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Abstract

The Evaluation and improvement of electric substations, feeders and distribution
network performance in the electrical systems leads to increased reliability
in the service; it also leads to high financial return that encourages
investment in this field. Studies show that 30% to 40% of the investment in the

electricity sector is spent on substation distribution system.

This project will work on analyzing and evaluate the Beit Hanina
substation (10 MW, 33/11 kV) from different sides; Station capacity, old
cables, power factor, load distribution. On the other hand, in order to build
a solar power plant and connect it to a level of 33 kV or 11 kV, the Homer Pro
program was used to collect information about the total number of panels,
the method of their connection, the capacity of each panel, the total
capacity, as well as information about the inverter in terms of the internal
voltageand the external effort, efficiency, as well as the cables connecting
betweenthe panels and the inverter and between the inverter and the main
bass line.Homer program was also used to obtain the rate of solar radiation

and the rate of heat in the spatial scale of Beit Hanina.

Based on all the information obtained through the programs, a new 2 MW

solar power plant was belt which is separated to two main stations with



1 MW capacity for a single station. Each station consists of 1668 solar panels
with 660 watt capacity for each solar panel. A 1.25 MW inverter was used to
connect the panels with the main network. ETAP program was used to

process all system data and perform a preset system simulation.

A full comparison was done when a 2 MW flowed from the solar station

to the main network on 11 kV and 33 kV transformers.
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Chapter 1

Introduction

Beit Hanina is situated along Ramallah Road in northern East Jerusalem.lIt
primarily consists of residential areas, located on either side of the Ramallah
Road. It borders Shuafat to the south, the municipal border and the
Jerusalem-Modi’in Road to the west, the Atarot Industrial Zone and the
defunct Qalandiya Airport to the north. The Separation Barrier is also an

important factor delineating all but the southern boundary of Beit Hanina.

Beit Hanina has been connected to a public electricity network since 1960.
It is served by the Jerusalem Electricity Company, which is the main
source delectricity in the town. Approximately 95% of the housing units in
the town are connected to this network. The location of Beit Hanina station

is indicated in Fig. (1.1).



Figure 1.1: Beit Hanina station.

The capacity of Beit Hanina station is 10MVA which provides the
electricity to the village of Beit Hanina, Shoman, and Wad Al-Dam. The
voltage of the station is 33 / 11 kV. Fig (1.2) denotes the single line diagram

of Beit Hanina substation.



1.1. PROBLEM DEFINITION
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Figure 1.2: Beit Hanina Single Line Diagram.

1.1 Problem Definition

This project will analyze the Beit Hanina substation (10 MW, 33/11 kV) from
different angles: Station capacity, old cables, power factor, and load
distribution. On the other hand, the project will discuss the possibility of
supporting the plant with a solar power plant and examine the best method

to connect it to a level of 33 kV or 11 kV.

1.2 Project Motivation

The motivation behind this study is to evaluate and discuss the situation of
the Beit Hanina station from different angles, by studying the possibility of
supporting the plant with a solar power plant and examining the best to

connect it to a level of 33 kV or 11 kV.



1.3. PROJECT OBJECTIVES

1.3 Project Objectives

1. Assessment of the Beit Hanina transformation station in the fields of

capacity, cables, and load distribution.

2. Design an on-grid solar system station to support the Beit Hanina

transformation station.

3. Study the impact of injection of the proposed PV station on the 33 kV

or the 11 kV sides of the station.

The indirect objectives of the project are to maintain and develop theexisting
network and propose solutions to some existing problems. Moreover, finding an
alternative source to supply the station with electrical energy instead of the
connection point. Studying the effectiveness of the project and the possibility
of applying this plan to the rest of the electrical stations. Applying all
theoretical information to practice through our study of electrical power
engineering.

Designing an on-grid solar system, to provide the system sufficient electrical

energy for the needs of the village residents.

1.4 Project Importance

It will be provided with clean and environmentally-friendly energy in addition
to not increasing the load on the public network in the city, which leads to

poor quality.



1.5. TIME SCHEDULE

1.5 Time Schedule

Table 1.1: Time Schedule

- [tem No. week
1 Ideation of the project and literature review 3 Weeks
2 Collection of information about the loads of low- 2 Weeks

voltage transformers on the electric network.

3 Analyze the existing network and identify existing | 4 Weeks
issues

4 Analyze the network and load distributions 4 Weeks

5 Assess the land and its area for designing the PV 2 Weeks
station.

— For the project -

6 Analyze the capacity of the station, cables, 4 Weeks
power factor, and load distributions.

7 Design PV station and determine the appropriate | 4 Weeks
size.

8 Study the impact of injection the PV station on 33 | 3 Weeks
kV or 11 kV

9 Drafting the project 3 Weeks




Chapter 2

System Components

2.1 Overview of the distribution load of Beit
Hanina station

The average load of Beit Hanina station increases with the passage of time,
where the maximum average load is during winter. Table (2.1) displays the
average load of Beit Hanina station, the table depicts the load station in 2020
by ampere unit, while Table (2.2) displays the average load in MW. The
monthly load of the station at 11 kV is indicated in Fig. (2.3), and the feeder

11 kV, 33 kV load percentage is shown in Fig. (2.4) and Fig. (2.5).



2.1. OVERVIEW OF THE DISTRIBUTION LOAD OF BEIT
HANINA

Table 2.1: Average load power of Beit Hanina station/ A

Average Load an Balt Hanlna Tramsformation Station 2020 f A

Wad A-Dam thoman Beit Hanina Village Ti- 11k T1-33kV MoarlEC Hizma

1 13437 11415 B52 25823 2644 15564 £9.09
z 9755 82.29 745 19014 63.46 14552 833
3 1.3 Ed.55 B.12 165.22 55.m8 14064 B5.45
4 2.4 43647 403 135.01 45.20 11219 BP0
5 6197 3429 2.E5 11305 3804 BR.35 53.18
& 7L 40,57 105 11752 3942 138 42.28
kl 55.83 41.19 4.13 14440 424 13188 85,49
8 96.36 5056 4.12 15465 5184 138.22 87,55
5 90.12 45,58 3.55 14358 48,12 13785 59,44
10 86.36 41.55 3.4 13426 5.0 135.03 50,63
11 95.13 53.68 3.58 155937 53.32 11542 71,78
12 146.53 11218 BTG 27835 93.07 156.65 63,57
202D 96.12 B2.52 4.82 15623 5563 13010 7450

Table 2.2: Average load power of Beit Hanine station/ MW
Average Load on Bait Hanina Tramsformation Station 2020 / MW

Wad &-Dam Ehoman Beit Harina Village T1-11%Y T1- 33y Maor IEC Hima

1 252 15 0.1 437 487 878 3.50
2 124 155 014 157 158 8.28 4.70
3 171 1.22 0.12 3111 110 7.93 452
4 154 0.87 0.08 154 155 633 3.78
& 1.28 o 0.05 212 215 L4z 123
& 1.34 076 0.06 i1 113 4,59 L34
7 169 LR ] 0.02 271 73 .55 4,52
B 131 0.9% 0.08 241 252 7.85 4.54
k] 169 0.3 a.07 170 171 T 5.04
10 1562 073 0.06 252 254 7.61 511
11 1.36 1.01 a.07 300 201 .07 4.05
12 276 .30 0.13 533 L15 8.83 2.58
20e0 131 L13 0.09 312 ils 7.34 4.0

From Table (2.2), it seems that the less load value is 2MW, so according
to that, a new solar power plant was selected to be 2MW, and if the injection
from the solar power planet is more than the load, it will lead to inject to the
network inversely, effecting the network. As a result of that,all the power

that is generated by the solar power plant will flow toward the loads.



