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1. Introduction 

Recently, the use of renewable energy sources (RES) has been rapidly increased 

worldwide. The most notable RES are wind power and photovoltaic. These RES are often 

distributed according to load centers in distribution systems. These sources are described 

as intermittent sources in which their output power varies depending on weather conditions. 

Therefore, the performance of distribution systems is greatly affected by these sources. 

These resources may have positive or negative technical impacts on the grid, depending on 

their locations, penetrations, and types. High penetration of RES in distribution systems 

has significant impacts on several practical issues, such as voltage rise/drop, voltage 

fluctuations, and system efficiency. 

The use of plug-in electric vehicles (PEVs) is expected to increase rapidly worldwide. 

The batteries of PEVs have the potential to provide numerous ancillary services to the grid 

owing to the fact that they can act as either loads or sources when connected to the grid. In 

other words, PEVs can be assumed as controllable loads to level the system demand during 

the off-peak period and as generation devices during peak period or high electricity price 

period to provide capacity and energy services to the grid. Unlike large generators, PEV 

batteries energy storage and power electronics are designed to provide large and frequent 

power fluctuations over a short time period. This makes the PEVs especially suitable for 

regulation. Once the vehicle receives a signal from the aggregator, it can respond in less 

than a second to change its power output. 

The aim of this work is to develop novel approaches to optimize the operation and 

planning of active distribution systems in the presence of PEVs. The distributed resources 

should be optimally coordinated by a central control system based on 

mathematical/numerical approaches. The distribution of both active and reactive power 

flows inside the distribution system should be optimized to maximize the productivity as 

well as minimize the operating losses and, at the same time, the operation constraints like 

voltage and power flow limitations must be ensured under the charging/discharging of 

PEVs. 

2. Research Objectives  

Based on the literature, considerable research work has been conducted to resolve the 

optimal operation and planning problems of the active distribution systems; however, the 

existing approaches have either drawbacks or limitations that are summarized in the 

following: 



─ Proposals exist to use the reactive power capability of the inverters for preventing 

voltage rise or mitigating voltage fluctuations, but the mitigation using this 

technique is constrained by the rating of the inverters. Existing methods make use 

of oversizing the inverters without optimizing its rating, however, this leads to an 

unjustified cost increase of the distributed generation (DG) project.  

─ Proposals exist to use active power curtailment (APC) for regulating the voltage 

rise during extreme states, instead of inverter oversizing. But in this case, the 

inverter will be forced not to operate at maximum power point tracking (MPPT) 

mode, which means that part of the energy will be wasted to regulate the voltage 

during the extreme state. Existing methods do not consider the cost of this lost 

energy; however, the cost of this energy should be optimized to be as low as 

possible. 

─ Existing methods used for mitigating the voltage fluctuations using PEV batteries 

did not consider the fluctuations in charging/discharging power, however, these 

fluctuations decrease the lifespan of the PEV batteries. 

─ Existing methods that are proposed to regulate the voltage and minimize losses 

considering RES uncertainties and PEV scheduling options require accurate 

forecasts of RES generation and loads. However, there are mathematical constructs, 

like interval optimization, that make such forecasts unnecessary and only require 

lower and upper bound estimations.  

─ The allocation of photovoltaic (PV) with PEVs is based on assumptions that 

simplify the model. Some of the research works consider deterministic models of 

PV and loads but do not consider PEVs. Other approaches that consider the 

uncertainty of PV and loads, do not consider the presence of PEVs. 

This dissertation presents efficient optimization models to cope with the 

aforementioned drawbacks or limitations. By using the approach proposed in this thesis, 

the active and reactive power of the distribution system are optimized to maximize the 

productivity and minimize the losses considering PEVs and various system operation 

constraints. The main objective of this work is to optimally solve operation/planning 

problems of active distribution systems in the presence of PEVs. Following are the research 

objectives, which will be accomplished in this work to answer the challenges stated above 

and optimizing the operation/planning of the active distribution systems. 



2.1 Mitigation Both Voltage Fluctuations and Voltage Rise 

To mitigate voltage fluctuations and voltage rise due to RES in the presence of PEVs, 

different methods are proposed in this Thesis. In these methods, the active power of PEVs 

(charge/discharge) and reactive power of the RES inverters (inject/absorb) are 

simultaneously optimized for mitigating the fluctuations and voltage rise. The real-time 

voltage at point of common coupling (PCC) is kept within limits that can be preset by 

distribution system operators. Moreover, the fluctuations in the active and reactive powers 

of the load and charging/discharging power of PEVs are also considered in the proposed 

methods. Therefore, the problems of inverter rating constraints, fluctuations of charging/ 

discharging power of PEV batteries will be covered. 

