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ABSTRACT: Distribution networks will serve as a

comprehensive energy platform for the future society. The

characteristics in the source, network, and load are changing

more and more dramatically, bringing great challenges to the

coordinated planning of distribution networks. The paper

focused on the coordinated planning of smart distribution 0

networks with consideration of the source-network-load

evolutions. The driving forces for the development and

evolution of distribution networks were analyzed. The

influences of multiple driving forces on system planning were

discussed. Several key issues were elaborated, including the (1 -
morphology feature extraction and quantification, dynamic [2]
aggregation and prediction of planning elements, planning

under complex scenarios, and multi-scenario deduction and

decision-making. Analysis of the composition, objective and

research direction of the key issues were performed, providing

some thoughts and references for the development of smart - -

distribution network planning technologies.
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Fig. 1 Evolution and planning of distribution networks
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Distribution networks that deliver the electricity
from transmission systems to end consumers constitutes
a critical part of power system. Scientific design and
planning are essential for the high-quality construction,
extension, and operation of distribution networks. Rapid
evolution of the sources, networks and loads at
distribution level brings new challenges to the planning
in smart distribution networks (SDN). The methods
considered need to “actively” coordinate and guide the
development of sources and loads, which is the
precondition to fully release the potential of complex
structures. On the other hand, the planning scheme
should be able

unpredictable changes caused by the advances in

to “passively” accommodate the
technologies or changes in policies.

Driving forces for the evolution of distribution
networks are diversified. The demand of consumers for
high-quality power supply is the primary factor that
stimulates the structure of distribution networks evolving
from being radial to meshed. The technical progresses
facilitate the adoption of new equipment like distributed
generators, soft open points, energy storage systems, and
micro-phasor measurement units, making the network
comprehensively observable and controllable. Due to the
coupling among these driving forces, the evolution of
distribution networks becomes a complex problem and
must be properly addressed in planning.

Fig.1 illustrates the issues in coordinated planning
of SDN with the evolutions of sources, networks and
loads.

1) Feature extraction and quantification. The SDN
has evolved both in structure and configuration for
improved power service. New indexes like flexibility,
resilience, and connectivity are needed to describe the
enhanced operational capabilities of SDN. These indexes
should be quantified in terms of time, space, physics,
values, etc., and thus to provide measurable criteria for
planning.

2) Dynamic aggregation and prediction. The
integration of distributed generators, energy storages,

S1

and intelligent home applications makes the uncertainty
intensified and user characteristics individually tailored.
The sources and loads should be dynamically aggregated
according to their behavioral similarities to relieve the
computational burden for prediction and planning.

Multi-scenario deduction and decision-making
Assessment and
decision-making

o

Scenario deduction — Coordinated planning —

e <

Feature extraction and Dynamic aggregation Planning under
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Fig. 1 Key issues in distribution system planning

3) Planning under complex scenarios. The planning
of SDN is highly coupled with the flexible operation
strategies, including both continuous power dispatching
and discrete switching controls. Big data analytics
becomes an effective approach to explore the energy
consumption patterns based on the historical data. The
participation of different stakeholders, including the
investors, operators and users, formulates a game-based
problem, which means the planning should make an
equilibrium for the benefit of the whole.

4) Multi-scenario deduction and decision-making.
The planning of SDN is a long-term and dynamic
process. The multi-scenario deduction is intended to
the with
consideration of their interactions with varied decisions

determine possible  evolution paths

in each stage. Then the optimal planning path that

coordinates and leads the development of SDN
throughout the entire period is obtained.
This paper emphasizes the importance of

coordinated planning of SDN in condition of source-
network-load evolutions. Some instructive perspectives
of feature extraction, characteristic prediction, scenario
deduction and path evaluation are proposed for future
researches.



