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A B S T R A C T   

Future retail electricity markets require development to accelerate the net-zero carbon transition. Adopting a 
customer-centric approach to market design is necessary to fully utilise smart grid technologies. In this 
perspective we postulate that empowering energy consumers to become an integral component of the smart grid 
will lead to heightened renewable energy deployment and network flexibility.   

1. Introduction 

Society must advance to an environmentally sustainable post-carbon 
world by reducing greenhouse gas emissions. Globally, governments 
have established initiatives and frameworks to achieve carbon 
neutrality, exemplified by the net-zero emissions by 2050 target set in 
the United Kingdom (UK Government and “Energy White Paper, 2020). 
Developing efficient renewable generation technologies is crucial to 
achieve such ambitious targets and transition to a low carbon energy 
system. However, as renewable technology penetration levels increase, 
the implementation of supporting market-based mechanisms and 
ancillary services is necessary to balance complex time-varying differ-
ences between demand and generation (Davis et al., 2018). 

The modern energy network, identified as the smart grid, is a 
fundamental component of societal infrastructure and is evolving at an 
unprecedented pace. Major economies around the world are deploying 
smart metering devices in vast quantities to fully integrate end-users into 
the energy system. Smart metering technology enables the automated 
collection of fine-grained consumption readings and facilitates dynamic 
pricing arrangements, which depend on the time-of-day to reduce en-
ergy demand (Tushar et al., 2018). The retail electricity market is 
embedded in the smart grid as a customer-facing financial entity 
comprising the incumbent and new competitive energy suppliers. The 
existing retail electricity market structure must not succumb to stagna-
tion, as continued development is necessary, with it being an integral 
monetary feature of the smart grid. 

At the distribution level of the smart grid, many elements require 
further integration with the retail electricity market. These include: 
dynamic pricing arrangements, distributed energy resources (DERs), 
electric vehicles (EVs), heating and cooling networks, smart metering 
technology, energy management systems and peer-to-peer (P2P) energy 
trading. All these elements have a common thread, the energy customer. 
A customer-centric approach is one significant methodology applied to 
future retail electricity market design. By maximising energy customer 
engagement and availing of their consumption flexibility, this end-user 
focused approach could optimise the utilisation of smart grid technol-
ogies. Therefore, enabling an adaptive retail electricity market and ul-
timately hasten the net zero carbon transition. Fig. 1 highlights the 
smart grid components which involve active customer engagement. 

We establish our perspective on the key concepts for developing 
future retail electricity markets with a customer-centric focus. In this 
context, we first capture the changing energy infrastructure landscape 
with the shift from centralised conventional thermal power plants to 
distributed renewable generation and energy storage. Our discussion 
progresses to the heart of the piece, the embedment of customer-centric 
energy policy, which considers the emergence of modern retail elec-
tricity markets and customer engagement which encompasses tariff 
switching, smart meters, demand response programs, behavioural 
changes and prosumer activity (a prosumer is considered an energy 
consumer and, simultaneously, an energy producer (Kanakadhurga and 
Prabaharan, 2021)). Following on, we then situate our perspective on 
supporting communities in the energy transition, especially vulnerable 
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groups. Finally, this short communication concludes by discussing 
peer-to-peer energy trading, which is an emerging innovative business 
model to support renewables deployment and grid flexibility. 

2. The changing energy infrastructure landscape 

The power system is transitioning away from the well-understood 
traditional paradigm, as the penetration of converter-based technolo-
gies increases (Al kez et al., 2020). Furthermore, the power system is 
becoming part of a wider smart energy system with sector coupling 
across electricity, heating and cooling, industry, commercial and do-
mestic buildings and transportation (Lund et al., 2017). Historically, the 
grid was built to support one-directional power flow from centralised 
generation with beneficial system inertia characteristics. Given the 
intermittent nature of renewable distributed generation, there are 
growing implications regarding dynamic stability. New voltage and 
frequency regulation techniques are required, which support the 
network during normal and abnormal operations. A challenging prob-
lem for grid operators is system planning with large-scale distributed 
generators and consumers’ smart appliances. One solution is imple-
menting a market-based control mechanism, which harnesses the eco-
nomic power of the electricity market, to co-ordinate such spatially 
distributed technologies (Gourisetti et al., 2021). 

