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Using Distributed Energy Resources to Supply Reactive Power 
for Dynamic Voltage Regulation 

 
 

Y. Xu1, F. Li2, H. Li2, D. T. Rizy1, J. D. Kueck1 
 

 
Abstract – Distributed energy (DE) resources are power sources located near load centers and 
equipped with power electronics converters to interface with the grid, therefore it is feasible for 
DE to provide reactive power (along with active power) locally for dynamic voltage regulation. In 
this paper, a synchronous condenser and a DE source with an inverter interface are implemented 
in parallel in a distribution system to regulate the local voltage. Developed voltage control 
schemes for the inverter and the synchronous condenser are presented. Experimental results show 
that both the inverter and the synchronous condenser can regulate the local voltage 
instantaneously although the dynamic response of the inverter is much faster than the 
synchronous condenser. In a system with multiple DEs performing local voltage regulation, the 
interaction of multiple DE at different locations under different load levels may have an impact to 
the control parameter setting for each individual DE control system.  Future research is needed to 
find out the interaction of DEs to identify the optimal control parameter settings with the 
consideration of many factors such as system configuration, load variation, and so on. Copyright 
© 2008 Praise Worthy Prize S.r.l. - All rights reserved. 
 
Keywords: Distributed Energy Resources, Instantaneous Power Theory, PI Control, Power 
Electronic Interface, Voltage Regulation 
 

 

I. Introduction 
There are a wide range of ancillary services in the 

distribution system that can be supplied by distributed 
energy (DE) resources [1]-[9], among which voltage 
regulation has drawn much interest because of the 
reactive power shortage and transport problems in 
power systems [5]-[9]. Previously, others have reported 
that the power electronics interface between the DE and 
the utility can provide several reactive power services 
[10]-[12]. The installation of DE and the provision of 
voltage regulation from DE can have a beneficial 
impact on transmission capacity and stability by 
supplying reactive power at the distribution level 
[13],[14]. The total installed DE capacity for 
installations smaller than 5 MW in the U.S. is 195,251 
MW, among which the reactive-power-capable DE is 
presently estimated at around 10% of the total 
installations [15]. If DE resources were designed to 
provide reactive power when they were purchased, this 
amount could easily be 90% of the total installations. In 
order to be a reactive power supplier, a fuel cell or 
photovoltaic installation would need an inverter capable 
of operating at non-unity power factor, and an engine 
generator would need a clutch between the engine and 
generator. The generators are typically capable of 
operating at 0.8 to 0.9 power factor. 

200,000 MW of DE thus equipped could provide 
nearly 100,000 to 150,000 MVar of reactive power. 

This amount of dynamic reactive power installed 
near loads would have a dramatic effect in reducing 
distribution losses, increasing circuit capacity, 
improving power quality, and expanding the margin to 
voltage collapse. 

The power and current ratings of the power 
electronics interface are required to be larger to provide 
both active power and reactive power instead of only 
active power, while the DE ratings remain the same. If 
the power factor is 0.9, 0.48 MVar reactive power is 
provided from a 1 MW DE, i.e., the reactive power is 
48% of the active power. The power and current ratings 
(i.e., capital costs) of the power electronics interface is 
only required to be 11.1% larger than the no reactive 
power service case. If the DE can run at 0.8 power 
factor, 0.75 MVar reactive power can be supplied from a 
1 MW DE, and the power and current ratings is only 
increased by 25%. 

The reactive power capability is significant 
comparing to the additional costs. 

II. System Configuration 
Some DE requires a power electronics inverter 

interface to connect to the utility, while others do not. A 
typical DE with a power electronics inverter interface is 
connected in parallel with respect to the load to provide 
voltage regulation, as shown in Fig. 1. 
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Fig. 1. Parallel connection of a DE 
with power electronics inverter interface 

 
The interface, including the inverter, the DC link 

capacitor with a voltage Vdc, and the coupling inductor 
Lc, is referred to as the compensator because voltage 
regulation from DE is the main topic of this paper. The 
compensator is connected in parallel at the point of 
common coupling (PCC), and the PCC voltage is 
denoted as vt. By generating or consuming reactive 
power, the compensator regulates the PCC voltage vt. 
The compensator current ic only contains reactive power 
component. 

