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Abstract

The power industry restructuring brings a series of new
challenges to the operation of the transmission networks. Firstly, the
grid has to survive independently after unbundled from the
generation sector; secondly, efficient resource utilization depends on
voluntary transactions and the guidance of price signals; thirdly,
networks shall be developed according to market demands while
transmission investments turns to be profit-driven; fourthly,
supervision must be loaded on the transmission monopoly; and
finally, with increasing bilateral transactions, the existing networks
are likely not have enough capacities for market operation, and
system security and reliability might also be challenged. For these
issues, transmission pricing is the key and foundation; a good
pricing methodology can make the others easily solved. Therefore,
under the assumption of a “Pool + bilateral transactions” market
environment, this dissertation starts with the design of a transmission
pricing method, then remarks other unsolved elementary
transmission problems, including congestion management, wheeling
and its operating reserve service, as well as measurement of the
generators’ market power.

Due to economies of scale of the transmission networks, market
efficiency and revenue sufficiency are hard to be harmonized in
transmission pricing. None of the existing pricing methods gives
good reconciliation to these two sides. A “transmission electricity
value equivalent (TEVE) methodology” is therefore presented in this

\%
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dissertation, which is based on such two market principles: 1)
optimal resource utilization manifests itself as the optimal power

flows by economic dispatch; on condition that the optimal power
flows keep undistorted, line capacity costs can be embedded in the
pricing objective so as to gather sufficient revenues for the grid as a
whole; 2) revenue reconciliation of every individual line essentially
reflects the fairness of income allotment among the network
investors, and therefore shall be realized out of the market by
redistributing the transmission revenues among the lines. A difficulty
wherein is how to embed the lines’ capacity costs without distorting
the optimal power flows. The solution of TEVE is to first allot the
grid capital cost among all the lines in proportion to the line losses,
variating the allotments and then adding to the loss costs to define
the lines’ equivalent costs, and finally constructing a marginal cost
pricing problem with an equivalent-cost-minimizing objective. The
essence of this method is to charge line capacity fees as increased
loss costs when all the lines are fictitiously lengthened by a same
rate. Since power flows in a passive network nearly don’t change if
nodal injections can keep constant when all the lines are lengthened
by a same rate, the new method can basically maintain market
efficiency at the same time of producing sufficient transmission
revenues. This feature is proved by analytical derivation and
numerical examples in the dissertation.

By differently defining the variated capacity costs (or passing
rates) of the lines, two pricing methods titled as TEVE-I and
TEVE-II are developed. For the former, passing rate is the socially
general investment on per unit MW of a line. The supervision entity

VI
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controls the transmission price level indirectly by setting certain

macro-regulation parameters; the ultimate network revenues,
however, also relate to the use of the transmission facilities on the
market. Grid companies are hence stimulated to optimize their
transmission investment decisions and to maintain the open use of
the networks. In contrast, passing rates in TEVE-II are defined by
allotting the grid accounting capital cost strictly in proportion to the
line losses, network revenues being loosely related with the power
flows. Grid companies can almost evade risks, but the stimulus
functions are vitiated accordingly. The two methods both follow the
market rules of “macro-regulation” and “risk-bearing investment”
which are not incorporated by any other existing transmission
pricing methods; but when compared with one another, TEVE-I is
more suitable for a developed market environment, while TEVE-II
might be used at the elementary stage of the power markets.

