GETTING STARTED. iHOGA 4.0.

Updated Dec. 21, 2024

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 25. From this section it is only

possible to continue with the PRO+ version.

Sections 28 and 29 can be skipped if you are not interested in them.
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BEFORE STARTING TO WORK:

iHOGA needs to run:

- Internet connection to check the license validity (and to download from web databases the

values of irradiation, temperature and wind speed data).

- 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/)

Virtual machines:
iHOGA software does not run under virtual machines or hypervisors.
Even if you do not use it, virtualization is enabled by default in many new computers BIOS.

Deactivate virtual machines or hypervisors if, after installing, when you open the software you
obtain the following message "Failed to start the trial: The function failed because this instance
of your program is running inside a viertual machine / hypervisor and you've prevented the

function from running inside a VM."

(it can happen due to the default virtualization activation in the computer BIOS, in this case you

must disable it in BIOS, see the last page of the following document):

How to deactivate virtual machine / hypervisor



http://www.dopdf.com/es/
http://ihoga.unizar.es/Desc/DEACTIVATE%20VIRTUAL%20MACHINE.pdf

Screen settings:
In Windows, select Settings > System > Display > Scale and layout (in your language).

Usually the optimal display resolution is the recommended value, but in some cases the software
visualization improves with other values. Also, in the field “Change the size of text, apps, and
other items” usually it is better to use 125% or even higher. We recommend using at least 125
percent scaling on 1080p display resolutions and higher to make it easier on your eyes, but find
the scaling that works best for you. If you see the software screen much lower than your display,
change that value to 150% or even higher.

Depending on these settings, the visualization of the software will be better or worse.

“— Settings = [m] *
@ Home Display
| Find a setting | Scale and layout
System Change the size of text, apps, and other items
| 125% v
I = Display Advanced scaling settings
) Sound Display resolution
| 2560 x 1440 (Recommended) v|
L] Notifications & actions
Display orientation
J  Focus assist ‘ Landscape i |
() Power & sleep
Multiple displays
= Storage
Multiple displays
08 Tablet Extend these displays v

Hi Multitasking ¥

&! Projecting to this PC Advanced display settings




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 *

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 set 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.

iIHOGA 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 Cancel

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.

e HIGH POWER PROJECT: 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 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.


https://ihoga.unizar.es/en/descarga/

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 will occur.

Al Create new project x
Guardaren: [ g Disco local (D) v @ & @
* Nombre Fecha de modifica.. Tipc ™
1 % Can
Acceso rapida Carr
=
Carg
Escritorio Carp
Carg
1 Carg
Bibliotecas Carg
Carg
> Carp
Este equipo Carg.
Carg
t]’ e i Carc ¥
< >
Red
Norbre:  [TE v| [[Guarar |
Tioo: iHOGA project (*hoga) ~| | Cancelar

In our case, we create it directly in the root directory (C:, D:...) or in the folder where you want
provided the full path should not be longer than 60 characters, for example D:\Projects, and call

it “Prl.hoga”, then clicking on “Save”.

Note that, in some computers, writing in C: needs administrator permission. If iHOGA reports an
error related to writing access, you should close the software, open it again, create the project

again and save it in another root (D:, E:...).

You can check that the file Pr1.hoga will be created in the folder selected, and a folder with the
same name (Prl1) 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
Prl.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
01 New
& Open
n Save Ctrl+5
H Save as

Save as Default Project

OPTIONS

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

Bl 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 optimization

@ Simulation ofthe 1styear and extrapolate results
(O Multiperioe: simulate all the years of the systern lifetime (years)

Economic optimization:

(@ Min. NPC

(O Min. LCOH

(O Min. Payback period

O Mex IRR savings ve AC only

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

(O Mandrmize Net Present Value (NPY), usually for low load or ne-load on-grid systems

e NP
Min. LCOE
Min. LCOH
Max Cap.F. min. LCOE
Max IRR
[]*hen saving the project, update all the results of the table 1o the present conditions Min. Payback periad
In the simulation window, show the probability density function (PDF) of the main results

["]twhen dlicking & componentin a table, update the component with the values of the datahase

MNurmber of decimal places in results of costs 1 v
MNurber 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 consumption)
or maximizing the net present value (NPV) of the system (for grid-connected power generators
without load or with low load). NPV optimization is only possible for PRO+ version. We leave the
default value (minimization of NPC, which is the only option available in EDU version).

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.

Al Project: DAPrL.hoga - o x
Project Dsts Calculste DatsBase Report Help

~# LDAD / AC GRID GENERALDATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART
RECURS0S COMPONENTS MIM, AND M&X, No COMPONENTS N PARALLEL: OPTIMIZATION PARSMETERS SELECTED By

o/ L PY panels

Biateries in parallel Min Max @ HOEA O usER
PV pan. in parallel, Win D Max. Maximum execution time:
f f [0 Jn 15 |min Parameters

AL Gen in paralet Min Man A Mirimum time for the Geretic Algorthns

(
__wmo |
[ Wind Turbines C%
COMPONENTES [ Hydro Turbine g
~ Py PANELS i
i

Battery bank

__wiptoRe, | CONSTRAINTS: Simulaton
- Step [min.) Simulation starts:
AC Generator M Unmet Load allowed -1 o |
Maximum Lnmet | oad sllowed: - annual o hour Elday mnn[h
I H Inverter L_!f [Unmet load can be covered by AC arid if it exists

and it is allowed in “LOAD ¢ AC GRID window)

- INVERTERS CIH2FC. Eweor]
-+ ACGENERATOR -
f CHARGE BAT

[ Compare with ‘worth Month Method (P¥-bat ]

Hore Constraints 4

DC Yoltage V harge [
AL Valiage [230 |V Reg. l{

DC
FRE-SIZING
Eneray storage: [l days auton. W W
[ Max bat. parallel-> Cn min AC AC

[ Max P pan. parallel -» P min.
Maxwind T. parallel -> P min.
[ Max AC Gen. parallel -> Pmin
HDl and Jobs |
Sensitivity Analysis

Probahility Anahysis

48 CALCULATE
il

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

Wind Turbines '!'
[JHydro Turbine
B attery bank il
[ AC Generator !‘-_
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. We will
do it later.

1l Project D:\Prl.hoga
Project Data Calculate DataBase FReport Help
" LOAD / ACGRID GENERALDATA  OPTIMIZATION CONTROL STF
RECURSO0S COMPONENTS MIN. AND
+ SOLAR (
P¥ panels Bateries in
— tww T 2 |
Wind Turbines PV pan. in
: . Wind T. in
COMPONENTES [JHydro Turbine AC B i
en. in
«f PV PANELS
4 Battery bank il
¢t wmpruRe [ _ TSR
AC Generator [y I awirnurn |
~f BATTERIES Inverter _‘“.—z'-f [gﬂ‘;“{ftis"
m []HZ [F.C. - Elyzer.] -fT;
- AC GENERATOR
- CHARGE BAT. o {‘}

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 Y |:| SOCd.
ACYalkage |230 |

If the checkbox "SOC d." is checked, 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 and/or water consumption pumped from a
river or a well to the water storage tank or reservoir) and the data of purchasing and selling
electrical energy to the AC grid or selling surplus hydrogen.

1 Project: D:\Prl.hoga

Project Data Calculate Date

«f LOAD A AC GRID

We obtain the following window (in EDU version only AC LOAD tab is visible):

V' Load and options of Selling / Purchasing Energy from the AC grid [} x
Data source: Hows | JAC [ ]DC [ JH2 [ |Water
@ Manthly Average O Load Profile. (O Import File (. kgH2/h, mijh) 1 x| e sach hourn 1 1ow e Export
ACLOAD (W) ~ DCLOAD (W)  H2LOAD (kgHZ/h)  WATER (mdiday) FROM WATER TANK  PURCHASE / SELL E
Marth Bih 1en 2ah 4n 48h  BEn Bh  pen BSh S10n TBIIK 11IZh 12130 13 14T8h 1516h 1A
JANUARY 22 2 22 22 22 22 10 7% 132 M0 110 308 308 20 176 154
FEBRUARY 22 2 22 22 22 22 10 7% 132 10 110 308 308 20 176 154
MARCH 22 22 22 22 22 22 10 7% 132 10 110 308 308 220 176 154
APRIL 22 22 22 22 22 22 10 7% 132 10 110 308 308 220 176 154
MAY 22 22 22 22 22 22 10 7% 132 10 110 308 308 220 176 154
JUNE 22 2 22 22 22 22 10 7% 132 M0 110 308 308 220 176 154
Juy 22 2 22 22 22 22 10 7% 132 M0 110 308 308 220 176 154
AUGUST 22 22 22 22 22 22 10 1% 132 10 110 308 308 20 176 154
SEPTEMBER 22 22 22 22 22 22 10 1% 132 10 110 308 308 20 176 154
OCTOBER 22 22 2z 22 22 22 110 176 132 110 110 308 308 220 176 154
NOVEMBER 22 22 22 22 22 22 10 7% 132 10 110 308 308 220 176 154
» DECEMBER 22 22 22 22 22 22 1o 7% 132 10 110 308 308 220 176 154
v
< >

Import A table Scale factor for Manday 1o Friday. Scale factor for the weekend

AVERAGE LOAD IN DECEMBER (included scale factor), TOTAL 3630 Wh/day

Add Ioad profil
S A * W AC load ¥ [ DC load ¥ M H2 (HHV) v B Watsr (E pumpsd) |

Variabiliyy

= 300

Daily Variability 250

AC
Houry Varishilty (0| % 00
Minutes Variahility % 2 450

Correlation minutes 100
Generate | AC load powerfactor (cos f 50

0
0 6 12 18

Addlosdal  |[0 [WAC | duing (5 |min hour

P it
o min[0_Jrou[0_Jaefi ] monn ElD s‘psa every | ACmax. hourly active power load in the year (inc. AC pumping): 308 W: Max. in 1/2 h intervals: 368.6 W
[ Jays Avstage hourly AC power: Adtive 151.25 \W: Apatent 151.25 VA

= Graphinstepsof |60 min DC mex. hourly power [0ad in the year: 0 W; DC power hourly average 0 W

Average hourly value of (Energy_DC_hourly/Energy_Total_hourly): DC Factor = 0%
Average daily load = 3.63 kWh/day

®
B3

T

S

]

For each type of load, we could introduce the data by importing from a table file with the hourly
load profile of each month or importing from a file with the data of the whole year in hourly or
in lower time steps (see the user manual, section 3.2). However, in this case we will use the
default tables.

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:

e Every day of the year, between 12 and 13 h the consumption is 450 W (instead of 308 W)
e Every day of the year, between 20 and 21 h the consumption is 370 W (instead of 286 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:



1% step: Enter the new value at the 2" step: Click on the box to the right

desired time of the month of JANUARY or left

AC LDAD (W) DC LOAD (W) H2 LOAD (kg/h)  WATER (m3/day) FROM WATER TANK (PREVIO PUMPED)  PURCHASE / SELL E

[ Tonih [ 0ih | 12h [ 230 | 34n [ 45h [ 56h | &7n | 78h | 85h | S10h [ 10-01h [ 17 Gaaz | l§4h [ 1415k [i516f A

T[JANUARY 22 22 22 22 2 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 22 22 22 22 22 110 176 132 110 110 308 308 220 176 15
APRIL 22 22 22 22 2 22 110 176 132 110 110 308 308 220 176 15
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
(the lower graph, which shows the load consumption, will automatically be updated). In this way
we avoid having to enter all the data in the column one by one:

10-11h [ 1112k [ f21% [ 13140 [ 1415k [i5-16
110 | 308 176 | 1

110 308 220 176 1t
110 308 220 176 1t
110 308 220 176 1t
110 308 220 176 1t
110 308 220 176 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.

2223 |
242
242
242
242
242
242
242
242

gh | 13200 [/2021h
264
264
264
264
264
264
264
264

(LSRN SRS I L C R SR SR RN )

In this case we won’t do it, but we could change any other value of the table, and we could have
different values for each month, just changing the corresponding value. Also, we could import a
table with all the data as shown in the user manual, section 3.2. And we could also import a file
with hourly data of all the year, or even using lower time steps (up to 1 minute), see user manual,
section 3.2.

It is important to note that, when you change the values of the tables (not only the tables of
the load, but also the tables of the components), the changes done in the tables will remain
even if you do not save the project.

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 your computer
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”.

10



Scale factor for Monday to Friday: Scale factor For the weskend: ( 1.4

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 will be randomly modified between +5 and -5%) and
3% per hour (the energy envisaged for each hour will be randomly 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 AT
D aily Y ariability 3 =)

H awrly % ariability 3 A

o

tirtes Y ariability 4

Correlation 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 [cosg 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.

{=Graphinstepsaf | B0~ min.

If 60 min. is selected (default), clicking the "Graph in steps of" button we obtain:

W Graph - [u} X

LOAD

500
550
500
450
400
350
F 30
250
200
150
100
50

12 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 24 2 23 0 1
1 January

¥ — ACload v — DCload [# — H2 (nHHV) |2 — WATER (inpump E) |

[JHorizontal Grid  [JAl []Vertical Grid ~Rays displa:

Serall change (deys)> smalk [T large
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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", default 1 day. 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.

You can see the horizontal grid by clicking on the “Horizontal grid” checkbox. Horizontal axis
labels can be seen in alternate positions by clicking on “Alt” checkbox (if you have select less
than 60 min. for the graph, you will see the hours and the half hours). Vertical grid is shown by
clicking on “Vertical grid” checkbox. Scroll change in days can be set for small changes (changes
in the screen when you click in the arrow of the scroll) and for large changes (changes in the
screen when you move the scroll cursor or when you click in the scroll bar).

For example, we can see 3 days at the same time (3 Days display), with horizontal grid (darker
grey at 12:00 h of each day if more than 1 day displayed) and vertical grid, and each time we
click in the scroll arrow the graph will move 0.1 days, and each time we move the scroll cursor
the graph will move 1 day):

LOAD
600
550
500
450
400
350

250
200
150
100

n 21 31
1 January - 3 January

W — ACload |¥ — DCload [ — H2 (in HHV) [# — WATER (inpump E) |

[ Harizontal Grid  [] 4k []verical Gid  Daye display

Scroll change (days)-> small Iarge

You can zoom in the graph (draw a window with your mouse over the area to be enlarged: click
from top left to bottom right). For example:

12



LOAD
450

440
430
420
410
400
390

370
360
350
340
330
320
310

201
19 January - 21 January

¥ — ACload [¥ — DCload |7 — H2 in HHV) ¥ — WATER (npumpE) |

- >
[~ Horizontal Grid  [_JAlt. [v] Veriical Grid Days display

Scroll change (days)-» small: large

To undo the zoom window, click and drag from bottom right to top left.
By clicking "Back" button we return to the load screen.

Select “1 minute”:

ﬁ Graph in steps of “~ |rmir.

And then click again on the "Graph in steps of" button the load curve is displayed (it can take
some seconds to appear). In the example 15 days are seen. We can see the first two days of the
year are weekend days (higher load), next 5 days are weekdays (lower load).

LOAD
750
700
650
600
550
500
450
= 400
350
300
250
200
150
100
50
0
1 2 3 4 5 6 7 g 9 10 1 12 13 14 15
January
M — ACload |7 — DCload ¥ — HZ (inHHV) ¥ — WATER (in pumpE.) |
<
[“|Horizontal Grid 1Al [ Vertical Grid  Davs display
Scroll change (days)-» small: large:

By clicking "Back" button we return to the load screen.
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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 7:00:00 a.m. in
the morning of January 1st, and it will be repeated every day (see next figure):

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

| Fepeat every

dayz

from: min|[l |h|:|ur|? ||:Ia_l.l|1 |mu:unth|1

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 1 day), being able to observe how each day at 7 in the morning
during 20 minutes has been added 100 W.

LOAD
750
700
650
600
550
500
450
= 400
350
300
250
200
150
100
50

1 2 3 4 5 6 T ] 9 0 M 12 13 14 15 16 17 18 19 20 29 2 23 1]
January - March

W — ACload ¢ — DCload |¥ — H2Z (nHHV) ¥ — WATER (npumpE) |

[“IHorizontal Grid  [_]Al [#] Verical Grig\D &S displa:
Scroll change (days)-> small Iarge. l

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 the LOAD/AC GRID 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):

14



Il Project: D:\Pri.hoga

Project Data Calculate Data Ba
[ Mew

[& Open

]
ﬂ 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 |

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 iHOGA, 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.

Museo Elder.de la
Cjenciay laTecnologia
Las Pagnas de
Gran Canaria

28.06063,-15.51512

Galdar

Arucas

GC-70
Agaete

Teror

Parque Natural
Tamadaba oo )
Ruta desde aqui

Molino
de Viento

Mogdn

[GC-18 ]
Pico de
las Nieves
Gran Canaria

Parque Natural
de Pilancones
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Ruta hacia aqui

£Qué hay aqui?

Buscar en alrededores

Imprimir

Afadir un sitio que falta

Afadir tu empresa

Notificar un problema con los dat...

I Medir distancia

[oc R

Acale


https://www.google.com/maps

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

positive) and longitude -15.51° (west, negative). Enter these values (top left corner of the
screen):

) SOLAR RESOURCE

Latitude (%) (+M, -5)

.

Locate onmep | |Update coard Download NASA monthly data

Get data from local DB

Longitude () (+E. Download hourly 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/)

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 e

tanthly Average Irradiation
tanthly Average Termperature || For Bat.
kaonthly Average Wind Speed
[«]&t10 m height Consider roughness
[]At50 m height

[V]\Wind Speed Weibull Shape Factor
[v] Altitude above sea level

ik 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:

16


https://power.larc.nasa.gov/
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://www.renewables.ninja/
https://power.larc.nasa.gov/

HOGA x
Data downloaded from https://power.larc.nasa.gov
Data updated for lat. 28.06, long. -15.51, year 2019:

-Monthly average daily irradiation: 3.6 492 5.38 6.28 5.86 7.26 6.02 6.21 5.92
433 3.58 3.44 . Average of the year: 5.23 kWh/m2/day

-Monthly average temperature: 17.59 17.94 17.77 18.46 19.4 20.92 21.66 22.37
22,37 22.01 2046 19.17 . Average of the year: 20.01 °C

-Monthly average wind speed at 10 m height: 4.73 4.39 5.12 4.65 5.49 461

6.97 7.05 5.48 4.86 6.33 4.57 . Average of the year: 5.35 m/s. (Converted from
downloaded data of land type airpart
-Wind speed Weibull shape factor: not updated (not found local database)

-Altitude 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 %° 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. 5.
Februray |492
March
Ao
hiay 5.86
July 6.02
September

=

Octaber 13

Movember |3.58
December |3.44

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://www.dropbox.com/s/p3sd0t3rul9lros/RESOURCES-EDU-

eng.exe?e=1&dI=0). 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 could 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). In our case, 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?).
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https://www.dropbox.com/s/p3sd0t3ru19lros/RESOURCES-EDU-eng.exe?e=1&dl=0
https://www.dropbox.com/s/p3sd0t3ru19lros/RESOURCES-EDU-eng.exe?e=1&dl=0

Data source for Global irradiation
Steps

(® Monthly Average 1\ Import from File Hour (kWh/m2) (e Tilt
/| Generation of PV gen. (kW) normalized to 1 kWp 1 ~ | Minutes- each hour in 1 row (tilt, in kiW/m2) : .
(equivalent to irradiance kw/m2 x BR Minutes- 1 per row (tilt surf. in kW/m2) mpor
Data Source for Monthly Average Daily Irradiation™~Radiation Horizontal Surface (k\Wh/m2 calculation Method for Hourly Tradiation:

\rradla?\on Irradiation PV Tracking Systerr€ | No Tracking o (O)Liu & Jordan (O Erbs et al
o horizos. awtilts ® o
Factor F(l) for the back albeto Collares-Pereira & Rabl Graham
January 3.48 kivh/m2 (hifacial modules) (Durusoy 20207: 0.33

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
& Rabl (default values).

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 (#1 and #2) 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 402:

#1: P% panels slope (9) panels Azimuth (2):
G0 a -
G

PY gen_ #1: 4 Ground Reflectance:

[] Fixed albedo Import Alb. r.
Optimal Slope# []optimize Pv#1 panels slope during the optimization of the system

Shadows that affect our PV generator must be defined before calculating the irradiation or
before downloading hourly 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:
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For each range of azimuth, indicate elevation of obstacles [*] and the percentage of reduction in direct irradiation:

Farm [%] -180(N) - 20 105 -30 -5 -B0
To (% 165 -105 -30

Obstacles elevation (7] EI EI EI l%l EI f ) EI EI l%l EI EI

Feduction in direct irradiation (%) 100 | [100 | [1o0 oo | [100

Azirnuth:

. Fom 8 0(8) 15
Azimuth;
M. m 1m0 W

31 45 0 75 135
) 5 60 75 9 150
Oostackeseevation) [0 | [0 ][0 ][0 o | Jfo Jpo Jo Jo Jfo Jfo ]

Feduction in direct irradiation (%] 100 | (100 | [1o0 | [100 | (100 | [1o0 | {00 | [1o0 | {00 | [100 | [100

Elevation (")
£ [=r] 2]
= 8 8

=]
=

=

-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):

Wariability minutes: correlation factaorn: ; std. dev.:

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 horiz. 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).
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Data Source for Monthly Average Daity Irradiation: | Radiation Horizontal Surface (kWh/m2) | Calculation Method for Hourly Iradiation:
|l’radlﬁFIDﬂ Irrac!latlcln BV Tracking System: |No Tracking - OLiu&Jordan (OFErbsetal
&, horiz. s aw tilt s © O
Factor F([) for the back albedo Collares-Pereira & Rabl Graham
DR 55 byl (bifacial modules) (Dursoy 2020y |0-33
Felruray 6.53 kiwh/m2 Summer:
MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. / TILTED SURF. )
hdarch 5.96 kivhfrm? 7 Official hour advances:
Apri 5.2 B 5 Kifvh/m2 6 ez A
30
hany b.56 5.09 KyWwh/m? 5 From day
4 of month
June 7.26 5.33 kihim2 EI
3 26
Tod
July 6.02 5.02 kyhym?2 ) f° a:'h
of month |10
August 6.21 5.37 k¥him?2 1 D
inter:
September 5.82 kiwh/m2 0 Official hour advances:
October 433 533 Kihym2 MONTH Rloisckyteuy
v i v
November .08 Kivhy/m2 8 Hoizoatd ¥ 1 Tited [l mport from hourly file:
Official hour
Decetnber 5.35 Kihim2 . o
Force Elcloudy consecutive days (only difuse irradiation) in month
SHADOWS Draily Average Irradiation (Horiz. Suf): 5.1 Kvvhimz Daily Average Irradistion (Tik Surf):  5.49 kvhimz
Total Annual Iradiation (Horiz. Surf) 1862.11 kih/m2 Taotal Annual Irradiation (Tilt Surf): 2004.94 Kwhim?z
Stela i sl Annual I, Back surface / Directfor CPY: 1961 Kiwh/m? / 1640.21 kihjm
Variahility minutes: correlation factar: dpdate-minute: Import Back (hourly, tilt) Import-Direet-thoarly;
0OK | Calculate 1z 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 -

We use 60 minutes and when clicking in "Graph in steps of" the representation of the global

irradiation on the inclined surface (402) 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.

1,100
1.000
900
800
700
600

W/m2

500
400
300
200
100

Irradiance

6 T 8 9 10 M1 12 13 14 15 16 17 18 19 20 21 22 23 0 1
1 January

¥ — Horizontal surf F

Global. Azimuth 0°, slope 40° F Direct (for CPV) F Back surface (for bifacial) |

>
[AHorizontal Grig [ [#]venical Grid Days display

Scroll changa (days)> small 11 | largs
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If we change the days of visualization to 365, we see the distribution of the irradiation during a
whole year:

Irradiance

1,100
1,000 |

Wim2

0
11 151 12 152 13 153 14 154 15 155 16 15/6 U7 157 /8 158 19 159 17101510 1111511 112 1512
January-December

7 — Horizontal surf. J¥ — Global Azimuth 0°, slope 40° ¥ — Direct (for CPV) ¢ — Back surface (for bifacial) |

> |ags|

[#]Horizontal Grid [ Al [v]Vertical Grid s di

Scroll change (days)-> small Iarge:

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.

Irradiance

1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

Wim2

1 2 3| 4 5 [ T g g 0 11 42 13 14 15 16 17 18 19 20 21 22 23 0
January - March

¥ — Global. Azimuth 0°, slope 40° ¥ — Direct (for CPV) [¢ — Back surface (for bifacial) |

‘ >
[ Horizontal Grid []al [Z]Vertical Grid  Daws display

Scroll change (days)-> small large:

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

Warability minutes: correlation factor: zhd. dew.: 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.
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By clicking the button "Graph in steps of" we obtain the following curve, without minute
variability.

Irradiance
1,000

900
800
700
600

W/im2

500
400
300
200

74 \
100 r—\\k_’/_,,;—w—\\
R

0 4 2 3 & @B & 1 12 13 14 15 1 17 18 19 20 21 22 23 0
1 January

¥ — Global. Azimuth 0°, slope 40° [¢ — Direct (for CPV) ¢ — Back surface (for bifacial) |

>
[“]Horizontal Grid [JAl. [/ Verical Grid  Days display

Seroll change (@ays)> smal; [01 | large:

By clicking "Back" we return to the irradiation screen. Change again the variability to the original
values:

Yariahility minutes: correlation factar: std. dew:

Then we click again the "Calculate" button, and see the graph again:

Irradiance
1200
1100 H
1,000 H ‘1
200 * [
800 YT
700 {\ | 1 r”
500 i f

0 L AN

400 p\f

Wim2

200 J '
~A Ay
100 AR P wu.«\
/ o et NS
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0
1 January

¥ — Global Azimuth 0°, slope 40° [¥ — Direct (for CPV) | — Back surface (for bifacial) |

D
[Horizontal Grid  [JAk [JVertical Giid _ Days display

Sorol change (days)» smal: (1 |large:

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.

W Project: D:\Prl.hoga
Project Data Calculate Dati

< LOAD /A2 GRID |

RESOURCES
 sosr |

G« WIND\F

The Wind screen appears.
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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).

Vi WIND RESOURCE

Latitucle (%) (+M. -5 Get data from local DB

Longitude (%) (+E, W Anemometer Height |

|

Download hourly data
Locate onmayp | Update coord. Download NASA Monthly data
Data source

Ste
@ Morthly Average () Impart data file (n mis)

Input Data

Month

JANMUARY Av.5p. (/s

FEBRUAR! 473
MARCH, 439
APRILY 612

WY 465
H 649
461
6.97
706
548
486
6.33

457
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. | ms  Update min.

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 very dispersed
buildings. Cnly srmoothly rounded hills

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

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.
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Datato download: Year 2013

[ Monthly Average Irradiation
|:| honthly Average Temperature For Bat.
Marnthly Average Wind Speed
AHD m height Cunsider roughness
[ ] 4450 m height
[ ]wind Speed Weaibull Shape Factor
[ ] Attitude abhove sea level

0K Cancel

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

Injput Diata
bdanth Awowind (mys)
JANUARY 41
FEBRUARY 38
MARCH 4.45
APRIL 4.04
MY 4.78
JUNE 4.0
JuLy E.06
AUGUST 612
SEFPTEMEER 476
OCTOBER 4.22
NCWEMBER 55
» DECEMBER 3487

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

T Hours
(® Monthly Average () Import data file [in mdg] Mingtes (60 per row] | Import

Minutes [1 per row]

In our case we are using monthly data from NASA, so 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:

kanthly Average D ata:
@) Morthly Average Speed
() Might speed, Amplitude, F Factor 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
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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

tonth | Av. wind [m/s] l ~

JAMUIARY 411

|| FEBRUARY 381

| MaRCH 445

APRIL 404

MaY 478

JUNE 401

1 ooy 6.06

AUGUST 612

| |sEPTEMBER 476

|| ocTosER 422

|| nOvEMBER 58

[»| DECEMBER 397
e

Hourly wind sp. data: Shape factor (b} |29 082
Calculation of wind speed for each minute: std. dev. |1 més

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.

W

Latitucle (%) (+N.-8):  [28.08 Getdatafrom local DB Monthly Average Deta
Longitucle (9 (+E. ) Download houly deta Anemometer Helght | @ Morthly Average Speed
m O Night speed, Amplitude, F Factor and Hour max speed

Surface Roughness

| = map| Update coord| | Download NASA Manthly data

Datasaurce

StE}:S Class |2 ~| Length 01 ™
@Morttly Average O Importdetafie (n/s) oS e sochhourin v | parl | | [Agiicuiural areawith soms buldings
LR, irtes- 1 perrow andl presenving hedges 8 meters high
‘ G with an approximate distance of 500 m.
nput Data
Mot Av.swind (mjs) ~
JANUARY an Av. sp. (mis)
FEBRUARY 381 Jan: 411
| Feb:3.61
”1’:;? :;: ME s 026 ~ W Data ¥ — Fit
ar
024
MAY 478 Apr: 404 032
JUNE 40 May:478 S
JuLy 6.06 wmam 5 %2
S o0
| AUGUST 612 Ul 606 z
| | SEPTEMBER 476 A Z 016
ugB1z 3
OCTOBER 422 S
Sepd’e & .
Sorcewetn ma | E
Newgs 2o
. Decid £
Hourly winel sp. data: - Shape factor (b): [29 | Gonrelation factor s
0.02
Calculation of wind speed for each minute: std. dev. mfs Update min o
0 5 10 15 2 2 30
Wind speed (m!:
Foros [0 | consecutve days with wind < ms in month ind speed (mls)
= Graphinstepsof |80~ min Export Av.year(mls) Infa time of calm wind
466

Calm s considered

Formfactor ofthe wind speed serial: 3 <3 s
oK

\
‘ ST il:EaBIEdAvaagE Speed (ms

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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V| Graph - d X

WIND SPEED

mis

T R I R - B - T =

January

Back

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 -> Components Data Base it displays the components
defined in the databases.

1 Project: D:\Prl.hoga

Project Data Calculate~Data Base FReport Help

Components Data

" LOAD / AC GRID ATI
The following screen appears:
W Databases of components - o x
PV modules | Wind turbines | Batteries | AC Generators | Inverters and Bi.di converters | Hydro turbines | Fuel cells { PV Batt. Charge Controiier
» ]|~ [
Name [mase)  [vdeminpy) [vdemanv) [Acq. cost () [weeT] ~
¥[sTECA: PR 1010 i 12 2 % ND
_|sTECA PR 1515 15 12 2 113 ND
STECA PR 2020 b} 12 2 122 ND
[[sTECA: PR 3030 3 12 . 147 ND
: STECA: TAROM 235 365 12 24 237 NO
STECA TARDH 245 15 12 2% 278 ND
: STECA: TAROM 440 40 48 48 298 NO
STECA P TARDM 2070 bl 12 2 1320 NO
[[STECA P TARDM 2140 1401 12 2 1700 NO
|_[STECE: P TARDM 4055 55 5 1@ 1500 NO
STECA P TARDM 4140 149 ® @ 2215 No
:STEEA 2uPTAROM 4140 298 48 48 4430 NO
STECA 3P TAROM 4140 447 5 1@ 6645 NO
|| STECA: TAROM MPPT 5000 60 [ 45 206 0K
STECA SOLARMIX MPPT 2010 bl 12 2 206 0K,
|| VICTRON: BLUESOLAR MPPT 70415 15 12 2% D 0K
:V\ETRDN BLUESOLAR MPFT 40 40 12 24 273 OK
[VICTRON: BLUESOLAR MPPT 75/50 50 12 2% 315 0K
:V\ETHDN BLUESOLAR MPPT 150470 70 12 48 800 OK.
|_|MORNINGS TAR: TRI STAR MPPT 45 15 12 ‘@ 528 0K ©
Multiply costs of Py Batt, Ch Controller by tactor ‘ [
Clone selected componont Add components from the project ‘ V. Bat. Charge Cortroler table
=
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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”.

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).

It should be noted that, for each type of component, there are thousands of commercial units in
the market. The database only includes several commercial or generic components. The prices of
the components vary by country, even within the same country it depends on different variables.
Therefore, the designer must define its own database, changing the components to his/her
needs, and verifying or modifying the prices conveniently. We will leave everything as it is by
default, later the designer can change what he/she wants.

It is important to note that, when you change the values of the tables, the changes done in the
tables will remain even if you do not save the project.

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.

COMFPONENTS

The following screen appears:

A PV MODULES - [m] X
(b [pr]®|=]a]x|e
Add PV modules family | |31 2-Atersa v
PHOTOVOLTAIC MODULES DATA:
Name NomMolt(s)  lsc(d) | Fowerbhp)  Cost€)  COBMEAT)  Lie(yesrs) NOCTEC) — PowerT.coef(%/1C) BIFACIALITY(-T) CF
» aSiT2-Schott: ASTI00 12 679 100 110 11 25 43 0.2 0 NC
< >
Fixed Operation ancl
Efficiency due to degradation of the modules, losses inwires, dirtin panels, ete.
AT v e ———
Stanclerd canditians e
[PV inverter ar batiery charge regulstor includes Maximum Power Point Tracking (MPPT)
[CJPV generator is connected to AC hus (it has its own inverter) —> 1 EYimarerakin
Annual Inflation Rate for PY [ . Max. Varistion of PV gen. Cost (e.. for an expected 70%
e Cos * reduction on current PY gen cost introduce *-70%") %
Limitis reached in 59.6 years
oK
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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). Note that the acquisition cost or
CAPEX (5" column, “Cost(€)”) of the PV modules should include the proportional cost of the
mounting structure, cabling, connectors, etc. (and the installation cost if it is not defined later in
the financial data).

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 CEND

f Zem
Add PV panels family || bersar A1)

SiM12-Atersa: A20)

Name NP1 2:atersa: ABEP
Y SiP1 2Atersa: A95P B
Name | SiP12-Akersa; A4135P
. SiF24-Abersa; AT50F -
| aSi12-Schott: ASI100 SiP24-Atersa A280P

Sitd 12| sofoton |10
Sitd 12| sofotor] 522
Sitd 12| sofotor:] s60
Sitd 24-| sofotar: s150
SiP12-5untech STP-S0
i :5T-130

aSi12-Schott: AS1100

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

PHOTOVOLTAIC MODULES DATA:

MNarne MNamYolt.v) [El=3] Power(Wp_dc) CostE) CO&MEN)  Lifelyears) NOCTC) FPower T. coef(%2C) BIFACIALITY(0-1) €~
aSi12-Schott: AS00 12 6.79 100 110 1.1 25 19 -0.2 or
} SiP12-TAB:PY-135 12 8.73 135 247 2.47 25 45 -0.47 or

Suppose in our case we want to consider that the cost of the new module (including the
proportional cost of the mounting structure, cabling, connectors, etc.) 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 (and it will remain modified for other projects) and then, in
the PV screen, add it from the database (if in Project->Options it is checked the box “When
clicking a component in a table...”, by clicking on the row of this PV panel, its cost would be
updated).

Another option is to change the name on the screen (for example, add "mod") and change the
price. If in Project->Options it is checked the box “When clicking a component in a table...”, 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 will use the second option to change the cost: change the name by clicking in the cell and
adding at the end of the name “-mod”:
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SiP12-TAB:PY-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 of each individual module as 1% of the acquisition cost):

Mominal Shortcut Mominal Acquistion O%M Cost
Mame

Yoltage Cumrent Power Cost [umt]
Narne Lo | o | twel | @ | iEdves |
a5112-5chott: ASI100 12 6.79 100 110 1.1

J[SiP12-TAB-PV-135-mod 12 873 135 <__ 160 R >

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).

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), 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 A

[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 (it would only be available in PRO+
version).

[PV imverter or hattery charge regulator includes Maximurn 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 consider 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 (only available in PRO+ version). 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%"): -7 %

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)>°6=0.3, then after that year the technology will
be considered as mature and the cost will be increased with general inflation). Of course, these
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values could be changed. 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 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.

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
SouthwestAR X | DC 45 630 50 10 4 350 0 0 3 13 28 50 g3 | 116 | 165

Jhisper] DIvs 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 height above sea level of our location (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 of our location (in our case 1.212
kg/m3) 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
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Southwest:Whisper100

896
768
640
z 212
384
236
128

0 2 4 6 8 1 12 14 16 18 20 2 24 2%
WIND SPEED (mis)

¥ = P.in standard conditions (sea level, 15°C), 1.225 kg/m3
¥ — P. at aftitude of the place (108 m), 1.212 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).

[ Cansider the effect of temperature
‘When simulating, adjust power curve with air density: Ambient Temperature at hub height [2C)

(@ Use height ahove sea level and temp. Graph (@ Monthly average [“Erbs model - FMA MJJA SON D

(O File with 8760 hourly values Import 1= Graph

Olmpuna\rdensmj(kg/m3) Import
If we click on "Graph" we see the representation of the hourly temperature.

Ambient Temperature

3 6 9 12 15 18 21 0
1 January

[« ] I

Days display
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/m?3). We don’t change it.

When simulating, adjust power curve with air density:
(@ Use height above sea level and temp.

() Import air density (kgfm3) 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:
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Air Density

kg/m3
o=
S ®

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.

[ Do not consider reduction in Power after:

|14 miz w| [check if windt. are pitch contralled]

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*2°=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 Power after: Annual Inflation B ate expected for Wind ,.‘7 N tax. Waniation of ‘Wind Tubines Cost expected [e.q., for an expected 35% 5 .
14mis | [check if wind t. are pitch controlled) Turbine Costs: : % reduction on current Wind Turbines cost, introduce "-35%"): - S

Limit is 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”).
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BATTERIES DATA: Float life at [20 °C Cycles to Failure vs. Depth of Discharge (%)

Hame [ Ernom ok [ ol v | Costig) [ C.0zMiE ) [ SOCmingz) |Sei_dizmon)| Imaws) | Effz) | Floatyw] | 10% [ 20% [ 0% | s0% [ 6oz | sox | 7os | 80% [ a0z J[rvrelv~
| | OPZsHawkenTLs-3 | 130 2 127 1.27 20 3 3 85 18 | 12000 ESO0 4350 | FO0 | 2500 2060 1800 1600 1500
OFZS Hawker TLSS | 270 2 178 178 20 3 54 B5 | 18 12000 ESO0 4350 OO | 2500 2050 1800 1600 | 1500 | LA
; 30 Y] 165 El| E ] 85 | 18 | 12000 BSON | 4760 | A00 | 2500 | 2050 1800 GO0 | 1500 | LA
v
< >

The cycles to failure vs depth of discharge of the battery which is clicked in the table is shown in
the graph below (red curve, left axis). Also, in the green curve (right axis) we can see the total
energy cycled during the battery lifetime, depending on the depth of discharge (calculated with
the battery capacity and the cycles to failure).

OPZS Hawker:TV 5.5 of 350 Ah

1,000 £

z

o 10240 w0 T
= 80 2
o 8192 700 ¥
E 600 2
3 G 500 W
w o
4 4,09 4L 5
o 00 2
& 2,048 200 E
100

&

0 0 3

] 10 20 30 40 50 60 70 80 90 100
DEPTH OF DISCHARGE (%)

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

&dd B atteny Zerm w

Now the “Zero” is added:

i
C.nom. ¥n

Name | ieh | |
OFZSHawkerTLS3 | 180 | 2
OFZS-Hawker TLSE | 270 | 2
OFZ5-Hawker VS5 330 | 2

2

YT 0

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 group above the table:

) BATTERIES
AdkdBatery
BATTERIES DATA: Float lite at|20
Name Cnomidh) Yoty CostE) COBMEAD  SOCmin(%) Sell_d(%/mon) Imaxi&) Eft%) Floa
OPZ3-HawkerTLS-3 160 2 127 127 20 3 36 1) 1
OPZ3-HawkerTLS-3 270 2 178 178 20 3 54 85 1
b OPZSHawkerTySs | 390 2 164.9 165 20 3 78 85 1
Zero 0 2 o o 20 0 0 100 10
Once removed the other ones remain:

]

C.nom. ¥n

Name | wh | |

OFZ5-Hawker TLS-3 180 2
OFZ5-Hawker TLS-5 270 2
YT o -
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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 (usually batteries are into a building). The lifespan of the lead-
acid batteries will be calculated according to the Rainflow model of cycle count.

Batteries Model Fixed Operation and Ma
@ 4h [ Li-ion model Ah Aurliary cooling, BMS

() kiBakd (Manwell-tcGowan 1993)
() Copetti 1994
() Schiffer 2007

[] Except Schiffer moder, ort hourly file @
Tmeane=Tfoat Iifo Import hourly file () Hour

Float life reduce s eve oC increase = T Graph

Mon.

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

(@ Rainflow {cycle counting) [Imodified

(O 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:

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

(O wang et al., 2011 (LiFeP04)
() Grot et al., 2015 (LiFePD4)
() Saxena et al., 2016 (LiCa02)
() Full equivalent cycles

(@) Rainflow (cycle counting)

() 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
box unchecked, as it is not allowed in EDU version.
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R emaining capacity at battery end of life [%] |80

[ Ifthere iz an AC Gen., eveny F dayz ar |E_ equivalent full cyclesz
charge battery bank, at least upto |95 %

To consider the update in the costs (for replacing when its lifetime ends and to account for the
residual cost when the system lifetime ends), the default battery cost inflation considered is -
2%, with a reduction limit of 60% (achieved in 45.5 years). We leave these default values.

Annual Inflation Rate expected for - [~ . Max. Wariation of Wind Batteries expected (e.q. for an expected 6022 N
Batteries Costs: % reduction on current Batteries cost, infroduce "-B0%:"): %

Limit is reached in 45.4 years

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.

- INVERTERS |

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

If we click on the button "Include only VDC suitable from family" (upper left area) 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 ZERO v ) witho i [charns
(®) Rectifier wo P contraller

Include only WDC suitable from family: |STECA ~ | + | () Rectifier + MPPT P contraller

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

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

Fower [véi] | Litespan [yl | Acq. Cost €1 fBatt Chargel Imax_ch.DC [1|Ef_chargerzH¥0Crminty) [VDCmaxy) [P batt. contolerfRsman rentw | | 0% [ 2
1600 10 1440 w 20 48 48 MO TS | 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 iHOGA 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 640 VA.

To do this, keep the "Select the minimum..." box checked and click the "Select Inverter" button.

Select the minimum inverter requires
to supply the maximum AC load

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

Maximum power demanded by load is B37.48 VA.@:@E& is the one of 1600 %A

Awerage power is 10.6% of rated power of the selected inverer. Inverer average efficiency considered will be 92.9 %

Average power is 10.6% of the selected inverter power, with an efficiency of 92.9% for this value.
However, you must take into account that there are hours in the night with very low load (22
W), which is 22/1600-100=1.37% of the inverter nominal power, therefore for these hours the
efficiency will be around 20%, needing from the inverter 22/0.2= 110 W approximately to supply
only 22 W. In a real case an inverter of lower power would be better, however in this case we
will leave the default one.

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

12. AC generators (backup genesets) data.

By clicking on the "AC GENERATOR" button we can define the AC generators (backup gensets)
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

i Addfrom Database | |Gasoline 0.5kVA j - ‘ - ‘ ‘ | + | - | - | ‘ ‘ (o ‘
GENERATORS DATA: ISR
Name | Powerkvia) [ Costi€) | C.0uM€sn) [ Liteth) | Pmin (%Pn) [ Fuel type [ F.Unit JF.Costi€/ud) | F. inflat. 3| Emis.(kg CO2/unit)] Afunitkw:h) | Bunitkw'h) | kg | ~
|| Diesel 1.9kvA 1.9 800 014 10000 30 Diesel litr 13 5 35 0.246 0.08145 110
Zeto 0 0 0 100000 30 Diesel litr 0 0 0 0.246 0.08145 0
¥ Gasoline 0.5kvA 0.5 250 0.2 1000 30 Gasoline litie 1.4 5 3.1 0.5 0.2 6.5

In the table we see the fuel price for Diesel is 1.3 €/] and for Gasoline 1.4 €/I, with an expected
inflation of 5% annual. We could change these values, as well as all the values of the table, but
we leave the default values. At the end of the table we have the columns A and B which
represent the fuel consumption parameters (see user manual for more info).

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:
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AC GENERATOR HOURLY AVAILABILITY:
tonday-Friday: ‘wieekend:

Co-1h Co-1h
O1-2h 1-2h
[Jz-2h [J2-3n
3-4h C3-4h
[J4-5h ]
[5-6h W
Os-7h ]
E7-8h =
E8-3h %
Ela-10h
E1o-11h F1o-11h
E11-12h =
E12-13n ¥
E13-14n =
F14-15h =
E415-16h =
[16-17h =
E17-18n =
E18-13n =
[F]19-20h [113-20h
[F120-21h [Mz0-21h
Elz1-22h 21 -22h
[(Jz2z-23h [J2z-23h
O23-24n O23-24h

[ale

There is no required information about the generators cost annual inflation and its limit, as for
these components (and for the rest, except for the hydrogen components) it is assumed that
they are mature technologies and therefore their costs are increased with the general inflation
(defined later in the financial data).

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 (also called 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.
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PY BATTERY CHARGE CONTROLLER 48 ¥

Add from database | [STECA: PR 1010 v | |,.,|....|.|.|_|A| | |(-|

Include only VDT zui i | [STECA v|

Aoquigition cost (€]
o o[ Jeamst

(If the controller is included in the bidi inverter,
hacontrollers of this screen wilkrfot be

conzideret-and-awtharatically the cost of the
contraller will be considered 0)

Lifespan: years

Marne
STECA: TAROM 440
STECH: P TAROM 4085
STECA: P TARDM 4140

Control data

[ 1 P¥ charge controllets include HPPT [] Consider only first one of the table

e muts be of the zame family (zame 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 (only in PRO+ version), 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.

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:

RECTIFIER (BATTERY CHARGER) (CONY. AC/DC) 230 Vac / 48 Ydc

Acquisition cost 8 + * Priom (ki) If battery charger iz included in inverter, this cozt will
_ IE' authomatically be 0; if the b@tte_ry charger iz included in
\fesmem o Eife e 2 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
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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
(I Max bat s M mnin.
[ 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 values can be a bit different because your total load can be a bit different,
considering the variability of the load):

HOGA X

RECOMMENDED MAXIMUM POWER:
PV Generator 1.8 kWp

‘Wind turbines group 3.2 kW

AC Generator 0.6 kW

Inveter 0.6 kVA

Electrolyzer 3.2 kW; Fuel Cell 0.7 kW

ELECTRICITY STORAGE FOR 4.5 DAYS AUTON.:
(EMAX.DAY.DC*1.2 = 5.5 kWh/day):
Batteries bank capacity 648.6 Ah (31.1 kWh)
H2 tank size: 2.6562 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: 6

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):

A Project: DAPROYECTOS IHOGA 3.3\Pri.hoga - O X
Project Data Data Base Report Visual Help License Updates
 LOAD / AC GRID GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART
RESOURCES COMPONENTS ! MIN. AND hAx. No COMPONENTS IN PARALLEL: OPTIMIZATION PARAMETERS SELECTED BY:
+ SOLAR PV modules % Bateries in parallel Min M @HoGA Ouser
" WIND [ Wind Turbines PV mod. in perallel: Min E [ Maximum execution time
HYDRO [JHydro . # [JTeG /’ Wind T in parslial: Min W) D h. min. Parametars
COMP?]NE:EDULES Batery bk - ACGen in parallel Min e\ [Minirum time for the Genetic Algorithims

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
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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.

Note that 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 bAX. No COMPONENTS IN PARALLEL:
7~ N\

Bateries in parallel: Min, ]

PV mad. in parallel Min. [I | Ma
Wind T in parallel: Min Mel
AT Gen. in parallel Min. 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 load demand, will be discarded.

COMNSTRAIMTS:

b airurmn L nmet |Load allovwed: "'. annual

nmet load refers ta:
(®) E. not supplied by the stand-alone system
(JE. not supplied by the systemn nor by the &2 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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)| CONSTRAINTS - O X

It & combination of components and strateqy does not meet any of the following restrictions. this solution will be discarded (for that combination itis
assigned infinite cost):

Maximum Unmet Load allowed: %% of annual load

(Max. energy not supplied by the stand-alone systemn. This Energy can be purchased from the AC grid if such AC grid exists and also the purchase is
allowed on the LOAD/AC GRID screen)

inirmum number of days of autonomy (batteries+hydrogel
([litthers is AC generatar or fuel cell using external fusl or furskasing unmet load fram AC grid is allowsd, number of days of autonormy = infiniturm)

Maminal capacity of batteries bank (ywh) < x [peak power of P generatar + mex. power fram YWyind Turbines group) (W)

( ifthere is AC generatogptr fuel cellaging external fuel or purchasing unmet load from AC grid is allowed, do nottake into account this constraint)
Minirum renewahle fractiol %

heximum Lewelized Cost of Energy: £/kAh

Ma;(imumannualcapacityshortage: % Data-> AC bus: Laadoperatmgreserve(%):El Peak load operating resere (34)

|

F' power aper. resense (%) EI Wifind power aper. resense (%)
]

P

DC bus: Load operating reserse (34): EI Feak load operafing reserse (3
FY power oper. resense (%) El Wind power oper. resense (3

Ok

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

17. Maximum execution time allowed.

In the main screen, in the "GENERAL DATA" tab, in the upper right area, 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 optimal solution. If sufficient time were not left, genetic algorithms metaheuristic technique
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 PARAMETERS SELECTED BY:

@ iHOGA () USER

M aximum execution time:

||] |h. |15 | min. Parameters

birirmum time for the Genetic Algarithms

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 27 cases per second, so in
1'00" it is expected that all combinations will be evaluated and the optimum will be found.
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NUMBER OF CASES AND TIME EXPECTED

Computation speed: 27 casesfsecond

EVAL ALL POP. (% ALL) GEN. ALG. (%6 ALLY
MAIN ALG. (COMB. COMPONENTS): 1620 1666 (102.64%) 24290 (1499.38%2)
(1x1620)
SEC. ALG. (COMB. STRATEGIES): 1 3 (300%) 41 (4100%)
MAMNALG. SEC ALG. NUMBER OF CASES % D
OPTIONT:  EWAL ALL  EWAL ALL 1620 1007 Oh1'0"
OPTION 20 EWAL ALL  GEN.ALG. 66420 4100 %5 g1l
OPTION3: GEMN ALG.  EVAL ALL 24280 14994 % 0h14'68"
OPTION 4:  GEM.ALG. GEN. ALG 995890 614747 % 10h 14
Optimization ky means of method I all combinations). Itis {10 abtain the

optimal solution

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)”.

GEMNERAL DATA OFTIMIZATION  CONTROLSTRATEGIES FINANCIALDATA RESULTS CHART

0 ZATION TYPE:
(® TEMPORARY INTERVAL: ALL USEFUL LIFE OF THE SYSTEM [FIXED INSTALLATIOMNS]

(®) MOND-OBJECTIVE [Cost] (O MULTI-OBJECTIVE Parameters
. . [Diizplay only non-damin,
Cost - CO2 Emiz. Triple 200 5
Coszt - Unmet load Anather £0 e —

() TEMPORARY INTERVAL: LESS THAM ONE YEAR [TRANSPORTABLE FACILITIES, ONLY FOR PY-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).
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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
] 5 1 &5

Display best:

NUMBER OF CASES AND TIME EXPECTED

Computation speed: 20 cases/second

EVALALL  POP(%ALL GEN ALG(% ALLY
MAIN ALG. (COME. COMPOMENTS): 1620 1234(7617%) 17992 (1110.62%)
{1x16200)
SEC ALG. (COMB. STRATEGY) 1 3(300%) 41 (4100%)
MAINALG,  SEC.ALG.  NUMBER OF CASES %  TIME EXPECTED
OPTION 1. EVALALL EvALALL 1620 0%  Oh1t21®
OPTION 2 EVAL ALL GEM.ALG 56420 400%  OhG5'21"
OPTION GEN ALG. EVAL ALL 17992 11106%  Oh14'59"

OFTION 4 GEMN.ALG.  GEM.ALG. 737672 455353 % 10h14'

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

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 energy arbitrage 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). Energy arbitrage can also be considered pumped hydro storage (PHS) or hydrogen
production systems (using electrolyzer).

Let's leave everything by default.

GEMNERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

CONTROL STRATEGY AND VARIABLES TO OPTIMIZE

ENERGY ARBITRAGE: System with batteries and grid connected
Global strategy:

@ Load Follawing [_]Batt. charged by the AT grid  discharged it [v] (alsa for Elyzer-> Hz) [ Ehzer. tull load
() Cycle Charging Continue up to SOC sip (Compare with Sell price;
(:} Try Both |:| Optirize strategy of gricd-conneted batteries:

VYariables to optimize relative to the global strategy:

[CIPrmin_gen Prain_FC HZTAMNKSstp

[IF1_gen P1_FC P2

[Jsocst_gen S0Cstp_FC CIs0Cmin

[Peritical_gen H2TANK st Plim_charge Baterizs availability

[s0Cmeax | Fixvariakles Yarishles acouracy =100%

If SOCmin reached, disch. notallowed it SOC(%) < SOCmin(%) + EI
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20. Financial data.

In the main screen, in the tab "FINANCIAL DATA" we must set different economic variables
(nominal interest rate or nominal discount rate, 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:

MNominal interest rate {capital cost) % Loan (constant quota, French systern):

Annual real discount ratel (4]
(nominal discount rate)

o 1.96 % Amount of loan: %
Annual inflation rate (DM % In LCOE /LCOH include real dise. rate in Energy ofthe initial cost of investment

. o5 In maximize NPY systems use Inf. sell fHZ
Stusy perio (system faime): 5| years i ma NPV, LCOE calculated with Esell+Eload  Loan Interest %

V] Atthe end ofthe study period consider the residual cost of the companents
Duration of loan: vears

Currency |Euro (£) ~

Installation cost and variable initial cost, | 300 £ Fix+ * of initial cost

lfin ayear costs>incomes, taxes=0 thatyear (it Sl ity
Corporate taxes (%) D

hNegative taxes accumulate and are offset later when taxes »0

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, by 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.

45 CALCULATE

Confirm X

0 The constraints (5) 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 grid)

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 (Wh) < 20 x (Peak power of PV gen. + max.
power of W.T. group).

(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%.

5- Maximum levelized cost of energy: 100€/kWh.

To change these constraints, press ‘Cancel’. Do you want to continue with the
optimization of the system?

Cancel
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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 converting 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.

GENERALDATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 1620. Time: 57"

16,128
16,000 132

15,872 5
15,744 124 2
15,616 120 £
15,488 16 8
15,360 12 §
15,232 108
15,104 104 ©
14,976 100

14,848 %

Total Cost (NPC) (€)

1 2 3 4 5 6 7 8 9 10
Solution # (sorted from best to worst)

[JShow diagram

*

147785 99.54 0.7 005 INF 6.6 99.85 05033 SIMULATE.. REPORT.
147785 9954 07 005 INF 6.6 99.65 05033 SIMULATE.. REPORT.
15013.7 99.15 0.4 003 INF 66 9976 05112 SIMULATE.. REPORT.
150137 9915 04 003 INF 66 9978 05112 SIMULATE.. REPORT.
155946 93.04 0 0 INF 99 100 05308 SIMULATE.. REPORT...
155946 93.04 0 0 INF 98 100 05308 SIMULATE.. REPORT.
15840 140.94 28 017 INF 68 9819 05401 SIMULATE.. REPORT.
15840 140.94 26 017 INF 69 9819 05401 SIMULATE.. REPORT.
16225.1 93.04 0 0 INF 98 100 05523 SIMULATE.. REPORT.

[ Total Cost (NPC)(E) _ Emission (kgCOzyr) Unmet(bingyt)  Unmet(%) D.aut Cn(wh)i(Ppv+Pw)( Ren( LCOE(E/KWh)  Simulate  Report IA
[§
[§
¢
«
¢
¢
¢
¢

v
< >
COMPONENTS: PV modules aSit 2-Schaott ASIT00 (100 Wp_dc): 45x 4p. (100% PV#T: slope 40, azimuth 09 /7 Batteries OPZE-Hawker TLS-3 (180 AR): 245 x 1p. /1x )

AC Gen. Gasoline 0.5kVA 0.5 VA /1 Wind Turb. DC Zero (0W at15 m/s) // Bat. Inverter STECA: XPC 1600-48 of 1600VA i/ PV batt charge controller. STECA TAROM
440 0f 40 A/ Unmetload = 0% 4/ Total Cost (NPC) = 147785 € (0.5 £/kcwh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Pmin_gen: 150'W. Periical_gen: 0. SOC setpoini_gen: 20 %. SOCmin. 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 CO, 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,.....

