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Abstract—The commonly used Distributed Generations (DG) 

technologies include wind generators, photovoltaics, and biomass 

generators with their sizes varying between several kW to a few 

MW. Energy storage devices are generally used to smooth 

variations in DG’s MW output due to inherent unpredictability 

and to minimize exchange of power from grid. Connecting the 

storage and DG’s to the grid have both technical and economic 

impacts. This paper aims at analyzing the technical and economic 

impacts of distributed generators along with energy storage 

devices on the distribution system. The technical analysis 

includes analyzing the transient stability of a system with DG’s 

and energy storage devices, such as a battery and ultracapacitor. 

The DG’s are represented by small synchronous and induction 

generators. Different types and locations of faults and different 

penetration levels of the DG’s are considered in the analysis. 

Energy storage devices are found to have a positive impact on 

transient stability. For economic analysis, the costs of the system 

with different DG technologies and energy storage devices are 

compared using the software tool “Hybrid Optimization Model 

for Electric Renewables (HOMER)”. Finally the analysis for cost 

versus benefits of DG’s and energy storage devices is compared 

briefly.  

 
Index Terms— Batteries, system economics, energy storage 

devices, power system transient stability, distributed generation, 

ultracapacitors.  

I. INTRODUCTION 

here have been increased focus in the recent years on the 

concept of smoothing intermittent output of distributed 

generation (DG) using energy storage [1]. DG’s can be 

defined as the concept of connecting generating units of small 

sizes, between several kW to a few MW. The primary source 

of energy for these generators can be the traditional non-

renewable sources such as gas or the renewable sources such 
as wind, solar, hydro, and biomass [2]. These generators are 

connected either to the medium voltage or low voltage 

sections of the electric grid. Most often they are connected 

near the load centers or the low voltage networks.  

In case of certain renewable technologies, such as wind 

turbines and solar panels, the output power depends upon the 
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availability of renewable resource and therefore may not 

always be constant. In such cases, in order to augment the 

DG’s during low power periods, energy storage devices are 

used [3]. Other than wind and solar, storage can help in 

smoothing the power in conjunction with biomass especially 

for rural CHP (combined heating and power) applications. 

These devices store energy during periods of high power or 
low demand and use the stored energy to supply the excess 

loads during periods of low power. Different types of energy 

storage devices that are used in a distributed environment 

include batteries, ultracapacitors, flywheels, fuel cells and 

superconducting magnetic energy storage (SMES) [4]-[7]. In 

addition to supporting the DG’s during peak demand, the 

storage devices may also help in improving the overall 

stability of the entire system. These energy storage devices are 

connected to the electric grid by means of suitable power 

conversion devices [8]-[10]. 

Though the primary purpose of the DG’s is to supply the 
local demand of electricity, in cases where energy production 

exceeds the local demand, DG’s can be interconnected to the 

electric grid thereby supplying the excess power. Distributed 

generation impacts the overall grid and distribution system 

either positively or negatively depending upon various factors, 

such as the size and type of system and loads. Dynamic 

modeling and simulation are needed to assess the impact [11], 

[12]. Researchers have presented the microturbine modeling 

and impact of DG’s and power management through control 

strategy using STATCOM [13], [14]. Effect of nonlinear loads 

on electric grid with DG was studied in [15]. The major 

technical impact of the DG interconnection is on the stability 
of the system [16], [17]. Connecting a DG/energy storage 

device to the grid system affects the transient as well as steady 

state stability of the entire system [18]. To study the impact of 

energy storage device on the electric grid, an interface and 

storage model needs to be developed along with a dynamic 

model of DG and power system grid/distribution system. 

Battery and ultracapacitors models including their control 

have been discussed in [19]-[26]. Most of the work presented 

in the literature examines effects of DG on the grid, but very 

few have focused on DG/energy storage effects on grid. 

The research work presented here aims at analyzing both 
the technical and economic impacts of connecting DG’s and 

energy storage devices to a grid/distribution system. For the 

technical analysis, a small 8 bus system has been built in 

MATLAB/Simulink [27]. The DG’s are represented by small 

synchronous and induction generators. The transient stability 

of this system is analyzed by means of certain transient 

stability indicators. Case studies by varying penetration levels 
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of the DG’s as well as types and locations of faults are 

considered in the analysis. Focus of this study is system level 

studies and develop framework for technical and economic 

impact of DG/ storage. The economic analysis is done using 

software called “Hybrid Optimization Model for Electric 

Renewables (HOMER)” developed by National Renewable 
Energy Laboratory (NREL). HOMER is a computer model to 

evaluate design options and economic feasibility for both off-

grid and grid-connected power systems [28]. The total costs of 

system, with different DG technologies and types of energy 

storage devices have been calculated and compared.  Finally 

the cost versus benefits of various technologies and energy 

storage devices are analyzed and results are presented. 

