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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 
of the requirement for the degree of Doctor of Philosophy 

 
 

DC-BASED PV-POWERED HOME ENERGY SYSTEM 
 
 

By 
 
 

AHMAD H. SABRY 
 
 

November 2017 
 
 
Chairman :   Associate Professor Wan Zuha b. Wan Hasan, PhD 
Faculty  :   Engineering 
 
 
In residential applications, energy engineers are always looking for optimal 
utilization of solar power to manage the energy use and reduce its impact on our 
economy and environment. The power source in such systems is direct current (DC) 
in nature, but the electricity infrastructure is still based on alternating current (AC), 
although most of the modern available household appliances consume DC power. 
Therefore, there are dissipated powers due to conversion stages to handle the solar 
power to the household appliances. A DC based home energy system, based on the 
source-load voltage matching concept, is proposed to improve system performance. 
 
 
In a solar charge controller, the present MPPT based systems still have losses due to 
the switching of their semiconductor devices producing a rise in temperature that 
negatively affects the overall system. A controller based on an algorithm of one time 
maximum power point (MPP) is proposed to mitigate those losses. 
 
 
The efficiency of the current traditional PV-powered system is inversely affected due 
to the multiple conversion stages that such a system has. Therefore, this work 
proposes the design and development of a wireless low power consumption 
prototype energy monitoring system using a novel solar-battery charge controller 
based on the DC voltage matching concept. 
 
 
For more accurate mathematical representation for the empirical outcome power 
data, a mathematical model based on Bode Equations and Vector Fitting algorithm 
has been proposed to govern the load power profile of the proposed system. 
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The work initially investigates the feasibility of using the DC distribution system to 
power the locally available AC appliances, that are analyzed and evaluated 
individually to match the DC supply either by direct coupling or some modification. 
The appliances are classified according to their compatibility with the DC 
environment to determine the efficient operating voltage range. The algorithm of the 
proposed charge controller uses that voltage to be assigned as the value of the full 
charge voltage for the battery bank. The controller algorithm requires also the 
variation range of the geographical weather parameters (irradiance and temperature) 
to specify the MPP which is equivalent to that operating voltage at minimum weather 
parameters. The PV array output power is directly connected through high current 
parallel diodes or resistance to charge the battery bank when the battery voltage 
becomes lower than the calculated or full charge voltage level. By contrast, the 
charge controller exchanges to an auxiliary load path when the battery bank reaches 
its full charge value. This surplus power transfers to feed another load that might be 
used for ventilation to reduce the solar module temperature and add some 
improvements to system performance. The low power consumption wireless energy 
monitoring allows remote monitoring for the energy consumption of appliances and 
power rate quality. The system can be managed via a central computer which attains 
the energy data via only one remote XBee RF wireless node which is processing the 
sensors measurement of the system components. The proposed monitoring circuit is 
characterized by its low power consumption due to the lack of components and its 
ability to access six precise analogue channels with no additional microcontroller. 
The energy measurements are modelled by the new proposed mathematical 
equations. Simulink MATLAB is used as a simulation program to imitate the 
processes of the practical stages of this research.  
 
 
The results show great utilization of the system losses, where in some appliances, the 
proposed topology can achieve about 99% power efficiency as compared with the 
traditional one. The savings of the proposed topology can be reached to about 2696.7 
Wh as compared with the traditional AC-environment one, and to about 531.6 Wh as 
compared with the new current partly DC-environment system. 
 
 
The monitoring outcome of the designed GUI proves the voltage matching concept 
between the PV array (as a source) and the battery/appliances (as a load), which 
represents a significant evidence for the considered matching concept. The disposal 
of the DC-AC inverter opens the horizon toward high efficiency Solar-Battery-Load 
system not only in the residential applications but also in general.  
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Pengerusi :   Profesor Madya Wan Zuha b. Wan Hasan, PhD 
Fakulti  :   Kejuruteraan 
 
 
Untuk aplikasi kediaman,  jurutera tenaga sentiasa mencari penggunaan optimum 
kuasa suria untuk menguruskan penggunaan tenaga dan mengurangkan kesan 
terhadap ekonomi dan alam sekitar kita. Sumber kuasa di dalam sistem tersebut 
adalah bersifat arus terus (DC), tetapi infrastruktur elektrik masih berdasarkan arus 
ulang- alik (AC), walaupun sebahagian besar perkakas rumah moden yang ada 
menggunakan kuasa DC.  Justeru itu, terdapat kelesapan kuasa kerana peringkat-
peringkat penukaran untuk mengendalikan kuasa suria bagi perkakas rumah. Sesuatu  
sistem tenaga rumah berasaskan DC, berdasarkan konsep pemadanan voltan sumber-
beban, dicadangkan untuk meningkatkan prestasi sistem . 
 
 
Di dalam sesuatu pengawal cas suria, sistem-sistem MPPT yang sedia ada masih 
menghadapi kehilangan disebabkan pensuisan peranti-peranti semikonduktor 
mereka,  menghasilkan kenaikan suhu yang berpengaruh negagif terhadap sistem 
keseluruhannya. Suatu  pengawal berdasarkan algoritma  titik kuasa maksimum satu 
kali (MPP) dicadangkan untuk mengurangkan kehilangan tersebut. 
 
 
Kecekapan di dalam sistem berkuasa-PV tradisional semasa terjejas songsang akibat 
peringkat penukaran berbilang yang dimiliki  sistem seperti itu.  Oleh itu, kajian ini 
mencadangkan reka bentuk dan pembangunan suatu prototaip sistem pemantauan 
penggunaan tenaga wayarles  kuasa  rendah menggunakan pengawal caj bateri-suria 
baru berdasarkan konsep pemadanan voltan DC. 
 
 
Untuk perwakilan matematik yang lebih tepat bagi data kuasa hasil empirik, suatu 
model matematik berdasarkan persamaan Bode dan algoritma penyesuaian vektor 
telah dicadangkan untuk mengawal profil kuasa beban sistem yang dicadangkan ini. 
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Kajian ini pada awalnya menyiasat kebolehlaksanaan menggunakan sistem 
pengagihan DC untuk menggerakkan peralatan AC tempatan yang sedia ada, yang 
dianalisis dan dinilai secara individu agar sepadan dengan bekalan DC sama ada 
dengan gandingan terus atau beberapa pengubahsuaian.  Peralatan  dikelaskan  
mengikut keserasiannya dengan persekitaran DC untuk menentukan julat voltan 
operasi yang cekap. Algoritma pengawal cas yang dicadangkan menggunakan voltan 
itu sebagai voltan nilai cas penuh untuk tindanan bateri.   Algoritma pengawal cas 
yang dicadangkan memerlukan juga pelbagai variasi parameter cuaca geografi 
(sinaran dan suhu) untuk menentukan MPP yang bersamaan dengan voltan operasi 
tersebut pada parameter cuaca minimum.  Kuasa keluaran tatasusunan PV 
disambungkan secara langsung melalui diod selari arus tinggi atau rintangan untuk 
mengecas tindanan bateri apabila voltan bateri menjadi lebih rendah daripada tahap 
voltan cas dikira atau penuh.  Sebaliknya, pengawal cas bertukar ke jalan beban  
bantuan apabila tindanan bateri mencapai nilai  penuh casnya. Kuasa lebihan ini 
berpindah untuk membekalkan beban lain yang mungkin digunakan untuk 
pengalihudaraan bagi mengurangkan suhu modul suria dan menambah beberapa 
penambahbaikan pada prestasi sistem. Pemantauan tenaga wayarles  dengan 
penggunaan kuasa yang rendah ini  membolehkan pemantauan jarak jauh bagi 
penggunaan tenaga peralatan dan kualiti kadar kuasa. Sistem ini boleh diuruskan 
melalui komputer pusat yang mencapai data tenaga melalui hanya satu nod wayarles 
RF XBee yang sedang memproses pengukuran  penderia komponen-komponen 
sistem itu.  Litar pemantauan yang dicadangkan dicirikan dengan  penggunaan kuasa 
yang rendah kerana sedikitnya komponen dan  keupayaannya untuk mengakses enam 
saluran analog yang tepat tanpa mikropengawal tambahan. Pengukuran tenaga 
dimodelkan oleh persamaan matematik  baru yang dicadangkan. Simulink MATLAB 
digunakan sebagai program simulasi untuk meniru proses-proses peringkat praktikal 
penyelidikan ini.  
 
 
Hasilnya menunjukkan penggunaan kehilangan-kehilangan sistem dengan hebat, di 
mana bagi beberapa peralatan, topologi yang dicadangkan dapat mencapai kecekapan 
kuasa 99% dibandingkan dengan yang tradisional. Penjimatan topologi yang 
dicadangkan boleh sampai kepada kira-kira 2696.7 Wh berbanding persekitaran-AC 
tradisional, dan kepada kira-kira 531.6 Wh berbanding dengan sistem baru semasa  
sebahagian persekitaran-DC. 
 
 
Hasil pemantauan GUI yang direka membuktikan konsep menyepadankan voltan 
antara tatasusunan PV (sebagai suatu sumber) dan bateri/peralatan (sebagai suatu 
beban), yang mewakili bukti penting bagi konsep menyepadankan  yang 
dipertimbangkan. Pelupusan penyongsang DC-AC membuka jalan ke arah 
kecekapan tinggi sistem Beban Bateri-Suria bukan sahaja untuk aplikasi kediaman 
tetapi juga secara umum. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of the Study 

The energy amount delivered to earth in one day from the sun is adequate to cover 
the total energy requirements of the earth over one year. Energy conservation and 
security is one of the main concerns for the future all over the world. Fossil fuel 
resources are decreasing in quantity, while their prices  are increasing more rapidly 
than predicted. Another transformation that is occurring very rapidly is climate 
change. Solar energy is one of the most important solution. It is clean and 
abundantly available. Solar technologies use the sun to provide heat, light, 
electricity, etc. For domestic and industrial applications. It has become an urgent 
necessity to invest in renewable energy resources that would power the future 
sufficiently without degrading the environment through greenhouse gas emission. 
The energy potential of the sun is immense, but despite this unlimited solar energy 
resource, harvesting it is a challenge mainly because of the limited efficiency of the 
array cells and that technology used to manage this energy source efficiently. 

Although, the most well-known green technologies that include photovoltaic, wind 
turbines, fuel cells, and other forms of energy that are deemed more environmentally 
friendly are DC, unfortunately, the prevailing power system infrastructures are based 
on AC.  

An increasing number of energy-efficient appliances operate on DC internally, 
offering the potential to use DC power from renewable energy systems directly and 
avoiding the losses inherent in converting power to AC and back. 