2.1. OVERVIEW OF THE DISTRIBUTION LOAD OF BEIT
HANINA

Monthly Feeder Load
200.00
150.00

100.00

mWad Al-Dam ®Shoman @ Beit Hanina Village

Figure 2.1: The monthly load of on the 11kV feeders of station.

Feeder Load Percentage
3%

\

38%

59%

=m Wad Al-Dam =m Shoman = Beit Hanina Village

Figure 2.2: loading ratio of each feeder is 11 kV from the station

33 kV Feeder load Percentage

mT1-33 kV = Hizma

Figure 2.3: Loading ratio of each feeder is 33 kV from the station

The station transformer loading in ampere unit is given in Fig. (2.6), where

the total load of the transformer is 180A. The injected yearly load is given

in Fig. (2.7), where the point capacity is 360A.

oo || || || II h | Il || Il | ||
000 - - = = I.. I.. - - - I,. -
1 2 3 4 5 = 7 g 9 10 11

12



2.1. OVERVIEW OF THE DISTRIBUTION LOAD OF BEIT
HANINA

Monthly Transformer Load
1E0.00

160,00
120,00
120000
100.00

E0000

G000
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0.00
1 2 3 q 5 G T 2 9 1 11 12 13

Figure 2.4: The yearly load of the transformer

Monthly Injection Point Load

360
300
240

180

13
0
1 2 3 4 5 5] 7 a8 9 10 11 12 13

Figure 2.5: The yearly injection Point load of the transformer

=]

The average recorded values of voltage in 2020 are shown in Table (2.3).
The details of Beit Hanina Station feeders and the number and the size of
distribution transformers are given in Table (2.4). The load percentage of
distribution transformer is given in Fig. (2.10) and the percent of distribution

transformers in each feeder is given in Fig. (2.11).



2.1. OVERVIEW OF THE DISTRIBUTION LOAD OF BEIT
HANINA

Table 2.3: Average voltage kV in 2020

Average Voltage on Bait Hanina Tramsformation Station 2020 f KV

Wad Al-Dam Shomsn Bait Harira Vilage T1-11k¥ T1-33kW MeorlEC Hizma

1 111 11.1 1.1 11.1 340 HD 4.0
¥ 1.2 11.2 1.2 112 341 341 341
3 11.2 11.2 1.2 11.2 341 34.1 4.1
4 113 11.3 113 11.3 344 3.4 344
5 115 115 1.5 115 345 35 345
& 115 11.5 115 115 345 5 4.5
T 11.3 113 1.3 13 34 34 4.4
g 1.2 11.2 1.2 11.2 3z .2 34.2
g 1.2 11.2 1.1 11.2 342 3.2 342
10 11.3 113 1.3 113 343 33 4.3
11 1.2 11.2 1.2 11.2 341 1 4.1
12 1.1 111 1.1 111 340 30 340
020 113 113 1.3 113 342 3.2 34.2

Table 2.4: Number of transformers on each feeder and its type.
Transformers of Bait hanina Transformation Station Feeders / kKA
TRANSFORMERS 100 160 250 400 530 10400 Total
Bait Harina village 1 1 2 0 o s

Wad A-Dam ] 1] 3 1 3 16
Shoman 0 | 0 5 0 10
Tatal Number 1 1 5 ] 14 3 30

Tatal [KVA) 100 160 1250 200 Bal0 3000 15730

Tranformers Capacity
Percentage (kVA)

19% 1%,"’% e

A15%

56%

m 100 = 160 = 250 = 400 = 630 = 1000

Figure 2.6: Transformer capacity percentage

10



2.1. OVERVIEW OF THE DISTRIBUTION LOAD OF BEIT
HANINA

Tranformers area Percentage

13%

33%
f
54%

= Bait Hanina village = Wad Al-Dam = Shoman

Figure 2.7: The percentage of transformers on each feeder from all transformers.

2.1.1 Beit Hanina station cables

Table (2.5) shows the type, size and length of cables used in the Beit Hanina
station, while the size and number of each cable section is given in Table (2.6).
The overhead and underground cables percentage is given in Fig. (2.14), while

Fig. (2.15) displays the cable area percentage.

Table 2.5: Cable Type and length on Bait Hanina Transformation Station.

Cables of Bait Hanina Transformation Station feeders [ kM
Cable OH{E0AL | OH{ES)AL | OMTomal  |M.Core [120] Cul 5.Core (150} Cu|S.Core(J4Q)AL|  U.GTota Tota
Bait Haning village 066 0n 0.63 03 0.00 0.45 078 147
WadalDam 0.14 0.40 0.54 217 0.28 14 491 5.45
Shoman 0.44 0.90 134 165 0.60 .00 15 1.5
Tatal 1M 112 15 474 0.28 i 194 1051

Table 2.6: Number of sections in Beit Hanina transformation station.

Cables Sections on Bait Hanina transformation station Feeders
Sectian O.H (50) AL O.H(95)AL  (M.Core{120) Cu|5.Core {150) Cu | 5.Core (240) AL Toral
Bait Hanina village 1 1 1 L] 1 4
Wad Al-Dam 1 1 o 1 8 20
Shoman 2 1 7 F 0 12
Total a 3 17 3 9 36

11



2.1. OVERVIEW OF THE DISTRIBUTION LOAD OF BEIT
HANINA

Cable Type Percentage

= O H Total = U.G Total

Figure 2.8: The percentage of overhead and grounded cables used in the

transformer station.

Cable area Percentage

14%

34%

52%

= Bait Hanina village = Wad Al-Dam = Shoman

Figure 2.9: The ratio of cables for each feeder of the total cables.

12



2.2. SYSTEM BLOCK DIAGRAM

2.2 System Block Diagram

Fig. (2.10) illustrates the main idea of the project, where the solar panel was used
to collect the radiation, then the inverter used to convert and connectthe
panels with the main network. The step-up and step-down transformer

proposed convert to 11 kV or 33 kV.

solar panels MW inverter Step up / Step down 11kv/33kv transformer
Transformer

Figure 2.10: System Block Diagram.