The test system used in the study is explained in the Section II. 

Section III presents the modeling of the two energy storage 

devices, a battery and ultracapacitor. The transient stability 

study of the system and its results are presented in Section IV. 

Economic analysis using HOMER and the results are 

discussed in Section V. Finally the conclusions are presented 

in Section VI. 

 

II. DESCRIPTION OF THE TEST SYSTEM 

The size and type of the test system play a very vital role in 

the analysis of the transient stability. A large system may 

increase the time and complexity of the analysis whereas a 

small system may lead to neglecting necessary factors. 

Therefore a medium sized representative 8-bus system has 

been chosen for the study. The one line diagram of the test 

system is shown in Fig. 1 very similar to typical distribution 

system and the characteristics of the test system are given in 

Table I.  
TABLE I 

CHARACTERISTICS OF THE TEST SYSTEM 

 

System characteristics Value 

Total number of buses 8 

Total number of sources: 

− Main source 

− Distributed sources/Storage 

4 

1 

3 

Number of loads: 

− RL loads 

− Induction motors 

15 

9 

6 

Total number of transformers 2 

 

The system consists of a main source, which is connected to 

bus 1 at a voltage level of 12.47 kV and three distributed 

generators connected to buses 4, 5 and 8. The DG’s connected 

to buses 4 and 5 are represented by synchronous generators 
and the DG that is connected to bus 8 is represented by an 

induction generator. Storage devices (battery or 

ultracapacitors) were connected to same buses as DG 

interfaced with power conditioning devices [20, 31]. Buses 4 

and 5 are at a voltage level of 4.157 kV and bus 8 is at lower 

voltage level of 1.01 kV. Three sets of loads are connected to 

each of the buses 4, 5 and 8. Each set of loads consists of 

induction motors and RL loads.  

Synchronous generator, transformer, loads and induction 

generator models have been taken with typical values in 

MATLAB/ Simulink. Modeling parameters are shown in 

references [29]. Standard built-in models of governors and 

exciters of the generators are used from the power systems 

library in Simulink. 

 

 
Fig. 1. One line diagram of the 8-bus test system 

 

III. MODELING OF THE STORAGE DEVICES 

Since there are no models of energy storage devices in the 

library, basic models of the battery and ultracapacitor retaining 

required characteristic have been developed in Simulink and 

have been used for the study. The modeling of the battery and 

the ultracapacitor are explained in this Section. Basic 

characteristic and performance analysis of modeled storage 

devices are available in [29].  
 

A. Battery 

In this study linear model of the battery is used. The 

equivalent circuit of the linear battery is as shown in Fig. 2. 

          R (DoD) 

 
Fig. 2. Equivalent circuit model of a battery  

 

The following equations of the battery are obtained from the 

equivalent circuit.  

 

V  = V (DoD) + I R (DoD)                                 (1) 

 

 V  (DoD) 

 

 V  
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DoD =  t dt                                                     (2) 

 

SOC =  = 1 – DoD                                     (3) 

 

R  = 0.20139 + 0.58863 DoD – 0.81697 (DoD)           (4) 

            + 0.79035 (DoD)  

 

V  = 3.95587 – 1.42918 DoD + 2.83095 (DoD)            (5) 

            – 3.7497 (DoD)    
Where, 

V  = Terminal voltage of the battery (V), 

I      = Curent flowing through the battery (A), 

Q  = Maximum battery capacity at fully 

charged/discharged conditions (Ah), 

Q  = Used battery capacity (Ah) 

 

Depth of Discharge (DoD) is an alternate method to indicate 
a battery's State of charge (SOC). The DoD is the inverse of 

SOC. The empirical formula governing the relationship 

between R  and DoD as well as V  and DoD were 

obtained from experiments based on [19].   

Based on the equivalent circuit and the corresponding 

equations, the model of the battery was designed in Simulink. 

 

B. Ultracapacitor 

Using the first order linear circuit, the model of the 

ultracapacitor is developed similar to that of the battery. The 

model that has been selected represents only the electrical 

properties of the cell and neglects most of the chemical 
properties. Fig. 3 shows the equivalent circuit of the 

ultracapacitor [26].  

