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Abstract 
 

In this paper, a control scheme is proposed for a microgrid. In the proposed scheme, by controlling cooling, heating 

loads (C/H loads), balance between generation and consumption power is kept, and the frequency remains within its 

nominal value. Application of storage systems imposes costs, operating and maintenance problems to the microgrid 

owners. Moreover, the charge and discharge process of batteries causes reduction in their lives time. The dominant 

concept of this scheme is to control frequency without any storage. In this case, the coincidence of generation and 

consumption in C/H load technology is not necessary. This control system changes the consumption power of C/H 

loads and responses to unbalance power of microgrid, fast. Moreover, two indices are defined to assess the performance 

of the microgrid. 
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1. Introduction 

Microgrids are defined as systems that have at least one distributed energy resource (DER) and associated loads, which 

can perform in electrical distribution systems and provide better power quality to the end customers independently 

compared with the traditional utility [1]. Microgrids can also contribute in global emissions and energy losses. 

Technical challenges which pertain to their operational and control problems are immense. So the microgrid structure 

poses various problems such control and protection, power quality and stability issues. 

In an attempt to assess transient performance and penetration level of wind turbines, reference [2] tries to present a 

simulation algorithm. In the aforementioned paper, a Wind Diesel Hybrid System (WDHS) is simulated and studied 

under different conditions. In reference [3] WDHS is modeled with variable-speed flywheel energy storage in 

accordance with hydrostatic transmission. 

Reference [4] models WDHS in the presence of the energy storage system. In this model a Ni–MH battery based 

Energy Storage System tries to absorb or inject active power in order to control frequency. Different strategies are 

proposed to share loads properly between resources and consequently, the frequency would be kept within its standard 

permissible level, and the transient behavior of microgrids would improve [5-7]. 

Maintaining the voltage and frequency within the standard permissible level is an important requirement in microgrid 

design procedures. Various control approaches have been developed to maintain them in the microgrid [8-11]. 

Many microgrid projects focus on delivering power while other forms of energy need, such as heat, are necessary. So 

the combined cooling, heating and power (CCHP) are proposed [1]. A microgrid could be constructed from the most 

economical combination of heat and electricity. Unlike electricity, heat, usually in the form of steam or hot water, cannot 

be easily or economically transported long distances. So the combination of heat and electricity typically provide heat for 

industrial processes, on-site space heating, local district heating, for domestic hot water or sterilization in a hospital.  

There are three immediately apparent potential applications of heat and electricity in microgrids [1]: 

1) Space heating, domestic hot water heating and sterilization; 

2)  Industrial or manufacturing processes; 
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3)  Space cooling and refrigeration through use of absorption chilling. 

In this paper, C/H load scheme is used in an autonomous microgrid in order to keep balance between generation and 

demand. In this strategy, the microgrid frequency is kept within its allowed limitation with the fast response controller. 

The performance of the proposed controller strategy is studied under different conditions in a microgrid. 

This paper is organized as follows: Section 2 explains the microgrid system model. In Section 3 the simulation results 

are presented and in part 4 a brief conclusion is reported. 

2. System model 

The under study system is illustrated in “Fig. 1”. The system has three feeders, two DGs, loads and control system. DG1 

is a synchronous generator (SG) driven by a diesel engine. The SG is equipped with a turbine-governor and automatic 

voltage regulator systems, connects to Bus1. DG2 is a Wind Turbine with an asynchronous generator (WTG) connects 

to Bus2. Furthermore, load and C/H load controller connect to Bus3. The microgrid is assumed to be operational and 

can meet corresponding loads in isolated mode. The single-line diagram of the system is shown in “Fig. 2." 
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Fig. 1: The Autonomous Microgrid 

 

2.1. System reference frame 
 

The state-space of DGs and network are represented on their individual local reference frame. “Fig. 3” shows a Global 

and local rotating reference frame of the study system. A common reference frame is considered as the global reference 

frame and all the local parts are translated to the global reference frame using the transformation technique defined in (1) 

[12]. 

 

 
Fig. 2: The Single Line Diagram of the Microgrid. 

 

In “Fig. 3," the axis d-q is the global reference frame based on the network rotating at the angular frequency of , where 

axis d1-q1 and d2-q2 are the reference frame of DG1 and DG2 rotating at  and , respectively. Is the angle 

between the reference frame of dn-qn and the global reference frame? 

 

                                                                                                                      (1) 

 

The voltage or current component, and ο r represents presents the steady-state value. 
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Fig. 3: Global and Local Rotating Reference Frame of the Study System 

 

2.2. Model of DG1 
 

DG1 consists of a prime mover such as a diesel engine, and a three-phase synchronous generator with excitation and 

governor control systems. The generator and the diesel engine are mechanically coupled. The turbine-governor system 

of SG controls the power-frequency characteristics. The electrical system of the SG modeled in d-q frame of the 

reference frame [13], which is identified by d–q in “Fig. 3," is given by. 

