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Abstract- In this paper, the analysis of Automatic Generation Control (AGC) of a three area interconnected power system is 
done with one thermal system and two hydro systems. The effect of superconducting magnetic energy storage in each area 
and the improvement in automatic generation control are analyzed. Dynamic responses of frequency deviations of each area 
is compared with other area and tie line power deviations are studied under 1% load disturbance. It has been observed from 
the analysis that, for small load perturbations, the dynamic performance of AGC has improved significantly. Generation Rate 
Constraint (GRC) and electric governors area also incorporated into the system. The oscillations in the area frequencies and 
tie-line power deviations have been damped out in the presence of superconducting magnetic energy storage system. 
 
Keywords- Automatic Generation Control (AGC), Generation Rate Constraint (GRC),  Hydro-Thermal power plant,  
Superconducting Magnetic Energy Storage (SMES). 
 
 
I. INTRODUCTION  
 
An interconnected power system is basically a large 
power system consisting a number of power systems. 
These power systems or areas are connected by tie 
line. The objective of a control strategy is to generate 
and deliver power in an interconnected power system 
as economically and reliably as possible, while 
maintaining the voltage and frequency within 
permissible limits. The changes in real power mainly 
affect the system frequency, while the changes in 
reactive power have an effect on the system voltage. 
So, real and reactive powers are controlled separately. 
The ‘load frequency control’ (LFC) loop controls the 
real power and frequency, while the ‘automatic 
voltage regulator’ (AVR) loop controls the reactive 
power and voltage. With the growth of interconnected 
power systems, LFC has gained importance and made 
its operation possible. An energy storage device with 
an adequate response time can be inserted into the 
system to reduce the oscillations in frequency and tie 
line power due to the inherent characteristics of 
changing the loads. A variety of storage technologies 
are in the market but the most viable are battery 
energy storage systems (BESS), pumped storage 
hydroelectric system, superconducting magnetic 
energy storage (SMES) and capacitive energy 
storage(CES). Some of the disadvantages of BESS 
include limited life cycle, voltage and current 
limitation and environmental hazards. The 
disadvantages of pumped hydro-electric units are its 
large size, environmental and topographic limitations. 
The limitation of SMES is that it requires a 
continuous supply of operating liquid helium in the 
system. In addition to that SMES requires a 
continuous flow of current. In this paper, the use of 
SMES technology and its effect on the AGC are 
explored. Keeping the frequency at its specified 
value, the difference between an area's actual 
interchange and its scheduled  interchange is  known 

as the ‘area control error’  (ACE).  The ACE is an 
important parameter associated with control 
operations and it is continuously monitored. If the 
ACE is negative at any point of time, then the area is 
‘under-generating’ and needs to increase its total 
generation. Conversely, if the ACE is positive, the 
area is ‘over-generating’ and needs to decrease its 
generation.  
 
Over the last few years, practically all control areas 
have switched to an automatic process known as 
‘automatic generation control’ (AGC). AGC 
automatically adjusts the generation in an area to 
keep the ACE close to zero, which in turn keeps the 
net area power interchange at its specified value. 
Since the ACE has a small amount of ripple in its 
value due to the relentlessly changing system load, 
the AGC is not able to keep the ACE exactly at zero 
but tries keeps its magnitude close to zero.  
  
II. AUTOMATIC GENERATION CONTROL  
  
When there is a change in the frequency and tie line 
power, it is sensed using appropriate techniques and 
an error signal is generated. This error is then 
amplified and sent to the prime mover for an 
increment or decrement in torque using proper 
controllers.  
 
The prime mover then brings about a change in the 
generator output by the required amount, which 
changes the values of frequency and tie line power 
and brings them to specified limits. When the load on 
the system is increased, the turbine speed drops 
before the governor can adjust the input of the system 
to the new load. As the change in the value of speed 
diminishes, the error signal becomes smaller and 
position of the governor gets closer to the point 
needed to maintain a constant speed. However, when 
the set point is reached, there  
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Fig.1. A three area AGC of an interconnected power system 

with SMES 
 
will be some offset. One way to restore the speed or 
frequency to its nominal value is to add an integrator. 
The integral unit monitors the average error over a 
period of time and overcomes the offset. Thus, as the 
system load changes continuously, the generation is 
adjusted automatically to restore the frequency to the 
nominal value.  This scheme is known as automatic 
generation control (AGC). In an interconnected 
system consisting of several pools, the role of the 
AGC is to divide the loads among generators so as to 
achieve maximum efficiency and properly control the 
scheduled interchanges of tie-line power while 
maintaining a reasonably uniform frequency. During 
large transient disturbances and emergencies, AGC is 
bypassed and other emergency controls are applied.  
  