 

 
Fig. 3. Equivalent circuit of the ultracapacitor 

 

The following equations of the ultracapacitor are obtained 

from the equivalent circuit shown in Fig. 3. 

V  = V  – (R  I ) – (L )                                 (6) 

V  = V  – (  dt)                                               (7) 

I  = I  + I                                                                    (8) 

I  =                                                                           (9) 

SOC = 1 – ( dt)                                       (10) 

Where, 

V  – Operating voltage of the ultracapacitor (V) 

V  – Voltage across the capacitor (V) 

V  – Initial voltage across the capacitor (V) 

I  – Ultracapacitor current (A) 

I  – Current through the capacitor (A) 

I  – Current through the parallel resistor (A) 

Q – Rated max. capacity of the ultracapacitor (Ah) 

SOC – State of charge of the ultracapacitor 
 

Based on the first order model and the corresponding 

equations that were presented, a model of the ultracapacitor is 

developed in Simulink using the control system components in 

the Simulink library.  

 

IV. TECHNICAL ANALYSIS  

Transient disturbances such as faults, load switching and 

load shedding might result in the change of system states and 

may lead to system instability. System disturbance indicators 

generally used for transient stability are rotor angle, rotor 

speed, terminal voltage and frequency [16], [17]. The type and 
size of the DG’s or storage present in the system can influence 

the magnitude and frequency of these oscillations.  

 

A. Transient Stability Indicators 

The transient stability of a system can be assessed by means 

of certain indicators [30]. In this study, four different 

indicators have been chosen to analyze the stability of the test 

system. The four transient stability indicators chosen are: 

a)  Rotor Speed deviation - is the maximum amount of 

deviation in the rotor speed during fault. 

b)  Oscillation duration - is the time taken by the oscillations 
to reach a new equilibrium after the clearance of the fault. 

c)  Rotor angle – The response of the rotor angle of the 

generator to different types of faults is considered. 

d)  Terminal voltage – The variation in the terminal voltage of 

the DG due to different fault conditions is monitored. The 

voltage stability is analyzed by taking into consideration the 

drop in voltage level during fault and the time taken by it to 

settle down after the clearance of the fault.  

 

B. Test Scenarios 

Taking into consideration the factors that affect the transient 

stability, different scenarios for the study were developed and 
are listed in Table II.  

First, impacts of DG on grid stability were studied and then 

effects of DG with storage were studied. As shown in the 

Table II, three different test scenarios were selected, which 

involve different load and generation levels to show the effect 

of equal and unequal load/generation size. 
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TABLE II 

TEST SCENARIOS 
Test 

case 

DG1 

(%) 

DG2 

(%) 

DG3 

(%) 

Load1  

(MVA) 

Load2 

(MVA) 

Load3 

(MVA) 

Case I Equal Equal Equal 15 15 15 

Case II Equal Equal Equal 27 9 9 

Case III 50% 25% 25% 15 15 15 

 

In each case the penetration levels of the DG’s varied 

depending upon the load. Penetration level of the DG is given 
by, 

Penetration level of DG =  100              (11) 

Where, 

 - Total power delivered by all the DG’s together 

- Total load demand 

 

 
Fig. 4. Flowchart for transient stability analysis 

 

In Case I, the DG’s are considered to supply equal amounts 

of power to the loads, which are equally distributed. In Case 

II, the loads are unequally distributed. Load 1 is 27 MVA and 

load 2 and load 3 are of 9 MVA each. These unequal sets of 

loads are supplied by the three generators equally. In case III, 

the loads are equal whereas the generators supply unequal 

amounts of power with DG1 supplying 50% of the load and 

DG’s 2 and 3, supplying 25% each of the required power.  

In all the different scenarios, we apply three different types 
of faults, L-G, L-L-G and three phase faults (L-L-L-G). 

 

C. Test Procedure 

A step by step approach, as shown in the Fig. 4, has been 

followed to analyze the transient stability: 

- A fault is applied at a one of the three buses of the system 

as mentioned in the scenario. The duration of the fault is 

100 ms after which it is considered to be cleared 

automatically. The fault is applied at 1.5 sec and cleared 

at 1.6 sec. 

- The penetration level of the DG is varied from 5% to 

50%. The MVA of the generators is changed based on the 
penetration level.  

- The response of the system to the fault is analyzed by 

means of the transient stability indicators that were 

chosen.  

