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Abstract—The problem of generation expansion planning (GEP) Choices are left to each player, which is made rdoup to

has been extensively studied for many years. Thjzep presents
three topics in GEP as follow: statistical modelodels for

generation expansion, and expansion problem. In tdpc of

statistical model, the main stages of the sta#iktinodeling are
briefly explained. Some works on models for GEP rangewed in

the topic of models for generation expansion. Ryrair the topic of

expansion problem, the major issues in the devetmprof a long-
term expansion plan are summarized.

their own estimation on the prospect for the pilieeel and
market environment in the future. Therefore, it sisongly
required to develop a new practical expansion [agnn
methodology which is applicable to the changedtiétepower
industry environment where individual generatiam§ seek to
maximize the returns on their expansion plannirgisit. In this
section, new generation expansion planning forriaust in
competitive markets are explored [5].

Keywords—Generation expansion planning, strategies, power We can represent the optimum status of the sgwér plants,
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|. INTRODUCTION

by the equality between the operation marginal eost the
expansion marginal cost [6], [7].
This condition can be understood if we imagine the two

ENERATION expansion planning (GEP) is one of thg0sSibilitiestomeet onepart of market in the system:

most important decision-marking activities in etect
utilities. Least-cost GEP is to determine the munimcost
capacity addition plan (the type and number of «iatd
plants) that meets forecasted demand within a poéfspd
reliability criterion over a planning horizon [1The GEP
problem has been one of the most studied probl@&®. is a
challenge topic for several reasons. The firstoraince there
is uncertainty associated with the input data. $&eond one
since difficulty arises as a result of a need tosoder several
conflicting objectives simultaneously. With the amf a
multiobjective model, decision makers may grasp t
conflicting nature and the tradeoffs among the edéht
objectives in order to select satisfactory compsangolutions
for the GEP problem. In the past, there have besryrattempts
to deal with GEP problem [2]. Some of them useérdahistic
criteria. whereas other incorporated analysis oferamties.
These uncertainties could be either technical, aadfydrological
conditions and generators stoppage, or economikal, fuel
prices and interest rates [3]. There are diffiesltihowever, in
taking into account too many aspects of the protidecause of
the overwhelming complexity that rapidly ariseseTdlassical
formulation of the least-cost GEP is not a suitapproach to
modeling the behavior of generation firm, seekingriaximize
profits, in competitive environments. Supposed tiatrevenue is
based on the marginal price, some generation firithshoose to
retain higher priced units to continue to set mrmaigprice high
and increase their revenue and profit by highergmal price
while others replace the higher priced units witficient and
cheap ones and increase revenue by higher utliztctor [4].
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1) Through the existing means, incurring in operall costs
increase.

2) Through incorporating a new power plant to #ystem
and/or reinforce the transfer ability among thesyatems.

Il. STATISTICAL MODEL

Because of the importance of the demand and price
planning procedure, only these two data, i.e. #raahd of the
whole system and the corresponding market energe,pr
from the historical information of the market arged in this

retatistical study. These information are hourlyilame in any
of the real life market in the world. The main stagpf the
statistical modeling are as follows [8].

A. Data Justification

After choosing a base year, the demand and prces
justified according to annual demand growth anccalisit
rates. By this, the whole system load duration eutan be
constructed and with a good approximation, it carmssumed
that the shape of this curve remains unchanged.

B. Price Grouping

After choosing the equivalent load levels for tload
duration curve of the system, the correspondincegrilata are
devoted to the suitable groups. Then, for each ddnhavel,
the maximum price, the minimum price and the medén
prices as the most realistic price for that loadeleare
determined.

C.Generalization

The last stage in the statistical study is dateegmization
to the planning horizon. For this, It is assumeat the shape
of the load duration curve remain unchanged. Foh ed the
planning horizon years, after applying the annoatlgrowth
rate to the load levels, the new load levels amménl and then
the new duration time for each load level is deteetd by
rearranging the historical data.
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D. Basic Assumptions The model in [17], objectives are the minimizatioh

GEP problems in competitive market environments afnvestment, operation and transmission costs, enwient
basically modeled as games among competing geoeratiMpact, imports of fuel and fuel prices risks o tlwhole
firms [9], [10]. Electricity industry environmenh iwhich the ~System. Multiobjective linear programming and atieb}
generation expansion games should be solved has sme hierarchy process are made use of to solve thislg@mo The

changing that it is very difficult to incorporateragtical
considerations of electric power industries in themulation
of GEP games. In order to properly address the rgdpna
expansion games in competitive markets, therefeeemake
some basic assumptions about the market envirorsmaend
game variables. In our proposed games, electriketamare
modeled by uniform pricing auctions. We assume thate
exists a single gross power pool where buying atlihg of
energy among firms happen in the form of auctiofise
market price is based on the operating cost ofntlaeginal
generation firm. Since we do not consider the 6kt
contract between firms in this model, the profit efery
generation firm can be simplified revenues from rgype
market modeled by auctions and construction armjeration
costs of plants [11].