2.2 Optimal Scheduling of the PEVs 

To optimally schedule the PEVs with considering the uncertainty of RES generation 

and loads, an interval optimization method is proposed. The generation and loads are used 

as interval parameters while the active power of PEVs (charge/discharge) is an interval 

variable which optimally computed. The optimal day-ahead scheduling of PEV is achieved 

considering uncertain RES and loads. The proposed interval optimization method can 

accurately represent the uncertainty problem.  

2.3 Calculating the Optimal Oversizing of the RES Inverters  

To regulate the voltages and to reduce losses with minimum total costs, an efficient 

method is proposed to optimally oversize the interfacing inverter of RES. Moreover, the 

proposed method incorporates the APC feature of the inverter, the transformer taps, and 

different control schemes of the inverter in the optimization model. The simulation results 

demonstrate the effectiveness of the proposed method. Therefore, the problems of inverter 

oversizing with a certain level and APC for voltage regulation are covered. 

2.4 Optimal Capacity and Location of RES. 

To determine the optimal capacity and location of RES in the presence of PEVs, an 

efficient approach is proposed. This approach considers the uncertainty of PV and loads, 

and the stochastic nature of PEVs. Hence, the problem of simplified or deterministic models 

of the allocation of PV with PEVs is covered.  

 

 

 



3. Thesis Outline 

To give a unified picture and facilitate understanding the contents and the distribution 

of contributions among the different chapters Figure 1 is drawn, which describes the 

workflow in the dissertation. According to the figure, the contents of the dissertation are 

divided into four parts, namely, Part I, Part II, Part III, and Part IV.  

Part I: presents the problem statement which includes an introduction to active distribution 

systems, comprehensive background, research questions, research contributions, and a 

starting point for establishing an optimization framework. 

Part II: introduces the real-time control of the distribution systems by proposing new 

methods for mitigating both voltage fluctuation and voltage rise resulted by RES in the 

presence of PEVs.  
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Figure 1 Structure of the dissertation 

 



Part III: determines the optimal operation of PEVs in distribution systems with 

considering the uncertainty of RES generations and loads. For this purpose, an interval 

optimization method is used for determining the optimal interval PEV power for day-ahead. 

Part IV: provides the optimal oversize calculation of the interfacing inverter in different 

DG types for preventing voltage rise. Moreover, it proposes an algorithm for accurately 

determining the optimal locations and capacities of multiple PV units to minimize energy 

losses considering PEV and various system constraints. 

4. Theses  

4.1 Thesis 1  

“New optimization-based (OB) and sensitivity-based (SB) models have been proposed for 

managing the voltages of the distribution system in the presence of PV and PEVs. The 

proposed models are based on matching a target voltage profile that can be preset by 

distribution system operators or calculated by online using the moving average. The 

reactive power of PV inverters and the charging/discharging operation of PEVs have been 

optimized to mitigate the voltage fluctuations and rise in voltages. The simulation results 

have demonstrated the superiority of the proposed method for mitigating the negative 

impacts of PV compeard with existing methods.” 

Note: It has been demonstrated that the capability of PV inverters for generating 

reactive power can significantly reduce the required capacity of PEVs for manging 

the voltage profiles. Morover, these methods can provide an estimation of the 

necessary amount (or capacity) of PEVs that are required to compensate voltage 

fluctuations and voltage rise.  

The related work is presented in Chapter 3 of the dissertation and has been published in 

[S5] and [S17]  

In this thesis, two methods are proposed (SB and OB) to mitigate voltage fluctuations 

and voltage rise in distribution systems with PV sources. The proposed methods are based 

on utilizing the available reserve reactive power of PV inverter and the application of PEVs 

as energy storage to mitigate the fluctuations caused by cloud transients and loads.  

A schematic diagram of the proposed methods is shown in Figure 2. As shown in the 

figure, the optimization solver receives signals from the measured data of the distribution 

grid, PV power generation (PPVj), the reserve reactive power of PV inverter (𝑄𝑃𝑉𝑗,𝑚𝑎𝑥), the 



target voltage profile (Vtarj), and the total available energy of PEVs batteries (EAVj). On the 

basis of these five signals, the controllable devices can be cooperatively managed. In this 

work, both PV inverter and charging station (CS) of PEVs are treated as controllable 

devices, where the control variables of these devices are a reactive power of PV inverter 

(QPVj,) and active power of CS (PCSj), respectively. The optimization solver decides the 

magnitude and direction of power flows (PCSj and QPVj). The total active power (PCSj) as 

decided by the solver is divided by the aggregator at CS among the batteries of PEVs as 

Pbat1 for the first PEV’s battery and PbatN for Nth PEV’s battery. These are the actual 

charging/discharging powers of PEVs batteries connected to the grid.  

