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1. Glossary

AC: Alternating Current.

DC: Direct Current.

BOQ: Bill of Quantities.

GCR: Ground Cover Ratio.

LV: Low Voltage.

MV: Medium Voltage.

HV: High Voltage.

PV: Photovoltaic.

TMY: Typical Meteorological Year.
PS: Power Station.

L2: Second Level

MPPT: Maximum Power Point Tracking.

KML: Keyhole Markup Language

KMZ: Keyhole Markup Language Zipped
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2. Purpose

The purpose of the RatedPower platform is to help in the design and development of utility-scale
photovoltaic solar projects during the phases of feasibility, conceptual design, basic design, and
request for proposal.

The main advantages of RatedPower are the optimization of the design, the short time it takes, and
the easy generation of the documents and drawings needed for requesting the proposal. This can be
done following these steps:

e Step 1- Create a project in which the user will create different designs.
e Step 2 - Create a design in which the user will upload or create their site and choose a
configuration.

o Create or upload the site: define the plot areas of the plant using Google Earth (KML
or KMZ file) and upload them into RatedPower or create a site directly inside
RatedPower's interactive map.

o Check the topography and meteorological data of the plot area.

o Customize the design: Select the equipment, layout configuration, perform topography
analysis, choose the grid connection, add a battery energy storage system, and
customize energy and costs criteria. For more information, please refer to chapter 5-
Design Process

e Step 3 - Check the energy results and layout corresponding to the civil, electrical, and energy
configuration. If the user has generated more than one design, they can also use the
comparison tool to analyze the different results.

e Step 4 - Download the documents, spreadsheets, and drawings of the project proposal.
For more information, please refer to chapter 8.
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3. Account Preferences

RatedPower allows users to change the preferred language, unit system, and temperature units of

the program'’s interface.

Users can choose between the international metric system and the imperial system. As for
temperature, two options are available: degrees Celsius (°C) and degrees Fahrenheit (°F).

These options can be changed by accessing the account preferences on the bottom left corner of the

software as shown in Figure 3.1.

'a' Preferences

Logout

Figure 3.1. Account information.

And then selecting the preferred option for each as shown in Figure 3.2.

Language and metrics preferences

Language English| v
Unit System O Metric System Imperial
Temperature Units QO Celsius Fahrenheit

Figure 3.2. Language, unit system and temperature units.


https://pvdesign.ratedpower.com/

DESIGN METHODOLOGY pvDesign

by RatedPower

4. Projects

In RatedPower, every time the user logs in, he will see the project’s tab, where he will be able to see
all the projects he or his team have created.

Projects E=E= N[N + NewProject
M Projects A Favorites Archived Q Search Filter ==
Name Date 4
BESS Webinar =
H Altair Support RatedPower Qtaher 23, 2023 H 0N
m Malaysia 10designs Malaysia, Selangor, Banting October 11,2023 Ha
At brahinay . ' .
[ DemoFrance 12 designs France, Nouvelle-Aquitaine, Villefranque October 09, 2023 i
Helene Laurent
[ Kendall County 1Design United States, Wiscansin, Melrose October 06, 2023 H i
Hillary Thomas
Demo Italia . e =
13 designs Italy, Apulia, Spinazzola September 25,2023
W Malteo Menazzi © e Apdliase " L
Demo Romania - . . =
A Vicior Do Saslces 7 designs Romania, Bucuresti, Bucuresti September 15,2023 i
Demo croatia . : =
[ Faten Driss 15 desighs. Croatia, Zagreb County, Nova Kapela September 19,2023 H n

Figure 4.1. Projects tab.

A project is understood as a location in which infinite designs can be simulated. Different sites can be
added to the same project as long as their center point is within a radius of 5 km from the project
origin. The project origin is set through the first site ever uploaded.

Project Definition
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Figure 4.2. Valid area definitions inside the project radius.

Once the user has one or more projects created, he can use the different organizational aspects of the
software. For example, he can select to view his projects in three ways. The user can select the list,
list/map or simply map view, as shown inside the red box in Figure 4.3. For the list view, he can organize
his projects by name or date. Besides that, he can also use other features such as selecting his favorite
projects, archiving them, or filtering them based on different parameters such as the number of
designs, country and creator.

Projects

EEIT] + newProject

M Projects Q Searct
Name + Date L

o .

m Malaysia 10 designs Malaysia, Selangor, Banting October 11,2023 N ]

Avif brahimov

Figure 4.3. Project organization aspects.

Once the user opens any project, he'll be able to see the existing designs if there are any created. He
can enable design details to see information such as the power, the energy, the meteorological data
and so on. The filter option allows the user to filter by meteo source, type of design (single or multiple),
creator and score.

< Projects / Biarritz, France H
€ Designs W Favorites  f§l Archived Q search
| h [~ ] | @ Design details I

(]

77. Biarritz_10 NN

76. Biarritz_9 Wi 75. Biarritz_8 NN 74, Biarritz_7

L 10:41 H L

5] (et

13975 MWac 18209 MWdc 13495 kWhkWp  39.8% 1419 MWac Wde 13544 kWkWp  39.8% 1419 MWac 18209 MWdc 13544 kWhAWp  39.8% 14405 MWac 18209 MWdc 13584 kWh/kWp 398

Notes Notes Notes

Notes
7 - /7 -

7 7

Figure 4.4. Design organization aspects.

Users can select 2 to 24 designs to compare them, as shown in Figure 4.5.
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{  Projects / Biarritz, France

€ Designs M Favorites Archived

2 —_ . .
] m @ Design details

77. Biarritz_10 NN L 76. Biarritz_9 NE LI
Helene Laurent 10:41 Helene Laurent 10:41

" B

13.975 MWac  18.209 MWdc  1349.5 kWh/kWp  39.8% 14.19 MWac 18209 MWdc 13544 kWh/kWp  39.8%

Notes Notes
: /7 : 7/

Figure 4.5. RatedPower’s comparison tool.

Onceinside the comparison tool, the user can select the parameters that he wants to compare through
the ‘Filters’ menu. The user can add other designs to the comparison (+' button) or remove them
(clicking on the X" above each column). The comparison can be seen in data tables or charts.

Biarritz, France / Comparison

I [ Datatable Charts | Filters CLEAR X

Generic (default) - 1500
General610

Generic (default) - 1500
General610

| 76.Biarritz_9 X W 77.Biarritz_10 Save selection for comparisons
Batch | ('Bateh ) LAVOUT
Rated Power Peak Power
T
J DC/AC Ratic

A Specific Production ~ Energy = PR
Rated P 14.19mw 13.975 M
Peak P o 18.209 Mwi 18.209mw
DC/AC Ratio 1283 1303 Availablearea  Installed area
Specific Productio 13544 cWhiws 1349.5 whiw
En 24.662 W 24.573cw Source  GHI  BHI  DHI

Average Temperature °

Minimiim Tamnaratira

10
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Figure 4.6. Inside RatedPower’s comparison tool.

If further comparisons are needed, the user has the option to export the data tables and charts in xIsx.

T Filters(12)

Figure 4.7. Export option inside the comparison tool

11
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The map in the middle of the screen allows for a preliminary visualization of the layout before
generating the design. This map allows users to see how their modifications for different parameters

affect the layout and the achieved power of the PV plant.

The Design Process is divided into different sections:

In the middle of the top bar is the 'Run Design' button (shown in purple in Figure 5.1.1), which allows
the user to apply his changes to his design and update all the other information displayed on the page.
In blue he will also find the different views of the design. In the same banner the user can download
the documentation (green in Figure 5.1.1) and save his design (Folders) (pink in Figure 5.1.1).

= < Biarritz, France / helene-0

L4

Location

I P Rundesign I

Location GroupareasinlV >

Howto @
Howto @

v Site

A v Topography

"%

v Meteo data

-

Figure 5.1.1. Layout preview map

I Preview map | P Overview I 30 Map

| O Accepted Structure

sl Documentation

$ Lawers ~ @l ~ helene-0
Preview
O Avalable Areas Power
Rated Power Peak Power  DC/AC Ratio

© substation
© Earthworks platforms

©  Accepted Structure

(with earth works)
Rejected because the

© maximumpitch
direction slope was
exceeded

© Batteryarea

© Battery PCS

14.664 MWac

Total Unused ... Maximum Pe...
0Wdc

Energy

Energy
22551GWh

Financial

17.446 MWdc 1.190

17.446 MWdc

Specific Prod... Performance ...
1292.6kWh/... 83.4%

Show values per area

His

© Battery Containers

© Overhead line ]

tory of designs

1t

v

201. Biarritz_9_10
15:32- 2023-12-28 - Helene Laurent

o

200. Biarritz_9_10_10 BATCH
15:30 - 2023-12-28 - Helene Laurent

199. Biarritz_9_10_9 BATCH
15:30- 2023-12-28 - Helene Laurent

198, Biarritz 9108 BATCH
15:30 - 2023-12-28 - Helene Laurent

197. Biarritz 9.10_7 BATCH
15:30 2023-12-28 - Helene Laurent

1 ofda > )

12
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The available maps in the Design Process are:

1) Preview map

As shown in figure 5.1.1, the first view that the user can select is the Preview
In this view, the structures are shown following a color code legend:

- Light blue: Installed structures.

- Dark red: Uninstalled structures due to electrical configuration.

- Orange: Installed structures with earthworks.

- Light brown: Earthworks platforms.

- : Uninstalled structures due to the lack of topography coverage.

§ Layers N

Preview

¢ 000 0 00

)

Available Areas

User Restricted areas

pvDesign Restricted
areas

Substation

Earthworks platforms

Accepted Structure

Removed by electrical
configuration

Rejected because the
maximum row
direction slope was
exceeded

Accepted Structure
(with earth works)

Overhead line

Figure 5.1.2. Layers of the preview Map

map.

13
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The second view is the overview (Figure 5.1.3), which shows the structures in different shades of blue.
Structures connected to the same power station are in the same shade of blue. This view also allows
the user to see the main civil and electrical parts of the plant. These parts are detailed in the layers.

= < Biarritz, France / Biarritz_9" v W Previcssmap | B Overviess U030 Map L Documentation | el

& Layers - Biarritz 9

Overview
Power

©  available Ar

Total Unused ... Maximum Pe.
2.699 MWdc  16.455 MWdc

Rated Power  Peak Power  DC/AC Ratio
10.75MWac 13755 MWdc 1.280

Energy Specific Prod.. Performance
18.66 GWh 1356.6kWh/... 85.0%

[

| 118, Biarritz 9
' 10:31-2023-10-31- Helene Laurent

Financial
Show values per area
History of designs =
O |~

P OD DD

Figure 5.1.3. RatedPower’s layout overview

3) 3D map

= < Biarritz, France / Biarritz_9* ¥ W Previewmap I Overview | J 3D Map

How to X

Left-click to rotate (orbit)
Right-click to move the camera position (pan)
Scroll to zoom in and out

Figure 5.1.4. 3D map

14
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Using the 3D map, the user will be able to see his PV plant in a 3D view. The structure will follow this

color code legend:

- Indifferent shades of blue: Structures that are connected to the same power station will be

in the same shade of blue.

- With a brown background: Installed structures with earth works.

The main results are displayed on the top right side of the screen. Here, the user will find power,
energy, financial, substation, and if a BESS or an OHL is included, BESS and OHL results.

N Energy

Energy Specific
Production

18.759 GWh 1363.8
KWh/kWp

-~ Biarritz_9
N Power
Rated Power Peak Power DC/AC Ratio
10.75 MWac 13.755 MWdc 1.280
Total Unused Maximum
Peak Power Peak Power
2.913MWdc 16.668 MWdc

Show values per area

Performance
Ratio
854%

Show losses and monthly values

N\ Financial

Total price Specific price

15.92M US$ 1,157.10
US$/kWp

NPV IRR

7.233M US$ 3.82%

Payback Disc. Payback

9.58 14.15

Show chart values

v Substation (ST)

LCOE

77.58
US$/MWh

Rol
198.99 %

Figure 5.1.5. Design results.
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On the bottom right side, the user can view the history of designs created in the last 24 hours. Designs
that are not saved within 24 hours will be deleted.

|
History of designs =
(]~

D 118. Biarritz_9 .

10:31-2023-10-31 - Helene Laurent =

117.Biarritz_9* .
D 10:31+2023-10-31+ Helene Laurent B .

116. Biarritz_9* H
D 10:30 - 2023-10-31 - Helene Laurent B *

115. Biarritz_9* :
] 10:30:2023-10-31 - Helene Laurent E .
M 114. Biarritz_9* o

1 Jof3 >

Figure 5.1.6. History of designs.

In the right corner, the user can always access our resources by clicking on the question mark button.
Direct links to our Methodologies, knowledge base articles and more are available in the following list.

arted haraiica tha

< How to upload a site
Knowledge Base

Latest Updates

Bl =~m 1

Methodologies

w

o 0

Blog

Leave us areview!

New design process

Get in touch

Figure 5.1.7 Support resources
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5.2. Location

5.2.1. Site

To start defining a project, it is necessary to define the site where the PV plant will be built. For this
purpose, the input information needed to develop the project is the following:

e Available areas: Area(s) to develop the PV project.

e Access points: Each available area must have a main street access point. Adding a secondary
access point is also possible.

e Substation area: The area to carry out the substation.

e MV-Switchgear: is the point of the substation (ST) at which the medium voltage will arrive
from the available areas.

e Medium Voltage Delivery Point [optional]: is within the Available Area (AA); it is the point to
deliver energy from this specific area to the Substation (ST).

e Restricted areas [optional]: Area(s) where PV panels are not allowed to be installed. These
area(s) could be restricted due to slopes, water bodies, rivers, electrical overhead lines,
buildings, etc.

e MV route [optional]: path(s) that connects (via electrical cable) different available areas
together, or from each available area to the substation.

e Shortcuts [optional]: user defined roads that connect with the automated roads. It's helpful
if there's an existing road that the user would like to keep in the layout, even though the
software automates them.

e OHL/Gen-Tie [optional]: overhead line; it's the path defined by the user that connects the
plant substation via MV or HV cable, to the utility or other interconnection point.

e Batteries area [optional]: it's the area to develop AC-coupled battery energy storage system.
It also requires an MV point to mark the delivery energy from this specific area to the
Substation (ST).

RatedPower calculates the meteorological data, the elevation, and the slopes of the site.
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Figure 5.2.1.1 Example of a site definition in Google Earth

In Figure 5.2.1, a project site is defined with the following elements:
e 2 AVAILABLE AREAS in dark blue

o Each area has only one primary access AC. In Figure 5.2.1, the area on
the right has a secondary access ACb.

e 1 RESTRICTED AREAS in red
° in yellow
e SUBSTATION AREA in purple

o Point at which all the medium voltage cables coming from the
available areas and battery, connect with the substation (in purple).

e MV ROUTE
e SHORTCUTS (ROAD ROUTE)
e OHL/Gen-Tie ROUTE

To define the project correctly, it is necessary to generate all the previous information in a Google
Earth file and to upload it in Location->Site (both KML and KMZ formats are accepted).
For more information on how to define a project site using Google Earth, check the following
knowledge base article.
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Itis also possible to create or modify a site directly in RatedPower using the interactive site creation
tool. This tool can be accessed by clicking the 'Create New Site' button.

-+ Newsite v

Create new site

Upload site .kml, .kmz

Figure 5.2.1.2 Site definition options
These following requirements must be defined in every site:

e Atleast one available area (AA).

e Aroad access point (AC) inside each available area.

e A substation area (ST) or switching and breaking station (SBS).

e A medium voltage switchgear point (MV) inside the substation or SBS area.

Design Process/ Oct_31_2023_10 3 Download kml

T Import Elements v

Q search

a
e

Requirements
A\ Available area (AA)

A\ Access point (AC)
A\ Substation (ST)

A MV point (MV)

Figure 5.2.1.3 Interactive site creation tool.

At the top left of Figure 5.1.1.3. A search bar is available for the user, where the location coordinates
can be inserted. In order to draw his site, the user can use the following tools: the polygon tool, the
placemark tool and the path tool.
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By using the polygon tool, users can define the following areas: available areas (AA), the substation
(ST), switching and breaking station (SBS), restricted areas (RA), and the battery area (BA).

The user has the option of defining these areas using the free-shape tool, the rectangular, or circular
tool.

Polygon . Placemark

Available area

Restricted area

Substation

Switching and Breaking Station 4

Batteries area 4

Figure 5.2.1.4 Polygon tool.

By using the placemark tool, the user can define the following points: the road access points (AC), the
secondary road access points (ACb), and the medium voltage points (MV).

| 4
@ Placemark I — Pa
>

Secondary access point 4

Access point 4

MV point 4

Figure 5.2.1.5 Placemark tool.

By using the path tool, he can define the following elements: the MV routes, the shortcuts, and overhead
lines (OHL).
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— Path

MV Cable

Shortcuts 4

Overhead Lines 4«

Figure 5.2.1.6 Path tool.

On the sidebar, the user can view all the defined elements. He can also select any element and delete
it by clicking on the trashcan icon.

I Download .kml

T Import Elements N |

I

o AAjPolygonl AA
Available area

«“ ‘

AC
o Access point

AC Vv

o AAjPolygonZ AA
Available area

AC
o Access point

AC Vv

o AAjPolygon3 AA N
Available area

Figure 5.2.1.7 Side Bar.

Users can change the type of element within the same bracket. For instance, if an AA area is created,
it can be switched into any other type of polygon (ST, RA, or BA in this case).
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] €
No AA-Polygonl AA N

Available area

AC AA
o Access point
o AA-Polygon2 RA
Available area
ST
AC
o Access point SBS

o AA-Polygon3 BA

Available area

[lo AC AC v/

Access point

Figure 5.2.1.7 Elements type modifications.
Warnings will be displayed in the same section, if requirements are not met.

Once the site is completed, the user can either save it as a draft (default option when not all required
elements are created) or as a new site that would allow him to start simulating. When saved as a draft,
the user can continue working on the site at a later moment. He can also download the site in kml
format by clicking on the "Download .kml" button.

\l» Download .kml

Save as a draft
N

T Import Eleme
“ Save as new site —
<

A A ™ 1 Fl V

Figure 5.2.1.8 Site saving’s options.

If changes are required for the site, the user can always “Clone” the site.
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Location :
~ Site
~+ Newsite Y

Currently selected

Biarritz_10

Area: 28.2ha

Clear details

Lat: 43.428°

Lng: -1.457°

UTM Convergence: 1.061°
Area: 28.2ha

UTM zone: 30N (EPSG: 32630)
Timezone: UTC +1

+ Show more

Figure 5.2.1.9 Selected site options.