After defining the quality criteria of meeting thearket, the
optimum status of system expansion is given by mizing

model of Antunes et al.[19] is presented to provigeision
support in the evaluation of power generation ciypac
expansion policies. The objective functions are tbeal
expansion cost, the environmental impact associatédthe
installed power capacity and the environmental ichpa
associated with the energy output. Ahmed et al] [is® a
scenario tree approach to model the evolution afertain
demand and cost parameters, and fixed-charge wostidn to
model the economies of scale in expansion costger8ke
works have focused on government regulations orrggne
markets.

The study in [20] provides a framework for repregeg
selected price-oriented  government  regulations
mathematical programming model of a market. Thekwadr
[21] compares effects of R&D and demand subsidieshe
future costs of purely organic photovoltaics (P\)ieh is not
currently commercially available. They combine axpet

in

the total cost of meeting the market, which include€licitation and a manufacturing cost model to corapthe

investment costs, maintenance and operational ,cagtected
costs with thermal plant fuel and the cost of naeting a
market share (energy deficit cost) [12], [13]. Natly, some
restrictions associated to the hydrothermal coeattitim shall
be considered, as meeting the market, hydrolodiaeddnce,
interconnection ability, assured energy balanceranothers.

Ill.  MODELS FORGENERATION EXPANSION

In this section, some works on models for GEP a

reviewed, government incentive policy and
optimization. [14] and [15] apply the Cournot modef
oligopoly to model GEP. The model of [14] incorpsplant
capacity limitations and energy balance constraint

competitive environments dominated by auction miatke

They present an analytical formulation of the gatien
planning process involving decisions on
construction at a single point in time with mulégechnology
options available. In [15], three capacity expangimdels are
analyzed in the context of a restructured eledyricidustry.

The first model assumes a perfect, competitive |dxjiim.

The second model (open loop Cournot game) extehds
Cournot model to include investments in new gememat
capacities. The third model (closed-loop Cournoimegn
separates the investment and sales decision wiéisiment in
the first stage and sale in the second stage. Ty &f [16]

presents 3-Tier game theoretic model to obtain irpeltiod,

multi-player equilibrium capacity expansion plafkis model

provides an excellent means of conducting analysis
sensitivity of the expansion and the correspondimarket

power indices with respect to several restructurpaicy

related parameters, such as varying levels of pdaps,

arbitrage, pricing and settlement mechanisms, ddnsite

bidding, and capacity payment. The works in [1718][
propose a multiobjective model for generation exspam
planning (MGEP).

invers

new pla

outcomes of policy choices over various scenarios.

IV. EXPANSION PLANNING PROBLEM

This section examines the major issues in theldpueent
of a long-term expansion plan for the generatirgiesy [22].

A. Demand

The forecast of electrical demand is clearly on¢hefmost
rimportant components of a generating system arglyidie
g)recast typically must be for power (kW), energ\eh) and
oad variation for time intervals within a yearchuas a month
or season, for all years of the study. If a grestl @f effort is
to be devoted to analyzing the alternative expansio
possibilities, the demand forecast should also ivece
significant effort. There are two distinct typesusicertainty in

r?emand forecasting. First, there is the uncertaimdy results
s

om the randomness of the load at any time becafjsfor
example, weather conditions. This type of uncetyaig, of
course, a major concern for the load dispatchee.&her type
of uncertainty is associated with the estimate ofure
demand, i.e. the estimate may be too high or tow. lo
tUnderestimating future demand can create seridiisuiies
because service dates for new facilities can seldmn
advanced appreciably. The result may be a gengragistem
with low reliability and the inability to serve senportion of
demand.

Overestimating the demand is also undesirable useca
excess generating equipment imposes increased aostse
system. Service dates for new facilities under trootion can
be delayed if load growth has been overestimatad,sbch
delays can be very expensive.