4.2 Thesis 2 

“An efficient method has been proposed for voltage fluctuations smoothing resulted by 

WTGS and PV in distribution systems. This method is based on optimally controlling the 

charging and discharging power of PEVs and the reactive power of the RES inverters 

simultaneously. Unlike the existing methods, the proposed method has considered the 

charging/discharging power fluctuations of PEV batteries and driver’s preferences. 

Furthermore, HMA is used to mitigate voltage fluctuations to avoid the lag problem of 

SMA, while the use of SMA for smoothing charging/discharging power fluctuations of 

PEV batteries is suggested. The results demonstrate that the proposed method can 

effectively smooth voltage fluctuations while optimizing the charging/discharging rate of 

PEVs, thereby extending the lifespan of their batteries.” 
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Figure 2 Schematic diagram of the proposed methods 

 



The related work is presented in Chapter 4 of the dissertation and has been published in 

[S2] and [S8]. 

In this thesis, an optimization-based method is proposed to mitigate the voltage 

fluctuations due to PV and WTGS by optimally controlling the charging/discharging power 

of PEVs and the reactive power of the PV and WTGS inverters. Based on the literature, the 

battery degradation of PEV is affected by several factors. The two following factors are 

considered in this chapter: 1) the charging/discharging rate of PEV batteries, and 2) the 

state of charge (SoC) of the PEV batteries during vehicle-to-grid (V2G) operation. To 

extend the lifespan of the PEV batteries, the fluctuations of PEV charging power and their 

minimum SoC during V2G operation and at departure time are considered in the proposed 

optimization model. For this purpose, the objective function of the optimization problem is 

formulated to minimize: 1) voltage fluctuations, 2) PEV power fluctuations, and 3) the 

deviation of SoC of PEVs from their desired level. In this formulation, we propose the use 

of the HMA to mitigate voltage and SMA to mitigate PEV power fluctuations. Unlike 

SMA, HMA eliminates the lag problem and mitigates the fluctuations at the same time. 

The third term in the objective function guarantees the charging goal of the PEVs while 

considering their individual parking time schedule and their current SoC status. To 

accurately solve the optimization model, the efficacious gravitational search algorithm 

(GSA) is utilized. The proposed method is applied to the 90-bus distribution system with 

PV, WTGS, and PEVs. The proposed method is a helpful tool that enables system operators 

to make the trade-off between decreasing the voltage fluctuations and decreasing the PEV 

power fluctuations while meeting the PEV charging goal. 

4.3 Thesis 3 

“An interval optimization method has been presented for optimal scheduling of PEVs with 

considering the uncertainty of RES and loads. RES generation and loads have been 

modeled as interval parameters, and the charging/discharging power of PEVs has been 

considered as an interval variable to be optimally computed. The network active power 

losses and total voltage magnitude deviation have been used as an objective function to be 

minimized with considering overall system constraints. The results have demonstrated that 

the proposed interval optimization method can represent the uncertainty in active 

distribution systems, without requiring forecasts of RES and load.” 

The related work is given in Chapter 5 of the dissertation and has been published in [S6]. 



In this thesis, the optimal operation of PEVs in distribution systems is determined with 

considering the uncertainty of RES generations and loads. For this purpose, an interval 

optimization method is used for determining the optimal interval PEV power for day-ahead. 

The main contribution of this chapter is to construct an interval optimization model for the 

optimal scheduling of PEVs with the uncertainty of RES generation and loads for 

minimizing the network active power losses and total voltage magnitude deviation. To the 

best of our knowledge, this is the first work to employ the interval optimization for 

modeling the uncertainty of active distribution systems in the optimal day-ahead dispatch 

of PEVs. The capability of PV inverters to regulate voltages is also considered. The 

objective function is to minimize the network active power losses and total voltage 

magnitude deviation with considering system constraints. The proposed method can 

represent the uncertainty of the system. 

4.4 Thesis 4 

“An optimization-based method has been proposed to determine the optimal oversize of 

RES inverters for voltage regulation and total losses minimization considering reactive 

power capability, APC and tap position of OLTC. The costs of inverter oversizing, and 

APC are incorporated in the optimization model. The proposed method is superior the 

traditional methods in which it achieves the target (voltage regulation and total losses 

minimization) with minimum cost.” 

Note: The results demonstrated that the optimal oversizing of RES inverters for 

reactive power control can be accurately computed for voltage regulation. Also, 

considering APC in the inverter oversizing can effectively regulate voltages with 

minimum total costs, especially at high penetration of RES. Furthermore, the 

optimal inverter oversize differs depending on the type of RES, location, and 

penetration.  

The related work is presented in Chapter 6 of the dissertation and has been published in 

[S3], [S15] and [S19]. 

