PALESTINE POLYTECHNIC AL-QUDS
UNIVERSITY UNIVERSITY

Master Program of Renewable Energy and Sustainability

Investigate the Influence of the Penetration level of PV Distributed
Generation and Energy Storage Integration on the Medium

Voltage Distribution Network

By
Haitham Zidan Algadi

Supervisors

Dr. Maher Maghalseh Dr. Nassim Iqteit

December, 2019



JAMILA

Joint mAster of Mediterranean Initiatives on renewabLe and sustainAble energy

Palestine Polytechnic University
Deanship of Graduate Studies and Scientific Research

Master Program of Renewable Energy and Sustainability

Investigate the Influence of the Penetration Level of PV Distributed
Generation and Energy Storage Integration on the Medium

Voltage Distribution Network

By
Haitham Zidan Algadi

Supervisor

Dr. Maher Maghalseh Dr. Nassim Iqgteit

Thesis submitted in partial fulfillment of requirements of the degree

Master of Science in Renewable Energy & Sustainability

December, 2019




JAMILA

Joint mAster of Mediterranean Initiatives on renewabLe and sustainAble energy

The undersigned hereby certify that they have read, examined and recommended to the Deanship
of Graduate Studies and Scientific Research at Palestine Polytechnic University and Al-Quds
University the approval of a thesis entitled:

Investigate the Influence of the Penetration level of PV Distributed
Generation and Energy Storage Integration on the Medium

Voltage Distribution Network
Submitted by

Haitham Zidan Algadi

In partial fulfillment of the requirements for the degree of Master in Renewable Energy &
Sustainability.

Graduate Advisory Committee:

Dr. Maher Maghalseh
(Supervisor), Palest@;;)_lggg_hggz University. 6,
p— ~. n I § / / :
Signature: .-&)3;3:"?::“_ Date: { ?’, 520>
Dr. Nassim Iqteit
(Co-Supervisor), Palestine Polytechnic University.

Signature: =) Date: té:/? /7> e

—

Prof. Abdel-karim Daud
(Internal committee member), Palestine Polytechnic University.

Signature: ~—=—— = S Date: é /Zf/ 202 O

Prof. Samer Alsadi ‘

(External committee member), Palestine Technical University. |
O ﬁ?- 02.202)

e AL e

Signature: - — ; Date:
Thesis Approved by: ‘
Name: Dr. Murad Abu Sbeih
Dean of Graduate Studies & Scientific Research
P ( " . Palestine Polytechnic University C ' o
Signatu;;a‘:‘...i.-,,:,._,:'.:‘.i ‘17__ —— Date: ]ﬁ/g//{#c o

I




JAMILA

Joint mAster of Mediterranean Initiatives on renewabLe and sustainAble energy

Investigate the Influence of the Penetration level of PV Distributed
Generation and Energy Storage Integration on the Medium

Voltage Distribution Network

Submitted by
Haitham Zidan Alqgadi

ABSTRACT

Electrical Power System is centralized energy frames, power flows from generation plant to
distribution network through transmission lines of the grid, which means that the conventional
system has a unidirectional power flow. The increasing of electrical energy consumption and the
immediate need of electricity today leads to enhance and develop the electrical power system.
Using of renewable energy systems, especially solar energy is one of the solutions to produce
sustainable and environmentally friendly electrical energy systems. This study supports the
photovoltaic (PV) system as a renewable source, but the intermittency of the solar energy and
variation of weather conditions, besides of high impact of the high penetration of PV systems are
stands as a main drawback of the grid connected PV system. However, in the field of operation
and planning of electrical power systems point of view, using an Energy Storage System (ESS)
integrated with grid connected PV systems are filling the gap of the grid-tied PV system by reduce
the PV impact, maximizing the penetration level of DG and enhancing the grid stability through

getting a backup source of the system.

The objective of this thesis is investigating the effects and performance of integrating grid-tied PV
system with the conventional power system through the conduction of a real case study 230 kWp
PV power plant on the Palestine Polytechnic University (PPU) distribution medium voltage feeder
and determine the penetration level of the PV system on the PPU feeder. Moreover, battery energy
storage system (BESS) proposed to be integrated with the grid-tied PV system due to maximize
the allowable PV Penetration and eliminate the grid connected PV system impact issues to the

grid.
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However, a modelling of the case study PPU feeder and the PV station and the proposed BESS
was conducted using Electrical Transient Analyzer Power (ETAP) software where the daily load
profile built to be inserted to the system model in the form of four scenarios: i) electrical network
alone, ii) electrical grid with PV system integration, iii) electrical grid with BESS and iv) electrical
grid with PV and BESS integration, the aim of studying these cases is to improve the strengthen
power networks and to verify the results with the IEEE standard. In the results of this thesis, it is
shown that the PV hosting capacity of a distribution power grid can be increased using the
investigated methods, in addition to that the technical impact of the PV power plant minimized

especially of the PF, voltage drop and power issues.
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