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ABSTRACT
This short note tries to propose a somewhat different
structure of the prevalent power system analysis ap-
proaches as a research idea for the near future power
grids. It proposes a change in attitude to deal with
power system basic analysis such as load flow, fault
analysis, transient stability, harmonic analysis, and so
on; the new attitude seem more suitable than preva-
lent frameworks for the coming power grids in which
privatization, restructuring and data security accom-
panied by advanced communication and measuring
facilities are all came to each other. The letter empha-
sis on a customer-by-customer decentralized approach
which leads us to have real-time analysis of a n-
million busbar system on #-million computers some-
how communication transactions are substantially
limited, measurements are reduced, restructuring poli-
cies are met, and the entire previously research ad-
vancements such as parallel processing and optimiza-
tion based features are applicable in the new platform.

1. INTRODUCTION

hile hardware based technology aspect of

power systems has been faced with several
changes during recent years, the software based
advancements are mostly confined to improve-
ments in forecasting, energy management systems
and data mining related features [1-4]. Thus, the
scope of developing software tools which are ded-
icated to the future power systems has raised sev-

eral concerns for both researchers and utilities [5-
6].

As discussed in the specialized literature, the fu-
ture power grids would be smart grids enhanced
by several types of advanced tools which supply
different type of customers [7]. Some literature
describes the future systems as combination of
multi-Micro Grids or even multi-Nano Grids [8].

Considering the future power grid, it would be
much larger and more complex than the current
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networks; thus, a set of comprehensive and de-
tailed analyses are needed to ensure an accurate
design and reliable operation of such a bulk sys-
tem [9]. However, computational burden as well
as unavailability of detail network data of all areas
would be an important issue.

In addition, the existing centralized based ap-
proach for analysis which is traditionally used to
analyze power systems is faced with serious chal-
lenge as the need for faster computation and deci-
sion making increases. [10-12].

This short note addresses a decentralized real-
time analysis to deal with the coming power grids.
Indeed, it is a simple proposal trying to invite a
portion of researchers focusing on the basic power
system analysis problems to employ the best anal-
ysis framework for the future power grids, eman-
cipating our minds/tools from centralized analysis
to probability find something better.

2. WHERE WE ARE?

In this section, first briefly describe manage-
ment/operation structure of power systems and
then represent the prevalent analysis framework
of the power grid in utilities.

1.1. Prevalent Power System Management Struc-
ture

Prior to the 20th century, most electricity cus-
tomers throughout the word were served by regu-
lated, vertically-integrated, monopoly utilities that
handled electricity generation, transmission, local
distribution an billing/collections [9]. However, in
today’s power industry the restructuring of such
utilities into separate generation, transmission and
distribution companies has introduced competi-
tion at all levels and improved overall system per-
formance. Moreover, the retailers are activated at
the distribution level and nonprofit organizations


mailto:smk@intelectri.com
mailto:mazhari@aut.ac.ir

(ISOs!, DSOs?) are introduced to manage market
players and insuring secure operation of the whole
network.

Besides the above, most utilities hire advanced
measuring devices (such as PMUs?) and the preva-
lent SCADA* system is updated with the
WAMPCGC facility. Furthermore, extensive attempts
have been taken to settle advanced control
schemes and energy efficiency modules.

1.2. Prevalent Power System Analysis Structure

The current power grid has faced with some
changes/improvements from the power system
analysis point of view, as remarked bellow [1]:

* The new facilities made it possible to have
more accurate data;

* The communication media made it possible to
have values measured in long distance;

e The improved measurements made it possi-
ble to better deal with issues such as transient
state estimation, transient optimal power
flow, real-time security assessment, and so
on;

* The huge amount of data made it possible to
have improved forecasting modules;

* The parallel processing algorithm and graph-
ical processor units made it possible to effi-
ciently analysis large-scale power systems.

Despite the above mentioned changes, the cen-
tralized analysis of power system remained un-
changed; the basic power system analysis are
mostly conducted in a centralized approach by
transmitting measurements and system data to the
central controls (CCs). Fig. 1 shows a simple net-
work in which communication media sends the
measurement data to an ISO to analysis the whole
network; the same structure happens for DSOs or
even in introduced Smart Grids.

