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Abstract

Statistical data analysis, through the utilization of experimental design, is a powerful tool commonly used in different areas where uncertainty
is a problem, and a great amount of data is available for the analysis. After 10 years of open market experience, the data recorded during
the last decade from the electric markets suggest that experimental design can be useful for electrical market data analysis. In this paper, the
impact of different factors on the determination of economic parameters such as the spot price in an electric market is analyzed. The analysis
is based on the experimental design methodology. The implementation of the proposed methodology is illustrated using simple examples
from the Argentinien electric market.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

During the last decade, several electric market structures
have changed all over the world from a vertical integrated
monopoly to a vertical and horizontal segmented market.
This process has been observed in countries such as Chile
(1982), the United Kingdom (1989), Argentina (1992), Nor-
way (1992), Central American countries (1997), and the
United States (1998)[1]. As a result, two important issues can
be highlighted taking into account over 10 years of open mar-
ket experience in the countries that led themselves to those
changes and from the available data. The first item to be con-
sidered is uncertainty with an open market; uncertainty in-
creases with regards to power system structure, development,
and price determination. The second one is the great amount
of data available in databases. These two issues make the sta-
tistical data analysis, through the utilization of experimental
design, a powerful tool for electrical market data analysis that
can serve as a base for a second generation of reforms in the
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electric market sector. Experimental design is a set of tests
carried out on process or systems where inputs are changed
in order to observe the output response and their relation with
inputs. The main objective of the experimental design is to
determine which variables are most influential on the output
response, that is, to determine the parameters which lead to
the best possible output response[2,3]. Initial experimental
designs were applied in the area of agronomy and chemistry
for the selection of the most efficient factor combination as
described in[4–6], respectively. Later, the electronic indus-
try used this methodology for the development of products
and process[7]. Thus, experimental design becomes one of
the most important tools in the statistical analysis of data
in several areas, allowing companies to improve within an
aggressive competitive environment. Recently, the idea of
implementing experimental design in the power system area
has been suggested. In[8], authors present a technique based
on the analysis of the variance to calculate the contribution of
generators to an electric market. Another implementation of
the analysis of the variance method to detect the most influen-
tial factors on the level of line congestion is shown in[9,10].
The aim of this paper is to analyze the impact of different

0378-7796/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.epsr.2004.05.005



62 D. Moitre et al. / Electric Power Systems Research 73 (2005) 61–66

factors on the determination of economic parameters such as
the spot price in an electric market based on the experimen-
tal design methodology. First, the mathematical formulation
of factorial experiments is revised; then, the implementation
of this technique on the spot price determination is shown,
and finally to illustrate the proposed method, a study case is
presented.

2. Factorial experiments

Factorial experiments are widely used within the area of
experimental design when experiments involve several fac-
tors and the study of their joint effect on a response is nec-
essary[11]; the simplest type includes two factors: factor A
with a levels and factor B withb levels.

The hypotheses under which results are analyzed are the
following:

• fixed factors;
• full randomized design;
• normality assumptions are satisfied.

The observations can be described by the following sta-
tistical lineal model:

yij = µ + αi + βj + (αβ)ij + εijk (1)

whereµ is the total media,αi denotes the effect of thei-
level of the first factor,βj the effect of thej -level of the
second factor, (αβ)ij the interaction effect between the i-level
of the first factor,and thej -level of the second factor, andεijk
the experimental error. Repeating the experimentn times,
there will be nab observations, which are assumed normally
distributed, mediaµij and varianceσ2. The objective of the
factorial design is to determine the effect of the first and
second factor for which the following tests of hypothesis are
performed:

H ′
0 : α1 = α2 = · · · = αa = 0

H ′
1 : at least oneαi �= 0

(2)

H ′′
0 : β1 = β2 = · · · = βb = 0

H ′′
1 : at least oneβj �= 0

(3)

Furthermore, it is very important to determine the interaction
between both factors; therefore, the following test of hypoth-
esis is formulated:

H ′′′
0 : (αβ)11 = (αβ)2 = · · · = (αβ)ab = 0

H ′′′
1 : at least one (αβ)ij �= 0

(4)

For a given data set, the total sum of squares SST is defined
as follows:

SST = SSA + SSB + SSAB + SSE (5)

where SSA is the sum of squares for the main effect A, SSB
is the sum of squares for the main effect B, SSAB is the sum
of squares of the interactions between factors, and SSE is

the sum of squares of the error. Then, the tests described
by Eqs. (2) and (3)are based on a comparison between the
independent estimates ofσ2 provided by the division of each
term of SST by their degree of freedom, known as mean
square:

MSA = SSA

a − 1

MSB = SSB

b − 1

MSAB = SSAB

(a − 1)(b − 1)

MSE = SSE

ab(n − 1)

(6)

The effect of a factor is defined by the variations in the fac-
tor’s level. This is called main effect because it refers to the
primary factors in the study. In some experiments, the fac-
tors may have different level response, when this occurs, and
there is a considerable interaction between factors, the cor-
responding main effects will have no meaning since a sig-
nificant interaction can masks main effects. Assuming fixed
factors A and B, the mean square expected values are:

E(MSA) = σ2 +
bn

a∑
i=1

α2
i

a − 1

E(MSB) = σ2 +
an

b∑
j=1

β2
j

b − 1

E(MSAB) = σ2 +
n

a∑
i=1

b∑
j=1

(αβ)2ij

(a − 1)(b − 1)

E(MSE) = σ2

In order to perform the test described byEqs. (2)–(4), mean
square values are divided by the mean square error:

FA = MSA

MSE

FB = MSB

MSE

FAB = MSAB

MSE

(7)

These ratios follow anF distribution with two degree of free-
doms; one degree of freedom corresponds to the numerator
term and the other corresponds to the denominator, in this
case,ab(n− 1). The critical region is located in the upper tail
of the distribution, as shown inFig. 1.

The test procedure is arranged in an analysis of variance
(ANOVA) table, shown inTable 1.

Rejecting the null hypothesisH ′
0 and H ′′

0 implies that
there are differences between the means, although the ex-
act nature of the differences is not specified. In this situation,
further comparisons between groups through the implemen-
tation of multiple comparison techniques may be useful. This
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