cost of energy = 0527 £/kivh
Components: Py Generator 2160 W (100% PV slope 358 azimuth 0).Wind Tutbines group DC of 1094'W. 1 AC Generator of 500 %, Batteries bank of 8640 Wh. Inverter 1600 W, Riectif. 0'W.

SENSIT. ANALYSIS # b (Wind 2: 5 58m/s: Rad.1: 5 7kwhim: Load1: 4. 1TkWh/day: (-g)1: 4%-2%4: InfF 1:Base: Pr1:d x1 x1 x1
NPC=14358 3 £ CO2 Emissions = 104.088 kgfyr. Unmet load = 1.4 kiwhAxr (0.09%). Days auton. = INF_E. renewable = 99.7% of demand. Levelized cost of energy = 0509 £/kivh
Cornponents: PV Generatar 1600 W (100% PV#1: slope 358 azimuth 09.1 x AC Generator of 500 . Batteries bank of 8640%h, Inverter 1600, Rectif. 0.

Clicking the "Save Excel" button it saves an Excel file where the optimal solution for each of the
sensitivity analysis projects appears:

B C D E F G H I 1 K L M N o P Q R
1 5. hoga. Best system found for each case of the sensithvity analysis
2 Wired fim's] d Load(twhie Witereat (%) Tnflatices{%) il Fioc{%) Fr.va) PoWL T x)
3 1 4566 57 41 4 2 5 1 1
4 2 456 57 an 4 2 H o8 0.3
5 3 466 57 617 4 ] [} 1 1
] 4 4.56 57 617 ] 2 5 08 29
7 ] 550 57 an 4 ] 5 1 1
8 [ 558 57 an ] 2 5 o8 0.3
] 7 559 57 617 4 2 H 1 1
10 3 EeT) 5.7 617 L] 2 5 0B 0.9
n

If we click on the "Report" button a report of the sensitivity analysis appears, that can be printed
or saved in PDF.

Project: Pri-sens.hoga Optimal solution found for each case of the sensitivity analysis:

SENSITIVITY ANALYSIS
SENSIT. ANALYSES # 1 (Wind 1. 4. 66m/s, Rad 1. 5.TkWhimZ Load 1. 4. 11kWhiday. (g1 4%-2%, InfF.1.Base

DATA Lvs. sensitivity analysis 8. AR :
NEC 5 14358.3 € CO2 Emissins = 104058 kg, Uenet koo = 1.4 KWyt {0.099%). Days auton. = INF. E
iverage Daily bletion (MVNnZR Avetage Wind Spsed Newatis - 58.7% o damand Tt T35 6 LGOE = 0.503 A
55 oo
SENSIT. ANALYSIS # 2 (Wind. 1. 4 66m/s; Rad 1. 5.TkWhim2. Load 1. 4. 11kWhiday, (-gH: 4%2%, InfF.1Base
O P2 a8 9 509 x1)
5 KEC = 140196 €. CO2 Emissicns = 104,088 gyt Unmat ksad = 1.4 kWhiyr {0.09%). Days autn. = INF. E
Vi renwabia = %3 ™% of demand. Investmant = 7715 6 € LCOE kW
1 2 3 a 5 & T ] 1 @ 3 4 5 s T
Avorage dally Load Wh/d) Interest %) and Inflation [%): SENSIT. ANALYSIS # 3 (Wind.1: 4 66m/s; Rad 1- 5.7kWhim2. Load 2: 6.17kWhiday: -gH: 4%-2%; InfF. 1. Base
Pr.txfxd 1 x)
& 1, —t R KR = 247073 €. €02 Emissiens = 200255 kg'yr Unmst kad = 4.8 kWhiyr {0.21%). Days auton, = INF. E
5 y \ 15 ramywnbia = 59 E% of damand. lwestment = 10030 8 € LOOE = 0251 €7k
5 y \ 3
45 25
2 SENSIT. ANALYSIS # 4 (Wind.1; 4.66m/s; Rad 1- 5.TkWhim2: Load 2: 6. 17kWhiday: -g}t: 4%-2%: InfF. 1. Base:
12 31 4 5 & 1 &8 12 3 4 5 & 1 8 RERLELETE
03 56 kig'yr Unmat load = 4 8 kl'\myr {0.21%) Days auton
Fuel inflation (%) Pr. PV, Wind, Bat, H2 {xfactur): lvestmens = 10030.8 € LCOE =
1 " . »
055 ! ! SENSIT ANALYSES # 5 (Wind 2 5 59mis; Rad 1 5 ThWhimZ- Load 1 4 11kWhiday: (l-g)T: 4%-7%: Inf F 1 Base
5 — aad b SR
P v L ) . [ 04 GBS kgye Unenat laad = 1.4 WWhiy {0 09%) Dsys auten = INF E
. remewatie = 93 7% of demand. [mustment = T215.6 € LCOE = 0.509 E/kih
12 3 4 5 & 1 @& 1oz 3 4 5 B T #

SENSIT AMALYSIS # 6 (Wind 7 &

fa; Fiad 1 & TWWWhim3: Load 1: 4 1TkWhidmy: (191 4%-2%: Ind £ 1:Baze

- " Frd w809 x0 9 x1)
Total NPT () Emin.CO2 (hghyre KRG = 14019.6 €. CO2 Emissiens 58 b Lot boad = 1.4 KWy {0.03%). Daya autan. =
remrmable = $3.7% of demand. levestment “‘215 6 € LCOE = 0.477 €/K)

F.E.

200
20,000 150 y
/ Iy SENSIT ANALYSIS & 7 ( d 2 5 59mis, Rad 1 5 ThWhisd Load 2 6 17kWhiday, (g1 4%-2%, Inf F 1 Bass
15000t L - / / Pr 1wl x1 21 21y
= - = PG = 222465 €, CO2 Emissans = 174953 ki, Unet foad = S KV {0255%). Dy autan. = I €
T2 3 4 5 6 1 3 iz 3 4 5 B T B renewabie = 33.5% of demand, Imvestment = 3065 8 € LCOE = 0505 &k
Ursmat losd [%): Onys sutanamy [ INF > sthown T
; SENSIT. ANALYSIS # B (Wind.2. 5 59m/s; Rad 1. 5.TkWhim2. Load 2. 6.17kWhiday, (gH: 4%2%, InfF.1Base
e I Pr2: a8 o900 9 51
/ L x1]. N _
02 / NG = 20900 €. O Emissions = 174 858y Unmatload . Ky (025%). Days nton. = P E. renomatie
! [] - - - - . - . = 99 5% of demand Immstment = 9056 3 € LCOE = 0.4 EWh
015
o
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If we click on the "Save Word" button a report of the sensitivity analysis appears.

|Pr0ject: Prl-sens.hoga. Optimal solution found for each sensitivity
analysis:

SENSIT. ANALYSIS # 1 (Wind.l: 4.66ém/s; Rad.l: 5.7kWh/m2; Load.l:
4.11kWh/day; (I-g)l: 4%-2%; Inf.F.l:Base; Pr.1l: x1 x1 x1 xl):

NPT = 14958.3 €. C02 Emissions = 104.088 kg/vr. Unmet load = 1.4
kWh/yr (0.09%). Days auton. = INF. E. renewable = 99.7% of demand.
Levelized cost of energy = 0.509 €/kWh

Components: PV Generator 1600 Wp (100% BV#1: slope 35°, azimuth
0°).1 x AC Generator of 500 W. Batteries bank of 8640 Wh. Inverter 1600
W. Rectif. 0 W.

SENSIT. ANALYSIS # 2 (Wind.1l: 4.66m/s; Rad.l: 5.7kWh/m2; Load.l:
4.11kwh/day; (I-g)l: 4%-2%; Inf.F.l:Base; Pr.2: 0.8 =20.9 x0.9 =1):

NPC = 14019.6 €. C02 Emissions = 104.0838 kg/yr. Unmet load = 1.4
kWh/yr (0.09%) . Days auton. = INF. E. renewable = 89%.7% of demand.
Levelized cost of energy = 0.477 €/kWh

Components: PV Generator 1600 Wp (100% PV#1l: slope 35°, azimuth
0°).1 x AC Generator of 500 W. Batteries bank of 8640 Wh. Inverter 1600
W. Rectif. 0 W.

SENSIT. ANALYSIS # 3 (Wind.l: 4.66ém/s; Rad.l: 5.7kWh/m2; Load.Z:
6.17kWh/day; (I-g)l: 4%-2%; Inf.F.l:Base; Pr.l: x1 x1 =1 xl):

NPC = 24707.3 €. C02 Emissions = 2032.256 kg/vr. Unmet load = 4.8
kWh/yr (0.21%). Days auton. = INF. E. renewable = 99.6% of demand.
Levelized cost of energy = 0.561 €/kWh

Components: PV Generator 2160 Wp (100% BV#1: slope 35°, azimuth
0°) .Wind Turkines group DC of 1094 W. 1 x AC Generator of 500 W.
Batteries kbank of 8&40 Wh. Inverter 1600 W. Rectif. 0 W.

SENSIT. ANALYSIS # 4 (Wind.1: 4.66m/s; Rad.l: 5.7kWh/m2; Load.2:
&.17kWh/day; (T-g)l: 4%-2%; Inf.F.l1l:Base; Pr.2: 0.8 x0.9 x0.9 x1):
NPC = 23201.7 £€. C0O2 Emissions = 2032.256 kg/vyr. Unmet load = 4.8

Finally, we return to the main screen (“Back”) and save the project.

36. Net metering in grid-connected systems.

Next we are going to carry out a project to consider net metering in grid-connected systems.
We open the Prl.hoga project and then save it as "NetMet.hoga".

We remove all components except the photovoltaic modules and the inverter:
COMPOMENTS
[ PV panels
[]Wind Turbines

[]Hydro Turbine

[ Battery bank

LE N

[JAC Generator

Inverter i‘.—!—f
CJHZ (F.C. - Elyzer.) 4

The scheme is now:
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DC DC
AC AC

AC

Even if a rectifier appears in the diagram, as there will be no DC loads or batteries, it will not be
considered (its cost is 0).

We change the DC voltage to 150 V (main screen, left), more common for the DC voltage of the
grid-connected inverters.

DC Yoltage (150 |
ACYoltage (220 W

We change the value of maximum unmet load allowed (by the stand-alone system) to 100%,
since having AC grid connection we can buy from the electrical grid up to the total load.

COMNSTRAIMTS:

M aximum nmet Load allowed: % annual

[Unrmet load can be covered by AC grid if it exists
and it iz allowed in "LOAD £ AC GRID' window]

More Constraints

In the LOAD / AC GRID screen, PURCHASE / SELL E. tab, check the boxes to buy to the AC grid
and sell to the AC grid. Suppose the price of electricity (including charges and taxes) is 0.15
€/kWh, the contracted power 3.45 kW (same to purchase or to inject) and the cost of the power
term 43.5 €/kW/year (including taxes). Suppose we have the possibility of net metering as there
is in some states of USA (net metering of energy with 1 year rolling credit), so the purchase price
will be equal to the sale price.
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AC LOAD (W) ] DC LOAD (W) l H2 LOAD (kgH2/h}) l WATER (m3/day) FROM WATER TANK PURCHASE/ SELLE

' urchase from AC grid Unmet Load [Non Served v S5ell Excess Energy to AC grid

nergy by S5tand-alone system]

F
i i 01z
% Fixed Buy Price [&/kwh] [~ Fixed Sell Price [£/kywh) ] !

Annual Inflation (%]): Emizsion [kgCO2/MWh):

[W Pr. sell = pr. buy x |1

3 04 Annual Inflation (%) |3 r

v Fised P (ki) Fised Cost P [EfKw ) [~46H- Powerlkiw] [345 | =Fmax bw]
345 Optionz | 435 Energy Generation Charge [Transter Charge) Price [£Adwh

Acoess Charge Price E/EWh [v Fixed Transfer price [£/M4h) |0 |

[v Fixed fccess price [{:.-"k\.-\-"h] Self-consumption and MNet Mettering: i
Back-up Charge Price [£/kWh) [ Met Mettering: Energy, Annual [1 vear rolling credit] - ] C
¥ Fixed Back-up price [E/4h) |0 Cost of net metering service [/ ) |D ]
[The cost of the back-up tall will be added to the E purchased) Bup-back: Excess E is paid at [£/kwh] |0 |
Tatal tax for electricity costs (buy + charges) [%]: |0 Tatal tax for electricity zald (%] |0

We accept and a warning appears about the voltage of the inverters that it is not adequate, we

accept it (we will change now the inverter).

In the INVERTERS screen, we change the inverter by another one suitable for grid-connection.
First change the name to “Grid” and then the voltage (VDCmin 150 V, VDCmax 450 V), power
(1000 VA), price (400 €) and the other characteristics as shown in the next figure:

V| INVERTERS AND BI-DI CONVERTERS - m} X
Add from Database |ZERO ~ (@ without Rectifier (charger)
ORec\merwﬂu P batt, controller 4 < |» | P -la Vx| o
Include only ¥YDC suitable from family: |STECA vl + O Rectifier + MPPT PV batt. cantraller
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) ->
MName Fower(vA) Lifespan (yr) Cost(f) Batt Charger Imax_ch_DC(&) Ef_charger(*) Wdcmin(v) Vdomax(¥) PYhatt confroller Prriax_ren(y) 0% 2% 3%
X Gricl 1000 10 40 G i 100 150 450 NO IEIS 0 30 &0

<

It bi-di inverters incluce battery charge requlator, all of thern must be of the same family (same control data)

Max. output power in sumultaions of

30 minutes: % higher than nominal
15 minutes: % higher than nominal
10 minutes: "/w higher than nominal
<=8 minutes; % higher than nominal

If P. max. renewable DC > P. max, ren.

O)Limit P from renew. DCta P max. ren

(@) Discard that combination

Contral Data CIwPPT Grid
[ Select the minirurn inverter required ge
to supphy the maximum AC load &
72
Selectinverter :f 5
> 96
2
& 48
O 40
e
o3
24
16
8
0
(1] 10 20 30 40 50 60 70 80
OUTPUT POWER (% OF RATED)
0K Maximum power demanded by load is 626.31 VA

90 100 [ Only in bi-di converters

Awverage poweris 10.7% of rated power ofthe selectad inverter. Inverter average efficiency considerad will be 52.9 %

Then click on “Select inverter” button and then in “OK”.

In the PV MODULES screen, remove the second row, leaving only the Schott panel of 100 Wp.

Check the option "PV battery charge regulator includes ...
"Calculate number of PV modules...":
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A PV MODULES - m} X

Add P\ module Zero v
. M| 4| (M| *|=|aly x |
Add PV modules famiky SiMiz-Atersa ~

PHOTOVOLTAIC MODULES DATA:

MNarme Mo Molt (W) =] Power(Wp) Costf) CO&MENT  Lifefyears) NOCT(®C)  PowerT.coef(3/2C) BIFACIAJITY(0-1) CF
a8i12-Schott: ASI100 12 6.79 100 110 11 25 49 0.2 0 NC

< >

Fixed Operation and
Efficiency due to degradation of the modules, losses inwires, dirtin panels, etc. Haint Cost
mintenance Cos

Standard conditions hr

P inverter or battery charge regulator includes Maximurn Power Paint Tracking (MPFT) ]

[ [ Calculate number of P4 modules in serieal as: Yhus_de/Ymax_p_module (grid-connected systems_ ). Data: Ymax_p_module /¥nominal_moduls = |1.475 ]

[v] Consider etiect of Temperaturs
Data of armbient temperature (2C)

() From file (8760 hourly velues) Import FROM PYGIS year 2007 1= Graph
[P+ generator is connected to AC bus (it has its own inverter) —> 4 P inverter data
Annual Inflation Fate for Py ~ N Iax. Variation of PV gen. Cost (.. for an expected 70%
Generator Cost % reduction on current PV gen. cost introduce "-70%"): %

Limitis reached in 59.6 years

oK

We assume that the voltage of maximum power of the modulesis 12 * 1.475=17.7 V. Therefore
iHOGA will calculate the serial number as 150V / 17.7 = 8.47 -> 9 in series.

We accept and return to the main screen. We click on the button "PRE-SIZING" and we see that
the maximum number of parallel modules becomes 2. However, we change it manually setting
min. = max = 1, allowing just one in parallel:

P mod. in parallel: kin, |1 Max. |1|

Therefore, the power of the PV generator will be 100 Wp x 9 serial x 1 parallel = 900 Wp.

Return to the main screen, save the project and click "CALCULATE", obtaining the following
results:

# Total Cost (NPCY(E) Emission (kgCO2fr) Unmetikithpal  Unmet(3) Dawt Crlh) (PPl Ben( LCOEE/kih) Simulate Report Cos
1 74339 322.06 7332 4885 INF 0 &1.15 0.25 SIMULATE.. REPORT... COE&
< >

COMPONENTS: PV modules 831 2-Schott: ASN00 (100 Wp): 9s.x 1p. (100% PV#1: slope 352 azimuth 02/ Inverter Grid of 1000 %A}/ Unmet load = 48.9 % } Total Cost
(NPC) = 7433.9 € (0.25 £/kvvh)

STRATEGY: LOAD FOLLOWYING.
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The optimal solition is obviously the only one evaluated:

COMPONENTS: PV modules aSi12-Schott: ASI100 (100 Wp): 9s.x 1p. (100% PV#1: slope 359,
azimuth 02) // Inverter Grid of 1000 VA // Unmet load = 48.9 % // Total Cost (NPC) = 7433.9 €
(0.25 €/kWh)

We see that the load consumption is 1500.8 kWh/year, the energy generated by the PV modules
1430.7 kWh/year, the export energy (excess energy which cannot be used by the load) 579.1
kWh/year, of that excess 513 kWh/year are sold to the AC grid (the rest is lost in the inverter),
and 733 kWh/year are purchased from the AC grid.

Etatal(kih) Erenikivh) Epvikitdh) Euwlkitvh) Etfkh) E expor{kih) E Sell(kivh) E Buy{kiwh) E ch. bai{kivh) £
15003 14307 14307 0 0 5791 513 733 0

If we see the simulation:

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Water load /PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.
3,600

3,400

3,200 4 — Export
3,000 Unmet Load
2,800 4 PV

26004 Buy E from grid
2400 Sell E to grid
2,200
2,000
1,800
1,600
1,400
1,200
1.000

8004

6004

4004

o m

0
3 [} 9 12 15 18 21 0

[“]Legend 1 January

< >
POWER CONSUMED OR SUPPLIED () E— [Jses Over  Daysdisplay
Batter bank Discharge Flim Charge b8 Legend

BATTERY ENERGY (Wh)
P2
O O Electrolyzer

s0cC
0 E. max. disch. batt. E. H2 tank (HHY H2) R P1 -
SOC limits

Total Load

POWER (W) /H2 Tank ANATER tank (Wh)

Export Energy Battery bank Charge P critical Gen.

E ta supply FC P critical Fuel Cell
’
Wind Turb.

Cap. Max.
S0C setpoint Gen_

E boughtto AC grid [2] Prmex SOC setpoint FC

AC Generator E sold to AC grid P
R e H2 TANK setpoint (HHY H2) SOC(0-1)| | T.full chargas
[ P max Gen

Simulation step (min): [80 v Savedata [Al v|h | Save Simulation Dota S ity B

COMPONENTS: PY generator of 900 'Wp (100% PV#1: slope 35% azimuth 02). Inverter of 1000 A,

‘Water Pump
[ Pmee input Inverter

We can see it better if we uncheck both “Pmax” checkboxes:
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generater \Waterload /PHS  MULTIPERICD

Simulation of 1 year, all the years the same.

6004
Total Load
5501 — Export
£ 500 Unmet Load
= PV
= 450 Buy E from gril
E" Sell E to grid
i 400
£ w0
s 300
K]
g 2504
£ 200
E 150
u §
=]
o 1004
50
0
3 6 9 12 13 18 21 0
[]Legend 1 January
< >
POWER CONSUMED OR SUPPLIED (W) Energy prica [Isee0ver  Daysdisplay
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (¥h)
O (| Electrolyzer 500
E. max disch. batt E. H2 tank (HHY H2) R P1
0 SOC limits
Battery bank Charge P critical Gen.
Export Energy v g Cap. Max.
Eto supply FC P ciifical Fuel Cell
) S0C setpoint Gen.
R Wind Turb.
o E houghtto AC frid [] Prmax S0C sefpoint FC
‘ater Pum)
P AC Generator E sold o AC griff [] Pmax
[ Pmax. input Inverter [ P e Gen H2 TAMNK setpaint (HHY HZ) S0C([0-1) T.full charge

It shows that in each hour the energy sold is less than the excess, since the excess is the excess
of energy before passing through the inverter, that is, not counting the losses in the inverter.

37. Grid-connected systems with batteries.

Next we are going to create a project to simulate batteries connected to the AC grid together
with photovoltaic. It will only be allowed to buy energy from the network, not to sell it. With the
batteries (charge/discharge) we can manage the energy that is purchased from the network.

Save the previous project and then save as "BatGrid.hoga".

Include batteries:
COMPONENTS
PV panels
[] Wind Turbines
1 Hydro Turbine
Battery bank

[JAC Generator

AN

Inverter

OH2 (F.C. - Elgzer) g

The batteries to be used will be the Tesla Powerwall DC 2 (we will see it later), which voltage is
350 V DC. So we will change the DC bus voltage to 350 V:

DC Yaltage | 350 [V
ACWoltage (230 W
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Suppose that the AC load in this case is twice that previously considered. In the "LOAD / AC
GRID" screen, in the "AC LOADS (W)" tab change the load scale factors to 2 and 2.4:

AC LOAD [w) DC LOAD (W) H2 LOAD (ka/h)  WATER (m3/day] FROM WATER TANK [PREVIOUSLY PUMPED] PURCHASE / SELL E

Month oih | 12h | 230 | 34n [ a8k | 56nh | &7k | 78h | 88h [ 90n | 10k | 11412k | 1213k | 13-14h | 1415k [I5160 A
m 22 22 22 22 22 22 110 | 176 132 | 110 110 | 308 450 220 176 | 15
FEBRERD 22 22 22 22 22 2z | 110 176 132 110 110 | 308 450 220 176 18
| |MaRzo 2 22 22 22 22 22 | 110 176 132 110 110 | 308 | 450 220 176 15
ABRIL 2 22 22 22 22 22 | 110 176 | 132 110 110 | 308 | 450 220 176 15
[ [mavo 22 22 22 22 22 22 | 110 176 132 110 110 | 308 450 220 176 15
" |ounio 22 22 22 22 22 2z | 110 176 | 132 110 110 | 308 450 220 176 18
" |JuLio 2 22 22 22 22 22 | 110 176 132 110 110 | 308 450 220 176 15
 |asosTo 22 22 22 22 22 22 | 110 176 132 110 110 | 308 | 450 220 176 15
| |SEPTIEMBRE 22 22 22 22 22 2z | 110 176 132 110 110 | 308 450 220 176 18
| |ocTuere 2 22 22 22 22 22 | 110 176 132 110 110 | 308 450 220 176 15
NOVIEMBRE 22 22 22 22 22 22 | 110 176 132 110 110 | 308 | 450 220 176 15
| |DICiEMBRE | 22 22 22 22 22 22 10 | 176 | 132 | 110 | 110 | 308 450 | 220 | 176 15
< >

[ Scale factor for Monday ta Friday: Scale factor for the weekend: ]

We click on "Generate" and we obtain an average daily consumption of 8.14 kWh / day, more
suitable to use the Tesla batteries.

AL load power factor [cos fi]:

Add load of _ during min
from: min EI hiaur EI da_l,l month EI [] Repeat

1] 4 = Graph in steps of | B0~ |min,
Average daily load = 814 kKWwh/day

In the same window, in the "PURCHASE / SELL E" tab, change the following: the purchase price
of the E is no longer fixed, there is no possibility to sell E surplus to the AC grid (we suppose it is
not allowed) and there is no net metering:

v Purchase from AC grid Unmet Load [Non Served [I_ Sell Excess Energy to AC grid ]
Energy by Stand-alone system])

Fixed Sell Price [£Awh)  |012
[|— Fixed Buy Price [£/k'wh] 015 ] Hourly Price [ Fived Sell Price | )
- L W Prsell=pr. buyx |1
Annual Inflation (2] Ernigsion [kaCO2/kwh]:

3 04 Annual Inflation (3] |3

W Fised Pmax K] Fixed Cast P /KW /) Max. Powerkin] |3.45 v =Pmax buy
3.45 Dptions 435 Energy Generation Charge [Transfer Charge] Price /Y
Access Charge Price [BAWH] v Fixed Tranzfer price [£./kMh] |0

W Fixed Acoess price [E44MR) |0 Self-consumption and Met Mettering:

Back-up Charge Price [£/K\wh] J j

¥ Fied Back-up price [E/kiwh] |0 Cost of net metering service [£wh] |0
[The caost of the back-up toll will be added to the E purchaszed) Bupback: Excess E i paid at [£4wh) |0

Total tax for electicity costs [buy + charges) [%): |0 Total tax for electricity sold (%] |0

Mo net mettering

In addition, change the priority of the supply of energy not covered by renewables to “AC Grid”
(in this way, the AC grid will be used primarily to cover the demand that has not been covered
by renewable sources, instead of using batteries or diesel generator):

AC GRID AVAILABILITY

Friority to supply E not covered by renewables:
() Storage/Generator () AC Grid
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Click on purchase "Hourly price":

[v Purchaze from AC grid Unmet Load [Mon Served
Energy by Stand-alone system]

[ Fixed Buy Price [E4d0h) |EI.'I 4]

And in the next window select "Hourly periods" and indicate there are 3 periods, with the prices

shown below and the default hourly periods:

Hourly Price

HOURLY PRICE OF THE ELECTRICITY PURCHASED FROM THE AC GRID

Hourly Frice Data (€/k4vh)
(O Hourly, all days the same

() Fror file (8760 hourly values) lmpart hourly Price {z= Drawr
(@ Hourly Periods

Hourly Periods: :
LUy CENoes Murnber of Haourly Penod S
Summer calendar: Period P1 Price:

From day manth Period P2 Price:
To day manth Period P3 Price:

SUMMER periods distribution:
/ﬂ—m 1-2h Z-3h F-4h 45h 56h E-7h 7-6h -9h 510k 10-11h 1%
|P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P2 v| |P2 v| |P2 v| |P2 »

)

12-13h  13-14h  1415h  15-16h  16-17h  17-18h  18-18h  19-80h  20-21h  21-22h 2223 23-24h
|P1 v| |P1 v| |P1 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v

YWINTER periods distribution:
0-1h 1-2h 2-3h 3-4h 4-5h 5-Bh E-7h 7-8h 8-9h 3-10h 10-11h 11-12h

|F>3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P2 v| |P2 v| |P2 vl |F>2 -

12-13h  13-14h 1418k 15-16h  16-17h  17-18h  18-19h  1920n  20-21h  21-22h  22-23h  23-24h
|P2 v| |P2 v| |P2 v| |P3 v| |P3 v| |P3 v| |P1 v| |P1 v| |P1 v| |P1 vl |F>2 v| |P2 -

OK

By clicking on "Draw" you can see the hourly purchase price:
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Price of the electricity PURCHASED from AC grid
0.19
0.18
017
0.16
0.15
0.14
0.13
0.12

Price per kWWh

0
0.1
0.09

0.08
0.07

3 [ 9 12 15 18 21 0
1 January

< 2

Purchase price: Average 0.095 £/kWh; Max: 0196 £/k4h: Min: 0.086 £/kMéh

Dans display

We return to the main screen accepting.

The photovoltaic modules will be connected to the AC grid through their own inverter that will
be defined in the PV modules screen, while there will be an inverter-charger for the batteries.

In the PV MODULES screen, uncheck "Calculate number of PV modules ..." and check "PV
generator is connected to AC bus ...", entering 10 in the number of PV modules in serial.

VW PVMODULES - O X
I Q4 e =]a x| o
Add PV modules family Sik12-Mersa ~
PHOTOVOLTAIC MODULES DATA:
MName Nam Yolt (v} lsciAy Pawer(vp) CostiE) COEMENT  Lifelvears) MNOCT(C)  PowerT. coef(%/2C) BIFACIALITY(0-1) CF
} aSi12-Schott: ASI100 12 6.79 100 110 11 25 49 -0.2 0 NC
< >

Fixed Operation and
Efficiency due to degradation of the modules, losses inwires, ditin panels, ete Maint Cast
aintenance Cos

Standard conditions ehr
v or battery charge regulator includes Maxirum Power Point Tracking (MPPT)
I:‘ Cah}ulale number of Py modules in serieal as: Ybus_dc /Ymax_p_module (grid-connected systems ). Data: Wmax_p_maduls { Vnominal_module = 1475

Consider effect of Temperature

Data of ambient temperature (*C)

@ Monthly average [ Etbos madel J[178 Jr[ize Ju17.e afies w124 | [203 if217 |afe2q |slzz4 Jolez |u[zas [ofi92 | windtorcey

() Fram fils (8760 hourly valuss) Import FROM PYGIS pear 2007 = Graph
[ [Z]PV generatar is cannected to ACbus (it has its own inverter) > Mumber of P moclules in serial PV inverter data ]
Annual Inflation Rate for Py . . Max. Varigtion of P gen. Cost (e.q. for an expected 70%
Generator Cost % reduction on current PY gen. cost infroduce "-70%"): %

Limitis reached in 59.6 years

0K

By clicking on "PV inverter data" we see the data of the inverter:
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Let’s use the default values.

The cost of the PY inverter must be included in the cost of the
P¥Y generator or modules

Rated power of the inverter = |1 % Peak power of the PV generator

Inverter efficiency (%) output power [% of rated):

0% 2% 3% 4% 5% 10% 20% 0%
0 a0 &0 70 &5 93 52 50

A0% 5% E0% T0% a0 a0 100%

o=l ol -l ol )

TEaanl R u BRI e
0 10 20 30 40 50 60 TFO B0 S0 100
Qutput power (%)

oK

We change the name of the PV modules since we must add in its cost the proportional cost of
the photovoltaic inverter. We change the name for example by adding "-2", and we change the

price to 150 €.

PHOTOWVOLTAIC MODULES DATA:

MName

MomMolti] | lscft) | Powewp) | Costig) |

=

a5i12-Schott: AS1100-2

12 6.79 100 150 |

In the battery screen, remove them all and add the Tesla Powerwall 2 DC from the database,
keeping as the life model of lithium batteries the Rainflow model, and selecting the options of
the cycle life dependence on temperature and capacity dependence on temperature.

A BATTERIES

= a =
Add Battery Tosla Powerwsll 2 DC
M (P = a | B
Add Bateries famity OFZS-Hawhor
BATTERIES DATA: Float life at/20 | °¢ Gycles to Failure vs. Depth of Discharge (%)
Narmi Crom (A} VelR(V) Cosyf) COMMIEAT  S0Cwin(%k) Sell_difimen) Imax(d) EN(S) Flost) 10%  20%  30%  40%  &0%  G0%  70%  80%  S0% 100% TYvE

r Tesln Fowenwall 20C 3857 350 6100

1 2

143 as 1% 20800 14400 9600 7200 S7E0 4800 4114 3600 3200 2500 U ]

<

Bangnes Model

() Ah [zl Li-lon model Ah
(D KiBaM Banwel-McGowan 1933)
() Copeti 1934

() Schiter 2007

Froed Operabion and Mamtenance Cost |50

Temp. J[18 |F[18 |Mjz0 |al20
Bai T
ro  Jje

M20 |ajzz  |Meen(*D)
- - 20

l A2 S22 020 |N[& (D8

[] Except Schiffer madel, consider ‘SWP

Tmean>=THoat life I, Hour

Float e reduces 50% for every 10 | ®Cinresse | 5 T Graph
[] cycle e dopands on T Data
] I Dota

Lead-acid Aging battery model Li<ion Aging battery model
(1viang et al, 2011 (LIFePOH)

Grot ot al., 2015 (LiFePCH)

Saxena et al, 2016 (LiCo02)

Paramatans

() Rainfiow {cyce counting)

Remaining capacity at battery end of ifie (%) @ |80

[C]f there ts an AC Gen., every |14 |daysor |0 |equivalent full cycles

95

charge battery bank at least up to L

OK

B Equivalent CO2 amissions (manudactuning ) |56 kg COZ equrv / KWh capacity
S0C ot the bagining of simulation: 100 | % of SOCmex
Zoro of 0 Ah
98,304 02 T
0w I
w 81920 016
3 o o E o'
g oz d
e anim o g
@ 008 D
o e 006 5
S el 004 2
002 W
e
('] 4 S5
0 10 20 30 40 50 B0 70 80 S0 100
DEPTH OF ISCHARGE (%)

Number of lull equivalan cycles (anly > S0Cmin). 45000

Annual Inflabon Fate ocpocted for

Maoc Variation of Wind Bateries expected (e.9. for an expected E0%
Baneres Costs:

B & rrduchon an curment Batienes cost intoducn “60%)

Limit is reached in 45.4 years
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In the INVERTERS screen, delete the current one and add the SMA Sunny Boy Storage, which is
an inverter-charger suitable for Tesla batteries. Leave the rest of the options as default. Click in
“Select Inverter” and then “OK".

