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Abstract

Alternative energy is one of the most important fields of future energy, which helps reduce
dependence on the public electricity network, and from here the idea of the project came, which
is to design a solar energy system that works to cover the consumption of Hebron Governmental
Hospital “Alia Hospital” as the weakness of the public electricity network that has proven Its
shortcomings are in the continuous cut off of the electric current, which is the largest and
controlled source of the electric current in Palestine. Therefore, it has been relied on electric
generators to cover this deficit in the network, and one of its most important defects is the
pollution resulting from the process of burning fuel in order to produce energy, which is
promising It is not desirable in health care places, hence the idea of the project to design a solar
energy system that reduces dependence on generators and works to cover the deficit in the
network.
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Chapter one: Introduction to Solar energy.

Overview.

Electricity in Palestine (Challenges and difficulties).
Research problems.

Project motivation.

Project Objectives.

Time Schedule.
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Overview

Photovoltaic offer consumers the ability to generate electricity in a clean, quiet and reliable
way. Photovoltaic systems are comprised of photovoltaic cells, devices that convert light
energy directly into electricity. Because the source of light is usually the sun, they are often
called solar cells. The word photovoltaic comes from “photo,” meaning light, and “voltaic,”
which refers to producing electricity. Therefore, the photovoltaic process is “producing
electricity directly from sunlight.” Photovoltaic are often referred to as PV, PV systems are
often cost justified even when grid electricity is not very far away. When applications
require larger amounts of electricity and are located away from existing power lines.
photovoltaic systems can in many cases offer the least expensive.

1.1 Photovoltaic system type [1].

Photovoltaic system can generally be classified according to connection between PV system
and grid:

1. On grid system

They are also called on-grid or utility interactive. Grid-tied systems are designed to
operate in parallel with and interconnected with the electric utility grid.

W S

e "'T"T*'I
| Systern DC/AC
{ I I controller nverter

Grid connected PV system

Fig.1.1: Grid connected PV system
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2. off grid system

They are most common in remote locations without utility grid service , off-grid solar-
electric systems can work anywhere. They are generally designed and sized to supply DC

and/or AC electrical load.

Storage
battery

Sun light

W
HHH -

! ’ r controlier

PV array

Stand alene PV system

Fig.1.2: off grid system

1. system

DCI/AC
nverter
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load
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A Hybrid Solar Photovoltaic (PV) System is a combination of both the On-Grid and Off-Grid
Solar PV Systems. Thus, it is connected to the grid while having localised power storage in

the form of batteries as well.

Sun light

WA

HHH

T

Enan)

PV array

Battery System

controller controller

Diesel generator

DC/AC
inverter

wind generator

} Hybrid PV system

Fig.1.3: Hybrid system
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1.2. Electricity in Palestine (Challenges and difficulties)

The energy sector acts as a key enabler across all industries. Access to a stable and reasonably
priced energy supply is an important driver of economic growth: wastewater treatment plants,
manufacturing sites, high tech-hubs, hotels, and many other facilities require reliable power in
order to operate effectively. In addition, households require electricity for families to lead a
comfortable life, schools need it to create a functional learning environment, and hospitals
depend on it to provide a consistent quality of care for patients. [2]

1.3 Research problems

1) High electrical loads in public buildings and the hospital building in particular, which
increases the electrical burden on the public network.

2) Constant and frequent power outages.

3) Constant need for electricity in operating rooms and intensive care units.

1.4 Project motivation

The importance of the project lies in promoting the use of alternative energy systems in public
centers with high electrical consumption, reducing the use of traditional electrical generators, and
providing a clean environment in health care centers.

1.5 Project Objectives
The main objectives of the project are to overcome the above-mentioned problems as follows:

» Study electrical loads and determine which loads have the highest energy consumption.

» Designing a solar energy system that covers the largest amount of electrical load
consumption in the Alia Governmental Hospital building.

» Reducing dependence on traditional electricity generators, including reducing pollution
resulting from these generators.
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1.6 Time Schedule.

[lustrates the tasks that we did and how long it takes weekly for each task.

Table (1.1): First semester:

Weeks

Tasks

10

11

12

13

14

15

Finding Project Idea

Proposal

Collecting data

Documentation

Preparing for
presentation

Print documentation
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Chapter 2: Study the Site of Alia Governmental Hospital

Introduction

General study.

detail study hospital location.
Study the climatic nature of the site
Samaritan
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2.1 Introduction

It is necessary to study the general site in which the solar energy system will be installed, as this
study provides a clear vision of the nature of the general site and shows whether the

installation of solar energy systems is effective or not.

Fig.2.1: Peak Sun Hour Map [3]

Figure 2.1, The West Bank is among the countries that come in the second category in terms of
peak hours.

2.2. General study.

In order to obtain an effective solar energy system design, it is necessary to study the general site
in which the system will be installed. Through this chapter, we shed light on the study of all the
conditions surrounding the solar system, the study of the site, and the study of the climatic nature
of the site. figure two shows the hospital location in Hebron.
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Fig.2.2: Aerial view of Alai Governmental Hospital "Google Maps"
2.3. detail study hospital location.

The mountainous nature of Hebron has given Alia Governmental Hospital an advantage, as the
hospital building is located in a rising mountainous area, which helped it not to form any
shadows from the neighboring buildings on the roof of the hospital building, as the roof of the
hospital building is the best place to invest solar energy on it.

[+ | -
= =
L__zom [ i |

Fig.2.3: Sun path of the sun's movement "suncalc".
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Figure 2.3 shows us the path of the sun's movement and the orientation of the buildings. The
obtained data from the mentioned sun bath.

Table 2.1: the data I collected from the "Suncalc" program during the months of the year.

month Sun tilt angle Peak sun
radiation at: hour

January 32.42 11:44
February 42.31 11:53
March 54.05 11:50
April 63.49 12:41
May 76.54 12:36
June 75.19 12:38
July 70.38 12:44
August 61.38 12:45
September 51.62 12:36
October 41.38 12:27
November 41.38 11:23
December 35.63 11:30

From table 2.1 it can be noted that the loges day is 21 June and at the shortest 21 the September.
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2.4 Study the climatic nature of the site
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Fig.2.4: Average Temperatures
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Fig.2.5: Sunny days
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Figure 2.5 shows the sunny days, cloudy days, partly cloudy days, and rainy days over the course

of the year.
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Fig.2.6: Temperature distribution throughout the year

From Figure 2.6, we notice that the highest temperature was recorded in the month of 6 and the
lowest temperature was recorded in the month of 1.
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Fig.2.7: Wind speed throughout the year.

Figure 2.7 shows us that January, December and March are the months with the highest speed of
holidays throughout the year.
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/N The efficiency of Solar PV Panels decrease as
Current (A) their temperature increases, decreasing their
overall power.

0°C

>

Voltage (V)

Fig.2.8. Temperature effect

It is necessary to know the effect of temperature on solar energy systems, as it becomes clear
from Figure 2.8 that the increase or decrease in temperature directly affects the electrical voltage
and to a small extent on the electrical current. 2.4 It shows us that the highest temperature is less
than 40 degrees, but for a few days, while the rest of the days of the year have moderate
temperatures below 30 degrees.

The study of the site is important because it helps us determine the procedures for installing the
system and determine several requirements in order to choose the metal structure and determine
if the site is suitable for installing the system.
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Chapter 3: Study of electrical loads and consumption in the Alia hospital.

Introduction

Electric load consumption data.
The measured consumed energy
Calculation
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3.1 Introduction:

In many countries of the world, Hospitals are major consumers of energy. In order to assess the
potential for energy savings in such facilities, a study of electrical loads Is conducted on the
campus of Hebron Governmental ALIA. The aim of this study Is to analyze the energy
consumption of the different loads and sections in the hospital and identify the loads and sections
with a maximum consumption rate of the existing loads and identify their operation regime and
characters and sections that consume the most electrical energy among all hospital facilities. The
ever-increasing energy costs and environmental concerns make rational use of energy and energy
conservation efforts ( mission) of great importance. Governmental and state-owned buildings in
general, especially old ones, are good for conducting energy audits and suggesting solutions to
conserve energy and promote efforts toward enhancing the environment in the region. Therefore,
it is necessary to know the reasons responsible for the high energy consumption.

Through this chapter, a brief analysis and discussions should be conducted about the electrical
consumption in the various hospital facilities and departments.

Initially, Studying the electrical loads in each department separately, as a result of this survey,
the following data illustrates the consumption rates of electrical loads in the hospital.

Intensive

care unit
General
Surger

Operations
department

Air Department
conditioning of Physical
units Therapy

Alia hosbital

ighting in
the
corridors

Department of Outpatient
Radiology and
e Department

maternit finance
y departme
section nt

Emergency
department

Fig.3.1. Hospital departments.
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3.2. Electric load consumption data.

It is the most important department in the hospital, as patients in this department need special
care, so it is imperative that there be an electrical system in the hospital that is commensurate
with this importance. The current equipment is equipped with an internal UPS system. Table 3.1
shows the consumption of the section.

Table 3.1 ICU Section consumption.

average :
! Consumption
consumption L
. of luminaires
of the section (kWhr)
(kWhr)
Consumption 21.200 18
value

The department's consumption is concentrated in the air conditioning units distributed over 12
rooms, where each room contains an air conditioner with a volume of 2 tons.

Note that 2 tons = 7.0337 kilowatts. [4]

units =

(3.1)

Total capacity of air conditioning unit =12 X 7,0337 = 84,4044 kWhr

Total
single unit capacity

capacity of air conditioning Number of air conditioning units x

Table 3.2 Department of General Surgery Section consumption.
Consumptlon Consurpp‘qon Total
of units of luminaires consumption
(kWhr) (kWhr) p
Consumption | ¢4 4044 1.6 90.0044
value
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It can be noticed that the energy consumption is only during the operations time, and from,
which means it is impossible to determine the exact consumption of the section. It is necessary to
mention the devices that consume energy and represented in the sterilization devices that work
for two hours a day and that consume energy of 11 kilowatts per day the one. It is necessary to
calculate the consumption value of the lighting units in the corridors of the section, which
consume the energy of the 1kw/hr. The operating rooms contain several devices that work during
the operation, which are anesthesia devices, an X-ray device, a planning device, a lighting unit,
and an operating bed.

The department works for seven hours a day, as the consumption in this department is not
considered large compared to the other departments. Table 3.3 The total consumption of the
department is placed.