- This procedure is repeated for different types and 

locations of faults with varied penetration levels of the 

DG.  

- After the analysis without energy storage devices, the 

transient stability with energy storage devices needs to be 

done.  

- The energy storage devices are connected to the system 
by means of the suitable power electronic converter [20, 

31].  

- About 10% of the DG power is considered as size of the 

storage devices [32].  

- The process of analyzing stability is repeated as done 

earlier for the system without energy storage devices.  

- The responses of the indicators to the fault are analyzed 

for the system with energy storage devices. 

 

D.  Results of the analysis with and without energy storage 

devices 

Responses of the four different indicators to different types 
of faults and different penetration levels of the DG are 

analyzed for faults at buses 4, 5 and 8 (refer Fig. 1). The 

responses of each of the indicators are observed. 

 

Rotor Angle 

When a fault is applied to the system the rotor angle starts 

increasing and once the fault is cleared the rotor angle starts to 

decrease and settles back to a constant value. The stability of 

the system is assessed based on the amount of change in the 

rotor angle during fault. From the results obtained it was 

observed that the change in rotor angle during fault is less with 
50% penetration level of DG compared to that with a 10% 

penetration level irrespective of the type of fault, location of 

fault, the load and generation conditions and whether the 

energy storage devices are connected or not. Stability of a 

given system is inversely proportional to change in the rotor 

angle [30]. This shows that with more penetration level of the 

DG, the stability of the system increases. 
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Terminal Voltage 

There is a drop in terminal voltage when a fault is applied to 

the system and once the fault is cleared, the terminal voltage 

rises back and settles back to its normal value. The transient 

stability in this case can be assessed taking into consideration 

the amount of drop in terminal voltage during the period of 
fault and also the time taken by the voltage to settle back to its 

normal value once the fault is cleared. Similar to the previous 

indicator, in this case also, the drop in terminal voltage was 

seen to decrease with increase in the penetration levels of the 

DG’s which shows that the stability of the system is better 

with higher penetration level case compared to that of lower 

penetration  levels [30]. This result was seen to be true for the 

different types and locations of the fault for the three different 

load and generation conditions and either with or without the 

energy storage devices also. 

 

Rotor speed deviation and Oscillation duration 

Analysis of the rotor speed deviation and the oscillation 

duration also showed similar results as the previous two cases 

where the increase in penetration level of the DG’s increases 

the transient stability of the system.  

These results are not presented here because of space 

limitations but are available in reference [29]. Though in 

general, we were able to observe that the stability was seen to 

improve in all the cases, the analysis of the impacts of the 

different factors on the stability has to be closely analyzed.  

 

Effect of different fault types 

The type of fault plays a significant role in the stability of 

the system. This can be seen from Fig. 5, which shows the 

comparison of the three types of faults (L-G, L-L-G and 3-

phase) on the rotor speed deviation of the system with and 

without energy storage devices and with 30% penetration level 

of the DG and fault at bus 4.  

 

 
 Fig. 5. Comparison of impacts of different types of faults at 

bus 4 (Case I) 

 

The comparison shows that the three-phase fault at bus 4 

results in more deviation in the rotor speed compared to the 

other two types of fault in the absence of a storage device or 

with a battery or an ultracapacitor. The L-G fault causes the 

least deviation among the three types of faults in all the three 

conditions. This implies that the stability of the system is 

better with an L-G fault when compared to a three phase fault.  

This trend was found in all the scenarios with different load 

and generation conditions, with the presence or absence of the 

storage device and with the two types of storage devices. This 

validates that the transient stability is better for a less severe 
fault compared to a more severe fault. This can also be 

observed from figure 5, that the transient stability is better 

with storage devices. 

 

Impacts of different fault locations 

Similar to the type of fault, the location of a fault also 

impacts the transient stability of a system. A comparison of 

the impact of a three-phase fault at different locations on the 

rotor speed deviation is given in Fig. 6. 

Fig. 6 shows that a fault at bus 4 causes more deviation in 

rotor speed than a fault at bus 5 or at bus 8. This is seen even 

in cases in which a battery or an ultracapacitor are connected 
to the system. This implies that the stability of the system is 

better, when faults are at bus 8 and it is the worst when faults 

are at bus 4. This holds true for most of the cases, which 

depends on specific location of bus in proximity to source.  

