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Abstract

The worldwide restructuring and deregulation of electric
power industry has being significantly changed the operation
style of power systems. In the deregulated market
environment, participants are required to pay much attention
to the consequence of their own decisions, while market
regulators need to understand the corresponding market
features and efficiency of different market modes. As such,
developments of reasonable decision-making models and
methods have significant implications in both theoretic and
practical respects. The unique features of electric power
industry make the electricity market more akin to an
oligopoly. Consequently, a variety of oligopolistic equilibrium
models are used to quantitatively examine the strategie
behaviors of market participants and their impacts on the
whole market. These examinations are extremely helpful for
market regulators’ decision-makings. This dissertation
addresses issues of equilibrium analysis of large-scale,
complicated power market systems. The main research work
includes: solution approach to equilibrium models of
complicated electricity markets using a special nonlinear
complementarity function, equilibrium analysis of a bid-
based-pool (BBP) generation market with DC power flow
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constraints, multi-period equilibrium analysis of electricity
market taking into account cross-time response of load
demand and transmission constraints, equilibrium analysis of
regional bilateral electricity markets using a DC transmission
model, joint equilibrium analysis for electricity forward and
spot markets with transmission constraints. The main work
and key contributions of this dissertation are as follows:

First, this dissertation launches the introduction of
nonlinear complementarity approach in the solution of large-
scale complicated equilibrium models. The proposed method
involves gathering the Karush-Kuhn-Tucker ( KKT )
conditions of each participant to form a mixed nonlinear
complementarity problem (NCP). Using a special nonlinear
complementarity function, the mixed NCP is reformulated as
a set of nonlinear algebraic equations. Then the market
equilibrium can be obtained by solving these equations. Since
equilibrium problems for large-scale electricity markets with
transmission constraints are sophisticated mathematical
programs, the proposed method provides an efficient way to
the solution of these equilibrium models, and also paves the
way for our subsequence research work. This part is one of
the key contributions of this dissertation.

Second, a LSFE model with DC power flow constraints is
developed to analyze the generators’ competition behaviors in
BBP generation markets. In this model, each generator forms
its decision-making problem as a two-level optimization
problem, which can then be transformed into a mathematical
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program with equilibrium constraints ( MPEC) using KKT
conditions of the lower level problem. Therefore, an
equilibrium problem with equilibrium constraints (EPEC) can
be formed by combining all generators’ MPEC, and can be
solved by the nonlinear complementarity method. To
illustrate the effectiveness of the above method, numerical
examples of 3 - bus system and 30 — bus IEEE test system are
conducted. It can be shown that the generators will exercise
their market power through strategic bidding and withhold
their capacity in case of either power shortage or transmission
congestion.

Thirdly, a multi-period LSFE model of electricity
markets is proposed, with cross-time load demand response
and transmission constraints included. This equilibrium model
can be categorized as an EPEC and be solved by a nonlinear
complementarity method. Numerical examples are presented
to validate the reasonableness of the model. It is also shown
that with cross-time load demand response, the customers’
load can be shifted from on-peak time to off-peak time, and
also the unreasonable allocation of loads caused by
transmission congestion can be relieved. As a result, the
customers’ whole profits can be increased and thus customers’
reasonable arrangement of electricity consumption can be
achieved. On the other hand. with cross-time load demand
response, the equilibrium prices of the whole market are
decreased apparently, and thus the market power abuse of
generators can be effectively mitigated. Furthermore, the
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more the degree of cross-time load response, the larger the
above effects will be. This work is also one of the main
contributions of this dissertation.

Fourthly, a LSFE model for regional bilateral electricity
power market is developed which includes a congestion
pricing scheme for DC transmission constraints. Arbitragers
are considered to eliminate those nodal price differences that
are non-cost based. The nonlinear complementary approach is
used to solve the mixed NCP arising from the solution of
equilibrium model. Simulations based on the 30 — bus IEEE
test system are presented to validate the reasonableness of the
model and the method. It is revealed that no matter what
degree of transmission congestion is, the presence of
arbitragers is helpful to mitigate the market power abuse of
generators and lower the market prices, uplift the social
welfare and customers’ surplus. '

Finally, facing the practical requirements of electricity
markets currently implemented around the world, generators’
gaming in both forward contract markets and spot markets is
addressed. A joint equilibrium model is proposed taking
transmission constraints into account. The LSFE model is
used to emulate the generators’ bidding in the spot market,
while the contract market is modeled with Cournot
competition. The whole equilibrium model can be formulated
as an EPEC, which can be solved by a nonlinear
complementarity method. Numerical examples are presented
to validate the reasonableness and effectiveness of the
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proposed model and solution method. It is shown that
strategic generators will voluntarily participate in strategic
forward contracting regardless of transmission congestion,
and thus their market power abuse can be effectively
mitigated and the equilibrium market prices can be lowered.
It can also be demonstrated that the generators with lower
generation costs are more willing to make profits in spot
markets when there is no transmission congestion. In
contrast, when transmission congestion occurs, the generators
with localized market power are more inclined to make
profits in contract markets. The volume of the strategic
forward contracting is closely related to generators’ cost
parameters and demand elasticity. This work is also one of
the main contributions of this dissertation.

Key words Electricity market, Equilibrium analysis, Nonlinear
complementarity method, Transmission constraints, Cross-time
load demand response, Regional bilateral trading, Strategic
forward contracting
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