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Abstract 

 

The wind energy has several merits but there exit some barriers in the development of 

wind power plant, and this is as a result of the highly erratic characteristic for the 

wind power. It can be solved by using the micro-grid system. The most significant 

factor in this system is to install an energy storage system to the wind power plant and 

different types of storage can be used according to different situations. The energy 

storage system can be used to smooth the fluctuation and can supply the electricity 

when the wind is not sufficient. In this thesis, lead-acid battery is used to combine 

with lithium battery in the wind power farm which supports electricity demand in 

Changshan archipelago in China. By operating the micro-grid system, the security of 

the electricity supply on that archipelago can be ensured. Approaches to optimize the 

micro-grid system is analyzed in this thesis in order know how does the system 

operated under different model, especially in the isolated operating model.     
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1. Introduction 

 

It is undeniable that the usage of wind power will have a bright future since it is 

environmental friendly and regarded as renewable energy. As in specific analysis, 

global wind power capacity was growing from 18GW to 238GW from year 2000 to 

year 2011 [1]. Moreover, according to the new report from the International Energy 

Agency, wind power energy is expected to continue its rapid growth over the next five 

years. 

 

But there exist several barriers in the development of wind power plant, and this 

mainly because of the characteristics for the wind power. Specifically, the wind power 

output fluctuates with the variation of wind speed. Therefore, it will affect the power 

quality as well as the planning of the power system. This is the reason why the energy 

storage system should be installed into the wind power system. 

 

In this thesis, the aim is to add an energy storage system in the micro-grid system for 

Changshan archipelago to solve some barriers of electricity supply there. 
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2. Methodology 

 

By doing literature review and collecting secondary data, it provides an opportunity to 

visualize the characteristics for each method. Therefore, the comparison between 

different methods will be more concrete. 

 

When it comes to the particular case that are researched in this thesis, the data for the 

wind power plant can be provide by the relevant wind power pant located on the 

Changshan archipelago, which is one of largest wind farm in northern china.  

 

 

 

 

3. Fundamental knowledge 

 

3.1 The modeling of wind generation system  

 

The generators mentioned in this thesis belong to the type of squirrel-cage induction 

generators. The friction factor and inertia of the turbine are combined with the 

generators. 

Then, the output power of the turbine can be calculated by the following equation [1]: 

 

3( , )
2

m windp

A
P C


  

                                          （1） 

mP is the mechanical output power of the turbine （W ）, and 
p

C is the performance 

coefficient of the turbine, q is the air density ( 3

kg
m

), wind  is the wind speed 

( m
s

), k is the tip speed ratio of the rotor blade tip speed to wind speed, b is the blade 
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pitch angle ( deg.), and A is the turbine swept area ( 2m ). A generic equation which 

used to model pC  ( ,k g ) is: 
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The wind turbine characteristics can be seen in Figure 1 as followed. 

 

 

Figure1 Performance curve for the wind turbine with different pitch angle. [2] 

 

If the wind turbines want to be carried out in this literature, it must be controlled with 

the pitch angle which is combined with the induction generator. If the speed of the 

wind is too high and exceeded the rated value, pitch angle control should be active to 

keep the output power at the rated value.  
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3.2 Micro-grid 

 

The micro-grid is relatively a small grid when it is compared to the main grid. It is 

made up of a control system, a distribution generation system and an energy storage 

system. More over, it can work in connection with the main grid or even working 

alone with disconnecting of the main grid. This characteristic makes it a perfect 

approach to provide electricity in some special conditions, like supplying the 

electricity for islands as it will be analyses latter in detail. [3] 

  

The distribution generation system is refer to the system that generates electricity 

from many small energy source, and most of those sources are defined as the 

renewable source which are more environmental friendly compared to the 

conventional fossil fuel. Specifically, in this thesis, the wind power is taken as the 

main source used in the distribution generation system. 

 

On the other hand, the control system takes the responsibility of controlling and 

distributing the generated electricity. An improvement can be achieved by using new 

control technologies. 

 

 Since the frequency of micro-grid during islanding mode is regulated by small 

energy storage source like battery connected to power electronic inverter. The 

power that is generated from the wind is proportional with the cube of the wind 

speed. If wind speed varies, the generated wind power will take place high 

fluctuations, so that the energy storage source must compensate the power. 

 

 Amount of reactive powers that are absorbed by wind generators relies on the 

amount of generated active powers. Thus, variations in wind speed not only cause 

fluctuations in reactive powers absorbed by wind generators, but also lead to 
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voltage flicker at the whole micro-grid system of user especially to the device that 

are only generated by wind power. 

 

 The fluctuation of the voltage and frequency inside the micro-grid system during 

islanding mode causes the issue of instability and poor power quality especially 

for some sensitive loads which cannot accept a high variation of voltage and 

frequency. 

 

In order to solve the above mentioned problems about wind speed fluctuations and 

make improvement of power quality during the islanding mode, some technologies 

must be applied, and the following three things can be done: 

 

1) Make a complete model that can represent all the elements in micro-grid system in 

details. 

 

2) Introduce a new fuzzy logic pitch angle controller in order to decline fluctuations 

of output power which generated by wind generators. 

 

3) Energy storage system will be installed into the system for compensating the 

fluctuations of the voltage and electricity frequency.  
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3.3 Energy storage system 

 

Energy storage technologies: 

Electricity can be storage in different types of energy as shown below [4]:  

  As gravitational potential energy,  

  As compressed air, 

  As kinetic energy in flywheels, 

  As magnetic field in inductors, 

  As electric field in capacitors.  

 As electrochemical energy in batteries  

 

In this chapter, several energy storage technologies that are use in wind power plant 

are evaluated. The characteristic for each technology can be seen below. 