13



Chapter 3

HOMER pro program simulation

and results

3.1 HOMER Program Overview

HOMER simulates the operation of a system by doing energy balance
calculations at each step during the vyear. AT each step, HOMER
compares the electric and thermal demand momentarily to the energy that the
system can supply at that time, and calculates the flows of energy toand
from each component of the system. For systems that include batteries or
fuel-powered generators, HOMER also decides at each step howto operate
the generators and whether to charge or discharge the batteries. HOMER
performs these energy balance calculations for each desired system
configuration. It then determines whether a configurationis feasible, (i.e.
Whether it can meet the electric demand under the conditions specified), and
estimates the cost of installing and operating the system over the lifetime of the
project. The system cost calculations account for costs such as capital,

replacement, operation and maintenance, fuel, and

14



3.2. PHOTOVOLTAIC POWER GENERATION

interest. The HOMER support site has various resources for assistance.
HOMER can assist in designing the best micro-power system to fulfill

specific needs, which allows to:

a. Evaluate off-grid or grid-connected power system designs.

b. Choose the best system based on cost, technical requirements, or

environmental considerations.

c. Simulate a plethora of design configurations under market-price

uncertainty and evaluate risks.

d. Choose the best addition or retrofit for an existing system.

e. Create a system with a load, generator, wind turbine, batteries, and a system
converter.

f. Perform an economic optimization to find the best combination of battery
bank, converter, generator, and wind turbine quantities and capacities.

g. Perform a sensitivity analysis to investigate how results are affected by fuel
price, wind speed, and load size.

h. Explore the effect of interest rate on the optimal system type.

3.2 Photovoltaic Power Generation

Photovoltaic cells are made of semi-conducting materials with the most
commonly used material is silicon. When sunlight is absorbed by these

materials,

15



3.2. PHOTOVOLTAIC POWER GENERATION
the solar energy knocks electrons loose from their atoms, allowing the electrons

to flow through the material to produce electricity. A single PV cell typically
produces a small amount of power and in order to increase the operating
voltage, the cells are connected in a series to form a PV module. A photovoltaic
array consists of a number of electrically-connected PV modules, which can be
connected together in a series to generate a higher voltageor in parallel to get

a higher current

Many cells make a f.Many modules make j Many arrays make a
module an array solar farm

Figure 3.1: Solar cell to solar farm.

The Solar panel consists of main 6 components which are illustrated

in Figure (3.2):

Extruded aluminum frame.
Tempered Glass - 3 to 4mm thick.
Silicon PV cells.

Encapsulation - EVA film layers.

Polymer rear back sheet.
Junction box - diodes and connectors.

ou A wWNE
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3.2. PHOTOVOLTAIC POWER GENERATION

—— Aluminium Frame
—— Tempered Glass
. —— Encapsulant - EVA

— Solar cells

—— Encapsulant - EVA

— Back sheet

Junction Box

Inage Crade Tring Soie

Figure 3.2: Solar panel components.

3.2.1 Characteristics of Photovoltaic Module

The performance of a photovoltaic module depends on the manufacturing
technology and operating conditions (solar radiation and temperature). The
curve of current — voltage (I-V), which determines the behavior of a

photovoltaic cell, is illustrated in Fig. (3.3).
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3.2. PHOTOVOLTAIC POWER GENERATION

1 L
A A . sc T
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Isc Pmax p / ]
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3 [ Pa E

i

Voltage Vmp Voc

Figure 3.3: Voltage, current and power characteristics of PV panel.

The main electrical parameters that describe the performance of a

Photovoltaic cell are:

1. Short circuit current Isc: The value of (Isc) can be obtained by connecting
the terminals of a module via an ammeter and measuring the current value
of (Isc) changes in function of solar radiation and very little of

temperature.

2. Open circuit voltage (Voc): the voltage of a PV module measuredat

terminals at no load.

3. Maximum power point (MPP): the maximum power point of a photo-
voltaic is a unique point on the (I-V) or (P-V). Characteristics and the
power supplied in this point is at its maximum, where they are
measured in Watts (W). Its value can be calculated by the product

Vmax and Imax

4. Fill Factor (FF): the ratio of output power at maximum power point
to the power computed by multiplying Isc by Voc. The FF is obtained

according to the following equation:

VOC X ISC
18
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3.3. INVERTER

Fig. (3.4) displays the configuration of connecting panels to each other.

3 modules
’= ’1 - jz - .ra
[ t — .
2 modulé
- — h b h
:: } }
3
1 medule -
L . ‘ 5
VOLTAGE

Figure 3.4: PV system Connection.

3.3 Inverter

The inverter is a unit for converting direct current (DC) to alternating current
(AC), which acts as the interface between the PV arrays and the utility grid.

In general, inverters can be classified as:

a. Central inverters.

b. String inverters.

c. Module-integrated inverters (AC modules).

d. Multi-string inverters

Basic design concepts for PV installations are: central, string,

multistring orAC module inverters as illustrated in Fig. (3.5).
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3.4. SOLAR RADIATION AND TEMPERATURE.

central inverter

+—4q—4i—4d multi-string inverter

2= S =P ol e
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slring inverter it :

d C ' | aC ﬁmh":. ufrgl‘_oc—oc ?:“7‘ SR

ﬂm{—i—@ i O - g &
S_<4_<4_4'
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EEEID
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Figure 3.5: PV system.

3.4 Solar radiation and temperature.

The National Aeronautics and Space Administration (NASA) provides the
solar radiation data for PPU as per the above data. The solar radiation in

Palestine is explained in the Fig. (3.6).

Solar Radiation in Palestine

Figure 3.6: solar radiation in Palestine.

kwh
m2d
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3.4. SOLAR RADIATION AND TEMPERATURE.

The rate of solar radiation from the Homer program, whose data was

procured from the Internet, according to the project site on the map.

Fig. (3.7)

illustrates the monthly average solar global horizontal

irradiance (GHI).
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Figure 3.7: Monthly Average solar GHI.

The rate of temperature from the Homer program, whose data was included

from the Internet, according to the project site on the map. Fig. (3.8) illustrate

the monthly average temperature.
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Figure 3.8: Monthly Average Temperature.
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3.5. AC LOADS DATA

3.5 AC loads data

The ACloads hourly per day throughout the 12 months of the year and these
values are packed based on the values of the worst month of the year, which is
January as it is considered the most energy-consuming month in the region.

