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Abstract — Transmission expansion planning corresponds to a
very relevant issue that should not be forgotten in the scope of the
implementation of market mechanisms in the electricity sector.
This paper describes a multicriteria model to perform
transmission expansion planning exercises that combines
probabilistic models to represent the reliability of system
components with fuzzy models to incorporate the uncertainty on
load evolution along the planning horizon. This formulation also
outputs long-term marginal prices that can be used to compute
the Marginal Based Remuneration. The paper includes a case
study based on the Portuguese 400/220/150 kV transmission
network.

Index Terms —  Transmission expansion-planning,
uncertainties, probabilities, fuzzy sets, Simulated Annealing, long-
term marginal prices.

|. INTRODUCTION

I n several countries, the eectricity sector went through a
restructuring and liberalization process that has been placing
several challenges to agents acting in the sector. Among them,
the development of tariff approaches to remunerate the use of
networks in general, and transmission networks, in particular,
is certainly one of them. The literature on this topic includes a
vast number of publications regarding methods to allocate the
cost of using the networks to the users. These methods can be
gathered in three main approaches: embedded cost average
methods, incremental approaches and marginal ones. Among
them, margina methods are the most interesting ones given
their technical robustness and their ability to transmit
economic signals to the network users in order to induce
higher efficiency levels. They are based on the calculation of
nodal marginal prices reflecting the impact on the objective
function of having a change in a given bus load.

Nodal marginal prices [1] can have a short or a long-term
nature depending on the time horizon involved. In the first
case, the objective function only includes operation costs,
while in the second it also reflects investment costs. Short-term
marginal prices are typicaly very volatile and they typically
lead to the Revenue Reconciliation Problem [2,3] as they only
alow the recovery of asmall percentage of the regulated costs
of a transmission company. On the contrary, long-term
marginal prices inherently address these problems since they
are much more stable along the horizon — they include a long
term trend due to investment costs — and the revenue problem
is eliminated — once again due to the incorporation of
investment costs in the objective function. However, long-term
marginal prices are more complex to compute as that they
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require solving a long-term expansion problem. Transmission
expansion problems are very complex to address as they are
multi-period, dynamic and discrete and they are affected by
several uncertainties.

This paper describes a mathematical formulation to the
transmission expansion problem addressing in an holistic way
the issues just referred. Investments are treated in a discrete
way, it incorporates uncertainties affecting the reliability of
system components and the load evolution aong the horizon
and it displays a multicriteria nature. The paper is organized as
follows. After this introductory section, Section Il briefly
describes Simulated Annealing, since this was the used
optimization tool, Section Ill details the formulation of the
problem, Section 1V describes the solution algorithm, Section
V describes the computation of nodal marginal prices, Section
VI presents the case study based on a real transmission
network and Section VI draws the most relevant conclusions.

Il. SIMULATED ANNEALING — AN OVERVIEW

In the last decade, several optimization techniques emerged
both in conceptual terms and in current applications often
called metaheuristics. Simulated Annealing is just an example
of one of them. It can be used to address combinatorial
problems, CP, due to the presence of discrete variables.
Traditionally, this type of problems was tackled in a two-step
approach. In afirst phase, discrete variables were relaxed into
continuous ones, and then the output was rounded to the
nearest integer. This approach has the fundamental drawback
of not ensuring that this integer solution corresponded to the
optimal one. Other approaches adopted branch-and-bound
based techniques, usually leading to a large amount of
computation time. It should also be referred that severa
continuous optimization agorithms — as gradient based
techniques — have the conceptual problems of converging to
loca optima aso very frequently depending on the
initialization conditions. However, in severa red life
problems, decision makers are frequently not interested in the
global optimum. This rea life characteristic diminished the
accent on global optima and emphasized the concept of good
engineering solutions.

Simulated Annealing was developed by Kirkpatrick et a
based on the Metropolis agorithm [4,5] dated from 1953. It is
a search procedure that includes the possibility of accepting a
solution worse than the current one. The algorithm starts at an
initial solution, x;, evaluated with an evaluation function,
f(xq) . Then, it samples a new solution in the neighborhood of
x1. If the new solution improves f(x;), the new solution is
accepted. If it isworse, it can still be accepted depending on a
probability of accepting worse solutions. This mechanism aims
at introducing diversity in the search procedure as well as
allowing the iterative process to escape from local optima. In a
more formal way, the algorithm is summarized as follows.