Table 3.3 Department of Physical Therapy Section consumption

Section
consumption
(kWhr)
Consumption 2.020
value

By studying the consumption of this section, we noticed that this section does not have a high
electrical consumption, as the consumption is concentrated in lighting units, two blood pressure
testers, three electrocardiographs, and lighting units distributed over the section, such as the total
consumption of 1 kw/hr. The department operates throughout the day

In this department, there is no high electrical consumption, as this department works to conduct
an examination of the patient. In this section, there is no high electrical consumption, as this
section works to conduct an examination of the patient. Table 3.4 shows the amount of
consumption of the section.
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Table 3.4 Outpatient Department Section consumption

Section
consumption
(kWhr)
Consumption )
value

We worked on studying the loads in the section, as the loads in this section consist of computers,
printers and lighting units. Table 3.5 shows the depreciation value in the section.

Table 3.5 Outpatient Department Section consumption

Section
consumption
(kWhr)
Consumption 25
value

Consumption in the pharmacy is represented in lighting units in addition to a refrigerator for
storing medicines, as the total consumption is equal to 840 watts hour from 8 to 3 hours. As for
the rest of the day, consumption is limited to the refrigerator for storing medicines, which
operates with an electrical capacity of 400 watts hour and works for a period of time. 16 hours.

The total consumption of this section is estimated at 1-kilowatt hour, in which consumption is
focused on lighting units in addition to the nursery and the natural delivery room.

This section is the most energy-consuming in the hospital building through the operation of
tomography scanners, as the consumption in this section is from 0.5 to 50 kWhr. The radiology
department consists of three X-ray devices with a capacity of 21 kilowatts, as the number of
devices operating in this department is two, in addition to the tomography device, the power it
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consumes is 11.1 kilowatts, as it works for h hours per day because it is The only device in the
department as this device is connected to a 12 kW UPS.

Magnetic resonance device This device needs high electrical energy as it consumes electrical
energy of 20 kWhr and the department works for 7 hours a day as the magnetic resonance
department is connected to the UBS system with an electrical capacity of 30 kilowatts and the
UBS room contains three air-conditioning units The volume of one ton per unit, which means an
electrical capacity of 10.5 kWhr.

We note from the information we collected from the department that the total consumption is
52.1 kWhr.

The hospital corridors contain 187 lighting units with an average electrical capacity of 30 watts
per unit, which means that the total consumption is 61.5 kWhr.

Sterilization devices in the hospital There are three sterilization devices in the hospital that
operate over ten hours per day, with an electrical capacity of 35.56 kW for each sterilization unit,
meaning that the total capacity in the event of all devices working reaches 178 kWhr, knowing
that one unit is in operation.

There are four air-conditioning units in the building. Only two units operate, and the other two
units are standby units, with a total consumption of 13 kWhr.

The building contains five old electric elevators, as there are two elevators with an electrical
capacity of 11 kWhr and the other two elevators operate with an electrical capacity of 7 kWhr,
and the fifth elevator operates with an electrical capacity of 5 kWhr, meaning that it needs a total
energy equal to 41 A kWhr multiplied by a demand factor of 0.6 means that it needs 24.6 kWhr
of energy. From the results we obtained previously, the following table shows the total
consumption of the hospital.

There are many devices in this section that consume electrical energy and have a high
consumption, and when we studied the existing loads, we found that most of the devices were
connected directly with UPS systems, and we found that the average consumption of the section
reaches 40 kWhr.

After studying the consumption of all electrical loads and devices in each section and
determining the value of the total consumption for each section, since the values were taken in
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the month of 2 we converted these values into the monthly consumption and by specifying in the
month of 2 as Table 3.1 shows the consumption values during the month of 2.

Table 3.6 Shows the consumption of hospital departments.

Section Consumption amount (kW month)
ICU 16560
GENERAL SURGERY 38563.2
Operations 360
PHYSICAL THERAPY 1684.2
EMERGENCY 720
OUTPATIENT 420
FINANCE 525
PHARMACY 380.4
MATERNITY 720
RADIOLOGY & MRI 37512
LIGHTING 44280
AIR CONDITION 9360
ELECTRIC LIFTS 17712
blood bank 16800
TOTAL 185596.8

Suppliers can also reduce overall power consumption by choosing low power CPUs and screens
in their more advanced devices. High power equipment such as autoclaves should have
automatic monitoring at the plug level, so that technical staff can receive warnings when such
equipment has exceeded a predetermined run time and can investigate. All of these strategies can
be complemented with staff energy awareness programmers and good routines at the end of
shifts for shutting off unnecessary equipment [5].
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Hospital departments consumption rates

¥ ICU

¥ GENERAL SURGERY
» Operations

¥ PHYSICAL THERAPY

%20,70 %0,19 » EMERGENCY

® OUTPATIENT
%0,91

%0,39
* PHARMACY
_%0,23

- \ ¥ MATERNITY
bt

* RADIOLOGY & MRI

¥ FINANCE

%0,20
; ¥ LIGHTING

%0,39 ™ AIR CONDITION

Fig.3.2: The consumption chart of hospital sections.

From Figure 3.2, we note the division of electrical loads, and we note that the highest
consumption was recorded in the corridors lighting, and then the most consumption comes
from the General Surgery Department, as the two departments constitute 64.5% of the total
hospital consumption value. Hence, we will work on giving suggestions to reduce
consumption.

The lighting in the hospital is the most energy consuming, as it constitutes 28.8% of the
hospital consumption, and this is due to several reasons, which is the distribution of lighting
inside the hospital in an unbalanced and inappropriate manner. Therefore, solutions must be
proposed to treat this high consumption.

In the beginning, the lighting units must be distributed in a manner compatible with the
neighborhood and the place, and after that it is necessary to use the visible lighting units and
not to use the lighting units covered with the net, because it neglects to limit the amount of
lighting reaching the place and reduce the amount of lighting that is used, and also it is
necessary to use LED lighting units are considered the best currently and the least energy
consuming.
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The Department of General Surgery is one of the second highest departments in energy
consumption, so it is necessary to determine the reason for the high energy consumption,
as we find the reason for the high energy is the use of air conditioning units distributed over
the rooms of the department. Therefore, a solution to this high consumption "must be
followed through the use of air conditioning units Motor speed in non-inverter type air
conditioners remains constant and temperature is adjusted by turning the motor ON and
OFF, which consumes more energy. In inverter type air conditioners, temperature is
adjusted by changing motor speed without turning the motor ON and OFF. Compared to
non-inverter type air conditioners, air conditioners with inverters have less power loss and
can save in energy" [6].

Comparison of Energy Consumption (example) *

o
Saves D 8 A)
100 %
Non-Inverter Type Inverter Type
Air Conditioner Air Conditioner

* Energy consumption is calculated complying with
JIS BB616:2015 for model SSRC140BA (inverter)
and equivalent non-inverter type air conditioners.

medical imaging equipment is a class of high-energy consuming products widely used today

in hospitals, imaging centers and radiological practices. Energy-efficient medical devices
play a key role in reducing environmental impacts, but achieving higher rates of energy
efficiency also requires better management of devices when they are not in use. MRIs are
also used in imaging centers and radiological practices. There the contribution of the energy
consumption of imaging equipment is much larger than 19%. [6]

Cylindrical MRI scanners generate a powerful magnetic field through a cryo-cooled
superconductive magnet which has to operate 24h/d and cannot be turned off (only for
emergency reasons). Therefore MRI scanners consume energy even when switched to off-
mode to maintain the liquid helium at the temperature of 4 Kelvin. Nonetheless good
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environmental use behavior, such as switching the MRI scanner to off mode during night
hours, can significantly reduce the yearly energy consumption by up to 21,8%, as determined
by the COCIR study on MRI (www.cocir. org). The graph represents daily energy
consumption and savings of a MRI scanner compared to a situation where the scanner is left
in ready-to-scan mode for all 24 hours.

In order to reduce the consumption of X-ray devices, it is preferable to replace these devices,
as their feet give them a low energy utilization factor, so it is better for suppliers to use new
devices with a high energy benefit factor and low energy consumption.

how changing energy delivery systems to an "on-demand" model could dramatically reduce
energy consumption in hospitals. This design applies mainly to ventilation energies
(electrical and thermal), but our results suggest that it has theoretical potential also in the area
of hospital equipment. Putting this into practice, however, will require suppliers to build in
functions which allow their equipment to safely enter a low-power standby mode and to
power up quickly when needed. Automatic power-down functions need to be equipment
specific; for example, if a piece of lab equipment has no sample loaded, then it should go
into standby after some minutes. Many of these power saving functions are now incorporated
into other portable IT devices such as smartphones. Most hospital equipment with display
screens should at least have functions which turn off the screen after 10-20 minutes without
user input. For equipment types such as patient monitors this may not be desirable; in such
cases the screen should at least have backlighting and go into low light mode.[7]

Suppliers can also reduce overall power consumption by choosing low power CPUs and
screens in their more advanced devices. High power equipment such as autoclaves should
have automatic monitoring at the plug level, so that technical staff can receive warnings
when such equipment has exceeded a predetermined run time and can investigate. All of
these strategies can be complemented with staff energy awareness programmes and good
routines at the end of shifts for shutting off unnecessary equipment.

3.3 The measured consumed energy

The following is a study of the hospital consumption for the past five years. according to the
records of referring to the records of the Hebron Electricity Company, where table2- table 5
illustrate the annual consumption of the energy for the mentioned period.
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Table 3.7: Monthly consumption for 2013

Consumption in 2013

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total

Consumption (kW month)
25128
25402
25592
25847
26148
26783
27122
27488
27750
27997
28209
285580
322024

Table 3.8 “ Monthly consumption for 2014”

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total

Consumption in 2014

Consumption (kW month)
28747
29007
29238
29483
29688
29950
30419
30943
31572
32038
32317
32593
365995




Table 3.9: Monthly consumption for 2015

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total

Consumption in 2015

Consumption (kW month)
32881
33157
33407
33663
33875
34275
34683
35233
35658
36396
36536
36771
452931

Table 3.10: Monthly consumption for 2016

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total
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Consumption in 2016

Consumption (kW month)
37028
37293
37553
37802
38068
38667
39219
39922
40464
41047
41461
41779
470303




Table 3.11: Monthly consumption for 2017

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total

Consumption in 2017

Consumption (kW month)

Table 3.12: Monthly consumption for 2018

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total
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Consumption in 2018

Consumption (kW month)

42036
42398
42696
42988
43776
43956
43956
45444
63101
46719
47140
47429
508683

47777
48129
48438
48767
49131
49736
50332
50994
51747
52441
53018
53301
603811




Table 3.13: Monthly consumption for 2019

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total

Consumption in 2019

Consumption (kW month)

Table 3.14: Monthly consumption for 2020

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total
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Consumption in 2020

Consumption (kW month)

34800
35300
34500
32100
36300
51600
63800
74100
68600
66600
51900
28800
578400

34300
38300
33700
32900
28000
43400
52300
83900
73200
73600
56700
27300
577600




Table 3.15: Monthly consumption for 2021

Month
January
February

March

April
May
June
July
August
September
October
November
December
Total

Consumption in 2021

Consumption (kW month)
27500
41500
33500
29000
33900
47100
49200
70000
77100
55400
43700
34500
542400

Table 3.16: Monthly consumption for 2022

Month
January
February

March

April
May
June
July
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Consumption in 2022

Consumption (kW month)
11500
21800
30120
39320
46440
56760
71680




Table 3.17: Annual consumption of the hospital.