The convergence of some factors is driving latest interest in utilizing the DC of the 
solar electric power system in its DC form to supply electricity to various appliances 
in buildings, instead of converting it to AC. The new millennium has witnessed 
continued and fast growth in the implementation of roof-install  solar array systems 
and better interested in advanced PVtechnology, as concerns over climate change 
have increased. The metered PV power system, which have dominated over the 
renewable energy in residential sector, is a DC power source, as are batteries, which 
are the prevailing energy storage technology utilized by such system. The increasing 
of the recent efficient electrical household appliances that operate internally on DC  
drove that the savings of energy could be attained by direct coupling of DC source 
with DC appliances (Electric Power Research Institute (EPRI) 2006). Therefore, 
avoiding the conversions DC-AC and from AC-DC. Recent expressions with 
residential load have shown that considerable savings from energy can be attained 
when the DC power distribution delivered directly to DC electronics appliances, 
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rather than using the AC. This research considers the relative energy savings of the 
direct coupling DC in residential applications. 

Few publications addressed the DC distribution system as an environment for the 
household appliances to improve energy conversion and consumption  efficiency. 
Several studies addressed only the DC environment for their system loads, but with 
two low level of voltages (24, 48)V, and only with TV and LED light as an 
electronic appliances (Ayai et al. 2012; Loomba et al. 2016). DC and AC distribution 
system as a power supply for household appliances is a widely known rather than 
only DC, but the DC in those systems are with more than two voltage levels (Ayai et 
al. 2012; Cheung et al. 2004; Ishigaki et al. 2014; Justo et al. 2013; Kakigano et al. 
2006; Lee et al. 1999; Lucía et al. 2013; Oliver 2012; Rauf et al. 2016; Salomonsson 
et al. 2008; Shenai et al. 2011). The concept of direct coupling (source-load) for DC 
distribution system is investigated and implemented, but it was restricted by multi 
low levels of voltage (12-200)V to dirct link their appliances by DC supply (Ayai et 
al. 2012; Loomba et al. 2016; Lucía et al. 2013; Rauf et al. 2016). The previous 
efforts that proposed DC and AC environment, were forced to involve the AC 
inverter within their systems (Ayai et al. 2012; Ishigaki et al. 2014).  

In spite of the above limitations for the previous DC based systems, only few 
researches addressed the moniroing or managing the energy of the DC system, but in 
contrast, their monitoring were limited by either with the consumptions of the 
electronic devices and lights  (Ayai et al. 2012; Ishigaki et al. 2014) or induction 
heating appliance (Lucía et al. 2013). 

Non of the above publications proposed mathematical model for such environment 
to describe the pattern of the power consumption.  

The concept of the voltage matching of the source-load on DC environment and PV 
based energy supply need to be integrated by a solar charge controller. Therefore, 
this work proposes a controller uses the same concept in its operation to overcome 
the problem of the low performance due to partial shading in PV-powered systems. 
Although recent breakthrough in the technology of solar charge controller shows 
significant improvement, but the present MPPT systems still have losses due to the 
switching of their semiconductor devices as well as the normal rise in the 
temperature of the main system components during operation. 

The goal of this thesis is to identify these areas and methods for improving the 
overall system efficiency and reliability as well as strengthen the economical 
competition for utilizing such energy. One of the methods is to dispense the power 
conversion equipments from the system in residential and office application, which 
is based on the voltage matching between the source and load. 
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The AC-based or AC-Bus PVmicrogrid configuration in the range (220-380)Vac has 
been usually considered, as seen in Figure 1.1(a). In AC-Bus PV system, the 
maximum power point tracker (MPPT) manages a higher power from PV arrays to 
supply into an AC-bus or AC-grid through an inverter. For a typical household 
appliances application, such as personal computer, electronic devices, or variable 
speed motor-based appliance, they generally have a rectifier, an AC 50 Hz filter, a 
power factor corrector (PFC), and a DC/DC or DC/AC converter to deliver the loads 
with electric power. But, this AC-based system guides to a conversion loss with high 
amount. Therefore, the concept of  “DC-based or DC-Bus” on PV-powered home 
systems have been offered recently (T. F. Wu, Kuo, et al. 2013; Wu et al. 2010), 
such configuration is demonstrated in Figure 1.1(b). The power conversion 
efficiency can be calculated in the AC-bus system, which is obviously less than that 
for the DC-bus system about 12%. Besides, the DC-based PV system can also save a 
rectifier and a PFC circuits, there is also saving with the system components cost to 
about 25% (T. F. Wu, Chang, et al. 2013). Therefore, the DC-based configuration is 
more efficient in renewable energy power-distribution applications.  
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Figure 1.1 : Solar-powered Home system: Conceptual configuration (a) 
Traditional AC-based, (b) DC-based, and (c) Proposed DC-based systems  
 
 
In smart house technology context, the proposed DC-based wireless home 
monitoring system provides savings in energy through intelligent energy monitoring 
and management capabilities. This configuration promises monitoring and control of 
the household appliances for energy savings that include temperature control, 
lighting and extra energy efficient functions and then, transfer a traditional solar-
powered house into an intelligent one as shown in Figure 1.2. 
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Figure 1.2 : Traditional to intelligent house by employing monitoring and 
driving the system for more power consumption savings 
 
 
1.2 Motivations  

Several motivations have been specified that encourage getting started in this work. 
The motivations generate a merge among interested advanced household appliances 
as a load from one side, and the photovoltaic (PV) system as a power source from 
another side. This approach has an intensive investigation and harvested great 
outcomes, but there is still some effort towards system integration and efficiency 
optimization. This section discusses several of these motivations: 

1.2.1 Renewed Interest in Direct-DC. 

At present,  the infrastructures of the solar power system need to be first converted 
from DC power which is generated from the PVarray into AC. Therefore, more 
complexity would be added and reduced the efficiency of the energy system as a 
result of the power conversion process. Additionally, the increasing in the number of 
DC load consuming devices such as; PCs, TVs, and other electronic household 
appliances are being included into our homes/offices, the supplied power to these 
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devices need to be converted once more from AC to DC which is adding additional 
complexity  and losses to the energy system. 

Because the energy impacts of using DC versus AC appliances lie not only on the 
differences between the household appliances, but also in the difference between the 
AC versus DC power systems connecting the appliances, PV system, and grid 
appliance-level savings tell only a part of the story. More specifically, to distinguish 
the impact of DC- versus AC-distribution, the study defined two sets of appliances 
for the modelling work. These appliances were identical in every way other than 
their front-end power interface. The DC-appliance constitutes the basis set. The AC 
appliance is just the DC-appliance with an AC-DC converter on the power input. 

1.2.2 AC Versus DC Distribution System  

The power losses comparison is simply prepared to power household appliances that 
start from the DC power source represented by the PV and end with household 
appliances. Figure 1.3, Obviously, shows the losses in power between two 
comparative power distribution topologies, the traditional (PV-Battery-Inverter-
Appliances) and the proposed (PV-Battery-Appliances). Difference in losses is due 
to energy conversions, in AC—distribution, DC/AC and AC/DC between source 
which is a DC, and the appliance which is DC-internally, while in DC-distribution, 
power source is directly linked to the load. 
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Figure 1.3 : AC-distribution vs. direct DC-distribution comparison in terms of 
power losses between the PV source and  the DC-internal appliances 
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1.2.3 Rapid Increase in Residential PV and Decrease in its Price.  

The PV dominates over other renewable electricity generation resources in the 
residential sector. Referring to Figure 1.4, the cost to purchase solar panels has 
dropped by more than 71% over the final 10 years, pushing the solar market to 
expand their products and deploy thousands of systems and development projects.  

 

Figure 1.4 : According to the U.S. Department of Energy and SEIA, the 
increasing in solar installation, solar prices and the forecasted values for the 
remind months of 2016 in residential sector. Adapted from ((EPRI) 2016) 
 
 
1.2.4 Increasing  Use of DC-Based Loads. 

The most important factor that favors the exploit of DC is the increasing number of 
electric household appliances that function internally on DC power. The fact that 
these recent household appliances technologies tend to be DC-internal load and more 
efficient than their equivalent AC (Seo et al. 2011; Whaite et al. 2015b). DC-
internal-based household appliances include; communication technologies and all 
consumer electronics, such as computers, televisions, telephones, compact 
fluorescent lighting with electronic ballast, light emitting diodes (LED), as well as 
the universal-motor-based machines(Seo et al. 2011). Electronic drive fluorescent 
and the LED lighting consume one-fourth of the power or less than that for the 
traditional incandescent light. Permanent magnet DC motor (PMDC) can save 5-
15% as compared with the traditional AC induction motors, and up to 30-50% of 
variable speed drive applications such; refrigeration, pumping, space cooling, 
ventilation, (Seo et al. 2011). Thus, the three reasons together propose that DC-
internal appliances will continue to grow, and will probably grow rapidly:  
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 The increased focus on efficiency of sustainable energy because of climate 
change. 

 The new DC-internal technologies have been approved recently as a more 
energy efficient than that AC equivalents in the conventional market. 

 The fact that those technologies are capable of servicing virtually all household 
appliances.  

 The fact that electricity consumption in the residential sector by DC-internal 
appliances grew from about 17% between 1990 and 2013 and is expected to 
increase by 250% by 2030 (Efficiency 2016).  

 
 
1.2.5 Building Energy Consumption  

Referring to Figure 1.5, the average electrical consumptions in Malaysia’s residential 
buildings, space cooling or rather air-conditioning consume the largest percentage of 
electrical energy, which is exploited at home or office. Under Global Warming threat  
and the increasing of energy cost, the maintaining of home cool becomes a 
significant challenge in energy saving. Solutions to reduce these costs through the 
use of energy efficient household appliances certainly make sense. 

 
                            (a)                                                                   (b) 
 
Figure 1.5 : Malaysian energy consumption for (a) homes and (b) office 
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1.3 Problem Statement 

The aim of this research is to study the factors that limit the solar charge controller, 
energy efficiency, monitoring, and modelling the empirical data of a power profile of 
a PV powered home energy systems, to propose appropriate solutions to improve 
those factors. 

 Solar Charge Controller: Different PV array configurations yield different levels 
of mismatch power loss, especially under partial shading conditions, and thus 
produce different total energy. Maximum power point tracking technique 
(MPPT) mainly solves this problem, but the present MPPT systems still have 
losses due to the switching of their semiconductor devices as well as the normal 
rise in the temperature of the main system components during operation. 

 Efficiency: The efficiency of PV powered home systems is affected by that of 
its components, including the PV array, inverter, and the system configuration. 
Although the PV and most of recently household appliances are of DC nature, 
but most of the current work is still based on the alternative current (AC) 
environment. Therefore, there is a dissipated power due to the conversion stages 
when the household appliances handle solar power (i.e. DC to AC and back to 
DC again). Only a few investigations address the DC environment with PV but 
only to power individual or only a group of household appliances and they need 
to be developed to cover all the appliances with enhancement of energy 
monitoring system. 

