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Abstract—We propose a security-based competitive generation
resource planning model in electricity markets. The objective of the
model is to introduce the impact of transmission security in a multi-
GENCO generation resource planning. The proposed approach is
based on effective decomposition and coordination strategies. La-
grangian relaxation and Benders decomposition are applied to de-
compose the original planning problem into tractable optimization
subproblems. Locational price signal and security signal are de-
fined for the simulation of competition among GENCOs and the co-
ordination of security between GENCOs and the regulatory body
(ISO). The numerical examples exhibit the effectiveness of the pro-
posed generation planning model in electricity markets.

Index Terms—Benders decomposition, competitive electricity
markets, generation resource planning, Lagrangian relaxation,
mixed integer programming, transmission security.

NOMENCLATURE

Index for subperiod .
Discount rate .
Index of GENCO .
Index for unit.
Index for bus.
Index for line (from bus to bus ).
Index of Benders iteration.
Index for year.
Number of candidate units of GENCO .
Number of Benders iterations.
Number of GENCOs.
Number of bus.
Number of existing units of GENCO .
Number of lines.
Total payment to GENCOs.
Number of subperiod.
Number of planning year.
Capacity of existing unit of GENCO .

Capacity of candidate unit of GENCO .

Capacity of line .
, Step size for Lagrangian multiplier

update.
Bidding coefficient of GENCO .
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Bus angle.
Reference bus angle.
Bid price of existing unit of GENCO
at subperiod in year .
Bid price of candidate unit of GENCO

at subperiod in year .
Capital investment cost of unit of
GENCO in year .
Duration of subperiod in year .
Load at subperiod in year .
Operating costs of unit of GENCO at
subperiod in year ($/ MWh).
Dispatched capacity of existing unit of
GENCO at subperiod in year .
Dispatched capacity of candidate unit of
GENCO at subperiod in year .
Load curtailment at bus at subperiod
in year .
Line flow on line at subperiod in year
.

Energy sales price for unit of GENCO h
at subperiod in year ($/MWh).
Installation status of candidate unit
of GENCO in year , 1 if installed,
otherwise 0.
Bus-unit incidence matrix.
Bus-load incidence matrix.
Bus-branch incidence matrix.
Real power output vector.
Load vector.
Real power flow vector.

, Slack variable vectors.
Installment state vector consists of .
Vector of ones.
Lower limit vector of phase shifter angle.
Upper limit vector of phase shifter angle.
Vector of phase shifter angle.
Given variables.

, Lagrangian multipliers.

I. INTRODUCTION

GENERATION expansion planning has historically ad-
dressed ideal planning technologies, as well as optimal

generating unit size, site, and timing for the construction of new
capacity in an economic fashion that ensures the installed gen-
erating capacity would adequately meet the projected demand
growth [1].
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In competitive markets, the main objective of a generation
company (GENCO)’s investment planning is to maximize its
profit. A GENCO’s profit is the difference between its revenue
(i.e., product of the price and the amount of electricity sales)
and expenses (i.e., capital and operating costs). In contrast to
GENCOs’ objective, the objective of a regulatory body or the
ISO is to operate the system reliably by supplying the load eco-
nomically while managing contingencies [2], [3]. The coordi-
nation of the two objectives is essential in generation resource
planning. However, it is a formidable planning task to model the
competition among GENCOs and simultaneously realize the co-
ordination between the ISO and GENCOs.

Previous approaches addressed the generation resource
planning problem in a competitive market environment. Park
proposed a solution scheme based on genetic algorithms for
modeling the capacity investment of each GENCO and its
coordination with the regulatory body [3]. Chuang applied the
Cournot model of oligopoly behavior to formulate a generation
expansion-planning model in a competitive regime [4]. Fu
applied Bender decomposition to the generation expansion
planning framework in restructured power systems [5]. The
approach considered the network security in generation re-
source planning for modeling the interaction between single
GENCO and the ISO. However, the competition and interaction
among multi-GENCOs were not considered. Botterud dealt
with the impact of investors’ decision on optimal investment
by assuming that individual investments were triggered when
the average spot price exceeded an exogenous level [6]. And
[3]–[5]used market clearing price, without locational informa-
tion, as a market signal for the investment problem.