Annual consumption

Consumption

amount (kW/years) Year
322024 2013
365995 2014
452931 2015
470303 2016
508683 2017
603811 2018
578400 2019
577600 2020
542400 2021

3.4 Calculation

Referring to table 8, the average energy consumption

Total consumption over the past nine years

average consumption = The mumber of years (2)
3266147
=—5 = 362905,2222Kw/years
Avoid we the rate of increase in hospital consumption is equal to:
Consumption increase — current year consumption (3)

Previous year's consumption’

542400

= m = 1,494 increase,

Energy by calculating the rate of increase
542400 *1,£9¢ = AY+673,8123 Kw/years
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Chapter 4: Photovoltaic system design

Overview
PV system design
Economic feasibility study
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4.1 Overview

This chapter mainly revolves around the design of the PV system for the buildings of Hebron

Governmental Hospital based on the average annual loads and then depending on the available

space according to the conventional equations.

4.2 PV system design

4.2.1 Introduction

Palestine is located between (29° 15” - 33.15”) north latitude and (34.15” — 35” 14”) which is the
ideal location for using solar energy. Hebron is located at 31.4 latitude and 35.1 longitude. The

daily average solar radiation ranges between ( 2.83 to 7.5) kWh per square meter Maximum

radiation available in June and July and minimum in December and January The design scheme

for Hebron Governmental Hospital Building has been proposed.

Monthly global solar insolation and daily average bright sunshine hour in Hebron city are

presented in the table 4.1 these values are a 22-year ago Average solar insolation from the

PVsyst software.

Table 4.1 : Monthly global solar insolation at Hebron using PV syst[23]

Month Solar insolation (KWh/m?2)
January 3.097
February 3.607

March 4.735

April 5.322
May 7.052
June 7.48
July 7.65
August 7.19
September 6.44
October 5.35
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November 4.1

December 2.835
Total PSH/Year 64.808
Average insolation 5.401 (KWh/m2)

Monthly global solar insolation at Hebron using PV syst

Figure 4.1: history Monthly global solar insolation at Hebron using PV syst.
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4.2.2 PV System Design for Hebron Governmental Hospital

The total area of the roof in Figure 4.1 for the buildings is 3200 m? of architectural level, but
there are three areas that cannot be used for photovoltaic panels, and these areas are stairs of the
building and places of air conditioning units and places resulting in shade, and therefore the
exceptional areas of the design are (1755) square meters and so the actual usable area is only

1,444 square metres, the PV system is designed for rooftop installation.

Figure 4.2: The area of the roof Hebron Governmental Hospital building.
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Figure 4.3 The area marked in yellow is the actual area that can be used.

Since the sun does not shine perpendicularly on every point of the earth, for maximum efficiency
the PV modules are tilted with an angle which depends on the location of the installation. In the
northern hemisphere, solar panels should be tilted to face south and vice versa. An easy way to
determine the tilt angle is the latitude of the location. If a place has a latitude X north, then
panels should be tilted with X° angle from the horizontal base to face south [24].

4.2.3 Module Accommodations on Roof Area and Load Analysis.

To calculate module accommodations on the roof of C-Building, a satellite picture of the roof
with dimensions is taken, as shown below. Aerial photography lab in Palestine polytechnic
university. The Hebron Governmental Hospital building is not parallel to the north-south pole in
either side. The facing angle is calculated from the same lap and was found to be 32°, but the
collectors must be south facing which means the azimuth angle is zero, since the building is in
the northern half of the world and to achieve the maximum beam insolation on a collector [25].
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Figures 4.4: A satellite picture for roof of Hebron Governmental Hospital.

For the PV-system sizing the total consumption Measured for the building is 810.67 MWh/year
that is obtained in chapter 3. And all calculation depend on this value even though this value is
the maximum of all load estimated methods, because the loads in the Hebron Governmental
Hospital building may growth in the future, and as mentioned in the very beginning in this

chapter The number of hours at peak sun daily for Hebron city is 5.4 hour/day.

The modules that proposed to uses for a high efficiency that maximizes the output power. Poly
crystalline type, with an efficiency of about (21.4%. The PV cells generate low voltage direct
current that is coupled to the building's electricity supply via an inverter with efficiency of

98.2%, and the efficiency for conversion will calculated.
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Power loss at %(é—g) =0.0+4% per degree above 25 C° from data sheet in AppendixA.1

NOCT = 47°, (Data sheet)

Teew= Tamp + NOCZ—s_ZO * 1 SUN. (4.1)

Teew = 20 + 450;820 * 1 SUN = 54.125 °C.
Pdc,prc = IKW * (1- % (f—g) * (TceLr - 25°C ) = 0.985 kW.

Pdc BIPTC __ 0,885KW
1KW 1KW

MNtemp = = 0,985

(Which mean the losses by the temprtture will be 11,5 %).

Ninverter = 98,7 % from datasheet in Appendix A.3.

(Which wean the losses by the inverter will be 1,4 %).

Nmismatching = 96 %6 in PV modules datasheet

(Which wean the losses by the mismatching between collectors will be 4 %).
Ndust collectors = 96% [ 2] (Which wean the losses by the inverter will be 4 % ).

r]_conversionz r]_temp*r]_inverter * r]_mismatching * r]_dust collectors (42)

Nconversion = 0.885 * 0.987 * 0.96 * 0.96 = 86.8%

Energy (KW/year) = Pac(KW) * (h/day at peak sun) * 365 day/year (4.3)
energy (1;12/::) 8106738123 _ 411 994 K/
Poc = _ 3 _ ' '
* —dgy at peak sun » 365 1Y /4y 5,401 * 365 AC
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P, _ 411,224K
 86,8%

PDC = = 473355KWpeak (DC)

I']-conversion

Npy = 21,46% from datasheet in [Appendix A, 1]

Poceeyy  473355K

number of PV panel = = 860,06 panel,
Poanel 550
1kW 473355 KW
Pacste = —3 at1lsun x Area xn,, — Area = W = 2205,66 m?

The latitude of Hebron id 31.4°north; the tilt angle for the PV modules at site is 31°. The width of
the PV module selected for installation is 2m, and if the total shade length of the module is X as

shown in Figure 4.4.

Figure 4.5: The inclination of the PV panels.

@ thita =31°
h L sin(thita) 2 X sin(31)
d= = = = 1,71 m,
tan(alpha) tan(alpha) tan(31)

X =d COS(Azimuth) = 1,71 X cos(25) = 1,55m,

@ thita =27°
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h L sin(thita) 2 X sin(27)
d= = = = 1,51 m,
tan(alpha) tan(alpha) tan(31)

X =d COS(Azimuth) = 1,51 X cos(25) = 1,36 m,

The change in the inclination value of the solar panel from 31°to 27°does not significantly affect
the production of panels, as the inclination angle is set at 31°for the winter months, because the
angle of inclination of the sun is low, and making the inclination angle of the photovoltaic
modules to 27°does not significantly affect because most of the production It is in the summer
months and the hours of the day are longer and the angle of inclination of the sun is greater, i.e.

closer to 90°.than the winter months which are close to 30 degrees

We have three areas where the split PV panels can be installed on the roof of the old building,
the roof of the kidney building and the roof of the emergency building.

Figure 4.6: Distribution of the roofs on which the PV system will be installed.
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4.2.4.1 Emergency building

In the beginning, we take the emergency building, which constitutes an area of 625m?, where

the actual area for installing the panels is 233m?, and this is done after removing the shadows

and the spacing between the panels

First case: (Multi string inverter)

ANet = Pac/ (1IkW/m?*) X Npv — Pdc = 50 kw

Where:

Nev: efficiency of PV [Appendix A]

# of PV = P, / Py

50000
550

= 91 panel

Where:

# of PV: Number of PV.

Ppy: PV module peak rated output Power. [Appendix A]

(4. 4)

(4. 5)

Maximum voltage produced by the photovoltaic panels at a temperature of -5 °

C.
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Temperaturberocoende av
Isc, Voc, Pmax

Normalized Isc Voc,Pmax(%)

Cell Temperature("C)

Fig. 4.7: Effect of heat on the solar panel used

Note that the increase in the open circuit voltage is 10%.

— Voc, -5 = Voc * 110% = 59.16 * 110% = 65.076 V.

Where:

Voc : open circuit voltage at 25° C.

Voc, -5 : open circuit voltage at -5° C.

Note that the decrease in the open circuit voltage is 5%.

— Voc, 40 = Voc * 95% = 59.16 * 95% = 56. 202V.

# of module on each string per inverter = Vdcinv, max / Vdc PV (4.6)

= 29 _ 12,29 ~ 12 module/MPPT.
65,076
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# of module on each string per inverter = Vdcinv, min / VdcPV, min. (4.7)

_ 390
= Sez00 = 7 module/mppt.

Where:
Vdcinv, max. maximum voltage at input side in inverter [Appendix B]

Vdcinv, min. minimum voltage at input side in inverter. [Appendix B]

Maximum current produced by the photovoltaic panels at a temperature of 40° C.

Note that the increase in the short circuit current is = 2%.

— Isc, 40 = Isc * 102% A
(10)

= 11.45 * 102% = 11.679 A.

Where :

Isc : short circuit current at 25° C. [Appendix A]

Isc, 40: oshort circuit current at 40° C.

— IscCpin, 5 = Isc * 98% = 11.45% 98% = 11.221 A.
Where :

Isc : short circuit current at 25° C. [Appendix A]

Isc y: short circuit current at —-5° C.

Iscinv 33
Isc,40 11,679

= 2,8 = 2 string/mppt (4. 8)

# of string for each inverter =
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Where:

Isc,inv: short circuit current in pv side inverter [Appendix B]

Number of module in array 2 X 12 = 24 module/MPPT.

Number of module in array 2 X 8 X #of MPPT = 2 X 12 X 2 = 48module.

Number of array = % = 19 = 2 array.

Number of inverter | oskw = 2 inverter.