After finishing the optimization, the number of solutions to be shown can 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.
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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:

[Charge

R?g. J
$ 1

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_dc): 4s.x 4p. (100% PV#1: slope 409,
azimuth 0°) // Batteries OPZS-Hawker:TLS-3 (180 Ah): 24s. x 1p. // 1 x AC Gen. Gasoline 0.5kVA
0.5 VA // 1 Wind Turb. DC Zero (0 W at 15 m/s) // Bat. Inverter STECA: XPC 1600-48 of 1600 VA
// PV batt. charge controller. STECA: TAROM 440 of 40 A // Unmet load = 0 % // Total Cost (NPC)
=14778.5 € (0.5 €/kWh)

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

In the table, for each solution, you can see: the total NPC (in red as all the costs columns), CO,
lifetime cycle emissions per year (in green), and several columns in blue: unmet load (kWh/yr),
unmet load in %, autonomy days (in this case, INF means that there is AC backup generator and
therefore it is supposed it can supply the load during any number of days), ratio between battery
energy capacity and renewable nominal power, renewable fraction (%) and LCOE.

# Total Cost (NPC){€) Emission (kgCO2ZMr) Unmet{lidhfyr)  Unmet(?s) Daut Cniwh)/(Ppv+Pwe) (v Ben(® LCOEE/kYh) Simulate Report (A
L B £ 1 99.54 0.7 005 INF 6.5 3985 05033 SIMULATE.. REPORT... (
- ‘.

a 14770 T nnCa n Anc mc & anoc ACAS9 CMAN ATE  BERAR -

Next three columns are buttons (SIMULATE, REPORT AND COSTS) which will be explained later.

If we move through the table with the bottom bar, and focus on the first row, we can see many
other results. HDI and Jobs are results related to human development index and jobs created
(not considered in this project, so do not consider them). Then there are several columns which
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show the components of this combination: PV modules (serial x parallel x power), slope of the
PV modules, nominal capacity of the battery bank, AC generator rated power, inverter rated
power, wind turbines rated power (in this case for the optimal solution, 1% row, 1x0, that is, 1
turbine of 0 W, that is, no wind turbines in the optimal solution), etc.

HDI  Jobs P. PV mod. (Wp_do) Slope#(t)  Cn Bat. (ah) P. Gen (W) Pt PWind T.04  F.Tub(fs) P.FC(A) P Elyz. () HZt A
0525741 0.0048 4x4x100 40 2415180 1x500 1600 1x0 0 0 0
0525741 0.0048 4x4x100 40 24x151 80 1x500 1600 2x0 0 0 0
0.525762 0.0048 4x4<100 40 241180 1x1900 1600 1x0 0 0 0
0.525762 0.0048 4x100 40 241780 1x1900 1600 250 0 0 0
0.525767 0.0048 4xbc100 40 24613270 1x500 1600 150 0 0 0
0525787 0.0048 4xc100 40 24615270 1x500 1600 2x0 0 0 0
0525619 0004863 4ehe135 40 241180 1x1900 1600 1x0 0 0 0
DEZEETA 0004863 4ehe135 40 24¢1x1 80 1x1800 1600 250 0 0 0
0525767 0.0048 4x4x100 a0 2415270 1x1900 1600 1x0 0 0 0

B :
If you continue moving right in the table with the bottom bar, you can see several columns which
show the variables of the control strategy (not considered in this project as we did not optimized
the control strategy). Then you can see several columns in blue, which are annual energy
columns: total annual load (Etotal), renewable total annual generation (Eren), PV annual
generation (Epv), wind turbines annual generation (Ew), Hydro turbines annual generation (Et),
energy which could be exported to the AC grid if there was AC grid (E export), sold energy to the
AC grid (Esell), bought energy to the AC grid (E buy)....

Etotal(kish) Eren(kith) E ki) Ewe(k\Wh) Etfkih) E export(kih) E Sell(kivh) E BEuy(kiivh) E ch. hat(kih) ~

1497.8 20911 20911 ] ] 11849 0 ] 107
Also, we can see the annual energy charged by the battery (E ch. bat), which is the 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 (E disch. bat) is the energy that
effectively supplies the battery, considering efficiency. The energy supplied by the AC gasoline
generator (E gen) is in this case just 1.5 kWh per year. In black, we can see the hours the AC
generator runs in the year (just 10.05 hours) and the battery lifetime (11.19 years).

ch. bhatikiih) " disch. bat (kiwh) elyzer. (KiWh) & FC (kih) ours eq. Gen @& ours Ch. Bat. Hours Disch. | A
1079 8208 J Il 10.05 0 0

Further to the right you can see in red columns related to costs: cost of the fuel of the AC
generator (per year), other costs which are no meaning in this project, and the NPC of the
different components.

C. Fuel Gen (5 C Fuel FOEATY  E Buy A E Sell 5y Sell H2 [BAm CPVINPCIE)  C Bat (NPC)(E) © Aux (NPT E) Clnv. A
22 0 0 0 0 2889.7 55085 653.8

We can see the simulation of the operation of the optimal solution by clicking on the first row
of the table, in "SIMULATE" (we could also see the simulation of the different solutions by
clicking in the SIMULATE button of their row):

# Total Cost (NPC)(€) Emission (kgCO2Z4) Unmet(kiWhial  Unmet() Daut ChfwWh)iPpv+Pwiivt Ren(® LCOEEANh) Simulate Report (A
1 : 99.54 0.7 005 INF 65 99.85 0503 SIMULATE./ REPORT... (

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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W SIMULATION - a X

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Manthly Energy  Annual Energy  Hydrogen  AC Generator Water load /PHS  MULTIPERIOD

Simulation of 1year, all the years the same.

9,500
1100 9.000 Total Load
1,000 8.500 Unmet Load
= 8.000 == Disch. Batt
g — Charge Batt.
H 7.500 — AC Gen
£ 80 7.000 £ PV
i 6500 & |=SOC
g o x
H 6,000 &
= 60 ss00 2
B w
550 5.000 %
g &
= 400 4.500 ':
% 4,000 &
& 300 3500
5 3,000
g
100 / 2.500
2,000
N 1,500
2 3 & 5 6 1 8 9 10 N 12 13 14 1 16 17 1 19 20 21 2 2
[“ILegend 1 January
< > Days disp
BNSUMED OR SUPPLIED (W) Eem— See Over
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (Wh)
O O O Electrolyzer soc
i
O [ E. max disch. batt E.H2tank (HHVH2) | R[] P1 500 i
% imits
[ ExportE Battery bank Charge [ P critical Gen. Cap. M Serol
xport Energy ap. Max
Eto supply FC P critical Fuel Cell change
wind Turb [] soc setpoint Gen. (days)
ind Tur m} Small
o Or £ bougtioAC gid || Prax S0C setpoint FC
s
AT AC Generator Esoldto AC grid | | Pmax Lerge
Pmax. input vertar H2 TANK setpaint (HHY H2) S0C(-1) | T full charge
P [] Pmex Gen,
Simulation step (min): B0 v [ Back Save date: Al v Save Simulation Data. Save Prob. Data.

COMPONENTS: PV generator of 1600 Wp_dc (100% PV slope 402, azimuth DY), T x AC Generator of 500 W. Battery bank of 8640 Wh. Bat Inverter of 1600 VA

STRATEGY: LOAD FOLLOWING. PTgen: INFW. Pmin_gen: 160 W. Peritical_gen: 0. SOC stp_gen: 20 %. S0Cmin. 20 %,

Months when it is not supplied the whole load by the standalone system: November December
ays when it is not supplied the whole load by the standalone system: 14/11 20/11 21711 28111 5/12

We can see that during several days in December there is unmet load. The first day with unmet

load is in November 14™, from 6 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 another one), shown

in orange, during this hour the battery is at the minimum SOC (so it cannot supply load) and the
gasoline generator cannot work because we did not allow it during the night until 7 a.m. in the
AC generator screen (see section 12).

Hourly simulation Hourly values separately Manthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generatar Waterload /PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

Legend

13 1 15

14 November

3 1,500

9,500
1,100 4 9,000 Total Load
1,000 8,500 Unmat Load
£ 5.000 = Disch. Batt
E 300 == Charge Batt
i 7.500 — AC Gen.
£
£ 500 7000 £ Pv
£ ss00 = — S0C
E 7004 ]
z s 2
: ™ 5500 2
S 00 5.000 Z
g 4500 F
g 4004 S0
o 4000 &
& 300 3.500
=
g 200 3,000
2,500
100+
2,000
o4

< > Days disp.

We can see the grid by clicking in the checkboxes of the right area: H.L.Gr. (horizontal left axis
grid), H.R.Gr. (horizontal right axis grid) and V.R.Gr. (vertical axis grid). Also options for the scroll
are below these checkboxes.

In the simulation screen, the different variables are shown as a specific point value for each time
step. In our case, we are using time steps, therefore for each hour each variable is shown as a
point. For example, the values of each variable shown at 6 a.m. are values for the hour from
6:00 to 7:00, there is around 110 W of AC load (grey curve), which cannot be covered by the
battery (SOC is at the minimum) neither by the AC generator (not allowed to run until 7:00),
therefore we have 110 W of unmet load (orange curve) from 6:00 to 7:00, which is represented
as a point value of the orange curve at 6 a.m.. Before, from 5:00 to 6:00 (shown in the graph at
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5 a.m.), there was no unmet load because the load was covered by the battery, blue curve (due
to the low efficiency of the inverter at low power, it needs around 100 W to supply 22 W AC).
Later, from 7:00 to 8:00 (represented in the graph at 7 a.m.), there is no unmet load because
the gasoline generator can run from 7:00, therefore it runs (back curve) supplying the net load
(load not covered by the PV generator, in yellow).

200

100

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.
Also, you can zoom in the graph as previously explained for the other graphs.

You can see the results of the simulation in different tabs, separated time values, average
monthly and annual power, monthly values, annual values ...

Haurly simulatign  Hourly values separately  Mothly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  ACGenerstar Water load / PHS  MULTIPERICD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)

Total Load PV Generator Wind Turbines
1
04
0
02 05
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
0.2 06
0 04 g: | u
0 T il 1 IIW'I 1
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
08
0.6 04
5
04 02
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 standalone system) Purchased from AC grid Sold to AC grid
01
0.05 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
Simulation step (min): 60~ Back Save data: Save Simulation Data Save Frob. Data.

In the third tab, we can see the probability density functions of the same variables we have seen
in the second tab. Before, in Project->Options, check “In the simulation window, show the
probability density function (PDF) of the main results”.

Inthe simulation window. show the probability density function (FOF) of the main results

Then, in the third tab of the simulation screen, we can see the PDF of the different output
variables. Each PDF graphs shows the probability density for each interval between the
minimum and the maximum of the power / energy of that variable. For example, for the total
load power, we can see the minimum column is for the interval between the minimum power
and the minimum power+ (maximum power — minimum power) / Number of columns. As min.
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power is around 22 W and max. is around 600 W, the first column is for the interval between 22
W and 22 + (66-22)/20 = 51 W, that is, interval 22 W - 51 W. We can see the most of the time
the total load power is in this interval (probability density of around 8 for that interval). For each
PDF, the area (integral of the PDF graph) is 1. Below the graphs we can see the mean power /
energy and the standard deviation (for the total load, mean 0.2 kW, standard deviation 0.1 kW;
we could see in these values more decimal places if we change it in Project->Options -> Number
of decimal places in results of energy).

Hourly simulation Hnurlyva\uesseparale onthly and Annual Average Powar  Monthly Energy  Annual Energy Hydrogen  AC Generator Water load / PHS  MULTIPERIOD
PROBABILITY DENSITY FUNCTION (PDFy#S”POWER (kW) OR VS. ENERGY (kWh) DURING THE YEAR umberm:nlumns- []Show PDF firstcol. (] Show PDF last co

Total Load power. PDF PV generator power. PDF e
5 I 5 |:|
0 J-_-—-_—-____ 0 = = =
0 0.1 02 03 04 035 0 1 0
Power. Mean: 0.2, Std. dev: 0L1kW Power. Mean: 0.2; Std. dev. 0.3kW/ Fower. Mean: 0 Std. dev. Dk
Hydro turbine / TEG power. PDF AC generator power. PDF Export power. PDF
20
50 10
0 0
0 0 0.05 01 015 02 0 0.2 0.4 06
Power. Mean: 0 Std. dew: (kW Power Mean: 0. Std. dew: Dk Power Mean: 0. Std. dew: 0. TkW
Fuel Cell power. PDF Electrolyzer power. PDF Energy in H2 tank // accum. Sold. PDF
0 0 0
Power. Mean: 0 Std. dew: (kW Power. Mean: 0 Std. dew: Dk Energy. Mean: 0; Std. dev: Okiwh
Battery bank Charge power. PDF Battery bank Discharge power. PDF Energy in Battery bank. PDF
15 15 03
10 10 02
5 5 0.1
0 — 0 e e N 0
0 02 04 06 08 0 01 02 03 04 05 2 3 4 5 6 7 8
Power bean: 0.1: Std. dew: 0.2KKW Power. Mean: 0.1: Stol. dev: 0.1k Enerepy. Mean: 6.1 Std. dewv: 1.6kWh
Unmet load (by the standalone syst) power PDF Purchased from AC grid power. PDF Sold to AC grid power. PDF
150
100
50
0 L=
0 0.02 0.04 0.06 0.08 01 0.12 0 0
Porwrer Mean: 0: Stdl. dew: DKW Power Maan: 0: Stdl. dew: 0k Power. Mean: 0: Std. dess: (kW

Also, we can see the most of the time the PV output power is 0 (during night time), the most of
the time AC generator power is O (it runs only few hours in the year). We can see the battery
SOC is the most of the time at around 6 kWh.

We can change the number of columns for the PDF graphs (upper right area), and also we can
select not to see the first and/or the last column. For example, if we unselect the PDF first
column, we can see the PV power PDF curve only for hours when irradiation is different from 0
(not night time). Also, we see that, when the diesel generator runs, it runs most of the time at
around 0.2 kW. And that unmet load most of the time (apart from 0) is around 0.02 kW =20 W
and around 0.11 kW =110 W.
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Hourly simulation  Hourly values separately  PDF honthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen Co her-eaehREE—hl L EERIOD

PROBABILITY DENSITY FUNCTION (PDF) VS. POWER (kW) OR VS. ENERGY (kWh) DURING THE YEAR < Hurmber o columns ] Show FOF frst col

Total Load power. PDF PV generator power. PDF s tugk 5
(1
I T e
2
0 0
0.1 0.2 0.3 0.4 0.5 1 0
Power. Mean: 0.2; Std. dew: 0.1kW Power Mean: 0.2; Std. dew: 0.3k Power Mean: 0; Std. dew: Okiv
Hydro turbine / TEG power. PDF AC generator power. PDF Export power. PDF
0.06 015
0.04 0.1
| imi \ll.ﬂ-...
0 0 -
0 0.05 01 0.15 0.2 01 02 03 04 05 06 07
Power. Mean: It Std. dew: Dk Power, Mean: It Std. dev: 0kMY Power, Mean: 0t Std. dev: 0.1k
Fuel Cell power. PDF Electrolyzer power. PDF Energy in H2 tank // accum. Sold. PDF
0 0 0
Power. Mean: 0 Std. dew: DkW Power bean: 0 Std. dew: Dk Enerey. Mean: 0: Std. dev: 0kivh
Battery bank Charge power. PDF Battery bank Discharge power. PDF Energy in Battery bank. PDF
04 10 02
0.2 5
0 IR B - e "N N— 0
01 02 03 04 05 06 07 08 01 02 03 04 05 2 3 4 5 6 7 8
Power. Mean: 0.1; Std. dev: 0.2kW Pawer. Mean: 0.1; Std. dev: 0.TkW Energy. Mean: 6.1; Std. dewv. 1.6kWh
Unmet load (by the standalone syst.) power. PDF Purchased from AC grid power. PDF Sold to AC grid power. PDF
01
0.05 1
o (0 nom
0.02 0.04 0.06 0.08 01 0.12 0 0
Power. Mean: 0; Std. dev: Okid Power. Mean: 0; Std. dew: Ok Power. Mean: 0; Std. dew: Ok

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".
Report
\ REPORT..

# Total Cost (NPC)(€) Emission (kgCO2fr) UnmetkiWhhe)  Unmet(®a) Daut Crlwh)i(Pre+Pw) (Y Ben(® LCOEEMWR) Simulate
B S )_[tmet?) Dat At Pone? S
(The same report would have been obtained if we click in the bottom left corner button

The screen of the report of the best solution appears.

[i S BEEORT 1 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 5% line of the report), the presence of the
generator implies infinite autonomy.
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ﬁ Preview

(BYB#[@ 7% 23/ 30FH|K42 o3rH Close

; NPC/NPV (g}
HOGA software. Report.

Project: Pr1.hogs. Solution 1
DG Voltage: 48 V. AG: 230 V.

COMPONENTS:
et 41550 3518, 4000 . 1€ 5
s s e e e
e
BT s o

PV Battery charge controller STEGA: TAROM 440 of 40 A 0.
et

1

NS TALLATION-FINANC]

AC GENERATOR
AT GEN. FUEL

PV GEN
CONTROL STRATEGY:

F THE POWER PRODUCED BY THE RENEWABLE SOURCES IS HIGHER THAN LOAD: CHARGE
The Batteries are charged with the spare power from renewsbie.

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

[ENERGY BALANCE DURING 1 YEAR {kWhivear):
The power notsupplied b mest the load will b= supplied by e Batieries (i they cannot supply the whole, the rest wil ENERGY BALANCE DURING 1 YEAR (k1
be supplied by the AC Genemta!
o g Oversll Load Energy: 1487 3 Kith/yr. From Renewable: 9.55%
Trore iano Fuel Call Unmet load: 0.7 kWi 0.0 3 loed)
E. Purchased from AC grid: 0 KWhiyr
AC Generaior Minimum Power : 150 W Export Energy: 118.8 KiVhir

When power t be supplied by AC Gen. is < Paitical_gen =0 W, ACgen. runs at full power (without excess), cherging o ey BTN e 2091 1 8

the B, fihis hour and the next hous) until 20 % SOC isreached e elvared b e Toreinees o A

LOAD FOLLOWING. SOC min. batteries =20 % i oy Fyro Torbine. 0 syt Pumped 0 kihie
Energy delivared by AC Generator: 1.5 KihAr

Ensrgy dsliversd oy Fusl Call: 0 kithir

Enemy at Eledrolyzer: 0 kWhiyr

cosTs. Energy charged by Batieries 1079 KWhyr

cosTs: Energy discharged by Bateries 5208 Whir

Initial Invesment: 7221.3.€ Loan: 30 %, int. 7% in 10 yess, annusl qucte 8237 € CostAC gen. fuel, 1st year: 22

MFC ©F THE SYSTEM (25 years lifetime) (cemparing to anly AC grid, 1488Whir, NFC=8827.28) OTHER RESULTS:
Batieries Lietime: 11,18 yeas
Total System Costs (NPGJ 14775.0 & Levelized st of en=gy. 5032 2K Hours g, of AC Genermtor operation fll units): 10,05 hiyr. Nurmber of sterts (sll unis): 8
o Heirs o1 Elacirolyeer aperation:0 hiyt Nummiserof st 0
B Goniamion Gocks (G 28887 € Hous ofFusl Cel gparation: iy, Number of st 0
Eatiry bank Costs (NFC) 5508 8 € Haus of Hydro Turb.: 0 hiyr; starts: 0. Hours of Pump: 0 hiyr, starts 0
AC Genemtors Costs Tolal COZ emissions: 58.54gCOZyr, Emisions of AC generatar (due to consumption of 1,571 lielyt): 4.87 kgCO2r
Amha"vmmmwnmﬁwm) (NPCresag € :zmsﬂ: Devercpment i HM\-'D\; 0.5257. Jobs cresied lifetime: 0.004%
Inverter Costs (NPC): 3159.3 € : 0.5257. : 04
AC Generatar Fuel Cost (FCk 813 €
Inzalistion + financing + exira cash (NPCE 1231 86 ENERGY BALANCE DURING 1YEAR (kWhiyear)
2,000
1500 ———
.00
50
=
LoAD Unmet Exp P GEN CBaT D BAT
2of3

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: .LE' Adobe PDF n Properties...
D —
Where: [ print to fie
Pages Copies

o R

(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 ~ )D Defautt .

Duplex Default ~ Print on sheet Default v

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 .doc or
.rtf format (which can be open by Microsft Word) or in .txt format. We click YES, we save it and
then we can open it with Word:
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rmato  Referenci

D puscar -

- & Reemplazar
- | TNomal TSinespa. Thuo1  Tmuo2  Thuo  Subtulo Enfasissul  Enfasis  Enfasisint.. Textoenn Cita  Citadesta.. «

CcDd AaBbCeDe AgBbCcDd A

¥ Copiarformato N K 8 7 3 X X 1% Seleccionar -

Portapapeles 5 Fuente 5 parrafo 5 Estilos 5 Edicion -~
o 2 1234567 B 1.8 10. AL 4 12 4 13 4 - M4 1 15 1 - 16 ANEAZ s

|Project: Prl.hoga. Solution # 1
DC Voltage: 48 V. AC: 230 V.

- COMPONENTS :

PV mod. aSil2-Schott: ASI100, 4x4x100 Wp. P total = 1.6 kWp dc (100%
PV#1) -
Batt. OPZS-Hawker:TLS-3, 24x1x180 Ah. E total = 8.64 kWh (1.4 d.aut)
N Without Wind Turbines
- Without Hydro Turbine
- 1 x AC Gen. Gasoline 0.5kVA, 1x500 VA
Without Fuel Cell
Without Electrolyzer
Inverter STECA: XPC 1600-48, 1600W
e PV Battery charge controller STECA: TAROM 440 of 40 A
- Without battery charger

CONTROL STRATEGY:

IF THE POWER PRODUCED BY THE RENEWABLE SOURCES IS HIGHER THAN LOAD:
s CHARGE
N The Batteries are charged with the spare power from renewable

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

Pignaide2  4sapasbras [ inglés Renonido) £ = Bl ® - 1 + 160%

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

Unmet(lkWhir)  Unmet(2s) Diaut Cniwh)/(Pov+Pw)(y Ben( LCOEEKkWh) Simulate Report
0.7 005 INF 6.5 99.85 05033 SIMULATE.. :REPORT.

osts Dl Jobs F. P mod. (Wp_d ~
COST 0525741 0.0048 4x4x100

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

sales. BLUE: O8M Currency: €.

TOTAL COST {NPCE 147785 €

- II-I-l.____J_I_l

Total Cost of PV Generator (NPC): 28887 €

1,000

M= =

024881 13 18 19 2 25
Total Cost of Hydm T. (NFC): 0€

T T T T T
02483810 13 18 19 2 25

Total Costof Inverter (NPC): 31583 €

| RARE B

Total Cost of Bectobyzr (MPC): 0

Distribution of costs {+) and incomes (-}, NPC, during the years. RED: acquisition costs, replac. costs and incomes for

Total Cost (NPC): 14778.5€ (0.5 €kWh). Initial cost of investment 7231.9€. Loan of 80 %, int. 7% in 10 yr., quota: 823.7 €hyr.

0246510 13 16 13 = 25

[
0248210 12 18 19 22 2%

Financizl Cost (MPC): iniial pay. + quotas + ectra cash: B12TE £
1,00
1,000
500

]
02486810 12 18 19 22 35
Total Cost of Wind Turbines group (NFC): D€

3]
Ll

D 24681 13 18 19 2 25

Totsl Cost of AC Genemtor (MPC) 174.3€

Dz46510 12 16 18 22 25
Total Costof Fuel Call (NPC): 0 €

131
I3

02463810 12 16 19
Total Cost of HZ Tank (NFC): 0€

0226814 13 168 15 2 25

Total Cost of Extemal Fusl for FC {NFC) 0

0246810 13 16 19
Total Incomes of E sold to AC grid NPV D€

k3
t7

024681 13 16 18 22 285
Totsl Cost of Charge Reg. (NFC):B535€

g AN

0246810 13 18 18 22 28

Total Cost of AC Gen. Fuel (MFCy&1.2€

(=N

0246281 12 18 19 22 25
Tol Costof E purchased from AC grid (NPC): 0€

0

31
i

0226381 13 18 18 2
Total Incomes of HZ sold (MPC): 0 €

ty

0

0246210 12 16 18
Totsl Cost of Rectifier (NFC): 0€

1
15

o

=]
[
s
o
.
=7
=]
=]
w
.
=1
o
o
35
I

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

We save the file. Open the saved file with Microsoft Excel (or equivalent software). When

opening it we will see a warning:

Microsoft Excel

et

El formato y la extension de archivo de 'pruebaltabla.xls’ no coinciden. Puede que el archivo esté danado o no sea seguro. No lo abra a

! 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.
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- 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, inthe properties of the Excel sheet, indicate that the decimal separation is the point
for this file.

A B © D E F G H J K L M N o P Q R s -
Project: Pr1.hoga. Solution # 1

1
2

3 |Inversion cost: 7231.9 €(included installation and initial variable costs of 435.9 €). Loan: 80 %, int. 7% in 10 years.

4_|CASH FLOW THROUGHOUT SYSTEM LIFETIME.

5 | CASH FLOW OF COSTS (+) AND INCOMES (-);

6 |All values in €. Costs +, Incomes -. For each component, cash flows correspond to acquisition cost (year 0), replacement costs (years in which the component is replaced), and return revenue at the end of the system's life, if it has a useful ife (negative value), the three sums ¢
7
8

YEAR Costs PV Gen. O&M PV Gen. Costs Wind T, O&M Wind T. Costs Hydro T.(+Pump+W.T: O&M Hydro T.(+Pump)  Costs AC Gen. O&M AC Gen. Costs Inverter 4

cashyear  NPC cashyear  NPC cashyear  NPC cashyear  NPC cashyear  NPC cashyear  NPC cashyear  NPC cashyear  NPC cashyear  NPC =
3 0 1760 1760 0 0 0 0 0 0 0 0 0 0 250 250 0 0 1440 1440
10 1 0 0 58.8 56.5 0 0 0 0 0 0 0 0 0 0 2.1 2 0 0
1 2 0 0 59.9 55.4 0 0 0 0 0 0 0 0 0 0 21 1.9 0 0
12 3 0 0 61.1 54.3 0 0 0 0 0 0 0 0 0 0 21 19 0 0
13 4 0 0 62.3 53.3 0 0 0 0 0 0 0 0 o o 2.2 19 o o
14 s 0 0 63.6 52.3 0 0 0 0 0 0 0 0 0 0 2.2 18 0 0
15 6 0 0 64.9 513 0 0 0 0 0 0 0 0 0 0 23 18 0 0
16 7 0 0 66.2 50.3 0 0 0 0 0 0 0 0 0 0 23 18 0 0
7 8 0 0 67.5 29.3 0 0 0 0 0 0 0 0 0 0 2.4 17 0 0
18 9 [ 0 68.8 484 0 o 0 0 0 [ 0 0 o o 2.4 17 0 0
19 10 0 0 70.2 a7.4 0 0 0 0 0 0 0 0 0 0 25 17 1755.4. 1185.9
20 1 0 0 716 6.5 0 0 0 0 0 0 0 0 0 0 25 16 0 0
21 12 0 0 73.1 456 0 0 0 0 0 0 0 0 0 0 26 16 0 0
22 13 0 [ 745 4.7 0 0 0 0 0 0 0 0 0 0 2.6 16 o o
23 14 0 0 76 a3.9 0 0 0 0 0 0 0 0 0 0 2.7 15 0 0
24 15 0 0 775 a3 0 0 0 0 0 0 0 0 0 0 27 15 0 0
25 16 0 0 79.1 422 0 0 0 0 0 0 0 0 0 0 28 15 0 0
26 17 0 0 80.7 414 0 0 0 0 0 0 0 0 0 0 2.8 14 0 0
27 18 0 0 82.3 40.6 0 0 0 0 0 0 0 0 0 0 2.9 14 0 0
28 19 0 0 83.9 30.8 0 0 0 0 0 0 0 0 0 0 29 1.4 0 0
29 2 0 0 85.6 39.1 0 0 0 0 0 0 0 0 0 0 3 14 2139.8 976.6
30 21 0 0 87.3 383 0 0 0 0 0 0 0 0 0 0 3 13 0
31 2 0 0 89 376 [ 0 0 0 [ 0 0 0 0 o 31 13 0

2 2 o o Q0.8 36.9 o o o o o o o o 0 0 3.2 13 0 o~
cash ® < »

We can save this Excel file by the "Save As" option of Microsoft Excel in Excel format (*.xlIsx) 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 (NPCY(E) Emission (kgCO2hy) Unmet(dhie)  Unmet(32) Doaut Crdwh) (Pouw+Pediy Ren(® LCOELKWh) Simulate Report

1 147785 9954 0.7 005 INF EE 99.85 05033 SIMULATE . REPORT .
3 147765 99.54 0.7 0os  INF 66 98.65 05033 SIMULATE.. REPORT..
3 15013.7 9915 0.4 003 INF BE 9378 05112 SIMULATE.. REPORT..
4 15013.7 99.15 0.4 003 INF 6 99.78 05712 SIMULATE.. REPORT...
5 155946 93.04 1} 0 INF 49 100 05308 SIMULATE.. REPORT..
b 155946 93.04 1} 0 INF 4949 100 05308 SIMULATE.. REPORT..
7 15840 140.94 2.6 017 INF 64 98148 05401 SIMULATE.. REPORT..
a 15840 140.94 26 017 INF B9 9814 05401 SIMULATE.. REPORT..
9 162251 93.04 1} 0 INF 449 100 05523 SIMULATE.. REPORT...
< >

COMPOMNENTS: PY modules aSi12-Schott: ASI100 (100 Wo_dc): 4s.x 4p. (100% PV#1: slope 40%, azimuth 0) // Batteries OPZS-Hawker TLS-3 (180 Ah): 24s.x 1p. /f 1x
AC Gen. Gasoline 0.5kA 0.5 VA 1 Wind Turb. OC Zero (DWW at 15 m/s) /f Bat. Inverter STECA: XPC 1600-48 of 1600 WA}/ PV batt. charge controller. STECA: TAROM
440 of 40 A} Unmetload = 0 22 /f Total Cost(NPC) = 147785 € (0.5 £/kiWh)

STRATEGY: LOAD FOLLOWING. Flgen: INF. Prrin_gen: 150, Poritical_gen: 0W. S0C setpoint_gen: 20 %5, S0C min: 20 %4

See hest Save Exceltable

The table is saved in the file indicated. When we open the file with Microsoft Excel, after

accepting the warning, the table appears.
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A B c D E F G H J K L M N (¢} P Q R s -
1 [Project: D:\PHlOYECTOS 1HOGA 3.4-10-12-2022\Pr1.hoga

2 [No. NPC(€) Em.CO2(kg/yr) Unmet(kWh/yr) Unmet(%) Days auton. Cn(Wh)/(Ppv+Pw)(W) Renewable fraction (%)  LCOE (€/kWh) HDI
4 1 14778.5 99.544. 0.708 0.05 1E+10 6.63 99.85 05033 05257
5 2 14778.5 99544 0708 0.05 1E+10 6.63 99.85 05033 05257
6 3 15013.7 99.153 0377 0.03 1E410 6.63 99.78 05112 05258
7 4 15013.7 99.153 0377 0.03 1410 6.63 99.78 05112 05258
8 s 15594.6 93.037 [ [ 1E410 9.94 100 05308 05258
9 6 15594.6 93.037 [ [ 1E+10 9.94 100 05308 05258
10 7 15840 140.941 257 017 1E+10 6.87 98.19 0.5401 05256
1 8 15840 140.941 257 017 1410 6.87 98.19 0.5401 05256
12 9 16225.1 93.037 0 0 1E410 9.94 100 05523 05258
13 10 16225.1 93.037 0 [ 1E+10 9.94 100 05523 05258
i 1 16591.699 129.928 1.998 013 1E+10 1031 98.61 0.5655 05257
15 12 16591.699 129.928 1.998 013 1E+10 1031 98.61 0.5655 05257
16 13 16805.9 139.529 3.985 027 1410 1031 98.99 05736 05255
17 14 16805.9 139.529 3.985 027 1E410 1031 98.99 05736 05255
18 15 16833.801 122.096 [ [ 1E+10 4.67 100 0573 05258
19 16 17055.4 122.923 [ [ 1E+10 479 100 0.5806 05258
20 17 17464.301 122.096 0 [ 1E+10 467 100 05945 05258
21 18 17685.9 122.923 0 0 1410 479 100 0.602 05258
2 19 18021.1 125.8 0 0 1410 7 100 06134 05258
23 20 18235.9 126.44 0 [ 1E+10 7.18 100 0.6207 05258
24 2 18251.199 104 [ [ 1E+10 13.25 100 0.6213 05258
25 22 18251.199 104 0 o 1E+10 13.25 100 0.6213 05258
2 2 18643.1 110.582 0 0 1410 5.15 100 06346 05258
27 2 18643.1 110.582 0 0 1410 5.15 100 06346 05258
28 25 18651.6 125.8 [ 0 1E+10 7 100 0.6349 05258
29 26 18866.4 126.44 [ [ 1E+10 7.18 100 0.6422 05258
30 27 18881.699 104 0 o 1E+10 13.25 100 0.6427 05258
31 28 18881.699 104 0 0 1E410 13.25 100 0.6427 05258
22 2 12078 201 170 A58 1422 01 1410 1275 can2 0 a6k nsos7 |~
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.

1l Project: D:\PROYECTOS IHOGA :

Project Datz Calculate DataBa

0 New
#—Open
< u Save Ctriv-S
EI Save as
Tfoject
OPTIONS

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

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.

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 "Pri1-Water.hoga". You can see the name of the project in
the main screen, in the upper left corner: Project:...
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Clicking on the main screen on the button "LOAD / AC GRID" it shows the screen where the
demand is defined.

The water consumption data are indicated in the tab "WATER (m3/day) FROM WATER TANK".
Suppose the house has a well so that we pump water to a 20 m? tank, assuming it is full (100%)
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.

VI Load and options of Selling / Purchasing Energy from the AC grid - O X
Data source: Hours AC Dc Hz Water

! Minutes- sach hourin 1
@ Monthly Average (O Load Prafile (O Import File (W, kgHa/h, m3/hy 1 Mimioe i porrow [t Export

AC LOAD (W) DC LOAD (W) H2 LOAD (kgH2/h) WATER (m3/day) FROM WATER TANK ~ PURCHASE / SELL E

DALY ATEREONSUMPTION (ma/day HOURLY WATER CONSUMPTION (IN % OF DAILY CONSUMPTION,

January 5995 kvhidey)  July 1199 kihjdey) [0 g : L LA
DEFINE

Februaf o5 o) August RETeyeeem O O AR RO NI O (O -

12h 13h 14k 15h 16h 17h 18k 19h 20k 21h 22h 23h  Total=
March EGOE kiwhidey)  Septembed 1199 Kiwh/clay) °

20 O O O3 O O
April EGOE kiwhidey)  October 05355 Kiwh/day)

HOURLY WATER CONSUMPTION (% OF THE DAY)
May 5395 kwh/day) November 05995 kwh/day) 40
June 199 Kwhidmy) ~ December 05995 Kiwhyday) 20 ” H
Scale f - Friday: For the Weeken 0 g ; I Var\ﬂb\\ityminutes(%)
hour

WATERTANK.
‘Water tank capacity. I m3; min. (%) El ELECTRICAL PUMP:
Capacity atthe begining of the simulation (%) [TinletHydrores,  Pump electrical rated power. m I W Pump minimum power El % of rated
PUMPING DATA: S— (recammended 199.8 W for h/day) Priority to pump if surplus P > °/o P. pump.
Elevation head + suction ”ﬂ m Extra pump Total pump efficiency: % [ Var. | Pump &ff Pump Voltage: v

Friction Losses: %

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
|l? MW ACload W ] DCload v M H2 (HHY) ¥ B Water (E pumped) |

500

400

300

200

100

0 6 12 18
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%t 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:

FAIML AND MAX, No COMPONENTS IN PARALLEL:

Bateries in parallel: Min. || |Max. |4 |
PV mod. in parallel: Min. |0 |Max. |4 |
Wind T in paraliel: Min |1 [Max |2 |
AC Gen. in parallel: Min. |1 |Max 1] |

Save the project. By clicking on “CALCULATE” the system is optimized, obtaining the following
results:

58



GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 2160. Time: 1* 15"

18,944 160
18,688 152
= 1843 144 &
o i
= 18,176 £
= 136 7
S 17,920 E

O
= 128 &
B 17.664 €
120
17,408
17,152 T
1 2 3 4 5 5 7 8 9 10

Solution # (sorted from best to worst)

] Shaw diagram

# Total Cost (NPC)(E€) Emission (kgCO2hr) Unmetilihir)  Unmet(®) Doaut Cniwh)(Fpe+ Py Ben(> LCOEEWh) Simulate Report (A

1 171732 136.59 2 011 INF 47 99.44 0.4919 iSIMULATE.. | REPORT ... (

z 17201.2 143.46 3 017 INF 47 99.55 0.4929 SIMULATE.. REPORT... (

3 17670.5 156.53 45 0.25  INF 48 98.72 05068 SIMULATE.. REPORT... (

4 18243.4 141.05 2.2 012 INF 7 99.68 05226 SIMULATE.. REPORT... (

5 18322 136.68 15 0.08  INF 7 596 05246 SIMULATE.. REPORT... (

[ 18643.4 11059 0 0 INF 52 100 05334 SIMULATE.. REPORT... (

7 18643.4 110.59 0 0 INF 52 100 05334 SIMULATE.. REPORT... (

8 18732 150.37 3.2 018 INF 72 9912 05368 SIMULATE.. REPORT... (

9 189439 153.03 0 0 INF 36 9997 05419 SIMULATE.. REPORT... ( -
< >

COMPONENTS: PY modules aSi12-Schott ASN00 (100%p_dc): 45 4p. (100% Pv#1: slope 402, azimuth 0%/ Batteries OPZ5-Hewker TLS-3 (1680 Ah): 24s. % 1p. 41 =
AC Gen. Diesel 1.9KWA 1.9 WA ¢ 1 Wind Turb. DC SouthwestAIR X (547 W at 16 més) ff Bat. Inverter STECA: XPC 1600-48 of 1600 VA ¢ Rectif. included in bi-di inverter
P batt. charge controller. STECA: TAROM 440 of 40 A Unmetload = 0.1 %%/ Total Cost (NPC) = 17173.2 £ (0.49 £/kM/h)

STRATEGY: LOAD FOLLOWING. Flgen: INF. Pmin_gen: 570 Poritical_gen: 0% S0C setpoint_gen: 20 %. 830G min. 20 %

Remember, for all the results of this quide: 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

guide, 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.)
= 2000 8000 — 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
e 5000 oy
o 1,000 g — s0C
= w
% a0 Excess energy from renewable 4500
. 4000 &
o
£ o sources is used to pump water 1500
& 00 3,000
00 2,500
g N 2,000
0 N ~ ~_/
3 B g 12 15 18 21 o 1500
[ 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. batt E. H2 tank (HHv HZ R P1
U U g y g SOC limits
| Battery bank Charge P critical Gen.
Exmei By ] e g Cap. Max.
O Eito supply FC P critical Fuel Cell )
1] _ D S0C setpoint Gen.
¥| Wind Turb. 0
[ IR E ks Gt S0C setpoint FC
‘Water Pump oughtto AGgnd | Pmex
AC Generator E sold to AC grid Prax 12 TARK sotnaint (HHY H2 T full oh
[ Pmax Gen setpoint ( ) SOC(0-1) ull charge

In the last tab of the simulation window, "Water load/PHS", 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

ataleoliees Hows | AC | [DC | [H2 | Water
Minutes- h hi 1
(@ Monthly Average () Load Profile (O ImpartFile (W, kgH2/h, m3sh) 1 v M:zatzz—?z‘;rmuwwm o Irnport Export

ACLOAD (W) DCLOAD (W)  H2LOAD (kgH2h)  WATER (m3/day) FROM WATER TANK  PURCHASE / SELL E
DAILY WATER CONSUMPTION (mifday:

January (u 5995 kiwhjdey)  July
Februanf5  |(15335 khidey)  August

(05995 kwhyday]  September |10

HOURLY WATER CONSUMPTION (IM 26 OF DAILY CONSUMPTION]:
(1199kWh/day) Gh 1h 2h 3h 4h &h &h 7h 8h 8h 10h 11h

asknmy [© 10 10 T o [ Jlo ][z Jfe [0 [0 Jlo | [BEFNE >

12h 13h 14h 16k 16h 17h 18h 19h 20k 21h 22h 23h  Total=

ool oo oz o o

[0.5995 KiWh/day)

{15995 kiwhidey)  October

HOURLY WATER CONSUMPTION (% OF THE DAY)

(05995 kwhfday]  November |5 (0.5995 kiwh/day) 40

(1.199 Kiwh/clany) December |5 (0.5995 kiwh/day) 20 |_| H
Scale tactor for Monday - Friday: For the Weekend 0 0 5 T Wariability mlnules(%)'

hour
WATER TAMNK:
Wiiater tank capacity. D m3: min. (%) D ELECTRICAL PUMP:
[ Jletrycrores.  Pump electrical rated puwer. W Pump minimum puwgr.D % of rated

PUMPING DATA: (recommended 139.8 W for Bh/day) Priority to pump if surplus P > El% P. pump.
Elevation head + suction lit: |12 m EXITPUTP | 110l pump sficiency % [JVar | Pump eff Pump Valiage: |AC

Friction Losses: %

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) Unmmet(dWhial  Unmet(2) Doawt Cidwh)Ppyv+Puii Ren(® LOCOEEKWh) Simulate Report A
1 19875.8 133.07 14 008 INF 52 9982 05717 [SIMULATE.. REPORT...
2 198758 133.07 1.4 008 INF 52 9982 05717 SIMULATE.. REPORT... (
3 200785 1313 05 003 INF 52 8373 05772 SIMULATE. REPORT _ (
4 200785 131.8 05 003 INF 2 9973 05772 SIMULATE.. REPORT... (
5 20400.3 127.06 0 0 INF 7.7 9998 05863 SIMULATE.. REPORT... €
3 20400 3 127.06 0 0 INF 77 5953 (5863 SIMULATE. REPORT _ (
7 20401.7 180.31 3.6 02 INF 36 995 05575 SIMULATE.. REPORT... (
8 20506.1 176.78 22 012 INF 36 9955 05301 SIMULATE.. REPORT... €
5 20673 8 126.77 0 0 INF 77 59487 16942 SIMULATE.. REPORT.. (

< >

COMPOMNENTS: PY modules SiP12-TABPY-135-mod (135 Wp_dco): 4sx 4p. (1002 PV slope 402 szimuth 09 // Batteries OFZ5-Hawker TLS-3 (180 Ah): 245 x Tp. #1 %
AC Gen. Gasaoline D.5kVA D5%A ST Wind Turh. DC Zero (0% at 15 m/s) f Bat. Inverter STECA XPC1600-48 of 1600 WA ¥ PV batt. charge controller. STECA: P
TAROKM 4055 of 55 A ff Unmet load = 0.7 % 4 Total Cost (NPC) = 19875.8 € [0.57 £7Wh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Prain_gen: 150, Peritical_gen: 0%, S0C setpoint_gen: 20 %, S0C min.: 20 %

In the simulation of the optimal system (first row of the table) we can see that the batteries
supply the load 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 higher than the AC consumption, due to the losses in the inverter. At the end of the year the
diesel generator supplies the demand during a few hours.
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Haourly simulstion

Hourly values separately  Monthly and Annual Average Power

Monthly Energy  Annual Energy

Simulation of 1 year, all the years the same.

Hydrogen AC Generator ‘Waterload { PHS  MULTIPERIOD

1,500 1 8,500
1,400 9.000 Total Load
e~~~ ~ - 8,500 W. load (E)
= 1 8.000 Unmet Load
z 1.200 W_tank (E.)
= 11004 7.500 — Water Pump
5
= 7000 £ — Disch Batt
1,000
E 6.500 = == Charge Batt
= 900 % = AC Gen.
E g 6000 2 Py
E w 5500 = - 50C
= ]
s 5,000 &
2 500 &
= s 4500 |
E 1 4000 &
g 4004 3,500
ER 3.000
g
2007 2,500
1004 2,000
od / —=. ! — / —
1" 21 31 1,500
Legend 1 January - 3 January
< > Days disp
POWER CONSUMED OR. SUPPLIED () Er— See Over
Batter bank Discharge Plim Charge Legend
P2 BATTERY EMERGY (yh) [OHLGr
O O O Electrolyzer soc CIHRGr
0 [] E.mex disch. bat E Hztank (HHVHZ) R[] P1 = v crid
S0C limits Can
Battery bank Charge [ P critical Gen.
[] Export Energy Cap. Max Serall
O Eto supply FC P critical Fusl Call change
) [] soC setpoint Gen. (days)
‘Wind Turb. 0 Small
5] Or T — S0C setpoint FC
Water Pump BULJTE AT P2
AC Generator E soldto AC grid Prmax Large:

[ Pmax input Inwerter [] Pmax Gen.

Simulation step (min) B0 v

H2 TAMNK setpoint (HHY HE)

[ Back

Save data

S0C(0-1) T.full charge

Save Simulation Data. Save Prob. Data.

COMPOMNENTS: PY generatar of 2160 Wp_dc (100% PY#1: slope 402 azimuth 0%). 1 xAC Generator of 500 Y. Battery bank of 8640 Wh. Bat. Inverter of 1600 VA,

STRATEGY: LOAD FOLLOWING. Plgen: INFW. Pmin_gen: 160, Peritical_gan: 0% SOC stp_gen: 20 %. SOC min: 20 %.  Priorityta pump and stare E if surplus P > 0 % P pump

Months when it is not supplied the whole load by the standalone

system: July

Days when it is not supplied the whole load by the standalone system: 17/7 18/7 24/7 25/7

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.

Al Project: DAPROYECTOS IHOGA *

Project Data Calculate DataBa

& open
ave Ctrl+S
El Save as

Save as Default Project
OPTIONS

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

B it

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 65% 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 35% 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 35%.

CONSTRAINTS:

Maxirnurn Unmet Load allowed E * annual
Unmetload refers ta:

@ E. not supplied by the stand-alone system

() E. natsupplied by the system nor by the AC grid

tore Constraints
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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.

V' Load and options of Selling / Purchasing Energy from the AC grid - O X

Data source Hours AT Dc He ‘Water

Minutes- each hourin 1 row
(@ Monthly Average () Load Profile () Impart File (W, kgH2/h, m3/h) R finuiee Tl per o Irmpart Expont

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

AC GRID AVAILABILITY
Purchase from AC grid Unmet Load (Non Served D Sell Excess Energy to AC grid
Energy by Stand-alone system) Priority to supply E not covered by reneswables
Fixed Sell Pr () 012 i
Fixed Buy Price (gvh) |05 e xed Sell Frice { flz)l HeulyPies | @) siorage/Generator () AC Grid
i [ Pr.sell = pr. buyx

Annual Inflation (%2):  Emission (kgCOZkWh): Sto fGien. priority f FrouyE>= [0 |

Emissions data Annual Inflation (%)

T Fixed Promelked)  Fixed Cost P Gy Max Power(kitg 345 [v]-Pmax buy [ Sell surplus HZ in tank (difference

between the H2 in the tank at the end

Options ourly Values Energy Generation Charge (Transter Charge) Price (£/k\Wh) of the year and at the beginning)
F\xed Transter price (&/lkiwh) l:l Haourly Price

Fixed Access price [EWh) E Hourly Price Selfconsumption and MNet Mettering. Sellanly 10 3
Buckup Chargs Price (EAW) ‘ND netmetening v ‘ Data to compare with electrical suppl
Fixed Back-up price (£/kWh) D Hourly Price Cost of net metaring service (£/kWh) LI onky from Acpcunvgmiuna\ grid: P
(Mlbe edred oS £ purehacee) 7 .o negaive gen. charge | Buyeback Export E s paist argad) [0 | Totel costinstalation o AC oric 3000 |¢
| Q&M annual cost of grid £
I Total tax for electricity costs (buy + charges) (%) | Total tax far electricity sold (%) D Losses in wire and transfarmer (%): EI

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

The optimal system no longer includes AC generator nor batteries.

# Total Cost (NPC)E) Emission (kgCO24) Unmetikdhpr)  Unmet(3) Daut Cnlwh)(Pows Pwily Feni® LOOEE/KWh) Simulate Report Cn

1 15066 8 324 69 600 3372 INF 0 GR23 04251 [SIMULATE . REPORT . C

2 15066.8 324.69 600 3372 INF 0 6628 04251 SIMULATE.. REPORT.. C

3 15066.8 324.69 600 3372 INF 0 6628 04251 SIMULATE.. REPORT... C

4 15066.8 324.69 600 3372 INF 0 6628 04251 SIMULATE.. REPORT.. C

5 15106.9 330.2 6223 3498 INF 0 65.02 0.4258 SIMULATE.. REPORT... C

6 15106.8 330.2 6223 3498 INF 0 8502 04258 SIMULATE.. REPORT.. C

7 15106.9 330.2 6223 3498 INF 0 B5.02 04258 SIMULATE.. REPORT.. C

8 15106.9 330.2 6223 3495 INF 0 6502 0.4258 SIMULATE.. REPORT... C

9 15546.2 326.39 573.7 3225 INF 0 67.75 0.439 SIMULATE.. REPORT... C
W

< >

COMPOMNENTS: P+ modules aSil2-Schott: ASN00 (100 Wp_dc): s x 3p. (100% PV#1: slope 40¢, azirmuth 0% 41 Wind Turb. OC SouthwestAIR X (547 W at 15 m/s) 4/ Bat
Inverter STECA XPC 1600-48 of 1600 VA jf Unmet load = 33.7 % [f Total Cost (NPC) = 15066.8 £ (0.43 £/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.

63



Hourly simulation

Hourly values separately  Monthly and Annual Average Power

Monthly Energy  Annual Energy

Simulation of 1 year, all the years the same.

Hydrogen

ACGenerator Waterload /PHS  MULTIPERIOD

3,600
34001 Total Load
3,200 W. load (E )
= 3,000 — Unmet Load
2 58004 W. tank (E.)
= —
S 26001 _wisfump
= 2400 by
g 22009 Buy E from grid
2 2000
£ 1800
& el AC load not covered by stand-alone system
o .
= 14009 (unmet load) -> Purchased to the AC grid
g 1200
o 1,000 T
w
z a0
= 600
400
200
0
o 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20 22 23 0
[~ Legend 1 January
< > D Days disp.
POWER CONSUMED OR SUPPLIED (W) — []zee Over
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (Wh) [JHLGr
D D E. to supply by batt. Electrolyzer s0c D HR.Gr
E. max disch. bati E. H2 tank (HHY HZ R P [Jv.Grid
| t ! S0C limits T
Battery bank Charge Fuel Cell P critical Gen.
[] Export Energy Cap. Max. Scrall
E o supply FC P crifical Fuel Cell change
Unmet Load , S0C setpoint Gen (days)
wind Turb. Eelloi e :
[ e E i AE EE S0C setpoint FC 1
Water Pump EUBHE e B
AC Generator £ suld 10 AC grid .
[] Proax input Inverter H2 TANK setpoint (HHY H2) S0C(-1)| | T full chargs

Simulation step (min): B0

[1 P max Gen.

Save dota

COMPONENTS: PV generator of 1200 Wp_dc (100% PV#1: slope 402, azimuth 02). \Wind turbines DC of 547 W, Bat. Inverter of 1600 VA,

STRATEGY. LOAD FOLLOWING.  Priority to pump and store E if surplus P > 0 % P. pump

Months when it is not supplied the whole load by the standalone system: January February March April May June July August Sep b

Save Simulation Data Save Prob. Data

October N ber D b

Days when it is not supplied the whole load by the standalone system: 1/1 241 3/1 411 571 6/1 /1 8/1 971 1041 111 1271 1321 1471 1571 1671 171 1811 1971 2011 211 22/1 2311 2411 25/1
26/1 27/1 28/1 2871 3001 3171 172 2/2 3/2 42 5/2 6§2 3j2 812 92 10/2 11/2 12/2 13/2 14/2 15/2 16/2 17/2 1872 19/2 2072 212 22/2 23/2 2442 252 26/2 27/2 28/2 1/3 2/3 3/3 4/3 5/3 B/3 7/3 8/3
973 10/311/3 1243 13¢3 14/3 15/3 1643 1743 18/3 1973 2043 21/3 22/3 23/3 2473 25/3 26{3 273 28/3 29/3 30/3 31/3 1/4 2/4 3/4 4/4 5/1 6/4 7/4 81 9/410/411/412{113/414/4 15/4 16/417/4

Hourly simulation

Haurly values separately  tanthly and Annual Average Pawer

Monthly Energy  Annual Energy  Hydrogen
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)

AC Generator MWyater load /PHS  MULTIPERIOD

Total Load PV Generatar Wind Turbines
0.8
0.6 0.6 0.4
0é e 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
08
0.6
0 0 04
0.2
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
0
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
04 04
02 0.2 L
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

Regarding operating reserve, in power systems we must ensure that any sudden increase of load
or fall of the renewable generation must be covered by the system. During each time step, there
will be a required reserve capacity (one for each bus, AC and DC) that must be covered by the
real reserve capacity (one for each bus, AC and DC). If not, a capacity shortage happens during
this time step. The total capacity shortage during the year must not be higher than he maximum
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capacity shortage constraint (in the constraints section), in percentage of the total load (more
info in the user manual).

In the main screen, GENERAL DATA tab, click in the button “More constraints”. By default, there
is no need for operational reserve. In our case, suppose we want the reserve requirements for
AC and DC bus shown below, with a maximum annual capacity shortage allowed of 5%:

A CONSTRAINTS - O X

If & combination of components and strategy does not meet any of the following restrictions, this solution will be discarded (for that combination it is
assigned infinite cost)

taximurm Unmet Load allowed: % of annual load

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

inirmurn number of days of autonomy (bhatteries+hydrogen) days
{[v]ifthere is AC generator or fuel cell using external fuel or purchasing unmet lnad from AC grid is allowed, number of days of autanamy = infinitum)
MNorminal capacity of batteries bank (Wh < % (peak power of Y generatar + max. power fram Wind Turbines group) (W)

( ifthere is AC generator or fuel cell using external fuel or purchasing unmet load from AC grid is allowed. do nottake into account this constraint)
Minimurmn renewsable fraction: %

Mesirmum Lewvelized Cost of Energy: £k h
Maximum annual capacity shortage: % Data-> AChus: Load operating resense (%) Feak load operating resere (°/o):
P power oper. reserve (%) m YWind power oper. reserve (%)

DCbus: Load operating resense (32) m Feak load operating reserse (°/o):
P power oper. reserve (%) Wind power oper. reserve (24):

During each time step. battery provides reserve capacty considering S0C dischargead in (min);

oK

We accept. If we click in the first row of the results table, nothing happens, as in this case the
capacity shortage is lower than the maximum allowed (5%).

# Total Cost (NPC)(E) Emission (kgCO2h) UnmetkWhir)  Unmet(3) Daut Caldh)/(Ppuw+sPwily Ren( LOOE EAMh) Simulate Report L)
32469 600 3372 INF 0 G628 0.4251 SIMULATE.. REPORT... (

If we click in the REPORT of the first row, we can see the reserve capacity shortage during the
year for AC and for DC, which is 0 kWh/yr for both and total capacity shortage is 0%.

ENERGY BALANCE DURING 1 YEAR (kWhiyear):

Overall Load Energy: 1779.2 KWh/yr. From Renewable: 66.28%. Reserve Capacity Shortage: AC 0 kKWh/yr; DC 0
kKWhiyr; Taotal capacity shortage: 0 % of total load.

We can see the simulation of the first row. If we check the box “Cap. Short” (capacity shortage
for each time step), it is O all the year. The red checkboxes “AC” and “DC” show the required
reserve for each time step (considering the data set in the constraints window), while the green
checkboxes “AC” and “DC” show the real reserve for each time step (real reserve can be
obtained from the grid, from the batteries, from the fuel cell or from the backup generator if it
is running during the time step). In our case, we can see AC and DC required reserve is much
lower than AC and DC real reserve for all the time steps. In this case we only have for reserve
the grid. AC real reserve is it 3.45 kW of the maximum power from the grid minus the power
purchased from the grid during each time step. DC real reserve is limited by the charger
maximum power (the inverter/charger has a maximum DC charge current of 20 A->20 A x 48 V
=960 W).
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Hourly simulation Hourly values separately  PDF Monthly and Annual Average Power  Monthly Energy  AnnualEnergy  Hydrogen AC Generator ‘Waterload /PHE MULTIPERIOD

Simulation of 1 year, all the years the same.
3,600 4

34009 Total Load
3,200 Unmet Load
3,000 W._tank (E)
2800 4 — Water Pump
2,600 - ‘é"‘;”d T

2,400 Buy E from grid
2.200 1 - Cap. shortage
2,000 4 Req. reserve AC

Req. reserve DC
Real reserve AC
Real reserve DC

POWER (W) /H2 Tank AWATER tank (Wh)
2
=3

. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0
Legend 1 January
< > Days disp
POWER CONSUMED OR SUPPLIED (W) e [(Isee Over
v ey B T Plim Charge Legend
atierbank Dischargs - BATTERY ENERGY (Vh) [JHLGr
O O Electrolyzer OHRGr
S0C
0 0 E. max disch. batt. EHzwmrk(HHVHZ)  p [Pl S0C limits [Jvcrid
Alt.
D E HE | Cap.Shart Battery bank Charge P critical Gen. Cap. Max SDr:mII
xport Ener 2
i o [ Ac [4] Dg E:to supply FC i change
P critical Fuel Cell . El
S0C setpoint Gen. (days)
r (53w i SOC setpaint FC Small
setpain
E hought o AC gridt [4]
Water Pump = g orid bl P
AC Generator E sold to AC grid Pmax 2 TAMK setoaint (HHY HZ S0C (0-1) . full charge Large:
[ Prax. input Inverter [ Prusx Gen setpaint | )

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 "Prl-
RNinja.hoga".