This paper presents a novel model for the simulation of
long-term generation resource planning in a competitive market
environment. The paper proposes a framework that com-
bines electricity market competition and transmission network
models in an iterative optimization process between GENCOs
and the ISO. The decentralized decision making of individual
GENCOs is emulated by dual optimization and Benders de-
composition techniques [7]–[9].

To reflect the ISO’s transmission security assessment in a
multi-GENCO investment decision process, security signals are
regarded as locational incentives for capacity additions. Loca-
tional security signals are calculated by Benders decomposition
and the subgradient method. The competition among GENCOs
is simulated by locational prices which are calculated by the ISO
and introduced into GENCOs’ investment decision. Locational
price signals are obtained via optimal power flow (OPF). The
proposed model is in response to the unbundling of decisions
in electricity markets. For instance, PJM, in a whitepaper on
reliability pricing model (RPM), proposed locational capacity
market as an effort for seeking a more holistic solution to re-
solve interactions among capacity additions and the transmis-
sion reliability [10].

The capacity market and the institution of capacity signal have
been a controversial issue in the electricity industry restructuring.
Many experts argue that the capacity mechanism is essential
for encouraging investments on new capacity [11]. In theory,
energy and ancillary services markets should provide incentives
for additional investment in electricity supply. However, such

Fig. 1. Generation resource planning framework.

investments would merely be feasible by subjecting consumers
to price volatilities, electricity supply shortages, and a level of
risk that customers and policy makers would find unacceptable
[12]. Given the political realities of electricity markets, prices
may lack sufficient fluctuations to induce investments when
the available capacity is tightened; then an explicit capacity
mechanism would be needed to signal capacity shortages and
induce investments on electricity supply. Our proposed model
is based on such argument for capacity mechanism which
will supplement generators’ revenues in competitive electricity
markets. This capacity revenue allows regulators to set prices
at politically acceptable low levels and yet motivate generators
to make proper investment decisions. Our proposed approach
enables efficient investment decisions by providing capacity
signal for mitigating nodal power imbalances and informing
GENCOs of projected nodal prices which could be used in
investment decisions. As capacity signal is determined through
iterative communications between market participants and the
ISO, its optimal value calculated by our proposed method
would ultimately satisfy security constraints while inducing
efficient investments.

The rest of the paper is organized as follows. Section II
describes the proposed model and solution methodology.
Section III provides formulation of problems in detail.
Section IV presents and discusses the case studies of a two bus
system with two candidate unit and a 30 bus system with 22
candidate units over 15 year planning period. The conclusion
drawn from the study is provided in Section V.

II. MODEL DESCRIPTION

Fig. 1 shows the proposed model in which GENCOs provide
decisions on new capacity investments to the ISO for approval.
The ISO aggregates resource planning proposals and checks the
adequacy of existing transmission network. If the transmission
security is not met, the ISO provides GENCOs with security sig-
nals for revising the proposed resource investment plans. If the
transmission security is met, the ISO calculates locational mar-
ginal prices (LMPs) based on the proposed investment plans.
Accordingly, market security and price signals are provided to
GENCOs for optimizing their respective investment plans. The
revised optimal generation planning decisions are submitted it-
eratively by GENCOs to the ISO and the iterative optimiza-
tion process will continue until generation resource planning
model reaches an equilibrium point in which GENCOs will no
longer change their planning decisions and network security
constraints are satisfied.
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Fig. 2. Decomposition and coordination for generation resource planning.

The steps for solving the planning process given in Fig. 2 are
as follows.

