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Abstract o~
This paper presents an efficient technique to solve the problem of
generation expansion planning within a reasonable computation burden. The
proposed technique is based on the decision tree approach instead of the
currently used techniques of mathematical programming. Hew concepts based
on the natural properties of the problem are developed to minimize the
computation burden by making the decision tree in the minimal size. The
solution technique satisfies the current objectives of strategic planning
and 1s capable of modeling the various uncertalinties inherent in the
problem of generation expansion planning.

INTRODUCTION

Generation system planning is one of the most crucial steps in the
expansion planning of @ modern electric utility, Decisions made at this
stage have tremendous effect on all other phases of system expansion and
dictate the financial posture a utility must assume. The generation
plenning problem (GPF) aims at determining for each year of the planning
horizon the economical type and size of generation plants which should be
constructed in order to satisfy a region's forecasted demand for
electricity with specified constraints. In broad terms, a suitable
generation expansion plan must provide the utility with the capability of
meeting customer needs for reasonable price, clean, and reliable quality
electric energy source. Choosing a generation expansion plan among aany
@vailable alternatives is a complicated problem since all utilities gust
strive for the best strategy in an environment of uncertainty.

The problem of generation planning has been studied extensively using
mathematical programming techniques %1-?]. The formilation of the problem
in mathematical terms has been widely used by most of the utility planners.
This problem was first formulated as a linear program by Masse and others
[11. Althougn the nonlinear programs [2,3] are more difficult to solve the
preblem than linear programs, they can take into account all of the primary
economic factors involved in the GPP. But their low computational
efficiency has required considerable aggregation of the investment decision
variables or shoriening the planning horizon, Other  combinatorial
programming methods applied to the GPP are:=

i- the dynamic programming [4,5] which appears suitable for solving
problems with random variables up to three or four variables,
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Li- the bBrFanch and bound techrlgue [6] can be umsd when the number of
varisbles |s prester then throe and when the objective function s not
aeparabls. Puk the bronoh anc bound proceas does not [t very well With
the stochastlc envircnment.

Alss, soolocconcmic and environmentsl developoents crested @ plamning
anvircoment wtilch roquires sxpliclt treptment of unoertelnty, Sapghvd [T]

& eothesatisal opblmizstion msodel which can handle ths
its impact in the key varisbles by defining & number of
states that are Likely ko poour, However, Ghis method 18 urebls
impact &f 4ifferent stat=a upon khe decision varisbles ©o
R et = S an lar sach atate. Since it provide: only one
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network optimization Ctechniques 1in the gensration
wory limites [B). Most of the problem dirfficulties such
y nonlinearity and dynamic en can  be Tooed
Lt « O of the most sylbable ques for the OFF L8
deeiilon tochmigue.  However, the solution of the problem by
Ehe ordinery decision tres remlis in & lerge szizs of  Dbranching
mlﬂliu- which have limitad its spplicaticn Lo very small proolems.
it ses=m o be & peoeaxity Por oconaidersble espliell trestment of
unesrtainty and oSovelophent for De decision free techoigue to be
opplisabie For practisal prohlems of generstion sypansicn plemming.

This paper presemits on efficient fechniqus based on the declsion tres
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by mizimizing the alzy of thy dgoisicn troe.

DECISION TREE CONCEPT

The elTect of uncertaisty U3 of pri=s importanece In plamming probilsm.  The
impoet  of unoertainty can be caphered ln the ey varisbles by delining a
numbsr of possible statss that are Likely to ocour. A stabe complebely
definss  the load prowth cctopme, fuel supply levela, weather dondiblons
delfines the pouer optpat praflilos of ronswsble fschnologies; fuel
prices, gepersl inflatiom, capital =et of ==w comsbructions,intermat
rates, comstruction l=sd tlees, rate relisf aad oy other. sxogeous
sorishles outoome Chat are Crested as oncertaln in tne asalysia. Eooh
progensis variable (randoo varicble) com be representeod by its LLEEY
distritution. Throughout the plasming poriod, =ny one of the K different
states can occur with profabilities Pri1), Pri2); +.s; PrIK}, respectively,
and these states are (ndexed so that; Pril) > Prl2) » (... PPRIE). Thua,
Ehe [irst state i5 sore sypesced ta ooour then Che second state. And in
m.mwmmunm-mm

M1 the decisiaon varisbles of the generation planning process fan b
modeled 1n o declaich tree wvhich displays the different availsble deglalons
over planning horizon. decizion brew i3 @ graph with ollosring
sharasteristics;

11= The tree contains eksctly one node that does nobt havwe a parent.
2)- Every other node in the tree is s dssoesdint of the roct sode.