Fig. (3.9-3.11) below shows AC load data from the village of Beit Hanina

containing a daily, seasonal and yearly profile hour by hour.
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Table 3.9: Beit Hanina yearly load data.
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3.5. AC LOADS DATA
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Figure 3.10: Beit Hanina average load monthly.
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Figure 3.11: Beit Hanina hourly load data.
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3.6. PV DATA

3.6 PV Data

The values and data of the solar panels were entered into the Homer pro

program, the following Fig. (3.12-3.13) explains the data and result ofthe PV

system.
-A
: = i = — T
{
E b i x
{ [T 9
| f ] ]
| ~ |
* 'y
! ' 2 N
125 L
! { Length: +2m
Vidth: +2m
Height: +2m
l Pitch-row: +2m

Figure 3.12: PV Data.
Therefore, this type of solar panels was used in the project due to the capacity it has, which
is 660 watts, in the same size and generally accepted standards. Therefore, the existing
space is exploited more, also for the availability of this type in the market and its

appropriate price

Remove
PV @ Name: | XMCHG0660+H Abbreviation: | XMCHE

= Copy To Library
Properties P Capacity Optimization
Marme: XMCH60660+H Capacity Capital Replacement O&M & HOMER Optimizer™
Abbreviation: XMCH60660+H (kW) ) ) ($/yean) Search Space
Panel Type: Flat plate 0.66 || 250000 2,500.00 10.00 Advanced
Rated Capacity (kW): 1100 Lifetime More..
Manufacturer: Generic time (years): 25.00 @
www.homerenergy.com
MNotes: Site Specific Input Electrical Bus
This is a generic PV EIm. AC ® DC

3 yst Derating Factor (3): E0.00 @

Figure 3.13: Value and Data of the solar panels.

The PV solar panel datasheet and characteristics are depicted in Fig. (3.14-3.15).
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3.6. PV DATA

ELECTRICAL DATA (STC) XMCHB0635 +H XMCHEDB45+H XMCHB0650+H XMCHE0B55+H XMCHBOBE0+H

Open circuit Voltage (Voc) 45.90V 46.00V 46.10V 48.20V 46.30V
ogearna. ww ma Casy Cweww e
et Doy S i i S
omntatpra o me Cwaon - e e
Pekpower progTola 0 S0 essWp eom esw  esw sowp
Mowesomy e Cnon e s nsw
[rs— e e Ry s oo
L o o i
opectngTomporatwe o wtse st acost oo

MECHANICAL CHARACTERISTIC

* STC (Standard test conditions)

Figure 3.14: PV solar panel datasheet

S MECHANICAL CHARACTERISTIC

Imadiance 1000 w/m?, module temperature 25°C, AM= 1.5 Max. surface load capacity (Pa) 5400

TEMPERATURE COEFFICIENT Dimensions (mm) 2355X1303X35 mm

NMOT 42.3°C+2°C Weight (Kg) 34
Pmax Temperature Coefficient -0.34%/ °C Encapsulation EVA
Voc Temperature Coefficient -0.27%/ °C Cells 210x210 mm PERC

Isc Temperature Coefficient 0.04% / °C Backsheet High weatherability backsheet

PAKAGING CONFIGURATION

Figure 3.15: Mechanical Characteristic.

On average, facing a collector toward the equator (Northern Hemisphere
that means facing it south) and tilting it up at an angle equal to the local latitude
is a good rule-of-thumb for annual performance. To emphasize winter
collection, tilting at a higher angle. Vice versa for increased summer efficiency.
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3.6. PV DATA

The proposed position of the PV panel is illustrated in Fig. (3.17), where the

panels are fixed on altitude angel =31.77".

N
Js

Altitude angle By
[

= South

Tilt angle 6

Figure 3.16: Solar panel tilt angel.
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3.7. PANEL AND INVERTER DATA

R6G8+PF Jerusalem, Israel ( 31°49.6'N , 35°13.0°E)

Jerusalem-Bet Hanina Location Search

| (UTC+02:00) Harare, Pretoria  ~

Figure 3.17: PV panel location.

3.7 Panel and inverter Data

The specifications of different type solar panel [5] are illustrated in Fig. (3.18).
the newest solar panels in the market were chosen, reducing temost efficient
power per panel. The panels have a peak power of (635-660) W. So, to reduce
to 2 MW, around 3336 panels are required. An inverterof 1 MW capacity was
chosen to connect 1668 solar panel. The full datasheet of the solar panel was

attached in Appendix [A].
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3.7. PANEL AND INVERTER DATA

ELECTRICAL DATA (STC) XMCHBOB35 +H XMCHBOB45+H XMCHBDBS0+H XMCHGOB55+H XMCHBOB60+H
Open circuit Voltage (Vioc) 4590V 46.00V 4610V 4620V 4630V
olageaPma G s sy Cowewn
Shmmmmtcmem e Usc] ......W.T.I.E.S.A.. - . 179“_\ TTITOROT mm RPN 181”]“”
CLJrrenlz;1F;ma;x. o - r_\m;:;]. 7 1?%1;\7 V 7177207;\ 17729;:7 71?3?7;1 7 7 Vﬂravanr
PokPower PraqToloaco0 - S aswp siowy s s csow
Mﬂdmemmm e Euq% . 2”]“: R 212% R 213%213%
Mm‘mumvmlage Hmnc ................. MODC .............. lsmnc mwc T HOUDC
Max‘mumsmmsmsemmu m M ZSA g M m -
Vorperralingr;TrVem;:erarlurrer V 7-4173'[::+375'[:7 -m“rc-;as‘c V 7-4n;c:+a;i'[:7 - _"m"c'_;as;c' - 7-417]'[:7-435'0

MECHANICAL CHARACTERISTIC

* STC (Standard test conditions)

Figure 3.18: Characteristics of the solar panel.

The inverters that are used in the design of this project has the same
characteristics of the inverters depicted in Fig. (3.18-3.20). This particular
inverter was used to deal with high voltage, which lead to low current and

losses. The technical datasheet of the inverter is shown Appendix [B].

P —
PVSE00-MWS-1250KW-20" ~ Name: PVSE00
CONVERTER g

- Properties -Costs
. Capital
Name: PVS800-MWS-1250KW-20* Capacity (kW) (S)
Abbreviation: PVS800-MWS-1250KW20* 1250 $300.00
www.homerenergy.com Click here to add new item
Notes:

This is a generic system converter.

Multiplier: ®)

R D B _
Generic @ EIQMER nverter Input |
homerencrgy.com nergy Lifetime (years): 15.00

Efficiency (%): 1 97.80

Figure 3.19: Datasheet of Inverter 1.
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3.8. PROJECT DESIGN

Technical data and types

Type code PVS800-MWS-1000kW-20% PVS800-MWS-1250kW-20*
1 MW 1.25 MW

Input (DC)
Maximum input power (P

2B OOOKN

E : o 2RTOORN e
450 1o 825 V

o

Voltage ripple, PV voltage (Upy) TS < .
Number of protected DC inputs (parallel) = L 2XBUO) b BB
Mumber of mppt trackers i 2 2

Output (AC)

JOOOKW s
28.9 A

L2 S
36.1 A

50/60 Hz

LBUBOHE
= 3%

Power factor comp Sg)......
Jnverter type (2 x ABB central inverters)
_Transformer type
Medium voltage switchgear type ©
Efficiency

Maximum 7 (including transformer) ...