1 INVERTERS AND BI-DI CONVERTERS - O X
Ad from Database | ‘SNA Sunny Boy Stora ] v‘ (@) 'Without Peectifier (charger)
& 2 (O Rectifierwio P\ controller M| a|Bllpt®|=|a|+|x|
Include onlyvDC suitable from famik: | [STECA ] * O Rectier « MPPT PV contralier
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) ->
Name Power(va)  Lfespan(yr) Cost(E) Bat Charger Imes_ch DCEA) Ef charger(®) Wdominty) Voomax(v) PV bat controller Pmax_rentwd] 0% 2% 3% &

Shid: Sunny Boy Stara 2500 10 1590 OK 18 a8 100 500 MPFT 2500 0 30 &0

< >
It bi-di inverters inclucle battery charge regulator, all ofthem must be ofthe same family (same control data)
Caontral Data MPPT Grid Wax. output power in sumultaions of
30 minutes: |20 | % higher than nominal
[“]Selectthe minimum inverter required &8 g

10 supply the meximum AC load 80 15 minutes: % higher than nominal

72
6 10 minute s % higher than nominal

Select it

- I{P. max renewable DC > P max. ren

EFFICIENCY (%)
&

24 () Limit P. fram renew. DC to P max. ren.

(@ Discard that combination

0 10 20 30 40 50 60 70 80 90 100 | L] Onlyin bi-di converters
OUTPUT POWER (% OF RATED)

0K Maximum power demanded by load is 1287.97 VA
Average power is 17.1% of rated power of the selected inverter. Inverter average efficiency considered will be 92.2 %

Click on PRE-SIZING and then leave minimum and maximum number of parallel components as
follows (1 max. batteries in parallel, 0 min. PV in parallel):

RIM. AMD b2 Mo COMPOMEMTS IM PARALLEL:

B atenes in parallel: Min, |1 b & |1

F mod. in parallel: Min. Iq— kM :-:.[-‘3:]
]
I

The constraint of the maximum unmet load allowed is left at 0.1% (leaving it at 0% is not
convenient, since sometimes decimal rounds imply that the software counts small values of
unmet load, so if we put 0% it is possible that solutions that are correct are discarded). We define
unmet load as energy not supplied neither by the autonomous system nor by the AC grid.

COMSTRAIMTS:
Maxirmurn Unmet Load allowsed: % annpal

Unmet load refers to:

(® E. not supplied by the system nor by the AC grid

Mare Constraints

In "More Constraints" we indicate that the minimum renewable fraction must be 0% (that is,

we eliminate this restriction):
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1l CONSTRAINTS O *

IF & combination of components and strategy does not meet any of the following restrictions, this solution will be discarded [for that combination it i
aszigned infinite cost):

b awirmum Unmet Load alloved: % of annual load
[Max. energy not zupplied by the stand-alone system nor by the AC grid]

bimimurm rumber of days of autonomy [batteries+hidrogenl): days

[[=] if there is AT generator or fuel cell using external fuel or purchasing unmet load from AL grid iz allowed, number of days of autonomy = infiniturn)

Marinal capacity of batteries bank [Ah] < « [shortcut current of PY generatar + current fror 'wind Torbines gruop at 14n.s) [4)]
[[] if there is AT generator or fuel cell using external fuel or purchasing unmet load from AC grid is allowed, do not take into account this constraint]]

Minimurn renewable fraction: EI %
Mairmurn Levelized Cost of Energy: £/h

oK

In the main screen, "CONTROL STRATEGIES" tab, check "Batteries are charged by the AC grid
// discharged if" and indicate as maximum and minimum prices for the default charge /
discharge values slightly higher and lower respectively of the minimum and maximum of
electricity price: 0.07 and 0.19 €/kWh. In this way batteries will be charged during the valley

hours and they will be discharged supplying the energy of the consumption during the peak
hours.

GENERAL DATA | OPTIMIZATION CONTROL STRATEGIES l FINAMNCIAL DATA | RESULTS CHART

COMTROL STRATEGY AND VARIABLES TO OPTIMIZE

Global strateqy: System with batteriez and grid connected

* Load Following Iv Batteriez are charged by the &C grid /7 dizcharged if: v [alzo for Elvzer.-> HZ)
" Cycle Charging [V Continue up ta SOC stp Price E<= ’W £/kiwh 4/ Price B>= ’W&’k\'\-’h [~ DT

" Tiy Both I Optirnize strategy of grid-conneted batteries:

¥anables to optimize relative to the global strategy:
- -

- - . [~ Batteries can inject electicity to the AC grid
- [~ S0Cmin

= — [~ 1 day at low SOC -> charge battery Baatteries svailabilly
[ When batteries are off, compenzate autodisch.
Fix vanables Yariables accuracy: |5 =100%

| = = =

Now the scheme of the system is:

I |

Charge

R?g. J

DC DC Sunny
AC AC \ BOV
PV inverter 4 4 Storage
AC

Click on “CALCULATE” button and we obtain the following:
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# Total Cost (NPC)(€) Emission (kgCO2A7) Unmet{lkihir)  Unmet(22) Doaut CnWh)A(Ppw+Pud) (i Ren(® LCOEE/kWh) Simulate Report A
1 23378.7 1291.82 0 0 INF 0 0 0.4 SIMULATE.. REPORT... (
2 23750.2 786.97 0 0 INF 57 434 0.41 SIMULATE.. REPORT... (
3 251089 697.73 0 0 INF 28 5396 043 SIMULATE.. REPORT._. (
4 26905.8 700 0 0 INF 1.9 67.08 0.46 SIMULATE.. REPORT...
v
< >

COMPOMNENTS: Batteries Tesla: Powerwall 2 DC (38.6 Ah): 15 x 1p. ff Inwerter ShA: Sunny Bow Storacof 2600 VA Y Rectif, included in bi-di inverter /. PY batt, charge
contraller included in bi-diinverter if Unmetload = 0 % §f Total Cost(NPC) = 23378.7 € (0.4 £/Wh)

STRATEGY: LOAD FOLLOWING. SOC min.: 10 %. Contral varisbles for grid-connected batteries: charge (buying E. tothe AC grid) if price of E. is lower than 0.07 £/kK\Wh;
disch. (notinjecting P to the grid) if price E. highert than 0.13 £7/kWh

The optimal system (among the 4 possible systems: 0 to 3 parallel branches of PV modules) does
not include PV. Batteries are charged during valley hours and discharged during peak hours. In
the simulation of the optimal solution, if we select “See Over” (the energy price) and “Legend”,
we see the energy price over the simulation, and we can see the control strategy.

Hourty simulation  Hourly values separately  Monthly and Annusl Average Power  Monthly Energy  Annual Energy  Hydragen  AC Generator  Water load /PHS  MULTIPERIOD

Electricity price (€/kWh) ¥ — Purchase

02 ¥ — Low limit disch
I High limit char.
0.15
0.1
17 21
= Simulation of 1 year, all the years the same.
=
o 14,000 _ Total Load
- =
e 3000 — Export
E 12,000 § Unmet Load
%z 2,500 10,000 2 = Disch. Batt
2,000 w ~ Charge Batt
'E 1500 8,000 5 Buy E from grid
5 1’000 6000 % — S0C
== w
= 4000 E
£ s 7 &
o 2 A 2,000
= 1 21
e
< >
FOWER CONSUMED OR: SUPFLIED (W) Energy price SeeOver  |Days display
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGT-fr
O O 1 Electrolyzer s0c
o
0 [] E max. disch. batt E.Hztank (HHVHZ) | R P1 SOC it
] imits
| Battery bank Charge P critical Gen.
Export Energy h g Cap. Max.
| Eto supply FC P critical Fuel Gell
SOC setpoint Gen.
R Wind Turb.
- E boughtto AC grid 2] Pmax S0Gselpoint FC
ater Pump

[[] Pmax input Inverter

AC Generator
[1 P max Gen

E =zold to AC grid Pmax

H2 TANK setpoint (HHY H2) S0C(0-1) T_full charge

The second best option has a similar NPC and LCOE (a bit higher), but it includes PV (next figure).
We see that battery bank is charged during the valley hours until reaching the 100% of the SOC,
and in the peak hours it is discharging supplying the energy of the load consumption. In the
hours of the flat period (not valley, not peak) the batteries are nor charged or discharged, the
power is obtained from the PV and, if needed, acquired directly from the grid.
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generstor VWater load / PHS  MULTIPERIOD

Electricity price (€/kWh) ¥ — Purchase
02 ¥ — Low limit disch
¥ High limit char.
0.15
0.1
n 2n
= Simulation of 1 year, all the years the same.
£ 3500 14,000 _ Total Load
£ £
e 3,000 — Export
o 12,000 § — Unmet Load
g 2500 10,000 & — Disch. Batt
2.0004 w == Charge Batt
= 6,000 z Py
E 1,500 6,000 Z Buy E from grid
= 1.0004 = — 30C
4000 E
g 500 ~ e 2
= . = N A XY = N = A | 2000
E 1 n
o
&

~

POWER CONSUMED OR SUPPLIED (W)

o d
O

Export Energy
Unmet Load

Water Pump
[ Pmax. input Inverter

Batter bank Discharge Bhmjchaae
(] E-to supply by bat Electrolyzer 2
[ E max disch. batt E HZtank (HHVHZ) & Pl

Batlery bank Charge Fuel Cell P critical Gen.
O Eta supply FC P criical Fuel Cell
Wind Turb. E. max. FC

R
| E boughtto AC grid 2] Prrax
AC Generator E sold to AC grid Prrgx

[ Pmax Gen

Yo

[“]5ee Over  Days display

Energy price
egend
BATTERY ENERGY (wh)
s0C
S0C limits
Cap. Max.

S0C setpoint Gen.
S0C setpoint FC

H2 TANK setpaint (HHY H2) S0C(0-1) | T.full charge

By clicking in the button “SOC (0-1)” we see the daily DOD is around 20% during winter but much
lower during the central months of the year, as during those months the peak periods are during
the day, where there is PV generation, therefore batteries cannot supply much energy (see next
figure for two days of april, 4™ and 5%).

soc

Batteries SOC

January - December

>

Days display

Cycles 0-15%00D0: 210; 15-25%00D0: 155; 25-35%00D0: 0: 35-45%:D00: 0: 45-55%D00: 0; 55-65%:000: 0: B5-75%D00: 0; 75-85%D00: 0; §5-95%D00: 0; 95-100%:000D: 0

Back
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Electricity price (€kWh)

V¥ — Purchase

02 — — ¥ — Low limit disch
™ High limit char
015
01
444 5i4
E Simulation of 1 year, all the years the same.
=
€ 3500 —— — 14,000 _ Total Load
= " £ — Export
& 3000 12,000 £ PO
=4 Unmet Load
< 2500 b1
s 10,000 g == Disch. Batt
2,000 o] — Charge Batt
Z s 8000 F PV
: 6,000 % Buy E from grid
= 1000 o - S0C
S a0 A~ A 4,000 E
g gl= e T N SN P N S| oo @
£ 404 54
o
e —

Variant: batteries can inject power into the AC grid.

Save the project. Then save as with the name "BatGrid2.hoga"

Assume that the batteries could inject energy in the AC grid (at peak times), at a price 70% of

the purchase (probably too optimistic, if allowed to sell to the AC grid). On the main screen,
CONTROL STRATEGIES tab, check "Batteries can inject electricity to the AC grid".

CONTROL STRATEGY AMD WARIABLES TO OFTIMIZE

Global strategy:

* Load Following

" Cycle Charging v Continue up to SOC stp
" Ty Both

Wariables to optimize relative to the global strateqgy:

B r ™
B r ™
r r [ SOCmin
B r ™

Fix vanables Variables accuracy: |5 =100%

System with batteries and grid connected

[v Batteries are charged by the AC grid /# discharged if:

Price E <= |007  £Awh A PriceE>= |019 £k [ (Sell price]

[ Optirize strateqy of grid-conneted batteries:

[v Batteries can inject electricity to the AC and

: Batteries availability
[ When battenes are off, compensate autodisch.

In the LOAD / AC GRID screen, tab PURCHASE / SELL E, indicate that energy can be sold to the
AC grid and the sale price as the purchase price x 0.7:

[¥ Purchase from AC grid Unmet Load [Mon Served [ v Sell Excess Energy to AC grid

Energy by Stand-alone system]

[~ Fixed Buy Price [£/K\wh) 0.1a Hourly Price [

Annual Inflation [%]; Emizzion [kgCO 24k h):
3 0.4

[v Fixed Prmax [k Fined Cogt P [£RMW fyr]

)

v Prozell =pr. buy = 0.4 ]
Annual Inflation (%]; |3

Maw Power(kiw/] |3.45 [v =Pmax buy

[~ Fired Sell Price [£/KWh) 01z

3.45 Dptions 435 Eneray Generation Charge [Transfer Charge] Price £k
[w Fized Transfer price [£/kMWh) |0

Access Charge Price /W]

[ Fixed Access pice (B4 h) |0

‘ Self-conzumption and Met Mettering:

Back-up Charge Price [£/kWh
¥ Fixed Back-up price [E/kwh) |0

[The cost of the back-up toll will be added to the E purchased)

Tatal tax for electricity costs [buy + charges] (%) |0

We accept, save the project and calculate.

|N o Met Metering

=

Cost of net metering service [£AMWR] |0

Total tas for electncity zold (%) |0
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# Total Cost (NPCYE) Emission (kgCTOEA7 Unmetikiwhiyr)  Unmet(32) Daut Cniwhy/(Ppv+Pw)y Ben(> LCOEE/Nh) Simulate Report A
1 24624.1 1761.85 0 0 INF 14 0 0.42 SIMULATE.. REPORT... (
4 24884.2 1911.98 0 0 INF 2.8 0 0.43 SIMULATE.. REPORT... (
3 25396.4 2088.33 0 0 INF 5.7 0 0.44 SIMULATE.. REPORT... (
El 25625.2 2448.98 0 0 INF 0 0 0.44 SIMULATE.. REPORT... (
v
< >

COMPOMNENTS: PV modules aSi12-Schott ASI100-2 (100 ¥Wp): 10s.x 3p. (100% PVv#1: slope 352 azimuth 0%) // Batteries Tesla: Powersall 2 DC (38.6 Ah): Ts. x1p. &
Irverter ShaA: Sunmy Boy Stora of 2500 WA 4 Rectif. included in bi-di inverter /. PV batt. charge controller included in bi-diinverer ff Unmet load = 0% §f Total Cost (MPC)
= 246241 £ {0.42 £fkih)

STRATEGY: LOAD FOLLOWING. S0OC min. 10 %. Control variables for grid-connected batteries: charge (buying E. 10 the AC grid) if price of E. is lower than 0.07 £7k\h;
digch. (load + injecting ta the grid) if price E. higher than 0.19 £/k\Wh

The optimum obtained is different, since to be able to sell to the AC grid at a reasonable price
the photovoltaic modules are convenient. The price of kWh consumed is now 0.42 € / kWh, price
higher than the optimal of the previous project.

COMPONENTS: PV modules aSi12-Schott: ASI100-2 (100 Wp): 10s.x 3p. (100% PV#1: slope 359,
azimuth 02) // Batteries Tesla: Powerwall 2 DC (38.6 Ah): 1s. x 1p. // Inverter SMA: Sunny Boy
Stora of 2500 VA // Rectif. included in bi-di inverter // PV batt. charge controller included in bi-
di inverter // Unmet load = 0 % // Total Cost (NPC) = 24624.1 € (0.42 €/kWh)

STRATEGY: LOAD FOLLOWING. SOC min.: 10 %. Control variables for grid-connected batteries:
charge (buying E. to the AC grid) if price of E. is lower than 0.07 €/kWh; disch. (load + injecting
to the grid) if price E. higher than 0.19 €/kWh

In the table or in the report we can see that the battery lifetime is 7.12 years (half than in the
previous project, as in this case cycle degradation is higher due to the energy injection to the AC
grid, 1 full cycle is performed each day).

In the simulation of the optimum solution (3 consecutive days), it is seen that at peak times the
batteries are discharged to the maximum power, supplying the whole load and the rest of the
power is injected into the grid.

Hourly simulation Hourly values separately Manthly and Annual Average Power  Manthly Energy  Annual Energy  Hydrogen  AC Generatar Waterload /PHS  MULTIPERIOD

Electricity price (€/kWh) ¥ — Purchase
0.2 —_— 1 — I~ — sell
¥ — Low limit disch
0.13 o High limit char.
01
0.05
111 121 131
E Simulation of 1 year, all the years the same.
=
S 3500 14,000 _ Total Load
= z
& 3,000 — Export
E 12,000 § Unmet Load
< 2500
2 10,000 € — Disch. Batt
w = Ch Batt.
= 2,000 5,000 5 Pvarge at
E 1,500 6000 %= Buy E from grid
= 1.000 1000 E Sell E to grid
£ sm 05 — s0C
= T \ 2,000
o4 it it
S 1 12/1 1301
2
< >
POWER CONSUMED OR SUPPLIED (W) Energy price See Over  Daysdisplay
Batter bank Discharge Plim Charge Legend
0 0 0 - p2 BATTERY ENERGY (W)
ectrolyzer
s0C
0O [ E mex disch. batt E.HZtank(HHVHZ) | R P1 oe i
M imits
] Battery bank Charge P critical Gen.
Export Energy v g Cap. Max
1 E.to supply FG F critical Fuel Cell
S0C setpoint Gen.
R Wind Turb.
Wator P E houghtto AC grid [7] Pmax S0C setpaint FC
CEAAIL AC Generator E sald o ACgrid [7] Pmax
D Proigx. input mierter [] Pmax Gen H2 TANK getpaint (HHY HZ) S0C(0-1) T.full charge
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By clicking in the button “SOC (0-1)” we see the daily DOD is around 80% for winter:

Batteries SOC

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
045
0.4
0.35
0.3
0.25
0.2

soc

< >

Days display

Cycles 0-15%000: 0; 15-25%000: 0; 25-35%000: 0: 35-45%000: 0; 45-55%000: 33; 55-652.D0D: 177: 65-75%D00: 0; 75-85%000: 155; 85-95%:000: 0: 95-100%0D00: 0

Finally, we save the project.

38. Diesel generators in parallel.

Next we are going to create a project with great load consumption where we will have several
AC generators in parallel.

Open the project "Pr1" and save it with the name "DieselPar.hoga".
In the main screen eliminate the possibility of wind turbines.

[ ] wind Turbines

In the load consumption screen, multiply by 10 the AC load, using the scale factors:

Scale factor for Maonday to Friday: Scale factar for the weekend:

And “Generate” hourly load, obtaining 40.9 kWh/day.
In the PV modules screen, delete the type SiP12-TAB: PV-135-mod.

Change the name to the remaining one, adding "x10", obtaining "aSi12-Schott: ASI100 x10",
which would be a PV panel equivalent to 10 of the originals. Doing this we reduce the search
space, since having great consumption if we kept the original panel the maximum number in
parallel could be very large. Multiply by 10 the short-circuit current, nominal power, acquisition
cost, unit O&M cost and weight:
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Name MNom Volt. () Isc(&) Power(Wp) Cost() CO&MEAT  Litefyears) NOCTEC)  PowerT. coef(%/2C) BIFACIALITY(0-1) CF
1 aSii2-Schott: ASTT00x10 12 67.9 1000 1100 1 25 19 -0.2 0 N(

In the battery screen, remove all of them and add the OPZS-Hawker: TZS-24, which is the highest
capacity of that type.

BATTERIES DATA:

Floatlife at [20 °C Cycles to Failure vs. Depth of Discharge (%)

Criom [éh) | Wolt[¥) | Costfe] | C.08M 8/ | SOCmin() |Self_diz/mon ] Imawie) | Ef%) | Floaten | 10% [ 202 | 0% | 40x | sox [ eox | 7oz [ sox [ sox JJrvee]weic
2 H 1010 101 El] E] 672 65 18 12000 G500 4250 | FOO | 2500 | 2050 | 1800 1500 1500 L&

In the inverters screen, delete the inverter and add the type Generic: 8000 CH, then "Select
inverter" and accept with OK.

GENERAL DATA EFFICIENCY [%]) vs. OUTPUT POWER (%) >

Poveer [Wih) | Lifespan [yr] ‘ Acg. cost [E] |Ball Charger |Imax_ch. DC[A]lELcharger[%] VDCminN]|VDCmaxN] |PV batt. CUI’]lIU"EIlPI‘naKJEﬂM] | | 0%
8000 10 3840 ak ED 93 43 43 MO

2%
TE15 | 0 30

In the AC Generators screen, leave only the 1.9 kVA one:

GENERATORS DATA: AL

Poweilkiid) | Costig) [ C.O8MEM) [ Lifethl [ Proin (%Pn) | Fuel twpe [ F.Unit [ F.CostiE/ud | F. inflat (%) | Emis. (kg CO2¢unit)] afunitkw-h] | Blunickwch) [ (ko) |
19 800 014 10000 | 30 Diesel | liie 1.3 5 35 0.245 | 0.08145 110

And allow availability throughout the whole day:

AC GENERATOR HOURLY AVAILABILITY:

honday-Friday: ‘weekend:
Ho-1h Mo-1h
F1-2h 1-2h
M2-3h E2-3h
2-4h Ma-an
[A4-5h E14-5h
[£15-6h 5 -6h
BE-7Th 6-7h
7-8h F17-8h
[A8-9h Fl8-ah
113-10h [£9-10h
110-11h E10-11h
E11-12h 111-12h
EA12-13h F112-13h
113-14h E13-14h
[114-15h [M12-15h
[4]15-16h E115-16h
-17h E116-17h '
-18h 7-18h
-13h 8-13h
-20h E113-20h
-21h Fla2o-21h
-22h M21-22h
-23h Fl22-23h
24h Mz3-24h

ak

In the main screen, click on “PRE-SIZING” button and then the number of min. and max.
components in parallel will be set as follows:

MIN. AND M. Mo COMPOMNENTS IM PARALLEL:

Bisteries in parallel: Min. |1 |Max. |2 |

PV mod. in parallel: Min. |0 |Max. |5 |
1 2

AC Gen.in parallel: Min. |1 |Max |4 |

Next we change the maximum allowed of PV modules in parallel to 2:

P mod. in parallel: Min. ||:| Mz, |21
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In this way we will force several diesel generators in parallel and we will see its operation (note
that it is purposely done to force several diesel and see its operation in the simulation, since
with more modules in parallel the system would be cheaper).

Save and click on the CALCULATE button. We get:

Mono-objective optimization. Total No. of cases evaluated: 24. Time: 1"

196,608 - 14 336
o~ 163,840 13312 =
2 13072 12,288 o
£ 5
7 9830 s E
o
= 10,240 W
£ 6553 o

9216 ©

32,768

8,192
0
1 2 3 4 5 3 7 8 9 10

Solution # (sorted from best to worst)

[]show diagram

# Total Cost {NPC)(£) Emission (kgCO2Am Unmet(kiWhier)  Unmet(2) Daut CniWh)APpwe+Pwi(y Feni® LOOEEMwh) Simulate Report Ca

1 177506.5 9093.97 0 0 INF 247 G091 061 SIMULATE.. REPORT... C

z 1777579 9093.97 1] 0 INF 247 6091 061 SIMULATE.. REPORT... C

3 2118044 93549 447 03 INF 495 B1E 072 SIMULATE.. REPORT... C

4 213062.2 944189 1] 0 INF 495 B1E 073 SIMULATE.. REPORT... C

5 2133109 94418 1] 0 INF 495 B1E6 0.73 SIMULATE.. REPORT... C

B INF 760666 9553 B35 INF 247 BO.91 INF SIMULATE.. REPORT... C

7 INF 9003.75 45.9 031 INF 24.7 B0.91 INF SIMULATE.. REPORT... C

g INF 7991.61 930.8 623 INF 495 BlE INF SIMULATE.. REPORT... C

] INF 1178015 2144.2 1435 INF 495 30.89 INF SIMULATE.. REPORT... C v
< >

COMPONENTS: PV modules aSil 2-Schott ASM00x10 (1000 Wp): 45.x 2p. (100% FPv#1: slope 35% azimuth 0%/ Batteries OPZS-Hawker TZ5-24 (3360 Ah): 2ds. x 1p. /f 3=
AC Gen. Diesel 1.9kA 1.9 kWA { Inverter Generic: 8000 CH of 8000%A  Rectif. included in bi-di inverter 4 PV batt. charge controller Generic of 177 A} Unmetload =0
% {{ Total Cost (NPC) = 1775065 £ (0L67 £/kMvh)

STRATEGY: LOAD FOLLOWING. Flgen: INF. Prin_gen: 570 W. Poritical_gen: 0W. 50C setpoint_gen: 20 2. S50C min.: 20 %

The best combination includes three 1.9 kVA diesel generators. We see that the expected life of
the batteries is 18 years (the maximum allowed).

In the simulation it can be seen that 1, 2 or 3 diesel generators run, depending on whether they
have to give less than 1.9 kVA, less than 1.9x2 or more power. It is also observed that the
batteries are long time at the minimum charge state, which in real conditions can suppose that
their lifetime was much lower than expected.
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load / PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

] 170,000
5500 Total Load
5 0004 160,000 — Export
E 150,000 — Unmet Load
= 4,500 = Disch. Batt
= 140,000 — Charge Batt.
i 4,000 130,000 g - AC Gen.
i} PV
% 2500 120,000 — s0C
110,000 &
= 3000 g
H 100,000 &
K
g 25001 o000 &
-g' 2,000 80,000 &
=]
E 1500 70,000
g o] 60,000
50,000
5001 40,000
0 L 30,000
0 3 6 9 12 15 18 21 [}
MLegend 11 January
‘ >
POWER CONSUMED OR SUPPLIED () — SeeOuer  Daysdisplay
Batter bank Discharge Plim Charge EATFEE:YPENERGY Logerd
| ] [J E- to supply by batt Elecirolyzer P2 soc e
]
Emax disch bat EH2tank(HHVHZ)  |r [ P1
| O S0C limits
R Battery bank Charge Fuel Cell [1 P critical Gen Can M
v| Export Energy ap. Max.
O Eto supply FC P critical Fuel Cell

Unmet Load [] soc setpoint Gen.

Wind Turb. E. max. FC
R O
| E boughtto AC gric [ | Prisx 50C sstpoint FC
Water Pump
AC Generator E soldto AC gric | | Prmax
D Prmax. input Imverter [] Pmax.Gen HZ TANK setpoint (HHY HZ) S0C (0-1) T.full charge

If we save the simulation data and open the Excel file, we can see how from January 6 at 10 pm
the diesel generator runs during certain hours, and we can see that 1 or 2 generators run in
parallel, in addition to the equivalent operating hours consumed in that hour (if there is one, 1
hour plus the penalty for the start, if any, plus the penalty for operating outside the optimal
zone, if applicable; if there are two, 2 hours more penalties, if any) .

A B L3 1] E F [} H ] K L M N [] P a n
1 [Prejeer: DAPROVECTOS IHOGA T 3\ ewtPar heaga, Selution i 1
2
3 | COMPONLNTS: BV generator of 5000 W (L00% PVIL: siooe 159, asimuth 09) 3 » AC Generator of 1900 VA, Battery bask of 161260 Wh. lsverter of B000 VA
4 | STRATEGY: LOAD FOLLOWING. Plgen: INF W. Amin_gen: $70 W. Peritical_gea: 0'W. S0C stp_gea: 20 %, S0C min.: 20%
5
6 HO VW HE load W 3 i ey (Wi
& No t G iy hours (inchuding out-of-range penalty and 5I4=wﬁ-¢!lv]u! AL geserators, The fuel consemption of the Gen. J\C{I’uek\ls exf
3 | The fuel cost of the AC Gen {Fuel Costl, the cost of the external Toel wsed by the fuel o ey of sedling € and costs of buying £ 10 the AC grid (Inc. 40l and Cost. Buy) sre expressed in €. They are cash llow vabses of year 0, not colside|
10 | Load of Hydrogen [H2_load_miass), H2 in tank (H2_Tank_mass), H2 wsed by fuel cef, from H2 tank [Feel. FC) or extemally p {Fuel.ext_FC1 and hyd v the yaer (Prod_H}ar n k'h of HL
11 | Hydrogen stored in HI Task (H2_Tank_HHV) is expressad in Wh HHV of H2
load  ACload  DC load Wi lcad W load masWaer load PV Wind Wy TEG  Ef nwbjpeschACGEn.  MouGen on  Wows eq GeConsFuel  FuelCom  FC
16023 26028 [] o o 0 407137 [3 ) ] [3 [ 0 )
A iz 12 i o [ [ 3507.88 o [ 0 0 ) ] 0
15:00 185952 182952 o o ] [ 280609 o o o o o [ o
16:00 164726 164736 ] o ;] [ 1934.64 o o a o ] ] o
100 20%08E 200028 ] o [ a 965 53 o (] o o o [ [
100 2ELn 19102 ] o [ [ 56.24 o [ 163209 1 124 036 ['%7]
1900 39968 319968 ] o ] 0 o o ) 99,68 2 23 11 143
20:00 15282 45288 o o o o o o o 45328 3 e 158 205
200 33632 313632 0 o ] [ o o ] 336,32 1 113 1.
a0 2ELa2 19112 o o [ o o o o 9112 2 2
23:00 107712 1077.12 o o o [ o o o 1077.12 1 1
0:00 P 264 [ [ a [ ] 0 o 7 1 1%
1:00 ELERTY 75344 ] o 0 [ ] 0 o 570 1 135
200 3.1 75344 ] o [ [ o o o o 0 o
3:00 25344 25344 o o o o o o o 570 1 135
400 64 264 ] o o o o o ] s 1 128
0 26134 26136 1 o o a a n n 0 a 0 n

Finally, we save the project.

39. Optimization of the control strategy.

Next we will save the previous project with the name "DieselParControl.hoga" to see the effect
of the optimization of the strategy and control variables.

We will use the Schiffer model for the batteries, much more precise model and that take into
account the real operating conditions of the batteries. We select the "Schiffer" model on the
batteries screen, leaving everything else unchanged:
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atteries Model Fized Operation and Mai
" Ah v Limnodel &h

" KiBaM [Manwel-McGowan 1933)
" Copetti 1334 Control D ata

Schiffer bat. data

éi”“”“' 16 Fle wzo a0 wzo [z Mz%a“ (C)
at.
fC) J)22 A2z 5|22 0j200 W{1E D8
. . (* Man.

[v Except Schiffer model, consider -

Trnean:=T float life aur
Float lifte reduces B0 for every |10 ECincrease ﬁ T Graph
[ Cpcle life depends on T
[~ Capacity depends on T

Lead-acid battery model l Li-iot battery rmodel ]

" Rainflow [cycle counting)
" Equivalent full cycles

* Schiffer ageing model

If we click on the first row of the results table, we see how it drastically increases the cost, since
the first row is updated to the results considering the Schiffer model of Batteries.

# Total Cost (NPC)(E) Ermission (kgCTO2ay) Unmet(kvhder)  Unrnet(32) Doaut CnWh)(Poew+Pedlt Ren(® LCOELkvwWh) Simulate Report C A
11T ER981 76 19568.21 0 0 INF 247 6459 194 SIMULATE.. REPORT... C

This large difference in costs compared to the classical model of batteries is due to the estimated
life of the Schiffer model is 0.77 years, compared to 18 years that was estimated with the classic
model. That implies that every less than a year you have to change the batteries, which means

a great total NPC. The reality will be closer to the estimation by the Schiffer model, since
batteries in low state of charge for a long time deteriorate rapidly.

E ch. batikivh) E dizsch. bat (kivvh) E elyzer. (kivh) E gen (kivh) E FC (k\Wh) Hours eq. Gen Bat. life (yr) Hours Ch. Bat. Hours Disch. E &
36343 381358 0 52921 0 5756.29 0.77 4032 24

Therefore, it may be better to use another control strategy.

In the main screen of the program, "CONTROL STRATEGIES" tab, select "Continue up to SOC
stp" (so that in the "Cycle charging" strategy the AC generator will continue to charge the
batteries up to the SOC setpoint value") and select "Try Both" (both strategies will be tested,
Load Following and Cycle Charging).

Global strategy:

i) Load Following

() Cycle Charging Continue up to SOC stp
(® Ty Both

Below, in the control variables, click on the button “Fix Variables”. A window appears where
you can set values for control strategies. We leave everything by default, making sure that the
SOCstp_gen (SOC setpoint of the batteries when charged by the generator) is 100%. When
testing the "Load following" strategy, the SOCstp_gen is set to SOCmin, whereas when testing
the "Cycle charging" strategy, the SOCstp_gen is set to the value that is marked here (default is
100%).
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SOCztp_gen

() 50Cmin recommended by manu.

(®) Set value to [% SOCmax]:

Save the project and CALCULATE.

Now the cost of the optimum is 181624.2 € (0.62 €/kWh), and the battery life is estimated to be
10.68 years. The optimal strategy is Cycle charging, continue to SOCstp.