Step 1: Solve each GENCO’s generation resource plan-
ning problem based on initially forecasted LMPs. In the
initial GENCO’s planning stage, each GENCO calculates
generation resource planning decision variable by max-
imizing its profit, according to locational price signals, and
satisfying investment constraints.
Step 2: Benders Loop—Using units installment schedule

submitted by GENCOs, the ISO checks the system
security by minimizing nodal power balance violations.
The network security check (Benders subproblem) is a
continuous optimization problem when variables are
fixed. Once a nodal power balance violation is detected,
corresponding Benders cuts are generated for the master
problem (GENCOs). If there are no violations, go to Step
4.

Step 3: LR Loop—Apply Lagrangian relaxation for
solving the GENCO’s planning problem with Benders
cuts as coupling constraints for GENCOs. If recalculated
values of are not satisfactory, update Lagrangian multi-
plier , form the locational security signals and feedback
them to individual GENCOs for recalculating decision
variables . The locational security signal works as incen-
tives for GENCOs’ investment planning. In other words,
for maintaining the system security, the ISO will com-
pensate GENCOs by capacity payment. Among iterative
solutions, the one with the minimum incentive provided
by the ISO is selected as the best solution. However, the
planning problem is infeasible if no feasible solution is
found in this process.
Step 4: LMP Loop—For the best solution selected in
Step 3, the ISO solves the optimal operation problem and
calculates LMPs. The optimal operation is a continuous
problem in which the objective function is the minimiza-
tion of generation costs when generation and transmission
constraints are considered. The LMPs (locational price sig-
nals) are fed back to GENCOs iteratively until there are no
changes in GENCO’s planning decision variables .

III. PROBLEM FORMULATION

The objective of the proposed planning approach is to find
an equilibrium solution for maximizing individual GENCO’s
profit while satisfying generation and transmission constraints.
The constraints are summarized as follows:

• Planning Constraints: generating unit sites and capacity;
• Operating Constraints (Nodal power balance, Generation

and transmission capacity, phase-shifting transformer set-
ting, etc.).

The security-constrained planning problem is decomposed
into three problems shown in Fig. 2. That is, GENCO’s planning
problem (Benders master problem), ISO’s transmission security
(Benders subproblem), and ISO’s optimal operation (LMP cal-
culation) problem. In the proposed model, a planning year is di-
vided into multiple subperiods with fixed loads. The number of
subperiods could vary depending on the planning requirements
and load patterns. For example, we could use 4 subperiods to
represent seasonal loads or 12 subperiods for monthly loads.
These problem formulations are discussed as follows.

A. GENCOs’ Generation Resource Planning Problem

The objective of generation resource planning problem is to
maximize individual GENCOs profit over the planning horizon.
By using the discount rate, we convert revenues and expenses
occurring at different times to equivalent values at a common
time (net present value). Accordingly, a GENCO evaluates the
value of its investment and profit consistently. Generally, the
higher the discount rate is, the less profitable capital intensive
generating units are. Thus, the discount rate affects a GENCO’s
decision to invest. In real world, GENCOs may use different
discount rates in their decision making depending on their fi-
nancial situation and their business strategy. However, in this
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paper, discount rate is assumed to be the same for all GENCOs.
The GENCO’s investment problem is formulated as follows:

(1)

(2)

(3)

where the objective function is to maximize each GENCO’s
profit [13]. The first two items in the objective function (1) are
the difference between revenue and operating costs of existing
and new units, respectively. The third line represents the in-
vestment cost for new units. A GENCO’s revenue is calculated
based on LMPs and its energy production. The revenue minus
operating costs (for existing and new units) and investment costs
(for new generating units) becomes a GENCO’s profit on the
planning horizon. The set of planning constraints include

• new generating units characteristics such as capacity and
heat rate;

• availability of sites for adding generating units;
• types of generating units added at each candidate site.
Every GENCO is operated independently for maximizing

profit. As such, there is no coupling constraint among GENCOs
and the investment problem is decomposed into several
mixed-integer programs.

