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This study constructed a national-level energy system model to
analyze the impact of energy efficiency and demand response
policies to achieve Net Zero by 2050 for South Korea. LEAP (Low
Emissions Analysis Platform) was used to construct a bottom-up
accounting based energy system model. Capacity planning in the
power generation sector with minimum cost optimization was applied
to assess the policy impact to the generation sector at the system
level. To project the path to carbon neutrality by 2050, four
scenarios were considered: 1) Government Policy Reference (GPR), 2)
Net Zero (NZ), 3) Net Zero + Energy Efficiency (NZ_EE), and 4) Net
Zero + Energy Efficiency + Demand Response (NZ_EE_DR).

Firstly, changes from GPR to NZ were explored to determine the
additional renewable energy capacity required in the power
generation sector for the energy transition. The basic assumptions
for NZ included electrification of final energy consumption,
decarbonization of the power generation sector, and the introduction
of eco-friendly vehicles in the land transport sector. The
socio-economic macro-indicators between GPR and NZ scenarios
were kept consistent.

The costs and effects of implementing energy efficiency and
demand response policies were derived by comparing the outlooks of
NZ, NZ_EE, and NZ_EE_DR scenarios. For energy efficiency policies,
a conservative target of 1% improvement in energy intensity
compared to the previous year, based on successful cases in the
United States (California) and the introduction of Energy Efficiency
Resource Standards (EERS) policies domestically, was incorporated
into the NZ_EE scenario leading up to 2050. The costs of policy
implementation were determined based on the performance of

existing EERS policies and values from the Energy Diagnosis DB.



Domestic values were compared with the costs reported in
California's Potential and Goals Study to ensure accurate estimation.

Demand response policies have been implemented domestically,
mainly focusing on peak reduction and electricity market bidding
process. The NZ_EE_DR scenario was based on the assumption that
the expansion of renewable energy in the future could stabilize the
variability of renewable energy through demand response resources,
leading to the convergence of the demand curve to the generation
curve in the power sector by 2050. The cost estimation for demand
response resources assumed that the such a large scale demand
response policy would be based on price signals and not direct
subsidy from the government.

Using 2019 as the base year, the study forecast the path to carbon
neutrality by 2050 through scenario analysis. The analysis revealed
that if an energy efficiency policy aiming for a 1% improvement in
energy intensity each year is implemented, the total -electricity
production cost of the power generation sector would decrease by
23% to 217 trillion KRW in 2050 compared to not implementation (283
trillion KRW). When implementing demand response programs
alongside energy efficiency, the cost would decrease by 39% to 171
trillion KRW.

Although energy efficiency and demand response policies are
costly, the study confirmed that there is a net cost-saving effect, if
taking into consideration the cost reduction in the generation sector.
The wunit production cost of electricity is projected to be 152
KRW/kWh in 2050 without any energy efficiency and demand
response policies; this will increase to 161 KRW/kWh with energy
efficiency policy implementation; and decrease to 138 KRW/kWh with
energy efficiency and demand response implementation. It was
evident that energy efficiency and demand response policies together
could lower costs related to the expansion of renewable energy in
the long term. Implementing energy efficiency policies alone would
result in an increase in unit electricity costs, highlighting the need
to develop more economically viable energy efficiency business

_Vi_



models.

While the pros of policy implementation is clear, this research
points the way forward for additional reviews for a more robust
outlook and policy implications. Future research suggestions include
validating the reliability of the energy system model. Conducting a
comprehensive investigation into the reduction potential and costs of
energy efficiency and demand response policies in the accounting
model would provide more accurate analysis and business plans.
Additionally, reflecting the uncertainty of macroeconomic indicators
and exogenous technological specifications leading up to 2050 would
allow for better interpretation of the model results. From the
perspective of model completeness, estimating the transmission and
distribution costs to the network associated with the expansion of
renewable energy and providing specific scenarios for various energy
efficiency and demand response policies that may be introduced in
the future would be useful.
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