Total Cost (NPC)E) Emission (kgCO2Z4r) Unmet(kihier)  Unmet(*) Doaut CnidwWh)/Pov+Pw) v Ben(® LCOEEKWh) Simulate Report Costs
181624.2 9268.27 0 0 INF 247 5586 062 SIMULATE.. REPORT... COSTE¢
182388.3 9344.11 0 INF 247 BE7S 052 SIMULATE.. REPORT... COSTE
203940 .4 9567.6 38 003 INF 247 8811 0.7 SIMULATE.. REPORT... COSTS
229212.6 9941.85 0 0 INF 485 &7.17 0.78 SIMULATE.. REPORT... COST:
229856.6 9977.49 0 0 INF 485 B7.16 0.78 SIMULATE.. REPORT... COST:
326448.4 12232.15 8.6 006 INF 485 54.33 111 SIMULATE.. REPORT... COSTE:
INF 15487.34 0 0 INF 49.5 20067 INF SIMULATE.. REPORT... COSTE
INF 15632.97 0 0 INF 495 21.09 INF SIMULATE.. REPORT... COSTE
INF 15268.62 16.4 011 INF 435 2335 INF SIMULATE.. REPORT... COSTE .
< >

COMPOMNENTS: PV modules a5il 2-Schott ASH 0010 (1000 We): 45 2p. (100% PY#1: slope 358 azimuth 0) ) Batteries OPZ5-HawkerTZ5-24 (3360 Ah): 245 x 1p. }f 3x
AC Gen. Diesel 1.9kVA 1.9 KA S Inverter Generic: 8000 CH of 8000 %A Rectf. included in birdi inverer /. PV batt. charge controller Generic of 177 Af) Unmetload =0
% Jf Total Cost (NFC) = 181624.2 € (0.62 £/ h)

STRATEGY: CYCLE CHARGING. continue up to S0Cstp. Plgen: INF. Pmin_gen: 570%. Pcritical_gen: INF. S0OC setpoint_gen: 100 %. S0C min. 20 %

In the simulation, it should be noted that when the diesel generator set (3x1900 W) must run, it
operates at maximum power (without loss of power) to charge the batteries to the maximum
possible current (limited in this case by the Inverter-charger, which limits the DC current to 60
A, i.e. at 60A*48V=2880 W the battery charging power). The generator continues to charge the
batteries until it reaches the SOCstp_gen (100% SOC, i.e. full charge), unless the strategy
indicates that the batteries must supply the load, at that point the generator would stop
charging.

Simulation first 11 years. 1st batteries replacement: 11 September, year 11. Batteries lifetime: 10.7 years

5500 260.000
240,000 - Ema\ Load
5,000 xport
220,000 Urlmet Load
4500 — Disch Batt
' 200,000 — Charge Batt
4,000 = AC Gen
180,000 PV
3.500 - 50C
160,000
3.000 L ’
140,000
2,500 L 1
120,000
2,000 V

BATTERY ENERGY (Wh)

100,000
1,500

1,000 \ A

80,000

POWER (W) /H2 Tank /WATER tank (Wh)

60,000
500 /
L 40,000
0 e
23 24 25 26 27 28 1 2 3 4
Legemd February-March year 1
< >
BOWAFE: CARIET IMET AR 21 IPELER A3 Sen muer  Davs display

It is possible that the control variables have different optimal values than those preset by
default. We could optimize up to 4 variables in this case, however, to avoid excessive
computation time, we will optimize only Pmin_gen (minimum power of the diesel generator set)
and SOC_min (minimum SOC for the batteries). For this we mark these variables to optimize:
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Yariables to optimize relative to the global strategy:

Prin_gen Prin_FC HZ2TaMKstp

L ]P1_gen F1_FC Fz

[]50Cztp_gen SOCstp FC SOCmin
Fertical_gen Fertical_FC Flim_charge

Then save the project, click on "CALCULATE" and after a few minutes we obtain the results table,
where the optimum is slightly different from the one obtained previously (2 diesel generators
instead of 3, Pmin_gen is 836 W and SOC_min 52%) and whose cost is slightly lower.

Total Cost (NPC)(€) Emission (kgCO2py) UnmetkiWhie)  Unmet(®a) Doaut CriwhiiiPos+Pe)i Ben(® LOOEEMKWH) Simulate Report Costs ~
179317.2 9049.74 04 oINF 247 BBZ 061 SIMULATE.. REPORT... COST:
181299.8 925467 0 o INF 247 Bh.EH 062 SIMULATE.. REPORT... COST:
1820933 932516 0 oINF 247 65562 062 SIMULATE.. REPORT... COST:
2282591 9849.92 0.2 0 INF 495 56.83 0.78 SIMULATE.. REPORT... COSTS
2286668 9896.16 0 0 INF 445 57.06 078 SIMULATE.. REPORT._. COSTS
229494 9997 81 0 0 INF 495 B7.05 078 SIMULATE.. REPORT.. COSTS
INF 6807.18 3341 224 INF 247 B33 INF SIMULATE.. REPORT... COST:
INF 131054 21655 1443 INF 446 303 INF SIMULATE.. REPORT... COST:
INF 15073.97 04 oINF 495 2242 INF SIMULATE.. REPORT... COST: .
< >

COMPONENTS: P modules aSil2-Schatt ASN00x10 (1000 Wp): 4s.x 2p. (100% FPv#1: slope 352, azimuth 02) 4 Batteries OPZS-Hawker TZ5-24 (3360 Ah): 24s.x 1p. ff 2%
AC Gen, Diesel 1T.9kKVA T3 kVA Y Inverer Generic: 8000 CH of 8000 %A/ Rectif. included in bi-di inverter /f P batt. charge controller Generic of 177 A/ Unmetload =0
%% §f Total Cost (MPC) = 179317.2 € (0.61 £/k\Wh)

STRATEGY: CYCLE CHARGING, continue up to SOCstp. Plgen: INF. Prmin_gen: 836 W. Peritical_gen: INF. S0C setpoint_gen: 100 %5 S0C min.: 52 %

In the simulation we can see the performance of the optimal solution, for example the first 20
days of January.
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SinHﬁrsl 11 years. 1st batteries replacement: 30 July, year 11. Batteries lifetime: 10.58 years

260,000
5,500 250,000 Total Load
5,000 240,000 — Expont

= 230,000 — Unmet Load
2 4,500 220.000 = Disch. Batt
H 240,000 ~— Charge Batt
2 4000 L E — AC Gen.
% 200,000 E Py
= 3500 190,000 3 — 50C
2 3000 180,000 &
H N N | i 170,000 2
E 2500 160,000 2
Z 150,000 W
g 200 140,000 E
o
ot 130,000
g e D \ 120,000
2 1o 110,000
100,000
500 LI 90,000
0 .1 ﬂ M ! —‘1 ", J.ll ll"—an e —m— 80.000
1 2 3 4 8 9 0 1 12 14 15 16 1718 19 20
[“]Legend January year 1
¢ >
POWER CONSUMED OR SUPPLIED (W) - See Over  Daysdisplay
Simulation first 11 years. 1st batteries replacement: 30 July, year 11. Batteries lifetime: 10.58 years
5500 260,000
250,000 Total Load
5,000 240,000 — Export
= 230,000 — Unmet Load
E 4,500 920,000 = Disch. Batt
= 210 000 = Charge Batt.
S 400 g — AC Gen.
= 200,000 § by
g 3,500 190,000 » — soc
2 180,000 &
4 w
£ 3000 4—\ 170,000 Z
z
£ 250 160,000 2
z 150,000 W
g 2000 140,000 E
@
pt 130,000
w1500 120,000
2 1000 110,000
100,000
500 90.000
/ L\ 80,000
9 12 15 8 21 0

0
0

5 January year 1

/

Finally, we save the project.

40. Add hydrogen components.

Next we will add hydrogen to the DieselPar.hoga project. We open that project and save it as

"DieselParH2.hoga".

Suppose we need to feed a hydrogen vehicle, so that every day at 6 o'clock in the morning we

supply 0.3 kg of H2 in the vehicle (for about 30 km of autonomy). Therefore, we will add a
hydrogen charge in the "LOAD / AC GRID" screen:

Click in the tab "H2 LOAD (kgH2/h)" and write 0.3 in the cell of 6-7 h of JANUARY. Then click on
an adjacent cell (left or right) and appears for every month the consumption of 0.3 kg of H2 from

6to7a.m.
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V' Load and options of Selling / Purchasing Energy from the AC grid - O X

Data source: Hours AC Dc H2 Waler

@ Marthly Average (O Load Frafle (O lmport File (#, kgHa/h, mif) i | MEE- GEE ey D

Minutes- 1 per row Import Efoei

AC LOAD (W) DC LOAD (W) H2 LOAD (kgH2/h) WATER (m3/day) FROM WATER TANK PURCHASE / SELLE

Manth 0-Th 1-zh 2-3h 3-4h 4-5h 5-6h B-7h 7-8h 8-8h 9-10h 10-11h 11-12h 12-13h 13-14n 14-15h  I5-16F ~
JANUARY 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
FEBRUARY 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
MARCH 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
APRIL 1] 0 1] 1] o 1] 0.3 1] 0 1] 1] o 1] 1] 0 0
MAY 1] 0 1] 1] o 1] 0.3 1] 0 1] 1] o 1] 1] 0 0
JUNE 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
JuLy 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
AUGUST 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
SEPTEMBER 1] 0 1] 1] o 1] 0.3 1] 0 1] 1] o 1] 1] 0 0
OCTOBER 1] 0 1] 1] o 1] 0.3 1] 0 1] 1] o 1] 1] 0 0
NOVEMBER 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
» DECEMBER 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
v
£ >
Scale factor for Monday to Friday: Scale factor for the weekend.
AVERAGE LOAD IN JANUARY (included scale factor), TOTAL 52583.43 Whiday
Add load profile e
Veriabilty — = [# ® AC 1020 ¥ 0 DC load @ M H2 (HHY) B Water (E pumped) |
Diaily Yariability % D % D % 12.000
Hourly Variability % EI % El %% 10.000
8.000
Minutes Wariahility %% %% % =

6.000
Correlafion minutes 4,000
AC load power factar (cos fi):
0 6 12 18
Addloadof |0 [WAC v cuing [§|min hour

Fepeat evel 5 g
irum.minEI huurElday mUth 1F Y AC max. hourly active power load in the year (inc. AC pumping): 5832 W: Max. in 1/2 hintervals: 6404.6 W
- days | Average hourly AC power: Active 16966 W, Aparent 16965 VA,

DCmax. hourly power load in the year: 0% DC power hourly average 04

2,000

OK Iz Graphinstepsof | B0~ min.
Awerage hourly value of (Energy_DC_hourly/Energy_Total_hourks): DC Factor = 0%

Average daily load = 52.53 kwh/day

Next click on “Generate” button:

As 0.3 kg of H2 have a higher heating value HHV of 0.3kg-39.4kWh/kg = 11.82 kWh, it is shown
in the graph as a load of 11.82 kW during the hour from 6 to 7 a.m. in red (added to the
previously defined AC load in blue).

By clicking on "Graph in steps of", selecting 1 minute, we obtain something like this (the 1-
minute step H2 consumption has been obtained considering a variability of 90% and a
correlation of 0.9):

LOAD
18.000

17.000
16,000
15,000
14,000
13,000
12,000
11,000
10,000
2 9000
8,000
7,000
6.000
5,000
4,000
3,000
2,000
1,000

3 6 15 18
1 January

W — ACload [¥ — DCload |¥ — H2 (in HHV) [¢ — WATER (in pumpE) |

Days display
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We return to the LOAD / AC GRID screen and in the tab "PURCHASE / SELL E" we check "Sell
surplus H2 in tank (...)" so that if at the end of the year there is in the hydrogen tank more
hydrogen than at the beginning of the year, we will sell the difference, in this case at 5 € / kg.

Sell surplus H2 in tank (difference
between the HZ in the tank at the end
of the year and at the beqginning)

Price (£/kd)  Annual Inflation (%2):

CHE S

We return to the main screen by pressing the OK button.

In the main screen, we check "H2 (F.C. - Elyzer.)" Since we will need at an electrolyzer to
generate H2.

COMPOMENTS
PV panels

[]wind Turhines
[JHydro Turbine
Battery bank
AC Generator

Inverter

&g ug 3o\

H2 [F.C. - Elyzer.)

' H2[F.C.-Elyzer
Then we click on . and the hydrogen components screen appears.

In the tab “Electrolyzers”, we add from the database the electrolyzers Elec2 of 2 kW, and Elec 3
of 3 kW, and delete the “Zero” one.
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V. H2 COMPONENTS - m}
Fuel Cells Electrolyzers H2 Tank

Generation of H2 by electrical energy

Add from Database | ‘E\EDS ~
4| F | B *|=|a|s(x | o
MName Fot, Nam(kiw) Acg. cost(€)  COEM (EAT)  Lifespan i) AW kb B (kvikg/h)  Pot. min. (%) ~
Elecl 1 7a0n eoo 20 40 10 20
Elec2 H 13500 1500 20 40 10 20
» Elec3 3 18000 2000 20 40 10 20

v
Power consumpfion in sland—by: % of nominal power Availability
— Elec1. Consumption{kW) and Efficiency({%HHV)
E 80 _ Stack replacement cost (% of acq. cost) |40
z z
S 0768 60 = Electricity DC
o ; Lifetime and D&M costs data:
% 0.512 0 =
[77] c © 4%,
wears and €yt
g 0.2% 20z
(= & Electrolyzer‘
w Z L OH o £h
0 0.005 0.01 0.015 002 ours and € Hs H.O
H2 OUTPUT MASS FLOW (kg/h) =
Maminal H2 mass flow = 0.02 kgrh; 1tis needed at least 0.2 ki to generate H2 HHY of HZ is 39.4 kiwhfkg
Equivalent CO2 emissions (manufacturing fuel cells and electralyzers): kg CO2 equiv. / kv rated power
Compression electrical consumption (kWh electricity per kg H2): D
FUEL CELL ELECTROLYZER + H2 TAMNK.
Annusal Inflation Rate for Fuel Cells, Electralyzers and |- Max. Variation of Fuel Cells. Electralyzers and H2 Tanks Cost (e.g. for an
Hz Tank Cost % expected 90% reduction on current cost introduce "-90%"): %

Limit is reached in 21.9 years

["]Fuel Cell and Electrolyzer are connecied to AC bus (by means of their inverter and rectifier respectivelly) Inverter and rectifier data

0K

Note that, by default, the electrolyzers power consumption in stand-by (when it is not producing
hydrogen) is 10% of its nominal power, and the stack replacement cost is 40% of acquisition

cost.

In the "H2 tank" tab we leave everything by default except the amount of H2 at the beginning

of the simulation, which we leave in 1 kg.

Fuel Cells Electrolyzers H2 Tank

Acquisition cost: £/kg of max. cap.
Maxirmurm allowed size: kg Minimum level of H2 (26 of max. size): ICI

(Fuel Cell will not run if tank level lower)
Capacity at the beginning of the simulation kg
Lifespan years
0&M Cost €Ar

[1in H2 generating systems, do not consider H2 tank (costs 0, infinite allowed size)
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In the tab "Fuel Cells" we leave everything by default (possibility of no fuel cell, i.e. Zero, or fuel

cell of a

1 kW).

¥V H2 COMPONENTS

Fuel Cells

Electrolyzers

Add from Database

Mame
Zero

- O X
H2 Tank
Generation of Electrical Energy by Hydrogen
M| 4 B Bl *|=|la ¥ x ©
Pot, Nam{kiv) Ach, cost(€) . Q&M (E/h) Lifespan (h) A (kofkivh) B (kafkivh) Praso_ef (32 Pn) - Fef  P.min. (%) A
0 0 0 100000 0.06 0 20 1 10
1 7000 02 15000 0.05 0.004 20 1 10
~

If output power (F) is lower than Prmax_ef (5 Pn): HZ consumption (kg/h) = B-Plkiad) + AP (kW)
If output power (F) is higher than Pmax_ef (% Pr): H2 consumption (kagfh) = B-Pn + AP(1 + Fef(F/Pn - Pmax_st100))

0.08
0.064
0.048
0.032
0.016

H2 CONSUMPTION (kath)

MNaorminal Power =1 K Itis needed atleast 0.004 kgH2/M to generate electical power

FC1. Consumption{kg/h) and Efficiency{%LHV)
\ 40 =
T
3
305
g
20 3
=
10 g H,0
0 Fuel from
0 0.2 04 0.6 0.8 1

OUTPUT POWER (kW)
() Extamal

Electricity DC

Stack replacement cost (% of acq. cost):

Availability

LHW H2 = 33 3kWhikeg

S

Hy

(@ H2 produced by slectrolyzer

We leave this screen with "OK" and in the main screen we click "PRE-SIZING", obtaining:

HOGA

RECOMMENDED MAXIMUM POWER:
PV Generator 23.8 kWp

AC Generator 20.2 kVA

Inveter 6.4 KVA

Electrolyzer 23.8 kW; Fuel Cell 18.7 kW

ELECTRICITY STORAGE FOR 4.5 DAYS AUTON.:
(EMAX.DAY.DC*1.2 = 75.1 kWh/day):

Batteries bank capacity 8801.1 Ah (422.5 kWh)
H2 tank size: 36.0409 kg

x

The recommended AC generator of 20.2 kVA (11 diesel generators in parallel) would be to supply
the maximum total power (the total consumption at 6 a.m.), however it does not make sense

since the consumption of H2 is generated in the electrolyzer during the previous day, so in this

case it does not make sense the 11 generators in parallel that iHOGA recommends. Therefore,

we change this value, and set 1 for the max. number in parallel:

MIM. AND Maes No COMPOMEMTS IM PARSLLEL:

Bateries in parallel: Min. |1 bl . |3
P mod. in parallel: kin. |I:| bl . |E

1 2
A2 Gen. in parallel Min. |1 bl ax, |1|

Save the project and then click on "CALCULATE", obtaining the following results:
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¥ Total Cost (NPC)E) Emizsion (kgCO24T Unmetlkivhiyr)  Unmet(®2) Daut Cnwh)(Foew+Pw)(y Ben(® LOOEE/ANMh) Simulate Report [

1 1678191 2059.28 233 011 INF 8.2 9744 0.41 SIMULATE.. {REPORT .. ¢

2 181054 294112 149 007 INF 82 9477 0.44 SIMULATE.. REPORT... (

3 1919713 4094.72 39.8 013 INF 93 9068 0.47 SIMULATE.. REPORT... (

4 199282.2 2410.39 0 0 INF gz 972 0.47 SIMULATE.. REPORT... (

5 2034021 2407.28 22.8 011 INF 165 9791 05 SIMULATE.. REPORT... (

B 209327.2 3697.87 372 017 INF §.2 9203 0.4% SIMULATE.. REPORT... (

7 2163231 3275.45 13.7 007 INF 165 9526 053 SIMULATE.. REPORT... (

8 2273452 4435.78 35.2 017 INF 19.8 9117 055 SIMULATE.. REPORT... (

9 234940 2787.60 0 0 INF 165 97.49 055 SIMULATE.. REPORT... ( y
< >

COMPONENTS: PY modules aSil2-Schott ASI00x10 (1000%p0): 45.x Bp. (100%: PY#1: slope 352, azimuth 0% // Batteries OPZS-Hawker TZ5-24 (3360 Ah): 24s.x 1p. /1
xAC Gen, Diesel 1.9kA 19 KA Y Fuel Cell FCT of 1 KW Jjf Electroliz. Elec? of 2 kW, H2 tank of 1.14 ke /7 i Inverter Generic: 8000 CH of 8000 %A Rectf. included in
bi-diinverter  Unmet load = 0.1 % / Total Cost (NPC) = 167880.6 £ (0.41 £/k\Wh)

STRATEGY: LOAD FOLLOWING. P. lim. charge: 12769.3 W, AC Gen. first, FC second at discharge at low power. Plgen: INF. P1FC: 5081 'W. FP2: 767 6 'W. Pmin_gen: 570
W Prain_FC: 100W. Poritical_gen: 0W. S0C setpoint_gen: 20 26, 30C min: 20 %o HZTANK stp. 0 kgH2

The optimal solution (first row) includes 24 modules (4s x 6p) of 100 Wp, diesel generator (to
have infinite autonomy, cheaper than having a large bank of batteries), fuel cell of 1 kW,
electrolyzer of 2 kW and H2 tank of 1.14 kg.

Click on “SIMULATE” of the first row:

Simulation of 1 year, all the years the same.

45,0001
170,000
Total Load
40,0009 160,000 AC Load
E 150,000 H2 load (HHV)
£ 35000 — Export
H 140,000 Unmet Load
g =
= 30,0004 130,000 £ = Disch. Batt.
i} — — Charge Batt
g 000 > - AC Gen.
£ 25000 110,000 & PV
= = =« Electrolyzer
& 2000 100,000 W Fuel Cell
o 90,000 & — H2 tank (HHV)
g 150001 80,000 E — soc
& 70,000
£ 10,000 50,000
& 50,000
5,000 1
40,000
0 30,000
3 6 9 12 15 18 21 0
[ Legend 1 January
‘ ,
POWER CONSUMED OR SUPPLIED () SeeOver  Daysdisplay
] Plim Ch Energy price
Batter bank Discharge im Lharge Legend
O N 0 p2 BERYENERGY(Wh)
] soc
O [] E max disch. batt E Hztank(HHvH2) [Jr § (] P1 <0G limi
o imits
B Battery bank Charge |V [ P ciitical Gen. Can. M
| Export Energy ap. Max.
O [ Etosupply FC P critical Fuel Cell .
- setpoint Gen.
[ soc setpoint G
OR Wind Turb. ] D
Water P E bought to AC grid Pmax D S0C setpoint FO
clerume AC Generator EsoldioACgrd  Pmax

[ Pmax. input Inverter [] P max. Gen.

[] He TANK setpoint (HHY HZ)

30C (1) | | T.full charge

COMPONENTS: P¥ generator of 24000 VWp (100% PY#1: slope 352 azimuth 0%). 1 x AC Generator of 19004, Fuel Cell of 1000 W. Electrolyzer of 2000, H2 tank of 1.1 kg. Battery bank of 161280 Wh
Inverter of 5000 WA

STRATEGY: LOAD FOLLOWING. P. lim. charge: 12763.3W. P2: 767 6. Plgen: INFW. PIFC: 5081 W, Pmin_gen: 570W. Pmin_FC: 100 W. AC Gen. first, FC second at discharge at low power.
Peritical_gen: 0%, SOC stp_gen: 20 % S0C min - 20 % HZTANK stp. 0 kg H2

Simulafion step (min): B0~ 3 Back Save Simulation Data Save Prob, Data

Months when it is not supplied the whole load by the standalone system: January February April November December

Days when itis not supplied the whole load by the standalone system: 29/1 30/1 5/2 13/2 3/4 474 9/4 104 1174 5/11 611 1211 13411 18/11 20711 26411 27/11 28/11 2112 312 412512 6112

The black thin line is the energy in the H2 tank (in HHV of hydrogen). In the simulation we can
see the load peak at 6 a.m., with the high H2 load to supply the car, which is taken from the H2
tank (we can see the H2 tank energy is reduced in 11.82 kWh, corresponding to 0.3 kg of H2).
Later, when the electrolyzer generates H2, the H2 tank energy increases as it stores the H2
generated.

We check the “R” checkbox at the right of the E. H2 tank (HHV H2) so that the energy of the H2
tank will be shown in the right axis (together with the battery energy):

133



Simulation of 1 year, all the years the same.

140001 170,000
13,000 160,000 :\nCtTﬂL:dad
12,000 | 150,000 H2 load (HHV)
= 11,000 10000 - — Export
£ 130,000 & Unmet Load
g 1o 120,000 3 - g‘jch BEH':‘
£ 9000 110,000 & age Ba
o = — AC Gen.
& 5,000 100,000 Ay
% 7.000 4 90.000 =+ Electrolyzer
80,000 Fuel Cell
EALE 70000 = — H2 tank (HHVY)
-4 -
g 5.0001 60,000 E soc
& 400 50000 E
3,000 0000 &
2000 30,000
20,000
1.000 10,000
0 0
[ALegend 1 January
< >
POWER CONSUMED OR SUPPLIED (W) SeeOver  Days display
f 7 [1 Plim Charge S Legend
Batter bank Discharge 9 FTTER ENERGY Egen
O Electrolyzer Or2 soc e
d
i [ E.max. disch. batt E H2tank (HHYH2) R[] P1 S0C limit
v imits
B Battery bank Charge [] P critical Gen. Can. M
| Export Energy ap. Max.
[ Etosupply FC P critical Fuel Cell .
- [] sOC setpoint Gen.
O Wind Turb_ OJ 0
=
Water P E houghtto AC grid Pmax D SO0 setpaintFC
el AC Generator Esoldtio ACord | | Pmax
[] Pmax. input Inverter [ H2 TANK setpoint (HHY H2) S0C(0-1) T full charge

[ Pmax. Gen

We can see that when there is excess energy (at 8 a.m and later), first it is used to charge the
batteries (as P.lim.charge is 12769.3 W, therefore during each hour, if the excess energy is lower
than this value, the priority is to charge the batteries), and, if the batteries are being charged at
their maximum current, if there is still excess energy, the electrolyzer runs to produce H2).

We can also see that when the electrolyzer is in stand-by, it consumes 10% of its nominal power,
and it is supplied by the renewable sources or by the batteries, as the rest of the load.

In January 215 we can see that from 6 to 8 a.m. the battery cannot supply the AC load no longer
as it is at the minimum SOC, so it must be supplied by the backup generator or by the fuel cell.
The control strategy P2 is 767.6 W (it is a value calculated by iHOGA, but maybe it is not the
optimal, this control variable could be optimized), that means that if the load that must be met
is lower thant that value, the AC backup generator will run, and if it is higher it will be supplied
by the fuel cell. As the AC load (including the stand-by consumption of the electrolyzer) during
these hours is higher than P2, the fuel cell (nominal output power 1 kW) tries to supply the load
(throught the inverter, considering its losses). However, as the AC load is higher than the load
that can supply the fuel cell, the backup AC diesel generator runs at its minimum output power
to fully supply the load.

Simulation of 1 year, all the years the same.

14,000 170,000
13,000 160,000 /T-\?:'ToL:uad
12,000 150,000 H2 load (HHV)
= 11000 140,000 — Expont
z 130,000 2 Unmet Load
Z 10,000 120,000 % — Disch. Batt
E 9.000 110.000 ﬁ == Charge Batt.
o = = AC Gen
& 8000 100,000 & PV
g 000 E =+ Electrolyzer
: 80000 5 Fuel Cell
o
g 6,000 70000 = - gégxnk (HHV)
& 5,000 50,000 E
S 4,000 50000 E
s 4
3.000 40,000 &
2000 30,000
20,000
1.000 10,000
pE======s==skocooe- — 0
0 3 [ g 12 15 18 21 (]
Legend 21 January
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The meaning of the values of the control strategies are explained in the report. You can close
the simulation window and, in the main screen, first row of the table, click “REPORT”:

CONTROL STRATEGY:

|F THE POWER PRODUCED BY THE RENEWABLE SOURCES IS HIGHER THAN LOAD: CHARGE
If the spare power from renewable is lower than Plim_charge = 12769.3 W the Batteries are charged. Otherwise the
Electrolyzer generates H2

IF THE POWER PRODUCED BY THE RENEWABLE SOURCES |5 LESS THAN LOAD: DISCHARGE

If the power not supplied to meet the load is lower than P1FC = 5081 W, it will be supplied by the Batteries. If the
Batteries cannot supply the whole and the rest is lower than P2 = 767.6 W, the rest will be supplied by the AC
Generator, otherwise the rest will be supplied by the Fuel Cell.

If the power not supplied to meet the load is higher than P1FC = 5081 W, it will be supplied by the Fuel Cell. If the Fuel
Cell cannot supply the whole and the rest is lower than P1gen = INF W, the rest will be supplied by the Batteries,
otherwise the rest will be supplied by the AC Generator.

{In this case P1=P2)

AC Generator Minimum Power : 570 W

When power to be supplied by AC Gen. is < Pcritical_gen = 0 W, AC gen. runs at full power (without excess), charging
the Batt. (this hour and the next hours) until 20 % S0OC is reached and generating H2 in Elyzer until H2 Tank= 0 kg
Fuel Cell Minimum Power - 100 W

When power to be supplied by FC is < Peritical_FC = 0 W, the FC runs at full power (without excess), charging the
Batteries (this hour and the next hours) until 20 % of SOC is reached

LOAD FOLLOWING. SOC min. batteries = 20 %

As it has been said, it is possible that the value of P2 is not optimal. We could optimize it, in the
main screen, CONTROL STRATEGIES tab, click in P2 (we could optimize more control variables,
but in this case we will only optimize P2):

GEMNERAL DATA] OPTIMIZATION CONTROLSTRATEGIES l

CONTROL STRATEGY AND YARIAELES TO OPTIMIZE

Global strategy: Sys!
*+ Load Following r
" Cycle Charging v Continue up to S0C stp

" Try Both r
VYariables to optimi lative to the global strategy:

[~ Pmin_gen [~ Pmin_FC dadibdg t

[ P1_gen [~ P1_FC

[~ SOCstp_gen r [~ S0Cmin

™ Peiitical_gen r [~ Plim_charge

We optimize again (“CALCULATE"” button) and we obtain:

# Total Cost (NPCJ(€) Emission (kgCO24y) Unmet(khir)  Unmet(>s) Doaut CndWh)AP Py Ren(® LOOEEKWh) Simulate Report LY
1 167785.4 2055.38 29.3 014 INF g2 9742 0.41 ISIMULATE.. REPORT... (
2 1807079 2910.07 15 007 INF 8.2 9491 044 SIMULATE.. REPORT... (
3 191503 4050.3 39.9 019 INF 99 909 0.47 SIMULATE.. REPORT... (
4 1986951 236428 0.4 0 INF 8.2 9732 0.46 SIMULATE.. REPORT... (
5 203258.3 2396.15 28.8 014 INF 165 979 05 SIMULATE.. REPORT... (
B 2091458 3860.54 37.2 017 INF 8.z 9z21m 0.49 SIMULATE.. REPORT... (
7 2160545 3251.05 13.8 007 INF 165 95.37 053 SIMULATE.. REPORT... (
g 226915.7 4395.78 35.2 017 INF 198 91.36 055 SIMULATE.. REPORT... (
9 2321165 2613.08 554 0.5 INF 165 97.59 054 SIMULATE.. REPORT... [v
< >

COMPOMENTS: PV modules aSi1 2-5chott AS1100x10 (1000 Wh): 45.x Bp. (100% PY#1: slope 352 azimuth 0%) / Batteries OPZ5-Hawker TZ5-24 (3360 Ah): 245.x 1p. #1
x AC Gen, Diesel 1.9kviA 1.9 KA # Fuel Cell FCT of 1 kW // Electroliz. ElecZ of 2 ki, H2 tank of 1.14 kg i/ / Inwerter Generic: 8000 CH of B000 WA /f Rectif. included in
birdi inverter ff Unmetload = 0.1 % /4 Total Cost (NPC) = 167785.4 € (0.41 £/kiwh)

STRATEGY: LOAD FOLLOWING. P lim. charge: 127693 W.AC Gen first. FC second at discharge atlow power. Plgen: INF. PTFC: 5081 W, P2: 6141, Pmin_gen: 570
W, Proin_FC: 100 W, Peritical_gen: 0%, S0C setpoint_gen: 20 2. 30C min. 20 %2 H2TANK stp. 0 kgH2.

The optimal system is the same, but P2 now is 614.1 W, near the default value used for P2,
therefore the difference is very low. In other cases, the optimization of this control variable
(and/or other control variables) can lead to big reductions in NPC.
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41. Optimization of a temporary PV-diesel-batteries system.

Next we will perform the optimization of a temporary PV-diesel-battery installation. This type of
facility is transported, assembled, operated for a few days or months and then dismantled and
transported back to its storage place. For example, field hospitals for emergencies, etc.

The total weight of the transport (round trip) or the total cost, which includes transport costs,
operation and maintenance costs, as well as the degradation cost of the components, can be
minimized. We will carry out the minimization of transport weight, assuming that it is the most
critical variable since it is an installation that must be transported by helicopter or into

conflicting areas.
We open the "Prl.hoga" project and save it as "Pr1-Temp.hoga".

Eliminate the possibility of wind turbines, since this type of optimization only consider weight
and cost of PV-Diesel-battery systems.

COMPOMENTS
PY¥ panels

[ |'wind Turbines

[JHydro Turbine

Battery bank

£ UL o

AL Generator
Inverter :.:*f

CJH2 (F.C. -Elyzer) -2

Then, in the main screen, tab "OPTIMIZATION", mark "TEMPORARY INTERVAL: LESS THAN ONE
YEAR ..." and leave marked "MINIMIZE TRANSPORT WEIGHT ".

GEMERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIALDATA RESULTS CHART

OPTIMIZATION TYPE:
() TEMPORARY INTERWAL: ALL USEFUL LIFE OF THE 5YSTEM [FIXED INSTALLATIOMNS]

[@ TEMPORARY INTERWAL: LESS THAM OME YEAR [TRANSPORTABLE FACILITIES, OMLY FOR F‘V-DIESEL-BATTEH@]]

[ (®) MIMIMIZE TRANSPORT WE]IGHT (O MINIMIZE COST [TRANSPORT+...)
Interval starts: Month: Day: ' Mumber of days: Distance: km
Diezel density: kag/m3; Min, ta transpart: lires; Transport cost:w £/rondkm

Extra ageing: P4 panels:e; Batteries: %; Generator: EI % Inverter:

We leave the default data (period of 30 days beginning July 1, distance, transport cost, etc.).