B. ISO’s Security Check Problem

The ISO’s security concern in generation resource planning
is to satisfy the nodal power balance while maintaining trans-
mission security. While unit installation schedules are provided
by GENCOs, the ISO could check the feasibility of transmis-
sion coupling constraints based on the Benders decomposition
[5]. Included constrains are the first Kirchoff’s law for nodal
power balance (5), the second Kirchoff’s law for transmission
lines (6), transmission flow limits (8), generation limits (9)–(10)
and limits on phase shifter angles (11). The objective function
(4) in the security check subproblem is to minimize real power
mismatch at each bus. The ISO could check the transmission se-
curity when adding slack variables and to the bus power
balance constraint (5). The security check subproblem at sub-
period and year at the Benders iteration is formulated as
follows:

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

In this subproblem, adjusting the control variables including
phase shifter angles and generation dispatch could minimize vi-
olations. Bender cut at iteration given by (12) is generated
and added to the master problem (GENCO’s planning problem)
when the objective function (4) is larger than zero. The Benders
cut indicates that GENCOs could mitigate violations by read-
justing the investment plan in year . The Benders cut is

(12)

Multiplier is interpreted as the marginal decrease in vi-
olations for 1 MW generation increase in candidate unit which
belongs to GENCO at subperiod in the planning year and
associated with trial plan. After combining corresponding
coefficients for each variable and transferring the constant term
to the right-hand side of (12), the Bender cut is given as

(13)

where

(14)

(15)

Here, is interpreted as the decrement of violations with
respect to .

C. Relaxation of Benders Cuts

Using Benders decomposition, coupling transmission con-
straints are replaced by Bender cuts (13). For representing the
optimization of individual GENCOs in competitive market envi-
ronment, Lagrangian relaxation is applied for relaxing the cou-
pling constraints into individual GENCO’s objective function
(1). The subgradient method is applied to update the Lagrangian
multipliers [14]. Based on the given decision variable , the
ISO checks Benders cuts and update corresponding multiplier

as follows. If

(16)

Authorized licensed use limited to: Mississippi State University. Downloaded on January 19, 2010 at 13:11 from IEEE Xplore.  Restrictions apply. 



816 IEEE TRANSACTIONS ON POWER SYSTEMS, VOL. 22, NO. 2, MAY 2007

Then

(17)

Otherwise

(18)

where and are step sizes for updating multipliers . We
use a constant value for the step size which is independent of any
iteration. Once Benders cuts are relaxed and introduced into the
master problem via Lagrangian multiplier and the constant
term is dropped, the new objective of the master
problem is given as follows:

where

(19)

Note that for a new generating unit at subperiod
in year is interpreted as security signal for adding units. For
instance, if load shedding is mitigated after a unit is added to
a bus, the value of should be high at that bus. is the
GENCO’s incentive paid by the ISO for system security which
is recovered from consumers.

D. Optimal Operation Problem

The optimal operation problem is calculated by the ISO to
provide GENCOs with price signals (LMPs). Each GENCO up-
dates its proposed plan until no further changes by GENCOs are
deemed necessary. LMP is the marginal cost of supplying the
next increment of electric energy at a specific bus while consid-
ering the generation marginal cost and the physical aspects of
the transmission system. In this problem, the DC optimal power
flow (OPF) is applied to realize a secure and economic system
operation [15].

In the DC OPF model, price bids are introduced as cost coef-
ficients into the objective function subject to the first Kirchoff’s
law for nodal power balance (21), the second Kirchoff’s law for

lines (22), generation and line flow limits (24)–(26), and phase
shifter angle limits (27). In the proposed model, the demand is
fixed and inelastic. Accordingly, the objective function is the
minimization of system cost which is equivalent to the maxi-
mization of social surplus. The bid price of a generator at subpe-
riod in year in (28), (29) is assumed to be a bidding coefficient
times the marginal cost of generating unit. Bidding coefficient
could be interpreted as a GENCO’s bidding strategy. LMPs are
obtained by executing the OPF model

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

where

(28)

(29)

Mathematically, the bus LMP is the corresponding La-
grangian multiplier for the nodal power balance
constraint (25). is the additional dispatch cost of one
additional MW at a certain bus.