 Power Profile of DC-Based System: The power system always has several 
variations in its profile due to random load changes or environmental effects 
such as device switching effects when generating further transients. Thus, 
appropriate solutions need to be worked out to derive an accurate mathematical 
model because most system parameters vary with time. Curve modelling of 
power generation is a significant tool for evaluating system performance, 
monitoring and forecasting, especially for appliances that operate under a DC 
distribution system.   

 
 
1.4 Objectives 

This research aims to propose PV powered home system under DC environment 
(consisting of PV array, charge controller, battery bank, and appliances interface and 
monitoring circuit) which deliver better energy yield, higher efficiency, and 
monitoring system with mathematical modelling for the power consumptions. 
Therefore, more specific objectives of this thesis are: 

 To propose a novel maximum power point controller based on one time MPP 
control algorithm. 
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 To design and develop a prototype wireless PV-powered energy monitoring 
system using a novel solar-battery charge controller based on DC voltage 
matching concept. 

 To develop an empirical mathematical model that governs the load power 
profile for the proposed system. 

 
 
1.5 Scope of Research 

This work addresses the energy conservation and optimization in a residential 
application  reduce its impact on our economy and environment. Therefore, this 
work is looking for a better realization of how solar powered homes consume energy 
and how to improve this consumption by proposing DC framework environment as a 
single supply voltage for all household appliances. The main points that define this 
scope can be listed as follows: 

 Studying  and classifying all the local household appliances from the viewpoint 
of the electrical energy consumption.  

 Specifying the household appliance's voltage as an operating voltage to be 
starting step which adopted in the research algorithm. 

 The study sets an algorithm based on the site geographical parameters such as; 
irradiance and temperature, to propose a new charge controller depends on once 
maximum power point (MPP) calculation to assign the system operating 
voltage. 

 Designing a new Solar-Battery charge controller circuit in which the PV array 
output power is directly connected through a bypass MOSFET to charge the 
battery bank whenever the battery voltage becomes lower than the setting 
(proposed) level. The controller will switch to another path when the batteries 
reaches its full charge value through another MOSFET path to transfer to an 
Auxiliary load (fans or auxiliary battery). This surplus power is used for the 
system ventilation to reduce the temperature and adding more improvements of 
system performance. 

 The proposed system and prototype covers all the new household appliances 
that locally available in the market, but it is not suitable for all the old 
appliances that are designated. 

 The system has its own wireless energy management supported by GUI-based 
PC which comprising  XBee-RF-based design and prototype for monitoring the 
power consumption rate of a DC powered appliances in a solar home and for 
controlling the solar charging process. 

 Six analogue channels are processed directly by the remote XBee which 
acquires the data from various energy sensors to be sent in a real-time 
communication with (11.6 -123) Hz sampling frequency to record the possible 
surge power of the appliances. 

 A new mathematical modelling equations have also been proposed in this work 
to extract the formulas that govern the supply and load profiles of the system for 
further analysis, forecasting and monitoring. 
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1.6 Research Contributions 

 Solar-Battery Charge Controller with new control algorithm based on one-time 
maximum power point (MPP) and site weather parameters (irradiance and 
temperature) variation range.  

 Single Voltage DC Distribution System framework for the interconnection of all 
the local market commercial appliances.  

 Wireless Energy Monitoring Prototype for such DC-environment application 
with lower cost and less complexity.  

 Measurements-based mathematical modelling  by Bode Equations and Vector 
Fitting (BEVF) algorithm that can be used for steady-state and transient 
analysis, forecasting and monitoring of  the power profile for both the supply 
and consumptions. 

 
 
The research contributions also can be expressed by the diagram in Figure 1.6. 
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Figure 1.6 : The main novelties of the research in diagram form 
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1.7 Thesis Layout 

After discussing the main research aspects and the main topology of the whole 
system, the remainder of the document is laid out as follows: 

Chapter Two summarizes the literature review of the research trends like the  
current AC environment, household situation and the traditional solar powered 
home/office system as well as discusses the energy usage, modelling, managing, 
monitoring,  and design. This chapter will consist of details on the AC household 
and DC household models, the loads for each household appliance, and what had 
been achieved in this area. Additionally, this chapter will summarize the strength 
points of the proposed system components and processes under the DC environment.  

Chapter Three discusses the main research hypothesis, algorithm and the main 
topology of the whole system which is based on the DC-voltage matching concept. 
This chapter subdivided into three mainly topics; First, addresses the current and the 
local market household appliances classifications according to DC compatibility and 
ability for dispensing some AC-DC adaptors, a MATLAB editor code and Simulink 
have been adopted as a simulation program to initially verify the concept and to 
imitate the processes of the practical stages of this research. Second, addresses the 
proposed alternative solar-battery charge controller which is based on a new 
algorithm seems to be inversely calculated because its start from the appropriate DC 
value of the load voltage, then the full charge battery voltage and so on, a Simulink 
Matlab simulator is also attempted in the simulation phase of this research as well as 
an experimental data has been collected to verify the circuit function and energy 
saving goal. Third, discusses the DC-based Wireless Home Management System 
(DCWHEMS) and the new proposed wireless monitoring and management circuit 
which is designed for such application with low cost and consumption to increase 
the system efficiency and to reduce the total electricity generation cost to consumers, 
and meanwhile, to smoothen demand peaks. 

Chapter Four describes the new proposed mathematical modelling equations for 
both system source and appliances power profiles. 

Chapter Five discusses all the research outcome results of the simulation and 
experimental phases in some details that are required to design the proposed 
embodiment over different types of AC appliances. Analyzing the source and load 
performance under DC environment to compare with the operation under the AC 
conditions. 

Chapter Six; Summarize the general conclusions of the thesis and the 
recommendations for future research 



© C
OPYRIG

HT U
PM

 

 
146 

 

7 REFERENCES 

(EPRI), Electric Power Research Institute. 2016. “Solar Industry Data | SEIA.” 
Retrieved December 21, 2016 (http://www.seia.org/research-resources/solar-
industry-data). 

ADC Energy Applications. 2016. “ADC Energy Applications.” Retrieved November 
29, 2016 (http://adcenergy.org/). 

Ahmed, Mohamed A., Yong Cheol Kang, and Young-chon Kim. 2015. 
“Communication Network Architectures for Smart-House with Renewable 
Energy Resources.” Energies 8716–35. 

Al-Ali, A. R., Ayman El-Hag, Mujib Bahadiri, Mustafa Harbaji, and Yousef Ali El 
Haj. 2011. “Smart Home Renewable Energy Management System.” Energy 
Procedia 12:120–26. Retrieved 
(http://www.sciencedirect.com/science/article/pii/S1876610211018431). 

Al-Diab, Ahmad and Constantinos Sourkounis. 2011. “Integration of Flywheel 
Energy Storage System in Production Lines for Voltage Drop 
Compensation.” Pp. 3882–87 in IECON Proceedings (Industrial Electronics 
Conference). 

Aldridge, Tomm, Annabelle Pratt, Pavan Kumar, Dwight Dupy, and Guy Allee. 
2010. “Evaluating 400V Direct-Current for Data Centers, A Case Study 
Comparing 400 Vdc with 480-208 Vac Power Distribution for Energy 
Efficiency and Other Benefits.” 1–16. Retrieved July 9, 2017 
(http://www.electronicdesign.com/power/400-v-dc-distribution-data-center-
gets-real-0). 

Allegro. 2017a. “Allegro MicroSystems - ACS712: Fully Integrated, Hall-Effect-
Based Linear Current Sensor IC with 2.1 kVRMS Voltage Isolation and a 
Low-Resistance Current Conductor.” Allegro. Retrieved July 23, 2017 
(http://www.allegromicro.com/en/Products/Current-Sensor-ICs/Zero-To-
Fifty-Amp-Integrated-Conductor-Sensor-ICs/ACS712.aspx). 

Allegro. 2017b. “High Quality Light Dependent Resistor Electronic Projects Pi UK 
Stock UK Seller | eBay.” Retrieved July 23, 2017 
(http://www.ebay.com.au/itm/High-Quality-Light-Dependent-Resistor-
Electronic-Projects-Pi-UK-Stock-UK-Seller-/111677381649). 

Almeida, Marcelo Pinho, Oscar Perpinan, and Luis Narvarte. 2015. “PV Power 
Forecast Using a Nonparametric PV Model.” Solar Energy 115:354–68. 

Amin, M., Y. Arafat, S. Lundberg, and S. Mangold. 2011. “Low Voltage DC 
Distribution System Compared with 230 V AC.” Pp. 340–45 in 2011 IEEE 
Electrical Power and Energy Conference, EPEC 2011. 



© C
OPYRIG

HT U
PM

 

 
147 

 

Anand, S., R. S. Farswan, B. Mangu, and B. G. Fernandes. 2012. “Optimal Charging 
of Battery Using Solar PV in Standalone DC System.” 6th IET International 
Conference on Power Electronics, Machines and Drives (PEMD 2012) D61–
D61. Retrieved 
(http://link.aip.org/link/IEECPS/v2012/iCP592/pD61/s1&Agg=doi%5Cnhttp
://digital-library.theiet.org/content/conferences/10.1049/cp.2012.0339). 

Anand, Sandeep, Baylon G. Fernandes, and Josep M. Guerrero. 2013. “Distributed 
Control to Ensure Proportional Load Sharing and Improve Voltage 
Regulation in Low-Voltage DC Microgrids.” IEEE Transactions on Power 
Electronics 28(4):1900–1913. 

Andersson, G. 2008. “Modelling and Analysis of Electric Power Systems.” EEH - 
Power Systems Laboratory (September):183. Retrieved 
(http://www.eeh.ee.ethz.ch/uploads/tx_ethstudies/modelling_hs08_script_02.
pdf%5Cnpapers2://publication/uuid/C02E33C3-873B-4BB5-801F-
0C985F0D54C3). 

Arafat, Yasir and Mohammad Amin. 2011. “Feasibility Study of Low Voltage DC 
House and Compatible Home Appliance Design.” 

Ayai, Naoki et al. 2012. “DC Micro Grid System.” SEI Technical Review (75):132–
36. 

Bai, Ying W. and Chi Huang Hung. 2008. “Remote Power On/off Control and 
Current Measurement for Home Electric Outlets Based on a Low-Power 
Embedded Board and ZigBee Communication.” Pp. 127–34 in Proceedings 
of the International Symposium on Consumer Electronics, ISCE. 