 

                                                                                                                                                 (2) 

Where 

 

                                                                                                                              (3) 

 

                                                                                                                             (4) 

 

Are vectors of voltages and currents of the stator winding ( ), damper windings (
1 1k q ,

2 1k q ,
1k d )

 
and field winding 

(
1fd ). Matrices G and H are given in [13]. 

The dynamic model of the rotating mechanical system of DG1 is given by. 

 

                                                                                                                                                       (5) 

 

Where  and are the inertia and damping constants, respectively.  And are the mechanical and the air-gap 

torques, respectively [13] and 

 

                                                                                                                                                            (6) 

 

The excitation and governor systems of DG1 are represented by a generic dc excitation system [14], and the IEEE 

governor model based on the speed-droop characteristic [15]. 

 

2.3. Model of DG2 
 

DG2 is an environmentally-friendly power generation source which captures the kinetic energy of wind and transfers it to 

the electrical part through a gearbox [16]. The electrical model of DG2 in d-q frame is given by. 

 

                                                                                                                                                 (7) 
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Where 

                                                                                                                                                (8) 

 

                                                                                                                                              (9) 

 

Are vectors of voltages and currents of the stator winding (
1d , 

1q ), s and r represent the stator and rotor windings, 

respectively. Matrices  and  are given in [13]. 

The dynamic model of the rotating mechanical system of DG2 is given by 

 

                                                                                                                                                         (10) 

 

Where and are basic and rotor angular velocity and , and are the inertia constant, mechanical and 

electromagnetic torques, respectively; and 

 

                                                                                                                                                     (11) 

 

Where  is the mutual reactance between rotor and stator windings [13]. The characteristic of the wind turbine is 

given as follows: 

 

                                                                                                                                                                      (12) 

 

                                                                                                                                                 (13) 

 

Where is the mechanical output torque of the wind turbine;  is the air density;  is the performance coefficient; 

is the ratio of rotor blade tip speed to wind speed; is the turbine swept radius;  is the blade pitch angle;  is the 

wind speed; is the angular velocity of the wind turbine. The wind turbine connects with asynchronous generator 

through a coaxial shaft whose mechanical model can be expressed as a first-order system is given as follows: 

 

                                                                                                                                                               (14) 

 

Where is the inertia time constant? 

 

2.4. Cooling, heating load controller 
 

The dominant concept of this scheme is to control frequency without any storage. To reach this objective, two 

controllers are embedded: The local controller and the C/H load controller. The local controller is the conventional 

controller being in the SG is mentioned in [12]. And the C/H load is a general controller operating in power variations. 

During a change in power demand, the frequency varies. So it is required to use a frequency controller to maintain it 

within its nominal value. In order to reach this objective, some non-critical loads applied as C/H loads are embedded to 

track frequency fluctuations. C/H load controller consists of eight sets of three-phase resistors connected in series with 

GTO thyristor switches. The nominal power of each set follows a binary progression so that the load can be varied from 

50kW- 100kW by steps of 1kW. The frequency is controlled by the Discrete Frequency Regulator block. This controller 

uses a standard three-phase Phase Locked Loop (PLL) system to measure the system frequency. The measured 

frequency is compared with the reference frequency (60 Hz) to obtain the frequency error. This error is integrated to 

obtain the phase error. The phase error is then used by a Proportional-Differential (PD) controller to produce an output 
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eight three-phase loads. In order to minimize voltage disturbances, switching is performed at zero crossing of voltage. 
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rated value. As the frequency comes down, the switches open and the step of C/H load outage occurs. 
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On the other hand, in some states the frequency reduction might happen, for example, with increment of daily load or 

decrement of wind speed. So C/H load absorbs low power at this time. 

3. Simulation 

Load curve illustrates variation of load demand during a specific period. A typical load curve which can be an industrial 

unit or a hospital daily load curve is shown in “Fig. 4”. 

 

 
Fig. 4: Daily Load Curve of Microgrid 

 

The steady-state output power of the under study wind turbine is illustrated in “Fig. 5”. Below the cut-in wind speed, of 

about 4.5 m/s, the wind turbine remains shut down as the power in the wind is too low for useful energy production. 

Then, once operating, the power output increases following a broadly cubic relationship with wind speed until rated 

wind speed (10m/s) is reached. Above rated wind speed the aerodynamic rotor is arranged to limit, the mechanical 

power extracted from the wind and so reduce the mechanical loads on the drive train. Then, in very high wind speeds 

(over 16m/s), the turbine is shut down.  

 

 
Fig. 5: Wind Turbine Power Curve 

 

In “Fig. 6," the power consumption of load and C/H load and the generation of DG1 and DG2 during a day are 

depicted. It is obvious that while the wind-turbine power decreases due to the decrement of wind speed, DG1 tries to 

generate more power to compensate the consumption. 