Pac = Ppc X 11, = 50000 X 86,8% = 43,4 KW,

onversion

KWhr h day
) =P, X5,401 — atpeaksun X 365 —
day year

E
nergy ( year

KWhr _ 85,557 MWhrl

year year

= 43,4KW x 5,401 x 365 = 85557,241

85,557
510,8

% of Energy coverd = = 16,75%

4.2.4.2 Cables[ Al gisa]
For the DC side the cable should have a minimum current rating of:
Inccare = n XTI, X1.25 =2 X11.45 X1.25 = 28.6 A

* where n is the number of similar voltage strings connected in parallel and
ISC is the PV module short circuit current.

* For high system voltages, such as in grid connected PV, double insulated
cable should be used for safety reasons.

* For the PV the cable should have a minimum voltage rating of':
Vic e = m X Voo X 1.15

= 12X59.16X1.15 = 816.4 V
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* where m is the number of similar current modules connected in series and VOC
is the module open circuit voltage.

AC cable with 2%16 mm” is selected for the connected between the inverter and
grid.

4.2.4.3 Fuses / Miniature Circuit breakers (MCB)

* Fuses, Miniature Circuit Breakers (MCBs DC/AC) and switches serve similar
functions in PV systems because both are used to isolate sections of the
system for maintenance or in the event of emergency or malfunction.

* string DC fuse:

Incrse = Tse X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A

Veating — 1.2 X Voo X Ny = 1.2 X59.16 X 12 = 851.904 V but rating standard
is 1000 V.

* String DC circuit breaker:

Veating— 1. 2XVoe XNp= 1.2X59. 16 X12= 851.904 V but rating standard is 1000 V.

Incaw = Tse X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A

* Array DC circuit breaker:

Viating — 1.2 X Voo X Ny = 1.2 X59.16 X 12 = 851.904 V but rating standard
is 1000 V.

Incw = Tse X 1.25XNstring = 11.45 X 1.25X4 = 57.25A but rating standard is
60A

4.2.4.4 DC surge arrester and lightening arrester:

SMA inverter has implementation of a surge arrester inside the inverter
(internal protection inside the inverter), also based on the IEC the selection
of the addition surge to ensure is needed the over voltage protection with
1000 V and 15 KA and lightening arrester is needed to protect the system from
any Lightning may occur and it will solidly connected to the earth.
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4,2.4.5 Inverter AC circuit breaker:

The maximum output current from inverter is 36.2 A and the stander rating is
40 A with 400 V.

4.2.4.6 Economic Feasibility study

This section shows the calculation of the cost of generated energy by the Grid
The PV System The feasibility study evaluates the project’s potential for
success; therefore, perceived objectivity is an important factor in the
credibility of the study for potential investors and lending institutions. The
purpose of the economic feasibility is to determine the positive economic
benefits to the organization that the proposed system will provide. It
includes quantification and identification of all the benefits expected. This
assessment typically involves a cost benefits analysis.

In order to get a complete design for solar system the economic study is
essential to identify the costs of installation of project in detail to study
if the project is profitable or not.

The prices of all components are got from the local market of Hebron to get
the most accurate.

Table 4.2: Price list of each component in the system from ULTRA SUN company

Component specification quantity Price Total
($) Price (§)
Photovoltaic panel 550 watt 91 260 23660
Inverter 25 kW SMA 2 7120 14240
String Fuse 20 A, 1000 V 8 8.5 68
DC circuit breaker 20 A, 1000 V 8 63.5 508
(for string)
DC circuit breaker 60 A, 1000 V 2 67 134
(for Array)
DC surge arrester 15KA, 1000 V 2 122 244
AC circuit breaker 40 A, 1000V 2 17 34
(after each
inverter)
Min circuit breaker 80 A, 1000 V 1 34 34
(for the system)
DC cable 6 mm’ (R&M) 500 500
(depends on
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connection

& shape of
the building)
AC cable 21 mm’ 200 750 750
Grounding grid - = 135
establishing
System Installation - - 8570
& operation Grid
connection
Electrical company - = 150
fee
Maintenance - - 300
Total 49327

Graduation Project

Single line diagram @

Figure 4.8: single line diagram (Multi string inverter)
Second case:(Central Inverter)

We use a central inverter where we connect all the system to this inverter, as
we have chosen an inverter of the type “PVI-CENTRAL50-US-480".

# of module on each string per inverter = Vdcinv, max / Vde PV
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600
= = 9,2 ~ 9 module.
65,076

# of module on each string per inverter = Vdcinv, min / VdcPV, min.

= ooy = 587~ 5 module.

Where :

Vdcinv, max . maximum voltage at input side in inverter. [Appendix D]
Vdcinv, min + minimum voltage at input side in inverter. [Appendix D]

Maximum current produced by the photovoltaic panels at a temperature of 40° C.

IscBlinv _ 170
Isc@40 11,679

# of string for each inverter = = 14,5 = 14 string

Where:
Isc,inv: short circuit current in pv side inverter [Appendix D]

Number of PV = # of string * # of module on each string per inverter

=14 * 9 = 126 module.

This type of inverter bears 126 PV panels, but our system consists of 91
panels, so we will use 9 PV panels in a row and we will use 10 string on
parallel, which will give us a current of 110 amps less than the maximum

current that the inverter can withstand.
KWhr h day

= Py X 5,401 — atpeak X 365 ——
year) ac day at peaksun year

Energy (
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— 434 KW X 5401 x 365 = 85557,241 Kyﬂ — 85,557 MWhr

year

)

85,557
510,8

% of Energy coverd = = 16,75%

4.2.4.2 Cables[ Al yisa]
For the DC side the cable should have a minimum current rating of:
Inccare = n X1, X1.25 =2 X11.45 X1.25 = 28.6 A

* where n is the number of similar voltage strings connected in parallel and
ISC is the PV module short circuit current.

* For high system voltages, such as in grid connected PV, double insulated
cable should be used for safety reasons.

* For the PV the cable should have a minimum voltage rating of':

VDCCuble =m X Voc X 1.15 = 9X59. 16 X1.15 = 612.3 V

* where m is the number of similar current modules connected in series and VOC
is the module open circuit voltage.

AC cable with 4%25 mm” is selected for the connected between the inverter and
grid.

4.2.4.3 Fuses / Miniature Circuit breakers (MCB)

* Fuses, Miniature Circuit Breakers (MCBs DC/AC) and switches serve similar
functions in PV systems because both are used to isolate sections of the
system for maintenance or in the event of emergency or malfunction.

* string DC fuse:

Incrse = Tse X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A
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Viating — 1.2 X Voe X Ny = 1.2 X59.16 X 9 = 638.9 V but rating standard is
1000 V.

* String DC circuit breaker:

Veating— 1. 2XVoe XNp= 1.2X59. 16 X9= 638.9 V but rating standard is 1000 V.

Incaw = Tse X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A

* Array DC circuit breaker:

Vrating = 1-2 X VOC X va
1000 V.

1.2 X59.16 X = 638.9 V but rating standard is

Ices = Tse X 1.25XNstring = 11.45 X 1.25X10 = 143. 125 A but rating standard
is 160A

4.2.4.4 DC surge arrester and lightening arrester:

SMA inverter has implementation of a surge arrester inside the inverter
(internal protection inside the inverter), also based on the IEC the selection
of the addition surge to ensure is needed the over voltage protection with
1000 V and 15 KA and lightening arrester is needed to protect the system from
any Lightning may occur and it will solidly connected to the earth.

4,2.4.5 Inverter AC circuit breaker:

The maximum output current from inverter is 72.5 A and the stander rating is
75 A with 400 V.

4.2.4.6 Economic Feasibility study

This section shows the calculation of the cost of generated energy by the Grid
The PV System The feasibility study evaluates the project’s potential for
success; therefore, perceived objectivity is an important factor in the
credibility of the study for potential investors and lending institutions. The
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purpose of the economic feasibility is to determine the positive economic
benefits to the organization that the proposed system will provide. It
includes quantification and identification of all the benefits expected. This
assessment typically involves a cost benefits analysis.

In order to get a complete design for solar system the economic study is
essential to identify the costs of installation of project in detail to study
if the project is profitable or not.

The prices of all components are got from the local market of Hebron to get
the most accurate.

Table 4.3: Price list of each component in the system from ULTRA SUN company (2)

Component specification quantity Price Total
($) Price ($)
Photovoltaic panel 550 watt 90 260 23660
Inverter 50 kW SMA 1 15000 15000
String Fuse 20 A, 1000 V 9 8.5 76. 5
DC circuit breaker 20 A, 1000 V 9 63.5 571.5
(for string)
DC circuit breaker 160 A, 1000 V 1 200 200
(for Array)
DC surge arrester 15KA, 1000 V 1 122 122
AC circuit breaker 75 A, 1000V 1 55 bh
(after each
inverter)
(R&M)
(depends on
DC cable 6 mm’ connection 500 500
& shape of
the building)
AC cable 25 mm’ 200 800 8000
Grounding grid - - 135
establishing
System Installation - = 8570
& operation Grid
connection
Electrical company - - 150
fee
maintenance - - 400
Total 57440
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Graduation Project

o

Single line diagram

Figure 4.9: single line diagram (Central inverter)

We use the multi string system because it gives me more flexibility and less cost.

In the beginning, we take the emergency building, which constitutes an area of
273m2, where the actual area for installing the panels is 120.5m2, and this is
done after removing the shadows and the spacing between the panels.

First case: (Multi string inverter)
ANet = Pde/ (1kW/m*) X npy — Pdc = 25.86 kW (4. 4)
Where:

Nev: efficiency of PV [Appendix A]
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(4. 5)

# of PV = P.. / Pw
= 2840 _ 46 panel
550
Where:

# of PV : Number of PV.

Ppv : PV module peak rated output Power. [Appendix A]

Maximum voltage produced by the photovoltaic panels at a temperature of -5 °

C.

Temperaturberocoende avwv

Isc, Voc, Pmax

Nomalized I Voc Pmax(¥)

Cell Temperature("C)

Fig. 4.10:Effect of heat on the solar panel used

Note that the increase in the open circuit voltage is 10%.
— Voc, -5 = Voc * 110% = 59.16 * 110% = 65.076 V.
Where :

Voc : open circuit voltage at 25° C.

Voc, -5 : open circuit voltage at -5° C.
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Note that the decrease in the open circuit voltage is 5%.

— Voc, 40 = Voc * 95% = 59.16 * 95% = 56. 202V.

# of module on each string per inverter = Vdcinv, max / Vdc PV (4. 6)

= 600 = 9'22 z9 mOdUle/MPPT.
65,076

# of module on each string per inverter = Vdcinv, min / VdcPV, min. (4.7)

_ 180

= sez00 = 3 module/mppt.
Where :
Vdcinv, max . maximum voltage at input side in inverter. [Appendix E]

Vdcinv, min + minimum voltage at input side in inverter. [Appendix E]

Maximum current produced by the photovoltaic panels at a temperature of 40° C.