Bana, Sangram and R. P. Saini. 2016. “A Mathematical Modeling Framework to 
Evaluate the Performance of Single Diode and Double Diode Based SPV 
Systems.” Energy Reports 2:171–87. Retrieved 
(http://dx.doi.org/10.1016/j.egyr.2016.06.004). 

Batard, Christophe, Frdric Poitiers, Christophe Millet, and Nicolas Ginot. 2012. 
“Simulation of Power Converters Using Matlab-Simulink.” MATLAB - A 
Fundamental Tool for Scientific Computing and Engineering Applications - 
Volume 1. Retrieved (http://www.intechopen.com/books/matlab-a-
fundamental-tool-for-scientific-computing-and-engineering-applications-
volume-1/simulation-of-power-converters-using-matlab-simulink). 

Becker, Dustin J. and B. J. Sonnenberg. 2011. “DC Microgrids in Buildings and 
Data Centers.” in INTELEC, International Telecommunications Energy 
Conference (Proceedings). 

Bellia, Habbati, Ramdani Youcef, and Moulay Fatima. 2014. “A Detailed Modeling 
of Photovoltaic Module Using MATLAB.” NRIAG Journal of Astronomy 
and Geophysics 3(1):53–61. Retrieved 
(http://linkinghub.elsevier.com/retrieve/pii/S2090997714000182). 



© C
OPYRIG

HT U
PM

 

 
148 

 

Boroyevich, Dushan et al. 2010. “Future Electronic Power Distribution Systems - A 
Contemplative View.” Pp. 1369–80 in Proceedings of the International 
Conference on Optimisation of Electrical and Electronic Equipment, OPTIM. 

Boroyevich, Dushan, Igor Cvetkovic, Rolando Burgos, and Dong Dong. 2013. 
“Intergrid: A Future Electronic Energy Network?” IEEE Journal of 
Emerging and Selected Topics in Power Electronics 1(3):127–38. 

Boyd, Gale, Elizabeth Dutrow, and Walt Tunnessen. 2008. “The Evolution of the 
ENERGY STAR?? Energy Performance Indicator for Benchmarking 
Industrial Plant Manufacturing Energy Use.” Journal of Cleaner Production 
16(6):709–15. 

Chassin, Dp, Jm Malard, and C. Posse. 2004. “Modeling Power Systems as Complex 
Adaptive Systems.” Pacific Northwest National Laboratory PNNL-
14987(December). Retrieved 
(http://www.pnl.gov/main/publications/external/technical_reports/PNNL-
14987.pdf). 

Chen, Shih-ming M., Tsorng-juu J. Liang, and K. R. Hu. 2013. “Design, Analysis, 
and Implementation of Solar Power Optimizer for DC Distribution System.” 
IEEE Transactions on Power Electronics 28(4):1764–72. 

Cheung, T. K., K. W. E. Cheng, D. Sutanto, Y. S. Lee, and Y. L. Ho. 2004. 
“Application of ASK Modulation for DC/DC Converters Control in DC 
Distribution Power System.” Power Electronics Systems and Applications 
268–72. 

Chim, C. S., P. Neelakantan, H. P. Yoong, and K. T. K. Teo. 2011. “Fuzzy Logic 
Based MPPT for Photovoltaic Modules Influenced by Solar Irradiation and 
Cell Temperature.” Pp. 376–81 in Proceedings - 2011 UKSim 13th 
International Conference on Modelling and Simulation, UKSim 2011. 

Cho, Haeran, Yannig Goude, Xavier Brossat, and Qiwei Yao. 2013. “Modeling and 
Forecasting Daily Electricity Load Curves: A Hybrid Approach.” Journal of 
the American Statistical Association 108(501):7–21. Retrieved 
(http://www.tandfonline.com/doi/abs/10.1080/01621459.2012.722900). 

Chobot, Edwin et al. 2013. “Design and Implementation of a Wireless Sensor and 
Actuator Network for Energy Measurement and Control at Home.” 
International Journal of Embedded Systems and Applications 3(1):1–15. 
Retrieved (http://www.airccse.org/journal/ijesa/papers/3113ijesa01.pdf). 

Ciabattoni, Lucio, Francesco Ferracuti, Massimo Grisostomi, Gianluca Ippoliti, and 
Sauro Longhi. 2015. “Fuzzy Logic Based Economical Analysis of 
Photovoltaic Energy Management.” Neurocomputing 170:296–305. 

Cvetkovic, I. et al. 2011. “Dynamic Interactions in Hybrid Ac/dc Electronic Power 
Distribution Systems.” Pp. 2121–28 in 8th International Conference on 



© C
OPYRIG

HT U
PM

 

 
149 

 

Power Electronics - ECCE Asia: “Green World with Power Electronics”, 
ICPE 2011-ECCE Asia. ©2011 IEEE. 

Cvetkovic, Igor, Dushan Boroyevich, Paolo Mattavelli, Fred C. Lee, and Dong 
Dong. 2011. “Non-Linear, Hybrid Terminal Behavioral Modeling of a DC-
Based Nanogrid System.” Pp. 1251–58 in Conference Proceedings - IEEE 
Applied Power Electronics Conference and Exposition - APEC. 

D., Chen, Xu L., and Yao L. 2013. “DC Voltage Variation Based Autonomous 
Control of DC Microgrids.” IEEE Transactions on Power Delivery 
28(2):637–48. Retrieved (http://www.scopus.com/inward/record.url?eid=2-
s2.0-
84875636428&partnerID=40&md5=0b02aea6db8df21129239738928f0fd5). 

Dastgeer, Faizan. 2011. “Direct Current Distribution Systems for Residential Areas 
Powered by Distributed Generation.” PhD Thesis, Victoria University, 
Australia. 

Deschrijver, Dirk and Tom Dhaene. 2007. “A Note on the Multiplicity of Poles in 
the Vector Fitting Macromodeling Method.” IEEE Transactions on 
Microwave Theory and Techniques 55(4):736–41. 

Deschrijver, Dirk, Bjørn Gustavsen, and Tom Dhaene. 2007. “Advancements in 
Iterative Methods for Rational Approximation in the Frequency Domain.” 
IEEE Transactions on Power Delivery 22(3):1633–42. 

Deschrijver, Dirk, Bart Haegeman, and Tom Dhaene. 2007. “Orthonormal Vector 
Fitting: A Robust Macromodeling Tool for Rational Approximation of 
Frequency Domain Responses.” Pp. 216–25 in IEEE Transactions on 
Advanced Packaging, vol. 30. 

Dhaene, T. and D. Deschrijver. 2005. “Generalised Vector Fitting Algorithm for 
Macromodelling of Passive Electronic Components.” Electronics Letters 
41(6):299. Retrieved 
(http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1421159’ 
escapeXml=’false’/%3E). 

Doering, Michael, Stephan Rottmann, and Lars Wolf. 2011. “Design and 
Implementation of a Low-Power Energy Management Module with 
Emergency Reserve for Solar Powered DTN-Nodes.” Proceedings of the 3rd 
Extreme Conference on Communication The Amazon Expedition - 
ExtremeCom ’11 1–6. Retrieved 
(http://dl.acm.org/citation.cfm?doid=2414393.2414399). 

Dong, Dong et al. 2012. “Modes of Operation and System-Level Control of Single-
Phase Bidirectional PWM Converter for Microgrid Systems.” IEEE 
Transactions on Smart Grid 3(1):93–104. 

 



© C
OPYRIG

HT U
PM

 

 
150 

 

Dragičević, T., J. M. Guerrero, Juan C. Vasquez, and D. Škrlec. 2014. “Supervisory 
Control of an Adaptive-Droop Regulated DC MicrogridWith Battery 
Management Capability.” IEEE Transactions on Power Electronics 
29(2):695–706. 

Efficiency, Energy. 2016. Energy Efficiency. Paris Cedex 15, France. Retrieved 
(http://www.springerlink.com/index/10.1007/978-90-481-3321-5). 

Eghtedarpour, Navid and Ebrahim Farjah. 2013. “Distributed Charge / Discharge 
Control of Energy Storages in a Renewable-Energy-Based DC Micro-Grid.” 
IET Renewable Power Generation Vol. 8, Is(April):45–57. Retrieved 
(www.ietdl.org). 

Electric Power Research Institute (EPRI). 2006. DC Power Production , Delivery 
and Utilization. 

Elsayed, Ahmed T., Ahmed A. Mohamed, and Osama A. Mohammed. 2015. “DC 
Microgrids and Distribution Systems : An Overview.” Electric Power 
Systems Research 119:407–17. Retrieved 
(http://dx.doi.org/10.1016/j.epsr.2014.10.017). 

Elshaer, Mohamed A. 2017. “Single-Phase PWM Inverter - MATLAB &amp; 
Simulink.” Retrieved December 23, 2017 
(https://www.mathworks.com/help/physmod/sps/examples/single-phase-
pwm-inverter.html). 

Engelen, Kristof et al. 2006. “Small-Scale Residential DC Distribution Systems.” 
IEEE Benelux Young Researchers Symposium in Electrical Power 
Engineering (14):1–7. 

Erol-Kantarci, M. and H. T. Mouftah. 2011. “Wireless Sensor Networks for Cost-
Efficient Residential Energy Management in the Smart Grid.” IEEE 
Transactions on Smart Grid 2(2):314–25. Retrieved 
(http://ieeexplore.ieee.org/ielx5/5165411/5772087/05734885.pdf?tp=&arnu
mber=5734885&isnumber=5772087%5Cnhttp://ieeexplore.ieee.org/xpls/abs
_all.jsp?arnumber=5734885). 

Esram, Trishan and Patrick L. Chapman. 2007. “Comparison of Photovoltaic Array 
Maximum Power Point Tracking Techniques.” IEEE Transactions on Energy 
Conversion 22(2):439–49. Retrieved 
(http://www.scopus.com/inward/record.url?eid=2-s2.0-
34249794869&partnerID=40&md5=be48248f6ad0aaa2204b99f6b8f14684%
5Cnhttp://ieeexplore.ieee.org/ielx5/60/4207419/04207429.pdf?tp=&arnumbe
r=4207429&isnumber=4207419). 

Evans, Manuel A.Vargas. 2013. “Why Low Voltage Direct Current Grids?” Delft 
University of Technology. Retrieved 
(http://repository.tudelft.nl/view/ir/uuid:7698b126-a770-4712-83fb-
8a9be29a949c/%5Cnhttp://repository.tudelft.nl/assets/uuid:7698b126-a770-



© C
OPYRIG

HT U
PM

 

 
151 

 

4712-83fb-8a9be29a949c/mscThesis_-_Manuel_Vargas_Evans.pdf). 

Fang, Xi, Satyajayant Misra, Guoliang Xue, and Dejun Yang. 2012. “Smart Grid — 
The New and Improved Power Grid: A Survey.” IEEE Communications 
Surveys & Tutorials 14(4):944–80. Retrieved 
(http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=6099519). 