The wind turbine generates its nominal power in rated wind speeds. In this case, while demand is low, the microgrid 

frequency increases. By an increment in frequency, the C/H load tries to absorb more power to keep balance between 

demand and generation. So the C/H load consumption depends on power variations. While the frequency augments, its 

power consumption decreases and vice versa. C/H load usually heats, cooling loads, so the power variation can be 

applied to such loads. In this simulation, the minimum and maximum consumption of C/H load is considered to be 

50kW and 100kW, respectively. 

The SG comes on line whenever wind speed is low and consequently, wind turbine doesn’t produce much power to 

supply the load. Therefore, if the wind turbine supplies both load and CCHP, the SG goes into standby mode. But when 

wind speed decreases, the SG power increases to supply load. As “Fig. 6” shows, SG sometimes produces its nominal 

power (at time =9, 12, 13, 14, 21, 22, 23, 24) so it can be used to augment the microgrid reliability. “Fig. 7”. Shows the 

reserve power of SG during a day. Comparing “Fig. 4” and “Fig. 7” reveals that the higher the load level, the lower the 

SG reserve power. In this condition if the wind speed decreases, the CCHP should decline its consumption to keep 

frequency within its rated value. 
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Fig. 6: Daily Generation and Demand Power of Microgrid 

 

3.1. Index definition 
 

Here, two indices are defined. The first one is Penetration Level index (PL index) is the ratio of wind power generation 

to total generation during a day. This is given as below: 

 

                                                                                                                                     (15) 

 

PL index ranges between 0 and 1. With respect to stochastic nature of wind, if the average of this index during a period 

(a month or a year) tends to 1, the microgrid reliability decreases. So it is important to acquire this index to assess the 

reliability of a microgrid. Here, this factor is depicted in “Fig. 8”. The average value of this index is nearly 0.6.  

The other index is the ratio of C/H power to summation of CCHP. This index is given as below: 

 

                                                                                                                                                (16) 

 

C/H index ranges between 0 and 1. Whenever total generation power is consumed in C/H load, it tends to 1. Since C/H 

power acts in the role of a frequency controller, the higher the index, the better the performance of the microgrid. In fact, 

C/H power can control the frequency variations especially in high generation.  

For example, it is possible to use C/H load to cool/ heat water and use it afterwards. In this case the energy can be stored 

in water and not wasted. The coincidence of generation and consumption in C/H load technology is not necessary.  

The value of this index depends on the thermal consumption of customers. This index is calculated in the understudy 

microgrid and is illustrated in “Fig. 9." It is obvious that this index is between 0.1 - 0.2 during a day. It means that 10% - 

20% of generation is consumed in non-electrical loads. Besides this amount of energy is used for cooling or heating, 

keeps the frequency within its rated value.  

 

 
Fig. 7: Reserve Power of SG 
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Fig. 8: PL Index in the Understudy Microgrid. 

 

 
Fig. 9: C/H Index in the Understudy Microgrid 

3.2. Transient study 
 

In this section, the transient performance of the scheme is discussed. 

i) Scenario A 

In this scenario, the load is 460 kW+j230 kVAR and the wind speed decreases from 10 to 9 m/s, at t=10s. “Fig. 10” 

shows variations of active power of DGs, C/H and load in this situation. The power of WTG decreases from 400 to near 

290kW and the power of SG increases. It is obvious that in high wind speed, the participation of SG is low to supply the 

load that causes the proposed microgrid plan to be more environmentally efficient. By decreasing the wind speed, the 

generated power of SG increases from 140 to 240kW. This increment compensates the low production of WTG. 

Increasing the production of SG, the frequency augments and as “Fig. 11” shows, it exceeds the rated value. It causes that 

C/H power operates quickly to control the frequency to its nominal value. 

 

 
Fig. 10: Active Power of Dgs, C/H and Load (Scenario A) 
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Fig. 11: Microgrid Frequency Variation (Scenario A) 

 

ii) Scenario B 

In this scenario, it is assumed that microgrid supplies three industrial units. The load of units are 200kW+j100 kVAR, 

100kW+j50kVAR and 100kW+j50kVAR, respectively. In order to analyze the response of microgrid to load variations, 

two of units comes on-line at t=20s and t=40s. “Fig. 12” shows the active power of DGs, C/H and load. When the units 

come on line the frequency decreases, therefore, the generated power of SG augments to compensate the decrement of 

frequency. Moreover, the C/H load decreases its power to keep a frequency within its nominal value. So clearly the 

performance of the proposed scheme in different situations is successful. 

 

 
Fig. 12: Active Power of DGS, C/H and Load (Scenario B). 

 

 
Fig. 13: Microgrid Frequency Variation (Scenario B) 

4. Conclusion 

In this paper, a model for the microgrid is proposed in which a C/H load scheme is used to keep balance between 

generation and consumption and to control frequency without storage system. As the C/H loads are insensitive, they can 

change their consumption. Using the C/H loads, it is possible to convert electricity to other kinds of loads (such as 

thermal energy) and to store it.  

Moreover, the results show that the suggested scheme performs successfully and is stable due to the variation of wind 

speed and load demand. In order to assess the performance of the microgrid, two indices are defined. 
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