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 This paper proposes a methodology for designing and operating a microgrid 
(MG) for the main campus of the Technical Institution Hawija. In this MG,  
a battery energy storage system (BESS), photovoltaic (PV) generation 
system, and controllable loads are included. Due to the high penetration of 
the PVs, over-voltage issues may occur in this MG. A novel operation 
strategy is considered by coordinating the BESS, PVs, and loads to prevent 
power outages and accomplish a secure operation of this MG. In this 
proposed approach, droop controllers have been implemented to provide the 

appropriate references for the PVs and BESS to maintain the voltage of the 
MG within a secure range. The generation of the PVs may be curtailed to 
guarantee the fidelity of the voltage. The intended simulations will be based 
on MATLAB/Simulink to show the efficacy of the intended design. 
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1. INTRODUCTION  

There have been many studies on building campus MGs which studied proposed ways to control 

over voltage issues due to high penetrations Distribution Generators (DG). [1] presented a model MG with 

different generators such as solar cells, wind generators, and fuel cells over the distributed grid. The authors 
gave some information about the DGs and devices needed to couple sources with the grid to coordinate the 

power supplied from DGs. The simulation gave a clear image how the voltage and frequency of all DGs were 

synchronized. Other work studied integration of renewable energy and storage system with the distribution 

network looking at on the voltage profile impact at several points, Islanding effect on critical loads was 

discussed [2]. In [3] university campus comes with the diffirent type of DGs to meet diffirent kinds of loade 

demand such as heat,air conditioing,and elctricity. A design of general system was presented for a university 

campus MG which studied the proposed design, modeling and optimal operation of a campus MG.  

The purpose of the optimal operation is to reduce PV system costs in exchange with the local electrical gird. 

The authors stated equations expressed how to achieve a power balance in the system [4]. Another study 

investigated a method to control the voltage and its frequency during islanding mode. The loads observed 

required real and reactive powers under various operation conditions to maintain control of frequency and 
voltage. The following control strategies were introduced: real and reactive control strategy, real and reactive 

power constraint, real power priority constraint, and PF-QV control strategy [5-6]. A different study of MG 

design included designing a visualization tool to explain the result of sizing of RES and its effectiveness 

under various loads and bring attention of operators to where the power is generated and consumed [7].  

A droop controller based on active power curtailment on preventing the overvoltage on the LV side due to 

the high penetration of PV systems was proposed. The result explained the effect of droop based active 

power curtailment design and the option to share power reduction among all customers [8]. An on-line 

control strategy to prevent over voltage due to high PV system penetrations was presented in [9].  

The proposed method relied on accurate predictions of active power from PV systems by using the thevenin 
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equivalent. A droop controller was used to curtail the predicted power to keep the terminal voltage within in 

range. In this method, the inverters did not shut down the PV systems and did not cause interruptions as in 

traditional overvoltage. Therefore, the proposed online voltage prevention method allowed a PV array to 

always stay online in the microgrid, generating a maximum allowable amount of energy without trip off 

voltage protection due to overvoltage[10]. The proposed work made communication between the controllers 

by active inverters for support in the form of consuming reactive power and reduced the active power 

curtailment as much as possible. It made a priority of the using reactive power, while active power reduction 

was performed as the last option to overcome overvoltage issues. Local voltage regulation in LV distribution 
networks with PV distributed generation studied in [11-12]. The integrated controller adjusted real power 

produced by a PV array according to voltage nodes. The controller could be a switch from one mode to other 

based on grid operation. The microgrid is constituted of energy sources, storage devices and loads. It is 

operated in two modes grid-connected mode and islanded mode [13]. The Microgrid complexity is usually 

occurred with flexible modes of operation and use of storage devices integration [14-16]. Several algorithms 

are presented to decrease Microgrid components [17-19]. The authors used a nonlinear droop controller to 

improve the control effect of droop control. the fluctuations reduction in the transient process and enhance 

stability has been done by changing the droop coefficient [20-22]. The authors used the master-slave control 

strategy, which is a multi-main power control method based on voltage and frequency[23]. The micro-grid 

stability operation can be done the raise the distribution accuracy of the reactive power [24]. The authors 

used an f − P/Q droop control scheme to improve power balance under different types of loads [25]. 