Gabriele Lobaccaro, Salvatore Carlucci and Erica Löfström. 2016. “A Review of 
Systems and Technologies for Smart Homes and Smart Grids.” Energies 
9(5):1–33. 

Garbesi, K. 2012. “Optimizing Energy Savings from Direct-DC in US Residential 
Buildings.” (October):1–68. Retrieved 
(http://scholarworks.sjsu.edu/etd_theses%0ARecommended). 

Garbesi, Karina, Vagelis Vossos, and Hongxia Shen. 2012. “Catalog of DC 
Appliances and Power Systems.” Lawrence Berkeley National Laboratory 
(October):1–77. Retrieved 
(http://escholarship.org/uc/item/8076s5c3%0ALocal). 

Goetzler, William and Timothy Sutherland Callie Reis. 2013. Energy Savings 
Potential and Opportunities for High-Efficiency Electric Motors in 
Residential and Commercial Equipment. Burlington, MA 01803. Retrieved 
(http://www.eere.energy.gov/buildings). 

Grid data. 2017. “Consumption and Grid Forecasts - Elia.” Retrieved December 22, 
2016 (http://www.elia.be/en/grid-data/Load-and-Load-Forecasts/total-load). 

Grivet-Talocia, S. 2003. “Package Macromodeling via Time-Domain Vector 
Fitting.” IEEE Microwave and Wireless Components Letters 13(11):472–74. 

Gudi, Nikhil, Lingfeng Wang, and Vijay Devabhaktuni. 2012. “A Demand Side 
Management Based Simulation Platform Incorporating Heuristic 
Optimization for Management of Household Appliances.” International 
Journal of Electrical Power & Energy Systems 43(1):185–93. Retrieved 
(http://dx.doi.org/10.1016/j.ijepes.2012.05.023). 

Gules, Roger, Juliano De Pellegrin Pacheco, Hélio Leães Hey, and Johninson 
Imhoff. 2008. “A Maximum Power Point Tracking System with Parallel 
Connection for PV Stand-Alone Applications.” IEEE Transactions on 
Industrial Electronics 55(7):2674–83. 

Gustavsen, Bjørn. 2006. “Improving the Pole Relocating Properties of Vector 
Fitting.” IEEE Transactions on Power Delivery 21(3):1587–92. 

Gustavsen, Bjørn and Christoph Heitz. 2008. “Modal Vector Fitting: A Tool for 
Generating Rational Models of High Accuracy with Arbitrary Terminal 
Conditions.” Pp. 664–72 in IEEE Transactions on Advanced Packaging, vol. 
31. 



© C
OPYRIG

HT U
PM

 

 
152 

 

Gustavsen, Bjørn and Adam Semlyen. 1999. “Rational Approximation of Frequency 
Domain Responses by Vector Fitting.” IEEE Transactions on Power 
Delivery 14(3):1052–59. 

Gustavsen, Bjørn and Adam Semlyen. 1998. “Simulation of Transmission Line 
Transients Using Vector Fitting and Modal Decomposition.” IEEE 
Transactions on Power Delivery 13(2):605–11. 

Hahashi, Yusuke and Masato Mino. 2012. “High-Density Bidirectional Rectifier for 
next Generation 380-V DC Distribution System.” Pp. 2455–60 in Conference 
Proceedings - IEEE Applied Power Electronics Conference and Exposition - 
APEC. 

Hammerstrom, Donald J. 2007. “AC versus DC Distribution Systems-Did We Get It 
Right?” Pp. 1–5 in 2007 IEEE Power Engineering Society General Meeting, 
PES. 

Han, Jinsoo, Haeryong Lee, and Kwang Roh Park. 2009. “Remote-Controllable and 
Energy-Saving Room Architecture Based on ZigBee Communication.” in 
Digest of Technical Papers - IEEE International Conference on Consumer 
Electronics. 

Hsieh, Hung-I., Sheng-Fang Shih, Jen-Hao Hsieh, and Chi-Hao Wang. 2013. 
“Photovoltaic High-Frequency Pulse Charger for Lead-Acid Battery under 
Maximum Power Point Tracking.” International Journal of Photoenergy 
2013:1–8. Retrieved (http://www.hindawi.com/journals/ijp/2013/687693/). 

Hu, Changbin, Shanna Luo, Zhengxi Li, Xin Wang, and Li Sun. 2015. “Energy 
Coordinative Optimization of Wind-Storage-Load Microgrids Based on 
Short-Term Prediction.” 1505–28. 

Huang, Chiou-jye, Mao-ting Huang, and Chung-cheng Chen. 2013. “A Novel Power 
Output Model for Photovoltaic Systems.” International Journal of Smart 
Grid and Clean Energy 2(2):139–47. 

Hughes., Austin. 2013. Electric Motors and Drives Fundamentals, Types and 
Applications. 

Hussein, K. H. 1995. “Maximum Photovoltaic Power Tracking: An Algorithm for 
Rapidly Changing Atmospheric Conditions.” IEE Proceedings - Generation, 
Transmission and Distribution 142(1):59. Retrieved (http://digital-
library.theiet.org/content/journals/10.1049/ip-gtd_19951577). 

Ishigaki, Yoshihisa, Yoshitaka Kimura, Ikumi Matsusue, and Hidekazu Miyoshi. 
2014. “Optimal Energy Management System for Isolated Micro Grids.” 
(78):73–78. 

Jiang, Yuncong, Jaber A.Abu Qahouq, Ahmed Hassan, Emad Abdelkarem, and 
Mohamed Orabi. 2012. “Load Current Based Analog MPPT Controller for 



© C
OPYRIG

HT U
PM

 

 
153 

 

PV Solar Systems.” Pp. 911–14 in Conference Proceedings - IEEE Applied 
Power Electronics Conference and Exposition - APEC. 

Jin, Chi, Peng Wang, Jianfang Xiao, Yi Tang, and Fook Hoong Choo. 2014. 
“Implementation of Hierarchical Control in DC Microgrids.” IEEE 
Transactions on Industrial Electronics 61(8):4032–42. 

Jinhui, Huang, Xue ZiYu, Xu Xu, and Tian Siyang. 2015. “Zigbee-Based Intelligent 
Home Furnishing.” International Journal of Smart Home 9(1):61–68. 

John, Jackson, Francis Mwasilu, Ju Lee, and Jin-woo Jung. 2013. “AC-Microgrids 
versus DC-Microgrids with Distributed Energy Resources : A Review.” 
Renewable and Sustainable Energy Reviews 24:387–405. Retrieved 
(http://dx.doi.org/10.1016/j.rser.2013.03.067). 

Jun, Tian, Z. H. U. Yong-qiang, and Tang Jia-neng. 2010. “Photovoltaic Array 
Power Forecasting Model Based on Energy Storage.” 10–13. 

Justo, Jackson John, Francis Mwasilu, Ju Lee, and Jin Woo Jung. 2013. “AC-
Microgrids versus DC-Microgrids with Distributed Energy Resources: A 
Review.” Renewable and Sustainable Energy Reviews 24:387–405. 
Retrieved (http://dx.doi.org/10.1016/j.rser.2013.03.067). 

Kakigano, H., Y. Miura, T. Ise, and R. Uchida. 2006. “DC Micro-Grid for Super 
High Quality Distribution — System Configuration and Control of 
Distributed Generations and Energy Storage Devices —.” 37th IEEE Power 
Electronics Specialists Conference 1–7. Retrieved 
(http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=1712250). 

Kakigano, Hiroaki, Yushi Miura, and Toshifumi Ise. 2013. “Distribution Voltage 
Control for DC Microgrids Using Fuzzy Control and Gain-Scheduling 
Technique.” IEEE Transactions on Power Electronics 28(5):2246–58. 

Kenny, Barbara H., Ralph Jansen, Peter Kascak, Timothy Dever, and Walter 
Santiago. 2005. “Integrated Power and Attitude Control with Two 
Flywheels.” IEEE Transactions on Aerospace and Electronic Systems 
41(4):1431–49. 

Khaehintung, N. .. and P. .. Sirisuk. 2007. “Application of Maximum Power Point 
Tracker with Self-Organizing Fuzzy Logic Controller for Solar-Powered 
Traffic Lights.” Pp. 642–46 in Proceedings of the International Conference 
on Power Electronics and Drive Systems. Retrieved 
(https://www.scopus.com/inward/record.uri?eid=2-s2.0-
49949110400&partnerID=40&md5=8e66ab9d6c5de146d4e98cb05ac11e6b). 

Khalfallah, Mohammed G. and Aboelyazied M. Koliub. 2007. “Suggestions for 
Improving Wind Turbines Power Curves.” Desalination 209(1–3 SPEC. 
ISS.):221–29. 



© C
OPYRIG

HT U
PM

 

 
154 

 

Koutroulis, E., K. Kalaitzakis, and N. C. Voulgaris. 2001. “Development of a 
Microcontroller-Based, Photovoltaic Maximum Power Point Tracking 
Control System.” IEEE Transactions on Power Electronics 16(1):46–54. 

Kubota, Tetsu et al. 2011. “Energy Consumption and Air-Conditioning Usage in 
Residential Buildings of Malaysia.” Journal of International Development 
and Cooperation 17(3):61–69. Retrieved (https://ir.lib.hiroshima-
u.ac.jp/files/public/32444/20141016190220391503/JIDC_17-3_61.pdf). 

Kwasinski, Alexis. 2011. “Quantitative Evaluation of DC Microgrids Availability: 
Effects of System Architecture and Converter Topology Design Choices.” 
IEEE Transactions on Power Electronics 26(3):835–51. 

Kwon, Won Ok, Hae Moon Seo, and Pyung Choi. 2011. “Highly Power-Efficient 
Rack-Level DC Power Architecture Combined with Node-Level DC UPS.” 
33(4):648–51. 

Laudani, Giuseppe A. and Paul D. Mitcheson. 2015. “Comparison of Cost and 
Efficiency of DC versus AC in Office Buildings.” 1–52. Retrieved 
(http://www.topandtail.org.uk/publications/Report_ComparisonofCost.pdf). 

Lawrence, Ernest Orlando, Katie Coughlin, and Joseph H. Eto. 2010. “Analysis of 
Wind Power and Load Data at Multiple Time Scales.” (December). 

Lee, Po-Wa, Yim-Zhu Lee, and Bo-Tao Lin. 1999. “Power Distribution Systems for 
Future Homes.” Proceedings of the IEEE 1999 International Conference on 
Power Electronics and Drive Systems. PEDS’99 (Cat. No.99TH8475) 
(July):1140–46 vol.2. Retrieved 
(http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=792869&con
tentType=Conference+Publications&searchField=Search_All&queryText=P
ower+Distribution+Systems+for+future+homes). 