Note that the increase in the short circuit current is =+ 2%.

— Isc, 40 = Isc * 102% (10)

= 11.45 * 102% = 11.679 A.

Where :

Isc : short circuit current at 25° C. [Appendix A]

Isc, 40: oshort circuit current at 40° C.
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— Iscuin, 5 = Isc * 98% = 11.45% 98% = 11.221 A.

Where :

Isc : short circuit current at 25° C. [Appendix A]

Isc 4: oshort circuit current at -5° C.

Isc,inv __ 33
Isc,40 11 679

# of string for each inverter = = 2,8 = 2 string/mppt (4. 8)

Where:
Isc,inv: short circuit current in pv side inverter [Appendix B]
Number of module inarray = 2 X 12 = 24 module/MPPT.

Number of module inarray = 2 X 8 X #of MPPT = 2 X 12 X 2 = 48module.

Number of array = —= 0,953 = 1 array.

Number of inverter | osxy = 1 inverter.

Pac :PDC X lzconversion = 25860 X 86,5% = 22,4 KW,
E day
nergy * day year
= 22,4KW x 5401 x 365 = 44158,576 KW*‘: = 44,158 MyWh
% of E LS8
o of Energy coverd = s10g ~ 6%

4.2.4.2 Cables[ Al Jgisa]
For the DC side the cable should have a minimum current rating of:

Ioccare = n X1 X1.256 =2 X11.45 X1.25 = 28.6 A
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* where n is the number of similar voltage strings connected in parallel and
ISC is the PV module short circuit current.

* For high system voltages, such as in grid connected PV, double insulated
cable should be used for safety reasons.

* For the PV the cable should have a minimum voltage rating of':

Viccwe = m X Voo X 1.15 = 12X59.16X1.15 = 816.4 V

* where m is the number of similar current modules connected in series and VOC
is the module open circuit voltage.

AC cable with 2%16 mm” is selected for the connected between the inverter and
grid.

4.2.4.3 Fuses / Miniature Circuit breakers (MCB)

* Fuses, Miniature Circuit Breakers (MCBs DC/AC) and switches serve similar
functions in PV systems because both are used to isolate sections of the
system for maintenance or in the event of emergency or malfunction.

* string DC fuse:

Incrse = Ise X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A

Veating — 1.2 X Voo X Ny = 1.2 X59.16 X 12 = 851.904 V but rating standard
is 1000 V.

* String DC circuit breaker:

Veating— 1. 2XVoe XNp= 1.2X59. 16 X12= 851.904 V but rating standard is 1000 V.

Incaw = Tse X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A

* Array DC circuit breaker:

Veating — 1.2 X Voo X Ny = 1.2 X59.16 X 12 = 851.904 V but rating standard
is 1000 V.
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Incw = Tse X 1.25XNstring = 11.45 X 1.25X4 = 57.25A but rating standard is
60A

4.2.4.4 DC surge arrester and lightening arrester:

SMA inverter has implementation of a surge arrester inside the inverter
(internal protection inside the inverter), also based on the IEC the selection
of the addition surge to ensure is needed the over voltage protection with
1000 V and 15 KA and lightening arrester is needed to protect the system from
any Lightning may occur and it will solidly connected to the earth.

4,2.4.5 Inverter AC circuit breaker:

The maximum output current from inverter is 36.2 A and the stander rating is
40 A with 400 V.

4.2.4.6 Economic Feasibility study

This section shows the calculation of the cost of generated energy by the Grid
The PV System The feasibility study evaluates the project’s potential for
success; therefore, perceived objectivity is an important factor in the
credibility of the study for potential investors and lending institutions. The
purpose of the economic feasibility is to determine the positive economic
benefits to the organization that the proposed system will provide. It
includes quantification and identification of all the benefits expected. This
assessment typically involves a cost benefits analysis.

In order to get a complete design for solar system the economic study is
essential to identify the costs of installation of project in detail to study
if the project is profitable or not.

The prices of all components are got from the local market of Hebron to get
the most accurate.

Table 4.4: Price list of each component in the system from ULTRA SUN company (3)

Component specification quantity Price Total
($) Price (§)
Photovoltaic panel 550 watt 46 260 11960
Inverter 25 kW SMA 1 7120 7120
String Fuse 20 A, 1000 V 4 8.5 34
DC circuit breaker 20 A, 1000 V 4 63.5 254
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(for string)
DC circuit breaker
(for Array)

DC surge arrester
AC circuit breaker
(after each
inverter)

Min circuit breaker
(for the system)
DC cable

AC cable
Grounding grid
establishing
System Installation
& operation Grid
connection
Electrical company
fee
maintenance

60 A, 1000 V
15KA, 1000 V
40 A, 1000V

80 A, 1000 V

6 mm’

21 mm’

Total

—_

(R&M)
(depends on
connection
& shape of
the building)

200

67

122
17

34

500

750

Single line diagram

Aility grid

Figure 4.11: single line diagram (Multi string inverter)
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Now we take the Kala building, which has an area of 400 square meters, where the actual area
for installing the panels is 180 square meters, and this is done after removing the shadows and
the spacing between the panels.

ANet = Pac/ (1kW/m?) X npy —  Pdc = 38.63 kW (4. 4)
Where:

Nev: efficiency of PV [Appendix A]

# of PV = P, / Pu (4.5)
= 38630 _ 70 panel
550
Where:

# of PV : Number of PV.

Ppy : PV module peak rated output Power. [Appendix A]

Maximum voltage produced by the photovoltaic panels at a temperature of -5 °
C.

\ormal

Fig. 4.12:Effect of heat on the solar panel used
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Note that the increase in the open circuit voltage is 10%.

— Voc, 5 = Voc * 110% = 59.16 * 110% = 65.076 V.

Where :

Voc : open circuit voltage at 25° C.

Voc, -5 : open circuit voltage at —5° C.

Note that the decrease in the open circuit voltage is 5%.

— Voc, 40 = Voc * 95% = 59.16 * 95% = 56. 202V.

# of module on each string per inverter = Vdcinv, max / Vdc PV (4. 6)

= 600 = 9'22 z9 mOdUle/MPPT.
65,076

# of module on each string per inverter = Vdcinv, min / VdcPV, min. (4.7)

= 522%2:: 3 module/mppt.
Where :
Vdcinv, max . maximum voltage at input side in inverter. [Appendix E]
Vdcinv, min + minimum voltage at input side in inverter. [Appendix E]

Maximum current produced by the photovoltaic panels at a temperature of 40° C.

Note that the increase in the short circuit current is =+ 2%.

— Isc, 40 = Isc * 102% = 11.45 * 102% = 11.679 A. (10)
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Where :

Isc : short circuit current at 25° C. [Appendix A]

Isc, 40: oshort circuit current at 40° C.
— Iscpin, 5 = Isc * 98% = 11.45% 98% = 11.221 A.
Where :

Isc : short circuit current at 25° C. [Appendix A]

Isc y: oshort circuit current at -5° C.

Py = P * conversion efficiency = 38.63 * 0.865 = 33.4 kW.

E.. G % P = 5.4 % 33.4 = 180. 44 kWh/d
Battery capacity (CB)

Select a 48 V voltage for the system

DC Energy (Fu)= - Fac  _ 180M _ 186 kWh
inverter ef ficiency 0,97
Ah to load :
B = Bde= 18 _ 3875 4n
14 48
Ah for PV = —2°_ = 4036 Ah
0,96 dirt

Storage days
S.d = 3 day.

Discharge time =3%24=72 hours
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Actual battery capacity

Total storage= Ah to load*storage days= 4036 * 3 = 12108 Ah @ 48V
Minimum temperature=—5 C

From curve at (T=-5 C) from the curve C/72

Capacity derating = 100%

MDOD%=100%

CB =12108 Ah

3

__
8 3
'

Capacity/(Rated Capacity) %

T

T
10

Battery Temperature (“C)

40

Fig4.13:Rated capacity and battery temperature curve

Batteries connection

Total Ah

12108 _

#of string = = 30
Ah per battery 400
. system voltage 48 .
#of batteries = —X-emrorage _ 22 _ 9 baterries,
battery voltage 24

#of batteries =

Ah/string = IR * G *deratin

Ah per day

__ 3875

2 * 30 = 60 baterries,

g efficiency=11.44 * 5.4%1=61.7 Ah/string. day.

#of string =

#of PV/string =

pv voltage
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Pac = Ppc X 11, = 38630 X 86,5% = 33,4 KW,

onversion

KWhr h day
Energy ( year ) =P, X5,401 dle at peak sun X 365 E
KWhr MWhr

= 33,4KW X 5,401 x 365 = 65873 —— = 65,873 ——,
year year

65,873
510,8

% of Energy coverd = = 12,8%

4.2.4.2 Cables[ Al gisa]
For the DC side the cable should have a minimum current rating of:
Inccare = n X1, X1.25 =10 X11.45 X1.25 = 114.5 A

* where n is the number of similar voltage strings connected in parallel and
ISC is the PV module short circuit current.

* For high system voltages, such as in grid connected PV, double insulated
cable should be used for safety reasons.

* For the PV the cable should have a minimum voltage rating of':

VDCCuble =m X VOC X 1.15 = 2X59.16 X1.15 = 136.7 V

* where m is the number of similar current modules connected in series and VOC
is the module open circuit voltage.

AC cable with 2%16 mm” is selected for the connected between the inverter and
grid.

4.2.4.3 Fuses / Miniature Circuit breakers (MCB)

* Fuses, Miniature Circuit Breakers (MCBs DC/AC) and switches serve similar
functions in PV systems because both are used to isolate sections of the
system for maintenance or in the event of emergency or malfunction.
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* string DC fuse:

Incrse = Tse X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A

Viating — 1.2 X Voe X Ny = 1.2 X59.16 X 2 = 136.7 V but rating standard is
500 V.

* String DC circuit breaker:

Veating— 1. 2XVoe XNp= 1.2X59.16X12= 136.7 V but rating standard is 500 V.

Incaw = Tse X 1.25 = 11.45 X 1.25 =14. 3A but rating standard is 20A

* Array DC circuit breaker:

Viating — 1.2 X Voe X Ny = 1.2 X59.16 X 2 = 136.7 V but rating standard is
500 V.

Ic s = Tse X 1.25XNstring = 11.45 X 1.25X10 = 143 but rating standard is
160A

4.2.4.4 DC surge arrester and lightening arrester:

SMA inverter has implementation of a surge arrester inside the inverter
(internal protection inside the inverter), also based on the IEC the selection
of the addition surge to ensure is needed the over voltage protection with
1000 V and 15 KA and lightening arrester is needed to protect the system from
any Lightning may occur and it will solidly connected to the earth.