For more information on how to define a project site inside RatedPower, check the following
knowledge base article.

5.2.2. Topography

The topography of the PV plant is defined by Google Earth or uploaded by the user.

RatedPower generates a colored slopes map that can be accessed by pressing on the “See details”
button as shown in Figure 5.2.2.1.
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7N Upload topography

Currently selected

=~  GoogleEarth

P
s A Show details

Figure 5.2.2.1. Topography box.
The slopes have been colored by default for the range of:

e Slopes less than 5%: green arrows.

e Slopes from 5% to 10%: orange arrows.
e Slopes from 10% to 15%: red arrows.

e Slopes above 15%: purple arrows.

However, it can be modified by using the slider on the right as shown in Figure 5.2.2.2.

Google Earth files of the site and of the custom slopes of the terrain can be downloaded. These files
allow users to define more accurately their restricted areas. To do so, click on the “Download” button
marked inside a blue box in Figure 5.2.2.2 and select the file to download and the format.

Biarritz, France / helene-0 » Rundesign | W Previewimap MU Overview M 3D Map | sz Documentation |
v Site Howto @ Wl SRR ‘RN ‘ i 25 :
~ Topography "Howto & \ : %

7F Upload topography

Currently selected

9 Google Earth
Go

Clear details

Topography

Avg: 9.3m Max: 51.2m  Min: 1.4m
Slope E-W

Avg: 5.7%  Max: 640%

Slope N-S
Avg: 64%  Max: 67.9%
A
v Meteo data (Howto &)

Figure 5.2.2.2. Slopes of the terrain.
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NOTE: The topography is taken into account only for structure placement, not energy analysis.
RatedPower considers the terrain to be flat when creating the final layout, which means that shading
due to the terrain slopes is not taken into account.

RatedPower utilizes SRTM30 to get the topography details. SRTM30 is a near-global digital elevation
model. It combines data from both the Shuttle Radar Topography Mission and the U.S. Geological
Survey's GTOP030 data set. It has a resolution of 30x30 meters.

Users can also opt to upload their own topography. This can be done by uploading a CSV file with the
custom elevation data of the site. This data needs to be in XYZ format where “X" is the easting
coordinate placed in the first column, “Y" is the northing coordinate placed in the second column, and
“Z" is the elevation value in meters placed in the third column. The coordinates should belong to the
same UTM zone as the project and should roughly cover the same area as that of the site. Maximum
file size of 500 MB is permitted.

A similar excel sheet with the elevation data provided by Google Earth can be downloaded by pressing
“CSV" as shown inside the blue box in Figure 5.2.2.2. This excel sheet also includes the exact UTM zone
of the uploaded site.

5.2.3. Meteo data

Once the site is defined, in addition to the topography data, RatedPower also generates a Typical
Meteorological Year based on the historical data of the NASA-SSE database, the NASA-Power database,
and the PVGIS 5.2 database.

The NASA SSE solar resource website, sponsored by NASA's Applied Science Program, supports the
investigation of climatological phenomena by providing publicly available climate data for the globe.
This data includes long-term estimations of different meteorological variables.

The main features of the NASA SSE data source are:

e Source: Satellite

e Spatial Coverage: Global

e Spatial resolution: 1° x 1°, approximately (100 km x 100 km)
e Temporal resolution: Long-term, monthly, and daily

e Uncertainty: 6% to 12 %

NASA POWER database has the same features as NASA SSE. Both have the same irradiation
information but a different temperature curve.

The main features of the NASA POWER data source are:

e Source: Satellite
e Spatial Coverage: Global
e Spatial resolution: 1/2° x 2/3°
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Temporal resolution: 3-hourly, daily, monthly, and long-term

PVGIS has been in continuous development for more than 10 years at the European Commission Joint
Research Center. The focus of PVGIS is research in solar resource assessment, photovoltaic (PV)
performance studies, and the dissemination of knowledge and data about solar radiation and PV
performance.

The latest version of PVGIS (PVGIS-5.2) has extended the capabilities of the system and improved the
coverage of the meteorological database. PVGIS-5.2 uses PVGIS-SARAH-2, PVGIS-SARAH-1, PVGIS-ERAS
and PVGIS-NSRDB databases. The main features of the PVGIS-5.2 database are:

Source: Satellite

Spatial coverage: Worldwide

Spatial resolution: site-dependent, with an average value of 4 km x 4 km
Temporal resolution: hourly

Uncertainty: site-dependent, + 3% to 10% on average

The solar irradiance data of PVGIS have been calculated using satellite data. There are four satellite

databases available:

PVGIS-SARAH-2 is a database based on data provided by the EUMETSAT CM SAF. It uses the
images of the METEOSAT geostationary satellites covering Europe, Africa and Asia. The
temporal period is 2005 to 2020.

PVGIS-NSRDB is a collaboration between PVGIS and the NREL (National Renewable Energy
Laboratory), and it consists of the implementation of the NSRDB in PVGIS. The temporal period
is from 2005 to 2015.

PVGIS-ERAS is a reanalysis product from ECMWF, combining historical observations into global
estimates using advanced modelling and data assimilation systems. It provides coverage in
areas where there is no satellite data, such as some parts of South America, Australia, and
Japan. The temporal period is 2005 to 2020.

PVGIS-SARAH-1 is a database based on a new algorithm developed by CM SAF. It provides
coverage in Asia. The temporal is from 2005 to 2016.

Additionally, if the user has an APl key for SolarAnywhere, Solcast or Solargis they can add it to use
this meteo source in the designs. The key can be added in the "My company" page inside RatedPower,
in the "Integrations" section.
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My Company

L Y Plan B Integratiorts
Use Integrations to link up your subscriptions and speed up your workflow.
Meteorological data integrations © [ How to &2

SolarAnywhere © Edit Solcast Edit

P APIKey e

Figure 5.2.3.1. APl Integrations.

If the checkbox of "Load SolarAnywhere (or Solcast) data automatically for every new project" is
selected, the meteorological data will be automatically generated in all projects. The data will be
generated only once per project when there is at least one site uploaded.

If the checkbox is not selected, the data can be generated during the design process.

The monthly data from both NASA sources is automatically converted to hourly data by the software
to calculate the energy production.

The Typical Meteorological Year (TMY) consists of a representative set of monthly average values of
global solar radiation and temperature for a 1-year period. TMY is the most common data for
describing the local solar climate.

The resulting TMY is for user information and is used to get the minimum and maximum temperature
values of the site in order to define the range of modules per string estimated. It also allows the
software to compute accurately the energy production for each hour for the whole lifetime of the PV
plant.

In addition, it is possible to import a TMY in monthly, hourly and sub-hourly (15 min, 5 min and 1 min)
values data in CSV format. This option allows the user to import their own meteorological data from
databases like SolarGIS, Meteonorm, NREL TMY3, Vaisala, meteorological stations on-site, etc. Monthly
data is automatically converted into hourly data by our software.

Minimum Historical ® -311 oC
Temperature

Figure 5.2.3.2 The minimum historical temperature of the site.

Additionally, RatedPower allows users to modify the minimum historical temperature of the site as
shown in Figure 5.2.3.2. This value affects the range of the number of modules of strings.
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RatedPower has an extensive database of electrical equipment (PV modules, central and string

inverters, and structures). However, we also give users the possibility to upload their own equipment
to their own private database. Users can choose to upload their own PV modules or inverters, and
create their own custom structures (trackers, fixed structures and East-West structures). A .pan file is
needed for the PV modules, and a .ond file for the central and string inverters. For structures, users
simply need to fill in the information regarding the dimensions and the configuration.

To do so, a user should go to the “Equipment” tab on the left-hand side as shown in the red box of
Figure 5.3, choose if he is looking to upload a module or an inverter and upload his equipment using
the upload button on the right-hand side as shown in the orange box of Figure 5.3.1.

Equipment
2 Modules Inverters == Structures  $F Settings

Manufacturer + Model & Power [W] 4 Voltage [V] 4
ET Solar ET-M772BHS45TW 545 1500
Hanersun HN21-66HT 650 650 1500
Hanersun HN21-66HT 8554 655 1500
Hanersun HN1BN-72HT 585 585 1500
Hanersun HNTBN-72H585W 585 1500

Technology +
SI_MONO
SI_MONO
SI_MONO
SI_LMONO

SI_MONO

Type &
Bifacial
Bifacial
Bifacial
Bifacial

Monotacial

Uploaded by
Rated Power
Rated Power
Rated Power
Rated Power

Rated Power

Publication Date ¥

October 27,2023

October 20, 2023

October 20, 2023

October 19,2023

Qctober 19,2023

Figure 5.3.1 The Equipment tab.

7 Upload module {.pan)

In the “Settings” tab, the user can set default equipment per company and/or per project.

Equipment

B Inverters
~ Company default equipment @

BB Modules = Structures

L Settings

Modules
Manufacturer Mudel Power (W] Voltage [V]
General General610 610 1500
Inverters
Central Inverter String Inverter
Manufacturer Madel Pmax [kvA] Pnorm [kval
Generic (defaull) Ceneric 2310 2310 2310
Structures
Fixed Esst-West
Manufacturer Model Designed For Type
Generic [default) Generic tracker MONCFACIAL Single-rowr

~ Project default equipment &

Technology Type Uploadec by
SI_MONG Bifacial Rated Power
Max Woltage [v] Efficiency [%]
1500 9872

Set some equipment as default in all your company's projects and recognize them with thisicon. &

Configuration

v

Max. modules/row

40

Publication Date

December 05, 2022

Uploaded by

Rated Power

Max. rows/motor

1

Publication Date

February 21,2023

May 12,2023

Publication Date

Q search =% Filters
Database & Shew® L
View details N g
Public View details
Public View details
Public View details
public | View details
Dalabase
[Pubic ] View details sl [ Change
Database
Public View details N Change
Database
View details [ change
A 0

Figure 5.3.2 The settings part of the equipment tab.
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For more information on how to upload private equipment and to set up the default ones, check the

following knowledge base articles:

e How to upload your own equipment - Modules and Inverters

e How to upload your own equipment - Structures

e How to set up your own default equipment?

5.3.1. PV Module

RatedPower has a database of PV modules that are widely used in utility-scale PV plants.

e Technology: Silicon Mono, Silicon poly, multi-crystalline, HIT and thin film. Bifacial modules are

also permitted.
e PVcells: 60 and 72 cells.

e Voltage systems: 600V, 1000V, and 1500V.

Select a PV Module

Company default &

General General610 1500 SI_MONO
Currently selected

Generic (default) General610 610 1500

Manufacturer T  Model | Power [W] 4

AE SOLAR AE SOLAR AE_165P6-36 165

AE SOLAR AE SOLAR AE 165P6-36 165

AE SOLAR AE SOLAR Thunder AE415BMC-60F 415

AE SOLAR AE SOLAR Thunder AE410BMC-60F 410

AE SOLAR AE SOLAR THUNDER AE405SMB-66F 405

AE SOLAR AE SOLAR Thunder AE405BMC-60F 405

AE SOLAR AE SOLAR THUNDER AE400SMB-66F 400

AE SOLAR AE SOLAR THUNDER AE395SMB-66F 395

Figure 5.3.1.1. Modules public database.

5.3.2. Inverter

Bifacial

SI_.MONO Bifacial

Voltage [V] 4 Technology

1000

1000

1000

1000

1500

1000

1500

1500

SI_POLY

SI_POLY

SI_MONO

SI_MONO

SI_.MONO

SI_MONO

SI_MONO

SI_MONO

RatedPower has a database of central inverters and string inverters.

Public

Public

type &

Monofacial
Monofacial
Monofacial
Monofacial
Monofacial
Monofacial
Monofacial

Monofacial

X

= Filters

Show details

Show details

Database |

(" Public ] View details
m View details
View details
@ View details
View details
[ Public [ View details
View details
@ View details
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e Type: Central & string inverters.
e Voltage systems: up to 1500V.

Selecta Inverter  SelectaInverter

Central Inverter String Inverter

Company default &

Generic (default) Generic 2310 2310
Currently selected
Generic (default) Generic 2310 2310
Manufacturer T Model - Pmax [kvA] 4
ABB PV5980-58-4782kVA-K prelim rev.C 4782
ABB ULTRA-1500.0-TL 1560
ABB CORE-1000.0-TL 1100
ABB PVS980-58-1818KkVA-I 2000
ABB PWVS980-58-2000kVA-K 2200
ABB PVS980-58-1909kVA-J 2100
ABB PVS980-58-2091kVA-L 2300
ABB ULTRA-700.0-TL 780
ABB ULTRA-1500.0-HD-TL-US 1560
Advanced Energy Inc. Solaron 500/E 505

Figure 5.3.2.1. Inverters public database.

2310

2310

1500

1500

Pnom [kVA]

4652

1560

1000

1818

2000

1910

2091

780

1560

500

1

of 73 > )

Max Voltage [V] 4

1500

1000

1000

1500

1500

1500

1500

1000

1000

600

Public

Public

Efficiency [%] 4
98.33
98.04
97.69
98.11
98.22
98.16
98.33
97.82
98.04

98.60

Database
(P ]
Coamic)
(e
Coame)
(e )
(e )
(o)
(e )
Coamic)

[Cpublic |

pvDesign

by RatedPower

X

== Filters

Show details

Show details

View details

View details

View details

View details

View details

View details

View details

View details

View details

View details

Cancel [ Set as default ]

To switch between central and string inverters, click on the respective type of inverter as shown in

Figure 5.3.2.2.
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Equipment :

2Now detalls Lhange Module

~ Inverter

Central Inverter String Inverter

Primary Inverter

Manufacturer: Generic (default) (/]

Model: Generic 2310

Pmax [kVA]:] 2310 I

Pnom [kVA]: 2310

Max Voltage [V]: 1500

Database: Public

Show details Change Inverter

@ Sccondary Inverter

Manufacturer: Generic (default) (/]

Model: Generic 2310

Pmax [kVA]: 2310

Figure 5.3.2.2. Changing the inverter’s rated power.

As shown in Figure 5.3.2.2, inside the red box, RatedPower allows users to modify the inverter rated
power. The rated power value at 30°C is the one shown by default.

Asecondary inverter can be used as well by clicking on the blue box shown in Figure 5.3.2.2. This opens
the list of central inverters for the user to choose from. This option could help optimize smaller plants
(increase the filling) by choosing a smaller secondary inverter to make use of any spaces that were left
empty.
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In the case of East-West structures, the user can also define the Maximum Power Point Tracking (MPPT)
configuration at the inverter. Available options are:

- Single MPPT inverter: Strings from east and west tables are connected to the same MPPT.

- Multiple MPPT inverter: Strings from east tables are connected to a different MPPT than strings
from west tables.

- Separate inverters: Strings from east tables are connected to a different inverter than strings

from west tables.

MPPT Configuration @
Single MPPT Multiple MPPT o
inverter inverter
—_ _ l._

q

Separate inverters

e 18

Lddin
LddiN

1

Figure 5.3.2.3. MPPT configuration at the inverter.

NOTE: Our inverters database is continuously updated with new commercial equipment. The client
can also upload his own equipment to his private database using a .ond file of the inverter.

5.3.3. Structure

5.3.3.1. Type of Structure
RatedPower allows choosing between three different types of structure from our database:

e Fixed structures: Generic fixed structures of different configurations varying from 1V to 6V
(portrait) and from 1H to 12H (landscape).

e Single-axis trackers: Monofacial and bifacial trackers from the main manufacturers and some
generic ones as well. These come in different configuration options.

e East-West structures: Generic east-west structures of different configurations varying from
1V to 6V (portrait) and from 1H to 12H (landscape).
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In the Design Process, to switch between fixed structures, single-axis trackers and East-West
structures, click on the respective type of structure as shown in Figure 5.3.3.1.

 Structure
Tracker Fixed East-West

Manufacturer: Generic {default) o

Model: Generic tracker
Type: Single-row
Configuration: 1V
Max. modules/row: 60

Designed For: Monofacial

Database: Public

Show details Change Structure

Figure 5.3.3.1. Structure database in the software.

NOTE: The equipment database is continuously updated. Clients can also send us the datasheet of a
tracker, or a fixed/E-W structure and we can add it to our database.

5.3.3.2. Create a new Structure

To create one and use it in RatedPower, the user will need to go to the equipment tab, select structures,
and then click on the “Create new structure” button. After that he will be prompted to add some
information regarding the structure, including the name, maximum number of modules,

configuration, number of posts, etc. In this example, the images shown below are regarding a single
axis tracker, but the procedure will be similar for fixed and E-W structures, but with less information
added.

Designed For & Type 4 Configuration & Max.modulesirow 4 Max.rowsimotor . PublicationDate & Datsbase & Show® 4 I
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Create a single axis tracker

Model

Fixed / East-West

Manufacturer

Configuration (rows of modules)

Orfentation @

Maximum number of modules
Specifications

Tracker

Maximum slope in the north-south direction

Maximum slope in the east-west direction

Minimum tracking angle

Maximum tracking angle

Create a single axis tracker

Piles per structure — BT -+

Fixed / East-West

Gaps between piles
Maximum overhang 2 meters

Total length 27 meters

Gaps between piles

Overhang - 1: 15
1-2 8 X
2-3 8 X
3-4 8 X
4-Qverhang 15

1

OV (Vertical) H (Horizontal)

60

[[] Recommended for bifacial

Axis gap

!

-

pvDesign

by RatedPower

X

O Single-row Linked-row i Motor gap
20 %
20 % Separation between
- modules in axial
direction
-60 a
60 °
2
@ Piles @ Gaps betweenpiles @ Overhang
Gaps [m]
1.5 8 3 8 15
1 } } ’ 1
4 4 4
2 3 4
Piles [n]
¢

Figure 5.3.3.2. Creating a new structure.

5.3.3.3. Layout Configuration

The PV modules connected in series per string are calculated based on:

e The technical properties of the modules: voltage STC and voltage coefficient.

e The technical properties of the inverters: minimum MPPT voltage and maximum voltage.

e The minimum historic temperature of the site.
e The maximum historic temperature of the site.

RatedPower will recommend a range of modules per string by complying with the electrical
characteristics and temperature values stated above. However, clients can select a number of modules
per string outside of the recommended range.
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In addition, the application takes into account that the modules per string that are chosen must comply
with the structural limitation of modules per row. To understand this point, consider the following
example.

Let's consider that a 1 V structure is limited to 60 modules per row (just an assumption) and the
range of modules per string is from 13 to 25.

e If the user chooses 18 modules, and 3 Strings per structure the structure will be configured
with 18x3 = 54 modules per row (maximum value of modules per row for this example). This
results in a structure length of 62.3 meters approximately.