H
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3)= Every other nods in the tree has exactly one parent.

The root node represents the existing generating systen at year t=0 bafore
any expansion. The successors to the root node are placed immediately Delow
it, and ares are drown from the root node to each of the successors. The
root node and its successors are known as the "Lop nodes" of thes tree, The
process 1is then repsated for each of the succeasors Yo the root node. The
purpose of a decinion tiee i3 to represent separately each of the possible
paths through the state space of the planning process; that is a seguence
of deecision nodes, The eoxpansion or generation of a planning tree
terminates with those decision miabm that do not have succeasors; a
terminal node Ln 3 decision t hdtmrderredtoaaa:ipuode-ﬁaeh
decizion veriable is denoted by D (1.3,... n) where the integer variadle

dl!

to the ripht represent the index isim fa:ia.r of the considered
decision ana the adjacent miablca from right to left) represents the
decision tip
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successors whish have been made (descendant of the root node). The number
of variables is sn indication to the y=ar at which the decision hus been
taken {n the tree. In this mammer each decizion varlable ia uniqualy defined
in the tree. Also cach path in the tree can be denoted by F (1,1,..,m,n).
This poth includes the cecision D (1,],..,8,n) and all parent decisions. To

treat the uncertainty, the decisicn tree is subjected to sach state & whers
K =1, ...y XK. Fig.{1) shows a cecision trec cubjected Lo a state k (&
seemario) which represents the generation planning deeision variables
(planning state space) for a look ahead period of 3 years., The decision
attributes (eriteria of merits) wnich 15 located under the decision node
are calculated using different models described in the next section.

The major advantage of the declsion tree |5 the insights that can be
gained through the planning process. These insights include the
jdentificstion of alternative strategles, analysis called for to aid euch
deciasion, oritical uncertainties and decision varlables, timing of
comuitment (decision) polnts and data, and hedging strategies against
uncertainties.

Senaitivity analysis is an important study in the planning process under
uncertainty, There are two measures that have a great concern in the
senaitivity analysis, These two measures are flexibility and robustness.
They are difficult to quantify. Flexibility implies a low cost lor changing
a plan In response to changes in the underlying uncertainties. This opar be
measured by comparing the behaviors of the declslon and attribute variables
asgoclated with @ ocertaln path under two states having a confliet
difference In their exogenous vorizbles. Robustnesa implies that a plan
dosa not need to be modified over some reasonable range of uncertainties.
This can be xeasured by coaparing the benavicrs of the deolsien and
attribute variables associated with 2 certain path under two states having
& reasonadle difference in their exogencus variables.

MODELING THE CRITERIA OF MERITS
(Attribute Caloulations)

The investwent decision patterns and qualities of realized plans are
affected by many factors such as the oost of expscted pover generztion,
system reliability, finance, and demsnd foreasst. Tliese faclers constitute
tne criteria of merits in the generaticn planning.

Simulation model of the generaticn sysveas

The aimulation model provides the planner with a probabilistic method of
evaluating the major factors related to the production cost and reliability
af the generaticn system. This model uses the probabilistie preduction
costing techniques [9,70] and the methed of cumulants [11,12] =o simulate
the effects of generating units forced cutages. The model performs the
dispatch under upper and lower limitations on fuel usags as set by Lhe
planner. The simulation model conaists of two stages, In the first stage,
the loed curves should be modified to simulate the operation of the non=
thermal resources (hydro, pumped storage, wind, solar). Thus,tho annual
t.hn-ul load duration curve can be cbtained. In the second stage, the
ion of the thermal units within the year can be &lmulated

!;hn pobabilistic convolution technique [13,14]. The outputs of this
Lp are the wmimd‘mﬂmttmm two indices of

y




Manscura Bulletin Vol. 11, Wo. é. December 1985 £. 113

system reliability (the loss of lcad probability (LOEP) and the expected
unserved energy (UE)). Using these reliability indices, the planner can
easily check thal Lhey are nct outside the boundaries of the reliability
constraint,

The Cost Model

The cost model provides the planner with a method of readily comparing ard
evaluating generation allernatives by incorporating the relevant capitsl
costs wWith the estimated variable costs. Also, it allows Lo examine and
analyze the financial implications of an individual project or an entire
construction program. To evaluate the total present value assoclated with,
a particular expansion plan, the cost components to be ccnsidered for the
overall expansion plan are the fixed (capasecity) cost, the variable
(production) cost, and the reliability (unserved energy) cost.

