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Abstract 
We formulate a general framework of a competitive electric- 

ity generation supply market (CEM), embodying the salient 
attributes of the Poolco concept. This framework serves two 
principal purposes: to solve the selection by the CEM opera- 
tor of the winners in a sealed bid auction for the right to serve 
load in each period of the auction horizon; and, to  determine 
the profit - maximizing strategic bids of a generation supplier. 
The formulation represents the physical and operating con- 
siderations of the electric generation system, the multi-period 
nature of the auction as well as the market economics. The re- 
sulting large-scale nonlinear programming model has a struc- 
ture that is effectively exploited for solution by Lagrangian 
relaxation. Under conditions of a perfectly competitive mar- 
ket, the strategic bids of a player can be derived analytically. 
Numerical results illustrate the effectiveness of the strategic 
bids. Directions for future research are discussed. 

Introduction 
The Poolco concept is based on the England and Wales 

Power Pool (EWPP) [l]. The Pool is a centralted entity that 
controls the scheduling and dispatch of generation to meet load 
uound the dock and operates the electricity spot msrket. Vir- 
tually all power is transacted through the Pool and the multi- 
ple buyers m d  sellers have set up what has become the largest 
competitive eledricity market in the world. It is this pool- 
based competitive market for power that provides the basis for 
the work in this paper. Our focus is on the position of a seller 
in to  such a structure. In particular, we consider the task such 
a seller faces in constructing the offer to sell power, or bid, to  
take best advantage of the sealed bid auction given the gener- 
ating 'resources, costs and constraints. We refer to  this as the 
optimal bidding strategy problem. To formulate and attack 
this problem, we develop a mathematical framework of the o p  
eration of a competitive electricity generation supply market 
(CEM). Our work explicitly considers the competitive bidding 
mechanism in electricity and takes into account the unique f e e  
tures and problems associated with the generation of electrical 
power. 

We provide a brief review of the EWPP operation [I]. The 
Pool dispatcher is charged with determining on a daily basis 
the schedule for the so-called availability declaration period 
(ADP), a 39-hour period running &om 9:OO p.m. on day 1, 
the bid submittal day, to 12:OO noon on day C. The gena& 
tion rchedde for the period known as the schedule day, running 
from 5:OO a.m. on day f to 5:OO a.m. on day 2, is then accepted 
as the actual schedule for the next day. By 1O:OO a.m. each 
day, the dispatcher produces a forecast of national demand for 
every half hour of the ADP. Also by 1O:OO a.m., each bidder 
must submit an oflerfire for each of his geruets. A genset is a 
unit or a group of units which are considered together for the 
purposes of the dispatch. The offer file contains information 
on the availability [maximum capacity] of the genset for each 
of the 78 ADP half hours; the oger price of the genset; the 
genset start-up prices; and, the genset operational characteris- 
tics. The prices charged from the Pool for operation and start 
up need not have any relation to actual costs. There is no obli- 
gation on a bidder to  reveal its genset's true costs. The gemet 
offer price is specified as a piece-wise linear function known 
as the Willans line [2]. A maximum of three segments can be 
submitted pet gaset .  F v e  1 shows an example. 

Ofler Price 
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Figure 1: Example of a Willam line 

The Willans line is completely specified by at most 8 parame- 
ters: the no-load price bf, three incremental prices , q:, q:, 
two elbow pointr , rf , and the minimum and m b m u m  power 
output of the genset p y "  and py"". 

Using the information submitted by the generators, the di- 
patcher determines the schedule of generation to meet the fore- 
casted demand at  minimum cost to the pool. This problem is 
a s e n t i d y  the unit commitment. Basicdy, the dispatcher SI- 
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ranges the bidding genset blocks in order of increasing price to 
form a merit order list for each ADP half hour. 

The price of the most expensive genset dispatched in any half 
hour tis designated as the System Marginal Price (SMPt), [3] ,  
for that half hour, as is shown in Figure 2. Each genset that 
operates during half hour t reccives a payment that includes 
SMPt for each MWh of energy generated during that time 
[SI. Hence every genset is paid more than or equal to the price 
specified in the offer file. Generators also receive the submitted 
start-up price each time the unit is started up. 