 

 
Fig. 6. Comparison of impacts of different locations of a three-

phase fault (Case I) 

  

 
Fig. 7. Comparison of impacts of different load and 

generation conditions 
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Analysis on the results obtained shows that the distance of 

the fault from the main source affects the level of stability. If 

the fault is close to the main source, the transient stability is 

less compared to the transient stability when faults are at buses 

far from the main source. 
 

Effect of different generation and load conditions 

As seen in Fig. 7, case I (loads are equal and the DG’s supply 

equal amounts of power), results in less deviation in the rotor 

speed compared to the other two cases of unequal load and 

unequal generation conditions respectively. Similar results 

were observed for all the other indicators and also for 

conditions with battery and energy storage devices. 

 

Impacts of storage devices 

In all the cases observed previously it was clearly seen that 

the stability of the system changes with the addition of the 
energy storage devices. In this study we have considered two 

different types of energy storage devices namely battery and 

ultracapacitor. Fig. 8 shows the comparison of the maximum 

deviation in rotor speed due to a three phase fault at bus 4, 

without any storage device, with a battery and with an 

ultracapacitor.  

 

 
Fig. 8. Comparison of impacts of storage devices on rotor 

speed deviation 

 

It can be clearly seen that with the addition of an energy 

storage device, the maximum deviation in rotor speed 

decreases which implies that the transient stability improves. 

For the two energy storage devices, adding an ultracapacitor to 
the system seemed to improve the stability more than the 

addition of a battery. But on the contrary, Fig. 9 shows that 

addition of the battery has better stability than the addition of 

the ultracapacitor in terms of oscillation duration. Stability of 

the system is a very nonlinear phenomenon and depends on 

available energy, rate of energy and inertia of the component. 

Due to these characteristics, a battery and ultarcapacitor may 

have different impacts on the system stability parameters. In 

general the analysis showed that the addition of a storage 

device to the system increases its transient stability.  

It was also seen that in a majority of the cases the stability 

of the system increases as the penetration level of the DG 

increases, but after a certain percentage it saturates or starts 

decreasing. This level is considered as the optimal penetration 

level of the DG and it depends upon the size and type of 

system and various other factors. 

 

 
Fig. 9. Comparison of impacts of storage devices on 

oscillation duration 

 

DG power help in stability by providing needed energy to 

keep up with required energy for disturbances. But if the 

power provided by DG is more than some threshold then it 

may cause problems. From the analysis, based on Fig. 8, 9, 

and 10, 45% – 50% was observed to be the ideal penetration 
level of the DG for the 8-bus test system.  This threshold may 

vary for different system. Also analyzing the impact of 

location of storage will be useful in future.  

 

V. ECONOMIC ANALYSIS  

The purpose of the economic analysis in this study is to 

compare the total cost of a system without energy storage 

devices and with a battery and an ultracapacitor. Hybrid 

Optimization Model for Energy Renewables (HOMER) is the 

software that has been used for the cost analysis of the system 

with distributed generators and energy storage devices.  

 
A. Description of the system in HOMER 

The main components of the system are the distributed 

generators, electric grid, energy storage devices, converter and 

the loads. The capital cost, cost of operation, maintenance, 

fuel and other costs contribute to the total cost of the system. 

Additional details for input and output data used with 

HOMER is described in [29].    

 

a) Distributed generators  

It was seen from the technical analysis that the ideal 

penetration level of the DG for the test system was 45%–50%. 
Therefore in the economic analysis we consider a penetration 

level of 48% for the distributed generators. In this study three 

different DG technologies have been considered.  

 

Diesel generator – The capital cost of the diesel generator is 

typically between $250 and $500 per kW and the replacement 

cost is between $150 and $300 per kW. Cost of diesel is taken 

to be $0.8 per liter. The operation and maintenance cost of the 
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generator is $0.001 per kW [33]. The cost decreases with 

increasing capacity of the generators. Since the capacity of the 

DG is quite large in our case, costs involved are taken on the 

lower scale. 

 

Wind turbines – The capital cost of the wind turbine are 
higher than that of the diesel generators. It generally ranges 

between $900 and $1000 per kW. The replacement cost is 

about 15 – 20% of the original cost and the O&M cost is about 

3% of the original cost [34], [35] 

 

Biomass generators – The capital cost of the biomass-

powered generator is about $1725 per kW [36]. This includes 

the cost of the gasifier, generator and transportation cost. 

 

b) Electric Grid 

The system is grid connected and therefore a part of the load 

is considered to be supplied by the grid. The cost of buying 
power from the grid is selected to be 0.01 $/kW based on 

reference [33]. 