A synchronous condenser does not need any power 
electronics interface to connect to the utility. The 
synchronous condenser supplies reactive power during 
over-excitation to boost voltage, and absorbs reactive 
power during under-excitation to lower voltage. By 
controlling the excitation voltage, and consequently 
changing the reactive power it provides or consumes, 
the synchronous condenser regulates the system 
voltage. 

The Distributed Energy and Communication Center 
(DECC) at Oak Ridge National Laboratory (ORNL) is 
conducting research and testing on dynamic voltage 
regulation using DE and multiple DE control schemes. 
Fig. 2 shows the configuration of DECC with 
interconnected external primary distribution feeders and 
transmission systems. With the installation of multiple 
DE in the distribution system, the control and operation 
of DE is different depending on the system 
configuration. Two system configurations of the 
compensator (inverter) and the synchronous condenser 
are studied in this paper, which are shown in Figs. 3 and 
4. 

In Fig. 3, the two devices are connected on two 
different circuits from a 2.4 kV substation. The 
synchronous condenser is connected to the 480 V Panel 
A with local loads through transformer 1, and the 
compensator is connected to the 480 V Panel B with 
local loads through transformer 2. In Fig. 4, both the 
synchronous condenser and the compensator are 
connected to Panel A. 

 

 
 

Fig. 2. Configuration of DECC laboratory at ORNL 
 

 
 

Fig. 3. Parallel connection of the two DE on different panels 
 

 
 

Fig. 4. Parallel connection of the two DE on the same panel 
 

The electrical distance between the compensator and 
the synchronous condenser in Fig. 4 is less than the case 
in Fig. 3, and therefore different voltage regulation 
methods are used. 

III. Instantaneous Power Theory 
An instantaneous nonactive (i.e., reactive) power 

theory [16] is adopted in this paper for the real-time 
calculation and control of DE voltage regulation. In the 
theory, definitions of instantaneous active current, 
instantaneous reactive current, average active power, 
average reactive power, apparent active power, and 
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apparent reactive power are defined. Only the 
definitions that are related to the calculation and control 
in this paper are presented in this section. The full 
description of the theory is presented in [16]. In all the 
following equations, the lower case t indicates time. All 
the definitions are functions of time. For a three-phase 
voltage vector v(t) and current vector i(t) (vectors for 
voltage and current will be denoted in bold): 

 
 ( ) ( ) ( ) ( ) T

a b ct v t ,v t ,v t= ⎡ ⎤⎣ ⎦v  (1) 

 
 ( ) ( ) ( ) ( ) T

a b ct i t ,i t ,i t= ⎡ ⎤⎣ ⎦i   (2) 

 
The instantaneous power p(t) and the average power 

P(t) over the averaging interval [t-Tc, t] are defined by 
(3) and (4): 

 

 ( ) ( ) ( ) ( ) ( )
3

1

T
k k

k
p t t t v t i t

=

= =∑v i  (3) 

 

 ( ) ( )1

c

t

c t T

P t p d
T

τ τ
−

= ∫  (4) 

 
The averaging interval Tc can be chosen arbitrarily 

from zero to infinity, and for different Tc values, the 
resulting active current and reactive current will have 
different characteristics. In a periodic system with 
period T, Tc is normally chosen as integral multiples of 
T/2 to eliminate current harmonics. 