This paper is divided into the introduction and research method which details the MG components, 
such as PV systems, controllers, and storge. Also, reasarch and analysis that provides modulation of campus 

MG and its component with presenting results and discussion of modeling. MATLAB / SIMULINK was 

used to show the effecativness of the proposed method. The paper ends with concludes the research work 

comparing it with other results. 

 

 

2. RESEARCH METHOD 

The Hawija Technical Institution campus is located in Hawija-Kirkuk- Iraq and it is powered with 

11 kV by the National Company. The campus consists of several buildings utilized for different purposes 

which includes laboratories, a library, classrooms, and a gym. A transformer in each building will be used to 

step down the voltage from 11 kV to 380 V. 
The campus load demand has been calculated to make sure the MG could handle load demand, 

especially during its peak. Second, to upgrading the campus grid to be a MG, three 500 KW PV systems have 

been integrated on the low side voltage of the campus distribution grid based on calculated demand. One 500 

KVA li-ion battery energy storage system has been integrated into the power grid. The MG diagram of HIT’s 

main campus is shown in Figure 1. PV and storage systems have been well-appointed with controllers to 

fitting voltage and frequency within national grid. 

 

 

 
 

Figure 1. MG diagram of HIT’s main campus 
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2.1.  Operation scenarios 

a) Grid-connected mode: Grid-connected operation implies that the microgrid is works together with the 

main grid to exchanges power with it to cover load demand. 

b) Islanding mode: implies that the microgrid is works independently to afford the demand power for  

the campus.  

Tables 1 and 2 explain the power flow in the MG under specific conditions of load demand, PVs 

generations, and charge state of the battery. 

 

 

Table 1. Status of power generation sources 
 Status 

Power Source [a] [b] [c] [d] 

Grid    √ 

PV √    

Storage system   √  

PVs & Grid  √   
 

Table 2. Description status of power generation sources 
Status Description 

[a] When campus load demand can be covered by PV generation. 
[b] When the PVs generation is not enough to cover load demand, 

and there is no storge 
[c] When the battery has enough energy to meet the power of the 

load, during nights and cloudy days 
[d] When there is cloudy days in row, PVs generation besides there 

is no charge the storge system. 
 

 

 

2.2.  Droop controller molding 

The Droop Controller model was actualized to supply suitable references for the Storage system to 

preserve the voltage of the MG within a security extend from 0.95 to 1.05 pu. The droop controller was 

designed based on the following equations: 

 

(𝑉𝑟𝑒𝑓 − 𝑉𝑏𝑢𝑠) ∙ 𝑚 + 𝑃ref = 𝑃proposed 
 

where 𝑉𝑟𝑒𝑓 is the voltage reference, 𝑉𝑏𝑢𝑠 is the local voltage 𝑚 is the droop factor, 𝑃ref is the power set point 

reference, and 𝑃proposed is the power reference of the battery’s inverter. Figure 2 is explained the proportional 

relationship between voltage and power. The figure shows the voltage was controlled by the referenced 

active power through setting an appropriate droop factor. 

 

 

 
 

Figure 2. Voltage droop controller 

 
 

2.3.  Management of the energy storage and the load demand 

The flow chart in Figure 3 explicates the process to prevent overvoltage issues by the management 

of BESS and PVs. The voltage of the battery bus is measured and compared with the reference value  

(1.02 pu). If the measured voltage is less than 1. 02 p.u, the BESS would be in normal operation, either being 

charged or discharged based on its SOC. However, if the measured value is above the reference, the battery 

charges to absorb the surplus power based on the measured voltage at the battery’s bus. The droop controller 

calculates the reference of the battery depending on the variation of voltage. In case of the battery having 

been fully charged, that is SOC 95%, the power of PVs is curtailed by using a droop controller, just as it is for 

BESS. The droop controller of BESS is activated when overvoltage reaches 1.02 p u, while droop controllers 

of the PVs are activated when overvoltage reaches 1.05 p u. 
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Figure 3. Eenergy storage and the load demand schematic 
 

 

3. RESULTS AND ANALYSIS 

This section illustrates the validation of secure operation and describes the performance of HTI’s 

MG modeled and simulated in Section 2. The performance of the droop controller integrated with the storage 

system provides an appropriate reference for the storage system to observe required power. Thus, overvoltage 

due to high penetrations of the PV systems was prevented. Preventing overvoltage by curtailing active power 

of PVs in cases of saturated batteries was in fact verified. Dynamic simulations carried out with 

MATLAB/Simulink demonstrated that at the MG was connected to the grid where the voltage at the 

substation and PV systems were set up to be 1 pu. The MG was tested under varying solar irradiance.  