The energy system is becoming increasingly dependent on renewable 
generation technologies such as wind turbines, which are crucial for 
achieving emissions reduction targets. However, this inevitably raises 
several issues stemming from the intermittency of wind as an energy 
source (Ahmed et al., 2020). Two system level solutions are available, 
the first is to increase the capacity of wind generation significantly 
beyond the maximum demand. This means that in periods of low wind 
energy, demand can still be met, however, this creates a significant in-
crease in the levelised cost of wind energy. The second solution is energy 
storage, which can create additional demand when energy supply in-
creases and provide energy when supply decreases. Thereby decreasing 
curtailment and lowering the total capacity requirement. Energy storage 
will play a major role in balancing less dispatchable renewable gener-
ation. At the distribution level of the energy system, homes and busi-
nesses with rooftop solar generation can avail of self-consumption, 
energy arbitrage, demand response and the opportunity to participate in 
the ancillary services market (Comello and Reichelstein, 2019). 
Furthermore, the effectiveness of solar technology can be enhanced by 
coupling it with battery energy storage systems. The penetration of 
small-scale distributed battery energy storage is expected to increase as 
battery-based technology investment becomes economically viable, 

with costs anticipated to decline as battery development advances (G ü 
nther et al., 2021). 

In addition to dedicated battery energy storage systems, the electri-
fication of transport is likely to influence the smart grid to a great extent. 
The penetration of electrified mobility in recent years has been 
phenomenal. As society is progressing from fossil fuel powered modes of 
transport to electric vehicles, which are charged using electricity 
derived predominantly from renewable sources (Liu et al., 2021). The 
battery storage capacity of EVs, when integrated into smart energy 
systems can be used as a demand response load when charging, and as a 
source to provide ancillary services such as frequency regulation and 
voltage support when discharging (Al-Obaidi et al., 2020). This 
EV-to-power system integration is a techno-economic arrangement 
known as ‘vehicle-to-grid’ (V2G), which enables the bidirectional flow 
of electricity between the EVs and the grid (Bibak and Tekiner-Mo ̆g ulko 
ç, 2021). V2G is considered important for grid stability and flexibility, 
especially as the energy system becomes increasingly decentralised 
(Lund and Kempton, 2008). Therefore, it is crucial that the supporting 
power system infrastructure and retail market mechanisms are promptly 
and rigorously implemented, or electric vehicles will have the capability 
to strain the power system (Arias-Londo ñ o et al., 2020). 

For a dynamic smart grid infrastructure to reach it’s potential, 
emphasis is being placed on cross-linking energy industries and devel-
oping smart energy markets. Smart energy markets are an evolving 
market design where each energy sub-sector market (e.g., electricity, 
heating and cooling, refined liquid petroleum products or natural gas) is 
integrated into a broader energy market (Sorkn æ s et al., 2020). 
Focusing on how each sub-sector may complement each other is 
considered as an essential element for the development of economical 
solutions for 100% renewable energy systems (Lund). Heating and 
cooling networks are one such industry which is a prime candidate for 
sector coupling. Heating and cooling networks, traditionally fed by 
centralised fossil fuel generation plants, can be utilised to harness energy 
from large-scale renewables as well as small-scale excess heat driven 
prosumers. While the idea of consumers producing heat to be fed back 
into the network is plausible, some dynamical challenges exist with 
respect to supply temperature, differential pressure and pipe velocity. 
Current state-of-the-art research considers market-based solutions to 
such technical challenges in fourth-generation district heating systems, 
for example, tariffs which depend on the supply temperature (Lund 
et al., 2022). Customer owned roof mounted solar collectors and micro 
combined heat and power units are some of the distributed generation 
methods allowing consumers to become prosumers (Brown et al., 2019). 