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

) SOLAR RESOURCE

Latitude (%) (+M,-5):  |28.08 Getdatafrom local DB

Longitude () (+E, 4] : [15.51 Dowinload hourly data
Locate onmap | Update coord. Download MASA manthly data

—__ s - - .

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 - Year ’m |'|
= Renewable Ninja [year 2019 i

(7 NASA - Year | 2020 TI |

v Hourly Irradiation

v Hourly Temperature for: W P W Wind T|[™ Batt
v Houry'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.
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) SOLAR RESOURCE

© PV panels Azimuth (2): El

#1: PY panels slope ()

Latitude (%) (+M, -8) Get data from local DB

U -
Longituce (%) (+E, W)
Download hourly data PV gen. #1: - Ground Reflectance
| Ak || G
Locate onmap | Update coond Download MNASA monthly data . aecie et ED !
Dptimal Slopedt Cptimize Pv#1 panels slope during the optimization of the system
Data source for Global irradiation
Steps
(O) Monthly Average (@) Import from File FROM RENEWABLE NINJA (® Hour (kWh/m2) (O Horiz @ Tilt
[ Generation of PV gen. (kW) normalized to 1 kwp O 1 | Minutes- each hour in 1 row (tilt, in kw/m2) Import
(equivalent to irradiance k//m2 x PR) O Minutes- 1 per row (tilt surf. in kW/m2) pa
Data Source for Monthly Average Daily Irradiation: | Radiation Horizontal Surface (kih/m2) Calculation Method for Hourly Tradiation:
Iar:”ai:;i;mn PV Tracking System: | Mo Tracking ~ Liu & Jordan Erbs et al
r——— Factor F(l) for the back albedn Collares-Pereira & Rabl Graham
JioERy 9.5 Wit {bifacial modules) (Durusoy 2020); 033
Februray B.77 kWh/m2 5 3
MONTHLY AVERAGE DAILY IRRADIATION, TILTED SURFACE ummer-
tdarch B.66 kWh/m2 Official hour advances:
April B.85 KWh/m? 6 1l el e
May B.51 Khim2 5 e G
4 of month
June B3 kWh/m2 3
To day
Jul B.39 kiWh/m2
¥ 2 of month
August B.52 kKiWhfm? 1 .
Winter:
Septermber B.57 KWhfm2 0 ] F M A M J J A S [e) N ) Official hour advances:
October 597 kWhjm? MONTH h to solar hour
¥ i i~
Navamber 5 42 Kivhym? W Horizontal W Tited tmport from hourly file:
Official hour
December 5 B Kivh/m?
0 January
SHADOWS Daily Average rradistion (Tilt Surf):  6.24 kvvh/m2
Total Annwal lrradistion (TikSud): 2279.13 kiwh/mz2
S (5 annual Iir. Back surface / Directfor CPV. 196,14 kihym? / 179966 kKiWhjm?
= =
Wariahility minutes: correlation factar: std dewv.: Update minutes Import Back (hourly, tilt) Import Direct (hourly, tilt)
(0] & Calculate Iz Graph in steps of 60 min. Export G. tilted Export G. horiz.

Total annual irradiation over the inclined surface is 2279 kWh/m?, compared to 2005 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

1,100 lI
f
1,000 i |I l ‘I |
900 \
f [ | |
800 | Il If m‘ || I' |
700 ‘ \
500
soof |\ ! |
| \ | \
400 I| | I ‘
o] | | | | [ [ | J \ ) |

Wim2

|
|
\
I | IJ
| \ | | 1 | ml
L v ol % A .':J\"",\ o / ¥l " fv‘\ A ~A
\ J 1 ¥ ! | |\ L " J L

1 2 3 4 5 6 T 8 9 10
January

¥ — Global Azimuth 0°, slope 40° ¥ — Direct (for CPV) |¥ — Back surface (for bifacial) |

[JHarizontal Grid  [_JAlt []vertical Grid Days display
Scroll change (days)-> small: :large:

In the wind resource window, we see the data downloaded from Renewable Ninja:
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1 WIND RESOURCE O X
Latitucle (2) (+M,-5):  |26.06
afitucs (%) (+M, -5) Get data from local DB Morthly Average Data
Longitude (%) (+E. ) 1 Download hourly data Anemometer Height | @) anthly Average Speed
-1'] (i Night speed, Amplitude, F Factor and Hour max speed
Locate on map | Upeate coord Download NASA Monthly cata - Onightsp i & -
Surtace Roughness
Data source
Steps Class £~ Length U7 m
H
O Monthly Average (@) Impart datafile (inmys) |FROM RENEWABLE MINJA L= T —— o Bl aon i oz B
[ Generation ofwind turb. (<) normalized to 1 kW rated p ~ Minutes-1 per row and preserving hedges & meters high
with an approximate distance of 500 m
Av. sp.(m/s;
Jan:6.75
Feb: 6.4
har. 7.08
Apr 674 02
ay: 7.55 0.18
Jun66d 5
£ 0.16
Jul: 8.97 c
S 014
Aug:9.04 =
) £ 012
Sep: 7.47 [
octegd | & 01
Nov:B4z £ 008
Dec:B62 | = 0.06
]
o 004
Carrelation factor: |0.62 -
Calculation of wind speed for each minute: std. dew, mis Update min 0
0 5 10 15 20 25 30
Wind speed (m/s)
Calculate 1 Graphin stepsof | B0~ min Aw year (m/s Infa time of calm wind
738
Calm is considered
i i < |3 mys
Scaled Average Speed (mfs 0K Form factor of the wind speed serial: 4 - i/
Scale by fhy): e

In this case average wind speed is 7.38 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:

WIND SPEED

m/s

I T - R - B - T

January

‘ >
[JHorizontal Grid [ &k []Vertical Grid Days display
Scroll change (days)-> small: |1

large

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

24

23

21

*C

20

1 2 3 4 5 -] 7 ] ] 10
January

L] o o

Days dizplap

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 monthly average data.

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 1620_ Time: 1' 19"

15,552 120
13,488
@ 15424 L2
O 15,360
,; 15,296 -
= 108
3 15,232
= 15,168 [
P 15,104 100
15,040 o3
14,976
1 2 3 4 5 6 7 8 9 10
Solution # (sorted from best to worst)
DShDW diagram
# Total Cost (NPC)(€) Emission (kgCO2Zar Unmetllhdr)  Unmet3e) Duaut OndWh)APe+Pwd(t Ben(3 LOOEEkWh) Simulate Report C A
1 1494131 106.68 16 01 INF 6B 9967 05081 SIMULATE.. REPORT... C
2 149413 106.68 16 01 INF EE 9957 05081 SIMULATE.. REPORT... C
3 150447 102.56 1.2 008  INF 6B 9957 05125 SIMULATE.. REPORT... C
4 15044.7 102.56 1.2 0.08 INF b6 9957 05125 SIMULATE.. REPORT... C
1 15431.2 114.34 14 009 INF B4 9919 05257 SIMULATE.. REPORT... C
[ 154312 11434 14 003 INF 64 9919 05257 SIMULATE.. REPORT.. C
7 15540.8 122.93 24 016 INF B4 9935 05299 SIMULATE.. REPORT... C
i 15540.8 122.93 24 016 INF B4 99.35 05249 SIMULATE.. REPORT... C
9 155909 92.93 0 0 INF 94 100 05307 SIMULATE.. REPORT... C
v
< >

PO Comimainmaflraiud

COMPOMNENTS: PY modules aSi12-Schott: ASIT00 (100 %o _do): dsx 4p. (1005 PV slope 408 aziruth 09/ Batteries OPZ5-Hawker TLS-3 (180Ah): 245, x 1p {11 x AC
Gen. Gasoline D.BKVA 0.5 A K1 Wind Turb. DC Zero (0W at 15 m/s) } Bat Inverter STECA: XPC 1600-45 of 1800 VA Rectit. included in bi-di inverter §# P batt charge
controller. STECA: TAROM 440 of 40 A/ Unmet load = 0.1 % §f Total Cost (MPC) = 14941.3 € (0.57 £/kMWh)

STRATEGY: LOAD FOLLOWING. PTgen: INF. Pmin_gen: 150 %, Poritical_gen: 0W. S0C setpoint_gen: 20 %. 30C min. 20 %.
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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 M
" Renewable Ninja [year 2019)

" NASA - Year |202l] vl

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

—

v Hourly Wind Speed

OK Cancel

Click “OK” and the hourly data form PVGIS will be downloaded.

W' SOLAR RESOURCE - O X

. - oy
Latitude (£ (+M. -5] - 26.06 Getdata from local DB e IFY el sllage () ' (P el A ) El
) - g0 ] -
Longitude (7] (+E. W) Diownload hourly data

PV gen_ #1:- o Ground Reflectance: 012
["Fixed albedo IrmpartAll, || Gr.
Locate onmap | Update coord Download NASA maonthly data . . —
Optimal Slope#] Optirize PV#1 panels slope during the optirnization of the systern
Data source for Global irradiation
Steps
() Monthly Average (@) Import from File FROM PVGIS year 2007 @ Hour (kwh/mz2) () Horiz @) Tilt
[ Generation of PV gen. (kW) normalized to 1 kWp O |1 | Minutes each hour in 1 row (tilt, in kKW/m2) —
(equivalent to irradiance ki/m2 x PR) O Minutes- 1 per row (tilt surf. in kwy/m2) po
Data Source for Monthly Average Daily Irradiation: |Radiation Horizontal Surface (k\Wh/m2) Calculation Method for Hourly Iradiation:
L::Iat:!i:;ﬁ:on PV Tracking System: |No Tracking “ Liu & Jordan Erbs et al
) Factor F(l) for the back albedo Collares-Pereira & Rabl Graham
ey SLefa i {hifacial modules) (Durusoy 2020: 033
Februray 4.93 KiWhfmz

MONTHLY AVERAGE DAILY IRRADIATION, TILTED SURFACE Summer:
tdarch 519 KiWh/m2 6 Official hour advances:

Agril 4.9 loh/m?2 5 h to solar hour
30
May 486 KWh/m2 4 From day

of month |2

June £.12 kWhfm? 3
Today |20
July 5 93 kWhjm? 2 o cay 26 |
of month
August 551 Kith/m2 1 )
0 Yyinter:
September 5.15 kitvh/m2 ) F M A M J J A 5 [3) N D Official hour advances:
Octaber 5 32 Kiivhym2 MONTH plcRcaieny
v W
Movembar 461 Khjm2 8 Horizontal [ Tited [ 1mport from hourly file:
Official hour
December 359 KWh/m2 -
0 January
SHADOWS Daily Average Irradiation (Tilt Surf):  4.97 kKvwhim2
Total Annual Irradiation (Tilt Surf): 1815.89 KWh/mz
S (e 5y Annual In. Back suace / Directior CPY:  107.41 KWh/m2 / 105872 KiWh/m2
Varighility minutes: correlation factar: std. dev, Update minutes Import Back (hourly, tilt) Import Direct (hourly, tift)
OK Calculate {= Graph in steps of 60 V| . Export G. tilted Export G. horiz.
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We can see that annual irradiation over the inclined surface is 1815 kWh/m2. Average daily
irradiation in December is 3.59 kWh/m2. We accept clicking “OK”.

In the Wind resource window, we can see the average wind speed is 3.45 m/s, with a Weibull
form factor of 2.8. We accept clicking “OK”.

1 WIND RESOURCE - O X
Latituce (4 (+N.-5).  |26.06 Get data from local DB Ny AP e
Longituds (4 (+E. W) Download hourly data Ansmometer Hsight | @ Monthly Average Speed
m O Might speed, Amplitude, F Factor and Hour max speed

Locate onmap | Update coorel. Download NASA Monthly data

Surface Roughness

Data source
S‘EES Class 2~ Length 7 m
(O Monthly Average (@ Import data fils (inmys) |FROM PYGIS year 2007 LIS PSS —— - el e somm biehgs
I:‘ Generation of wind turb. (kW) normalized to 1 kv rated p Minutes-1 per row and preserving hedges 8 metars high

with an approximate distance of 500 m.

A, sp. (/s
Jan:3.16
Feb:3.04
© Data ¥ — Fit
har. 3.73
Apr:3.39 be
ay: 3.61 035
Jun: 3.62 s 03
Jul 4684 E i
A i
ug: 4.24 2 0.25
Sep: 3.06 © s
Oct286 | &
Nov:2B5 | £ 015
3
Dec:315 =
E 0.1
o
Correlation factor. 0.05
Calculation of wind speed for each minute: std. dew. mfs Update min 0
0 3 10 15 20 23 30
Wind speed (m/s)
Calculate 1= Graphinstepsof | B0 ™~ min A vear (m/s] Info time of calm wind
345
Calmis considered
Form factor of the wind speed serial: 2.8 < W/E
Scaled Avarsgs Speed (mfs)
Selo ) 22&;\Ed Awerage Speed (mfs] OK

We optimize the system and we obtain the following results:

# Total Cost (NPC)(€) Emizsion (kgCO2y Unmet(kdhiel  Unemet(2) Daut CadWh)(Pov+ Pe)ly Ren(® LOOEEMKWh) Simulate Report (A
1 249963 202 65 3.2 02 INF 47 93895 08527 SIMULA REPORT ... (
2 25176.4 212.89 43 029 INF 47 8913 085595 SIMULATE.. REPORT.. (
3 26241 8 181.93 3.2 022 INF 78 9891 08611 SIMULATE.. REPORT... (
4 26627.6 1749 2.8 019 INF 5 9301 0574 SIMULATE.. REPORT... (
5 257525 183.2 4 027 INF 5 93.21 08789 SIMULATE.. REPORT... (
6 26405.7 171.16 3.1 02 INF 155 99 09007 SIMULATE.. REPORT... (
7 26405.7 171.16 3.1 02 INF 155 99 09007 SIMULATE.. REPORT... (
8 26552.5 181.16 12 028 INF 155 8914 09064 SIMULATE.. REPORT... (
] 26552 5 18116 42 02 INF 155 8914 0.4064 SIMULATE. REPORT.. (

< >

COMPOMNENTS: PY modules SiP12-TAB:PY-135-maod (135 Wp_dc): 45 dp. (1005 PV#T: slope 408 azimuth 0¢) /f Batteries OPZ3-HawkerTLS-5 (270 Ah): 245 x 1p. 41
*ACGen. Diesel 1.9KvA1.9%A 4 2 Wind Turb. DC SouthwestAIR = (547 W at 15 m/s) /f Bat. Invener STECA XPC1600-48 of 1600WA § Rectif. included in bi-di inverter
# PV batt. charge controller. STECA: P TAROM 4055 of 55 A fY Unrmet load = 0.2 %4 ¢ Total Cost (NPC) = 24996.3 € (0,65 £/kd4h)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Prmin_gen: 570 %W, Poritical_gen: 0W. SOC setpoint_gen: 20 2. 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.
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28. Including thermoelectric generator (TEG).

If you are not interested in TEG, you can skip to the next section.

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 or another process 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 -l

AL Generator L'y ]
Inverter :_"_"if

[JH2 [F.C. - Elyzer.) ﬁ-:

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 16 to 19 h,
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):

Temperature of HOT source (*C]  Temperature of COLD source [°C)

56h | &7h | 7eh [ @oh [ 910h [ 1001h [ 1192k | 1243k [ 1314k [ 14950 | 1506k | 1647k [ 1718k [ 18190 | 19200 [ 2021k [ 21-22h [{ 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 0 700 700 | 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

| 20 700 | 700 | 700 | 20 20 20 20 20 20 20 0 700 700 | 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

| 20 700 | 700 | 700 | 20 20 20 20 20 20 20 0 700 700 | 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

| 20 700 | 700 | 700 | 20 20 20 20 20 20 20 0 700 700 | 20 20 20

» 20 70 700 | 700 | 20 20 20 20 20 20 20 700 | 700 | 700 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).
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V' Graph

Temperature hot and cold sources
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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).

1l THERMOELECTRIC GENERATORS - ] s
Matched load, output power of 1 madule Seebeck coefficient, themal and electical conductivities
Use this power curve >
Interpol. Sesh s == Tcold= 30°C
01 from M T —Tculdi EU:F.
[ That. Teold using cire £ —Tcoldi &0 E‘
Z at 00K (x1E-3KAAL g0 Tcou-120°C
=
!
&t 500 K [+1E-3 K1) 2 o et ;
;
Z [ ) ] 0L B L B I s B A B B e B
60 30 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440 450 430 500 520 540 560 580 600 620 640
078
h it f hot side (*C
[ Consider Z in b emperature of hot side (*C)
T hat  S0C 100:C 180°C 2000C 280°C 300:C 360 400:C 450:C B00eC Ba0eC EO0EC EA0EC
= [0 J[s Jls Jlr Jez |[o J& Ja& J@ J& J= & ||
~> Dutput power af matched [0 | [ [N R N (E  E A N (e
load, 1 module [w:
& LTl Jhe Jla J[s J[e = Ji Jps Jp=z Jfs pr J= |
= (CHN I O CH I N v b e Jl Jp Jl Jlt JJ ]
Increase of thermal conductivity of hot heat exchanger with temperature [%/K)
Increase of thermal conductivity of cold heat exchanger with temperature [2/K] FactorVoc
Thi | i f d tacts of th dule (% of tatal Rtk
ermal resistance of ceramics and contacts of the module: % of total ] | |'|“|+|_|“ | ‘("|
Inertial Tirme Constant [min]: El
Losses due to Thomson effect and others (%) IC' Parameters of 1 rmodule
Hame | Powerne] | Costie) [ Mmodules | N couples [ Refohm) [ Rthikw-1 | Thet (C) | Teold [5) | Rthesch Hotlkw 1] | Rthesch Colgw-1] | Lietmeg) [~
M TEG1XE 48 as0 [ 63 0.8 0.675 300 30 0.8 0.2 15 WERT et
| |TEGOD 0 0 0 1 0.1 0.1 300 30 0.1 0.01 15
| |TEG1 8 150 1 63 0.8 0.675 300 30 0.8 0.2 15 Calevlation of That
Teold of the module:
M ax. difference (%),
v
Annual Inflation Rate for | . Max. Variation of TEG Cost [=.0., for an expected 703 reduction on
TEG Cost: 3 current TEG cost, introduce "-70%"): b4
Lirmit iz reached in 11.4 pears
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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 [%) (+M. -5) : § |60.33 Get data from local DB ‘
Longitude [2) (+E. W/ [El.??

Download houly data |

Locate on map ‘ | Download NASA monthly data |

Now we click on “Download NASA monthly data” button.

Data to download: Year | 2019 -

Iv Monthly &verage Iradiation
[v Monthly Average Temperature [~ For Bat.
[V Monthly &verage Wind Speed
v At10m height [ Consider roughness
[~ At50m 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.
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1 SOLAR RESOURCE — O >

6033 Get data from local DB #1:P¥ panels slope (4 " P panels Azimuth (%) EI
G0

] )
Download hourly data
PY gen. #1: %
Locate on map | |Jpdate coorel Download NASA monthly data.

Latitucle (2 (+MN, -5)

Longitude (%) (+E. W)

3

Ground Reflectance: |0.
Fixed albedo Import Alb. | Gr.
Optimal Slope#l []Optimize Pv#1 panels slope during the optimization of the system

Data source for Global irradiation
Steps

(@ Monthly Average () Tmport from File Hour (kwh/m2) Horiz () Tilt
1 v Minutes- each hour in 1 row (tilt, in kW/m2)

Minutes- 1 per row (tilt surf. in kW/m2) U

Data Source for Monthiy Average Daily Irradiation:  Radiation Horizontal Surface (kwh/m2) ~  Calculation Method for Hourly Iradiation:

Irradliation Irradistion
. . PV Tracking System: Mo Tracking w O & tordan Oerbs etal
av hotiz.s. awtilts.

Factor F(l) for the hack albeco (@ Collares-Pereira & Rabl  (_) Graham
January 1.18 k¥him2 (bifacial modules) (Durusoy 2020) 0.33
Februray 2.29 KiWhim2 o ]
MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. | TILTED SURF. ummer:
tdarch 4 87 Kiwh/m2 Official hour advances:
April 5 22 Kihym? o e i
3

My 3 96 KiWhym? Bonicay

of menth
June 3.75 KWh/m2

To d

July 42 Kivhim?2 e

of menth
August 3,62 Kwh/m2 3

Winter:
September |2 3.07 Kwh/m2 Official hour advances:
Octaber 2 04 K\hym?2 MONTH h to solar hour
November 103 Kvhim2 ||7 B Horizontal ¥ M Tilted | [mpurtfrnm hourly file:
Official hour
December 051 KWhim2 ] . o
Force Elcloudy consecutive days (only difuse irradiation) in month
SHADOWS Daily Awverage Irradiation (Horiz. Surd): 2.52 kKvWhfm2 Diaily Average Irradistion (Tilk Surf): 2,98 Kiwhim2
Total Annual Irradiation {Horiz. Surf) 922 6 kihim2 Total Annual Irradiation (Tilt Surt): 1089.58 kiwh/m2

Szl et (5 5] Annugl Ir. Back surface { Directfor CPV: 601 873 kiWhym2  797.20 kiwh/m2
“ariability minutes: correlation factor sld dewv. D Update minutes Import Back (hourly, tilt) Import Direct (hourly, tilt)

OK Calculate = 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.

A WIND RESOURCE - [m] X

Latitude (9 (+N, -5): [60.33 Get data fiom local DB R e e D ot
Longitude (8 (+£, ‘W) [8.77 Dovmined Pl dota) Anemometer Height || (& Monthly Average Speed
0 m

€ Night speed, Ampltude., F Factor and Hour max speed
Locate on mapl | Download NASA Monthly data ‘

Suface Roughness

Data source
Steps Class |2 | Lengh |01
@ Monthly Average " Import data fle in m/s) o i rahsme b atoran
cll = preserving hedges 8 meters high with an

approximate distance of 500 m.

Input Data
Month [ Av. wind(m/s) | ~

JANUARY 262 Av. sp. [m/s]
[ | Fesruary 253 Jan 262
[] marcH 27 Feb: 253
[1 apmi 169 Mar. 2.76
[ mar 27 spctsy | TR
[ sune 214 May: 2.27
[ 176 Jun: 214
[] ausust 168 k1.7
| |sepTEMBER 229 ‘;w 168

OCTOBER 1.68 ep: 229
[ | novemseR 133 0ct 168
[¥| DECEMBER 256 ;:: ;:g
Hourly wind sp. data:Shape factor (b): [23 =l | || & et

Calculation of wind speed for each minute: std. dev. |1 mis  Update min.
Foce [0 comsecutvedayswithwind< [3 m/sinmonth [lanuay  ~]

10 15 20 2 30
Wind speed (m/s)

(Calculato | I Graphinsteps of [[60 <] Ewot | Avvemin/g Info tme o cakn wind
2l Caimis considered

Form factor of the wind speed serial 2.8 <[3 mis

‘Sealed Average Speed [m/s)
Scaeby byt [T SZ\-:IedAvel e Speed [m/: o

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).
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Hot source:

Temperature of HOT source PC) Temperature of COLD source °C)

Maith [ oih [ 12n [ 23n | 34h [ 485k | 56k | 67k [ 78h | 85h | 910h [ 10-11h [ 1112k | 1213n | 1314 [ 1415k [ 15-16h | 1617k | 17-18h | 18-19h [ 19:20n [ 2021k | 2122k [ 22:23n [ 2324h |
| [JANUARY 20 20 20 20 20 600 600 400 400 300 300 60D 400 400 400 300 300 | 600 | 600 | 400 | 400 | 300 | 300 300
| |FEBRUARY | 20 20 20 20 20 600 600 400 400 300 300 600 400 400 400 300 300 | 600 | GO0 | 400 | 400 | 300 | 300 300
| |MaRcH 20 20 20 20 20 600 600 400 400 300 300 60D 400 400 400 300 300 | 600 | GO0 | 400 | 400 | 300 | 300 300
|_|aPRIL 20 20 20 20 20 600 600 400 400 300 300 60D 400 400 400 300 300 | 600 | GO0 | 400 | 400 | 300 | 300 300
| |mar 20 20 20 20 20 600 600 400 400 300 300 60D 400 400 400 300 300 | 600 | GO0 | 400 | 400 | 300 300 300
| |JuNE 20 20 20 20 20 600 600 400 400 300 300 60D 400 400 400 300 300 | 600 | GO0 | 400 | 400 | 300 300 300
| ooy 20 20 20 20 20 600 600 400 400 300 300 60D 400 400 400 300 300 | 600 | GO0 | 400 | 400 | 300 300 300
| |auGust 20 20 20 20 20 600 600 400 400 300 300 600 400 400 400 300 300 | 600 | 600 | 400 | 400 | 300 300 300
| |SEPTEMBER 20 20 20 20 20 600 600 400 400 300 300 600 400 400 400 300 300 | 600 | 600 | 400 | 400 | 300 300 300
OCTOBER 20 20 20 20 20 600 600 400 400 300 300 600 400 400 400 300 300 | 600 | 600 | 400 | 400 | 300 300 300
| |NOVEMBER | 20 20 20 20 20 600 600 400 400 300 300 600 400 400 400 300 300 | 600 | GO0 | 400 | 400 | 300 300 300
20 20 20 20 20 60D 60D 400 400 300 300 | 600 400 400 400 300 300 | GO0 | 600 | 40D | 400 | 300 | 300 | 300 |
< >

Cold source:

Temperature of HOT source (°C)  Temperature of COLD souwce [°C)

honth [ oh [ 12n [ 230 [ 340 [ #5h | 56h | B7n | 78h | 85h [ 310 [ 10-1h [ 1192k [ 1213h [ 1314h | 146h | 15-6h | 1617h [ 17-18h | 1819h [ 19200 [ 2021h | 21-22h | 22:23h [ 2324h | ~
_JANI_IAHY 20 20 20 20 20 40 40 30 30 30 30 40 40 30 30 30 30 40 40 30 30 30 30 30
| |[FEBRUARY | 20 20 20 20 20 ] 40 30 30 30 30 40 40 30 30 30 30 ] 10 30 30 0 30 30
| |MaRCH 20 20 20 20 20 1] 40 30 30 30 30 0 40 30 30 30 30 0 10 30 30 0 30 30
_APHIL 20 20 20 20 20 40 40 30 30 30 30 40 40 30 30 30 30 40 40 30 30 30 30 30
| |may 20 20 20 20 20 ] 40 30 30 0 30 40 40 0 0 30 30 ] 10 30 30 0 30 30
| |JunE 20 20 20 20 20 1] 40 30 30 30 30 0 40 30 30 30 30 0 10 30 30 0 30 30
_JIJLY 20 20 20 20 20 40 40 30 30 30 30 40 40 30 30 30 30 40 40 30 30 30 30 30
| |auBusT 20 20 20 20 20 ] 40 30 30 0 30 40 40 0 0 30 30 ] 10 30 30 30 30 30
| |SEPTEMBER 20 20 20 20 20 1] 40 30 ] 0 30 0 40 30 30 30 30 [ 10 30 30 30 30 30
OCTOBER 20 20 20 20 20 40 40 30 30 30 30 40 40 30 30 30 30 40 40 30 30 30 30 30
| |[NOVEMBER | 20 20 20 20 20 1] 40 30 30 0 30 40 40 0 0 30 30 ] 10 30 30 0 30 30
20 20 20 20 20 40 40 30 30 30 30 40 40 30 30 30 30 0 0 30 30 30 30 £
< >

Now we click on “Generate” button, we can see the hot and cold sources temperatures.

Temperature hot and cold sources
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Days display

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.

1 CONSTRAINTS - [m] x

If & combination of components and strategy does not meet any of the following restrictions, this solution will be discarded [for that combination it is
assigned infirite cost]:

Marimum Unmet Load allowed % of annual lnad

[Max. energy not supplied by the stand-alone spstem. §his Energy canbe purchased from the AC arid if such AC grid exists and also the purchase iz
allowed on the LOAD AAC GRID screen)

Minimum number of daps of autonomy [batteries+hidiognl
([ if there i AC generator o fuel cell using extemal Juel or purcha:

s
unmet load fram AC grid is allowed. number of davs of autonomy = infinitum]

Mominal capacity of balteries bank [h) < # [shortout current of P generator + current from Wind Tubines gruop at T4més) (4)

Maximum Levelized Cost of Energy: £iWh

oK

We also make sure in the PRE-SIZING:
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Energy storage: dhys auton.
[ tdax bat. = O min.
[ tax 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.

MIN. AND MaAx, Mo COMPOMNENTS IN PARALLEL:

Bateries in parallel: Min, [T |Max
F* mod. in parallel: Min. EI Il
wind T.in parallel:Min. 1 [Max.
ACGen. in parallel: Min Max. l:l

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:

AN AND hAX,. Mo COMPONENTS IN PARALLEL:

Bateries in parallzl: Min. b
FY mod. in parallel: Min. D Max. |21
Wind T in parslisl: Min M
ACGen. in parallal: Min. b

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. IZ' min. Farameters

inimurm time for the Genetic Algarithms

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 4" to last generation the optimal is the same):
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GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 5737. Time: 5" 49"

26,624 310

26,496 308
@ 26,368 306 §
5 26,240 304 2
% 26,112 302 E
-.—; 25,984 300 E
& 25856 208
= 25728 -
= %6 &
= 25600 g ©

25472

25,344 —

25216 2

1 2 3 4 5 6 T 8 9 10 1" 12 13 14 15
GEMNERATIONS
[ 5haw diagram

Gen Total Cost (NPC)(€) Ermission (kgCO24x Unmetlkhi)  Unmet(3) Daaut Craldéh)/(Pov+Pwily Fen(® LOOEEKWh) Simulate Report [
7 252376 289.52 39 0.26  INF 16 98.37 0.8613 SIMULATE.. REPORT... C
3 252376 289.52 39 026 INF 16 95.37 0.8613 SIMULATE.. REPORT... €
9 262376 289.52 39 0.26  INF 16 9837 08613 SIMULATE.. REPORT... (
10 25237.6 269.52 39 026  INF 16 98.37 0.8613 SIMULATE.. REPORT... €
11 252376 289.52 39 026 INF 16 9837 0.8613 SIMULATE.. REPORT... €
12 252376 289.52 39 0.26  INF 16 98.37 0.8613 SIMULATE.. REPORT... C
13 252376 289.52 39 026 INF 16 95.37 0.8613 SIMULATE.. REPORT... (
14 2B29 7 B 7“ £ 30 [ oL Il 1L 0 ] kA ATE REDORT [
15 25237.6 269.52 39 026  INF 16 98.37 0.8613 C N

< >

COMPONENTS: FY modules a5 2-5chott ASNO0 (100 _do): 45 x 170, (100% PV slope /0% azimuth Iﬂ),ffﬁatter\es OFZ5-Hawker TLE-3 (Ta0 Ah): 245 x 1p. [f T %
AC Gen. Diesel 1.9KvA 1.9%A 1 Wind Turb. DG Zero (0W at 15 mys) f TEG TEG1XE of 48%. Bat. Inverter STECA: XPC 1800-48 of 1600 %A /f Rectif. included in bi-di
irverter i Py batt. charge controller Generic of 151 A/ Unmetload = 0.3 % /¥ Total Cost (NPC) = 25237 6 £ (0.86 £/kWh)

STRATEGY: LOAD FOLLOWING. Plgen: INF. Pmin_gen: 570W. Pcritical_gen: 0%, S0C setpoint_gen: 20 %, S0C min.: 20 %.

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:

Hourly simulation  Haurly velues separately  Monthly and Annusl Average Power  Monthly Energy  Annusl Energy  Hydrogen  AC Generator Weter load/ PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

2500 9500
3600 9000 Total Load
3400 ———— 8,500 Unmet Load
£ 3200 8,000 — Disch. Batt
£ S0 — Charge Bait
R 7.500 Hydro T. I TEG
4 7000 & |—ACGen
£ i 5500 & PV
g 2400 z — soc
2 2200 6,000 &
I
£ 200 5500 Z
5 1800
= >
S 16w 5000 %
é 1,400 4.500 E
g 120 4000 &
g 1000 3500
g w 3,000
& 600
400 /_/\ 2m
200 e~ 2,000
I — - =
o 1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 1% 17 18 1 2 21 22 23 1.500
[Legend 6 February
< > Days disp
POWER CONSUMED OR SUPPLED (W) e See Over
Batter bank Discharge Plim Charge Legend
O O O - w2 BATTERY ENERGY (Wh) CIHLGr
lyzer soc OHRGr
O [] E. max disch. batt EHetank(HHVHZ) R [P o v rid
SOC limits Dlan
[ EmportE Battery bank Charge Fuel Cell [ P critical Gen. Con M ool
xport Energy ap. Max
(Eitm suERAnC P critical Fuel Cell change
Wind Turb E s [ SOC setpaint Gen. (days)
ind Tur
TEGH O Small
—l Or TEGEVm‘p £ boughto AC i | | Prex S0C setpaint FC
O p‘ AC Generator & Esoldio ACgrid  Pmax T T s
max input Inverter 07 P Gen seipuini - ull charge i
Smisiense i Back Seve date: Save Simulation Data. Save Prob. Dala

COMPONENTS: P generator of 6800 Wp_dc (100% Pv4#1: slope 702 azimuth 0%). TEG of 48'W. 1 x AC Generator of 1900 W. Battery bank of 8540 'Wh. Bat. Inverter of 1600 VA

STRATEGY: LOAD FOLLOWING. P1gen: INFW. Prmin_gen: 570/ Peritical_gen: 0. S0C stp_gen: 20 % S0C min. 20 %

Months when itis not supplied the whole load by the standalone system: November December

Days when itis not supplied the whole load by the standalone system: 28/11 3/12 4712 5112 6/12 7/12 812 8/12 10/12 11712 12/12 13112 14112 15/12 16/12 1712 18/12 1812 20/12 21112
22{12 2312 24412 25012 26/12
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In the tab of hourly values separately we also can see it:

Hourly simulation

Hourly values separately  honthly and Annual &verage Power

tonthly Energy  Annual Energy  Hydrogen

AC Generator  Water load / PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kKWh)

Total Load PV Generator Wind Turbines
04 g
2 0
02 1
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
0.06
4 S
0.04 2
0.02 2 1
0 0 0
0 2,000 4,000 6,000 5,000 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
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
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0.2
015
0.1 0 0
0.05
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.

If you are not interested in multi-objective optimization, you can skip to the next section.
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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ACLOAD (W) DCLOAD(W)  H2LOAD (kgH2/h)

[ Purchase from AC grid Unmet Load (Mon Served ]

Energy by Stand-alone system)

iseinn (kgCO2/kiwh):

Fixed Buy Price (£/kyh) Haourly Frice

Annual Inflation (%)
EN
Fixed Prmax (kW)

Options

missions data

Fized Cost P £k

WATER (m3/day) FROM WATER TANK  PURCHASE/ SE

[] Sell Excess Energy to AC grid

Fixed Sell Price (£/kWWh) 01z
[] Pr.sell=pr. buyx
Annual Inflation (%):

Max. Power(kid 345 [«]=Prmax buy

Haourly Price

Hourly Values Energy Generation Charge (Transfer Charge) Price i£/kiwh)
Access Charge Price [EWH) Fixed Transfer price (£/kMWh) I:I Haourly Frice
Fixed Access price (£kWh) I:I Hourly Price Self-consumption and MHet Mettaring: Sell only
Back-up Charge Price (£/kWh) |ND net mettering v|
Fixed Back-up price [£/kiWh) ICI Hourly Price

Cost of net metering service ([£/kvh) EI
Buy-hack: Export E is paid at (£/kWh) EI

il be added to the E purchased) [ Add negative gen. charge

Total tax for electricity costs (buy + charges) (%) D Total tax for electricity sold (%) D Los

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

Friority 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.

GEMERAL DATA OFTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART
OPTIMIZATION TPE:

(® TEMPORARY INTERWAL: ALL USEFUL LIFE OF THE SYSTEM [FIED NS TALLATIONS]

() MOND-OBJECTIVE [Cost] [ (®) MULTI-OBJECTIVE ]

Parameters

Digplay only non-damin, - Save Pareto eveny:

[ (® NPC - CO2 Emis. ] O Triple % zobre coste min. | 300 |5

{JMPC - Unmet Load () Another

| genh.

M2 m&x. Mo dom.: |50 Ewport Paretos
() TEMPORARY INTERWAL: LESS THAM OME YEAR [TRAMSPORTABLE FACILITIES, OMLY FOR PY-DIESELBATTERIES]

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 irverter or battery charge requlator includes Maximum Power Point Tracking (MFPFT)

q F' generatar is connected to AC bus (it has its own 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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W PVMODULES

; | < [Elel =]l e
Add P modules family Sib12-Atersa ~

PHOTOVOLTAIC MODULES DATA:

Name Momiolt(v)  lsciA)  Powerfp)  Costf)  CO&MEAT  Lifelyears) NOCT(C)  Fower T coef(%/C) BIFACALITY(01) A
aSil 2-Schott: ASI100 12 6.79 100 110 1.1 25 49 0.2 0
} SiP12-TAB:PV-135-mod 12 8.73 135 160 16 25 45 -0.47 0
v
>

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 Wind for CFY

] s

() 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 3 non-dominated solutions (called the “pareto front”), that is, if you choose any of
these 3 solutions, none of the remaining 2 is better than the selected 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.

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

p Multi-objective optimization. Non-dominated Pareto of Gen. 1. Total cases evaluated: 1620
144

136
128
120

112

CO2 Emissionsikg/yr)

104

96

[l

13.696 13,824 13,952 14,080 14,208 14,336 14,464 14,592 14,720 14,848 14,976 15,104
Total Cost (NPC) (€)

[1Show diagram

15,232

# Dom. by, Total Cost (NPCY(€)  Emission (kgCO2#yr Unmet{kihir)  Unmet(®2) Daot Cnlwh)/(Fpow+Pw)iv Ren(® LCOEE/WWh) Simulate Repor ~

1 O 1 1 144.94 167.7 1113 INF 88 8851 04562 SIMULATE.. REPO|
2 i 14499.3 93.48 0 0 INF 5E 100 0433 SIMULATE.. REPO|
3 i 15289.1 92.48 0 0 INF 39 100 05204 SIMULATE.. REPO|
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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]

() MONO-DBJECTIVE (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 2 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.

GEMERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

. m Multi-objective optimization. Non-dominated Pareto of Gen. 1. Total cases evaluated: 1620
R
=
E 144
w128
.12
=
2 96
-]
T 80
&
b G4
=
< 48
°
8 32
= 16
13.760 13.824 13,888 13,952 14,016 14.080 14,144 14,208 14,272 14.336 14.400 14,464

Total Cost (NPC) (€)

[ Show diagram

# Dom. by Total Cost (NPC)(€)  Emission (kgCO2hn) UnmetllkiWhie)  Unmet(2) Doaut Cnlwh)/(Ppuw+Pwily Ren(® LCOEE/KWh) Repor A

1 0 136995 14494 16727 1119 INF 8.8 86881 0.4662 REFOI
2 0 144993 93.48 i} 0 INF EE 100 0.4936 SIMULATE.. REPOI
v
< >
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Variant: triple optimization (NPC - CO, emissions — Unmet load by the stand-alone system):

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 TYPE:
(@ TEMPORARY INTERYAL: AL USEFUL LIFE OF

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

We obtain 3 non-dominated solutions (in this case, the same as in the case of cost-emission
optimization, in other cases it can be different). The graph shows unmet load versus NPC.

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

- m Multi-objective optimization. Non-dominated Pareto of Gen. 1. Total cases evaluated: 1620
T
=
%. 144
W 128
o 112
=
= 96
5]
T 80
]
T 64
=
2 48
o
s
T 16
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 Emissions (ki) - Tatal Cost (NPC) (£)

] Show diagram

# Dom. by Total Cost (NPC)(€)  Emission (kgCO2fr) Unmet{kihiyr)  Unmet(?s) Daut Cniwh)(Pov+Pw)y Ben(® LCOEEMWh) Simulate Repor A

1 0 136995 144.94 167.7 1119 INF 6.8 8881 04662 SIMULATE.. REPOI
2 0 144993 93.48 i} 0 INF 6.6 100 04936 SIMULATE.. REPOI
) 0 15289.1 92.18 i} 0 INF 99 100 05204 SIMULATE.. REPOI
v
< >

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.
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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.

W SIMULATION - u} X
Houtly simulstion  Hourlyvalues separately Manthly and Annual Average Pawer  Manthly Energy  Annual Energy  Hydrogen  AC Generatar Waterload /PHS  MULTIPERIOD
Simulation of 1 year, all the years the same.
9,500
00 9.000 Total Load
1.000 8,500 Unmet Load
z 5000 = Disch. Batt
£ ~ Charge Batt
H 7,500 = AC Gen
£ 800 7000 £ PV
& s |=soc
5 70 6500 5
Y o
H 6000 2
= 600 5500 g
: i
Y500 5000 %
g &
s 4500 £
§ 4000 &
g M 3500
g 3,000
00 2500
/ 2,000
0 1,500
12 3 4 5 & 71 8 9 1 1 12 13 14 B 1 17 18 19 20 21 2 23
[“ILegend 1 January
< > Days disp.
POWER CONSUMED OR SUPPLIED (W) See Over
5 z Plim Charge EEEEIED Legend
Batter bank Discharge 9 9
- BATTERY ENERGY (Wh) OHLGr
m} O 0O Electrolyzer soc CHAGr
0 [ E. max disch. batt E.Hetank (HHVH2) R[] P1 [Jv.crd
SOC limits DAt
Battery bank Charge [ P critical Gen.
[ Export Energy. Cap. Max Seroll
Etosupply FC P crtical Fuel Cel change
Wind Turb [ S0C setpaint Gen. (days)
ind Tur
R O Small
O £ boughtoAC | | Prose S0C setpoint FC
Weter Pump
AC Generator Esoldto ACgrid | | Pmax Large:
[ Prax input Inverter [ Prmax Gen H2 TANK sefpoint (HHVHZ)  [S0C(1)| | T.full cherge
oo sop o [T T o S
COMPONENTS: PV generator of 1600 Wp_dc (100% PV#1: slope 402, azimuth 02). 1x AC Generator of 500 . Battery bank of 8640 Wh. Bat Inverter of 1600 VA,
STRATEGY: LOAD FOLLOWING. P gen: INF W: Prin_gen: 150, Peritical_gen: 0. SOC stp_gen: 20 %. SOC min. 20 %
Months when it is not supplied the whole load by the standalone system: November December
Days when itis not supplied the whole load by the standalone system: 14/11 20/11 21/11 28/11 5/12

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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D E F G H ) K L M N o P [o} R s -
Project: D:\PHOYECTOS IHOGA 3.4-10-12-2022\Pr. hoga. Solution # 1

COMPONENTS: PV generator of 1600 Wp_dc (100% PVi#1: slope 409, azimuth 09). 1 x AC Generator of 500 W. Battery bank of 8640 Wh. Bat. Inverter of 1600 VA.
STRATEGY: LOAD FOLLOWING. P1gen: INF W. Pmin_gen: 150 W. Peritical_gen: 0 W. SOC stp_gen: 20 %. SOC min.: 20 %.

HOURLY VALUES. All power values are expressed in W (H2.oad is in W referring to the HHV of H2). The SOC data of the batteries in energy (Wh)
Water tank (Water_tank) is energy needed to pump the water (Wh) while (Water_tank_volume) is the volume stored (m3).

No.Gen_on s the number of AC generators that are running during this time step. Hours_eq_Gen is the number of equivalent hours (including out-of-range penalty and start-up penalty) of AC generators. The fuel consumption of the Gen. AC (Fuel.Gen) is expressed in litre. T
Costs of purchasing energy to the grid, the fuel cost of the AC Gen. (Fuel.Cost), the cost of the external fuel used by the fuel cell (C.fuel.ext_FC) and incomes of selling E and costs of buying E to the AC grid (inc.Sell and Cost.Buy) are expressed in €. They are cash flow values ¢
10 |Load of Hydrogen (H2_load_mass) is expressed in kg/h of H2. H2 in tank (H2_Tank_mass), H2 used by fuel cell from H2 tank (Fuel.FC) or externally purchased (Fuel.ext_FC) and hydrogen generated by the electrolyzer (Prod_H2) are expressed in kg of H2.

11 | Hydrogen stored in H2 Tank (H2_Tank_HHV) is expressed in Wh HHV of H2

© N o s W o

©

12 |Date Hour Load(W)  AC_load(W) DC_load(W) H2_load(HHV H2_load_mas Water_load(V PV(W) Wind(W)  Hydro(W)  Ef_turb(perce AC.Gen.(W) No.Gen_on Hours_eq_Ge Cons.Fuel(litr¢Fuel.Cost(€) F.C.(W) Fuel.FC(kg)  F
13 |01-January 0:00 25.34 25.34 o [ [ [ [ [ [ 1 [ [ [ [ [ [ [
14 |01-January 1:00 25.08 25.08 [ [ [ [ [ [ [ 1 [ [ [ [ [ [ [
15 |01-January 200 2.8 2.8 0 0 0 0 0 0 0 1 0 0 o 0 0 0 0
16 |01-January 3:00 2534 2534 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
17 |01-January 4:00 25.08 25.08 [ [ [ [ [ [ [ 1 [ [ [ [ [ [ [
18 |01-January 5:00 25.87 25.87 [ [ [ [ [ [ [ 1 [ [ [ [ [ [ [
19 |01-January 6:00 125.4 125.4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
20 01-January 7:00 24453 24453 0 0 0 0 9.7 0 0 1 0 0 0 0 0 0 0
21 |01-January 8:00 152.06 152.06 [ 0 0 [ 23218 [ [ 1 0 [ [ [ [ [ [
22 |01-January 9:00 130.68 130.68 [ [ [ [ 488.65 [ [ 1 [ [ [ [ [ [ [
23 |01-January 10:00 124.08 124.08 [ o o o 622.81 o [ 1 [ [ [ [ [ o o
24 |01-January 11:00 358,51 358,51 0 0 0 0 705.82 o o 1 o 0 0 o 0 0 0
25 01-January 12:00 540 540 0 0 0 0 761.32 0 0 1 0 0 0 0 0 0 0
26 01-January 13:00 261.36 261.36 [ [ [ [ 949.34 [ [ 1 [ [ [ [ [ [ [
27 |01-January 14:00 204.86 204.86 [ [ [ [ 602.99 [ [ 1 [ [ [ [ [ [ [
28 |01-January 15:00 175.56 175.56 0 0 0 0 617.11 0 0 1 0 0 0 0 0 0 0
29 01-January 16:00 158.4 158.4 0 0 0 0 365.62 0 0 1 0 0 0 0 0 0 0
30 01-January 17:00 206.98 206.98 [ [ [ [ 219.48 [ [ 1 [ [ [ [ [ [ [
18:00 287.5 287.5 [ [ [ [ 679 [ [ 1 [ [ [ [ [ [ [
1a:00 20770 20770 o o o o o o o 1 o o o o o o o~
® « »

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 1 minute time steps:

Simulation:
Step [mir.]: Simulation starkz:

|v haur EI day mu:unth

0

an
15 are with "worth Month Method [PY-bat.)

10 4

3 [ 5how diagram

Although previously we have used 1 h as time step in the optimization, the software already has
data in 1-minute time steps of load consumption, irradiation, temperature and wind speed,
obtained when they were defined in their respective screens.

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 recalculated with time 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 (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.

Emizsion (kgCOZ4n) Unmet(kivhia)  Unmeti®) Daut CnlWh)/(Ppw+Puw) v Ren(® LCOE[E/Nh) Simulate Report CA
99.88 08 006 INF 66 99.85 05045 SIMULATE.. REPORT... C

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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Haurly simulstion  Hourly values separately  Monthly and Annual Average Power  Manthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load { PHS  MULTIPERIOD
Simulation of 1 year, all the years the same.
1,300 4 9.500
1200 9.000 Total Load
8.500 Unmet Load
g 11009 5,000 — Disch. Batt
1,000 4 == Charge Batt
E 7.500 — AC Gen
S 900 7.000 & PV
i — soc
£ oo 6,500 3
2]
g 0] 6.000 &
= 5,500 =
600
E 5.000 &
£ 500 4500 £
§ 400 4 4,000 &
g a0 3.500
=]
g Lol 3.000
2,500
100 v
2.000
0 i"' - ‘d‘ 1,500
0 1 2 3 4 3 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 21 2 2 0
] Legend 1 January
< > Days disp
POWER CONSUMED OR SUPPLIED () B e See Over
Batter bank Discharge Plim Charge Legend
0 0 O o | 5 BATTERY ENERGY (WH) EH L Gr
ectrolyzer HPR.Gr
s0c
O [ E. max disch. bat E.H2tankiHHvH2)  r [ P1 - v rid
. S0C limits At
Battery bank Charge [ P citical Gen.
[] Export Energy Cap. Max Serall
E.io supply FC P critical Fuel Cell change
setpoint Gen. ays;
Wind Turb 0 s0Csetpoint & (days)
R : O Small
[} E boughtia A giid ] Pmex S0C setpaint FC
Water Pump
AC Generator E sold to AC grid Praax Large
[ Proax. input Inverter P Hz TAMNK setpoint (HHY HZ) S0C(0-1) T. full charge
[ Pmax Gen
[ Simulation step (min.): 1 ~ ] Save data: 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. If we change to 60 min., the simulation
updates automatically to 1 h time steps.

[S\mu\atinn step (min) 60 v ] [ Back Save data: Save Simulation Data. Save Prob. Data.

COMPONENTS: PV generator of 1600Wp_dc (100% Pyv#1: slope 40% azimuth 02). 1 x AC Generator of 500 4. Battery bank of 8640 Wh. Bat. Invertar of 1600 VA,

STRATEGY: LOAD FOLLOWING. P1gen: INFYW. Pmin_gen: 160W. Poritical_gen: 0'W. SOC stp_gen: 20 %. S0C min. 20 %

Months when it is not supplied the whole load by the standalone system: May November December
Days when it is not supplied the whole load by the standalone system: 30/5 14/11 20411 2111 28/11 5/12

Obtaining the same result as previously with 60 minutes time step. We go back with the button
“Back” to the main screen, and we see that the results are updated in the first row of the table:

Gen Total Cost (NPC)(€) Emission (kgCOZ4n Unmet(kihha)  Unmeti®) Daut Cnlvwh)/(Pow+Pwiiy Ben(® LCOEEL/ M h) Simulate Report [
L 1/ 9954 07 005 INF A6 9385 05033 SIMULATE. REPORT.. C

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 (Pr1-
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)

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|

By clicking on the "Control data" button, the following screen will show the parameters of the

controllers.

Al Battery Charge Controller Data - O X

TOBE APPLIED OMLY [N COPETTY OR SCHIFFER MODELS
REFERED TO 2% CELLS

(® CONTROL PwM
(O CONTROL OMJOFF
OVER-CHARGE PROTECTION [Pw/M)
Flaat Charging voltage:
Boost Charging voltage: | 2.4 OWER-DISCHARGE PROTECTION:
Boost duration. |2 h Low Voltage Disconneet (LD 185 |
Boost activated if S0C< |70 % Low oltage Reconnect (LYRE|2 ¥
20 =
Equalzation Charging voage: | 2.45 eSS R %
Low SOC Reconnect: |50 %
Equalization duration: |2 h
Equalization activated if SOC< | 40 * [Use as Low SOC for Disconnect the walue of SOC min. user
Equalization activated if no equalization in the optimization and use as Low SOC for Aeconnect same

hor baost charge during days S0OC min plus a %

Temperature compensation (only for Copetti mode\]: mv /o

[l there is an AC Generator, avery 14 days or |8 hauivalent fulloycles, generator charges hatteries at least up to %

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 [FiwM):

oat Charging valtage: | 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). Let’s suppose that the controllers selected do not
have this characteristic so we leave unchecked the option on the bottom:
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[ there iz an AL Generator, eveny da_l,ls or quivalent full cycles, aeneratar charges batteries at least up to 4

We click OK to return to the battery window.

