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Abstract

The worth of reliability has been increasing with the advancement of technology. Based on
the involvement of the various functional zones, the assessment of the reliability of the power
system is divided into 3 Hierarchy levels (HL). The composite reliability (HL II) involves the
availability of generation systems and transmission systems in evaluating the reliability of
power systems. In this paper, the composite reliability of the Integrated Nepal Power System
(INPS) is assessed using sequential Monte Carlo Simulation (MCS). Based on the trip data of
the various Hydro Electric Power Plant (HEPP) units of Nepal and of transmission line, the
artificial UP and DOWN sequence of the composite system is simulated. The power output of
the Hydro-Electric Power Plant (HEPP) is varied based on the variation of seasonal flow.
The system state is compared with the hourly load data of various load centers of INPS to
determine the reliability indices like LOLP, LOLE, and EENS. As the eastern part of INPS
doesn’t have a generating unit, it is found to have lower reliability. The reliability of INPS can
be improved by improving the reliability of load centers that have a lower value of reliability
indices.
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1. Introduction

Nepal having an economically feasible capacity[1] of
42,000MW of power, only about 1262MW [2]of power
is extracted from HEPP including 94 projects of capac-
ity more than 1MW with a total capacity of 1250MW
and 12MW by HEPP of Capacity less than IMW. The
other source of power in INPS are 2 thermal power
plants with a total capacity of 53.41MW which are oc-
casionally operated due to their high operating cost and
grid-connected solar power plants of a total capacity of
32.87MW.In addition to this, there are locally operated
small micro-hydro, solar power, a wind power plants
that are not connected to the grid.

The power system adequacy depends on generation ad-
equacy, transmission adequacy, and distribution. Power
system reliability can be evaluated by different methods
[3], [4]and at various hierarchy levels (HL). Different
methods have some pros and cons [5]. The HLI relia-
bility indices of INPS are evaluated by the analytical
method [6] The power system is stochastic. The random
behavior of the system can be properly incorporated into
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the simulation method. The HLI reliability of the IEEE
96 bus system is evaluated [7] using Monte Carlo which
gives the necessary idea about generation adequacy. As
the transmission line is exposed to the environment there
is a huge chance of failure of the transmission lines [8].
The composite power system reliability can be evaluated
by sequential as well as non-sequential simulation meth-
ods. Nonsequential Monte Carlo simulation doesn’t
preserve the chronology of the system. It randomly se-
lects the system state whereas in sequential simulation
the sequence of operation of the various components
is generated with each state depending on its previous
state. The composite reliability of the power system can
be evaluated by the analytical method [9] and the simu-
lation method[10, 11]. The analytical method provides
the average value of the reliability indices and becomes
complicated with a large system size. In this paper, the
composite reliability of INPS is assessed using sequen-
tial Monte Carlo simulation. Reliability evaluation of
INPS is important as reliability and economics play a
major integrated role in the decision-making process
[12, 13]. Various random failure events of transmis-
sion lines and generating units are also incorporated
and contingency analysis is performed using DC load
flow.
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2. Sequential Monte Carlo
simulation

The sequential Monte Carlo simulation simulates the ac-
tual behavior of the system without breaking the chrono-
logical sequence of event that occurs in the system. The
present state of the system is governed by the previ-
ous event and the time of occurrence of an event. This
method also helps to generate the probability distribu-
tion of various reliability indices along with their av-
erage value which is the only parameter calculated by
the analytical method. The probability distribution is
of utmost importance to the power distributors when it
comes to compensation to the consumer for the power
cut. Such probability distribution can only be generated
by sequential Monte Carlo simulation. It is assumed that
each component state duration follows an exponential
distribution.

Fy= e ! (1

Where, is the mean value F (t) is cumulative proba-
bility using inverse transformation, the value of random
variable T can be determined. It is assumed that the du-
ration of state follows an exponential distribution. The
duration of the up state follows an exponential distri-
bution with a mean value of MTTF and the duration
of downstate follows an exponential distribution with a
mean value of MTTR.

_In(U)

T= @
To simulate the chronological system; the up and down
sequence of each component is generated based on the
MTTR and MTTF of each component.

Total uptime
N

N is the total number of failures
The up and down sequence of each component is created
as

MTTF = (3)
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Ui is a uniformly distributed random number, MTTF
is the meantime to fail and MTTR is the meantime to
repair

The above step generates the artificial operating se-
quence of each component for a year. The system state
is obtained by superimposing the state of each compo-
nent in each small transition time. The initial state of
each system is assumed to be up to the state.

3. Contingency analysis

Failure is a random event and can cause interruption of
load at any time in the system. The failure of the gen-
erator doesn’t necessarily cause the load interruption if
there is an alternative line to flow power to load. The
contingency analysis is one of the important parts in
determining the composite reliability. DC load flow is
used for this purpose as it provides a result that is suffi-
cient for reliability evaluation with less computational
time and storage.

DC load flow is carried out to determine the power at
each substation during each interval between the system
state transitions. Since the DC load flow is based on as-
sumption that the line resistance is negligible, it doesn’t
provide information about the power loss in the system.
The DC load flow is constrained by the maximum gener-
ation capacity of each generator unit and the capacity of
each line. The Upper Marsyangdi Hydro Electric Power
Plant is taken as the reference bus.

N
Pk = 2B k= j) (6)
j=1
7
Subject to:

G< GMAX

LF < LFMAX
G is the power generated by each generator, GMAX is
the maximum capacity of the generator, LF is the power
flow in the transmission line and LFMAXis the maximum
capacity of the line

In matrix form the line flow is represented as:
[P1=1[BIl ] (N

P is the power injected from each bus, B is the bus admit-
tance matrix and is the power angle of the bus

4. Methodology

The above-described steps for composite reliability eval-
uation are implemented to determine the HL II reliabil-
ity of INPS. The majority of power plants in INPS are
ROR type HEPP. The power generation by such plants
is largely affected by the flow rate in the river. Twelve
months in a year are divided into three groups, with four
wet months; 4 spring/fall and 4 dry months. The capac-
ity during wet months is 100%; that of spring/fall is 80%
and that of dry is 50%. In this paper, failure of units of
HEPP of capacity greater than 10MW is only considered.
The HEPP with a capacity of less than 10MW is taken
as a negative load whose demand varies with the season.
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