In the batteries screen, we will indicate the SOC at the beginning of the simulation (in this case
on July 1 at Oh), we will assume that the batteries are at 50%:
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1l BATTERIES - m} x

il Batteries farily 0PZ5 Hawker - oI I8 G 3 I N R R
Acq. C.D&M 50C  Self Float life _ .
Cnom Vn ot unit min. disch. Imax %Il‘}'g:a_l a i Cycles to Failure vs. Depth of Discharge
Mame [wh [ oo [ e [ o [ Joon] ] e | o [ 1om [ 2o [ s0% | 40% [ s0x [ eox [ 7oz | sox [ sox JfrePe Jweichikg) ~
| | OFZSHawkerTLS3 180 | 2 127 127 20 | 3 | 36 | 8 | 18 12000 ES00 4350 | 3100 2500 2050 1300 1600 1500 Pb 16.4
OFZ5HawkerTLSS 270 | 2 178 178 20 3 | 54 85 | 18 12000 6500 4350 | 3100 2500 2050 1800 | 1600 1500  Pb 22
D  Zzc B P 0 20| 0 | 0 | 100 | 100 100000100000 100000 100000 100000 100000 100000 100000 100000 Pb 01
W
Batteries Mods! Fixed Dperation and Maintenance Cost £ Equivalent CO2 emissions [manufacturing...: (55 | kg CO2 equiv / kwh capacity
®&h [ Li model 4h [ 50C at the bagining of simuiation: [0 | % cf S0Cma |

Return to the main screen and click on "CALCULATE". We obtain the following results, graphically
representing cost (transport + operation + degradation) in red and weight to be transported
(round trip) in green. The solutions are ordered from less to greater weight.

# Cost (£) Emission (kgCO2Ax) Unmet(kihia  Unmet(2) Doaut CniWh)/(Ppv+Pwitd Ren(® LCOEEKWh) Simulate Report [

1 704 7.78 0 0 175 69 100 057 SIMULATE.. REPORT... (

z 74.8 9.03 ] [ 2 100 0.61 SIMULATE.. REPORT... (

3 74 7.78 1] 0 INF 69 100 06 SIMULATE.. REPORT... «

4 74.7 7712 0 0 175 GE 100 061 SIMULATE.. REPORT... (

5 74.3 7.67 0 0 263 103 100 06 SIMULATE.. REPORT... (

B 784 9.03 1] 0 INF 52 100 064 SIMULATE.. REPORT... (

7 78.2 7.78 0 0 INF 69 100 063 SIMULATE.. REPORT... (

g 79 9.16 0 0 263 77100 0.64 SIMULATE.. REPORT... «

9 78.3 772 ] 0 INF 66 100 0.64 SIMULATE.. REPORT... ( -
< >

COMPOMNENTS: PY modules SiP12-TAB:PY-135-mod (135 Wp): 45 3p. (100% PV slope 358 aziruth 0Y) /f Batteries OPZ5-Hawker TLS-3 (180 Ah): 245 < 10 Jf
Inverter STECA: XPC 1600-48 of 1600%A /f P batt. charge cantraller. STECA: TAROM 440 of 40 A/ Unmetload =0 % jf Cost= 70.4 € (0,58 £/kWvh); Weight 1227.2 kg

STRATEGY: LOAD FOLLOWING. S0C min.: 20 .

In the last column of the table we can see the transport weight:

H2 Sell (MPCY(E)  Weight (ka) ~
12272
1363.2
1409.2
14848
1505.6
15452
1616.2
16416
1666.8

oo oo ooooo

Limdome ™1 009 400 ALV Am o1 1 1

If we click on "SIMULATE" in the first row, we see the simulation of the whole year of the optimal
solution, however the optimization is the corresponding to the 30 days beginning July 1. You can
see how on July 1 at Oh the SOC of the batteries goes to 50% (to start the simulation of the
period of interest).
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Simulation of 1 year, all the years the same.

900 9,500
850-| 9,000 Total Load
800 8,500 — Export
= 750 8.000 Unmet Load
£ ol — Disch. Batt
] 7.500 == Charge Batt
£ 6504 7000 £ Py
& 6004 & 500 — s0C
5 5504 5
EJ- 6000 &
E 450 5,500 &
£, 4004 I 5,000 %
= w
< 3504 [ \ 4500 |
% - | [ 4000 &
. | I 3,500
£ 2004 f | ’ }
2 150 " | 3,000
100 2,500
50 2,000
28 29 30 1 2 3 4 5 3 7 1.500
Legemd June-July
< >
POWER CONSUMED OR SUPPLIED (i = SeeOwer  Days display

42. Optimization of a system with AC grid connection in which the AC grid is unavailable at

certain times.

Next we will perform the optimization of a PV-diesel-battery installation with connection to the
AC grid, taking into account that the AC grid can fail during certain hours. Such systems are
common in certain areas in developing countries, where AC power is weak and frequently fails.

Open the project “Prl.hoga” and save it as “Pr1-Grid.hoga”.

Let's assume that we want to cover absolutely the entire demand, that is, we want a maximum
unmet load of 0%, and we define it as energy not served either by the autonomous system
(photovoltaic modules, batteries, generator) or AC grid.

In the main screen, in the "GENERAL DATA" tab, "COMPONENTS", we disable the tab "Wind
Turbines", because we only want to consider PV modules, batteries and AC generator (besides
inverter necessary for batteries to supply AC voltage):

COMPONENTS
PY panels

[:‘ Wind Turbines

!
al
["THydro Turbine #
i
wil

Battery bank
AL Generator
Inverter i‘.—!—f

[IH2 (FC. - Elyzer) fft

In the same tab, under "CONSTRAINTS" change the Maximum Unmet Load Allowed to 0%, and
also change the definition of the unmet load to “E. not supplied by the system nor by the AC
grid”.
COMSTRAIMTS:
M amimum Unmet Load allowed: (0 I % annual
nmet load refers to:
() E. not supplied by the stand-alone system
@ E- nof zupplied By the spstem nor By the L gnd

kore Constraints
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We want the possibility of not existing renewable generation to be taken into account. To do
this, click on the "More Constraints" button, and we eliminate the restriction of the minimum

renewable fraction, leaving it at 0%:

1 CONSTRAINTS — O X

If & combination of compotents and strategy does not meet any of the following restrictions, thiz zolution will be discarded [for that conbination it iz
azgigned infinite cost):

M axirmurm Unmet Load allowed: EI % of annual load
[Max. energy not supplied by the stand-alone system nor by the AC grid)

Minirum nurmber of days of autonomy [batteries+hidrogenl): days
[[«] if there iz AC generator or fuel cell using external fusl or purchasing unmet load from AC grid is allowed, number of days of autonomy = infinitur]

Mominal capacity of batteries bank [&h) < « [shartcut current of P generator + current from wind Turbines gruop at 14m/s] [4)
[[] iF there iz AT generator or fuel cell using external fuel or purchasing unmet load from AL gnid is allowed, do not take into account this constraint])

[ Miriimum rerewiable fraction: |0 ]

b axirmurn Levelized Cozt of Energy: £/kwh

i

Ok

In the "LOAD / AC GRID" screen, "PURCHASE / SELL E" tab, check the box "Purchase from AC
grid Unmet Load (Non Served Energy by Stand-alone system)". In this way we will buy to the
AC grid the necessary energy to supply all the load. Let us suppose that the purchase price of
the electricity purchased from the AC grid is the default value of 0.15 €/kWh (plus 0.1 €/kWh of
default access charge, that is, the total cost of electricity is 0.25 €/kWh). Also suppose that the
maximum power from the grid (contract power) is 3 kW at a cost of 40 €/kW/year. The rest of
the data by default.

In "Priority to supply E not covered by renewables" we will mark "AC grid", indicating that at
each temporary step, when renewable sources (photovoltaic in this case) cannot cover all the
demand, then the energy not served will be tried to be covered as a priority through the AC
network; if the AC network fails the batteries or the AC generator (depending on the control
strategy) will try to cover the unmet load. This is what commercial drivers usually do.

W Load and options of Selling / Purchasing Energy from the AC grid - ] x
Diata source: - F ~ 3 "
& Monthly Average ¢ Load Profile © Impart File M, kgH2/h, m3/h) ? 1 - Export

AC LOAD (W) ] DC LOAD (W) I H2 LOAD (kgH2/h) ] WATER (m3/day) FROM WATER TANK PURCHASE/ SELLE l

[ AC GRID AVAILABILITY

Pulcha:e fmm AE gnd Unmet Lnad [Mon Served ] [~ Sell Excess Energy to AC grid

Fiued Sell Price [E/kwh)  [012
[ Fied Buy Frics [k |05 ) (el FilEe (2
[~ Prosell=pr buyx |1

ity 10 SUpRly E NOT COvered Oy (enewanies.
" Storage/Generatar (+ ACGncE

Annual Inflation (%) Emizgion (kgCO 2/kw h):

o o Y Bl R e
V e P (K] [IW W, Powerki] ’3_ W =Pmax buy end of the year and at the beginning)
3 Dplluns Enerqy Generation Charge [Transfer Charge] Price [/
Access Charge Prics [£/KWh] | v Fixed Transfer price [£/<wh)] |0.0005 o ?
[ Fived Access price [£/Kvwh) - | Sel-consumption and Met betterin D ata b compare with electical supply
Back-up Charge Price [£/kMWh |N0 Met Metering ﬂ only from AC conventional grid
W' Fived Back-up price [£/kwh) Cost of riet metering servcs [£/4wh) ’D— Total cost installation of AC grid: | 3000 €
[The cost of the back-up toll vill be added to the E purchased) Buy-back: Excess E is paid at [E/KWh] ’D— 0&M annual cost of gid: |00 £

Total tax for electricity costs [buy + charges) [%]: [0 Total tax for electricity sold (2] (0

Suppose that the AC grid usually fails every day, from 19 to 21 h. To indicate this data, click the

AC GRID AVAILABILITY

button , the following window appears, in which we maintain the default

option “Horuly, all days the same” and we will disable the boxes "19-20 h" and "20-21 h".
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We will also check the box "If priority is AC grid and the max. power of renewable source ...",
indicating that the controller, when the AC grid becomes available, will charge the batteries (only
in cases where the maximum power of the renewable sources is less than 20% of the maximum
consumption power). This is interesting for systems with little renewable power, since if this box
were not checked, batteries could not be correctly charged with renewable sources.

AC GRID HOURLY AVAILABILITY
AL Grid Availability Data
&+ Houry, all daps the same

" From file (3760 hourly values. Each rawe 1-> availsbe; 0-» naot available]

" Random generation of non-availability:

W 0-1h M 1-2h W 2-3h W 3-dh W 4-5h M 5-6h M 6-7h W 7-0h

b G-9h W 9-10h [ 10-11h [ 11-12h W 12-13h W 13-14h | 14-16h ¥ 16-16h
¥ 16-17h  17-18h Wwaweh M 21-22h W 22-23h [ 23-24h
[ [ iif priarity is AC grid and the max. power of the 1ei ‘20 # of the mawimurm load ]
when the AC gird i awailable, fully charge the batteries
= Draw oK

We click "OK" to accept the changes and leave that window.
Then click "OK" on the “LOAD / AC GRID” screen to return to the main screen.
In the main screen, click the "INVERTERS" button.

With the inverter "ZERQ" selected in the drop down above, click on "Add from database":

¥ INVERTERS AND BI-DI CONVERTERS

| #dld from Database | [zeRo v

In this way we have added an inverter of 0 VA and cost 0O, in case it is not considered a PV
generator nor batteries it will be the best option.

And finally we uncheck the box "Select the minimum inverter required to supply the maximum
AC load", this way it will be considered the two inverters that we have selected in the table and
not only the minimum that covers the demand.
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Al INVERTERS AND BI-DI CONVERTERS - O x

Add from D atabase |ZEF|D ~ (@) without Rectifier [charger)
() Rectifier w/o P batt. controller L] ‘ - | »> | (2] | +* | = | - ‘ | | o |
Include only WO suitable from farnily: |5TEEA ~ | + | () Rectifier + MPPT PV batt. controller
GENERAL DATA EFFICIENCY [%] vs. OUTPUT POWER (%] ->
| Mame | Pawer [VA] | Lifespan Lw]l Acg cost [E] |Batt. Charger |Imax_c:h.DC[A]lEf_charger[%]|VDCmin[V]|VDCmaHN]|PVbatt. contmllalleax_ranM] | ‘ 0% |!f -
STECA: XPC 160042 1600 10 1440 ok 20 a8 48 48 NO 1E16 0
» 0 100 o NOD 0 100 108 2000 NO 1E15 100
v
£ >

I bi-di inverters include battery charge requlator, all of them must be of the same family [same contral data)

Catrol Data [ImMPPT ZERO

M. output power in sumultaions of

30 minutes: % higher than nominall

15 minuteg: | 30

[ Select the minimum inverter required
ta supply the maximum AL load

higher than nominal

Select inverter

10 minutes: |30 higher than nominal

<=0 minutes: % higher than nominall

EFFICIEMCY (%)
=
=

LR B I L B S S B B I R L L LA AR B
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
OUTPUT POWER (% OF RATED)

We click "OK" to return to the main screen of the program.

In the main screen, tab " OPTIMIZATION", click on "Parameters" button and in the screen that
appears change in EVALUATE ALL COMBINATIONS, display best: 100. In this way we will see
the 100 best results ordered when the optimization is done.

1 PARAMETERS OF THE OPTIMIZATION

MAIN ALGORITHM (OPTIMIZATION OF COMPONENTS)
OPTIMIZATION METHOD:

(O GEMETIC ALGORITHMS (®) EVALUATE ALL COMB

15 1a

90 1 Futation Uniform

1 5

[ EVALUATE ALL COMBINATIONS: ]

Display best: |100]

We accept and return to the main screen.
Save the project. In the main screen, click on "CALCULATE".

After a few seconds, the results are as follows:
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Mono-objective optimization. Total No. of cases evaluated: 540. Time: 32"

24,576 m 1,280
23,552 e
@ 1024 5
5 22528 e
g 896 w
= 2
= 21504 768 @
3 £
2 20480 B40 W
= fy O
19,456 512 &
384
18,432
256

8 16 24 32 40 48 56 64 72 80 88 96
Solution # (sorted from best to worst)

[ 5how diagram

# Total Cost (NPC)E) Ermission (kgCTO20) UnmetikWhiyr)  Unmet(2) Doaut Crlwh)/(Ppu+Pu) v Ben(® LOOEEkWh) Simulate Report A

1 17996.2 259.24 0 0 INF 88 B762 061 SIMULATE.. REPORT.. C

2 18073.8 264.9 0 0 INF 10.3 BE.02 0.61 SIMULATE.. REPORT... C

3 16282.8 259.24 0 0 INF 8.8 67.62 0.62 SIMULATE.. REPORT... C

4 18360.4 264.9 0 0 INF 10.3 B6.02 0.62 SIMULATE.. REPORT... C

5 18403.4 294,65 0 0 INF 133 B164 063 SIMULATE.. REPORT... C

b 18435.9 261.1 0 0 INF 66 6942 0.63 SIMULATE.. REPORT... C

7 18665 262.78 0 0 INF B4 69.28 0.63 SIMULATE.. REPORT... C

3 187224 2611 0 0 INF BB B9.42 0.64 SIMULATE.. REPORT.. C

3 18898.6 288.35 0 0 INF 133 B1E2 0.64 SIMULATE.. REPORT... C v
< >

COMPONENTS: PV modules aSil2-Schott: ASIT00 (100 Wp): 45.x 3p. (100% PV#1: slope 358 azimuth 04) ¢/ Batteries OPZ5-Hawker TLS-3 (180 Ah): 245 x 1p. 4 Inverter
STECA: XPC1600-48 of 1600%A Jf PV batt charge controller. STECA TAROM 440 of 40 A Unmetload = 0 % /f Total Cost(NFC) = 17996.2 £ (0.61 £/k\Wh)

STRATEGY: LOAD FOLLCOWYING. 30C min.: 20 %,

We can see that the optimum system includes photovoltaic generator and batteries. This is due
to the fact that the price of the electric energy of the AC network is quite high (0.25 €/kWh,
considering the cost of energy and the access charge); if that price was sufficiently low the
optimum system might not include photovoltaic generator.

In the simulation of the optimum system (uncheck Pmax) we can see how the batteries supply
the energy in the hours in which the network is not available. In this case the maximum
photovoltaic power is greater than 20% of the maximum demand power, so the option of
charging the batteries with the grid is not applied.

Simulation of 1 year, all the years the same.

200 9,500
ol - o 9.000 Total Load
8,500 — Export
£ 6004 8.000 Unmet Load
g 0] — Disch. Bait
= 7,500 == Charge Batt
g
£ 7.000 PV
i 500 = Buy E from grid
g 5 — soc
= 6,000 &
H 5500 =
A 5000 &
= w
= 4500 |
g 4000 &
& 3,500
=
2 3,000
2,500
2,000
4 1,500
Legend
‘ >
POWER CONSUMED OR SUPPLIED (/) Energy prica []seeOver  Daysdisplay
Batter bank Discharge Plim Charge Legend
0 0 O — B BATTERY ENERGY (Wh)
ectrol yzer
50C
O [] E max disch. batt E.Hetank(HHvHZ) R [ P1 SOC limit
o imits
Battery bank Charge P critical Gen.
Export Energy Cap. Max.
O Eta supply FC P critical Fugl Cell [ 500 setpoint G
setpoin en
Wind Turb. P

R
S O E haught to AC cfid [] Prmax 50C setpoint FC
ater Pum|
o AC Generator E sold to AC grid Prnax He TANK setpoint (HHY HZ E—
D Praax. input Inverar ] Pmax. Gen setpoint (| ) S0C (0-1) ull charge
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We can observe that the first solution that appears without photovoltaic generator is the
number 28, with a configuration only with AC grid and batteries (plus inverter).

cicauy P u PR ERTERTES [ER T T T S RV B

28 21460.4 656.67 0 0 INF 0 0 0.73 BIMULATE.. | REPORT... ( g

If we simulate this solution, we observe the following: the AC grid supplies all the electricity
except the two hours a day in which the grid is not available, being supplied the electricity
through the batteries; in the next hour the batteries are charged by the AC grid.

Simulation of 1 year, all the years the same.

1,300 9.500
1.200 l 9,000 Total Load
“ 8.500 — Export
= 1,100 4,000 Unmet Load
== Discl at

= 1000 Disch. Batt
z ‘ | 7.500 == Charge Batt
Z 90 ‘ 7000 E Buy E from grid
& | 6500 - s0C
= 800 ‘ 500 2
= | [Bom 2
= | 5500 =
g
S 600 | 5,000 &
= s 4500 £
E 100 4000 &
) 3,500
° 3.000
v 2,500

100 2,000

0 nr 27 ' 37 1500
[ALegend
< >

POWER CONSUMED OR SUPPLIED (W) [Jseecver  Daysdisplay

————

43. Multi-period optimization.

Open “Prl” project and save it as “Pr1-Multiperiod”. In the upper menu, Project->Options.

Select “Mutiperiod: simulate all the years of the system lifetime...”

MAIN OPTIONS:

Simulation and optimization:

" Simulation of the 1styear and extrapolate results

[ @ Multiperiod: simulate all the vears of the systern lifetime (|25 years) Options ]

Econamic optimization:

& hinimize Met Present Cost (NFC), usually for off-grid systems and high load on-grid

€ Maximize Net Present Value (NFY), usually for low load or no-oad on-grid systems | & piae NEY

" hdin. LCOE

Mumnber of decimal places in results of costs |1 -

Mumber of decimal places in results of energy |1 =

oK

Then click in Options button.
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MULTIPERIOD SIMULATION AND OPTIMIZATION QPTIONS: DObtain random values for | FURCHASE E. priceine. _»| Average (%):|3 Std. dev. (%): |1

Obtain random walues for Irradiation variation over ave v | Average (%) |0 Std. dev (%) |2

Annual increase in prices and load (%) / Variation over average in resources (%) / O&M PV - WT (%)

Show in the simulation during one year:

* Aerage year

Vear  |PurchE |Se||E |SEHH2 |mc AC |\ﬂc oc |\nc He ‘Inc\f\/’ |Irra[:| |Wmd |OMP |OMW| ~
 “earnumber: |1 1
2
Annual increase in electticity and H2 price: W Fixed 3
(it fixed, same values as price inflations of LOAD/AC GRID) 1
AL grid Electricity: Purchase: |3 % Sell: |3 g4 5
HE2 sold: |3 “%
B
. . . 7
Annualincrease in load consurnption: W Fixed
AC: |1 % Dc: |1 % g
9
Hz: 1 % “w'ater: |1 % 0 ) , | ) — ) 5 .
Forvariahle unselect "Fixed Forvariahle unselect "Fixed Uncheck "Mo ch.” Uncheck "Fized
1
Annual decrease in generation
12
P Tstyear: |3 %; otheryears: |1
13
Wind Turbines: |1 % v
Hydro Turbines: |0 % 15
16
Battery end of life when capacity reduction of |20 3% 17
18
Annual variation over average in resources: ¥ Mo change
19
v

Annual Q&M for PY and Wind T.. W Fixed

oK

By default, an annual increase of 3% in electricity and H2 price is considered (although in this
case it will not be considered as there is no buy or sell of energy).

Also, an annual increase in the load consumption of 1% is considered (each year the load is 1%
higher than the previous year).

Itis also considered by default that the PV modules generation is decreased 3% after 1 year, and
the rest of the years it is reduced 1%, wind turbines generation is reduced 1% per year, and
battery bank capacity reduction is 20% at the end of its lifetime.

We can define annual values for these data, different for each year, unchecking the
corresponding “Fixed” checkbox. Then in the table at the right appears the columns where you
can change the values.

Also, you can define annual variation in resources, if you uncheck “No change”, and annual O&M
for PV or for wind turbines if you uncheck the checkbox “Fixed” at the bottom.

For example, let’s suppose that the 3™ year the AC load will be increased in 5% (the rest of the
years 1%): uncheck the corresponding “Fixed” checkbox and change in the table.
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MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS: Obtain random values for | PURCHASE E. priceine.  «| Average (%)|3  Std. dev (%) |1

Obtain random walues for Irradiation wariation over ave v | Average (%):|0 Std. dev. (%) |2

Annual increase in prices and load (%) / Variation over average in resources (%) / O&M PV - WT (%):

“ear PurchE. |SeIIE. |SeHH2 |\nc AC |\mc oC |\nC.H2 ‘Inc.\f\f’. |Irrad. |Wmd |OM P.|OM.W| "

" Yearnumber. |1 1 0 1] 1] 1]

Show in the simulation during one year:

&+ Agrage year

2 1 1
Annual increase in electricity and H2 price: v Fixed 3 1 1
(it fixed, same values as price inflations of LOADYAC GRID) 4 i i ] 1
AL grid Electicity: Purchase: |3 % Sell: |3 k) 3 1 1 1 1
H2 sold: |3 % 5 1 1 1 1
. . 7 1 1 1 1
Annual increase in load consumptidn: ™ Ficed
8 1 1 1 1

acl % o i 4
3
He [I % water [l % o ] ] ]

Forvariahle unselect "Fixed" ! Uncheck "Mo ch.” Uncheck "Fised

Annual decrease in generation

12 1 1 1 1
Py Tstyear: |3 %; other years: |1

13 1 1 1 1

Wind Turbines: ’T_ % 14 ] ] ] 1
Hydro Turbines: ’D_ % 15 1 1 1 1
18 1 1 1 1

Battery end of life when capacity reduction of ’Zﬂ_ﬁ 17 1 1 1 1
8 1 1 1 1

Annual variation over average in resources: ¥ Mo change

Annual 08K for PY and Wind T.. W Fixed

Also, let’s suppose that we want the annual irradiation to change over the average with an
standard deviation of 3%: uncheck “No change” and click in the button “Obtain random values
for” Irradiation variation over average, Std. dev. 3%:

Annual wariation ower average in resuurces:!l— Mo change I

Annual O& M for P4 and Wind T.. W Fixed

Obtain random values for | |PURCHASE E. priceine. v | Average (%)|3  Std. dev. (%): |1

Obtain randarn values for | | Inadiation variation over ave » | Average (%):0 Std. dev (%) [3 |

We obtain the following (the column Irrad. is the % over the annual average irradiation for each
year, and it has been obtained randomly following a std. dev. of 3%, each case can be different):

MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS: Obteinrandem vauasioe | [FURGHABE E paoaine. %] average (%) [5 | St dev. 4 [T
Show in the simeleation duing oneyene Obsain bt for lrackatian mva | Average (%) |0 Std, dev. (%) |3
@ Avage yoar Annual inerease in prices and load (%) / Variation over average in -y PV - WT (%)
= Yen PurchE  SelE SellHZ  neAC  weDC hek2 koWl med f§owind  OMP Omw 7
C'viear numibar 1
1 0 0 o 0 799 0
2 1 1 1 1 017 fo
Aneysl rgace s olpcticity and M2 price; [ o
(i o2, sama vBlugs 83 price infations of LOADYAC GRID) 3 s 1 L 1 il i
AC gid Elecicey Furchasal? | % Selt |1 ks 1 7 1 1 ) 75 0
Hi soid: |3 % 8 1 1 1 1 i e
6 1 1 1 1 3 ]
Annual incresse inad consumatian; [ Foed 7 1 1 1 1 5 ]
AL % oc % u 7 1 1 1 (E A ]
H2: 3 Waler % ] 1 1 1 1 15 ']
10 1 1 1 1 0se o
Far vanoble unslect "Froed® Unchech Fued
Apsrigl dacroase in ganeration; n 1 1 1 1 15 L]
PV 1syenn |1 % otherysars: |0 1 12 1 1 1 1 0z Qo
Wind Tubmas: |1 |5 . 1 1 1 1 w58 o
14 1 1 1 1 0% ]
Hydro Turbines: |2 %
15 1 1 1 1 0.79 °
16 1 1 1 1 zz Jo
Betury ensd of Mo when capaciyeducticnol 120
1 1 1 1 1 uos o
Aneianl vonabion cuer gvemos = resourcas: || Mo change
8 1 1 1 1 L¥ o
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Note that the values obtained randomly of your project will be different from the ones of the
figure, due to the randomness.

We leave the rest of the default values. Click OK, then OK.

Now, in the main screen, click in the first row of the results table. The optimal solution is
simulated considering the multi-period, and all the columns are updated to the results of the
multiperiod, with the average values of the 25 years of its lifetime.

A window appears showing that the unmet load is 6.8234%, higher than the maximum allowed
of 0,3%, therefore the NPC is assigned the value INF (shown in the graph with 0 as NPC).

HOGA >

Constraints that are not met:
- Unmet load (6.8234 %) = Max. Unmet load allowed (0.3%)

If there is AC grid available, consider to allow the option of
PURCHASING electricity to the AC grid.

NPC set to INFINITE (shown as 0 in the graph)

Gen Total Cost (NPC){(E)
B

Emission (kgCO2fr) Unmet(kvvhdyr)  Unmet(32) Duaut Cniwhy/(Ppw+Pwd(y Ben( LOOEE/kWh) Simulate Report A
516.18 119.9 682 INF 6B 8473 INF SIMULATE.. REPORT... (

Considering the increase of 1% annual in load (5% the third year) and the reduction in PV and in
the battery capacity, and also the variation of irradiation during the years, the average annual
unmet load during the 25 years is 6.8234%.

Except for the data of the NPC, all the data of the table are referred to the average values of the
years of the system lifetime, that is, annual average values.

If we see the simulation, we see the average year:

Sim. multiperiod, shown average year. PV: 86%:;C bat: 81.5%;WT: 88%;SOC 1st day: 20.9%;Water tank 1st day: 40m3.

800
750 7.500 Total Load
7.000 — Export

g " Unmet Load
£ 50| 6,500 — Disch Batt
=
= 600 == Charge Batt
Z 0] B0 = |—ACGen
g oo 5500 S PV
5 500 5 - S0C
E 4504 5.000 &
£ 4004 1500 &
e >
g 350 4000 &
= 3004
g 350 3.500 E
E 200 3,000
S 150 2,500

100 [ j 2,000

504 A O T Ye—— T A PN——F L

Y / ) . yA Y 1500
11 21 31
Legend
¢ ;

We can see a lot of unmet load (in orange).

In the other tabs:
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Hourty simulation  Hourly values separaiely  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Waterload /PHS  MULTIFERIOD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)

Total Load PV Generator Wind Turbines
06 08
06
04 04 0
02 0.2
0
0 2,000 4,000 6,000 8,000 0 2,000 4.000 6.000 8.000 (1] 2,000 4.000 6,000 8,000
Hydro Turbine / TEG AC Generator Export
23 0.002
0 0.2
0.1 0.001
0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2.000 4,000 6,000 8.000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank // accum. Sold
0 0 0
0 2.000 4,000 6,000 8,000 0 2.000 4,000 6,000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
06 06
4
04 04
02 02 2
0 0 0
0 2.000 4.000 6.000 8.000 0 2.000 4.000 6,000 8.000 0 2.000 4,000 6,000 8.000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
03
z 0 0
0.1
0
0 2,000 4,000, £-000 Lod g 2000 4,000 6,000 8,000 (1] 2.000 4.000 6,000 8,000

Simulation step (min). B0~ Simulaltion multiperiod year. Average Back Seve data: h | Save Simulation Data Save Prob. Data

Hourly simulation  Hourly values separataly  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydragen  AC Generator Water load /PHS  MULTIPERIOD

MONTHLY ENERGY (kWh)
Total Load PV generator Wind Turbines
150 — — = =
150
i 100 ot 1 1
50 50
0 0
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Hydro Turbine / TEG AC Generator Export energy
15 0.08
0.06
0 e 0.04
5 0.02
0 (1]
2 4 6 8 10 12 2 4 6 (] 10 12 2 4 6 8 10 12
Fuel Cell Electroyzer Energy (HHV of H2) in H2 tank, end of the manth
0 A r——r————=——=r a
2 4 6 8 10 12 2 4 6 8 10 12 0
Battery bank Charge Battery bank Discharge Energy in battery bank at the end of the month
3
50 M
50 40 2
20 1
0 0 0
2 4 6 ] 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Unmet load (by the standalone system) Energy purchased from the AC grid Energy sold to the AC grid
15 1
10
Hl:l H U T T 1T 111
; I:l
0 EEN Amm
2 4 6 4 4 4 6 8 10 12 2 4 6 8 10 12

Simulation step (min): B0~ imulaltion muliperiod year. Average Back Save data h | Sawve Simulation Data. Sawve Prob. Data

We can change the year shown:

Year 1: low unmet load
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Sim. multiperiod, shown year 1. PV: 100%:;C bat: 100%;WT: 100%;SOC 1st day: 100%;Water tank 1st day: 40m3.

9,500
850
800 z:gg ;ma\ r\;néld
— Expo
= 750 5.000 — Unmet Load
g 700 — Disch_ Batt
£ 650 7.500 ~— Charge Batt
g
2 6 7.000 & — AC Gen
o
& 550 6,500 =3 PV
= : s = S0C
£ 500 6.000 =
= 450 5500 =
&
= ‘;gg 5000 %
w
g 4500 £
g w 4,000 &
= 250 .
£ 200 3,500
S 15 3,000
100 2,500
50 2.000
0 1,500
[“lLegend
< >
POWER CONSUMED OR SUPPLIED (W) See Ower  Days display
- Energy price
Batter bank Discharge (Pl Eierer AT TERY ENERGL Nbﬁ)'!e"d
0 0 ] E. ta supply by batt Electrolyzer (2
0 [ E mex disch. bat E.H2tankiHHVH2) (IR [ P1 S0C limit
v imits
Battery bank Charge Fusl Cell [] P critical Gen.
Export Energy Cap. Max.
O Elta supply FC P critical Fuel Cell ,
Unmet Load - [[] s0OC setpaint Gen
R Wind Turb. E. max. FC 0
b E bought o ACgrid [ | Prax S0C setpoint FC
SIS AC Generator EsoldtoACgrid | Pmax
[ Pmex. input Inverter [] P max Gen H2 TANK setpoint (HHY H2) SOC(-1) | T fullcharge
Simulation step (min), 60 Simulaltion multiperiod year. 1 > Back Save data h | Save Simulation Data Sawe Prob. Data

Houtly simulation

Hourty values separately  Monthly and Annual Average Power

banthly Energy  Annual Energy  Hydrogen

AC Generator Waterload /PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (k\Wh)

Total Load PV Generator Wind Turbines
08
0.4 0.6
0.4 0
02 02
0
0 2,000 4,000 6,000 8,000 2.000 4.000 6.000 8,000 0 2,000 4.000 6.000 8,000
Hydro Turbine / TEG AC Generator Export
0.2 0.4
0 0.1 0.2
0 0
0 2,000 4.000 6.000 8,000 2,000 4,000 6.000 6,000 2,000 4,000 6,000 8,000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank /f accum. Sold
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
06 04
0.4 5
02 0.2
0 0 0
0 2,000 4.000 6,000 8,000 2.000 4,000 6.000 8,000 0 2,000 4,000 6,000 8,000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
01
0 0
05
0
=+ 0 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Simulation step (min): 60 Simulaltion multiperiod year: |1 =7 Back Save data h | Save Simulation Data Save Prab. Data

Year 25: high unmet load
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Sim. multiperiod, shown year 25. PV: 74%;C bat: 83.1%;WT: 76%;SOC 1st day: 24.5%:;Water tank 1st day: 40m3.