4,2.4.5 Inverter AC circuit breaker:

The maximum output current from inverter is 36.2 A and the stander rating is
40 A with 400 V.

4.2.4.6 Economic Feasibility study

This section shows the calculation of the cost of generated energy by the Grid
The PV System The feasibility study evaluates the project’s potential for
success; therefore, perceived objectivity is an important factor in the
credibility of the study for potential investors and lending institutions. The
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purpose of the economic feasibility is to determine the positive economic
benefits to the organization that the proposed system will provide. It
includes quantification and identification of all the benefits expected. This
assessment typically involves a cost benefits analysis.

In order to get a complete design for solar system the economic study is
essential to identify the costs of installation of project in detail to study
if the project is profitable or not.

The prices of all components are got from the local market of Hebron to get
the most accurate.

Table 4.5: Price list of each component in the system from ULTRA SUN company (4)

Component specification quantity Price Total
($) Price ($)
Photovoltaic panel 550 watt 46 260 11960
Inverter 40 kW 1 17000 7120
String Fuse 20 A, 500V 4 8.5 34
DC circuit breaker 20 A, 500 V 4 63.5 254
(for string)
DC circuit breaker 160 A, 500 V 2 200 134
(for Array)
DC surge arrester 15KA, 1000 V 1 122 122
AC circuit breaker 40 A, 1000V 1 17 17
(after each
inverter)
Min circuit breaker 40 A, 1000 V 1 17 34
(for the system)
DC cable 25 mm’ (R&M) 2000
(depends on
connection
& shape of
the building)
AC cable 21 mm’ 200 750 750
Grounding grid - = 135
establishing
System Installation - - 4285
& operation Grid
connection
Electrical company - - 150
fee
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batteries Batteries 24V 60 300 18000
maintenance = - 300
Total 55224

4.3 Economic feasibility study

Total cost = 49327+ 25795 + 55224 = 130. 346$

By assume that every 3.5 NIS is equal 1§ , so that total cost is 456000 NIS.
The annual generated energy from the system that is 195.58MWh/year

Saving money = annual energy * (price of kW) = 195. 85%0. 45=88. 132 NIS

The payback period is:

saving mony __ 456000
total cost 88,132

payback period = = 5,12 year,
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The payback period is 5 years, and after that period the project will generate
a profit for the hospital.

Table 4.6: cumulative net cash flow calaculation.

Year Cost In come Cumulative Net
cash Flow

0 -456000 0 -456000
1 0 88132 -367868
2 0 88132 -279736
3 0 88132 -191604
4 0 88132 -103472
5 0 88132 -15340
6 0 88132 72792

7 0 88132 160924
8 0 88132 289056
9 0 88132 337188
10 0 88132 425320
11 0 88132 813452
12 0 88132 601584
13 0 88132 689716
14 0 88132 777848
15 0 88132 865980
16 0 88132 954112
17 0 88132 1042244
1 0 88132 1130376
18 0 88132 1218508
19 0 88132 1306640
20 0 88132 1394772
21 0 88132 1482904
22 0 88132 1571036
23 0 88132 1659168
24 0 88132 1747300
25 0 88132 1835432
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-1000000 -

Fig.4.14: cumulative net cash flow.
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Chapter 5: PV System Design using PV-syst

Overview
PV-syst introduction
PV system design by PV-syst
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5.1 Overview

This chapter is mainly about designing a photovoltaic system for Hebron Governmental Hospital

buildings using PVsyst software depending on the available space.

5.2 PV-syst introduction

Is a PC software package for the study, sizing, simulation and data analysis of complete PV
systems, presents results in the form of a full report, specific graphs and tables, and data can be

exported for use in other software [26].

This gives access to the four main part of the program fig. 5.1

© Pysyst 7.2 - TRIAL (Downioading PVsyst 7.3.1... 100%)

File Preliminary design Project Settings Language License Help
g 9 guage

& Welcome to PVsyst 7.2

Project design and simulation

g hY »

Databases Tools: Measured Data

v
Open Pysyst Heb (F1)

Q. raa B¢ video tutorias

Fig. 5.1: four main parts of the PV syst program.

® Preliminary design: provides a quick evaluation of the potentials and possible

constraints of a project in a given situation. This is very useful for the pre-sizing of
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Stand-alone and Pumping systems. For grid connected systems. it is just an instrument
for architects to get a quick evaluation of the PV potential of a building. The accuracy of

this tool is limited and not intended to be used in reports for your customers.

Project design: is the main part of the software and is used for the complete study of a
project. It involves the choice of meteorological data, system design, shading studies,
losses determination, and economic evaluation. The simulation is performed over a fill

year in hourly steps and provides a complete report and many additional results.

Databases: includes the climatic data management which consists of monthly and hourly
data synthetic generation of hourly values and importing external data. The databases
contain also the definitions of all the components involved in the PV installations like

modules, inverters, batteries, etc.,

Tools: provides some additional tools to quickly estimate and visualize the behavior of a
solar installation. It also contains a dedicated set of tools that allows measured dits

existing solar installations to be imported for a close comparison to the simulation.

5.3 PV system design by PV-syst

To the start design on the PV syst software first of all the location of the site should be

determine by using this dashboard (project’s location) fig. 5.2

® Geographical site parameters, new site

Geographical Coordnates  Monthly meteo | Interactive Map

Updating geographical data ... (7]
- ” 4 \ Selected point
g Locaity: [ Locality
Genéve
L Thononies Country
nan 20 (‘ Switzerland
> L | Latitude (°)
{ £ 46.2022
«‘ i ot
Y, \ du Chablais 61457
Bjonnax 2o
Altitude (m)
/ 8
Time zone
Ad04 1
5 A%
1 N
Va o Accept selected pont
eguie [ _
o Valserine
13 Roc! “Bon
GRS N Guses
> N
\ / “\
) J
: E \
{ Ad
N A410 "
y | |
tributors
»  Import » 2 + Newste * conce ‘

Fig. 5.2: project’s location dashboard.
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Then from the available choices in the software the active area will chosen and best tilt

and azimuth angle of the panels will be determined system Specification dashboard

Fig.

5.3

® Orientation, Variant New simulation variant™

Field type |{C RGN \

Field parameters

Plane tilt °
Azimuth .

Tilt 27°

Azimuth 0°

East

—Quick optimization
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Optimization with respect to 0
@ Yearly irradiation yield
O Summer (Apr-Sep)
O Winter (Oct-Mar)

—Yearly meteoyield ————————
Transposition Factor FT 112
Loss with respect to optimum -0.1%
Global on collector plane 2100 kWh/m?2

South

0.8 B
0 1 L 1 | 1
o 30 60 90 90 60 -30 0 30 90
Plane titt Plane orientation
‘ R cancel W oK

Fig. 5.3 system Specification dashboard




5.3.1 Emergency building

Then determining the Data sheet of the PV panel Fig. 5.4 and inverter Fig. 5.5 that decided to

be used:

s

PVsyst V7221
PV dule - TSM-DE19-550Wp

Manutactures Generc. Commercial data
Mocel TSM-DE 19-550Wp Avaslataty Prod. Since 2022

Dot sowrce Datasheets 2022
Pnom STC power (manufacturer) S50 Wp Technology Si-mono
Module size (Wx L) 1.086 x 2384 m" Rough module area (Amodule) 261 m*
Number of cels 2x55
Specifications for the model i or data)
Reference emgeratue (TRef) 25°C Reference radance (GRef) 1000 Wim*
Open croult voltage (Voc) avev Short-croult curent (1sc) 1852 A
Max. power point vollage (Vmpp) eV Max. power point cumrent (Imep) 1ITAA
= masumum power (Pmpp) Sa88 W 5C temperature coeficent (mulsc) T4 mATC
One-diode model parameters
Shunt resistance (Rshunt) 2000 Drode saturation current (loRel) 0.040 nA
Sene resstance (Rsere) 020 Voc temp. coeficient (MuVoc) 106 mwC
Speciied Pmax temper. coeff. (muPMaxR) -0.34 WC Drode qualiny tactor (Gamma) 1.0

Diode factor temper. coe® (muGamma) 0.000 V°C
Reverse Bias Parameters, for use in behaviour of PV arrays under partial shadings or mismatch
Reverse charactersics (Gark) (BRev) 3.20 mANT (Quadrasc facior (per cel))
Number of by-pass Godes per module 3 Dwect volage of by-pass Godes L7V
Model its for diti (STC: T=28°C, G=1000 Wm*, AM=1.5)
Max power point voltage (Vmpp) nav Max power point current (Imee) 1758 A
Maxmum power (Prpp) 550.1 Wp Power temper coeficent (muPmep ) 034 W'C
EMciency( Module area) (Eff_mod) 299 % il facsor (FF) 0784

26

-
Cots torp. = 26°C

TPV module: TNk Solar, TSM-DE 19-550Wp v

Incident Ied = 1000 i

Icadent i« 8OO0 Wire*

Curvs [A]

cudent ived « 600 Wine*

cident vad = 400 Wine*

Incidant lmad = 200 Wi
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PVsyst Bvalation mode

Fig. 5.6 Data sheet of PV panel
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§

PVsyst V7221
Inverter - Sunny Tripower 25000TL-JP-30
Manutacturer Generc
Model Sunny Tripower 25000TL-JP-30
Commercial data
Avallarary Prod. Since 2015 Data sowrce Manutacturer 2015
Remarks Sizes
Technology: TL, 16 kHz. SG. 1GBT wian 661 mm
Protection: -25 - +60°C, IP 85 ouldoor installaton possbie Beight 682 mm
Control: Graphic Depth 264 mm
for japanese market Weignt 61.00 kg
Input characteristics (PV array side)
Operatng mode MPPT
Minimum MPP Votage (Vmin) ‘o v Nominal PV Power (Pnom DC) 26 kW
Maximum MPP Voltage (Vimax) 800 V Maximum PV Power (Pmax DC) 26 kW
Absolute max. PV Valtage (Vmax amay) 1000 vV Power Threshokd (Pthresh ) Baw
Min_ Voltage for PNom (VmingPnom) o v
Multi MPPT capability Behaviowr at VminVmax Umeason
Number of MPPT inputs 2 Sehaviowr at Prom Umeason
Output characteristics (AC grid side)
Gnd volage (max) Triphased 420 V Nominal AC Power (Pnoe AC) 25 KWac
Gnd frequency S0/60 Hz Maxmum AC Power (Pmax AC) 25 KWac
Nominal AC curert (Inom AC) MA
Maximum AC curment (max AC) 3BA
Efficiency defined for 3 voltages
Macmum efficiency Eurcgean average efMciency
v % %
Low volaoe 390 974 a7
Medium voRage 625 |7 G8 4
High vatage 800 980 977
Remarks and Technical features Efficiency profile vs Input power
Ml = P . 100 = T T T T T
Outpest Vokage disconnect adjusiement
ENS protection
os - ~
i =[] :
— 300 V
& Eft for U =800 V
ER forU=825V
EN for =300V
8 ] 1 1 " ] 1
0 5 10 P06 kW] 20 25 30
261222 PVsyst Evalation mode Page 11
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Fig. 5.7 Data sheet of inverter




