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Introduction

 Libya one of north Africa country with about 7 million population & 1,750,000 km2.

 Relies on the oil and natural gas as the source of energy generation.

 Industrial and population growth are causing significant increase in the power demand.

 The household loads consumed about 24% of the total amount of energy .

 Investment in extra installations as power stations, transmission lines and substations.
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Introduction

 the power demand will get about 11 

gigawatts by 2030.

Libyan load growth 
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Introduction

 Political instability in Libya since 2011 causes several wars to take 

place in different regions of the country.

 Critical damage in the infrastructure of the electrical grid and 

delayed the maintains of some generation plants.

 Forcing the engineers of the control center to load shedding to keep 

the system from breakdown.

the damage in electricity grid5



Introduction

 About 80 % of Libya’s area located in the 

Sahara Desert.

Power plant's locations in Libya
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Introduction

 The average daily direct radiation 

reach to about 8.1 kWh / m2 / 

day in   the southern region of the 

country.

 With this  a high potential of 

solar that can be utilized  as 

alternative source to supply a part 

of the energy needs in Libya

Direct average irradiation Middle East and North Africa
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Research Objectives

 Sizing and design a stand-alone PV system with battery  to meet the load of the proposed house.

 A 48 V DC is chosen instead of 220 V AC to supply the house.

 Present an economic feasibility analysis by using HOMER software.

 Dynamic analysis by using MATLAB / Simulink to assess the performance of the proposed system .
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Estimation of the Energy Consumption, Thermal Simulation, 
And Analysis in BEopt

 A house on the farm in Benghazi was selected to represent the pattern of energy consumption for remote areas loads.
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The house facade of the case study



Estimation of the Energy Consumption, Thermal Simulation, 
And Analysis in BEopt

 The total area of the case study's house is about  59 m2.

 it consists of three rooms, a kitchen, a bathroom, and a small hall.

Floor Plans of the house

# items number power(W)
total 

power(W) hours/day

1 LED lamp 10 7 70 12

2 fan 3 20 60 18

3 water heater 1 450 450 10

4 fridge 1 100 100 8

5 TV 1 49 49 8

6 others 3 100 300 2

load estimation of a typical rural house in Libya
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Estimation of the Energy Consumption, Thermal Simulation, 
And Analysis in BEopt

 Building Energy Optimization Software BEopt is an easy-to-use 

program to perform simulation on a residential model.

 It is considered among the programs that give reliable results in 

energy modeling.

 It uses parameters such as the orientation of the building, 

thermal mass, walls' thickness, windows' shading, etc. addition 

to the weather data for selected site.
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Estimation of the Energy Consumption, Thermal Simulation, 
And Analysis in BEopt

The hourly load profile for a year in BEopt
The geometry of the house in BEopt software
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System Sizing and Analysis in HOMER PRO

 Annual energy consumption was estimated by BEopte software. 

 the daily energy consumption is 9.6 kWh/day . 

Daily profile of the residential load
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System Sizing and Analysis in HOMER PRO

 The scaled annual average solar irradiation is 5.44 kWh/m2/d.

The monthly average solar radiation at the selected site
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System Sizing and Analysis in HOMER PRO

 HOMER Pro software was used and provided with the proposed system's parameters to analyze 
and study the feasibility of utilizing PV systems in supplying direct DC loads.

Schematic diagram of the proposed PV-battery system
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System Sizing and Analysis in HOMER PRO

 A 48 V DC bus was chosen for several factors, including:

I. Almost  household devices these days run internally on DC power.

II. PV systems produce DC power, thus avoiding AC to DC conversion losses that can reach 30%.

III. The lack of need for an inverter reduces the capital cost.

IV. 48V DC is good solution among other DC voltage levels due to due to it is high efficiency, safe, and 

capable of running most of the house load.
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Examples of DC appliances
 DC appliances are commonly available in the market these days.
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12V,7W, LED bulb

12v Large Ceiling Fan 48V DC Refrigerator 

12V DC  TV 



System Sizing and Analysis in HOMER PRO

Optimization Results in HOMER PRO software20

 HOMER Pro considers different solar panels and batteries to reach the optimize system.

 the most cost-effective and suitable  solution to cover the target load listed at the top and followed by the least 

efficient one, and so on.



System Sizing and Analysis in HOMER PRO

 The desired system components that produce 3.59 KW consist of 12 PV panels 325 W each.

