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Empowering Smart Energy Cities through Decentralized Electricity Market

Revitalization
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Abstract

Energy is essential for economic and social development. The demand for energy continues to rise every year, driven
by diverse economic activities. Simultaneously, escalating energy costs and the need to curb greenhouse gas emissions
underscore the urgency of transitioning o renewable energy sources. This study aims to address the challenges in the
electricity market stemming from the growth of renewable energy supply in urban areas. It examines the causes of
uncertainty and instability in the electricity system resulting from the integration of various renewable sources and explores
potential solutions. The focus is on enhancing grid stability by effectively securing flexible resources through the local
electricity market and introducing the concept of a "smart energy city”, a development model applicable to similar scenarios in

the future.
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Figure 1. Framework for smart energy city development (Mosannenzadeh et al., 2017)
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Figure 2. P2P market structure (Faia et al.,, 2024)
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Figure 3. Community-based market structure (Faia et al.,
2024)
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(Faia et al,, 2024)
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Figure 5. Classification of ancillary services (Kaushal and Van Hertem, 2019)
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*  Time-of-use (Toll) pricing
s Critical peak pricing (CPP)
Real-time pricing (RTP)

Figure 6. DR programs in demand-side management (Panda,
etal, 2022)
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() Introduction of distributed energy production

% ojs

and consumption incentives

- Support for eco—friendly combined cycle power and
resources contributing to volatility response

- Establishment of an incentive system for the dispersal of
new strategic demand areas in the metropolitan region

- Review REC support for self-consumption customers, etc

: \
Centralized) || - Introduction of the Korean—style Virtual Power Plant (VPP)

A9 £4FE AlLHRR: g eAb) S3skd 29RE R
AEA S| G2 4u]R] S0 7)8 AAkskal A8t
HA 23 WA AHE B ¢ e SR FYAILE9
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A=, TR 2817} 7 A AR AF2 YA, o]
ol At 2T AR A AlEARRI o] Aol £
AZ o= AZEIL Qloh, AlFoARFARIA AFdh= AlFE
Erkelle A AR AHRFE7L (Figure 8) 0l 227HE 0] 1T,

o] APHAIRNZ I H2E HARE AR, B2 AulA AR, A
Aol AFA =] Al 712 AHAF AR B3 Sl
AZE ARARE] 72 9 7H4715 =SS A2 0= Ay
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Establishment of a low-carbon energy production - consumption - transaction system
near the demand area, achieving 30% of the distributed energy share by 2040

@) Reform to a Distributed
Energy-Friendly Market System

/ and activation of the small-scale power brokerage market
- Market restructuring for the activation of distributed energy,
including the introduction of ancillary services market
- Developrnent of region—specific, time—of-use, and voltage—
specific tariff plans and restructuring of the network fee system

(3 Enhancement and Advancement of

Infrastructure for Grid Stability Improvement
- Introduction of a distribution system operation scheme
for regional management
# Discussion on the role of DSO (Distribution System Operator)
- Construction of an Integrated Control System for
Renewable Energy

- Development of flexibility resources (P2G, V2G, etc.) to
address surplus power

DBIEGE |

4) Establishment of a Regional-led

Distributed Energy System
- Promotion of regional demonstrations through the

designation of distributed energy special zones*
* Ri ble energy o
. industrial complexes
- Development of a Distributed Power Connection Platform
and Construction of a Microgrid within the Village
- Establishment of Local Energy Centers for
Community-Led Energy Transition

d areas, electric utility districts,

Figure 7. Contents of the dispersed energy promotion special act

Source: Ministry of Trade, Industry and Energy, 2021.
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# Promoting the use of renewable energy like a central dispatch generator through power generation forecasts

( ) Power Brokerage Electic P
. Platform ’ Service Provider _
S = (Jeju Energy Corporation) Exct 1ang
Individual resources
¥ S - m% = Renewable energy P@
. Platform .| of forecast ?x:aeedlqg 20N | generation
SSCUEU || data solar, wind, etc.) foratsst
Qperator Ik — : .
SRR | ement | | BT | | Recentof |
Py fee - resources o astiement | Y
amount
 Emor rate under 8% Renewable energy Enor rate under 8%
i under 20MW o
(solar, wind, etc.)
» Analysis of :
" basg:ls:::snwind direction and speed ® 4 Error rate 6% |, AWON/KWH B3 7} X2
» ESS charge—discharge analysis data Error rate 6 ~ 8%, 3WON/KWH 43 7} X8
» Feedback on improving the accuracy ®
of power generation forecasts

Figure 8. Scheme of the distributed energy project on Jeju Island

Source: Jeju Energy Corporation's internal data
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