The cost of a new generating plant comes from new finencing through the
sale of bonds and debentures referred to as debt financing and from the
sale of ccmmon and preferred stock, referred to as equity financing. The
recurn  (the money that the utility mast pay for the use of both debt and
equity money) is allowed as 2 revenue requirenent for rate-making purposes
and 1is a part of the fixed cost associated with an investment. The other
components of the fixed cost which are calculated through the service life
period include book depreciatlon, [(ederal and local income taxes, property
taxes, end insurance.

The [ixed cost of unit i in year t is simply given by;

Fcitt.).-.mt-uci- If::i $ — (N
where FCR, is the levelized fixed charge rate of unit 1, which is
calculated by considering the interest rate, capital recovery

factor, debt repayment, ecuity return, depreciation, income
taxes, property taxes, insurance, eto.:

UC is the unit cost of unit i ($/MW),

Ic! is the unit installed capacity (MW)..
The system annmual fixed cost in year t associated with a cecision
D(i,3,..,m,n) is given as; "

FCID(L, §yvepmyn)) = FCID(L, Jyee,m)] + I.:l FCy (8 $ -— {2)

Wnere, I is the number of new units added to tne system in year t
associated with the decision D(i,j,..,m,n).

Tae production ¢ost of unit L in year t is simply given by:-

where, FFitt) is the fuel cost of unit i in year t (§),
Ollu-.J is the operating and maistenance cost of unit 1 in year t ($),

ss (t) is the other variable ccsts (supplies, taxes, supervision,
. ete.) of unit 1 in year t ($).

Elnmlwﬂwaewwmwmtbeexpectcd energy generated from
unit 1 and they are calculated using the simulation model. The system
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annual variable cost in year t associated with decision D(i,j,..,m,n) is
given by;

I
ve[p(d, j,..,mn)] = = PC (L) $ —— ()
i=1 1

where, I 1is the number of units existed in year t associated with the
decision D(i,J.--,m’l‘l,-

The third component of the cost is the reliability cost of power
shortfalls that might result under states characterized by unexpected nigh
loads e.g., unduly high demands for back-up electricity by solar heating
and cooling customers, and/or low power output of solar generators — or
due to a major fuel supply disruptions. The system annual reliability cost
in year t associated with decision D(i,j,..,m,n) is given by ;

UEC[D(i, Jy+s,myn) I=UECD(4, 3, .. ,myn) 1% UEF(E) $ - (5)

\here, UE[D(i,j,..,mn)] is the system annual unserved energy c¢alculated
using the simulation model with considering the decision
D(i,jy-.,mn) in year t,

UEF(t) is the cost of MWH of unserved energy ($)
The system annual total cost in year t associated with decision
2{i,J,..,mn) is given by;
ATC[D(i,J,+.,mn)I=FCID(L, 3, ..,m,n) ]+VC(D(4, j,..,m,N)]
"'UEc[D(i,J,--,lI.nn 3 == (6)

The system annual present worth in year t associated with decision
D(i,j,..,myn) is given by;

PYID(4,j,..,mn)J=PWF(t) * ATC[D(L,j,..,mn)] $ —
\inere, PWF(t) is the present worth factor of year t.

Then the total present worth for the system over a peried from year t=i
through year t=T associated with a path P(i,j,..,m,n) is the sum of the
system present worth associated with the decisions included in this path
and is given by;

Z[P(i,J,..,ll,n)] = m[D{i)] + N[D(i,i)] * cseves +
W[DH,J.--.m)]-l-W[ﬁti.j,..,m.n)] s - (8)

Financial Model

The financial model provides the planner with the financial information
required to answer the following question: can the utility fund Cthe
expansion program with no cash flow deficit? i.e, is an expansion
alternative financially infeasible?