7504
700 7,500 Total Load
— Export
4 7.000
650 — Unmet Load
L 6004 6,500 = Disch. Batt
i 5504 ~ Charge Batt
Lo 6,000 = — AC Gen
i 5500 = Ry
L 450 o = 80C
H 5000 &
400 i
H i
i o350 4500 2
B &
;I 4000
L 2501 3500 &
7 2004
H 3,000
> 1504
004 2,500
504 2,000
JLegend
< >
>OWER CONSUMED OR SUPPLIED () See Over  Doys display
Energy price
7l Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (vvh)
O O [ E. to supphy by batt Electrolyzer s00
E.max disch. batt. E. H2 tank (HHw H2 R [P
OJ o ‘ ) O S0C limits
Battery bank Charge Fuel Cell [] P critical Gen.
7] Export Energy Cap. Max.
O E.to supply FC P critical Fuel Call )
7] Unmet Load ) [] sOC setpoint Gen.
DR Wind Turb. E.max FC D .
E biought to AC grid Priax SOC setpoint FC
Water Pump
AC Generator E soldto AC grid Pmax
"] Pmax. input Inverter [ Pmax. Gen H2z TANK setpaint (HHW H2) 50C(0-1) T.full charge:

nulation step (min): B0 v Simulaltion multiperiod vear: | 25 v Back Save data h | Save Simulation Data. Save Prob, Data

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Manthly Energy  Annual Energy  Hydrogen  AC Generator ‘Waterload / PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)

Total Load PV Generator Wind Turbines
0.6 06
04 04 0
02 0.2
0
0 2,000 4,000 6,000 &.000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Hydro Turbine / TEG AC Generator Export
04
0 02
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8.000
Fuel Cell Electrolyzer Energy (HHY of H2) in H2 tank // accum. Sold
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
0.4 bE :
04 3
2
02
02 1
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000

Simulation step (min): B0~ Simulaltion multiperiod year. | 25 ~ Back Save data; h | Save Simulation Data Save Prob. Data

We can optimize considering the multiperiod. If we pass the mouse over the main screen, min.
and max. number of components in parallel, we see the execution time. Evaluating all the
combinations would need, in this computer, 16 minutes.
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NUMBER OF CASES AND TIME EXPECTED

Computation speed: 1 567 cases/second

EVAL AL  POP (%ALY GEN ALG (%ALY
MAIN ALG. (COMB. COMPONENTS): 1620 102 (6.3%) 1487 (91.79%)
(1x1620)
SEC. ALG. (COME. STRATEGIES): 1 3 (300%) 41 (4700%)
MAINALG.  SEC ALG  NUMBER OF CASES %  TIME EXPECTED
OFTION1: EVALALL EVALALL 1620 100%  Ohig' 12"
OPTIONZ: EVALALL GEN.ALG 66420 a00% 1103
OFTION3. GEM ALG. EVALALL 1487 918%  Oh14'52"
OPTION4: GEM.ALG. GEN. ALG 60967 37634% 10h8'

(Optimization of the combination of components by means of Genetic Algorithms
Itie not guaranteed to obiain the optimal combination of components, but this is probable to ohtain the optimal ar
& solution near the optimal

We change the maximum execution time to 5 minutes, therefore it will use genetic algorithms.

OFTIMIZATION PARAMETERS SELECTED BY:

@HOGA (O USER

Maximum execution time:

D h. Emin. Farameters

Minimurm time for the Genetic Algorithms

In the main screen, CALCULATE. Each combination will be simulated during the 25 years of the
lifetime, considering the increase in load and the decrease in generation. After several minutes,
the best solution found is the one of the last generation (already obtained in the 6" generation).
It is possible that it is not the optimal solution, as genetic algorithms do not evaluate all the
combinations, but it is likely that it is the optimal, or at least a solution very near to the optimal
one.

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 496. Time: 4' 52"

28,672 180
21648 176 =
W =
5 26,624 72 %
p 5
= 25,600 168 E
S E
O 24576 164 10
3 5
23,552 160 ©

22,528 156

1 2 3 4 5 6 T 8 9 10 1" 12 13 14 15
GENERATIONS

[ Show diagram

Gen Total Cost (NPCY(€) Emizssion (kgCO2h UnmetkWhie)  Unmet(3) Daaut CrdWh)f(Pryv+Pu) vt Ren(® LCOEEMKWH) Simulate Report A
7 218485 153.98 38 02z INF 31 9911 064 SIMULATE.. REPORT... (
g 218485 153.98 3.8 02z INF 31 991 064 SIMULATE.. REPORT... (
9 218485 153.98 38 022 INF 31 991 064 SIMULATE.. REPORT... (
10 218485 153.98 38 0.2z INF 31 9911 054 SIMULATE.. REPORT... C
11 218485 153.98 38 02z INF 31 9911 064 SIMULATE.. REPORT... (
12 218485 153.98 3.8 02z INF 31 991 064 SIMULATE.. REPORT... (
13 218485 153.98 38 022 INF 31 991 064 SIMULATE.. REPORT... (
14 218485 153.98 38 0.2z INF 31 9911 054 SIMULATE.. REPORT... C
18 218485 153.98 38 02z INF 31 9911 054 SIMULATE.. REPORT... ( -
< >

COMPONENTS: PV modules SiP12-TAB:PY-135-mod (135Wp): 4s.x 4p. (100% PY#1: slope 35¢ azimuth 0%/ Batteries OPZ5-Hawker TLS-3 (180 AR): 245 x 1p. 1 x AC
Gen. Digsel 1.9k%A 1.9 VA K 2 Wind Turb, DC SouthwestAIR X (547 W at 14 m/s) 4 Inverter STECA: ¥PC 1600-48 of 1600 %A ) Rectf. included in bi-di invertar /f PV
batt. charge controller. STECA: TARCOM 440 of 40 A/ Unmetload = 0.2 % /f Total Cost (NPC) = 218485 £ (0.64 £/\Wh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. PFmin_gen: 570%. Poritical_gen: 0%, 30C setpoint_gen: 20 %, S0C min.: 20 %.
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The cost of the optimal system is higher than in Prl project without multiperiod. The results with
multiperiod are more realistic, including increase in load and variation in resources. It includes
wind turbines, maybe if the maximum PV modules in parallel allowed was higher (5 or 6) there
would not include wind turbine in the optimal solution.

Except for the data of the NPC, all the data of the table are referred to the average values of the
years of the system lifetime, that is, annual average values.

In the simulation of the optimal solution (last row of the table, SIMULATE):

We can see the simulation of the different years, for example the last year (year 25):

Haurly simulation  Hourly values separately  Manthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Waterload /PHS  MULTIPERIOD

Sim. multiperiod, shown year 25. PV: 74%;C bat: 96.4%;WT: 96%:;S0C 1st day: 20.4%;Water tank 1st day: 40m3.

950
900 9,000
850 8,500 'éma\ Load
— Export
= 800 8,000 Unmet Load
Z 750 7.500 = Disch. Batt
E 700 7000 == Charge Batt
b 630 =y = Wind T.
& 600 6500 £ | = AC Gen.
g = o soc
= igg 5,500 E
S 5,000 5
&
g asm @
g 300 4,000 g
E 250 3,500
5 ?22 3,000
100 2,500
50 2,000
0 1,500
3 6 9 12 15 18 21 0
[ Legend 1 January
< >
POWER CONSUMED OR SUPPLIED (W) — SeeOver  Days display
Batter bank Discharge Plim Charge B Legend
O 0 0 Electralyzer P2 BATTERY ENERGY (Wh)
50C
i [] E. max digch. batt E. H2 tank (HHY H2) g [P S0C limit
o imits
Battery bank Charge [1 P critical Gen.
Export Energy Cap. Max.
O Eta supply FC P critical Fuel Cell .
) setpoint Gen.
] S0C setpoint G
D & ‘Wind Turb. |:|
e E boughtto AC grid Pmax S0C zetpoint FC
ater Purn|
i P AC Generator E sold to AC grid Pmex
[] Pmax input Inverter H2 TANK setpoint (HH H2) S0C {0-1) T full charge

[ Pmax. Gen.

Simulation stap (min): (B0~ Simulaltion multiperiod year: |25 ~ Save data h | Save Simulation Date. Save Prob. Data

COMPOMNENTS: Pv generator of 2160 %p (1005 Pv#1: slope 35¢ azimuth 0%). Wind turbinee DC of 1094 W, 1 x AC Generator of 1900 A, Battery bank of 8640 Wh. Inverter of 1600 WA,

STRATEGY: LOAD FOLLOWING. P1gen: INF Y. Pmin_gen: 570 W. Pcritical_gen: 0 W. SOC stp_gen: 20 %. SOC min.: 20 %%

Months when it is not supplied the whole load by the standalone system: January February March April June July October November December

Days when it is not supplied the whole load by the standalone system: 1/1 2{1 3/1 7/1 8/1 371 101 111 12{1 13{1 15/1 16/1 17/1 1971 221 2371 24{1 25{1 26{1 27{1 2941 30{1 3111 142 2/2
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Hourly simulation  Haourly values separately  honthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Waterload /PHS  MULTIPERIOD

HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)

Total Load PV Generator Wind Turbines
08
0.6 06 0.6
04 0.4 0.4
0.2 0.2 0.2
0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6.000 8.000 0 2.000 4,000 6,000 8.000
Hydro Turbine / TEG AC Generator Export
0.4 |
0 05 1
0.2
0 7 L1l
0 2.000 4,000 6,000 8.000 0 2,000 4,000 6.000 8.000 0 2.000 4,000 6,000 8,000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank // accum. Sold
0 0 0
0 2,000 4,000 6.000 8.000 0 2,000 4.000 6,000 8.000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
06
0.5 04 5
02
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Unmet load (by the standalene system) Purchased from AC grid Sold to AC grid
0.3
02 0 0
01
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000

Simulation step (min); B0~ Simulalion multiperiod yvear: |25 ~ Back Save data; h | Save Simulation Data Sawe Prab. Data

In the last tab (MULTIPERIOD) the annual values during the system lifetime (from year 1 to 25)

are show:
Hourly simulation  Hourly values separately  Manthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generstor Water load / PHS [MULTIPERIOD
MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (kWh)
Total Load PV Generator Wind Turbines
2,000 = =
1,500 2000 400
1,000
0 -‘H i HHHH”H{ “
0 0 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Hydro Turbine / TEG AC Generator Export
e 1,000
0 40
20 500
0 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Fuel Cell Electrolyzer
0 0]— [ Save Multiperiod data ]
5 10 15 20 25 5 10 15 20 25
Battery bank Charge Battery bank Discharge Hydrogen tank cap. or H2 sold (kg)
1,000 300
600
500 400 L
200
0 0
5 10 15 20 25 3 10 13 20 25 5 10 15 20 25
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
20
0 0 =r
10
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25

Simulation step (min). B0 Simulalion multiperiod year. | 25 x Back Save data h | Save Simulation Data Save Prob. Data

We can see the increase in load during the years, the variation in the PV generation (considering
the variation of irradiation and the reduction in the output power of the PV generator), the
reduction of the wind turbines generation from year 1 to year 10 (the lifetime of the Air X wind
turbines considered is 10 years) and its replacement in the year 11, the increase in the AC
generator electricity production (first years no generation, from year 15 the generation is
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increasing to compensate the increase in load and the reduction in renewable sources), the
reduction in the export energy (excess energy that cannot be used in the system and that could
be sold to the AC grid if it was available, not in this case), the increase in the battery use (charge
and discharge) and the increase of unmet load from year 16 to 25 (the average unmet load
during the system lifetime is 0.22%).

In the middle right of this tab the button “Save Multiperiod data” can be used to save in Excel
format the annual data of the input variables and of the reults. Once saved, you can open the
Excel file, where the economic data are cash flow of each year (not present value), that is, money
that the owner of the system will have to spend or will receive that year.

The final column (total emissions) include emissions of the backup generator (diesel or any other
fuel), the emissions due to the energy bought to the AC grid, etc.; 1st year includes life cycle
emissions (manufacturing, recycling, etc.) of the different components.

A_| B c 1} E P G H 1 } [4 L ] N o [ a R
ct: Prl-Multioeriod. boga, Generation # 15

FESULTS DURING THE YEARS OF THE SYSTEM LIFETIME, MULTIPERIGD SIMULATION,

5 Costs and incomes are cash fow of each year (not present value

7 Year Cum. inf. Purch. E{%} Cumn. Inf, Sell E[%) H2 load{¥)

8 1 103 103 100 198
4 : 10609 10609 101 0.17
10 3 109.27 102,01 0.56
n 125 103.03 75
12 1593 104.06 197
13 5 115.41 105.1 3
" 7 12299 106.15 7.3%
15 ] 12668 107,31 178
16 ] 13048 108,19 18
i 10 134.39 109.37 058
18 1n 13842 110,46 193
1 12 142.58 11,57 0.6
20 13 146.85 112.68 -2.5%
21 1 151.26 113.81 05
15 1568 11485 .79
23 18 16047 1161 241
24 17 165,28 117.16 0.06
2 13 170,24 118.43 535
10 175.35 110.61 [EF
l n 1RD.61 120,51 051
28 il 186.03 12202 2.3
2 23 18141 12134 184
multip

In the bottom of the simulation screen we see the months and days when there is unmet load.
In the case of the multiobjective simulation, it refers to the last year.

Months when itis not supplied the whole load by the standalone system: January February March April June July October November December

Days when itis not supplied the whole load by the standalone system: 171 2/1 341 7/1 8/1 9/1 10/1 1141 1241 131 1571 16/1 1241 19/1 221 2371 241 25/1 26/1 2711 29,1 3041 311 172 272 ¥

44. High power project, maximization of NPV.

Now we will create a high power project where there will be a generator and we want to
maximize the net present value (NPV).

As now we will create a high power project, we must close the software and open it again.
Project->New.

Choose HIGHER POWER PROJECT: load in KW....
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iHOGA type of project

(O LOW POWER PROJECT: load in W. energy in kWh. currency in its m.u. {.hoga project)

® HIGH POWER PROJECT: load in KW. energy in Mwh. currency in k m.u. {_kho project) ]

QK Cancel

In the “creating new project” dialog, give the name Highl, and the extension is .kho so the
project will be Highl.kho.

[High |

IHOGA kW project (" kho) |

The file High1.kho will be created in the folder selected, and a folder with the same name (High1)
will also be created. If, later, you want to move your project to another folder or share it with
another person, you must move / share the .kho file and also the folder with the same name (in
this case, you must move / share High1.kho file and High1 folder).

By default, a grid-connected PV-battery system is preset, without any load (zero load

consumption).

PV

bd g

P

!

Hi

4

AC

AC
Inverter/iCharger Load/
{Bi-directional id
inverter) Dc gn
Battery

154



W Project: D:\High1.kha — O %
Project Data Calculate Data Base FReport Help

« LOAD /A GRID GENERAL DATA | OPTIMIZATION | CONTROL STRATEGIES | FINANCIAL DATA | RESULTS CHART
RESOURCES COMPONENTS MIN. AND M&3 Mo COMPONENTS IN PARALLEL OPTIMIZATION PARAMETERS SELECTED BY:
 SOLAR -
P¥ Gen. Bateriez in parallel: Min. [1 Mar. |1 & HOGA " USER
P gen. in parallel. Min. |0 Max. |5 Maximum execution ime:

™ Wind Turbines
’1_ ,1— 0 h. |15 min. Paramneters

COMPONENTS [ Hydio T.

~ P GEN.

’1— ’1— [ Minimum time for the Genetic Algorithms

<l

Battery bank

Simulation:
[~ Backup Gen. Step [min.), Simulation starts,
é B0 - hour ’D_ day ’1_ month ’1_
i W Inverter/cha Constraint under MNPy meaximization:
«+f INWERTER/CHAR [ H2[F.C. - Elyzer.] ke investment cost [TE10 kE [ Compare with \Worst Month Mel:ud [FY-bat.)
‘Whater Pump in Load#AC arid
DCVoltage (48 vV [~ 50Cd
ACYoltage 400 W
PRE-SIZING
Energy storage: ’4_ days auton,
[~ Max bat parallel > Cnmin.
[ Max PV gen. parallel -> P min. Is @
AC
r AC
r Inverter/Charger Load/
(Bi-directional grid
inverter) DeC

Sensitivity Analysis

Frobakility Anabysis E

4% CALCULATE
% Battery

[

If we click the upper menu Project->Options, we see the type of project is to maximize net
present value (no load, generator connected to the grid). We can choose between maximizing
NPV or minimizing LCOE, we leave the default one (Max. NPV).

MAIN OPTIONS:

Sirulation and optirmization:

@ Simulation of the Tstyear and extrapolate results

" Multiperiod: simulate all the vears of the system lifetime (|25 years)

Economic optimization:

" Minimize Net Present Cost (NPC), usually for offgrid systems and high load on-grid

[ & haximize Net Present Walue (NPY), usually for low load or nodoad on-grid systems | & pax NPV

T Min LCUE

MNumber of decimal places inresults of costs |3 -
MNumber of decimal places in results of energy |3 =

OK

In the main screen, we can see the database (menu Database):
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1\ Databases of components - ] X

Wind turbines | Batteries | AC Generators | Inverter/Chargers | Hydro turbines | Electrolyzers | Fuel cells | |
1 B G 0 B N R S S
Name [P rom{kiwin]  [Cost (k€] [C.0&M (efnl  [Life (years)  [NOCT (2C) |Power T cosf. (%/2C) [Emissions (kaCO2/kWe) | ~
[ [zeo 0 0 0 100 43 04 800
| |Pa 1 1 1 ES 43 04 800
| |Fv10 10 10 1 e 43 04 800
(¥|Pvi00 100 100 1 = 43 04 800

Multiply costs of PY by ‘ 1

Clone selected component Add components from the project ‘ P4 table -

o

In high power projects, power is in kW and costs in k€. Some data are missing as they are not
used in high power projects. Instead of PV modules, we use PV generators. O&M of PV
generators, wind turbines, batteries, hydro turbines are in % of the cost. The battery charge
controllers are missing, as they are included in the inverter-chargers.

By default, everything is AC coupled.
We will use the default irradiation data.

We can see the load is 0 (LOAD / AC GRID button):

A Load and options of Selling / Purchasing Energy from the AC grid - [m] X
Data source: Hours AC ocC H2 “Water
Minutes- each hourin 1 row
(O Monthly Average @) Load Profle () Import File (ki tH2/h, dam3/h) U inutes. 1 per row! Impart Export
AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) WATER (dam3/day) FROM WATER TANK PURCHASE / SELL E
honth 0-1h 1-2h 2-3h 3-4h 4-5h &-6h B-?h 7-8h 8-8h 3-10h 10-11h 11-12h 12-13h 13-14h 14-16h  [5-16t A
» JANUARY 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
FEBRUARY 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
MARCH 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
APRIL 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
MAY 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
JUNE 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
JuLy 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
AUGUST 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
SEPTEMBER 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
OCTOBER 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
NOVEMBER 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
DECEMBER 0 o 0 0 0 o o 0 0 0 o 0 0 0 o 0
v
< >
Scale factor for Monday to Friday: ||| Scale factor for the weekend
Load profile: | Zero =
AVERAGE LOAD IN JANUARY (included scale factor), TOTAL 0 kWh/day
Add load profile
Variabilty |[# W ACl0ad ¥ 0 DC load # W H2 (HHV) B Water E pumped) |
Daily Variability
Hourly Variability
Minutes Varishility % % % =)
-
Generate ACload power factor (cos I\):
0 6 12 18
Addlosdot [0 [KWAC | during [5 hour
Repeat evel i : 5 i
'rDm:mmElhDurElday moth | AC max. hourly active power load in the year (inc. AC pumping): 0 kivé: Max. in 1/2 hintervals: 0 kiv
days | average hourly AC power: Active [l KW: Aparent 0 kA
= Grophinspoal |80 < nin DC max houtly powsr load inthe yaar: 0 Kw: DC pawer houtly ausrags 0 ki
Average hourly value of (Energy_DC_hourly/Energy_Total_hourly): DC Factor = 0%
Average daily load = 0 MWh/day
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And, in the PURCHASE / SELL E tab, we see the electricity is bought at 0.15 €/kWh (but it is not
used, as there is no load and it is not allowed to purchase from AC grid) and sold at 0.12 €/kWh,
and the limit power from / to the grid is 100 kW. We don’t change any data.

1 Load and options of Selling / Purchasing Energy from the AC grid

Drata source r r r

ol r
" Monthly Average @ Load Profile ¢ Impart File (4, tH2/h, dam3/h) ? 1 = Export

AC LOAD (kW) ] DC LOAD (kW) ] H2 LOAD (tH2/h) ] WATER (dam3/day) FROM WATER TANK PURCHASE/ SELLE l

[ Purchase from AC grid Unmet Load [Mon Served [ Sell Excess Energy to AC grid EEEEDET LT |
Energy by Stand-alone spstem)

 Foes B Frce £ o @ Fived Sel Frics (8/kwhi ’W Priarity to supply E not covered by renewables:

& Storage/Generator © AC Grid
X [~ Prsell=prbux |1
Annual Inflatian () Emizgion (kgCO2/kwh):

ion (212 [ Sell surplus H2 in tank [difference
3 i} naliiion 22 between the HZ in the tank at the
W Fised Frnan (W] Fised CostP (£/w/y) Ma. Ponerki] [100 [ =Pmax buy end of the yeat and at the beginning)

100 Options 0 Q Energy Generation Charge [Transfer Charge] Price [E/4Wh
. . 10 3
Access Charge Price [EAMWhH W Fized Transfer price [E/\/h) |0.0005

[V Fived Access price [E/4wh] |0 | Self-consumption and Net Mettering:
Back-up Charqe Price [£AMh |NU net mettering j
IV Fixed Back-up price [E/kwh) |0 Cost of net metering service [E/%/h] [0

[The cost of the back-up toll will be added ta the E purchased) Buy-back: Export E is paid st £Awh) |0

Total tax for electricity costs [buy + charges] (%) |0 Total tax for electricity sold (%] |0

We can see the default PV generator is of 10 kW:

V[ PV GENERATORS

- O X
Ao
M| A B |(Bl|®|=|a|+ x o
Add PV Gen family
PHOTOVOLTAIC GENERATOR DATA:
MNarme Power(kiWip)  Costike) CO&MaAn)  Lifefyears) NOCT(EC)  Power T coef(%/2C) BIFACIALITY(0-1) CPY  Emissions(kgCO2/kip)
» PVI0 10 10 1 25 43 -04 0 NO 800
< >
Fixed Operation and
Effici due to degradation of th dules, | , dirt Is. etc. |0
iciency due to degradation of the modules, losses in wires, dirtin panels, etc W
Standard conditions

T

[¥] Consider effect of Temperature
Data of ambient temperature (*C)
@ Monthly average [“]Erbs model J FMEIAMJ A ONEI D Wind for CPY

(O From file (8760 hourly values) Impart = Graph

P generatar is connected to AC bus (ithas its own inverter) —> PV inverter data

Annual Inflation Rate far P

Ma Variation of P\ gen. Cast(2.g., for an expected 705
Generator Cost

reduction an current P gen. cost, introduce "-70%:"): %

Liritis reached in 596 vears

0K

The PV generator is connected to the AC grid, and it has its own inverter, which cost is included
in the cost of the PV generator. If we click in “PV inverter data” button:
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The cost of the P¥ inverter must be included in the cost of the
PY generator or modules

Rated power of the inverter = 1 % Peak power of the PV generatar
Inverter efficiency (%) output power (% of rated]:

0% 2% 3% 4% 5% 0% 20% 30%
IU |3D 50 I?U |85 93 92 IBD
40% 50% B0 0% a0 50% 100%

FE F F F & B

Eaof e
% 60
S 40
]

£ 20
£5

UMM L UL L S R
0 10 20 30 40 S50 &0 7O 20 S0 10
Output power (%)

o | i

We accept and return to the main screen of the software. By default, there can be from 0 to 8
PV generators in parallel:

N, AND WA Mo COMPONENTS IN PaRALLEL:—
B ateries in parallel: kin. |1 b am. |1
P gen. in parallel; Min. ID [LERS IB
Wind T. in parallel: Min, |1 b |1
AL Gen. in parallel: kin. |1 GETS I‘l

The default battery bank is of 48 kWh, li-ion:

¥ BATTERIES b a x
Ackd Basory 2o
p— - r o e = a e
BATTERIES DATA: Float e at o0 | ¢ Cyeles to Falure vs. Depth of Discharge (%)
Hame Crom (kAR) Vo(V) Cosiff) COWMA  SOCman() Sel_diimon) imanfd) EM() Floathr) 10%  20% 3% a0 60% 60 7% B0%  90% 100% TV
» Batiswh 1 a8 5 1 ] 1 [ LR 15 [EOOON) 0000 000 15000 12000 0000 8571 TSOD ET KOO0 U
< >
Benuries Model Frn Opanton and Mamannnes Cost |0 L% Equnslont COZ g ) [55 |hgoo2
A [=] Lt enedal An 500 o1 g brgining of gimulation: | 100 | 50 of SOCmax
(I EBa Marwet-Mciowan 1993
(OiCepes 1994 BastakWh of 1 kAR _
() St 2007 57,344 ;5.
w4835 e
g g
[[eme.afi8_Jefis e [afis_|Mm Jufr Meeca | g as il |
lnty ufzz |alzz Jslzz |cle [Nim lohm e wa
| [ xmepe Seneter model, consser S - il 0 S
Tmenn>aThost e Ry |\ Hour T ot63m =
: G 5
Flost by raduces 50% for mvery |10 | o mncrease | | T Graph ) ) g
[=] Cycle Me depends on T Dot [ (-
0 % 0 M 40 %0 & W W 8w
[ copacty degends an T Deta DEPTH OF INISCHARGE (%)
Lead-acid Aging beltery model  LiHon Aging battery model Murribar of kil equsalant eychs (e s SOCun) 6900
{Wang et ., 2011 (LiFeFO4)
) Grot et aL, 2015 (UFeFOH)
b gl i Ansusl Infaton Fiate expected for e Variabo: for
A} smaia ol i, 2015 LI000Z) Boneres Cost z__I® FBducion on cemart Bamanies cost sbodcs “§0%7) 0 f

() Ful equrvalent cyces

<

@ Feainfiow cycle counting] Fursmaters
() Naumann [LFePod cyescal) Limit s reached in 45.4 years

Ramaining capaoty o battery end of e (%) : (B0

[C1# there ts an AC Cen., every |14 |daysor |8 | equislent full cycles

charge battery bank at kst vp 1o %% |w

We want the possibility of not having battery in the system, changing its minimum to 0 in the
main screen:
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MIN. AND Mée. No COMPOMEMNTS M FARALLEL:

Bateries in parallel: M. |0 M an. |1
P gen. in parallel kin. |IJ b . |B
i i
i i

And the default inverter-chargers are of 5, 10 and 20 kW:

V| INVERTER/CHARGERS - O X
Add from Database |Zem ~
S RN =la|¥ x|«
Include onky YDC suitable from family: | v ‘
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) ->
Mame Power(kva) Lifespan (1) Cost (<€) Imax_ch_DC(kA] Ef_charger(%) Vdcminly) Vdocmax(V) Pmax_ren(kW) 0% 2% 3% 4% 5%  10%  20%
Im-ChBkAy 5 15 15 0125 95 45 48 1E15 10 30 50 70 85 93 9z
Inw-Ch1 Ol 10 15 2 0.25 95 45 48 1E15 10 30 50 70 85 93 9z
4 Inw-Ch20k 20 15 4 05 95 45 48 1E15 10 30 50 70 85 93 9z
v
< >
Inv-Ch5kW Max. output power in sumultaions of
a8 30 minutes "/ah\gherthﬂn nominal
80 15 minutes: %hlgherthan norminal
_ 72 10 minutes: % higher than nominal
£ 64
g <=5 minutes: "/ah\gherthﬂn norminal
2 56
i
o 48
i ItP. max renewable DC > P.max. ren
w40
i}
32 O Limit P. from renew. DC ta F max. ren.
24
16 ©D\scﬁrd that combination
0 10 20 30 40 50 60 70 80 90 100
OUTPUT POWER (% OF RATED)

We add the inverter Zero to consider the possibility of not having inverter-charger:

V[ INVERTER/CHARGERS - O X
| Add from Database | |Zeru 9
M| 4| B[R =|allr x|&
‘ Include anly YO C suitahle from family: ‘ | V‘
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) ->
MName Power(kvA)  Lifespan (yr)  Cost (k€) Imax_ch_DC(kA) Ef_charger(s) Vdocmin(y) Vdomax(W)  Pmax_ren(kiv) 0% 2% 3% 4% 5% 0% 20% A
In-ChBkiY 5 15 15 012s 98 43 43 TE1: 100 30 8D 70 88 93 a9z
Imy-Ch1 0k 10 15 z 0.25 98 43 43 TE1: 100 30 8D 70 88 93 a9z
Ine-Ch20kidy 20 15 4 0.5 a8 48 48 1E18 100 30 50 70 85 a3 92
» Zero 0 100 a a 100 48 48 1E15 100 100 100 100 100 100 100
~
< >

Also, by default, in the main screen, CONTROL STRATEGIES tab, we can see the grid-connected
batteries never charge from the grid (price E < 0 €/kWh) and they discharge, injecting electricity
to the grid, when the electricity price (of the energy sold to the AC grid, because “(Sell price)” is
checked) is higher than 0.11 €/kWh, that is, always (sell electricity price was defined as a fixed
value of 0.12 €/kWh). Therefore, the batteries will be charged with the power from the PV that
cannot be injected to the grid, if it is higher than 100 kW (the maximum power allowed to inject
to the grid), and the batteries will inject their energy to the grid at the following time step.
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W Project: D:APROYECTOS IHOGA 3.3\High1.kho - ] X
Project Data Data Base Report Visual Help License Updates

+f LOAD / ACGRID GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART
RESOURCES CONTROL STRATEGY AND VARIABLES TO OFTIMIZE
¥ SOLAR Global strategy: System with batteries and grid connected
WIND (® Load Following Batteries are charged by the AC grid #/ discharged if (also for Elyzer-> H2)
(O Cycle Charging [~ Continue upto S0C stp PiceEc= 1 Jemwn #PiceE>= (011 Jeawh [(10% [iSel prics
HYDRO
Try Both T Optmze sraegy ofgno-conneted halenes
COMPONENTS ki
- P\ GEM. Variables to optimize relative to the global strategy:
WIND TURE Prin_gen Prmin_FC H2TAMNKstp
Fl_gen F1_FC F2 . ;
- - Batteries can inject electricity to the AC grid
HYDRO TURS S0Cst_gen S0Cst FC 50Cmin = ' i 9
. ‘ . . I [11 day atlow SOC -> charge battery v
< l i i
J ENTERES — f— meharss [[J'hen batteries are off. compensate autodisch Beteries availabiliy
o INVERTER/CHAR Fixvariables Wariahles accuracy: =100%
BACKUP GEM.

In the main screen we can see the only constraint to be considered in the type of projects of
maximizing NPV: the maximum investment cost, in this case 1E10 k€, that is this constraint by
default is not considered:

Constraint under MPY maximization:

b investment cost 1E10 ki

If we optimize we obtain:

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANGIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 72. Time: 3"

88

86 =
g 84 E—
z 82 o
=
Z; 80 IE
- 3

78 O

76

74

1 2 3 4 5 6 7 8 9 10
GENERATIONS
[ 5how diagram
# Total NPV (kE) Ernizsion (COZA%  Unmet(hir)  IRR(32) Irvestment(kE)  Cap (%) LCOEEMKMH) Simulate Report Coste A
1 89.027 2.56 0 14.4 100 1513 0.0738 SIMULATE.. REPORT... COS1
2 86.571 256 0 141 101.875 1613 0.0754 SIMULATE.. REPORT... COS1
3 85.753 2.56 0 14.01 1025 1513 0.076 SIMULATE.. REPORT... COS1
4 82.479 2.56 0 1363 105 1613 0.0781 SIMULATE.. REPORT... COS1
1 77.899 2.24 0 14.4 87.5 1813 0.0735 SIMULATE.. REPORT... COS1
[ 76.855 274 0 13 109.375 1513 0.0819 SIMULATE.. REPORT... COS1
7 75.443 2.24 0 14.06 89.375 1513 0.0757 SIMULATE.. REPORT... COS1
i 74.625 2.24 0 13.95 g0 1813 0.0763 SIMULATE.. REPORT... COS1
9 74.464 274 0 1274 111.25 1614 0.0835 SIMULATE.. REPORT.. COS1 o
< >

COMPONENTS: P gen: PY10 (10 kiplx 8 (100% PY#1: slope 602 azimuth 09/ Unmetload = 0 % /f Tatal MNet Present Value (NPY) = 89.027 k£, IRR = 14.4%.

STRATEGY: There is no load consumption -» no control strategy related to the load consumption supply. Control wariables for grid-connected batteries: charge (only
from renewable, nat fram grid) if price of E. {sell) is lower than 0 £/kivh; disch. (load + injecting to the grid) if price E. (sell) higher than 0.11 £/kih

The optimal result is a generator of 80 kWp, without batteries and without inverter-charger,
with NPV 89.027 k€, investment of 100 k€ and internal rate of return (IRR) 14.4%.
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The simulation of the optimal result:

Simulation of 1 year, all the years the same.

1004
Total Load
= 90 — Export
£
z Unmet Load
= sl PV
z Sell E to grid
E
e 70
=
£ 60
L
=
o~
< 404
z
= 34
o
£
3 204
a
104
0
mn 21 n
[“Legend
‘ ;
POWER CONSUMED OR SUPPLIED (ki) Encrgy price []ses Over  Daysdisplay
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (kWh)
O O Electrolyzer s0c
0 E. max disch. hatt E. H2 tank (HHY H2) =3 P1 .
S0C limits
Battery bank Ch P critical Gen.
Export Encrgy attery bank Charge critical Gen Cap. Max.
Eto supply FC P aifical Fuel Cell
. setpoint Gen.
Wind Turb S0C setpoint G
ind Turb.
R
e 1 E boughtto ACgric [ | Prax 50C setpaint FC
i
S AC Generator E sold o AC grid [&] Prax
D Praax. input Imserter [ Pmax. Gen H2 TAMK setpaint (HHY H2) S0C (0-1) T.full charge

45. High power project, maximization of NPV, multiperiod.

Save the project and save as with the name “High1l-multi”.