The instantaneous active current ia(t) and 
instantaneous reactive current in(t) are defined by, 
respectively: 

 

 ( ) ( )
( )

( )2
p

P t
t t

V t
=a pi v  (5) 

 
 ( ) ( ) ( )t t t= −n ai i i  (6) 
 

The voltage vp(t) is the reference voltage, which is 
chosen based on the characteristics of the system and 
the desired compensation results. Vp(t) is the root-mean-
square (rms) value of the reference voltage vp(t), i.e.: 

 

 ( ) ( ) ( )1

c

t

p
c t T

V t d
T

τ τ τ
−

= ∫ T
p pv v  (7) 

 
The rms values of the voltage v(t) and the current i(t) 

are: 
 

 ( ) ( ) ( )1

c

t

c t T

V t d
T

τ τ τ
−

= ∫ Tv v  (8) 

 ( ) ( ) ( )1

c

t

c t T

I t d
T

τ τ τ
−

= ∫ Ti i  (9) 

 
As pointed out in [16], the above generalized 

definition from (1) to (9) extends the traditional 
definition of instantaneous nonactive power from three-
phase, balanced, and sinusoidal systems to other cases. 
This unique feature makes it easy to be applied in 
modern distribution systems in which there are 
challenges like single-phase, non-sinusoidal, 
unbalanced, and non-periodic waveforms. Therefore, it 
is suitable for real-time control in a real-world system 
and provides advantages for the design of control 
schemes, which will be discussed in the next section. 

IV. Control Methods 
Most of the voltage fluctuations in the power system 

are because of a shortage or surplus of reactive power. 
Capacitor banks are widely used in power systems for 
voltage regulation. However, capacitor banks are 
switched on or off, and are not a continuously variable 
real-time source of reactive power. Moreover, the 
reactive power supplied by capacitor banks decreases as 
the system voltage decreases (by voltage squared) when 
reactive power is most needed. Therefore, capacitor 
banks fail to provide sufficient reactive power when it is 
most needed during severe voltage excursions. 

DE with a power electronics converter can provide 
dynamic voltage regulation service. The voltage is 
controlled according to a voltage schedule that could be 
supplied and updated by the local utility to coordinate 
with the needed utility support and to change in 
configuration and conditions. Under this voltage 
schedule method, the local voltage would be better 
regulated, i.e., supported during low voltage, such as a 
sag due to a fault or motor start, and reduced during an 
overvoltage, such as excessive fixed capacitance during 
light load.  The concerns of feeding excessive current to 
a fault or exceeding the rating of a circuit breaker or 
confusing protective relaying will be addressed by 
selecting the appropriate control settings for the DE 
based on the distribution system type and protective 
relaying configuration.  Development of the engineering 
guidelines for the selecting the settings would ensure 
trouble free, reliable DE installations. 

A voltage regulation method is developed based on 
the system configuration in Fig. 1. The control diagram 
is shown in Fig. 5. The PCC voltage is measured and 
the rms value is calculated. The rms value is compared 
to the voltage reference Vt

*, and the error is fed to a 
proportional-integral (PI) controller. The reference 
compensator output voltage vc

* is the reference to 
generate pulse-width modulation (PWM) signals to 
drive the inverter. The output voltage of the 
compensator is controlled so that it is in phase with the 
PCC voltage and the magnitude of the compensator 
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output voltage is controlled so that the PCC voltage is 
regulated at a given level Vt

*. The value of Vt
* could be 

supplied by the local utility’s voltage schedule. The 
control scheme is shown in (10): 

 

 ( ) ( )
( ) ( )( )

( ) ( )( )

1

1
0

1 *
P t t

t
*

I t t

K V t V t

t t
K V t V t dt

⎡ ⎤+ − +
⎢ ⎥
⎢ ⎥=
⎢ ⎥−
⎢ ⎥⎣ ⎦

∫
*
c tv v  (10) 

 
In a three-phase system, a voltage or a current is 

balanced if the magnitudes of the three phases are equal, 
and the phase-angles between consecutive phases are 
also equal. 

Most of the voltage unbalance in power systems is 
because of the magnitude inequalities, and only this 
case is considered in the paper. In this control method, 
the rms value of voltage in each phase is controlled 
independently; therefore the unbalance in the PCC 
voltage can be corrected by the compensator. 

