Abstract

The primary objective of generation'expansion planning is to meet the electrical en-
ergy needs of the customers as economically as possible with an acceptable degree of
safety, reliability, and quality. Power system planning involves studies to determine
the resources required to meet the growth in demand at the lowest possible cost
considering environmental and financial constraints. A power utility should meet
the demand under a wide range of normal, abnormal, and emergency conditions
including the reasonable foreseeable failures and maintenance outages of facilities.
This requires some generation system capacity reserve in excess of forecasted de-
mand. The uncertainty associated with {uture demand projections could make the
system facilities inadequate, or excessive and uneconomical, both cases being unac-
ceptable. Purchasing cheaper power from other utility through interconnection is
another alternative which improves system reliability.

In this thesis, some studies have been made on generation expansion planning
taking into account the above important criteria. The thesis contains a brief research
background and objective to the modelling and analysis of some important require-
ments of generation expansion planning. The proposed techniques are implemented
to an existing electric utility for generation expansion.

The key to all generation expansion planning is a good forecast of load that
reflects current and future trends, tempered with good judgment. This is quite
important for financial success. Undoubtedly, the most obvious deﬁcie'ncy in any
expansion plan is and eventually is seen to be, the inaccuracy of the demand fore-
casts.

Four modules of Artificial Neural Network have been studied in detail, to fore-
cast peak load of two distribution substations. It is observed from the sensitivity

analysis that all modules are not valid for all systems. In other words, for a specific
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system only a particular module is suitable for load forecasting. It is also found
that the predicted results of minimum mean absolute error (MAE) is dependent on
learning rate and learning momentum. Using the findings of the sensitivity analysis,
various modules of ANN are studied and the most suitable module found is used to
forecast yearly peak load of an existing electric utility for fifteen years choosing an
appropriate module for the system.

Reliability criterion, the next aspect, is primarily used to determine the required
system generating capacity reserve, to operate the system under equipment failures,
equipment maintenance, and load variations. Probabilistic methods are used to
evaluate reliability of generation expansion plans using stochastic representation of
the generating unit failure-repair process, load variability and emergency help from
interconnections. B

A modified FFT method has been propbsed to evaluate the loss of load érob-
ability (LOLP) of a power generat_ﬁi‘n‘g' system consisting of different types and sizes
of unit. This approach uses hourl;’ loads, or any suitable time interval for system
demand, for a given period. Out of several properties of FFT scheme, some prop-
erties have been used for the reduction of computational complexity. The accuracy
of the method has been illustrated 'ﬁsing an example. This modified FFT algorithm
is applied to IEEE Reliability Test System (IEEE-RTS). The modified approach
improves the efficiency in comparison to the conventional FFT method.

Further, another new approach has also been developed to evaluate the LOLP
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tant role on system reliability. Reliability evaluation methodology of interconnected
systems is different from that of a single area system. If the available capacity in
one geographical region can be transmilied to other regions whenever it is needed
without tie line restrictions then and only then, this system may be treated as a
single area. Though it is possible to evaluate interconnected systems as a single
system with some approximation, but, it is not in practice due to many obvious
reasons.

The improved modified FFT scheme, developed for single area, has been ex-
tended to evaluate LOLP of two area interconnected power systems. A stochastic
procedure for interconnected systems is presented using improved two dimensional
FFT IMSL subroutine of Cyber 180/840A mainframe. This method can simu-
late multi-state generating units without affecting the computational complexity,
whereas the computational complexity of other existing methods increases with the
increase of number of outage states of generating units.

The joint PDF approach, developed for single area, has also been applied to
evaluate LOLP of two area interconnected power system consisting of different types
and sizes of generating units considering independent as well as correlated system
demands. The Probability Density'Function (PDF) of equivalent load is obtained
by convolving the PDF of generating unit outages with the PDF of system demands
using the proposed approach. The LOLP values of each system are obtained from the
PDF of equivalent load. The accuracy of the proposed method has been illustrated
using a simple example. The results obtained for IEEE-RTS are compared with
existing methods.

In addition, the above approach is also implemented to an existing utility for
which expansion planning studies were carried out. The system under study is
considered to be interconnected with a hypothetical system. The benefits desired
due to interconnection are evaluated and the impact of interconnection on expansion
planning is studied. '

An efficient approach has been developed to evaluate the expected energy gen-
eration, expected unserved energy, production costs (in the thesis production cost
is used for fuel cost) and loss of load probability of a power generating system. The

expected energy generation of a given generating unit is obtained by evaluating the
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dlffuencc of unserved ('n('r;,y before and dfter the commitment of the unit. The
'method can evaluate expected energy genemtlon and production costs of identical
generating units at a time. This is not restricted to load duration curves and unit
outage density function of any shapcs‘f or size of the systems with a large number
of generatxon units. Multiple generating- units with same outage behavior can be
‘commltted with system demand efliciently.

. The new developed approach has been extended to evaluate the expected energy

generanon expected unserved energy ‘and ‘production costs for two arca intercon-
nected power generating system. An example and IEEE-RTS have been used for
1llustrat10n ‘ '

- _Further, the proposed method has beén used to evaluate expected energy gen-
exiatxpn, unserved energy and production cost of the generation expausion plan de-
f'_"‘v'élb\ped for existing utility under study. ‘Based on the detailed study, addition of
Lgeneratmg units for the existing utility" has been rvcommendod for the period under

conslderatlon : '
Reliability index is derived from-the“estimates of availabilities of generating
units, forecasted loads and unit il\lcrein’en’t;il costs. Uncertainty which results in an
.vauggvcceptable estimates of system reliabilityis implicit in the estimates of availability
‘i;xo{;u{nits and forecasted loads. The uncertainty’in the availability of generating units
y»is due to the variation of failure data for different reporting sources and fluctuation
in environmental conditions. Fuzzy set theory provides optimistic and pe: sstnslic
values of the derived quantities, correspondmg to the assumptions of the highest
and lowest possibilities of concerned events. In many cases, these bounds provide
excellent guidelines to the generation expansion planners.

A model has been developed for fuuy rdlablhty to quantify the effect of uncer-
tamty associated with unit capacity, FORS and the forecast loads on the LOLP of a
power generating system. The mOdelyhaS’been explained with the help of a simple
generation system. Studieg are also conducted on the IEEE-RTS to demonstrate

 effect of uncertainty on system parameters. Effects on the system reliability index
"f,d“e to variation in the amount of uncertamty of the parameters is studied. This

proposed model has also been applied to & ‘practical system to predict fuzzy LOLP.
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