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ARTICLE INFO ABSTRACT

This research aims to forecast the long-term household electricity demand under
various climate change scenarios, including temperature increases of 1°C and
0.5°C per year, as well as decreases of 1°C and 0.5°C per year, utilizing CMIP6
climate projection models. With the rise in average temperatures and the
. . intensification of heatwaves, cooling requirements in the residential sector have
Avrticle History: increased, leading to higher summer peak loads. To analyze this trend, a data-
Received 28 January 2026 driven framework is proposed that employs a multivariate annual regression model
Revised 27 February 2026 incorporating Cooling Degree Days (CDD), Heating Degree Days (HDD), the
Accepted 22 May 2026 number of subscribers, and temporal trends. Furthermore, daily temperature data
Published Online 23 September 2026 are used to disaggregate annual consumption into daily and hourly scales, enabling
the examination of peak load variations. Model evaluation indicates highly
accurate performance, with coefficients of determination (R2) of 0.995 for the
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Research Paper

Keywords: training set and 0.979 for the test set. The Root Mean Square Error (RMSE) is
Climate change, approximately 547.82 kWh, corresponding to less than one percent of annual
Cooling and heating degree days, consumption. Climate scenario analysis reveals that the CDD index is the primary
Load management, driver of rising electricity use in Tehran expanding from roughly 780 units in the
Power system planning, baseline year to 3,000 in the mild warming scenario and over 7,200 units in the

Residential electricity demand forecasting.  severe one, representing growth of 285% to 820%. Conversely, the HDD index
declines under warmer scenarios, contributing little to overall demand. Forecasts
suggest that household electricity consumption will increase by 75-132% by 2050,
with the difference between the warmest and coldest scenarios exceeding 77,000
kWh. Hourly analysis shows an evening peak load of approximately 21.5 kWh and
an early-morning minimum of about 7 kWh. The proposed framework can serve as
an effective tool for power system planning and load management under global
warming conditions.
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Introduction

Climate change has become a major driver of change in residential electricity consumption, especially
in regions with hot summers and increasing cooling needs. Rising temperatures intensify the use of
cooling equipment, shift peak demand toward summer months, and create new challenges for long-
term power system planning. In Tehran, where household electricity demand is highly sensitive to
temperature fluctuations, understanding the climate-energy relationship is particularly important. This
study aims to develop a climate-responsive forecasting framework for residential electricity demand
by directly incorporating thermal indicators into the prediction process. Unlike conventional
forecasting approaches that rely mainly on historical trends or macroeconomic variables, this research
explicitly links future electricity demand to climate change through temperature-based indicators.

Materials and methods

A Python-based data-driven framework was developed to estimate future household electricity
demand under different climate scenarios. The annual model uses multivariate linear regression in
which residential electricity consumption is explained by CDD, HDD, number of subscribers, and a
time trend. Historical annual electricity consumption and subscriber data for Tehran were combined
with daily temperature observations to calculate annual thermal indices. Future temperature scenarios
included no change, annual increases and decreases of 0.5°C and 1°C, and climate projections derived
from CMIP6 datasets up to 2050. After estimating annual demand, the predicted energy was
distributed into daily and hourly scales using temperature-based weighting factors and seasonal hourly
load profiles. Model performance was evaluated using R2 and RMSE.

Result

The proposed model showed very strong predictive performance. The coefficient of determination
reached 0.995 for the training period and 0.979 for the testing period, while the RMSE in the test set
was about 547.82 kWh, representing less than one percent of annual consumption. Scenario analysis
showed that rising temperature strongly increases cooling demand. By 2050, annual household
electricity consumption is projected to rise by about 75% under the CMIP6 scenario and by up to
132% under the severe warming scenario. CDD increases sharply under warmer scenarios, reaching
more than 7,200 units in the most extreme case, whereas HDD declines substantially. Hourly analysis
also revealed a clear evening peak, with maximum load around 21.5 kWh and minimum load near 7
kWh during early morning hours.

Discussion and Conclusion

The findings indicate that cooling demand is the dominant factor shaping future residential electricity
consumption in Tehran. While warmer winters reduce heating requirements, this reduction does not
offset the rapid growth of summer cooling demand. The developed framework successfully captures
the impact of climate change on annual, daily, and hourly electricity use, offering a practical tool for
long-term energy planning. The results highlight the need for adaptive strategies such as demand-side
management, cooling efficiency improvements, and expansion of generation capacity to maintain
power system reliability under future warming conditions.
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1. Cooling Degree Day-CDD
2. Heating Degree Day-HDD
3. Root Mean Square Error-RMSE
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Seasonal Hourly Load Profiles (Dynamic Based on CDD/HDD)
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1. Extreme Gradient Boosting
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