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Electrical Energy Flow Algorithm for Household, Street and Battery Charging in Smart 
Street Development 
Authors: Rikin Tailor, Zsolt Čonka, Michal Kolcun and Ľubomír Beňa

Abstract: The world demands a smart and green future in every sector, 
which directly corresponds to increases in electrical energy demand 
one way or another. It is unfeasible to attain future energy demand with 
the present electrical infrastructure. That means more research and 
development is required. Future energy sources should be intermittent, 
and, in addition, the energy sector should be more inwards for distributed 
energy generation with demand side control. In such cases, the smartest and most autonomous system 
would be essential to deliver an adequate power supply with all electrical properties. A real-time monitoring 
and control system with a self-healing infrastructure is a forthcoming desideratum. By accepting these 
challenges, we have designed a smart street. The basic idea of the smart street is presented in this paper 
as a landing page; the paper is more focused on emphasizing information regarding the electrical energy 
flow algorithm for the household, street, and street battery storages. This algorithm is helpful for two-way 
energy flow and the automatic detection of islanding and the grid connection mode. It will be not only 
helpful for the users but to the utility as well.

DOI: 10.3390/en14123520

Optimal Sizing of Rooftop PV and Battery Storage for Grid-Connected Houses 
Considering Flat and Time-of-Use Electricity Rates
Authors: Iflah Javeed, Rahmat Khezri, Amin Mahmoudi, Amirmehdi Yazdani and 
G. M. Shafiullah

Abstract: This paper investigates a comparative study for practical optimal 
sizing of rooftop solar photovoltaic (PV) and battery energy storage 
systems (BESSs) for grid-connected houses (GCHs) by considering flat 
and time-of-use (TOU) electricity rate options. Two system configurations, PV only and PV-BESS, were 
optimally sized by minimizing the net present cost of electricity for four options of electricity rates. A 
practical model was developed by considering grid constraints, daily supply of charge of electricity, 
salvation value and degradation of PV and BESS, actual annual data of load and solar, and current market 
price of components. A rule-based energy management system was examined for GCHs to control the 
power flow among PV, BESS, load, and grid. Various sensitivity analyses are presented to examine the 
impacts of grid constraint and electricity rates on the cost of electricity and the sizes of the components. 
Although the capacity optimization model is generally developed for any case study, a grid-connected 
house in Australia is considered as the case system in this paper. It is found that the TOU-Flat option for 
the PV-BESS configuration achieved the lowest NPC compared to other configuration and options. The 
optimal capacities of rooftop PV and BESS were obtained as 9 kW and 6 kWh, respectively, for the PV-
BESS configuration with TOU-Flat according to two performance metrices: net present cost and cost of 
electricity.
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We are living nowadays an Energy transition. We are going 
more electrical than ever before in transportation: 
electrical vehicles and ships, electrical motors are every 
were. Back home, more electronics, electrical kitchens and 
electronic controlled devices are more and more present. 
In some houses is not rare to see photovoltaic systems, 
home batteries, electrical vehicle chargers, electrical grass 
cutting machines, even equipped with small batteries. 
It is clear that energy is going more to be electrical and 
this is a great chance to go more toward renewable 
energies. Photovoltaics, wind power generation, and other 
renewables are going to play an unprecedented role in the 
way that we generate, store and consume energy. This is a 
chance of the change in a sustainable world that has only 
one possible direction, with new technologies and ideas. 

This section is devoted to present the new technologies, 
trends and breakthroughs to promote more renewable 
energies for a future 100% renewable energy reality. This 
section, focuses on original and new research results 
regarding electrical power and energy technologies, as well 
as in diverse applications. Thus, manuscripts on planning, 
design, implementation, theoretical studies, economical and 
viability studies, as well as on their application to traditional as 
well as novel scenarios are solicited. Submissions addressing 
reviews and surveys will also be welcome.
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Sizing and Allocation of Battery Energy Storage Systems in Åland Islands for Large-Scale 
Integration of Renewables and Electric Ferry Charging Stations
Authors: Jagdesh Kumar, Chethan Parthasarathy, Mikko Västi, Miadreza Shafie-Khah and 
Kimmo Kauhaniemi

Abstract: The stringent emission rules set by international maritime 
organisation and European Directives force ships and harbours to constrain 
their environmental pollution within certain targets and enable them to 
employ renewable energy sources. To this end, harbour grids are shifting 
towards renewable energy sources to cope with the growing demand for 
an onshore power supply and battery-charging stations for modern ships. 
However, it is necessary to accurately size and locate battery energy storage 
systems for any operational harbour grid to compensate the fluctuating 
power supply from renewable energy sources as well as meet the predicted 
maximum load demand without expanding the power capacities of transmission lines. In this paper, the 
equivalent circuit battery model of nickel–cobalt–manganese-oxide chemistry has been utilised for the sizing of 
a lithium-ion battery energy storage system, considering all the parameters affecting its performance. A battery 
cell model has been developed in the Matlab/Simulink platform, and subsequently an algorithm has been 
developed for the design of an appropriate size of lithium-ion battery energy storage systems …
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Techno-Economic Analysis of a Residential PV-Storage Model in a Distribution Network
Authors: Lue Xiong and Mutasim Nour

Abstract: The high penetration level of photovoltaic (PV) generation in 
distribution networks not only brings benefits like carbon savings, but 
also induces undesirable outcomes, like more harmonic components 
and voltage fluctuations. Driven by decreasing costs of energy storage, 
the focus of this paper is to investigate the feasibility of applying energy 
storage in the grid-connected PV system to mitigate its intermittency. 
Firstly, to appreciate the functionality of storage, a generic PV-battery-
supercapacitor model was simulated in MATLAB/Simulink, and a flat load 
profile was obtained to enhance predictability from the network management point of view. However, 
the usage of supercapacitors at the residential level is limited, due to its high startup costs. Secondly, a 
detailed residential PV-battery model was implemented in the System Advisor Model (SAM) based on 
local data in Dubai. The optimal sizing of a battery system was determined by assessing two criteria: 
The number of excursions, and average target power, which are contradictory in optimization process. 
Statistical indicators show that a properly sized battery system can alleviate network fluctuations. The 
proposed sizing method can be also applied to other PV-storage systems. Finally, economic studies of PV-
battery system demonstrated its competitiveness against standalone PV systems under appropriate tariff 
incentives.
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