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Abstract. In this paper, a new frequency control strategy is proposed for islanded microgrid. Due to 
characteristics of islanded microgrid, the load variation and the new energy disturbance can be 
predicted by the ultra-short-term prediction. By using feedforward control method, the load 
disturbance can be roughly adjusted in advance. However, load variation and new energy 
disturbance in islanded microgrid cannot be precisely predicted and there must be prediction error. 
Therefore, feedback control is used to eliminate prediction error. Specifically, considering 
characteristics of different units, wind turbines and diesel engines are used in feedforward control 
part, and energy storage systems in the feedback control part. Besides, this paper proposes an 
allocation method on feedforward and feedback resources, which can improve resources utilization 
to a certain extent. Simulation results show that the proposed control method can improve the 
frequency control effect for islanded microgrid.  

Introduction 

The decentralization and diversification of electricity load increase the maintenance cost and control 
difficulty of grid construction. Microgrid technology becomes an effective means to solve the 
problem of decentralized power supply demand [1]. Microgrid is a system composed of load and 
micro-power, which can provide both power and heat. It is a single controlled unit with respect to 
the external large-scale power grid, and can meet the requirements of power quality and power 
supply security [2]. 

Microgrid can integrate a variety of distributed power supply for local load. It can not only 
solve the problem of power supply in remote areas, but also give full play to the advantages of 
renewable energy to promote renewable energy development. The diversity of distributed power 
supply and the fluctuation of renewable energy in the microgrid have a great impact on the safety 
and stability of the microgrid system, and limit the rapid development of the microgrid [1]. 

At present, on islanded microgrid frequency control, domestic and foreign researches can be 
divided into two aspects. One of them is about the control strategy based on droop control [3,4,5], 
another is about the micro-power coordination control strategy [6,7,8,9]. Droop control is the 
primary means of islanded microgrid frequency control, but the ability of droop control to suppress 
disturbance is very weak. When the disturbance of system is so frequent, the islanded microgrid 
frequency will fluctuate constantly, which will make system very unstable. Due to the volatility of 
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new energy power supply and the relatively slow response of fuel units, islanded microgrid largely 
relies on energy storage systems, which respond more quickly, but cost much. However, the 
coordination control strategy among micro-power supplies has not effectively reduced the pressure 
of energy storage systems [10]. 

Based on the analysis of merits and demerits of islanded microgrid frequency control methods 
above, this paper proposes the feedforward and feedback frequency control method. 

In fact, the feedforward and feedback control method has been widely used in many control 
systems, such as the hydraulic power system [11], vehicle stability control system [12], numerical 
control machine tool system [13], current harmonic compensation [14], fans pitch angle control [15] 
and so on. In large power grids, the grid dispatch part can be similar to the feedforward part, while 
the grid control part is still using the traditional load frequency control, and does not involve 
feedforward control. Further, for the islanded microgrid frequency control, the feedforward and 
feedback control strategy has not been studied and used. Due to characteristics of islanded 
microgrid itself, load and new energy disturbance can be predicted in the ultra-short-term prediction, 
so that   load disturbance can be roughly adjusted by the feed-forward part in advance, which can 
reduce pressure of energy storage systems. The load and the new energy disturbance are random, 
and there must be prediction error. Hence, the feedback part with energy storage systems needs to 
be added to compensate the prediction error. By using the feedforward and feedback method to 
control the islanded microgrid frequency, on the one hand, the burden of feedback control is greatly 
reduced, on the other hand, the accuracy requirement of the feedforward control model is reduced 
[16], and eliminate the error at the same time. As a result, the islanded microgrid frequency is 
effectively controlled. 

Overall Research Idea 

In islanded microgrid, the fluctuation of wind power and load disturbance is large, which makes it 
difficult to control the frequency. At the same time, new energy is limited in islanded microgrid. In 
order to make full use of local resources and obtain greater economic benefits, resource allocation 
must be optimized to save power generation costs. 

The microgrid frequency fluctuation reflects the active balance of the microgrid system, and the 
active balance of the system is determined by the size of the active output of generators and load 
demand. When there is active unbalance in the microgrid system, each generator has to regulate its 
output to meet the load demand. 

In this paper, a frequency control method based on feedforward and feedback is proposed for the 
islanded microgrid. The overall idea is shown in Fig 1. The whole is divided into two parts: 
feedforward and feedback. Wind turbines and diesel generators are used in the feedforward part, 
mainly in order to roughly adjust load disturbance by predicting the load and the wind power, while 
energy storage systems are used in feedback part, mainly in order to quickly compensate for the 
load and wind power prediction error. Finally, this paper proposes a method about feedforward and 
feedback resources allocation by analyzing historical data to improve resources utilization. 
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Fig. 1 Overall idea in this paper 

Ultra-short-term Prediction Method of Wind Power and Load.  