Project-> Options, change to Multiperiod optimization:

Simulation and aptimizatian:

" Simulation of the 1stwear and extrapolate results

+ hultiperiod: simulate all the years ofthe system lifetime (|25 wears)  Options

Click Options and:

- Uncheck “Fixed” of the Annual increase in electricity and H2 price.

- Select “SELL E. price inc.”, average 3% and std. dev. 1% in the upper right box, and click
in its button “Obtain random values for”, obtaining a variable inflation for each year for
the electricity sell price, with average 3% and std. dev. 1%.

- Uncheck “No change” of the Annual variation over average in resources.

- Select “Irradiation variation over average”, average 0% and std. dev. 2% in the second
upper right box, and click in its button “Obtain random values for”, obtaining a variable
variation for each year for the irradiation, with average 0% and std. dev. 2%.
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-

S
MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS: [ bt rendom valuesior | |SELLE prics ino v Average ¢y st dev. oy 1

Shaw in the simulation during one year. Olhtain randam values for Trediaion vanalon over ave . AVETage (%) [0 Td- 0ev. (%) L_:l
(@ Aerage year Annual increase in prices and lead (%) / Variation over average in resources (%) / O&M PV - WT (%):
) g N
- “ear PurchE SellE SellH2 Inc. AC Inc. DC IheH2 I WY Irad Wind  OMP. OMMW. ()
(O vearnumber. 1
1 3 258 3 11 1]
. 2 3 2.06 3 023 1]
Annual increase in electricity and He price [JFixed
(ffixed, same values as price inflations of LOAD/AC GRID) 3 3 282 3 0.9 0
AC grid Electricity. Purchase: 3 % Sell 4 3 3.96 3 -1.21 1]
H2 sold: 3 % 5 3 345 3 0E6 1}
[ 3 387 3 -0.51 o
Annualincrease inload consumption:  [] Fixed 7 3 218 3 072 o

] 3 318 3 219 o
o D P \Water ] 3 2.87 3 133 |0
10 3 123 3 4.01 o
Forvariable unselect "Fixed" Uncheck "Fixed
Annual decrease in generation i 3 252 3 0.09 o

Pvitstyear [1 | %  oheryears: 1 2 3 301 3 081 0
wind Tuisines: |1 |2 13 3 276 3 0 1

14 3 272 3 -152 ]
Hydiro Turbines: El%

15 3 252 3 285 ]

16 3 35 3 -17 ]
Battery end of life when caparity reduction of _|?1 e

17 3 398 3 184 ]
Annual variation over average in resources: | [ Mo change

18 3 27 3 -0.01 ]
Annual O&M for PY and Wind T, [~ Fixed

19 3 347 3 128 ]

| —/ hd
0K

Note that the values obtained randomly of your project will be different from the ones of the
figure, due to the randomness.

Then click in the first row of the results (the optimal solution), with multiperiod we can see it
changes to a much lower NPV (in your project it will be different as random values will be
different).

# Total NPV (kE) Ermission fCOZ4 UnmetiMwhher  IRR(%) Investment(kE)  Cap F(%)  LCOEEMKNWH) Simulate Report Costs ~
1 63.795 . 258 0 12.88 100 13.08 0.0853 SIMULATE.. REPORT... COS1

Therefore, we can see multiperiod affects much in this case.

We optimize again, considering mutiperiod:
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Mono-objective optimization. Total No. of cases evaluated: 72. Time: 51"

64

62 \\

60 g
:\lﬁ =
= 58 2
= =
= 56 5
= 5
= 54 s

o
52
50
1 2 3 4 5 6 7 8 9 10
GENERATIONS
[ Show diagram
# Total NPY (k£) Ermission (1002041 UnmethWhin  IRR(3) Investment(kE]  Cap F(3)  LOOEE/kWH) Simulate Report Coste A

1 63.795 2.56 0 12.86 100 13.09 0.0853 SIMULATE.. REPORT... COS1
z 61.339 2.56 0 1256 101.875 13.09 0.0572 SIMULATE.. REPORT... COS1
3 60.521 2.56 0 12.46 1025 13.09 0.0878 SIMULATE.. REPORT... COS1
4 57.247 2.56 0 12.09 105 13.09 0.0903 SIMULATE.. REPORT... COS1
1 55.82 2.24 0 12.86 875 13.09 0.0853 SIMULATE.. REPORT... COS1
[ 53.365 224 0 1252 89.375 13.09 0.0575 SIMULATE.. REPORT... COS1
7 52 546 2.24 0 12.41 90 13.09 0.0852 SIMULATE.. REPORT... COS1
8 51.623 2.67 0 11.45 109.375 13.09 0.0347 SIMULATE.. REPORT... COS1
L] 49.272 2.24 0 11.98 92.5 13.09 0.0317 SIMULATE.. REPORT... COS1 -

<

>

COMPONENTS: PV gen: P10 (10 kKivp)x 8 (100% PV slope B2, azimuth 02 % Unmet load = 0 % 4 Total Net Present Value (NPY) = 63795 k€, IRR=12.9%

STRATEGY: There is no load consumption -> no contral strategy related to the load consumption supply. Control variables for grid-connected batteries: charge (only
frorn renewahle, notirom grid) if price of E. (sell) is lower than 0 £/kMWh; disch. (load + injecting ta the grid) if price E. (sell) higher than 0.11 £Wh

The optimal system is the same as without multiperiod, but with much lower NPC.

46. Variant: change PV slope and maximum power to be injected to the AC grid.

Save the project and save as with the name “High1l-multi-2”.

Now we can reconsider several aspects:

1)

Is the PV slope optimal for grid-connected systems, that is, optimal for maximizing the
energy injected to the AC grid?

Go to the irradiation screen and optimize the slope:

i

f Latitude (*] [+M, -5):  |41.66 Get data from local DB | #1: PV panels slope (%) |60 ; P panels Azimuth (2|0
Longitude [%) (+E, ) : |-0.86 | &0 ]

PV gen. #1:]100 % Ground Reflectance: |0.2

Download hourly data

Lacate an map for NASA | Desille AR eHtE | [~ Optimize P¥#1 panels slope during the optimization of the systerr

After some seconds, we obtain the following screen, where it is shown that for this
location the optimal slope for grid-connected systems is 349,

On some occasions, the progress bar stops and it seems that the program does not
respond, be patient and wait until the screen shown below appears. If the following
screen does not appear, but the main screen of the program appears, click on the
iHOGA icon in the Windows taskbar (lower part of the computer screen) and the
screen shown below will appear
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V[ Optimal slope for PV panels - O X

Average daily irradiation for each month and for the whole year. Slope: 0, 15, 30, 45, 60, 75, 30* and optimal

Azimuth (0% is optirnal far northem |atitudes

Riadl. 02 (kiWhfday)  Rad. 15¢ (kWh/dey) Rad. 308 (kih/dey) Rad. 452 (Whiday) Rad. 602 (kWhjday) Rad. 75¢ (h/day) Rad. 30¢ (kivhidey) Slope Opt [ Rad. Slope Opt. (KWh/ds;

Januany ‘1.92 253 n 332 345 3.38 312 62 3.45
February 2487 379 44 476 485 466 419 57 4.86
bdarch 422 4.94 5.38 551 5.34 487 412 44 5.52
April 5.2 B57 5.66 £.45 4.95 421 329 27 5.66
bay 6.03 B12 5.93 5.46 472 3.81 278 12 6.13
June 669 .66 6.3 BE7 478 37 256 6 6.72
July 6.7 B.74 6.45 5.85 494 3.88 2,68 9 6.77
August 579 6.08 6.07 573 5.09 421 316 22 611
September 4.43 5.03 531 53 5 4.44 364 37 5.34
October 303 363 404 424 4.1 394 348 50 425
November 205 262 3.08 334 343 333 308 B0 343
December 16 21 25 2.76 268 283 263 63 2.88
WHOLE YEAR 423 465 484 478 448 383 ki 34 485

Month of lowest inadiation over horizontal suface is DECEMBER
Optirnal slope to maximize the iradiation in DECEMBER (fixed PV modules) is 63 ¢
Optimal slope for the whole year (no load, fix modules) is 34 ¢

B Back

This optimal slope is updated automatically in the irradiation screen.
#1: P panelz slope [°]F |34 P pa
G0
PY gen. #1:|100 % Grour
[~ Optimize PY#1 ¢

Optirmal 5lope]

We download hourly data from PVGIS, year 2015:

& PVGIS -Year
" Renewable Minja [vear 2075]

| Download from:

D ownload hourly data

Download NASA data | [v Hourly Iradiation
Iv Hourly Temperature for: v PY W wind T Batt

1 File v Hourly 'wind Speed
14 Cancel

Obtaining:
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41.66 Get data from local DB SABIFY [Pl BIERE ) - YR ATIES El

Latitucle (£) (+N, -5) :

| )
Langitude (2) (+E, W) :
| (Tl ey € R PV gen_ #1: o Ground Reflectance: |0
i I AL | G
| Locate on map | Update coord. | Download NASA marthly data e dlase e i
Optimal Slope#1 Optirnize: PA%#1 panels slope during the optimization of the syster
Data source for Global irradiation
Steps
(O Monthly Average (@) Import from File FROM PYGIS year 2015 @ Hour (kwh/m2) (OHoriz ®Tilt
O 1~ Minutes- each hour in 1 row (tilt, in kW/m2)
O Minutes- 1 per row (tilt surf. in kW/m2}) EIeit
| Data Source for Monthly Average Dally Irradiation: 'Radiation Horizontal Surface (kWh/m2) Calculation Method for Hourly Tradiation:
| Iradiat
t ;LE‘h;‘ﬂE'D” PV Tracking System: |No Tracking - Liu & Jordan Erbs et al
| Factor F{f) for the back albedo Collares-Pereira & Rabl Graham
| Ji1g L2 L2 (bifacial madules) (Durusoy 2020y |9-33
| Februray 5.07 kiwh/m2 3 )
MONTHLY AVERAGE DAILY IRRADIATION, TILTED SURFACE ummer.
harch B.36 KiWh/m2 7 Official hour advances:
Agil B.68 K\Whim?2 6 [0 S5 7
| May £.94 Kihjm2 5 At
4 of month
1 June 7.18 kiwh/m2 3
To day
Jul 7.15 k\Wh{m2
4 2 of month
August B.96 K\Wh/m2 1 N
Winter:
Septembear B.13 kiWh/m2 0 J F M 0 N D Official hour advances:
| October 5.06 Kihjm2 [Pz
| November 372 KiWhjm2 [Vl 1mport from hourly file:
Official hour
December 2.81 Kiwh/m2
0 January
i SHADOWS Daily Average Iradistion (Tilt Sud): 561 kKiwhim2
Total Annual Iradiation (TiltSurt): 2048.271 kKwh/m?2 |
el (5] Annual Iir. Back surface / Directfor CPV: 47018 KWhjmz | 1440.65 kiWh/m?
Yatiahility minutes: correlation factor: sld dew: Update minutes Import Back (hourly, tilt) Import Direct (hourly, tilt)
0K Calculate = Graph in steps of 60 ™~ |min. Export G. tilted Export G. horiz.

2) Let’s suppose that the maximum power that can be injected to the AC grid is 30 kW: Go
to LOAD / AC GRID, tab PURCHASE / SELL E., change the Max. Power for the sell excess
energy to AC grid to 30 kW:

V! Load and options of Selling / Purchasing Energy from the AC grid - [m]
Data source: - r r = r

" Monthlp Average  Load Profile  Import File [, tH2/h, dam3/h) {c 1 - Export

AC LOAD (kW) 1 DC LOAD (kW) ] H2 LOAD (tH2/h) ] WATER (dam3/day) FROM WATER TANK PURCHASE | SELLE l

[~ Purchase from AC grid Unmet Load (Non Served ¥ Sell Excess Energy to AC grid Qe DEAEIEEILT |

Energy by Stand-alone system Priot X
" . by to supply E not covered by renewables:
. . [« Fised Sell Price [£/kwh) 01z
[v Fised Buy Price [£/kiwh] 015 {* Storage/Generstor & AC Grid
[~ Pr.osell=pr. buy |1

Annual Inflation (%] Emission (kaCO2/kMh):
3 0.4

v Fized Pras (ki) Fired Cost P (£ fur]

100 Oplions Q i .
10 3
Access Charge Price [EA4Wh [ Fized Transter price [EA/h) |0.0005

[ Sell surplus H2 in tank [difference
between the H2 in the tank at the
end of the year and at the beginning)

[¥ Fized Access price [BA4MWh] |0 | Self-consumption and Met Mettering

B ack-up Charge Price [£/wWh |Nn net mettering ﬂ
M Fixed Back-up price [E/Kwh] |0 Cost of net metering service [£/h] |0

[The cost of the back-up tall will be added to the E purchased) Buy-back: Export E is paid at [£/kwh] [0
Total tax for electricity costs [buy + charges) (%) |0 Total tax for electicity sold (%) |0

Now we optimize again:

The optimal system is a PV generator of 60 kW, without storage:
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#  Total NPV (kE)

[ R = TR B SR TR

<

60.853
58.397
h#.199
58.142
57579
b6.819
b5.744
55687
54.925

Ermigsion tCOZ41  Unmetbhir)  IRR(%) Investmentike)  Cap (%) LCOEE/NYYH) Simulate Report Costs A
1.92 0 14.09 75 1452 0.0769 SIMULATE.. REPORT... COS1
1.92 0 13.69 7H.675 1452 0.0792 SIMULATE.. REPORT... COS1
2.24 0 12.86 875 13.45 0.053 SIMULATE.. REPORT... COS1

1.6 0 1517 625 15.33 0.0723 SIMULATE.. REPORT... COS1
1.92 0 1356 775 1452 0.0733 SIMULATE.. REPORT... COS1
2.35 0 1214 99.375 14.64 0.0556 SIMULATE.. REPORT... COS1
2.24 0 12.54 89.375 13.45 0.0851 SIMULATE.. REPORT... COS1

16 0 1468 £4.375 15.33 0.0754 SIMULATE.. REPORT... COS1
2.24 0 12.43 30 13.45 0.0855 SIMULATE.. REPORT... COS1 y

>

COMPOMNENTE: PY gen: P10 {10 kiiplc B (100% PV#1: slope 34% azimuth 0%}/ Unmet load = 0 % // Total Net Present Value (NFY) = B0.853 k€, IRR = 14.7%.

STRATEGY: There is no load consumption -> no control strategy related to the load consumption supply. Control variables for grid-connected batteries: charge (only
fram renewsble. notfrom grid) if price of E. (sell) is lower than 0 £/k4h: disch. (load + injecting to the grid) if price E. (sell) higher than 0.11 £/kih

Remember, the values obtained randomly of your project will be different from the ones of the

figure, due to the randomness. Therefore, your results will be different (at least NPC).

The simulation of the best solution, year 1:

40

354

304

254

20

POWVER (kW) /H2 Tank /WATER tank (kWh)

[“]Legend

<

Sim. multiperiod, shown average year. PV: 86%;C bat: 97.6%;S0C 1st day: 0%;Water tank 1st day: 40dam3.

11

POWER CONSUMED OR: SUPPLIED (kW)

|
O

Export Energy

O

Water Purnp
[ Prax. input Invarter

Simulation step (min): | 60

Batter bank Discharge

E. max. disch. batt

Battery bank Charge

Wind Turb.

[r

~

AC Generator
[ P max Gen

Sirmulaltion multiperiod year: | Average ~

n

Electrolyzer
E HZtank (HHVHZ) = R

E.ta supply FC

E bought to AC grid
E sold to AC grid ] Pmax

Back
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Plim Charge
P2

P1

P critical Gen.

P critical Fuel Cell

Pmax

H2 TAMK setpoint (HHY H2)

Total Load
— Export
Unmet Load
PV
Sell E to grid
/ \
3n
>
Datys displas
Enerqy price [Jses over s display
Legend
BATTERY ENERGY (kivdh)
S0C
SOC limits
Cap. Max.

S0C setpoint Gen.
S0C setpoint FC

S0C(@-1)| | T iull charge

Save Simulation Data, Save Prob, Data.



Hourly sirmulation

Hourly values separately  Manthly and Annual Average Power

Monthly Energy Annual Energy Hydrogen

AC Generator  WWater load f PHS  MULTIFERIOD

HOURLY POWER DURING THE YEAR (MW), ENERGY IN (MWh)

Total Load PV Generator Wind Turbines
0.04
0.03
o 0.02 0
0.01
0
0 2,000 4,000 6,000 8,000 0 2.000 4.000 6,000 6,000 0 2,000 4.000 6,000 8.000
Hydro Turbine AC Generator Export
0.04
0.03
0 0 0.02
0.01
0
0 2,000 4,000 6,000 8.000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank /f accum. Sold
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
0 0 0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0.03
0.02
0 0
0.01
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Simulation step (min): |60 v ‘ Simulaltion multiperiod year: | Average | Back Save data h | Save Simulation Data Save Proh. Data

The MULTIPERIOD tab:

Hourly simulation  Hourly values separately

Monthly and Annual Average Power

Maonthly Enercy Annual Energy  Hydrogen

AC Generatar ‘Water load /PHS  MULTIPERIOD

MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)

Total Load PV Generator Wind Turbines
0 50 b=
0
0 5 10 15 20 25 5 10 15 20 25
Hydro Turbine AC Generator Export
0 0|— 50
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Fuel Cell Electrolyzer
0 0]— Save Multiperiod data
5 10 15 20 25 5 10 15 20 25
Battery bank Charge Battery bank Discharge Hydrogen tank cap. or H2 sold (t)
0 0 04—
0 0 5 10 15 20 25
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
80
60
0 00— 40
20
0
5 10 13 20 25 5 10 15 20 25 5 10 13 20 25

If we click in “Save Multiperiod data”, we obtain an Excel file:
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] c o & ¥ [ " i i (3 L M
1 lti-2.kha. schution m 1
i
3 RESULTS DURING THE YEARS OF THE SYSTEM LIFETIVZ, MULTIPERIOD SMULATION.
4
5 Coutn aed weomi sk caih Mlow of ach year (ro? present valus)
L]
T [Year Cum. it Parch. £%] o, bt Sl 4% Cam. i 3l H2TN] AL hoad() Do boad{) 2 lnadn)
(] 1 am 108 200 100 100
] 2 w6 o009 wm m 1w
10 E] 10937 10627 10201 1orm 0001
m a nasy 1155 10808 om0 w0808
17 5 1ns8 11563 10406 104 06 0406
13 L 11948 11%.41 wma .1 w1
1 7 11259 1299 10615 10615 10615
13 L Libes prant ) wr.a wral wrar
16 L 1040 1.2 10829 10836 0820
1w w 143 135,79 Arar ey sy
12 1 13842 13542 11046 11096 110.46
9 12 14258 14258 11157 11057 11187
n n 14084 14 11368 11368 REE
2 1% RLI LY 15108 11581 a4 RRES Y
z 15 1554 1558 11495 11495 11455
Fil 15 16047 1s0a7 181 el 1181
E 1 e 18478 1736 ur nie
) 1 1024 1. 1mas timas 1843
Fo 13 17535 175.35 11961 11951 11961
2 Fa 1801 150,61 181 L2081 12081
) 7 1600 w601 azo 12203 1103
3 ) e 19161 s L2524 12548
k] n 15736 197.36 1m4.47 12447 12447
n m w3 Fati ) Pty Lz 12572
n n oM 5.0 10697 12697 12657
3
multip-high? | @) .
)
AQ | AR A5 AT au A au A L AL BA
EWnawWhir) L £ AL GerdMWh/yr

P EORODOOON000G00B0000000
coooponG0GRc0Re00G000a000E,

Save the project.

47. Variant: force batteries.

fCERODOOOOOGEOOOOROOBOBGD

Save the project and save as with the name “High1l-multi-3”.

We can now force to have batteries in the system: In the main screen, minimum number of

batteries in parallel 1:

Water koad{%)

0t
2ot
10403
10404

.t
10615
wrz
001
s
11045
T
26
HIEE ]
1485

1161
nrm
ey
196
12081
a2
uan
12447
L FER ]
1687

wrad (%]

11

0}
EE]

a5

~MIM. AND MAX Mo COMPOMEMTS IN PARALLEL:—

Batenes in parallel: Min. |1|

L

.|1

Py gen. in parallel: Min. IEI

L

.|e

Wwind T. in parallel: Min, |1

b s

.|1

AL Gen. in parallel: Min. |1

b & I'I

We optimize again:
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# Total NPV (kE) Ernigsion (COZA  UnmetdWhir)  IRR3) Investment(kE)  CapFi3s)  LODEE/kWWh) Simulate Report Cost: A

1 56.819 2.35 0 1213 99.375 14.64 003586 SIMULATE.. REPORT.. COS1

2 54.87 2.35 0 12.04 95.75 14.39 0.0593 SIMULATE.. REPORT.. COS1

3 53.878 2.35 0 11.64 101.875 14.69 0.091 SIMULATE.. REPORT... COS1

4 53.76 2.03 0 12.69 86.675 16.28 0.0868 SIMULATE.. REPORT.. COS1

5 53.166 2.67 0 11.32 111.875 13.68 0.093% SIMULATE.. REPORT.. COS1

3 53012 2.03 0 12.62 86.25 1513 008657 SIMULATE.. REPORT.. COS1

7 51.85 2.67 0 11.25 111.25 13.47 0.034 SIMULATE.. REPORT... COS1

& 50.757 2.03 0 12.27 89.375 153 0.05495 SIMULATE.. REPORT.. COS1

9 50.595 2.67 0 11.04 114378 13.74 0.0956 SIMULATE.. REPORT.. COS1 o
< >

COMPONENTS: P gen: PV10 (10 kiplx 7 (1002 PVRT: slope 34 azimuth 0%) // Batteries Batdikitdh (1 kah) 15 1p. 4 Inverter Inv-Ch1 0k of 10 kYA Unmetload =0
% {{ Total Net Present Yalue (NPY) =56 815 k. IRR=122%

STRATEGY: There is no load consumption -> no control strateqy related to the load consumption supply. S0C min: 10 %. Control varishles for grid-connected batteries:
charge (only from renewakle, notfrom grid) if price of E. {sell) is lower than 0 £/Wh; disch. (load + injecting to the grid) if price E. (sell) higherthan 011 £/ki¢h

The optimal system now includes a PV gen. of 70 kW, batt. of 48 kWh and inverter-charger of
10 kVA.

In the simulation of the optimal system, we can see the batteries control strategy: batteries are
charged when there is power that cannot be injected to the AC grid and when the power injected
is lower than the maximum, batteries inject power to the grid by means of the inverter-charger
of 10 kVA:

Hourly simulation  Hourly values separately  Monthly and Annusl Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator “Waterload / PHS  MULTIFERIOD

Sim. multiperiod, shown average year. PV: 86%:;C bat: 82.9%:;S0C 1st day: 14.2%:Water tank 1st day: 40dam3.

50-{ a4
42 Total Load
— 451 40 — Export
é 38 Unmet Load
= 404 36 — Disch. Batt
= 34 =~ Charge Batt.
;“’ 154 32 § PV
w 0= Sell E to grid
g 304 2 5 — soc
H 2% &
5 2z
z 20 20 E
g 0k
= 15 16 @
i 14
2 104 12
o 10
5 8
I 6
0 3 3 g [ b
| Legen lanuary
[]Legend 14
< >
POWER CONSUMED OR SUPPLIED (K) Enry orics | L1582 Over Days display
Batter bank Discharge Plim Charge b Legend
O 0 O - . po BATTERY EMERGY (kiwh)
ectrolyzer
s0C
m [] E max disch. hatt E. HZ tank (HHY H2) R P1 SOC limit
o mits
] Battery bank Charge P critical Gen.
Export Energy v g Cap. Max.
O E ta supply FC P pritical Fus| Call ,
- S0C setpoint Gen.
D& Wind Turb.
E bouhtio AC it | | Prax SOC setpoint FC

Water Pr
el AC Generator

[ Pmax. input Invertar [] P max. Gen.

Simulation step (min): 60~

Simulaltion multiperiod yvear: | Awverage

E soldta AC grid [] Pmax

Back
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H2 TANK getpoint (HHY HZ)

S0C(0) | | T.full charge

Sawve Simulation Data Save Prob. Data



Hourly simulation  Hourly velues separately  Monthly and Annual Average Power  Monthly Energy  Annuel Energy  Hydrogen  AC Generator Materload / PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (MW), ENERGY IN (MWh)

Total Load PV Generator Wind Turbines
004
0 0.02 g
0
0 2,000 4.000 6,000 8.000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Hydro Turbine AC Generator Export
0.04
0 0 002
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8.000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank // accum. Sold
0 0 0
0 2,000 4.000 6,000 8,000 0 2,000 4,000 6,000 8.000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
0.01 B |t BT M 0.01 v
0.03
0.005 0.005 0.02
0.01
0 0 0
0 2,000 4,000 6,000 8.000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0.03
0.02
0 0
0.01
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6.000 8.000 0 2,000 4,000 6,000 8.000

Simulaltion multiperiod year, Average v ‘ l Back i Save data: h | Save Simulation Data Seve Prob. Data,

Simulation step (min): B0~

The multiperiod tab:

Hourly simulation  Hourly values separately  Manthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator MWaterload /PHS  MULTIPERIOD
MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)

Total Load PV Generator Wind Turbines
L N EEEEEEEE e —
0 50 0
0
0 5 10 15 20 25 5 10 15 20 25
Hydro Turbine AC Generator Export
100
L ) — | 50
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Fuel Cell Electrolyzer
0 0f— —: Save Multiperiod data
5 10 15 20 25 5 10 15 20 25
Battery bank Charge Battery bank Discharge Hydrogen tank cap. or H2 sold (t)
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
100
U U | | | | | ) ‘_/
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25

Save the project.

48. Variant: optimize control strategy for grid-connected batteries.

Save the project and save as with the name “High1l-multi-4”.
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Now let’s suppose that the electricity sell price is hourly (real time pricing tariff) and it has high

differences between the minimum and maximum hourly price of each day. This hypothetical

hourly price file can be downloaded here:

http://ihoga.unizar.es/Desc/Hypothetical hourly pirce.zip

Download and unzip, you will get “Hypothetical_hourly_pirce.txt” file.

In the LOAD / AC GRID window, PURCHASE / SELL E tab, uncheck “Fixed Sell Price” and click in

“Hourly Price” button.

AC LOAD (kW) l DC LOAD (kW) ] H2 LOAD (tH2/h) l WATER (dam3/day) FROM WATER TANK PURCHASE/ SELLE l

[~ Purchase from AC grid Unmet Load [Non Served
Energy by Stand-alone system)

¥ Fired Buy Price [£/kWwh]

Annual Inflation [%):
3

[v Fixed Prax (kW]

100
Access Charge Price [£/dWh]

[v Fixed Access price [EA0whH] |0

Emizzion (kgC02Abwh):

04
Fiwed Cost P [£/KMw fur)
Options

.

O [ v

[v Sell Excess Energy to AE grid

Priarit
[r Fived Sell Price [£/KWh] WW lﬁ"o;ty
c

[ Prsell=pr. buy = |1
Annual Inflation [%]:,3— r g;:::
end

Max Power(k) |30 [ =Pmax buy
Energy Generation Charge [Transter Charge] Price [£/M\Wh

v Fixed Transfer price [£/1wh) |0.0005 m

Self-consumption and Net Mettering:

Back-up Charge Price [£A&MWh]

I¥ Fixed Back-up price [E/kwh] |0

[The cost of the back-up tall will be added ta the E purchazed]

Total tax for electricity costs (buy + charges] (%) |0

|N|:| Het Metering

Cost of net metering service [£/kWh] |0
Buy-back: Expart E is paid at [£AMh) |0

Tatal tax for electricity zold [Z]: |0

=

A small window appears, where you can import the downloaded hourly file. Click in “From file

(8760 hourly values)”
“Hypothetical_hourly_pirce.txt” file.

and click in the button “Import hourly file”

and import the

HOURLY PRICE OF THE ELECTRICITY SOLD TO AC GRID

Hourly Price D ata [€/kWh])
 Hourly, all days the same

[f? From file (8760 hourly values]  |mpart haurly Pricel]

" Hounly Periods

0K

After importing the file, you can click in the button “Draw” and see the hourly sell price:

171


http://ihoga.unizar.es/Desc/Hypothetical_hourly_pirce.zip

Il Graph - a X

Price of the electricity SOLD to AC grid

0.34]
0.32]
0.3]
0.28]
0.28]
0.24]

= 0.22|
§ 0.2]
E 0.18|
3 0.185|
£ 014
012
01
0.08|
0.06|
0.04)
0.02]

3 6 9 1z 18 18 21 0
1 January
LT I
Sell price: Average 0.06 £/kwh; Maw: 0.329 £/kWwh; Min: 0.001 £/kMWh. Days display

T T

We can see that average hourly price is 0.06 €/kWh, half than when we had fixed price (it was
0.12 €/kWh).

Back, OK and OK to return to the main screen.
If we click in the first row of the results table, it updates to the new conditions:

# Total NPV (kE) Ernission (tCOZ41  UnmethWhie)  IRR(3) Investment(kE)  CaplF34)  LCOEEMWh) Simulate Report Costs A
1 -11.953 2.35 0 0 99.375 14.3 0.0906 SIMULATE.. REPORT... COS1

And the NPV now is -11.953 k€, that is, it is a not profitable system.

Remember, all the results in your case it can be different due to the random variables defined in
the multiperiod options.

Let’s suppose that the PV generator cost is much lower, for example 50% of the default cost: in
the PV generators window, change the name to “PV10-“ (just adding “-“) and then change the
cost from 10 k€ to 5 k€:

1l PV GENERATORS - O x
Add PY module Zemn -

] L Y A K2 £

Add Py madules family -

PHOTOVOLTAIC GENERATOR DATA:

| Powerlkiwip) | Costike) | C.OBM(z/) [ Lite(pears) [ NOCTEC] [ Power T. cost(22/2C) [ Emissions(koC02/kwp) |
10 5 1 25 43 0.4 800

Then OK and return to the main screen. Click in the first row of the results table so that it
updates, and we get NPV of 36.778 k€, i.e., profitable system.

#  Total NPY (k&)
1 36.770

Unmet(Mwhir)  IRR%)  Investment(kE)  Cap F(%) LCOEEAW) Simulate Report Coste ~
0 1296 55625 143 00576 SIMULATE.. REPORT... COS1

Maybe the optimal control strategy is not the one that was set. In the main screen, CONTROL
STRATEGIES tab, “(Sell Price)” is checked as we are considering sell prices and the strategy will
be related to sell prices; we will optimize the control strategy with 3 variables (see the user
manual for more info), check “Optimize strategy of grid-connected batteries” and “3
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variables:..”. The search space for the values of X1 will be between the min. and max, which are
the minimum and maximum difference between the min. and max. hourly price of a day, they
are obtained by iHOGA and we don’t change them.

GEMNERAL DATA] OPTIMIZATION CONTROL STRATEGIES | FINANCIAL DATA] RESULTS CHART]

CONTROL STRATEGY AMD WARIABLES TO OPTIMIZE
Global strategy: System with batteries and grid connected
' Load Following [ Batteries are charged by the AC arid // discharged if: W [also for Elyzer.-» H2
" Cypcle Charging v Continue up to SOC stp v [Sell price)
" Try Both [ [ Optimize strategy of grid-conneted batteries: ]
Wariables to optimize relative to the global strategy: [‘? 3 variables: K1[dif), %2(%), %3[%). | ¥1:min |0.029  max |0.3251 £/kwh ]
m r r (™ 2 variables: price E. min. and max. | Min.> |U.UUUB s Maw.< |U.3B15 £
r B r . | Batteries can inject electricity to the AC grid
- r [~ SOCmin 1d o SIS 5 e
- r r L daittion P G iy Batteries availability
[~ when battenes are off, compensate autodisch.
Fix vanables | [Variahles accuracy: |9 = 100% ]

Including the optimization of the grid-connected strategy will highly increase the optimizing
time, multiplying the time by a factor of 216 (that is, 63, as there are 3 variables and each variable
can take 6 values, because variables accuracy 5 = 100%, therefore each variable can take the
values 0, 20%, 40%, 60%, 80% and 100%). To reduce the optimizing time, we will allow only one
inverter-charger (the one of 10 kVA, the rest must be deleted from the inverter-chargers table)
and the minimum number of PV generators in parallel will be 6:

1l INVERTER/CHARGERS - O X
Add from D atabase | |Zero ﬂ
ol B L3 LIRS R g €
Include anly YD suitable from family: | | j
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) >

Pawerkvid) | Liteypan (v | Cost (€] [Iman_ch_DC(kaEf_chargertza) |Vdominty) [vdomastv) |Pmas rentiown [ 0| 2% [ 32 | 4 | 5% | 1oz | 20 |of
"B 15 2 0.5 98 43 43 1E1S (1030 50 70 85 | 93 92

M. AND M No COMPONENTS N PARALLEL:

B ateries in parallel: Min. |1 tdax.