E. The ISO’s Payment to GENCOs

The ISO’s total payment to GENCOs is the amount of money
the ISO will pay to GENCOs for supplying the load and satis-
fying the network security. It is the sum of the energy and ca-
pacity payments by the ISO throughout the planning horizon.
Energy payment is the product of LMP and energy sales. Ca-
pacity payment is the incentives for adding new units (19). The
total payment to GENCOs is expressed as follows:

(30)

Once the generation resource planning process reaches an
equilibrium point in which GENCOs will no longer change
their planning decisions, and network security constraints are
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Fig. 3. Two-bus system.

TABLE I
GENERATOR DATA OF TWO-BUS SYSTEM

TABLE II
LOAD FORECASTS OF THE TWO-BUS SYSTEM (MW)

satisfied, the ISO’s total payment to GENCOs throughout the
planning horizon is calculated. LMP and dispatched capacity
are calculated by solving the optimal operation problem for the
given .

IV. CASE STUDIES

Case studies for discussing the effectiveness of the proposed
model include a two-bus system and the IEEE 30-bus system.

A. Two Bus System

The existing and candidate units of GENCOs A and B, lo-
cated at buses 1 and 2, respectively, are represented by equiva-
lent units in Fig. 3. The reactance of transmission line is 0.17 pu.
The generator data and load forecasts over a 10 year planning
horizon are shown in Tables I and II. Each year is represented
by four subperiods (seasons). Load distribution factors are 0.1
for bus 1 and 0.9 for bus 2. The load after year 5 is assumed to
be constant. For simplicity, discount rate is 0 (not considered in
the two bus case).

The operation cost of GENCO A’s candidate unit is cheaper
than that of GENCO B and there is no difference in investment
costs. However, GENCO A’s candidate unit A2 (bus 1) is lo-
cated far from the load center at bus 2. Three different line ca-
pacities of 80 MW, 100 MW, and 120 MW are considered for

TABLE III
INCENTIVE FOR ADDING UNITS (THOUSAND $/YEAR)

TABLE IV
TOTAL PAYMENT TO GENCOS AND GENCOS’ PROFIT (MILLION $)

TABLE V
CANDIDATE UNIT INSTALLATION STATUS

analyzing the impact of transmission constraint on generation
resource planning.

Table III shows the yearly incentive that is the sum of subpe-
riod incentives given as . Table IV shows the ISO’s
payment and individual GENCO’s profit. Table V shows the
planning decisions for new units. As shown in Table V, unit B2
located at bus 2 is installed when the line capacity is 80 MW.
This means the capacity signal is high enough for unit B2 to
make profit even though the operation cost is high. The incen-
tive for adding the unit at bus 1 is relatively low because the new
generating unit at bus 1 will not contribute much to the reduc-
tion of load curtailment at bus 2 when the line capacity is low.

However, when the line capacity is increased to 100 MW, new
units are added to both buses. In addition, a new generating unit
at bus 1 is valued higher because the 100 MW line is less con-
gested. Fig. 4 depicts the LMP at bus 2. It shows that the LMP is
lowered in this case, which results in a smaller total payment to
GENCOs (see Table IV) even though that both candidate units
are installed.

When the line capacity is increased to 120 MW (i.e., line flow
is not limited), the cheap unit A2 at bus 1 (remote from load
center) is the only one that is installed. The lower ISO’s payment
is due to lower LMPs.

The three transmission cases show that a proper expansion of
transmission capacity could contribute to the reduction of ISO’s
payment to GENCOs. If the transmission expansion cost is less
than the added payment to GENCOs, the best option would be to
expand the transmission line in such cases. This simple example
shows the effectiveness of the proposed model as we simulate
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Fig. 4. LMP at bus 2.