 12 lead-acid battery banks 12 V, 219 Ah to store excess generated electricity and feed the load at night 

and in bad weather. 
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The layout of the proposed system and the DC distribution in 
the house

PV System diagram and the DC distribution in the house 

 House appliances such as refrigerator, freezer, water 

pump, and water heating are coupled to 48 V DC.

 A buck converter steps a voltage down to 12 V DC to 

supply light bulbs and small electronic loads such as TV, 

fans, etc.
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Economic Analysis of the Proposed PV System 



Schematic diagram of the hybrid system
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Economic Analysis of the Proposed PV System 

Technical and economic characteristics of system's components 

Component Rating #Of items Cost /unite Total

PV 325 W 12 $184 $ 2,208

Battery 12V, 219 Ah 12 $425 $5,600

Convertor 3KW 1 $1500 $1500

Diesel generator 3KW 1 $500 $500
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Economic Analysis 

Optimization results for the investigated systems 
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Economic Analysis 



Cost summary of hybrid PV-Gen-Batt system26



Economic Analysis 

 Solar panels produce most of the electrical energy in 

the hybrid system.

 PV array  considered as prime supply to feed the 

essential loads and charge the battery bank. 

 The battery bank is the prime power resource on 

cloudy days and night-time. 

 A diesel generator will operate only as a backup 

power supply if both cannot meet the load demand in 

the winter months when solar radiation reducing

Electrical simulation results for the hybrid PV-Gen-Batt system
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Economic Analysis 



Cost summary of an isolated PV system with battery 28



Economic Analysis 



Cost summary of stand-alone generator29



Results and Discussion of Economic Analysis 

 The investigation was focused on studying different scenarios of independent systems.

 About 97% of annual electricity produced by solar panels in the hybrid system.

 a slight difference in cost in favor of the hybrid system, which is not that much for 25-year project lifetime.

 instability of prices, and availability of diesel fuel in Libya.

 the benefit of using noise free and  purely renewable system . 

 The solar energy system with battery is the most appropriate in the Libyan case.

30



Dynamic Modeling, Simulation, and Results 
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Dynamic Modeling, Simulation, and Results 

MATLAB/Simulink model of the PV-battery system
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The PV array Characteristics



PV array parameters of the proposed system 33



The PV array Characteristics

PV array characteristic curves with various temperatures PV array characteristic curves with various solar radiations 
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Battery storage system



Battey bank parameters of the proposed system35



Boost converter and Maximum power point tracking
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Maximum Power Point Tracking (MPPT)

 Control the Algorithm is an important stage of an MPPT.

 It raises or reduces  the duty ratio that drives MOSFET to ensure the solar panels generate maximum possible 

power of solar radiations and temperature variations.

 The perturb and observe technique  is used in this design .

Flow chart of the Perturb and observe AlgorithmTypical I/V Characteristics of a PV module.37



Result and Discussion

 To evaluate system stability, the system was tested under half and a full load.

The load voltage, current, and powerPV array power, voltage, and current

38



Summary and Conclusions

 A 48 DC volts were used as a power supply, chosen after reviewing previous research.

 Complete modeling, sizing, and optimization for the standalone PV-battery system with DC load have 

been presented.

 A detailed economic analysis was done. Different scenarios were investigated.

 The performance of proposed system  is evaluated under various conditions in MATLAB/SIMULINK.

 During this search, it became clear that the proposed stand-alone PV system with battery is stable, and 

it can fully meet the house load.
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Research Contribution

 A comprehensive design and sizing  of stand-alone PV system to supply remote  area  in Libya.

 Proposed for utilization of DC   instead of AC as a power source .

 A detailed economic analysis by making a comparison between various systems.

 Dynamic modeling of the PV system to assess the system's performance with different conditions.

 The proposed system consists of 12 PV panels 325 W each and 12 lead-acid battery with $15,070 

total cost . 
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Future Work

 Adding wind turbines to the designed system and studying its effect in reducing dependence on 

the battery system and thus reducing the cost.

 Study the effects of dust on the photovoltaic system and dust cleaning methods.

 Add  SCADA system to monitor various parameters of the hybrid system.
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 Youssef Dabas, M. Tariq Iqbal, "Sizing and Analysis of a DC Stand-Alone Photovoltaic-Battery 
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