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Overview
The electricity systems transformation processes that started more than two decades ago is still far to be completed. The key foundation of the restructuring was to design adequate regulatory tools to sustain a marginal price-based market environment in which generators and end-users could trade.
While the level of development of market mechanisms on the generation side has been significant, there is still a not short path to go on the end-users’ side. Organized wholesale short-term electricity markets have been implemented worldwide. These markets are capable of not only leading to optimal economic dispatches but also of producing efficient and granular price signals revealing the actual marginal cost of supply in each moment (in each hour or even in each five-minute period). Although these mechanisms are being contested recently in the context of the huge energy crisis mainly suffered in the European Union, there is no doubt that they have played a key role to significantly increase the efficiency of the operation and planning of the generation fleet. Two mention a couple of examples, short-term price signals have enhanced the reliability of generation plants in the periods of larger supply needs and increased the flexibility of generation plants (e.g. motivating the renegotiation of operation and maintenance contracts to allow for a more exigent cycling of the plants capable of better respond to price volatility).
However, on the demand side, the actual involvement of end users in this marginal price-based environment is still far from being a reality. In the vast majority of cases, electricity end users, and particularly residential consumers, live with their backs turned to short-term price signals. Some of the reasons behind this lack of involvement are well known: in many cases, electronic meters have not yet been rolled out; but even in those cases in which it has been done, tariff design manages to mute short-term price signals.
The number of electricity systems in which residential users are majoritarily exposed to dynamic energy prices (and time-of-use network charges) is really small. So beyond a large number of pilot projects widespread in different contexts, it is still far from being easy to extract from real practice relevant conclusions on the actual potential of demand response.
While there is a certain consensus (trust) on the economic potential of demand response coming from large consumers, the actual value that could be extracted from residential demand response is still largely unknown. On the one hand, significant barriers are still holding back the deployment, from the aforementioned lack of sufficiently developed tariff designs to data privacy and cybersecurity issues, to name some. But even assuming that these barriers could be removed, there is a major open question: which is actually the willingness to engage of these residential customers. When fully exposed to granular short-term prices, will it be worth for these class of users to modify their consumption patterns?
In this paper we study in detail a real-life case example that allows extracting noteworthy insights to address this last question. First, we develop our analysis in the context of the Spanish electricity market. The Spanish regulatory authority, back in 2014 pioneered the design of end-user tariffs that fully exposed millions of residential customers to dynamic energy prices and time-of-use tariffs. This allows us to use this real hourly price series to quantify the actual economic savings that a fully responsive residential end user could get.
In order to extract sound conclusions from the analysis, not only on the static economic potential of responding, but also on the actual value of it when confronted with the opportunity cost of modifying the usual consumption patterns of end users, we built our analysis around a real consumer who in principle should be among the best suited to engage: a taxi driver owning a fully electric vehicle in the city of Madrid. The rationale behind the study was simple: if it is not worth responding for such a consumer (more than 50 kWh per day), then we should not expect much from regular residential customers.
The analysis benefited also from the fact that electricity prices in Spain during the second half of 2021 and the first of 2022 have been abnormally high, due to the well known energy crisis that has multiplied spot prices by at least five (compared with levels of the business as usual prices seen since 2014). We could thus explore extreme cases using real life data, evaluate in each price scenario the level of savings that could be extracting and what could be reasonably expected for a consumer of this nature. For a more realistic response to this last question, we confronted our reference consumer with the alternatives, and received from her a good insight on her willingness to engage in each of the scenarios.
The analysis allows extracting relevant insights to contribute to the open question on the actual role that demand response can play in the future in other jurisdictions, particularly in a future context in which electromobility is further developed.
Methods
We developed an optinization tool that allows minimizing the cost of charging the EV battery subject to the schedule constraints expressed by the owner of the taxi. We calculated the savings that could be obtained from optimizing the charging every day taken the hourly prices as known, and we focused the analysis on quantifying the economic benefits under two extreme assumptions. In both cases we took as basic condition an 8-hour working journey per day, and then we explore two options: i) fixing the working schedule preferred by the taxi driver and evaluating the savings under these constraints, and ii) prioritizing the minization of charging costs, even if this would imply an uncomfortable working mode for the taxi driver. As previously discussed, the quantification considered the hourly prices charged to residential customers during the last eight years. This allowed extracting valuable conclusion on the different response of the customer before and during the EU energy crisis.
This analysis allows us to get a clear picture of the real potential of residential demand response for one of the most favourable case that can be conceived, an extremely intensive consumer. The analysis also allowed evaluating willingness to engage of the consumer, when confronting the battery charging savings with her willingness to condition her daily habits.
Results
The main results, largely discussed in the paper, is that contrary to what it might be expected, not even in the extremely high prices scenario the resulting savings were significant enough to be considered by the taxi driver worth conditioning her working (and life) habits.
Some interesting effects can be advanced:
i) as the renewable penetration increased in Spain, the hourly price pattern changed in two main ways: the increased in solar PV generation gradually depressed prices around noon, turning those hours into the best ones to charge the battery, but the worse ones for the taxi business not to be working, and at the same time, the increased volatility of prices made more difficult to coordinate a stable working schedule with the charging cost minimization.
ii) also, during the energy crisis scenario, contrary to what might be initially expected, the incentive to adapt more the charging of the battery to save costs was as large. The reason behind this conclusion is the fact that while prices during this period were extremely high, the peak/off peak spread was not very significant (gas-fired plants were setting marginal prices in most of the hours due to the dry hydro season and extremely hot summer).
Conclusions
Demand response should gradually turn into a helpful tool to minimize the cost of electricity supply. In particular, the potential of this alternative on the side of residential consumers should be linked to the ability to properly manage the charging of EV batteries. We explored a real case example considering the hourly prices recorded in one of the few contexts in which a fully sophisticated tariff has been applied to residential costumers, and we evaluated the actual value for being flexible interacting with a real residential customer that in principle should have the largest saving potential conceivable. This allowed us also to consider the willing to engage of the customer depending on the different price scenario and the savings that could be obtained in each of them.
The analysis indicates that the actual potential of demand response among this customer class might not be as large as expected. And in any case, it confirms the need for automation to minimize the need for the user to condition daily habits.
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