The voltage regulation method of the synchronous 
condenser is designed based on the configuration in Fig. 
2 and the control diagram is shown in Fig. 6. The 
synchronous condenser, which is used in the 
experiments, does not generate or consume any reactive 
power when the excitation voltage is 85 V. Reactive 
power is generated or consumed by controlling the 
excitation voltage to be higher or lower than 85 V, and 
therefore the system voltage vs is regulated to follow the 
utility’s voltage schedule. The control scheme is shown 
in (11): 

 

 

( )
( ) ( )( )
( ) ( )( )

2

2
0

85

*
P system system

t
*

I system system

t

K V t V t

K V t V t dt

=

−

+ − +∫

*
excitationv

 (11) 

 
In the ORNL DECC laboratory, the compensator and 

the synchronous condenser are currently connected to 
different panels and subsequently different distribution 
circuits as shown in Fig. 3. Thus, the electrical distance 
of the two devices is large so that the controls of the 
two devices are independent, as shown in Figs. 5 and 6. 
However, when they are connected to the same panel as 
shown in Fig. 4, they are close to each other and control 
the same panel voltage so that they must be controlled 
together. 

The integrated control diagram is shown in Fig. 7 for 
this case. 

The compensator response time is much shorter than 
the synchronous condenser, therefore when the two 
devices are operating together, the compensator is 
responsible for the fast and small changes in the voltage 
while the synchronous condenser is responsible for the 
slower and larger changes.  

 
 

Fig. 5. Control diagram for compensator voltage regulation 
 

 
 

Fig. 6. Control diagram for synchronous condenser voltage regulation 
 

 
 

Fig. 7. Integrated control of the compensator 
and the synchronous condenser 

 
The reference voltage for the synchronous condenser 

(vexcitation_reference in Fig. 7) is only changed if the required 
compensator current exceeds the pre-set current limit 
and thus reaches the limit of its capability. 

V. Dynamic Voltage Regulation 
The parallel voltage regulation system is 

implemented in a DE system on the local distribution 
system at Oak Ridge National Laboratory. The 
simplified system diagram is shown in Fig. 3. The 
synchronous condenser and the compensator are 
operated simultaneously to regulate Panel A voltage 
(referred to as system voltage in Fig. 8) and Panel B 
voltage (referred to as PCC voltage in Fig. 9). The 
synchronous condenser can supply around 300 kVar of 
maximum reactive power, while the compensator can 
provide about 45 kVar maximum. 

In the synchronous condenser voltage regulation, the 
system voltage was 478.2 V before the regulation. The 
reference voltage is set to be 480 V (the red line in Fig. 
8(a)), and the regulated voltage is shown as the blue 
waveform in Fig. 8(a), which tracks the reference 
voltage with an error within ±0.1 V. The three-phase 
synchronous condenser current waveforms are shown in 
Fig. 8(b) together with the phase a voltage to show the 
phase angle between the voltage and the current. The 
phase a current is leading the phase a voltage by about 
90º, which shows that the synchronous condenser is 
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supplying reactive power. The spikes in the current 
waveforms are because of the electromagnetic 
interference (EMI) in the current measurement. The 
dynamic response of the synchronous condenser is 
shown in Figs. 8(c) and 8(d). The reference voltage is 
increased from 480 V to 482 V (the red waveform in 
Fig. 8(c), and decreased from 483 V to 478 V (the red 
waveform in Fig. 8(d)), respectively. The corresponding 
system voltage waveforms are the blue waveforms in 
Figs. 8(c) and 8(d), respectively. The synchronous 
condenser can regulate the system voltage to a reference 
level at steady state and dynamically by controlling the 
amount of reactive power generated (to raise voltage) or 
consumed (to lower voltage) by the synchronous 
condenser. 