With the development of the prediction technology, wind power prediction and load prediction are 
playing an important role in grids control. Among the prediction methods, the time series prediction 
method is based on the trend extrapolation of the target variable itself over time. This method has 
the advantages of simple model and small calculation, because there is no necessary to consider 
more meteorological information. But, when modeling, it needs a lot of historical data, and its 
robustness is poor. Also, the prediction accuracy decreases rapidly with the increase of the 
prediction time. Hence, it is suitable for the ultra-short-term prediction of wind farms with limited 
meteorological information. Classical time series prediction method includes continuous method, 
moving average method and auto regressive moving average method [17]. 

Among them, the moving average method means that, as the time series moves at a constant 
width window, the dynamic mean value of each item is taken as the prediction value of the next 
time. It is suitable for the system, which has small fluctuation. The calculation formula is as Eq. 1. 

( ) ( ) ( ) ( ) ( )( )1 2 3 /= − + − + − +…+ −X t X t X t X t X t N N                            (1) 
Where ( )X t is prediction value of time t , ( )1−X t to ( )−X t n are the actual values of n 

historical moments before time t . 
In this paper, the moving average method is used to predict the wind power and the load. 

Design of Control Method 

Design of Feedforward Part. The feedforward part makes full use of prediction technique to 
roughly adjust the load disturbance, which can greatly reduce the burden of feedback part. In this 
part, wind turbines and diesel generators are used as the main energy source to control load 
disturbance in advance. For the wind power and the load, their current prediction values can be 
respectively achieved by using their historical actual values, through the ultra-short-term prediction 
algorithm. Then, by a designed allocation principle, the planned output size of wind turbines and 
diesel generators will be allocated. The control framework is shown in Fig. 2. 
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Fig. 2 Feedforword control framework 

Here, the core strategy of feedforward part is designed as Eq. 2.  

_ _ _ _= + = +L pre W exp D exp W exp DP P P P P                                               (2) 
Where _L preP is the prediction value of load, _W preP is the prediction value of wind power,  

W _ expP is the planned output value of wind turbines, D _ expP is the planned output value of diesel 
generators, WP is the actual output value of wind turbines, DP is the actual output value of diesel 
generators. The error between the planned output value and the actual output value of diesel 
generators can be ignored, so D _ expP is equal to DP . 

Power Distribution Method of Wind Turbine and Diesel Engine. Power distribution is the 
core in the feedforward part. Its principle is to use wind power as much as possible, and diesel 
engines work as a supplement. The distribution module is to allocate output power for wind 
turbines and diesel engines, according to the above principle. Details as follows. 

(1) If ≥W _ pre L _ preP P , that means the prediction value of wind power is greater than or equal to 
the prediction value of the load, W _ expP is set to −L _ pre D _ minP P , and D _ expP is set to D _ minP . But if 

>W _ exp W _ act _ maxP P , that means the planned output of wind power is greater than the actual 
maximum output of wind power, this part of wind power prediction error will be compensated by 
the feedback part. If ≤W _ exp W _ act _ maxP P , that means the planned output of wind power is smaller 
than or equal to the actual maximum output of wind power, the wind turbines will run at “abandon 
wind”. 

(2) If <W _ pre L _ preP P , that means the prediction value of wind power is less than or equal to the 
prediction value of the load, W _ expP is set to _W preP , and D _ expP  is set to −L _ pre W _ preP P . But if 

>W _ exp W _ act _ maxP P , that means the planned output of wind power is greater than the actual 
maximum output of wind power, this part of wind power prediction error will be compensated by 
the feedback part. If ≤W _ exp W _ act _ maxP P , that means the planned output of wind power is smaller 
than or equal to the actual maximum output of wind power, the wind turbines will run at “abandon 
wind”. 

Given that, diesel engines should not be stopped frequently, the output of diesel engines has to 
be set a minimum value, which is D _ minP as above. 

Design of Feedforward Part. In the feedforward part, there must be the prediction error, 
including the error between the load prediction value and the load actual value, and the error 
between the wind power prediction value and the wind power actual value, which will results in 
active imbalance in the islanded microgrid. Hence, the feedback part must be combined with the 
feedforward part to eliminate the error. In this part, the classic load frequency control (LFC) method 
is used, and the prediction error is seen as a disturbance of LFC. Energy storage systems are used to 
participate in primary frequency modulation and secondary frequency modulation, in order to 
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eliminate error timely and gain active balance. As a result, the islanded microgrid frequency is well 
stabley near the set value. The control framework is shown in Fig. 3. 
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Fig. 3 Feedback control framework 

Resources Allocation Method of Feedforward Part and Feedback Part 

The available resources in islanded microgrid is much limited, and unreasonable resources 
allocation will cause serious waste, which does not accord with the economy of islanded microgrid 
development. In this paper, each unit in the feedforward and the feedback part must also be 
optimally configured to make better use of local power generation resources. 

