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Overview

Two ongoing forces have the potential to fundamentally reshape the electric power system: the need to reduce carbon emissions, and rapidly decreasing costs in solar photovoltaic (PV) and energy storage technologies.  

Renewables, both wind and solar, are the most rapidly growing source of low carbon electricity.  Currently, most renewables are utility scale.  These large facilities are typically located far from load in areas with high quality wind or solar resources, and are directly connected to the transmission system. However, the potential exists for both solar PV and storage to be deployed as distributed systems, located at the same site as the customer.  Customers have shown great interest in having PV and storage located on-site, due to perceived emission benefits and reliability benefits.  
In this paper, we investigate the potential for customers to improve the reliability of their electricity supply and potentially become completely independent of the central grid.  We also investigate the potential environmental benefits of distributed PV/storage systems.  We find that although customers may be able to improve reliability at a reasonable cost, achieving complete independence from the grid is extremely costly.  Emission reductions are possible, but are not cost effective compared to other carbon mitigation options.  However, if the costs of PV and storage continue to drop at historic rates, the economics of going off-grid may become more favourable.
Methods

We use a non-linear optimization model to find the lowest cost PV/storage system that meets a customer’s load with a given level of reliability.  We test how the size and cost of the system changes as the customer becomes increasingly independent of the power from the grid.  We use hourly customer load data and simulated PV production data in the modelling.  We also use cost data and technical specifications for PV systems and storage from various sources.
Results
We find that customers can reduce their dependence on the central grid through the use of on-site PV and storage.  If the on-site system is sized relatively modestly, such that the majority of the customer’s power comes from the central grid, the system is relatively cost effective.  However, if the customer wishes to become completely independent from the grid, the size of the system increases significantly.  This effect is caused by stretches of several days, often during the winter, that have low amounts of solar insolation.  These days drain batteries and require systems to be significantly oversized.
We also find that on-site PV/storage systems can reduce CO2 emissions, but at a higher cost than other options.  This effect is in part due to the fact that storage does not reduce system-wide emissions, as a customer’s excess PV generation is sold back onto the grid and offsets fossil generation elsewhere.  The costs of on-site storage are purely for reliability benefits and other system benefits, but do not reduce emissions.
Conclusions

Although on-site PV/storage systems can reduce customers’ reliance on the central grid and improve their reliability, they are not a cost effective option for going completely off-grid or reducing emissions.  As such, customers may start to deploy on-site systems and reduce their reliance on the grid, but large numbers of customers disconnecting completely from the grid and causing a utility “death spiral” are unlikely.  The economics may change in the future if solar and storage costs continue to fall at a rapid pace.