TABLE VI
LOAD AND DISPATCHED CAPACITY IN YEAR 3: 80 MW LINE CASE (MW)

the impact of transmission constraints on generation resource
planning and explore the value of candidate units to the system
security. In addition, the example shows that price volatilities,
due to supply shortages which are unacceptable to customers
or policy makers, could be avoided by the proposed planning
approach. In the case of 80 MW transmission scenario, unit B2
is installed to avoid supply shortages at bus 2 beyond year 3.

As shown in Table VI, unit B2 installed in year 3 would uti-
lize 18 MW of its 100 MW capacity in the winter season. If we
do not consider the capacity payment, the LMP at bus 2 during
the winter season of year 3 should be at least 417 $/MWh to re-
cover the Unit B2 costs. The costs include the investment cost of
380.52 $/MWh (i.e., annual investment cost of $15 million di-
vided by 39,420 MWh of energy produced in year 3) and oper-
ation cost of 36.03 $/MWh given in Table I. This LMP is nearly
20 times higher than the price at any other periods shown in
Fig. 4. This winter season LMP, which results from an extreme
case of inelastic loads and non optimal unit size, would be unac-
ceptable to customers or policy makers and could be prevented
by elastic loads or the installation of optimally sized unit. How-
ever, in practice, inelasticity of load and the lumpiness of gen-
erating unit installation are acknowledged flaws of current elec-
tricitymarket and the extreme price spikes could happen without
a capacity mechanism. The proposed capacity payment would
remedy the problem by keeping the LMP at an acceptable level
of 45–50 $/MWh which induces the investment on unit B2.

Fig. 5. 30-bus system.

B. IEEE 30 Bus System

The IEEE 30 bus system, depicted in Fig. 5, has 44 lines, 21
demand sides, and 5 GENCO with seven existing units and 22
candidate units [2]. Doted areas in Fig. 5 represent candidate
sites for new units. The IEEE 30 bus system data for genera-
tors and forecasted load information are given in motor.ece.iit.
edu/data/planing30.pdf. Some of the candidate units have sim-
ilar capacity and cost structures except for their locations. This
assumption is intended to analyze the impact of generation unit
location on generation resource planning. The discount rate used
in the calculation of net present value of individual GENCO’s
profit for new units is assumed to be 5%.

A planning year is divided into 4 subperiods representing sea-
sonal load pattern. We consider the following five test cases in
which GENCOs’ bidding coefficient is 1.2.

• Case 0: Generation resource planning without transmission
constraints.

• Case 1: Generation resource planning with transmission
constraints. Line capacity is 300 MW. This is the reference
case.

• Case 2: The capacity of lines 8 and 16, which are most
congested, is increased to 400 MW in order to examine the
impact of congestion mitigation.

• Case 3: Impact of discount rate on Case 1. The discount
rate of 10% is assumed instead of 5%.

• Case 4: Impact of GENCOs’ bidding strategy. The bidding
coefficient of GENCO2 is assumed to be 1.3 instead of
other GENCOs’ 1.2.

Case 0: Table VII shows the installation year for
proposed units in four cases. Table VIII shows the
net present values in four cases. In Table VIII, the
ISO’s average payment per MWh is the total payment
to GENCOs divided by the total dispatch during the
planning horizon. When there is no transmission con-
straint, additional loads would be supplied by units 8
and 17 installed in year 7 and units 9 and 12 in year 12
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TABLE VII
NEW UNIT INSTALLATION OVER 15 YEAR PLANING HORIZON