Method Description. The unit with large capacity should be arranged in the feedforward part, 
because the feedforward part is mainly to roughly adjust the load disturbance in advance. At the 
same time, considering that local renewable energy should be made full use of, new energy units 
like wind turbines can be arranged in the feedforward part. Then diesel engines with large capacity 
can be arranged in the feedforward part as a supplement to wind turbines due to the fluctuation of 
wind. Specifically, the size of the each unit in the feedforward part is related to the local wind 
power, load fluctuation and the ultra-short-term prediction error. 

For the feedback part, this part mainly compensates the prediction error in the feedforward part. 
It requires that units in the feedback part need to have fast adjustment characteristic. Hence, energy 
storage systems can be arranged in the feedback part. Specifically, the size of the unit capacity in 
the feedback part depends on the size of the error after the coarse adjustment in the feedforward 
part. 

Examples. In order to illustrate the method above more vividly, an example is made as follows. 
(1) According to the above method, wind turbines and diesel engines are selected in the 

feedforward part. At the same time, according to the probability distribution of the actual history 
value of local wind power, the wind turbine capacity is set to 750KW. The capacity of the diesel 
engines is configured according to the probability distribution of the difference between the 
historical actual load value and the maximum output power value of wind turbines in the past. 
Assuming that the capacity of diesel engines must be greater than or equal to the difference between 
the historical actual load and the maximum output power of wind turbines in 100% probability, 
which is 500KW, so the capacity of diesel engine is set to 500KW. 

(2) According to the above method, energy storage systems are selected in the feedback part. 
The capacity of energy storage systems in the feedback part depends on error’s size after the coarse 
adjustment in the feedforward part. For example, according to the historical data, the actual load is 
1000KW, the load prediction value is 900KW, the wind power planned value is 750KW, the actual 
wind power maximum value is 700KW. To ensure that the feedback part can eliminate the 
prediction error in 100% probability, the capacity of energy storage systems shall be greater than or 
equal to (1000-900)+(750-700), so the capacity of energy storage systems is set to 150KW. 
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Simulation Results 

Simulation presented in this paper is carried out by Matlab/Simulink. 
Simulation Results of Prediction Method. (1) The load is predicted by the moving average 

method above, and prediction results are shown in Fig. 4. 

 
Fig. 4 Load prediction and actual value comparison 

From the above results, the prediction error is less than 10%, so the load with small volatility 
can be well predicted using the moving average method.  

(2) The wind power is predicted by the moving average method above, and the prediction 
results are shown in Fig. 5. 

 
Fig. 5 Wind power prediction and actual value comparison 

From the above results, the prediction error is less than 10%, so the wind power with small 
volatility can also be well predicted using the moving average method.  

Simulation Results of Control Methods. In this paper, the configuration of the islanded 
microgrid generation system is as follows: Wind turbines’ rated power is 750kW, diesel engines’ 
rated power is 350kW, energy storage systems’ rated power is 300kW, energy storage systems’ 
capacity is 50kW·h. These parameters refer to reference [18]. 

In this paper, two contrast tests are set up. One uses the proposed control method. In the 
contrast experiment, the wind turbines are running in the maximum power tracking mode all the 
time and out of control, and only diesel engines and energy storage systems are used to control the 
islanded microgrid frequency. 

The control structure of the contrast method is shown in Fig. 6. 
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Fig. 6 The control structure of the contrast method 

In Matlab, the simulation model of the contrast method is shown in Fig. 7. 

 

Fig. 7 The simulation model of the contrast method 
In Matlab, the simulation model of the proposed method is shown in Fig. 8. 

 
Fig. 8 The simulation model of the proposed method 

Through the simulation, the islanded microgrid frequency control results are shown in Fig. 9, 
and the size of frequency in the figure has been converted into per unitary value. 
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Fig. 9 Islanded microgrid frequency control results comparison 

The output results of Energy storage systems are shown in Figure 10 and Figure 11, the size of 
output has been converted into per unitary value. 

 
Fig. 10 The output of energy storage system under the contrast control method 

 
Fig. 11 The output of energy storage system under the proposed control method 

It can be seen from Fig. 9 that the system frequency fluctuates around the set value as the load 
disturbance changes. The fluctuation of the red dotted line is smaller than the blue solid line on the 
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whole. It means that the proposed control method has a better effect on suppressing the frequency 
fluctuation to a certain extent than the traditional control method, and improves the stability of the 
islanded microgrid. In Fig. 11, the negative value of the vertical axis indicates that the energy 
storage system is in the charged state. By comparing Fig. 10 and Fig. 11, it can be found that, the 
output size of the energy storage system under the proposed control method is much smaller than 
that under the traditional method. It means that through the feedforward and feedback control 
method, the pressure of energy storage systems in the islanded microgrid is greatly reduced. 

Conclusions 

In this paper, the advantages and disadvantages of current islanded microgrid frequency control 
methods are analyzed. Based on this, the feedforward and feedback frequency control method for 
islanded microgrid is proposed to improve the frequency control effect of islanded microgrid, and 
then an allocation method for feedforward and feedback resources is proposed to save construction 
costs. Simulation results show that the proposed control method can maintain the frequency 
stability for islanded microgrid better. 
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