In the current structure, the utilities may employ
several approaches to analysis their own network
depending on the related rules. As instance, the
“utility 1”7 may take the following actions to have
the load flow (LF) results at time ¢:

! Independent Service Operator (ISO)

2 Distribution System Operator (DSO)

3 Phasor Measurement Unit (PMU)

4 Supervisory Control and Data Acquisition (SCADA)

5 Wide Area Monitoring Protection and Control (WAMPC)

———————— communication media = measurment

Fig. 1: A simple multi-area power system representing preva-
lent centralized analysis.

a) Ask ISO to run LF of the whole network at
time ¢ and sends back the obtained results
to “utility 17;

Ask ISO to send the entire network data as-
sociated to time t to and then run LF em-
ploying computer module of “utility 1”;
Find electrical equivalent of the external
system looking from “utility 1”at time t and
run LF employing computer module of
“utility 17;
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The above methods are visualized in Fig. 2.

3. WHERE WE ARE GOING?

It is expected by commentators of the energy ar-
ea that renewable distributed generations much
largely penetrate to the future distribution systems
[3]. Moreover, expanding communication facilities
along with abundant measurement devices push
the current network to a smart grid in both trans-
mission and distribution levels.

In addition, it is expected that the boom of inter-
est in power generation at the customer sides af-
fect the system economy and lead to completion of
the power system restructuring [4].

In such situation, it is expected that power sys-
tem analysis would face with some changes espe-
cially by local control schemes and advanced data
mining based analysis. In addition, fast and relia-
ble tolls would be required to gather insightful
data from the information sent to the central con-
trol through distributed metering devices.
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Fig. 2: Prevalent approaches to run Load flow analysis of Netl
in Fig. 1.

3. WHAT WE NEED? WHY WE NEED?

As discussed in previous sections, the centralized
analysis would raise several significant issues; the
most important cases can be outlined as follows:

e There is a lack of sufficient processing power
as it is predicted that computational speeds a
million times greater than today’s high-end
computers would be required for real-time
analysis and control of today’s interconnected
networks [9]. As a matter of fact, historically,
the required processing power has had an ex-
plosive rate of increase and an unpredictable
nature.

e Real-time constraints due to the wide geo-
graphical areas covered by interconnected
networks. For example, to limit the signal
transmission delays to 2 ms round-trip, only
an area with a maximum radius of approxi-
mately 150 miles can be under a central con-
trol umbrella [10].

e Lack of sufficient knowledge about some
parts of the network such as some utilities
and/or neighboring countries due to the
presence of competitive or security considera-
tions. Therefore, most of the centralized anal-
ysis approaches employ a reduced rather than
detailed model for external networks (i.e.
equivalent networks) that downgrade the in-
tegrity of the analysis results [11].

With such assumptions, consider the network
shown in Fig. 3; this is an interconnected network

Net 1

Net 2

Net 3

Fig. 3: An illustrative three-area interconnected power system.

with three areas (subnetworks) so that the sub-
networks are connected to each other through
some transmission/distribution lines. Each area is
owned and operated by an independent (private)
entity. There are several examples for such net-
work such as:

e Power grid of a country which is operated by
several privatized regional electric company.
As an example, the Iranian power gird is op-
erated by 16 regional electric companies; alt-
hough optimal power flow and security as-
sessment is conducted by a governmental
company (Iranian Grid Management Compa-
ny (IGMC), the Iranian ISO), but prevalent
planning and operation are conducted by
each independent utility.

e Some countries which have power transport
among each other and their networks are
connected to each other by some boundary
buses. As an example the Iranian power grid
is connected to Afghanistan and Pakistan in
the east and to Turkey and Iraq in the west.
Or as another example the Mexican power
grid is connected to U.S. via Texas.

e A regional electric company which supplies
some distribution utilities; distribution utili-
ties are all private in Iran as several other
countries.

e A distribution utility which supplies some
medium/large customers such as factories,
etc. by a 63 kV feeder. The customers are ma-
jority private and the utility has no infor-
mation about their networks.

e Some customers/smart homes within a Mi-
crogird, or some Microgrid which are con-
nected together (Multi-Microgrid). As an in-
stance, two customers connected to a
Micogrid can be an example of Fig. 1.