Simulated Annealing Basic Algorithm

i) Initialization: Select an initial solution x; in the solution
space X. Evaluate xq, f(x1);

i) Assign xq to x" and f(xq) to f(x"). The sign * denotes
the best solution identified so far;

iii) Step n=1, 2,..., n. x, denotes the current solution at
iteration n. Obtain a new solution x in the neighborhood
of x,, using asampling process;

iv) Testing:

a if fx)£f(xy),assign x 10 xp4q;
if f(x)£f(x*),assignxto x* and f(x) to f(x");

b. ese
get arandom number pin [0.0.0] ;
evaluate the probability of accepting worse solutions
at iteration n, p(n) by (1) where K is the Boltzman
constant.

f(xn)-f(x)

p(n) = eKXemperature

D
if p£p(n) thenassign x tO xp4q;
v) Endif astopping ruleis reached. Otherwise go toiii).

Simulated Annealing has an analogy with the cooling
process of a thermodynamic system, TDS. In this analogy, a
state of a TDS is equivalent to the solutions of a CP. The
energy of a TDS corresponds to the evaluation function, f, of
the CP and the temperature of a TDS corresponds to the
control parameter of the CP problem. Asin TDS systems, the
Temperature should be cooled in a slow way. This enables
sub-systems to reorganize themselves so that a low energy
system is built. The temperature parameter T is usualy
lowered by steps. In each step the algorithm performs a
maximum number of iterations. Once this maximum is
reached, the current temperature is lowered by a cooling
parameter a , in [0.0:1.0] . This means that at the beginning, the
probability of accepting worse solutions (1), is larger turning
more probable the acceptance of worse solutions and making
the search more chaotic. As the process goes on and the
temperature lowered, it gets more difficult to accept worse
solutions meaning that the search is being conducted in a
promising area from where one doesn’'t want to leave. The
Simulated Annealing agorithm proceeds from one solution x
to another one in its neighbourhood, N(x). The structure of
N(X) is quite simple to define in discrete problems, as
expansion planning ones. One departs from an initial solution
and simply samples possible equipments to add to the system
or to eliminate from the current solution. Finaly, the search
procedure ends if a stopping rule is achieved. This can
correspond to the absence of improvements in a pre-specified
number of iterations, to perform a maximum number of
iterations or to lower the temperature till aminimum level.

I11. MATHEMATICAL FORMULATION

A. Short Term Analysis

The operation cost can be evaluated using a DC based
model (2-6).

min OC = & ck.Pgk + G.& PNSk 2
subj & Pgk +& PNSk =& Plk 3
PgR"" £ Pgk £ Pgiy™ (4)
PNSk £ Pl ©)
PN £ 8 apk.(Pgk + PNS - Plk) £ P& (6)

In this model, ¢, , Pgi , Plk and G are the variable generation
cost, the generation and the load connected to bus k and a
penalty specified for the Power Not Supplied. Pgl™™ and

Py are the generation limits in node k, A" and A" are

the limits of the active flow in branch b and aw is the

sensitivity coefficient of the active flow in branch b regarding
the injected power in node k.

One can include an estimate of branch active losses by
running a first dispatch problem as (2) to (6) and then
obtaining voltage phases so that the active losses in branch ij
are approximated by (7). In this expression, g; is the branch

conductance and q; is the phase difference across the branch.

Once this estimate is obtained, loads are atered by adding to
each of them half of the losses of the branches connected to
each node. This change on the load vector requires an
adjustment of the generation vector by running again the
dispatch problem. This defines an iterative problem that ends
as soon as the phase in each bus in two successive iterations
gets smaller than a threshold.

Lossjj » 2.gjj.(L- cosdij)

()
B. Long Term Analysis

According to the ideas in [6,7], the transmission expansion
problem includes the following four criteria:

- Operation Costs, OC, given by the sum of the cost of the
dispatch problem (2-6) for each period p of the
horizon, ocp , referred to initial period using areturn rate
r. Admitting that the planning horizon is discretized in np
periods, OC is given by (8);

np-1 OCp
C= & 8
o0 L+ 1)P ®)
- Investment Costs, IC, given by the sum of the investment
costs in each of the np periods using an expression similar
to (8). In each period I1C, results from the expansions

selected for that period;

- Expected Value of the Non Supplied Energy, EENS, in
order to characterize the expansion plan from the point of
view of the quality of service. The evaluation of EENS is
detailed in Section 1V;

- Exposure Index, lexp, in order to evaluate the risk of the
expansion plan regarding load uncertainties. These
uncertainties are modelled by trapezoidal fuzzy numbers
according toideasin Section IV.