B. Technology Options

Various technologies are currently available asdwiates
for expanding electrical generating systems. Eashahunique
set of characteristics that must be considered faosystem
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viewpoint to determine the mix of future additionisat
provides the best outcome for the stated objectifars
expansion. In addition to existing technologiespgiderm

studies of generation expansion must consider vehetrb

advanced technologies will become available andpjfwhat
their costs and characteristics will be. Power g&tien
technologies may be classified into existing majptions and
potential future options.

C.Economic Evaluation
A fundamental aspect of any economic evaluatiothés

time element, since implementation time and ecooom]

lifetime of a generating unit require a certain t@mof years:
a particularly large number in the case of nucleats, where
the overall period to be considered usually vabetsveen

30 and 45 years (typical
implementation and 30 years for economic lifetime).

A key concept in understanding the basic principtd
economic evaluation is the time value of money, hew
streams of costs or incomes (or alternatively afdpced
electricity since it generates an income) occurrihgpugh
time can be compared on an equivalent basis.

The relationship between time and money is affected by:

1) Inflation (or deflation) which changes the ngyipower
of money.

2) The value given to possession of money nowerattan
later, since the former allows this amount of moneybe
invested for an interval of time to earn a realmet(i.e. in
addition to inflation).

Alternatively, raising capital through a financiedarket
implies the payment of a cost of capital for yetrscome
(again independent of inflation). The annual factbat
accounts for the time value of money independemtdy
inflation is called the real discount rate (or rpe¢sent worth
rate).

D.Reliability

The objective of electric system planning was estaas
adequately meeting the demand for electrical poatethe
minimum cost. Adequately meeting the demand can
interpreted in various ways with major implicatiofts the
generation planning effort. Typically, a technicahstraint is
used as the minimum acceptable level of generatysgem
performance, or an economic criterion is introdudedan
attempt to include the generating system
considerations directly in the determination of mmom cost.

The generation planner must design the future generating
system to be responsive to such problems as:

« Random breakdowns of generating equipment (forced

outages.
- Variations in demand to be met by the generatirsgesy
(including random variations).
« Variations in

values are 10 years f

religpilit
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E. Constraints

Mathematically, the problem referring to power rla
expansion is formulated as a problem of integeedin
rogramming difficult to solve and which presentmso
particularities, such as:

1). non-convex solution region, which allows erigtseveral
solutions.

2). Combinatorial nature of expansion processgchigads
to the combinatorial explosion phenomena related
generating alternatives, causing increased comgputime.
Considering that for problems of discrete natungplications
as optimization method is being greatly surveyed an
disseminated, mainly by obtained result qualityefEfore, a
new algorithm was developed in this work, based on
orptimization technique, in order to establish artiropl
%trategy of generation expansion [23].

In a general context, the solution of the expamgimblem
is the schedule of plant additions and network bbgraent
over a certain period of time which yields the optm
benefits while satisfying the projected electriamand with
a certain margin of reserve and respecting ceftagseeable
constraints.

In other words, the expansion program must include [24] :

1) The year-by-year capacity additions neededtisfy the
projected electricity demand with a satisfactoryele of
reliability with due regard to the characteristafsgenerating
units in the existing system.

2) The timely reinforcement of the transmissiosteyn so
that the proposed network is capable of meetinggpdiow
requirements under any foreseeable condition withrégard

to load flows, power station siting, circuit anditchgear
ratings, and transient stability limits.

Definition of the benefits to be optimized is acirpmount
importance since it leads to selection of the eounariteria
to be used for evaluating and comparing all altévea
expansion policies for the power system.

On the other hand, definition of the constraints is perhaps
more complex since this requires the resolution of important
fgsues, such as[25]:

« Adequate reserve margins or level of reliability.

» Required quality of service in terms of continuity
supply, frequency and voltage.

Availability of resources (manpower, fuel, funds).
Technical considerations.

Infrastructure needs.

Environmental consideration.

The country's policies concerning new units for
electricity generation.

to

.

V. CONCLUSION
The aim of GEP requires minimum-cost capacity adlit

hydraulic conditions which affectplan that meets the forecasted demand within ity

hydroelectric capacity and energy available to theriterion. This work presents an overview of sorsgues in

generating system.

GEP. It is clear from the previous studies that G&€Bne of

- Scheduled maintenance of generating equipment atitt most important decision-marking activities ikectric

refuelling of nuclear units.

- Changes in anticipated new capacity scheduled noeco
on line, e.g. delays or cancellations becausenainttial
and other constraints.

utilities.
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