P gen. in parallel: Min.[@ [GEES
1
1

1T

Now the optimizing time will be several minutes. We calculate:

# Total NFY (kE) Emizzion (f{CO241)  Unmetibdwhia  IRR(%) Investment(kf)  Cap F(%)  LCOEE/kWh) Simulate Report Coste »
L . | 35 2.35 0 1312 bh.625 1412 0.0525 SIMULATE.. REPORT... COS1
2 36.372 2.67 0 12.26 61.87% 13.08 0.055 SIMULATE.. REPORT... COS1
3 36.215 2.03 0 13.69 49.375 14.92 0.0515 SIMULATE.. REPORT... COS1
W
< >

COMPONENTS: PV gen: PY10- (10 kv 7 (100% PV#1: slope 342 azirmuth 0%) /f Batteries Batd8kivvh (1 kAR): 15 % Tp ff Inverter Inwe-Ch10kW of 10 kKA Unmet load =
0% /f Total Met Present Value (NPY) = 38139 k€. IRR = 10.5%

STRATEGY: There ig no load consumption -> no control strategy related to the load consumption supply. SOC min.: 10 %. Control variahles for grid-connected hatteries:
K1=0.028E(sell] kiwh; %2=20%; x3=40%. Discharge: load + injecting to the grid

The optimal system has a better NPV than the previous one, as the battery strategy obtained is
optimal.

173



In the simulation of the year 1, we can see for example for the day January 6™ that between 2
a.m. to 9 a.m. sell electricity price is lower than the higher limit for charging (X2), however, as
during these hours there is no electricity generation and it is not allowed to buy electricity from
the AC grid, batteries are not charged. We can see that at 19 h and 21-22 h, electricity price is
higher than the low limit for discharge (X3), so they will be discharged at their maximum power
(considering the limit of 10 kW as they inject power to the grid by means of the inverter-charger).

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generatar ‘Water load /PHS  MULTIPERIOD

Electricity price (€/kWh) v Max. day
03 ¥ — Min. day
¥ — Low limit disch (X3)
02 /\ /—\ v High limit char.(X2
v — Sell
01 _/ h—
3 6 9 12 15 18 21 ]
6 January
i Sim. multiperiod, shown year 1. PV: 100%;C bat: 100%;SOC 1st day: 100%;Water tank 1st day: 40dam3.
H 50 - Total Load
= =
i 45 = — Export
= 40 = Unmet Load
g 35 B — Disch. Batt
30 E == Charge Batt.
£ z PV
= »s Sell E to grid
> el E to gri
20
g s E — 50C
£ 0 g
= — ?
w
% 6 January
<
POWER CONSUMED OF: SUPPLIED (kW) E— Deys display
Batter bank Discharge Plim Charge e Le
P2 BATTERY ENERG ik
O O O Electrolyzer 500
v
0 ] E maw. disch. batt E.Hetank (HHY H2) [JR Pl SOC it
Battery bank Ch: P critical Gen.
Export Enaray attery ban arge critical Gen Cap. Max.
O Eto supply FC P critical Fuel Cell i
- S0C setpoint Gen.
R Wind Turb.
R E boughtto AC gric Pmax SOCsetpoint Fio
‘ater Purm|
P AC Generator E soldto AC grid [v] Pmax
[ Pmex input Inverter ] Prmax Gen H2 TANK setpoint (HHY H2) S0C(0-1) T.full charge
Simulation step (min): 60~ Simulaltion multiperiod year: 1 ™~ [ Back Save data h | Save Simulation Data Save Prob. Data

COMPONENTS: PV generatar of 70 ki (1003 PY#1: slope 342 azimuth 0%). Battery hank of 48 kiwh. Inverter of 10 KA,

STRATEGY There is no load consumption -> no control strategy related to the load consumption supply. 30C min.: 10 %, Control variables for gric-connected batteries: X1=0.029(sell) £/kiwh; x2=20%:;
¥3=40%. Discharge: load + injecting ta the grid

In the REPORT of the first row, we can see:

CONTROL STRATEGY:

THERE IS NO LOAD CONSUMPTION -> NO CONTROL STRATEGIES RELATED TO THE LOAD CONSUMPTION
SUPPLY

S0C min. batteries =10 %

CONTROL STRATEGY FOR CHARGE/DICHARGE (load + injecting to the grid) OF GRID-CONMNECTED
BATTERIES:

#1=0.029 €/KWh (sell price); X2=20 % X3=40 %

Save the project.

49. Pumped hydro storage (PHS).
Save the previous project (High1l-multi-4) as “High1-multi4-PHS".

Now let’s suppose that we include pumped hydro storage (PHS). We build a water tank or
reservoir so that water can be pumped to the water reservoir when the renewable power is
higher than the maximum power to be injected to the AC grid and the turbine will run when the
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sell electricity price is high. Let’s suppose that the water reservoir maximum capacity is 80 dam?
and the elevation head is 34 m.

In the main screen, click in the checkbox “Hydro T.”. Then, the buttons “HYDRO” and “HYDRO
TURB” are enabled and “!” is added (it means that the data of these buttons should be

introduced).

« LOAD / ACGRID |

rRESOURCES

« SOLAR |
wIND |

GEMERAL DATA | OPTIMIZATION | C1

~COMPONENTS
¥ PV Gen.

I~ wind Turbines

! WDORD |

U~ _Hydro T.

~COMPONENTS
« P GEN.

WIND TURE.
! HYDRO TURE.
- BATTERIES
~f IMVERTER/CHAR

BACKUF GEN. |

¥ Battery bank
I~ Backup Gen.
|v¥ Inverter/cha

I~ H2[F.C. - Elyzer.]

HZ (F I - Fluzer]

First click in “! HYDRO” button.

Wl HYDRO

O X

Head [Wertical change in elevation between the head water level and the tailwater level]. H: [0} m

Losses in power canal and draft tube: |2 m

Available head, H' = H - losses =28 m

Losses in Penstock: |8 %

Estimated Total Efficiency Tubing - Generatar: |75 %, just for the estimation of the max. generatar output power

Flow Data [m3/s}

(% Monthly average Import hourly data file [m34s)

(

|mport | ‘

“ariabilit
FLOW(m3/s)
Diaily Wariability |0 k4 0 %
Jaruary I—D o4 aily Y anability Huourly Y ariability
Febuary [0.04 —
March ID 04
April 0.04
hay IU.U4
June IU.U4
July 0.04
August IU.U4
September IU.U4 ] J MOJNTH A s o N D
October IW
tax. flow: 0.03 m3/s: Average flow: 0.03 m3/s
Rtz ID 0 Max. generator output power: 7.56 K/
December ID 04

&= Graph |

We accept all the default data with OK. In our case (PHS) the data of this window will not be
considered (available head and water flow of this window would be considered if we had just a
turbine that generates power with the available water flow; this is not our case).

Now, in the main screen, click in “! HYDRO TURB” button.
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W HYDRO TURBINES - O X

Add fom Detasase [« FRE == EE-

HYDRO TURBINE GENERAL DATA EFF. TURBINE (%) vs. FLOW (% of F max.)
Name  Pnonfkiv) Max flow(m3fs) Min. height () Max. height (m) Cost(k€) fitespan (] C OAM(32Am) 0% 10% 20% 30% 40% 60% 60% 70% G80% 40% 100%
P Turlki 10 0.04 25 3 25 30 1 0 0 B0 80 80 &0 40 90 a0 a0 a0

Check that turbines are suitable for an available head of 28 m. Available head must be between Min. height and Max. height of the turbine
Ifyouwant to consider Pumped Hydro Storage, check one of the check box below (reversible

purnp-tutbing or purmp and turbine different machines) ~
Tur10KW. F=0.04m3/s. Pnom=10kW; Pmax (max. height 35m)=10.9kW

In that case, data from HYDRO resource will not be considered. Water tank and pumping data 9%
(elevation head, friction losses, pumping efiiciency and purnp minimurn load) considered will be the -
ones shown in the LOAD/AC GRID window (Water tab).
80
Waterwill be pumped fram reservairwhen there is renesvable energy orwhen settled by the cantrol 72
stratedy: turbing will generate electricity when watar consurption orwhen setled by contral stratagy =
£ &
G 56
&
Feversible Pump-Turbine data here. Same height and friction losses (data in LOAD/AC grid, water] 51 48
Pump machine and pumping data in LOAD/AC grid window. Turhine data here 40
)
2
[ Supply elec. lood with turbine when load > %P tubine and watertank > % -
8

2, 0

Multiplier Gearbox Efficiency: % 5 & P P i = A s * - e
o

Electrical Generator Efficiency. % % MAX. FLOW

Ermissions CO2 aguiv. (manufacturing...) 0 C02 equiv./ kivh generated

For PHS, we can define a reversible pump-turbine or two different machines (pump and turbine).

Let’s suppose that we will install a reversible pump-turbine, click in “Reversible Pump-Turbine,
data here....”

| Reversible Purmp-Turbine, data hers. Same height and fiction loszes [data in LOAD AAC grid, water)
The data of the reversible machine is in this window, that is, in the table. Let’s suppose that in
our case is the one of 10 kW that is by default, however let’s suppose that the total cost
(including the building of the reservoir, penstock, etc.) is 70 k€. Then, change the name of the
machine (for example “Turl0kW-M") and later change the cost to 70 k€.

HYDRO TUHBINE GENERAL DATA EFF. TURBINE (%) vs. FLOW (% of F max.)
nom(ew)  Max flowim3/s) Min height (m)  Mex height (m)  JCost (k) Liffspan ) C.D&M (%) 0% 10% 20% 30% 40% 50% B0% 70% 80% 90% 100%

10 0.04 250 70 30 1 D 0 B0 80 90 90 30 a0 90 3 90

MName
T TurlDkiw-td

We can see that this machine the maximum flow is 0.04 m3/s, and the minimum and maximum
height are 25 and 35 m. In our case the height will be 34 m so it is correct.

The efficiency vs. flow data of the table is for the turbine, the pump efficiency will be defined
later.

The maximum power of this machine is (including turbine, multiplier gearbox and electrical
generator efficiencies):

P = Water_flow-density-g-height_max-Total_Efficiency =
=0.04m>/s-1000kg/m>-9,81m/s*-35m-0.9-0.98-0.9 = 10902 W = 10.9 kW

Click OK and return to the main screen.
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The reservoir capacity, height, penstock losses and pumping efficiency must be defined in the
“LOAD / AC GRID” window, WATER tab.

In the main screen, click “LOAD / AC GRID”, and, in the WATER tab, we must define the reservoir
maximum capacity (80 dam?), the capacity at the beginning of the simulation (let’s suppose it is
at 50%, that is, 40 dam?), the elevation head (34 m), friction losses (let’s suppose 10%) and the
total pump efficiency (including multiplier and electrical generator efficiencies, let’s suppose a
total pumping efficiency of 80%; we could use variable pump efficiency but in this case we will
keep the fixed efficiency value).

The box of the Pump electrical rated power is disabled as this power is the same as the power
of the turbine (it is the same machine), which was defined in the HYDRO T. window. However,
the data of the pump efficiency must be defined here, because the pumping efficiency can be
different than the turbine efficiency defined in the HYDRO T. window.

V| Load and options of Selling / Purchasing Energy from the AC grid - O X
Data source: Hours AC oc H2 ‘Water
(O Monthly Average @ Load Prafile () Import Fils (KW, tH2/h, darm3/h) mmgzﬁﬁfﬁ”“ v . Export
AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) WATER (dam3/day) FROM WATER TANK  PURCHASE / SELLE
DALY WATER CONSUMPTION (dam3/dey). HOURLY WATER CONSUMPTION (N % OF DAILY CONSUMPTION)
January D(a Mh/day) July D (0 MWh/day) 0h 1h 2h 3h 4h 5h Gh 7h @Bh 9h 10k 1ih
DEFINE
February0 |1 Myh/dey) August [0 | [Ontwiyday) [ =
12h 13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h  Total
Merch 0 |[0MWhide)  September[0 | (@Mwiday) .
, (B I GO I I 0 G2 O 2 2 I ) O
Aprit [0 [ @ ey October [0 | @ uwhiday) ¢
HOURLY WATER CONSUMPTION (% OF THE DAY
May (1 | Mwhidey) November [0 | (1 Mwhidey) 10 ( !
June [T |0 Mwhiday) December [0 | (0 Mwhiday) 5 [ID [I [I DI:ID
Scale factor for Monday - Fricay, Forthe Weekend: 0 0 5 13 \/ar\ab\l\tymmules(%):
WATER TANK: F hour
‘Water tank capcadity: ml damf} ELECTRICAL PUMP
Capacity atthe begining of the simulation - N
pachy Gining m dam3 Pump electrical rated power: [ ki Pump minimum FUWEfD % of rated
PUMPING DATA ) (Feversioi P by . o) o
BvErsiale: Fum) ower = ro fur ower] 10ri i o
Elovation hear + m Ep— PP 1y P Priority to pump if surplus E > % P. pump
Friction Losses: §10 % Total pump eﬂ\c\em:y' % [Var. Pump eff

After changing any data of the reservoir or pumping data, the “OK” button is disabled, we must
click in “Generate” to consider the new data, and later click in “OK".

The maximum water pumped energy in the reservoir (when it is full) is:
E = volume-density-g-height-(1+friction_losses)/Efficiency =
=80000m3-1000kg/m>-9.81m/s?-34m-(1+0.1)/0.8 = 3.66984-10*° J = 10.1915 MWh

In the main screen, we will just allow 7 PV generators in parallel (to reduce the computation
time), as it was the optimal previously. And we will allow between 0 and 1 battery banks in
parallel (to allow the possibility of having or not having batteries in the system):

MIN. AND Max, No COMPONENTS IN PARALLEL:

Bateries in parallel: Min. ’D— Max. ,1—
P gen. in parallel: Min. ,?— Max. ’?—
RLES
LES

Click in CALCULATE, we obtain 2 cases:
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# Total NPV (kE) Emission (2024)  UnmetdWhin)  IBR(*)  Investmentikf)  Cap F(%) LCOEEAWh) Simulate Report Costs A
1 -42.237 2.28 1] 0 13375 1213 01236 SIMULATE.. REPORT... COS1
2 -14.796 2.39 0 0 143125 12.22 cos1
v
< >

COMPOMENTS: PV gen: PYT0- (10 kiplx 7 (100% PY#1: slope 342 azimuth 02 4 Hydro Turkh, AC Turl Dk of T KW, 0.04 m3fs  Inverter Inw-ChT0kW of T0 kWA
Unmetload = 0% 4 Total Net Present Yalue (NPY) =-42.237 k€. IRR = 0%,

STRATEGY: There is no load consumption -» no control strategy related to the load consumption supply. Contral variables for grid-connected hdro turb /fpump and
batteries: X1 =0.029(=zell) €M, K2=20%; X3=20%. Discharge: load + injecting to the grid

The optimal system does not include battery. In both cases the total NPV is negative therefore
the system is not profitable (the high cost of the PMH in this case is not compensated).

Let’s see the simulation of the second system, as it includes batteries and PHS (year 1). Click the
“R” checkbox close to the “Water Tank (kWh pumped)” so that it is shown in the right axis.

Hourly simulation  Hourlyvelues separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator \Waterload /PHS  MULTIPERIOD

Electricity price (€/kWh)

v Max. day
v — Min_day

03
¥ — Low limit disch (X3)
02 ¥ High limit char.(X2)
/\ V¥ — Sell
0.1 / \_____
0 3 § 9 12 15 18 21 0
1 January
Sim. multiperiod, shown year 1. PV: 100%;C bat: 100%;HT: 100%;SOC 1st day: 100%:;Water tank 1st day: 40dam3. é
— B0 =
] 10.000 = Total Load
= 50 ] — Export
8000 & "
= u Unmet Load
) w W. tank (E)
2 30 6.000 H — Water Pump
-E‘. — bt — Disch. Batt.
| T 4.000 = == Charge Batt
p~ N\ = Hydro T/ TEG
£ 1 2000 = v
3 / N\ z Sell E to grid
s 3 5 B 12 15 18 21 b OB = sS0¢
1 January =
< > -1
POWER: COMNSUMED OR SUPPLIED (kW) Energy prica See Owver  Days display
Batter bank Discharge Plim Charge egend
O - O Electrol P2 BATTERY ENERGY (kiwh)
ecirolyzer
s0C
0 [] E. max. disch. batt E.HzZiank HHVHZ) R P1 SO it
<] imits
Battery bank Charge P critical Gen.
Export Energy Cap. Max.
O Eito supply FC P crilical Fuel Cell
Wind Turb S0C setpoint Gen.
n urb.

Water Purmp
[1 Pmax. input Inverter

AC Generator
[ P max. Gen.

Simulation step (min): B0~ Simulaltion multiperiod year: 1

January the 12

E bought to AC grid Prmax
E sold o AC grid [v] Pmax

~ Back

178

H2 TANK setpoint (HHY H2Z)

S50C setpoint FC

S0C(0-1) | T full charge

Save Simulation Data Save Prob. Data




Hourly simulation

Hourly values separately  Monthly and Annual Average Pawer

Monthly Energy  Annual Energy  Hydrogen

Electricity price (€kWh)

AC Generator Waterload / PHS  MULTIFERIOD

¥ — Max_day

03 ¥ — Min. da
. ¥ — Low limit disch (X3)
0.2 IV High limit char (X2
/ N\ " — Sel
0.1 / N
0 3 6 9 12 13 18 21 0
12 January
Sim. multiperiod, shown year 1. PV: 100%;C bat: 100%;HT: 100%;SOC 1st day: 100%;Water tank 1st day: 40dam3. é
— B0 =
é 50 5 Total Load
= 50 45 2 — Unmet Load
= a0 £ — Water Pump
= 40 35 % = Disch. Batt
g 5 3 E — Charge Batt
s 25 o Hydro T./ TEG
= 20k PV
o = — Sell E to grid
£ 10 £ = s0C
§ / N\, ;u E
o 3 6 9 12 15 18 21 0 E
12 January 2
< >
POWER CONSUMED OR SUPPLIED (k) See Over  Daysdisplay
- Energy price
Batter bank Discharge Plim Charge Legend
p2 BATTERY ENERGY (kih)
O O [ E. to supply by batt Electrolyzer s0c
O [] E. max. disch. batt E. H2 tank (HHY H2) R P1 S0C limit
v/ imits
[ Export £ Battery bank Charge Fuel Cell P critical Gen. Can. M
xport Energy ap. Max.
Unmet Load O Eto supply FC P critical Fuel Cell .
D . Wind Turb. E mireie [FE 50C setpoint Gen.
=
o E boughtta AC grid P S0C setpoint FC
ster Purm
P AC Generator E sold to AC grid [«] Pmax .
[ Pmax. input Inverter [ Pmax Gen H2 TANK setpaint (HHY H2) SOC(0-1) | | T-fullcharge

Simulation step (min): 60~ Simulattion multiperiod year. 1

e Back

Sawe Simulation Data Save Prob. Data

COMPONENTS: PV generator of 70 kW (100% PY#1: slope 342 azimuth 09). Hydro turbine AC of 10 ki, 0.04 m3/s. Battery bank of 48 kiwh. Inverter of 10 kWA,

STRATEGY: Thers is no Ioad consumption - no control stratagy releted to the nad cansumption supply. SOC min 10 % Contral variablss far grid-connected hdra turb jpump and betteries: %1=0.023(zel)

Eilkih; X2=20%; »3=40%. Digcharge: load + injecting to the gridl

There is no load consumption

We can see that when there is energy that cannot be injected to the AC grid, it is used in pumping
water and, if there is still energy (if it exceeds the 10 kW of the pump), it charges batteries. Also,
when electricity price is lower than the higher limit for charging (for example the day January

12" from 12 a.m. to 16 h), the renewable electricity priority use is for pumping and charging
batteries, and the rest is injected to the AC grid. On the other hand, when the electricity price is
higher than the lower limit for discharge, the turbine runs using the stored water and batteries

are discharged to inject electricity

Hourly simulation  Hourly values separately  Monthly and Annual Ave

to the AC grid.

rage Power

Monthly Energy  Annual Energy  Hydrogen

AC Generator Water load / PHS  MULTIPERIOD

HOURLY POWER DURING THE YEAR (MW), ENERGY IN (MWh)

Total Load PV Generator Wind Turbines
0.04
0 0
0.02
0
0 2,000 4,000 6,000 8,000 0 2.000 4,000 6.000 §.000 0 2,000 4,000 6,000 8,000
Hydro Turbine AC Generator Export
0.005 0
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6.000 8.000
Fuel Cell Electrolyzer Energy (HHV of H2) in H2 tank // accum. Sold
0 0 0
0 2,000 4,000 6,000 8.000 0 2,000 4,000 6.000 8,000 0
Battery bank Charge Battery bank Discharge Energy in Battery bank
0.015 0.01
0.01
0005 0.005
0 0
0 2,000 4,000 6,000 8.000 0 2,000 4,000 6,000 8.000 0 2,000 4,000 6,000 8,000
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0.03
0.02
0 0
0.01
0
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Simulation step fmin): B0 v Simulaltion multiperiod year: | 1 2 Back Sava data h | Save Simulation Data Save Prob, Data.
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The “Water load” tab for the 1 year:

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydragen AC Generator ‘Waterload /PHS  MULTIPERIOD

MONTHLY WATER LOAD, PUMPED AND TURB. (dam3). WATER STORED IN TANK AT THE END OF EACH MONTH

)
] B = =
=
c
=
=
£
]
S
Month
|. Water Load W Water Pumped [ Water Turbined Water in tank at the end of the month
MONTHLY ENERGY OF WATER LOAD, PUMPED AND TURB. (MWh). WATER STORED IN TANK AT THE END OF EACH MONTH —_
=
- 102
£ 2 - =
= l u 8 X
= 15 =
= 6 =
&5 1 =
@ 4
= 7]
G 03 2 3
=
0 v oo
1 2 3 4 g 6 7 8 9 10 " 12
Manth
Hourly Water Load (dam3) Hourly Water Pumped (+) Aurb. (3} (dam3) Hourly Water Stored in Tank (dam3)
80
60
0 40
L) -
i B
(1] (1] 2,000 4,000 6,000 8,000 0 2,000 4,000 6.000 8.000
Hourly Energy of Water Load (MWh) Hourly Energy of Water Pumped (+) fturb. (-) (MWh) Hourly Energy of Water Stored in Tank (MWh)
0.01 10
0.005
0 0 5
-0.005
-0.01
0 2,000 4,000 6,000 8.000 0 2,000 4,000 6.000 8.000 0 2,000 4,000 6.000 8.000
Simulation step (min). B0~ Simulaltion multiperiod year. |1 ~ Back Save data: h | Save Simulation Data Save Prob. Data

And the multiperiod tab:

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Waterloed / PHS  MULTIPERIOD
MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)

Total Load PV Generator Wind Turbines
100 ]
g 50 o= —T
0
0 5 10 15 20 25 5 10 15 20 25
Hydro Turbine AC Generator Export

g 100
6
4 == 50
2
0 0

5 10 15 20 25 5 10 15 20 25 5 10 15 20 25

Fuel Cell Electrolyzer

0 — Save Multiperiod data

5 10 15 20 25 3 10 15 20 25

Battery bank Charge Battery bank Discharge Hydrogen tank cap. or H2 sold (t)

6 6
4 4 0
2 2
0 0

5 10 15 20 25 5) 10 15 5 10 15 20 25

Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid

0 0

5 10 15 20 25 5 10 15 20 25

Save the project.

50. Green H2.

Open the project Highl-multi2.kho and save it as “High1-multi2-greenH2".
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Now let’s suppose that we want to generate hydrogen (by means of an electrolyzer) with the
electricity that cannot be injected to the AC grid (because the renewable generation is higher
than the maximum grid power during some hours). The hydrogen generated will be sold.

In the main screen, select “H2 (F.C. — Elyzer.)” and uncheck “Battery bank”, as we will not
consider the batteries in our system. Also we could uncheck “Inverter/cha”, as the electrolyzer
has its own rectifier defined in its screen, but we can leave it checked and the optimal will not
include inverter/charger.

GENERAL DATA | OPTIMIZATION | COI

COMPONENTS
¥ PV Gen.

[ ‘Wind Turbines

[ Hydio T.

[” Battery bank

[~ Backup Gen.

v Inverter/cha

¥ H2[F.C. - Elyze}.

And then click in the button “H2 (F.C. — Elyzer.)”:

W H2 COMPONENTS = x
| Electrolyzers  Hz Tank

Generation of H2 by electrical anargy

A from Dietebese Zora
L A R S )
| Mame Pot Nom{(kW)  Acq cost(k€) COAM{EA1) Litespan () AfNkg®) BiWkgh)  Pot min. (%)
| v Ehyeetiiy g o 2500 20 n n o
|
|
|
| g oz in stand-by: [ dnal power
| Power consumpton in #and-by: | 10 % of nominal powe ilabibty

EiyzerSkW, Consumpbonfin] and Emcienc s SHHY)
— - — — Stack repiacement coat (% of a2q. costy |40

£ aom
7 2wE
3 1o

5 Flectinlyzes
006 (17] a1 2 Haurs and &h ? 2

08 0
H2 OUTPUT MASS FLOW fgih)

= RE 3B

(]

| Hominal H2 mass fow = 0.1 kg Ris needed atleast | MWt ganarsts H2 HHY of HZ 2 39 4 kg

Equiatan: COZ emissians (manuacsnng fusl ceds and alectrobygers) | 130 oy D02 vt /KW vt prowes

Comprozsion slactricalfansumption (KWh alactricity par kg H o

[CJPUEL CELL

s Indntion Fiacs for Fusl Calls. Electiohers and Mo Variaton of Fued Colls, Elockolszors sed HE Tanks Cost (g, for an

H Tank Cast £ expected 5% reduction on cuvent cOSL intioduce "S55 il

Limilis renched in 21 9 ynees

[ Fuel Col and Elmctrohyme an commched 1 AC bus by 3 o s ik Irarar and e

I

In high power projects, by default there is no Fuel cell considered in the system (“FUEL CELL”
checkbox is unchecked), we have just electrolyzer. Also by default no H2 tank is considered (all
the hydrogen generated will be sold).

Let’s leave the default electrolyzer (of 5 kW), without any change. You can see that by default a
power consumption in stand-by of 10% of the nominal power of the electrolyzer is considered
(all the hours when the electrolyzer is not generating hydrogen, it consumes 5:0.1= 0.5 kW).

A and B parameters (40 and 10 kW/kg/h, respectively) of the table are the consumption
parameters, with them the electrical energy consumption (kW) vs. H2 generated mass flow
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(kg/h) is shown in the graph (red line, left axis); the green line (right axis) is the efficiency in % of
higher heating value (HHV) of the hydrogen.

ElyzerskW. Consumption(kW) and Efficiency(%HHV)

z 80
= z
=

5 4.0% o0l
g 3072 w?
2 2048 g
= =
S 1.024 20 2
. w
LU

u 0 0

0 0.02 0.04 0.06 0.08 0.1

H2 OUTPUT MASS FLOW (kg/h)

Maminal HZ mass flow = 0.1 kot tis needed atleast 1 kv'to generate HEZ

We will add the “Zero” electrolyzer to consider the possibility of not having electrolyzer (add the
“Zero” electrolyzer from the database)>

) H2 COMPONENTS - O x
Electrolyzers H2 Tank

Generation of H2 by electrical energy

Add from Database | |Zem ~
M| 4| B Bl * = a v x @
Mams Pot Nom(ki%)  Acq. cost(ki) C D&M (Ehn) Lifespan () AKWike/h) B (KWkot)  Pot min. (%) ~
Elyzerkiy & 20 2500 20 40 1 20
» Zero 0 0 0 100 40 1 20

In the botton right corner of the screen, click in “Inverter and rectifier data” button, the next
window appears:

ELECTROLYZER:
Efficiency of the rectifier of the electrolyzery (90 %

FUEL CELL:

Efficiency of the inverter of the Fuel Cell [%] vs Dutput power [% of rated]

The electrolyzer rectifier efficiency is 90% by default, and its cost must be included in the
electrolyzer cost. We leave the data by default. The fuel cell efficiency is not considered as in
our case there is no fuel cell. Click OK to close this little window.

In the “H2 tank” tab, leave the default checkbox checked. No H2 tank will be considered, that is,
all the hydrogen generated will be sold for external use, therefore no cost for the H2 tank will
be considered. In the simulation, the H2 generated will be shown as the H2 in the tank, that is,
in the H2 tank we really will see the H2 generated that will be sold.
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1l H2 COMPONENTS -0 x|

Electrolyzers :

¥ In H2 generating systems, do not consider HZ tank (costs 0, infinite allowed size)

The costs of the real tank which will be in our facility to store the H2 before selling it, the cost of
compressors, rectifier etc. must be included in the electrolyzer costs. The efficiency of
compressing the H2 generated and other auxiliary processes will be considered as 5 kWh per kg:

Equivalent COZ emissions (manufacturing fuel cells and electrokzers): w @@iemayiv. [ K rated power

Compression electrical consumption (kWh electricity per kg H2):

[JFUELCELL ELECTROLYZER + HZ TANK

Annual Inflation Rate for Fuel Cells, Electrolyzers and [~ e, Wariation of Fuel Cells, Electrolyzers and H2 Tanks Cost (e.q.. foran
H2 Tank Cost kS expected 902 reduction on current cost intraduce "-40%"): %

Lirnitis reached in 21.9 years

Fuel Cell and Electrolyzer are connected to AC bus (by means of their inverter and rectifier respectivelly) Inverter and rectifier data

OK and return to the main screen.

As there is an AC load consumption due to the electrolyzer (when it is in stand-by), we will
include the option to purchase electricity from the AC grid.

In the main screen, click “LOAD / AC GRID”, and, in the PURCHASE / SELL E tab, select “Purchase
from AC grid Unmet Load...”, the purchase price will be the default value (0.15 €/kWh) and the
sell price also the default value (0.12 €/kWh). We need to contract the power from the grid,
which will be in this case for example 3 kW, with an annual cost of the power of 40 €/kW.

Also click on “Sell surplus H2 in tank...” to indicate we want to sell the H2 produced, and leave
the default price of 10 €/kg and annual inflation of 3% for that price.
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1l Load and options of Selling / Purchasing Energy from the AC grid - [m} X
Data source: = r =

ol r
(& Monthly Average ¢ Load Profile € Impart File (K, tH2/h, dam3/k) ((: 1 - Expart

ACLOAD (kW) | DCLOAD (kW) | H2LOAD (tH2h) | WATER (dam3/day) FROM WATER TANK PURCHASE [ SELL E }

[ ¥ Purchase from AC grid Unmet Load (Non Served Sell Excess Energy to AC grid HEER DS |
Energy by Stand-alone system) . X
= :  Fised Sl Prios [&/kWh] ’T Pricrity to supply E nat coverad by renewables
W Fired Buy Price [£/kwh)] |U.15 ,1_ " Storage/Generator (AL Grid
[ Prosell=pr. buy s
Annual Inflation (%) Emizgion [kgCO 2/ h): Pl B v Sell lus HZ in tank (diff =)
k] ¥ Sell surplus H2 in tank [difference
3 04 ealpicnls) between the HZ in the tank at the
[@ Fixed Prmax (W) Fised Cost P (E/kw/p] Max. Powerliiw]  [30 [ =Pmax buy e e e ompinal

Price [£/k ion [%]:
3 Options 40 Energy Generation Charge [Transfer Charge] Price [£/kvh] tice (€ka)  Anrwal Inflation ()

. . 10 3
ROl A W Fized Transfer price [£/Kwih) |0.0005 | J
W Fized Access price [B/Wh] |0 | Self-consumption and MNet Mettering:
B ack-up Charge Price [£/KwWh |Nn Met Metering ﬂ
¥ Fived Back-up price [/Kwh] |0 Cost of net metering service [B/wh] |0
[The cost of the back-up toll will be added to the E purchased) Buy-back: Export E is paid st £k |0

Total bax for electricity costs (buy + charges] [%]: [0 Total tax for electricity sold () |0

OK to return to the main screen. In the main screen, click in button “Parameters”, and in the
window that appears set the value 18, that is all the combinations in “Display best” so all the
results will be shown in the result table.

V' PARAMETERS OF THE OPTIMIZATION

MAIN ALGORITHM (OPTIMIZATION OF COMPONENTS)

OFTIMIZATION METHOD
O GEMNETIC ALGORITHMS @ EVALUATE ALL COMBE
15 10
a0 1 Mutation Unifarm

1 3

EVALUATE ALL COMBINATIONS:

Display best

OK and then CALCULATE.

The optimal system is the same as the one of project “High1-multi-2”, but with a higher cost due
to the extra cost of the power for purchasing electricity from AC grid.