Eufc-eta B {including transformer)

... PVSBOO-67-0800KW-A . [ PVSBOO-57-0B30KW-B
e BB Macuum cast coll dry-type
ABB SafeRing type DeV with REJB03 protection relay (seli-powered)

T ST B
97.1% 97.3%

Figure 3.20: Datasheet of Inverter 2.

3.8 Project design

As previously stated, a 2-megawatt solar panel plant station will be builtto
feed an existing electrical station. 2 MW solar power was decided to be less
than the lowestload on the network. The proposed station will consist of a 2
solar power station, the capacity of each one is 1 megawatt. Each station
contains 1668 solar panels, each one stands at 660 watts with a 1.25-
megawatt inverter. Both power stations are identical. Fig. (3.21) illustrates

the block diagram of the full project.
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3.8. PROJECT DESIGN

1 MW selar panels 1.25 MW inverter 33KV

2 MW fransformer 10 MW transformer

1 MW selar panels 1.25 MW inverter 11 KV

Figure 3.21: Project block diagram.

Fig. (3.22) shows how the solar panels were connected with the network,
where an” XMCH60660"” solar panel was selected. A” PVS800” inverter with

1.25 MW was selected to connect between an AC and DC line.

AC DC ‘ % 1
Grid Electric Load #1 XMCH60660+H —

A

5150.00 kWh/d
1060.15 kW peak

PVS800-MWS-1250KW20*

B[] 1] 18] (] |&] S

Figure 3.22: Project design.

3.8.1 Electrical Results

Fig. (3.23-3.24) contains some data and values about the inverters and solar

panel.
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3.8. PROJECT DESIGN

Value from inverter data sheet

Capacity 125 MW
inverter
Num . MPPT 2
Maximum DC B25V
voltage
Mininmim IDC 525V
voltage
Maximum DC 1145 A
cuarent

Figure 3.23: Value from inverter data sheet.

Value from PV data sheet

Capacdity panel 660 w
Current at pmax (Imp) 1746 A
Short circuit current (Isc) 1821 A
Voltage a pmax (Vmp) 378V
Open circuit voltage (Voc) 4630V

Figure 3.24: Value from PV data sheet.

3.8.2 Calculation and result

_ ptotof station 1,100,000

Total capacity per mppt = VDt = . = 550,000 w/1mppt

Where number of panels per Imppt can be calculated as:
p tot per 1mppt — 550,000 w — 834 panel /1mppt

p panel 660 w

31
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3.8. PROJECT DESIGN

In this project, the value of 650v was determined, which is

approximately in the middle ofthe specified range.

Number of panels in series at 1 string can be calculated as

Voctot _ 650
Voc panel ~ 4630

= 14 panels series /1string (3.4)

So, 14 panel will be in 1 string, and the number of strings can be

calculated as:

. _ number of panels at ilmppt _ g _ .
number of string = wumber of pamelseries - 14 - 60 string/1mppt  (3.5)
Ptot = 14pan X 60str X 660w = 554400 ~ 550000watt (3.6)

Vmpt—tot = 14pan series Xvoltage a pmax (vmp) = 14 X 37.8 = 539.2volt

(3.7)

I max of the inverter =

60str X (imp) panel = 60 * 17.46 = 1047.6A < 1145A  (3.8)

Isc max =

605tr >< (Isc) panel = 60 * 18.21 = 1092.6A < 1145A (3.9)

The increase or decrease in air temperature affects the solar panels, in order
to ensure that these solar panels are not damaged, the calculationshave been
made so that the value remains within the range.

At T min = (—3C) COLD

32



3.8. PROJECT DESIGN

Voc tot =
14panel X V 0Cpanes = 14 % 46.3 = 648.2V (3.10)
Voc max =
Av 0.27
Voc*[l —2(r - 25)] - 6482 * [1 — 22 (-3 25)] - 697.2V <825V
At Tmax = (40 C) HOT (3.11)
Voc mint=

Av 0.27
Voc *|1— F(T - 25)] = 648.2 * [1 - W(L}O - 25)] =621.26V > 525V

(3.12)

Therefore, and related to the previous results, the electrical production is

illustratedin Fig. (3.25-3.26).

Manthly Average Electric Production

FMCHE0E60H 400+
B Grid

300

Z 2001

1004

n-

Jan Feb War Apr May Jun l Aug Sep Oat Kaw Dec

Figure 3.25: Results related to electrical production 1.
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3.8. PROJECT DESIGN

Production kKWh/yr %
XMCHE0660+H | 1788334 61.9
Grid Purchases 1101630 381

Total 2889964 100

Consumption Wh/fyr

AC Primary Load 1,879,750
DC Primary Load 0

Grid Sales
Total

o70.8mM
2,850,621

Figure 3.26: Results related to electrical production 2.

or
#o

65.9

34.1
100

As we note these tables show the electric result from the Homer program, where total

production = 2889964 kwh/yr and total consumption = 2850621 kwh/yr as shown

Also, the Results related to the solar panel and inverter panel

productionare illustrated in Fig. (3.27-3.28) respectively.

Quantity Value Units
Rated Capacity | 1,100 kW
Mean Output 204 kW
Mean Qutput 4,900 kWh/d
Capacity Factor 18,6 %

Total Production 1,788,334 kWh/yr

Quantity

Minimum Output
Maximum Output
PV Penetration
Hours of Operation

Levelized Cost

Figure 3.27: Results related to the solar panels.

Value
0
1,105
95.1
4392
0180

Units
kW
kW

hrsfyr
$/EWh

Therefore, these results from the Homer program related to the solar panels used in the
project were as follows rated capacity = 1100 kw, total production = 1788334 kwh/yr,
mean output 4900kwh/d ,and hours of operation = 4392 hrs/yr
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3.8. PROJECT DESIGN

Quantity nverter| Units Quantity Inverter | Units
Capacity 1,081 kw Hours of Operation 4,392 hrsfyr
Mfaa-n Cutput 200 kW Energy Cut 1748991 kWh/yr
Mml.mum Qutput 0 KW Energy In 1788334 KWhiyr
Maximum Output 1081 kW Losses 309343 kWh/yr

Capacity Factor 185 %a

Figure 3.28: Results related to the inverter.