In the compensator voltage regulation, the PCC 
voltage was 473.7 V before regulation. The reference 
voltage is set at 475.6 V (the red line in Fig. 9(a)) 
instead of the rated value 480 V, which is because of 
the current limit of the inverter which permits a smaller 
range of voltage regulation. The regulated voltage is 
shown as the blue waveform in Fig. 9(a). The three-
phase compensator current waveforms are shown in 
Fig. 9(b) together with the phase a voltage to show the 
phase angle between the voltage and the current. The 
phase a current is leading the phase a voltage by about 
90º, which shows that the compensator is generating 
reactive power. The ripple in the compensator output 
current is partly filtered by the coupling inductor (Lc in 
Fig. 1), so that the current waveforms are fundamental 
sinusoids with some harmonics. Larger coupling 
inductors could reduce the ripple to a lower level, but 
this would require higher DC link voltage to the 
inverter. The dynamic response of the compensator is 
shown in Figs. 9(c) and 9(d). The reference voltage is 
increased from 474.4 V to 475.5 V (the red waveform 
in Fig. 9(c)), and decreased from 475.3 V to 474.4 V 
(the red waveform in Fig. 9(d)), respectively. The 
corresponding PCC voltage waveforms are the blue 
waveforms in Figs. 9(c) and 9(d), respectively. The 
compensator can regulate the system voltage to a 
reference level at steady state and dynamically by 
controlling the amount of reactive power generated or 
consumed by the compensator. 

The parallel operation of the synchronous condenser 
and the inverter on the same panel (Fig. 4) was 
simulated, and the results are shown in Fig. 10. The 
reference of the rms line-to-neutral voltage is set at 275 
V from t = 1 s to t = 1.5 s, and then at 277 V from t = 
1.5 s to t = 2.5 s, as shown by the red waveform in Fig. 
10(a). The blue waveform is the Panel A voltage. At 
steady state, it follows the reference voltage, and at 
transient state, the dynamic response is less than 0.2 s. 
The compensator current limit is set at 90 A according 
to the current rating of the inverter. If the compensator 
current is below 90 A, the reference voltage for the 
synchronous condenser remains the same value, and the 
compensator responds to all the changes in the voltage. 

If the required compensator current is above 90 A, as 
shown in Fig. 10(b )because of the sudden voltage 
reference change at t = 1.5 s, a short period of current 
over 90 A is allowed for the compensator so that the 
system can have a faster dynamic response.  

 

 
Fig. 8(a) 

 

 
Fig. 8(b) 

 

 
Fig. 8(c) 

 

 
Fig. 8(d) 

 
Figs. 8. Experimental results of synchronous condenser voltage 

control: (a) Rms line-to-line voltage, (b) Synchronous condenser 
current, (c) Voltage increase control , (d) Voltage decrease control 

 

 
Fig. 9(a) 
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Fig. 9(b) 

 

 
Fig. 9(c) 

 

 
Fig. 9(d) 

 
Figs. 9. Experimental results of compensator voltage control: (a) rms 

line-to-line voltage, (b) Compensator current, (c) Voltage increase 
control , (d) Voltage decrease control 

 
After this short current overshoot, the compensator 

current is controlled below 90 A. At the same time, the 
synchronous condenser increases the reactive power 
output which is required by the system to increase the 
panel A voltage according to the increased reference 
voltage. 

 

 
Fig. 10(a) 

 

 
Fig. 10(b) 

 
Fig. 10(c) 

 
Figs. 10. Results of parallel operation on the same panel: (a) rms line-

to-neutral voltage, (b) Compensator current,(c) Synchronous 
condenser current 

 
There are two advantages to controlling the 

synchronous condenser and the compensator on the 
same voltage panel: 
▪ The two devices share the reactive power 

requirement for voltage regulation; therefore the 
voltage regulation capability is improved; 

▪ The devices of different characteristics are operated 
in parallel together, and these characteristics are 
combined together to achieve faster overall system 
dynamic response, and to reduce the capital and 
operating costs at the same time. 