Through the construction period of each generating plant, the main Iilems
calculated are capital expenditure, construction work In progress (CWIP),
allowance for funds used during construction (AFUDC), and investment Lax
credit (ITC). Also, the model assists the planner to do financial planning
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ak m:lnwiqrmlnﬂiﬂﬁulmrmummtmmlumm:rui
incern=l werss extormal Floaoolng for sach generating plest by the poarest
Utiliesr.

For the estire otility, the model codoiders oconmiructlion espessdiiures,
ravense requiresents,  gensrstion and non generation asats, (ezes, aad

Financing sltarmatives to analyie The lmpock of o glwen ostratepy. In
to the meed to schiave a given level of oash, the model performs
lmg term ond short term € either aumording io specifien

eriteris or acoording to user-gupplied informaklion rogarding the asmount o
timing of spesifio Pinsneial isstrusenta. Alse, the model oaloulavezs the

heCelsary
totsl capitsl, rete base, or common equily 48 speclfled by Lhe planner,

Thes, the [Misencis] mods] allods the strategic planner to almilate the
44 of wvarioss constructlon programs, generstion plape, ooat ang
inflnf sosparion, ocmital sarket eonditions, snd  poguisitlon
eltarmatives o the consclldated Financial operation of utllity,

MINIMIZATION OF THE DECISION TREE

Oypen  though o sofpuler progras cannct coually gesdrote the emtire decisico
itres balow B given node, It can still penerate & portiom of that tres, In
mst of the possalble situgtlons inodes in the stste } Ehet migh

in tha plenning protess, [lor etampls, the owrsgs ion verinbls node
may Beve BiX . successora, but of these Six perfups only three would
conmidered "rodsonable® by o luman expertise. [ a program  oould

E

highedt: ressonable svaluation, 1t would still ba ssls to a¥coute
procdss 1 o réodonable alze, In order Lo r
portion of the redoonable deocinion Lros balow & given nods, 1T iz nsseamary
te  ficge Ehe "redgonableneas® of oodes in sone uay that s nobt  dependent
dpon Eaving fudged many of thelr sugonosor nodes, A
Tuncticn s ® method for estimating the valus of o node wvhish [z
dopendent on the valued of the muoccassors te the node. Elsebers, a dmamic
evalustion |8 required.

The major purpoas of thia asotion ls simply to
partion af complote declsion tree below @ given node, this is
oontrast to (ts purpose in muking oure that tha
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The system reliability as an attribute, which is evaluated by the two
veliability indices LOLP and UE, associated with a certain decision
variable is determined using the simulation model.

Let « and B are the LOLP and the unserved energy levels imposed by the
utility planner, respectively.

Thus , for a decision D(i,Jj,..,nym) in year t;
if LOLP[D(i, J,+-4mym)] 3 o
and/or UE[D(1,Jy+syn,m)] > B

Then, deecision D(i,j,..,n,m) is reliability infessible and can be pruned.
The system financial statement, which is affected by the financial impact
variables such as dividend pay out, new financing required, rate relief
required, and interest coverage, associated with a certain decision
variable is determined using the financial model. Thus, if these are out of
the allowable boundaries and/or their impacts cause a cash flow deficit,
then thiz decision is financially infeasible and can be pruned.

The system environmental impact variables, such as air quality, water
quality, sludge production, ash production, and noise, asscciated with a
ecertain decision varisble are determined using an environmental model.
Thus, if each of these variables is greater than the standard level imposed
by the utility planner, then this decision is environmental infeasible and
can be pruned.

Rule 2_Termination of the uneconomical paths

The search routine through the decision tree is directed to select the
series of decision variables which are feasible and cost effective. The
economical decision variables are those which achieve the objective of
minimum total present worth aver the planning horizon. These decisions
construct the optimal path. To judge that a certain path is cost effective,
there is a need to a relative comparison with another path. Alse, to
minimize the size of the decision tree, it is required to identify which
path in certain year would be the most economical one w.r.t, the overall
plan. Actually, this is not possible in the practical problems because, for
example, as each new generating unit 1s added to a system, it has the
potential for modifying the cost components (variable and fixed). But there
is a possibility to know which path is the cost effective one in each
subplan terminated at each specified year. This path can be defined as the
suboptimal path for each subplan, There is a possibility to determine when
each suboptimal path becomes uneconomical path in the future. So, a
reference path can be taken into consideration in parallel with each
suboptimal path to know whether it remains suboptimal or not in the future
years by making econcmical comparison between the total present worth and
the cost components associated with the suboptimal path and those
associated with the reference. If we are in the start of the planning
process, the first path in the tree is considered as the suboptimal path
and the reference path is the next path where all paths of the tree are
indexed from right to left.

