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1. Introduction

The increase in the population growth rate and the motivation to overcome issues
such as environmental concerns and air pollution have made distributed renewable energy
resources (DRER) the most popular option for providing the required energy. In addition,
DRER, by making technologies such as microgrid feasible, facilitate the expansion of the
power network to disadvantaged communities as well as remote and rural areas, which are
not connected to the main grid. At the same time, they can improve the operation, resilience,
and efficiency of the power grid by providing extra flexibility, local energy supply, and
lower energy loss [1,2].

However, there are still several technical and non-technical challenges regarding
interconnection of renewables into the grid [3]. The current power grid is aging and faces
a future for which it was not designed. For instance, with the widespread proliferation
of rooftop solar, distribution utilities have consumers who become “prosumers” as they
consume and produce electricity at the same time [4]. However, the traditional electric
power grid has been designed for power flow in one direction. As the penetration of
distributed renewable energy resources such as solar or wind increases, it is anticipated
that in some feeders, the flow of power changes to the “reverse direction” [5]. In addition,
the power fluctuations of DRER adversely affect the operation of power systems [6]. From
the grid perspective, technical concerns associated with the high penetration of renewables
with intermittent nature include energy management [7,8], forecasting [9,10], power quality
(e.g., variations of voltage and harmonic issues) [5], grid stability [11], reliability, and
protection issues.

Moreover, still many aspects of DRER deployment are nascent, for which there are
no standards or accepted best practices [12]. For example, the deployment of DRER
increases the number of grid-edge devices that are typically equipped with communication
and control interfaces for remote access and control. These emerging grid-edge devices
introduce new vulnerabilities to the gid when it comes to cyber-physical attacks. From
the DRER perspective, the technical challenges range over a wide spectrum of topics
including technoeconomic feasibility analysis, technology selection, software/hardware
design, modeling, planning, sizing and placement, grid support capability, cyber-physical
security, and interoperability at the component level and system level.

On the other hand, the non-technical challenges can be classified in three categories—
regulatory issues, social issues, economic issues. Regarding regulatory issues, impotent
policies, lack of standards and regulations, complex administrative procedures, and some-
times the gap between policy targets and reality, are some examples. Social issues include,
but not limited to, lack of public awareness and information, lack of technically skilled
labor, and adverse impacts on other/alternative sources of income. Competition with fossil
fuel, lack of effective incentives and subsidies, high capital cost, and challenges in securing
financing are some existing economic issues [13].
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To overcome the existing technical and non-technical challenges, considerations should
be taken into account for integration and control of DRER. Understanding these considera-
tions across a wide range of topics associated with DRER deployment as well as becoming
familiar with emerging practices and solutions pave the path to achieving a high level of
renewable penetration in power systems.

2. A Short Review of the Contributions in This Issue

This Special Issue is focused on “Integration and Control of Distributed Renewable
Energy Resources” and aims to identify some of the considerations and new practices for
interconnection and operation of DRER in different applications. Topics addressed in this
Special Issue include technology selection of photovoltaics (PV) for optimal operation of
solar-powered electric vehicle charging facilities, design of small-scale wind turbines for
residential applications, hosting capacity analysis of solar PV systems in distribution grids,
optimal allocation of DRER in a distribution network, resilient operation of distributed
energy resources in a distribution grid, hardware control of a hybrid wind–PV-battery
power-generation system, and finally control of single-phase inverter-interfaced DRER to
achieve a desired interphase power flow/routing.

In this issue, a total of seven papers were published, covering different aspects of
integration and control of DRER including technology selection, design, techno-economic
analysis, planning, management, and operation.

Four papers are focused on control and optimization of DRER operation. The first
one developed a composite control strategy for off-grid operation of a hybrid wind–solar-
battery–diesel power-generation system [14]. Some features of the proposed control include
speed sensorless operation of a variable-speed wind turbine, stable operation of the system
during disturbances, enhanced power quality at the point of connection under nonlinear
loads, and extraction of maximum power from PV without using any maximum power
point tracking (MPPT) algorithm [14]. The second paper proposed an interphase power
flow (IPPF) control for line-to-line single-phase power electronic-interfaced DRER [15].
The IPPF controller allows single-phase elements to route active power between phases,
improving system operation and flexibility. The IPPF control was also applied to a utility
distribution circuit, which led to reductions in system voltage unbalance and losses through
balancing the active power at the feeder head. The third one [16] considered four different
PV panel technologies and optimized the operation of Solar PV systems in an electric
vehicle charging center. The profit of the charging facility was maximized considering solar
radiation uncertainty and different behaviors of EV owners as well as several weather con-
ditions. Finally, a model-based predictive control (MPC) strategy was proposed for power
flow management in a power distribution system with PV power generation [17]. The
optimization problem is subject to voltage constraints and assets’ operational restrictions.
A forecasting module based on a Gaussian process regression model was constructed to
predict the global horizontal irradiance (GHI), grid load, and water demand. It was shown
that the proposed MPC strategy is resilient to errors of the forecasting module. A min–max
problem was added on top of the main optimization problem to minimize voltage overflow,
which also enhances the resilience of the strategy.

The investigation into optimized allocation of distributed energy resources (DERs) in
distribution systems with the goal of minimizing the system loss was pursued in [18]. A
hybrid optimization approach, composed of the tunicate swarm algorithm (TSA) and the
sine–cosine algorithm (SCA), was introduced to identify the best size and location of DERs
in the system. The optimization process is performed for DERs in three different modes:
active power production (P-mode), reactive power production (Q mode), and active and
reactive power production (PQ-mode). Authors in [19] conducted an investment analysis
for integration of a small-scale wind turbine into residential homes. Their studies show that
relying only on software tools may mislead investors during the decision-making process,
as in most of these tools, installation costs, maintenance costs, net metering options, and
taxation schemes are not included. The focus in [20] is on assessing the threshold of PV



Clean Technol. 2022, 4 151

penetration, known as hosting capacity (HC) of PV integration, in low-voltage distribution
systems. To this end, the HC values of three types of networks in rural, suburban, and
urban regions for different HC reference definitions were compared. The comparison
was made under balanced and unbalanced PV deployment scenarios and different load
conditions. Monte Carlo (MC) simulations and stochastic analysis were utilized to include
the effect of PV power intermittency and varying loading conditions in the assessment.

3. Conclusions

In the 21st-century technological race for power-grid modernization, DRER provide
an opportunity to help shape the future of our nation’s energy supply while improving the
reliability, resilience, affordability, flexibility, and security of the electric power grid, and
providing a chance to solve the corresponding economic, environmental, and social prob-
lems. The diverse contributions in this Special Issue make it evident that the deployment of
distributed renewable energy resources is a vast topic and has many aspects to be studied
in detail. As the demand and interest for producing clean energies are growing rapidly,
there is a need to understand considerations for interconnection and control of distributed
renewable resources. This Special Issue aimed to shed some light on some key issues as
well as potential solutions in DRER integration and control.
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