 

 

 

3.3.1 Pumped Hydro Storage (PHS) 

 

PHS is a large scale storage, the principal for is technology is to take use of 

gravitational potential energy of water. It pumps the water from a lower reservoir to 

an upper reservoir when the electricity demand is low. When electricity demand is 

high, it letting the water goes down from the upper reservoir to the lower one in order 

to activating the turbines to generate electricity. 

 

According to [5], a 24 h time-scale application can be sued for the PHS system, and 

the application involved some prolonged energy storage in time. This makes the PHS 

system as a high potential method for storage.  
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In general, the whole life time for the PHS system is around 30 to 50 years, and it 

efficiency is around 65 %to 75%. [6] It makes the PHS system as a significant 

component in the reservation for electricity generation. But it should be noticed that 

the capital cost for the PHS system is relatively high due to the need of large power 

volume and energy management.  

 

 

3.3.2 Compressed Air Energy Storage (CAES) 

 

CASE system is based on the conventional gas turbine technology. When the demand 

of electricity is low, energy is stored in the form of compressed air. On the other hand, 

the compressed air can be drawn from the storage, and then expanded in a turbine in 

order to provide the required electricity when the demand of electricity is high. But 

the CAES system is not wide used in the world since it is a bright new technology. 

Therefore, only two wind power plants in the word have installed this system. 

Specifically, one is in Germany (290 MW) and the other one is in the USA (110MW) 

[7]. 

 

 

3.3.3 Flywheel Energy Storage System (FESS) 

 

The FESS system is based on the principle of transferring the electricity energy into 

the rotational energy. An object rotates between two magnetic bearings in order to 

decline the friction when the rotating speed is high. The whole system is installed in a 

vacuum place in order to decrease the wind shear. [8] 

 

Energy is transferred into mechanic energy when the machine operating as a motor. 
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The FESS system is discharged when the electricity is regenerated through the driver. 

In detail, the capacity for FESS is depend on the square of the rotation speed. 

 

The FESS system has a dramatic merit since the efficiency for it quite high. 

Specifically, the efficiency can approximately reach 90%. In addition, the life cycle 

for the FESS system is relatively long and the operating temperature range for it is 

larger compared with other storage system. [8] But the shortcoming for it is also 

obvious, the standing losses for the flywheel is high. Particularly, the self-discharge 

rate for the system is around 20% of the stored capacity per hour [9].This is the reason 

why the FESS system can not be used for long-term energy storage. 

 

 

 

3.3.4 Superconducting magnetic energy storage (SMES) 

 

The SMES system is based on the principal of storing energy in a magnetic field 

which is established by a DC current goes through a superconducting coil. What’s 

more, the required temperature is quite low which called cryogenic temperature. 

 

The storage capacity for the SMES system is decided by the self-inductance of the 

coil and the square of the current that goes through it [10]. 

 

The efficiency of the SMES system is around 90% which is extraordinary among all 

the energy storage technologies. More over, the SMES system has the ability to 

absorb or inject large quantities of energy in a very short time [10]. But actually, there 

are only few SMES system built mainly because of its high capital power cost. 
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3.3.5 Super capacitor energy storage system 

 

The super capacitor energy storage system is based on the same principle of batteries. 

That is based on the electrochemical cell which has two conductor electrodes and 

electrolyte. But the different is that there is no redox reactions happening in the cells, 

for the operating voltage are quite low. This is carried out to store the charge on the 

interface between the envelope of the conductor electrodes and the electrolyte [11]. 

 

 

The charge and discharge time is determined by the product of the equivalent 

resistance of the electrolyte and properties for the super capacitor. Since the 

equivalent resistance is less than 1 milliohm which is very small [12], ten times higher 

power density can be reached when compared with the battery. This characteristic 

makes the super capacitor energy storage system an excellent storage strategy for 

short time scale usage as well as short time utilization   

 

The life cycle for the super capacitor energy storage system is very long and the 

general efficiency for it is around 75%–80%. [13] It can be observed that the super 

capacitor energy storage system suitable for short-term energy application. 
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3.3.6 Battery Energy Storage System (BESS) 

The battery energy storage system is the most common energy storage system in 

many aspects. It is a technology based on the solution based on the low-voltage power 

battery modules, which is connected in series or parallel or both. 

 

The energy is stored in the type of electricity energy. In detail, in order to gain the 

wanted voltage and capacity, every cell contains two conductor electrodes and an 

electrolyte that are placed in a hermetic container with connection to a source [14]. 

The electrolyte makes sure that there are swap of ions between the electrodes when 

the electrons flow goes through the loop circuit.  

 

The working principle of the Battery Energy Storage System can be seen from figure 

2 as below: 

 

Figure2 the working principle of the Battery Energy Storage System [15] 
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Apart from the container, the C-PCS in the figure 2 is short for the control and power 

conditioning system which is response for provide protection for the whole system. 

 

The Battery Energy Storage System is a more mature technology compared with other 

energy storage strategy. As a matter of fact, the researches for the Lead-Acid batteries 

have already been done for over 140 years, and many phases have been optimized 

during such a long time. There are many types of battery with their own advantages 

and short come, and this is the reason that the battery energy system can be used 

flexible in many different kinds of situation. 

 

 

 

 

 

 

3.3.6.1 Lead-Acid battery 

The Lead-Acid battery is the most mature kind of battery technology, and as it has 

been mentioned, the researches for it have last for over 140 years.  

 

The cell is soaked in a dilute liquor of sulfuric acid. The positive electrode for the cell 

is made up of lead dioxide while the negative electrode is composed of sponge lead. 