Consider we have the two paths P(i,J, ..,mn) and P(m,i, ..,n,1) in year t
where;

Z[Pl4, §,..,m,n)] $ Z[P(m,i,..,n,1)]
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Then, P(1,J,..,mn) and P(m,{,..,n,1) are considered as the suboptimal path
and the reference path respectively. HNow, let F(t) be the difference
between the total present worth associated with P(m,i,..,n,1) and that
associated with P(i,J,..,m,n) in year t as;

F(t) = 3[P(m,1,.un.1)] s Z[P(l,j,...m,ﬂ)]

Comparing between the total present worth associated with these two paths,
one of the following conditions may occur:=

1) 1If the difference increases annually as;

Then, there 13 no chance for the reference path %o be econcmically
effective and thus can be terminated. This condition may cccur when the
reference path composes generating system which includes generzting
units of higher fuel prices or higher capital costs. And in turn, the
next patti can be considered as a new reference path.

2) If the difference decreases annuz2lly as,
F(t) 2 Ft+1) ?,F(toZ) 2 eees

Then, & break even point will be obtained and after this point the
reference path will be economically effective than the suboptimal path.
Therefore, the suboptimal path con be terminated, and hence the
reference path can be considered as the new suboptimal path and the
next path can be considered as a new reference path.

3) If the difference alters annually, then, neither of these Lwo paths
can be terminated until the end of the planning period. The path which
iz not terminated can be considered as the suboprtimal path and the next
path can be considered as the reference path.

Selection of the most economical path from the equivalent paths

In the decision tree of generation planning, there i3 a possibility to
select the moat economical path from those which are characterized as

equivalent paths. Two paths are equivalent if they have at the end of each
path the same criteria of merits (installed capacity, annual variable cost
and reliability indices). Actually, cach of the equivalent paths contains
the same 3ystem of generating units. Each system of generating uniss is
added to the utility in different sequences. The contribution of eaen
equivalent path to the system installed capacity, total variable cost and
the system reliability indices will be equal during the next period of
planning horizon. Therefore, an economical comparison among these
equivalent paths with o static look ahead at the end of sach path is quits
enough to decide which path will be economically effective in the end of
the planaing horizon instead of using dynamic look ahead for the remaining
norizon in the plan,

For the two equivalent paths P(..,i,m,n) and P(..,i,n,m), there are only
two possible conditions:-

a) The first condition yields;
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FCLD . ol om,nd] -?.rmntlul-lnldl
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This means that the differsice in total present worth of these
egquivalent pathd increasea anmually. Aod in burn, thers L8 no possib
that Ehe path Ples,lmA) oan producs less Sobal present worth than
path Plesl,nml. Then, path PM.ol,mn) cin be torminatsd Frog
search routing.

(b} Tha second comdition yiclds:
Felpd. . im0l £ FEL00..,1,n,30)

[Pl 4,mnl] > Z[X..,1,n,m)]

This meand that the difference between the total present worth of these tuo
wpuivalent peths decreasess  anmually smd 1o turn the peth M., i,n.m)
uhilch La sconomioally effactive in this yesr will not remaln do after soms
¥oord In the future and thus it suat be ocalled Mer the Situntion abk Ehe
wid of *he planning horizon as;

F (T}« F_[E) = USPWF{T=L) B
¥
T ia the muber of yoors of the plamning period

USAF(T-t) ia the uniform series pressst worth (aotor of toe
tnterval(T-t), whicn Ls given by;

V= 1ei {752

w4
B‘I{t] = FCID¢. ., 1.0m) - FOIDC. . 1m0 ],
I s the interest rste.
hen, LI rml'r:l is +ve. value, path Pl..,4,m,n) can by Lerminated. Bat Af
FMH'.'I i -ve. or zero value, path #(.,.,1,n,m) can be terminated.

and,

=
ZE

and,

]

USPaF =

The solublon of the geperstion expansion planning problem required an

E
|

iy
sk
il
il

11

if
itk
{ giggh
il :
il
Efﬁifﬁig

produce = global solution whish ls satisfactory for oll states, we
esloulste the sm of mitiplying the sttribute veriables nssoclated

j under certain stute by the probability of “hat atobe. Thus
global optimal salution can be obtained and Alsoc a variaty of paths
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fplans) can be generatsd and recommended with respect to all stakes, The

proposed Gtechmique develops the decislon btree concept to mct as an  expert

aystem applicable for solving tlie generation planning problem, This expert

gystem consists of; .