Therefore, these results from the Homer program related to the inverter used in the project
were as follows, as shown maximum output = 1081 kw , energy output = 1748991 kwh/yr,

loss = 39343 kwh/yr , and hours of operation = 4392 hrs/yr

3.8.3 Solar power plant design cost

components \ Cost (1) Quantity Total cost ()

Inverter (1.25)MW 120,000 1 120,000
Solar panel (660) W \ 1010/pan 1668 1,684,680

Cable DC 3.5/m 10,000 m 350,000

(0F:10) \O 35/m 1700 m 59,500

Transformer (2)MVA | 250,000 1 250,000

Iron structures 10,000 17 170,000

2,634,180

Table 3.29: solar power plant design cost

We also note in this table that the total cost of designing a solar power plant with a capacity

of 1 megawatt, which is about 2,634,180 shekels
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Chapter 4

ETAP

4.1 ETAP overview

ETAP is the most comprehensive solution for the design, simulation, and
analysis of generation, transmission, distribution, and industrial power
systems. ETAP organizes the work on a project basis. Each project created
provides all the necessary tools and support for modeling and analyzing an
electrical power system. The proposed project consists of an electrical
system that requires a unique set of electrical components and
interconnections. INETAP, each project provides a set of users, user access
controls, and a separate database in which its elements and connectivity data
are stored. Thefollowing Fig. (4.1) shows the numerous options and

applications of ETAP.
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4.1.ETAP

Network
Analysis

Real-Time
System

Device
Data Coordination
Exchange & Selectivity

\ Advanced

Control /.. \ : Relay Testing
Systems .+ V. ‘ & Transient
— ’ j Simulator
Cable J 5 -\ Panel
Pulling - Systems
Underground - —— e f'.' ﬁ;round Grid
Raceway = - Systems

User-Defined
Dynamic Models

Figure 4.1: ETAP applications.

In this project, ETAP was utilized because it is suitable to study power

flow losses and it has many options such as:

1. Virtual reality operation.

2. Total integration of data (electrical, logical, mechanical, and physical

attributes).
3. Ring and radial systems.
4. Unlimited isolated subsystems.
5. No system connection limitations.
6. Multiple loading conditions.
7. User access control and data validation.

8. Asynchronous calculations, allow multiple modules to calculate

simultaneously.
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4.2. ETAP POWER LOAD

4.2 ETAP Power Load Flow

The ETAP Load Flow Analysis module calculates bus voltages, branch
power factors, currents, and power flows throughout the electrical system.
ETAP allows for swing, voltage regulated, and unregulated power sources
with multiple power grids and generator connections. It is capable of
performing analysis on both radial and loop systems. ETAP allows to select
from several different methods in order to achieve the best calculation

efficiency.

The Load Flow Toolbar section explains how to launch a load flow calculation,
open and view an output report, or select display options. ThelLoad Flow
Study Case Editor section explains how to can create a new study case, what
parameters are required to specify a study case, and how to set them. The
Display Options section explains what options are available for displaying some
key system parameters and the output results on the one-line diagram, and how
to set them. The Load Flow Calculation Methods section shows formulations of
different load flow calculation methods. Comparisons on their rate of
convergence, improving convergence based on different systemparameters and
configurations, and some tips on selecting an appropriate calculation method
are also found in this section. The Required Data for calculations section
describes what data is necessary to perform load flowcalculations and where to
enter them. The Load Flow Study Output Report section illustrates and explains
output reports and their format. Finally, the Load Flow Result Analyzer allows
you to view the results of various studiesin one screen so you can analyze

and compare the different results.
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4.2. ETAP POWER LOAD

4.2.1 Mode toolbar

When the One-Line Diagram (Network Systems) button on the System
toolbar is clicked, the Mode toolbar becomes available that contains all the
study modules related to the one-line diagram. In general, ETAP has three
modes of operation under Network Systems; Edit, AC Study, and DC Study.
The AC Study mode consists of analyses such as Load Flow, Short-Circuit,

Motor Acceleration, Transient Stability, and Protective Device Coordination.

22 £ AeSy e \& PiF N L 88 &) @K w2

Figure 4.2: Mode Toolbar.
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Figure 4.3: Load Flow Toolbar.
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4.3.FILLING

4.2.2 Load Flow Calculation Methods

ETAP provides four load flow calculation methods: Adaptive Newton-Raphson,
Newton-Raphson, Fast-Decoupled, and Accelerated Gauss-Seidel. They
possess different convergent characteristics, and sometimes one is more
favorable in terms of achieving the best performance.

Any one of them could be selected depending on the desired system

configuration,generation, loading condition, and the initial bus voltages.

4.3 Filling Data

In order to start the power flow and run the program, the data and specifications
of the transformers, cables, overhead lines and loads are needed to be filled

accurately in the filling areas.

4.3.1 Transformers Data

The information inserted in the transformer’s editor were the voltage rating,
power rating and the type of the transformer. All these data were important
to power flow simulation and calculations. Those data and specifications were

collected from JDECo.

4.3.2 Transmission Lines Data

In this part, the research team inserted the type of the transmission lines
based on the datafrom JDECo, moreover, the length of each line and the type

of connection were added, whether it was single phase or three phase.
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4.4. ETAP

4.3.3 Load data

The value of the percentage of loading inthe figure attached in Appendix A

reflects on the power rating for the load, which is also related to the

transformer loading connected to the load.

4.4 ETAP simulation

The sketches of the simulation project on ETAP as shown in Fig. (4.4). In the

first scenario, the PV system is connected to the 11 kV bus to inject the power

to the system and study its impact.
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Figure 4.4: ETAP first scenario.
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4.4. ETAP

The second scenario is depicted in Fig. (4.5), where the PV system is connected

to the 33 kV.

Both scenarios were studied and provided the final results.
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Figure 4.5:
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Chapter 5

Recommendations and final

results

5.1 Final results

As a result of connecting the solar panel station (PV) system to the level of
11 kV and 33 kV, the team acquired some results as shown in the following
figures. By comparing between an 11 kV and 33 kV, it is evident that there is
a complete congruence between the results with regard to the current,
voltage, power factor, KVAR and KW. Fig. (5.1) concludes that the result of
the current was the same and it tragically increases as the amount of buses
increases. While the voltage level has the same value, it increases

dramatically as the amount of buses increases as shown in Fig. (5.2).

Fig. (5.3) compares between the two levels in regards to the power factor,
the result displays a slight difference. Fig. (5.4-5.5) illustrates the
comparison between the levels regards to KVAR and KW, as a result; the
values have the same result and it increases when the number of buses

increased.
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5.1. FINAL RESULTS
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Figure 5.1: current comparison between 33 kV and 11 kV.
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Figure 5.2: voltage comparison between 33 kV and 11 kV.
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5.1. FINAL RESULTS
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Figure 5.3: power factor comparison between 33 kV and 11 kV.
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Figure 5.4: KVAR comparison between 33 kV and 11 kV.
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5.1. FINAL RESULTS
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Figure 5.5: KW comparison between 33 kV and 11 kV.