Modules per © 18

string
Rec_value: 25
Rec. range: 13- 25
e N
18 19 20 21 22 23 24
Strings per 3
structure

Min: 1./ Max: 3

Structure length 62.3m

Figure 5.3.3.3.1. Layout configuration example. 18 modules per string.

e If the user chooses 21 modules, the maximum value of strings per structure will be reduced
to 2 instead of 3 because with 3 strings per structure we would exceed the upper limit: 21x3 =
63 modules per row > 60 modules per row = Structure limit.

35


https://pvdesign.ratedpower.com/

DESIGN METHODOLOGY pvDesign

Modules per o 21

string
Rec.value: 25
Rec range: 13- 25
o)
- ks
18 19 20 21 22 23 24
5trings per 2
structure

Min: Jl Max: 2

Structure length 48.45m

Figure 5.3.3.3.2. Layout configuration example. 21 modules per string.

e If the user chooses smaller string/structure values, the user will have shorter structures.
Shorter structures designs could help to be adapted according to the land plot shape. Here we
can see an example with 15 modules per string and choosing for one case 4 strings per
structure (maximum) and in the other 1 string per structure (minimum).

Modules perstring © 19

Rec.value: 19
Rec.range: 13-19

O

15 15 17 138 12 20 21

String per structure String per structure I 1 !
Min: 1/ Max: 4

Min: 1/ Max: 4

Structure length 81.76m Structure length 24.19m

Figure 5.3.3.3.3. Layout configuration examples. 15 modules per string.

Users can choose the desired number of strings per structure. But RatedPower will always give a
default recommended value. This recommended value will be the maximum one for trackers.

However, in the case of fixed structures, the recommended strings per structure will be the one that
makes the structure length as close as possible to 25m and the maximum number of strings per fixed
structure is the one that makes the structure length 80m.

For all kinds of structures, the minimum value will be 1 string per structure.
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When choosing linked-row trackers, the user can also define the number of rows per linked-row. The
minimum value is 2 and the maximum is the one given by the linked-row tracker manufacturer.

String per structure 3

Min: 1/ Max: 3

Structures per linked-

row tracker

Min: 2 / Max: 28

Structure length 78.78m

Figure 5.3.3.3.4. Number of structures per linked-row.

There's also a feature in RatedPower named partial structures, and it allows the user to have structures
of different lengths (partial or broken structures). This will be available only if the general strings per

structure is above 1. If the system only allows 1 string per structure, then partial structures will be
disabled.

Strings per structure 3

Min: 1/ Max: 3

Structure length 62.3m

Partial structures

N° strings per

2(41.52m),.. ~
structure

2(41.52m)
12075 m)

Figure 5.3.3.3.5. Partial structures.

It is important to understand this point in order to design the PV plant adequately. Additional
information can be found in the Electrical Methodology.
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5.3.3.4. Mounting System

Users can modify the minimum ground clearance which is the minimum distance between the ground
and the lower part of the structure. In the case of trackers, it is calculated at the maximum tracking
angle of the chosen tracker. Apart from this parameter, the user can define the minimum pile length
for all structures.

In the case of fixed structures or East-West structures, users can opt between a mono-pole or a bi-
pole mounting system (and a tri-pole for East-West structures only). The tilt angle is another parameter
exclusive to these structures. The software recommends a certain value based on the site latitude as
follows:

We recommend these values for the tilt regarding the latitude:

Latitude Recommended tilt
<5° 5°
5°-10° latitude
10°-20° latitude*0.9
>20° latitude*0.85

In the case of East-West structures, the Ridge Distance can also be defined. This is the distance
between the two opposite tables of the structure.

5.3.3.4.1. Trackers
Mounting System

Minimum Ground ® 05

m
Clearance
Minimum pile ® 307 m
length .
Min: 1.57 m

Schematic diagram

Figure 5.3.3.4.1.1. Structure mounting system for trackers.

The pile length for trackers is calculated as shown in Figure 5.3.3.4.1.2.
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Minimum ground
clearance

Ground

Post depth

= Post Depth + Minimum Ground Clearance + (Table width/2)* sin(Tracker Limit)

Figure 5.3.3.4.1.2. Pile length for trackers.

5.3.3.4.2. Fixed structures

Mounting System

Mono-Pole Bi-Pole

L ] [ ] [ ] [ ® [ ]

L ] L ] [ ]
Tilt Angle ® 37 ’
Minimum Ground ® 05 m
Clearance .
Minimum pile ® 3.98 m
length .
Min: 248 m

Schematic diagram

Figure 5.3.3.4.2.1. Structure mounting system for fixed structures.

The pile length for fixed structures is calculated as shown in Figure 5.3.3.4.2.(2 & 3).
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/< Tilt angle (i.e.: 30°)

Minimum ground

clearance
Ground

Post depth

= Post Depth + Minimum Ground Clearance + (Table width2/3)* sin(Tiltangle)

Figure 5.3.3.4.2.2. Pile length for mono-pole fixed structures.

Tilt angle (i.e.: 30°)

Minimum ground
clearance

Ground

Post depth

= Post Depth + Minimum Ground Clearance + (Table width3/4)* sin(Tilt angle)

= Post Depth + Minimum Ground Clearance + (Table width1/4)* sin(Tilt angle)

Figure 5.3.3.4.2.3. Pile length for bi-pole fixed structures.
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5.3.3.4.3. E-W Structure

Figure 5.3.3.4.3.1. Structure mounting system for fixed structures.

Mounting System

[ Mono-Pole Bi-Pole

Tilt Angle ® 10 °
Ridge Distance ® 30 cm
Minimum Ground ® 05 m
Clearance :
Minimum pile ® 207 m
length

Min: 1.07 m

Schematic diagram

pvDesign

by RatedPower
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; tan
+——

Minimum
ground File
clearance length

&

Past depth

r "

Rows of piles per E-W structure
(in this image there are 2 rows)

Figure 5.3.3.4.3.2. Pile length for East-West structures.

5.3.4. Power Station

Inverters can be placed either inside the power stations (PSs) or outside of them, in the PV field.
Depending on which type of inverter is used, different parameters can be modified.

In the case of central inverters, the user can choose how many inverters to have per Power Station, as
shown in Figure 5.3.4.1.

The software starts placing the PSs with the selected number of inverters. If no more PSs can be placed,
the software will try to place the next power station with one less inverter. This will continue until no
more power stations can be installed.

RatedPower reduces the number of inverters per PS by one until the whole plant is filled with power
stations. The user can choose the options he wants for the power stations by selecting the desired
options.
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Main Power Station

Number of Primary ® 5
Inverters

Secondary Power Stations

Select the types of PS to install in your plant.
Select all

PS 1: 4 primary inverters

PS 2: 3 primary inverters

PS 3: 2 primary inverters

PS 4: 1 primary inverters

Figure 5.3.4.1. Central inverters per power station.

When the secondary inverter option is enabled, the user can also select the number of secondary
central inverters per PS as shown in Figure 5.3.4.2. When this option is enabled, the default value for
the number of secondary inverters per PS is zero. This means that the software will only place power
stations equipped with primary inverters following the previous criterion. And when no more power
stations of those can fit, it starts trying to place power stations with secondary inverters.

If, however, the number of secondary inverters per PS is modified to another value, the criterion that
is followed is similar to the first one. For instance, let's consider that we want the PS to have 2 primary
and 2 secondary central inverters. The software starts by placing power stations of this configuration.
Once no more power stations can fit, it places PSs with 2 primary and 1 secondary inverter. After that
it's 2 primary inverters only, then 1 by 1. And finally, the software checks whether it can fit a PS with 1
secondary inverter. As with the previous option, the user can select the different configurations of
power stations that they want the software to use.
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Main Power Station

Number of Primary ® 5
Inverters

Number of
Secondary ® O
Inverters

Secondary Power Stations

Select the types of PS to install in your plant.
Select all

PS 1: 4 prim. inverters/ 1 sec. inverters
PS 2: 4 prim. inverters/ O sec. inverters
PS 3: 3 prim. inverters/ 2 sec. inverters
PS 4: 3 prim. inverters/ 1 sec. inverters
PS 5: 2 prim. inverters/ 3 sec. inverters
PS 6: 3 prim. inverters/ 0 sec. inverters
PS 7: 2 prim. inverters/ 2 sec. inverters
PS 8: 1 prim. inverters/ 4 sec. inverters
Show all PS

Figure 5.3.4.2. Central inverters per power station with secondary inverters enabled.

On the other hand, for string inverters, two parameters can be modified: the number of string
inverters which the user wants to have per power station and the minimum allowable number. If no
inverters can be placed based on the values selected, no more power stations will be placed.
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Main Power Station

N° of primary 6
inverters

Secondary Power Stations

Min. n° of inverters 1
per secondary PS

Select the types of PS to install in your plant.
Select all

PS 1: 5 primary inverters

PS 2: 4 primary inverters

PS 3: 3 primary inverters

PS 4: 2 primary inverters

PS 5: 1 primary inverters

Figure 5.3.4.2. String inverters per power station.

5.3.4.1. Transformer configuration

For every power station, the user can select the transformer configuration. By selecting the number
of transformers inside the power stations, the type of each transformer (2-Winding or 3-Winding) and
their capacity. These options are shown in figure 5.3.4.1.1.
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Transformers

Select the power station to customize

PS1 PS2 PS3 PS4

PS Main: 5 primary

Selected PS

inverters
Number of ®© 1 N
transformers
Transformern® 1
2-Winding 3-Winding
A /)i{\
V-7
(A AW
[T

The selected

. 5 primary inverters
transformer contains P Y

Capacity 11.55 MVA
Min: 11.55 / Max: 15.01

Short-circuit
impedance of selected 8.0 %
PS

Min: 5.0% / Max: 12.5%

Figure 5.3.4.1.1. Transformers.

For the capacity, the software will give the user a range of values. The minimum is calculated by
multiplying the number of inverters by the Pmax of one inverter. In the figure above, the selected
inverters have a Pmax = 2310 kVa and the minimum capacity is equal to 5* 2310 =11 550 kVa = 11.55
MVa. The maximum value is equal to the minimum capacity plus 30%.

Users also have the possibility to set the short-circuit impedance of the power station.

5.3.4.2. Transformer losses

Users can also modify the power station transformer losses and define the iron and copper losses as

shown in Figure 5.3.4.2.1.
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Transformer Losses
@ Power Station

Iron loss ® 01 %

Copper loss ® 10 %

Figure 5.3.4.2.1. Power station transformer losses.

5.4. Layout Tab

In the case of having several available areas, RatedPower offers the possibility of applying a different
configuration for each area or group of areas, using the switch shown in picture 5.4.1. Agroup of areas
is created when the user uses the “Group areas in LV” option.
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Layout

Apply a different configuration per area or
group of areas

Figure 5.4.1. Multiple AA layout configuration options.

5.4.1. LV grouping

At the top left of the screen, the 'Group areas in LV' option is displayed.

= < Biarritz, France / Biarritz_9_10 » Rundesign ~ | WM Previewmsp | M Overview M 3DMap [ sk Documentation |
M Layout
=] % .
o Applyadifferent configuration 3
group of areas
~
Layout
] v Power requirements
3 v Distances
¥ Layout Configuration
v Power station
o
v Setbacks
¥
S
-

Figure 5.4.1.1. Group area in LV (low voltage) option.

This feature allows low-voltage DC cables to be shared between areas in the case of a central inverter,
and low-voltage AC cables to be shared between zones in the case of string inverters. In this way, a
power station can be shared between several areas.

After clicking on the 'Group areas in LV' button, the user can select the areas to be grouped. He can
also select the polygon in which the structures will be placed first by clicking on 'Priority AA' and placing
the zone in question first.

For more information, read the following article: How to interconnect your available areas in
Lv.
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5.4.2. Power Requirements

RatedPower gives the possibility of choosing between installing the maximum capacity or a specific
one.

In the case of maximum capacity, the software tries to optimize the site by installing the maximum
“Rated Power” using the target DC/AC Ratio defined.

The user can also enable the “Install the maximum peak power” check box. By activating this option,
all possible structures will be installed in the PV plant, reaching the maximum possible peak power by
varying the DC/AC ratio inside the limits set below.

~ Power requirements

Maximum Capacity Specific Capacity

DC/AC ratio 23

@ Install the maximum peak power (0

Lower limit 1.95

Min: 1.8

Upper limit 2.25

Max: 2.4

Figure 5.4.2.1. Power requirements for specific capacity.

In the case of specific capacity, however, the user can choose the number of inverters (for both the
primary and the secondary inverter if any), as well as the DC/AC ratio. By modifying these parameters,
the desired rated and peak powers can be achieved. An example of that with the secondary inverter
present can be seen in Figure 5.4.2.2.

In the case of “Specific Power”, the layout will be developed near the MV Delivery Point / Substation to
minimize cabling.
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Maximum Capacity Specific Capacity ‘

Number of Primary 10
Inverters

MNumber of Secondary 0

Invert inverters
nverters
Rated Power

3.3 MWac
(approx.) © -
DC/AC ratio 1.2
Peak Power (approx,) @ 3.96 MWdc

Figure 5.4.2.2. Power requirements for specific capacity.

The rated power is the installed AC capacity, and it depends on the chosen number of inverters and
their technical properties. The peak power is the DC capacity, and it depends on the chosen DC/AC
ratio.

In the case of selecting the “Specific Power” option, the structures will be spread over the various areas
of the site based on three different criteria. The first criterion tries to occupy the least number of areas
possible (one area only if possible). The second criterion tends towards selecting the closest areas over
the far ones. And the third criterion intends to occupy the least percentage possible out of each area
(partially occupy areas rather than completely occupy them). The software gives more priority to the
first criterion, then the second one and finally the third one. It then rates different scenarios and
selects the best option out of them.

The user can also define a power limitation at the delivery point as shown in Figure 5.4.2.3.
Energy Clipping
@ Power limitation at Delivery Point

Active Powerlimit @ 0 MW
If this value is zero, al
energy production wil

be cut-off at the
substation output.

Figure 5.4.2.3. Power limitation at delivery point.
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Users also have the possibility to select the type of layout they want as shown in figure 5.4.2.4. If they
choose the regular block design option, the same power station shape will be repeated in the layout,
using a shape that is as square as possible. If they choose the adaptative design option, the available
area of the site will be covered using blocks of structures. The size of the block depends on the chosen
DC/AC ratio.

Type of Layout
Regular Block Adaptive Design @
Design

"""""" ™
e g
T 1IN
i
10y

Figure 5.4.2.4. Type of Layout.

5.4.3. Distances

The user can define some distances for the layout configuration as shown in Figure 5.4.3.1.

Pitch distance @ 6.200 m
Min: 2.46m

Clearance distance 3.735 m
GCR 40.0 %
Distances between ® 0.500 m
structures

Min. distance from 3 m
structures to fence

Schematic diagram

Figure 5.4.3.1. Layout configuration.

The pitch distance is defined in the application as the distance between the axis of two consecutive
structures.

51


https://pvdesign.ratedpower.com/

DESIGN METHODOLOGY pvDesign

by RatedPower

Users can choose the desired pitch distance between structures. RatedPower, however, always gives
a default recommended value. This recommended value ensures 40% of Ground Coverage Ratio (GCR)
in the case of trackers.

In the case of fixed structures, the recommended pitch distance makes sure that at least 4 hours of
non-shaded production is achieved on the most unfavorable day of the year (the shortest day of the
winter solstice).

For E-W structures, the pitch distance is calculated as follows:

e RatedPower calculates the minimum pitch distance: the one that makes the clearance
distance 0.

e lItthen adds an industry standard clearance distance value:

For THor 1V: 0.3 m
For2Vor2H:1Tm
For other configurations 2 m

Users can also modify the clearance distance between the structures and the GCR. The clearance
distance is the free space between the structures. The pitch distance, clearance distance and GCR are
dependent on each other, thus changing one value also modifies the others.

The user can also define the distance between structures as well as the distance between the
structures and the perimeter.

Figures 5.4.3.2. and 5.4.3.3. show the difference between the pitch distance and the distance between
structures for both fixed structures and trackers.

N

A

Distance between structures

Clearance distance ¢

between rows !
IIIIlI IIIlII Pitch distance

Figure 5.4.3.2. Pitch distance and distance between consecutive structures in fixed structures.
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N

A

Clearance distance between rows

-- Distance between

' structures

Pitch distance

Figure 5.4.3.3. Pitch distance and distance between consecutive structures in trackers

5.4.4. Layout configuration

5.4.4.1. Roads Layout
This consists of defining the configuration of the internal roads of the PV plant:

e Only horizontal roads: The route of the roads will connect all the Power Stations following an
East-West direction to the access points of the plots.

e Horizontal and perimeter roads: The route of the roads will connect all the Power Stations
following an East-West direction and the perimeter roads with access points of the plots.

e Only vertical roads: The route of the roads will connect all the Power Stations following a
North-South direction to the access points of the plots.

e Vertical and perimeter roads: The route of the roads will connect all the Power Stations
following a North-South direction and the perimeter roads with access points of the plots.

e Full perimeter roads: This option surrounds all the structures of an area by a perimeter road
where the power stations are placed. This configuration is only available for designs of no
more than 5 power stations.

e Minimal perimeter roads: This option places all the power stations in the perimeter of the
site and connects the power stations to the available area access point minimizing the road
length. This configuration is only available for designs of no more than 5 power stations.
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e No roads: This option places the power station close to the access point and no roads will be

planned on site. This configuration is only available for designs with 1 power station or less
than 5ha per available area (AA). User-defined "shortcuts" will not be considered for this option

either.
Roads ©
Horizontal roads

iy

Vertical roads

iy

Full perimeter roads

]

No roads

Bl

Width

Horizontal and
Perimeter roads

Vertical and
Perimeter roads

Min. perimeter
roads

]

Figure 5.4.4.1. Example of the road configurations.

The width of the roads can also be modified in this section.

54


https://pvdesign.ratedpower.com/

DESIGN METHODOLOGY pvDesign

by RatedPower

5.4.4.2. Structure alignment

In this section, the user can select the structure alignment with respect to the border of the parcel.
There are two options: uniform arrangement and border adaptation.

Structure alignment

Uniform ® Border adaptation @
arrangement

i Jian

Figure 5.4.4.2. Adaptation mode.

5.4.4.3. Rotation

RatedPower allows the user to choose the structure position that he desires between the four
available options that are shown in Figure 5.4.4.3.

