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Designing a Demand Response in the Electricity
Market for Social Welfare Maximization®

Seongwon Yang Chang Sik Kim* Kyungsik Nam®

Abstract This study develops a model to analyze the cost and profit structures
faced by Independent System Operators (ISOs) and Demand Response Aggrega-
tors (DRAs) in South Korea’s electricity demand response market. Based on this
model, the study derives the socially optimal level of demand reduction and a
settlement mechanism that maximizes overall welfare. In particular, to identify a
compensation structure that minimizes operational costs while maintaining mar-
ket participation incentives, the interaction between the hourly volatility of the
system marginal price (SMP) and demand response participation levels is ana-
lyzed. Using hourly load and price data from 2023 onward, the model results
suggest that expanding the volume of demand response beyond current levels
and setting the settlement price at approximately 90-95% of the SMP can lead
to a Pareto improvement. In this scenario, the ISO’s market operation costs are
significantly reduced, while the profits of DRAs increase. The magnitude of cost
savings for the ISO varies with the time-varying elasticity of the SMP, whereas
DRAs benefit from increased profits as the growth in demand response participa-
tion outweighs the slight decrease in settlement prices. These findings imply that
sufficient incentives for market participation can be preserved even with moder-
ate adjustments to the settlement ratio.
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Figure 1: AWARDED-TO-BID RATIO (A) AND DELIVERED-TO-AWARDED RA-
TIO (B) IN THE ECONOMIC DEMAND RESPONSE PROGRAM. While the awarded
volume is relatively small compared to the bid volume, the delivered volume substan-

tially exceeds the awarded volume.
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Figure 2: INDUSTRIAL (EUL) AMR DATA. The industrial (Eul) AMR load exhibits
clear seasonal patterns, with demand decreasing during special days such as holidays.
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Table 1: MEAN AND STANDARD DEVIATION OF SMP BY LOAD PERIOD. Both
the mean and the standard deviation of SMP are highest during peak-load hours, while
they are lowest during off-peak hours.
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Figure 3: RANGE OF INDUSTRIAL (EUL) LOAD AND PEAK-HOUR SMP. The
normalized load level ranges from 0.819 to 0.953, while the peak-hour SMP after de-
mand response lies in the range of 0.61 to 1.073.
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Figure 4: OPTIMAL DEMAND REDUCTION RATIO. The optimal reduction ratio is
determined to be approximately 3—4% depending on the load level and the post-demand-

response SMP.
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Figure 5: OPTIMAL SETTLEMENT RATIO BY SCENARIO. Panels further to the
right correspond to larger price spreads, and the optimal settlement ratio increases as the
price spread widens.
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Table 2: ESTIMATED SMP ELASTICITY. The table reports the estimated percentage
change in SMP in response to a 1% change in system load.
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Figure 6: COMPARISON OF OPTIMAL AND EMPIRICAL COSTS DURING THE
SUMMER PERIOD. The cost under the optimal demand reduction ratio and settlement
ratio (blue) is lower than the cost under the current demand response scheme (red). Panel
(a) corresponds to a low price spread, while panel (b) corresponds to a high price spread.
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Figure 7: COMPARISON OF DEMAND RESPONSE AGGREGATOR UTILITY DUR-
ING THE SUMMER PERIOD. Under the optimal demand reduction ratio and settlement
ratio, the aggregator’s utility (blue) is higher than that under the current demand response
scheme (red). Panel (a) corresponds to a low price spread, while panel (b) corresponds
to a high price spread.
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