1} A knowledge base (or inowledge source) of domsin facts and heuristics
associated with the generation planning problem.

2) An inferepee procedure (or control structure) for utilizing the
Inewledge base in the solution of the generaticn planning problem,

3) A working memory (or global data base) for keeping track of the probler
astatus, Lthe input cata for the particular problem, and the rolsvanc
history of what has been done.

Pt aistad APPLICATIONS

As an exanpls, consider ihe generastion planning for a system based on
the EFRL Synthetic Utility "D" [15] which currently has 52 existing units,
described in table 1. The planning herizon Is nine years beginning in 1990,
Future installation oosts escalate at an annual rate of 6%, and fuel costa
at 7% for uranium, 6.1% for coal-derived liquids, 6.75 for coal, and 7.U%
for 0il, The emergency energy cost is 250 3/WWh with an annual growth rate
of 12%. A discount rate of 154 is used in computing present  values,
Table 1 gives three Lypes of alternative units wnich are avallable (or
installation in each year, 8 light water nuelear reactor, an oll burning
sombined evele unit, and a combustion turbine burning coal—derived liguids.
Tabla Z shows the forecasted load data. Costs ara based on projections for
1955 escaleted to the beginning of the planning horizon.

Description of secenarios

The planning process i designed to explore alternative courses of zction
that could aveid the affect of the future uncertain svents, Calculations of
the financial impacts on the utility from that events and the potentinl
alternatives are necessary inputs to the decision making process. Four
different svenkts {scenariocs) are analyzed:-

1= Hormal operaticn of all units.

2- 503 cerate of a base uniz, 500 MW coal unit, beginning in 1993.
3~ Normel fuel supply.

U= 10% il digruption beginning in 1994.

In the first case, it I5 assumed that 31l permita and license amendmenta
are received in time to allow normal oceration. Scenario 2 depicts trne case
where it I3 epparent that a required modifications in the unit cannct be
completed on time and the unlt are derated to extend the shut down dato,
In the third event, it 13 assumed that all required amounts of fuel =re
avallable and there is enocugh stock. Soenario 4 addresses the finaneial
impaet on the urility from o 10% oil disrupticn bdeginning in 1994,

Sgnnitivities

ds 1t is for any study, the results are valid only to the axtent that
reasonable assumpticns are made, The total number of model runs Lo fully
quantify Lhe rangs of uncertainty in the input assurptions is equal to
the number of possible states that may occur. The input load assumptions
are selected Lo test the sensitlvity of the results to changes 1in these
assumptions. The zelections are made based on the anticipated sensibivity
to changes in Lhese assumptlons and because of the degree of unecertainty
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Table 1 Significant input unit data

Type Size | Capital | Operating | Forced
Cost Outage
Of) | ($/KWH) | (MILLS/KWH)| Rate %

Committed and existing units

Nuclear 1200 - 10.41 14.9
(total,
2 units) (2400)
Coal 600-200 - 17.88-18.93}15.5-3.1
(total,
12 units)| (3600)
0il 800-200 = 45.68-45.29}17.6-8.1
(total,
G units) (2600)
Combustion
Turbine 50 - 61.57 10.5
(total,

29 units) (1450)

Candidate units, available each year :

Nuclear 1000 1818 10.41 1.9
Combined

Cycle 300 764 38.31 10.0
Combustion

Turbine! 100 453 62.22 10.5

Table 2 Significant input load data

]

Forecast ;

ek Year ; Hi Range; Mid Range jLow Range

Energy 1990 43000 43000 43000

(GvH) 1994 52316 51071 49849
1998 61202 58604 56104

Peal Demand 1990 8250 3250 8250

(M) 1994 10037 9798 9564
1998 11742 11243 10745

‘associated with each one., A description of ecach model run, for each state
k k=1, ..., 12), is contained in table 3.