Lei, Chi U. and Ngai Wong. 2009. “HR Approximation of FIR Filters via Discrete-
Time Hybrid-Domain Vector Fitting.” IEEE Signal Processing Letters 
16(6):533–36. 

Lei, Chi Un and Ngai Wong. 2008. “Efficient Linear Macromodeling via Discrete-
Time Time-Domain Vector Fitting.” Proceedings of the IEEE International 
Frequency Control Symposium and Exposition (1):469–74. 

LG. 2017. “LG Inverter V Air Conditioner | LG Electronics PH.” LG. Retrieved 
December 25, 2017 (http://www.lg.com/ph/residential-air-conditioners/lg-
HS-09ISM). 

Lien, Chia-Hung, Hsien-Chung Chen, Ying-Wen Bai, and Ming-Bo Lin. 2008. 
“Power Monitoring and Control for Electric Home Appliances Based on 
Power Line Communication.” Pp. 2179–84 in Instrumentation and 
Measurement Technology Conference Proceedings, 2008. IMTC 2008. IEEE. 



© C
OPYRIG

HT U
PM

 

 
155 

 

Lien, Chia Hung, Ying Wen Bai, and Ming Bo Lin. 2007. “Remote-Controllable 
Power Outlet System for Home Power Management.” IEEE Transactions on 
Consumer Electronics 53(4):1634–41. 

Lindell, I. V., A. H. Sihvola, and I. Hänninen. 2006. “Faster 3D Finite Element Time 
Domain – Floquet Absorbing Boundary Condition Modelling Using 
Recursive Convolution and Vector Fittin.” European Space Agency, (Special 
Publication) ESA SP 626 SP(June 2008):310–24. 

Lisy, Sara Maly and Mirna Smrekar. 2016. “Three Case Studies of Commercial 
Deployment of 400V DC Data and Telecom Centers in the EMEA Region.” 
INTELEC, International Telecommunications Energy Conference 
(Proceedings) 2016–Septe. 

Liu, Weiliang. 2013. “Maximum Power Point Tracking of Photovoltaic Generation 
Based on Forecasting Model.” 8(10):2569–74. 

Lobaccaro, Gabriele, Salvatore Carlucci, and Erica. 2016. “A Review of Systems 
and Technologies for Smart Homes and Smart Grids.” Energies 9(5):1–33. 

Lohmeier, Christopher J. 2011. “Highly Efficient Maximum Power Point Tracking 
Using a Quasi-Double-Boost DC / DC Converter for Photovoltaic Systems 
Highly Efficient Maximum Power Point Tracking Using a Quasi-Double-
Boost DC / DC Converter for Photovoltaic Systems.” 

Loomba, Paras and Sonal Asgotraa. 2016. “DC Solar Microgrids – A Successful 
Technology for Rural Sustainable Development.” 204–8. 

Lorenz, Elke, Thomas Scheidsteger, Johannes Hurka, Detlev Heinemann, and 
Christian Kurz. 2011. “Regional PV Power Prediction for Improved Grid 
Integration.” Progress in Photovoltaics: Research and Applications 
19(7):757–71. 

Lu, Xiaonan, Kai Sun, Josep M. Guerrero, Juan C. Vasquez, and Lipei Huang. 2014. 
“State-of-Charge Balance Using Adaptive Droop Control for Distributed 
Energy Storage Systems in DC Microgrid Applications.” IEEE Transactions 
on Industrial Electronics 61(6):2804–15. 

Lucía, Óscar et al. 2013. “Design of Home Appliances for a DC-Based Nanogrid 
System: An Induction Range Study Case.” IEEE Journal of Emerging and 
Selected Topics in Power Electronics 1(4):315–26. 

M. Ton, B. Fortenbery, and W.Tschudi. 2007. “DC Power for Improved Data Center 
Efficiency.” Retrieved (http://hightech.lbl.gov/dc-powering/). 

Manufacturers, 80 PLUS Certified Power Supplies and. 2017. “Ecova Plug Load 
Solutions.” Retrieved November 30, 2016 
(https://plugloadsolutions.com/80PlusPowerSupplies.aspx). 



© C
OPYRIG

HT U
PM

 

 
156 

 

Marszal, A. J. et al. 2011. “Zero Energy Building - A Review of Definitions and 
Calculation Methodologies.” Energy and Buildings 43(4):971–79. 

MaxStream. 2005. “XBee TM / XBee-PRO TM OEM RF Modules.” MaxStream 
(801):1–33. 

Mcgranaghan, Mark et al. 2008. “Renewable Systems Interconnection Study: 
Advanced Grid Planning and Operations.” Energy (February):123. 

McNeil, Michael A. and Virginie E. Letschert. 2012. “Residential Energy 
Consumption Survey (RECS) - Data - U.S. Energy Information 
Administration (EIA).” Retrieved November 27, 2016 
(https://www.eia.gov/consumption/residential/data/2009/index.php?view=co
nsumption). 

Mitra, J. and S. Suryanarayanan. 2010. “System Analytics for Smart Microgrids.” in 
IEEE PES General Meeting, PES 2010. 

Mohamed, Abduljalil, Khaled Bashir Shaban, and Amr Mohamed. 2013. “Effective 
Seizure Detection through the Fusion of Single-Feature Enhanced-K-NN 
Classifiers of EEG Signals.” in ISSNIP Biosignals and Biorobotics 
Conference, BRC. 

Mohamed, Ahmed, Vahid Salehi, and Osama Mohammed. 2012. “Real-Time Energy 
Management Algorithm for Mitigation of Pulse Loads in Hybrid 
Microgrids.” IEEE Transactions on Smart Grid 3(4):1911–22. 

Murrill, Mark, B. J. Sonnenberg, and Emerson Network Power. n.d. “Evaluating the 
Opportunity for DC Power in the Data Center.” 

Murtaza, a. F. et al. 2012. “A Novel Hybrid MPPT Technique for Solar PV 
Applications Using Perturb & Observe and Fractional Open Circuit Voltage 
Techniques.” MECHATRONIKA, 2012 15th International Symposium 1–8. 

Muthuvel, Periyasamy, S.Arul Daniel, and D. G. Yazhini. 2016. “Engineering 
Science and Technology , an International Journal Retrofitting Domestic 
Appliances for PV Powered DC Nano-Grid and Its Impact on Net Zero 
Energy Homes in Rural India.” 

Name, Product and Sales Launch. 2013. “New Sales Launch of the Container 
Refrigeration Unit ZESTIA TM Approximately 45 % Energy Savings in an 
Industry First Use of DC Inverter Non-Inverter.” 2011:9–10. 

Nazabal, Juan A., Francisco J. Falcone, Carlos Fernández-Valdivielso, and Ignacio 
R. Matías. 2013. “Energy Management System Proposal for Efficient Smart 
Homes.” in Conference and Exhibition - 2013 International Conference on 
New Concepts in Smart Cities: Fostering Public and Private Alliances, 
SmartMILE 2013. 



© C
OPYRIG

HT U
PM

 

 
157 

 

Nilsson, Daniel and Ambra Sannino. 2004. “Efficiency Analysis of Low-and 
Medium-Voltage DC Distribution Systems.” Power Engineering Society 
General … 1–7. Retrieved 
(http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1373299). 

Nilsson, Daniel and Ambra Sannino. 2017. “Use of Electricity - Energy Explained, 
Your Guide To Understanding Energy - Energy Information 
Administration.” Retrieved November 27, 2016 
(https://www.eia.gov/energyexplained/index.cfm?page=electricity_use). 

Nouri, Behzad, Ramachandra Achar, and Michel S. Nakhla. 2010. “Z-Domain 
Orthonormal Basis Functions for Physical System Identifications.” IEEE 
Transactions on Advanced Packaging 33(1):293–307. 

Oliver, Stephen. 2012. “High-Voltage DC Distribution Is Key to Increased System 
Efficiency and Renewable-Energy Opportunities.” 1–7. Retrieved 
(http://www.vicorpower.com/documents/whitepapers/wp-High-voltage-DC-
Distribution.pdf). 

On_Semiconductor. 2014. “Switch − Mode Power Supply Reference Manual.” On 
Semiconductor Fourth:73. Retrieved (www.onsemi.com/orderlit). 

Ozdemir, Saban, Necmi Altin, and Ibrahim Sefa. 2014. “Single Stage Three Level 
Grid Interactive MPPT Inverter for PV Systems.” Energy Conversion and 
Management 80:561–72. 

Paatero, Jukka V. and Peter D. Lund. 2006. “A Model for Generating Household 
Electricity Load Profiles.” International Journal of Energy Research 
30(5):273–90. 

Pan, Jun, Chenghua Wang, and Feng Hong. 2009. “Research of Photovoltaic 
Charging System with Maximum Power Point Tracking.” Pp. 4-478-4–481 in 
2009 9th International Conference on Electronic Measurement & 
Instruments. IEEE. Retrieved 
(http://ieeexplore.ieee.org/document/5274013/). 

Patterson, By Brian T. 2012. “DC, Come Home.” IEEE Power & Energy Magazine 
(October):november/december. 

Pelland, Sophie, George Galanis, and George Kallos. 2013. “Solar and Photovoltaic 
Forecasting through Post-Processing of the Global Environmental Multiscale 
Numerical Weather Prediction Model.” Progress in Photovoltaics: Research 
and Applications 21(3):284–96. 

Pelland, Sophie, George Galanis, and George Kallos. 2011. “Solar and Photovoltaic 
Forecasting through Post-Processing of the Global Environmental Multiscale 
Numerical Weather Prediction Model.” 

Petchjatupom, Panom and Wannaya Ngamkham. 2005. “A Solar-Powered Battery 



© C
OPYRIG

HT U
PM

 

 
158 

 

Charger with Neural Network Maximum Power Point Tracking Implemented 
on a Low-Cost PlC-Microcontroller.” Computer Engineering (1):507–10. 

Picault, D., B. Raison, S. Bacha, J. De Casa, and J. Aguilera. 2010. “Forecasting 
Photovoltaic Array Power Production Subject to Mismatch Losses.” Solar 
Energy 84(7):1301–9. Retrieved 
(http://dx.doi.org/10.1016/j.solener.2010.04.009). 

Price, P. 2010. “Methods for Analyzing Electric Load Shape and Its Variability.” 
California Energy Commission (May):1–63. 

Rasmussen, Neil and James Spitaels. 2012. A Quantitative Comparison of High 
Efficiency AC vs . DC Power Distribution for Data Centers. Retrieved 
(DCSC@Schneider-Electric.com). 