Fig. 1. Customer-centric focus in the smart grid. Source: Authors.  
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3. Embedding customer-centric energy policy 

Historically, the adoption of customer-centric energy policy has been 
successful at addressing the energy user’s requirement of a secure and 
affordable electricity supply (Haar, 2021). For example, in the United 
Kingdom and other regions, the electricity sector was radically reformed 
and modern retail electricity markets emerged. This was a consequence 
of liberalisation which commenced in the late 1990s, which led to mo-
nopolies separated into constituent parts, enabling free competition 
between energy retailers and between wholesale generators. In essence, 
liberalisation increased the number of market actors by dividing up 
vertically integrated utilities to create individual entities which are 
typically owned and operated by different companies (i.e., generators, 
transmission system operators, distribution network operators, network 
asset owners and energy retailers) (International Energy Agency, 2005). 

Liberalisation of the energy sector has benefited the consumer; 
however, the process was initiated for a multitude of reasons depending 
on the jurisdiction. Europe asserted that regulation would promote a 
more efficient energy system and competition would reduce electricity 
prices. Political reasoning was also used, particularly in England, as the 
country argued that state-involvement in the energy system should be 
restricted. Moreover, in developing countries, deregulation was deemed 
a requirement as resource scarcity prevented funding of a vertically 
integrated energy system (Gencer et al., 2020). While deregulation and 
privatisation of the energy sector was successful in many ways, there is 
still a deficiency in the provision of systems to manage and promote 
customer engagement (Poudineh, 2019). Thus, there is an evolving ne-
cessity for further customer-centric energy policy to be implemented 
regarding the structure and operation of future retail electricity market 
design which supports vastly increased levels of customer engagement. 

A customer-centric approach will combat the engagement deficiency 
in the retail electricity market by assessing consumer requirements, 
applying principles of behavioural psychology and encouraging optimal 
market participation. The ideal scenario will be that energy customers 
will endeavor to actively seek out the best energy deals from an eco-
nomic and carbon footprint reduction perspective and commit fully to 
dynamic pricing arrangements. 

Retail electricity markets have observed some optimistic improve-
ment regarding customer engagement. In Great Britain, an Office of Gas 
and Electricity Markets (Ofgem) survey highlighted that 49% of con-
sumers claimed to have engaged in energy supplier switching related 
activity (comparing or switching pricing arrangements) in 2019, a sig-
nificant increase of fifteen percentage points since 2015 (Ofgem, 2020). 
In Ireland, the Commission for Regulation of Utilities (CRU) stated in a 
2019 survey report that “if customers are aware of their consumption 
and cost thereof, they will be more likely to appreciate the value of a 
smart meter in enabling them to manage these aspects of their domestic 
and business affairs,” page 5, (CRU, 2019). Thus, from the same survey 
report, CRU found that 75% of small and medium-sized enterprises 
(SMEs) participating in the retail electricity market indicated an interest 
in having a time-of-use tariff. Furthermore, the ability to view daily 
electricity usage appealed to 85% of SMEs (CRU, 2019). 

An enhanced standard of customer engagement can be achieved by 
employing innovative energy marketing methods. Retail electricity 
markets facilitate the efficient exchange of electricity and natural gas. 
Consequently, over the last decade most British energy providers have 
elected to offer both products to consumers, usually by way of enticing 
discounted dual fuel tariffs. Moreover, retail energy companies have 
diversified their products by ‘bundling’ with other utilities (Furszyfer 
Del Rio et al., 2020), for example, Ovo Energy’s fibre broadband internet 
& energy bundle (“Ovo Energy). Another innovative marketing method 
is a new pricing arrangement known as ‘green’ energy tariffs, which 
have developed as consumers become increasingly aware of their carbon 
footprint. One recent example is Octopus Energy’s ‘Fan Club’ tariff 
which reduces the electricity price charged to their customers as wind 
speeds increase. However, this tariff is only available for those 

customers who live close to Octopus Energy operated wind farms 
(Octopus Energy and [Online]., 2021). 

Smart meters are a crucial enabler of active customer engagement, as 
customers become physically integrated to the smart grid. Favourable 
reasons for the adoption of smart meters include real-time energy usage 
monitoring, time-of-use tariffs and financial incentives derived from 
demand response programs. However, to fully understand the implica-
tions of transitioning to a remarkably interconnected future, it is 
imperative to comprehend the potential cybersecurity and privacy risks 
which may arise. Four of the most prevalent privacy risks include: 1. 
Inference of sensitive information, 2. Discriminative customer segmen-
tation, 3. Multi-person data and 4. Data aggregation (V é liz and Gru-
newald, 2018). It is clear that the mass deployment of smart meters 
needs to be carefully orchestrated to ensure that robust distributed 
networks are established and protective measures are put in place to 
mitigate cybersecurity and privacy risks. 