Thus, we can see that there are several situations
in which there is a multi-area interconnected pow-
er network so that all/some of the subnetworks



are private. In other words, we face with a struc-
ture in which a subnetwork may not have infor-
mation about its neighboring areas such as net-
work structure (transmission lines), genera-
tion/demand, harmonic sources, etc.

In this condition a power system problem can be
defined so that “How a subnetwork can solve load
flow (LF)/transient stability (TS)/harmonic analy-
sis (HA) in a multi-area interconnected power sys-
tem within restructured environment?” which
would be the near future power grid.

The prevalent solutions are as follows:

» Method 1: Each subnetwork sends its net-
work information to a Central Control (CC);
the CC runs LF/TS/HA calculation and
sends back the results to the subnetworks.
This is something which expected to be done
in Microgrids; in restructured electricity mar-
kets, the ISOs do the same job for optimal
power flow and security assessment. This
method is called as centralized analysis and
lead to exact solutions.

» Method 2: Each subnetwork may use fre-
quency-dependent equivalent for the external
system. It should be noted that this method is
mostly used to model the external network
while a researcher would like to focus on
his/her subnetwork, or concentrate on a spe-
cial zone, and thus would like to reduce the
computational burden by almost preserving
accuracy of the solutions. These methods use
two different schemes: a) some of them need
detail information of the external network
(such as Ybus data, P,Q of busbars); b) some
others need several measurements to calcu-
late (V /1) in the bus of interest [13].

Since, in a privatized network the subnet-
works have no access to their neighboring ar-
eas, they may not have network data (R, L, C,
X, or, Ybus,...) or they may not be allowed to
change/informed of the injected current (I)
associated to the measured voltage (V) and
thus they may not be able to find Z=V /I with-
in privatized networks.

Besides these, there are several changes
happen in network configuration under real-
life operation such as load values, as well as
the harmonic sources; hence, it may not be
possible to repeat this method for any chang-
es.

> Method 3: Another method is to use field da-
ta as reported in [14] but it needs several cal-
culations/measurements which may not be
so useful for operation analysis considering
changes in the neighboring networks. Moreo-
ver, same as the previous approach, these
methods are mostly used for filter design; as
they have no information about variation of
the sources in the external systems they are
rarely employed for LF/TS/HA calculation.

Summarizing the above approaches, centralized
analysis seems the only existing method which can
find exact LF/TS/HA of a multi-area intercon-
nected power system. However, this method may
face with some major deficiencies:

1) Computational burden: as this method solves the

problem of the whole interconnected network
in CC, it may not be computationally efficient
especially while Time-Domain (TD) based
methods are conducted.
To overcome this drawback, several distribut-
ed/parallel computing methods are introduced
in literature. Hence, this deficiency has been
properly overcome with the existing methods
91

2) Amount of transmitting data to control center (CC):

since the subnetworks should send their net-
work data to CC, the amount of communicated
data are high. In case of TD methods, the sub-
networks should send R, L, C of lines, exact P,
Q at all buses along with appropriate model of
harmonic sources. While a Frequency-Domain
technique is employed in CC, the subnetworks
may minimize the data to admittance matrix
(Ybus) and the currents injected by the sources.
This amount of data needs a proper communi-
cation facility which seems as a constraint to
run this method.
Moreover, as the network faces with several
changes in real-life operation, the Ybus ele-
ments/sources change continuously; thus, the
subnetworks should send the entire requested
data for each independent run which aggravate
the communication traffic.

3) Modeling of harmonic sources: transmitting data to
a center and conducting HA in CC probably
confine detail harmonic modeling. Although
each nonlinear element may have a unique
harmonic model, it may not be possible to send
the exact model of each nonlinear device to the



CC as the subnetworks should follow a prede-
fined pattern (protocol) to send/receive data
and also the calculation process. This may also
restrict emerging new harmonic sources while
a TD method is used in CC.

4) Data Security: network structure (Ybus) as well
as other technical data (P,Q, ...) are valuable
data which might be stolen/hacked by the ben-
eficiaries. Several attempts should be taken to
keep the centralized solution method free of
such problems [15].