 

c) Battery 

The capital and replacement costs of a lithium ion battery 

are $200 and $175 per kW, respectively. The O&M cost of the 

Li-ion battery is $25/kW per year [4].  

 

d) Ultracapacitor 

Unlike the battery, there is no existing model of 

ultracapacitor in HOMER. Therefore a battery model, but with 
the data corresponding to that of an ultracapacitor is chosen. 

The capital cost of ultracapacitors is about $30,000 per kW 

and in case of mass productions it is $25,000 per kW. There is 

no replacement cost involved for the ultracapacitors. The 

O&M cost is about $5/kW per year [4]. 

 

e) Converter 

The energy storage devices supply DC power which needs 

to be connected to an AC grid. The cost of the power 

conversion system (PCS) depends on the period of power 

storage and in turn depends on the type of technology. PCS 

cost for ultracapacitor is taken higher than battery based on [4] 
as PCS for ultracapacitor should be able to withstand high rate 

of charging/discharging for ultracapacitor. The cost of a PCS 

for a Li-ion battery system is $200 per kW and for that of the 

ultracapacitors is $300 per kW [4]. 

 

B. Simulation procedure 

For the simulation, three different cases are considered. 

Each of the cases includes three different subsystems which 

are as listed below: 

1. Diesel generator system  

− Without storage devices 
− Diesel-battery system 

− Diesel-ultracapacitor system 

2. Biomass generator system  

− Without storage devices 

− Biomass-battery system 

− Biomass-ultracapacitor system 

3. Wind turbine system  

− Without storage devices 

− Wind-battery system 

− Wind-ultracapacitor system 

 

The nine different cases, which include different 

combinations of DG’s and storage devices, were simulated 

and the net present cost of the combinations is found out. The 
capital, replacement and O&M costs of the DG are calculated 

for this capacity. In all the cases, which include energy storage 

devices, 10% of the DG power is considered to be supplied by 

the storage devices. The net present cost of the system for all 

the cases is calculated based on the HOMER simulation. This 

cost includes the capital cost, replacement cost, fuel costs and 

all other costs that are involved for the entire period of the 

project. 

 

C. Result Analysis 

Comparison of net present values of different cases with 

different DG technologies with and without energy storage 
devices is presented in the Table III.  

It can be seen that in case of the diesel generator system, the 

total cost of the system decreases when an energy storage 

device is added to it. High cost of diesel mainly contributes 

towards total cost of running the system. Storing the energy 

and using when needed avoids high fuel cost of diesel to cause 

the total cost go down for diesel generator with energy 

storage. Between the two types of storage devices, the cost of 

diesel-battery system was less compared to the diesel 

ultracapacitor system. This is due to the higher cost of the 

ultracapacitors. The total cost of the system with the other two 
DG techniques is not as less as the diesel system. 

From the results of the economic analysis, it can be seen 

that energy storage devices in the system reduce the net 

present cost for a diesel generator due to lesser fuel cost. Costs 

of wind and biomass system are not as low as the diesel 

system. Existing biomass generation is not economical. 

 

TABLE III 

COMPARISON OF NET PRESENT VALUES OF 

DIFFERENT CASES 

 

 

Without 
storage 

device 

With 
Battery 

With 
Ultracapacitor 

Diesel 

generator 
$6,903,679 $4,970,905 $5,152,033 

Wind 

turbine 
$6,627,833 $6,946,909 $7,222,969 

Biomass 

generator 
$14,065,636 $15,163,446 $ 15,413,046 

 

VI. CONCLUSIONS 

This research work focuses on analyzing the transient 

stability of a system with both energy storage devices and 

distributed generators. The transient stability of the test system 

was analyzed based on four stability indicators. The responses 

of the indicators to various simulation scenarios were 

observed. The different scenarios include different types and 

locations of faults and different penetration levels of the 

distributed generators. This study was done for a system with 
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and without energy storage devices. An economic study for 

the net present costs of systems with both the energy storage 

devices was also analyzed. 

The result analysis suggests that energy storage devices in 

the system along with distributed generators can improve the 

transient stability of the system. These results are for typical 
distribution feeder and cannot be extended for any 

configuration of distribution system. The impact on transient 

stability is system specific and depends on the location and 

type of disturbances. Ultracapacitors and biomass technologies 

need to be more economical to be cost effective for increased 

benefits. Future studies will include studying the impact of 

different types of battery models and other storage devices 

using developed framework for analysis. 
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