Rotation @
Standard Rotated
i iy
g //@,%’/
Offset Turning Angle Axis
iy, Hm
i M
Turning Angle @ O °

Figure 5.4.4.3. The four different structure positions.

The first two options, standard and rotated layout, are available for all types of trackers and fixed
structures. Layout offset and layout turning angle axis, however, are only available for single-row
trackers and fixed structures.
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By default, single-axis trackers will be installed following the N-S direction, and fixed structures
following the E-W direction.

The rotated layout, layout offset, and layout turning angle axis options allow modifying the turning
angle shown inside the red box in Figure 5.4.4.3.

The UTM convergence correction can be enabled or disabled. This option will apply a rotation in the
structures to counteract the UTM convergence effect.

If the UTM convergence correction is enabled, the structures will be aligned with the real North-South
axis (or East-West for fixed structures) in the WGS 84 geographical coordinate system. A rotation may
then appear in the Layout DXF coordinates, in the UTM coordinate system.

5.4.5. Power station location

RatedPower gives the user the choice to select between placing the power station inside or outside
the DC field. If the “Inside the DC field” option is chosen, structures are removed from the field to put
the PSs in their place, thus reducing the margins left for the internal roads. This helps to increase the
filling of the PV plant. The user can also modify the dimensions of these power stations as shown in
Figure 5.4.5.

Location

QOutside DC field Inside DC field

Dimensions &

Length 12.1%2 m
Width 2438 m
Height 2438 m

Figure 5.4.5. Power station options.

56


https://pvdesign.ratedpower.com/

DESIGN METHODOLOGY pvDesign

by RatedPower

5.4.6. Setbacks

It is possible to customize the distance between certain elements of the PV plant, and those can be
divided into two sections: AA setbacks, and RA setbacks.

In the AA setbacks, prior to start defining the distances, the users have the option to choose the fence
strategy they would like to use. It can either follow the AA perimeter, or to minimize the fence as much
as possible close to the structures. It also includes distances such as from the area’s perimeter to the
fence, or from the power stations to the structures as shown in Figure 5.4.6.1. The minimum value for
the Fence to structure is 2 m. For the Power Station (PS) to road setback and the structures to road
setback, the minimum value is 1.5 m.

-~ AA Setbacks

Fence structure

Follow the AA 0 Minimize fence ®
perimeter length

Setbacks

Available Area (AA)tofence 0.0 m

Fence to structure 3.0 m

Power Station (PS) to

structure 20 m
Power Station (PS) to road 1.5 m
Structure to road 1.5 m

Figure 5.4.6.1. AA Setbacks.
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Figure 5.4.6.2 allows the user to visualize what each setback refers to.

AA Setbacks - Schematic diagram

Structure
M

Available Area (AA)

’ . Power station
/ PP P PI NI ,‘ S

D1 .--° D2 . IR
'{ / 4 .~ ’ ‘\
;. AAtofence| N ’ '
,’ ] ,’v \\ ‘I ‘\
, Fence to N ‘ N
' \ ! 1
! structure '

Structure to road ;

Road width :
Power Station (PS) to road i
Power Stauon (PS) width '

¥ '
' by ne
! I
’
’
’
’
’
2
.

Structuretoroad | .

Figure 5.4.6.2. Schematic diagram for AA setbacks.
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The RA setbacks allow us to do a variety of configurations, especially when we are using different
types of RAs, as shown in Figure 5.4.6.3. Those can be described as:

RA Name- Can choose a name that will be shown in the layout and documentation.

RA Color- Can either select a color or type in the color code.

Fence strategy- Choose from the 3 options the most suitable fence strategy for the layout.
Not available for substation (ST) and SBS (Switching & Breaking Station).

Setbacks- Define the distances from the RA to structure, and from RA to fence.

Road strategy- Choose from the 2 options the most suitable road strategy for the layout. Not
available for substation (ST) and SBS (Switching & Breaking Station).

-~ RA Setbacks

RA-2 RA-3 ST

RA Name Wetland
RA Colour #2bffef
Fence strategy
Prevent the Keep RAinside
fence from ® the PV plant
crossing RA

Let the fence 0]

cross RA
Setbacks
Restricted Area (RA) to 0.0 m
structure e
Restricted Area (RA) tofence 0.0 m

Schematic diagram

Road strategy
Minimise Cross directly the ®
crossingthe RA (D RA
(shortcuts)

Figure 5.4.6.3. RA Setbacks.
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There are 3 strategies for the fences around the restricted areas, which can be described below:

1. Prevent the fence from crossing the RA

Figure 5.4.6.4. Schematic diagram for RA setbacks.

2. Keep RAinside the PV plant

Figure 5.4.6.5. Schematic diagram for RA setbacks.
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Let the fence cross RA

3.

Figure 5.4.6.6. Schematic diagram for RA setbacks.
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5.5. Topography
5.5.1. Topography limitation tool

RatedPower offers a topography limitation and earthworks tool. It allows users to set different
criteria. These criteria are:

e The maximum North-South slope limit (structure installation limit), with the possibility of
setting a common limit for both slopes or to differentiate between each orientation.

e North-South Earthworks between the structure installation limit and a maximum value
(apply earthworks up to).

e The maximum East-West slope limit (structure installation limit).

e East-West Earthworks between the structure installation limit and a maximum value (apply
earthworks up to).

e The maximum post length limit (Undulation tolerance).

e Terrain undulation Earthworks between the structure installation limit and a maximum
value (apply earthworks up to).

e The linked-row installation limit.

(XX ]

Topography

~ Structures

@ Remove structures that exceed your limits

~ Topography

North-South @

@ Apply limits and earthworks

East-West @

@ Apply limits and earthworks

Terrain undulation

@ Undulation tolerance and earthworks

Figure 5.5.1.1. RatedPower’s topography analysis tool.
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To apply the limitations defined with the tool, the option to remove the structures that exceed the
limits needs to be enabled.

» Structures

Remove structures that exceed your
limits
If activated, only the following structures
will be installed: "Installed" and "Installed
with earthworks".

Figure 5.5.1.2. Apply topography limitations.

All criteria (except for the linked-row criterion) have two options, an installation or tolerance limit, and
an earthworks mode.

The linked-row structure limit option is only available when a linked-row tracker is selected.

Linked Row

@ Structureinstallation limit 50 o

Figure 5.5.1.3. RatedPower’s topography analysis tool for linked-row.

This option allows the user to set a slope limit. For example, with slope limit at 5% as shown in the
image above, RatedPower will remove any linked-row tracker which has a slope of 5% or above
between its rows (not underneath them). Even if a linked-row tracker consists of 12 rows and the slope
between only 2 of these rows is above the set limit, the whole linked-row tracker will be eliminated
from the final design.

To apply the North-South criterion, the first step is to activate the "Apply limits and earthworks" button.

After that, two options will be available for the wuser to choose from:

- Apply the same value for both slopes.
- Differentiate between north and south slopes.
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North-South ©®

@® Apply limits and earthworks

O Same values for both slopes

Differentiate north and south-facing slopes

Figure 5.5.1.4. RatedPower’s topography analysis tool.

Option 1: Same values for both slopes

If the user chooses this option, the software will check the slope value below the structure (whether
it's a tracker or a fixed structure) in the north-south direction. For example, using the example shown
in the image below, any structure installed above a north-south slope of 7 % or more will be
removed from the final design.

North-South ©®

@® Apply limits and earthworks

O Same values for both slopes

Differentiate north and south-facing slopes

Structure installation limit 7.00 %
[ | Earthworks up to - %
fa
.

7.00%

Installed w/o Rejected due to instalation

earthworks limit

Figure 5.5.1.5. RatedPower’s topography analysis tool for North-South criteria
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Option 2: Differentiate between north and south slopes

This option allows the user to set an installation limit and choose whether or not to apply earthworks
for North Slopes and South slopes. He can either choose to set limits for both slopes or only one by
clicking on the checkboxes. The logic used by the software for the removal of structures and the
application of earthworks is the same as in the case of option 1.

North facing
Structure installation limit  7.00 %
[ | Earthworks up to - %
7.00%
Installed w/o ® Rejected due to instalation
earthworks limit
South facing
Structure installation limit  5.00 %
[ | Earthworks up to - %
5.00%
Installed w/o Rejected due to instalation
earthworks limit

Figure 5.5.1.6. Topography analysis tool with North-South differentiation.

To apply the East-West criterion, the first step is to click on the "Apply Limits and Earthworks" button.
For this criterion, the user can only apply the same limit for both East and West-facing slopes (similar
to option 1 for North-South slopes).
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East-West ©

@® Apply limits and earthworks

Structure installation limit 10.00 %
|| Earthworks up to = %
10.00%

Installed w/o ® Rejected due to instalation

earthworks limit

Figure 5.5.1.7. RatedPower’s topography analysis tool for East-West criteria.
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The final criterion is the terrain undulation criterion. This parameter allows the user to set a maximum
limit on the difference in pile length between the shortest and longest pile of the same structure.

Terrain undulation

@® Undulation tolerance and earthworks

Undulation tolerance 100 cm
Earthworks up to 200 cm
['] 8
L J L
100cm 200cm
Installed w/o Installed with Exceeding the
earthworks earthworks installation limit

Figure 5.5.1.8. RatedPower’s analysis tool for undulation tolerance criterion.

The figure below provides a visual representation of what this refers to.
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Figure 5.5.1.9. Visual representation of how the undulation tolerance limit works.
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5.5.2. Earthworks

RatedPower also allows to apply earthworks to the terrain underneath a structure that exceeds the
slope limits. The user will need to define a range of slope percentages. For the structure within this
range, all the necessary cuts and fills to reduce the slope will be applied. However, if the slope is initially
above the range, the structure will be removed from the final design. The slope limitation can be
defined in the North-South direction or the East-West direction.

North-South ©®

@ Apply limits and earthworks

O Same values for both slopes

Differentiate north and south-facing slopes

Structure installation limit 10.00 %
Earthworks up to 25.00 %
10.00% 25.00%

Installed w/o Installed with Exceeding the

earthworks earthworks installation limit

Figure 5.5.2. RatedPower’s earthwork tool example.

In this example, the structures will be distinguished according to the slope underneath in the North-
South direction:

e <10%: the structure will be installed without earthworks.

e between 10% and 25%: the structure will be installed but cut and fill will be applied to decrease
the slope to 15%.

e >25%: the structure will not be installed.

Based on these results, RatedPower will calculate the total necessary cut and fill volume and include
these values in the Design Report and the BOQ. It will also generate a Listing of Posts spreadsheet, a
Topography Analysis DXF, and a Structure Profiles zip file that includes various CAD files.
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5.5.3. Preview

The status of the different structures can be seen in the map following the colors shown in the tools:

e light blue : these structures will be installed.

o dark blue: these structures will be installed but are outside certain limits. This will be the
case if the slope limit is selected but the option to remove structures that exceed the limits
is not enabled.

e orange: these structures will be installed but will require earthworks.

o light brown: these are earthworks platforms or boundaries, which include the different
groups of structures where earthworks will be applied simultaneously.

e green: these structures will not be installed because they exceed the slope limit and the
option to remove structures that exceed the limits is enabled.

e purple: these structures will not be installed because they exceed the undulation tolerance
limit and the option to remove structures that exceed the limits is enabled.

LAYERS X
D Available Areas TS
B substation

7. Earthworks platforms

[ Rejected because the
maximum row direction slope
was exceeded

B Rejected because the
undulation tolerance was
exceeded

g 7. Accepted Structure

B Accepted Structure (with earth
works)

Battery area

B Battery PCS

! i Battery Containers
. Overhead line

Figure 5.5.3. preview of the structures with topography limitations.
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5.6. Grid Point

5.6.1. Electrical standards

RatedPower allows users to size their interconnection facility based on two electrical standards such
as IEC or IEEE, as well as select the maximum current for the MV lines and the voltage level of the
medium voltage system. The range of the MV system is between 5 and 45 kV, and it is connected in
branches (lines), not in a ring connection.

Electrical Standard @

IEC |IEEE 5A
W IEEE SA
T | s,
|

MW lines maximum ® S500A
current

MV level 34.5 kV

Figure 5.6.1. Electrical standards for sizing the interconnection facility.

5.6.2. Connection Type

RatedPower offers the basic engineering of a substation. Users can opt for a switching and breaking
station or a generic substation.

The switching and breaking station is only enabled for PV plants of up to 100 MVA and a total current
of no more than 2100 A. Its objective is to connect various medium voltage cables together and then
to transmit them to the point of distribution or consumption. The step-up substation, on the other
hand, elevates the voltage level from medium to high voltage.

If the user selects the step-up substation, they can choose to get an automatic result based on the size
of your PV plant which could be a line to transformer, a single busbar or a double busbar substation.
However, they can also opt to manually choose any of the three options. If the substation option is
selected, the user can also define the high voltage level from 46kV to 400kV, as shown in Figure 5.6.2.1.
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Interconnection facility

Switching and , Substation@
breaking station

: L
S[LT-T-1 T ,_r..{-::_--*l,’:_:- r
|

E—

® Manually choose a type of arrangement
for the substation

Single busbar arrangement s

Double busbar arrangement

Line to transformer arrangement

HV level ® 132 kV
Min: 46 kW Maoc 400 kv

Figure 5.6.2.1. Connection type options.

In both cases, the user can also choose to set an overhead line voltage drop.

RatedPower also allows the users to configure the power transformers. They can select two or three
winding transformers, or size the transformer based on the capacity or the number of bays. There's

also the option to specify the output number of bays.
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@ Sclect the power transformer type @

2-Winding

S
&

3-Winding

2

VA

@ Size power transformer manually &

Transformer
capacity

Power transformer

capacity

Short circuit
impedance

Transformer bay

No.
70 MVA b
8.00 %
min: 3.57%

@ Set output bay manually (O

Output bay number

1

rec:1
min: 1
max: 8

Figure 5.6.2.2. The substation’s transformer configuration.
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Users can also provide inputs for the overhead line or gen-tie. In the first part, there's the capacity over

estimation, number of circuits and number of conductors per phase.

»~ Overhead line

Capacity over ® o MVA
estimation

Number of circuits 1 hd
Number of 1 V

conductors per phase

Figure 5.6.3.1. Overhead line configuration.

Following that, the user can pick the phase conductor type. There are two options here, one is AAAC
(All aluminum alloy conductor), and ACSR (Aluminum conductor steel reinforced).

Phase Conductor X
ACSR Q_ Search...
Currently selected

160-A2 19 3.51mm 17.6 mm 506.1 54.32 183

Name Aluminum stranding & Aluminum diameter Total diameter Unitary Mass 4 Rated Strength 4 Crosssection T

16-A2 7 1.83mm 549 mm 504 5432 138

16-A3 7 1.84 mm 5.52mm 508 6.04 18

25-A2 7 229 mm 6.86 mm 787 8.4% 28

25-A3 7 2.3mm 6.9 mm 795 9.44 29

40-A2 7 2.89 mm 8.68 mm 125.9 13.58 45

40-A3 7 2.91mm 8.72mm 127.1 15.1 46

63-A2 7 3.63mm 10.9 mm 198.3 21.39 72

63-A3 7 3.65mm 10.9 mm 2002 23.06 73

100-A2 19 2.78mm 13.9mm 316.3 33.95 115

100-A3 19 279 mm 14 mm 319.29 37.76 116

T Jota > M
Cancel

Figure 5.6.3.2. Phase conductor configuration.

The two following tabs will let the user choose the earth wire and tower shape. RatedPower has 6
tower shapes available (3 per each number of circuits option).
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Earth wire

Name: OPGW-25 1/48B1 (0/165-213.7)

Total diameter: 17.2 mm

Unitary Mass: 48000 kg/m

Rated Strength: 106.3 kN

Elasticity: 102 GPa
Section: 16.5 mm2

Short circuit capacity: 213.7 kKA*2 -5

Thermal expansion: 0.0000155

Unitary resistance: 0.27 Q/km

Tower shape

Single Fork

Change earth wire

Figure 5.6.3.3. Earth wire configuration.

S Tower
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Tower shape
MV double fork T double tower
e
|| —
HV Double fork
e ———

Figure 5.6.3.4. Tower shape configuration.

At the end of the overhead line section, the user can set a maximum voltage drop. RatedPower then
dimensions the OHL to respect this limit. The actual calculated voltage drop is displayed directly below.

Maximum
overhead line ® 5.00 %
voltage drop

Voltage drop 0.0450 %

Figure 5.6.3.5. Overhead line voltage drop.
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5.6.4. Losses

In this tab, the users can choose the losses for the transformer, and the overhead line voltage drop. It
can be disabled as well.

@ Substation Transformer losses

Iron loss ® 01 %

Copper loss ® 10 %

Figure 5.6.4. The substation’s transformer losses and overhead line voltage drop.

5.6.5. Grid requirements

In RatedPower, users can select whether they want to enable sizing using the power factor
requirements (cosine of phi) or not. If this option is not selected, the reactive power will not be
considered during the calculation process. If, however, this option is selected, the AC capacity will be
calculated accounting for reactive power. There are 2 available strategies for power factor sizing and
thus reactive power compensation:

a. Installing additional inverters in the field to compensate reactive power.
b. Adding both inverters in the field and capacitor banks in the substation.
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~ Grid requirements

Sizing using power factor requirements
(cosine of phi)

Reactive power compensation strategy and ®
measurement point

O Useinverters only @
Use inverters + capacitor banks @

Required power ® 1

factor
Min: 0.5/ Max: 1
Resulting power
factor at the ® 0.9844
inverter's output
(o)
Inverter ST Output

Inverters © POI

Define strategy settings

Figure 5.6.5.1. Power factor requirements.

Depending on the selected strategy, the user can also define where to measure the power factor and
what value to measure there (‘required power factor') by clicking on 'Define strategy settings'. As

shown in Figure 5.6.5.2, for the inverter-only strategy, he can define this point either at the input or
the output of the substation.

at
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Reactive power compensation strategy settings
Choose the point of interconnection (POI) where the required power factor will be measured.

Required power factor @ 1
Min: 0.5/ Max: 1

PS ST
'Fah 7
[ | MV ()
L/ lines L/
\ |
INVERTER STINPUT

INVERTERS

Resulting power factor at the inverter's output 0.9849

Figure 5.6.5.2. Reactive power compensation settings
for the inverters-only strategy.
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X

|
STOUTPUT

For the inverter and capacitor bank strategy, the user can define the power factor compensation point
at the input of the substation, at the output of the substation or at the end of the overhead line (OHL)

as shown in Figure 5.6.5.3.
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Reactive power compensation strategy settings X

Choose:
® The point of interconnection (POI) where the required power factor will be measured.
® The point from where to start compensating with capacitor banks (capacitor banks are installed in the substation).