Results

The present worth is selected as a financial parameter to analyze the
potential impact of the various scenarios. The total present worth is
selected because it represents the prime objective. The significant output
results are presented in tables 4 and 5, Table 4 shows the associated

12
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Table 3 [Deseription of model runs

Rum) State | Frob: | Energy il GO0 Md
3 i¢ |B{k) |Fopenast| Supply Coal unit
. Operation
T 1 [0.363%] Hid. Wormal Hormal
2 2 (0020 “id. Horeal S50% dersbe "33
3 3 |0.074| Hid.: GO Mo 04 Normal
44 4 j0.040) Hide | P08 N, '94)50% derate '93
5 5 1054 Hi. | Hormd Normal
& 6 |[0.051] Hi. Hormal 50% derste "33
T T p0.030 Hi. o0t H. "94 Nermal
- BL I e L) ' 0% M. "94190% derace 'Oy
(9 |0.099] Los Wormal Hormal
10 T [0.032] Lo ormal 50% dermkbe 4973
11 11 {0,020 Lo o0: N 94 Hormal
i2 12 }0.006] Lo GOt W "o |50% dersts 93

capatity odded with the optimal sclution iplan) of each state where 4 la
tha Hgnt wWater woclear resobor of 1000 MW, B8 (3 the oil burming ocombined
=yzle af 300 MY, and C 18 the combustion turblme burning combined myele of
{00 (FW. The tsble shows for. esch optimal plan the ssaccisted bobal added
sapatiby (TACY im MW mnd the total presant worth (Z) in million 3. Also the
tzble  shows the assooiated capacity added with the global cptimsl solution
1t the smscoisted weighted tolal presont Worth,

fnch potantisl plan iz subjected to & semsitivity enalysis and recommended
Witk Peapeat bto the Dhe senslbivity sessures, robusboess asnd Plexdbllity.
Table & showd & sensitivily snalysis of the global eptisml plen wiers the
annual pregent warth (PW) =nd the tobal preseat worth in all scenarloas  are
analiyzed. [From Ehe pnelysis of thia plen, It 15 recommended ps a highly
[lexiblyg and robssbngds plan bedausast-

¥ there i no nobicesble change in the capacity added when it mowves [rom
atdte Lo angthar Stale,

U the relotive chapges in Ehe total present Worth deemd Lo be  little
with respect Lo the botel present worth associated with the optimal
plan of ssch stste. Aldo, It 18 recommended as on epblmal seiublon under
atate Ho. § {tabla Hand ps @ near optimal solution under the states 2,
3,0, T and 1T

Tabla 5 ahows the lepaot of esch stete om the present worth dssoclated
with the globsl optlmim plen.  Under the medium ronge of energy
foresasting, there 15 @ 1.75% inersase in the total present worth due to
the S0% darating of the 600 MW coal unit begioning in 1963.

COMCLUSIONS

This prosents a propased technigque suitable Ffor the problem of

genorsitlon axpansion planning, Thia techaique i3 bamed on the deglsion tree

CONCERT and has the rollewing agvenTages:—

# Tt hay sufffeient robustness, where the uneertainty can be radeled by
defining = number of possible states that are likely to occur.

# It allows for the bumean decision meking ond hence makes uyse of the
planner sxperienco and the management guidance in the planning process.
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Table 4 The optimum generation plan in each state and the global optimum solution.

Table 5 The cost analysis of the global optimum sglution,

THE PRESENT WORTH ASSOCIATED WI'TH THE GLOBAL OPTIMUM SOLUTION THROUGH THE PLANNING HORIZON _...muﬁa.m_.
State | State ; State } State } State | State | State | State | State | State | State | State |PRESENT
YEAR} No. 1} No. 2 { Ho. 3 { lio. § | No. 5 | No. 6 | No. 7 | Ho. 8 | No. 9 | No., 10} No. 11} No. 12 WORTH
50 PW P Pul Py Pu P PW PW P PU P