I Mw 
Faceaslcd Demand 

Figure 2: Determination of the system marginal price 

We construct a framework that embodies the salient charac- 
teristics of the EWPP. The bidder, thus, submits a bid for the 
right to serwe Ioad Under competitive conditions, the bidder 
prices must be sufficiently low for the CEM operator to  sc- 
lect the unit to be included in the commitment list. Since the 
bidder receives a payment which is greater or q u a l  to its bid 
price the challenge is to formulate a bid that permits the bid- 
der to  maximbe profits. Given the large-scale and nonlinear 
nature of the problem, the auction theory literature (41, [SI, [6]  
has limited application. The approach developed h u e  is new 
md exploits well the structural characteristics of the analyti- 
caI based on decision analysis CEM framework. The strength 
of the results lies in the explicit representation of the various 
constraints and considerations under which power systems op- 
erate. The analytical development not only allows the optimal 
bidding strategy formulation but also is useful in providing es- 
timates of bidder profit volatility and analytical expressions for 
the evaluation of the returns on investments aimed at improv- 
ing the performance of generating units. Extensive numerical 
results illustrate the robustness and superiority of the analyti- 
cally developed optimal bidding strategies. 

The Framework 
We develop a general competitive electricity market (CEM) 

framework which we use to formulate and analyze optimal bids. 
The commitment and dispatch of units in the CEM are based 
on a competitive auction procedure. The market sellers, typi- 
cally generators, submit a sealed bid stating the price at which 
they are willing to sell power. The CEM operator, the en- 
tity responsible for coordinating all energy transactions with 
the CEM, selects the set of least expensive units to meet the 
forecasted demand. 

We formulate the CEM operator problems by considering 
the bids received from the set of M bidders. Each bid @; has 
three components: 

The bid variable price b { ( . ) :  describes the per hour cost 
to the CEM as a function of MW provided. We assume 
that the bid variable price is a piecewise linear function 
mapping ~ b ~ " ' " , p ~ a o ]  into RI the set of real numbers 
where prn(pTUf)  is the minimum (maximum) output of 
bidder i's unit. 

0 The bid start-up price ai(.): describes the cost incurred 
by the CPP whenever unit i is started up. We assume 
that the start-up price is a function of the down time of 
the unit with bf : [ O , o o )  -t R. 

0 The bid o@ed capacityg; = [u;,i, ui,2, ..., U i , T I T :  a vector 
whose tth component ai,t is the maximum capaaty offered 
by bidder i to the CPP dispatcher for use in time period 
t. 

We assume that the bidder submits the correct operational 
data for the unit lest a schedule be imposed which is physically 
infeasible. These consist of p y " ,  pya', ryael the maximum 
spinning reserve capability of unit i and 7: and 7: the unit 
i minimum up and down times, respectively. The generator 
is not  obliged to  reveal any information concerning true costs. 
The bid variable price, bid start-up price and bid offered ca- 
pacity are strategic decision variables that the bidder selects to 
maximize profits. 

We define a bid of bidder i to be the triple 8; = { b f ( . ) ,  
b f ( - ) ,  gi}. A bid pi is admissible if bf(.)dbT"'", p y ] ,  bf - 
tC[O, w) and gi 2 OcaT,  where C[a, b](.C[u, b ] )  denotes the set 
of continuous (piecewise linear) functions on the interval [a,b]. 

We state the CEM operator problem using the nota- 
tion of Table l and the definition of the T-dimensional 
vectors = [Oil  Dz, ..., D T ] ~ ,  & = [RI, Rz, - - - , R T ] ~ ,  
2 = [Ui,i1U;,2, . . . ,W,T]~ ,  & = [pi.ilPi,zI ... pi,TIT and 
t; = [r;,l, r ~ ,  ...$ r; T ] ~  and the MT-dimensional vectors 
- U = hT,g ,... ,&IT, p = e,g ,... ,&IT, and = 

.~ ~~ 

k:, c, ...,&IT. The CEM operator problem determines the 
most economic dispatch that satisfies the forecasted demands 
and required reserves without violating physical and operating 
constraints. This is denoted by 

/ M  T 'I {x i=l x[bf(pi,t)ui,t  :=I + b f ( q , t - i ) ( l -  ui,t-i)ui,t]) 

subject to 

i = 1,2,  ..., M 
t = I ,  2, ..., T i (3) 

p p  5 p;,t 5 p y a =  

0 5 r;,t 5 m i n { r T a o ,  pya' -Pi.t) 
u;,tc{O, 1) 