Required power factor @ 1
Min: 0.5/ Max: 1

PS ST
AN 7NN
L)) MV (())
e s oL/ OHL
| | | \
INVERTER STINPUT STOUTPUT GRID

INVERTERS @ CAPACITOR BANKS

Resulting power factor at the inverter's output 0.9974

Figure 5.6.5.3. Reactive power compensation settings
for the inverter and capacitor bank strategy.

When sizing while the power factor option is enabled, the DC field is clearly affected. No matter what
power factor is selected, the power factor at the inverter output (estimated cosine of phi) will be lower
than 1 (due to various reasons like cable losses, transformer losses, substation losses, etc...). The plant
will inject less overall active power and will generate/consume reactive power. This information can
be checked in the Energy Yield Report in the “Yields and losses for the first year” table.

Applying a power factor has various effects on the electrical configuration and performance of the PV
system. Assuming that no changes have been made to the PV module, the lower the power factor
applied, the higher the DC/AC ratio will be (as the total active AC power decreases). However, to
compensate for this effect, more capacitor banks and/or inverters are installed to achieve the same
installed capacity.

For example, if the inverter only strategy and power factor is enabled in RatedPower, more inverters
will be installed to compensate for the reactive power. This is better illustrated by the example in
Figure 5, where more inverters need to be installed to maintain the same total PV plant capacity at a
lower power factor.
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Required power factor ® Resulting power factor at the o Required power factor ® Resulting power factor at the O
inverter's output inverter's output
1 0.9972 0.9 0.8717
Number of Primary Inverters Number of Primary Inverters
Rated Power (approx.) © Rated Power (approx.) @©
50 inverters 54.85 MWac 57 inverters 54.66 MWac
DC/AC ratio © DC/AC ratio ©
Peak Power (approx.) @ Peak Power (approx) @
1.2 65.82 MWdc 1,2 65.59 MWdc

Figure 5.6.5.4. PV plant with two different Power Factors
(a. Only inverters strategy).

This can be understood better by observing Equation 1.

Equation 1:

Ppe
DCJAC ratio = —=

Pac
Where:
e Ppcis the peak DC power output of the PV plant.

e Pacisthe maximum AC power output of the PV plant. Pac = Sac * Power factor (where Sac is the
total apparent AC power output of the plant). Thus, when the power factor is less than 1, Pac
becomes smaller thus increasing the DC/AC ratio.
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5.7. Electrical

5.7.1. Solar field

5.7.1.1. String positioning within a structure
The string positioning within a structure could be chosen between:

- Pitch grouping: Strings will be formed favoring the connection of the modules in the pitch
direction.

- Axial grouping: Strings will be formed favoring the connection of the modules in the axial
direction.

~ Solar field

String positioning within a structure ©

Pitch grouping @ Axial grouping ®

iR e

Figure 5.7.1.1. String grouping.

This configuration will affect the length of string cables and the shading mismatch loss in energy
production.

5.7.1.2. Configuration Type

There are two types of configurations in the case of central inverters and two in the case of string
inverters. In the case of central inverters:

e String Box: The strings of modules are connected to a string box. And groups of string boxes
are connected to central inverters.

e DC Bus System: The strings are connected to a DC Bus collector connected to a string box.
The connections then reach the inverters.
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Configuration Type ©

String Box DC Bus System

" @ || "L @

Figure 5.7.1.2.1. Configuration available for central inverter

In the case of string inverters:

e String Inverter (Field): The strings are connected directly to the string inverters. The string

inverters are located in the field (outside the power stations).
e String Inverter (Station): The string inverters, in this case, are located in the power stations.

Configuration Type @

String Inverter in Field String Inverter inside

the Power Station

L @ G/

Figure 5.7.1.2.2. Configuration available for string inverter

The user can choose the number of strings connected. This section will not appear for string inverters.
If the user had chosen central inverters in the Equipment tab the next options would be available in
this section:

e Ifthe user chooses a String Box for the Low Voltage Electrical Configuration, the user will also

be able to choose the maximum number of strings per box. To achieve an exact DC/AC ratio,
other values of strings per box may also be used.

Maximum strings @ 16 (244kW) )
per box

Figure 5.7.1.2.3. Maximum strings per box for String Box Low Voltage Configuration.

e If the user chooses a DC bus type for the Low Voltage Electrical Configuration, the user will

also be able to choose the maximum number of strings per DC bus. To achieve an exact DC/AC
ratio, other values of strings per DC bus may also be used.

Maximum strings ® 16 (244kW) Ny
per DC bus

Figure 5.7.1.2.4. Strings per DC Bus for DC Bus System Low Voltage Configuration.
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The strings per box and strings per DC Bus must be multiples of the number of strings per structure,
defined in the Equipment tab.

RatedPower always gives 12 (or the closest possible number to 12) as a default recommended value.

The minimum value will be the number of strings per structure and the maximum value will be 32 (or
the closest value less than 32).

The chosen value by the user will be used as much as possible but other numbers of strings per box
or strings per DC Bus can be used by RatedPower to achieve the global DC/AC ratio desired by the
user. To do so, RatedPower will try with configurations between half of the selected value and the
maximum value.

To understand this better we can see the example:

Maximum strings @ 16 (244kW) ~

per box
22 (335.5kW)
~ Cable Sizing 24 (366kW)
26 (396.5kW) §
Electrical Standard 28 (427kW)
IEC ©® 30(457.5kW)
32 (488kW)

Figure 5.7.1.2.5. Strings per box configuration example.

Here, the default value will be 16 and will be used as much as possible. However, in order to achieve
the target DC/AC ratio, boxes of 14, 12, 10 and 8 can also be used.

There is no lower limit to the number of strings per box for designs that include partial structures, as
it is possible to have structures that are smaller than the minimum size of a box.

5.7.1.3. Harness

It's possible to add DC harness cables to collect a certain number of strings into one before reaching
the LV collector. The strings connected together need to be from the same structure. Thus, if the
number of strings per structure is just 1, this option will not be available.

If this option is enabled, the number of strings per harness and the number of harnesses per collector
can be defined.
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Strings per harness @ 2

Maximum
harnesses per box
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8 (244kW) N

Figure 5.7.1.3. Harness configuration.

5.7.2. Cable Sizing

5.7.2.1. Electrical Standard

RatedPower gives users the option of choosing between four different electrical standards for sizing
the cables. These different options are the IEC standard (International Electrotechnical Commission),
the NEC (National Electrical Code), AUS (Australian standard) and CN (Chinese Standard).

Electrical Standard

IEC ®

I EC INTERNATIONAL
ELECTROTECHNICAL

® COMMISSION

AUS ©®

X
STANDARDS

Australia

NEC ©

AT NATIONAL
£<)  ELECTRICAL CODE'

CN®

GE

GB 50217-2018

Figure 5.7.2.1. Electrical standards for cable sizing.

Each standard calculates the cable and fuse sizes differently. The IEC, AUS and CN standards provide
cable sections in mm?, while the NEC provides them in AWG (American Wire Gauge) and kcmil.

Additional information regarding the different criteria behind these two electrical standards can be

found in our Electrical Methodology.
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5.7.2.2. Maximum voltage drops

Users can also choose the maximum allowed voltage drop percentage for both the DC side as well as
the medium voltage side. The smaller these values are, the bigger cable dimensions are.

In the case of string inverters, users can also modify the AC side voltage drop limit.

Maximum Voltage Drop @
DCside 1.5 %
AC side ® 45 %
MV system 0.5 %

Figure 5.7.2.2. Maximum allowed voltage drops per subsystem.

5.7.2.3. Cables

The user can also choose the cross-sections they want to allow the software to take into account for
the string cables, the AC cables and the MV cable. The software will then automatically choose the best
section for each cable among those available. The software will reduce the number of different cables
by choosing only one or two different cross-sections for each type of cable.

String cables AC cables MV cables
Sections O 4mm2smm2. - Sections @ 25mm2 35mm2_ ~ Sections @  95mm2,120 mm2.. ~
4mm2 25 mm2 95 mm2
6mrr\2 35mm2 120mm2
10 mm2 50 mm2 150 mm2
16 mm2 70 mm2 185 mm2
3 95 mm2 3 240mm2
120 mm2 300 mm2
150 mm2 400mm2
185 mm2 2 500 mm2
240 mm2 |4 530 mm2

300 mm2

400 mm2

Figure 5.7.2.3.1. Available sections for cable sizing.
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The user can also define:

e The maximum number of unified sections: 1-3

e The maximum number of circuits per polarity: 1 or 2

e The material: Aluminum of Copper

e The insulator type: XLPE, EPR or PVC

e The core: single DC or Multiple DC

e If the cables are under direct sunlight (only available for string cables)

Cross-sections ® 4mm2,6mm2..v

Max. number of cross- 2
sections to use

Min: 1/Max: 3
Maximum circuits per 1
polarity

Min: 1/Max: 2
Material Cu v
Insulators XLPE ~
Cores Single DC ~
Direct sunlight No s

Figure 5.7.2.3.2. Available options for cable.

5.7.2.4. Cable sizing parameter

The user can also set the ground temperature and the soil thermal resistivity. These parameters will
impact the cable sizing.

86


https://pvdesign.ratedpower.com/

DESIGN METHODOLOGY

5.8. BESS

pvDesign

by RatedPower

In RatedPower, the user can design an AC-coupled battery energy storage system (BESS) or a DC-
coupled BESS. DC-coupled BESS requires the use of a central inverter, while AC-coupled BESS requires
the definition of an area for the BESS during site creation.

~ BESS type

AC - BESS

Ea

::xw

DC-BESS
- . -

Figure 5.8. BESS type options.

5.8.1. AC coupled BESS

5.8.1.1. Power Conversion System

In this section within the BESS tab, the inverter type and the number of inverters per PCS are selected,
thus establishing the power of the PCS or minimum unit of the system.

~ Power Conversion System

Storage inverter

Manufacturer: TMEIC

Pmax [KVA:

Pnom [kVA]: 3360

Max Voltage [V]: 1500

Database:

3360

Show details

Inverters per PCS

Power per PCS

Model: Solar Ware 3360 - PVH-
" L3360GR(PRERELEASE

Change Inverter

3

10080 kW

Figure 5.8.1.1. AC-BESS Power Conversion System.
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5.8.1.2 Battery container

In RatedPower, we assume that the storage solution is modular. The user can set the capacity of a
battery container. Alternatively, he can set the capacity of a single battery rack and the number of
racks to include per container. And RatedPower will install the necessary number of containers
according to the system requirements.

~ Battery container

Container Racks

Energy installed per 3000

battery container kWh
~ Battery container
Container Racks
Energy installed per 250 Wi

rack

Number of racks per 12
container

Energy installed per

battery container 3000 kWh

Figure 5.8.1.2. Battery container.

5.8.1.3. BESS requirements
This section establishes both the power requirements and the supply hours of the BESS.

For the power requirements, maximum capacity or specific capacity can be chosen.

e Maximum capacity: with this option, the maximum possible power will be installed in
the area defined for the BESS.
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e Specific capacity: In this section, a specific size for the battery system can be configured
by defining the number of PCS to install. The system power will be the multiple of the PCS
power.

~ BESS requirements

Maximum capacity Specific capacity

Number of PCS 1

BESS Rated Power 1760 kW

Figure 5.8.1.3.1. AC-BESS requirements.

Then, the supply cycle duration is calculated as capacity (MWh) divided by rated power (MW).

Supply cycle duration ®
Hours ® 114 ~
1.14
~ BESS layout 2.27
3.41 |
PCS dimensions 455
5.68
Length
= 6.82

Figure 5.8.1.3.2. AC-BESS Supply Cycle Duration.

5.8.1.4. BESS layout

In the BESS layout section, the dimensions of both PCS and containers can be defined.
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~ BESS layout

PCS dimensions

Length 6.1
Width 2438
Height 2.59

Battery container dimensions

Length 12,192
Width 2.438
Height 2591

Figure 5.8.1.4.1. AC-BESS Layout.

pvDesign

by RatedPower

In addition, both the distance between adjacent blocks and the distance between opposing blocks can
be defined. According to the NFPA 855 standard, the minimum safety distances between containers

or between containers and PCS are 0.9144 m (3 ft) and 1.524 m (5 ft) respectively.

Distances

Distance between ®
consecutive blocks

Distaqce between ® 3
opposite blocks

Schematic diagram
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Distance between BESS blocks X

Distance between
consecutive blocks

Distance between
opposite blocks

Battery container

Figure 5.8.1.4.2. AC-BESS Distances.

5.8.2. DC coupled BESS

In the case of the DC-coupled BESS, the BESS containers are placed next to the main power station
inside the DC field as shown in Figure 5.8.2.

Figure 5.8.2. DC-BESS containers in the layout.
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5.8.2.1. Power Conversion System

In this section, for DC-BESS, the user can set the parameters of the DC/DC converters (buck/boost
converter). The first parameter to define is the DC/DC converter power. Once the maximum
continuous power of each DC/DC converter has been set, the user can define the number of
converters connected to one central inverter (this must be an integer number).

~ Power Conversion System

DC/DC converter

Pmax [kKW] 17325 kW

Converters per ® 2
inverter

Power per inverter 3465 kw

BESS/AC ratio ® 15

Figure 5.8.2.1. DC-BESS Power Conversion System.

5.8.2.2 Battery container

For the battery container part, the options are the same for both AC coupled BESS and DC coupled
BESS.

5.8.2.3. BESS requirements

This section establishes both the power requirements and the supply hours of the BESS.

The power requirements can be selected as maximum power or specific power. It works in the same
way for AC and DC coupled BESS.

For the BESS supply duration, the final objective is to determine the number of battery containers
required for each power station (PS). The user has the flexibility to select up to a maximum of 6
containers per PS. By default, the software pre-selects 1 container per PS. This is set by selecting the
'Minimum supply cycle duration' in hours from the drop-down menu. As a result, the interface displays
the total number of battery packs per PS with storage and the maximum C-rate in [1/hour].
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Supply cycle duration @
Hours @ 043 ~
Num of containers per 0.43
PS5 0.87
Crate 1.30
1.73
2.16
v BESS layout
2.60 L

Figure 5.8.2.3. DC-BESS Supply Cycle Duration.

5.8.2.4. BESS layout

In the DC-BESS layout section, the dimensions of the battery containers can be defined.

-~ BESS layout

Battery container dimensions

Length 12.192 m
Width 2438 m
Height 2.591 m

Figure 5.8.2.4.1. DC-BESS Layout.
In the same section, different setbacks can be also set:

e Power Station (PS) to Battery Container: This distance must be greater than 5 feet (1.524 m)
according to the NFPA 855 standard.

e Distance between battery Containers (only if more than 2 Battery Containers per PS): The
distance between battery containers must be greater than 3 ft (0.9144 m) in accordance with
NFPA 855.

e Battery container to structure: This distance shall be greater than 5 feet (1.524 m) in
accordance with NFPA 855.

e Battery container to road: It is possible to manually define the distance from the battery
container to the road. The minimum value is 1.5m.
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Distances
Container to PS 1.524 m
Container to 1524 -
structure
Between containers 0914 m
Container to road 15 m
Schematic diagram
DC-coupled BESS layout (distances) when PS is outside the field
Distance between
containers
Distance between — | —
container and structure Distance between container and road
— Battery container
Distance between PS with DC/DC
l | container and PS A converter
Structures

Figure 5.8.2.4.2. DC-BESS Distances.
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5.9. Energy

5.9.1. Simulation

In this section, the user can choose the number of years of the simulation. This only affects how much
data will be generated in the documentation.

The interannual variability (standard deviation) can also be defined. This value will be used to calculate
the energy produced in P50, P75, P90, P95 and P99 scenarios. These values are available in the Energy
Yield Report and the Energy Yield Results (first tab of the excel sheet).

~ Simulation

Years of Simulation 25

Interannual 3.00 %
variability (standard ® Min:0.01%
deviation) Max.: 100 %

Figure 5.9.1. Energy simulation parameters

5.9.2. Horizon

The solar irradiance reaching the photovoltaic modules will change if there are hills or mountains on
the horizon. These physical obstructions will block the beam component of the irradiance during some
periods of the day and will have an impact on the diffuse component as well. Therefore, the horizon
profile directly impacts the energy yield of the photovoltaic plant.

RatedPower gets the horizon data from PVGIS 5. Unlike the meteorological data, the PVGIS 5 horizon
database is available worldwide.

A flat horizon option (a horizon without any obstacles) is also available.

5.9.3. Surface Albedo

Surface albedo is the value that reflects the ratio of reflected light to that of the total incident sunlight
at a certain site. It depends hugely on the type of surface (terrain) and its reflective characteristics.

RatedPower gives users the possibility to choose between various surface albedo options or choosing
the MODIS sensor.
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The MODIS (Moderate Resolution Imaging Spectroradiometer) albedo data source is a key instrument
aboard the NASA Terra and Aqua satellites.

The data has a monthly temporal resolution and is derived from long term measurements taken from
2000 to 2017. The albedo value for each month is the average of all the available data values for that
month. The spatial resolution is 0.1° in latitude and 0.1° in longitude, which is equivalent to a grid of
11x11km at the equator. At locations further from the equator, the resolution in kilometers increases.

NASA Power albedo can also be used in this section. It is available in all temporal levels from 1984
(2001 hourly) to within months of near real time (NRT). It uses both GEWEX SRB 4-IP and CERES SYNDeg
Ed. 4.1. Its calculation is based on the ratio of the sunlight reflected by the surface of the earth to the
total solar energy incident on the surface. The horizontal resolution of the primary solar data source
is a global 1° in latitude and 1° in longitude grid, while the meteorological data sources are 0.5° and
0.625° respectively.

RatedPower also offers various yearly fixed albedo options depending on the type of terrain of the
site. These include:

e MODIS BSA (default) this value changes depending on the site

e NASA_POWER_ALBEDO this value changes depending on the site
e A default (bare ground) option with an albedo value of 0.2

e Bare soil with an albedo value of 0.17

e Grass with an albedo value of 0.25

e Dry grass with an albedo value of 0.3

e Sand with an albedo value of 0.36

e White pebbles with an albedo value of 0.58

e Snow with an albedo value of 0.65

An alternative option is to create an albedo data monthly or yearly profile by clicking on the “+" button
to the left of the first card as shown in Figure 5.9.3.
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~ Albedo

4+ Create albedo

Selected albedo

MODIS BSA

AW 23.1%
See details

All albedos

MODIS ESA

AWiG: 23.1%
See details

MASA POWER_ALBEDO

AWIG: 238%
See details

4!