as shown in Table VII. Candidate units 8, 9, 12, and
17 possess similar capacity and cost structures at dif-
ferent buses. However, LMPs and capacity incentives
are the same at all buses as there is no transmission
congestion. Therefore, candidate units would provide
the same revenues when installed on the same year
and dispatched similarly. For similar units in this case,
the installation decision will depend on corresponding
GENCOs. On the other hand, a GENCO’s decisions
depend on available investment funds and alternatives.
In this case, units 8, 9, and 12 belong to GENCO 2
and unit 17 belongs to GENCO 3, which provides
GENCO 2 with more investment alternatives. Initially,
GENCO 2 submits a plan for the installation of two
out of three units of 8, 9 and 12 in year 7 and GENCO
3 plans for the installation of unit 17 in year 7. The
decision would result in excessive installation of units
in year 7 and a drop in LMPs. However, GENCOs
could modify their decisions based on updated LMPs
calculated by the ISO. In any case, GENCO 3 might
insist on the installation of unit 17 in year 7 because it
is the most profitable investment alternative. As shown
in Table VII, the best alternative for GENCO 2 is to
install a single unit 8 in year 7 and units 9 and 12 in
year 12.
Case 1: Table VII shows that, compared with Case
0, generating units are installed earlier in the horizon
to mitigate violations caused by limited transmission
line capacity. This means the incentive for new ca-
pacity is big enough for these units to be profitable in
earlier years. In addition, transmission constraints re-
sulted in the installation of units 7 and 29 instead of

TABLE VIII
NET PRESENT VALUES (MILLION $)

unit 12. Table VIII shows that the cumulative payment
to GENCOs is higher than that of Case 0.
Case 2: The mitigation of congestion on transmission
lines 8 and 16 resulted in the deferred installation of
generating units from year 3 to year 5 while the instal-
lation of unit 9 is cancelled. The smaller units 4, 27,
28 are installed instead of units 7 and 9. Changes pro-
posed in year 11 are due to a modified power dispatch
when line capacities are increased. Consequently, the
overall generating capacity is reduced compared to that
of the Case 1 with a lower payment to GENCOs. This
type of study could be used in decision making for re-
inforcing transmission lines versus adding generating
units. If the expansion cost of transmission lines 8 and
16 is less than the difference between Cases 1 and 2 in
the ISO’s payment, transmission reinforcement could
be a better option.
Case 3: When discount rate is high, generating units
with higher capital costs become inferior. In the pro-
posed model, the installation of capital-intensive units
(e.g., units 7 and 9) is cancelled or deferred. This an-
ticipated result shows that the proposed model works
effectively when financial aspects of generation plan-
ning are included in decision making. In Table VIII, the
ISO’s total payment to GENCOs and average payment
per MWh of Case 3 are much less than other cases.
This is due to the high discount rate.
Case 4: Table VII shows that compared with Case
1, the change in GENCO 2’s bidding strategy will
not alter GENCOs’ investment plans. However, the
ISO’s total payment to GENCOs in Table VIII in-
creases slightly, while GENCO 2’s profit decreases.
Thus, GENCO 2 may not raise its bidding coefficient.
Accordingly, the proposed model could be used for
testing GENCOs’ long term bidding strategies.
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V. CONCLUSIONS

The proposed model brings transmission and electricity
market into the sphere of long term generation resource plan-
ning. Using dual and Benders decomposition technique, the
model simulated the interaction among GENCOs, interaction
between the ISO and GENCOs and the impact of transmission
on the generation resource planning. The test on a two-bus
system and a 30 bus system show the effectiveness of the pro-
posed model which can successfully coordinate and simulate
the process of long term generation resource planning in the
restructured power market. Major technical characteristics of
the proposed method include the following.

1) It considers coupling constraints of multiple GENCOs in
the long term resource planning while GENCOs make their
own investment decisions independently.

2) It considers the generation resource planning problem as
an iterative process between GENCOs and the ISO.

3) It considers an explicit incentive which is to be paid by
the ISO for assessing the network security in GENCOs’
investment decision making.

4) The proposed framework could be expanded to consider
other coupling constraints such as fuel, emission, and
hydro constraints in the long term resource planning.
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