0 I p;,t 5 a;,t 

s;,t satisfies the 7: and 
T;,O is given 

constraints 

We refer to equations (I)-(s) as the pr imalform of the CEMoP 
erator problem (CEMP). The triple E; = &,pi ,%} ,  is called 
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Time Parameters 

System Parameters 

Bidder Data 

Unit Variables 

p;,t is the real power output of unit i in time period t 
r;,t is the reserve provided by unit i in time period t 
T;,t is the downtime of unit i at the end of time period t 

T is the number of time periods in the scheduling horizon 
t = 1,2,  ..., TI is the time period index 
D: is the system demand in time period t 
R: is the system reserve requirement in time period t 
M is the number of bidders participating in the CPP 
i = 1,2,  .., M is the bidder index 

1 if the unit is in operation 
0 if the unit is shut down is the status of unit i in time period t U;,: = { 

an operating schedule f o r  unit i and = {t~,p,1:} is a system 
schedule. The CEMP is the determination of the optimum 
system schedule E"' = {gqtIpqt,y"Pt} - that minimizes total 
CEM cost. We denote by 

the set of feasible operating schedules for unit i .  
The objective function in equation (1) is the sum of the 

variable and the start-up prices. For each unit i ,  the CEM 
cost when unit i serves demand pi , :  in period t is given by 
bt(p;,:)u;,:. CEM start-up costs arise if unit i is shut down in 
time period t - 1 and is operating in period t ,  i.e., if ui,:--l = 0 
and u;,t = 1. The downtime when started up is the downtime 
of unit i at the end of period t - 1, T;,t-l. Note that with AT 
as the length of the time period we express ~ i , :  recursively in 
terms of U;,:, t = 1, ..., T and T;,o: 

(5) Ti,t = (~i,:--1 +  AT)(^ - ui,:) ~ i , ~  is given. 

The objective function is nonconvex. The state space admits 
complex minimum up and down time constraints and is discrete 
in U; ,  which introduces nonconvexity into the set of feasible 
schedules. Considering that the time frame, say, in the EWPP 
is 78 half hour periods and the number of units can exceed 
200, this is a large scale and complex nonlinear optimization 
problem. 

The use of Lagrangian relaxation [E], [9] in the solution of 
the CEMP may be effectively exploited. This approach leads 
to the decomposition of the problem in terms of each bid- 
der and results in the economic interpretation of the Lagrange 
multipliers as prites. The Lagrangian relaxation technique in- 
volves the construction and solution of a modified problem in 
which the system-wide constraints on demand and reserve con- 
straints, which couple all bidders, are used to augment the 
primal objective function with their associated Lagrange mul- 
tipliers. The new problem does not enforce the demand and 
reserve constraints and is therefore "relaxed". All bidder con- 
straints, however, are enforced. 

= [XI , Xz,  ..., ATIT 
and e = [PI, pz,  ..., p ~ ] ~ .  Here A: and pt 2 0 are the Lagrange 
multipliers, which are non-negative for inequality constraints 
[Q], for the demand and reserve constraints in time period 1, 
respectively. The Lagrangian relaation of the CEMP is 

We define the T-dimensional vectors 

[b{(pi,:) + b ; ( ~ i , : - i ) ( l  - ui,:-i)] w,: 
t l l  p ,  L 

i= l  :=l 

t=l \ i=l  

subject to 

We can rewrite the Lagrangian relaxation as 

I M  T 

subject to 

{ ~ ~ , p . , ~ ~ } & ; ( g ~ )  Vi = 1,2,  ..., M. 
Here we removed the constant terms ATE and p T R  from the 
minimand. The Lagrangian function 

- 

f M  T 

+b;(Ti,:-i)(l- ~ i , t - i ) ]  w,: +XTQ + - pT& : 

{gi,p., yi}dX(gi) , i = 1,2,  ..., M } (8) 

is separable in terms of bidders as there is no inter-unit COU- 

pling in the constraints. This allows us to decompose the 
problem into M subproblems. The subproblem for bidder i 
= 1,2,...,M is 

I T  

-Atpi,, - p:ri,tI~i,t : {14~,~~,1:~}e~i(ai) } (9) 