In particular, there are two types of Lead-Acid battery, one is flooded batteries and the 

other is called valve-regulated batteries. The flooded batteries are the most common 

one that used in the daily life. On the opposite, the valve-regulated batteries are 

normally used for the extension of the relevant research. [16] 

 

The working life for the battery energy storage system is approximately 5 to 15 years 

which mainly depends on the system operating temperature [17]. But it is kind of 

contradictory since the working performance and the working life can not be both at a 
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high level in the same time. Specifically, high operating temperature with maximum 

to 45 ℃ can enhance the performance of the system, but it will decline the working 

life of the system. Therefore, a perfect operating temperature is a significant factor 

need to be achieved in this system. 

 

Because of the low daily self-discharge (<0.1%), the Lead-Acid batteries is a good 

approach for long time energy storage. 

 

 

 

 

 

3.3.6.2 Nickel-cadmium battery (Ni–Cd) 

The development of this type of battery can trace back to the year 1950, and the 

working principle is the same with the Lead-Acid battery except for the main 

component used in this kind of battery are nickel species and cadmium species. In 

addition, the electrolyte used in the container is the aqueous alkali solution [18]. 

 

The life cycle for the nickel-cadmium battery is more than 3500 cycles which are very 

long [19], but the disadvantage for it is also obvious. First of all, the cost for this 

system is quite high, which is more than 10 times of the Lead-Acid battery system. 

Secondly, the nickel-cadmium battery is toxic, and if there is any reveal, it will do 

large damage to human health. 
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3.3.6.3 Lithium-ion battery  

Lithium-ion battery are widely use in small application, especially in some portable 

electronic devices. The working principle for this type of battery is based on the 

reaction between positive lithium ions with anolytic as well as the catholytic active 

materials [20]. 

 

The most two important feature for the lithium-ion battery are its high energy density 

and the fast charge/discharge capacity. This is the main factor lead to this kind of 

battery to become a sensible choice for the short time scale application. When it 

comes to the wind power system, the lithium-ion battery is often used to smooth the 

fluctuation of the voltage and electricity frequency because of its fast charge and 

discharge capacity. But this kind of battery is also expensive. In detail, the cost could 

be ten times of the same sized lead-acid battery. . 
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4. Improvement for the electricity system in Changshan 

archipelago by installing an energy storage system. 

 

4.1 Background 

The system that we researched in this thesis is based on a wind power plant which is 

built on the Changshan archipelago. The Changshan archipelago is located on the 

north east of China and it contains 32 small islands. Specifically, the geographical 

coordinates for it is 37°53 N, 120°35 E. The total area of the islands is 55.96 Km²，

meanwhile, there are 44619 people living on it. The electricity on the Changshan 

archipelago is supported by the wind power plant and diesel generators. [21] 

Also, the plant form of the Changshan archipelago can be get from the Google map, 

which is shown in figure 3. 

 

Figure 3 the plant form of the Changshan archipelago. 
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Load condition 

 

The total electricity load of the Changshan archipelago from year 2000 to year 2011 

can be seen from figure 4 [21]. 
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Figure 4 the total electricity load of Changshan archipelago from year 2000-2011 

 

From figure 4 it can be find out that the maximum electricity load is increasing 

continuously, and so dose the yearly total electricity load. In the year 2011, the total 

electricity consumption for the Changshan archipelago is 83 million kWh. In detail, 

the residential electricity consumption account for 48.6 %, industry and commerce 

take 11.4%, the rest is taken by the facility of desalination. 

 

 

 

 

 

 

 



 20 

4.2 The existing main problem 

The electricity grid on the Changshan archipelago is weak because of the special 

location of those islands. Therefore, several barriers existing in the whole electricity 

system, which particularly are as follows: 

 

1) The reliability for the power support is poor 

There is only one 110kV cable connecting the archipelago and the inland, and if 

something goes wrong with that cable, the whole archipelago will powered cut. 

Unfortunately, the cable is built in seventies of last century and it’s laying under the 

sea which makes it easily to suffer from the corrosion. As a result, many stoppages 

have happened to it especially in recently years, and the most serious one occurred in 

the 2010 which cased a lost for 842300kWh electricity and 3.965 million CNY. 

 

The electricity system in the Changshan archipelago are mainly built in single circuit 

with series connection, this also cause some potential menace to the reliability. 

 

The seriously and frequently power cut not only lead to damage to people’s daily life, 

but also barriers the development of the army on the islands. 

 

2) Poor ability to utilize and control of the wind power 

With adding wind power plants to the wind power farm continuously, the mission for 

the grid in the Changshan archipelago is transformed from input to output. 

 

By the end of 2010, 80 wind power plants are using in the Changdao wind power 

farm with 63.65MW installed capacity in total. But the system has not optimized 

since installed, which caused a poor utilization for the wind power. In detail, the 

power plant will abandon the wind power when the speed for the wind it high, 

because the wind power plant doesn’t have a storage system to store the energy or 

smooth the fluctuation of the voltage and frequency. 



 21 

 

3) It is difficult to maintain and fix the existing power system. 

The existing power system is constructed on 1970s, which makes too old to maintain 

and fix as the result of the following reasons: 

a) At this moment, over 90 percentages of the cable that paved under the sea 

belongs to the oil-filled cable or the oil immersed paper insulated cable. With the 

growth of the using time, the oil immersed paper insulated cable is easy to suffer 

from the stoppage. Unfortunately, the maintenance costs for this kind of cable is 

high. 

The problem for the oil-filled cable is that the production for this kind of cable has 

stop since it is out of time. So it would be quite difficult to fix it if any break down 

happened to the oil-filled cable. The oil-filled cable that used to fix the stoppage is 

weeded out from other project which means it is at high level to break down. 

 

b) Since the cable is built under the sea, it is difficult and expensive to fix it if any 

thing goes wrong with it. In addition, the repairmen can be affected by the weather as 

well as the ocean current. These barriers come out to be the causes why the repairmen 

can not be done in a short time. There is no doubt that the more time it takes to fix the 

issue, the more lost it will cost. 