As the installation of DERs (i.e., self-generation, demand response, 
electricity storage and power control systems) in homes and businesses 
propagates throughout the distribution level of the power system, the 
relationship between the customer and the electricity retailer is evolving 
(Abdelmotteleb et al., 2018). Technology such as DERs, smart meters 
and energy management software applications have enabled electricity 
customers to nergyi their individual energy consumption profiles and, 
subsequently, nergyi electricity bills according to their selected flexible 
tariff structure (Saumweber et al., 2021). In this context, the energy 
consumer experience will be nergyionized, with the introduction of 
smart meters and dynamic pricing arrangements which enable control of 
energy usage, management of expenditure and access to prosumer 
opportunities. 

Present day British retail pricing arrangements are primarily 
comprised of the wholesale cost of electricity, environmental and social 
obligation costs, operating costs and network costs (Fig. 2) (Ofgem, 
2021). However, while it is essential that all these costs are compen-
sated, innovative retail pricing structures must establish a near real-time 

Fig. 2. Breakdown of 2020 annual electricity bill in Great Britain. Source: 
(“Infographic: Bills, 2021), compiled by Authors 
Note: ‘Other direct costs’ (2.09%) and ‘Supplier pre-tax margin’ (− 1.32%) 
excluded from figure. 
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link to the wholesale price of electricity (which is the key variable 
constituent of a typical energy bill). Even though, historically, con-
sumers have been shielded from volatile wholesale electricity price 
intra-day fluctuations by the fixed nature of typical tariffs. This 
retail-wholesale price link is crucial, especially since one of the key in-
dicators to assess retail electricity market efficiency “is the pass-through 
of upstream (wholesale) costs to downstream (retail) prices” page 230, 
(Mulder and Willems, 2019). 

Smart electricity tariffs are an essential component of the customer- 
centric approach. These types of tariffs operate in combination with 
smart meters and energy management systems. Some smart electricity 
tariffs reflect temporal variation (e.g. time-of-use, real-time-pricing or 
critical-peak-pricing (Grimm et al., 2021)) in the price per 
kilowatt-hour, lowering cost of supply for consumers who respond by 
reducing or reallocating their consumption (Burns and Mountain, 2021). 
Furthermore, these time-varying tariffs exhibit a strong retail-wholesale 
electricity price relationship, as the price signals issued to consumers 
considers the real-time wholesale electricity price and current network 
status, regarding grid constraints and congestion (Soares et al., 2020). 
Other smart electricity tariffs include export tariffs (i.e., feed-in tariffs), 
tariffs which support direct load control (where an energy supplier re-
quests operational control of certain household appliances for a finite 
period (Yilmaz et al., 2020)) and ‘green’ energy tariffs (which are 
specially designed pricing arrangements where the energy retailer 
guarantees that a proportion of the electricity supplied is derived from 
renewable energy generation (Diaz-Rainey and Tzavara, 2012)). 

4. Supporting communities in the energy transition 

Energy transitions are complex in nature and require profound 
revision of energy policy, actor relationships, financial exchanges and 
regulatory mechanisms (Sovacool and Geels, 2016). The current energy 
transition is driven by energy policy as society forges a path toward a 
net-zero carbon energy supply by the second half of the century, evading 
present day fossil-fuel dominance (Blazquez et al., 2020). Thus, there is 
an undeniable urgency to progress to an energy system consisting of 
low-emission, high-efficiency technologies while simultaneously 
benefiting from the economic stimulus accompanying this transition. 
However, distributional problems may arise across society unless 
appropriate arrangements are established to ensure an equitable and just 
transition. Leading to some individuals, communities or businesses 
being burdened more than others (Carley and Konisky, 2020). 