The proposed system design from the PV syst program Fig.5.8

¢ Grid system definition, Variant VCO: "New simulation variant”

Sub-array 0
—Sub-array name and Orientation Pre-sizing Help
Name IPV Array O No sizng Enter planned power O kWp 0
' ed Tilted Pla T 27 : or avalable area(modules) © m?
Orent,  Fixed Ti ne Aamuth 0° v Resize
~Select the PV module
|Availab|e Now I Fiter |AI PV modules | Maximum nb. of modules 89
(Tea Sor V| [S50Wp 2N Simono  TSMDELS-S0Wo Sice 2022 Datasheets 2022 /| |, Open
(7] Use optimizer
Sizng voltages : Vmpp (60%C) 275V
Voc (-10°C) 415V
~Select the inverter
4 vEL
|AvaiebleNon /| Qutput volage 420V Tr 0tz Bsot
T /| 2skw_3%0-800v T 50/60Hz_Sumy Troower 250007L--% Snce 015 V|
Nb of MPPT inputs D i Operating voltage:  390-800 V Inverter power used 50.0 kWac
Use multi-MPPT feature Inputmaximum voltage: 1000V inverter with 2 MPPT
~Design the array
~—Number of modules and strings Operating conditions The inverter power is sightly oversized
Vmpp (60°C) 605 V
) Vmpp (20°C) 0Ly
Mod. in series . Qbetmeentsand24 @1 lvocli0) 93
stngs 1| @onyposbity 4 Plne imadance  1000W/m? OMax.ndats  ©5TC
Overbadloss  0.0% I~ Showsid 0 Impp (STC) 0.3 Max, operating power M3k
Prom rafo 097 W szng ()  741A (at 1000 W/m? and 50°C)
Nb. modules 88  Area 230 m? Isc(atSTC) 74.1A Array nom. Power (STC) 484 kWp

Fig. 5.8 system design of the PV syst
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Summary of the software system design Fig. 5.9.

gl

System overview — O
Calculation version
New simulation variant

rientation parameters

eld type: Fixed Tilted Plane

ane tilt/azimuth = 27°/0°

ompatibility between System defintions

Full system orientation tilt/azim = 27° / 0°
1 sub-array PNom = 48 kWp, modules area = 230 m?

No shading field defined in the 3D scene !

System parameters

Sub-array #1 PV Array
PV modules: 4 strings of 22 modules in series, 88 total
Pnom = 550 Wp Pnom array = 48 kWp, Area = 230 m2
Inverters (25.0 kWac) 4 MPPT inputs, Total 50 kWa
3D shadings parameter
No shading scene defined
D Copy to dipboard ‘ < | Close

Fig. 5.9 summary of the calculation version.
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© simplified sketch —_ O X
PV array System User (load)
™~
L1
Inverter L Grid
E Array E out inv E over
—> —> —
— Ovr
PV U Array A E used ,I ,|, E back-up
Array \/\ I O N
User
E needed
[ 5] Gose

Fig. 5.10 Proposed Schematic diagram of the system from PV syst.

The PV-syst software also provide the expected output result for the system in every month Fig.

5.11.
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PVsyst V7.2.21
VCO, Simulation date:

26122211147

withv7.2.21
Main results
System Production
Produced Energy 85.90 MWh/year Speatfic production 1775 KWhKWp/year
Performance Ratio PR 85.78 %
Normalized productions (per installed kWp) Performance Ratio PR
w0 T T T T T ? T T T ™ T
Le Cobection Lous (PV-armay ioies 072 K Wedday " - PR Performance Raso (Y /Y1) . 0 898
- Le Systam Loss (iowvaria 0 09 MWWy 0
i ¥ Produced usehd enargy (Iwener cuput) & 46 KN ey 7
s £
H :
i
‘ é
J
Tl Feb Mar A May M Ag Se Od Nov Dec
Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEf EArray E_Grid PR

KWh/m? KWh/m* ‘C KWn/m? KWh/m* MWh MWh ratio
January 48 37.16 713 135.7 1335 6.086 5.981 0910
February 1038 4263 8.80 1339 1315 5931 5830 0.899
March 1520 5438 1253 1770 1738 7.649 7512 0877
April 1799 69.02 16.58 187.0 183.1 7.938 7.798 0.862
May 2118 7208 21.38 2017 1970 8.379 8232 0.843
June 2331 5883 24.26 2119 2066 8.657 8.501 0829
July 220 7068 2649 206.2 2008 8.380 8229 0.825
August 203.0 65.00 26.26 2046 2000 8.316 8.165 0824
September 168.1 5692 2357 188.0 1842 1.7152 7615 0.837
October 1310 5378 20.24 1627 1585 6.87 6.755 0.858
November 975 39.15 13.88 1348 1327 5.885 5.785 0.886
December 859 3584 8.15 1255 1234 5.503 5.500 0.906
Year 18829 655.48 17.57 2069.0 2026.2 87438 85.902 0.858
Legends
GlobHor  Global horizontal Irradeation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse Irradiation E_Gnd Energy injected Into grid
T_Amb Ambient Temperature PR Performance Ratio
Gicbine  Global incident In coll. plane
GlobEff  Effective Global, corr. for IAM and shadings
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Fig. 5.11 Expected output result for the system in every month.




5.3.2 Emergency building ( central inverter)

Then determining the Data sheet of the PV panel Fig. 5.12 and inverter Fig. 5.13 that decided to
be used:

PVsyst V7221
PV - TSM-DE19-550Wp

Manutactures Generc Commercial data
Model TSM-DE 19-550Wp Avaslateaty Prod. Since 2022

Do sowrce Datasheets 2022
Pnom STC power (manufacturer) S50 Wp Technology Si-mono
Module size (Wx L) 1.096 x 2384 m* Rough module area (Amodue) 261 m*
Number of cels 2x55
Specifications for the model or data)
Reference werrgeranse (TRef a5C Reference radance (GRef) 1000 Wim*
Open croult voltage (Voc) avev Short-crout ourent (1sc) 1852 A
Max power point voltage (Vmep) sV Max power point current (Imee)| 1TA0A
= mascmum power (Pmpp) S48 W ¢ temperature coeficent (mulsc) T4 mATC
One-diode model parameters
Shunt resistance (Rshunt) 2000 Drode saturation current (loRel) 0.040 nA
Sene resistance (Rsere) 0120 Voc temp. coeficent (MuVoc) ~106 mW*C
Specified Pmax temper. coeft. (muPMaxR) -0.34 WC Drode qualiny tactor (Gamma) 1.00

Diode factor temper. coe® (muGamma) 0.000 V°C
Reverse Bias Parameters, for use in behaviour of PV arrays under partial shadings or mismatch

Reverse charactersics (Gark) (BRev) 3.20 mANT (quadrasc tactor (per cel))

Number of by-pass Godes per moduke 3 Dwect voliage of by-pass Godes o7V
Model its for th (STC: T=28°C, G=1000 Wm*, AM=1.5)

Max. power point voltlage (Vmpp) 31av Max power point current (Imee) 1758 A
Maximum power (Prpp) S50.1 Wp Power temper coeficient (muPrep) -0.38 WC
EMciencyy(/ Module area) (Eff_mod) 299 % Fl facsor (FF) 0784

Cots tomp. =« 26°C

Incident Irmad = 1000 i

Incident Immd « 800 Wire*

Cumne [A]

Incident Imed « 600 Wire

Ingident Imad. = 400 Wine

Incidant lmad = 200 Wi

2611222 Pvsyst Evababon made Page 111

Fig. 5.12 Data sheet of PV panel
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PVsyst V7221
Inverter - SG50-CX
Manutacturer
Model SG50-CX
Commercial data
Availaraty Prod. Since 2022 Data sowrce Damsheet 2022
Remarks Sizes
T ogy- T Wian 645 mm
Protection: Protection: |PSS5 (outdoor) Height 782 mm
Control: Controt: LCO Depth 3% mm
et 62.00 kg
Input characteristics (PV array side)
Operatrg mode MPPT
Minimum MPP Votage (Vmin) 200V Power Threshold (Pthresh. ) 22w
Maximum MPP Voltage (Vimax) asov
Absclute max. PV Valtage (Vmax amay) 1000 V
Min. Voltage for PNom (VmingdPnom) 550 V
“String” inverter with input protections Multi MPPT capability
Number of syng ingests 10 Number of MPPT inputs 5
Behaviowr at VminVmax Uimeason
Behaviow at Prom Umeason
Output characteristics (AC grid side)
Gnid voliage (Wmax) Triphased 400 V Nominal AC Power (Prnom AC) 55 kWac
Gnd frequency S0/60 Hz Maxmum AC Power (Pmax AC) 55 kKWac
Nominad AC currertt (Inam AC) A
Maxmum AC current (imax AC) BLA
Maxmum eficency 966 %
Euwropean average efficiercy 82%
Remarks and Technical features Efficiency profile vs Input power
Aray solaton mondlonng 120
wtomal DC swi T T T T T
Outpust Voliage disconmect adpstement |
ENS protection O = il -1
N
»m -4
¥
0 R
H
d
“wp -
o] B K
1 1 1 1 1
uﬁ "0 20 P00} kW] 40 S0 80
2081222 PVsyst Evalation mode Page 111

Fig. 5.13 Data sheet of inverter

87|Page




Ll system definition, Variant VC0: "New simulation variant”

Sub-array 0
—Sub-array name and Orientation Pre-sizing Help
Name IPV Array O No sizing Enter planned power O kwp 7]
- it 2 iable area(modes) © :
Orient,  Fixed Tilted Plane Azimuth  0° wn OF avaable areamodiies) "
~Select the PV module
| Avaiable Now V| Fiter [AIPVmodes /| Maximum nb. of modules 89
|Trina Solar | [SS0Wp27v  Simono  TSMDE19-S50Wp Since 2022 Datasheets 2022 |
[T use optimizer
Sizing voltages : Vmpp (60°C) 27.5V
Voc (-10°C) 415V
~Select the inverter

Available Now V| Qutput voltage 400 V Tri 50Hz

VE
% 60Hz

|Sungrow v |55 kW  200-850V TL  50/60Hz SG50-CX Since 2022 \’I
NoofPTrputs [+ | Operating voltage: ~ 200-850 Y Inverter power used 4.0 kWac
Use multi-MPPT feature Input maximum voltage: 1000V inverter with 5 MPPT
~Design the array
—MNumber of modules and strings————————————— Operating conditions
Vmpp (60°C) 605 V

- A Vmpp (0°C) 701V
Mod. in series + [between8 and 24 O |voc(w0) 93y
el - @ony possbiy 4 Plane iadance 1000 W/m? OMax.ndata  ©STC
o rao 110 sizing Isc(STC)  74.1A (at 1000 W/m? and 50°C)
Nb. modules 88 Area 230 m? Isc (atSTC) 74.1A Array nom. Power (STC) 48.4 kWp
O‘smov«m‘ & Simpified s

Fig. 5.14 system design of the PV syst.
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Summary of the software system design Fig. 5.15.