When a comparison was performed between the two levels (11 kV and
33kV) in terms of the occurrence of losses and load on the transformer, it was
found that there is a difference between the levels. Fig. (5.6) illustrates that
the losses in a 33 kV is greater than losses in an 11 kV due to the existence
of a power transformer. While the voltage drop percentage in the 2 levels (11
kV and 33 kV) have the same amount, it is approximately equal to 98% as

shown in Fig. (5.7).

Fig. (5.8) compares between the transformers in terms of flowing loads, so
that when a 2 MW flows through the main network, there is no effect on 11 kV
and 33 kV, while when a 2 MW flows at the point beyond 11 kV transformer,

this will lead to a reduction in the load of the 11 kV transformer.
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5.1.

FINAL RESULTS
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Figure 5.6: Loss comparison between 33 kV and 11 kV.
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Figure 5.7: Voltage Drop comparison between 33 kV and 11 kV.
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5.1. FINAL RESULTS
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Figure 5.8: Tr. and IEC loads comparison between 33 kV and 11 kV.

According to the final result when comparing between the two levels of

connection (11kV and 33kV), Fig. (5.9) illustrates the system block diagram

that are used.

1 MW =olar panel

1.25 MW inverter

L

1 MW solar panel

1.25 MV inverter
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Figure 5.9: 11 kV system block diagram.




5.2. CONCLUSIONS AND RECOMMENDATIONS

5.2 Conclusions and Recommendations

5.2.1 Conclusions

1. The electrical parameter value such as ,Current, voltage drop , PF, reactive
and active powers maintained their value without changes and have not
been affected when a 2MW power flow injected across the network
operated by 11KV and 33KV power transformers.

2. It had been noticed that a greater power losses occurred when a power flow
injected upon the 33KV side of the network compared with that upon the 11KV
transformer side (power loss &I*| .r)

3. The 2MW power generation necessity stemmed its root from JDECO need

to meet the minimal load required for 2MW load operation of its

customers.

5.2.2 Recommendations

1. The installation of the photovoltaic modules must take into account
some factors to take full advantage of solar radiation including: the
orientation, the inclination, the latitude, the climatic conditions, and the
effect of shadows between the PV panels.

2. Cleaning the solar panels and avoid building or placing high equipment in
front of the panels to avoid the shadowing effects. Moreover, building a
room for electrical equipment and cooling them as the need necessitates

to obtain the highest efficiency.

3. Using closed loop control system tracker in order to operate the PV panel

at the relevant azimuth angle.

4. Using a high efficiency power transformer to meet the maximum power
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5.2. CONCLUSIONS AND RECOMMENDATIONS

load consumption.

5. Preparing a financial proposal for building a stand by power solar station
in order to minimize air pollution and to meet the climate change

standards in the country.
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Product Linear Output

Warranty Warranty

X-CHROS  Mmonocrystalline PERC High Efficiency SHINGLED

635 - 645 - 650 - 655 - 660 Wp

0/+5%

ingled solar cells

Positive Tolerance

High Voltage 1500 DC

Anti-PID and low LID

21.5 % max efficiency

Fire reaction Class 1

The new photovoltaic modules X-CHROS is one of a wide range of
products made by Sunerg and It is manufactured according to IEC
61215, IEC 61730 standard and CE. PERC Shingled Technology
provides ultra -high efficiency with better performance in low
irradiation. Maximizes installation capacity in limited space

CORRESPOND TO

PV CYCLE | CE|

UNI EN ISO 9001:2008 | Quality management system

UNI EN ISO 14001:2004 | Standards for environmental management system

UNI EN BS OHSAS 18001:2007 | International standards for occupational health and safety

MMMMM




urerg

ELECTRICAL DATA (STC) XMCHB0635+H XMCHB0645+H XMCHB0650+H XMCHB0655+H XMCHBO0660-+H
Open circuit Voltage (Voc) 45.90V 46.00V 46.10V 46.20V 46.30V
! Vonage a Pmax ............................................. (Vm p) ............... 37 . “ ........................... 37 . 5V ........................... 37 . 6v ........................... 37 . 7v ........................... 37 sv ..............

. S hon Clr Cu i.t . Curre m .......................................... (Isc) ............... 1 785 ;\. .......................... 1 7 ;‘; ; .......................... 1 8 03 .A. .......................... 1 8 12 ; .......................... 142; 21 ;A. .............

C ur r ent at Pmax ............................................. (lm p) ............... 1 .7...1.1.; .......................... 1 7 ZOA .......................... 1 7 29A .......................... 1 7 37A .......................... 147. .4.(;.A. .............

. Peak Power (Pmax) Touerance 0~ + 5W ....................................... 635 Wp ......................... 640Wp ......................... 645Wp ......................... esswp ......................... GGOWp .............

M Odme Eﬁlmency ................................................................. 209 % ........................... 21 0 % ........................... 21 2 % ........................... 21 3 % ........................... 21 5% ..............

. M ax'mum . vonage ................................................................ 1500 DC ......................... 1500 DC ......................... 1500 DC ......................... 1500 DC ......................... 15 00 DC .............

Mammumsenesmseratmg ...................................................... 25A ............................. 25A ............................. 25A ............................. 25A25A ...............

OperatmgTemperature ....................................................... 40C+850 ................... 40C+850 ................... 40C+85640C+850400 +85C ..........

MECHANICAL CHARACTERISTIC

* STC (Standard test conditions)

Irradiance 1000 w/m2, module temperature 25°C, AM= 1.5 Max. surface load capacity (Pa) 5400
S D Imensmns(mm) ............................................... 2355)(1 303)(35 m m .................
— — Welght(Kg) ................................................................. 34 ..........................
! P maXTemperature Coeﬁlment .............................................. 034%/ C ............... S Ew; .........................
VOCTemperaturecoemc'ent ................................................ 027%/c Ce”SszwmmPERC ..................
ISCTemperaturecoeﬁlmem004%/0 BaCKShGEtnghweamerablmybaCKSheet ...........
PAKAGING CONFIGURATION
Modules per pallet 31

Length: +2m
Fidth: +2m
Height: +2m
[ 1 Pitch-row: +2m

GENERAL INFORMATION

Glass AR coating tempered glass, 3.2mm

Sunerg Solar S.r.I. reserves the right to make changes to the technical data of the product without prior notice.
The technical details of the form, although included with the utmost care, may contain errors or inaccuracies not attributable to Sunerg Solar S.r.I.

WWW.SUNERGSOLAR.COM

Rev. 21.00_02_AM/EN(TW)



Appendix B



ABB megawatt station

PVS800-MWS
110 1.25 MW

The ABB megawatt station is a turnkey solution designed
for large-scale solar power generation. It houses all the
electrical equipment that is needed to rapidly connect a
photovoltaic (PV) power plant to a medium voltage (MV)
electricity grid. All the components within the megawatt
station are from ABB’s product portfolio.

