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Abstract

Energy consumption in urban areas is rapidly increasing, and the variability of time-of-use
energy demand is growing due to differing energy usage patterns among building types. This
results in surges in peak-time electricity demand, threatening the stability of power grids.
Therefore, flattening urban energy consumption is essential to enhance energy efficiency and
reduce the strain on power grids. This study proposes a method to minimize the variability in
time-of-use energy consumption by adjusting the proportions of building uses, focusing on
Seohyeon-dong in Bundang-gu, Seongnam, South Korea. To achieve this, we analyzed the
energy consumption patterns of various building types and applied the Harmony Search
optimization algorithm to adjust the energy usage ratios for each building type, ultimately
deriving optimal flattening results. The study results demonstrated a reduction in peak loads,
with electricity consumption becoming more evenly distributed throughout the day. These
results confirmed significant improvements in grid stability and overall energy efficiency in the
region. Future research will aim to apply this optimization algorithm to a broader range of cities
and building types to validate its effectiveness. Additionally, the study will explore strategies to
maximize practical energy savings, contributing to long-term sustainability goals, including
reducing greenhouse gas emissions and promoting the integration of renewable energy.

Keywords: -5} HESHLoad leveling), 7= &% %% 3}(Building use optimization), &3}
2HA oF 31 2] & (Harmony search), T 2 £-5} 7+4~(Peak load shaving), = QF84J(Grid
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Step 1

Site selection

Criteria
e Data availability
o Development feasibility

Step 2

Data collection &
Processing

Selection
e Ist-gen new town
e Seohyeon-dong

Application

Implementation

o Apply selected algorithm
o Adjust patameters

Collection

o Energy usage data
¢ Building distribution data

Preprocessing
e Missing value handling
o Outlier detection

Step 3

Data analysis

Pattern analysis
o Time-of-day usage
» o Seasonal/Monthly variations

Evaluation

A

Final ratio validation
o City-planning feasibility

Step 6

Constraint setting

o Identify realistic constraints
o Residential ratio range

Assessment

o Compare patterns
e Peak load change

Clustering
e PCA & K-means
o Interpret cluster features

A

Algorithm selection

Algorithn comparison

e PSO, DE, HS, BH
¢ Flattening metric (BFR)

Step 5

Fig. 1 Research process

Selection
o HS algorithm

Step 4
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Building Use

Residential use
Wholesale and retail trade
Accommoedation and food service activities

Education services
Membership organizations, associations, and other personal services
Real estate activities

D

13%

Professional, scientific, and technical activities
Information and communication
Human health and sacial work activities

Construction

Arts, sports, and recreation-related services

Transportation and storage

Financial and insurance activities

Business facilities management and business support services
Manufacturing

Electricity, gas, steam, and air conditioning supply

Public administration, defense, and social security administration

Fig. 2 Current proportions of building uses in Seohyeon-dong
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Table 1 Comparison of cluster

Cluster

Explanation

Cluster 0
Cluster 1
Cluster 2
Cluster 3

Business facilities management and business support services; rental and leasing activities
Consists of industrial and other types of buildings with consistent or higher energy usage during nighttime.
Includes residential buildings with a pattern of increased energy usage during morning and evening hours.

Includes commercial and office buildings with energy usage concentrated between 9 AM and 6 PM.
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Table 2 Comparison of optimization algorithms

Optimization algorithm

Explanation

PSO
(Particle Swarm Optimization)

DE (Differential Evolution)
HS (Harmony Search)

BH (Basin Hopping)

An algorithm where a swarm of particles searches for the optimal solution. Features simple
implementation and fast convergence speed.

A real-valued global optimization algorithm known for its excellent search capabilities.

An algorithm inspired by the process of seeking harmony in music. Suitable for considering
various variables and constraints.

Finds global optima by repeatedly performing local optimizations.
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Table 4 Changes in peak load and Best Flattening Ratio

Case Peak load change Best Flattening Ratio (BFR) change
Monthly Flattening 50.9% 72.2%
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