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A Generation Expansion Planning Method for Power Systems With Large-scale New Energy
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ABSTRACT: As one of the significant measures to realize
energy transition, the proportion of new energy in energy
supply side becomes increasingly high. However, the
fluctuation and randomness of new energy output bring great
challenges to the conventional generation expansion planning
(GEP). Under the framework of combining investment decision
and operation analysis, a novel GEP method for integrating
large-scale new energy generation was proposed, which mainly
includes: adopting a monthly time resolution in investment
decision-making stage to consider the seasonal fluctuation and
rapid construction characteristic of new energy; adding an
ultra-short-term operation model to operation analysis stage,
which can be used to evaluate the system adjustment capacity
during typical periods with sharp changes of net load (such as
morning peak period and evening sunset period) and reflect the
value of flexible resources in line with the operation of new
energy; furthermore, through the coordinated iteration and
rolling correction between investment decision and multi-time
scale operation assessment, the optimized planning scheme
with comprehensive benefits of economy, environment,
reliability and flexibility was obtained. Finally, to provide a
reference for future research, the key problems that can be

further studied are discussed.

KEY WORDS: generation expansion planning; large-scale

new energy; multi-time scale operation assessment; flexibility
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As one of the significant measures to realize energy
the

significantly in the past decade. Considering the great

transition, deployment of new energy increased
challenges stemming from the fluctuation and randomness of
new energy output, it is of practical significance to propose a
comprehensive generation expansion planning (GEP) method,
aiming at integrating large-scale new energy generation.

After analyzing recent studies on GEP models, this paper
proposes a novel GEP method combining the investment
decision-making and multi-time scale operation analysis
together. Firstly, this method adopts a monthly time resolution
instead of a yearly time resolution in investment
decision-making stage to consider the seasonal fluctuation and
rapid construction characteristic of new energy. Secondly, an
ultra-short-term operation model with a higher time resolution
(e.g., 5 minutes time step) is introduced to evaluate the real
time flexibility requirements during typical periods with sharp
changes of net load (such as morning peak period and evening
peak period). Thirdly, a coordinated iteration mechanism
integrating the investment decision-making with multi-time
scale operation assessment is presented to obtain the optimized
planning scheme.

The paper then introduces the core research framework of
the proposed method, the function of each module as well as

Module function

Basic data input

Investment »

The

framework mainly includes new energy output simulation,

their relationships in detail, as depicted in Fig. 1.

generation investment decision, probabilistic production
simulation,  short-term  operational  simulation  and
ultra-short-term operational simulation. Specifically, new

energy output with different time scales (i.e., yearly, monthly,
hourly, minutely scales) is firstly simulated based on historical
data. After that, the initial monthly planning scheme is obtained
by solving the generation investment decision model with a
Then reliability

down-regulation capability and real-time ramping capability of

monthly time resolution. indexes,
the planning scheme are evaluated by using the probability
production simulation, the short-term operational simulation
with typical weeks and the ultra-short-term operational
simulation with typical periods, respectively. When these
operation assessments are done successfully, the optimized
planning scheme is obtained.

Finally, the key problems that can be further studied are
discussed, including effective representation of long- and
in GEP models,

multi-energy systems for accommodating renewable energy,

short-term uncertainties co-planning of

customized optimization algorithm for solving models
efficiently, as well as interconnected electric system planning

considering network power flow.
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