We click in the button “Schieffer bat. data”, seeing the data needed for this battery model:

V[ Aging batteries model data - [m] X

Aging batteries model shown in (Schiffer et al., 2007)

Potential of reference electrods Hg/Hg2504: |LB1E v
Batteries data: |0Fzs A
all LA batteries must be from the same family, voltage data refered to 2 ¥ cells): Curve of Corrosion speed vs. potential of positive electiode [vs. Ha/Hq2504 ref.}:

e of Cor h 5

Oper-circuit voltage: at iull charge, U0 |T W Uesm () v [y Clamesion epeeells |HUESISCW 2004 - Ks in microd/em2 j
Gradient of change in OCW with state-of-charge, g |0.1 W

Initial effective internal resistance (charge), ro_c_n |0.43 ohmeah
Initial effective internal resistance [discharge), ro_d_0: ’W chrah

Resistance reprezenting charge-transfer process which depends on S0C, Mc: W
Resistance representing discharge-transfer process which depends on SOCC, Md: ’W
Mormalized capacity of battery, charge, Ce: ’W

Mormalized capacity of battery, dizcharge, EdD"W

Maormalized reference current for current factor, Iref: |-0.1 Afdh

Height of battery, z: |20 cm

Corrasion voltage of fully-charged battery without curent Aow, UeorD |1.75 W

t t t y t t f t
06 07 08 089 1 11 12 13 14
Potential of positive electrode (V) vs ref. Hg/Hg2504

THTATTT

'

AT

Mominal Voltage for Gassing, Ugas0: |2.23 W
Mormalized Gassing Current, lgas(: |20 ma /1004

SOC for considering full charge in order to set fsoc=1 and obtain current for factor f: |0.99 [ ‘when Mar. Capacity < Nominal 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 lifstime will be considered when Max. Capacity iz (80 % of nominal capacity

Carrozin speed during floating life

t Comosion speed for folating lifs [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:

V[ Aging batteries model data

Aging batteries model shown in (Schiffer et al.. 2007)

=[S

fall LA batteries must be from the same Family. voltage data refered

__ Batteries data: |0Fzs

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:
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NUMBER OF CASES AND TIME EXPECTED
Cornputation speed: 0.9 cases/second

Evial AL POP (% ALL] GEMLALG {26 ALLY

MAIN ALG. [COMB. COMPONENTS) 1620 55 (3.4%) 802 (49.51%)
(1x1620)
SEC ALG. (OOMB. STRATEGIES) 1 3(300%) 41 (4100%)

MAINALG. SEC ALG. NUMBER OF CASES %  TIMEEXPECTED

OPTION1: EVALALL EVALALL 1620 100% Oh 300"

OPTION 2 EVALALL GEN.ALG 86420 4100%  20h30°

OPTION3: GEM.ALG. EVALALL 802 495%  QOh14'51"

OPTION 4 GEM.ALG  GEN ALG 32882 20208% 107

Optimization of the combination of companents by means of Genetic Algarithms
Itis not guaranteed to obtain the optimal comhination of components, butthis is probable to obtain the optimal ara
solution nearthe 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 0.9 cases per second is estimated, and the estimated optimization time using the
enumerative method (all possible combinations) is 30'00". As we are only allowing 15 minutes
of calculation, it chooses the method of genetic algorithms (metaheuristic optimization

technique), 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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Mono-objective optimization. Total No. of cases evaluated: 783. Time: b' 9"
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S 17,152 :
T 16,896 120 4
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16,640 15

16,384

16,128 12

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
GENERATIONS

[ shaow diagram

Gen Total Cost (NPC)Y(€) Emizsion (kgCOZ4r) Unmetlddhin)  Unmet(™2) Daut Cniwh)/iFPpw+Pw)ly Ben(® LCOEEk\Wh) Simulate Report (A
7 16677.4 110.42 0 0 INF 66 100 05677 SIMULATE.. REPORT... (
g 16046.9 110.42 0 0 INF 6.6 100 05462 SIMULATE.. REPORT... €
9 16046.9 110.42 0 0 INF 6.6 100 05462 SIMULATE.. REPORT... (
10 16046.9 110.42 0 0 INF 6.6 100 05462 SIMULATE.. REPORT... (
1 16046.9 110.42 0 0 INF 66 100 05462 SIMULATE.. REPORT... (
12 16046.9 110.42 0 0 INF 66 100 05462 SIMULATE.. REPORT... (
13 16046.9 110.42 0 0 INF 6.6 100 05462 SIMULATE.. REPORT... (
14 160469 110.42 0 0 IMNF g6 100 05462 SIMULATE., REPORT.. (

[ 15 16046.9 110.42 0 0 INF 6.6 100 05462 SIMULATE.. REPORT... ( v
< >

COMPOMNENTS: P modules aSi12-Schott: AS100 (100 Wp_dc): 4s.x 4p. (100% PV#1: slope 402, azirmuth 0% 4 Batteries OPZ5-HawkerTLE-3 (180AK): 245 «1p. 1 x N
AC Gen. Gasoline 0.5kvA 0.5 VA Bat. Inverter STECA: XPC1600-48 of 1600 WA/ FY batt. charge controller. STECA: TAROM 440 of 40 A ff Unmetload = 0% J/f Total
Cost (NPC) = 16046.9 € (0.55 £/kh)

STRATEGY: LOAD FOLLOWING. Fl1gen: INF. Prin_gen: 1650'W. Poritical_gen: 0W. S0C setpoint_gen: 20 % SOC nin.: 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 8™ 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% - 9t 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_dc): 4s.x 4p. (100% PV#1: slope 402,
azimuth 09) // Batteries OPZS-Hawker:TLS-3 (180 Ah): 24s. x 1p. // 1 x AC Gen. Gasoline 0.5kVA
0.5 VA // Bat. Inverter STECA: XPC 1600-48 of 1600 VA // PV batt. charge controller. STECA:
TAROM 440 of 40 A // Unmet load = 0 % // Total Cost (NPC) = 16046.9 € (0.55 €/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: 8.25 years (compared to the 11.19 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 (kiwh) E FC (khvwh) Hours edq. Gen Bat. lite (y) Hours Ch. Bat. Hours Disch. Bat. Hours FC - Hours Elyzer.  C Fuel Gen (€ C.Fuel FC A

0 0 0 8.25 3313 5I7e 0 0 0

0 0 0 8.25 333 5378 0 0 0

0 0 0 8.25 333 5378 0 0 0

] 0 0 8.25 3313 B378 0 0 0

0 0 0 8.25 3313 5378 0 0 i}

0 0 0 8.25 3313 5378 0 0 i}

0 0 0 8.25 3313 5I7e 0 0 0

0 0 0 8.25 3313 5378 0 0 0

0 0 0 3313 5370 0 0 0 .
< >

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  Haurly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydragen  AC Generator Waterload /PHS  MULTIPERIOD
Simulation first 9 years. 1st batteries replacement: 2 April, year 9. Batteries lifetime: 8.25 years
14,000
1100 4 13.000 Total Load
1.000 4 Unmet Load
= 12,000 = Disch. Batt
£ g0 — Charge Batt
H 11,000 — ACGen
< 600 = PV
10,000
i 2 |—soc
’g 700 4 9.000 3
4
2 e = \ o g
=
S 500 7000 %
z w
s 6,000 E
E 300 4 5,000
5 od 4,000
3,000
100 /
o \ 2,000
0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 13 16 7 18 19 20 21 22 23 0
1 January year 1
> Days disp
CONEUMED OR SUPPLIED (W) By EiEE See Over
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (Wh) [JHLGr
| | ] Electralyzer soc CJHR.Gr
o
0 [ E.mex disch. bat. EHztank(HHvHZ 5 [P 0 fimi Vhattery | | Capacty | Py g
o imits Alt
[ Expont E Battery bank Charge [ P critical Gen. Can M by, SDcmH
xport Energy /] Cap. Max.
0 E.to supply FC P ciitical Fusl Call . Factors | change
o [] soc setpoint Gen. sl (days)
ind Turb.
R O Small
o ] Ehoughtio ACHd | Fnac 50 setpoint FC =
SERAI AC Generator E sold to AC grid Prax RTARTE e p— Ep— = Large:
[ Proa. input Inverter [ Prmox Gen sefpoint i ) (0-1) _full charge esist.
Simulation step (min): B0~ Save data: Save Simulation Data Sawve Prob. Data
COMPONENTS: PV generator of 1600 W_dc (100% PV#1: slope 408 azimuth 0%, 1 x AC Generator of 500 %, Battery bank of 6640%h. Bat Inverter of 1600 VA,
STRATEGY: LOAD FOLLOWING. P1gen: INF Y. Pmin_gen: 160w, Peritical_gen: 0%, SOC stp_gen: 20 %. SOC min. 20 %
The whole load is covered all the hours of the year by the stand-alone system

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 9 years (3285 days display), the batteries end their life when 8.25 years have
passed.
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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 first 9 years. 1st batteries replacement: 2 April, year 9. Batteries lifetime: 8.25 years

14,000
11009 13.000 Total Load
1.000 4 — Unmet Load

= 12,000 == Disch. Batt
R — Charge Batt
z 1,000 — AC Gen
= 8004 z PV
10,000
i 2 |—soc
g 700 9,000 %
z 2
= 600 8000 ¥
E w
L 500 7000 %
E w
g 6000 &
3
E 300 5.000
g 200 4,000
3,000
100 4
2,000
U4 UT U1 U2 U5 1B 112 U4 T 110151 15 U8 112153 U7 V111512 16 U9 11 VA T 1M1 U2 U5 U8 112 14 VT 110
Legend January year 1 - December year 10
< > Days disp.
POWER CONSUMED OR SUPPLIED (W) Er—— See Over
Batter bank Discharge Plim Charge Legsnd
P2 BATTERY ENERGY (Wh) [JHLGr.
O O [J E.to supply by batt Electrolyzer s0c [CJHR.Gr
0 [ E mex disch. bat E Hetank (HHVHZ) R[] P1 U Vhattery | | CapactY | Py Grig
v imits Alt
Battery bank Charge Fuel Cell [] P critical Gen. lstery | [
[] Export Energy Cap. Max = Serall
| E.to supply FC EEEE change
PRy P critical Fuel Cell B 9
Unmet Load ) [ soc setpoint Gen. (days):
O wind Turb. E. max F2 0 Cyeles | sl
R E boughtto AC grid | Pmax SOC setpaint FC Bad Ch
e AC Generator EsoldioACgrd | | Pmax
[] Pmax inputInverter [] P e Gen H2 TANK setpaint (HHY H2) S0C(-1)| | T ful chargs Resist
Simulation step (min.): 60  ~ Back Save data: Save Simulation Data Save Prob. Data.

COMPOMNENTS: PV generator of 1600%Wp_dc (100% PV#1: slope 40% azimuth 02). 1 x AC Generator of 500 Y. Battery bank of 8640 Wh. Bat. Inverter of 1600 WA,

STRATEGY: LOAD FOLLOWING. P1gen: INF "W, Pmin_gen: 150, Perifical_gen: 0%, S0C stp_gen: 20 %. SOC min. 20 %

The whole load is covered all the hours of the year by the stand-alone system

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 [—
1.5
14
1.3
1.2
1.1

0.9
0.8
0.7
0.6
0.5
04
0.3

02
01

1 T 17 11 7 11 17 1M 17 11 17 11 7 11 T 1 17
January year 1 - December year 9

[v = Maximum capacity | — Capacity loss by corosion |I7 Capacity loss by degradation |

< > b
Coortlimit = 0.674 [ JHorizontal Grid [JAlt [ Vertical Grig  Daws display
Cdeg.limit = 0.842 Serall change (days)-> small: |1 large:

Batteries lifespan = 72264 hours (8,25 years)

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"

1 BATTERIES
Add Baltery | |LGChem RESU3Z
Add Batternies Farily |DF’ZS-Hawkel ~ |
It is added:
BATTERIES DATA: Float life at oc Cycles to Failure vs. Depth of Discharge (%)

Narme Cnom.(Ah)  Voh() Costg) COMMEM)  SOCmin(%) Sell_di%/mon) Imex(d) Ef(%) Flostym 10%  20%  30%  40%  50%  G60%  70%  B0%  90% 100% ~ A
OPZS-HawkerTLE-3 180 2 127 127 20 3 % 85 18 12000 6500 4350 3100 2500 2050 1600 1600 1500 1000 L
OPZS-HawkerTLS6 270 2 178 178 20 3 54 85 18 12000 B500 4350 3100 2500 2050 1600 1600 1500 1000 L

Zera 0 2 0 0 20 0 0 100 100 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 |

»  LGChem RESU33 63 48 3400 30 10 2 525 [785 1 15 28300 14400 9600 7200 5760 4800 4114 3600 3200 2500 L
v
< >

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:

B3 48 3400 30 10 2 @ 9% | 15 28800 14400 9600 7200  B7B0 4800 4114 3600 3200 2500 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 model 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 (V.
[ Hydro Turbine
Battery bank il
AC Generator !'-_
Inverter e

CIH2 F.C. - Elyzer) 2

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: 2.534 cases/second

EVAL ALL POP. (% ALLY GEN.ALG. (% ALL)
MAIN ALG. (COMB. COMPONENTS) 360 159 (44.17%) 2274 (631.67%)
{1x360)

SEC ALG. (COMB. STRATEGIES) 1 3 (300%) 41 (4100%)
MAINALG.  SEC.ALG. MUMBER OF CASES %  TIMEEXPECTED
OPTIOMT: EVALALL EVALALL 360 100% Qb2 22"
OPTIONZ: EVAL ALL GEN ALG 14760 00%  1h37
OPTION3: GEN.ALG. EVALALL 2274 §31.7%  Oh14'57
OPTION 4 GEMN ALG.  GEN ALG 33234 256083 % 10h12'

Optimization by means of enumerative method (evaluating all combinations). Itis guaranteed to obtain the
optirmal solution

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:
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OPTIMIZATION PARAMETERS SELECTED BY:

(®) HOGA (CJUSER

Maximum execution time:

0 n 5 Jmn

Finimunn time for the Genetic Algarithms

The following screen appears:

N PARAMETERS OF THE OPTIMIZATION - O X
MAIN ALGORITHM (OPTIMIZATION OF COMPONENTS) SECONDARY ALGORITHM (OPTIMIZATION OF STRATEGY)
OPTIMIZATION METHOD! OPTIMIZATION METHOD:
() GENETIC ALGORITHMS (@) EVALUATE ALL COMB (O GENETIC ALGORITHMS (@ EVALUATE ALL COMB
15 159 18 3
50 1 kutation Uniform a0 1 Mutation Unitorrn
15 "
] 5 1 5

EVALUATE ALL COMBINATIONS:

Display best:

NUMEER OF CASES AND TIME EXFECTED

Computation speed: 2534 cases/second

EVALALL  POP.(%ALL) GEM. ALG.(2% ALL)
MAIN ALG. (COME. COMPONENTS) 360 150 (4417%) 2274 (631 B7%)
{1x360)

SEC ALG. (COMB. STRATEGY) 1 3(300%) 1 (4100%)
MAINALG  SEC ALG.  NUMBER OF CASES %  TIME EXPECTED
OPTION1. EVALALL EvALALL 380 1M0%  Oh2t2ev
OPTIONZ: EVALALL GEM.ALG. 14760 00%  1h37

OPTION 3: GEMN ALG.  EWAL ALL 2274 Ei17%  Oh14'67"

OPTION 4: GEN ALG.  GEM ALG 43234 258983 % 10h12'

Optimization by means of enumerative method (evaluating all combinations). Itis guaranteed to obtain the
optimal solution

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 COMBIMNATIONS:

Dizplay 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 the same as previously (without considering Li-ion batteries), and
is shown in the next figure.
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GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 360. Time: 2' 22"
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GENERATIONS
[ ] Show diagram
Gen Total Cost (NPCYE)  Emission (kgCO2A7 Unmetikihir)  Unmet(32) Doaut Caldh)iPpe+ Pu)iv Ren(® LCOEEAWh) Simulate Report C~
1 16046.9 110.42 1} 0 INF 66 100 05462 SIMULATE.. REPORT... (
H 16677.4 110.42 1} 0 INF 66 100 05677 SIMULATE.. REPORT... (
3 184213 138.39 1} 0 INF 69 100 06271 SIMULATE.. REPORT... (
4 187533 13955 1} 0 INF 6.9 9999 06384 SIMULATE.. REPORT... (
5 193714 143.85 1} 0 INF a4 100 06584 SIMULATE.. REPORT... ¢
3 199256 128.11 1} 0 INF G2 100 06783 SIMULATE.. REPORT... ¢
7 20001.9 143.85 1} 0 INF a4 100 06609 SIMULATE.. REPORT... (
i 20211.3 155.79 1} 0 INF 103 100 0638 SIMULATE.. REPORT... C
9 20246.4 211.9 R 0z4  INF 23 95 06905 SIMULATE.. REPORT.. (v
< >
COMPONENTS: PV modules aSi12-Schott AS1100 (100 Wh_dc): 45 4p. (1002 PV#1: slope 402, azimuth 0%) // Betteries OPZS-Hawker TLS-3 (180 Ah): 24s. = 1p. # 1=
A Gen. Gasoline 0.5KVA 0.5VAJ Bat Inverter STECA: XPC 1600-48 of 1600 %A J{ PV batt. charge confroller. STECA: TAROM 440 of 40 A ff Unmetload =0 % jf Total
Cost(NPC) = 16046.9 £ (0.55 £/k\Wh)
STRATEGY: LOAD FOLLOWING. F1gen: INF. Pmin_gen: 160 V. Pritical_gen: 0%, S0C setpoint_gen: 20 %. SOC min.: 20 %

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 9" 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).
Also, solution of 9" row includes 1.9 kVA diesel generator (comparing to optimal solution, which
includes 0.5 kVA gasoline generator).

HDI Jobs P. P mod. (Wp_dc) Slope#1(%)  Cn Bat (Ah) P. Gen (W) Por () POMInd T.00W)  F.Turbilfs) POFCA) PoEle (W) HZ oA
0525786 0.0048 4x4x100 40 24x1x180 1=600 1600 1x0 0 0 0
0525786 0.0045 4x4x100 40 24x1x180 11900 1600 1x0 0 0 0
0525785 0.00486 4x3x135 40 24x1x180 1x500 1600 1x0 0 0 0
0525785 0.00486 4x3x135 40 24x1x180 1x1900 1600 1x0 0 0 0
0525786 0.0045 4x4x100 40 24x1x270 1x600 1600 1x0 0 0 0
0525786 0.00648 4x4x135 40 24x1x180 1x500 1600 1x0 0 0 0
0525786 0.0048 4x4x100 40 241270 11900 1600 1x0 0 0 0
0525786 0.00486 4x3x135 Al 2l 2l 1=500 1600 1x0 0 0 0
0525551 0.00481 4x4x100 I 40 1x1x63 l l 1x1900 l 1600 1x0 0 0 0 v
< I l >
The 9% best solution NPC is 20246.4 €, considerably higher than the best one.

Gen Total Cost (NPC)(E) Ermission (kgCO2Ax) UnretkWhi)  Unmet(3) Doaut Chlh) (P Pud (0 Ren(® LCOEEKWh) Simulate Report A

1 16046.9 110.42 0 0 INF 66 100 i REPORT... C

2 16677.4 110.42 0 0 INF 66 100 05677 SIMULATE.. REPORT... C

3 16421.3 138.39 0 0 INF 69 100 06271 SIMULATE.. REPORT... C

4 168753.3 139.55 0 0 INF 6.9 99.99 06384 SIMULATE.. REPORT... C

5 19371.4 143.85 0 0 INF 949 100 06594 SIMULATE.. REPORT... C

i 199256 12811 0 0 INF 52 100 06783 SIMULATE.. REPORT... C

7 20001.9 143.85 0 0 INF 949 100 06809 SIMULATE.. REPORT... C

il 20211.3 155.79 0 0 INF 103 100 0635 SIMULATE.. REPORT... C

9 2119 3.6 0.24  INF 23 95 06905 SIMULATE.. REPORT... C v
< >
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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 and working conditions.

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 (9" best solutions), it has to operate 169.27 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 FC {kWh) Ch. Bat. Hours Disch. Bat. Hours FC - Howrs Elyzer.  C. Fuel Gen (€ C. Fuel FTEAT) E Buy (£ ~
3313 5378

313 5378
32983 5410
329133 5410
335 5378
425 5176
145 6378
3286 5411

o0 oo o0 oooo
oo ocoo0oooo
R = =T =R
oo oo oocooo

Comparing the 1% row (lead acid battery 180 Ah) with the 9% 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 (9'" row) the generator must run for 169.27
eq. hours during 1 year, while in the case of lead-acid (optimal solution, 1%t row) it doesn’t work.

Regarding battery lifetime, the optimal solution has a lead-acid battery which will last 8.25 years
while the 9™ solution has a Li-ion battery which will last 6.72 years.

If we see the simulation of both cases, in the first case we can see the first 10 days of January,
year 1, in red the SOC of the battery, we can see each day only around a 40% of depth of
discharge is reached (less than half a full cycle).

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annusl Energy  Hydragen  AC Generator Wvater load / PHS  MULTIPERICD

Simulation first 9 years. 1st batteries replacement: 2 April, year 9. Batteries lifetime: 8.25 years
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In the 2" tab of the simulation screen we can see during a whole year (the last year of the
simulation of the Schiffer model, year 9) the SOC:
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Energy in Battery bank
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Now, if we simulate the 9" combination (with Li-ion), we can see the difference:

Hourly simulation  Hourly values separately  Monthly and Annual Average Powsr  Monthly Energy  Annual Energy  Hydrogen  AC Generator Vaterload / PHS  MULTIPERIOD
Simulation of 1 year, all the years the same.
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In the case of Li-ion, the battery capacity is much lower, therefore many days of the year a full
cycle is performed. This is why the lifetime of these batteries is lower than the lifetime of lead-
acid, in this case, even considering that the Li-ion batteries can perform more than twice cycles.

Smaller capacity lead-acid batteries could be considered in the optimization, and probably the
optimal solution would have more difference in NPC, being lead-acid batteries the optimal in
this case.

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".
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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):

COMPONENTS
[PV panels

[1wind Turbines
[ Hydro Turbine
Battery bank

AC Generator

Inverter

g £ 3N

[OH2 (F.C. - Elyzer) L

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:

MIM. AND Max. No COMPOMEMTS IN PARALLEL:

Bateries in parallel; Min, |‘I [GEYS |3

P mod. in parallel: Min. |D Max. |4

I B

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:

1

21

EA0-
-zh
Bd2-
BA3-
E4-
f5-
E6-
E47-
k8-
EA8-
1011k
E411-12h
[112-13h
13-14h
[14-15h
[A15-18h
Fl16-17h
[117-18h
E18-13h
E13-20h
Ez0-21h

1h

3h
4h
Gh
Gh
7h
&h
9h
10h

22h

Ez2-23h
23 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:

EVAlLUATE ALL COMBINATIOMNS:

Dizplay best:

Save the project. Then click on "CALCULATE" on the main screen, and perform the optimization

again:
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GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 162. Time: 5"

98,304 9 21§

30,112

81,920 B2 |
@ 73728 7,168 E
ij)j 65,536 ] 6.144 ﬁ

57,344 el VY oy
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S 40,960 4,09 £
= 32768 3,072 oy
2 a

24,576 .

16,384

P 1024
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8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144 152 160
Solution # (sorted from best to worst)

[ 1Show diagram

# Total Cost (NPC)(E) Emizsion (kgCO2h Unmetlkidhhrl  Unmet(3) Doaut Crlwh)(Pow+Pwily Fen(® LOOEEKWh) Simulate Report [
1 32104.8 1181.55 0 0 INF 103 B1.83 1.0928 SIMULATE.. REPORT... (
2 334925 1183.73 0 0 INF 155 B2.06 11401 SIMULATE.. REPORT... €
3 35883.3 118°7.22 0 0 INF 206 B2.25 12215 SIMULATE.. REPORT... (
4 37789.7 1178.54 0 0 INF 08 6274 12863 SIMULATE.. REPORT... €
1 38718.1 1178.54 0 0 INF 308 B2.74 1318 SIMULATE.. REPORT... (
[ 44116.4 1199.68 0 0 INF 464 5339 15017 SIMULATE.. REPORT... €
7 660508 2059.49 1] 0 INF 10.3 BS.06 2.2483 SIMULATE.. REPORT... (
L] 67423.2 2058.68 0 0 INF 165 69.24 22951 SIMULATE.. REPORT... €
9 69931 206017 0 0 INF 206 B9.42 23804 SIMULATE.. REPORT... € v
< >
COMPORNENTS: PY modules SiP12-TAB:PY-135-mod (135 Win_dc): 45.x 2p. (1003 PV slope 408, azimuth 0% /f Batteries OPZ5-HawkerTLS-3 (180 Ah): 24s.x 1p. /1 1%
AC Gen. Diesel 1.9kvA 1.9VA Y Bat Inverter STECA: XPC 1600-48 of 1600 A ff Rectif. included in bi-di inverter /f PV batt. charge controller. STECA: TAROW 440 of 40
A Unmetload = 0% /4 Total Cost(NPC) = 32104.8 € (1.09 €4k h)
STRATEGY: LOAD FOLLOWING. P1gen: INF. Pmin_gen: 570, Poritical_gen: 0'W. SOC setpoint_gen: 20 %. S0C min.: 20 %.

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_dc): 4s.x 2p. (100% PV#1: slope
408, azimuth 09) // Batteries OPZS-Hawker:TLS-3 (180 Ah): 24s. x 1p. // 1 x AC Gen. Diesel 1.9kVA
1.9 VA // Bat. 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) =
32104.8 € (1.09 €/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 (1356.35 equivalent hours, including start-up and operating outside the
optimum range penalties). The cost of diesel fuel is high (384.6 €/year), and also the generator
must be replaced every few years (the generator lasts 10,000 hours, so every 10000/1356.35=
7.37 years you have to replace it). The results table shows the average hours per year the diesel
runs and the fuel cost:

E gen (kivh) E FC kidvh) Hours eq. Gen fat lite (yr) Hours Ch. Bat. Hours Disch. Bat. Hours FC Hours Elyzer Fuel Gen [y C. Huel FC A
5717 ul 1356.35 8.47 0 0 i i 3846
RRA 3 " n n n n

By clicking on the cell "COSTS" of the first row of the table we can see the different costs, where

in the AC generator we see the replacement costs every 7 or 8 years (see next figure).
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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 10915.1 €. 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").

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): 32104.8 € (1.09 €' kWh). Initial cost of inve stment: 7303.3 €. Loan of 80 %, int. 7% in 10 yr., quota: 831.9 €lyr.

TOTAL COST (MPC) 321048 € Financial Cost NPC): initial pay. + quotas + extra cash: 8207 8 €
3,000 1,500
1,000
500
UL B
4 & 3 10 1214 16 18 20 22 24 4 6 2 10 12 14 16 18 20 22 24
Total Cost ofF"uf Generator (MPC): 23156 € Total Costolend Turbines group (NPC): 0 €
0 1
0 2 4 & 5 10 12 14 16 18 20 22 24 —————— T — =
Total Cost of Hydro T. (NPC): 0 € Total Cost of AC Generator (WPC): 60543 €

- I I I I
cJAEERERNS EEEEnn i nEN e N IIl

01 3 & 7 9 N 13 16517 18 H 23
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pa ]
(&1

Total Cost of Inverter (NPC). 3159.3 € Total Costof Batteries Bank (NPC). 7T664.9 €
1.500 2,000
1,000 I I I 2000
500 I
1,000 I
|
-2 ——————————ee .I e
0 2 4 8 B 101214 18 18 20 22 24 0 2 4 8 8 101214 18 18 20 22 24
Total Cost of Electrolyzer (NPC): 0 € Total Cost of Fuel Cell (NPC): 0 €
0 il
01 3 5 7 9 11 13 15 17 19 21 23 25 01 3 5 ¥ 9 1 13 15 17 19 21 23 25
Total Cost of H2 Tank (NPC): 0 € Total Cost of AC Gen. Fuel (MPC) 10915.1 €
400
|
200
a1 3 8 ¥ 9 M 13 158 17 19 A 23 25 0 2 4 & 8 10 12 14 16 18 20 22 24

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 1% row of the table are
updated, but now the results we see in the 1 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 3 variables in the probability analysis (wind speed), 5% = 125 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:

Hourly simulation  Hourly velues separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Waterload /PHS  MULTIPERIOD

Prob: Irrad. Av.; Inf.F. Av.; Load Av. Simulation of 1 year, all the years the same.

750 9,500
700 9.000 Total Load
650 8,500 Unmet Load

£ 8.000 — Disch. Batt

g 60 : — Charge Batt

= 550 7.500 = AC Gen

c

£ 7.000 £ PV
500

i 6500 — 50C

g 450 T

2 a0 5,000 &

H 5500 =

s 350 —
= >
5.000 Z

o 300 i

S 20 4500 £

§ 4,000 &

g 20 3,500

g 10 3,000

-9
100 2,500

50 2,000
0 - 1,500
o 1 2 3 4 5 6 7T 8 9 10 M 12 13 14 15 1 17 18 19 20 21 2 23 O
[“Legend 1 January
< > Days disp

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 simulation, show the case obtained with the following data;
Load: Iradiation: “Wind zpeed Fuel inflation
|.t’-‘n.verage - | |.t’-‘werage ~ | |Average w | |Average w |

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

Project: Pri-Pfob.hoga. Solution # 1

J K L M N

COMPONENTS: PV generator of 1080 Wp_dc (100% PV#1: slope 40, azimuth 09). 1 x AC Generator of 1900 W. Battery bank of 8640 Wh. Bat. Inverter of 1600 VA.

STRATEGY: LOAD FOLLOWING. P1gen: INF W. Pmin_gen: 570 W. Pcritical_gen: 0 W. SOC stp_gen: 20 %. SOC min.: 20 %.

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, AVERAGE and STD.DEV. of the results of the 500 random series are;

1
2
3
4
5 |RESULTS FOR THE DIFFERENT COMBINATIONS OF THE PROBABILITY ANALYSIS:
6
7
8
9

Results corresponding to random data series:

Case prob. No. Rad. Tamb(eC)

/- 2004\

10.47
20.04
18.89
21.65
1934
1951
1931
19.61
17.58
20.37
19.61
20.51
18.54
19.67
20.13
2117
19.55
18.58
21.21
20.54
19.74

\ 2030/

TambW(eC)

20,04
20.04
20.04
20.04
20,04
20,04
20.04
20.04
20,04
20,04
20.04
20.04
20.04
20,04
20,04
20.04
20.04
20.04
20,04
20.04
20.04
20.04
20.04

Wind(m/s)

4.66
4.66
4.66
4.66
4.66
4.66
4.66
4.66
4.66
4.66
4.66
466
4.66
4.66
4.66
4.66
466
4.66
4.66
4.66
4.66
4.66
466

W.Flow(l/s) or inf. fuel(%) L Total NPC (€)
5\ a1 ) T amoEs
512 27 2.7
4.95 411 31943
4.91 4.08. 30070.4
5.06. 3.92 29807.2
s.a1 23 2115
5.6 a63 290756.8
4.12 4.48 37209
4.74 4.33 34628.1
5.81 3.89 31295.6
237 393 297255
4.58 3.82 27835.2
4.89 3.88 29735.8
5.37. 3.87. 31799.8
503 437 353966
a2 a3 a2208.8
5.71 4.57. 39171.4
5.07 3.97 30554.5
475 aa 35532
525 285 28704
a9 a7 265007
5.24 4.26 34170.2
e J \ PRI A T

LCOE(€/kWh) Emission(kgCO2
1.093 11815
1.033 892
1.085 1175.3
1.029 1062.9
1.063 1036
1.098 1210

1.2 1584.8
116 1587
1116 1349.8
1123 1066.8
1.057 1084.9
1.017 957.3
1.072 1044.9
1.148 1136
1131 1369.5
1.044 1254
1.197 1521.4
1.074 1083.6
1.128 1406.8
1.041 963.9
0.983 856.2
1121 1286.1
1.038 12261~

v

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 5° = 125 typical cases of combinations of irradiation, fuel price

inflation and load (cases 77 to 201), including the average case, the most optimistic (mean

irradiation + 3DT, mean consumption - 3DT) and More pessimistic (mean irradiation-3DT, mean

consumption + 3DT):

Cases of irradiation and
temperature: average, av.+SD,
av.+3SD, av.-SD, av.-3SD

Cases of fuel price inflation:,
average, av.+SD, av.+3SD, av.-
SD, av.-3SD
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Cases of load: average, av.+SD,
av.+3SD, av.-SD, av.-3SD




8 @ D E F G H 1 J K o P
87 [Results corraspo@wgtoﬁ:’taristic cases (combinations of data: 3 VERAGE, AVERAGE+5tdDv, AVERAGE+35tdDv, AVERAGE-StdDvf AVERAGE-35tdDv): ( R
88 [case prob. No. Rad.(kwh/m2/day) Tambi=C) '\ Tambv(ec) wind(m/s) .Flow(l/s) or i 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 31388
95 83 5.7 20.24 20.24 4.62 35543.4
% 84 5.7 20.24 20.24 462 42808.3
o7 85 5.7 20.24 20.24 4.62 28084.6
%8 86 5.7 20.24 20.24 4.62 20428.1
99 87 5.7 20.24 20.24 4.62 33455.1
100 88 5.7 20.24 20.24 4.62 37429.8
101 89 5.7 20.24 20.24 462 45325.2
102 50 5.7 20.24 20.24 4.62 29332.4
103 91 5.7 20.24 20.24 4.62 21042.2
104 52 5.7 20.24 20.24 4.62 30547.8
105 93 5.7 20.24 20.24 4.62 33930.2
106 54 5.7 20.24 20.24 462 40655.9
107 95 5.7 20.24 20.24 4.62 27017.5
108 96 5.7 20.24 20.24 4.62 19503
109 57 5.7 20.24 20.24 4.62 29299.8
110 98 5.7 20.24 20.24 4.62 32548.2
11 59 5.7 20.24 20.24 462 38812.1
112 100 5.7 20.24 20.24 4.62 26103.4
113 101 5.7 20.24 20.24 4.62 19453.1
114 102 5.9 21.24 20.24 4.62 29622.8
115 103 5.9 21.24 20.24 4.62 33401
116 104 5.9 21.24 20.24 462 40355.9
17 105 5.9 21.24 20.24 4.62 26168.7
118 106 5.9 21.24 20.24 4.62 18792.5
119 107 5.9 21.24 20.24 4.62 30260.8
120 108 5.9 21.24 20.24 4.62 34182.2
121 109 5.9 21.24 20.24 462 41417.2
122 110 5.9 21.24 20.24 4.62 26665.5
123 111 5.9 21.24 20.24 4.62 19008.5
124 112 \ 5.9 21.2:/ 20.24 4.62 31696.9
125 \ 11 ) 2.3 21.2: 20.24 4.62
Prob ® ‘
162 150 6.3 23.24 20.24 4.62 3.5 3.82 22204.5
- ot ot ont o ” o = )
Optimistic extreme case:
irradiation av.+3SD, fuel
inflation av.-3SD, load av.-3SD
00 bt 51 1724 2024 4,62 65 442 422125
[ 201 189 5.1 17.24 20.24 4.62 65 5.02| 49730.1
0. 190 T 17T 07X 87 b .82 A0TT
203 191 5.1 17.24 20,24 4.62 6.5 3.22 25948.1
204 192 5.1 17.24 2024 4.62 4.5 412 34566.7
205 193 5.1 17.24 20.24 4.62 45 4.42
206 194 5.1 17.24 2024 4.62 45 5.02 PR .
207 195 5.1 17.24 20.24 4.62 a5 3.82 Pessimistic extreme case:
208 196 5.1 17.24 20,24 4.62 4.5 3.22 . P
209 197 5.1 17.24 20.24 4.62 3.5 4.12 irradiation av.-3$D, fuel
210 198 5.1 17.24 20.24 4.62 35 4.42 A .
21 199 5.1 17.24 20.24 4.62 3.5 5.02 inflation av.+3SD, load av.+3SD
212 200 5.1 17.24 20,24 4.62 3.5 3.82
213 201 5.1 17.24 2024 4.62 35 3.22
214 Results corresponding to case shown in simulation:
215/ Case prob. No. Rad. (kWh/m2/day) Tamb(2C) TambV(2C) Wind(m/s) W.Flow(l/s) or inf. fuel(%) Load(kWh/day) C.total(NPC/NPV)(€)
216 202 57 2024 20,24 4.62 5 4.12 311919
217
218 Values MINIMUM, MAXIMUM, AVERAGE and STD. DEV. of each result obtained in the 77 series:
219 Case prob. No. Rad. (kWh/m2/day) Tamb(2C) TambV(2C) Wind(m/s) W.Flow(l/s) or inf. fuel(%) Load(kWh/day) C.total(NPC/NPV)(€)
220 MINIMUM: 5.25 18.06 20.24 4.62 3.76 3.438 24059.146
221 MAXIMUM: 6.25 2237 20,24 4.62 6.11 4.792 38766.416
222 MEAN: 5.69 20.33 20,24 4.62 4.93 412 31188.34
223 |STD.DEV.: 0.23 0.9 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

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).
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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:

. NPC / NPV (€)
iHOGA software. Report,

Project: Pri-Prob.hoga. Solution # 1

DC Voltage: 48 V. AC: 230 V.
COMPONENTS:

PV mod. SiP12-TAB:PV-135-mod, 4x2x135 Wp. P total = 1.08 kWp_dc (100% PV#

Batt. OPZS-Hawker TLS-3, 24x1x180 Ah. E total = 8.64 kWh (1.5 d aut) Bower )
Without Wind Turbines

Without Hydro Turbine

1 AC Gen. Diesel 1.9KVA, 1x1900 VA 1 !
Without Fuel Cell

Without Electrolyzer s

Inverter STECA: XPC 160048, 1600V

PV Battery charge controller STECA: TAROM 440 of 40 A 05

Battery charger (AC/DC converter) included in bi-di inverter

By GEN v
CONTROL STRATEGY:

TF THE POWER PRODUCED BY THE RENEWABLE SOURCES IS HIGHER THAN LOAD: CHARGE
The Batteries are charged with the spare power from renewable

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

The power nat s upplied to meet the load will be supplied by the Batteries (i they cannot supply the whole, the rest will ENERGY BALANCE DURING 1 YEAR (kWhiyear):
be supplied by the AC Generator). Overall Load Energy: 1474.4 KWhiyr. From Renewable: 63%

Pigen = INFW

There is no Fuel Cell Unmet load: 0 kWhiyr (0 % load)

E. Purchased from AG grid: 0 kWhiyr

Export Energy: 8.5 kWhiyr

E. sold to AC grid: 0 KWh/yr

Energy delivered by PV generator: 1343.5 kWhlyr
Energy delivered by Wind Turbines: 0 kWhiyr

E. delivered by Hydra Turbine: 0 kiWhiyr. Pumped 0 kWhiyr
Energy delivered by AC Generator: 549 kWh/yr
Energy delivered by Fuel Cell- 0 kWhiyr

Energy at Electrolyzer- 0 kWhiyr

Energy charged by Batteries: 941.6 kWhiyr
Energy discharged by Batteries: 806.4 kWWhiyr

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 % SOC is reached

LOAD FOLLOWING. SOC min. batteries = 20 %

COSTS:

Iniial Investment: 7303.3 € Loan: 80 %, int. 7% in 10 years, annual quota: 8319 € Cost AC gen. fusl, 1st. year: 369.6

€ OTHER RESULTS:

NPC OF THE SYSTEM (25 years lfetime): (comparing to only AC arid, 1438KWhiyr, NPG=3327.2 €) Batteres Liftime: 8,64 years

Hours eq, of AC Gensrator operation (all units)- 1301.88 hiyr. Number of starts (all units): 965

Hours of Electrolyzer operation- 0 hfyr. Number of starts: 0

Hours of Fuel Cel| operation- 0 hiyr. Number of starts: 0

Hours of Hydro Turb- 0 hiyr: staris: 0. Hours of Pump: 0 hiyr: starts: 0

E‘a"uffy”z;ar:i’éiffm("“;cg*-égjféss Total CO2 emissions: 1137.36kgCO2lyr; Emissions of AC gen. {due to fuel cons. of 284 308 ltre/yr): 995.08 kaCO2lyr
. 7664, H2 sald in ane year: 0 kg H2lyr

AC Generators Costs (NPC): 6054 3 € .

e eacs O] 0520 € Human Development Index (HDI): 0.5242. Jobs created during system lifstime: 0.0033

Inverter Costs (NPC) 31593 €

AC Generator Fuel Costs (NPC): 10422 5 € ENERGY BALANCE DURING 1 YEAR (kWhiyear)

Installation + financing + extra cash (NPC) 1032.6€ L0

2
oo
o
o
@ .

Click on "Close" (upper area of the report) and after selecting or not to download the .rtf file,

Total System Costs (NPC): 31302.9 €. Levelized cost of energy: 1.0805 €/kWh

Distribution of NPC.

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

S EEHN Qe QE|EDEEF| N 4 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: Pr1-Prob.hoga. Solution # 1
PROBABILITY ANALYSIS:

RANDOM DATA FOR THE PROBABILITY ANALY SIS (PDF and Gaussian curve):

Load: mean 4.11kWhiday. Std. Dev. 0.3

| somnbabiin

32 339 361 38 4415 437 459 48
Wind irrelevant, there is no wind turbine

00000000000000000000

Irradiation: mean 5.73 KW him2/day. Std. Dev.: 0.18
5

0
528 54 55 56 57 583 596 609 622
Fuel infl.: mean 5 %. Std. Dev. 0.45

ém

36 386 417 448 482 51 539 57

RESULTS OF THE PROBABILITY ANALYSIS (PDF and Gaussian curve):

Total CostNPC: mean 30828.2 €. Std. Dev. 3879.1

i TR TR T

20650.8 24759.6 292256 33513 374431
Unmetload: mean 0 %. Std. Dev. 0

o

00000000000000000000

Ren.frac.: mean 64.7 %. Std. Dev.: 5,60

0.1

Lev. Cost of Energy: mean 1.045 &/KWh. Std. Dev. 0069

w
0 _._g_ﬂh::lﬁ]ilnhs_
0
0634 0893 095 1 1043 111 1169
02 Emissions: mean 1102,55kgCO2Ar. Sta. Dev. 229.68

0.002
0
506.8 6621 8793 1087.5 1317.6 1547.7

Export E mean 8KWWhiyr. Std Dev: 1.3

OTHER RESULTS OF THE PROBABILITY ANALYSIS:

Hours eq. running AC Generator: mean 1269 h. Std. Dev.: 276.04
Annual cost of fusl of AC Generator: mean 360.8 €/yr. Std. Dev.: 82.22

Hydro Turbine Energy: mean OkWhiyr. Std. Dev.: 0

Discharge Energy Battery Bank: mean 822kWhiyr. Std. Dev.: 18

Hours of Batteries charge: media 3803 hiyr. Std. Dev.: 70.4

Hours of Batteries discharge: mean 4952 hyr. Std. Dev. 69.1

Max. current of Batteries Charge Regulator: mean 23 A. Std. Dev. 0

Rectifier max. power- mean 535.7 W. Std. Dev.: 1.5

Energy purchased to AC grid: mean OkWhiyr_ Std_ Dev.. 0

Energy sold to AC grid: mean OkWhiyr. Std. Dev.: 0

Cost of purchasing E to AC grid: mean 0 € /yr. Std. Dev. 0

Incomes of selling E to AC grid: mean 0 € fyr. Std. Dev.: 0

H2 tank size: mean 0 kg. Std. Dev.- 0

Energy of Fuel Cell: mean OkWhyr. Std. Dev.: 0

Hours running Fusl Cell: mean 0 hiyr. Std_ Dev.: 0

Energy of Electrolyzer: mean 0kWh/yr. Std. Dev.: 0

Hours running Electrolyzer: mean 0 hiyr. Std. Dev.. 0

Hydrogen sold for extemal use: mean 0 kg/yr. Std. Dev.: 0

Incomes of selling H2: mean 0 € /yr. Std. Dev.:

External fuel purchased to be used at Fuel Cell: mean 0 kglyr. Std. Dev. 0

Cost of external fuel purchased to be used at Fuel el mean 0 € fyr. Std. Dev.: 0

VARIABLE COST (NPC) {purchase E - sell E + variable replacement of components + O&M variable + fuels + regulator
+ rectif + H2 tank - sell H2 - residual variable values of components at the end of system lifetime): mean 18685 € yr.
Std. Dev.- 3679.1

Cost of purchasing E to AC grid (NPC): mean 0€. Std. Dev.: 0

Incomes of selling E to AC grid (NPV): mean 0 €. Std. Dev.. 0

Variable cost of batteries (NPC)(replacement - residual): mean 2820.4 €. Std. Dev.: 382.2

Variable cost of AC gen. (NPC) (08M + replacement - residual): mean 4875.9 €. Std. Dev.- 1205.7
AC gen_ fuel cost (NPC): mean 10234.9 € Std_ Dev.: 2332.2

Cost of regulator + rectfier (NPC) (acquisition + replacement - residual): mean 653.8 €. Std. Dev.: 0
Variable cost of Electrolyzer + H2 tank (NPC) (08M + replacement - residual): mean 0 €. Std. Dev.: 0
Variable cost of Fuel Cell ( (NPC){0&M + replacement - residual) mean 0 €. Std. Dev.: 0

Cost of purchasing extemal fuel for Fuel Cell (NPC): mean 0 € Std. Dev.: 0

0 ni Incomes of selling H2 for external use (NPV): mean 0 € Std. Dev. 0
54 571 61 641 681 72 751 79 414753 666774 886099410

Batteries lifespan: mean 8.95 years. Std. dev. 0.84. AC gen. fuel: mean 277.566 litrelyr. Std. Dev. 63.25

0 0
77884 88 93 98 103 109 15 12 1143 1623 2163 2703 3243 3763

PV gen. energy: mean 1401KWhiyr. Std. Dev.: 448 Wind turbines group energy: mean OKWhiYr. Std. Dev. 0

0.02
0.01 II I‘I‘hIH“ |
|

]
12931 13399 13916 14408 149256

00000000000000000000

Charge energy in Battery bank: mean 960KWhir. Std. Dev.: 212 Energy of AC generator: mean 535kWhiyr. Std. Dev. 118

) |

0
8727 892 910 9307 9542 9791 10063

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:

prob.tf - Word

Formato  Referencias

Correspondencia

’ e PR P o £ Bus
I (Courier New _~[10.5 ~ [{EAIEE | hagbcedc AsBbCeDe ARBDC( AaB AQB  nsevcer acsbecoc aasbeepe acsbceo. AabCede AasbCeD. A ARBSCCOT AABRCCOC AGBBCEDY |y
P o ot N K S wex X B ¥ A @ || TNomsl TSneph. Tl T2  To  Subivlo Enfasstl fnfask Enfesini. Tetoenn.  Ca  Gtadetn. Referenci, Referencin. Thuodell. 1| | qor
Potspapeles Fuente 5 parato 5 stios 5 e
e I A R AR IR SR SRR AR SRR IR R IR AR ERAETERA ERaE S

[Project: Pri-Prob. Solution # 0
PROBABILITY ANALYSIS:

- RANDOM DATA:

Irradiation: mean 5.68 kWh/m2/day. Std. Dev.: 0.2
Wind irrelevant, there is no wind turbine
Fuel infl.: mean 5.03 %. sStd. Dev.: 0.5

N Load: mean 4.11kWh/day. Std. Dev.: 0.33

] RESULTS:

Total Cost (NPC): mean 31260.9 €. Std. Dev.: 4337.1
CO2 Emissions: mean 1131.17kgCO2/yr. Std. Dev.: 252.4
X Ren. frac.: mean 64 %. Std. Dev.: 6.02
1 Excess E: mean 8kWh/yr. Std. Dev 1.4
N Unmet load: mean O %. Std. Dev.: 0O
Batteries lifespan: mean 8.9 years. Std. dev.: 0.86
AC gen. fuel: mean 283.9 litre/yr. Std. Dev.: 71.22
PV gen. energy: mean 1391kWh/yr. Std. Dev.: 49.8
Wind turbines group energy: mean OkWh/yr. Std. Dev.: 0
) Charge energy in Battery bank: mean 957kWh/yr. Std. Dev.: 22.8
4 Energy of AC generator: mean 546kWh/yr. Std. Dev.: 129.8

Finally we save the project.

35. Sensitivity analysis.

Now we will perform the sensitivity analysis in the Pr1.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 - O x

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 - O X

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

Fickaio-doteso—vi-da-3760:0-= 35040 lac) Av. daily total load = 616 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 in “Graph” button and we can see the both cases for load:
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V[ Graph - O X

Sensitivity Analysis of Load

850
800
750
700

1 2 3 4 5 6 7 8 9 nwm M 12 13 14 15 16 17 18 19 20 21 22 23 0 1
1 January

[v=— Load1: 4. 1kWh/day |V — Load2: 6.16kWh/day |

[Horizontal Grid - Al [_]Vertical Grid Days display

Scroll change (days)-> small: Iarge‘

Click on the "Wind" tab and add to consider cases with a wind 20% higher than defined on the
wind resource screen:

A Sensitivity Analysis - O x

Winel Solar Load Interest and Inflation (general or electricity cost) AL gen. fuel inflation Components cost

Wind1: Case base: Average Wind Speed: 4.66 m/s

1.2
i 2 (® Base Case x Scale Factor Ao Wind =558 mfs
(O From file (hourly values in m/s) Height (m) 10 Irpart
Add Remove last one = Groph

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%:
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A Sensitivity Analysis - O X

Wyind Solar Load Interest and Inflation AC gen. fuel inflation Components 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 Pt Panels: & [Scale Factor):  'wind Turbines Acg. 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). Not in this case.

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.

GEMNERAL DATA OFTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Sensitivity analysis No. 1. Total No. of cases evaluated: 12960. Time: 7' 11"

140
16,126 136
16,000 132
@ 15,872 128 :;
o 15744 1245
_32_" 15,616 120 5
+ 15,488 116 @
S 15360 112 §
E 15232 108 &
T~ 15,104 104 <
14,976 100
14,848 \_ 9
1 2 3 4 5 [ 7 8 9 10
Solution # (sorted from best to worst)
[ Show diagram
Sensitivity Analysis ¥ 1 ~
Wind.1: 4.6bm/s ~ | Rad.1: 5.49k¥Wh{m2 ~ | Load.1: 4.1kwWh{day ~ (gl 4%-2% ~ | Inf.F.1:Base ~ | Pr:xd x1 x1 x1 o
# Total Cost (NPCY(E) Ernission (kgCO24y) UnmetlkiWhie)  Unmet(3) Daut ChdWh)(Powvs P Ben(® LOOEEKWh) Simulate Report CA
1 147785 9954 0.7 005 INF 6B 9985 05033 SIMULATE.. REPORT... C
2 147785 99.54 0.7 005 INF 6B 9985 05033 SIMULATE.. REPORT... C
3 15013.7 99.15 04 003 INF 6B 9978 015112 SIMULATE.. REPORT... C
4 15013.7 99.15 04 003 INF 6B 9978 015112 SIMULATE.. REPORT... C
5 156946 93.04 1] o INF 99 100 05308 SIMULATE.. REPORT... C
B 156946 93.04 1] o INF 99 100 05308 SIMULATE.. REPORT... C
7 15840 140.94 2.6 017 INF 6.9 9814 05407 SIMULATE.. REPORT... C
8 15840 140.94 2.6 017 INF 6.9 9814 05407 SIMULATE.. REPORT... C
9 162251 93.04 1] o INF 99 100 05523 SIMULATE.. REPORT... C
v
< >
COMPOMNENTS: PV modules a3i12-Schott AS1100 (100 Wp_dc): dsx 4p. (100% Fv#1: slope 402, azimuth 02) ¢/ Batteries OPZS-Hawker TLS-3 (180 Ah): 24s. x Tp. }f 1 x AC
Gen. Gasoline 0.5kvA 0.5 WA jf Bat. Inverter STECA: XPC 1B00-48 of TB00*A 4 PV batt. charge controller. STECA: TAROM 440 of 40 A ff Unmetload = 0 % // Total Cost
(MPC) = 147786 £ (0.5 £/h)
STRATEGY: LOAD FOLLOWING. F1gen: INF. Prmin_gen: 160°%. Poritical_gen: 0%, S0C setpoint_gen: 20 %, S30C min. 20 %

See best _ Sensitivity Analysis Summary Save Exceltable
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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 R

Sensitivity Analysis # 3
Sensitivity Analysis i 4
Sensitivity Analysis # 5
Sensitivity Analysiz ## 6
Sensitivity Analysis # 7
Sensitivity Analysis # 8

For example, if we choose # 2, the results of sensitivity analysis #2 appear:

[ 5how diagrarm

Sensitivity Analysis # 2 w
Wind.1: 4.66m/s ~ Rad.1: 5.49kWh/m2 ~  Load.1: 1.1kWh/day v (-g)l: 4%-2% ~  Inf.F.1:Base ~ Pr2:x08x09x09x -
# Total Cost (NPC)(€) Emission (kgCO2ax) Unmetikihin)  Unmet(%) Daut Cniwh)/Pov+Pw) (Y Reni® LCOELAWh) Simulate Report Ca
1 13837.4 99.54 0.7 005  INF 66 39485 04712 SIMULATE.. REPORT... C
2 13837.4 99.54 0.7 005 INF 6.6 99.85% 04712 SIMULATE.. REPORT... C
3 140725 99.15 0.4 003 INF 6.6 99.78 04791 SIMULATE.. REPORT... C
4 14072.5 99.15 0.4 003 INF 6.6 99.78 04791 SIMULATE.. REPORT... C
5 14597 .4 93.04 0 0 INF 34 100 04969 SIMULATE.. REPORT... C
[ 14597 .4 93.04 0 0 INF 84 100 04359 SIMULATE.. REPORT... C
7 14862.7 140.94 2.6 017 INF 64 9819 05068 SIMULATE.. REPORT... C
g 14862.7 140.94 2.6 017 INF 64 9819 05068 SIMULATE.. REPORT... C
9 152279 93.04 0 0 INF 949 100 05184 SIMULATE.. REPORT... C
w
< >

COMPOMNENTS: PV modules aSil2-Schott ASN00 (100 Wp_dc): 45x 4p. (1002 PY#1: slope 400 azimuth 09 /f Batteries OFZ5-HawkerTLS-3 (180 Ah): 245, x 1p. /1 x AC
Gen. Gasoline 0.5kVA 0.5VA Jf Bat. Inverter STECA: XPC 1600-48 of 1600 VA Jf PV batt. charge controller, STECA: TAROM 440 of 404 4 Unmetload = 0 %% J/ Total Cost
(MPC) = 13837.4 € (047 £kh)

STRATEGY: LOAD FOLLOWING. P1gen: INF. Prain_gen: 150, Pritical_gen: 0%y, SOC setpoint_gen: 20 %. 30C min.: 20 %.

We see that it corresponds to the base wind (Wind1), base load (Loadl), 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):
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[ ]Show diagram

Sensitivity Analysis # 6 ~
Wind.2: 5.59m{s ~ | Rad.1: 5. 49kWh/m?2 ~ | Load.1: 4.1kWhifday | (-g)l s 4%-2% ~ ||Inf.F.1:Base ~ | Pr.2: x0.8 x0.9 x0.9 x
# Total Cost (NPCYE)  Emizssion (kgCO2Ax Unmet(kidhied)  Unmet(3s) Daut CadARIPRw+Pw) e Ren(® LOOEEMWH) Simulate Report CA
1 13837.4 99.54 0.7 008 INF 6.6 99.55 04712 SIMULATE.. REPORT... C
2 13837.4 99.54 0.7 005 INF 6.6 99.8% 04712 SIMULATE.. REPORT... C
3 140725 99.15 0.4 003 INF 6.6 99.78 04791 SIMULATE.. REPORT... C
4 14072.5 99.15 0.4 003 INF 6.6 99.78 04791 SIMULATE.. REPORT... C
5 14597 .4 93.04 0 0 INF 84 100 04953 SIMULATE.. REPORT... C
[ 14597 .4 93.04 0 0 INF 34 100 04969 SIMULATE.. REPORT... C
7 148627 140.94 26 017 INF 64 9819 05068 SIMULATE.. REPORT... C
g 14862.7 140.94 2.6 017 INF 64 9819 05068 SIMULATE.. REPORT... C
9 15227.9 93.04 0 0 INF 9.4 100 05184 SIMULATE.. REPORT... C
W
< >

STRATEGY: LOAD FOLLOWING. Plgen: INF. Prin_gen: 150%. Peritical_gen: 0W. S50C setpoint_gen: 20 % 50C min: 20 %

COMPONENTS: PV modules a5i12-Schott: ASN00 (100 Wa_dc): 4s.x 4p. (1002 PY#1: slope 409, azimuth 0% 4 Batteries OPZ5-Hawker TLS-3 (180 Ah): 245 < Tp. ff 1 2 AC
Gen. Gasoline 0.5kVA 0.5 A Jf Bat. Inverter STECA: XPC 1600-45 of 1600 %A Y PV batt. charge controller. STECA: TAROM 440 of 40 A4 Unmet load = 0 %/ Total Cost
(NPC) = 13837 4€ [0.47 £4dWh)

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:

W

Sensitivity Analysis Summary - a X
NPC/NPY and CO2 Emissions of the best solution found for each sensitivity analysis
172
22,016 168
21,504 164
20,992 160
20,480 156
19,968 152
T 19,456 us £
; 18,944 1wt £
S 1842 EE g
I 7,920 o8
z 132 2
3 17408 128
O 16,89 o
124 §
16,384 120
15,872 116
15,360 112
14,848 108
14,336 104
13,824 100
1 2 3 4 5 8 7
Sensitivity analysis #
Display in graph:
[3 Back (@ NPCand COZ emissions  ()NPC  (C)CO2 Emissions () CO2 Emissions-NPC  (C) Unmetload - NPC (Reppmit
Best solution found for each sensitivity analysis: Sapl3ed Save Word
SENSIT. ANALYSIS # 1 (Windl.1: 466m/s; Rac1: 5.49kWWh/m2: Load.1: 4.1kwh/day: (-)1: 4%-2%; IntF.1:Base: Prl:xl <1 x1x1): ~
NPC = 147785 £. COZ Emissions = 39544 kgir. Unmet load = 0.7 Khjyr (0.05%). Days auton. = INF. E. renewsbls = 98.9% of demand. Levelized cost of energy = 0,503 £/kWh
Components: P Generator 1600 W (100% PVET: slope 402 azimuth 0%).1 x AC Generator of 500 ' Batieries bank of 8B40 Wh. Inverter 1800 . Rectif, 0 W,
SENSIT. ANALYSIS # 2 (Windl.1: 466m/s; Racl1: 5.49KWWh/m2: Load.1: 4.1kwh/day: (-g)1: 4%-2%; IntF.1:Base: Pr.2: <08 x0.9 <09 x1):
NPC = 13837.4 £. COZ Emissions = 39544 kgAr. Unmetload = 0.7 Khiyr (0.05%). Days auton. = INF. E. renewsbls = 98.9% of demand. Levelized cost of energy = 0.471 £/kWh
Components: P Generator 1600 W (100% PV#T: slope 402 azimuth 0%).1 x AC Generator of 500 ' Batieries bank of 8B40 Wh. Inverter 1800 . Rectif, 0 W,
SENSIT. ANALYSIS # 3 (Wind.1: 486m/s; Racl1: 5.43KWh/m2; Load.2: 6.1 Bkh/day: (-0)1: 4%-2%: InfF.1:Base; Pri:xl x1 <1 x1)
NPC = 22434.7 £. COZ Emissions = 171.808 kg/yr. Unmet load = 3.5 kvhjyr (0.15%). Days autan. = INF. E. renewable = 88.7% of demand. Levelized cost of energy = 0,51 £/kWh
Components: P Generator 2160 Wp (100% PV#1: slope 402 azimuth 0%) Wind Turbines group DC of 547 4. 1 x AC Generstor of 500 W. Batteries bank of 8840 \h. Inverter 1E00 . Fiectif, D W.
SENSIT. ANALYSIS # 4 (Wind.1: 486m/s; Racl1: 5.43KWh/m2; Load.2: 6.1 Bkh/day: (-0)1: 4%-2%: InfF.1:Base; Pr2:x<0.5 x0.9 0.9 x1)
NPC = 21047.7 £. COZ Emissions = 171.808 kg/yr. Unmet load = 3.5 khjvr (0.15%). Days autan. = INF. E. renewable = 83.7% of demand. Levelized costof energy = 0.478 &/kvwh
Components: P Generator 2160 Wp (100% PV#T: slope 402 azimuth 0%) Wind Turbines group DC of 547 4. 1 x AC Generstor of 500 W. Batteries bank of 8840 \h. Inverter 1E00 . Fiectif, D W.
SENSIT. ANALYSIS # 5 (Wind.2: 5.59m/s; Rac1: 5.49KWWh/m2: Load.1: 4.1kwh/day: (g)1: 4%-2%; IntF.1:Base: Prl:x <1 x1x1):
NPC = 147785 £. COZ Emissions = 39544 kgAr. Unmetoad = 0.7 Kihjyr (0.05%). Days auton. = INF. E. renewsble = 98.9% of demand. Levelized cost of energy = 0,503 £/kWh
Components: P Generator 1600 W (100% PVET: slope 402 azimuth 0%).1 x AC Generator of 500 ' Batieries bank of 8B40 Wh. Inverter 1800 . Rectif, 0 W, .