 

c) The single circuit with series connection used in the power system is not reliable. 

There is a 35kV circuit that support the electricity for five islands located in the north 

of the Changshan archipelago [21]. The circuit is type of single one with series 

connection, if some accident occurred in one place of the circuit, the electricity will 

all be cut in those five islands. 

 

At this moment, over 90 percentages of the cable that paved under the sea belongs to 

the oil-filled cable or the oil immersed paper insulated cable. With the growth of the 

using time, the oil immersed paper insulated cable is easy to suffer from the stoppage. 

Unfortunately, the maintenance costs for this kind of cable is high. 
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The problem for the oil-filled cable is that the production for this kind of cable has 

stop since it is out of time. So it would be quite difficult to fix it if any break down 

happened to the oil-filled cable. The oil-filled cable that used to fix the stoppage is 

weeded out from other project which means it is at level to break down. 
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4.3 Specific implement 

 

4.3.1 The optimized implement for the distribution generation system 

 

4.3.1.1 Optimization for the wind power plants. 

 

The distribution generation system in the Tuoji Island is made up of wind power and 

photovoltaic, but in this thesis the emphasis is only put the aspect of wind power. 

 

The wind power plant on the Tuoji Island is consisted of sixteen asynchronous wind 

power plants in the type of CSCF (constant speed and constant frequency) with 

750kw for each, and they are divided into two group. The first group contains number 

1 to number 13 while the rest belongs two the second group, and each of the group 

shares a 35kV switch. Besides, the nominal voltage for each group is 690V. The 

voltage will be boosted to 35kV after generated from the wind power plants. The wind 

source is not sufficient at July, August and September as a result of the weakness of 

the wind source and the increasing demand of electricity during summer time. The 

existing wind power plants do not have an ability of low voltage ride through or the 

capacity for power scheduling. In order to satisfy the requirements that have been 

mentioned before, some improvement should be done to on the existing wind power 

plants. 

 

Specifically, replace two of the 750kW asynchronous wind power plants by two 

1.5MW double-fed wind plants. Then install a unified invertors system in three 

conventional plants, by combining with the electricity control technology and the 

energy storage system the flexibility and be achieved. Particularly the whole system 

will have the ability of control both active power as well as the reactive power, which 

can enhance the efficiency of wind power and ensure the safety of electricity supply at 
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the same time. 

 

The three wind power plants that are installed with the invertors system are the wind 

power plants of the second group (number14-16). 

 

The capacity of the devices in the invertors system: 

As it has been described above, the capacity for the wind power plant is 750kW. 

Concerning about the over load capacity for the wind power plant is 10 percent 

addition of the regular value. What more, the anti-interference performance for the 

voltage changer should also taken into account. All in all, the coefficient is generally 

taken as 1.5. Thus, the capacity for the voltage changer is 750×1.1×1.5=1237kW. 

[22] 

 

 

 

The design of function 

By inserting the AC converter between the original unit and the transformer, the 

motor will be segregated from the power grid. The voltage transformer divides into 

the web side and the ram side. The web grid is used to stabilize the ac side voltage of 

transformer and provide reactive power; Ram side is used to provide amplitude and 

adjustable frequency ac voltage for original unit.  

 

 

 

1) The across function of low voltage 

By adding the DC Crowbar to the ac side transformer and adopting the imbalance 

control algorithm, transformers will have the ability across with low voltage. In other 

word, the original unit can across with low voltage in order to satisfy the national 

standard. 
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2) The function of reactive scheduling 

The web side of voltage transformer is the grid inverter, energy can be bidirectional 

flow, it not only can across with low voltage, but also have the ability of a certain 

function of reactive compensation by adopting control mode of active control and 

reactive control. 

 The adjustable power factor ranges from -0.9 to +0.9, when the maximum power 

of the unit is 825KW, the maximum capacity of system is required to be 916KVA, 

hence, 1.2MW transformer can need the requirement of reactive scheduling. 

 When the maximum power of the unit is 825KW and the maximum reactive 

power of the unit is 825KW, the capacity of transformer is required to be 

1166KVA. Hence, 1.2MW voltage transformer can meet the requirements. 

 

 

 

3) The function of active scheduling  

The wind power plants will be asynchronous squirrel cage motor in term of the 

operating principle of constant speed and frequency wind turbine generator. When the 

unit operates smoothly, its stator side links with power grid directly. Therefore, the 

revolving speed of generators can not adjust. In addition, its pitch angle can not adjust 

because of the stall type vane, so the active power of the unit can not adjust. 

 

Inserting into the voltage transformer, the transformer can export adjustable amplitude 

and frequency, therefore, the amplitude and frequency of generator’s stator side, in 

other word, its revolving speed is adjustable. 

 

Therefore, the active power of the unit can adjust in a certain range by inserting into 

the voltage transformer, so that the unit can receive active power scheduling. 
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In addition, because of the adjustable voltage and frequency of transformer, when 

transformer is inserted, the parallel of asynchronous wind turbine generator can be 

altered. Taking advantage of the output adjustable voltage function of the transformer, 

it will lead wind turbine generator to start at a constant speed. 

 

 

4) The function of power smoothing  

Adding the energy storage unit to the AC side of transformer, for instance, storage 

battery, super-capacitor and corresponding control circuit, the output of wind turbine 

generators will export smoothly in a certain range by the control of energy storage 

unit’s charging and discharging and cooperating with the output of wind turbine 

generators. 

 

 

 

 

 

 

 

4.3.1.2 The improvement for the diesel generators 

 

The diesel generators’ location and capacity can be seen from table 1. Most of the 

diesel generator is in bed situation of repairmen, and some of them are even out of 

work. At the moment, the diesel generators that can use are in low level of automation. 

Therefore, those generators do not have the automatic input function and can not 

change the rank of power automatically. 