To regulate the voltages and reduce the power losses with minimum total costs, the 

inverters oversizing (Sos) and APC (Pcurt) should be optimally and simultaneously 

computed. Moreover, the tap position of OLTC must be computed optimally. In this 

chapter, the optimal oversize of the DG inverter is calculated considering APC option to 

regulate the voltages and reduce the power losses. Also, the effect of optimal tap position 



of OLTC on the inverter oversize and APC is studied. Based on the reactive power 

capability and APC of the inverters, the following control schemes are considered. 

Control scheme A: Only the option of APC is available. The DG inverter has no capability 

to inject/absorb reactive power, i.e., the inverter operates at unity power factor. 

Control scheme B: The inverter has the capability to inject/absorb reactive power, and 

there is no option for APC. The size of DG inverter could be optimally oversized by Sos for 

further reactive power capability.  

Control scheme C: Both options of control schemes A and B are available. 

The results confirmed that considering both APC and reactive power capability of the 

DG inverter (Control scheme C) in the proposed inverter oversizing method can effectively 

regulate voltages with minimum total costs.  

4.5 Thesis 5 

“An algorithm has been proposed to determine the optimal placement and capacities of 

multiple PV units with considering PEVs. The total energy losses of the distribution system 

have been considered as an objective function to be minimized. The uncertainty of PV and 

loads, as well as the stochastic nature and the operational constraints of PEVs have been 

considered in the proposed algorithm. The optimization model of PV planning has been 

formulated as a two-layer optimization problem to ensure optimal PV locations and 

capacities and optimizing PEV charging/discharging simultaneously. A two-layer 

metaheuristic method has been developed to solve the optimization model. The simulation 

results reveal that the proposed algorithm ensures a higher reduction in the annual energy 

loss compared to the existing approaches.” 

The related work is presented in Chapter 7 and has been published in [S1]. 

The main objective of the proposed approach in this thesis is to determine the optimal 

locations and capacities of PV. Minimizing the total annual energy losses in the distribution 

system for all possible combinations of load and PV output power is considered as an 

objective function. To do so, for each state (the pdf of the PV output power/load demand 

has been divided into several states (periods) to be incorporated as a multi-state variable in 

the planning problem. For each state, the solar irradiance/load demand is within specified 

limits. In other words, for each time segment, there are several states for the solar 

irradiance/load demand), the power losses should be calculated and weighted according to 

the probability of occurrence of this state during the whole planning period. 



5. Significance and Practical Applicability of the Results 

Here, we describe the significance and practical applicability of the research work. The 

DMS available at DSO control centers is supposed to incorporate the proposed real-time 

control approach since it has the capability to acquire and analyze the signals, generate 

appropriate commands, and dispatch them over the distribution system. Communication 

infrastructures are essential to acquire system (e.g. demand power, voltages, currents, DGs 

power production, and switches status) and environmental and other parameters 

(temperatures, irradiance, wind speed, security or safety warning signals, etc.), while the 

cost of the communication devices, which are required in the control systems, is decreasing, 

and the spread of smart meters in distribution systems can be effectively employed for data 

transfer [1], [2]. There are several communication technologies that can be applied to smart 

grid (e.g., ZigBee, WLAN, Cellular Networks, and Power Line Communication (PLC)). 

Each technology works at specified range of frequencies (e.g., 2.4 GHz- 3.5 GHz for 

WLAN, and 100-200 kHz for PLC) [3]. The aggregator of PEVs and RES inverters sense 

the communication signals from DMS. Based on these signals, the aggregator allows a 

certain number of PEVs connect/disconnect to the grid to cover the optimal 

charging/discharging active power required according to the capacity and SoC of an 

individual PEV. Furthermore, RES inverters inject/absorb an optimal amount of reactive 

power according to the inverter capability. Note that the optimal active and reactive power 

are simultaneously optimized to enhance the performance of the distribution systems (e.g. 

voltage fluctuations, voltage rise, power loss, etc). Regarding the delay between the instant 

information is sent and the instant a control action happens, we assume that DMS control 

the distribution system in an instantaneous manner without considering this delay, but we 

recommend considering this delay for practical applications.  

As the annual demand for electricity grows, the use of RES in power distribution 

systems has remarkably increased throughout the world. It is demonstrated that the 

integration of such intermittent RES units with the uncertainty feature into existing systems 

can also lead to various technical, financial, and regulatory consequences [4]. These 

consequences should be considered when deciding the highest allowed RES penetration. 

Therefore, as a part of this work, we focused on the optimal integration of various RES 

types. By using the annual datasets of PEVs, RES, and loads for a practical distribution 

system, we can determine the optimal integration of the RES with the proposed approach. 



As a result, the benefits of RES and PEVs can be maximized while avoiding their 

operational problems.  
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