Clicking the "Save Excel" button it saves an Excel file where the optimal solution for each of the

sensitivity analysis projects appears:

A B (9 D E F G H [ J K L M N o P Q R
1 [Project: Pra-skns.hoga. Best system found for each case of the sensitivity analysis
2 [Sens# Wind (m/s) Rad(kWh/m2/d) Load(kwh/d) Interest(%) Inflation(%) Infla. Fuel(%) Pr.PV(x) PLW.T.(x)
3 1 466 5.49 41 a 2 5 1 1
4 2 4.66 5.49 41 4 2 5 08 0.9
5 3 4.66 5.49 6.16 4 2 5 1 1
6 4 466 5.49 6.16 4 2 5 08 0.9
7 5 559 5.49 41 4 2 5 1 1
8 6 559 5.49 41 a 2 5 08 0.9
9 7 550 5.49 6.16 a 2 5 1 1
10 8 559 5.49 6.16 4 2 5 08 0.9
n

s n

pr.Bat(x)

1
0.9
1
0.9
1
0.9
1
0.9

If we click on the "Report" button a report of the sensitivity analysis appears, that can be printed

or saved in PDF.
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Project: Pri-Sens.hoga Optimal solution found for each case of the sensitivity analysis:

SENSITIVITY ANALYSIS
SENSIT. ANALYSIS # 1 (Wind.1: 4.66m/s; Rad.1: 5 49Wh/m2; Load.1: 4.1kWh/day; (g1 4%-2%: InfF.1:Base;
DATA (vs. sensitivity analysis #): Pr1:31 51 x1 x1)

NPC = 14778 5 € CO2 Emissions = 99.544 kglyr. Unmet load = 0.7 kWhiyr (0.05%). Days auton. = INF. E. renewable
=99.9% of demand. Investment = 7231.9 € LCOE = 0.503 €/kWh

Average Daily Irradiation (KWh/m2): Average Wind Speed (mis):
SENSIT. ANALYSIS # 2 (Wind 1: 4.66m/s; Rad.1: 548kih/m2; Load.1: 4.1kWhiday; (-g)1: 4%-2%; InfF.1:Base;
sa Pr.2: %0.8 x0.9 0.9 X1}
s NPC = 13837 4 € GOZ Emissions = 99.544 kg/yr. Unmet load = 0.7 KWhiyr (0.05%). Days auton. = INF. E. renewable
s =99.9% of demand. Investment = 6562 € LCOE = 0.471 €/kWh
T2 =« = s 7 & Tz 2 s+ s o 7 s
Average daily Load (KWhd): Interest (%) and Inflation (%): SENSIT. ANALYSIS # 3 (Wind.1- 4.66m/s: Rad.1- 5.49kWh/m2: Load.2- 6.16k\Wh/day: (-g)1: 4%-2%; Inf F 1Base:
Prt:xt xd xd xl):
. NPC = 22434.7 € CO2 Emissions = 171.808 kgfyr. Unmet load = 3.6 kWhiyr (0.15%). Days auton. = INF. E
as renewable = 99.7% of demand. Investment = 10237 8 € LCOE = 0.51 €/kWh
B
“ B SENSIT. ANALYSIS # 4 (Wind.1- 4.66m/s; Rad.1: 5.48Wh/m2; Load 2: 6.16kWhiday. (-g)1: 4%-2%. InfF.1Base;
t 2 2 o+ & 8 7 8 T2 : & s 8 7 & Pr2:x0.8 x0.9 x0.9 x1
NPC = 21047.7 € CO2 Emissions = 171.808 kgfyr. Unmet load = 3.5 kWhlyr (0.15%). Days auton. = INF. E
Fuel inflation (%): Pr. PV, Wind, Bat, H2 {xfactor): renewable = 99.7% of demand. Investment = 9308.3 €. LCOE = 0478 €/kiWih
1
| oss SENSIT. ANALYSIS # 5 (Wind 2: 5.59m/s; Rad.1: 5.48kiWh/m2; Load.1: 4. 1kWhiday; (-g)1: 4%-2%; InfF.1:Base;
os Pr1: 31 x1 51 1)
: NPC = 14778.5 € COZ Emissions = 99.544 kglyr. Unmet load = 0.7 KiWhiyr (0.05%). Days auton. = INF. E. renewabls
0ss =99.9% of demand. Investment = 7231.9 €. LCOE = 0.503 €/WWh
os
Tz s+ = & 7 Tz 2 s & e 1 &
RESULTS (vs. sensitivity analysis #): SENSIT. ANALYSIS # 6 (Wind 2: 5.59m/s; Rad. 1- 5.48K0Nhim2; Load.1- 4.1kWhiday (-g)1: 4%-2%: InfF.1:Bass;
: ; : Pr.2: %08 0.9 0.9 x1).
Total NPC (€): Emis.CO2 (kglyr): NPC = 13837 4 € CO2 Emissions = 99 544 kg/yr Unmet load = 0.7 KWhiyr (0.05%) Days auton_ = INF. E. renewable
=99.9% of demand. Investment = 6562 € LCOE = 0.471 €/kWh
22000 180
20000
o
e , SENSIT. ANALYSIS # 7 (Wind 2: 5.59m/s: Rad.1: 5.48kWh/m2; Load.2: 6.16kWhiday: (-g)1: 4%-2%: InfF.1:Base:
100 = PrA- 3151 x1 x1)
12000 w00 NPC = 21127.5 € CO2 Emissions = 161.774 kg/yr. Unmet load = 4.8 kWhiyr (0.21%). Days auton. =INF. E.
T2 s 1 = e 7 T 2 3 3+ 5 & 71 & renewable = 89.2% of demand. Investment = 10715 2 €. LCOE = 0.48 €/kiWh
Unmet load (%): Days autonomy (if INF > shown '0):

SENSIT. ANALYSIS # § (Wind.2: 5.59m/s; Rad.1: 5.49kWh/m2; Load.2: 6.16kWh/day; (I-g)1: 4%-2%; Inf.F.1:Base;
0z Pr.2: x0.8 x0.9 x0.9 x1).
NPC = 19770.8 € COZ Emissions = 161.774 kg/yr. Unmet load = 4.8 kWhiyr (0.21%). Days auton. =INF. E

o renewable = 99.2% of demand. Investment = 9753.1 €. LCOE = 0.45 €/kWh
o1 |
a0
T2 3 & s ¢ 7 % Tz 3 s 5 o8 1 8
Investment (€): E Bought/ E Sold / H2 Sold (NPCINPV) (€):
1 " e~ 1

If we click on the "Save Word" button a report of the sensitivity analysis appears.

Froject: Prl-Sens.hoga. Optimal solution found for each sensitivity
analysis:

SENSIT. ANALYSIS # 1 (Wind.l: 4.66m/s; Rad.l: 5.49kWh/m2; Load.1l:
4.1kWh/day; (I-g)l: 4%-2%; Inf.F.1l:Base; Pr.l: x1 x1 x1 x1):

NPC = 14778.5 €. CO2 Emissions = 99.544 kg/yr. Unmet load = 0.7
kWwh/yr (0.05%). Days auton. = INF. E. renewable 99.9% of demand.
Levelized cost of energy = 0.503 €/kWh

Components: PV Generator 1600 Wp (100% PV#1l: slope 40°, azimuth
0°).1 x AC Generator of 500 W. Batteries bank of 8640 Wh. Inverter 1600
W. Rectif. 0 W.

SENSIT. ANALYSIS # 2 (Wind.l: 4.66m/s; Rad.l: 5.49kWh/m2; Load.1l:
4.1kWh/day; (I-g)l: 4%-2%; Inf.F.1:Base; Pr.2: x0.8 x0.9 x0.9 x1):

NPC = 13837.4 €. CO2 Emissions = 99.544 kg/yr. Unmet load = 0.7
kWwh/yr (0.05%). Days auton. = INF. E. renewable 99.9% of demand.
Levelized cost of energy = 0.471 €/kWh

Components: PV Generator 1600 Wp (100% PV#1l: slope 40°, 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: 4.66m/s; Rad.l: 5.49kWh/m2; Load.2:
6.16kWh/day; (I-g)l: 4%-2%; Inf.F.l:Base; Pr.1l: x1 x1 x1 x1):
NPC = 22434.7 €. CO2 Emissions = 171.808 kg/yr. Unmet load = 3.5
kWh/yr (0.15%). Days auton. = INF. E. renewable 99.7% of demand.
Levelized cost of energy = 0.51 €/kWh
o 8 B s - 1

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:
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COMPONENTS
PV panels

[]wind Turbines
] Hydro Turbine
[ Battery bank
[JAC Generator

Inverter

FhgBgrn

[JH2 (F.C. - Elyzer.)

The scheme is now:

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 (230 |V

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.

CONSTRAIMTS:

b axirunm nmet Load allowed: % annual

[Unmet load can be covered by AC grid if it exists
and it iz allowed in "LOAD A AC GRID" window)

kare Conztraints

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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ACLOAD (W) DCLOAD (W)  H2LOAD (kgH2h)

urchase from AC grid Unmet Load (Non Served
nergy by Stand-alone system)

[« Fixed Buy Price (Efkiwh) 015 | Houtly Price

Annual Inflation (%)
[ Fixed Prmax (K

Options | [435

Access Charge Price (£/h)

Fixed Access price (£/kWh) @Durly Frice

Back-up Charge Price [£/kWh)

Fixed Backupprice (Bh) [0 | | Houiy frice

(will be added to the E purchased)

Emission (kgCO27Mh):

Emissions data

WATER (m3/day) FROM WATER TANK

Sell Excess Energy to AC grid

[] Fixed Sell Price (£/&ih) 01z

[ Pr.sell = pr. buyx |1 ]
Annual Inflation (%) [3

Hourly Price

Energy Generation Charge (Transfer Charge) Price (£/h]
[ Fixed Transfer price (£/kiwh) |0 H]:uurly Price

Self-consumption and MNet Mettering: 59” anly

Fixed Cost P £}k [Max. Power(kivy) 345 =Pz bu;]
Hourly “alues

PURCHASE/ SELLE

Prio

et betering: Enerdpy,

Annual (1 wear ralling credit)

<

Cost of net metering serdce [Ekwh) |0

Total tax for electricity costs (buy + charges) (%) IZI

[JAdd negative gen. charge Buy-back: Export E is paid at (£/kYwh)

Losses il

Total tax for electricity sold (3): I:I

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:

¥ INVERTERS AND BI-DI CONVERTERS

Add fram Database

|zERO

@ Without Rectifier (charger)

Include only VDC guitable from family:

O Rectifier w/o P\ contraller

[sTECA

L] 4

V]

O Rectifier + MPPT P controller

GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) >
Name PowerfvA] Lifespan () Cost(E) Batt Charger Imax_ch DC{&) Ef_charger%) Vdemin(¥) Veomax(y) PV batt contraller Prex_rentd) 0% 2% 3% °
Gricl 1000 10 00 0K i 98 150 450 NO 1ETE 0 30 50

<

If bi-di inverters include hattery charge regulatar, all of them must be of the same family (same control data)

Contral Data MPET Grid Wz, output power in sumultaions of
30 minutes: |20 | % higher than nominal
[“] 2elect the minimum inverter reguired B - g
1o supply the maximum AC load 80 15 minutes: %h\gharlhan norminal
T2
— 10 minutes: higherthan nominal
Select imvert 2
Slectimener ~ 56 <=5 minutes: % higher than nominal
o
@ 43
S 40
e
b3 ItF. mex renewable DC > P. max ren.:
24
16 OL\m\lP fram renew. DCto P max ren
8
(@) Discard that combination
[C]Proportional to 1st one 0
Inverter rated power for 0 10 20 30 40 50 60 70 80 0 100

batt. duration (hours):

OUTPUT POWER (% OF RATED) [L10nty in bi-di comverters

Maximum power demanded by load is B37.48 WA . The inverter selected is the one of 1000 WA
Average power is 17% of rated power of the selected inverter. Inverter average efficiency considered will be 92.2 %

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 ...

and in the panel that appears,

"Calculate number of PV modules...":
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A PV MODULES - m} X

= M| 4a|p [P =]|alvy x|
Add PV modules famiky Sit12-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.
% g g Maintenance Cost
Standard conditions enr
P inverter or battery charge regulator includes Maximurn Power Paint Tracking (MPFT) ]
[ Ca\:u\ata number of PV modules in serisal as Yhus_de/Vmax_p_module (grid-connected systems. ). Data: Vimax_p_module /Vnominal_module = |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 the nominal DC voltage divided by that value: 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: Min, |1 Ma, |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 (NPC)E) Emission (kgCO24r) Unmet(lkidhdyr]  Unmet(®2) Doaut Cni@hifiPpv+Pw)(y Ben(® LCOEEKWh) Simulate Report Cosl
1 75687 326.74 738 4927 INF 0 5073 02564 SIMULATE.. REPORT... COS
< >
COMPONENTS: PY modules aSil2-Schatt AS1100 (100 Wp_de): 9s.x 1p. (100% Py#1: slope 40¢, azimuth 02) 4 Bat. Inverter Grid of 1000 WA/ Unmet load = 49.3 %
Total Cost (NPC) = 7568.7 € (0.26 £/k\Wh)
STRATEGY: LOAD FOLLOWING
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The optimal solition is obviously the only one evaluated:

COMPONENTS: PV modules aSi12-Schott: ASI100 (100 Wp_dc): 9s.x 1p. (100% PV#1: slope 402,
azimuth 02) // Bat. Inverter Grid of 1000 VA // Unmet load = 49.3 % // Total Cost (NPC) = 7568.7
€(0.26 €/kWh)

We see that the load consumption is 1497.8 kWh/year, the energy generated by the PV modules
1381.9 kWh/year, the export energy (excess energy which cannot be used by the load) 545.9
kWh/year, of that excess 484 kWh/year are sold to the AC grid (the rest is lost in the inverter),
and 745 kWh/year are purchased from the AC grid.

Etatal(kih)
14975

Eren(kith)
13818

Epuikivh) Ewlkivh) Etikitvh)
13818 0 i

E export(kvh)
5459

E Sall(kivh) E Buy{kih)

434

E ch. bat(kivh) E
745 0

If we see the simulation:

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Genersfor Water load /PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

3,600
3.400 1 Total Load
3,200 Unmet Load
3,000 PV

Buy E from grid
Sell E to grid

POWER (W) /H2 Tank /WATER tank (Wh)
=
=1
=3

200 e /‘\__;\_\
0 = ——
0 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 22 23 1]
[“Legend 1 January
< > Days disp
POWER CONSUMED OR SUPPLIED (W) [15ee Over
A /] Plim Charge Energy price Legend
Batter bank Discharge g g
= BATTERY ENERGY (Wh) [JHLGr
| | Electrolyzer soc THRG
O E. max. disch. batt E.H2tank (HHVH2) | R P1 S0C limit [vGrid
imits Al
e HE Battery bank Charge P critical Gen_ o M E}Dcmll
xport Energy ap. Max.
E.to supply FC P critical Fuel Cell . change
) S0C setpoint Gen (days)
R Wind Turb. Smal
P E boughtto AC grid [+] Prmax S0 estpoint FG
. AC Generator E sold to AC grid [v] Pmax Large

[] Pmax input Inverter

[ P max. Gen,

H2 TANK setpaoint (HHY H2Z)

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 Generator  Water load /PHS  MULTIPERIOD

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

Simulation of 1 year, all the years the same.

Lagang
<
FOWER CONSUMED OR SUPPLIED (W)
0 0
L

Export Energy

=

‘Water Purmp
[ Pmax. input Imvertar

Batter bank Discharge

E. max. disch. hatt.

Battery bank Charge
Wind Turb_

AC Generator
[ Pmax Gen

Total Load
— Export
Unmet Load
PV
Buy E from grid
Sell E to grid
10 1" 12 13 14 16 17 18 19 20 pal 22 23 0
1 January
>[I |Daysdisp
g [ 5ee over
Plim Charge nerdy price Legend
P2 BATTERY ENERGY (wh) [IHLGr
Electrolyzer soc CIHRGr
E. H2 tank {HHY H2) =1 P1 . [t
S0C limits At
P critical Gen.
Cap. Max. Scroll
Eto supply FC P crifical Fuel Cell ) change
50C setpoint Gen. ()
Srnall
E boughtto AC grfl (] Praax SOC setpaint FC
E sald tn AC grid | ] Pmax Large:

H2 TANK setpoint (HHY H2) S0C([0-1) T. full charge

If we also click the “Export Energy” checkbox, the graph shows that, in each hour, the energy

sold is less than the export energy (grey), since the export energy is the excess energy (generated
energy which is not used by the system, and can be exported to the grid) before passing through
the inverter, that is, not counting the losses in the inverter. Energy sold to the grid is the export

energy multiplied by the inverter efficiency (which depends on the output power).

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 grid, not to sell it. With the

batteries (charge/discharge) we can manage the energy that is purchased from the grid.

Save the previous project and then save as "BatGrid.hoga".

Include batteries:

COMPOMENTS
PV panels

[ wind Turbines
[ Hydro Turbine
Battery bank
[JAC Generator

Inverter

[JHZ [F.C. - Elyzer.]

AN

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:
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DC Valtage [ 3500 |
ACYalkage (230 [V

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 (ke/h)  WATER [m3/day) FROM WATER TANK [PREVIOUSLY PUMPED)  PURCHASE / SELL E
Manth o1h | ten | 230 | 34n | ash | 56h [ evh [ 7en [ 89n | g910n [ 1041k | 112k [ 1213k [ 1314n | 14-15h [I5160 A

EEE_ 22 22 22 22 22 2z | 110 176 132 110 110 308 450 220 176 15
FEBRERO 22 22 22 22 22 22 110 | 176 132 | 110 110 | 308 450 220 176 | 15

| |MaRzo 22 22 22 22 22 22 110 | 176 132 | 110 110 | 308 450 220 176 | 15

| |aBRIL 22 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

" |aunio 22 22 22 22 22 22 110 | 176 132 | 110 110 | 308 450 220 176 | 15

|auLio 22 22 22 22 22 22 110 | 176 132 | 110 110 | 308 450 220 176 | 15

_ |a6osT0 22 22 22 22 22 22 110 | 176 132 | 110 110 | 308 450 220 176 | 15

| |SEPTIEMBRE 22 22 22 22 22 22 110 | 176 132 | 110 110 | 308 450 220 176 | 15

| |ocTuere 22 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 to Friday Scale factor for the weekend: ]

We click on "Generate" and we obtain an average daily consumption of 8.18 kWh / day, more
suitable to use the Tesla batteries.

A load powerfactor(cosfi):
Addlosdat ([0 |wac  vlduing 5 |min

) D Repeat every

frarm: m|nE|hourE|day rnarith days

oK {= Graphinstepsof |60~ min.

Average daily load = 8.18 kwh/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 [Mon Served [I_ Sell Excess Energy to AC grid ]
Energy by S5tand-alone sypstem)

Fived Sell Price (£/kwh]  |0.12
[|— Fixed Buy Price (B/kwh]  [015 ] Haurly Price [~ Fived Sel Price | )|

] W Pr.sel=pr.bupx |1
Annual nflation (%] Erizzion [kgCO2/k\Wh:

3 04 Annual Inflation [Z]: |3

W Fized Priax (Kw) Fixed Cost P [£/Kw A bax Power(kia] |2.45 v =Fmax buy
3.45 Options 435 Energy Generation Charge [Transfer Charge] Price [E/kMWh]

Access Charqe Price Iﬁkah] |v Fised Transfer p[iCE [€."kWh] 0

v Fixed Access price [£AMWhR) |0 Self-consumption and Met Mettering:

Back-up Charge Price [E/K\wWh] [ o net metterine J j

¥ Fixed Back-up price [E/kwh] |0 Cost of net metering service (S |0

[The cost of the back-up toll will be added ta the E purchaszed)] Bupback: Excess E is paid at [£4wH) |0
Total tax for electricity costs [buy + charges) (%) |0 Total tax for electicity sold [%]: |0

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):
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AC GRID AVAILABILITY

Friority to supply E not covered by renewables:
(") Storage/Generator (8) AC Grid

Click on purchase "Hourly price" button:

[v Purchasze from AC grid Unmet Load [Mon Served
Energy by S5tand-alone system)

[~ Fized Buy Price [£/KWh) |EI.1 4]

Haourly Price

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 OF THE ELECTRICITY PURCHASED FROM THE AC GRID

Hourly Price Data (£/kYh)
O Haurly, all days the same

(O From file (8760 hourly values)  lnno hourdy Price 1= Draw
(@ Hourly Periods

Hourly Periods: .
Mumber of Hourly Perlod Sumprestidnte O Mon-Frisvveekend ) Hourly (from file)
Summer calendar: Period F1 Frice:

From day month Period P2 Price:
To day marnth Petiod P3 Price;

SLUIMMER periods distribution:
/D—1h 1-2h 2-3h 3h 45h E-Gh B-7h 7-8h &-9h 5-10h 10-11h 1%
|P3 v| |P3 v| |P3 vl |P3 v| |P3 v| |P3 v| |F>3 v| |P3 v| |P2 vl |F>2 v| |P2 v| |P2 »

12-13h  13-14h 145k 15-16h 16-17h 17-18k 18159k 19-20h 2021k 21-22h  22-23h 2324k
|F>1 v| |P1 v| |P1 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 v| |P2 vl |F>2 -

WWINTER periods distribution:
0-1h 1-2h 2-3h F4h 4-5h 5-6h 6-7h 7-8h 3-9h 5-10h 10-11h 11-12h

|P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P3 v| |P2 v| |P2 v| |P2 v| |P2 v

12-13h  13-14h  1445h 1516k 16-17h  17-18h  18-19h 1920k 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 |P2 v| |P2 v

OK

By clicking on "Draw" you can see the hourly purchase price:
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V' Graph — O X

Price of the electricity PURCHASED from AC grid

0.2
0.18
0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.1
0.1
0.09

0.08
0.07

1 2 3 4 5 6 7 8 9 m 1 12 13 14 15 16 17 18 19 20 21 22 23 0 1
1 January

< >
Purchase price: Average 0.086 £kih: Meoc 0196 £/kh: Min: 0 055 £kivh [ Harizontal Grid  []Ak []Vertical Grid_ Days display

Scroll change (days)-> small: large

Price per kWh

[3 Back

We return to the main screen with “Back” button and then “OK” button.

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.
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VM PV MODULES

- O X
I Q4 e =]a x| o
Add PY modules family SiM12-Alersa ~
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 Operafion and

Efficiency due to degradation ofthe madules, losses in wires, dirtin panels, etc. i

Maintenance Cost

e

Standard conditions

v or battery charge regulator includes Maxirum Power Point Tracking (MPPT)
I:‘ Cah}ulale number of P\ modules in serieal as: Ybus_de /Ymax_p_module (grid-connected systems..). Data: Vmax_p_module / Vhominal_module = [1.475

Consider effect of Temperature

Data of ambient temperature (*C)

(@) Monthly average [] Erbs model d

st ]+ s e | e s o5 || vatorcev

() 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%
Generatar Cost % reduction on current PY gen. cost infroduce "-70%"): -0 %

Limitis reached in 59.6 years

0K

By clicking on "PV inverter data" we see the data of the inverter:

PY¥ inverter cost included in the PY cost PY inv. replacement
included in O&M PV cost

Fated power of the inwverter = x Peak power of the PV generatar
|:| Limitthe output power of the PV to the rated P. of the inverter

Inverter efficiency (%) output power (> of rated):
0% 2% 3% 4% 5% 0% 20%  30%
o fl flo ffo fls [l flee fs0 |

0%  50%  G0%  70%  80%  90%  100%
sa [[as  [[s7  [[s6 [[s5s  [[sa |[a3 |

96

64
32

Efficiency (%)

0

0 20 40 60 80 100
Output power (%)

oK

Let’s use the default values.

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 €.
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PHOTOWVOLTAIC MODULES DATA:

Name Momwolt(v) | lscis) | Powelwp) | Costig] |
a5i12-5chett: ASI1100-2 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.

VI BATTERIES - [m] X

I« 4 > M +
Add Batteries family OPZS-Hawker ~

BATTERIES DATA: Float life at °c Cycles to Failure vs. Depth of Discharge (%)
Neme Crom(AR) Voll(v) Cost) COMWEW) SOCmin(4) Selld(mon) Imex(d) Ef(%) Flosty) 10%  20%  30%  40%  50%  60%  70%  B0%  980% 100% TYPE\
Tesla: Powernall 20C 3857 0 | Ei00 El 10 2 143 918 15 26800 14400 9600 7200 5760 4600 4114 3600 3200 2600 Li
i< >
Batteries Model
@4 TR Fixed Gperation and Maintanancs Cost e Ecpivalent CO2 emissions (manufacturing ) g 002 scuiv/ Kih capacity
() KiBiaM (Marwwail-McGowan 1950) Auiliery cooling BMS... cons. AC(% ofmex Py [0 | S0 atthe hegining of simulation 5% of SOCmax

bc - o
O Copeti 1334 [Joccons Liinn batteries mesimum S0C: %

@ Sy Tesla: Powerwall 2 DC of 38.57 Ah

28,672 =
Mean (20 N om0
Temp. s Flie |mzn 2 |Meen 0 o 24576 =
= & 30,000 @
5 e s |5z Jo o oo | 2 am o G
[V]Except Schiffer madlel, cansider | on Z 1538 & & =<
Tmean>=Tiloatlife F 715 OHouw ° 20,000 2 L
12,288 3 4
Floatlfe reduces 50% foreveny{10[*Cincresse & 15,000 &
w1 ] £= T Graph s g
[]Cyele life depends on T Data 5 10,000 w
4.0%6 5,000 k&
[~] Capacity depends on T Data =
0 0o 5
. 0 10 20 30 40 50 B0 70 80 90 100
Lead-acid Aging battery model  Liion Aging battery model DEPTH OF DISCHARGE (%)
Wang etal, 2011 (LiFePO4
80572‘;3% p (L\(Fla;m) ) Nurnber of full squivalent cycles (onky > SOCmin): 28739
() Sexena etal, 2016 (LiCoOZ)
I FTE oo aE EyEIes F—
(® Painflow (cycle counting) Annual Inflation Rete expected for - . e, Varistion of Wind Batteries expected (2.9, for an expected 50% 5
T T Maurmann, 2020 [CFePad cyc+cal) Batteries Costs: * reduction an current Batteries cost introduce *-50%") %
Limitis reached in 46.4 years
Remaining capacity ot batiery end of s (%) 4

[ithere is an An AC Gen, every days or squivalentfull cycles -» charge battery bank atleastup to %

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".
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V| INVERTERS AND BI-DI CONVERTERS - O X

Add from Database [[SMas Sunny Boy Stora | v (@) Without Rectifier (charger)
O Rectifier w/o PV contraller 4 4 »> »l ey -
Include onlyVDC suitable fram family: | |STECA |+ O Rectier « MPPT Py controlier
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) -
Nams Power(WA) Lifespan () Cost(E) Batt Chargsr Imax_ch_DC{A) Ef_charger(®) demin(v) Vdcmax(v) PV bstt contoller Pmas_renfw) 0% 2% 3% ¢
2500 10 1680 OK 18 98 100 500 MPPT 2500 0 30 50
< >

If bi-di inverters include battery charge regulator, all ofthem must be ofthe same family (same control data)

Control Data, MPPT SMA: Sunny Boy Stora Max. output power in sumultaions of
30 minutes: % higher than nominal
Selem\he minimum imverter required 88
to supply the meximum AC load 80 15 minutes: %higher(han norningl
. = 10 minutes: %hlgherlhan narninal
Select invert g &
o
& 48
o
T 40
32 P e, renessiole DG » P. i ren. ©
24
16 OlenP from renew. DCto P max. ren.
8
©D\5:ardthal combinafion
[[]Propottional to 1st one: 0
Imverter rated power far 0 10 20 80 90 100

30 40 50 60 70 0
batt duration thaurs): |4 OUTPUT POWER (% OF RATED) Onlyin bi-di converters

Mazimurm power demanded by load is 1271.08%A  The inverter selected is the one of 2600 VA

0K
Average power is 13.5% of rated power of the selected imverter. Inverter average efficiency congidered will be 92.7 %

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):

MIM. AMD b2es Mo COMPOMNENTS M PARALLEL:

B ateries in parallel: kin. |1 b ax |1
P mod. in parallel: Kin. |0 M. |3
[ 2

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 could be discarded). We
define unmet load as energy not supplied neither by the autonomous system nor by the AC grid.

COMSTRAIMTS:
Maximum Unmet Laad allo-d: % annbial

Unmet load refers ta:

(®) E. not supplied by the system nor by the AC arid

tare 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 "Batt. 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 CONTROLSTRATEGIES FINANCIAL DATA RESULTS CHART

CONTROL STRATEGY AND VARIABLES TO OFTIMIZE
ENERGY ARBITRAGE: System with batteries and grid connected

Global strategy:

© Load Following Batt charged by the AC grid /f discharged if (also for Elyzer-» HZ) D Elyzer. full o

(O Cycle Charging [+ Continue upto S0C stp Price E<= €;’kWh #PriceE>= 019 |egewh []D%  (Comparewith Sel| price)
(O Try Both [ optimize strategy of grid-conneted bateries:

Yariables to optimize relative to the global strategy:

Pmin_gen Frin_FC H2ZTANK st
P1_gen F1_FC F2
. » [(Batteries can injsct electricity to the AC grid
30Cstp_gen 50Cstp_FC O S(.JCmm 11 day &t low SOC -> charge battany with AC grid Eienies ey
Poriical_gen HETANKstp Plim_charge [C]'#hen batteries are off, compensate autodisch.

DSOCmax Fix variables Wariables accuracy. =100%

lf SOCmin reached, disch. not allowed if S0C(3%) < S0OCmin(%) + El

Now the scheme of the system is:

l
Charge I

Reg. J

DC DC Sunny
AC AC | Boy
PV inverter A 4 Storage
AC

Click on “CALCULATE” button and we obtain the following:
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# Total Cost (NPC)(€) Emizsion (kgCOZ4h) Unmet(kiWhiyr)  Unmet(®) Daut CniwWh)iFpv+Pwily Ren(® LCOEE AN h) Simulate Report LY
1 234193 129225 0 0 INF 0 0 0.4012 SIMULATE.. REPORT... C
2 807.17 0 0 INF 57 421 0.408% SIMULATE.. REPORT... C
3 25153.8 703.5 0 0 INF 28 5359 0.4309 SIMULATE.. REPORT... C
4 26947.2 705.44 0 0 INF 14 5652 04676 SIMULATE.. REPORT... C
w
< >
COMPOMENTS: Batteries Tesla: Powerwall 2 DC (30,6 Ah): 15.x Tp. /f Bat. Inverter SMA: Sunny Boy Stora of 2600 WA #f Rectit. included in bi-di imverter ff PV batt
charge controller included in bi-di inverter 4 Unmet load = 0 % § Total Cost (NPC) = 23419.3 € (0.4 £/k\Wh)
STRATEGY: LOAD FOLLOWING. S0C min. 10 2. Arb.: Contral wariables for grid-connected batteries: charge (buying E. to the AC grid) if price of E. is lower than 0.07
£fkwvh: disch. (notinjecting F to the grid) if price E. higher than 0.19 £/kd4%h

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.

Hourly simulstion  Haurly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generstor Materload / PHS  MULTIPERIOD!

Electricity price (€/kWh)
02

_ L _

1 January - 2 January

E, Simulation of 1 year, all the years the same.
=
T s 14,000 _
bt =
g 200 12000 £
=
g 2 10,000 &
£ 2000 8000 £
S 1500 -
5 6,000 %
g 1,000 &
4000 E
g 5w % Z
o 4 ) 2,000
g 0 P )
e 1 January - 2 January
< Days disp
POWER CONSUMED OR SUPPLIED () Fm— See Over
Batter bank Discharge Plim Charge [Legend
0 0 O — = BATTERY ENERGYTW EH LGr
ectralyzer HR.Gr.
s0C
O [] E max disch hatt E.H2tank (HHVHZ) | R P1 SOC limi [1vGrid
/) imits Al
Battery bank Charge P critical Gen -
[] Export Energy Cap. Max. Serall
1 Elo supply FC P critical Fusl Call changs
) S0C setpoint Gen. (days)
a Wind Turb. sl
e O E boughtto AC grid [2] Fmax S0 setpoint FC Y
e
Paer ump‘ AC Generator E sold to AC grid Pmax 2 TAMK sataoint (HHY H2 S0C (01 T full ch Large:
[ Pmax input Inverter [ P mex Gen setpoint (| ) o1 ull 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 Generalor ‘Waterload /PHS  MULTIPERIOD
Electricity price (€kWh)

02
0.15
01
11 211
2 January - 2 January
E Simulation of 1 year, all the years the same.
=
E 3500 14.000
E 20007 12,000 £
4 >
% 2300 10.000 2
1 w
£ 2000 8000 =
= 1500 4 o
o 6.000 %
= 1.000 w
g s00 e . 4,000 E
1 = /s N 7
s o] S N — NN S N = 2000 ©
E 1 21
e 2 January - 2 January
< > Days disp.
POWER CONSUMED OR. SUPPLIED (W) Energy pice [“]Ses Qver
Batter bank Discharge Plim Charge [JLegend
P2 BATTERY ENERGY (Wh) [JHLGr
N O [ E-1a supply by hatt Electrolyzer 30C [IHR.Gr
i .
0 [] E. max. disch. batt E.HZtank (HHVHZ) R P1 SO limi v Grid
v imits Al
[ Export £ Battery bank Charge Fuel Cell P critical Gen. Can. M SDWH
xport Energy ap. Max.
OJ Efa supply FC P critical Fuel Cell change
Unmet Load Wind Turb I SOC selpoint Gen. (days).
n urb_
= Small
e B = E boughtto AC grid [#] Praax S0C setpoint FC :
. AC Generator Esaldio ACgrid | | Pmax
[ Pz inputnvertar [] Pmax Gen H2 TANK setpaint (HHY H2) SOC{-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%).

) Graph - O

Batteries SOC

09
0.8
0.7
0.6

0.5

soc

04

03

02

0.1

0

1151 12 132 U3 153 4 154 /5 15/ /6 1906 T 13T 18 158 19 158 17101310 1111511 1712 15112
January-December

< > 5]

[ IHorizontal Grid Caut. [Jvertical Grid Days display

Seroll change {days)-> small: |1

Cyecles 0.1-2%000: 1; 1-16%000: 270; 15-26%000: 154; 25-35%:D00: 0; 35-45%D00: 0; 45-562D00: 0; 55-656%D0D0: ; 65-75%000: 0; 75-85%000: 0; 65-95%00D0: 0;

95-100%:00D: 0

Back
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power

bonthhy Energy  Annual Energy  Hydrogen

AC Generator \Water load / PHS  MULTIPERIOD

Electricity price (€/kWh)

02 — =

0.15

01

474 54
4 April - 5 April
E Simulation of 1 year, all the years the same.
=
R 14000
= — ~—~———
i 30001 12,000 £
1 >

g 2 10,000 &
5 200 som 2
= 1500 4 =
N 6000 %
$ 100 200 £
E N o~ = TN S = o &
w 0
z 414 514
] 4 April - 5 April

> Days digp.

We can see in the results table or in the report that battery lifetime is 15 years.

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. On the main screen, CONTROL STRATEGIES tab, check "Batteries can inject

electricity to the AC grid".

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

CONTROL STRATEGY AND YARIABLES TO OFTIMIZE

Global strategy:
@ Load Following

(O Cycle Charging
() Try Both

Cartinue up to SOC stp Price E<=

Wariables to optimize relative to the global strategy:

Batt. charged by the AC grid // discharged if

ENERGY ARBITRAGE: System with batteries and grid connected

{also for Elvzer-> HZ) []Elyzer. full load

E,kah [Jo-% [ (Compare with Sell price)

€f’kWh # Price E»=

[Joptimize strategy of grid-conneted bateries:

[ Batteries can inject electricity to the AC grid

]

Pmin_gen Frin_FC HZTANKstp
P1_gen F1_FC =
S0Cstp_gen S0Cst_FC [s0cCmin
Peritical_gen H2TAMNKstp Flirn_charge

[when
DSOCmax Fix variables “Wariahles accuracy. =100%

It SOCknin reached, disch. not allowed if SOC(%) < S0Cmin(%) + EI

LT day atTow SOC > charge battens with AC grid

Batteries availakility
batteries 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

ACLOAD (W) DCLOAD(W)  H2LOAD (kgH2/h)

WATER (m3/day) FROM WATER TANK

0.7:

PURCHASE | SE

Purchase from AC grid Unmet Load {Non Served
Energy by Stand-alone system)

[ Sell Excess Energy to AC grid

)

016

[] Fixed Sell Price (fkwh) 0.1z Hourly Price

[ Fixed Buy Price ikivh) Hourly Price

[ Pr.sell=pr. buyx 0.7

Annual Inflation (32):

Fixed Pmax (ki

Optiohs

Accese Charge Price (£/4Wh

Emission (kgCO2/kiWh)

Emissions data

Fixed Cost P £/

Hourly Values

Fixed Access price (£/KWh) IC' Hourly Price
Back-up Charge Price (£/kivh)
Fixed Backup price EAWH [0 | | Houk Price

[Will be added to the E purchased) []Add negative gen. chrge

Total tax for electricity costs (buy + charges) (%) D

132

Annual Inflation (32):

Max. Power(kidd 345 =Prnax buy
Energy Generation Charge (Transter Charge) Price (£/kiWh)

Fixed Transfer price ([£/4Wh) D Houtly Price

Selt-consumption and Met bettering: []sell only
|ND MNet Metering v|

Cost of net metering service [£/KWh) EI
Buy-back: Expon E is paid at (£/kWh) EI

Total tax for electricity sold (%6): D



We accept, save the project and calculate.

# Total Cost {NPC)(€) Emission (kgCO24r) Unmet(kiwhiyr)  Unmet(®) Doaut Cniwh)APouw+Pei(y Ren(® LCOEEAMWh) Simulate Report Ca
1 252429 208654 0 0INE 28 0 04324 SIMULATE.. REPORT... €
z 25421 2088.45 1] 0 INF 1.9 1] 0.4355 SIMULATE.. REPORT... C
3 25498.5 211938 0 0 INF 57 1] 0.4368 SIMULATE.. REPORT... C
4 25627.9 2448.16 1] 0 INF 1] 1] 0.439 SIMULATE.. REPORT... C
v
< >

COMPOMNENTS: PV modules aSi12-Schott AS1100-2 (100 %p_de): 10s.x 2p. (100% PY#1: slope 402, azimuth 02) // Batteries Tesla: Powerwall 2 DC (38.6 Ah): 1s.x1p. i
Bat. Irverter Sk Sunny Boy Stora of 2500 A Jf Rectif. included in bi-diinverter ff P batt charge controller included in bi-diinverter §f Unmetload = 0% 4 Total Cost
(NPC) = 25242.9 £ (0.43 £/kih)

STRATEGY: LOAD FOLLOWING. SOC min.: 10 %%. Arb.: Contral variables for gricd-connected batteries: charge (buying E. to the AC grid) if price of E. is lower than 0.07
£4kvh: disch. {load + injecting to the grid) if price E_ higher than 019 £/kiWh

The optimum obtained is different, in this case it includes PV.

COMPONENTS: PV modules aSil12-Schott: ASI100-2 (100 Wp_dc): 10s.x 2p. (100% PV#1: slope
408, azimuth 02) // Batteries Tesla: Powerwall 2 DC (38.6 Ah): 1s. x 1p. // Bat. 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) = 25242.9 € (0.43 €/kWh).

STRATEGY: LOAD FOLLOWING. SOC min.: 10 %. Arb.: 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.

The price of kWh consumed (LCOE) is 0.43 € / kWh, higher than the LCOE of the optimal
combination of the previous project. We force to inject to the grid at peak times, increasing the
degradation of the battery, which must be replaced in few years, therefore increasing the NPC
(comparing with the case where we don’t force to inject electricity from the battery to the grid).
If the electricity price at peak period was higher, NPC could be lower than in the previous project.

In the table or in the report we can see that the battery lifetime is 7.45 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 (2 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.
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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.
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0O [] E. max disch. batt E.HZtank (HHVHZ) | R Pl o v Grid
S0C limits Ak
Battery bank Charge Fuel Cell P critical Gen_
[] Export Energy Cap. Max. Serall
E.to supply FC: P critical Fuel Cell } change
Unmet Load S0C setpoint Gen. (days)
s wind Turb_ E.max FC Small
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By clicking in the button “SOC (0-1)” we see the daily DOD is around 80% for winter:
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i Back

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".
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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 40.69 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 load 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:

Name MNom.Volt.(v) [E=) Power(Wp) CostE) CO&MEAT  Lifefyears) NOCTEC)  PowerT. coef.(%/2C) BIFACIALITY(0-1) CF
1 aSi12-Schott: ASI00x10 12 679 1000 1100 mn 25 49 -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: Float life at |20 Cycles to Failure vs. Depth of Discharge (%)

Criom [&h) | Wolt[¥) | CostfE] | C.08M S/ | SOCmin(z) [Selr d[//mnn]l Imawa) | Effz) | FIﬂale]‘ 10% | 20% | a0 | a0 | sox [ eox | 7ox [ sox | sox JJrreefweic
3360 2 100 101 0 672 | 85 18 12000 500 4250 | 3100 | 2500 | 2050 1800 1600 1500 LA

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 (%] ->
Power [Wh) | Lifespan [vr]‘ Ao, cost [E] |Batt Charger |Imax_ch DE[A]lEf_charger[l
a000 10 3840 ok [=i1] 48 48 48 MO 1E16 | 0 30

In the AC Generators screen, leave only the 1.9 kVA one:

FUEL

GENERATORS DATA:

Name Pawerlkvid) | Costig) [ C.OsMiEM] | Lifeth) | Prin (5Pr) | Fuel wpe | F.Unit [ F.Costig/ud) | F. |nl|at 1) | Emis: (kg CO2¢unit)] Afunibkw-h] | Blunicwch) | (kg |
Diesel 1.9kVA K] 800 014 10000 | 30 Diesel _lite 13 35 0.246 | 008145 110

And allow availability throughout the whole day:
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AC GENERATOR HOURLY AVAILABILITY:
Monday-Friday: Weekend:
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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:

RN AMND M Mo COMPOMNENTS IM PARALLEL:

Bateries in parallel: Min. |1 |Max |2 |

F mod. in parallel: tin. |D |Ma;-:. |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 mad. in parallel: Mir. |0 Max. |2

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 have a lower NPC and emissions).

Save and click on the CALCULATE button. We get:
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Hourly simulation  Hourly values separately  Maonthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator VWater load /PHS MULTIPERIOD

Simulation of 1 year, all the years the same.
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O [] E.mex disch. bat E Hztenk(HHVHZ) r [ P1 SOC limit Cv.Grid
7 imits A
Battery bank Charge [] P critical Gen. l
[[] Export Energy Cap. Max. Serall
Eto supply FC P eritical Fuel Cell change
Wind Turb [] SOC setpoint Gen. (days)
in urb_
R | Small:
oo u E boughtto AC grid | | Praax S0C setpoint FC T
S AC Generator E sold to AC grid Prmax BTN el TR 012 i T (s Large
[ Pmax input Inverter [ P max. Gen. setpaint { ] (0-1) ull charge
Simulation step (min): [60 [3 Back Save data Save Simulation Data Sewve Prob. Data

COMPONEMNTS: PV generator of 8000 Wp_dc (1002 PY#1: slope 400 azimuth 02). 3 x AC Generator of 1900 W, Battery bank of 161280 Wh. Bat Inverter of 8000 WA,

STRATEGY: LOAD FOLLOWING. P1gen: INF W. Pmin_gen: 570'W. Poritical_gen: 0. S0C stp_gen: 20 %. S0C min.: 20 %.

The whole load is covered all the hours of the year by the stand-alone system

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 batteries try to supply the net load, but when they are at
minimum SOC, 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. Diesel generators have a minimum output power, so if
the load is lower than its power, the surplus is used to charge the battery. 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 (using Schieffer et al. model we would
see this, as in next section).

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) .

137



F G H J K L M N o 2 Q R s -

A B c D E
Project: D:\PROYECTOS IHOGA 3.4-10-12-2022\DieselPar.hoga. Solution # 1

COMPONENTS: PV generator of 8000 Wp_dc (100% PV#1: slope 402, azimuth 02). 3 x AC Generator of 1900 W. Battery bank of 161280 Wh. Bat. Inverter of 8000 VA.
STRATEGY: LOAD FOLLOWING. P1gen: INF W. Pmin_gen: 570 W. Peritical_gen: 0 W. SOC stp_gen: 20 %. SOC min.: 20 %.

HOURLY VALUES. All power values are expressed in W (H2.load is in W referring to the HHV of H2). The SOC data of the batteries in energy (Wh).
Water tank (Water_tank) is energy needed to pump the water (Wh) while (Water_tank_volume) is the volume stored (m3),

PIIEIIr SN,

No.Gen_on s the number of AC generators that are running during this time step. Hours_eq_Gen is the number of equivalent hours (including out-of-range penalty and start-up 4 is expressed in litre. Th
Costs of purchasing energy to the grid, the fuel cost of the AC Gen. (Fuel.Cost), the cost of the external fuel used by the fuel cell (C.fuel.ext_FC) and incomes of selling E and cos#€'of buying E to the AC grid (Inc.Sell and Cost.Buy) are expressed in €. Theywe cash flow values o
10 |Load of Hydrogen (H2_load_mass) s expressed in kg/h of H2. H2 in tank (H2_Tank_mass), H2 used by fuel cell, from H2 tank (Fuel.FC) or externally purchased (Fuel.ext_FC) affd hydrogen generated by the electrolyzer (Prod_H2) are expressed in kg of H2.

11 | Hydrogen stored in H2 Tank (H2_Tank_HHV) s expressed in Wh HHV of H2

12 |pate Hour Load(W) __AC_load(W) DC_load(w) H2_load(HHV;H2_load_mas Water_load(V PV(W) Wind(W) __ Hydro(W) __Ef_turb(percf AC.Gen.(W) No.Gen_on _Hours_eq_Ge Cons.Fuellitr¢ Fuel.Cost(€) F.C.(W) Fuel.FC(kg) F
196|08-January 15:00 1848 1848 o o o 0 293678 o o o o
197|08-January 16:00  1509.84  1599.84 [ [ 0 0 204284 [ 0 [ 0 0 [ 0 0
198|08-January 17:00 217536 2175.36 [ [ [ 0 128691 [ [ [ [ [ [ [ [
199|08-January 18:00 302016 302016 o o o [ 47.8 [ 0 1162.42 1 1.08 0.4407 05729 o
200/08-January 19:00 335808 3358.08 o o o o o o o 3358.08 2 252 1.1356 1.4763 0
201/08-January 20:00 4484.4 4484.4 0 0 0 0 o 0 0 4484.4 3 3.08 1.5674 2.0377 0
20208-January 21:00 3168 3168 [ [ [ [ [ [ [ 3168 2 217 1.0888 1.4155 [
203|08-January 2200 299112 299112 o [ [ 0 0 [ o 2991.12 2 2 1.0453 1.3589 0
204|08-January 2300 106656  1066.56 0 0 o 0 0 0 0 1066.56 1 1 0.4171 05423 0
205/09-January 0:00 271.92 271.92 0 0 0 0 o 0 0 570 1 125 0.205 03835 0
206/09-January 1:00 258.72 258.72 [ [ [ 0 [ [ [ 570 1 125 0.205 03835 [
207|09-January 2:00 264 264 [ [ [ o [ [ [ [ [ [ [ 0 o
20809-January 3:00 258.72 258.72 0 0 0 0 0 0 0 570 1 135 0.295 03835 0
209|09-January 2:00 264 264 0 o o o 0 0 0 570 1 125 0.205 03835 0
210/09-January 5:00 261.36 261.36 0 0 [ [ [ 0 0 [ 0 0 0 [ 0
211|09-January 6:00 1333.2 1333.2 [ [ [ [ [ [ [ 1261.36 1 1.08 0.4651 0.6046 [
212|09-January 7:00 204864 2048.64 o o o [ 43.29 0 o 2009.39 2 2.08 0.8038 1.045 o
21309-January 800 153648  1536.48 0 o 0 0 916.86 0 o 696.46 1 117 03261 0.4239 0
21409-January 9:00 1333.2 1333.2 0 [ o 0 204924 0 0 0 0 0 0 0 0
o o o o o o o 0

215.09-lanuarv 10:00. 1359.6 1359.6 2666.95 0 0 0 0 e
simdiesel | (@) 0 >

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 et al. model for the batteries, much more precise model, which takes
into account the real operating conditions of the batteries. We select the "Schiffer 2007" model
on the batteries screen, leaving everything else unchanged:

atteries bodel
" Ah v Limodel &h

" KiBaM [Manwel-tcGowan 1933)
" Copetti 1994

Fixed Operation and Mai

Control D ata

Schiffer bat. data

getmp.J 18 Flis M0 alan wzn Jfzz Mz%a”[!m

at.

(eC) Jj22 0 a2z 5|22 020 W{1g D18

[v Except Schiffer model, consider i :IDn.

Trmean: =T flaat life e

Float life reduces BO% for every |10 Clincrease ﬁ T Graph
[~ Cycle life depends on T Q

[~ Capacity depends on T

Lead-acid battery model l Li-ion batter model ]

" 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.

1) Unmetlitdhdr)  Unmet(%) Doaut CndWh)/(Pov+Pw)( RBeni® LCOEEh) Simulate Report [N
0 0 INF 247 6312 18442 SIMULATE.. REPORT... (

# Total Cost (NPC)(€) Emission (kgCO2h

1 53731361
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This large difference in costs compared to the classical model of batteries is due to the estimated
life of the Schiffer model is 0.84 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. bat(kivh) E dizch. bat (KiWh) E elyzer. (kiwh) E gen (kiv'h) E FC(kwh) Hours eq. Gen Bat. life (yr) Hours Ch. Bat. Hours Disch. E A
3459 3550 0 54786 0 5941.09 0.84 3988 2t

Therefore, maybe another control strategy could improve the results.

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:
(") Load Following

() Cycle Charging Continue Lp ta SOC stp
(® Tiy 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%).

¥ Non-optimizable control variables (fixed value) - m] X

Walues of Power in ', HZ in kg

Pmin_gen Pmin_FC HZTANKstp_gen

(@ Prin recommended by manufact Pmin recommended by manufact Fixwalue to 0

(O Setvaluato (% of Pnom ) Setvalueto (% of Prom ) |10 Setvalueto: U
F1_gen PI_FC P2

® Calculsted value Calculated value Calculated value
Osgetvalueto: 1000 Setvalueto; |1000 Setvalugto: 1000
S0Cstp_gen S0Cstp_FC S0Cmin

(O S0Cmin recommended by manuf. S0Cmin recommended by manuf. (® SOCmin recommended by manuf

(@ Setvalue to (% SOCma): Setvalue to (% SOCmax):| 100 () Setwvalue ta (3% S0Cmax)

Foritical_gen Peritical_FC Plimit_charge

(@ Calculated value Calculated value Calculated value

etvalueto et value ta. etvalue to:
Setval Setval 1000 Setval 1000

0K

Save the project and CALCULATE.

Now the optimal combination uses the control strategy Cycle charging, continue to SOCstp. The
battery life is estimated to be 10.65 years.
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# Total Cost (NPC)(€) Emission (kgCOZ41) Unmetlkivhir)  Unmet(®) Daut Cniwh)Ppv+Pa) (i Ben(® LCOEEANWWh) Simulate Report [
1 181437.4 9221.45 2.3 0.0z INF 24.7 54.95 06229 SIMULATE.. REPORT... (
2 1852165 3509.35 0 0 INF 247 5437 06357 SIMULATE.. REPORT... (
3 186046.8 9581.15 0 0 INF 24.7 h4.28 06356 SIMULATE.. REPORT... (
4 2300985 9921.53 4.6 003 INF 485 B6.25 079 SIMULATE.. REPORT... (
5 232769.6 10204.36 0 0 INF 49.5 5565 0.799 SIMULATE.. REPORT... (
6 2333443 10235.14 0 0 INF 49,5 BE.61 0.5003 SIMULATE.. REPORT... (
7 INF 8615.27 1404 084 INF 247 BB.B4 INF SIMULATE.. REPORT... (
8 INF 9282.06 163.9 11 INF 485 5776 INF SIMULATE.. REPORT... (
9 INF 13941.03 307.3 207 INMF 495 2575 IMF SIMULATE.. REPORT... ( v
< >
COMPONENTS: PV modules aSi12-Schott ASIT00x10 (1000 Wi_dc): ds.x 2p. (100% PYV#1: slope 408, azimuth 09 4/ Batteries OPZS5-Hawker TZ5-24 (3360 Ah): 245.x1p
A2 x AL Gen, Diesel 1.9KVA 1.9%A Jf Bat. Inverter Generic: 8000 CH of 8000 WA Rectif. included in bi-di inverter /! PV batt. charge controller Generic of 177 A Jf Unmet
load = 0% /f Total Cost (NPC) = 1814374 € (0.62 £/kivh)
STRATEGY: CY'CLE CHARGING, continue up to S0Cstp. Flgen: INF. Pmin_gen: 570 Peritical_gen: INF. 50C setpoint_gen: 100 %, S50C min: 20 %

In the simulation, it should be noted that when the diesel generator set (2x1900 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 - (approx. 48V) = approx. 2880 W the battery charging power, note that battery
voltage changes during each time step and it is not exactly 48 V). 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.

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

Simulation first 11 years. 1st batteries replacement: 8 September, year 11. Batteries lifetime: 10.69 years
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< > Days disp.
POWER CONSUMED OR SUPPLIED () Doy P See Over
Batter bank Discharge Plim Charge Legend
0 0 . - e BATTERY ENERGY (wh) EH LG
ectrolyzer HRG.
S0C i
0 [] E. max. disch, bat E H2tank (HHVHZ) | R[] P1 = , Vhatery | [ Capacty | Py Grig
B S0C limits Ibatery | (1At
Battery bank Charge P critical Gen.
[] Export Energy Cap. Max. Eaciors Serall
O Eta supply FC P critical Fuel Cell . change
) [] SOC setpaint Gen. (days):
Cr o Wind Turb. 0 Cveles | Sl
S0C setpoint FC
et P E boughtto AC grid || Prax Setpal Bod Ch
AC Generator E sold to AC grid Priax Large:
[ Prazx. input Imverter D Pk @ HZ TANK setpaint (HHY H2) S0C(0-1) T.1ull charge Resist.
Sirmulation step (min): 60~ [ Back Save datal Sawve Simulation Data Sawe Prob. Data

COMPOMNENTS: PV generatar of 3000 Wp_de (100% PWV#1: slope 402, azimuth 0%). 2 x AC Generator of 1900V, Battery hank of 1681280 YWh. Bat Imverter of 8000 WA,

STRATEGY: CYCLE CHARGING. continue up to SOCstp. Plgen: INF Y. Pmin_gen: 570 %. S0C stp_gen: 100 . SOC rin.: 20 %.

Months (year battery lifetime ends) when it is not supplied the whole load by the standalone system: January February May August September November
Days when it is not supplied the whole load by the standalone system: 27/1 5/2 19/5 28/8 4/9 15/9 27111

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). 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 570 W and SOC_min 36%) and whose cost is slightly lower.