Figure 4 represent the system diagram. 
 

 

 
 

Figure 4. MG model of Hawija campus 
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3.1.  PV systems generation 

To determine the performance of the new strategy that was mentioned in above a variant solar 

irradiation was tested due to the changing climate of the area surrounding the HTI. The goal was to avoid 

technical problems due to a lack of power generation or surplus power generation from PV systems.  

As shown in Figure 5, the output power was generated at various levels due to variant solar irradiation.  

Thus, the generation of the PV systems under variant weather conditions was verified. 

 

 

 
 

Figure 5. PV system output under variant solar irradiance 
 

 

3.2.  Storage system  

While the PV systems generated the power for the MG, BEES was used to support the MG, but in 

the case of a lack of PV generations, and during the peak demand of the HTI camps. The simulation ran for 

24 seconds and the BES was enabled at 3 seconds. The BES output rate reached 500 kVA at 20 seconds as 

shown in Figure 6. The output power of the battery was controllable with a constant rate for 24 hours (scaled 

to 24 seconds as shown Figure 6 to reduce the simulation time). Thus, the output power of the BESS was 

successfully integrated into the HTI’s MG. 

 

 

 
 

Figure 6. Output power of the battery under a normal case 

 

 

3.3.  Total load demand of UNH  

The BESS would provide the power to the loads of HTI, in the case of a lack of PV generation.  

The total load demand representing the load demand of the buildings of the HTI campus as shown in  

Figure 7. The daily load demand for the HTI campus, consisting of 24 hours (scaled to 24 seconds in 

simulation time) was measured at the PCC before integrating the PV systems and the storage system. 

Knowing the load demand of HTI at these times gave a clear idea about how much power from PV systems 

and storage system were needed to cover the whole or the part of the HTI load demand according to 

stakeholders’ desires. 
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Figure 7. Load demand of the HTI campus 

 

 

To test the performance of the new strategy that was mentioned in above, the overvoltage needed to 

be presented. Therefore, the power flow was reversed from HTI’s MG to the main grid. The HTI load 

demand was less than the generated power from the PV systems and the storage system. Therefore, the load 

demand was selected as low peak demand during the period of Jan 2017 to Jan 2018 according to the load 
demand data for each building. High reversed power occurred during the10 to 15 second period, because 

solar irradiation goes up during this period. Meanwhile, the reversed power decreased during the 5 to 20 

second period since the solar irradiation goes down. 

 

 

3.4.  Overvoltage prevention result and discussion 

A new strategy was developed to secure the MG operation against overvoltage issues.  

The performance of this strategy was tested under varying solar irradiation. Prevention of overvoltage issues 

by using an energy storage system was the first option. Overvoltage was prevented before it crossed the 

allowable range of 1.05 p.u when the storage system observed required reversed power from the MG as 

demonstrated in Figure 8. When a droop controller was used, the necessary reversed power was accurately 

observed by the storage system. Thus, overvoltage was successfully prevented, and the MG worked safely. 
In case the battery had been fully charged at SOC > 95%, it would be impossible to observe the 

surpluses of power from the MG. Therefore, the power generations of two PVs are curtailed when the 

overvoltage reaches 1.05 p.u. The dashed line in Figure 9 represents the measured voltage at the critical bus 

which is about 1.1 pu, while the solid line displays prevention of overvoltage when the voltage reaches 1.05 

p.u at the 10 second period. 

 

 

 
 

Figure 8. comparing voltage before and  

after prevention 

 
 

Figure 9. Prevention overvoltage by curtailed power  

of PVs 

 
 

4. CONCLUSION 

The design and operation of an HTI’s MG were introduced in this work, which can make the HTI’s 

distribution system more robust, reliable, and resilient against weather disasters or technical issues. If this 

project is adopted, the costs of consumed power should be reduced. The electrical distribution system of the 

HTI campus was analyzed. To secure the operation of the proposed MG against overvoltage issues, a new 

simple strategy of managing the storage system and PV generation was proposed and studied. This study 
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provides a foundation to design the MG for the Hawija Technical Institute. The MG can help reduce 

emissions and protect the environment. HTI’s MG project can become a demo for students who are interested 

in the study of renewable energy and microgrid. 
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