For given and e, the M subproblems can be independently 
solved in an efficient manner. Hence the Lagrangian relaxation 
of the CPP dispatcher problem can be solved efficiently for 
particular values of and E, giving the value 4(X,k;Dl&). 
It can be shown that the Lagrangian function 4(X,e;g,R) 
provides a lower bound for P [ll]: 
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In particular, if ( x , p * )  - is the optimal Lagrange multipliers 
that maximize d, i.e., 

d(X*,C1*;D,R) = max{d(X,/@R) : X,E 2 01 (11) 

then, 

W , R )  d(X*,P*;D,R) - (12) 

provides a tighter lower bound on the optimal cost P(D,  I?) of 
the primal problem 

P(D, E)  2 w, R )  (13) 

As a by-product of the process of maximizing d ( x , ~ ; l l , R ) ,  
we obtain the optimal Lagrange multipliers and - p* and a 
system schedule E* = {E*, p * ,  E * }  resulting from the solution 
to the Lagrangian relaxation for = A* and E = E*. The 
schedule E* = {g*,p*,r*} must satisfy the bidder constraints 
given in Equation (3), i.e., E: = {g:,gy,~;f}~ni(g~) for aU i = 
1, ..., M. In certain cases, E* does satisfy the demand and re- 
serve constraints making it feasible for the primal problem. If, 
in addition, E* satisfies the complementary slackness condi- 
tion, E' = E"' the optimal schedule to the primal problem 
[9]. Practical approaches for computing a near-optimal sched- 
ule have been developed [7],[8]. For all practical purposes the 
difference between E"' and the near optimal schedule E* is 
assumed to be negligible. Moreover, we also assume that the 
optimal Lagrange multiplier x* (E*), associated with demand 
(reserve) in time period t ,  differs negligibly from the marginal 
price (reserve price) in the same period. 

- 

Strategic Bid Formulation 
We use the CEM framework to solve the bidder's problem: 

formulation of a bidding strategy to earn maximum profit. We 
consider the problem of bidder i who submits bid pi. For 
bidder i, the bids pj ,  j = 1,2 ..., i - 1, i + 1, ..., M of the other 
bidders are f i z ed  but unknown. The CEMP determines the 
optimal system price pair (xf, p * ) ,  the optimal system schedule 
E' = {~*,p_*,r*} and from this the operating schedule Ef = 
{gf,pi",<} for unit i .  The prices depend on the bid of all 
generators in the CEM, pj, j = 1, ..., M. However, bidder i 
exerts control only over pi; hence, we can write X. = X(pi) 
and E* =  pi). The dependence of Cy on the bid pi is 
suppressed for notational simplicity; = {g:,gy,r;} satisfies 
the subproblem associated with unit i from the Lagrangian 
relaxation of the CEMP 

where the set ni(c-zi) is a defined in equation (4). The bidder 
i generation costs incurred in each time period t is the sum of 
the variable costs and start-up costs cr(pf,,)u;,, +ct(T<t-l)( 1 - 
u:,t-l)u;,t. We use c!(-)[cj(.)] to denote the fuel and variable 
operations and maintenance costs [start-up costs] of unit i. We 
assume both functions to be continuous. The total costs of unit 
i a y  xT=l[c{(p;,t),+ cl(&l)( l -  u$-~)]u;,~ and the amount 
p a d  to generator a in each time period is A;(&) per MWh of 
energy and p;(p;)  per MW of reserve served. It follows that 

the profits l&( /3 i I~ (p i ) ,~* ( /3 i ) )  of bidder i are equal to the 
revenues less the costs incurred with 

T 

ni(Pi;A*(pi),E*(Pi>) = C[X(Pi)p:,t + pT(Pi)Ti*,t 

-cf(d,t)  - c f ( . i x l  - .tt-l)l.:,t 
t=l  

(15) 

The optimal bidding strategy calls for the maximization of 
IIi(Pi, x(Pi), !*(Pi)) over the set of admissible bids, i.e., 

{~:,E;,T:} minimizes the problem 

, m  

- ~ ; ( ~ i ) ~ i , t ~ u i , t  : { ~ i ,  ri:i)Eni(ci) } (17) 

with n;(gi) as defined in equation (4). 
We next introduce the assumption of perfect competition in 

the CEM. Under such a condition, no single bidder may affect 
prices and is consequently a price taker. In other words, any 
change in the bid submitted by bidder i will have a small effect 
on the prices determined by the CEMP. Formally, we state the 

Perfect Competition Assumption: The bid of 
any bidder has a negligible effect on the system 
marginal and reserve prices. 