Turnkey-solution for PV power plants

The ABB megawatt station design capitalizes on ABB’s
long experience in developing and manufacturing secondary
substations for utilities and major end-users worldwide in
conventional power transmission installations.

A station houses two ABB central inverters, an optimized
transformer, MV switchgear, a monitoring system and DC
connections from solar array. The station is used to connect
a PV power plant to a MV electricity grid, easily and rapidly.
To meet the PV power plant’s demanded capacity, several ABB
megawatt stations can be combined.

78 ABB solar inverters for photovoltaic systems | Brochure

Compact design eases transportation

The steel-framed insulated container comes complete

with a concrete foundation. A thermally insulated inverter
compartment enables operation in harsh temperature and
humidity environments and is designed for at least 25 years of
operation.

The hollow concrete foundation has a double floor within the
inverter compartment. This provides easy access for cabling.
Additionally the small inverter footprint makes the container
compact and easy to lift via a standard crane, thereby
simplifying transportation.

The complete ABB megawatt station weighs only 20 tons.
At 50 m?®, the container’s volume is some 15 percent smaller
than equivalent solutions.



Micro inverters

String inverters

Central inverters

Highlights

Proven technology and reliable components

Compact and robust design

High total efficiency

Modular and serviceable system

Double-stage air pre-filtering for reduced maintenance
Global life cycle services and support

Accessories

Solar array junction boxes with string monitoring
Remote monitoring solutions

Warranty extensions

Solar inverter care contracts

Options

MV AC output voltages (6 to 24 kV)

Different MV switchgear configurations

Air-insulated MV switchgear

Optional liquid-filled and dry-type transformers

I/O extensions

DC grounding (negative and positive)

Fieldbus and Ethernet connections

Auxiliary power supply from main power connections
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ABB megawatt station

Solar inverters

ABB solar inverters are the result of decades of industry
experience and the use of proven frequency converter
technology. As such the solar inverters provide a highly
efficient and cost-effective way to convert the direct current,
generated by solar modules, into high-quality and CO, -free
alternating current. Two ABB central inverters are used in the
ABB megawatt station. The inverters provide high efficiency
conversion with low auxiliary power consumption.

Transformer

The ABB megawatt station features an ABB vacuum cast coil
dry-type transformer. The transformer is designed to meet the
reliability, durability, and efficiency required in PV applications.

It

is specifically designed and optimized for ABB solar

inverters to provide the best performance throughout the
lifetime of the plant.

The transformer is environmentally safe, having no volatile
liquids that can leak, and it carries no fire or explosion
risk. It provides excellent mechanical and short-circuit
characteristics.

Technical data and types

As a major global transformer manufacturer, ABB offers

a wide range of liquid-filled and dry-type transformers.
Alternate power transformers are available to meet customer
requirements. All ABB'’s transformers are manufactured

in accordance with the most demanding industry and
international standards.

Switchgear

ABB offers a complete range of medium voltage switchgear
for secondary distribution, including air-insulated and gas-
insulated switchgear.

The ABB megawatt station is equipped, as standard, with
the widely proven ABB SafeRing, SF6-insulated switchgear.
A sealed steel tank with constant atmospheric conditions
ensures a high level of reliability as well as personnel safety.
The virtually maintenance-free

system comes in a compact and flexible

design that allows for a versatile switchgear configuration.
As an option ABB’s gas-insulated SafePlus and air-insulated
Unisec switchgear are also available.

Type code PVS800-MWS-1000kW-20* PVS800-MWS-1250kW-20*

1 MW 1.25 MW
Input (DC)
“Maximum input power (Ppy, rz) 2 x 600 kW 2 x 760 kW
DC voltage range, mpp (Upc, mpp) 450 to 825 V 52510825V
“Maximum DC voltage (Upg, ) " 1000 V 1000 V
“Maximum DC current (loe, ) 2 x 1145 A
Voltage ripple, PV voltage (Upy) <3% < 3%
Number of protected DC inputs (parallel) 2 x 8 (+/-) 2 x 8 (+/-)
Number of mppt trackers 2 2
Output (AC)
Nominal AG output power (Pye,a) . 000KW 1250k
Nominal A current (o) ... 289A_ ' LBBTAL
Nominal output voltage (Use,) ? . 20KV B0RY
Outputfrequency . 5060Hz .. 50/60Hz
Harmonio distortion, ourrent ¥ L <8% <%
_Power factor compensation cosg) ves Yes

Inverter type (2 x ABB central inverters)

PVS800-57-05

Transformer type *

OOKW-A . . .. . PVSBOO7-0630KW-B
ABB Vacuum cast coil dry-type
ing type DeV with REJ603 protection relay (self-powered)

Medium voltage switchgear type ° ABB SafeR
Efficiency
Maximum @ (including transformer) 97.8%
Euro-eta © (including transformer) 97.1%

1)
2)
3)
4)
5)

6)

If DC voltage is > 1000 V, the inverter will not be damaged, but will not start
Voltages between 6 and 24 kV available as an option

At nominal power

Other ABB transformer types available as an option

Other ABB switchgear types available as an option

Efficiency without auxiliary power consumption, at lowest DC voltage

* Improved design, first shown at Intersolar 2014
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ABB megawatt station design and grid connection

1: PVS800-MWS
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Type code PVS800-MWS-1000kW-20 PVS800-MWS-1250kW-20
1MW 1.25 MW
Power consumption
Own consumption in operation ” <1200 W <1200 W
~Standby operation consumption ” <140 W : <140 W
External auxiliary voltage 3 ~ 400 V/50 Hz 3 ~ 400 V/50 Hz

Dimensions and weight
_Width/Height/Depth, mm

W 6930/H 3070/D 2430 W B930/H 3070/D 2430

Weight spprox. ot it
Environmental limits

Degree of protection IP54 (inverter section)/IP23d (transformer and IP54 (inverter section)/IP23d (transformer and
R o SWitchgear section) 0 o SWitchgear section)
_Ambient temperature range (nominal ratings) _:  -20to+40°C 0 720 10 440 °C
_Maximum ambient temperature 9 e ¥B0°C e ¥B0°C
_Relative humidity, non condensing e 1B 098% . 151095%
Maximum altitude (above sealeve) ® . 2000m e 2000 M
Maximum cooling air flow 6720 m®/h 6720 m®/h

User interface and communications
_Local user interface

Fieldbus connectivity

Product compliance

Inverter’s control panel and PC interface through ABB Drive Window
Modbus, PROFIBUS, Ethernet

Gonformity e B D22 £ 1202 FIgN-VOTage/low- v
Certifications and approvals e BB
Grid support Reactive power compensation, Power reduction, Low voltage ride through

7 Without options and heating
® Power derating after 40 °C
9 Power derating above 1000 m. Above 2000 m special requirements.
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