 

The conditions of the diesel generators can be seen in table1  
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Table1 Conditions of the diesel generators [21] 

Name for the 

administration 

of power 

supply 

 

capacity

（kW） 

generator  

(set/horsepower) 

Generator 

in good 

condition

（set） 

available/total

（kW） 

Can be 

fixed(kW/set) 

Can’t 

be 

fixed 

(kW/ 

set) 

maximum(kW) 

residential/industry 

Tuoji 

320 3（500） 1 

1060/1220 

320/1 

120/2 

320/1 
500/450 

160 1（250）  160/1 

500 1（800） 1  

120 4（185） 2  

Daqing 
320 3（500） 3 

960/1120 
 

 600/400 

160 1（250） 1 160/1 

Xiaoqing 120 3（185） 2 
 

240/400 
160/1 120/1 180/50 

 

It can be seen from the table1 that the existing diesel generators are too old to use, 

thus some improvement must be done with them. 

 

The project for the improvement of the diesel generators are as follows: 

1) Introduce the automatic input function into the diesel generators. 

2) Take use of the excitation control technology in the existing diesel generation 

system. 

3) Control and improve the power of the diesel generators. 

4) Add the diesel generation system into the optimized electricity grid. 

app:ds:administration%20of%20power%20supply
app:ds:administration%20of%20power%20supply
app:ds:administration%20of%20power%20supply
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4.3.2 The optimization for the electricity grid 

 

There is no double that the electricity grid should be improved since the load of the 

wind power generators and the diesel generators have increased a lot. The melioration 

including three aspects as follows: 

 

1) Adding 10kV static transfer switches into the electricity grid 

In order to make a perfect switch between the parallel grid operating type and the 

isolated operating type, the static transfer switches should be installed. 

Static transfer switch is a kind of contactless transfer, and because there are no 

mechanical moving parts, the process of transfer can be done in a very short of time. 

Moreover, the transfer switch generally consists of three parts as it is shown in the 

figure 5. 

 

Figure 5 the system of static transfer switch [23] 

 

From the figure 5 it can be observed that the particular switch can decide whether the 

electricity is operating as a parallel type or an isolated type. The primary source in this 
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model is the wind power while the alternate source is referred to the energy comes 

from the energy storage system. 

 

The plan is to install two sets of the static transfer switch at the middle of the 

Changtuo line to make a perfect transfer between two different electricity grid 

operating types as it described above. 

 

 

2) Adding 10kV load switch and static VAR compensator 

In order to enhance the level of automation and the reliability of the electricity supply 

system, twelve 10kV load switch and twelve static VAR compensator are going to 

install in the existing system. 

 

The static VAR compensator is a device for supplying fast-acting reactive power on 

high-voltage electricity transmission network [24]. The most significant part is that the 

static VAR compensator is an automatic impedance matching device, and this is the 

main reason that it is installed in the existing electricity grid to enhance the level of 

automation and reliability.  

 

The typical static VAR compensator is shown in the figure 6, and it mainly used in 

two situations: 

1) Connecting to the power system to get control of the transmission voltage. 

2) Connecting to the large load in order to enhance the quality of the power. 
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Figure 6 the typical type of static VAR compensator [24]. 

 

In our situation, the function of static VAR compensator goes under the first condition. 

This condition is also called as the “transmission SVC (static VAR compensator)”,  

 

In this type of transmission application, the static VAR compensator is used to make a 

regulation of the grid voltage. If the power system’s reactive load is taking the lead, 

the static VAR compensator will take use of the thyristor controlled reactors to use up 

the VARs from the system to decline the voltage in the power system. [25]  

 

Another reason for adding the static VAR compensators is adding to the power system 

in the old mechanically-switched compensation schemes is because their can provide 

the reactive power in a very short time. 

http://en.wikipedia.org/wiki/Thyristor_controlled_reactor
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Although the static VAR compensators have many advantages over the 

mechanically-switched compensation schemes, the initial investment is far more 

expensive than the mechanically switched capacitors. So these two types of 

technology are combined to use in this project. The static VAR compensators are 

utilized to offer support for short time changes while the mechanically switched 

capacitors are used to provide steady-state VARs. 

 

Also, the relevant devices should be installed to the power system as well. Such like 

the remote controller, terminal information access system, the cable and so on. What’s 

more, considering the asynchronous wind power plants need reactive power support, 

two sets of dynamic reactive power compensation equipment with 35kV are 

demanded  

 

 

3) Remold the switches system 

In order to enhance the level of the automation for the micro-grid system, the existing 

switches system should be remolded to have the telemetry function. The present 

power system has fourteen sets of 35kV switches and thirty four sets of 10kV 

switches, all of them do not have the telemetry function and they are also too old to 

optimize. So those switches are all going to be changed by the total new one with the 

function of telemetry. 
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4.3.3 Installation of the energy storage system. 

The energy storage system can be used to smooth the fluctuation and can supply the 

electricity when the wind is not sufficient. 

 

Normally, the energy storage system is used to smooth the fluctuation of the voltage 

and frequency for the generated electricity. It can be used for supplying the electricity 

when the most extreme conditions happened. 

 

The overall design train of thought 

The control system determine wind power plants’ switching status according the wind 

electric forecast and load forecast in order to let the wind power plants’ total output 

approach loading value as far as possible, then the energy storage system stabilizes 

D-value wave between wind power plants and load. 

 

Considering investment and maintenance, energy storage system only protects the use 

of renewable energy, energy storage system can install near the wind source，Tuoji 

Island, and others can’t install it. If necessary, the diesel engine can replace it.  
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The access plan 

 

The option of energy storage system power and capacity 

 

Considering the most extreme conditions: 

No-wind, diesel engines do not work in the five islands at the north of the Changshan 

archipelago, energy storage system power preliminarily select 2MW and energy 

selection is 1MWh. 