C. Mathematical Formulation

The transmission expansion problem is a multicriteria
problem formulated by (9) to (13). In this formulation f is the
vector of criteria, X is the discrete list of possible investments



and Y represents operation variables as voltage phases,
generations and active flows. Expressions (10) are operation
constraints for each period of the horizon and (11) are
congtraints related for instance to limits on the investment in
terms of their value or number specified either per period of
the horizon or for the entire planning horizon.

minf =[OC,1C, EENS, | exp] 9)
subj AX+BY £d (20
CXEc (11)
limitsonY (12

(13
IV. SOLUTION ALGORITHM

A. Dealing with the Reliability of Components

The qudity of service of the transmission grid was
evaluated computing an estimate of the Expected Energy Non
Supplied, EENS. This estimate can be obtained by running for
each period of the planning horizon a Monte Carlo Simulation.
This method has a number of different approaches to perform
the sampling of system states to analyse. Non-chronological
sample strategies are based on Forced Outage Rates of
components to identify states in a non-chronological sequence.
In this case, it is possible to evaluate an estimate of the
expected vaue of the Power Not Supplied, PNS.
Chronological samples require the use of both Forced Outage
Rates and Repair Rates so that for each state it is also sample
its duration. In this case, it is possible to obtain an estimate of
the Expected Energy Non Supplied, EENS. The price to pay is
a much larger computation time of the smulation. References
[8] describe a pseudo-chronological sampling strategy based
on a traditional non-chronological one. As the sampling
procedure evolves, once a failure state is identified they are
performed backward and forward sampling till previous and a
next success states are obtained. This approach still allows one
to estimate the Expected Energy Non Supplied, EENS, with
the advantage of a much reduced computationa time when
compared with a pure chronological sampling.

B. Dealing with the Uncertainties on the Load Evolution

Fuzzy sets emerged in the 1960’'s and can be considered an
extension of Boolean sets since they admit an infinite number
of membership degrees of an element x to A. In normalized
fuzzy sets the elements of the universe X are mapped by a
membership function m(x) in [0.0;1.0] leading to a set of
ordered pairsasin (14).

A ={x,mg (). xT X}

A fuzzy number is a specia class of fuzzy setsin which the
membership function is convex and piecewise continuous. In
Figure 1 we represent a trapezoidal fuzzy number that can be
used, for instance, to trandate a proposition like “The load in
bus k is most likely in [a2;a3] but values in [al;a2][ and in
]a3;a4] should not be discarded”. Fuzzy sets in general, and
trapezoidal numbers in particular, can be used to deal with
incomplete information or with the inherent subjectivity that is
present in numerous human language expressions.

(14
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Figure 1. Trapezoida fuzzy number.

During the 90" several models were developed to
incorporate load uncertainties represented by trapezoidal fuzzy
numbers in power flow studies. In this scope, references [9,
10, 11] describe an AC Fuzzy Power Flow Model, a DC Fuzzy
Optimal Power Flow Model and a model to evaluate the
impact of load uncertainties in nodal short-term marginal
prices. Reference [10] details a model to build the membership
functions of optimal generations, active branch flows and
phases. If necessary, it also leads to the membership function
of Power Not Supplied, PNS, in the sense that the system has
no capacity to accommodate load uncertainties below an
uncertainty level a . This value is determined by insufficient
generation capacity, by bottlenecks in the transmission system
or by situations where there are simultaneously problems at
these two levels. Figure 2 illustrates a membership function
obtained for PNS. Above level a the Power Not Supplied is
zero indicating there is enough generation and transmission
capacity to accommodate load uncertainties. Below a , PNSis
not zero meaning that the system is exposed to load
uncertainties till level a . This means the Exposure Index
corresponds to the highest a for which the Power Not
Supplied is not zero.

m
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a

| PNS1 PNS (MW)
Figure 2 — Membership function of Power Not Supplied.

Using these ideas, the DC Fuzzy Optima Power Flow is
run for each period p in the planning horizon admitting that
loads are represented by trapezoidal fuzzy numbers. This leads
to the Exposure Index per period p, leqpp - IN @n aggregated
way for the entire horizon an expansion plan can be
characterized by the arithmetic mean of the values per period
(15) or, in a more conservative way, by the maximum of the
values per period, asin (16).