III. THREE AREA SYSTEM MODEL  
  
In this paper, a three-area model is considered for the 
purpose of assessing the impact of SMES on the 
frequency regulation. In the three area model shown 
in Fig. 1, one area comprises of a thermal-power 
system and the other two areas have hydro-power 
system, one of them having a regular governor and 
the other an electric governor.  
 
The model considered in the project imbibes in it 
transient drop compensation for the hydro power 
plant and reheat steam turbine for the thermal power 
plant. These added incentives help in extracting better 
performance from the power plants and thus, increase 
their efficiencies. 
 
A few other techniques used for optimizing the 
frequency regulation of the system are:  
  
3.1. Generation Rate Constraint (GRC)  
The speed regulation parameter varies for thermal 
and hydro power plants. In this paper, the governor 
speed regulation parameter (R) for all the three areas 
is taken as 2.4 Hz/p.u. MW. The typical value of 
permissible rate of generation for hydro plant is 
relatively much higher as compared to that for reheat 
type thermal units. The value of generation rate 
constraints are 270% per minute for raising the 
generation and 360% per minute for lowering the 
generation in a hydro power plant. The thermal power  
plants have GRC of the order of 3% per minute.   

3.2. Superconducting Magnetic Energy Storage 
(SMES)  
The SMES units are located at the terminals of all the 
three areas and its impact is analyzed for load 
frequency control. The test is done on the 
interconnected three area power system, in which 
various kinds of larger capacity loads may cause a 
serious problem of frequency oscillations.  
 
The major advantage that an SMES system provides 
is that it has a high energy density. Apart from this 
fact, the dielectric losses in an SMES unit are very 
less. Thus, it is seen as an attractive option as a bulk 
energy storage device. Fig. 2 shows the SMES circuit 
diagram representation.  The block diagram 
representation of an SMES unit used in the paper is 
shown in Fig. 3.  
 

 
 

 
 
IV. DYNAMIC RESPONSE OF THE 

SYSTEM  
  
The three area AGC system is realized using 
SIMULINK and simulation studies are performed to 
investigate the performance of the interconnected 
hydro-thermal system with and without an SMES 
unit, considering GRC. A step load disturbance of 1% 
of the nominal loading is considered in either of the 
areas. Figure 4 below gives the dynamic responses 
for frequency deviations in the three areas with 1% 
step load disturbance, with and without SMES. 
Figure 5 shows the tie line power exchange between 
each of the two areas with and without SMES. From 
the figures, it is evident that the use of SMES system 
considerably reduces the undershoot, overshoot and 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-7, July-2014 

Three Area AGC of An Interconnected Power System with Superconducting Magnetic Energy Storage 
 

56 

settling time of the area frequencies and tie-line 
power exchange and thus, gives optimal transient 
performance after the load disturbances.    
 

 
 

 
 

 
Fig.4. Frequency Deviation in the three areas with 1% step 

load disturbance 
 

 

 
 

 
 
V. OPTIMIZATION OF THE INTEGRAL 

GAIN SETTINGS  
  
The optimum integral gain settings of the integral 
controllers are obtained using integral square error 
(ISE) technique. A characteristic of the ISE criterion 
is that it weighs large errors heavily and small errors 
lightly. The expression given below is used to obtain 
the optimum values of integral gain settings without 
the SMES unit. 

 
 
Since the three areas in the paper consist of different 
types of units, the optimum gain settings are obtained 
on an individual basis by considering the other area 
as uncontrolled. For obtaining the optimum integral 
gain settings with the SMES unit, the same procedure 
is repeated with ACE as the control signal to the 
SMES unit in that area. It is found out that the 
optimum values of the integral gain settings with 
SMES unit are much higher than those without the 
SMES unit. 
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APPENDIX  
  
(A) NOMENCLATURE 

 
 

 
 
CONCLUSION  
  
In this paper, a three area AGC of an interconnected 
power system is developed and examined. Each of 
the three areas have been equipped with an SMES 
system and its effect on the improvement on the AGC 
has been studied. The gain settings of the integral 
controller have been optimized using the Integral 
Square Error technique with and without the SMES 
unit. The Generation Rate Constraints and reheat 
systems have also been considered in the analysis. 
The analysis reveals that system frequency and tie-
line power oscillations due to small load disturbances 
persist for a longer duration even with optimal gain 
settings of integral controllers. It has been shown that 
these oscillations can be effectively damped out with 
the use of a small capacity SMES unit in each of the 
areas following a step load disturbance. It has also 
been observed that the use of ACE for the control of 
SMES unit substantially reduces the peak deviations 
of frequencies and tie-power responses. The three 
area interconnected model can be extended to a six 
area model in a deregulated environment. There is an 
opportunity to use renewable energy sources like 
wind energy, solar energy along with nuclear energy. 
To improve this work, Capacitive Energy Storage 
(CES) can be used instead of SMES as it provides a 
few advantages like it is environmental friendly, easy 
to use and almost requires no maintenance.  
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