 

The option of energy storage system’s location 

 

If energy storage system devices will be installed the different island, it can improve 

the reliability of power supply, but distributed access increases the complex of the 

control and the difficulty of the maintenance. 

 

Taking north five islands’ micro-grid system construction as an example, because 

someone guards at Tuoji Island and the 12 MW wind power plant is on the Tuoji 

Island, It considered that all energy storage system devices will be installed the Tuoji 

Island, on the one hand, it is easy to manage and control, on the other hand, it is 

convenient to stabilize the power wave. 

 

In view of part wind power plants pass through AC-DC-AC converter grid solution, 

energy storage system devices are installed on the converter dc side, it can replace 

converter dc side crowbar so that plants have the ability that low voltage can pass 

through and can stabilize part of wind electric power by dc side. Grid side converter 

fault will make energy storage system no effect, hence part of energy storage system 

can be installed on the dc side, another will be installed the interconnection PCC, 

another energy storage system will also be set up in the substation. 
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The option of energy storage system type 

 

The island grid feasible way of energy storage includes: pumped hydro storage, 

flywheel energy storage, super capacitor energy storage, battery storage (plumbic-acid 

battery, lithium battery, and sodium-sulfur battery) etc. Pumped hydro storage is not 

suitable for the micro grid system on Tuoji Island owing to geographical limitation, 

corroded by sea, technology of pumped small storage and low efficiency. Supper 

capacitor can provide quick response, but energy density is low and energy capacity is 

small. 

 

Demonstration projects at home and abroad, battery energy storage system is widely 

used, for example sodium-sulfur battery, flow battery, plumbic-acid battery, lithium 

battery etc. Now, domestic technology of sodium-sulfur battery and flow battery dose 

not mature. All-vanadium flow battery and lithium battery have matured and have 

been widely used in the word 

. 

The technology of plumbic-acid storage battery (AGM storage battery, colloid storage 

battery) has been matured, and it can be made into mass storage system. It is now 

widely used in the small wind power generation, photovoltaic power generation 

system and middle and small scale distributed power generation system because of 

low specific energy and system cost, safe and reliable, recyclable. Lithium battery can 

be used in the smooth load situations due to high energy density, high efficiency and 

no special restrictions on installation. 

 

In the micro grid system at Tuoji Island, energy storage system mainly stabilize wind 

power and load wave and provide short-term power support, high power density and 

quick response ability of lithium battery has meets requirements. So this project can 

use the lithium battery (or all-vanadium flow battery), adding the matched PCS 
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The operational control strategy of energy storage system  

 

Because energy storage system unit takes on the function of seamless switch between 

micro grid networking and operation mode, the control of energy storage systems are 

very key. Take into the account that energy storage systems adopt three-loop control 

strategy, including grid inductor current loop, filter capacitor voltage loop and filter 

inductor current loop. 

 

 

Grid inductor current loop achieves the accommodation of energy storage system 

output power and can accept the accommodation of micro grid EMS. Filter inductor 

current loop is conducive to improve the dynamic performance of energy storage 

system inventor VSC and achieve the goal of protecting the main circuit of 

over-current. 

 

 

 

Running state is divided into： 

1) Off-grid operation mode: Energy storage system VSC adopts the U/F control 

power and establishes and maintains system’s voltage and frequency. 

 

2) Grid-connected operation mode: Energy storage system adopts PQ control 

strategy by micro grid sending out energy storage system output power’s PC and 

QC instructions. Under this running mode, energy storage system can absorb a 

certain active power or reactive power from large power grid or export a certain 

active power or reactive power to large power grid in term of system’s 

requirements in order to make the trend stable between micro grid and power 

distribution network’s PCC at moderate time, letting micro grid become a control 

unit related to large power grid. 
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3) Switch operation mode between off-grid and parallel grid: Under this off-grid 

of micro grid operation mode, when it receives EMS parallel instructions, energy 

storage system VSC will detect voltage the amplitude and phase of power 

distribution network, as this reference to adjust itself amplitude and phase. When 

it meets the requirements of interconnection, energy storage system VSC will 

trigger the static switch, meanwhile energy storage system VSC adds grid 

inductor current outer loop on the basis of double loop of filter capacitor voltage 

loop and filter inductor current inner loop, then divide into indirect current 

control mode. Quick and accurate grid state detection of phase lock control can 

reduce the impact of parallel grid, accomplish smooth mode switch. Under 

interconnection mode, micro grid will switch to off-grid operation mode when 

plan repairs and detects the breakdown. Energy storage system VSC will switch 

three-loop control mode to double loop control mode in a timely manner. Because 

filter inductor current loop and filter capacitor voltage loop can remain 

unchanged in the two kinds of working mode, it is able to assure the smooth and 

quick switch. 
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4.3.4 Island grid coordinated control and optimization system 

 

Operation mode 

 

1) Parallel grid operation: When the submarine cable is normal or main grid 

power quality satisfies standard request, micro grid runs in the parallel grid, now 

conventional wind turbine, transformed wind turbine and photovoltaic power 

generation system will generate power in grid-connected mode, energy storage 

system completes charging and isolated grid supplies power. 

 

2) Isolated grid operation: When the submarine cable is abnormal or main grid 

power does not satisfy standard request, micro grid runs in the parallel grid, now 

energy storage system conducts main unit running in the V-F mode, transformed 

wind turbine, photovoltaic power generation system and diesel generating set will 

generate power according to system power balance requirements. 

 

3) Planning isolated grid operation: System is asked to run in isolated grid mode 

at some time in term of the unified arrange of superior dispatching system, 

coordination control system coordinates parallel grid switch and energy storage 

system PCS mode switch in order to complete smoothly planning isolated grid 

operation mode switch. 