Bare ground (default)

ANG: 20.0%
See details

Bare soil

AW 17 05
See details

Figure 5.9.3. Albedo data.

5.9.4. PV Module Losses

In this part, the user can choose the values for some of the main PV plant losses.

First Year PV Module Degradation: losses caused by the degradation of the characteristics
of the modules. This factor applies for the first year only.

Yearly PV Module Degradation: losses caused by the degradation of the characteristics of
the modules. This parameter reduces the energy production generated by the PV plant every
year.

Soiling Losses: losses caused by the formation of layers of dirt, dust, or snow on the surface
of the PV modules. It can be set on a yearly or monthly basis. A separate soiling loss parameter
is also available for bifacial modules.
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e Module Quality: this can yield either a loss (when positive) or gain (when negative). It is due

to the power tolerance guaranteed by the manufacturer.

e Module Light-Induced Degradation (LID): losses due to the degradation of the PV modules

during the first few days after installation.

e Mismatch: the loss due to electrical mismatch between modules caused by the varying power

of these modules.

e Bifacial mismatch: the loss caused by heterogeneous illumination of the back-face, usually
due to the presence of a torque-beam. (Not to be confused with the near shading losses due

to the torque beam)

~ PV module losses

First Year 0.30

%

Degradation

Yearly Degradation 0.30

%

Module Quality © -0.70

%

Light Induced ® 200

%

Degradation (LID)

Mismatch ® 100

%

Bifacial Mismatch @  3.00

%

Soiling losses @

Front face

o Yearly soiling 2.00

%

losses

Monthly soiling
losses

Back face

Yearly soiling 0.00

%

losses

Monthly soiling
losses

Figure 5.9.4. PV modules losses.
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5.9.5. PV Plant Losses

In this category, several losses can be set:

e Plant auxiliary loss: power consumption of the plant’s auxiliary systems

e Photovoltaic plant availability: losses due to the unavailability of the PV plant due to
maintenance or any other circumstances.

e Grid availability: losses due to the unavailability of the grid.

The user can also enable the inverter's auxiliary consumption losses for the primary and secondary

inverter which are:

e Auxiliary consumption: consumption due to fans and other auxiliary equipment
e Consumption threshold: power value from which the auxiliary loss is applied
e Night loss

5.9.6. Advanced Configuration (Energy Tab)

The user can also modify the following parameters:

e Constant heat transfer coefficient: a parameter used to calculate the cell temperature of
the PV module. It quantifies the heat dissipation between the module and the static air at
ambient temperature. It is measured in W/m?K.

e Wind loss factor: a parameter used to calculate the cell temperature of the PV module. It
quantifies the additional heat dissipation produced by the air flow over the surface of the
module. It is measured in W/m?K.

e Table transparency: the percentage of how much light passes through the structure and the
modules and illuminates the ground.

The user can also define the IAM loss model. In Figure 5.9.3, we can see the different models of IAM
loss for both the front-face and the back-face (in the case of bifacial modules) of PV modules.

e Manufacturer IAM profile: this profile is taken directly from the PAN file.

e ASHRAE model: uses an incidence angle modifier coefficient of 0.05.

e Air-glass model: uses the index of refraction of normal glass of 1.526.

e Air-glass model (AR coating): uses the index of refraction of glass with an anti-reflective

coating of 1.3.
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I1AM loss model

Front-face

Manufacturer IAM profile A 1

ASHRAE model
Air Glass model

Air Glass model (AR coating)

Back-face

Air Glass model v

Figure 5.9.6. Front and back face IAM loss models.

Finally, the user can modify the time shift. It's a parameter used in the calculation of the solar position.
It represents an offset in minutes from the reference time at which the solar position is calculated
normally (middle point of the hourly or sub-hourly intervals).
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5.10. Financial Tab

In this tab, users can select different cost templates which will be connected to all accounted entries
of the Bill of Quantities (BOQ). Also, after defining a yearly OPEX and an energy selling profile, the pv
plant revenue will be calculated and therefore a complete financial analysis will be carried out.

By default, RatedPower uses predefined price sheets from our public repository depending on the
region of your site. All these public CAPEX templates come from IRENA (International Renewable
Energy Agency) for different years as well as for more than 30 countries. They can be easily cloned and
make any changes if necessary.

Users can either select to use the default CAPEX sheets or create their own ones, adding their internal
prices and disabling any entry which they are not interested in. Both public and private templates will
be stored on the CAPEX Template bar on the left side menu.

CAPEX templates | Howto & |

& Public L]

Public templates refer to the CAPEX templates offered by RatedPower and are accessible to all our clients. You can modify them to your needs and these will then be saved in your private templates,

CAPEX templates Rest of the world - Czech Republic - India - China -
DEFAULT IRENA-USD 2021 IRENA -USD 2021 IRENA- USD 2021

My Company

@& Users

Austria - Germany - Bulgaria - Greece -
IRENA - USD 2021 IRENA -USD 2021 IRENA - USD 2021 IRENA-USD 2021
Romania - Lithuania - Poland L Belgium -
IRENA - USD 2021 IRENA -USD 2021 IRENA -USD 2021 IRENA-USD 2021
Italy - Denmark - Slovenia - France -
IRENA - USD 2021 IRENA - USD 2021 IRENA -USD 2021 IRENA-USD 2021

Figure 5.10.1. RatedPower’s library of CAPEX templates.

While creating or cloning a CAPEX sheet, users can select between 18 different currencies: USD ($),
EUR (€), AUD ($), BRL (R$), CAD ($), CLP ($), CNY (¥), COP (Col$), CZK (K¢), GBP (£), INR (%), JPY (¥), MXN
($), MZM (MTn), PLN (z), RON (L), SEK (kr), ZAR (R). They can also set the price per unit as well as
different taxes.
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Sheet name Spain Currency usb Country Spain Folder IRENA - USD 2022
-~ Hardware
~ MAIN EQUIPMENT Unit Price / unit Tax
Module Main peak power (KWp) ~ ‘ 284.4 (Us$) 0 %
Inverter { Main peak power (KWp) ~ ‘ 38.9 (US$) 0 %
~ BOS HARDWARE Unit Price /unit Tax
Racking and mounting Main peak power (kWp) ~ l 90.6 (US$) 0 %
Grid Connection Main peak power (kWp) ~ l 435 (US$) 0 o4
Cabling / Wiring { Main peak power (kWp) N ‘ 615 (US%) 0 %
Safety and security Main peak power (kWp) N ‘ 10 (US%) 0 %
Monitoring and control l Main peak power (kWp) ~ l 104 (US$) 0 %

Figure 5.10.2. RatedPower’s CAPEX tool.

After having selected a CAPEX template to be working with, the user can also define an annual OPEX
for each iteration they run. Within combined with the discount rate, RatedPower will provide
economical results such as the pv plant total investment, it's specific prices and the LCOE.

N\ Financial

Total price Specific price LCOE

Figure 5.10.3. RatedPower’s Financial results.

Additionally, RatedPower will also provide a complete financial report. To do so, apart from using the
previously defined CAPEX template, the yearly OPEX and the discount rate, users will also need to
provide an energy selling profile in order to get the pv plant revenue.

Users can either select between a “Fixed price” for the energy selling (having the same price for the
hourly production, with an escalation factor) or going for a “Variable price” for a better assessment of
their pv plant profitability.
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O Fixed price @

Variable price ©

Energy Price 10 &/MWp

Escalation Factor @ é %

Figure 5.10.4. RatedPower’s Energy price profiles.

By selecting a “Variable price” profile, three different options will be appearing to let the user upload
their specific price profiles for the pv plant financial assessment:

Energy prices X

Prices models - N/

How to upload your 12 Mmonths x 24 hours

8760 hours

8760 hours x 50 years

Drag a file here or browse
Supports: .csv

Figure 5.10.5. RatedPower’s 3 different variable price profiles.

1. 12 months x 24 hours: Users can define hourly prices for a representative day of each month.
2. 8760 hours: Users can define hourly prices for the first year of the pv plant lifetime.
3. 8760 hours x 50 years: Users can define hourly prices for the entire lifetime of the pv plant.

Once a revenue profile has been defined, by clicking on ‘Show more/less’ you will see all the different
revenue profiles that were previously uploaded to the project. Users will be able to switch between all
of them in further simulations.
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Fixed price @

O Variable price ©

7N Upload Energy Prices

Currently selected

Price Model
File Name
Show details

Rest of the price scenarios

Price Model
File Name
Show details

— Show less

Figure 5.10.6. RatedPower’s stored price profiles.

Finally, clicking over each price profile on ‘show details’, the card will be expanded with more detailed
information about pricing.

8760 hours :
Generic_Energy_P...

Clear details
Price details (USD)
Maximum: 296.72 Minimum: 2.19

Average: 122.58 Spread; 73.67
/N

Figure 5.10.6. RatedPower’s detailed price profile info.

e Maximum: First year maximum energy selling price.

e Minimum: First year minimum energy selling price.

e Average: First year average energy selling price.

e Spread (First year average daily spread): The first-year average of the differences between
the maximum and minimum daily prices.

Finally, with the CAPEX template, the annual OPEX and the energy selling profile already defined, the
calculation model will take all this info into consideration to carry out a complete financial analysis
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document. All the financial parameters calculated in this model such as Cash Flows, NPV, IRR, Payback
and ROl among others (you can find the corresponding glossary at the end of this section) are listed
below:

Levelized Cost of Energy (LCOE)

The levelized cost of energy is the relation between the total cost of producing the energy plant and
its energy output, and it is calculated following the formulas shown below.

OPEX
CAPEX + Yjear=1 ({7 ryvear
LCOEyeqr = Ener
n gyyea‘r

year=1 (1 + r)yea‘r

Yearly “Free Cash Flow (FCF)”

Free cash flow (FCF) is the money a company has left over after paying its operating expenses (OPEX)
and capital expenditures (CAPEX).

FCFyeqr = Revenue, g, — CAPEXyoqr — OPEX,y 0y

Yearly “Cumulative Free Cash Flow (CFCF)”

Cumulative Free Cash Flow (CFCF) is calculated by adding up all the Free Cash Flow (FCF) since the
inception of the PV project.

CFCFyem"=0 = FCFyearzo = _CAPEXyearzo

CFCFyeq, = FCF,pqy + CFCF,pqr_,

Yearly “Discounted Free Cash Flow (DFCF)”

Discounted Free Cash Flow (DFCF) is the present value of the Free Cash Flows (FCF).
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FCFE year

DFCFyear = (1 Syviar

Yearly “Discounted Cumulative Free Cash Flow (DCFCF)”

Discounted Cumulative Free Cash Flow (DCFCF) is the present value of the Cumulative Free Cash Flow
(CFCF).

CFCFyoar

DCFCFyear - W

Net Present Value (NPV)

The net present value (NPV) of a PV plant is the difference between the present value of the revenue
from selling the energy produced and the present value of all the operating costs over a certain period

of time.

n
(Revenue — OPEX )
_ vear year
NPVyeq = — CAPEX + ) e

year=1
n
NPV,,, = _FChyear
year (1 + T)year
year=0

n
NPV,pq = Z DFCE, oqr

year=0

NPV .4, = DCFCE, 4,

Internal Rate of Return (IRR)
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The Internal Rate of Return (IRR) is a financial indicator used to measure the profitability of a potential
investment. IRR reflects the discount rate that makes the net present value (NPV) equal to zero for a

given period of time.

(Revenue,,q, — OPEX, 0y, )

n
0 = — CAPEX + z

year
JE (1+ IRRyem,)
n
O . Z FCFyear
- year
JE (1+IRRy..r)

Payback Period

The Discounted Payback Period refers to the number of years it takes to recover the initial investment
(CAPEX), discounting future cash flows and taking into account the time value of money.

The following inequations system must be verified:

Payback year—1
CAPEX > Z Revenue, oo — OPEX ¢,

year=1

Payback year
CAPEX < Z Revenue,oqr — OPEX o0y

year=1

Discounted Payback Period

The Payback Period refers to the number of years it takes to recover the initial investment (CAPEX) of
the PV plant.

The year in which this initial investment is recovered must verify the following inequations system:
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Disc.Payback
CAPEX < Z (Revenueyear — OPEXyea,.)
(1 +r)ree
year=1

Disc.Payback—-1
Z (Revenueyem, — OPEXyem,)

1+ r)veer

CAPEX >

vear=1

Return on Investment (ROI)

Return on Investment (ROI) is a ratio that reflects the return on the PV plant's net income from the
energy selling over a period of time versus the costs for the initial investment (CAPEX) and operation
and maintenance (OPEX) throughout its lifetime.

—CAPEX + }Jecar=1(Revenue,,,, — OPEX,.q,)
CAPEX

ROIyear =

ror. = CSFChyear
year = CAPEX

Glossary:

- CAPEX: is the capital expenditure. It refers to the investment cost required to develop the
project.

- OPEX,,: stands for operating expenses. It refers to the cost required to make sure that the
pv plantis working properly throughout its entire lifetime. It includes the fixed operating costs
introduced by the user [m.u/MWp] as well as the purchase costs for the nighttime consumed
energy [m.u/MWh consumed].

- Energyy.q . is the annual energy injected to the grid produced by the photovoltaic plant.

- Revenue,,,,: It refers to is the money generated from PV plant operation

- r:isthediscount rate

- n:isthe total number of operation years. This parameter reflects the lifetime of the PV plant.
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5.11. Settings tab

The Settings tab is where the user can define the name of the design as well as adding notes. In the
documentation settings, the languages and the unit system can be chosen.

Settings

~ Design settings

Name

Biarritz_9

Notes

~ Documentation settings

Languages

Es PT T ZH

P DE

Unit System
QO Metric System Imperial

Figure 5.11.1. Design and documentation settings

Finally, if the user is working on a project for a client, they can add the client's name and logo.

@® Addyour client's name and logo

Name ©

Your client's name

Logo

Figure 5.11.2. Client’s name and logo setting
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6. Simulation procedure

Once the parameters are selected by the user, the software starts to design and optimize the PV design
following these steps:

1.

6.1.

The layout of the modules and structures. The first step is to draw multiple positions of
structures and roads in order to maximize the power of the project. Once the software finds
the best option, the position of the modules and structures is defined. This takes into account
an additional safety distance between the fences and the PV modules.

The layout of the electrical equipment. Based on the electrical equipment defined by the
user, the software will define the blocks that best fit the configuration for each inverter, string
box, or DC bus. It locates these elements in the optimum position.

The layout and definition of cables and trenches. Cables and trenches are laid down based
on the positions of the electrical equipment defined in Step 2. The algorithm tries to find the
shortest path to minimize cable length. After that, all cables are sized based on either the IEC
or the NEC electrical standard. More information on this topic is available in our Electrical
Methodology.

Energy Yield. Once all the elements of the layout are defined, the software calculates the
energy yield production of the PV plant. More information regarding how these calculations
are done, can be found in our Energy Yield Methodology.

Documentation. The final step is to generate all the documents and drawings needed for
requesting the proposal of the project.

Batch design tool

The user can choose to create one design or generate up to 10 different designs simultaneously using
the Batch Design tool available by clicking the arrow next to the “Run Design” button.

» Rundesign

- Run batch I

Figure 6.1.1. "Run batch” button

There are three batch design options, allowing the user to vary either the Pitch distance, the DC/AC
Ratio or the Tilt angles.
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- Pitch distance: Starting from the minimum value of the distance between structures
(indicated as ‘Min. Pitch distance’), RatedPower will simulate up to 10 versions of the design.
Each version will be assigned a pitch value higher than the previous one by the increment
(‘Pitch distance step value’) defined.

Generate multiple designs @ X
| Pitch distance ©® DC / AC Ratio @ Tilt angles ©
Min. Pitch distance  13.30 meters Pitch distance step 0.20 meters Max. Pitch 15.10 meters
Min: 3.94m value e — distance —Max: om
Designs data table [ ( Refresh datatable
Designs Pitch distance Clearance distance GCR
Biarritz_9_1 13.30 meters ¢ D> 92.36 meters <D 29.60 %
Biarritz_9 2 13.50 meters [ 9.56 meters <> 29.16 %
Biarritz_9_3 13.70 meters ) 9.76 meters D 28.74 %
Biarritz_ 9 4 13.90 meters <> 9.96 meters D) 28.33 %
Biarritz_9_5 14.10 meters <> 10.16 meters <D 27.92 %
Biarritz_9_6 14.30 meters <> 10.36 meters <> 27.53 %
Biarritz_ 9 7 14.50 meters ¢ D) 10.56 meters <D 27.15 %
Biarritz_9_8 14.70 meters <> 10.76 meters <> 26.78 %
Biarritz_9_9 14.90 meters ([ 10.96 meters <> 26.42 %

Cancel Generate designs

Figure 6.1.2. Batch design’s pitch distance option

- DC/ACratio: This tool allows the user to simulate up to 10 designs with different DC/AC ratios.
The first design will have the minimum DC/AC ratio defined by the user, while the subsequent
designs will have a higher DC/AC ratio than their precedent one by the increment value (the
step value). The user can choose specific capacity or maximum capacity.
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Generate multiple designs ©

Pitchdistance ® |  DC/ACRatio ®

Specif. capacity | Max. capacity

Rated power

Tilt angles @

pvDesign

by RatedPower

Primary inverters 50 inverters 115.5 MWac

amount (approx.) .

