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Energy poverty hinders economic growth, and access to affordable and more reliable energy sources can improve livelihoods. The Sierra Leone government has recognized the need for an energy revolution and has launched an ambitious initiative to reach universal energy access by 2030. Off-grid solutions such as the use of community-scale mini-grids will play a paramount role in electrifying rural communities. In the last decade, the price of solar energy has dramatically declined, and the reliability of mini-grid systems has improved with advancements in battery storage. While the economics of a mini-grid project has significantly improved, the margins are still very slim, and it can take several years before mini-grid providers see a profit. 

Energicity is one of three mini-grid providers operating as part of the Sierra Leone Rural Renewable Energy Project, and their business model will be the focus of this analysis. While Energicity is just one mini-grid provider, the operational and economic hurdles Energicity faces are indicative of broader challenges that many mini-grid providers in sub-Saharan Africa must overcome. Energicity faces difficulties securing energy demand and developing a tariff structure that customers can afford to pay and covers costs. Solar hybrid mini-grids only generate power during the day, and there is a cost disparity between supplying power during the day vs. the evening due to the high cost of energy storage required to service nighttime energy loads. The existing fixed-price tariff structure does not account for the variance in cost between supplying electricity during the day vs. during the evening. 

Tariff design is also inherently complicated; the regulatory space for decentralized renewable energy systems like mini-gid is still evolving and is country-specific. Enacting an effective tariff structure requires balance. Mini-grid providers and regulators need to ensure that a tariff enables a provider to recoup costs. Yet, it is also critical to account for equity concerns ––  ensuring rural constituents can reasonably afford to pay the going price of electricity. Thus, regulators and mini-grid providers in the off-grid space are continually working to balance equity and costs. 

A time-of-use tariff design can be a more efficient tariff structure and could be a means to lower the average cost of electricity for customers. A time-of-use tariff in which the daytime price for energy is less than the evening price of electricity could incentivize consumers to shift some of their energy demand from the evening to the day –– when the system generates electricity. A lower daytime price also presents an opportunity to stimulate demand and could be a means to entice existing diesel generator users to become mini-grid customers due to the daytime price decline.  

Incentivizing a change in energy consumption towards greater daytime energy usage can lead to an increase in revenue and a cost reduction. Mini-grid systems are storage constrained and rely on batteries to service evening loads. Energicity does not have the battery capacity to store all of the power they generate throughout the day due to the sheer capital expenses that additional storage capacity would require. Storage is the highest-cost component of a mini-grid system, and storage-related maintenance represents a significant proportion of Energicity’s ongoing operational expenses. If they can incentivize their customer to consume more energy during hours of generation, they can reduce their reliance on storage and reduce daytime solar energy curtailment. 

Four primary factors drive Energicity’s costs and revenues these are 1) energy usage, 2) the number of customers, 3) equipment costs, and 4) tariff. To model Energicity's customers' response to the time-of-use tariff, an extensive literature review was conducted to assess the price elasticity of demand for energy, particularly in rural developing economies. The purpose of this literature analysis was to derive a price elasticity of demand for Energicity's customers to model energy demand under a time-of-use tariff. 

In this analysis, four scenarios are modeled to assess how time-of-use tariff adjustments affect energy demand, capital and operational costs, and revenue. After modeling the financial returns over a 20-year time horizon, a time-of-use tariff was found to yield a 0.75% to 3.9% increase in revenue. The enactment of such a tariff also led to a nearly 8% percent savings in storage costs. 

Equity concerns that may stem from the enactment of a time-of-use tariff were also assessed, and this analysis carefully considered the impacts a time-of-use tariff would have on all customer segments. One way to mitigate equity concerns is to apply a time-of-use tariff to only a particular customer segment – for Energicity, this was identified to be customers that utilized greater than 0.5 kWh/day. The remaining customers could then be eligible for a "lifeline" tariff that allows for a lower fixed cost for the first 0.5 kWh/day. Program design is critical to ensure effective and equitable implementation, and time-of-use tariffs can be designed in such a way as to ensure low-income customer groups do not see an increase in their energy expenses.

This research provides a look at the economic opportunities a time-of-use could provide Energicity and mini-grid providers with a similar business model. However, an increase in daytime energy demand or load shift are effects that do not necessarily happen organically due to the lack of perfect information and capital constraints. To effectively implement a time-of-use tariff, the next step is to enact a pilot project. This pilot project would enable Energicity and stakeholders to monitor customers' response to time-of-use pricing differentials and customers’ ability to increase daytime energy usage and/or shift their energy demand.