Rauf, S., A. Wahab, M. Rizwan, S. Rasool, and N. Khan. 2016. “Application of Dc-
Grid for Efficient Use of Solar PV System in Smart Grid.” Procedia 
Computer Science 83(Seit):902–6. Retrieved 
(http://dx.doi.org/10.1016/j.procs.2016.04.182). 

Reed, Gregory F. 2012. “DC Technologies.” IEEE Power & Energy Magazine, 10–
17. 

RTE. 2017. “RTE Customer’s Area - Daily Load Curves.” Retrieved December 22, 
2016 (http://clients.rte-france.com/lang/an/visiteurs/vie/courbes.jsp). 

Ryu, Myung-hyo, Ho-sung Kim, Jong-hyun Kim, and Ju-won Baek. 2013. “Test Bed 
Implementation of 380V DC Distribution System Using Isolated 
Bidirectional Power Converters.” 2013 IEEE 2948–54. 

Ryu, Seung-hee, Jung-hoon Ahn, and Byoung-kuk Lee. n.d. “Single-Switch ZVZCS 
Quasi-Resonant CLL Isolated DC-DC Converter for Low-Power 32 ” LCD 
TV.” 

Saad, Chakkor, Baghouri Mostafa, El Ahmadi, and Hajraoui Abderrahmane. 2014. 
“Comparative Performance Analysis of Wireless Communication Protocols 
for Intelligent Sensors and Their Applications.” International Journal of 
Advanced Computer Science and Applications 5(4):76–85. Retrieved 
(http://arxiv.org/abs/1409.6884%5Cnhttp://dx.doi.org/10.14569/IJACSA.201
4.050413%5Cnhttp://thesai.org/Publications/ViewPaper?Volume=5&Issue=4
&Code=IJACSA&SerialNo=13). 

Sabry, Ahmad H., Wan Zuha Wan Hasan, Mohd Zainal, Mohd Amran, and Suhaidi 
B. Shafie. 2015. “Alternative Solar-Battery Charge Controller to Improve 
System Efficiency.” Applied Mechanics and Materials 785(February 
2016):156–61. Retrieved (http://www.scientific.net/AMM.785.156). 

 



© C
OPYRIG

HT U
PM

 

 
159 

 

Ben Salah, Chokri and Mohamed Ouali. 2011. “Comparison of Fuzzy Logic and 
Neural Network in Maximum Power Point Tracker for PV Systems.” Electric 
Power Systems Research 81(1):43–50. 

Salas, V., E. Olías, A. Lázaro, and A. Barrado. 2005. “Evaluation of a New 
Maximum Power Point Tracker (MPPT) Applied to the Photovoltaic Stand-
Alone Systems.” Pp. 807–15 in Solar Energy Materials and Solar Cells, vol. 
87. 

Salomonsson, D. and A.et al Sannino. 2007. “Load Modelling for Steady-State and 
Transient Analysis of Low-Voltage DC Systems.” Pp. 690–96 in IET Electr. 
Power Appl., 2007. 

Salomonsson, Daniel, Student Member, Lennart Söder, and Ambra Sannino. 2008. 
“An Adaptive Control System for a DC Microgrid for Data Centers.” 
44(6):1910–17. 

Sechilariu, Manuela, Baochao Wang, and Fabrice Locment. 2013. “Building-
Integrated Microgrid: Advanced Local Energy Management for Forthcoming 
Smart Power Grid Communication.” Energy and Buildings 59:236–43. 

Seo, Gab-su, Jongbok Baek, Kyusik Choi, Hyunsu Bae, and Bohyung Cho. 2011. 
“Modeling and Analysis of DC Distribution Systems.” 1–5. 

Seppälä, Anssi. 1996. “Load Research and Load Estimation in Electricity 
Distribution.” VTT Publications (289):3–118. 

Serra, H. 2005. “Domestic Power Consumption Measurement and Automatic Home 
Appliance Detection.” Intelligent Signal Processing, 2005 IEEE 
International Workshop on 128. 

She, Xu, Alex Q. Huang, Srdjan Lukic, and Mesut E. Baran. 2012. “On Integration 
of Solid-State Transformer with Zonal DC Microgrid.” IEEE Transactions 
on Smart Grid 3(2):975–85. 

Shenai, K. and K. Shah. 2011. “Smart DC Micro-Grid for Efficient Utilization of 
Distributed Renewable Energy.” IEEE Trans. Electron Devices. 

Simjee, Farhan I. and Pai H. Chou. 2008. “Efficient Charging of Supercapacitors for 
Extended Lifetime of Wireless Sensor Nodes.” IEEE Transactions on Power 
Electronics 23(3):1526–36. 

Simonov, Mikhail. 2014. “Dynamic Partitioning of DC Microgrid in Resilient 
Clusters Using Event-Driven Approach.” IEEE Transactions on Smart Grid 
5(5):2618–25. 

Spataru, S., D. Sera, T. Kerekes, and R. Teodorescu. 2013. “Photovoltaic Array 
Condition Monitoring Based on Online Regression of Performance Model.” 
in Conference Record of the IEEE Photovoltaic Specialists Conference. 



© C
OPYRIG

HT U
PM

 

 
160 

 

Starke, Michael, Leon M. Tolbert, and Burak Ozpineci. 2008. “AC vs. DC 
Distribution: A Loss Comparison.” in Transmission and Distribution 
Exposition Conference: 2008 IEEE PES Powering Toward the Future, PIMS 
2008. 

Stevens, Nobby, Dirk Deschrijver, and Tom Dhaene. 2007. “Fast Automatic Order 
Estimation of Rational Macromodels for Signal Integrity Analysis.” Pp. 89–
92 in Proceedings - 11th IEEE Workshop on Signal Propagation on 
Interconnects, SPI 2007. 

Strunz, Kai, Ehsan Abbasi, and Duc Nguyen Huu. 2014. “DC Microgrid for Wind 
and Solar Power Integration.” Emerging and Selected Topics in Power 
Electronics, IEEE Journal of 2(1):115–26. 

Tech, M. and Power System Control. 2015. “ISSN No : 2348-4845 Design , Analysis 
, and Implementation of Solar Power Optimizer for DC Distribution System 
ISSN No : 2348-4845.” 2(October):151–56. 

Techakittiroj, Kittiphan and Virach Wongpaibool. 2009. “Co-Existance between 
AC-Distribution and DC-Distribution: In the View of Appliances.” Pp. 421–
25 in 2009 International Conference on Computer and Electrical 
Engineering, ICCEE 2009, vol. 1. Faculty of Engineering, Assumption 
University Bangkok,. 

Thomas, Brinda A. 2012. “Edison Revisited : Impact of DC Distribution on the Cost 
of LED Lighting and Distributed Generation.” 588–93. 

Thomas, Brinda A., Inĉs L. Azevedo, and Granger Morgan. 2012. “Edison 
Revisited: Should We Use DC Circuits for Lighting in Commercial 
Buildings?” Energy Policy 45(Department of Engineering Mellon University, 
5000 Forbes Ave., 129 Baker Hall, Pittsburgh, PA 15213, United States 
article):399–411. 

De Tommasi, Luciano, Dirk Deschrijver, and Tom Dhaene. 2010. “Transfer 
Function Identification from Phase Response Data.” AEU - International 
Journal of Electronics and Communications 64(3):218–23. 

Tsai, Cheng-hung, Ying-wen Bai, Ming-bo Lin, Roger Jia Rong Jhang, and Chih-yu 
Chung. 2013. “Reduce the Standby Power Consumption of a Microwave 
Oven.” IEEE Transactions on Consumer Electronics 59(1):54–61. Retrieved 
(http://ieeexplore.ieee.org/document/6490241/). 

U.S Energy Informaton Administration. 2014. “Annual Energy Outlook 2013 (Early 
Release Overview).” Annual Energy Outlook 2013:1–18. Retrieved 
(http://www.eia.gov/forecasts/aeo/er/pdf/0383er(2014).pdf). 

Vaessen, P. T. M. 2010. “Briefi Ng Paper DC Power Distribution for Server Farms.” 
Http://www.leonardo-Energy.org. 



© C
OPYRIG

HT U
PM

 

 
161 

 

Vancu, M. F., T. Soeiro, J. Muhlethaler, J. W. Kolar, and D. Aggeler. 2012. 
“Comparative Evaluation of Bidirectional Buck-Type PFC Converter 
Systems for Interfacing Residential DC Distribution Systems to the Smart 
Grid.” Pp. 5153–60 in IECON Proceedings (Industrial Electronics 
Conference). 

Vossos, Vagelis, Karina Garbesi, and Hongxia Shen. 2017. “Nextek Power 
Systems.” Retrieved November 30, 2016 
(https://www.nextekpower.com/#smart-power-smart-light). 

Wang, Baochao, Manuela Sechilariu, and Fabrice Locment. 2012. “Intelligent DC 
Microgrid with Smart Grid Communications: Control Strategy Consideration 
and Design.” IEEE Transactions on Smart Grid 3(4):2148–56. 

Whaite, Stephen, Brandon Grainger, and Alexis Kwasinski. 2015a. “Power Quality 
in DC Power Distribution Systems and Microgrids.” Energies 8(5):4378–99. 

Whaite, Stephen, Brandon Grainger, and Alexis Kwasinski. 2015b. “Power Quality 
in DC Power Distribution Systems and Microgrids.” Energies (Dc):4378–99. 
Retrieved (www.mdpi.com/journal/energies). 

Wong, Ngai Wong Ngai and Chi-Un Lei Chi-Un Lei. 2007. “FIR Filter 
Approximation by IIR Filters Based on Discrete-Time Vector Fitting.” 2007 
IEEE International Symposium on Circuits and Systems (3):2343–46. 

Wu, Tsai Fu, Chia Ling Kuo, et al. 2013. “Integration and Operation of a Single-
Phase Bidirectional Inverter with Two Buck/boost MPPTs for DC-
Distribution Applications.” IEEE Transactions on Power Electronics 
28(11):5098–5106. 

Wu, Tsai Fu, Chih Hao Chang, Li Chiun Lin, Gwo Ruey Yu, and Yung Ruei Chang. 
2013. “DC-Bus Voltage Control with a Three-Phase Bidirectional Inverter 
for DC Distribution Systems.” IEEE Transactions on Power Electronics 
28(4):1890–99. 

Wu, Tsai Fu, Kun Han Sun, Chia Ling Kuo, and Chih Hao Chang. 2010. “Predictive 
Current Controlled 5-Kw Single-Phase Bidirectional Inverter with Wide 
Inductance Variation for Dc-Microgrid Applications.” IEEE Transactions on 
Power Electronics 25(12):3076–84. 

Xiao, Weidong, Nathan Ozog, and William G. Dunford. 2007. “Topology Study of 
Photovoltaic Interface for Maximum Power Point Tracking.” IEEE 
Transactions on Industrial Electronics 54(3):1696–1704. 