4. THE PROPOSED CONCEPTUAL FRAMEWORK

The idea behind this note is to have much more
focused on the decentralization approaches to
reach a customer-by-customer based method suit-
ed for smart grids. Each customer will have a de-
centralized power analyzer (DPA) which rein-
forced by a power system analysis software.

Thus, by having the DPA, each customer will
model his own network into his DPA; a smart
home with the entire electrical devices or a steel
mill plant may represent two simple examples.
The DPAs will be connected to the CC, but it does
not send the entire data. Employing enhanced sen-
sitivity analysis such as large-change sensitivity
theory, each DPA sends the voltage of its bounda-
ry buses. As an example, a steel mill plant which
has n buses sends m values to the CC if it is con-
nected to the remaining system through m bound-
ary buses [9-12]. Hence, the utility, or DSO/ISO
does not need to model each customer and just
receives the values associated to the boundary
buses. Moreover, the DPAs can simply receive an
exchanged current vector to reform their previous
solutions.

Thus, we'll need to emancipate our minds/tools
from centralized analysis to probability find some-
thing better. The decentralization might be a good
choice to this aim. However, to get more familiar
with the application issues of such framework, the
following comments may merit consideration.

Let assume to have a huge real power system in-
cluding all its generation stations, all transmission
systems, all the factory plants, all the distribution
systems and subsystems; we also have a simulated
version of such a large network distributed in all
over the world connecting globally through inter-

net. Such a global software must have the follow-
ing capabilities:

1. We must trust on the input data and parame-
ters of such a software;

2. We must be sure that the simulated behavior
follows the exact behavior of the real system;

3. We need to observe the action of the software;

4. Software needs to control all aspects of our op-
erations. Indeed it must be capable of rescuing
the followings:

A) It must self-tune itself regarding the correc-
tion of its own data and parameters.

B) It must predict the faults in the system. It
must be capable of opening the correct cir-
cuit breakers as soon as possible, and so
omitting the need for the relay actions.

C) It must be capable to tune our governor and
AVR and all the controllers e.g. transformer
tap settings in order to optimize the running
cost of our power system.

D) It must check the security and the reliability
of the system and in each instant of time
changes the controllers in such a way to
bring the system to the most secure position.

However, on the other hand software develop-
ment is a hard job and requires time for its devel-
opment. This shows itself more if you need a
simulation software. In near future, the hardware
technology will receive to a point that you can get
rid of the hardware barriers. It is also possible to
receive to a point that the business and political
matters are not as important as it is today. It is just
then that you will find yourself in a situation that
you need to have appropriate software, and you
have not thought about its development. We will
need such a software for future power grids which
would be an open source package such as An-
droid.

To reach the optimal decentralization frame-
work, several mathematical techniques should be
come out to have multi-layer central controls. In
addition, optimization algorithms should be
changed somehow they can efficiently solve global
problems using the limited data received from
subareas. Furthermore, new investigations should
be conducted to find the minimal measurement
type/locations through the proposed structure.
Some of these have been addressed in [9-12].

With the use of a real-time simulator, we would
probably be capable of finding the fault (at least



three phase fault) in any point of the network
without using actual relay devices and just by
measuring some limited variables of the system
(contaminated with noise) in a distributed manner
and order to the appropriate circuit breakers to
open the fault and after opening the fault and
therefore missing some loads, bringing the net-
work to the nearly optimal operation. The readers
themselves can imagine what would be the appli-
cation of providing such DPA in many areas of
power system including distributed generation
and smart grids [16].

5. CONCLUSION

Based on existent research, one can note that alt-
hough computational burden and accuracy issues
have been greatly resolved by developing parallel
computing-based methods, the lack of observabil-
ity and load identification of nearby networks,
especially in the restructured environment, still
remain. Additionally, information sharing is lim-
ited within the competitive structure as it may af-
fect independency of the utilities. As a conse-
quence, commonly used external system model-
ling approaches may not be effective as injected
currents/network topology vary with respect to
time. Hence, it is desirable to conduct an exact
analysis of real-life networks in a secure and de-
centralized structure which can be established
based on local computational resources. A decen-
tralized customer-by-customer based approach
might be a clue to this end.
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