This assumption holds when no single bidder controls a signifi- 
cant portion of the total CEM generation and capacity '. The 
market price is determined by the bids of the set of competing 
bidders. From the viewpoint of bidder i, the market clearing 
prices are independent of pi so that 

A*(&) = A" and - P*(pi) = - p" (18) 

A It is convenient to define the loss function Ai = -IIi and re- 
place the maximization in equation (16) by the minimization 
of Ai. We restate the problem as 

/ m  

- p : ~ i * , t ] ~ : , t  : b f ~ L b y ~ , p y ~ ~ ] ,  b i d [ O ,  m), a; 2 O } (19) 

where {E:, pi*, E:} minimizes the problem 

(20) -A" t P s , t  . - ~ ; ~ i , t I u i , t  : (E;,%,.ti)Eni(g;) } 

Given the structural similarity between the minimizations in 
equations (19) and (20) we make use of the 

'In effect we assume no collaboration among bidders, i.e., gener- 
ators behave noncooperatively and there is no cartel of generators 
who act together to set prices. 
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Theorem [U]: A global optimal solution to the 
problem in (19) and (20) is the bid@,?" = {bf, b; ,gi} ,  
where 

b?(p) = ~ { ( p )  Vp~[p~" ,py"O~]  

bf(r) = c f ( r )  vr 2 0 
Vt = 1,2 ,  ...,T ai,t = pya" 

/3yt = { ~ ! , c ~ , p ~ ~ * )  is a giobally optimal bidding strategy. 
No other bidding strategy can result in a greater profit to the 
bidder. This does not preclude some other from also achieving 
the same profit. We also not that the global optimality is 
independent of the system price pair ( X , p " ) .  Regardless of 
the prices that may be realized during thtschedule horizon, 
the bid is optimal ifit equals pi"'. Numerical results presented 
in the next section demonstrate these analytic results. 

A salient feature of this optimal bidding strategy is that it 
reveals the true cost of operation of the unit to the CEM oper- 
ator. This highly desirable outcome is due to the construction 
of this auction for the right to serve load in the CEM. We can 
refer to the optimal bid as bidding at cost or the truth-revealing 
bid. The result can be extended to cases in which a generator 
owns multiple units. 

The expression for the profit realized by bidder i under the 
optiond bidding at cost strategy is thus 

z (A, E)  2 ni(a?', A, E)  = w{c!(-)l  4 ( - ) , P Y " h  A, 14> 
/ T  

This expression for the optimal profit K(A, p)  allows the iden- 
tification of several key properties including Gnvurity and non- 
negativity [ll]. These arc useful in developing sensitivity infor- 
mation and in quantifying the effects of volatility in the prices 
(& p) on the optimal profit of bidder i. Moreover, these prop- 
ertiG can be used in evaluating the impacts on profits of a 
change in the costs of the bidder to assess the return on pos- 
mble investments aimed at improving the performance of the 
unit [ll]. 

Simulation Studies 
We illustrate the formulation of .optimal bidding strategies 

in the CEM under the assumption that the system prices are 
independent of the bid of any one generator. Given the system 
price (A, 1) we simulate the profit IIi(&, A, E). For the numer- 
ical studies reported here, corresponiding to the bid /3i the bid 
variable price b{ is submitted as a piecewise linear function 
of unit power (Willans line) as is the case in the EWPP. We 
examine the variation of the profit of bids with respect to vari- 
ous parameter values and compare that to the optimal strategy 
bid. We ignore the reserve price in these numerical studies so 
as not to detract from the focus on the system marginal price. 

We use system marginal price data derived from the EWPP 
to be the driving function for the commitment and dispatch 
of a unit. A set of half hourly values of Ay for a week was 
constructed using data in [lo]. The time plot of the week in 
units of L / M W h  is shown in Figure 3. Eour 0 corresponds to 
Sunday midnight. 
To evaluate a bid, we calculate the profit corresponding to 

the bid for the week of system marginal price data. Given 

%r 

30 - 
s i, 

t 
Figure 3: System marginal price data 

the generator's bid and the assumed system marginal price 
data, we can determine the unit's schedule for the week and 
consequently its profits. The variable costs of the bidding unit 
are represented by a piecewise linear function of the unit output 
power, with three segments. The parameters that describe this 
function are no-load cost, col the two elbow or breakpointsl e', 
and e2 and the slopes of the linear segments, mll mal rn'. A 
plot of the variable cost function for the unit is shown in Figure 
4. 