VI. Interaction of Multiple DEs 
The future distribution system should have multiple 

DEs connected [17]. It is still unclear about the exact 
interaction of multiple DEs regarding different 
locations, load levels, control parameters, etc. To 
explore the interaction of multiple DEs, a series of 
simulation has been performed as an initial attempt to 
explore this interesting area. Two DEs, DE1 and DE2 
are placed at Bus 2 and 5, respectively, in a test system 
shown in Fig. 11, which is more complicated than the 
field experiment configuration at DECC. Here, Bus 5 is 
away from the source (substation), so it is subject to the 
biggest voltage drop and identified as the weak bus. 

 

 
 

Fig. 11. The one-line diagram of a sample distribution system 
with two DEs connected 

 
Fig. 12 shows the voltage at Bus 5 under two 

different scenarios: DE1 placed at different buses (Bus 
2 and Bus 1, respectively) while DE2 is always placed 
at Bus 5. It should be noted that the voltage references 
are raised to mimic the situation that a voltage 
regulation is needed to boost the voltage under a sudden 
disturbance. From Fig. 12, it is apparent that the voltage 
regulation speed is faster when DE1 is closer to the 
weak bus than the case that DE1 is placed far away 
from the load. 
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Fig. 12. Voltages at the weak bus (Bus 5) with two DEs installed (DE2 
is always at the weak bus) 

 

 
Fig. 13(a) 

 

 
Fig. 13(b) 

 
Figs. 13. Voltages at Buses 2 and 5 under low load and high load at 

Bus 3: (a) Low Load at Bus 3; (b) High Load at Bus 3 

Fig. 13 shows the impact of different load levels to 
voltage regulating DEs. 

In Fig. 13(a), local voltage regulation at Bus 2 and 5 
are shown when the load at Bus 3 is low. As shown in 
the figures, even if the same control parameters and the 
final voltage references are maintained, it will be 
sluggish for DE1 to bring its local voltage to the desired 
reference value while it is interesting to observe a slight 
overshoot for DE2 to bring its local voltage to the 
reference value. 

Future research is needed to find out the interaction 
of DEs to identify the optimal control parameter settings 
with the consideration of many factors such as system 
configuration, load variation, and so on. 

VII. Conclusions and Future Works 
This paper presents the recent research, development 

and demonstration through simulation and experiment 
about the possible utilization of the dynamic Var 
capability from DE to regulate local voltage at the 
customer side. It applies a generalized definition, 
extended from traditional definitions, of instantaneous 
nonactive power such that it works in a real-world 
distribution system that may have single-phase, non-
sinusoidal, unbalanced, and non-periodic waveforms. 
DE, if equipped with the proposed PI control based on 
the instantaneous nonactive power theory and the new 
power electronic converters, has fast dynamic response 
to effectively compensate voltage sags and other sudden 
changes in the system. This is shown with simulation 
and experiment results.  

Simulation result also shows the interaction of 
multiple DE at different locations or under different 
load levels may have an impact to the control parameter 
setting for each individual DE control system. This 
leads to possible further research directions. It is will be 
also necessary to investigate the correlation of voltage 
changes with respect to the electrical distance between 
different DE in a larger system. Also, it needs further 
study to identify an approach to utilize multiple DE to 
regulate voltage in a decentralized approach with 
minimum communication to achieve the best transient 
performance in voltage regulation. 

Acknowledgement 
The authors would like to thank Oak Ridge National 

Laboratory for financial support in part to complete this 
research work.  

References 
[1] J. B. Campbell, T. J. King, B. Ozpineci, D. T. Rizy, L. M. 

Tolbert, Y. Xu, X. Yu, Ancillary services provided from DER, 
Oak Ridge National Laboratory Report, ORNL/TM-2005/263. 

[2] S. Li, K. Tomsovic, T. Hiyama, Load following functions using 
distributed energy resources, IEEE Power Engineering Society 
Summer Meeting, 2000.  