Regardless of the promising opportunities provided by active 
customer engagement, there are some challenges to overcome. For 
instance, societal legitimacy and institutional trust are essential for users 
to engage in new business models and not to be locked out from 
emerging energy services (Hall et al., 2021a). Trust is not the only 
element that could exclude energy users, but since most of these services 
are enabled by being digitally connected, low-income households, 
vulnerable groups and rural households with a poor internet connection 
might as well be excluded from these nascent markets (Sovacool et al., 
2021). Thus, we need to ensure that the transition towards a smart en-
ergy system does not leave anyone behind. 

The embedment of customer engagement into energy markets needs 
to occur as part of an equitable low-carbon transition. Energy poverty is 
a further constraint on the decarbonisation optimisation problem; 
facilitating a ‘Just Transition’ will not only alleviate the plight of the 
vulnerable, but is also a necessity to maintain the social license of cor-
porations and indeed governments to operate in energy markets (Robins 
and J, 2019). Within this context, we postulate that increasing positive 
consumer engagement, is in the interest of not only corporate profits but 
additionally household budgets, especially in a future where the systems 
which provide electricity and heat are more closely linked, and thus the 
risk of disconnection is amplified. 

5. Embracing peer-to-peer transactive technology 

The current energy system is moving towards a future where people 
can buy what they need and can sell when they have excess (Tushar 
et al., 2020). The application of transactional technology such as 
blockchain has led to the emergence of the P2P energy market concept, 
which is based on customer-to-customer business models and permits 
prosumer trading activity. Thus, P2P energy trading platforms are a 
potential vehicle for the widespread proliferation of DERs and network 
flexibility. 

To ensure customer-centricity in future retail electricity markets, it is 
paramount to assess the customer’s needs. Naturally, the primary need is 
that customers require an uninterruptable energy supply at low cost. 
However, as society progresses, there are other significant needs that the 
retail electricity market has an opportunity to fulfil, such as ‘energy 
choice.’ The current retail electricity market structure that is established 
in many countries, provides customers with limited choice of energy 
providers or the freedom to choose different types of energy services 
(Chen and Wencong, 2019). However, the uptake of DERs is propagating 
in many provinces and the opportunity to expand energy choice is 
far-reaching considering the vast potential for prosumer activity. How-
ever, the majority of prosumers with surplus energy can only exchange 
with energy retailers via dedicated feed-in tariffs (i.e., 
business-to-customer models). Therefore, prosumers may not achieve 
the best price for their energy and this is where customer-to-customer 
based models (e.g., peer-to-peer energy trading services like Piclo in 
the United Kingdom (Piclo, 2022)) become an important factor. 

The term transactive energy relates to the use of economic mecha-
nisms and control services that maintain the stability of the wider system 
(The GridWise Architecture Council, 2019). Thus, a P2P platform adopts 
the concept of transactive energy to enable prosumers to trade with 
energy consumers and other prosumers. The core transactive technology 
to enable P2P energy trading is currently available and is known as 
‘Blockchain.’ Blockchain technology is a distributed computing para-
digm which can create a reliable trading environment without a cen-
tralised authority (Moghaddam and Leon-Garcia, 2018). How P2P 
markets will be regulated and how this powerful technology is harnessed 
within existing retail electricity market structures will be of prominence 
in upcoming research. However, it is envisioned that P2P energy trading 
will only be a feature of the future retail electricity market structure. 
Especially since innovative energy business models, such as P2P energy 
trading, is currently only attractive to the most engaged customers (Hall 
et al., 2021b). The future retail market design will ensure customer 
centricity by integrating peer-to-peer transactive technology, imple-
menting robust dynamic pricing arrangements and address the societal 
and distributional impacts of the energy transition. 

6. Conclusion 

Our perspective discussed the key concepts for developing future 
retail electricity markets with a customer-centric focus. We postulated 
that a customer-centric approach will maximise customer engagement, 
optimise the utilisation of smart grid technologies, heighten renewable 
energy deployment and promote network flexibility. As such, we 
explored the following topics: the changing energy infrastructure land-
scape, embedding customer-centric energy policy, supporting commu-
nities in the energy transition and embracing peer-to-peer transactive 
technology. Moving forward, this short communication provides a 
knowledge-base for energy system policy makers and stakeholders for 
decision-making and future market design. 
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