# Total Cost (NPC)(€) Emission (kgCO24r) UnmetikidhAer)  Unmet(34) Dawt Cnidwh) (P Pwity Ren(® LCOEEAWWh) Simulate Report (A
1 l 8835.83 133 003 INF 247 56.23 06084 SIMULATE.. REPORT... (
2 181437.4 9221.45 2.3 0.0z INF 247 5495 05223 SIMULATE.. REPORT... (
3 1852165 9509.35 0 0 INF 247 5437 06357 SIMULATE.. REPORT_.. (
4 1860468 9581.15 0 0 INF 247 5428 05386 SIMULATE.. REPORT... (
5 224211 9508.67 6.6 004 INF 495 57.38 0.76499 SIMULATE.. REPORT... (
[ 2300985 9921.53 46 003 INF 495 B6.25 0.79 SIMULATE.. REPORT... (
7 232769.6 10204.36 0 0 INF 49.5 55.65 0.799 SIMULATE.. REPORT... (
L] 2333443 10235.14 0 0 INF 49.5 55.61 0.8009 SIMULATE.. REPORT... (
3 INF 14167.77 556 037 INF 435 2453 INF SIMULATE.. REPORT_.. ( v
< >
COMPOMENTS: PV modules aSil2-Schott ASN00:10 (1000 Wio_dc): 4s.x 2p. (100% PY#1: slope 402, azimuth 09 # Batteries OPZS-HawkerTZ3-24 (3360 Ah): 24s.x 1p
S xAC Gen, Diesel 1.9KVA 1.9%A Y Bat. Inverter Generic: 5000 CH of 8000 %A 4 Rectif. included in bi-di inverter # PV batt. charge controller Generic of 177 A #f Unmet
load = 0.1 % /f Total Cost (NPC) = 177093.1 € (.61 £/kih)
STRATEGY: CvCLE CHARGING, continue up to S0Cstp. P1gen: INF. Pmin_gen: 570 W, Pcritical_gen: INF. 50C setpoint_gen: 100 2. SOC rin: 36 %

In the simulation we can see the performance of the optimal solution, for example the first 20
days of January.
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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 11 years. 1st batteries replacement: 24 September, year 11. Batteries lifetime: 10.73 years
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urly simulation  Haurly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen AC Generator ‘Water load /PHS  MULTIPERIOD
Simulation first 11 years. 1st batteries replacement: 24 September, year 11. Batteries lifetime: 10.73 years

260,000
5,500 Total Load
. 240,000 — Unmet Load
= = Disch. Batt
5. 220,000 — Charge Batt
= = AC Gen
E 200,000 & PV
= 2 — s0C
5 3500 180,000 7
s [
[4
= 3,000 160,000 2
z >
=
g 250 140,000 &
g E
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g 100,000
2 1000
80,000
500
U 60,000
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[“ILegend 10 January year 1
& > Days digp,

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 to 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.

Next click on “Generate” button:
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A Load and options of Selling / Purchasing Energy from the AC grid - [m] x
Data source Hours AC ]} H2 ‘Water
Minutes- h hourin 1
(@ Monthly Average () Load Profile () Import File (W, kgH2/h, m3/h) 1 M::ﬂéz- ??J‘:Er mowurm e Import Export
AC LOAD (W) DC LOAD (W) H2 LOAD (kgH2/h) WATER (m3/day) FROM WATER TANK  PURCHASE/ SELL E
onth 0-1h 1-2h 2-3h 3-4h 4-5h B-6h 6-7h 7-ih &-9h 9-10h 10-11h 11-12h - 12-13h 13-14h 14-15h 16-16h -1 A
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 o 0 0 0 0 0 0 0
MARCH 1] 1] 0 0 1] 1] 0.3 1] o 1] 1] 1] 1] 0 0 1]
APRIL 1] 1] 0 0 1] 1] 0.3 1] o 1] 1] 1] 1] 0 0 1]
MAY 0 0 0 0 1] 1] 0.3 1] o 0 0 0 0 0 0 1]
JUNE 0 0 0 0 1] 1] 0.3 1] 1] 0 0 0 0 0 0 1]
JULY 0 0 0 0 1] 1] 0.3 1] 1] 0 0 0 0 0 0 1]
AUGUST 0 0 0 0 1] 1] 0.3 1] 1] 0 0 0 0 0 0 1]
SEPTEMBER 0 0 0 0 0 0 0.3 0 0 0 0 0 0 0 0 0
QOCTOBER 0 0 0 0 0 0 0.3 0 o 0 0 0 0 0 0 0
NOVEMBER 1] 1] 0 0 1] 1] 0.3 1] o 1] 1] 1] 1] 0 0 1]
P DECEMBER 1] 1] 0 0 1] 1] 0.3 1] o 1] 1] 1] 1] 0 0 1]
v
< >
Import H2 table Scale factor for Mondlay to Friday. Scale factor for the weekend:
AVERAGE LOAD IN JANUARY (included scale factor), TOTAL 52583.43 Whiday
el Tl il ¥ M ACload ¥ [) DCload ¥ M H2 (HHY) Bl Water € pumped) |
Warighility
Daily Variability 12,000
o 10.000
Hourky Variability % 8.000
Minutes Yariakility % % % =z 6.000
Correlation minutes 4.000
2,000

AC Iad power factar (cos phi):

A load of DWAC ~ | during mm

5 [JRepeat every
from: mmElhourElday rmanth daya

OK {=Graphinstepsof B0 v i

Average daily load = 5268 kWh/day

12
hour

18

AC max. hourly active power load inthe year (inc. AC purnping): 5832 'W: Max. in 1/2 hintervals: 6244.29 '
Average hourly AC power: Active 1702.84'W: Aparent 1702.84 WA

DC max. hourly pawer load in the year: 0% DC power hourly average 0

Average hourly value of (Energy_DC_hourly/Energy_Tatal_hourly): DC Factor = 0%

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):
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VI Graph - O X

LOAD
18,000

16,000
14.000 *M
12,000 'q’
10,000 f
8,000
6,000

4,000 |

2.000

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 O
1 January

W— ACload ¥ — DCload [¥— H2 {inHHV) [P— WATER (in pump E.) |

¢ 2
[ Horizontal Grid At [vetical Grid Daws dizplay

Scroll change (days)-> small: large:

[2 Back

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 H2 in the tank at the end
of the year and at the beginning)

Price (£/kd)  Annual Inflation (3):

CHE I C

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

AT

Inverter

H2 F.C. -Elyzer) 5

! HZ2[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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VW H2 COMPONENTS - O X
Fuel Cells Electrolyzers H2 Tank

Generation of H2 by electrical energy

Data to modify the consumption and efficiency curves:

Addfrom Datobase | [Elec ~]
imit (2 ;100
< < + = Curves change in H2 mass flow limit (% of rated){ 100 |
Factor_efficiency”
Marne P. Mora(ki) Acg.cost(€)  C.O8M £ Lifespan () A (Rikadh) B (kwifkodh) P.min. (%) ~
Elecl 1 7200 a0o 20 40 10 20
Elec2 2 13500 1500 20 40 10 20
» Elec 3 15000 2000 20 40 10 2n
v
Power cansumption in stand-by: (10 % of nominal powear Availability
§ Elec1. Consumption{kW) and Efficiency(%HHV) o \Water cost [Ekg_H2). El
=, =
= = Stack replacement cost (% of acg. cost):
5 0768 60 = ) A
& w5t ; Cold start time (min]: : Each cold start equiv. to extra ageing (min)
= =
Z 4 g Lifetime and O&M costs data: Electricity DC
= o
S 2% 202 @ years and £h
]
ui
i 0 0

0 0.005 0.01 0015
H2 OUTPUT MASS FLOW (ka/h)

=
=t
=

(OHours and £k E\ectro\yzer«

Hy H.O

Mominal HZ mass flow = 0.02 kgt Itis needed atleast 0.2 KW to generate HZ

Equivalent CO2 emissions (manufacturing fuel cells and electrolyzers) kg CO2 equiv. J Ky rated power
Compression electrical consumption (kwWh electricity per kg H2): EI
[V]FUEL CELL ELECTROLYZER + H2 TANK

Annual Inflation Fate for Fusl Cells, Electralyzers and | Max. Variation of Fuel Cells, Electralyzers and H2 Tanks Cost(e.q.. for an
H2 Tank Cost: % expected 90% reduction on current cost, infroduce "-30%:") %

Lirnit is reached in 21.9 years
["]Fuel Cell and Electralyzer are connected to AC bus (by means of their inverter and rectifier respectivelly) Inwerter and rectifier data

OK

Note that, by default, the electrolyzers power consumption in stand-by (when it is not producing
hydrogen) is 10% of its nominal power, the water cost is 0, the stack replacement cost is 40% of
acquisition cost and there is a cold start time of 20 min and an extra ageing due to each start of
100 min. We leave these default data.

Clicking in “Availability” button we can see the electrolyzer will be available all the time by
default (we leave the default data), therefore when there is not enough power to run the
minimum power of the electrolyzer (20% of rated), it will be at standby (consuming 10% of the
rated power).

ELECTROLYZER HOURLY AVAILABILITY

[~o-1h “1-2h “2-3h [“3-4nh [~]4-5h [~]5-6Bh [~]6-7h [~#]7-8h !
[~]8-9h [~]g9-10h [“10-11h [“11-12h [~]12-13h [~]13-14h [~]14-15h [~]15-16h
[#]16-17h [#]17-18h [#]18-18h [#]19-20h [w]20-21h [w]21-22h [w]2z-23h [v]23-24h

| Jan. | Feb. | Mar. | Apr. V| Ma: | Jun.
J Y J

| Jul. | Aug. | Sep. | Oct. | Now. | Dec.
g p

[JMot available during no sun hours if there is PY generator

[ Mot available if calm wind during E}:onsecutive hours and there is Wind turbine

OK

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.
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W H2 COMPONENTS - O X

Fuel Cells Electrolyzers H2 Tank

Acquisition cost. 1000 £/kg of mex cap
Maximum allowed size: kg Minimum level of HE (% of max. size)

(Fuel Cellwill not run if tank lewvel lower)
[C]Hz tank size is the maximum allowed size

Capacity at the beginning of the simulation: kg
Lifespan yeara
0&M Cast s

[[1In H2 generating systems, do not consider H2 tank (costs 0, infinite allowed size)

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).

) H2 COMPONENTS — O *

Fuel Cells  Electrolyzers H2 Tank

Generaticn of Electrical Energy by Hydrogen

M| < + | -
P Momki) Ao cnst (£) C O&M () Lifespan (h) A (ko) B (kgMdwh)  Plimitef (% Pn)  Fel Pomin (%) A
0 0 0 100000 0.06 0 20 1 10
1 7000 0.2 18000 0.05 0.004 20 1 10
w
If cutput power (P) is lower than Plimit_ef (% Pn): H2 consumption (ko) = B-Prikid + AP (lKi%) Stack replacement cost (% of acy. cost) 40
If output power (P} is higher than Plimit_ef (* Pn): HZ consumption {kg/h) = B-Pn + &P-(1 + Fef(P/Pn - Plimit_ef/100)) Availability
FC1. Consumption{kg/h) and Efficiency(%LHV) Electricity DC LHY H2 = 33.3KMh/kg
2 03 e ————— 0z
= 4
o 0.064 305
= & Fuel Cell
% 0048 20 E “
=] =
o 0032 o O H
Z 102 H2L 2
3 0016 &
o 0 0 Fuelfrom
0 0.2 0.4 0.6 0.8 1 @ H2 produced by electrolyzer
QUTPUT POWER (kW)
(O Extemal

MNominal Power =1 ki Itis needed at least 11004 kgH2/h to generate electrical power

We leave this screen with "OK" and in the main screen we click "PRE-SIZING", obtaining:

HOGA *

RECOMMENDED MAXIMUM POWER:
PV Generator 24.2 kWp

AC Generator 20.2 kW

Inveter 6.2 KVA

Electrolyzer 24.2 kW; Fuel Cell 18.7 kW

ELECTRICITY STORAGE FOR 4.5 DAYS AUTON.:
(EMAXDAY.DC*1.2 = 75.7 kWh/day):
Batteries bank capacity 8866 Ah (425.6 kK\Wh)
H2 tank size: 36.3068 kg
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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:

bAIML AND MA, Mo COMPOMNENTS 1N PARALLEL:

Bateries in paraliel: Min. |1 Max. |3 |

PV mod. in parallel: Min. [0 |Max |7 |
1 2

AC Gen. in paraliel: Min. |1 Max 1] |

Save the project and then click on "CALCULATE", obtaining the following results:

# Total Cost (NPCY(E) Emission (kgCO24 UnmetkdWhial  Unmet(3) Daot CnddhiiP e+ Pa) i Ren(® LODE L/ h) Simulate Report Ca
1 1709228178245 15 005 INF 71 9886 04158 SIMULATE . REPORT _ C
2 1753445 2106.59 5 0.02 INF FARNN:TE: 0.4264 SIMULATE.. REPORT... C
3 176711.7 2596.84 13.1 005 INF .2 9681 04299 SIMULATE.. REPORT... C
1 183524 3476.54 243 012 INF 39 9259 04467 SIMULATE.. REPORT.. C
5 196570.4 2691.59 20.7 0.08 INF B2 9617 04592 SIMULATE.. REPORT... C
5 199666.8 2793.44 19.8 0.09  INF 7.1 9674 0.4664 SIMULATE.. REPORT... C
7 201468.1 3314.16 28.1 013 INF 82 9374 04703 SIMULATE.. REPORT.. C
B 202266.5 2265.65 0 0 INF FARNN:T: 0.472 SIMULATE.. REPORT... C
g 207933 2064.06 0.1 0 INF 141 9957 U505 SIMULATE. REPORT... C

< >

COMPOMNENTS: PV modules aSil 2-Schott: ASN 0010 (1000%Wp_de): 4s.x 7p. (100% PV#L: slope 402 azimuth 0% 4 Batteries OPZS-HewkerTZ5-24 (33680 Ah): 24s5.x 1p
f1 xAC Gen, Diesel 1.9KkVA 1 9WA Y Fuel Cell FC1 of 1 kW Electraliz. Elec? of 2 kW, H2 tank of 2.029 kg /f /' Bat. Inverter Generic: 8000 CH of 8000 %A /f Rectif
included in bi-diinverter / PV batt. charge controller Genericof 618 A4 Unmetload = 0.1 % /# Total Cost (NPC) = 170922.8 £ (0.42 £/kMWh)

STRATEGY: LOAD FOLLOWING. P. lim. charge: 12769.3%. AC Gen first, FC secand at discharge atlow power. Plgen: INF. P1FC: 5080.4%. P2 767.6 W, Prmin_gen: 570
W Pmin_FC: 100, Pritical_gen: 0%, S0C setpoint_gen: 20 %, SOC min.: 20 %, HZTANK stp.: 0 kgH2,

The optimal solution (first row) includes 28 modules (4s x 7p) of 1000 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 2.03 kg.

Click on “SIMULATE” of the first row. Check the boxes “AC” and “H2” to see the AC and H2 load.
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Hourly simulation  Hourly velues separately  Monthly and Annual Average Power  Manthly Energy  Annual Energy  Hydrogen  AC Generator ‘Waterload /PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

80,000
170,000
75,000 AC Load
70,000 ——‘—________‘____/—*______ 160,000 H2 load (HHV)
£ 65,000 150,000 Unmet Load
= — Disch Bat
= 60,000 140,000 = Charge Batt
5 = -
p : EEE 130,000 g 2\? Gen
g 120,000 % == Electrolyzer
2 45000 &
110,000 & Fuel Cell
= 40,000 100,000 & — H2 tank (HHV)
= 35000 = = soc
g 90,000 &
< 30,000
g 80,000 E
25,000 3
g 20,000 70,000
g 15000 60,000
10,000 50,000
5.000 40,000
0 g lii—— ————————— — — 30.000
0o 1 2 3 4 5 & 7T 8 9 W 1 12 13 14 15 16 17 18 19 20 21 22 23
Legend 1 January
< > Days disp
POWER CONSUMED OR SUPPLIED () E— Ses Over
O Batter bank Discharge [ Plim Charge Legand
I I O = ] e2 BATTERY EMNERGY (wh) g HLGr.
] ] /| ectiolyze HR.Gr.
s0C
= [] E max disch. batt E.HZtank (HHvHZ) [Jr §J P1 SOC limit Ov.Grid
] imits Alt
Battery bank Charge || [] P critical Gen. D
[] Export Energy Cap. Max. Scrall
[ Eto supply FC P critical Fuel Cell change
wind Turb O D S0C setpoint Gen. (days):
n urb_
R O Stmall
Water P U E boughtto AC gricl | Praax 0 SOC setpoint FC
e AC Generator EsoldioACqrid  Pmax
[ Pmax input Invartar [] P max Gen [ He TANK. setpaint (HHY H2) SOC(0-1) | T.full charge
Simulation step (min): (60~ [2 Back Save date Save Simulation Data Save Prob. Data

COMPONENTS: PY generatar of 26000 Wp_dc (100% PV#: slape 402, azirmuth 0%). 1 = AC Generator of 1800 Y. Fusl Call of 1000, Electralyzer of 2000 W. H2 tank of 2 ky. Battery bank of 161280 Wh. Bat.
Inverter of 8000 VA,

STRATEGY: LOAD FOLLOWING. P_lim. charge: 12769.3 W, P2: 767 6 W, P1gen: INF . P1FC: 5080 4. Prin_gen: 570 W. Pmin_FC: 100W. AC Gen. first FC second at discharge at low power
Poritical_gen: 0% SOC stp_gen: 20 %. S0C min - 20 %. HZTANK stp.- 0 kg H2

Months when it is not supplied the whole load by the standalone system: April November December
Days when it is not supplied the whole load by the standalone system: 4/4 11/4 19711 20/11 26/11 27/11 28/11 3/12 412 5/1210/12 117212 12112 19712 25/12 27112 31/12

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):
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Manthly Energyy  Annual Energy  Hydrogen  AC Generator \Water load / PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.
20,000

170,000
AC Load
160,000
18,000 150000 H2 load (HHY)
Unmet Load
_ 16,000 140,000 . — Disch. Batt
g 130,000 & == Chargs Batt
< 14,000 120,000 5 — AC Gen.
=
H 110,000 & v
« 12,000 v = Electrolyzer
w 100,000 iu Fuel Cell
g 10,000 20,000 = — H2 tank (HHY)
80000 5 — 50C
§ 8.000 70000 =
g 50,000 &
5 & 50,000 F
=
40,000 &
4,000 R A —— / 30.000
___________________ 20,000
2,000 - =zl ,
b / 10,000
~e .
IS T S A N R A
o 1 2 3 4 5 6 7 8 9 W M 12 13 14 15 16 17 18 19 20 21 22 23 0
[“Legend 1 January
< > Days disp
POWER CONSUMED OR SUPPLIED (W) E— See Over
(] Batter bank Discharge L] Plim Charge L Legend
O Evi= " [] P2 BATTERY ENERGY (Wh) gHLGr
v M il HR.Gr
soc
[] E max disch. batt E.H2tank (HHY HZ) [V]R P1 = [v.Grid
O S0C limits A
D E HE Battery bank Charge P critical Gen. C M Srall
xport Energy ap. Max.
O [ Eto supply FC P critical Fuel Cell . change
i T O [] sOC setpoint Gen. (days):
n urp.
R O Small
\Water P n E houghtto ACgrid | | Prex 0 S0Csetpoint FC ;
S AC Generator EsoldioACgnd | Pmax . Large
[ Pmas input Imverter [ H2 TANK setpaint (HHY H2) 50C (0-1) T.full charge
[1 P max. Gen.
Simulafion step (min): B0 v 2 Back Save data; Save Simulation Data Save Prob. Data

COMPONENTS: P\ generator of 26000 Wip_de (1002 PV#1: slope 40%. azimuth 02). 1 x AC Generator of 1900%. Fuel Cell of 1000'W. Elactrabyzer of 2000, H2 tank of 2 kg. Battery bank of 161280 Wh. Bat.
Inverter of B000 VA,

STRATEGY. LOAD FOLLOWING. P. lim. charge: 12763.3 W, P2 767.6\W. Plgen: INF Y. P1FC. 5080.4 . Pmin_gen: 570 Y. Pmin_FC. 100 W. AC Gen. first FC secand at discharge at low power,
Peritical_gen: 0. S0C stp_gen: 20 %. S0C min.: 20 % H2TANK stp.: 0 kg H2

Months when itis not supplied the whole load by the standalone system: April November December

Days when it is not supplied the whole load by the standalone system: 4/4 117419711 20/11 26/11 27/11 28/11 3/12 41125012 10{12 11/1212/12 19112 25/12 27/12 31{12

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 21 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.

149



Hourly simulation  Hourly velues separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AG Generator ‘Waterload /PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

20.000 4 170,000
AC Load
160,000
18.000 1 150,000 H2 load (HHY)
: Unmet Load
_ 16,000 140,000 — Disch. Batt
g 130.000 & == Charge Batt
< .00 120,000 = AC Gen
] = PY
= 110,000 &
= 12,000 u =+ Electrolyzer
g 100,000 & = Fuel Cell
% 10,000 90,000 E — H2 tank (HHV)
80,000 5 — S0C
§ 8,000 70000 =
g 60,000 E
5 6.000 \ 50,000 |
=L
40000 &
4.000 4
30,000
2,000 4 el — et ————— S 20,000
== .~ ~ 10,000
(=s=ssmss == = et L 0
o 1 2 34 5 6 7 8 9 40l 11 12 13 14 15 16 17 B 19 20 24 22 23 0
[ALegend 2 February
< > D Days disp.
POWER CONSUMED OR SUPPLIED (W) m— Sea Over
O Batter bank Discharge O Plim Charge Legend
0 Elecral [ r2 BATTERY ENERGY (Wh) EH.L.GL
] ] ectrolyzer H.A.Gr
s0C
0 [] E. max disch. batt E.H2tank (HHVH2) R [ P1 o [JvGrid
S0C limits [
[ Export E Battery bank Charge Fuel Cell [ P critical Gen. Can. ool
xport Energy ap. Max.
[ E to supply FC P critical Fuel Cell i change
- Wind Turb. [ E mex FC O D S0C setpoint Gen. (‘é‘fx:)”.
Watsr P Eboughtto ACgrid | | Praax 0 S0C setpoint FC
el AC Generatar EsoldtoACgrid  Pmax Lorge
Priax inputInverter H2 TAMK setpmint (HHY HZ SOC({D-1)| | T.full charge
B [ Pmax Gen F

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:

IF 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 IS LESS THAN LOAD: DISCHARGE

If the power not supplied to meet the load is lower than P1FC = 5080.4 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
Generatar, otherwise the rest will be supplied by the Fuel Cell.

If the power not supplied to meet the load is higher than P1FC = 5080.4 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 < Pecritical_gen = 0 W, AC gen. runs at full power (without excess), charging
the Batt. (this hour and the next hours} until 20 % SOC 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 < Pertical_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):
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GENERAL DATA | OPTIMIZATION COMNTROL STRATEGIES

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 {NPC)(€) Emission (kgCD2An UnmetkWhii)  Unmet(®z) Doaut CniwhiiPpw+Peiiy Ren(> LCOEEMAWH) Simulate Report A~
1 170893 177433 11.3 005 INF 71 98.87 0.4157 SIMULATE.. REPORT.. C
2 1753445 2106.59 5 0.0z INF 710978 0.4264 SIMULATE.. REPORT... C
3 176711.7 2598.84 131 006 INF 8.2 95.81 0.4299 SIMULATE.. REPORT... C
4 183524 3476.54 243 012 INF 99 3259 0.4457 SIMULATE.. REPORT... C
5 194832 .9 263551 131 02 INF 82 96.08 0.4556 SIMULATE.. REPORT... €
[ 199479.8 2776.28 19.8 0.0%  INF 71 958 0.466 SIMULATE.. REPORT... (
7 199830.5 1975.36 0 0 INF 71 986 0.4663 SIMULATE.. REPORT.. ¢
8 2012954 3297.73 28 013 INF 8.2 9382 0.4704 SIMULATE.. REPORT... ¢
9 207649 2056.65 0.5 0 INF 141 9957 05053 SIMULATE.. REPORT... C v
< >
COMPOMNENTS: PY modules aSi1 2-Schott AS1100x10 (1000 Wh_dc): 4s.x Pp. (100% PY#1: slope 402, azimuth 0%) / Batteries OPZ5-Hawker TZ5-24 (3360 Ah): 245, x Tp.
{1 xAC Gen. Diesel 1.9k0A 1.9WA Y Fuel Cell FC1 of 1 kW Electroliz. Elec? of 2 kW, H2 tank of 2106 ko 4/ Bat. Irverter Generic: 8000 CH of 8000 VA Rectif
included in bi-di inverter 4/ PV batt. charge contraller Generic of 618 A Unmetload = 0.1 % /f Total Cost (NPC) = 170893.5 € (0,42 £4Wh)
STRATEGY: LOAD FOLLOWING. . lim. charge: 12784.3%. AC Gen. first. FC second at discharge at low power. Flgen: INF. F1FC: 5080.4%. FZ: 614.1 %, Pmin_gen: 570
W Prain_FC: 100 W Poritical_gen: 0%, S0C setpoint_gen: 20 %, 50C min.: 20 %, HZTANK 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.

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.

We can minimize 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. 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.
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COMPOMNENTS
PV panels

[|'wind Turbines
[ Hydro Turbine
Battery bank

AC Generator

TV

Inverter :h_!_f

[JH2 (F.C. -Elyzer) e

Then, in the main screen, tab "OPTIMIZATION", mark "TEMPORARY INTERVAL: LESS THAN ONE
YEAR ..." and leave marked "MINIMIZE TRANSPORT WEIGHT ".

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

OPTIMIZATION TYFE:
() TEMPORARY INTERWAL: ALL USEFUL LIFE OF THE SvSTEM (FIXED INSTALLATIONS)

[ @ TEMPORARY INTERWAL: LESS THAN OME YEAR (TRANSPORTABLE FACILITIES, OMLY FOR PY-DIESEL-BATTERIES) ]

[@ MINIMIZE TRANSFORT WEIGHT ] COMINIMIZE COST (TRANSPORT+ )
Interval starts: Manth: Day: MNurber of days: krn

Diesel density: kg/m3; Min.to transport: lires;  Transport cost £ftan/km
Extraageing: PV panels: %. Batteries: %; Generator: EI % Inverer. EI %

Distance:

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%:

V' BATTERIES - [m] X
] < =
Add Befteries family | |OP25-Hawker ~]
BATTERIES DATA: Float life at[20 | °c Cycles to Failure vs. Depth of Discharge (%)

Name CnomfAh) Volt() Cosi€) COMMEA) SOCmin(%) Selld(*#/mon) Imax(&) Efi(%4) Floair) 10%  20%  30%  40% 50%  60%  70%  60%  40% 100% TYF A
OPZSHawker TLS-3 180 2 127 127 20 3 36 85 16 12000 G500 4350 3100 2500 2050 1800 1600 1500 1000 LA
OPZSHawker LSS 270 H 178 178 20 3 54 85 16 12000 BS00 4350 3100 2500 2050 1800 1600 1500 1000 LA

3 Zero i 2 0 0 20 0 0 100 100 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 LA

v
g >
Batieries Madal
@ Ah [7] Lision madel A Fixed Operation and Maintenance Cost Efr Equivalent COZ emissions (manufacturing..). |55 ke CO2 eduiv { KWh capacity
) KiBaM (MarwelhcCowan 1353) Auxiliary cocling, BMS... cans, AC (% of max P): [0 | ([ soc atthe kegining cfsimutation % of S0Cmax
O Copeti 1934 [Joc cans. Li-ion batteries maximurm SO %

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.
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# Cost (£) Emizzion (kgCTOZ4r Unmetlkihir)  Unmet(>e) Daut Cniwh)Pov+Pa)ly' Ben(® LCOEEAMh) Simulate Report (A
1 72 9.03 0 0 179 52 100 0595 SIMULATE.. REPORT... (
2 5.7 9.03 0 0 INF 52 100 0625 SIMULATE.. REPORT... (
3 76.3 9.16 0 0 268 77 100 06305 SIMULATE.. REPORT... (
4 81.2 11.23 0.3 027 INF 66 98.7% 06708 SIMULATE.. REPORT... (
5 79.8 9.03 0 0 INF 52 100 06532 SIMULATE.. REPORT... (
[ 759 7.46 03 025 268 99 3375 06271 SIMULATE.. REPORT... (
7 80 916 0 0 INF 77 100 06606 SIMULATE.. REPORT... (
8 81.8 10.31 02 016 INF EE 9843 0676 SIMULATE.. REPORT... (
9 81.2 8.63 01 005 INF 9.9 5967 06708 SIMULATE.. REPORT... ( -
< >
COMPOMNENTS: PV modules SiP12-TAB:FY-135-mod (135 Wp_dc): 45 dp. (100% PV#L: slope 408 azimuth 0%) /f Batteries OPZ5-HawkerTLS-3 (180 Ah): 245 x Tp. )¢
Bat. Inverter STECA: *PC 1600-45 of 1600 A /f FY batt. charge confroller. STECA: P TARCOM 4085 of 85 4 Jf Unmetload = 0 % /f Cost= 72 £ (0.59 £/kwh); Weight 1363.2
ki
STRATEGY: LOAD FOLLOWNG. SOC min.: 20 %

In the last column of the table we can see the transport weight:

Weight (kg) ~
1363.2
1545.2
1641.6
1665.7
1752.2
1763.2
1823.6
18731
19449

oo oo oo o oo

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 drops to 50% (to start the simulation of
the period we are interested in).

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.

1,500 9.500
1400 2,000 Total Load
1,300 {7 - - I . - - 8,500 Unmet Load
z 8000 = Disch. Batt.
g 12 — Charge Batt
£ 1100 7.500 By
= _—
= 1,000 7.000 £ - s0C
w
E 900 6.500 =
g 6.000 &
= 5500 =
g 700 =00
5 5000 &
2 600 w
£ 50 4500 £
E 4000 &
w40 3.500
5 3,000
o g
200 2,500
100 i ' ll ! [ l 2,000
0 Al 4 500
28 29 30 1 2 3 4 5 6 7
[Legend June-July
< > Days disp
POWER CONSUMED OR SUPPLIED (W) — See Over
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERG (wh) [CHLGr
O 1 O Electrolyzer soc CIHRG:
0 [] E. rmax disch. batt E.HZtank (HHVHZ) | R [ P1 0 limi [ Grid
o imits Al
[ Export E Battery bank Charge Fuel Cell P critical Gen. Can. M sljcmu
xport Energy ap. Max.
1 E.to supply FG P crftical Fuel Cell . change
e £ max PO [[] sOC setpaint Gen. (cleys)
n L ; Srnall
— O T 300 setpoint FC :
sierrump AC Generator EsoldtoACorid  Pmax ; Large:
[ Pmasc input Inverter ] Pmax Gen H2 TANK setpaint (HHY H2) S0C (0-1) T full charge
Simulation step (min): 60~ Back Save data; Sawe Simulation Data. Save Proh. Data.

COMPONENTS: PV generator of 2160 Wp_de (100% PY#1: slope 402, azimuth 0%). Battery hank of 8640 Wh. Bat Inverter of 1600 WA

STRATEGY: LOAD FOLLOWING. SOC min. 20 %

The whole load is covered all the hours of the year by the stand-alone system
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42. Optimization of a system with AC grid connection in which the AC grid is unavailable during
certain periods of time.

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

[]Hydro Turbine
Battery bank

AL Generator

[ W £130\

Inverter

[CIH2 [F.C. - Elyzer.] ﬂ‘,

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”.

COMSTRAINTS:

b amimurn Unmet Load allowed: (|0 I % annual
Inmet load refers to:
() E. not supplied by the stand-alone system
@ E- rof supplied By the spstenm nor By the L gnd

Maore Constraintz

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%:
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1 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 is
azgigned infinite cost):

Maximum Unmet Load allowed: EI % of annual load
[Max. energy not supplied by the stand-alone aystem nor by the AC grid)

inirum number of days of autonomy [batteries+hidragenl): daps

[[~] if there is AC generatar or fuel cell using external fuel ar purchasing unmet load from AC grid is allowed, number of days of autonomy = infinitum]

Mominal capacity of batteries bank [&h] < # [shortcut current of P generator + current from Wind Turbines gruop at 14m/s] [4)
[[] if there is AT generatar or fuel cell using external fuel or purchasing unmet laad from AC grid is allowed, do nat take into account this constraint])

[Minimum renewable fraction: | ]
b aximurm Levelized Cost of Energy: £/kwh

i

0K

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.

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

Purchase from AC grid Unmet Load (Non Served |:| Sell Excess Energy to AC grid AC GRID AVAILABILITY ]
Energy by Stand-alone system Friority to supply E not covered by renewables:
] - Fired Sell Price @Mah) | 012 Hmmily i A PR verEaY k
Fixed Buy Price (E/kih) Hourly Price O . () Storage/Generator (@ AC Grid
Pr.sell = pr. buy x -
Annual Inflation (%) Emission (kgCO27kiwh) (]St fGen priority if PrbuyE »= E'
Emissions data Annual Inflation (%) F !
4 £, Mex Power(k) 3 [Z]=Pmaxbuy 7] Sell surplus H2 in tank (difference
between the H2 in the tank at the end
Haurly Values Energy Generation Charge (Transfer Charge) Price (£/kiWh) of the year and at the beginning)
Fixed Transter price (£/kwWh) l:l Hourly Price
Hourly Price Sel-consurnption and MNet Mettering: [ sellanly 1 3
Backeup Charge Price (EAMWH) [No net metiering >
Fixed Back-up price (E/kh) D Hourky Price Cost of net metering senice g |0 Sr?‘altznj?::p:;i\gmifgnﬁ? supply
tMillbe added o he & purchases) 4 nooetive en. charge Buy-bock: Expor E s paid at @y |1 | ! :
g gen. g y-back: Bxport B is paid ot ) Total costinstallation of AC grid: 3000 £
Q&M annual cost of grid £
Total tax for electricity costs (buy + charges) (2) D Total tax for electricity sold (%) D Losses in wire and transformer (%]): El

Suppose that the AC grid usually fails every day, from 19 to 21 h. To indicate this data, click the

button =~ A-FRPARLILTY T 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".

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.
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AC GRID HOURLY AVAILABILITY
AC Grid Availability Data

& Hourly, all days the zame
" From file (8760 hourly values. Each row: 1-» availabe; 0-» not available)
" Random generation of non-availability:

W 0-1h W 1-2h v 2-3h W 3-4h W 4-5h W B-Bh v E-7h W 7-8h
M 8-9h M 9-10h M 10-11h M 11-12h # 12-13h W 13-14h ¥ 14-15h ¥ 15-16h

W 16-17h M 17-16h M 18-19h | 18-20h [T 20-21 M 21-22h ¥ 22-23h W 23-24h

[ v il priarity is AC grid and the max. power of the renewable source is lower than ‘ZU % of the marimum load,; ]

when the AC gird is available, fully charge the batteries

1= Draw 0K

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 "ZERO" selected in the drop down above, click on "Add from database":

1 INVERTERS AND BI-DI CONVERTERS

| &dd from Database | [zEro v

In this way we have added an inverter of 0 VA and cost O, 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.

Al INVERTERS AND BI-DI CONVERTERS - O x
Add from D atabase |ZEF|D ~ (@) without Rectifier [charger)
() Rectifier w/o P batt. controller 2] ‘ - | > | >l | +* | = | - ‘ | | 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_ch.DC[A]lEf_charger[%]|\u"DCmin[\f']|\u’DCmax[\u’]|F‘\u"batt. contmllalleax_ranM] | ‘ 0% |!f -
STECA: XPC 160042 1600 10 1440 ok 20 a8 48 48 MO 1E16 0
» 0 100 o ND 0 100 105 2000 NO 1E15 100
v
< >

I bi-di inverters include battery charge regulator, all of them must be of the same family [same control data)

Control Data [IMPPT 7ERO

Max. output power in sumultaions of

30 minutes: % higher than nominall

18 minutes: | 30

[] Select the minimum inverter required
ta supply the maximum AL load

% higher than nominal

Select inverter

higher than nominal

<=h minutez % higher than nominall

EFFICIEMCY (%)
=
=

B A A A A A A A AR R
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.
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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.

15
a0

OPTIMIZATION METHOD:

(O GEMETIC ALGORITHMS

1 PARAMETERS OF THE OPTIMIZATION

(®) EVALUATE ALL COMB

[ EVALUATE ALL COMBINATIONS: ]

Digplay best:

We accept and return to the main screen.

Futation Uriform

Save the project. In the main screen, click on "CALCULATE".

After a few seconds, the results are as follows:

GENERALDATA OPTIMIZATION CONTROL STRATEGIES FINANCIALDATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 540. Time: 32"

MAIN ALGORITHM (OPTIMIZATION OF COMPONENTS)

POV Cemimainme fleafud

24,576 [ m PP S ottt RELD)
23 552 1,152
W P 1,024
g 896
% 21,504 768
9 20,480 540
2 -
T 19,456 912
384
18,432
256
8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 V2 76 B0 84 B8 92 96 100
Solution # (sorted from best to worst)
[]Show diagram
# Total Cost (NPC)(€) Ermission (kgCO2hr Unmetlkihiel  Unmet(3) Doaut Cndwh) P Peily Fen(® LOOEEWh) Simulate Report Ca
1 179931 259.02 0 0 INF 88 B7ES 06125 SIMULATE.. REPORT... €
2 18086.6 265.83 0 0 INF 10.3 6582 06157 SIMULATE.. REPORT... C
3 18279.7 259.02 0 0 INF 8.8 67.55 06222 SIMULATE.. REPORT... C
4 183732 265.83 0 0 INF 10.3 BB82 06254 SIMULATE.. REPORT... €
5 18421.1 260.04 0 0 INF 66 6956 0627 SIMULATE.. REPORT... C
B 18651.5 261.81 0 0 INF B4 69.36 06349 SIMULATE.. REPORT... C
7 18707.7 260.04 0 0 INF GE B95E 06368 SIMULATE.. REPORT.. C
L] 18733.4 309.57 0 0 INF 133 6053 06377 SIMULATE.. REPORT... C
9 18910.2 259.02 0 o INF 8.8 G755 0.6437 SIMULATE.. REPORT... C
W
< >

STRATEGY: LOAD FOLLOWING. SOC min.: 20 %4,

COMPONENTS: PV modules aSil2-Schaott: ASN00 (100%Wp_dc): 45 3p. (100% Pv#1: slope 40%, azimuth 0% §f Batteries OPZ5-Hawker TLS-3 (180 Ah): 24s.x 1p. §f Bat
Inverter STECA: XPC 1600-48 of 1600 %A ## P batt. charge confroller. STECA: TARORM 440 of 40 A 4 Unmet load = 0 % /f Total Cost (NFC) = 179931 £ {0 51 £/kiWh)

We can see that the optimum system includes PV 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 plus the access charge); if that price was sufficiently low the optimum system

might not include PV generator.
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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 (19-21h). 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.

Haurly 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.

850 9.500
800 8,000 Total Load
_ 780 ‘\ 8,500 gnm:x ;n?‘d
= 8.000 = Disct atl.
g 70 — Charge Batt
= 650 7.500 PV
= 600 7.000 £ Buy E from grid
i —soc
w550 6,500
£ 500 e}
g 5,000 &
< 450 z
= 5500 2
g
= 400 5.000 &
2 350 4500 |
g m E
o 250 4000 &
4 / 3,500
g a0 A /
g 150 SN ) 3.000
100 N 2,500
50 ., 2,000
0 1,500
4 5 6 7 8 9% 10 1 2 23 0 1 2 3 4
[“Legend
< > Days disp
POWER: CONSIUMED OR SUPPLIED (W) — [JSee Over
Batter bank Discharge Plim Charge Legend
O O O - o BATTERY ENERGY (Wh) EHLGr
ectrol yzer HRGr
7] soc
O [] E. max disch. batt E H2tank (HHYH2) | R[] P1 SOC it [J.Grid
] imits Al
Battery bank Charge P critical Gen. O
[] Export Energy Cap. Max_ Scroll
Elo supply FC P critical Fuel Cell change
. [[] soc setpoint Gen. (days):
n urb.
5 Small
it O E boughtto AC drid [ Prax S0C sstpoint FC
SIAIFAEY AC Generator E sold to AC gri Prizix 2 TANK setpoint (HHV H2 200 01 T iullch Large
[] Pmax. input Inverter [ P mex Gen setpaint | ] (0-1) ull charge
Simulation step (min); |80 v I3 Back Seve data, Save Simulation Data Save Prob. Data

COMPONENTS: P generator of 1200'Wp_dc (100% PW#1: elope 40%, azimuth 07), Battery bank of 8640 Wh. Bat. Inverter of 1600 WA,

STRATEGY: LOAD FOLLOWING. SOC min.: 20 %. . Priority to supphy net load with AC grid

The whole load is covered all the hours of the year

We can observe that the first solution without PV generator is the number 28, with a
configuration only with AC grid and batteries (plus inverter).

27324 u U INE EERER] Uaded SIMULATE . HEPOHIT . C
65592 1] 0 INF 0 0 07301 SIMULATE.. REPORT_.. C
v

< >

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.
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Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator YWaterload /PHS  MULTIPERIOD

Simulation of 1 year, all the years the same.

1,300 8,500
1,200 8,000 Total Load
8,500 Unmet Load
z 11004 8000 — Disch. Batt.
= 1.000 4 == Charge Batt
= 7.500 Buy E from grid
i 9001 7.000 g - S0C
E a0 6500 &
=1 ©
3 5,000 &
700 w
z 5500 F
= E
A 600 5000 &
w
< 500 4500 £
% 400 4000 &
g a0 3,500
e 3,000
& 200
2,500
1004 2,000
0 — 1,500
4 5 6 7 8 9 10 " 12 13 14 13 16 17 23 0 1 2 3 4
[“Legend 1 July
< > Diays disp
POWER CONSUMED OR SUPPLIED (W) B e [[]see Over
Batter bank Discharge Plim Charge Legenc
P2 BATTERY ENERGY (Wh) [IHLGr
1 | | Electrolyzer [IHRGr
0 [ E- mex disch. batt E. H2 tank (HHY H2) r [P [ Grid
Alt.
Battery bank Charge P critical Gen. O
[] Export Energy Cap. Max. Serall
O E 1o supply FC P critical Fuel Cell change
- [] SOC setpoint Gen_ (s
R Wind Turb. P v I
o E bought to AC arid [] Prax S0C setpoint FC
e . une AC Generator E sold to AC grid Pmax Large
[ Pmax. input Inverter [ 7 mew. Gen H2 TANK setpoint (HHY H2) SOC(0-1) . full charge
Simulation step (min): B0~ Back Save data Save Simulation Data. Sawve Prob. Data

COMPONENTS: Battery bank of 8640 Yh. Bat. Invertar of 1600 WA,

STRATEGY: LOAD FOLLOWING. SOC min. 20 %. . Priority to supplhy net load with AC grid

The whole load is covered all the hours of the year

43. Multi-period optimization.

Open “Prl.hoga” project and save it as “Pr1-Multiperiod.hoga”. In the upper menu, Project-
>Options.

Select “Mutiperiod: simulate all the years of the system lifetime...”
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MAIN OPTIONS:

Sirnulation and optimization:

(O Sirmulation of the 15t vear and extrapolate results

[ @ tultiperiod: simulate all the years of the system lifetime | years) Options ]

Economic optimization:

(@ Minimize Met Prasent Cost (NPC). usually for oft-grid systerns and high load on-grid > (@ Min. NPT
() tin. LCOH
O taximize Met PresentWalue (MPY), usually for low load or no-load on-grid systems > |
P, ME
tin. LCOE
tin. LCOH
Max. Cap.F. min. LCOE
tax. IRR
[J'hen saving the project update all the results of the table to the present conditions
Mumber of decimal places in results of costs 1 ~
MNumber of decimal places in results of energy 1 ™~
OK
Then click in Options button.

MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS: e g PURCHASEE pricaine v | Average (%): Std. dev. (%):
Show in the simulation during one year: Obtain random values for Inadiation variafion over ave ~  Average (%) D Std. dev. (%):
(@) Aerage year Annual increase in prices and load (%) / Variation over average in resources (%) / O&M PV - WT (%):

Vear PurchE.  Sel € SelHZ I AC  heDC e HZ  IeW.  med.  Wind  OMP. OMW.  *
(O Year number. 1
1

Annual increase in slechicity and H2 price: [ Fixed :

(iffixed, same values as price inflations of LOADYAC GRID) 3

AC grid Electichy. Purchass(3 | % Sl 4
Hesold 3 |%  [JEachyeardif houtlysallprics: | Ui | | 5

[CHourly buy price = SEH)(E' 5

Annual increase inload consumption:  [] Fixed 2

H2 % “Water: % 9
0 Forvariable unselect "Fixed" Forvariable unselect "Fixed" Uncheck "No ch  Uncheck "Fixed

Annusl decrease in generation 1
Py Istyear % oteryems [ s 1
Wind Tubines: |1 % T

14
Hydro Turbines El%

15
16

Eattery end of ife when capacity reduction ot |20 %
17

Annual variafion over average in resources: [ Mo change
18

Annugl O&M for PV and Wind T[] Fixed | — | Bd

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 energy is not bought or sold).

Also, an annual increase in the load consumption of 1% is considered (each year the load is 1%
higher than the previous year).
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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 lost 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.

MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS:

Shaw in the simulation

@ Acrage year

(Ovearnumber,

during one year.

1

Annual increase in electricity and H2 price;

Fixad

Obtain random walues for PURCHASE E. price inc.

| Average (%) Sta. dev. (%)
Inadistion variation over ave ~ | Average (%): El Sid. dev. (%):

Annual increase in prices and lead (%) / Variation over average in resources (%) / O&M PV - WT (%):

Obtain random walues for

ear

Purch E. SellE SellH2 Inc. AC Inc. DC Inc.HZ e W Inad Wind  OMP. OMW.

~

w
I

(it fixed, sarme values as price inflations of LOAD/AC GRID)
A grid Electricity: Purchase. %, Sell
H2 sold: % [CJEach year diff hourly sell prica

[ Howrly buy price = selix[1 |
Annualincreass in lnad consumption:
AC T % De 3

ater 1 % k] 1 1 1 1
Forvariable unselect "Fixed"

RS

Data

@

.

Hz | %

Uncheck "Mo ch"  Uncheck "Fixed

Annual decrease in generation i 1 1 1 1

Py Tstyear. °/° 12 1 1 1 1

Wind Turbines: 1 |% 13 1 1 1 1
14 1 1 1 1
Hytlro Turbines El%

% otheryears:

Battery end of life when capacity reduction of |20 | %

[“1Ma change

Annualvatiation over sversge in resources:

Annual O&M for PV and Wind T[] Fixed | I | | kdl

0K

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%:

Annualvariation owver average in resuurces:_l_ Mo change

Annual O& M for PY and Wind T.. W Fixed

Obtain random valuesfor | |PURCHASE E. priceine. | Average (%):|3  Std. dev. (%): |1

| | Irradiation variation over ave «| Average (34):|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):
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MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS: Obtain random values for | |PURCHASEE pricsinc. v | Average (%) Std. dev. (%)

Showin the simulation during one year: Obtain random values for Inadiation variation over ave v | Average (%) D Std. dev. (%)

@ serageyear Annual increase in prices and load (%) / Variation over average in resources (%) / O&M PV - WT (%):

Year PurchE. SellE. SellH2 Inc. AC Inc.DC Inc. H2 Inc. W, Irrad Wind OMP. OMW. o
O ear nurnber: 1
0 0 o 0 -5.36
Annualincrease in slecticty and H2 pricet [ Fied

(iffixec, same values as price inflations of LOAD/AC GRID)

AandE\emncwy.chhaSE % Sell

1

2

3

4

Hesod [3 | [JEachyeardift houlyssliprics: | Daa | |5
[ JHourly buy price - sEHx s

?

8

9

Annuslincrease in load consumption: [ Fixed

AC 1 % oc 1 %

He: 1 % Water: | %

Forvariable unselect "Fixed" Uncheck "Fixed

1
5

1

1

1

1

1

1

10 1
Annusl decrease in generation n 1
Py tsvesr [2 J% oterysas [ b I 1
Wind Turbines: [T |% I 1
1

1

1

1

1

1
Hyclro Tubines: [0 %
16
Batiry and offe when capciy reductionof 205

Annual varistion over average in resources: [ No change

1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1 131
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1

Annusl O&M for PV and Wind T. Fixed

oK.

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 (it will take several seconds).
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 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 x

Constraints that are not met;
- Unmet load (7.5367 %) = 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)

# Total Cost (NPC)Y(E) Emission (kgCO24 Unmet(kiwWhial  Unmet(%) Daut CnWh)iPpwPwile Ren(® LCOEEKWH) Simulate Report A
1 INF? 132.2 754 INF 66 0336 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 7.54%.

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 (year 12):
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Houtly simulation

Hourlywalues separately  Monthly and Annual Average Power

honthly Energy  Annual Energy  Hydrogen

AC Generator Waterload / PHS  MULTIPERIOD

Sim. multiperiod, shown average year. PV: 86%;C bat: 81.5%:;WT: 88%:;SOC 1st day: 20.4%:;Water tank 1st day: 40m3.
1,000
7.500 Total Load
900 1 7.000 — Unmet Load
= = Disch. Batt
£ 800 6.500 ~ Charge Batt
= = AC Gen.
c
E mo0q 6000 - Pv
= 5500 & — S0C
ER 5000 2
- .
£ 5001 4,500 &
5 E
£ a0 4,000 E
=) 200 3500 E
g 3,000
S 2001 2500
100 4 K’ 2.000
. S 1500
n an 3n
[ Legend 1 January - 3 January
< > Days disp
POWER CONSUMED OR SUPFLIED (W) Energy prics See Over Prices ref. 1o year 0
Batter bank Discharge Plim Charge Legend
P BATTERY ENERGY (Wh) CJH.LGr
O O [ E. t supply by batt Electrolyzer s00 [IH.R.Gr
O [ £ max disch. batt E H2tank(HHvHz) R[] P1 - v eid
el ol - S0C limits Tat
() s Bz Battery bank Charge P critical Gen. Cap. Max. Serall
O Etosupply FC P critical Fuel Cell change
Unmet Load i & i [] sOC setpoint Gen. (days)
® ind Turb. . D .
] E boughtio AC grid | | P S0 setpaint FC
Water Purmp
5 . ! AC Generator E soldto AC grid Pmax 2 TAMK sstuaint tHHY HP S0 T il ch Large
[1 Pmax. input Inverter [ P max Gen. setpoint (| ) (0-1) ull charge
We can see a lot of unmet load (in orange).
In the other tabs:
Hourly simulation  Hourly walues separately  mMonthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load /PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (kW), ENERGY IN (kWh)
Total Load PV Generator Wind Turbines
06 c
04 05 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
Hydro Turbine / TEG AC Generator Export
e 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
0.6
06 €
04 04 4
0.2 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
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): |60 Simulaltion multiperiod year Average ] Back Save dala Save Simulation Data, Sawve Prob. Data
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Hourly simulation  Hourly values separately

Monthly and Annual Average Power

Monthly Energy  Annual Energy  Hydrogen

MONTHLY ENERGY (kWh)

AC Generator  ‘Water load /PHS  MULTIPERIOD

Total Load PV generator Wind Turbines
150 — — — — 150 =
100
100 ! ) ) B
50 50
0 0
2 4 6 8 10 12 2 4 (] 8 10 12 2 4 (] 8 10 12
Hydro Turbine / TEG AC Generator Export energy
10 0.04
(1]
5 0.02
0 0
2 4 6 8 10 12 2 4 B 8 10 12 2 4 6 8 10 12
Fuel Cell Electroyzer Energy (HHV of H2) in H2 tank. end of the month
0 - 0
2 4 (1 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
& M
50 40 :
20 l
0 0 0
2 4 6 8 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
10 ]
5 0 f-
[ ]
0 = o Y
2 4 6 L 8 10 12 2 J 4 B 8 10 12 2 4 6 8 10 12
Simulation step (min): |60~ iraulaltion mul ol Brage v Back Save data: Save Simulation Data. Save Prob. Data.

We can change the year shown

Year 1: low unmet load

Hourly simulation

Hourly walues separataly  Manthly and Annual Average Power

Monthly Energy  Annual Energy  Hydrogen

AC Generatar \Waterload / FHS  MULTIPERIOD

Sim. multiperiod, shown year 1. PV: 100%:C bat: 100%;WT: 100%:;SOC 1st day: 100%;Water tank 1st day: 40m3.

1,100 4 9,500
1.000 4 9,000 Total Load
8,500 — Unmet Load
£ 900 8000 == Disch. Batt.
E == Charge Batt
T s 7,500 = AC Gen
g
ot 7,000 £ PV
-4
E 5.500 § soc
£ )
£ s 6,000 &
]
'E 5500 Z
= 500 2
s s.000
T
% 400 4 4,500 E
& 300 4,000 o3
g 1 3500
=
o 200 3,000
100 2,500
2,000
0 p— — e M - —— - \f 1500
1 2n an
Legend 1 January - 3 January
< > Days disp.
POWER CONSUMED OR SUPPLIED (W) E— See Ovar Frices ref to year 0
Batter bank Discharge Plim Charge Legend
= BATTERY ENERGY {h) CH.LGr
O O [] E. ta supply by batt Electrolyzer soc [IH.R.Gr.
0 [ E max disch batt E.H2tank (HHVH2) [ [ P1 - [ Grid
N S0C limits [at
D Eprn Eamy Battery bank Charge Fuel Cell [] P critical Gen. c " Seroll
ap. Max
Elo supply FC P critical Fuel Cell change
Unmet Load i [] sOC setpoint Gen (dlays)
Wind Turb. E e PO | Small
— Or R 30 setpoint FG
‘ater Pum
P AC Generator E sold to AC grid Prmax Large:
[] Pmax input Inwerter 1o H2 TAMK setpoint (HHY H2) S0C(0-1) T full charge
=

Simulation step (min): [B0 ~

Simulaltion multiperiod year, 1

v Back
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Save Simulation Data. Save Prob. Data.



Hourly simulation  Hourly values separately  hanthly and Annual Average Power  Monthly Energy  Annual Energy  Hydragen

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

AC Generator  ‘Water load/PHS  MULTIPERIOD

Total Load PV Generator Wind Turbines
1
04
05 0
0.2
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
1z 0.6
0 o 0.4
0.2 ]
0 0 -
0 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000 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
0.8
0.6 04
5
04 02
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 standalone system) Purchased from AC grid Sold to AC grid
01
0 0
05
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): |80 Simulaltion multiperiod year| 1 ~ Back Save data: Save Simulation Data, Save Prob. Data

Year 25: high unmet load

Hourly simulation  Hourly values separately  Monthly and Annual Average Fower  Monthly Energy  Annual Energy  Hydrogen

Sim. multiperiod, shown year 25. PV: 74%;C bat: 83.1%;WT: 76%;SOC 1st day: 24.5%;Water tank 1st day: 40m3.

AC Generator  Water load /PHS  MULTIPERIOD

850
800 7.500 Total Load
750 4 7.000 — Unmet Load
£ 700 — Disch. Batt
z 6,500 — Charge Batt
£ 6504 — AC Gen
E 00 6.000 = Py
B 550 5,500 ,E_ — soc
=
22 500 &
= 450 000 &
]
£ 400 4,500 ;
2 3504 4,000
g 01 E
Z 3,500 &
£ 200 3.000
o E
< 1 2,500
1004
50 2,000
0
n an 3N
Legend 1 January - 3 January
< > Days disp.
POWER CONSUMED OR SUPPLIED (W) 2 See Over Prices ref. 1o year 0
) Energy price
Batter bank Discharge Plim Charge Legend ClHLe
BATTERY ENERGY (vh) LLGr.
0O 0 [ E o supply by batt Electrolyzer (2 soc [IHRGr
0 [ E. max. disch. bstt E.H2tank (HHvH2) [Jr [ P1 - Ov.cig
S0C limits Ak
Battery bank Charge Fuel Cell [ P critical Gen.
[[] Export Energy Cap. Max. Seroll
E to supply FC P crifical Fuel Cell . change
Unmet Load - [] S0C setpoint Gen. (=)
Cn Wind Turb. E. mex FC O P Srﬁaﬂ
o E hought to AC grid Pmeax S0 etpaint FC
SiRrEUmR AC Generator E sold to AC grid Pragex Large:
[ Pmax input Imverter [] Pmex Gen H2 TANK setpaint (HHW H2) S0C(0-1) T.full charge
Simulation step (min): 60 v Simulaltion multiperiod year, 25 ~ Back Sawve data: Save Simulation Data. Sawve Proh. Data.
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Hourly simulation  Hourly values separately  hanthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Water load / PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (kW), ENERGY N (kWh)

Total Load PV Generator Wind Turbines
0.8
0.6 06
04 04 0
0.2 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
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 (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
2 06 4
04 ;
22 02 ’
0 ] 0
0 2000 4000 £.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
04
03
0.2 0 0
0.1
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~ [ Simulation multiperiod year: 25 » ] Back Save data Save Simulation Data Save Prob. Data.

We can optimize considering the multiperiod.

But, before optimizing, we will let a maximum of PV strings in parallel of 6, and 2 backup
generators in parallel:

FAIM. AND b Mo COMPONEMNTS IN PARALLEL:

Bateries in parallel: Min. I .
P rod. in parallel: Min, EI hdax. E

Wind T. in parallel: Min.

AC Gen. in parallel: Min

Also we delete the second type of PV module, allowing only one type:

I PVMODULES — O X

Add PV modules family SiM12-Atarsa > « 4 » 4] + -

PHOTOVOLTAIC MODULES DATA:

MNarme MNaomMolt.(v) Isc(A) Power(Wp_dc) Cost(f) C.O&M(ENT Litefyears) MNOCT(*C) Power T. coef (3%,/2C) BIFACIALITY{0-1) CPW)
P iaSi12-Schott: ASI100 12 6.79 100 110 11 25 49 -0.2 0 NO

We change the maximum execution time to 5 minutes.

OFTIMIZATION PARAMETERS SELECTED BY:

@ HOGA (O USER

Maximum execution time:

El h. Emin, Farameters

Minimum time for the Genetic Algorithms
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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, 40

minutes. iHOGA will se genetic algorithms to perform the optimization in 5 minutes (but it is

possible that it considers that a higher time is needed to make sure obtaining the optimal or a

solution near the optimal).