1P

lexp = n—p-pa::l'.@(p,p (15)
lexp = max(lexp’p;p = 1...np) (16)

C. Addressing the Multicriteria Problem

The multicriteria problem (9) to (13) can be addressed by
aggregating al criteria in a single function reflecting the
importance that the Decision Maker, DM, gives to each
criteria. This requires the definition a priori of these weights so
that the search procedure gets in fact immediately directed.
Other approaches aim at identifying the non dominated border
of the solution space to be presented to the Decision Maker.



The DM can then conduct a Trade-Off analysis, for instance,
to get more complete information.

Instead of any of these approaches and considering the
complexity of the problem under analysis, the developed
application starts by identifying a first non dominated solution
using thee-constrained method [12]. This method requires
that all criteria in (9-13), except one, is converted into
constraints by specifying aspiration levels. In our case, the DM
specifies aspiration levels for the Investment Cost, for EENS
and for lexp so that we get an auxiliary single objective
problem to minimize Operation Cost. This non dominated
solution is then presented to the DM. If he is not satisfied, he
modifies the aspiration levels and solves the single objective
problem again.

D. Solving the Auxiliary Sngle Objective Problem

The auxiliary single objective problem still retains much of
its complexity given its discrete and combinatorial nature. This
is addressed by providing a list of possible expansions and
reinforcements to be used to obtain a consistent and global
plan. This means that the plan should not correspond to a
sequence of yearly plans built in successive and independent
way. Apart from this, if an installation is built in a period p,
then it will be available on the next periods. Conversely, if itis
removed from the current solution in period p, then it will also
be eliminated from all subsequent periods. The solution gets
more readlistic by imposing limits on the number of
installations to be built per period or to the number of
installations to be built in the whole horizon, reflecting
financial constraints. These constraints can be aso be
formulated by directly imposing limits on the yearly or global
investments instead of limits on their number.

The next algorithm details the application of Simulated
Annealing to the transmission expansion-planning problem:

i) Consider the current transmission/generation system as
theinitial topology and denoteit as x°;
ii) Analyze the current solution:

a. solve an optimization problem according to (2) to (6)
to evaluate the short-term operation costs, OC, related
with the current topology;

b. compute the IC, lexp and EENS and the Evaluation
Function, EF, by (17);

EF° = OCO + Pen1.IC° + Pen2.| exp®+ Pen3 EENS®

C. assign EF° to EFOPt and to EFcurent

d. assign x° to x9Pt andto xourrent

e. settheiteration counter, ic, to 1;

(17)

f. set the worse solution counter, wsc, at O;

iii) Identify a new plan, selected in the neighborhood of the
current one by sampling one of the periods, and then
sampling a new installation to build, among the ones in
the list of possible additions, or to decommission, among
the existing ones. This plan is denoted as x"& ;

iv) Analyze the new plan:

a. check if the number of installations to build per period
exceeds the specified limit. If it does, discard this
solution and return toiii);

b. compute ocnew  |CNeW |exp"®W  EENS'W and EFNeV ;

v) If EF"eW < EFOPt then

a. assign EF"W to EFOPt and to Ercurrent ;
b. assign x"™ to x%t andto xcurent ;
C. set the worse solution counter, wsc, at 0;
vi) If EF"eW s EFOPt then
a. get arandom number pi [0,010];
b. compute the probability of accepting worse solutions
p(x") by (18);
E,:current_ EFnew

p(x"eW) = e KT (18)
c. if p£p(x"™W) then assign x"W to xcurent gnd EFnew
to EFCUfl’eI"It '

d. increase the worse solution counter, wsc, by 1;
vii)If wsc is larger than a specified maximum number of
iterations without improvements than go to ix);
viii) If the iteration counter ic is larger than the maximum
number of iterations per temperature level then:
a. decreasethetemperature T by a smaller then 1.0;
b. if the new temperature is smaller then the minimum
allowed temperature then go to ix);
C. settheiteration countericto 1;
Else, increase the iteration counter ic by 1;
Go back toiii);
iX) End.

V. NODAL MARGINAL PRICES AND MARGINAL
REMUNERATION

The marginal price of electricity in node k at instant t is
defined as variation of the objective function of the
optimization function regarding a variation of the load in that
bus at that instant [13, 14]. This corresponds to expression
(19).

it ()
TP (1)

These prices typicaly display a geographical dispersion
given the distribution of generation and loads along the
network, the limits of branch flows and the losses. Apart from
that, they can be computed in terms of two time scales. Short-
Term Margina Prices, STMP, reflect operation costs and are
easily computed as sub-products of the solution of an
optimization problem. In particular, for a linearized
formulation as the dispatch problem (2) to (6), nodal marginal
prices for a given instant in which there is a set of nodal load
values are related with the values of the dual variables when
the optimum is reached. For this dispatch problem, the short
term marginal priceis given by (20).