¢ System overview

Calculation version
New simulation variant
rientation parameters
eld type: Fixed Tilted Plane
ane tilt/azimuth = 27°/0°
ompatibility between System defintions
Full system orientation tilt/azim = 27° | 0°
1 sub-array PNom = 48 kWp, modules area = 230 m2

No shading field defined in the 3D scene !

System parameters

Sub-array #1 PV Array
PV modules: 4 strings of 22 modules in series, 83 total
L Pnom = 550 Wp Pnom array = 48 kWp, Area = 230 m?2
nverters (55.0 kWac) 4 MPPT inputs, Total 44kWa
3D shadings parameter
No shading scene defined
E] Copy to dipboard ‘ —E Close

Fig. 5.15 summary of the calculation version.
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© simplified sketch —_ O X

PV array | System User (load)
~J
L1
Inverter L Grid
E Array E out inv E over
—> — —
: — Orp
PV U Array E used ,I, ,|, E back-up
Array : % I ON
User
E needed
I ~] Close ]

Fig. 5.16 Proposed Schematic diagram of the system from PV syst.

5.3.3 old building

Then determining the Data sheet of the PV panel Fig. 5.17 and inverter Fig. 5.18 that decided to
be used:
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PVsyst V7221
PV module - TSM-DE19-550Wp

Manutacturer Genenc Commercial data
Model TSM-DE 19-550Wp Avaslataty Prod. Since 2022

Dot source Datasheets 2022
Pnom STC power (manufacturer) S50 Wp Technology Si-mono
Module size (Wx L) 1086 x2384 m* Rough modue area (Amodue) 26 m
Number of cels 2x55
Specifications for the model (manufacturer or measurement data)
Refererce emgeradue (TRef) asC Refererce madance (GRef) 1000 Wim*
Open croult voltage (Voc) aev Short-croult ourent (1sc) 1852 A
Max. power point vollage (Vmpp) MNev Max. power point current (Impp) 1TAROA
= madmum power (Pmpp) 548 W 5C temperature coeficent (mulsc) T4 mArC
One-diode model parameters
Shunt resistance (Rshunt) 2000 Drode saturation current (loRef) 0.040 nA
Serie resistance (Rserie) 0120 Voo temp. coeficient (MuVec) <106 mvr'C
Specified Pmax temper. coeff. (muPMaxR) -0.34 W'C Dwode quality tactor (Gamma) 1.0

Cots toryp = 24°C

T R ol TRk Solar TSWDETISEWG T ,

Incudent imud = 1000 W

Dwode tactor temper. coe® (muGamma) 0.000 °C

Reverse Bias Parameters, for use in behaviour of PV arrays under partial shadings or mismatch

Reverse characterstics (dark) (BRev) 3.20 mANV (quadrasic factor (per cell))

Number of by-pass dodes per module 3 Dwect voliage of by-pass dodes L7V
Model results for standard conditions (STC: T=2§°C, G=1000 Wm®, AM=1.5)

Max. power point voltage (Vmpp) Mnav Max. power point current (Imepp) 1758 A
Maximum power (Pmpp) 550.1 Wp Power temper. coeficient (muPmgp) 034 W'C
Efciency(/ Module area) (Ef_mod) 211% Fill factor (FF) 0.784

Incident Imed « 800 Wire*

Incudent Imad « 600 Wire*

Cuve [A]

Incident Imad. = 400 Wine*

Incident imad. = 200 Wi

261222 PVsyst Evaksabon made Page 11

Fig. 5.17 Data sheet of PV panel

91| Page




§

PVsyst V7221
Inverter - Sunny Tripower 25000TL-JP-30

Manutacturer Generc
Model Sunny Trigower 25000TL-JP-30
Commercial data
Availabaty Prod. Since 2015 Data source Manutacturer 2015
Remarks Sizes
Technology: TL, 16 kHz. 3G, 1GBT wian 661 mm
Protection: -25 - +80°C, IP 65 ouldoor installation possbie Height 682 mm
Control: Graphec Depth 264 mm
for japanese market Weighnt 61.00 kg
Input characteristics (PV array side)
Operatrg mode MPPT
Minimum MPP Votage (Vmin) 0V Nominal PV Power (Pnom DC) 26 kW
Maximum MPP Voltage (Vimax) 800 V Maximum PV Power (Pmax DC) 26 kW
Absclute max. PV Vaitage (Vmax amay) 1000 vV Power Threshold (Pthresh ) Baw
Min. Voltage for PNom (VmingPnom) oV
Multi MPPT capability Behaviowr at Vmin/Vmax Uimeason
Number of MPPT inputs 2 Sehaviowr at Prom Umeason
Output characteristics (AC grid side)
Gnid voRage (¥max) Triphased 420 V Nominal AC Power (Pnom AC) 25 KWac
Gnd frequency 50160 Hz Maxmum AC Power (Pmax AC) 25 KWac

Nominal AC curernt (Inom AC) MA

Maxmum AC current (max AC) BA

Efficiency defined for 3 voltages
Macmum efficiency Eurogean average efMciency
v % %

Low voraoe 390 974 a7

Medium voRage 625 a7 58 &

High valtage 800 %80 97.7
Remarks and Technical features Efficiency profile vs Input power
Mq-oo:mm 00 g=r . - —— — -
Outpest Vokage disconnect adjusiement
ENS protection

ot )
P =f
— RO
& EN for U =800V
Ef forU=825V
Ef for U300V
80 1 1 1 aad 1
0 5 10 P06 kW 20 25
261222 PVsyst Evakation mode Page 111
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Fig. 5.18 Data sheet of inverter




" Grid system definition, Variant VCO: "New simulation variant"

Sub-array 0

—Sub-array name and Orientation Pre-sizing Help
Name |PV Array O No sizing Enter planned power O - kWp

Oient. Fixed Tilted Plane it 27 . or avalable area(modules) © [121]
’ Aimuth  0° v Resize

Select the PV module
|AvalobeNow /| Fiter |AIPVmodies /| Maxinum nb. of mocues 46

TinaSolr V| [S50Wo 20 Simono__ TSMOELS-S50Mp Sice 2022 Datasheets 2022 /||, Open

(7) Use optimizer

Sizing voltages : Vmpp (60°C) 275V

Voc(-10°C) 415V
~Select the invert
rter VEL
Avaiable Now V| Output voltage 420 V Tri 50Hz VLA

D V| |25kW_30-800V TL_ S0/60Hz Sumy Troower 250007.-P-3 25 V|| open

ofWPTipts [ | Operatingvotage:  390-800Y Inverterpoverused 250 kilac

Use multi-MPPT feature Inputmaximum voltage: 1000V  inverter with 2 MPPT

0

~Design the array ‘

~Number of modules and strings—————  Operafing conditons The array Isc value is greater than the
inverter maximum input current (e, (i,

Vmpp (60°C) 632V 16,5 Afinput)).
n Vmpp (0°C) 733V (Info, not significant)

mineis 3]0 Qevemisondt Q| wcpwr) %5

st 1| Gorpustit Pane radance 1000W/m? OMaxndets~ @STC

ot L Dses @) e w0 (3t 1000 W2 and 50%)

Nb. modules 46 Area 120 m Isc(atSTC) 37.0A Array nom. Power (STC) 253 killp

‘ Qsm overview th Smpified

Fig. 5.19 system design of the PV syst
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Summary of the software system design Fig. 5.20.

¢ System overview

SYS
Calculation version
New simulation variant
rientation parameters
eld type: Fixed Tilted Plane
ane tilt/azimuth = 27°/0°

ompatibility between System defintions
ull system orientation tilt/azim = 27° / 0°
PNom = 25 kWp, modules area = 120 m?

1 sub-array
No shading field defined in the 3D scene !

stem parameters

b-array #1 PV Array
V modules: 2 strings of 23 modules in series, 46 total
Pnom array = 25kWp, Area = 120 m?

Pnom = 550 Wp
nverters (25.0 kWac)

3D shadings parameter
No shading scene defined

2 MPPT inputs, Total 25 kWa

o

D Copy to dipboard

Fig. 5.20 summary of the calculation version.
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® simplified sketch — O x

PV array | System i User (load)
~J
L1
Inverter : . Grid
E Array E out inv E over
— —> —
- — Or
PV U Array A E used ,I, ,|, E back-up
Array : \/\ : I O N
User
E needed

[ 8= ]

Fig. 5.21 Proposed Schematic diagram of the system from PV syst.
5.4 Recommendations.
1. Maintaining the cleanliness of the solar panels constantly to obtain the highest efficiency
2. Avoid building or placing high equipment in front of the panels to avoid any shadows on them

3. Building a room for electrical equipment such as inverters and batteries, and providing the

necessary cooling for them.

4. Taking into account the mechanism of arranging the solar panels so that the largest possible
amounts of cables connecting them are shortened.
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D]

24V 400Ah lifepo4

Size:250*320*420mm




Mo, e Specficanon

I Chageatofotae  DC252V

D Nomnal votage 2

1 Nomeal capacty 400An

" m':‘”“”w 100VZ00A 700Acan be customeze)
b o
b swcrens m(mbmmgomww[mwwmmum
T Max charge curen! 100

; me o

h Max Puse Cunent 200AOONB0A2S)

10 Discharge cut-off votage Ew

M Ce ?.2vlmum

12 Dperanng temperalue m':‘f;gcm

19 Sometenpenise  0CI+ 85

14 Banery Weigt ADIOX. 56 1

15 Banery Dimenson 260520 820mm

16 Baney ouungvoRage 17 V92V

17 BMS bult Yeg
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