Minimum DC / AC 1.20 DC/AC Ratio step 0.01 Maximum DC / AC 1.29

Ratio B — value — Ratio

Designs data table { ( Refresh datatable

Designs Rated power DC/AC Ratio Peak power
Biarritz_9_1 115.5 MWac 1.20 <> 138.60 MWdc
Biarritz_9 2 115.5 MWac 121 < > 139.75 MWdc
Biarritz_9_3 115.5 MWac 1.22 <> 140.91 MWdc
Biarritz_9_4 115.5 MWac 123 <> 142.06 MWdc
Biarritz_9_5 115.5 MWac 124 D 143.22 MWdc
Biarritz_9_6 115.5 MWac 1.25 <> 144.38 MWdc
Biarritz_9_7 115.5 MWac 126 <> 145.53 MWdc

Cancel Generate designs

Figure 6.1.3. Batch design’s DC/AC ratio option

- Tilt angle: For fixed structures the user can generate up to 10 designs while varying the Tilt
angles. The first design will have the tilt angle that the user set for the original design while the
subsequent designs will have a higher tilt angle than their precedent one by the increment
value (the step value). The user can change the angle step value or change the max tilt angle
to acquire a set of wanted angles. As the tilt angle is intertwined with pitch distance, the user
can choose to vary both at the same time or keep the same pitch distance for all tilt angles.
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Generate multiple designs © X
Pitch distance © DC / AC Ratio @ Tilt angles ©
Min. tilt angle 37 ° Tilt angle step 1 0 Max. tilt angle 46 °
Min: 0° value Max: 80°

Pitch distance options:
O Same pitch distance for all tilt angles _13.30 meters

Different pitch distances for each tilt angle

Designs data table [ (C Refresh data table J

¥4 Designs Tilt angle (°) Pitch distance
13.30 meters
Biarritz_9_1 37 ° <>
Min: 3.94m
13.30 meters
Biarritz_9_2 38 : <>
Min: 3.88m
13.30 meters
Biarritz_9_3 39 ° <> ‘
Min: 3.83m
13.30 meters
Biarritz_9_4 40 ° <>
Min: 3.78m
o 13.30 meters
Biarritz_9_5 41 <> :
Min: 3.72m

Cancel Generate designs

Figure 6.1.4. Batch design’s tilt angle options
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7. Simulation results

Once the design is generated the user can open it, and there he will see three main tabs. Results are
displayed in the Overview followed by the Energy and the Configuration. The user can also have a 3D
view of their design in the last tab

The Overview tab contains the final layout of the PV plant. Components such as structures, cables,
trenches, power stations, roads, OHL and others can be seen. It provides general information about
the system including important metrics as shown in the blue box below.

“

M Overview ¥ Enersy &} Configuratior

Rated Power Peak Power DC/AC Ratio Energy Specific Production Performance Ratio Total price Specific price

10.75 mwa 13.572 mwec 1.263 1692 cun 1246.6 wwiiws 84.6 15,704,726.18 uss 1,157.10 ussawp

Biarritz v

Villetranque, France

Lat: 43.428° Lng: -1.457°
ce: 1.061°
Area Installed: 26.4ha
Available: 28.2ha
GCR: 22.7%

UTM Conv

@ oo

Topography ~ Avg: 10.7m
Max: 55.3m
Min: 2m

Slope EW  Avg: 7.3%
Max: 72.7%

SlopeN-S  Avg: 5.

Satellite >

© mapbox

Figure 7.1. Simulation overview.

The Energy tab provides comprehensive details on the energy yield, solar resource, albedo, horizon,
as well as the system's losses and gains for the initial year.
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M Overview ¥ Energy &} Configuration & 3D
Rated Power Peak Power DC/AC Ratio Energy Specific Production Performance Ratio Total price Specific price
10.75 wmwiac 13.572 mwidc 1.263 16.92 cwh 1246.6 iwhiwp 84.6« 15,704,726.18 uss 1,157.10 ussnown 81
Other views Energy Gains Losses 0% gains and losses
m Energy injected togrid -o- Performance Ratio Front-face losses
bl 7 res Transposition on POA 16.28%
Far Shadings / Horizon -1.27%
141 Les Near Shadings on global -382%
o
S Soiling -200%
£ 12 E
TR L i o
2 rea 2
H g
. 2 o084 2 Back-face losses
T 5
o E Ground reflection -85.89%
0.4+ Transposition on POA 38.52%
Ground shades effect -48.37%
" January February March  April May June July  August September October November December Far Shadings / Horizon -0.33%
Months Near Shadings on global -16.70%
Soiling 0.00%
Solar Resource Surface Albedo T T
Source: PVGIS Resolution: HOURLY Source: MODIS BSA Resolution: Monthly

Figure 7.2. Energy results.

The following tab contains the configuration details, encompassing information

equipment, electrical aspects, and civil specifications of the PV plant.

M cverview ¥ Foerzy & Configuration & 30
Rated Power Peak Power DC/AC Ratio Energy Specific Production Performance Ratio Total price Specific price
10.75 s 13.572 rwvee 1.263 16.92 cur 1246.6 cmvwie 846 15,704,726.18 st 1,157.10 usenwe
Salar field Power station
5 wtssprr g
I
Il
g per string 1 Tranz‘pemers
EQUIPMENT ELECTRICAL L

Module Pawer [W]: 610 W Bifacial Generic (default) General610

Inverter Apparent Rated Power: 215 kA String Generic (default) Generic 215

Struct Pitch: 15.1 Fixed Generic [default) G 2V 20 i

ructure itch: 15.1m Sing)e-row cneric (defaul eneric mim separation

Figure 7.3. Configuration information.

on the

82
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Finally, on the last tab, we have the 3D view of the PV plant.

Specific Production Performance Ratio Tot

Rated Power ak Pow DC atio Energy Specific Pro al price Specific price
10.75 wwac 13.572 mwa 1263 16.92 cvn 1246.6 wunionn 84.6 « 15,704,726.18 uss 1,157.10 ussmwn 82!

Figure 7.4. 3D View.
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8. Documentation

Once the design is completed, supporting documentation related to the design is generated. The
documentation generated consists of reports, spreadsheets, and drawings. It is important to mention
that the generated CAD files for the layout and slopes are georeferenced.

Documents

e Design Report (DOCX, PDF)

e Energy Yield Report (DOCX, PDF)

e Interconnection Facility Report (DOCX, PDF)
e BESS Design Report (DOCX, PDF)

e Overhead line report (DOCX, PDF)

Spreadsheets

e Project Sheet (XLSX)

e Bill of Quantities (XLSX)

e Financial Analysis (XLSX)

e Energy Yield Results (XLSX)
e Listing of Cables (XLSX)

e Listing of Posts (XLSX)

e Terrain XYZ (CSV)

e Power flow model (XLSX)

Drawings

e General layout (PDF, DXF, KML)

e Layout 3D (DWG)

e 3D scene (PVC) (ZIP)

e MV Single Line Diagrams (PDF, DXF)

e LVSingle Line Diagrams (PDF, DXF)

e MV-LV Single Line Diagrams (PDF, DXF)

e Topography Analysis (Terrain slopes) (PDF, DXF, KML)
e Structure Profiles (ZIP)

e Interconnection Facility SLD (PDF, DXF)

e Interconnection Facility Layout (PDF, DXF)
e BESS General Layout (PDF, DXF, KML)

e BESS MVLV SLD (PDF, DXF)

e Overhead line layout PDF, DXF)
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8.1. Documents

8.1.1. Design Report

The design report is a document that describes the site location, topography, solar resource,
equipment, and configuration of the whole project. It is generated in both PDF and Word formats.

5. PV PLANT SIZING

5.1. Electrical configuration

The photovoltaic generator array consists of photovoltaic modules connected in serial and
parallel associations. This configuration is defined by the module and inverter technical
features, the power system requirements, and the meteorological conditions of the specific
location in El Salvador.

The methodology used to define the electrical configuration consists of sizing the strings of
modules, electrical junction boxes (if present), wiring and inverters to find an electrical
configuration that satisfies the DC/AC ratio goal. Some of the design criteria considered were:

e Reaching the maximum DC voltage possible, staying below the maximum rated volitage
of the photovoltaic modules, 1500 V. This is done to minimize the DC power
transmission losses.

e The photovoltaic generator array (DC field) is oversized with respect to the rated power
of the AC system, to maximize the energy yield.

The main features of the electrical configuration are shown in Table 13.

Electrical configuration characteristics

Plant rated power 28.6 MWac
Plant peak power 34.3 MWdc
DC/AC Ratio 1.20
Modules per string 21

The medium voltage network connecting the power stations to the substation operates at 20.0
kV. It is composed of 2 medium voltage branches.

Figure 8.1.1. Design report.
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8.1.2. Energy Yield Report

Its purpose is to describe the methodology used to compute the energy yield of the PV plant and to
present the results obtained. It is generated in both PDF and Word formats.

Description Value Unit

Solar resource

Global horizontal irradiance 2197.3 kwWh/m2

Transposition to the plane of array 2883.0 kWh/m2 +31.21 %
Far shadings (horizon profile) 2883.0 kWh/m2 0.00 %
Mear shadings 2826.4 kWh/m2 -1.96 %
IAM loss 2769.6 kWh/m2 -2.01%
Soiling 27142 kWh/m2 -2.00 %
Global effective irradiance 2714.2 kWh/m2

Photovoltaic conversion (nominal efficien

Total receptive surface 651384 m2

Total solar energy at the plane of array 1768.0 GWh

STC photovoltaic module efficiency 1852 %

Energy with STC conversion efficien 327.4 GWh

Module degradation 326.9 GWh -0.30 %
Irradiance level loss 326.9 GWh +0.03 %
Temperature loss 301.2 GWh -7.91%
Quality 303.3 GWh +0.70 %
LID (Light Induced Degradation) 297.2 GWh -2.00 %
Electrical mismatch 2942 GWh -1.00 %
Shading mismatch 2942 GWh 0.00 %
DC cable losses 290.4 GWh -1.31%
Energy at the inverter input 290.4 GWh

Conversion efficiency loss 2853 GWh -1.74 %
Loss due to the inverter output power limit 280.2 GWh -1.81%
Loss due to the inverter input power threshold 280.2 GWh 0.00 %
Loss due to the inverter maximum input voltage limit 280.2 GWh 0.00 %
Loss due to the inverter input voltage threshold 280.2 GWh 0.00 %
Auxiliary consumption 280.2 GWh 0.00 %
Energy available at the inverter ut 280.2 GWh

Figure 8.1.2. Example of energy yield report.
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8.1.3. Interconnection Facility Report

Its purpose is to describe the interconnection facility, and everything related to the MV and the HV
systems. It is generated in both PDF and Word formats.

4. GENERAL CONSIDERATIONS OF THE SUBSTATION

4.1. Environmental conditions

Environmental conditions are shown in Table 6. They have been used to calculate some of the
substation’s key features such as the type of insulators, the size of the buses or the value of the
loads.

Table 6. The environmental conditions of the site
WLC U L=

Environmental conditions

ENviro enial conairons o

Altitude -5mas.l
Maximum temperature 31.0°C
Average temperature 109 °C
Minimum temperature -5.5°C
Pollution level Medium
Specific creepage distance 30 mm/kV
Maximum wind speed 120 km/h
Air pressure 70 daN/m

4.2. Short-circuit current

The short-circuit levels that have been considered in the design of the electrical substation are
shown in Table 7.

Nominal system voltages Short-circuit levels
132.0 kv 40.0 kA
20.0 kv 25.0 kA

4.3. Insulation coordination

Figure 8.1.3. Example of the interconnection facility report.
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8.1.4. BESS Design Report

The BESS design report is a document that describes the site location, the equipment, and sizing of
the BESS. It is generated in both PDF and Word formats.

4. BESS SIZING

4.1. Electrical configuration

The methodology used to define the BESS power requirement consists of sizing the battery
containers to find a configuration that satisfies the power supply duration goal.

The main features of the electrical configuration are shown in Table 10.

Tabile 10. BESS configuration charocteristics

Electrical configuration characteristics

BESS rated power 5.0 MW
BESS installed energy 12.0 MWh
Power supply duration 2.00h

The medium voltage network connecting the power conversion systems to the substation
operates at 20 kV. It is composed of 2 medium voltage branches.
4.2. Electrical Cabling Design

The goal when calculating the characteristics of the electrical wiring is to minimize the cable
lengths and sections. The sections are selected according to IEC 60502-2 standard.

When selecting a cable cross section, the current carrying capacity, the voltage drop, and the
short circuit current were considered. The maximum allowed voltage drop was 0.50% for the
AC cables of the MV network.

A summary of the selected cable sections and their installation metheod is shown in Table 11.

Tabie 11. Summary of the selected cable sections

Conducting Insulating

miaterial material ation tyy

150 mm2 Al XLPE Buried in trench

4.3 Civil works

Some of the parameters considered for the civil works required to build the BESS are shown in
Table 12.

Table 12. Civil works

Distance face to face between BESS 40m

Figure 8.1.4. Example of the BESS design report.
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8.1.5. Overhead Line Report

The OHL or Gen-tie report is a document that describes the site location, line characteristics, electrical
and mechanical calculations, and tower geometry. It is generated in both PDF and Word formats.

3. DESCRIPTION OF THE OVERHEAD LINE

The general characteristics of the 115.0kV overhead line are shown in Table 3:

able 3. The overhead line general characteristics

Line characteristics

Mominal system voltage 1150 kV
System highest voltage 1230 kV
Capacity 2016 MVA
Frequency 60 Hz
Length 1172997 ft
Overhead line type transmission
Circuit arrangement Simplex
Sub-cenductor number 2
Mumber of earth wires 1
Phase conductor type 160-A1/51A
Suspension insulator type long rod
Tension insulator type long rod
Tower type HV 5 tower
MNumber of towers 36

In total, 36 towers will carry the transmission conductors to the point of the interconnection. The
coordinates of each tower in UTM are listed in Table 4:

Table 4. The towers’ coordinates.

Tower X Y Z
Tower 1 517233.037 4521126 282 1671.741
Tower 2 517233.176 4521068.24 1671.714
Tower 3 517031.255 4521070.446 1671.24%
Tower 4 516887.027 4521072.021 1669.379
Tower 5 516752.414 4521073.492 1668.513
Tower & 516575.789 4521033.048 1659.135
Tower 7 516399.164 4520992 604 1653.012
Tower B 516281.002 4521027 652 1653.43%

Figure 8.1.5. Example of the OHL report.
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8.2. Spreadsheets

8.2.1. Project Sheet

The project sheet consists of a one-page summary of site characteristics, equipment, and
configuration of the PV project. It is generated in Excel format.

CUSTOM

MR\, RatedPower

Project: Atacama, Design 8

QUANTITIES
Modules

921928

Rated Power 260.0 MW

Peak power 313.5 MW Structures (kWp) 313456
DC/AC Ratio 1,21 String boxes 2756

Power stations 73
Specific production 2544.7 kWh/kWp Inverters 146

Energy (year 1) 806.0 GWh
81.58%

Performance ratio

SITE CHARACTERISTICS
LOCATION TERRAIN SLOPES
@ Average NS/EW 2.18% / 1.28%

Site name Atacama

Country Chile . Max N-5 29.31%
Lat/ Long -22,29°/-69,57° Max E-W 15.85%
Met available area 511.4 ha Elevation max/min 1199m / 1156m

METEOROLOGICAL DATA HORIZON I

GHI 2297.1 kWh/m2 Source SOURCE_PVGIS
Temp 17.04°C Average 11"
Temp Max/Min 37.70°C / 37.70°C Maximum 2.0°
Source NASA POWER
o N, |

PV MODULE SINGLE AXIS TRACKER

Company linkosolar Company NClave
Model JKM 340PP-72-DV Model SP1000 - 1500V
Technology Si-poly @ Type v
Peak Power 340.0 Wp Pitch 4.9m
Voltage Max 1500.0 v Maximum modules 66

Figure 8.2.1. Project sheet.

123


https://pvdesign.ratedpower.com/

DESIGN METHODOLOGY

8.2.2. Bill of Quantities

pvDesign

by RatedPower

The bill of quantities consists of a detailed list of main equipment, civil works, electrical equipment,
and some miscellaneous items and is needed for requesting the proposal. It is generated in Excel
format. Additional information regarding the different entries of the BOQ can be found in the BOQ

Methodology.

Project
Design

pvDesign Demo FProject
pvDesign Demao Design

R\, RatedPower

Date

20210804

1.1
1.11
1.2
1.21
1.3
1.31
1.4
1.41
1.42
1.43
1.44
145
1486
1.47
148
1.49
1.4.10
1.4.11
1.412

2.1
211
212
213
214
22
221
222
23
2.3.1
232
2.4

MAIN EQUIPMENT
PV module

Trina Solar - TSM-550DEG19C 20 (550 W bifacial Si-mono). Dimensions 2384.0 mm x 10 Unit

Structure

Harizontal single axis tracker: JuTracker - BiT-2H {2H)

Inverter

Sungrow - SG250HX-IN (250 KVA)

Power Station

Power Station up to 2000 KVA
Power Station up to 2000 kKVA
Power Station up to 2000 kKVA
Power Station up to 2000 KVA
Power Station up to 1750 kKVA
Power Station up to 500 kVA,
Power Station up to 2000 kKVA
Power Station up to 1500 kKVA
Power Station up to 1250 kVA
Power Station up to 1500 kKVA
Power Station up to 2000 KVA
Power Station up to 1000 kKVA

Site Conditions
Clearing and grubbing

- 1.203 dc/ac ratio
. 1.188 dc/ac ratio
. 1.218 dc/ac ratio
. 1.203 dc/ac ratio
. 1.205 decfac ratio
1.188 dc/ac ratio

. 1.195 dc/ac ratio
. 1.346 dc/ac ratio
. 1.212 dc/ac ratio
. 1.208 dc/ac ratio
- 1.210 decfac ratio
. 1.485 dc/ac ratio

Topsoil and vegetation remaoval

Internal roads (4.0 m width)
Road ditches (Optional)
Earth works

Total earth works fill volume
Total earth works cut volume
Foundations

Power Station foundation
Structure Poles

Trenches and manholes

Unit

Unit

Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit

| 2 CIVIL WORKS

m2
m3
m
m

m3
m3

Unit
Unit

170316
6308

310

3
5
3
2
1
1
1
1
1
1
1
1

1478709.83
285741.97
11242.73
11242.73

3943.03
3853.11

41
31745

Figure 8.2.2. Example of Bill of Quantities.
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8.2.3. Financial Analysis

The financial analysis consists of a detailed document where all the units and prices of all the entries
selected in the Cost bar are shown. The quantities of these units are also used to calculate the CAPEX
of the design.