TR
Py

re(t) = (19)

Nk =G + g M - é m

ik i : TPl
In this expression, g; isthe dual variable of constraint (3),
Loss represents the active losses in all system branches, m

(20)

*Sik

isthe dual variable of branch flow limit constraints (6) and s;
is the dua variable of constraint (5) related with node k.
Typically, STMP are very volatile since they depend on the
load level, on the distribution of loads aong the system, on
generator or branch outages and on generation costs. However,
they are used in several countries to define aterm of the tariffs
for use of the networks.



When computing STMP the components of the network are
considered fixed. Differently, if the time horizon is longer and
one admits expansions or reinforcements, then the objective
function can incorporate not only an estimate of operation
costs along the planning horizon but also investment costs. In
this case, we are interested in long-term marginal prices,
LTMP. These prices are much more complex to compute since
investments have to be decided in the scope of a transmission
expansion planning problem. Reference [15] details the

computation of Investment Cost Related Prices, ICRP, used in ermesinad—

England & Wales to determine transmission use of network
tariffs as an approximation to LTMP.

LTMP can no longer be defined by an expression as (19)
given that transmission expansion problems are discrete. This
means that an incremental type expression as (21) is more
adequate. In (21) DCOand DCI represent the variation of
operation and investment costs if there is a variation DRI, of
the load connected to node k. Given this definition, these
prices are possibly more correctly named as Long Term
Incremental Prices[16].

DCO + DCI

LTMPy = —— + ——

21
DPl,  DPly (21)

The computation of the Marginal Based Remuneration,
MBR, assumes that each load pays and each generator is paid
the electricity at the nodal price at the node they are connected
to. If T, isthe duration of period p, LTMPy, Pl and Py

are the LTMP, the load and the generation in node k in period
p, np is the number of periods and nnodes is the number of
nodes, then MBR is given by (22).

np nngd&s
MBR = pzilTp ka_lLTMPpk.(PI pk - Pgpk) €

(22)

V1. CASE STuDY

A. Portuguese 400/220/150 kV Transmission Network

The described agorithm was used to build a 6-year
expansion plan for the Portuguese National Transmission
System [17]. Portuguese regulations require that the TSO
submit to the Regulatory Agency, ERSE, such plan and the
first one was prepared for 2002-2007. It was admitted a yearly
load increase of 3,5%, a return rate of 10%, a maximum
number of 36 investments per year and a number of new power
stations to be commissioned (4 combined cycles of 392 MW
each in 2002, 2004, 2005 and 2006 and two hydros with 236
and 178 MW in 2002 and 2004).

B. List of Possible Investments

The Planner specifies a list of possible expansions that can
be implemented along the planning horizon. Table 1 presents
part of the list specified for this case study. For each element
in this list, they are indicated the extreme nodes of the
equipment, its type (overhead line or transformer and the
corresponding voltage), the rated power and the investment
cost in million Euro. The complete list includes 180 possible
investments. It should be said that it is possible to duplicate
lines or transformers between the same extreme nodes, thus
increasing the combinatorial nature of the problem.
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Figure 3 — The 400/220/150 kV Portuguese transmission
network in 2002.

C. Expansion Plan for 2002-2007

The proposed algorithm selected a plan that includes 100
investments distributed as follows: 36 in 2002, 12 in 2003, 27
in 2004, 14 in 2005, 7 in 2006 and 4 in 2007. Table 2 gives
information about the distribution of the investments detailed
in Table 1 along the planning horizon.

D. Long Term Marginal Prices

Once the most adequate expansion plan was identified,
long-term nodal marginal prices were computed for each year
of the horizon. Table 3 shows these prices for some of the
nodes. As aresult of the expansion, the network will have 208
nodes by 2007 compared with 159 in 2001.

E. Characterization of the Adopted Solution

Table 4 presents results to characterize in a more complete
way the selected expansion plan. For each year this table
includes the EENS in GW.h and in % of the demand, the value
of lexp, the long term marginal remuneration (YLTMR), the
operation costs (YOC), the investment costs (YIC) and the
total costs (YTC). The mentioned Table also includes the
global values for the total costs (TC) and for the long-term
margina remuneration (LTMR) as the sum of the yearly
values adjusted by the return rate referred in Section 111.B.
This Table also presents the percentage of the total costs
recovered by the long term marginal remuneration, LTMR.