 

 

4) Non-target isolated grid operation: At some point, the submarine cable 

suddenly breaks down leading main grid abruptly blackout, now micro grid 

system will occur outage in brief time, coordination control system restarts micro 

grid to recover power. 
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Coordinated control and optimization strategy 

 

1) Energy management: If energy management optimization technology of 

intermittent renewable energy sources in island grid wants to be dominant in the 

energy balance mechanism, it requires to be taken full advantage of the 

complement to the wind, electricity, gas turbine and load, and realized the balance 

of isolated grid operation energy. Parallel grid operates with main grid, by making 

use of adjustable batteries. It can improve the reliability of main grid power 

supply and the given ability of renewable energy sources. It is the one of the key 

and difficult points to build the energy management optimization technology that 

is on the basis of distributed energy balance mechanism, because centralized 

dispatching is difficult to complete panoramic detection. 

 

Researching rolling scheduling technology by hours in term of the panoramic 

detection, power prediction and centralized dispatching systems. Researching 

collaborative scheduling technology between varies of batteries and load, 

designing distributed energy balance technology in term of local information 

transmission and sharing mode. Researching energy regulation mechanism and 

implementation technique to be adapted to distributed grid physical structure 

characteristics. Putting forward a method that island grid dispatches combined 

with main grid, establishing flexible, intelligent and real-time island energy 

management system, building integrated control platform. 

 

Establishing distributed collaborative scheduling technology between 

grid-connected wind power, photovoltaic power generation, energy storage system 

and gas turbine in order to complete energy storage system active load scheduling. 

Taking use of collaboration and complement to the intermittent renewable 

batteries and to the main grid and energy storage system in order to enhance grid’s 

consumption on the intermittent renewable batteries, to reduce load curve D-value, 

to improve the reliability and economical efficiency of grid operation under the 
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circumstance that distributed sources are widely accessed. 

 

2) Micro grid optimal operation: According to the scheduling command that come 

from the super dispatching, micro grid optimal operation will draw up a plan of 

daily generation taking use of the predictive technology of wind power, and the 

predictive technology of load power. Due to optimization algorithm and 

considering the economic characteristics of each generating unit, the starting 

sequence and performance period should be arranged rationally. Dispatches 

instructions will be optimized further to complete optimal operation of the 

economy by doing state estimation, power calculation, short-circuit calculation 

and static security analysis. 

 

3) Micro grid coordinated control: To guarantee micro grid’s safe and stable 

operation, micro grid coordinated control is divided into some function module: 

 

a) Urgent control: When some special cases occur under the operation of micro grid, 

urgent control will control micro grid. 

 

b) Mode switch: There exits duel mode（parallel grid and isolated grid）switch under 

the operation of micro grid, in the process of mode switch, energy storage system, 

wind, optical power and load power should be coordinate uniformly with the purpose 

of duel mode switch, 

 

c) Power balance: When micro grid operates, power supply and load should be 

coordinated and controlled, including the coordinated power control of energy storage 

system SOC, transformed wind generation system, photovoltaic generation system, 

water desalination, load and diesel engine spare power supply. 

 

d) Reactive power optimization: Transformed wind turbine and photovoltaic power 

generation system can act as reactive adjusted power supply and request to coordinate 
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every reactive power supply aiming at accomplishment reactive optimized control. 

 

e) Power quality: Under the operation of micro grid, if power quality wants to detect 

system with the purpose of completion control on voltage and guarantee the power 

quality, it need to combine with system model and the reactive distribution of 

coordinate system. 
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5. Discussion and Conclusion 

 

Adding the micro-grid system in the island can ensure the supply of electricity. In 

order to optimize the micro-grid, the control system, distribution generation system 

and an energy storage system should both be improved individually to fit in the whole 

new system. 

 

There are five operating types for the electricity grid and the emphasis should be 

mainly put on the isolated grid operation type since the micro-grid is disconnect with 

the main grid at this time. The only source to produce electricity in this operating type 

is wind power as well as the diesel engine. Since the energy need to be store badly in 

the isolated time, the energy storage system is significant to install, and it can also 

smooth the fluctuation of the voltage and the electricity frequency. 

 

The advantages and short comings for each energy storage technology can be seen 

from chapter of result.  After comparison and analysis, the lead-acid battery  and 

lithium battery be combined together to use in the wind power plant at Tuoji Island. 

 

But many other energy storage systems can be combined together according to 

different conditions in order to enhance the efficiency of the utilization of energy. 

Different energy storage system can be combined based on the distance of the 

transmission or the storage time. For example, the pumped hydro storage system can 

combine with the supper capacitor in some cases, because the pumped hydro storage 

is a large scale storage that can provide a huge storage demand while the super 

capacitor has great performance in short transmission distance and small storage 

demand. 

 

When the type of combined energy storage system is decided, it is time to evaluate the 

capacity for the storage according to the data provided by the relevant report. The 

app:ds:diesel%20engine
app:ds:lead-acid
app:ds:battery
app:ds:lithium%20battery
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storage volume should be related to the electricity demand in the cities in order to 

save the capital cost as well as the meatiness cost. 

 

Now, the total capacity for the wind power plants in Changshan archipelago is 

63.65MW and the total capacity for the diesel engine is 6.26MW. Since the maximum 

load in Changshan archipelago is 16MW, it is theoretical doable to only used the 

micro-grid to supply electricity for the archipelago. But the wind power is highly 

erratic as it shown before, and this is the reason to install the energy storage system in 

the micro-grid system. The energy storage system can be used to smooth the 

fluctuation and can supply the electricity when the wind is not sufficient. 

 

When considering about the most extreme conditions, which specifically referred to 

the condition that there is no wind and the diesel engines also doesn’t work. Then the 

storage system power preliminarily select 2MW and energy selection is 1MWh, that 

electricity comes from the energy storage should be firstly supplied to some important 

building, such like hospital and some military architecture. 