1990] 997.78, 997.78] 997.78% 997.78, 997.78| 997.78} 997.78{ 49/.78} 997.78{ 997.78% 997.78] 997.78| 997.78
1991} 964.36) 964.36; 964.36] 964.36! 971.31] 971.31] 971.31} 971.31| 957.07] 957.07] 957.07| 957.07; 962.01
1992] 977.29) 977-29{ 977.29) 977.29| 983.88| 938.88 988.88 988.88] 966.65] 966.65; 966.65| 966.65| 975.50
1993; 931,30} 961.50] 931.30] 961.50} 949.45| 980.82] 949.45| 980.82] 913.55] 942,14} 913.55] 942.14| 938.00
1994 9U5.84; G62.88| 947.16} 971.81} 965.27] 983.66| 966.88} 986.03] 927.80] 943.40| 928.79| 944.83] 949.97
1995 890.23} 910.21] 892.19| 919.65; 914.95; 936.27| 917.49| 945.06| 868.16} 864.57| 874.51| 886.59| 902.80
1996; B858.19) 883.05| 860.00| 887.31) 887.93; 910.88) 892.23| 919.18| 830.20| B48.05] 836.38| 849.81] B65.26
1997, 828.12; 854.22| 829.85{ 858.14] 864.51] 886.81 868.61] 8495.12] 795.90{ 313.70] 801.94; 815.25] 836.37
__ 1998} 801.18{ 826.51| 802.81] 830.36] Bu2.24| 866.29) 850.79| 879.60] 763.29| 782.02) T7H.20| T783.34{ 815.18

Al
| z |8194.30|8337.80|8202.80| 8468.20|8382. 30| 8522. 70| 8403. 40| 8564 .40 8020. 40| 8135.40} 8050.90}8743.50! 8242.80

m
THE CAPACITY INSTALLED FOR THE OPTLMUM PLAN IN EACH STATE g

Stoto | Stato | State | State | State | State | State | State | State | State | State | State |Global
YEAR| No. 1 | No, 2 | No. 3 | No. 4 | No. 5 | No, 6 | Ho. 7 { No. 8 { No. 9 { No,10 | No.11 | No.12 {Soluti o
A B CA B CJA B CIA B ClA B C{A B C{A B ClA B ClJA B Cla B CjA B C{a B ClA B Cf >
1990{1 0 041 0 Oj1 O Of1 & O} O 01 © 0j1 O O}1 O Of1 0 Of1 0 Of1 0 0;1 O 0j1 O O m
199110 0 0j0 0 oj0 o oo 0 ofo 0 1j0 € 1{0 O 1;0 O 1}0 0 ©0j0 O 0JO0 0 O} © 0} © 1 m.
.Gmu;aa_oodcodoo_o.o_oo_coﬂoo_aooom._oo_oom_oa <A
1993{0 0 0jo 0 0j0 0 0j0 © ©0/0 O 0j0 O 0,0 O 0j0 0 0j0 0 O[1 0 0fO 0 Oj1 O 0{j0 O O} ~
19940 0 1{0 1 ojo 1 1}o 1 2j0 D 2}{1 0 0{0 1 11 O 0Oj0 O Oj0 O 0j0 0 2|0 0 2{1 0 0f =
1995{1 0 ojo 1 1jo 1 oft o oj1 0 ©0j0 0 oj1 o olo o 2{0 0 2{0 0 2{0 1 0{0 0 2{0 0 0] =
1996;0 O ©0{1 0 O{1 0 O{0 O 0j0 O 00 71 0j0 0 0;0 1 141 0 Gj1 0 0;0 0 2,1 0 0{0 1 O}
199710 0 20 0 0}0 O 040 1 O{0 1 110 1 0j0 1 1|0 1 1j0 0 0{0 0 00 1 0j0 0 0;0 1 Of ¥
uwowo_._comeowa._oc_ﬂc.ﬁoumo_moa“ooéaddoaqnuﬂM
TAC | 3700 | 3900 | 3900 | 4100 | 4100 | %100 | 4400 | 4600 | 3300 | 3500 ) 3400 | 3700 | #100| 8
-,
Z 18109.32{8331.2618192.88} 8364.87|3343.27|8522.70{8398.22]8560.35; 7893.72,8063.208; 8045.43}8107.02{ 8242.80 m
=
%
=
g
o
L
N
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gneroted plang where some of whnich are sstisfactory under certaln stales
and others are satisfactory for all states. also, the more probable
atate may take more sttentiop in the anmalyais and Ln turn lks solukion,
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