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Current Calculation Simulation Model for Smartgrid-based Energy
Distribution System Operation

HeeSun Bae - Seungjae Shin - II-Chul Moon - Jang Won Bae'

The future energy consumption pattern will show a very different pattern from the present due to the increase
of distributed power sources such as renewable energy and the birth of the concept of prosumers, etc. Accordingly,
it can be predicted that the direction of establishment of an appropriate production and supply plan considering
the stability and consumption efficiency of the entire power grid will also be different from now. This paper
proposes a simulation model that can test a new operational strategy when faced with a number of possible future
environments. Through the proposed model, it is possible to simulate and analyze power consumed and supplied
in a future Smart Grid environment, in which a large amount of new concepts including energy storage service
(ESS) and distributed energy resources (DER) will be added. In particular, it is possible to model complex systems
structurally by using DEVS formalism among the ABM (Agent-Based Model) methodologies that can model
decision-making for each agent existing in the grid, and several factors can be easily added to the grid. The
simulation model was verified using given dataset in the current situation, and scenario analysis was performed
by simply adding an ESS, one of the main elements of the smart grid, to the model.
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Table 1. Terminology and definitions
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Fig. 1. Basic diagram of low voltage distribution system
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Fig. 2. Type of distribution system network structure
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Y is a set of ouput events
S is a set of model states
Oim: S — S, internal transition function
Sin: Q x X — S, external transition function,
where Q = {(s, e) s €S, 0 < e < ta(s)}
A: S — Y, output function
ta: S — R', time advance function

A% mACMS P, FEY), W AEdE
(2] et Agues) g AEIES 7o) 92 B
Z(coupling relations)@} EA] Add x2|E Y3t Select
kg g

CM = <X, Y, M, EIC, EOC, IC, SELECT>
X, Y is a set of input/ouput events,
M is a set of components
EIC, EOC, IC: a set of relations about external
input, external output, and internal coupling
Select: 2M - @ — m € M, Select function
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Fig. 3. Simulation process of low-voltage energy distribution
system (based on 1 tick)
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Fig. 4. Coupling Structure of the proposed simulation model
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Fig. 5. Diagrams of DEVS atomic models: (a) Household, (b) Grid Evaluator, (c) Stability Manager,
(d) Energy Storage System (ESS)
Sk A [e) = y-Kel =] =] =
A Bl 5k 38 A9 S A B Grid Dalutor 239 44 o 4ok Aelcka 25

k8l o) % AukA
E Zg

QloflAl AARE AlEE o)A
A5 =oI7] SlsliA, Agket REle vt 22 WS
A-gslct Ajkele= RdloA= Algdold AlvEe
/39| #|o] Z(phase)E oL, T Ho]=E DEVS
A2 9] time advanceE o]835to] YL AE &
of, Alyg] 2= 1 ticks 7|22 HhEEE 22 4%
sk, 9 1”9 3709 Hofx|&= Hj 0.3, 0.6, 0.8 ticko]
A=A time advanceS Z3to] A& o] Qlatyg
(causality)S =3}

AE mdo] dgo|E ARLE nd U] ZAsk=
Ao| oy, &8 g|o]E(shared data)2 FHE L) o=
8] W DEVS el kel S48 ob b
Qo) ATk o]¢d o] RS E3)) mElo] Ealby o}

AlEgolA A ﬁE% ?%h’“g Uk Aokt o
Ae AY 2EE 3F HolE = dAste] A-gskqict
E3h AjRt HeS HE LHF(Sung 5, 2012)9] B
= ol-gste] o] Aol R AAkS Eefste] At
Skt thA] DA, DEVS 2} Hdlz W5 4l o]

o BY| 4 W Al 2

do) Qlabgat malo] AAg

7FO "o

l:llﬂz

e Ao, AJE) o] oA Hagt dve A
ke daRlss SHACR st dE &

e
7|2 ndo
W o g 3keE 2~ o)
aluatoroﬂ/q A3l 2
Ta|2o| tieia Kot AAEHA Attt

13 9IckFig. 5. (
mdle o] HpH o
Fagte] Mo

EP% A

A o

3.3 Mgt IiH"171IE 7It.'_* A

[e)

Table 20j=
< s %—?9&3}-

T

Oﬂ*%E Grid

a) al).

olFA & HlolE 2t

EH@ A F

=23 ZO

E2FAM =

Table 2. Notation for power current calculation
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Fig. 6. Radial network current calculation algorithm
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Fig. 8. Comparison of simulation results and verification
values-voltage by household
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(a) Household 1 Voltage
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Fig. 9. Voltage change over time for Household 1
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Fig. 10. Phase imbalance across the whole grid
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Fig. 11. Power loss because of phase imbalance
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5.2.1 Case Study: ESS 37} AlyE| e
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Table 5. ESS Parameter Summary
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Table 6. ESS Battery Specification
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Fig. 12. Voltage change of Households with or without ESS
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