Untitied Date 08/04/2021 20:09:18
Project  pvDesign Demo Project Country ES % RatedPower
Design __ pvDesign Demo Design Currency 5

Item Reference unit Amount Unit Unitary price Pre-tax price Taxes Final price
MAIN EQUIPMENT

1.1 DC Side
1.1.1 PV module Number of PV modules 170,316.00 modules 0.00|$/modules 100.00(% 0% 100.00(%
1.1.2 Structures Main peak power 93,674.00 kWp 0.00|$/kWp 150.00

12 AC Side
1.2.1 Power stations Number of power stations 41.00 ps 30,000.00(%

Primary inverter Number of primary inverters 310.00 inverters

CIVIL WORKS

2.1 Site Conditiens
2.1.1 Total earth works fill volume Earthworks fill volume 394303 m* 0.00{$/m* 1008 0% 1.00|$
2.1.2 Total earth works cut volume Earthwaorks cut volume 385311 m® 0.00|5/m* 3.00(% 0% 3.00(%
2.1.3 Clearing and grubbing Fence area 1,478,709.83 m* 0.00{$/m* 3.00(% 0% 3.00(%
2.1.4 Topsoil and vegetation removal Removal area 29574197 m® 0.00{$/m* 4.00(% 0% 4.00(%
2.15 Internal roads Roads length 1124273 m 0.00|5/m 5.00(% 0% 5.00(%
2.1.6 Road ditches Road ditches length 11,242.73 m 0.00{$/m 5.00(% 0% 5.00(%

22 Foundations
2.2.1 Power Station foundation Number foundations PS 41.00 foundations 0.00 | $ffoundations 1.00(% 0% 1.00(%
2.2.2 Structure Poles Op.1 - Driving into the ground Number foundations structure 3174500 foundations 0.00| $ffoundations. 200|% 0% 200|%
2.2.3 Structure Poles Op.2 - Pre-drilling and Driving Number foundations structure 31,745.00 foundations 0.00|$#foundations. 3.00(% 0% 3.00(%
2.2.4 Structure Poles Op.3 - Screwing into the ground Number foundations structure 3174500 foundations 0.00| $/foundations. 4.00(% 0% 4.00(%
2.2.5 Structure Poles Op.4 - Pre-drilling + Screwing Number foundations structure 31,745.00 foundations 0.00| $ffoundations 5.00(% 0% 5.00(%
2.26 Structure Poles Op.5 - Concrete foundation Number foundations structure 3174500 foundations 0.00 | $ffoundations. 500|% 0% 500|%

23 Trenches and manholes
2.3.1 Low Voltage manholes Number LV manholes 476.00 manholes 0.00|$/manholes 0.00(% 0% 0.00(%
2.3.2 Medium Veltage manholes Number MV manholes 326.00 manhcles 0.00 | $/manholes 0.00|% 0% 0.00|%
2.3.3 Trench 400mm x 1000mm Lv trenches 789326 m* 0.00|5/m* 0.00|% 0% 0.00(%

Mv trenches 3,566 37 m* 0.00|5/m* 0.00(% 0% 0.00|%
2.3.4 Trench 800mm x 1000mm Lv trenches 0.00 m* 0.00($/m* 0.00(% 0% 0.00(%
2.3.5 Trench 800mm x 1500mm Mv trenches 620960 m* 0.00|$/m* 0.00|% 0% 0.00|%
2.36 Trench 800mm x 2000mm My trenches 307.02 m* 0.00|5/m* 000|5 0% 000|§
e SRR e S S P

Figure 8.2.3. Example of Financial Analysis.
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8.2.4. Energy Yield Results

It shows a summary of the PV plant's production and different system losses. It also accurately shows
the hourly production during the whole lifetime of the plant. It is generated in Excel format. For
additional information regarding the energy calculation, please check our Energy Yield Methodology.

HOURLY ENERGY PRODUCTION AND METEQ DATA 0 pvDesign
METEOROLOGICAL DATA ENERGY PRODUCTION
Global Horizontal Beam Horizontal Diffuse Horizontal T —
Irradiance (GHI) Irradiance (BHI) Irradiance (DHI)
[kw/m2] [kw/m2] [kw/m2] [eC] MWh
0,0 0,0 0,0 273 0,0 0,0
0,0 0,0 0,0 272 0,0 0,0
0,0 0,0 0,0 272 0,0 0,0
0,0 0,0 0,0 272 0,0 0,0
0,0 0,0 0,0 272 0,0 0,0
0,0 0,0 0,0 272 0,0 0,0
0,0 0,0 0,0 274 0,0 0,0
103,0 56,0 470 276 8,0 79
328,0 248,0 80,0 279 232 23,1
5420 444 0 98,0 279 28,1 28,0
712,0 602,0 110,0 278 30,0 30,0
819,0 703,0 116,0 278 30,8 30,8
853,0 735,0 118,0 278 30,9 30,8
811,0 695,0 116,0 278 31,1 31,0
698,0 589,0 109,0 217 313 312
5240 426,0 98,0 278 31,2 3181
310,0 2310 79.0 278 254 253
95,0 420 53,0 278 49 49

Figure 8.2.4. Example of Energy Yield Results.
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8.2.5. Listing of Cables

It shows a complete list of all the cables found in the layout divided into subsystems. It includes
information like cable characteristics, power, voltage, current, and voltage drop throughout each
cable. It is generated in Excel format. For additional information regarding the calculation process of
the cross-sections of these cables, please check our Electrical Yield Methodology.

Cable Size List

Project California
Design 11
RatedPower
Electrical Standard IEC W
Electrical Configuration String Box

Dimensiones Cable Characteristics Electrical Characteristics
Wire cross
section Cable Length Installation Type Material Insulation Repetitions  Rated Power Voltage Current Voltage Drop  Voltage Drop

[m] [kVA] V] [Al V] [V %]

402.3 Trench 2
168 Trench Al XLPE 1 14028 20000 701.4 10.11 0.05
147 Trench Al XLPE 1 11690 20000 584.5 7.37 0.04
136.5 Trench Al XLPE 1 9352 20000 467.6 18.26 0.09
147 Trench Al XLPE 1 7014 20000 350.7 14.75 0.07
227.6 Trench Al XLPE 1 4676 20000 233.8 15.22 0.08
231 Trench Al XLPE 1 2338 20000 116.9 7.73 0.04
1837.9 Trench Al XLPE 2 16366 20000 818.3 129.07 0.65
385.1 Trench Al XLPE 1 14028 20000 701.4 23.18 0.12
206.6 Trench Al XLPE 1 11650 20000 584.5 10.36 0.05
189 Trench Al XLPE 1 9352 20000 467.6 25.28 0.13
120 238.1 Trench Al XLPE 1 7014 20000 350.7 23.88 0.12
120 189 Trench Al XLPE 1 4676 20000 233.8 12.64 0.06
120 190 Trench Al XLPE 1 2338 20000 116.9 6.36 0.03
400 970.6 Trench Al XLPE 2 16366 20000 818.3 68.16 0.34
400 199.5 Trench Al XLPE 1 14028 20000 701.4 12.01 0.06
400 269.6 Trench Al XLPE 1 11690 20000 584.5 13.52 0.07
400 147 Trench Al XLPE 1 9352 20000 467.6 5.9 0.03
120 217.1 Trench Al XLPE 1 7014 20000 350.7 21.78 0.11
120 262.5 Trench Al XLPE 1 4676 20000 233.8 17.56 0.09
120 301.1 Trench Al XLPE 1 2338 20000 116.9 10.07 0.05
400 556.3 Trench Al XLPE 2 16366 20000 818.3 39.07 0.2
400 168 Trench Al XLPE 1 14028 20000 701.4 10.11 0.05
400 301.1 Trench Al XLPE 1 11650 20000 584.5 15.1 0.08
120 252 Trench Al XLPE 1 9352 20000 467.6 33.71 0.17
120 332.6 Trench Al XLPE 1 7014 20000 350.7 33.36 0.17
120 168 Trench Al XLPE 1 4676 20000 233.8 11.24 0.06
120 238.1 Trench Al XLPE 1 2338 20000 116.9 7.96 0.04

2

1766.3 Trench

Figure 8.2.5. Example of Listing of Cables.
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8.2.6. Listing of Posts

It shows a complete list of all the structures and posts found in the layout. It includes information like
the locations, the slopes and other criteria. It is generated in Excel format.

Structures
Project California
Design 1
Structure manufacturer Generic
Structure model Generic- 2V
Code Location Slopes
Structure unique
identification code Power station Easting Morthing Ground Elevation Row or axis direction Pitch direction
[m] [m] [m] [%] [%]
AAL-5280 Ps1-1 AAL-B230 411609.89 4879906.9 56.64 1.56 0.29
AAL-5313 Ps1-1 AAL-B313 411616.67 4879896 56.69 1.78 0.61
AAL-5314 Ps1-1 AAL-B314 411623.75 4879906.71 56.87 2.02 0.39
AAL-5315 Ps1-1 AAL-B315 411616.96 4879917.6 56.79 1.78 0.42
AAL-5316 Ps1-1 AAL-B316 411624.04 4879928.31 56.99 2.37 0.33
AAL-5348 Ps1-1 AAL-B348 411637.32 4879884.93 57.1 3 171
AA1-5349 Ps1-1 AA1-B349 411630.53 4879895.82 56.96 2.72 0.89
AA1-5350 Ps1-1 AA1-B350 411637.61 4879906.52 57.21 2.55 0.4
AAI1-5351 Ps1-1 AA1-B351 411630.82 4879917.42 57.06 2.91 0.46
AA1-5352 Ps1-1 AA1-B352 411637.89 4879928.12 57.45 3.73 0.46
AA1-5353 Ps1-1 AA1-B353 411631.11 4879939.01 57.11 4.27 1.47
AA1-5354 Ps1-1 AA1-B354 4116338.18 4879949.72 57.38 4.7 2.24
AA1-5386 Ps1-1 AA1-B336 411644.1 A879874.03 57.18 3.02 1.26
AA1-5387 Ps1-1 AA1-B387 411651.18 4879884.74 57.45 3.35 1.18
AA1-5388 Ps1-1 AA1-B388 411644.39 4879895.63 57.39 2.57 0.89
AA1-5389 Ps1-1 AA1-B389 411651.46 4879906.34 57.56 2.3 0.47
AAI-5390 Ps1-1 AA1-B390 411644.68 4879917.23 57.58 3.16 0.76
AAL-5391 Ps1-1 AA1-B391 411651.75 4879927.94 57.93 4.02 1.2
AA1-5392 Ps1-1 AA1-B392 411644.97 4879938.83 57.85 4.32 1.47
AAL-5424 Ps1-1 AAl-B424 411657.96 A879873.85 57.7 4.72 1.34
Structures | Posts | Rejected structures ®

Figure 8.2.6. Example of Listing of Posts.
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8.2.7. Terrain XYZ

This file shows the terrain elevation points of the site.

# Terrain elevation points for: Ratio DC AC PV Plant
# Prepared for: Rated Power
# Generation date: 2022/04/05
#UTM Zone: 31N (EPSG code 32631)
UTM X UTMY Z
618184.8 5780115 -4.927
618184.8 5780116 -4.915
£618184.8 5780117 -4.901
618184.8 5780118 -4.884
£618184.8 5780119 -4.865
618184.8 5780120 -4.843
618184.8 5780121 -4.819
618184.8 5780122 -4.791
618184.8 5780123 -4.76
618184.8 5780124 -4.727
0618184.8 5780125 -4.691
618184.8 57380126 -4.654
0618184.8 5780127 -4.615
2 _c7on122 4577 )

Figure 8.2.7. Example of Original terrain XYZ.

8.2.8. Power flow model

&

Design

by RatedPower

The Power Flow Model (PFM) document describes the flow of energy that occurs through the different
parts of the PV plant, BESS, interconnection facility, and overhead lines (gen-tie).

Ry, RatedPower

Power Flow Model

Transmission Lines

OHL-1 110 10.75 0.0000134

0.0000336

0.000422

0.0000297

0.000105

ST-PT-1

OHL-1

Figure 8.2.8. Example of power flow model in xIxs format.
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8.3. Drawings

8.3.1. General Layout

The general layout covers the main equipment, structures, roads, perimeter fences, DC and MV
cabling, trenches, and substation location. Every item is divided into layers. It is generated in PDF, in
CAD (DXF) and in KML.

[

7Ry, RatedPower

=z
ot or mecncasogy

Figure 8.3.1. Example of General Layout in CAD format.
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8.3.2. Layout 3D

The layout 3D covers the structures, roads, power stations, available area location, and substation
location. This file can be downloaded in CAD (DWG).

Figure 8.3.2. Example of Layout 3D in CAD format.

8.3.3. 3D scene (PV(Q)

This document is a .zip folder with one or more .PVC files. This document allows users to export the
shading scene from RatedPower to PVsyst. Multiple files are generated only when the size of the PV
plant is too big and results in one .PVC file being too heavy to export to PVsyst.
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8.3.4. MV Single Line Diagram

The medium voltage single line diagram consists of a group of drawings that show the cabling and
power station’s main values for the medium voltage side. Drawings are generated in both PDF and
CAD (DXF) formats.

T T 2 T 3 T 0 T 5 T 5 T 7 T B
=
A A
L] L]
Power staticn AAL-5 Power station AAL-11 Power station AAL-4 Power station AAL-6
0I5 e a2
.,._l_l A -
Substation MV > > f-’»’ :
cubicles 3nan o
omi
4 b c
e r .
- -
c
Power station AAL-2 Power station AAL-3
A 25,2, b1 s e
o o
» IR 1P ORMA TION OML 1
Ry, RatedPower
' See dsgeme oo €
Gy
Ry, RatedPower
- G
Touscre
e
oo P —
¥ ’
e
Nt '
Cr T
x nrones
AT
1 2 ) 4 £ 6 7 L]

Figure 8.3.4. Example of the MV single line diagram drawing.
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8.3.5. LV Single Line Diagram

pvDesign

by RatedPower

The low voltage single line diagram consists of a group of drawings that show the cabling and power
station’s main values for the low voltage side. Drawings are generated in both PDF and CAD (DXF)

formats.
T T 7 T 3 I T 5 B
A A
To inverter/s
[ B
STRING BOX TYPE 1
— 1500 VDC —
160 A
__"| 12 String Inputs
B6.9kw, 1079 A
Protection: IP54
4 Eﬁ ) [4
— [[] s [] 1x15 A [[] vasa B
1] 1]
x12 *2n( 110 mm2} Cu
______ WLPE O 1 &% (18 ke
3 e
1 FOR INFORMATION DMLY 1
E Ry, RatedPower
E Str Str str G
01 02 12 i
Ry, RatedPower
L 12 Strings per string box FROIELT, 1
21 Modules per string Teurirn
Astronergy CHSMB612M-HY-345W
Power 345 Wp / 1500 VDC R N
e ———
F ¥
gy £
Hvriom 0
a1 0w
T

I

Figure 8.3.5.1. Example of the LV single line diagram drawing (String box).
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e
N A
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INVERTER TYPE 2 ——
| Lt/ (N - T — —
1325.8 ke Z b
500V -350V .
2000 v ¢ -
ACOUTPUT
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. L1000 ki — R P
Ratio DC/AC: 1.205
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87.7% B S
m [] 20200 & lmm A -
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. . R\, RatedPower
£ —— 3
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- FRGCT -
TR
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(L
I 3 T ] | | 8

Figure 8.3.5.2. Example of the LV single line diagram drawing (Inverter).
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Figure 8.3.5.3. Example of the LV single line diagram drawing (Power Station).
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8.3.6. MV-LV Single Line Diagrams

The medium and low voltage single line diagram consists of a group of drawings that show the cabling
and power station’s main values for both the low and medium voltage side. Drawings are generated
in both PDF and CAD (DXF) formats.

I T T 3 I T T B T 3 I T I T T 3 I B I I T

I CE Lt L3 1
(=t it #14
S o= =g =g F i
] ° z ||
O ‘8 ‘
T : R
%"_t 3 3%
i o o= o % U 1
Ay RatedPower
’\L RatedPower

Figure 8.3.6. Example of the MV-LV single line diagram drawing.
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8.3.7. Topography Analysis (terrain slopes)

The topography analysis (terrain slopes) layout shows all the structures, posts and slopes of the
terrain. It also marks any structures that exceed the topography criteria defined by the user. The
slopes of the terrains are shown in four colors depending on the slope value: green (<5%), orange (5-
10%), red (10-15%) and blue (>15%) by default, but these values can be changed by using the slider as
we have mentioned earlier in this methodology. It is generated in PDF, in CAD (DXF) and in KML.

Figure 8.3.7. Example of the topography analysis (terrain slopes) layout.
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8.3.8. Structure Profiles

The structure profiles layout shows different points of view of all the structures, their posts and the
slopes of the terrain. Drawings are generated in CAD (DXF) format that are saved inside a zip file.

Structure AA1-S140

Ny i

LJ’\L# 1

-

Area code AA1

Linked row tracker code

Power staticn code AAT-1

Table center position (UTM) E 625180.00 - N 4809374 57 m
Ground elevation 4.64mam.sl
Earthworks Mo
Earthworks platfiorm code

Slope (row or axis direction) -0.61 %

Slope (pitch direction) <061 %
Number of piles 1

Longest pile 4.16m
Shortest plie 3.98m

Figure 8.3.8. Example of the structure profiles CAD file.
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8.3.9. Interconnection Facility SLD
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The interconnection facility single line diagram shows the main components of the interconnection
facility and their characteristics. Drawings are generated in both PDF and CAD (DXF) formats.

FOR INFORMATION ONLY

), RatedPower

Ry, RatedPower

o).

Figure 8.3.9. Example of the interconnection facility SLD drawing.
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8.3.10. Interconnection Facility Layout
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The interconnection facility layout shows two views of the plane of the substation. Drawings are
generated in both PDF and CAD (DXF) formats.

I

I

T < T = T : T i T ‘ T s I

V7

Figure 8.3.10. Example of the interconnection facility layout.
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The BESS layout covers the battery containers, PCS, MV cabling, trenches, and fence location. It is

generated in PDF, in CAD (DXF) and in KML.

Battery plant: Test dema
Location: Extremacura, Sin
UTM comrgence: 133242
Ahitude: 22906 m

Sultable area: 0.47 ha

Rated Power: 120 MW
Rabed stoage capacity: 36.0 MWh

Hours of discharge: 2.00

Battery contalner: 2000.0 K'Wh

Storage Inverter: 3000.0 kWA

Fower comvercion system: G00C.0 kve, 0.6/20.06V
Numiser of hattery contalners: 18

Number of inverters: &

Numiser of power conversion systems: 3

Legend

Battery area
Substatian

Fower comversion system
Bamery comaines
Medium voitage tren ches
Fences

Medium voltage bnes

0000

TIIET VERRON w | mooag

Be

GEscIToR 3 TATE

FOR INFORMATION ONLY

Ay, RatedPower

wwn ratiadpporascm

CLIENT:

Figure 8.3.11. Example of the BESS layout.
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8.3.12. BESS MV-LV Single Line Diagram

The BESS MV-LV single line diagram shows the main components of the BESS system, including the
battery containers, racks, inverters, MV and LV lines, and other relevant electrical equipment. Drawings
are generated in both PDF and in CAD (DXF) formats.
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Figure 8.3.12. Example of the BESS MV-LV SLD.
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8.3.13. Overhead line layout

The Overhead Line Layout shows the different blocks of towers, including the span and line lengths,
distance between towers and elevation. The drawings are generated in both PDF and in CAD (DXF)

formats.

BLOCK 26

HHH

Figure 8.3.13. Example of the Overhead Line Layout.
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