 

The maximum load for the whole archipelago is 16MW, so if is required to supply 

electricity for all islands belongs to the archipelago by the energy storage system only, 

then the power allocation for the energy storage system should be 16MW. But the 

investment is relative more expensive than the system with 2MW storage capacity. 

 

In detail, the cost for the lithium iron phosphate battery is 6000 CYN per kWh. In 

order to fit the demand for one hour, the total investment should be 96000000 CYN. If 

the supplying time is N, then the total investment is 96000000*N CYN. 

 

At the same time, the cost for the vanadium redox flow battery is 9000 CYN per kWh 

and the total investment will be 144000000*N for N hours’ supply. 

 

The lead-acid battery is relatively cheaper with 2000 CYN per kWh, but the life time 
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for this battery is short and the cost for maintain is high as it has been described.  

 

This is the reason why the 2MW energy storage system is chosen and the electricity 

should be supplied to the important department when the most extreme conditions 

happened. 

 

 

Lastly, the analyzed result can be extended to many other islands. Since the 

micro-grid system is suitable for many types of operating model and can saving the 

environment. 
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7.  Appendix 

The data are all come from the wind power company in tuoji Island. 

Appendix 1 The estimate of total project cost. 

 

Number Name of the project Erect cost 

Original 

equipment 

cost 

Installation cost 
Total cost（unit：

ten thousand CYN.) 
Proportion of the total cost（％） 

1 
The total production 

engineering 
0 1538 127 1665 96.24 

1.1 
The Main production 

engineering 
0 1538 92 1630 94.22 

1.2 
The aided production 

engineering 
0 0 35 35 2.02 

2 Other cost 65 0 0 65 3.76 

2.1 
Construction site 

requisition and clean 25 0 0 25 1.45 

2.2 Basic reserve funds 40 0 0 40 2.31 
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Appendix 2 Improvement cost for the diesel generators. 

 

Number Name of the project Cost (unit: ten thousand of CYN.) Proportion of the total cost (％） 

1 Main work 190 100 

1.1 Original equipment cost 165 86.84 

1.11 
The improvement cost for the diesel generators in Tuoji 

island 
80 42.1 

1.12 
The improvement cost for the diesel generators in Daqing 

island 
55 28.95 

1.13 Other materials 30 15.79 

1.2 Erection cost 25 13.16 

2 Project auxiliary facilities cost 0 0 

3 Other cost 0 0 

3.1 Construction site requisition and clean 0 0 

3.2 Basic reserve funds 0 0 

4 The total cost 190 100 
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Appendix 3 Installation cost for the energy storage system. 

 

Number Name of the project Cost (unit: ten thousand of CYN.) Proportion of the total cost (％） 

1 Main work 730 91.25 

1.1 Original equipment cost 680 85 

1.11 Energy storage system and PCS, BMS system 530 66.25 

1.12 Other facilities and materials 150 18.75 

1.2 Erection cost 50 6.25 

2 Project auxiliary facilities cost 35 4.38 

3 Other cost 35 4.38 

3.1 Construction site requisition and clean 15 1.88 

3.2 Basic reserve funds 20 2.5 

4 The total cost 800 100 
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Appendix 4 Improvement cost for the electricity grid. 

 

Number Name of the project Cost (unit: ten thousand of CYN.) Proportion of the total cost (％） 

1 Main work 255 94.44 

1.1 Original equipment cost 245 90.74 

1.11 Two sets of 10Kv static switches 60 22.22 

1.12 
Two sets of 35Kv dynamic reactive power compensation 

equipment 
185 68.52 

1.2 Erection cost 10 3.7 

2 Project auxiliary facilities cost 0 0 

3 Other cost 15 4.55 

3.1 Construction site requisition and clean 10 3.7 

3.2 Basic reserve funds 5 1.85 

4 The total cost 270 100 
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Appendix 5 Improvement cost for the control system. 

 

Number Name of the project Cost (unit: ten thousand of CYN.) Proportion of the total cost (％） 

1 Main work 205 93.18 

1.1 Original equipment cost 200 90.91 

1.11 Hardware system 115 52.27 

1.12 Software system 80 36.36 

1.13 Other facilities and materials 5 2.27 

1.2 Erection cost 5 2.27 

2 Project auxiliary facilities cost 0 0 

3 Other cost 0 0 

3.1 Construction site requisition and clean 0 0 

3.2 Basic reserve funds 15 6.82 

4 The total cost 220 100 
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Appendix 6 Construction cost for the micro-grid system. 

 

Number Name of the project Cost (unit: ten thousand of CYN.) Proportion of the total cost (％） 

1 Main work 160 100 

1.1 Original equipment cost 158 98.75 

1.11 Hardware system 94 58.75 

1.12 Software system 56 35 

1.13 Other facilities and materials 8 5 

1.2 Erection cost 2 1.25 

2 Project auxiliary facilities cost 0 0 

3 Other cost 0 0 

3.1 Construction site requisition and clean 0 0 

3.2 Basic reserve funds 0 0 

4 The total cost 160 100 
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Appendix 7 Improvement cost for the photovoltaic system. 

 

Number Name of the project Cost (unit: ten thousand of CYN.) Proportion of the total cost (％） 

1 Main work 90 100 

1.1 Original equipment cost 90 100 

1.11 Control system for photovoltaic generation 30 33.33 

1.12 Three sets of low voltage through facilities 60 66.67 

1.2 Erection cost 10 3.7 

2 Project auxiliary facilities cost 0 0 

3 Other cost 0 0 

3.1 Construction site requisition and clean 0 0 

3.2 Basic reserve funds 0 0 

4 The total cost 90 90 

 

 

 

 

 