OPTION 1:
OPTION 2:
OFTION 3:
OPTIOM 4:

MAIN ALG.

EvAL ALL
EVAL ALL
GEM.ALG.
GEM. ALG.

NUMBER OF CASES AND TIME EXFECTED

Computation speed: 0.942 cases/second

MAIN ALG. (COMB. COMPONENTS)

SEC.ALG. (COMB. STRATEGIES)

SEC. ALG

EVAL ALL
GEM.ALG

EvAL ALL

GEM. ALG.

Evil AL POP. (% ALL) GEN ALG (% ALL)
2268 31(1.37%) 446 (19.75%)
11x2268)
1 3 (300%) 41 (4100%)
NUMBER OF CASES %  TIMEEXPECTED
2268 100%  Ohd0'8"
92998 100% 1 days 3h
448 198%  Oh 7' 55"
18368 809.9%  5h2d'

Warning!. If the selection of the parameters of genetic algorithms is not correct. the optimal
solution or a near-optimal solution will not be obtained

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 8" 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 OFTIMIZATION CONTROL STRATEGIES FINANCIAL DATA

RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 423. Time: 7' 22"

24,576
150
7- 24,064 148 =
L E
= 23,552 146 &
S 23040 £
= 144 £
a ©
§ 22,528 142 LE
£ 22,018 N
= 140 &
o \\ ”
20,992 136
1 2 3 4 5 6 7 8 10 12 13 14
GENERATIONS
[ Show diagram
Gen. Total Cost (NPC)(€) Emission (kgCOZ#4a) Unmet(kvvhiyr)  Unmet(®2) D.aut CniWh)/(Fpuw+Pw) (v Ben(® LCOEEK\Wh) Simulate Report [
7 20881 14597 31 018 INF 32 5924 06079 SIMULATE.. REPORT... (
L] 20855.9 135.68 46 026 INF 32 99.36 06077 SIMULATE.. REPORT... (
9 20855.9 135.8 46 0.26  INF 3.2 99.36 06077 SIMULATE.. REPORT... (
10 208559 135.8 46 026  INF 32 9938 06077 SIMULATE.. REPORT... (
11 20855.9 135.68 46 026 INF 32 99.36 06077 SIMULATE.. REPORT... (
12 20855.9 135.8 46 0.26  INF 3.2 99.36 06077 SIMULATE.. REPORT... (
13 20855 9 135.8 46 026 INF 32 5938 06077 SIMULATE.. REPORT... (
14 20855.9 135.68 46 026 INF 32 99.36 06077 SIMULATE.. REPORT... (
180T 20855 9 135.8 46 026 INF 32 9936 06077 SIMULATE.. REPORT... (
< >
COMPONENTS: PV modules aSi12-Schott AS00 (100 Wi_dc): 4s.x 5p. (1002 PY#1: slope 402, azirmuth 02) /f Batteries OPZ5-HawkerTLS-3 (180 Ah): 245 % 1p. ff 1 x
AL Gen. Gasoline 0.5KVA DBYVA K 2 Wind Turb. DC SouthwestAIR X (547 W at 15 m/s) [} Bat. Inverter STECA: XPC 1600-48 of 1600%A Jf PV batt charge controller
STECA: TAROM 440 of 40 A4 Unmetload = 0.3 % /f Total Cost (NPC) = 20855.9 £ (0.67 £/kih)
STRATEGY: LOAD FOLLOWING. P1gen: INF. Pmin_gen: 150, Poritical_gen: 0W. S0C setpoint_gen: 20 %, S0C min.: 20 %.

The results with multiperiod are more realistic, including increase in load and variation in

resources.
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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):

Hourly simulation

1,000 4
900 4
800
7004
600 4
500 4
400

300 4

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

2004

0
[“Legend

<

Hourly values separately Monthly snd Annual Average Pawer

Monthly Energy  Annual Energy  Hydrogen  AC Generator

Miater load f PHS  MULTIPERIOD

Sim. multiperiod, shown year 25. PV: 74%:;C bat: 96.4%;WT: 96%;50C 1st day: 20.4%;Water tank 1st day: 40m3.

POWER CONSUMED OR SUPPLIED (W)

O
O

[] Export Energy
Unmet Load

O

Water Pump
[ Pmax. input Invertar

Simulation step {min ) |60

Hourly sirulation

Batter bank Discharge
[ E ta supply by batt
[] E. rnax. disch. batt

Battery bank Charge

|

Wind Turb.

Or

AC Generator
[ Pmax Gen

- Simulalion muliiperiod year, 25

Hourlywalues separately  Monthly and Annual Average Power

N
1112 13 14 15 16 A7 18 19 20
1 January
Plim Charge

Electrolyzer P2
E Hetank (HHVHZ) | p [Pl
Fuel Cell [] P critical Gen.

E to supply FC P critical Fuel Call

E. max FC

1

Eboughtto ACgrid | Prax
Esoldto ACgrid  Pmax

H2 TANK setpaint (HHY HE)

Save data

Monthly Energy Annual Energy  Hydrogen

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

9.000
8.500 Total Load
— Unmet Load
8000 = Disch. Bat
7.500 — Charge Batt
7.000 = Wind T
= = AC Gen
6,500 £ Py
6,000 %5 — S0C
i
5,500 z
5.000
4,500 E
o0 3
4,000
3,500
3.000
2,500
2,000
1,500
21 22 23 1]
> Days disp.
E—— Sea Over Frices ref. ta vear 0
&P Legend
BATTERY ENERGY (Wh) [CIHLGr
CIHRG
v Grid
SOC limits Tlan
Cap. Max. Scroll
change
[] sOC setpoint Gen. (days):
Small

S0C setpoint FC

Large:

S0C(0-1) T.full charge

Save Simulation Data Sawve Prob. Data

AC Generator Water load /FHS  MULTIPERIOD

Total Load PV Generator Wind Turbines
0.6 L
04 0.5 0.5
02
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
04
0.3 1 ' ’
0 0.2 o 11 |
g TR T
0 . il LT
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
0.8 0.6
06
04
04 5
02 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 standalone system) Purchased from AC grid Sold to AC grid
04
03
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 v

Simulaltion multiperiod year:| 25
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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 Pawer  Monthly Energy  Annual Energy  Hydrogen  AC Generator WWater load / PHS| MULTIPERIOD

MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (kWh)

Total Load PV Generator Wind Turbines
2,000 e =
1,500 2,000 400
1,000
0 -‘H s HH H HH[ -
0 0 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Hydro Turbine { TEG AC Generator Export
40 1,000
0 20 500
0 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Fuel Cell Electrolyzer
0 0 T T T T T [ 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

500

3 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
30 I
20 0 0
10
0
5 10 13 20 25 5 10 13 20 25 5 10 15 20 25

Simulation step (min): |60~ Simulaltion multiperiod year: 25 ~ Back Save data; Save Simulation Data Save Proh. 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 18 the generation is
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 18 to 25 (the average unmet load
during the system lifetime is 0.26%).

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 results. 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.
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A
1 [Project: Pri-Nhultiperiod.hoga. Generation # 15
2

3 RESULTS DURING THE YEARS OF THE SYSTEM LIFETIME, MULTIPERIOD SIMULATION.
4

5 Costs and incomes are cash flow of each year (not present value)

7 Year Cum. Inf. Purch. E(%) Cum. Inf. Sell (%) Cum. Inf. Sell H2(%) ACI0ad(%) DCload(%) H2 load(%) Water load(%) Irrad. (%) Wind(%)
8 1 3 3 3 100 100 100 100 5.36 9
9 2 6.09 6.09 6.09 101 101 101 101 481 [
10 3 9.27 9.27 9.27 106.05 102.01 102.01 102.01 088 [
1 4 12.55 12.55 12.55 107.11 103.03 103.03 103.03 208 0
12 5 15.93 15.93 15.93 108.18 104.06 104.06 104.06 241 0
13 6 19.41 19.41 19.41 100.26 105.1 105.1 105.1 061 0
14 7 22.99 22.99 22.99 11036 106.15 106.15 106.15 16 [
15 8 26.68 26.68 26.68 111.46 107.21 107.21 107.21 5.64 [
16 9 30.48 30.48 3048 11257 108.29 108.29 108.29 3.47 0
17 10 3439 34.39 3439 1137 10037 100.37 10937 131 0
18 1 38.42 38.42 38.42 114.84 110.46 110.46 11046 171 0
19 12 4258 4258 4258 115.99 11157 11157 11157 013 0
20 13 46.85 46.85 46.85 117.15 11268 112.68 112.68 -2.89 [
21 14 51.26 51.26 51.26 11832 113.81 113.81 113.81 -0.2 [
2 15 55.8 55.8 55.8 1195 114.95 114.95 114.95 114 o
23 16 60.47 60.47 60.47 12069 116.1 116.1 1161 -1.67 0
24 17 65.28 65.28 65.28 121.9 117.26 117.26 117.26 6.18 0
25 18 70.24 70.24 7024 123.12 118.43 118.43 118.43 3.1 [
26 19 7535 75.35 75.35 12435 119.61 119.61 119.61 6.36 [
27 20 80.61 80.61 80.61 1256 120.81 12081 12081 443 0
28 21 86.03 86.03 86.03 126.85 12202 122,02 122.02 078 0
2 2 9161 91.61 9161 128.12 123.24 123.24 123.24 537 0
30 23 97.36 97.36 97.36 1204 124.47 124.47 124.47 0.06 [
31 2 103.28 103.28 103.28 1307 125.72 125.72 125.72 -2.85 [
32 75 109.38 109.38 109.38 132 126.97 126.97 126.97 112 o~
multi ® S

44. High power project, maximization of NPV.

Now we will create a high power project where there will be a power generating system 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....

iIHOGA type of project

(O LOW POWER PROJECT: load in W. energy in kwWh. currency in its m.u. (.hoga project)

[ @® HIGH POWER PROJECT: load in kW, energy in MWh, currency in k m.u. {_kho project) ]

o] Cancal

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).

170



4

AC

Irlvt_am_arrcr_larger Load/
(Bi-directional rid
inverter) DeC 9
Battery
W Project: D:APROYECTOS IHOGA 3.4-10-12-2022\High1 kho - u} X
Project Data DataBase Report Visual Help License Updates
 LOADACGRID GENERAL DATA OPTIMIZATION GONTROL STRATEGIES FINANGIALDATA RESULTS GHART
RESOURCES COMPONENTS MIN. AND Max No COMPONENTS IN PARALLEL OPTIMIZATION PARAMETERS SELECTED B
+ SOLAR PV Gen. Bateries in parallel: Min Max @Hooa Ouser
WIND [l wind Turbines PV gen. inparaliel Min [0 |Max Maximum execution time
HYDRO O 1 1 o 15 Jmin Parameters
Hydro T.
COMPONENTS 1 1 [Minimumtime for the Genetic Algorithms
. ] Battery bank
YARYGEN i Constraints under NP masimization
T Simulstion
[IBackup Gen M Investment cost Step (min.) Simulation starts:
HYDRO TURS i i 60 v hour [0 | eyt
Min. Capaciy Factor o]
/ BATTERIES Min. Renew. Fracion
~ INVERTER/CHAR. [H2 (F.c.- Eyzer) Mex Unmetload
BACKUP GEN
H2 (F.C. - Elyzar)
\Water Pump in Losd/AC grid
DCVoltegs [ |v [Jsocd
AC Valtage [4
PRE-SIZING
ervor s 1] ot )
[(JMax bat parallel > Cn min. ‘
[(JMax PV gen. parallel -> P i, @
MaxWind T. perallel -5 P rin tncrenCharger AC o
Max AC Gen. parallel -> Prain inverter) Lﬂﬁgf
i
DC ¢
Sensitivity Analysic
Probability Analysis Battery
8 CALCULATE
(S REFORT

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, or other types of optimization. We leave the default one (Max. NPV).

MAIN OPTIONS:

Simulation and optimization:

(@) Simulation of the 15t year and extrapolate results

(O Multiperiod: simulate all the years of the systemn litetime [ years)

Economic optimization:

inimize Net Present Cost . usually far oft-grid systems and high load on-gri > in
M Met P Cost (NPC Iy for ofi-grid sy o high load on-grid Min. NPC
Ly ===p
(@) Maximize Net Present Walue (NPY), usually for low load or nodload onrgrid systems >
(@) heox NPV
Ty, LCOE
O Min. LCOH
[C]0C renewable include own charger and controller 8m$ ‘C:;_EF i, LEDIE

[(Jwhen saving the project update all the results of the table to the present conditions
MNumber of decimal places in results of costs 1 v

Number of decimal places in results of energy 1

0K

In the main screen, we can see the database (menu Database):
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V' Databases of components - ] x
PV Gen. wind turbines Batteries AC Generators Inverter/Chargers Hydro turbines Electrolyzers Fuel cells
| < +|—-|a (]

Narne P nom(kip_dc) Cost (kE) C.O&M (%47 Lifelyears) NOCT(C) PowerT.ooef (%/0C) BIFACIALTY(0-1) CPY  Emissions (kgCOZ/KW) ~

Zeto ] 0 0 100 43 04 0 NO 800

P 1 1 1 25 43 04 0 NO 800

P10 10 10 1 25 43 04 0 NO 800

P00 100 100 1 25 43 04 0 NO 800

CRVID 10 12 1 25 43 -0.14 0 0OK 800
» PYI0BIF 10 1 1 25 43 04 07 MO 800

v
Multiply coste of P by
Clone selected compaonent Add components from the project P table v
0K

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) 1 Minutes- 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
< >
Seale factor for Monday to Friday: [T | Scale factor for the weekend
Load profile: | Zern v
AVERAGE LOAD IN JANUARY (included scale factor), TOTAL 0 kWh/day
Add load profile
Variabilty e [# ® ACI0ad ¥ 0 DC load © W H2 (HHV) ¥ B Water E pumped) |
AC DC H2
Dayvarasiiy [0 | [0 Jw [0 s
Houlyvariabilty (0| % [0 Jo [0 ]
hinutes Yariability % % % =)
——
Generate | ACload power factar (cos fi
0 6 12 18
Addloadof [0 [KWAC | duing [§|min hour
Repeat evel i : 5 i
'rDm:mmElhDurElda [Jrep: | 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
= Groghinsteps of |60 < min DC max. hourly power load in the year: 0 kiw: DC power houtly average 0 kv
Average hourly value of (Energy_DC_hourlyEnergy_Total_hourly): DG Factar = 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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PV inverter cost included in the PV cost; PY inv. replacement
included in O&M PV cost

Rated power of the inverer = x Peak power of the FY generator

[ Limit the output power of the PV 1o the rated P. of the inverer

Inverter efficiency (%) output power (% of rated):
e 2% 3% 4% 5% 0% 0% 30%
(CHN § TN N N T | | X X2 T

0% R0%  BD% 0% A0%  a0%  100%
Ba e |7 [ a5 |[s [e3 ]

96

64

32

Efficiency (%)

0 20 40 60 80 100
Qutput power (%)

OK

We accept and return to the main screen of the software. By default, there can be from 0to 8
PV generators in parallel:

M. AND Wi Mo COMPOMEMTS [N PARALLEL:

B ateries in parallel: kin. |1 bd &, |‘|

P gen. in parallel: Min, |D [EERS |8

L I

The default battery bank is of 48 kWh, Li-ion:

W BATTERIES - o X
Add Batery Zero >
| « + | -
Add Batieries family | -
BATTERIES DATA: Float life at[20 | °c Cycles to Failure vs. Depth of Discharge (%)
Neme Cnom.(kAh) Volt(V) Costk€) COMEA) SOCmin(%) Self_d(%/mon) Imax(ka) Efi(%) Floatyr) 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% TYPE
> Batdekwh 1 a8 75 1 10 1 05 9% 15 G000 30000 20000 15000 12000 10000 8571 7500 6667 6000 Li
Batteries Model —
@ah [ Liion model Ah Fixed Operation and Maintenance Cost |0 | €iyr Equivalent CO2 emissions (manufacturing..): |55 kg COR equiv / kWh capacity.
(OKiBaM (ManwellMcGowen 153) Awdiary cooling. BMS...cons. AC (% ofmex P): [0 | SOC atthe begining of simulation: [100 | % of S0Cmax
O Copeti 1984 [Joccons. Lion bateries meximum SOC: [100| %
O Sehiffer 2007 e u— _
© 57,344 é
lean (¢ £
AR | w 49152 250 =
of20 o 2 40960 zuu;
[Z]Except Schiffer model. consider [ on g &
Tmean>=Tfoatlfe imparthouryfie] O Hour o 2768 s
Floatlfe reduces 50% forevery| 10 |‘Cincrease | & T Graph o 24576 1uu§
3 )
[oycle life depends onT | Deta g R o ¥
8,192 E
[“] Capacity depends on T Data w
0 0o 5
0 10 20 30 40 50 60 70 80 9 100
Lead-acid Aging battery model  Lion Aging battery madel DEPTH OF DISCHARGE (%)
8?,:‘"2‘33‘2'n2‘”5‘2ﬁf§g$4’ Number of full equivalent cycles (only > SOCHin): 6000
() Saxena etal, 2016 (LiCo02)
(O Full equivalent cycles P
(@ Rainflow (cycle counting) erameters Annuel Inflation Rete expected for [ % Max Variation of Wind Batteries expected (e.g., for an expected 60% o
O Neumann, 2020 (LiFePod cycecal) Batteries Casts, 3 reduction on current Batteries cost intraduce *-60%"). [s0|%
Limitis reached in 45.4 years
Remaining capacity at batiery end of lfe (%) %
[ithereis anAnACGen. every [14] daysor equivalentfull cycles -> charge battery bank atleastup to

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. We add the inverter Zero to consider
the possibility of not having inverter-charger:

W INVERTER/CHARGERS - O X
Add from Database | zeo v
4 4 + —
Include only %DC suitakle fram family: ‘ V|
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) >
Narme Power(k\A)  Lifespan (yr) Cast (k) Imax_ch_DC(kA) Ef_chargen(%) Vdomin(v) Vdomax(y) Pmax_ren(k) 0% 2% 3% 4% 5%  10%  20% ~
Inn-ChBki 5 15 15 0125 98 a8 a8 1E16 10 30 D70 85 93 92
Inn-Ch Ok 10 15 2 025 98 a8 a8 1E16 10 30 D70 85 93 92
Inn-Ch2 ki 20 15 4 05 98 48 48 1E15 10 30 50 70 85 93 92
» Zern 1] 100 0 0 100 48 48 1E15 100 100 100 100 100 100 100
v
< >

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 “(Compare with Sell price)”
is checked) is higher than 0.11 €/kWh (it must be changed, default was 0), 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.

V[ Project: D:\PROYECTOS IHOGA 3.4-10-12-2022\High1.kho - m] x
Project Data DataBase Report Visual Help License Updates

 LOAD/ AC GRID GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART
CONTROL STRATEGY AND VARIABLES TO OFTIMIZE

BESOURCES ENERGY ARBITRAGE: System with batteries and grid connected
f SOLAR Global strategy:
@ Load Follawing Eafi. charged by the AC grid // discharged if (also for Elyzer-> H2) (] Elyzer. full load
WIND
(O Cycle Charging  [v] Continue up to SOC stp Price E<= DEI/kWh ftPrice E>= (011]  |ewh [(]D-% [¥] (Compare with Sell prick;
Aee (O Try Both [[] optimize strategy of grid-conneted batteries:
COMPONENTS
- P GEN Yariables to optimize relative to the global strategy:
Fmin_gen Fmin_FC
o —— i | H2TANKstp
Fl_gen Fre o [] Batt rt elacticity to the AC grid
afteries can inject electcity o the g
HYDRO TURE.
[s0Cstp_gen S0Cetp_FC L1soCmin 1 day atlowSOC-> charge batiery with AC grid T
« BATTERIEES Poritical_gen Feriical P& Flim_charge [[I'hen bateries are off, compensate autadisch
f INVERTER/CHAR [Js0Cmex | Fixvariables = Variables accuracy: ~100%
BACKUP GEN If SOCmin reached, disch. not allowed it SOC(%) < SOCMmin(%) + E|

In the main screen we can see the constraints 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; the rest of the constraints have a default value which also means that
they are not considered.
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Constraints under MPY maximization:

bax. Investment cost TET0 hAE
Min. Capacity Factor D 2 [ ] Prax_sell
in. Fenew. Fraction I:l %

bz, Unmet load e
iz, Unexpaorted E. e

Also for the other constraints, the values set by default imply they are not considered.

If we optimize we obtain:

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 72. Time: 6"

Total NPV (kE)

a0
88
86
84
82
80
78
76

mN2 Emissinne

1 2 3 4 5 [ 7 8 9 10
GENERATIONS
[ show diagram
# Total NPY (kE£) Ernizsion (10024 UnmethMdWhin)  IRR(3) Irevestrment(kE)  CapF(%)  LOOEEMKWWH) Simulate Report Costs ~
1 89.916 2.56 0 1448 100 1513 0.0664 SIMULATE.. REPORT... COS"
2 87.461 2.56 0 1417 101.875 1513 0.0679 SIMULATE.. REPORT... COS"
3 86.642 2.56 0 14.07 1025 1513 0.0684 SIMULATE.. REPORT... COS"
4 83.368 2.56 0 13.69 105 1513 0.0703 SIMULATE.. REPORT... COS"
5 78.676 2.24 0 14.46 875 1513 0.0664 SIMULATE.. REPORT... COS"
B 77.714 2.74 0 13.08 109.375 1513 0.0737 SIMULATE.. REPORT... COS"
7 76.221 2.24 0 1413 89.375 1513 0.0681 SIMULATE.. REPORT... COS"
8 75.402 224 0 1402 90 1513 0.0686 SIMULATE.. REPORT.. COS"
9 75.354 274 0 128 111.25 1514 0.0751 SIMULATE.. REPORT.. COS" v
< >

COMPOMNENTS: PV gen: PY10 (10 kiWp_dclx 8 (100% Pv#1: slope B0 azimuth 09 4/ Unmetload = 0 %4/ Total Net Present Value (MNPY) = 89.916 k€, IRR = 14.5%.

STRATEGY: There is no load consumption -» no contral strategy related to the load consumption supply. Arb.: Control variables for grid-connected batteries: charge
(only from renewalile, notfrom grid) if price of E. (sell) is lower than 0£/kMh; disch. (load + injecting to the grid) if price E. {sell) higher than 017 £/ki4h

The optimal result is a generator of 80 kWp, without batteries and without inverter-charger,
with NPV 89.916 k€, investment of 100 k€ and internal rate of return (IRR) 14.46%.

The simulation of the optimal result:
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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.

POWER (kW) /H2 Tank AVATER tank (k¥Wh)
n
E]

04
7 2n

[“ILegend 1 January - 3 January
<
FPOWER CONSUMED OR SUPFLIED (ki)
Batter bank Discharge Plim Charge
[} O Electrolyzer Pz
O E. max. disch. batt. E. H2 tank (HHY H2) R P1
Battery bank Charge P critical Gen.
[] Export Energy 4 g
Etosupply FC P critical Fuel Cell
R Wind Turb.
E houghtto AC grid Pmax
‘Water Pump
AC Generator E sold o AC grid [v] Pmax
[ Pmax input Imverter [] Pmax Gen H2 TANK setpoint (HHY H2)

Simulation step (min); B0~ [ Back Save date:

COMPONENTS: PY generator of 80 kvVp_dc (100% PY#1: slope B0 azimuth 0).

STRATEGY: Thete is no load consumption -> no control strategy related to the load consumption supply. Arbitrage: Control variables for grid-connected batteries: charge (only from renewable, notiram

igrich if price of E. (sell is lower than 0 /Wh; disch. {load + injedling to the grid) if price E. (sell) is higher than 0.11 déh

There is no load consumption

45. High power project, maximization of NPV, multiperiod.

Save the project and save as with the name “High1-multi”.

Project-> Options, change to Multiperiod optimization:

3n

Total Load
Unmet Load
PV

Sell E to grid

> Days disp

[(Osee over

Energy price
BATTERY ENERGY (Kiwh)
s0C
S0C limits
Cap. Max.
S0C setpoint Gen.
S0 setpoint FC

Legend

S0C(0-1) T.full charge

Save Simulation Data

Simulation and optimization:

" Simulation of the 1stwear and extrapolate results

f+ Multiperiod: simulate all the years ofthe system lifetime (|25 wears)  Options

Click Options and:

- Uncheck “Fixed” of the Annual increase in electricity and H2 price.

Sawve Prob. Data

CIHLGr
CIHRGr
[Jv.crid
[t
Seroll
change
(days)
Small

Large:

- Inthe upper area, 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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MULTIPERIOD SIMULATION AND OPTIMIZATION OPTIONS: | T T g | ==Y e <] average (%): Std. dev. (%). m

Show in the simulation during one year: | Obtain random values for Irradiation variation over ave ~ | Average (%) El Std. dev. (%)
@ Aerage year Annual increase in prices and load (%) / Variation over average in resources (%) / O&M PV - WT (%):
Year Purch.E. SellE. SellH2 Inc. AC Inc.DC Inc. H2 Inc. W) Irradd Wind  OMP. OMwW. 7
O¥ear number. 1
1 3 428 3 <183 i}
Annusl increase in electicity and H2 price z 3 24 3 R
(it fixecl. same values as price inflations of LOAD/AC GRID) 3 3 288 3 1.85 0
AC grid Eleciricity: Purchase: 7 %; Bell: 3 % 4 3 194 3 201 0
He sald: 3 %  []Eachyesrdiff hourly sell price: | Data | | 5 3 358 3 5 i
[IHourly buy price = sel\xl:l 5 3 336 3 0.06 0
Annual increase in load consumption, 7 3 587 3 418 0
b 8 3 331 3 wse o
Water 9 3 144 3 0.0s i}
10 3 5 3 For variable unselect "Fixed 047 0 Uncheck "Fixed
Annusl decrease in generation 1 3 1,93 3 03 0
PYv:1styear %:  otheryears: % 12 3 304 3 179 0
Wind Turbines % 13 3 352 3 1880
14 3 361 3 068 i}
HydraTurbines: [0 |%
15 3 384 3 041 0
N 18 3 ) 3 017 0
Battery end of life when capacity reduction of
17 3 203 3 -0.7 0
Annual variation over average in resources: Mo change
18 3 18 3 1.02 0
Annual OBM for PV and Wind T [ Fixed v
—/ —/
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 are different).

# Total NPV (kE) Emission (ICO24r  Unmet(Whpx  IBR(%)  Investment(kf)  Cap F(%2) LCOEEMWh) Simulate Report Costs A
1 69.992 0 13.01 100 13.07 0.0769 SIMULATE.. REPORT... COS™

Therefore, we can see multiperiod affects much in this case.

We optimize again, considering mutiperiod:

# Total NPV (kE) Emission ({0024 UnmetibWhiy)  IBR(3)  Investment(kE)  Cap F(2)  LCOEEKWh) Simulate Report Costs A

1 69.992 2.56 0 130 100 13.07 0.0769 SIMULATE.. REPORT... COS™

2 67.536 2.56 0 12.71 101.875 13.07 0.0786 SIMULATE.. REPORT... COS™

3 66.717 2.56 0 12.61 1025 13.07 0.0791 SIMULATE.. REPORT... COS™

4 63.443 256 0 1z2.22 105 13.07 0.0814 SIMULATE.. REPORT... COS™

5 61.242 2.24 0 130 875 13.07 0.0769 SIMULATE.. REPORT... COS™

1 58.787 2.24 0 1267 89.37% 13.07 0.0780 SIMULATE.. REPORT... COS™

7 57.968 2.24 0 1255 a0 13.07 0.0735 SIMULATE.. REPORT... COS™

8 57.819 267 0 1157 109.375 13.07 0.0853 SIMULATE.. REPORT... COS™

9 55.368 2.67 0 1.3 111.25 13.07 0.087 SIMULATE.. REPORT... COS™ o

< >

COMPOMNENTS: PV gen: PV10 (10 kitp_dc)x 8 (100% PV#1: slope 602, azimuth 04/ Unmet load = 0 %/ Total Net Present Value (NPV) = 69,992 kE, IRR. = 13%.
STRATEGY: There is no load consurmption -» no control strategy related to the load consumption supply. Atb . Control varighles for grid-connected batteries: charge
(anly frarm renewakble, notfram grid) if price of E. (sell) is lower than 0 £/kih; disch. (load + injecting to the grid) if price E. (sell) higher than 017 £/kih

The optimal system is the same as without multiperiod, but with much lower NPC.

In your project results will be different as random values are different.

46. Variant: change PV slope and maximum power to be injected to the AC grid.
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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:

Sl

1 Latude N, 5): [41.68 Giet data from local DB | el (P et el H)< E &Py petsfetmdi (Y

! o _ &0 0

i Longituds [ (+E, 4] : |'U-E“3 Download hourly data |

| PV gen_ #1:|100 Ground Reflectance: |0.2

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,

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, 90* and optimal
Azimuth (04 is optimal for northem latiudes

R, 0* (KWh/day) Rad. 152 (kh/day) Piad. 30¢ (KWhiday) Rad. 45¢ (KWhiday) Fad. B0° (kWhiday) Rad. 75¢ (kWhiday) Fiad. 90° (Whidey) Slope Opt [ Riad. Slape Opt (kWhide:

Januany 192 1253 im 33z 345 3.38 312 62 345
February 2497 379 44 476 485 488 413 57 488
barch 422 4.94 5.38 551 5.34 487 412 44 5.52
April 52 557 566 545 4495 421 323 27 5.6B
bay 6.03 B.12 5.93 5.46 472 38 276 12 613
June BE3 B.6B B3 5B7 475 37 255 B 672
July 6.7 6.74 6.45 585 4.94 388 268 9 6.77
August 679 6.08 607 573 509 421 316 22 611
September 4.48 503 531 53 5 4.44 364 37 5.34
October 303 363 4.04 424 421 384 348 50 4.25
MNovember 205 262 3.06 334 343 333 308 60 3.43
December 16 21 25 276 268 283 263 63 2.88
WHOLE YEAR 423 4.65 4.84 4.78 4.48 393 322 34 485

Month of lowest inadiation over harizontal suface is DECEMBER
Optimal slope to maximize the inadiation in DECEMBER (fixed PY modules) is 63 ¢
Optimal slope for the whole year (no load, fix modules) is 34 *

[ Back

This optimal slope is updated automatically in the irradiation screen.

= [Erour
[~ Optimize PY#1 ¢

We download hourly data from PVGIS, year 2015:

Download from: [G PYGIS - Year [EME
I D ownload hourly data | Frenewable i e 2079)

Download NASA data | [v Hourly Iradiation
Iv Hourly Temperature for: v PY W wind T Batt

1 File v Hourly 'wind Speed

14 Cancel
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Obtaining:

i

| Latitude () (+N.-5):
i Longitude (%) (+E. W) :

Get data from local DB

Download hourly data.
| Lacate on map | pdate coord

Data source for Global irradiation

Download NASA manthhy data

#1: PV panels slope (%) : , P panels Azimuth (): El
60 0

Ground Reflectance:
Fixed albedo ImportAlb. | Gr.
Optimize PY#1 panels slope during the optimization of the system

PY¥ gen. #1:

Optimal Slope#l

Steps
(O Monthly Average (@) Import from File FROM PYGIS pear 2015 @ Hour (kWh/m2) (O Horiz @ Tilt
1 0w Minutes- each hour in 1 row (tilt, in kW/m2)
(@) Minutes- 1 per row (tift surf. in kiw/m2}) ELiE
| Data Source for Monthly Average Dally Irradiation:  Radiation Horizontal Surface (kKiWh/m2) Calculation Methed for Hourly Iradiation:
| :;Lan::;?:nn PV Tracking System: |No Tracking v Liu & Jordan Erbsetal
| Factor F(f) for the back albedo Collares-Pereira & Rabl Graham
| gy L2 Lstiit2 (hifacial madules) (Durusoy 2020y |0-33
| Februray 5.01 kwh/m2 - .
MONTHLY AVERAGE DAILY IRRADIATION, TILTED SURFACE ummer:
March 5.36 K\Wh/m2 7 Official hour advances:
April 568 KiWhjm?2 6 h to solar hour
| May £.34 KiWh/m2 5 Ay
4 of month
1 June 7.18 kiWh/m2 5
To day
Jul 7.15 Kiwhjm2
¥ 2 of month
August B.96 K\Wh/m2 1 N
Winter:
September 613 Kivhym2 R U T T T Official hour advances:
1 Ortober 5 06 Kivhjm? MONTH DokiET
=]
| November 372 Kihjm2 Horizontal Tited [“lmmport from hourly file:
Official hour
December 2.81 KiWhjim2
0 January
i SHADOWS Daily Average Iradiation (Tilt Sud):  5.61 kwh/m2
| Total Annual Irradiation (Tilt Surt): 2048.27 kwh/m?2
EEtE i) Annual e Back suace / Directfor CPV: 470118 Kihjm? [ 1440 55 kihjm?
Yariahility minutes: correlation factor: s(d. dev: Update minutes Import Back (hourly, tilt) Import Direct (hourly, tilt)
0OK 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
energy to AC grid to 30 kW:

W Load and options of Selling / Purchasing Energy from the AC grid

Data source:

(O Monthly Average @) Load Profile. (O Import File (K&, tH2/h, dam3/h)

ACLOAD (W)  DCLOAD (kW)  H2 LOAD (tH2/h)

D Purchase from AC grid Unmet Load (Non Served
Energy by Stand-alone system)

Fixed Buy Price Ekdih) Hourly Price

Annual Inflation (34): Emission (kgCO2/kiwh):

Emissions data

Fixed Cost P (E/ki\ifyr)

b1
Access Charge Price (EAWh

Fixed Access price (£/kvWh) D Hourly Price
Back-up Charge Price (£/kiivh]

Fixed Back-up price (£/kiwh) D Hourly Price

(Wil be added ta the E purchasecd

Fixed Pmax (kW)

Optians Hourly Values

) []Add negative gen. charge

Total tax for electricity costs (buy + charges) (%) D

Now we optimize again:

The optimal system is a PV generator of 60

/ SELL E., change the Max. Power for the sell excess

- O
Hours AC Do Hz Water
et g
WATER (dam3/day) FROM WATER TANK PURCHASE/ SELLE
Sell Excess Energy to AC grid AC GRID AVAILABILITY
Fixed Sell Price (E/kwh) - Friority to supply E not covered by renewaliles

@ Storage/Generator OAC Gridl

Sto fGen. priority i ProuyE = [0 |

D Sell surplus H2 in tank (difference
between the H2 in the tank at the end
of the year and at the beginning)

[ Pr.sell = pr. buyx

Generation Charge

Ener

Fixed Transter price (£/kiwh) D Hourly Price

ransfer Charge) Price (€/kyvh)

Self-consumption and Net Mettering: 10

|ND net mettering

Cost of net metering service (B/kvwh) El
Buy-back: Expart E is paid at (£/kiwh) D

Total tax for electicity sold (%) D

Losses in wire and transformer (%3): El

kW, without storage:
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#  Total NPV (kE)

0D oW B P —

<

66.34
63916
b63.884
63.135
63.066
63.021
61.461
61173
60.642

Ernizsion ((CO2Ay)  UnmetitdWhie) 1IR3 Investrment(kE)  Cap (%) LCOEE/KWWh)

1.92 0 14.37 75 1453 0.0682
2.24 0 1312 875 13.45 0.0747
1.92 0 1397 76875 1453 00712
2.35 0 1241 99.375 14.64 0.0787
1.92 0 1383 h 1453 0.0719

16 0 16.44 E25 16.35 0.0655
2.24 0 12.78 89.375 13.45 0.0766
2.35 0 12.27 98.75 14.4 0.0803
2.24 0 12.67 a0 13.45 00772

Simulate

SIMULATE..
SIMULATE..
SIMULATE ..
SIMULATE..
SIMULATE..
SIMULATE..
SIMULATE..
SIMULATE..
SIMULATE..

Report Costs A
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1 y
>

COMPOMENTS: PV gen: PV10 (10 kiép_de)x B (100% PV#1: slope 34% azimuth 0% %/ Unmetload = 0 % /f Total Met Present Value (NPV) = B6.34 k£, IRR = 14.4%.

STRATEGY: There is no load consumption - no contral strategy related to the load consumption supply. A Contral variables for gric-connected batteries: charge
{only from renewable, not from grid) if price of E. (sell)is lower than 0 £/kiWh; disch. {load + injecting to the grid) if price E. (sell) higher than 0.11 £/k\h

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:

Hourly simulation

454

40

354

30

254

20

POWER (kW) /H2 Tank /WATER tank (kWh)

04

[Legend
<

FPOWER CONSUMED OR SUPPLIED (k')

| |
|

[] Export Energy

‘Water Pump
[ Pmas input Imverter

Hourly values separately Monthly and Annual Average Power

Monthly Energy  Annual Energy  Hydrogen

Sim. multiperiod, shown average year. PV: 86%;C bat: 97.6%;S0C 1st day: 100%;Water tank 1st day: 20000dam3.

1"

Batter bank Discharge

E. max disch. batt

Battery bank Charge

Wind Turb.

AC Generator
[ Pmax. Gen

21
1 January - 3 January

Electralyzer
E H2tank (HHYH2) R

Eto supphy FT

E boughtto AC grid Pmax
E sold ta AC grid [«] Pmax
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Plim Charge
P2

P1
P critical Gen.

P criical Fuel Cell

H2 TANK setpaint (HHY H2)

3N

AC Generator ‘Water load { PHS - MULTIPERIOD

Total Load
Unmet Load
PV

Sell E to grid

> Days disp.
[Jsee Over [ prices ref. toyear 0
Energy price Legend
BATTERY EMERGY (Kih) EH L Gr
HRGr
s0C
[w.Grid
S0C limits TJAn
Cap. Max. Scrall
change
50C setpoint Gen. (days):

S0C setpoint FC

50C (0-1)

T full charge

Srall




Haourly sirmulation

Hourly values separately  Manthly and Annual Average Power

Monthly Eneray 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
L 0.02 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 AC Generator Export
0.04
o o 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 (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 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 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 v ‘ Simulattion multiperiod year, Average Back Save data Sawve Simulation Data Save Prob. Data

The MULTIPERIOD tab:

Haourly simulation

Hourly values separately  Manthly and Annual Average Power

Monthly Energy  Annual Energy  Hydrogen

AC Generator Water load /PHS  MULTIPERIOD

MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)

Total Load PV Generator Wind Turbines
0 50 0]— —-
0
0 5 10 15 20 25 5 10 15 20 25
Hydro Turbine AC Generator Export
n n ) ‘_/
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 it}
0 0 0— o
0 0 5 10 15 20 25
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
80
60
0 0 40
20
0
5 10 15 20 25 5 10 15 20 25 3 10 15 20 25

If we click in “Save Multiperiod data”, we obtain an Excel file:
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A B c D E B G H ! J K L M N o P Q R s -

1
2
3
4
5 |Costs and incomes are cash flow of each year (not present value)
6
7 |Year Cum. Inf. Purch. E(%) Cum. Inf. Sell E(%) Cum. Inf. Sell H2(%) ACload(%) DCload(%) H2 load(%) Water load(%) Irrad. (%) Wind(%)
8

1 3 4.28 3 100 100 100 100 -1.93 0
9 2 6.09 6.85 6.09 101 101 101 101 -0.92. 0
10 3 9.27 0.92 9.27 102.01 102.01 102.01 102.01 1.95 0
1 a 1255 12.05 1255 103.03 103.03 103.03 103.03 -2.01 0
12 s 15.93 16.07 15.93 104.06 104.06 104.06 104.06 0.5 0
13 6 19.41 19.97 19.41 105.1 105.1 105.1 105.1 0.06 0
i 7 22.99 27.13 22.99 106.15 106.15 106.15 106.15 -a.18 0
15 8 26.68 3134 26.68 107.21 107.21 107.21 107.21 0.86 0
16 9 30.48 33.23 30.48 108.29 108.29 108.29 108.29 0.05 0
7 10 3439 39.89 34.39 109.37 109.37 109.37 109.37 047 0
18 1 38.42 42.50 38.42 110.46 110.46 110.46 110.46 0.3 0
19 12 a2.58 46.92 a2.58 111.57 111.57 111.57 111.57 179 0
20 13 26.85 52.1 46.85 112.68 112.68 112.68 112.68 158 0
21 14 51.26 57.59 51.26 113.81 113.81 113.81 113.81 0.68 0
22 15 55.8 63.64 55.8 114.95 114.95 114.95 114.95 0.41 0
23 16 60.47 68.2 60.47 116.1 116.1 116.1 116.1 0.17 0
24 17 65.28 71.62 65.28 117.26 117.26 117.26 117.26 0.7 0
25 18 70.24 74.71 70.24 118.43 118.43 118.43 118.43 1.02 0
26 19 75.35 77.71 75.35 119.61 119.61 119.61 119.61 -0.08 o
27 20 80.61 81.34 80.61 120.81 120.81 120.81 120.81 -4.03 0
28 21 86.03 87.59 86.03 122.02 122.02 122.02 122.02 231 0
29 2 91.61 92.98 91.61 123.24 123.24 123.24 123.24 0.44 0
30 23 97.36 98.79 97.36 124.47 124.47 124.47 124.47 -0.58 0
31 2 103.28 109.12 103.28 125.72 125.72 125.72 125.72. 0.19 0
32 25 109.38 112.00 109.38 126.97 126.97 126.97 126.97. 0.01 o~
multi2 [ @ ‘ »
a0 AP A AR as AT Y AW av A BA B 8 ) 3 o 86 B ] ( 8K 3 Py
i
2
3
4
5
5
7 |EPhotov(mMwh/yr) Ewind(MWh/yr) € Hydro T.(MWh/yr) 3 3 € Disch Bat(MWh/yr) 3 EBuy(MWh/yr) ESell(MWh/yr)
8 £ o 0 o £ o o 0 [ o o sLen
s 51178 0 0 o 91179 0 [ 0 o 0 o 5117
10 52501 o 0 o s2501 o o 0 o o o sL778
n 88557 [ o o 88557 0 o o [ [ o 80027
2 s8.845 o 0 o 88.845 o o 0 o o o 20176
3 88382 0 3 o 85382 0 o 3 [ [ o 7975
1 84259 o 0 o 84.259 0 o 0 o o o 72584
15 8785 3 3 o 8785 0 3 3 o o 0 7435
16 8568 o o o 85.68 o o 0 o o 0 78.705
7 85.088 o 0 o 85.087 o o 0 o o o 7418
1 83622 0 0 o 83623 o o 0 o o o 77.663
19 22 o 0 o .22 o o 0 o o o 7.5
2 83157 o 0 o 83.157 0 0 0 o 0 0 77281
21 81607 o 0 o 81.607 o o 0 o o o 76.58
2 50507 0 0 o 80507 o 0 0 o o o 75.968
2 79,195 o 0 o 78,195 o o 0 o o o 75.202
2 77523 0 0 o 77523 0 0 o o 0 o 7432
25 718 o 0 o 7818 o o 0 o o o 74.607
2 76525 o 0 o 76.525 0 0 o o 0 0 73564
27 72982 o 0 o .98 o o 0 o o o 71187
2 7.3 3 3 o 723 o 0 3 o 0 0 71329
2 7118 o 0 o 7118 o o 0 o o 0 71971
30 750 3 3 o 7258 0 3 3 o o 0 70.849
31 72116 o 0 o 72116 o 0 o o o o 70543
2 71602 3 ° o0 7602 o 3 ° o o o 70,198
33

Save the project.

47. Variant: force batteries.

Save the project and save as with the name “High1-multi-3”.

We can now force to have batteries in the system: In the main screen, minimum number of
batteries in parallel 1:

MIN. AMD Mies. No COMPOMEMNTS IN PARALLEL:

Bateries in parallel: Min. |1| M 2. |‘I

P gen. in parallel; Min. |IJ b 2. |E

f i
i i

We optimize again:
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#  Total NPV (kE)

[ R

631957

61.173
60.209
59.751
59.746
58.779
58.405
57.219
56.553

Unrnetibhier

<

oo o000 oo o

IRFi(%%)
12.41
1227
12.08
1153
12,81
12.84
11.45
1128
12.46

Irevestrnentike)

99.375

98.75

101.5875

111.875

86.875

46.25

111.25

114375

89.375

Cap.F(%)

14.64

14.4
14.69
1367

15.3
1515
13.46
13.73
16.32

LCOE(E Kivh)
0.0797
0.0803
0.081%
0.0843
0.0778
0.077%
0.0846
0.0861
0.0804

Simulate

SIMULATE..
SIMULATE ..
SIMULATE..
SIMULATE ..
SIMULATE .
SIMULATE..
SIMULATE .
SIMULATE..
SIMULATE ..

Report Costs A
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1
REPORT... COS1 o
>

COMPOMNENTS: PY gen: P10 (10 kvh_dchx 7 (100% PV slope 342 azimuth 04) // Batteries Batddkivh (1 kah): Ts.x Tp.  Bat. Inverter Inv-Ch1 0kW of 10 ki Unmet

load = 0% / Total Net PresentWalue (MPY) = B3135 kE, IRR =12 4%,

STRATEGY: There is na load consumption -> no control strategy related fo the load consurmption supply. S0C min.: 10 %, Arb.: Control variables for grid-conne cled
hatteries: charge (only from renewable, notfrom grid) if price of E. (sell) is lower than 0 €/kMWh; disch. (load + injecting to the grid) if price E. {sell) higher than 0.11 £/kiwh

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 Annual Average Power

Monthly Energy  Annual Energy  Hydrogen  AC Generator Water load/PHS  MULTIPERIOD

Sim. multiperiod, shown average year. PV: 86%:C bat: 82.9%;S0OC 1st day: 14.2%;Water tank 1st day: 20000dam3.

50
£ 454
S
=
= 404
g
ﬁ 354
=
Z 204
H
= 254
o
= 20
£
= 154
£
3 104
a
5
0
0 2 3 4 5 6 7 8 9 " 12
[Legend 1 January
<
POWER CONSUMED OR SUPPLIED (ki) Em— []5ee over
Batter bank Discharge Plim Charge Legend
0 0 0 = ; Pz BATTERY ENERGY (kiwh)
ectrolyzer
s0C
0 [ E. ma. disch. bat, E.H2tenk (HHVH?) | R P1 OC It
o imits
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Hourly simulation  Hourly values separately  Manthly and Annual Average Power  Manthly Energy  Annual Energy  Hydragen  AC Generator ‘Waterload / PHS  MULTIPERIOD
HOURLY POWER DURING THE YEAR (MW), ENERGY IN (MWh)

Total Load PV Generator Wind Turbines
0.04
0
0.02 0
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 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
v 1
0.01 [ ‘ 0.04
0.03
0.005 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
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0.03
0.02
0 0
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): |60 Simulaltion multipetiod year,| Average ~ Back Save data Save Simulation Data Sawe Prob. Data

The PDF tab. In the third tab, the PDF (probability density function) graphs, by default, are not
shown. To show them, go to the OPTIONS (main menu of the software, Project -> OPTIONS) and
check the box “In the simulation window, show the probability density function (PDF) of the
main results”:

nthe simulation window, show the probability density function (FDF) of the main results

When this option is selected, we see something like the following figure in the third tab of the
simulation screen: probability density functions of the power (or energy for the battery) of the
components.

Hourly simulation  Hourly values separately  PDF konthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Water load f PHS  MULTIPERIOD
PROBABILITY DENSITY FUNCTION (PDF) VS. POWER (MW) OR VS. ENERGY (MWh) DURING THE YEAR  Nurber of columns [/ Show PDF firet col.  [] Show POF last col

Total Load power. PDF PV generator power. PDF Wind turbines power. PDF
200
100
0L
0 0 0.01 0.02 0.03 0.04 0.05 0
Power. Mean: 0; Std, dev: (MW Power. Mean: 0.011; Std, dew: 0.015MwW Power. Mean: 0; Std. dewv: O
Hydro turbine / TEG power. PDF AC generator power. PDF Export power. PDF
200
150
100
50
0
0 0 (1] 0.01 0.02 0.03 0.04 0.05
Power. Mean: 0; Std. dew: Dhid Power. Mean: 0 Std. dew: Dby Power Mean: 0.012; Std. dewv: 0.016M
Fuel Cell power PDF Electrolyzer power. PDF Energy in H2 tank // accum. Sold. PDF
0 0 0
Pawer. Mean: ; Std. dev: DWW Pawer. Mean: [; Std. dev; DWW Energy. bMean: 0; Std. dev: Ohiwh
Battery bank Charge power. PDF Battery bank Discharge power. PDF Energy in Battery bank. PDF
1,500 400
1,000 300
1,000 500
500 500 100
0 p— —_ = 0 - - - - — = 0
0 0.002 0004 0006 0008 0.01 0 0002 0.004 0006 0008 0.01 0.005 001 0.015 0.02 0025 003 0.035 0.04
Power. Mean: 0.001: Std. dew: 0,003k Powir. Mean: 0.001: Std. dev: 0.003kWW Energy. Mean: 0.011; Stel. dew: 0.071MWh
Unmet load (by the standalone syst ) power. PDF Purchased from AC grid power. PDF Sold to AC grid power. PDF
300
200
100
0
0 0 0 0.005 0.01 0.015 0.02 0.025
Pawer. Mean: 0 Std. dew: OMW Povwrer. Mean: 0; Stel. den: Dby Power. Mean: 0.01; Std. dew: 0.073Mw
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We can see the most of the time the PV generating power is 0 (night time), same for export
power, battery bank charge, discharge, energy in battery bank (SOC minimum the most of the
time) and sold power to AC grid. It is because PV generation is 0 during no irradiation hours. If
we uncheck (upper right area) “Show PDF first col.”, we will see all the columns except the first
one, which is the one of 0. We can see the PV generation PDF curve for the daytime hours of the
year, and also the rest of the PDF curves without the first column.

Hourly sirulation  Hourlyvalues separatsly  POF Monthly and Annual &verage Power  Monthly Energy Annual Energy Hydrogen  AC Generator  Water load / PHS  MULTIPERICOD
PROBABILITY DENSITY FUNCTION (PDF) VS. POWER (MW) OR VS. ENERGY (MWh) DURING THE YEAR Numbernf:n\umns []Show PDF firstcol. - [«] Show PDF last col

Total Load power. PDF PV generator power. PDF Wind turbines power. PDF
15
10
U I0noo A T
; [ 0o
0 0.01 0.02 0.03 0.04 0.05 0
Power. Mean: 0; Std. dev: OMW Power Mean: 0.011; Std. dew: 0.015MW Powrer. Mean: 0; Std. dew: Dbt
Hydro turbine / TEG power. PDF AC generator power. PDF Export power. PDF
0 0 0.01 0.02 0.03 0.04 0.05
Power. Mean: [; Std. dev: DWW Power. Mean: 0, Std. dew: Db/ Power. Mean: 0.012; Std. dewv. 0.0TBMW
Fuel Cell power. PDF Electrolyzer power. PDF Energy in H2 tank /f accum. Sold. PDF
0 0 0
Power. Mean: 0; Std. dew: Ohivy Power. Mean: 0. Std. dev: Ohv/ Energy. Mean: 0; Std. dev: OkWh
Battery bank Charge power. PDF Battery bank Discharge power. PDF Energy in Battery bank. PDF
60
40 50

| NunalNRandNnnsnnt
: LT

20
0 | = N IR | o e s eseeeems o -
0.002 0.004 0.006 0.008 0.01 0.002 0.004 0.006 0.008 0.01 0.01 0015 002 0025 003 0035 004
Power. Mean: 0.001; Std. dewv: 0.0030W Powier. Mean: 0.001; Std. dew: 0.003MW Enerey. Maan: 0.011; Stol. dew: 0.011Mywh
Unmet load (by the standalone syst.) power. PDF Purchased from AC grid power. PDF Sold to AC grid power. PDF

0 0 0.005 0.01 0.015 0.02 0.025
Power. Mean: 0, Std. dew: Ohid Power. Mean: 0; Std. dev: Dby Power. Mean: 0.01; Std. dev: 0.073MwW

The multiperiod tab:

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load / PHS  MULTIPERIOD
MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)

Total Load PV Generator Wind Turbines
100 T T
0 50 L S ——
0
0 5 10 15 20 25 5 10 15 20 25
Hydro Turbine AC Generator Export
100
0 ol--—— 50
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Fuel Cell Electrolyzer
0 L s S e e E— Save Multiperiod data
5 10 13 20 25 5 10 15 20 23
Battery bank Charge Battery bank Discharge Hydragen tank cap. or H2 sold (1)
10 10
5 5 ¢
0 0
5 10 15 20 25 5 10 15 20 23 5 10 15 20 25
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
0 0
5 10 13 20 25 5 0 15 20 23

Save the project.
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48. Variant: optimize control strategy for grid-connected batteries.
Save the project and save as with the name “High1l-multi-4”.

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.

V' Load and options of Selling / Purchasing Energy from the AC grid - O X
Eattolice Hows | JAC [ DG [ [H2 [ |Water
Minutes- each hour in 1
O Montrly Average @ Load Profile (Olmpant File (KW, tH2m, dam3/h) 1~ Mimioe 1 porrowe o [impen Export

AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) WATER (dam3/day) FROM WATER TANK  PURCHASE/SELLE

[] Purchase from AC grid Unmet Load (Non Served AC GRID AVAILABILITY

Energy by Stand-alone system)

Emission (kgCO2/kivh).

Emissions data

Fixed Pmex (W) Fixed Cost P (E/4)

Sell Excess Energy to AC grid

Friority to supply E not covered by renewahles:

Hourly Price ~
@ Storage/Generatar () AC Grid

StofGen. priority if PrhbuyE >= El

[[] Sell surplus H2 in tank (difference
between the H2 in the tank at the end
of the year and at the beqginning)

[ [[] Fixed Sell Price €/kvvh) ]U.TZ
[] Pr.sell = pr. buyx |1—|
Annual Inflation (%)'
Mew. Power(k) 30 |[]=Prmexchuy

Energy Generation Charge (Transfer Charge) Price (E/kith

Fixed Buy Price ([£/kWvh) Hourly Price

Annual Inflation (32)

Hourly Walues

Access Charge Price (E/ih
Fixed Access price (B/<Wh) D Hiurly Price
Back-up Charge Price (£/kih
Fixed Back-up price (E/kWh) D Hourly Price

(il be added to the E purchased) []Add negative gen charge

[/] Fixed Transier price (£/kyvh) l:l Hourky Price
[“]=ell only

> ‘

Self-consumption and Net Mettering 10 3

‘No netmettering

Costof net metering senvice (£/kWh) El
Buy-hack: ExportE is paid at i€/kvwh) El

Total tax for electricity costs (buy + charges) (%) D

Total tax for electicity sold (34) D

Losses in wire and transformer (%): El

A small window appears, where you can import the downloaded hourly file. Click in “From file
(8760 hourly values)” and click in the button “Import hourly file” and import the
“Hypothetical_hourly_pirce.txt” file.

When iHOGA imports a file, the decimal spacing of the values of the file must ALWAYS BE DOT
(.). If you open the downloaded file, you will see the dot as the decimal spacing. Even if your
computer uses comma as decimal spacing, in the files that iHOGA will import the DECIMAL
SPACING MUST BE DOT {.).
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http://ihoga.unizar.es/Desc/Hypothetical_hourly_pirce.zip

HOURLY PRICE OF THE ELECTRICITY SOLD TO AC GRID

Hourly Prica Data (E/liwh)
(O Hourly. all days the sarme

From file (3760 houtly values) oot o e ] 5 Graph | | 5 Dimaxemin

T Houy Fenods = POF = PDF D.m-m

OK

After importing the file, you can click in the button “Graph” and see the hourly sell price:
W Graph - m] ®

Price of the electricity SOLD to AC grid

034
0.32
0.3
028
026
024
0.22
02
0.18
016
014
0.12

Price per kWh

008
0.06
0.04
0.02

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 0
1 January

. ;
Sell price: Average 0.06 £/kWh: Max: 0,323 £/K¥h: hin: 0.001 £kh [Horizantal Grid A [Jvetical G Days display

Serall change (days)> small Jarge:

3 Back

In all the graphs, you can zoom in the graph (draw a window with your mouse over the area to
be enlarged: click from top left to bottom right); later you can undo the zoom (click and drag
from bottom right to top left).

We can see that average hourly price is 0.06 €/kWh, its maximum is 0.329 and its minimum
0.001 €/kWh.

Click “Back”.

With the button “PDF” it shows the probability density function (PDF) of the price, showing also
(below the graph) the mean and standard deviation (and, with these values, it shows in green
the Gaussian curve). Next figure shows an example, where most of the time price is near 0, and
also there is a lot of hours with price around 0.06 €/kWh; the Gaussian curve does not fit well in

this case (that is, the original data does not follow a Gaussian normal PDF).
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¥ @ Data = Gaussian

Probability Density Function

0 0.05 0.1 0.15 0.2 0.25 0.3
Purchase pirce

Purchase pirce -> Mean: 010598; Std. dew: 0086 £/k\Wh

QK

Click “OK".