 
Y. Xu, F. Li, H. Li, D. T. Rizy, J. D. Kueck 

Copyright © 2008 Praise Worthy Prize S.r.l. - All rights reserved                                         International Review of Electrical Engineering, Vol. 3, n. 5 

802 

[3] J. Driesen, G. Deconinck, W. D’haeseleer, R. Belmans, Active 
User Participation in Energy Markets Through Activation of 
Distributed Energy Resources, IEEE Power Engineering Society 
General Meeting, 2007.  

[4] T. Niknam, M. Nayeripour, J. Olamaei, A. Arefi, An Efficient 
Hybrid Evolutionary Optimization Algorithm for Daily Volt/Var 
Control at Distribution System Including DGs, International 
Review of Electrical Engineering, vol. 3, n. 3, June 2008.  

[5] D. N. Gaonkar, P. C. Rao, R. N. Patel, Hybrid method for 
voltage regulation of distribution system with maximum 
utilization of connected distributed generation source, IEEE 
Power India Conference, 2006.  

[6] C.M. Hird, H. Leite, N. Jenkins, H. Li, Network voltage 
controller for distributed generation, IEE Proceedings on 
Generation, Transmission and Distribution, vol. 151, n. 2, pp. 
150-156, March 2004.  

[7] Johan Morren , Sjoerd W.H. de Haan, J.A. Ferreira, Contribution 
of DG units to voltage control: Active and reactive power 
limitations, IEEE Power Tech Conference, 2005.  

[8] M. H. J. Bollen ,A. Sannino, Voltage control with inverter-based 
distributed generation, IEEE Transactions on Power Delivery, 
vol.  20, n.1, pp. 519-520, January, 2005. 

[9]  Simon R. Wall, Performance of inverter interfaced distributed 
generation, IEEE Transmission and Distribution Conference and 
Exposition, 2001. 

[10] B. Meyer, Y. Bamberger, I. Bel, Electricite de France and 
integration of distributed energy resources, IEEE Power 
Engineering Society General Meeting, 2006. 

[11] B. Kroposki, C. Pink, R. DeBlasio, H. Thomas, M. Simoes, P. K. 
Sen, Benefits of power electronic interfaces for distributed 
energy systems, IEEE Power Engineering Society General 
Meeting., 2006. 

[12] D. Feng, Z. Chen, System control of power electronics interfaced 
distribution generation units, IEEE 5th International Power 
Electronics and Motion Control Conference, 2006. 

[13] R.T. Guttromson, Modeling distributed energy resource 
dynamics on the transmission system, IEEE Transactions on 
Power Systems, vol. 17, n. 4, pp. 1148-1153, November 2002. 

[14] J.Driesen, R.Belmans,  Distributed generation: challenged and 
possible solutions, IEEE Power Engineering Society General 
Meeting, 2006. 

[15] Fangxing Li, Wenjuan Zhang, L. M. Tolbert, J. D. Kueck, D. T. 
Rizy, Assessment of the Economic Benefits from Reactive 
Power Compensation, Proceeding of the IEEE Power Systems 
Conference and Exposition (PSCE) 2006, pp. 1767-1773, 
October 29 - November 1, 2006, Atlanta, GA. 

[16] Yan Xu, L. M. Tolbert, F. Z. Peng, J. N. Chiasson, J. Chen, 
Compensation-Based Non-Active Power Definition, IEEE 
Power Electronics Letters, vol. 1, n. 2, June 2003, pp. 45-50. 

[17] M. A. Kashem, Gerard Ledwich, Multiple distributed generator 
for distribution feeder voltage support, IEEE Transaction on 
Energy Conversion, vol. 20, n. 3, September 2005, pp. 676-684. 

Authors’ information 
1Oak Ridge National Laboratory 
2The University of Tennessee 
 
Yan Xu (S’02, M’06) received her Ph.D. in electrical engineering at 
The University of Tennessee in 2006. She is a post doctoral research 
member at Oak Ridge National Laboratory. She received the BS 
degree from Shanghai Jiaotong University, China in 1995 and the MS 
degree from North China Electric Power University, China in 2002. 
Her research interests include power electronics applications in power 
systems and distributed energy resources. 
 