14OOO '-[ / 

Figure 4: Variable cost in L/h for the bidding unit 

The start-up costs of the unit are assumed to be an expo- 
nential function of cooling time 

C ' ( 7 )  = C'(0) + C ' ( 0 3 )  - C'(0))[1 - eZp( -T /Tc ) ]  

re  is the cooling time constant for the unit. The selection of 
c'(O), c'(o3) and completely specifies this function. We 
refer to the set of values of {col e l ,  e2, m', mz, m', ~'(0)~ 
~ ' (oo) ,  rel cl(O), c:(m), T:}, which specify the variable and 
start-up cost functions as the cost parameters of the unit. The 
cost parameters and the minimum up and down times of the 
bidding unit are presented in Table 2. 

We consider for the bidding unit the effect on profits of the 
submission of bids different from bidding at cost. To this end 
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Parameter p p "  pya" T~ r" CO e' e' ?n1 m' 
Value 100 600 4 3 5,000 300 500 10.04 20.68 
Units MW MW h h E/h MW MW E/MWh L/MWh 

we examine the change in profits as the bid is changed by 
varying the bid parameters. It is assumed that the unit is 
made fully available for every hour of the week. We restrict 
the bid variations to one parameter at a time while each of 
the other bid parameters is kept constant at the values of the 
corresponding cost parameters. The parameters that describe 
the bid variable price function are the bid no-load price, bo ,  
the bid elbow points, c l ,  and c' and the bid slopes of the linear 
segments, q', q', qs in the same way the variable cost function 
of the unit is specified by the parameters c(O), e', e', m', m' 
and ma. The bid start-up price function is specified by the 
parameters b'(O), b'(oo) and T*. We refer to the set of values 
{ b o ,  e', c2, ql, q2, qs,  b'(O), b'(m), rb )  as the bid parameters 
of the unit. The profits made by the submission of the bid f l  
are denoted by U@,&). In Figure 5, a plot of U(@,&) against 
variations in 2 is given. 

ms CS(O) c' (00)  re  
33.52 2,000 3,000 2 

L/MWh E E h  

/ I \ 

1.42- 

/ I \ 

I 
I 
I 
I 
I 

I 
- 1.21. / I \ 

1.15 V \ 

Figure 5: Plot of II(fl,A) versus c2 

In F i r e  6 a plot is given of U(fl,A) against variations in q'. 
Once again, it is seen that maximum profit occurs when the bid 
parameter is equal to its corresponding cost parameter. The 
Ylatness" of the profit with respect to variations in q1 deserves 
comment. Units that submit a piecewise linear bid variable 
price function are dispatched at the elbow points or 2 or 
the maximum power point, p-=. Clearly, small variations in 
q1 do not result in the CPP dispatcher redispatching the unit 
to  other elbow points; hence, the profit remains unchanged. 
Similar results are observed for changes in q'. 

c 0 nc lus io ns 
This paper has reported the development of a CEM frame- 

work which incorporates the salient features of the Poolco con- 
cept and consequently the England and Wales Power Pool 
(EWPP). We have applied the fkamework to formulate and de- 
termine the optimal bidding strategies of a bidder in the CEM 

1.445; 'OS 

under conditions of perfect competition. This papa's results 
are noteworthy for the explicit inclusion and detailed represen- 
tation of the various considerations and constraints associated 
with the generation for electrical power. We have developed 
a globally optimal bidding strategy: regardless of generation 
resources, costs and constraints a generator m a x i "  profits 
by bidding to  supply generation at cost and at maximum ca- 
pacity. The adoption of the POOLCO concept [I21 makes this 
a result of practical interest in California. 

This paper has focused only on one aspect of CPP - the 
optimal bidding strategy problem for generators. The recent 
introduction of demand side bidding into the EWPP has intro- 
duced a problem which can be effectively solved using the CEM 
framework. There are several facets of the CEM that require 
additional work. For example, the optimal bidding strategy 
problem for buyers fkom the CEM may be formulated as a bid 
to optimize profits given resources, constraints and costs. The 
oligopoly situation in EWPP generation markets [13] is an area 
that may be explored using game theoretic notions within the 
CEM framework. A game theoretic formulation will allow the 
analysis of the interaction between competing bidders. Such 
interaction is not represented in the CEM decision analytic 
framework of the present paper. An area which requires con- 
siderable work is the incorporation of transmission constraints 
and pricing [14] into the CEM framework. 
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