The two TEVE methods have several common good features in
modeling. First, “practical generation electricity value equivalents
(GEVEs-p)”. are used instead of generation variable costs in the
objective. As GEVEs-p incorporate generation capacity costs but
keep the same order of the variable costs, the TEVE pricing can
maintain the economic dispatch solution and at the same time, derive
coﬁgestion rents conceptually reflecting the benefits of line
expansions in sparing both the system variable costs and capacity
investments.. Second; “line loss rates” are defined for loss
linearization: and DC. flow equations are used, so that the TEVE
pricing can be modeled as a computationally efficient linear
programming problem. Third, a new decision variable named

viI
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“delivery” is introduced in the pricing model. Unlike nodal
injections or power flows, delivery is decomposed transaction from a
generation node to a load node. Transactions and power flows are
hence decoupled directly in the process of pricing for rationally
distributing the passing costs among the network users. This new
decomposition method is compared with the existing flow tracing
one by a numerical example. Fourth, wheeling of every bilateral
transaction is treated as virtual Pool unit and load, being
decomposed uniformly and then priced in the model. The above
characteristics in TEVE modeling facilitate the solution of the
following problems in transmission.

As for congestion management (CM), the existing methods
generally only focus on the relief of line overloads in short-term
operation; this dissertation, however, solves the CM problem from
both the short-term and the long-term views. In the short term, when
price-induced redispatch (the indirect CM method) cannot relieve
line overloads thoroughly, “willingness-to-pays” of the network
users are introduced into the TEVE model to curtail the loads under
the goal of market efficiency (the direct CM method). In the long
term, congestion reflects shortage of transmission capacity and
should be solved radically by network expansion; the congestion
rents derived by the TEVE method can reasonably gather more
funds for this purpose.

Apart from wheeling of power, the bilateral traders may also
ask the grid company to arrange various ancillary services for them.
One important ancillary service for wheeling, the operating reserve,
is studied in this dissertation. It is first recommended that operating
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reserves be scheduled on the day-ahead Pool market, then a

stochastic method is offered for pricing reserve services in wheeling.
By the method, the generation units expected to be loaded in the
next day are first determined through stochastic production
simulation, their expected capacity values and electricity costs being
evaluated by the “stochastic GEVE-p pricing method”; next, the
TEVE pricing is executed under the expected transaction conditions
and due to the transaction decoupling function of the TEVE model,
the expected electricity sources (i.e. the reserve suppliers) of the
contracted buyers can be specified and the reserve costs can be
allotted accordingly. Wheeling pricing incorporating reserve services
is still an area with little research findings till now, and this
dissertation provides a possible solution for it.

Market share and concentration indices are usually used for
measuring sellers’ market power. In power markets, however, due to
transmission constraints and costs, a generator not occupying a large
share of the whole market, may still monopolize electricity supplies
in local areas; meanwhile, it is not shares of generation capacities or
outputs, but shares of electricity sales that really show the market
power of the generators. In these lights, this dissertation develops the
economic concept of relevant geographic market and presents a
method for dividing electricity relevant markets on the load side; the
sales’ shares and sales’ concentrations of the generators are further
evaluated within the scopes of relevant markets by implementing the
decomposition function of the TEVE model. A case study is
provided to examine the validity of the new indices; the results also
show that it is necessary to incorporate the impacts of transmission

IX



2003 4F_E¥gAR 22200153

networks when measuring the generators’ market power.

A numerical example with a background of the East China
regional power system is provided at the end. The TEVE method is
examined by comparison with the SRMC one under three network
conditions of “n-0”, “n-1” and “n-2”. The results show that the
TEVE pricing keeps the same optimal power flows as the SRMC
method, but nodal prices by the latter averagely take only 60% of
those by the former, transmission prices averagely not reaching 50%,
and the grid revenue ranging 21%~50%; the probabilistic average of
the grid yearly revenues under the three network conditions is no
more than 207 million yuan by the SRMC method, while reaches
861 million yuan by the TEVE method. The increments are different
from those could derived by the accounting pricing methods, since it
is shown that the increments also come from the increase of the
congestion rents which can vary with the use of the lines’ capacities,
reflecting the worth of expansions corresponding to the market
demands. Besides, some conclusions are made from the results of
the example, which are expected to be helpful to the regional market
operation in China.

Key words electric power market, transmission pricing, wheeling pricing,

congestion management, operating reserve, market power