Table 1 — Partia list of possible investments.

- the exposure index has a similar evolution. In any case, if

No. |Extremenodes| Type (kV) p”méx (Mw) | CI (x10%) the load evolution is confirmed in the first years of the
WE IR ine 400 14800 10778 horlzon, the_plan can aways pe adapted to include more
> T2 [ a1 o0 240 5313 investments in the final years since Portuguese regulations
ne ’ ’ impose that it is updated every two years;
8 | 28| 164 | Linel50 2340 1,99335 the percentage of cost recovery, 99,45%, virtually ensures
4 | 186 | 108 Line 150 277,0 1,6401 the full recovery of regulated costs and should be compared
5| 1 | 101 Line 400 1386,0 5,208 with very small percentages (between 10 and 20%) referred in
6 | 192 | 31 Line 220 344,0 3,63 the literature if short-term marginal prices were used.
7 | 102 | 189 Line150 104,0 0,42
8 P 207 Line 220 3770 > 16255 Table 4 — Valuesfor the criteria and remunerations.
: i i 2002 | 2003 | 2004 | 2005 | 2006 | 2007
9 | 28 | 202 Line150 2340 6,9745 EENS (GW.h) 851| 1372] 12,33] 1764| 2412 3150
10 | 213 | 8 Line400 1480,0 5,09935 EENS/demand(%) 0,02| 003| 003] 004 005 006
11 | 210 | 79 Line 220 688,0 2,90475 lexp 0,0 0,0| 0,188 0,0| 0,286 1,0
12 | 214 | 169 Line 150 554,0 3,90085 YLTMR (10° €) 1179| 964| 1042| 94,3| 1436| 2475
13 | 217 | 171 Line 220 344,0 3,8102 YOC(10°€) 461 446| 426| 449| 1141 396
6
14 | 106 | 107 | Trf.150/60 170,0 5,38275 YIC (10 6€) 2127 4581 1131 5881 298] 165
YTC (10°€) 258,7| 904| 1558| 103,6| 1438| 56,1
15 | 175 | 35 Trf. 400/60 170,0 3,2184 -
TC(10°¢€) 808,36
16 | 171 | 190 | Trf.220/60 126,0 6,1522 TLTMR (10°€) 803,93
17 | 169 | 187 Trf. 150/60 170,0 9,2306 TLTMP/TC (%) 99,45
18 | 167 | 200 | Trf.400/60 170,0 3,817 VIl
19 | 188 | 201 | Trf.400/60 170,0 52 _ S ONCLUSIONS o
20 | 112 | 213 |Autotrf. 400/150]  450,0 50 This parIJer _d&”bﬁ an agzproa_\ch to thebtranfsmlss_o;
21 | 210 | 211 | Trf.220/60 126,0 6,1522 expansion planning probiem acddressing a humber of crucl
2 120 T 28 T 7ot 220080 1260 o136 issues in order to turn it more redigtic. In this way, the
ik i i formulation and the adopted solution algorithm retains the
23 | 215 | 216 | Tif.220/60 126,0 41246 discrete multiyear and dynamic nature of the problem, it
Table 2 — Partial list of the selected investments considers a_four criteria and it adequately - considers
2002 | 2003 | 2004 | 2005 | 2006 | 2007 uncertainties using fuzzy and probabilistic models. This
1 4 5 ) 11 13 holistic view over this problem is crucia from several points
3 16 9 12 22 of view. It isimportant in the sense that an expansion plan has
14 17 14 20 23 a multiyear nature meaning that it does nor correspond to a
ig ig 2 concatenation of yearly plans built in a sequential way. It also
means that investments are not selected only because they
Table 3—Long Term Marginal Prices (E/kWh). respond to a local bottleneck. In fact, it is frequent that an
| “Oded 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | jpvestment aiming at solving a particular problem in a
Alto Lindoso | 0.0366 | 0.0339 | 0.0296 | 0.0275 | 0.0240 | 0.0233 ; PN ; o
RibadeAvel | 0.0369 | 0.0341 | 0.0300 | 0.0279 | 0.0243 | 0.0237 geographu_: location in a partlcul_ar year can _also e_hmmate
RibadeAve2 | 0.0368 | 0.0341 | 0.0200 | 0.0278 | 0.0242 | 0.0236 | Problems in subsequent years or in other locations given the
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