With the button “D.max-min” it shows, for each day, the difference between the maximum price
and the minimum price of that day. This graph is interesting to see the daily price difference
(max.-min.), important for arbitrage energy cases (for example, charging batteries at low price
hours and discharging during hours at high price hours). Showing 365 days display, se can see
many days, in this example of prices, the difference is higher than 0.2 €/kWh, which could make

profitable (in some cases) the energy arbitrage:

Daily max.-min. Price of the electricity PURCHASED from AC grid

0.32

0.3
0.28
0.26
024
0.22

02

Price per kiWh

018

016

0.14

012

0.1

0.08

0.06

.04

14511 2 1512 13 153 U4 15/ U5 155 16 1506 17 157 U8 15/8 U9 15/ 1101510 11111511 112 1512
January-December

< > |365
Daily max.-min. diff. of Purchase price: Average 0181 €/kiWh; Max: 0.3219 €/kih; Min: 0.0293 £/kivh [JHarizontal Grid [ JAk []verical Grig  Deaye display

Serol changs (daysps smalt |1 large:
With the button “PDF Dm-m” it shows the probability density function (PDF) of the previous
graph (values of difference between the maximum price and the minimum price of that day),
showing also the mean and standard deviation (and, with these values, it shows in green the
Gaussian curve). In next figure we can see that, in this case, the most of the values (difference
between max. and min. price for each day) is around 0.18 €/kWh, and the PDF curve is not very

different from a Gaussian PDF curve.

189



|I7. Data W= Gaussian

- =
= =

Probability Density Function

L R R S = R = - I 1=

0 0.05 01 0.15 0.2 0.25 0.3
Purchase pirce: Daily max.-min. difference

Purchase pirce: Daily masx-min. difference -» Mean: 0.181; Std. dew: 0.0485 £/kWh

OK

Click “OK” to return to the options of selling electricity to the AC grid.
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 NPY (k£) Ernizsion (tCO24)  UnmetMWhiy)  IRR(3) Investment(k)  CapF(3)  LCOEEKWH) Simulate Report Costs ~
2.35 0 0 99.375 143 0.0616 SIMULATE.. REPORT... COS1

And the NPV now is negative, 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
) and then change the

o

the PV generators window, change the name to “PV10-“ (just adding
cost from 10 k€ to 5 k€:

1l PV GENERATORS - m| X
s o
A P Gen. el PRI + | -
PHOTOVOLTAIC GENERATOR DATA:
| _Mame Powerlp_dd)  Costkf)  COGBMG&A)  Lislyears) NOCT(HC)  Powsr T coef(3/20) BIFACIALITY{-) CFY  Emissions(kgO0Z k)
I

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 positive, i.e., profitable system.

# Total NPV (kE) Erission (tCO241)  UnmetibdWhie)  IRBR() InvestmentikE)  Cap F(3)  LOOEE/Kh) Simulate Report Costs A
1 40.688 0 1322 BE.62S 14.3 0.0455 SIMULATE.. REPORT... COS1

Maybe the optimal control strategy is not the one that was set. In the main screen, CONTROL
STRATEGIES tab, “(Compare with 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.

GENERAL DATA OPTIMIZATION CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

CONTROL STRATEGY AND WARIABLES TO OFTIMIZE

ENERGY ARBITRAGE: System with batteries and grid connected
Global strategy:

© Load Following |:| Batt. charged by the AC grid [ discharged if: (also for Elyzer-» H2) D Elyzer. full load
() Cycle Charging Caontinue up to S0C stp [ (Compare with Sell price) ]
() Try Both [ Optirmize strategy of grid-conneted batteries

[©3vanab|es Hdif), ¥2(%), X3(%).  ¥1min (0029 | e 03257 [ epaam ]

Variables to optimize relative to the global strategy:
()2 variables: price E. min and max,  Min> 00008 paxe 03615 Efleih [ FrcherD

Prnin_gen Prnin_FC HETANKstp
P1_gen Fi1_FC P2
SO_Cg SO_C o [zt Batteries can inject electricity to the AC grid
Stp_gen stp min 1 day at low SOC > charge hattany with AC gric - -
Fcritical_gen HETAMNKst Flim_charge steries availability

[Jwhen batteries are off, compensate autadisch,

[]50Cmax | Fixvariables [ ‘arighles accuracy. = 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, 6, 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 (to avoid spending too much time following this guide), 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:

il INVERTER/CHARGERS - O X
Add from D atabase | |Zen:| j
11103 IE1 3 S
Include anly WDC suitable fram family: | | j
GENERAL DATA EFFICIENCY (%) vs. OUTPUT POWER (%) >
Name Power(kiid) | LifeYpan [ur] | Cost (k€] [Imax_ch_DClka]Ef_charger(%) [vdominly) [vidomes(v] [Pmaw_renfkw] [ [ 0% [ 2% [ 3% [ 42 | 52 | 10% [ 20% |of

10 15 2 025 a8 48 48 TE15 1030 50 V0 B85 93 a2

TN, AMD AKX Mo COMPONENTS IN PARALLEL:

Bateries in parallel: Min. |1 [GER

P gen. in parallel: Min.[@ M aw.
1
1 1

17

Now the optimizing time will be several minutes. Save and calculate. We get:

# Total NPY (kE) Ermigsion (fCO024r1)  Unmetibthan)  IBR3)  Investmentike)  CaplFi%)  LCOEE/WhH) Simulate Report Costs ~

1 42.069 2.35 0 134 bh.625 141 0.0473 SIMULATE.. REPORT... COS1

2 40.418 2.67 0 1252 61.87% 13.05 0.0496 SIMULATE.. REPORT... COS1

3 40.018 2.03 0 13.96 49.37% 1493 0.0463 SIMULATE.. REPORT... COS1

~
< >

COMPOMNENTS: PV gen: PY10- (10 kvwp_dchx 7 (100% PV#1: slope 348 azimuth 02) // Batteries BatdBkiWh (1 kAh) Te.x 1p. 4 Bat Inverter Ins-Ch10kW of 10 kVA J/
Unret load = 0 % /f Total Met PresentValue (NPY) = 42069 k€, IRRi=13.4%
STRATEGY: There is no load consumption - no control stratedy related to the load consumption supply. SOC min.: 10 %%, Arb.: Control variakles for gricd-connected
batteries: %1=0.029(sell) £/k\Wh: X2=20%; =3=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.
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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. the 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 separstely  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator ‘Water load/PHS  MULTIPERIOD

Electricity price (€/kWh), year 12 W — Max. day
0.5 - — Min_day
0.4 I+ — Low limit disch.(X3)
0.3 /\ I+ High limit char (X2)
M — Sell
0.2
01| L/ f—
i
o+ 2 3 4 5 6 7 8 9 1w 1 12 13 14 15 16 7 18 19 20 211 22 23 10
6 January
z Sim. multiperiod, shown average year. PV: 86%;C bat: 81.5%;SOC 1st day: 12%;Water tank 1st day: 20000dam3.
=
g 504 0E Total Load
ho é Unmet Load
&40 Bz ~— Disch. Batt
% 30 E ~— Charge Batt.
= 3 25 W PV
s i Sell E to grid
J 20
=20 z — 50C
g 15 &
g b 10 E
= @
e 0 5
g 0 + 2 3 4 5 & 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 0
3 6 January
< > Days disp.
POWER CONSUMED OR SUPPLIED (ki) Eneray price See Over § [ Prices ref.to vear 0
Batter bank Discharge Plim Charge Lz Legend
P2 BATTERY ENER [JHLG
| O U Electrolyzer s00 CIHRG
0 [ E. e disch. batt E HZtank (HHY HE) P Pl S0 limi [v.Grid
] imits Alt.
Battery bank Charge P critical Gen -
[] Export Energy Cap. Max. Scroll
U E to supply FC P crifical Fuel Call change
Wind Turb S0C setpoint Gen. (days)
n urb.
B Small:
P | E bought to AC grid Pmax 0L sspoint FL 1
ater Pumnp
AC Generator | Esaldio ACarid [v] Pmax
[ P input Inverter Y H2 TANK setpoint (HHY H2) SOC[-1)| | T full charge Large
[] Pmax Gen
Sirmulation step (min): 60~ Simulalion multiperiod year. Average @ Back Save data: Save Simulation Data. Sawve Prob. Data.

COMPONENTS: PV generator of 70 kip_dc (100% PV#1: slope 342 azimuth 0%). Battery bank of 48 kiwh. Bat. Inverter of 10 kWA,

STRATEGY: There is no load consumption -> no confrol strategy related to the load consumption supply. SOC min.: 10 %. Arbitrage: Control variables for grid-connected batteries: X1=0.029(sel]) £/k\Wh:
x2=20%; ®3=40%. Digcharge: load + injecting to 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

S0OC min. batteries = 10 %

COMNTROL STRATEGY FOR CHARGE/DICHARGE (load + injecting to the grid) OF GRID-CONNECTED
BATTERIES:

X1=0.029 €kWh (sell price); X2=20 %; ¥3=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 (that is, when there is surplus
power which cannot be injected to the grid) and the turbine will run when the sell electricity
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price is high. Let’s suppose that the water reservoir maximum capacity is 80 dam® and the
elevation head is 31 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 “1 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 only be considered if we had
just a turbine that generates power with the available water flow, that is, run-of-the-river hydro;
this is not our case as we are using PHS in this project).

Now, in the main screen, click in “! HYDRO TURB” button.
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W HYDRO TURBINES - O x

M« > m -

HYDRO TURBINE GENERAL DATA EFF. TURBINE (%) vs. FLOW (% of F max.)
Name  Pnorfikiy) biex. flow(m3fe) Min. height (m)  hax. height im) Cost(kf) fifespan () C O&M(%pr) 0% 10% 20% 30% 40% 50% B0% 70% &80% 90% 100%
» Twioew [ 004 B 3 3 30 1 0 0 60 B0 90 90 W 80 90 A0 90

[fyou want to consider Pumped Hydro Storage, check ane of the check box helow (reversiole

pump-turbine or pump and urkine difierent machines) Tur10kW. F=0.04m3/s. Pnom=10kW; Pmax (max. height 35m)=10.9kW
In that case, data from HYDRO resource will notbe considersd. Water tank and purnping dats 96
(elevation head, friction lasses, pumping efficiency and pump minimum load) considered will be the =

ones shown inthe LOADAC GRID windaow (vw/ater tat)

iater will e pumped from reservoirwhen there is renesvakle energy orwhen settled by the cantrol 72

stratedy: turhine will generate electricity when water consurmption or when setled by control strategy E o

g 56

PHS: Reversible Purnp-Turbine. data here. Same height and friction losses (datain LOADJAC grid, water) l E -
= ™ I —— ) =]

w40

Yo

[ Supply load with turb. when load > |50 |% P. turb. and Water T> % 2

40 50 60 70 80 90 100
% MAX. FLOW

Multiplier Gearbox Efficiency: k3
Electrical Generstor Efficiency: %

el CRR capte fremasinig.) 602 squiv. { KWh 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 “PHS: Reversible Pump-
Turbine, data here....”

FHZ: Reversible Pump-Turhine, data here. Same height and friction losses (data in LOADSAC grid, water)
| s [N . . . P o e = B . n —_— [

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 TURrINE GENERAL DATA EFF. TURBINE (%) vs. FLOW (% of F max.)

Name narm (KA Max. flov(m3fs) Min. height () Max height (m) ost (kE) Lifgspan(yr) C. O8MIi%AM 0% 10% 20% 30% 40% b0% B0% 70% B0% 90% 100%
Tur? OkiA-bd 10 004 25 35 7n i | 30 1 0 0 60 @0 90 80 40 an a0 90 a0

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 available head will be 31 m, which, + 10% losses implies
a max. pumping head of 34.1 m, while when turbine runs the min. head is 31 m -10% losses,
27.9 m. As our turbine has 25 m for min. height and 35 for max. height, 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):
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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.

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 (31 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
Dt EmiE Hous JAC [ 10C [ |Hz | |water
Minutes- sach hourin 1
O Monthly Average @ Load Profile O Import File (W tH2/h, dam3/h) 1| Mmoo T perrme o [impan Export

AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) WATER (dam3/day) FROM WATER TANK  PURCHASE / SELL E

DAL WATER CONSUMPTION (dam/day): HOURLY WATER CONSUMPTION (M % OF DAILY CONSUMPTION):

January [0 | (0 mwydey) July 0] onwmiday Ok 1h 2h 3h  4h  5h Gk 7h_ 8h_ 9n_ 10h 11k

FebruaryD | (0 Mwhjdey) August [0 | (@ Mwhday) DEFINE v
March (@ oty Septomber (@ shhey) 12h 130 14k 15h T6h 176 18h 1gh 20n 2k 2h 230 Tow

April %(n Mivhyday) October % 0 Mhjdlay) 100%

My [0 mevden November 1| (0 Mhde) HOURLY WATER CONSUMPTION 4 OF THE DAY)

June [0 |0 mwhiday) December 1| (0 Mwhiday) 5 Memailinesmlla

Scale tactor for Monday - Friday: Farthe Weekend 0 0 5 18 Varlab\mymmutes(%)
WATER TANK hour

Watertank capacity l dam3; min. (%) _ ELECTRICAL PUMP:
Capacity at the begirweskve?simulation (%4 [inletHydro res Pump electrical rated power: 0 k¢ Pump minimum power E % of rated

PUMPIMNG DATA: (Reversible: Pump pawer = hydro turb. pawer)  Priority to pump if surplus P > El"/.. P. pump.

Elevation head + austiaadt m BAlmpLTE Tatal pump Eﬁicigﬂﬂy. %[ Var. | Fump eff
Friction Losses: | %

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?-31m-(1+0.1)/0.8 = 3.34521-10™° J = 9.2922 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):
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MIM. AND MAx, Mo COMPONENTS IN PARALLEL:

B ateries in parallel: Min. ,D— M ax. "I—
F gen. in parallel: kin. ,?— [GERS ’?—
RS
LS

Click in CALCULATE, and, after several minutes (control strategy is optimized), we obtain 2
results of combinations of components:

# Total NPV (k£) Emission ({CO2A+)  Unmet(Mwhie)  IRR(SG)  Investment(kE)  Cap F(2)  LCOEEMKWh) Simulate Report Costs ~
10 2.28 0 0 13375 1218 01084 SIMULATE.. REPORT... COS1
2 -38.103 2.38 0 0 143128 1z2ez 01165 SIMULATE.. REPORT... COS1
v
< >

COMPOMNENTS: P gan: PV10- (10 kivw'p_dchx 7 (10022 PV#1: slope 342, azimuth 0%/ Hydro Turb. AC Turl Okidé-bd of 10 k., 0.04 m3/s f Bat. Inverter Inw-Ch10kiv of 10
kiwA g Unmetload = 0 % 4 Total Met Present Walue (NPY) = -35.907 k£, IRR = 0%,

STRATEGY: There is no load consumption -» no control strategy related to the load consumption supply. Arb . Control variables for grid-connected hdro turb fpurnp and
hatteries: X1=0.029(sell) £/kvvh; X2=20%; x3=40% 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  Hourly values separately  Manthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Water load / PHS  MULTIPERIOD

Electricity price (€/kWh), year 1 ~ Max. dar
F— Min. da
03 v — Low limit disch.(X3)
02 v High limit char.(X2)
/\ V— Sell
a /F/
¢ 1 2 3 4 5 6 T 8 % 10 1M 12 13 14 15 18 17 18 19 20 21 22 23 0
1 January
Sim. multiperiod, shown year 1. PV: 100%;C bat: 100%;HT: 100%;SOC 1st day: 100%;Water tank 1st day: 40dam3. s
=
= 9,000 T
> otal Load
E. 50 8,000 E Unmet Load
w0 7,000 & W. tank (E.)
= 6.000 & — Water Pump
g2 — 5000 § — Disch. Batt
é. o . 4000 & = Charge Batt
=i N 3000 B Hydro T./ TEG
= / £ PV
g1 y 2000 2 Sell E to grid
z / 1,000 > — soc
S < 0 &
o 1 2 3 4 5 6 7 8 9 1 11 12 13 ¥ 15 18 17 18 19 23 0 E
1 January =
< > Days disp.
POWER CONSUMED OR SUPPLIED (k) Energy price []See Over [ Prices ref. to yearn
Batter bank Discharge Plim Charge Legend
O O O Eloctol P2 BATTERY ENERGY (KWh) EH LGr
ectrolyzer HR.Gr.
s0C
0 [ E. mex disch. batt E. H2 tank (HHY H2) R P1 S0C limi [v.Grid
v imits Alt
Battery bank Charge P critical Gen_ o
[] Export Energy Cap. Max. Serall
O Eto supply FC P criical Fuel Cell . change
S0C setpoint Gen. (days)
Wind Turb. Srmall
£ boughtto AC grid || By S0C setpoint FC
WWater Purmnp e
i AC Generator E sold to AC grid P Large:
[ Proa. input Invarter [] P rax. Gen H2 TANK setpaint (HHY HZ) SOC(0-1) | | T.full charge
Simulstion step (min): |60~ Sirmulaltion muliperiod year 1 v Biack Save dats Sove Simulation Data Save Prab, Data

COMPONENTS: PY generator of 70 kip_dc (1002 PA#1: slope 34¢, azimuth 0%). H. turbine / pump AC of 10 kW, 0.04 m3/s. Water tank of 80 dam3 (555.6 h dur). Battery bank of 48 kiwh. Bat. Inverter of 10
KA,

STRATEGY: There is no load consurmption -> no control strategy related to the load consumption supply. SOC min.: 10 %. Arhitrage: Control variables for grid-connected hdro turb.fpump and batteries:
X1=0.020(sell) £/K¥h: K2=20%: ¥3=40%. Discharge: load + injecting to the grid. Priority to purmp and store E if surplus P> 0 % P. purmp
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January the 12

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

Electricity price (€/kWh), year 1 ¥ — Max_day
¥ — Min_day
03 ¥ — Low limit disch.(X3)
¥ Figh imit char (<2
02 / L " — el

o 1 2 3 4 5 6 7 8 9 40 M 12 13 14 15 16 17 18 19 20 21 22 23 0
12 January

Sim. multiperiod, shown year 1. PV: 100%;C bat: 100%;HT: 100%:;SOC 1st day: 100%;Water tank 1st day: 40dam3.

£
£, 9,000 5 Total Load
= 8,000 £ — Unmet Load
= n 7.000 g W.tank (E.)
e 5,000 T — Water Pump
E 30 5000 E = Disch. Batt.
s 1000 & — Charge Bait
= 20 w Hydro T./ TEG
= 3,000 l&
i 2,000 2 v
£ 10 — Sell E to grid
] 1,000 > — soc
e o4 0 w
0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 pal 22 23 0 E
12 January =
< > Days disp
POWER CONSUMED OR SUPPLIED (ki) : See Over [ Prices ref to ysar
_ Enetigy ptice
Batter bank Discharge Plim Charge [Legend
P2 BATTERY ENERGY (kivh) DH.L.Gr
O O [ E.-to supply by batt Electrolyzer s00 [IHFR.Gr.
v
0 [ E. max disch. batt E.H2tank (HHYH2) R Pl SOC limit OvGrid
¥ imits Alt
Battery bank Charge Fuel Cell P critical Gen. O
[] Export Energy Cap. Max. Seroll
O Eta supphy FC P criical Fuel Cell ) change
Unmet Load ) S0C setpoint Gen. (days)
MR Wind Turb. E. mex FC Small
WatarP ! E boughtto AC grid | Praax S0C zetpoint FC
SETFUIT AC Generator E sold to AC grid [7] Prax Lorge:
D Proax. input Inverter [] Pmax Gen Hz TANK getpoint (HHY HZ) S0C(0-1) T. full charge
Simulafion step (min.): B0 Simulaltion multiperiod year: 1 > Back Save dala, Save Simulation Data. Sawve Prob. Data

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 to the AC grid.

Hourly simulation  Hourly values separately  Monthly and Annual Avarage Power  Manthly Energy  Annual Energy  Hydrogen  AC Generatar Waterload / 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 8.000 0 2,000 4,000 6,000 8.000
Hydro Turbine AC Generator Export
0.04
0.005 0
0.02
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 (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
o001 {[IE
0.005
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 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 multipetiod year,| 1 ~ Back Save data Save Simulation Data Save Prob. Data

The “Water load” tab for the 1 year:
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Hourly simulation

Hourly values separately  Maonthly and Annual Average Power

Monthly Energy  Annual Energy  Hydrogen

AC Generator Waterload /PHS  MULTIPERIOD

MONTHLY WATER LOAD, PUMPED AND TURB. (dam3). WATER STORED IN TANK AT THE END OF EACH MONTH

@
5 l B = =
5 s
£ =
= =
2 <
z B
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. (MWh). WATER STORED IN TANK AT THE END OF EACH MONTH —_
=
i
< =
= 8
5 2
& g
w ©
=
w
Month
Hourly Water Load (dam3) PHS Huudy Water Pumped (+) /turb. () (dam3) Hourly Water Stared in Tank (dam3)
80
60
0 40
20
0
(1] 2,000 4,000 6,000 8,000 0 2,000 4,000 6,000 8,000
Hourly Energy of Water Load (MWh}) Huuﬂy Energy of Water Pumped (+) /turb. (-) (MWh) Hourly Energy of Water Stored in Tank (MVWh)
0.01 10
0 []Uﬁ
0 5
-0 []Uﬁ
-0.01
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
Simulation step (min); 80 v Simulaltion multiperiod year; 1 ~ Back Save data: Save Simulation Data Sawve Prob. Data
And the multiperiod tab:
Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator  Waler load / PHS  MULTIPERIOD
MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)
Total Load PV Generator Wind Turbines
100 VT
0 50 o — T
0
0 5 10 15 20 25 5 10 15 20 25
Hydro Turbine AC Generator Export
8
6 100
4 U e e e e B 50
2
0 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Fuel Cell Electrolyzer
0 L e B B e E— 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 ()
5 6
4 4 0
2 2
0 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
0 0 50
0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25

Save the project.

50. Green H2.

Open the project High1l-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 uncheck “Inverter/cha”, as the electrolyzer has
its own rectifier defined in its screen.

COMPONENTS
PV Gen.

[ ]wind Turbines

|:| Hydro T.

[] Battery bank

[ ] Backup Gen.

|:| Inverterfchar.

H2 (F.C. - Elyzer.

And then click in the button “H2 (F.C. — Elyzer.)”:

1 H2 COMPONENTS - m] X
Electrolyzers H2 Tank
ion of H2 by electrical energy Data to modify the consumption and efficiency curves:
Add from Database Zero - . oo
W < T+ = Curves change in H2 mass flow lmit (% of rated)] 100 |
Factor_efficiency
Name P.Nom(kW)  Acqcost(E) C.OBM@EAD Liespan(n)  A(Wkoh)  B(Whkghl  P.min. (%)
» Elyzerskit’ 5 20 2500 20 40 10 20

Fower consumption in stanckby] 10 |% ofnominal power

[ Availability
Elyzer5kWW. Consumptien(kW) and Efficiency(%:HHV)
Water cost (E/kg_H2): |0

g 80 _
g 409 . E: Stack replacement cost (% of ace;, cost): |40
£ s 2 Cold start ime (min). +Each cold start equiv. to extra ageing (min):
3 2us b Lifetime and O&M costs deta: Electricity DC
§ 1.024 & % @ years and gyt
wi
w0 0.02 004 006 008 30" (O Hours and €/h
H OUTPUT MASS FLOW (kglh) v, o

Nominal H2 mass flow = 0.1 kg/h: Itis needed at least 1 K to generate HZ

Equivalent CO2 emissions (manufacturing fuel cells and electrolyzers) g CO2 sctiv./ kW rsted power
Compression electrical co

[JFUEL CELL ELECTROLYZER + H2 TANK

Annual Infletion Peete for Fuel Calls, Elect® = £ Viariation of Fuel Cells, Electralyzers and H2 Tanks Cost (2.9, for an
He Tank Cost L% expected 90% reduciion on curent cost introduce "-30%”). %
Limitis reached in 21.9 years

Fuel Cell and Electiolyzer are connected to AC bus (hy means of their inverter and rectifier respectivelly) | Inverter and rectifier date.

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 bottom 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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1 H2 COMPONENTS =11

Electrolyzers H

¥ In H2 generating systems, do not consider H2 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
(set this value):

Equivalent COZ emissions (manufacturing fuel cells and electralyzers): m @iy, | 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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V' Load and options of Selling / Purchasing Energy from the AC grid - m} X

Data source Hours AC ]} H2 “Water

O Manthly Average @ Load Prafie O lmport File (4, tH2/h. dam3/h) 1 v e sach fourin e iEe Export

AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) WATER (dam3/day) FROM WATER TANK PURCHASE/ SELLE

Purchase from AC grid Unmet Load (Non Served Sell Excess Energy to AC grid AC GRID AVAILABILI
Energy by Stand-alone system’
=

z‘ Fixed Sel Frice (E/KWH] 01z [— Priority to supply E not covered by renewables:
Fixed Buy Price [E/kiwh) 0.15 aurly Price: (@ Storage/Generator () AC Grid

[ Pr.sell=pr. buyx 1

Annual Inflation [%6): Emission (kgCOz/kiwh) iari
" Sto/Gen. priority if PrbuyE >= El
o3
Emissions data Annuaun”mn(/)
M. Power(kiy) D=Pmﬁx buy Sell surplus H2 in tank (difference
Options

between the H2 in the tank at the end

Hofly Values Energy Generstion Charge (Transfer Charge) Price (£/kih of the year and at the beginning)

. o o gL Fixed Transfer price (E/k¥h) D Hourly Price Price [Eka) Annual Inflation (%)
Fixed Access price (/kvwh) [0 Hourly Price Selt-consurnption and MNet kMettering: Sell only
Back-up Charge Price (£/kiWh ‘No net mettering ~ ‘

Fixed Back-up price (E/kwh) D Hourly Price Cost of net metering service ([E/kwh) El

(Will be addedto the E purchasec) DAdd negative gen. charge Buy-back: Export E is paid at (£/KWh)

Total tax for electricity costs (buy + charges) (26): D Total tax for electricity sold (%) D Losses in wire and transformer (%) El

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)

OPTIMIZATION METHOD:
(O GENETIC ALGORITHMS (@ EVALUATE ALL COMB
15 10
an 1 Mutation Uniform

1 3

EVALUATE ALL COMBINATIONS:

Display best

OK, save and then CALCULATE.

The optimal system is the same as the one of project “High1-multi-2”, but with a lower NPV due
to the extra cost of the contracted power for purchasing electricity from AC grid.

# Total NPY (k€) Emission (20247 Unmet(MWhin  IRR(2%)  Investmentik€) CapF(%)  LCOEEMWH) Simulate Report Costs ~

1 64.442 1.92 0 1418 75 1453 0.0707 SIMULATE.. REPORT... COST

2 62.018 2.24 0 12.94 87.5 13.45 0.0762 SIMULATE.. REPORT... COST

3 61.123 1.6 0 15.2 E2.5 15.35 0.0673 SIMULATE.. REPORT... COST

4 56.712 2.56 0 11.78 100 12.41 0.0823 SIMULATE.. REPORT... COST

1 50.409 1.28 0 155 50 1657 0.0667 SIMULATE.. REPORT... COST

[ 37.346 0.96 0 154 375 1557 0.0675 SIMULATE.. REPORT... COST

7 24.264 0.64 0 1521 25 1557 0.0659 SIMULATE.. REPORT... COST

3 11.183 0.32 0 14.61 125 1557 0.0733 SIMULATE.. REPORT... COST

9 11.044 3.27 0 6.07 11258 1318 012496 SIMULATE.. REPORT... COST v

< >

COMPOMNENTS: P gen: P10 (10 kiv'p_dchka B (100% FV#1: slope 34 azimuth 02) &/ Unmetload = 0 %/ Total Net Present Value (NPY) = 84442 k£, IRR = 14.2%
STRATEGY: There is no load consumption -» no control strategy related to the load consumption supply. Arb: Control variables for grid-connected batteries: charge
[only from renewalble, not frorm grid) if price of E. (sell) is lower than 0 £/k\Wh; disch. (load + injecting to the grid) if price E. (sell) higher than 0.17 £/kivvh

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 0.1107 tons, that means that the H2 sold during each
year is that value (annual average value of the 25 years).
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- ~
PPV (kip_dc)  Slope#1(?)  CnBat (kéh) F. Gen (ki) Pl (ki) Powind T (k) . Turb (m3fs) P FC [k ﬂ?. Elyz. (ki) H2 tank () N)\ ~
Ex10 M0 1x0 0 1x0 i i i

10 M0 1x0 0 1x0 i i i

Ex10 M0 1x0 0 1x0 i i 0

10 M0 1x0 0 1x0 i i 0

210 M0 1x0 0 1x0 i i 0

10 M0 1x0 0 1x0 i i 0

20 KENI 1xD 0 1xD i n i

110 KENI 1xD 0 1xD i n i

PN 340 1xD 0 1xD i k 3 ni107 o
< ))

Solution number 9 NPV is 5.225 k€, much lower than the optimal solution, therefore in this case
it is not optimal generating H2 with the excess energy.

9 11.044 3.27 1} 6.07 11z5 1319 01296 SIMULATE.. REPORT... COS'IV
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 (click “R” in the checkbox next to “E H2 tank (HHV H2)” to see the energy
of the hydrogen tank in the right axis):

Hourly simulation  Hourly values separately  Monthly and Annual Average Power  Monthly Energy  Annual Energy  Hydrogen  AC Generator Water load fPHS  MULTIPERIOD

Sim. multiperiod, shown year 1. PV: 100%:Water tank 1st day: 20000dam3.

5,500
% Total Load
° 5,000 Unmet Load
PV
= 15 4,500 = == Electrolyzer
z E Buy E from grid
L) 4000 = — H2 tank (HHV)
E 1500 & Sell E to grid
35 &
-4 =z
w w
2 1 3,000 &
: 25 2500 5
g g
E 20 2,000 E
g1 1,500 E
o
10 1,000
5
N a = A o]
0 \ N J L i i H| 0
1 2 3 4 5 6 7 8 10
[~ Legend January
< > Days disp
POWER CONSUMED OR SUPPLIED (ki) Energy price [(15ee aver  [Prices ref toyear o
Batter bank Discharge Plim Charge Legend
P2 BATTERY ENERGY (Kvh) CJHLGr
O O Electrolyzer soc CIHRGr
0 E.ma disch. batt E.H2 tank (HHV H2) [“]R P v Grid
S0C limits Ca
Battery bank Charge Fuel Cell P critical Gen_
[] Export Energy Cap. Max. Serall
E.ta supply FC P eritical Fuel Cell . change
SOC setpoint Gen. fdays)
wind Turb. E max FC Smell
. LR E boughtto AC grid [] Praax S0 setpoint FC
‘ater Pum,
P AC Generatar E sold to AC grid [] Pmax Large
Prgx. input Invertar H2 TANK setpaint (HHY HZ) S0C([0-1) T full charge
[] Prmex. Gen
Simulation step (min); (B0~ Simulaltion multiperiod year; 1 ~ Back Save data: Save Simulation Data Save Prob. Data

COMPOMENTS: PV generator of 70 kp_dc (100% PA#T: slope 348, azimuth 0%), Elecirolyzer of 5 ki,

The hydrogen tab, for year 1:

203



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

MONTHLY H2 CONSUMPTION AND PRODUCTION (t). H2 STORED IN TANK OR SOLD AT THE END OF EACH MONTH

0.016
0014 =
= =
< 0012 012 9
a o
g 00 01 2
£ =
S 0008 0.08 8
= £
S 0.006 0.06 5
5 o
£ 0004 0.04 o
7
0.002 0.02 5
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
¥ [ H2 load ¥ @ H2 produced by Electrolyzer ¥ @ H2 consumed by Fuel Cell (from Tank)

v B H2 consumed by Fuel Cell (external H2) == H2 stored in tank / sold at the end of the month

MONTHLY ENERGY PRODUCED BY FUEL CELL AND CONSUMED BY ELECTROLYZER (MWh)

1
0.8
0.6
04
02
0

2 3 4 5] 6 7 8 9 10 " 12

Month

Energy (WWWh)

||7. Energy generated by Fuel Cell [ Energy consumed by Electrolyzer |

Simulation step (min). B0~ ‘ Simulaltion multiperiod vear: 1 > ‘ Back Save data; Save Simulation Data Save Prob. Data

And the multiperiod tab, where we can see the H2 sold each year (in tons):

Hourly simulation  Hourlyvalues separately  Manthly and Annusl Average Power  Monthly Energy  Annual Energy  Hydrogen  AG Generstar ‘Waterload /PHS  MULTIPERIOD
MULTIPERIOD SIMULATION. ENERGY DURING EACH YEAR (MWh)

Total Load PV Generator Wind Turbines
100 [
0 50 L I e E— —
0
0 5 10 13 20 25 3 10 13 20 25
Hydro Turbine AC Generator Export
100
0 = 50
0
5 10 15 20 25 g 10 13 20 25 g 10 15 20 25
Fuel Cell Electrolyzer
10
0 5 Save Multiperiod data
0
5 10 15 20 25 5 10 15 20 25
Battery bank Charge Battery bank Discharge Hydrogen tank cap. or H2 sold (t)
0.15
0.1
0 0
0.05
0
0 0 5 10 15 20 25
Unmet load (by the standalone system) Purchased from AC grid Sold to AC grid
80
4 60
0 1 40
20
0 0
5 10 15 20 25 g 10 13 20 25 g 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.

204



Project-> Options:

MAIN OPTIONS:

Simulation and optimization

(O Simulation of the 1styear and extrapolate results
© Multipetiod: simulate all the years ofthe systern lifetime ( WEETE Cptions

Economic optimization:

[@ Minimize Net Present Cost (NPC). usually for oftgrid systems and high load on-grid > @ Min. NPC ]
() Min. LCOH
(O Meximize Met Present Value (NPY), usually for low load or no-load on-grid systems >
hdax. NP
tdin. LCOE
bin. LCOH

[ ]DC renewable include own charger and contraller

[JWhen saving the project updats all the results of the tabls to the prasent conditions

MNurnber of decimal places in results of costs 3 ~
Murnber of decimal places in results of energy |3 ~
oK

e Cap.F. min. LCOE
hax. IRR

In the LOAD/ AC GRID screen, we add AC load, residential load of 100 kWh/day:

Load profile: |Een:|

Y ariability

We click on Generate and approx. 0.1 MWh/day is obtained.
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V[ Load and options of Selling / Purchasing Energy from the AC grid - ] XK

Battoilce Hows | |AC [ |DC [ [HZ [ |Water
O Monthly Average @ Load Profie (O Import File (KW, tHe/, dam3fh) 1] pimteer cechhourin i e Export
AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) ~ WATER (dam3/day) FROM WATER TANK ~ PURCHASE / SELLE
Wonth 0-1h 1-2h 23h 3-4h 45h 5-6h B7h 7-8h 890 ®10h 1011 1112k 1213k 1F4h 1418k 18Bh 1A

JANUARY 5165 3.386 2567 1.924 1.847 1.847 2155 2924 3924 4.155 4.386 4617 4925 5463 6.156 6.31
FEBRUARY 5155 3.386 2.57 1.924 1.847 1.847 2155 2924 3924 4.155 4.386 4617 4925 5463 6.156 6.31
MARCH 479 3.251 2.505 1.962 1.878 1878 2135 2.778 362 3.867 4109 4332 4.609 5067 5.636 5733
1
1

APRIL 4.424 3116 2.439 2.001 1.908 908 2116 2.632 3.316 3.578 3.832 4.047 4.294 4671 5.117 5.155
MAY 4.059 2.982 2.374 2.039 1.939 939 2.097 2.485 3.012 3.289 3.568 3.763 3978 4274 4.598 4578
JUNE 3.693 2.847 2.308 2078 197 197 2078 2.339 2.709 3.001 3278 3.478 3663 3878 4.078 4.001
JuLy 3.693 2.847 2.308 2078 197 197 2078 2.339 2.709 3.001 3278 3.478 3.663 3878 4.078 4.001
AUGUST 3.693 2.847 2.308 2078 197 197 2078 2339 2.709 3.001 3278 3.478 3663 3878 4.078 4.001

SEPTEMBER  4.059 2.982 2.374 2.039 1.939 1.939 2.097 2.485 3.012 3.289 3.555 3.763 3.978 4274 4.598 4578
OCTOBER 4.424 3.116 2.439 2.00m 1.908 1.908 2116 2.632 3.316 3.578 3.832 4.047 4.294 4671 5.117 5.155
NOVEMBER 479 3.251 2,505 1.962 1878 1878 2135 2778 362 3.867 4109 4332 4609 5.067 5.636 5733
P DECEMBER 5.155 3.386 257 1924 1.847 1.847 2155 2924 3.924 4155 4.386 4617 4925 5463 6.156 6.31

v
< >
Import ACtable Scale factor for Monday to Friday: Scale factor for the waekend:

Load profil

oadprofle: |Residenioliiliiviey, > AVERAGE LOAD IN JANUARY (included scale factor), TOTAL 120.15 kWhiday

actcloacliicTle B ACload ¥ [ DCload ¥ M H2 (HHV) W B Water (E pumped) |
Wariahility
AC DC Hz

Daily Variability El % El % El % 8

Hourly Variahility El % El % El % 6

Minutes Variahility % % % E N

Carrelation minutes

2
AC load power factor (cos phi)
0
0 6
Addlosdof [0 [kwaAC | duing hour
fram mmEl huurElday DR svery AC max. hourly active power load in the wear (inc. AC pumping): 8.7 KW Max. in 1/2 h intervals: 3.79 KW
clays
& Avrerage hourly AC power: Active 4.16 KW, Aparent 4.18 kKvVA
OK Iz Graphinstepsof |60~ min DC max. haurly power load in the year. 0 Ki: DC power hourly average 0 kK¢
Average daily load = 0.098 MWh/day Average hourly value of (Energy_DC_hourly/Energy_Total_hourky): DC Factor = 0%
In the graph we can see the load:
V[ Graph - O X

LOAD

kW

1 21 3
1 January - 3 January

— ACload |¥— DCload |¥— H2(in HHV) |¥— WATER (in pump E.) |

[JHorizontal Grid [k [Jvertical Grid Daye dizplay
Scraoll change (days)-> small

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 ....” and

Uncheck “Fixed Buy Price” and “Fixed Pmax”.

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.
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V| Load and options of Selling / Purchasing Energy from the AC grid - O X

DR EenER Hours | |AC [ |DC [ [He | [water
Minutes- each haurin 1
O Monthly Average @ Load Profile. (O Import File (W, 1H2/h, dam3/h) 1~ Mimee 1 porron o [impen Expart

AC LOAD (kW) DC LOAD (kW) H2 LOAD (tH2/h) WATER (dam3/day) FROM WATER TANK =~ PURCHASE/ SELL E

Purchase from AC grid Unmet Load (Non Served Sell Excess Energy to AC grid AC GRID AVAILABILITY
Energy by Standcalone SVS‘E_’"I Priority to supply E not covered by renewables:
- Fixed Sell Price (E/kiWh) 0.12 Hourly Price
W y Price gy 015 IHDurIy Price l @ Storage/Generstar () AC Grid
[] Pr.sell= pr. buy x

Annual nlation (%) Emission (kgCO2Ak\wWh) =

[Fixed 4 Rixed Cost P (B Max. Power(kiy) 10! =Pmax buy |:| Sell surplus H2 in tank (difference
f between the H2 in the tank at the end

o Options Hourky Valugs Eneray Generation CherYETPPEMSTEPETRTEE) Price (€/4/vh) of the year and at the beginning)
Access Charne Bree B ( Fixed Transter price £/kvWh) EI Hourly Price
Fixed Access price (£/&vWh) l:l Hourly Price Selt-consumption and Net Mettering Sellanty 10 3
Back-up Charge Price £k [Na netmettering v

Data to compare with electrical suppl
Fixed Back-up price (£/kih) IC' Haurly Price Costof net metering service (E/kWh) El only rom ACFconvemlwonal griel PR
(Will be added ta the E purchased)
Add u hi o
[[] Add negative gen. charge Buy-back: Expont E is paid at [£/Kh) El Total cost installation of AC gric ke

Q&M annual cost of gric: kE

Total tax for electricity costs (buy + charges) (%) D Total tax for electricity sold (%), EI Losses in wire and transformer (%): El

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

- _From file [B7E0 haurly values) Q M

s Hourly Periods

Hourly Periods: .
EOEEHTE S Murnber of Hourly Periods: |3 | | & Summer®inter & Mon-Frifw'eekend € Hourly [from file)

Summer calendar; Period P1 Price: (015
From day [30 month [3 Period P2 Price:  |0.12

To day If manth IW Period P23 Price;  [0.02

SUMMER penods diztribution;
0-1h 1-2h 2-3h 3-4h 4-5h B-Bh E-7h 7-Bh 8-9h 910k 1011k 1112k

F3 «| |F3 »| P32 | |F3 ~| [F3 ~| |P3 ~| |F3 =] |P3 ~| [P2 ~| [P2 v| P2 ~]| [P2 ~|
1213h 1314k 1415 1516h 1617k 1718h 1819  13-20h  2021h  21-22h 2223k 2324k

F1 = [Pt = [Pt~ P2 =] P2 »| |P2 | P2 ~| |P2 ~| P2 =] |P2 ~| |P2 ~| |P2 ~|

WINTER periods distribution:
0-1h 1-2h 2-3h 3-dh 4-5h 5-6h B-7h 7-Bh 8-9h 9-10h 1011k 11-12h

P3 ~| P3| [P3 ~| P3 ~| [P3 »] [P3 ~| P3 ~| [P3 ~| P2 ~| |P2 ~| [P2 ~| |P2 +|
1213 1314h 1415 1516k 1617h 1718 181%  1920h  20-21h  21-22h  2223h  23-24h

F2 »| P2 »| P2 »| P23 =] P32 | [P3 =] [P1 ~| |P1 ~| [P1 =] |P1 »| [P2 ~| [P2 +|
(1] 4

OK and, in the PURCHASE / SELL E tab, click “Hourly Values” close to the options of the
contracted power Pmax.
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[JFixed Pmax (kiv) Fixed Cost P (£
100 Options 0 Hourly Yalues

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 hourly price periods

Praax (ki) Cost of Power [£A/ fur)
PeodP1 [0 0
PeiodPz [0 0
PeiodP3 [30 5
PeodP4 [0 o
PeodPs [0 o
PeiodPE [0 o

0K

OK and, in the PURCHASE / SELL E tab, click “Options” close to the options of the contracted
power Pmax.

[ Fixed Pmax (KW Fiwed Cost P [£/KW fur)

|1DD | Optionz Ul Hourly W 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....”

Dptioks for the masimum peak. power fram the Grid:

Walue of Pmas:

™ Limited to value shown in Prmax

i Limited to a value optimized between 0 and Prmax. Mumber of values to consider: |5

{* Mot limited: Registered the masimum value [average of |'|5 ﬂ rnin. or the length of the time step} Data

1]

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 “maximeter”):

COST OF THE CONTRACTED POWER:

- If max. power registered is lower than A= % of Pmax->  apply ¥ of cost of Pmax
- If max. power registered is higher than A and lower than B= % of Pmax -» apply % of cost of Pmax

-If max. power registered is higher than B -» apply 100% of cost of Pmax + times diff. betwen registered and B

FPrmax is the contracted power
Power registered is the maximum power registered by the meter

Ok

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: |05 | days auton.

[ ] tdex bat. parallel -> Cnmin.

[ ]tdax PY gen. parallel -> P min.
bacWiind T. parallel -> F min.
e AC Gen. parallel -» Pmin

We obtain:

RN AND Ma, Mo COMPOMNEMNTS IN PARALLEL:

Bateries in parallel: Min. |U |Max. |2 |

FY gen. in parallel: kin. |U |Max. |E

1 1

1 1

We calculate:
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otal Cost mission (i i nmet] 1) nmeti*z] D.aut Cn (O en(® imulate eport ~
# Total C NPC){k€) Emi 02 U redvh U %) O Cnih)APRv+Pwl v Ren( LCOEEkiwh Simul R (
1 72.293 9.56 0 0 INF 0 4763 01393 SIMULATE.. REPORT... (
2 74.748 9.56 0 0 INF 0 4763 0144 SIMULATE.. REPORT... (
3 75567 9.56 0 o INF 0 4763 01456 SIMULATE.. REPORT... (
4 78.841 9.56 0 0 INF 0 47.63 01519 SIMULATE.. REPORT... (
5 83504 933 1} o INF 0 47.03 01609 SIMULATE.. REPORT... (
[ 84.465 9.73 0 0 INF 08 47.63 01628 SIMULATE.. REPORT... (
7 8596 933 1} o INF 0 47.03 01656 SIMULATE.. REPORT... (
i 86.778 9.33 0 0 INF 0 47.03 01672 SIMULATE.. REPORT... (
9 86866 9.73 1} 0 INF 0.8 4757 01674 SIMULATE.. REPORT ... (v
< >
COMPONENTS: PY gen: P10 (10 kKiWp_dc)x B (100% PVR#T: slope B0%, azimuth 0% /f Unmetload = 0 % 4 Taotal Cost (NPC) = 72.293 kE (014 £/kh)
STRATEGY: LOAD FOLLOWING. Arb.: Control variables for grid-connected batteries: charge (only from renewable, notfrom grd) if price of E. (sell) is lower than 0 £/kyvvh;
disch. {load + injecting ta the grid) if price E. (gell) higher than 0,11 £/kh
The optimal system is a grid-connected PV generator of 60 kW.
The simulation of the optimal system:
Hourly simulation  Hourly velues 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.
904
1 Total Load
. 80 Unmet Load
£ 75 PV
= 70 / Buy E from grid
E 65 4 : | Sell E to grid
5 50
= 954
=
= 50
£ 45
F 40
g 354
£ 30
= 25 /\
Loz ~" — \
é 151 // \\ AN / \,\
10 / \ / \ .
0 ¥ = ] 4
n an 3n
Legend 1 January - 3 January
< > Days disp
FOWER CONSUMED OR SUPFLIED (k') £ D See Over
Batter bank Discharge Plim Charge T S Legend
P2 BATTERY ENERGY (kih) [IHLGr
O O Electrolyzer soc CHR.Gr
0 E. max. disch, batt E H2tank (HHVHZ) | R P S0C limit [ rid
imits Alt.
Battery bank Charge P critical Gen. Clan
[ Export Energy Cap. Max. Seroll
E.to supply FC P crifical Fuel Cell i changs
wind Turb. S0C setpoint Gen (days)
e Turb- Small:
— R £ houghta AC 51 [ Frneee S0C setpoint FG
‘ater Pump
AC Generator E sold to AC grid Prax . Large:
[ Pmax. input Inverter [ Pmax Gen H2 TANK setpaint (HHY H2) S0C(0-1) T.full charge
1
Simulation step (min.); B0 v [ Back Save data: Sawve Simulation Data Sawve Prob. Data

COMPONEMNTS: P generatar of 60 kiwp_dc (100% PW#1: slope B02 azimuth 0%)

STRATEGY: LOAD FOLLOWING. P mex. grid: 8.6395 ki Arbitrage: Control wariables for grid-connected batteries: charge (only from renewable. not from grid) if price of E. (sell) is lower than 0 £/k¥h: disch.
{lnad + injecting to the grid) if price E. {sell) is higher than 0.11 £Adh

The whole load is covered all the hours of the year

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

Distribution of costs (+) and incomes (-), NPC, during the years. RED: acquisition costs, replac. costs and incomes for
sales. BLUE: O&M. Currency: K€.
Total Cost (NPC): 72.293 k€ (0.14 €' kWh). Initial cost of investment: 75 k€. Loan of 100 %, int. 7% in 25 yr., quota: 6.436 k€/yr.

TOTAL COST (MPC). 72293 k£ Financial Cost(MPCY): initial pay. + quotas + extra cash: 75 k€
] S
4 .
2 2
0 e
a1 3 8 F 9 M 13 18 17 19 21 23 25 01 2 E 7 9 11 12 16 17 18 2 22 2§
Total Cost of PV Generator (NPC): 68.54 k€ Total Costof Wind Turbines group (NPC): 0 k£
60
40
0 -
20
D T T T T T T T T T T T T T LA T T T T T T T T T T T T
01 2 § 7 9 11 13 15 17 19 21 23 25 01 3 &5 7 9 N 13 15 17 19 21 23 2§

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 6.35 kW for P1, O for P2 and 4.78 kW for P3.

) B & D E F G H | 1
43 |RESULTS OF THE POWER REGISTERED AND THE POWER COSTS:

45 |*RESULTS OF THE MAXIMUM POWER (kW) FROM THE GRID REGISTERED, 1st YEAR:
46 |MONTH Period Pl PeriodP2  Period P3

47 1 8.695 8.464 5.794
48 2 8.695 8.464 3.155
48 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
34 8 0 4.817 3.693
55 El 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 5.681

59 |*Actual contract power is, for the different peridos: 60 kW; 80 kW; 50 kw;
60 | *RESULTS OF THE VALUE OF THE POWER (kW) TO CALCULATE THE COST OF THE POWER IN THE BILL, 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.(k€)

62 1 a1 0.1733 68 0.1135 76.3 0.0375
63 2 51 0.1733 68 0.1155 76.5 0.0975
64 3 a1 0.1733 68 0.1135 76.3 0.0375
65 4 51 0.1733 68 0.1155 76.5 0.0975
66 3 a1 0.1733 68 0.1135 76.3 0.0375
67 6 51 0.1733 68 0.1155 76.5 0.0975
68 7 a1 0.1733 68 0.1135 76.3 0.0375
69 8 51 0.1733 68 0.1155 76.5 0.0975
70 El a1 0.1733 68 0.1135 76.3 0.0375
il 10 51 0.1733 68 0.1155 76.5 0.0975
72 11 51 0.1733 68 0.1155 76.5 0.0975
73 12 51 0.1733 68 0.1155 76.5 0.0975

74 | *Total cost of the power, 1st year: 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: 0.638 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€) Ermission (fCO20)  Unmetibfthe)  Unmet(32) Daut CnlWh)iPRv+ Pl Ren(® LOOEEkWWh) Simulate Report (A
1 96.717 | 10.75; 0 0 INF 0 4542 0.165 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 (NPCYkE) Emission (fC024)  Unmetibfthde)  Unmet(3) Daut Cnlwh)(Poew+Pwily Ren(> LCOEEKWh) Simulate Report [

18 10.75 0 U INF 0 46.42 0165 SIMULATE.. REPORT... (

2 99.172 10.75 0 0 INF 0 46.42 01692 SIMULATE.. REPORT... (

3 99.991 10.75 0 0 INF 0 46.42 01706 SIMULATE.. REPORT... (

4 103.265 10.75 0 0 INF 0 46.42 01767 SIMULATE.. REPORT... (

5 105.032 10.54 0 0 INF 0 4571 01792 SIMULATE.. REPORT... (

1] 107 487 10.54 0 0 INF 0 4571 01833 SIMULATE.. REPORT... (

7 108.306 10.54 0 0 INF 0 4571 0.1847 SIMULATE.. REPORT... (

] 108.089 10.85 0 0 INF 0.6 4642 0.16857 SIMULATE.. REPORT... (

9 111.341 10.85 0 0 INF 0.6 4642 0.1899 SIMULATE.. REPORT... ( y
< >
COMPONENTS: P gen: FA10 (10 Kiwp_dcx B (100% PV slope 602, azimuth 09 4 Unmetload = 0 % jf Tatal Cost (NPC) = 96717 k& (0116 £/k\Wh)
STRATEGY: LOAD FOLLOWING. Arb.: Cantrol variables for grid-connected batteries: charge (anly from renewable, notfrom grid) if price of E. (sell) is lower than 0 €/k4h;
disch. (load + injecting to the grid) if price E. (gell) higher than 0.11 £/kvWh

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 modules) (Durusoy 2020);  |0-33

Then press CALCULATE. We accept. It calculates and we obtain similar irradiation as before for
the front surface. For the back surface, 471.2 kWh/m? is the total irradiation of the year.
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Daily Average rradiation (Tik Surf): 446 kKWhm?
Total Annual Irradiation (Tilt Surf): 1629.25 kMWh/m?2
Annual lrr. Back sudace / Direct for TP, 47122 kKMWh/m?2 / 1304.5 KWhime

We could download hourly data from NASA, PVGIS or Renewables Ninja ad the back surface
irradiation would remain. However, we will use the default irradiation data (with the back
surface irradiation calculated).

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.

Name Power(kitp)  Cost(kf)  CO&M(%Ar)  Lifelyears) NOCT(C)  PawerT coef (%/0) BIFACIALITY(0-1) CPV  missions(kgCO2MKW, A
PV10 10 10 1 25 13 -0.4 0 NO 800
» PV10BIF 10 1 1 25 13 -0.4 0.7 NO 800

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 ((COZAx)  UnmetidWhir)  Unmet(22) Daut CnpWh)(Pra+PeAly RBen(® LOOEEKWh) Simulate Report A

1 79.367 10.57 0 0 INF 0 4753 01354 SIMULATE.. REPORT... (

2 81.823 10.57 0 0 INF 0 4753 01396 SIMULATE.. REPORT... C

3 82641 1057 0 0 IMF 0 4753 0141 SIMULATE.. REPORT... €

4 85.915 10.57 0 0 INF 0 4753 01465 SIMULATE.. REPORT... (

1 90.59 10.35 0 0 INF 0 46.89 01545 SIMULATE.. REPORT... (

1] 91.539 10.67 0 0 INF 0.8 4753 01561 SIMULATE.. REPORT... C

7 93.045 10.35 0 0 IMF 0 46.83 01587 SIMULATE.. REPORT... C

8 93.864 10.35 0 0 INF 0 4689 01601 SIMULATE.. REPORT... (

9 93.992 10.67 0 0 INF 05 4753 01603 SIMULATE.. REPORT... ( 9y

< >

COMPONENTSIPY gen: PY10BIF (10 kviép_dchx BE100% PV slope B0, azimuth 0% 4 Unmet load = 0 % /f Tatal Cost(NPC) = 79.367 kE (0.14 £4vh)
STRATEGY: LG, rb.. Controlvanahles for grid-connected batteries: charge (only from renewable. not from grid) if price of E. (zell) is lower than 0 £/kMWh:
disch. (load + injecting to the grid) if price E. (sell) higher than 017 £/kWh

54. High power project, minimization of NPC, multiperiod. Include CPV.

Save the previous project and then save as with the name “High2-multi-CPV”.

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 e

Now download hourly data from PVGIS, 2015, only irradiation.
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Download from: (@ FVGIS-Year 2016~
(O Renewshle Ninja (year 2018)
(O MNASA- vear (2020 v
Hourly Irradiation
D Hourly Temperature for: P Wmd T. I:‘ Batt.
[JHourky Wind Speed

OK Cancel

The irradiation for the both axes tracking system will be downloaded:

Daily Awerage Irradiation (Tilt Surf): 761 kWh/mz
Total Annual Irradiation (Tilt Surf):  2780.74 kWh/m2
Annual lrr. Back surface / Direct for CPY: 47122 k\Wh/m?2 / 2050.47 KWh/m?2

Global annual irradiation is 2780.74 kWh/m?2 (for the normal PV with 2 axes tracking) while
direct is 2050.47 (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.

¥ Emigsion (COZ40  Unmethdwhiyr)  Unmet(32) Daut CnlWh)/ PPy Ben(® LCOEE/Wh) Simulate Report (A
1 9.96 0 0 INF 0 5.2 0.0854 SIMULATE.. REPORT... (
2 52.517 9.96 0 0 INF 0 5.2 0.0896 SIMULATE.. REPORT... (
3 53.336 9.96 0 0 INF 0 5.2 0.091 SIMULATE.. REPORT... (
4 56.61 9.96 0 0 INF 0 5.2 0.0966 SIMULATE.. REPORT... (
5 62.234 10.07 0 0 INF 08 &1.2 01062 SIMULATE.. REPORT... (
[ 64.686 10.07 0 0 INF 08 b&1.2 01103 SIMULATE.. REPORT... (
7 65.505 10.07 0 0 INF 08 512 01117 SIMULATE.. REPORT... (
8 66.185 9.79 0 0 INF 0 503 01123 SIMULATE.. REPORT... (
9 68.641 9.79 0 0 INF 0 503 01171 SIMULATE.. REPORT... (v
< >

COMPONENT{P\/ gen: PYT10FTZ2axes (10 kwp_dc)x EJTral:k. Both axis) 4 Unmetload = 0% § Tatal Cost (NPC) = 50062 kE (0.09 £/kh)

STRATEGY: LOAD FOLLOWING. Arb: Control variables for grid-connected batteries: charge (anly from renewahble, nat fram grid) if price of E. (sell) is lower than 0 &/kWh;
disch. (load + injecting to the grid) if price E. (sell) higher than 0.17 £/kWh
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