# Total NPY (kE) Erigsion fCOZ41  UnmetMwhie)  IBR3E Investment(kE)  Cap () LCOEEkYh) Simulate Report Costs ~

1 0 1389 75 1452 00787 SIMULATE.. REPORT.. COS1

2 0 12.69 875 13.45 00846 SIMULATE.. REPORT... COS1

3 0 14.93 G2.5 18.33 00744 SIMULATE.. REPORT... COS1

4 50.788 2.56 0 11.55 100 12.43 0.0914 SIMULATE.. REPORT... COS1

5 46.489 1.28 0 1628 50 1555 00743 SIMULATE.. REFPORT... COS1

[ 34.41 0.96 0 1514 37h 15.55 00751 SIMULATE.. REPORT... COS1

7 22.307 0.64 0 14.99 25 16.55 00767 SIMULATE.. REPORT... COS1

8 10.204 0.32 0 1439 125 1555 00816 SIMULATE.. REPORT... COS1

9 5.05 3.26 0 5598 1125 1314 0144 SIMULATE.. REPORT... COS1 v
< >

COMPONENTE: PV gen: FV10 (10 ki) B (100% PY#1: slope 342 azimuth 0% /#/ Unmetload = 0 2 ¥ Total Met Present Walue (NPV) = B8 955 k€. IRR = 13.8%

STRATEGY: There is no load consurmption -> no control strategy related to the load consumption supply. Control variakles for grickconnected batteries: charge (onky
from renewable, notfrom grid) if price of E. (sell) is lower than 0 £/kWh; disch. (load + injecting to the grid) if price E. (sell) higher than 011 £4dWh

The first solution that includes electrolyzer is the number 9. In this case, we can see in the 9%
row that the “H2 tank” column value is 0.108 tons, that means that the H2 sold during each year
is that value (annual average value of the 25 years).
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P.FC (K ﬂElyz. {ki¥) H2 tank () \P‘ ~

PPV (kivp) Slope#l(f) CnBat (kih) P Gen (kKW) Pl (KW) P Wind T (kW) F. Turl (mifs)
Bx10 340 10 0 T 0 0 0
710 340 1x0 0 1l i 0 i
510 340 1xD 0 1 i 0 i
Bx10 340 1x0 0 T 0 0 0
410 340 1x0 0 1l i 0 i
w10 340 10 0 1 i 0 i
210 340 1x0 0 T 0 0 0
1x10 340 1x0 0 1l i 0 i
710 340 10 010 0 & :
A
<

Solution number 9 NPV is 5.05 k€, much lower than the optimal solution, therefore in this case
it is not optimal generating H2 with the excess energy.

u 1u_cun uae u o ey Taoy UL SIMULATL . ALFUR L LU
9 5.05 3.26 1] 545 11245 1319 0144 SIMULATE.. REPORT_. CO31 -
< >

We click in SIMULATE of row 9™ and we can see the simulation of that solution, for example the
first 10 days of year 1:

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator “Waterload /PHS  MULTIPERIOD

Sim. multiperiod, shown year 1. PV: 100%:;Water tank 1st day: 40dam3.

5,500
55 : Total Load
5.000 — Export
30 Unmet Load
= A 4500 PV
é # b E =+ Electrolyzer
:‘—‘- 10 4.000 Buy E from grid
A 1 ] — H2 tank (HHVY)
Z 3500 w Sell E to grid
w w
’g 10 3,000 =
H
£
£ % 2,500 g
E 20 2,000 E
5 15 1500 &
-]
10 1,000
5 ~ ~ n . 500
=] ~ N N n . N m
0 J J J L 1 1 rs 0
1 2 3 4 5 6 7 8 9 10
[ Legend January

‘ > ]

POWER COMSUMED OR SUPPLIED (ki) []5ee owver  Days display

. Enetgy price
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (kiwh)
O O v| Electrolyzer soc
i E. max disch. batt. E.H2 tank (HHVH2) [Z]R P1 SOC limits
Batt bank Ch: P critical Gen.
Export Energy attery ban arge critical Gen Cap. Max.
Eto supply FC P critical Fuel Cell )
. S0C setpoint Gen.
Or Wind Turb. i
ot P E boughtto AC grid [2] Prmax S0 setpoint FC
ISR AC Generator E sald to AC grid [¥] Pmax
Pmax. input Inverter D P @0 H2 TANK setpoint (HHY H2) S50C(0-1) T.full charge

Simulation step (min): 60~ Simulaltion multiperiad year: |1 i Back Save data h | Save Simulation Data Save Prab. Data

COMPONENTS: PY generator of 70 kiwp (100% PV#1: slope 342, azimuth 0%). Electralyzer of 5 kW,

STRATEGY: There is no load consumption -> no contral strategy related to the load consumption supply. Control variables for green hydragen: Generate H2 {only from renewakle. notfrom grid) if price of
E. (sell) is lower than 0 £k h;

And the multiperiod tab, where we can see the H2 sold each year (in tons):
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AG Generstor MWaterload /PHS  MULTIPERIOD
MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)

Total Load PV Generator Wind Turbines
10041
L 50 T " e
0
0 5 10 13 20 25 5 10 15 20 25
Hydro Turbine AC Generator Export
100
0 L e — 50
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Fuel Cell Electrolyzer
0 Save Multiperiod data

5 10 15 20 25 5 10 15 20 25
Battery bank Charge Battery bank Discharge Hydrogen tank cap. or H2 sald ()
0 0
0 0
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
80
2
60
0 1 40
20
0 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25

Save the project.

51. High power project, minimization of NPC.

Open High1 project and save as with the name “High2”.

Now we will modify the previous project considering there is AC load and trying to minimize the
NPC.

Project-> Options:

MAIN OPTIONS:

Simulation and optimization:

& Simulstion of the 1styear and extrapolate results

" Multineriod: simulate all the years of the system lifetime (|25 years)

—Economic optimization:

& inimize MNet Present Cast (NPC), usually for off-grid systems and high load on-grid: ]

© Maximize Net Present Walue (NPV), usually for low load or no-load on-grid systems | & jiaw NPV

© Min. LCOE

Mumber of decimal places in results chnstsli} 'l
MNumber of decimal places in results of energy |3 'l

QK |

In the LOAD/ AC GRID screen, we add AC load, residential load of 100 kWh/day:

Load profile: |Zern LI

) . =l 1} i 1!
|—"-.r"ar|a|:u|||t "-.:"ILL-‘i"-QE 1|:||:|k'-.,.'.,.-'h£_|:|ay
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We click on Generate and approx. 0.1 MWh/day is obtained.

V' Load and options of Selling / Purchasing Energy from the AC grid - m] X
Data source: Haurs A oc Ho e
Minutes- each hourin 1 row
(O Monthly Average @ Load Profile (O lmportFile (kv tH2/h, dam3h) LI i tes 1 par row Impart Expont
AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) WATER (dam3/day) FROM WATER TANK  PURCHASE / SELL E
honith 0-1h 1-2h 2-3h 4h 4-5h 5-Eh 6-7h 7-8h 8-gh 9-10h 10-11h - 11-12h 12413k 1314k 14-15h 15-16F A
JANUARY 5.155  3.386 2.57 1.924 1.847 1.847 2155 2924 3.924 4155 4386 4617 4.925 5463  6.196 6.2
FEBRUARY 5155  3.386 2.57 1.924 1.847 1.847 2155 2924 3.924 4155 4386 4617 4.925 5463  6.196 6.2
MARCH 479 3.251 2505 1.962 1878 1.878 2135 2778 362 3.867 4109 4.332 4609 5.067 5.636 57
APRIL 4424 3.116 2.439 2.001 1.908 1.908 2116 2632 3.316 3.578 3.832 4.047 4.294 4671 5117 51
MAY 4.059 2.982 2.374 2.039 1939 1.939 2.097 2.485 3.0z 3.289 3.555 3.763 3978 4274 4598 45
JUNE 3.693 2.847 2.308 2.078 1.97 197 2.078 2.339 2.709 3.001 3.278 3.478 3.663 3.878 4.078 4.0
JuLy 3693 2847 2308 2078 1.97 1.97 2078 2339 2708 3.001 3278 3478 3663 3878 4078 40
AUGUST 3.693 2847 2308 2078 1.97 1.97 2078 2339 2708 3.001 3278 3478 3663 3878 4078 40
SEPTEMBER 4.059 2982 2374 2039 1939 1933 2097 2485 3.012 32839 3555 3763 3978 4274 4598 45
OCTOBER 4424 3116 2439 2001 1.908 1908 2116 2632 3316 3578  3.832  4.047 4.294 4671 5117 51
NOVEMBER  4.79 3.251 2505  1.962 1.876 1.878 2135 2778 1.62 3.867 4109 4332 4.609 5067 5636 5.7
P DECEMBER 5155  3.386 2.57 1.924 1.847 1.847 2155 2924 3.924 4155 4386 4617 4.925 5463  6.156 6.2
v
< >
Scale factor for Monday to Friday: Scale factor for the weekend:
Load profile: | Residential 100kWh/day ~
AVERAGE LOAD IN JANUARY (included scale factor), TOTAL 120.15 kWhiday
Add load profile "
¥ M AC load % (] DCload @ M H2 (HHV) @ B Water (E pumped) |
Wariahility
AC DC H2
Daily Yariability El % EI % EI % 8
Hourly Wariability El % D % D % 6
Minutes Variability E 4
Correlation minutes
2
AC load power factor (Cos fi) l:l
0
0
Addloadof [0 [kWAC | during hour
R t A A
lram: min El hnurElda [IRepeatevery = AC max hourly active power load inthe year (inc. AT pumping): 8.7 KW, Max. in 1/2 hintervals: 9.3 KW
days | Average hourly AC power: Active 4.2 KW, Aparent 4.2 KvA
oK = Graph i stops of 80~ hnin DC max. hourly power load inthe year: 0 kKW, DC power hourly average 0 kW
Average hourly value of (Energy_DC_hourhy/Energy_Total_hourly): DC Factor = 0%
Average daily load = 0.099 MWh/day
In the graph we can see the load:
Al Graph - ] X
LOAD
8
7
G
5
z
=
4
3
2
1
0
1 21 N
¥ — ACload |¥ — DCload |¥ — H2 (in HHV) [¢ — WATER (in pump E.) |
< >
Days display

In PURCHASE / SELL E tab, let’s suppose that the electricity price will be hourly, by periods, and

the contracted power also by periods. Select “Purchase from AC grid Unmet load ....

Uncheck “Fixed Buy Price” and “Fixed Pmax”.
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In the Sell excess energy to AC grid panel, select “=Pmax buy”, this way the maximum power to
be injected to the AC gris will be the same as the defined power to purchase from the AC grid.

- [m]

5 Export

V' Load and options of Selling / Purchasing Energy from the AC grid

D ata source: P r r r
" Monthly Average ¢ Load Prafle  Import File [k, tH2/h, dam3/h) ((: 1 -
ACLOAD (kW) | DCLOAD (kW) | H2LOAD (tH2ih) | WATER (dam3/day) FROM WATER TANK PURCHASE ! SELLE ]

AC GRID AVAILABILITY ‘

v Sell Excess Energy to AC grid

[ Fixed Sell Price [£A0wh)  |012

Priority to supply E not covered by renewables:

[ v Purchase from AC grid Unmet Load [Mon Serve:
(¢ Storage/Generator ¢ AC Grid

Energy by Stand-alone system)

Access Charge Price [orkwh
[v Fixed Access price [E/kWh) |0

Self-consumption and Met Mettering:

[~ Fized Buy Frice [£/Kwh) |U.15 Hourly Price
mew!:lation B Exisdn [kgCD2f’kH m o =g s [ = =
F o vt (35 T ol vl 2 ek (fomecs
lEke o Fised Cast P [£/Ki/, Maw, Power(kw)  [100] ¥ =Prax buy end of the year and at the beginning]
Options ’El— Energy Generation Charg2=s mree] Price [£/kwh]
e ¥ Fized Transter price [£/Kwh) |0.0005 4 |1U ‘3

Data to compare with electical supply

Back-up Charge Price [E/kWh

¥ Fixed Back-up price [E4wh) |0

[The cost of the back-up tall will be added to the E purchazed)

|N0 Met Metering
Cost of net metering service [BAdwh] |0
Buy-back: Export E iz paid at [E/kwh) |0

Total tax for electricity sold (%) |0

j only from AC conventional grid:

Tatal cost installation of AC grid:| 100
O&M annual cost of grid: |10 kE

ke

Total tax for electricity costs (buy + charges] [%): |0

Then click on “Hourly Price” button close to the buy price. Select Hourly Periods and accept all

the default values (3 periods):

HOURLY PRICE OF THE ELECTRICITY PURCHASED FROM THE AC GRID

Haurly Price Data £/ h]
™ Hourly, all dayz the zame

A Lo file (B7E0 hourly values)

o Hourly Periods

ﬁ Diraw

Hourly Penods:
EOEEHTE S " Mon-Frifweekend ¢ Hourly [from file]

Mumber of Hourly Periodz: |3 = | | & SummerWinter

Period P1 Price:  |0.15
Period P2 Price:  |0.12
Period P3 Price;  |0.03

Summer calendar:

From day If marith |3_
To day IE manth IW

SUMMER penods distribution:

0-1h 1-2h 2-3h F-dh 4-5h E-Gh 6-7h 7-8Bh £-9h 910k 1011k 1112k
F3 ~| P32 =] P3| |P3 ~| P32 =] [P3 =] |P3 =] [P3 =] P2 ~| |P2 +| P2 ~]| [P2 ~|
1213 1314h 1415 1576k 1617h  171%h 1819 1920k 2021k 21-22h 2223h  2324h

F1 = [Pt | [Pt~ P2 | P2 »| |P2 | P2 «| [P2 ~| |P2 ~| |P2 ~| |P2 =] |P2 +|

WINTER periods distribution:

0-1h 1-2h 2-3h F4h 4-5h 5-6h B-7h 7-8h 8-9h 310h  10-11h 11-12h
P ~| |P3 «| [P3 ~| P3 ~| [P3 =] [P3 ~| P3 ~| [P3 ~| P2 ~| |P2 ~| [P2 ~| |P2 +|
1213 13-14h 1415  1516h  1617h 1718 181%h  1920h  20-21h  21-22h  22-23h  23-24h

P2 = P2 | P2 =] P32 =] P3 =] [P3 =] P1 =] |P1 =] |P1 =] |P1 =] [P2 ~| [P2 +|
oK

OK and, in the PURCHASE / SELL E tab, click “Hourly Values” close to the options of the

contracted power Pmax.
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[ Fixed Proax [1W) Fined Cost P [£/kWw fur
100 Optionz a I Hourly W alues

A small window appears. Change the values to the following Pmax and costs for the different
peridos P1 to P3 (note that P4-P6 are not considered, anyway we write 0 in them):

Hourly periods same of energy howly price penods

Prax (k] Coszt of Power [EA A
PeiodP1 [60 0
PeiodF2 [80 [0
PeiodP3 [0 5
PeiodPd [T o
PeiiodP5 [0 o
PeiodPE [0 o

(]9

OK and, in the PURCHASE / SELL E tab, click “Options” close to the options of the contracted
power Pmax.

[~ Fixed Pmax (k] Fiwed Cost P [£/kw fur]

|1DD l Options Ell Hourly alues

A window appears. We can choose among: Power limited to the value shown in Pmax; Limited
to an optimized value (it will be optimized during the opitmization, only valid for period P1), or

the third option, which will be the one selected “Not limited: Registered the maximum value
(average of....”

Ophions for the masimum peak, power from the Grd:

Walue of Pmaw:

" Limited to walue showrn in Prias

(" Lirnited to a value optimized between 0 and Prax. Humnber of values to consider: |5

i« Mot limited: Reqistered the maximum value [average of |'| i} j rain. o the length of the ime step} Data

(118

By using this option, the contracted power to buy electricity from the grid will not be the power
defined, it will be the maximum power registered during the simulation for each period.

However, the maximum power for selling electricity to the AC grid will be the values defined for
each period.
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And click in the button Data, leaving the default values (the way in Spain the cost of power is
applied in the electrical bill, when we have the option of registering the maximum value of the
power, called “maximetro” in Spain):

COST OF THE CONTRACTED POWER:
- If maw. power regiztered iz lower than A= |85 % of Prnax, apply |25 aof cost of Prnax
- |F rax. power registered iz higher than & and lower than B= [105 % of Prmax, apply (100 of cost of Prax

- If ras. power registered iz higher than B, apply 100% of cost of Pmax + |2 timesz diff. betwen reqiztered and B

Prnax iz the contracted power

Power reqisterad iz the masimumm power registered by the meter
s

Click OK, OK and OK to return to the main screen.

In the main window, in PRE-SIZING change to 0.5 days autonomy and and click the button PRE-
SIZING:

FRE-SIZIMNG

Energy storage: (0.5 | daws auton.
[ ] tax bat parallel -> Cn min.
[ ]tdex P gen. parallel -> P rmin.

bacWiind T. parallel -> F min.

bda AL Gen. parallel -> Fmin

We obtain:

RN AND MAX, No COMPONEMNTS IN PARALLEL:

Bateries in parallel: Min. |U |Max. |2 |

P gen. in parallel: kin. |U |Max. |E |

1 1

1 1

We calculate:
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# Total Cost (NPC)(kE€) Emission (fCOZ4h  Unmetihwhin  Unmet(®) Daut CniWh)/(Ppw+Pwily Ben(® LCOEE kNh) Simulate Report Ca
1 72832 9.56 1] 0 INF 0 4764 014 SIMULATE.. REPORT... (
? 75.288 956 1] 0 INF 0 4764 015 SIMULATE.. REPORT... (
3 76.106 9.56 0 0 INF 0 4764 015 SIMULATE.. REPORT... (
4 79.38 9.56 1] 0 INF 0 4764 015 SIMULATE.. REPORT... C
5 83.931 9.33 1] 0 INF 0 47.02 016 SIMULATE.. REPORT... (
b 85.004 973 1] 0 INF 08 4764 016 SIMULATE.. REPORT... (
7 86.387 9.33 0 0 INF 0 47.02 017 SIMULATE.. REPORT... (
] 87.205 9.33 1] 0 INF 0 47.02 017 SIMULATE.. REPORT... C
49 87.406 9.72 1] 0 INF 0& 4758 017 SIMULATE.. REPORT... ( ”
< >
COMPOMENTS: P gen: PVI0 (10 kiplx b (100% PY#1: slope 602 azimuth 02) 4 Unmetload = 0% ¢4 Total Cost (WPC) = 72.832 kE (0,14 £/k4vh)
STRATEGY: LOAD FOLLOWING. Contral wariahles for grid-connected batteries: charge (only from renewable, notfram grid) if price of E. (sell) is lower than 0 £/kMh:
disch. (load + injecting to the grid) if price E. (sell) higher than 0,17 £7kWh
The optimal system is a grid-connected PV generator of 60 kW.
The simulation of the optimal system:
Hourly simulatian  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator  Water loed / PHS  MULTIPERIOD
Simulation of 1 year, all the years the same.
90
8 Total Load
— 80 — Export
ERE Unmet Load
= 70 PV
65 Buy E from grid
E" 50 Sell E to grid
g 55
£ 20
= 45
S 40
g 3
£ 30
s
E 20
E 15
10
5 N /—\—/ = /—\—/ "'/—\
0 — ),
21
[“Legend
< >
POWER: CONSUMED OR SUPPLIED (KW) Energy price []SeeOvar  Daysdisplay
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (kivh)
O O Electrolyzer soc
E. max. disch. batt E. H2 tank (HHY HZ2) P1 -
| - S0C limits
e, Battery bank Charge P critical Gen Cap. Max
E.to supply FC P critical Fuel Cell )
) SOC setpoint Gen.
Wind Turb.
— Or E boughtin AC orid [7] Pmax 20C setpaint FC
aer. e AC Generator E soldto AG grid [»] Pmax MR MR T ol
[ Pmax. input Inverter (] P e Gen setpoint (| /| S0C (0-1) ull charge

We can see in purple dotted line the contracted power for the different periods (60, 80 and 90

kW), which is the same for purchasing or for selling electricity. In turquoise dotted line we can

see the maximum consumed power from the grid, registered for each period and for each

month. We can see these values are much lower than the contract power values, so probably

the contract power values are not optimal.

In the main screen, in the first row of the results, if we click COSTS, we see the report of the

costs of the optimal solution.
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Project: High2.kho. Solution # 1

sales. BLUE: O&M. Currency: K€.

TOTAL COST (NPC). 7T2.832 k€

Total Cost of Hydro (NPC): 0 k€

Distribution of costs (+) and incomes (-), NPC, during the years. RED: acquisition costs, replac. costs and incomes for

Total Cost (NPC): 72.832 k€ (0.14 €/ kWh). Initial cost of investment: 75 k€. Loan of 100 %, int. 7% in 25 yr., quota: 6.436 k&lyr.

Financial Cost (NPC): initial payment + annual quotas: 75 k£

b 1
4 49
2 2
0 hE
0024681 13 16 19 22 25 00246 810 13 16 19 22 25
Total Cost of PV Generator (NPC): 68.54 k€ Total Costof Wind Turbines group (NPC): 0 k€
60
40 o4
20
0 LLARNIARE LN LR BULELE NN B T T T T LA DML L DAL LRI L LR L ) T T
0246 810 13 16 19 22 25 024 6 810 13 16 19 22 25

Total Cost of AC Generator (WPC): 0 k€

After closing, it asks for saving the cash flow. We say yes, and then we open it with Microsoft

Excel. At the bottom we can see the results of the power registered and the power costs, for

the different periods and months. We see the maximum power registered, the power to

calculate the cost of the bill and the cost of the bill, for the different periods and months.

At the end it shows us the optimal contracted power so that the power cost in the bill would
be minimized, in this case 6.26 kW for P1, 0 for P2 and 4.36 kW for P3.

A B i D E F G H
43 |RESULTS OF THE POWER REGISTERED AND THE POWER COSTS:
44
45 | *RESULTS OF THE MAXIMUM POWER (kW) FROM THE GRID REGISTERED, 1st YEAR:
46 |MONTH PeriodP1  Period P2 Period P3
47 1 8.695 8.464 3.155
48 2 8.695 8.464 5.155
49 3 7.66 7.66 4.79
50 4 0 6.641 4.424
51 5 0 5.729 4.059
52 6 0 4.817 3.693
53 7 0 4.817 3.693
54 8 0 4.817 3.693
55 9 0 5.729 4.059
56 10 6.625 6.641 4.424
57 11 7.66 7.552 4.79
58 12 8.695 8.464 5.619

59 | *Actual contract power is, for the different peridos: 60 kWw; 80 kW; 90 kw;

60 | “RESULTS OF THE VALUE OF THE POWER (kW) TO CALCULATE THE COST OF THE POWER IN THE BJLL, AND COSTS (k€), 1st YEAR:

61 |MONTH Period P1{kW Cost 1st yr.(k: Period P2(kW Cost 1st yr.(k: Period P3(kW Cost 1st yr.(kE)
62 1 51 0.1733 68 0.1155 76.5 0.0875
63 2 3L 0.1733 68 0.1153 76.5 0.0875
64 3 28 0.1733 68 0.1155 76.5 0.0975
65 4 51 0.1733 68 0.1155 76.5 0.0975
66 3 28 0.1733 68 0.1153 76.5 0.0975
67 6 28 0.1733 68 0.1155 76.5 0.0975
68 7 51 0.1733 68 0.1155 76.5 0.0975
69 8 51 0.1733 68 0.1155 76.5 0.0975
o 9 28 0.1733 68 0.1155 76.5 0.0975
il 10 51 0.1733 68 0.1155 76.5 0.0975
72 1 51 0.1733 68 0.1155 76.5 0.0875
73 12 28 0.1733 68 0.1155 76.5 0.0975

74 |*Total cost of the power, 1styear: 4.635 k€

75 |*If not considering that contract power of period P1 <= power of P2 <= power of P3....

76 |Optimal contract power would be: 6.35 kW; 0 kW; 4.78 kW; With a total cost of the power, 1st year: 0.636 k€
77 | *If considering that contract power of period P1 <= power of P2 <= power of P3....

78 |Optimal contract power would be: 6.35 kW; 6.35 kW; 6.35 kW; With a total cost of the power, 1st year: 1.613 k€

52. High power project, minimization of NPC, multiperiod.

Save the project and then save as with the name “High2-multi”.

We change to multiperiod (Project->Options):
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simulation and optimization:

= Simulation ofthe 1styear and extrapolate results

* hultiperiod: simulate all the vears ofthe system lifetime (|28 wears])  Options

With the default options of multiperiod.

We click in the first row of the results and the NPC of the optimal system is much higher:

# Total Cost (NPC){k€) Emission (fCOZAT  Unmetbdwhir)  Unmet(>2) Duaut Cnlwh)/(Ppv+Pwiv RBen(® LCOE[E/ldh) Simulate Report A
11 98 559 10.81 0 0 INF 0 4658 017 SIMULATE.. REPORT... (

So multiperiod affects considerably.
We optimize with multiperiod:

The optimal is the same as in previous section, but with higher cost:

# Total Cost (NPC)(kE) Emission tCOZ4:)  Unmethhir)  Unmeti3) Dant Caléh)/(Proe+Pw) (v Ben(® LOOEEdNh) Simulate Report C

1 96.559 10.81 0 0 INF 0 46.58 017 SIMULATE.. REPORT... (

2 101.015 10.81 0 0 INF 0 4658 017 SIMULATE.. REPORT... (

3 101.834 10.81 0 0 INF 0 4653 017 SIMULATE.. REPORT... (

4 105.108 10.81 0 0 INF 0 4853 018 SIMULATE.. REPORT... (

5 106.659 10.61 0 0 INF 0 4584 018 SIMULATE.. REPORT... C

i 109.114 10.61 0 0 INF 0 4584 018 SIMULATE.. REPORT... (

7 109.933 10.61 0 0 INF 0 4584 019 SIMULATE.. REPORT... (

3 110.732 10.91 0 0 INF 08 4658 019 SIMULATE.. REPORT... ¢

3 113.184 10.91 0 0 INF 08 4658 019 SIMULATE.. REPORT.. ( y
< >

COMPONENTS: P4 gan: P10 (10 Kvp)x 6 (100% PA#1: slops 60%, azimuth 02) // Unmetload = 0 % // Total Cost (NPC) = 98.559 kE (0,17 £4k4h)

STRATEGY: LOAD FOLLOWING. Control wariables for grid-connected batteries: charge {only from renewable, notfrom grid) if price of E. (sell) is lower than 0 £/k\Wh;
disch. (load + injecting to the grid) if price E. (gell) higher than 0.17 £/kMWh

53. High power project, minimization of NPC, multiperiod. Include bifacial PV modules.

Save the previous project and then save as with the name “High2-multi-bifacial”.

We want to consider bifacial PV modules. Let’s suppose that they are 10% more expensive than
the normal PV modules, and the bifaciality is 0.7. We want to consider the previous PV generator
of 10 kWp but also a new PV generator of bifacial PV modules, of 10 kWp nominal power (of the
front surface) with a bifaciality of 0.7 and the cost of 11 k€ (10% higher).

To consider bifacial PV modules, you first need to calculate the irradiation over the back surface
of the PV modules. Go to the irradiation screen. We will consider the default value for the factor
for the back albedo, F(l) =0.33:

Factor (1) far the back albedo
(hifacial madules) (Durusoy 2020y |0.33

Then press CALCULATE. We accept. It calculates and we obtain similar irradiation as before for
the front surface. For the back surface, 471 kWh/m? is the total irradiation of the year.
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Daily Average Irradiation (Tilt Surf):  4.46 kih/m?2
Total Annual Irradiation (Tilt Surf), 162926 kWhfme
Annual lrr. Back surface / Directfor CPY:  471.29 kKiwhim2 / 1304.57 kiwhim?2

Now download the irradiation hourly data from PVGIS-2015 (only irradiation).

Download from: (@ PVGIS - Year 2016 ™
(O Renewable Minja (year 2019)
(O NASA- Year 2020
[ Hourly Iradiation
[IHourly Temparature for. 1PV [2]Wind T[] Batt
[ Houry wind Speed

OK Cancel

We obtain the following (back surface irradiation remains):

Daily Average Irradiation (Tit Surf): 525 Kwhim2
Tatal Annual Irradiation (Tilt Surf.): 191861 kWhim2
Annual lrr. Back surface / Directfor CPY: 471.29 Kveh/m2 /1310 kKiWh/m2

Accept and go to the PV generators screen. Add from the database the bifacial PV generator
PV10BIF of 10 kWp, cost 11 k€ and bifaciality 0.7.

Marne Power(kiwp)  Cost(ke) CORM(%p)  Lifefyears) NOCT(C)  PowerT.coet(3%/20) BIFACIALTY(0-1) CPY  missions(kgCOZkW, ~
PY10 10 10 1 25 13 -0.4 0 NO a00
» PV10BIF 10 " 1 25 43 -0.4 0.7 NO aon

Therefore, we will consider two PV generators: the normal one and the bifacial one.
Accept and, in the main screen of the software, CALCULATE.

The optimal system includes the bifacial generator PV10BIF (6 in parallel), in this case, although
the cost of the PV generator is 10% higher, the increase in PV production compensates it.

# Total Cost (NPC)(kE) Emission (COZA  Unmet(MWhir)  Unmet3) Daut Cn{dWh)/(Ppwv+sPu)( Ren( LCOEEANWWh) Simulate Report A
2 84.056 10.61 0 0 INF 0 4773 0.14 SIMULATE.. REPORT... C
3 84.874 10.61 0 0 INF 0 4773 014 SIMULATE.. REPORT... C
4 88.148 10.61 0 0 INF 0 4773 015 SIMULATE.. REPORT... C
3 92 543 10.41 0 0 INF 0 47.07 016 SIMULATE.. REPORT... C
& 93.772 10.72 0 0 INF 08 4773 016 SIMULATE.. REPORT... C
7 94.998 10.41 0 0 INF 0 4707 016 SIMULATE.. REPORT... C
G 95.817 10.41 0 0 INF 0 4707 016 SIMULATE.. REPORT... C
9 96.225 10.72 0 0 INF 08 4773 016 SIMULATE.. REPORT... C
10 97.043 10.72 0 0 INF 08 4773 016 SIMULATE.. C v
< >

| & 3
COMPONENTE[F’V gen: PV DEIF (10 kil BJm 00% PV#1: slope BO2 azimuth 0%) 4 Unmet load = 0 % # Tatal Cost (NPC) = 816 kE (0.14 £/kih)

STRATEGY: LOAD FOLLOWING. Control variables for grid-connected batteries: charge (only frorm renewable, notfrom grid) if price of E. (sell) is lower than 0 £7kMWh;
dizch. (load + injecting to the grid) if price E. (sell) higher than 0.17 £/liih

54. High power project, minimization of NPC, multiperiod. Include CPV.

Save the previous project and then save as with the name “High2-multi-CPV”.
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Let’s consider a normal PV generator of 10 kWp and a Concentrating PV generator (CPV) of 10
kWp from de database. Both will be with sun tracking in both axes.

In the irradiation screen, select for the PV tracking system: both axes:

PV Tracking System: | Both Axes o

Now download hourly data from PVGIS, 2015, only irradiation. The irradiation for the both axes
tracking system will be downloaded:

Daily Awverage Iradiation (Tik Surf): 761 kKWh/m?2
Tatal Annual Irradiation (Tilt Surf): 278053 kvhim2
Annual lrr. Back surface / Direct for CPY: 47129 Kvvhfm2 f 2050.35 KWh/mE

Global annual irradiation is 2780.5 kWh/m2 (for the normal PV with 2 axes tracking) while
direct is 2050.3 (for the CPV).

In the PV screen, change the bifacial PV for the CPV of the database (CPV10). Then, modify the
name of the generator PV10, adding “-T2axes” to increase the costs to 14 k€, adding the cost of
the tracking in two axes (let’s suppose that the CPV10 already includes the tracking cost).

PHOTOVOLTAIC GENERATOR DATA:

Nams Power(kWp)  Costkd)  CO&M(%AT)  Lifsfyears) NOCT(C)  PowarT coef(%/C) BIFACIALITY(0-1) CPY  missions(kgCOZ/W A
PV10-T2axes 10 14 1 25 13 0.4 0 NO 800
» CPV1D 10 12 1 25 43 014 0 OK 300

Optimize the system. In this case, the optimal solution includes the normal PV (higher cost but
much higher irradiation). The optimal system includes 6 generators of 10 kWp.

# Total Cost (NPC)(kE) Ermission #CO24r  Unmet(hdihier)  Unmet(3) Daut CnWh) P+ Ped (e Beni® LOOEEh) Simulate Report (A

1 53.388 10.01 0 0 INF 0 5134 0.09 SIMULATE.. REPORT... (

2 55.844 10.01 0 0 INF 0 51.34 0.03 SIMULATE.. REPORT... (

3 56.662 10.01 0 0 INF 0 51.34 0.1 SIMULATE.. REPORT... ¢

4 59.936 10.01 0 0 INF 0 5134 0.1 SIMULATE.. REPORT... (

5 65.56 10012 0 0 INF 048 51.34 011 SIMULATE.. REPORT... (

B 68.013 10012 0 o INF 08 51.34 011 SIMULATE.. REPORT... (

7 68.831 10012 0 0 INF 08 51.34 012 SIMULATE.. REPORT... (

i 69.047 9.85 0 0 INF 0 504 012 SIMULATE.. REPORT... (

3 71.503 9.85 0 0 INF 0 504 012 SIMULATE.. REPORT... (v
< >

COMPONENTE: PV gen: Pv10-TZaxes (10 kvvi)x 6 (Track. Bth axig) /f Unmetload = 0 % / Total Cost (MPC) = 53,388 kE (0.00 £/kvwh)

STRATEGY: LOAD FOLLOWING. Contralvanables for gnd-connected batteries: charge (onby from renewable, notfrom gric]) if price of E. (sell) is lower than 0 €/kKWh;
disch. (load + injecting to the grid) if price E. (sell) higher than 0.11 £/kiwh
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