Solar power consumer behaviour: Diminishing rebound effects or reinstations of the old habits? Empirical evidence from a developing country
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The increase in global energy demand, especially from fossil fuels, has been considered the key driver of growing greenhouse gas emissions that lead to climate change and global warming. The global energy sector was predominantly responsible for about 92 per cent of carbon dioxide (CO2) emissions, and the electricity sector alone contributed 36 per cent of all energy‐related CO2 emissions in 2020. Replacing fossil fuels with renewable energy sources is considered one of the most viable solutions to mitigate climate change. Among renewable energy sources, solar energy has been advocated by policymakers and environmentalists, especially for off-grid areas and developing countries. The International Energy Agency expects solar energy and wind power are the two most significant sources of electricity generation in the world energy development scenarios up to 2050.

In this paper, we examine whether solar installations effectively reduce carbon-intensive energy consumption in the case of a developing country. We are motivated by the idea that it is not simply a substitution effect that households will use solar power to offset grid demand. Instead, consumers may consider solar energy as "free electricity" if they temporarily ignore the initial investment costs. In other words, we investigate a rebound effect of owning a rooftop solar system, which could reduce the effectiveness of promoting solar power. For this purpose, we adopted monthly panel data of more than 3500 households in Hanoi, the capital city of Vietnam, from 2015 to 2021 and conducted the panel difference-in-difference model. Our model estimation suggests that the growth of solar owners' total power demand increased immediately after installing the solar system by approximately 16% more than in non-solar households. Meanwhile, their consumption from the electricity grid was reduced by only 3% compared to homes without solar energy. These results are highly statistically significant, implying the existence of a rebound effect.

In addition, statistical data indicated that residential solar owners in Hanoi have not been selling electricity to the grid. Thus, one may suspect that it is not a rebound effect if all solar energy has been effectively consumed to cover up the restrained demand caused by limited accessibility or low affordability. However, the data was collected from the Hanoi capital, one of Vietnam's wealthiest provinces, where people are fully accessible to all kinds of energy. Therefore, we studied the dynamics of the electricity demand over twelve lags after the solar system had been installed to confirm the rebound effect and to discover further implications. Results suggested a remarkable gap between solar owners and non-solar households in terms of total electricity demand immediately after solar installation; however, this gap tent to close over time. Synergistically, the opposite pattern was observed in the grid electricity consumption. Those dynamics imply that the behaviours of solar owners had been reinstated to the old habits, and they could be linked to the synergistic impacts of a less attractive feed-in tariff, lack of battery adoption, and the rigidity associated with long term behavioural patterns. 

To the best of our knowledge, only a few papers discovered the rebound effect of solar energy, and all of them were conducted with data in developed countries. This study is one of the first pieces of work to test whether the rebound effect existed in the case of a developing country. The study concludes that there was a significant short term rebound effect that was diminishing over time. Another important contribution of our study to the literature is analysing grid network demand after solar installation. While extant studies focus on behaviour change by examining the total power demand, our study suggested that the consumption behaviour of the network electricity also requires attention to assure the effectiveness of solar energy.
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