Yu, Wensong, Jih-sheng Lai, and Cong Zheng. 2011. “High-Efficiency DC–DC 
Converter With Twin Bus for Dimmable LED Lighting.” 26(8):2095–2100. 

 



© C
OPYRIG

HT U
PM

 

 
162 

 

Yu, Xunwei, Xu She, Xiaohu Zhou, and Alex Q. Huang. 2014. “Power Management 
for DC Microgrid Enabled by Solid-State Transformer.” IEEE Transactions 
on Smart Grid 5(2):954–65. 

Yuvarajan, S. and Juline Shoeb. 2008. “A Fast and Accurate Maximum Power Point 
Tracker for PV Systems.” 2008 Twenty-Third Annual IEEE Applied Power 
Electronics Conference and Exposition (4):167–72. Retrieved 
(http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=4522717). 

Zhang, Henry J. 2013. “Basic Concepts of Linear Regulator and Switching Mode 
Power Supplies.” Linear Technology Application Note 140(October):1–16. 

Zhang, Wanping et al. 2009. “Efficient Power Network Analysis Considering 
Multidomain Clock Gating.” IEEE Transactions on Computer-Aided Design 
of Integrated Circuits and Systems 28(9):1348–58. 

Zheng, S. and W. Liu. 2008. “Research and Implementation of Photovoltaic 
Charging System with Maximum Power Point Tracking.” Pp. 619–24 in 
2008 3rd IEEE Conference on Industrial Electronics and Applications, 
ICIEA 2008. Retrieved (https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
51949089576&partnerID=40&md5=ab268d4dfd7c469ba2e0386fa1a6cb70). 

Zimmermann, J. P. 2009. “End-Use Metering Campaign in 400 Households In 
Sweden Assessment of the Potential Electricity Savings.” Contract 
17(September):5–2743. 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 
164 

 

9 LIST OF PUBLICATIONS 

Journals 

Sabry AH, Hasan WZW, Ab. Kadir M, Radzi MAM, Shafie S (2017) DC-based 
smart PV-powered home energy management system based on voltage 
matching and RF module. PLoS ONE12(9): e0185012. 
https://doi.org/10.1371/journal.pone.0185012 (Q1) 

Sabry AH, W. Hasan WZ, Ab. Kadir MZA, Radzi MAM, Shafie S (2018) Field 
data-based mathematical modeling by Bode equations and vector fitting 
algorithm for renewable energy applications. PLoS ONE 13(1): e0191478. 
https://doi.org/10.1371/journal.pone.0191478 (Q1) 

Sabry, A. H., Hasan, W. Z., Ab Kadir, M. Z. A., Radzi, M. A., & Shafie, S. (2017). 
Photovoltaic-Powered Smart Home System with Direct Current-
Environment. Journal of Computational and Theoretical Nanoscience, 14(9), 
4158-4173. (Q2) 

A.H. Sabry, W. Z. Wan Hasan, M. Zainal, M. Amran, S. B. Shafie, "Alternative 
Solar-Battery Charge Controller to Improve System Efficiency", Applied 
Mechanics and Materials, Vol. 785, pp. 156-161, Aug. 2015. 

A.H. Sabry, W. Z. Wan Hasan, M. Zainal, M. Amran, S. B. Shafie, "DC Loads 
Matching Technique as an Alternative to AC Inverter in Residential Solar 
System Application Evaluation and Comparison", Applied Mechanics and 
Materials, Vol. 785, pp. 225-230, Aug. 2015  

Ahmad H. Sabry, Wan Zuha Wan Hasan Mohd Zainal, Mohd. Amran and Suhaidi B. 
Shafie, “HIGH EFFICIENCY INTEGRATED SOLAR HOME 
AUTOMATION SYSTEM BASED ON DC LOAD MATCHING 
TECHNIQUE” ARPN Journal of Engineering and Applied Sciences, ISSN 
1819-6608 VOL. 10, NO. 15, AUGUST 2015. 

Sabry, Ahmad H.; Hasan, W.Z.W.; Kadir, M.Z.A; Radzi, M.A.M.; Shafie, S., 
"Power consumption and size minimization of a wireless sensor node in 
automation system application," in Micro and Nanoelectronics (RSM), 2015 
IEEE Regional Symposium on, vol., no., pp.1-4, 19-21 Aug. 2015. 

Sabry, A. H., Hasan, W. Z. W., Kadir, M. A., Radzi, M. A. M., & Shafie, S. (2017, 
November). Processing and Monitoring Algorithm for Solar-Powered Smart 
Home in DC-Environment System Based on RF-Radio Node. In International 
Workshop on Multi-disciplinary Trends in Artificial Intelligence (pp. 304-
314). Springer, Cham. 

 

 



© C
OPYRIG

HT U
PM

 

 
165 

 

Proceedings 

Ahmad H. Sabry¹, Ahmed M. ALmassri Wan Zuha B Wan Hasan², Mohd Amran 
Mohd Radzi_,Zainal Abidin Bin Ab. Kader_, Suhaidi Bin Shafie “Cut-Off 
Solar Charge Controller as an alternative towards system efficiency 
optimization”, 2014, IEEE, International Conference Power & Energy 
(PECON) 

Ahmed M. ALmassri, W.Z.WanHasan Mostafa B. Abuitbel, S.A. Ahmad, Ahmad H. 
Sabry “Real-Time Control for Robotic Hand Application Based on Pressure 
Sensor Measurement”,2014 IEEE International Symposium on Robotics and 
Manufacturing Automation. 

Sabry AH, Hasan WZW, Ab. Kadir M, Radzi MAM, Shafie S (2017) “ Processing 
and Monitoring Algorithm for Solar-Powered Smart Home in DC-
Environment System Based on RF-Radio Node” © Springer International 
Publishing AG 2017 S. Phon-Amnuaisuk et al. (Eds.): MIWAI 2017, LNAI 
10607, pp. 1–11, 2017. https://doi.org/10.1007/978-3-319-69456-6_25. 

Sabry AH, Hasan WZW, Ab. Kadir M, Radzi MAM, Shafie S (2017) “Low Cost 
Wireless Sensor Monitoring System for Photovoltaic (PV) Array Parameters” 
Proc. of the 4th IEEE International Conference on Smart Instrumentation, 
Measurement and Applications (ICSIMA) 28-30 November 2017, Putrajaya, 
Malaysia 

Sabry, A. H., Hasan, W. W., Kadir, M. A., Radzi, M. A. M., & Shafie, S. (2015, 
August). Power consumption and size minimization of a wireless sensor node 
in automation system application. In Micro and Nanoelectronics (RSM), 
2015 IEEE Regional Symposium on (pp. 1-4). IEEE. 

 
Integrated Circuit Layout Design 

Integrated Circuit Layout Design Filed “ MPP charge controller circuit – Solar 
Home System Based-on Integrated DC-matching Technique“. (ICDL No. 
201703230506).  

Integrated Circuit Layout Design Filed “ DC-DC Management Circuit Diagram – 
Solar Home System Based-on Integrated DC-matching Technique“. (ICDL 
No. 201703230504). 

Integrated Circuit Layout Design Filed “ Full DC-Load Matching circuit Diagram – 
Solar Home System Based-on Integrated DC-matching Technique“. (ICDL 
No. 201703230505). 

 

 



© C
OPYRIG

HT U
PM

 

 
166 

 

Copyright  

Copyright Filed “ One-Time MPP Software for Calculating The Voltage at which 
Solar-Battery Controler Operates”. (Copyright No. 201703310502). 

Copyright Filed “ Software Algorithm for Engineering Management and Monitoring 
based on only couple RF-Module for Solar Power Home System “. 
(Copyright No. 201703310503) 

 
Publications through supporting other students  

Al-Ogaili, A. S., Aris, I. B., Sabry, A. H., Othman, M. L. B., Azis, N. B., Isa, D., & 
Hoon, Y. (2017). Design and Development of Three Levels Universal 
Electric Vehicle Charger Based on Integration of VOC and SPWM 
Techniques. Journal of Computational and Theoretical Nanoscience, 14(10), 
4674-4685. (Q2) 

Yasir Alkubaisi∗, W. Z. W. Hasan∗, S. B. Mohd Noor,M. Z. A. Ab. Kadir, and A. H. 
Sabry,. Gravitational Electric Energy of a Multilevel Parking Buildings in 
Commercial and Residential Sectors. Proof  of Concept and Prototype 
Measurements. Journal of Computational and Theoretical Nanoscience, 
Accepted not published yet. (Q2) 

Yasir Alkubaisi∗, W. Z. W. Hasan∗, S. B. Mohd Noor,M. Z. A. Ab. Kadir, and A. H. 
Sabry,. Renewable Energy: Gravitational Electric Energy in Multilevel 
Parking in Commercial and Reresidential Buildings. . Journal of 
Computational and Theoretical Nanoscience, Accepted not published yet. 
(Q2) 

Kubaisi, Yasir Mahmood Al; Hasan, W.Z.W.; Noor, S.B.Mohd; Azis, Norhafiz; 
Sabry, Ahmed H., "Investigation on self energized automated multi levels car 
parking system," in Micro and Nanoelectronics (RSM), 2015 IEEE Regional 
Symposium on , vol., no., pp.1-4, 19-21 Aug. 2015. 

Ghazali, A. M. M., Hasan, W. Z. W., Hamidun, M. N., Sabry, A. H., Ahmed, S. A., 
& Wada, C. (2015). An Accurate Wireless Data Transmission and Low 
Power Consumption of Foot Plantar Pressure Measurements. Procedia 
Computer Science, 76, 302-307. 

Ahmed, M. S., Mohamed, A., Homod, R. Z., Shareef, H., Sabry, A. H., & Khalid, K. 
B. (2015, December). Smart plug prototype for monitoring electrical 
appliances in Home Energy Management System. In Research and 
Development (SCOReD), 2015 IEEE Student Conference on (pp. 32-36). 
IEEE. 

ALmassri, A. M., Abuitbel, M. B., WanHasan, W. Z., Ahmad, S. A., & Sabry, A. H. 
(2014, December). Real-time control for robotic hand application based on 



© C
OPYRIG

HT U
PM

 

 
167 

 

pressure sensor measurement. In Robotics and Manufacturing Automation 
(ROMA), 2014 IEEE International Symposium on (pp. 80-85). IEEE. 

Turki, A. Q., Mailah, N. F., Othman, M. L., & Sabry, A. H. (2016). Transmission 
Lines Modeling Based on Vector Fitting Algorithm and RLC Active/Passive 
Filter Design. International Journal of Simulation--Systems, Science & 
Technology, 17(41). 


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	CHAPTER 2
	REFERENCES