Fangxing (Fran) Li (M’01, SM’05) received the Ph.D. degree from 
Virginia Tech in 2001. He has been an Assistant Professor at The 
University of Tennessee (UT), Knoxville, TN and an adjunct 
researcher at ORNL since August 2005. Prior to joining UT, he 
worked at ABB, Raleigh, NC, as a senior and then a principal R&D 

engineer for four and a half years. His current interests include energy 
market, reactive power, and distributed energy resources. Dr. Li is a 
registered Professional Engineer in the state of North Carolina. 
 
Huijuan Li (S’07) is presently a Ph.D. student in electrical 
engineering at The University of Tennessee. She received her B.S.E.E. 
and M.S.E.E. in electrical engineering from North China Electrical 
Power University, China in 1999 and 2002 respectively. She 
previously worked as a research engineer at Shanghai Sieyuan 
Electrical Company in China on the field of ungrounded neutral 
distribution systems. 
 
D. Tom Rizy (SM’87) is a senior research power systems engineer at 
Oak Ridge National Laboratory (ORNL) in the Engineering Science 
and Technology Division. His current interest and activities focus on 
new controls for distributed energy resources (DER) and applications 
for synchro-phasor measurements. He is a cofounder of the 
Distribution Energy Communications and Control Laboratory (DECC) 
at ORNL for testing dynamic voltage regulation controls using DER.  
He has over 29 years experience in power systems R&D and received 
his MSEE and BSEE from Virginia Tech and the University of 
Virginia, respectively. His is a co-recipient of the IEEE Prize Paper 
Award (1990) for “Adaptive Relaying Concepts for Improved 
Performance” and a chapter author of the book on the Athens 
Automation and Control Experiment, a large-scale distribution 
automation project conducted in the 80s by DOE, TVA and EPRI. 
 
John D. Kueck (M’75, SM’00) earned a BS in Physics from Purdue 
University and an MS in Electrical Engineering - Power Systems, 
from Ohio State University.  Over the first 20 years of his career, Mr. 
Kueck worked in the design and operation of fossil fuel and nuclear 
generating stations.  From 1992 to present, Mr. Kueck has been a 
researcher at the Oak Ridge National Laboratory.  His major interest is 
the local supply of reactive power from distributed energy resources as 
a reliability service. 



International Review of  
Electrical Engineering 

(IREE) 
 
 

Authors 
 

 pag.   pag. 
     

Adam M. 759  Li H. 795 

Agelidis V. G. 874  Mahdavi M. 858 

Akujuobi C. M. 922  Majstrovic G. 768 

Al-Haddad K. 811, 844  Medic I. 768 

Amrhein W. 906  Mehrabian M. 931 

Awada E. 922  Miraoui A. 900 

Bajs D. 768  Mirzayi M. R. 788 

Baraboi A. 759  Morawiec M. 892 

Barakat G. 820  Mougharbel I. 844 

Belfkira R. 820  Murata T. 912 

Blažič B. 779  Muyeen S. M. 912 

Božiček A. 779  Nabavi A. 931 

Dahidah M. S. A. 874  Nichita C. 820 

Dastfan A. 788  Pancu C. 759 

Delshad M. 829  Papič I. 779 

Djerdir A. 900  Piquet H. 864 

Farooq J. A. 900  Plesca A. 759 

Farzanehfard H. 829, 858  Richardeau F. 864 

Fnaiech F. 811  Rizy D. T. 795 

Grabner H. 906  Sadinezhad I. 803 

Hwu K. I. 837  Sedraoui K. 811 

Ibtiouen R. 900  Sen P. C. 881 

Jain P. K. 881  Silber S. 906 

Joorabian M. 803  Takahashi R. 912 

Kanaan H. Y. 844  Tamura J. 912 

Krzeminski Z. 892  Touati S. 900 

Kueck J. D. 795  Touhami O. 900 

Lewicki A. 892  Xu Y. 795 

Li F. 795  Ye Z. 881 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 10.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 10.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 10.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


